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Preface

Preface

The VARISPEED-616G5 Series of general-purpose Inverters provides V/f control and vector con-

trol as standard features along with user-friendly operation.

This manual is designed to ensure correct and suitable application of VARISPEED-616G5-series
Inverters. Read this manual before attempting to install, operate, maintain, or inspect an Inverter and
keep it in a safe, convenient location for future reference. Be sure you understand all precautions

and safety information before attempting application.



Safety Information

The following conventions are used to indicate precautions in this manual. Failure to heed precautions provided
in this manual can result in serious or possibly even fatal injury or damage to the products or to related equipment
and systems.

&WARNING Indicates precautions that, if not heeded, could possibly result in loss of life or
serious injury.

&CAUTION Indicates precautions that, if not heeded, could result in relatively serious or minor
injury, damage to the product, or faulty operation.

The warning symbols for ISO and JIS standards are different, as shown below.

ISO JIS

A O

The ISO symbol is used in this manual.

Both of these symbols appear on warning labels on Yaskawa products. Please abide by these warning labelsregard-
less of which symbol is used.

©Yaskawa, 1998

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted,
in any form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior
written permission of Yaskawa. No patent liability is assumed with respect to the use of the information contained
herein. Moreover, because Yaskawa is constantly striving to improve its high-quality products, the information
contained in this manual is subject to change without notice. Every precaution has been taken in the preparation
of this manual. Nevertheless, Yaskawa assumes no responsibility for errors or omissions. Neither is any liability
assumed for damages resulting from the use of the information contained in this publication.



Visual Aids

Visual Aids

The following aids are used to indicate certain types of information for easier reference.

<EXAMPLEp Indicates application examples.

OM’ Indicates supplemental information.

IMPORTANT Indicates important information that should be memorized.
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General Precautions

® The diagrams in this manual may be indicated without covers or safety shields to show de-
tails. Be sure to restore covers or shields before operating the Units and run the Units ac-
cording to the instructions described in this manual.

® Any illustrations, photographs, or examples used in this manual are provided as examples
only and may not apply to all products to which this manual is applicable.

® The products and specifications described in this manual or the content and presentation
of the manual may be changed without notice to improve the product and/or the manual.

® When ordering a new copy of the manual due to damage or loss, contact your Yaskawa rep-
resentatives or the nearest Yaskawa sales office and provide the manual number shown on
the front cover.

® [f nameplates become warn or damaged, order new ones from your Yaskawa representa-
tives or the nearest Yaskawa sales office.



Safety Precautions

Safety Precautions

H Confirmations upon Delivery

/\ CAUTION

e Never install an Inverter that is damaged or missing components. 2-2
Doing so can result in injury.

H Installation

/\ CAUTION

e Always hold the case when carrying the Inverter. 2-6
Ifthe Inverter is held by the front cover, the main body of the Inverter may fall, possibly result-
ing in injury.

e Attach the Inverter to a metal or other noncombustible material. 2-6
Fire can result if the Inverter is attached to a combustible material.

e Install a cooling fan or other cooling device when installing more than one Inverter in 2-6
the same enclosure so that the temperature of the air entering the Inverters is below
45°C.
Overheating can result in fires or other accidents.

H Wiring
A WARNING

Page

e Always turn OFF the input power supply before wiring terminals. 3-2
Otherwise, an electric shock or fire can occur.

e Wiring must be performed by an authorized person qualified in electrical work. 3-2
Otherwise, an electric shock or fire can occur.

® Be sure to ground the ground terminal. 3-2

(200 V class: Ground to 100 Q or less, 400 V class: Ground to 10 Q or less)
Otherwise, an electric shock or fire can occur.

® Always check the operation of any emergency stop circuits after they are wired. 3-2
Otherwise, there is the possibility of injury. (Wiring is the responsibility of the user.)

e Nevertouch the output terminals directly with your hands or allow the output lines to 3-2
come into contact with the Inverter case. Never short the output circuits.
Otherwise, electric shock or grounding can occur.

/A CAUTION

® Check to be sure that the voltage of the main AC power supply satisfies the rated 3-2
voltage of the Inverter.
Injury or fire can occur if the voltage is not correct.

e Do not perform voltage withstand tests on the Inverter. 3-2
Otherwise, semiconductor elements and other devices can be damaged.

e Connectbrakingresistors, Braking Resistor Units, and Braking Units as showninthe 3-2
1/0 wiring examples.
Otherwise, a fire can occur.

e Tighten all terminal screws to the specified tightening torque. 3-2
Otherwise, a fire may occur.




/A CAUTION

Page

® Do not connect AC power to output terminals U, V, and W. 3-2
The interior parts of the Inverter will be damaged if voltage is applied to the output terminals.

e Do not connect phase-advancing capacitors or LC/RC noise filters to the output cir- 3-2
cuits.

The Inverter can be damaged or internal parts burnt if these devices are connected.

e Do not connect electromagnetic switches or contactors to the output circuits. 3-2
If aload is connected while the Inverter is operating, surge current will cause the overcurrent
protection circuit inside the Inverter to operate.

H Setting User Constants
Page

e Disconnect the load (machine, device) from the motor before autotuning. 4-30
The motor may turn, possibly resulting in injury or damage to equipment. Also, motor
constants cannot be correctly set with the motor attached to a load.

Ml Trial Operation

/A WARNING

e Checktobe surethatthe front cover is attached before turning ON the power supply. 5-2
Do not remove the front cover during operation.
An electric shock may occur.

® Donotcome closetothe machine whenthe faultresetfunctionis used. Ifthe alarmed 5-2
is cleared, the machine may start moving suddenly.
Also, design the machine so that human safety is ensured even when it is restarted.
Injury may occur.

® Provide a separate emergency stop switch; the Digital Operator STOP Key is valid 5-2
only when its function is set.
Injury may occur.

e Resetalarms only after confirming thatthe RUN signalis OFF. If an alarmis reset with 5-2
the RUN signal turned ON, the machine may suddenly start.
Injury may occur.

/A CAUTION

e Don’t touch the radiation fins (heat sink), braking resistor, or Braking Resistor Unit. 5-2
These can become very hot.
Otherwise, a burn injury may occur.

® Be sure that the motor and machine is within the applicable ranges before starting 5-2
operation.
Otherwise, an injury may occur.

e Provide a separate holding brake if necessary. 5-2

Always constructthe external sequence to confirm that the holding brake is activated
inthe event of an emergency, a power failure, or an abnormality in the inverter occur-
ing.
Failure to observe this caution can result in personal injury.
e If using with an elevator, take safety measures on the machine’s side to prevent the 5-2
elevator from dropping.
Failure to observe this caution can result in personal injury.
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Safety Precautions

/\ CAUTION

® Don’t check signals while the Inverter is running. 5-2
Otherwise, the equipment may be damaged.

e Be careful when changing Inverter settings. The Inverter is factory setto suitable set- 5-2
tings.

Otherwise, the equipment may be damaged. You must, however, you must set the power sup-
ply voltage jumper for 400 V class Inverters of 18.5 kW or higher (see 5.2.4).

Hl Maintenance and Inspection

/A\ WARNING

e Do not touch the Inverter terminals. Some of the terminals carry high voltages and 10- 2
are extremely dangerous.
Doing so can result in electric shock.

e Always have the protective cover in place when power is being supplied to the Invert- 10-2

er. When attaching the cover, always turn OFF power to the Inverter through the
MCCB.

Doing so can result in electric shock.

e Afterturning OFF the main circuit power supply, wait until the CHARGE indicator light 10-2
goes out before performing maintenance or inspections.
The capacitor will remain charged and is dangerous.

® Maintenance, inspection, and replacement of parts must be performed only by au- 10- 2
thorized personnel.

Remove all metal objects, such as watches and rings, before starting work. Always
use grounded tools.

Failure to heed these warning can result in electric shock.

/\ CAUTION

Page
e ACMOSICisusedinthe controlboard. Handle the control board and CMOS IC care- 10-2
fully.
The CMOS IC can be destroyed by static electricity if touched directly.
e Do not change the wiring, or remove connectors or the Digital Operator, during op- 10-2
eration.

Doing so can result in personal injury.

H Other

/A\ WARNING

e Do not attempt to modify or alter the Inverter.
Doing so can result in electric shock or injury.

/\ CAUTION

e Do not subject the Inverter to halogen gases, such as fluorine, chlorine, bromine, and iodine, at
any time even during transportation or installation.
Otherwise, the Inverter can be damaged or interior parts burnt.
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Warning Label Contents and Position

There is a warning label on the Inverter in the position shown in the following illustration. Always heed the warn-
ings given on this label.

VA
msg‘;SpEED

Warning label
position

lllustration shows the CIMR-G5A23P7

Warning Label Contents

NE
WARNING

3D, BEOSEThAHYET,

o WBAM T SEEORIC LS STIIREEEA
EERAT. EOETIKRTLLS
(N
REOBEThI’HY XY,

o BEPRUBREHRIDLUAIZ, RE
NA—BRIFRVWTLEE W,

* BRICEMEFT TS,

May cause injury or electric
shock.

e Please follow the instructions in
the manual before installation or
operation.

 Disconnect all power before opening
front cover of unit. Wait 1 minute
untii DC Bus capacitors discharge.

* Use proper grounding techniques.

viii



How to Change the Digital Operator Display from Japanese to English

How[io[Change[the[Digital[Dperator[Display[from[Japanese[lo[English

If the Digital Operator displays messages in Japanese, change to the English mode using the follow-
ing steps.

(This manual provides descriptions for the English mode.)

[ Power ON J

aANnAY L4
U1-01=0.00 HZ

MENU I

G5% E—FtVH9Y %
S4T E—K

DATA ' DATA I
G5x E—FtVHY AL [ 4#'> I (Language) Al A1-00=1 * *
AvFantyrd =¥ I (Japanese) =7k ¥ I (Japanese) _
i AV l
A1-00=0
English
DATA
ENTER

[ Entry Accepted J

Operation

MENU I
[ % MainMenu * }

Select language
English

o—




Warranty Information

H Free Warranty Period and Scope
Warranty Period

This product is warranted for twelve months after being delivered to Yaskawa’s customer or if appli-

cable eighteen months from the date of shipment from Yaskawa’s factory whichever comes first.

Scope of Warranty
Inspections

Periodic inspections must be conducted by the customer. However, upon request, Yaskawa or one
of Yaskawa’s Service Centers can inspect the product for a fee. In this case, if after conferring with
the customer, a Yaskawa product is found to be defective due to Yaskawa workmanship or materials
and the defect occurs during the warranty period, then this fee will be waived and the problem reme-
died free of charge.

Repairs

If a Yaskawa product is found to be defective due to Yaskawa workmanship or materials and the de-
fect occurs during the warranty period, Yaskawa will provide a replacement, repair the defective
product, and provide shipping to and from the site free of charge.

However, if the Yaskawa Authorized Service Center determines that the problem with a Yaskawa
product is not due to defects in Yaskawa’s workmanship or materials, then the customer will be re-
sponsible for the cost of any necessary repairs. Some problems that are outside the scope of this war-

ranty are:

® Problems due to improper maintenance or handling, carelessness, or other reasons where
the customer is determined to be responsible.

® Problems due to additions or modifications made to a Yaskawa product without Yaskawa’s
understanding.

® Problems due to the use of a Yaskawa product under conditions that do not meet the recom-
mended specifications.

® Problems caused by natural disaster or fire.
® Or other problems not due to defects in Yaskawa workmanship or materials.

Warranty service is only applicable within Japan.
However, after—sales service is available for customers outside of Japan for a reasonable fee. Contact

your local Yaskawa representative for more information.
H Exceptions

Any inconvenience to the customer or damage to non—Yaskawa products due to Yaskawa’s defective
products whether within or outside the warranty period are NOT covered by this warranty.



Before Reading This Manual

M Restrictions

® The Varispeed F7 was not designed or manufactured for use in devices or systems that may
directly affect or threaten human lives or health.

¢ Customers who intend to use the product described in this manual for devices or systems
relating to transportation, health care, space aviation, atomic or electric power, or underwa-
ter use must contact their Yaskawa representatives or the nearest Yaskawa sales office be-
forehand.

® This product has been manufactured under strict quality—control guidelines. However, if
this product is to be installed in any location where failure of this product could involve
or result in a life—and—death situation or loss of human life or in a facility where failure may
cause a serious accident or physical injury, safety devices must be installed to minimize
the likelihood of any accident.

Before Reading This Manual

This manual explains both the conventional VS-616G5 Inverters and the
G5-series Inverters for SPEC:F.

The shaded sections or those specified as being for SPEC:F apply only to
G5-series Inverters for SPEC:F ( Inverters with revised version letters of F or
later.)

Be certain to check the specification on the Inverter nameplate.

Example of Inverter Nameplate

Version code

4 MODEL : CIMR-G5A20P4 SPEC: 20P41F )

INPUT : AC 3PH 200-220 V.  50Hz
200-230V_ 60Hz
OUTPUT: AC 3PH 0-230V 1.2kVA 3.2A
LOT NO : MASS : 3.0kg
SER NO :
% YASKAWA ELECTRIC CORPORATION

-

JAPAN

)

Xi
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Introduction

This chapter provides an overview of the VS-616GS5 Inverter and describes
its functions and components.

1.1 Outlineand Functions .................. 1-2
1.1.1 VS-616G5 Inverter Models . ................... 1-2
1.1.2 Outline of Control Methods ................... 1-4
1.1.3 Functions ........ ... . i 1-4
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Introduction

1.1.1 VS-616G5 Inverter Models

1.1 Outline and Functions

The VS-616GS Inverters provides full-current vector control based on advanced control logic. An autotuning
function is included for easy vector control.

The Digital Operator provides a liquid crystal display that is 2 lines by 16 characters in size. User constant set-
tings and monitor items are easily read in interactive operations in either Japanese or English. (The display lan-
guage can be changed by setting a user constant.)

1.1.1 VS-616G5 Inverter Models

VS-616GS5 Inverters are available in 200 and 400 V class models. These are listed in the following table.
A total of 37 models is available for motor capacities of 0.4 to 300 kW.

Table 1.1 VS-616G5 Inverter Models

Inverter Specifications
Maximum VS-616G5 (Specify all required standards when ordering.)
Voltage Applicable . Enclosed Wall-mounted
Class Motor Out- | output Ca- Open Chassis Type T
utput & Model Numb IEC IP 00 ype
put kW] | pacity [kvA] odel Number — ADDD)DDD (IEC IP 20, NEMA 1)
CIMR-G5ACOO0O00O

0.4 1.2 CIMR-G5A20P4 20P41[] *
0.75 2.3 CIMR-G5A20P7 20P710 *
1.5 3.0 CIMR-G5A21P5 21P5100 *
2.2 4.2 CIMR-G5A22P2 Remove the top and bottom 22P210] *
covers from the models "

3.7 6.7 CIMR-G5A23P7 listed at the right. 23P7101
55 9.5 CIMR-G5A25P5 * 25P510] *
7.5 13 CIMR-G5A27P5 27P510] *
11 19 CIMR-G5A2011 201110 *

200 V class

15 24 CIMR-G5A2015 2015107 *
18.5 30 CIMR-G5A2018 201807 * 2018100 %
22 37 CIMR-G5A2022 2022007 * 2022100 %
30 50 CIMR-G5A2030 2030001 § 2030100 %
37 61 CIMR-G5A2037 2037000 § 2037100 %
45 70 CIMR-G5A2045 2045007 § 2045100 %
55 85 CIMR-G5A2055 2055007 § 2055100 %
75 110 CIMR-G5A2075 2075000 % 2075100 %
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Inverter Specifications

Maximum VS-616G5 (Specify all required standards when ordering.)
Vgll;i%e Qg?gf%ﬂ? Out_put Ca- Model Number Ope?lgg ?;s(i)so;'ype EnCIOSEd-l\-/S\,/;!'moumed
put (KWl | pacity [kVA] CIMR-GSALILILIOO (IEC IP 20, NEMA 1)
CIMR-G5ACDO0O00O

0.4 1.4 CIMR-G5A40P4 40P41[] *

0.75 2.6 CIMR-G5A40P7 40P710] *

15 3.7 CIMR-G5A41P5 41P510] *

2.2 4.7 CIMR-G5A42P2 Remove the top and bottom 42P21] *

37 6.1 CIMR-G5A43P7 ﬁ;’t"e%rifrgg :%itr_mde's 43P710] *

5.5 11 CIMR-G5A45P5 # 45P510] *

7.5 14 CIMR-G5A47P5 47P510] *

11 21 CIMR-G5A4011 4011107 *

15 26 CIMR-G5A4015 4015107 *

18.5 31 CIMR-G5A4018 4018007 * 4018107 %

400V class 22 37 CIMR-G5A4022 4022007 * 4022107 %

30 50 CIMR-G5A4030 4030007 * 4030107 %

37 61 CIMR-G5A4037 4037007 * 4037100 %

45 73 CIMR-G5A4045 4045007 * 4045100 %

55 98 CIMR-G5A4055 4055007 4055107 %

75 130 CIMR-G5A4075 4075007 4075100 %

110 170 CIMR-G5A4110 4110007 § 4110100 %

160 230 CIMR-G5A4160 4160007 4160107 #
185 260 CIMR-G5A4185 4185007 % —
220 340 CIMR-G5A4220 4220007 % —
300 460 CIMR-G5A4300 4300007 # —

*: Immediate delivery

F: Available from factory

$: Manufactured upon order




Introduction

1.1.2 Outline of Control Methods

1.1.2 Outline of Control Methods

The VS-616GS5 uses four control methods.

e Open-loop vector control (factory setting)
e Flux vector control
V/f control without PG

V/f control with PG feedback
PG stands for pulse generator (encoder).

Vector control is a method for removing interference with magnetic flux and torque, and controlling torque
according to references.

Current vector control independently controls magnetic flux current and torque current by simultaneously
controlling the motor primary current and phases. This ensures smooth rotation, high torque, and accurate
speed/torque control at low speeds.

Vector control can be replaced by the conventional V/f control system. If the motor constants required for
vector control are not known, the motor constants can be automatically set with autotuning.

The control methods are effective for the following applications:

e Open-loop vector control: General variable-speed drive.
e Flux vector control: Simple servodrive, high-precision speed control/torque control.
e V/f control without PG: Conventional Inverter control mode. Used for multi-drive operation

(connecting multiple motors to one Inverter).

V/f control with PG feedback: Simple speed feedback control. (For applications with the PG
connected to the machine shaft rather than the motor shaft.)

The control characteristics for each mode are shown in Table 1.2.

Table 1.2 Control Method Characteristics

Characteristic Vector Control V/f Control
Open-loop Flux Vector Without PG With PG feedback
Speed Control 1:100 1:1000 1:40 1:40
Range
Speed Control +0.2 % +0.02 % *2t03% +0.03 %
Precision
Initial Drive 150% at 1 Hz 150% at O r/min 150% at 3 Hz

1.1.3 Functions

B Autotuning

Autotuning is effective for vector control. It solves problems in applicable motor restrictions and difficult
constant settings. The motor constants are automatically set by entering a value from the motor’s rating
nameplate.

Autotuning allows flux vector control to operate accurately with virtually any normal AC induction motor,
regardless of the supplier.

Always autotune the motor separately before operating using vector control. Refer to 5.2.5 Autotuning and
6.4.3 Autotuning for details.

H Torque Control

Torque control is effective for flux vector control with PG. Torque is controlled by taking multi-function
analog input signals as torque references. Torque control accuracy is £5%. Switching is possible between
torque control and speed control.

B V/f Pattern Settings

V/f pattern settings are effective for V/f control. Select a V/f pattern according to the application from
among the 15 preset V/f patterns. Custom V/f patterns can also be set.

B Frequency References
The following five types of frequency references can be used to control the output frequency of the Invert-
er.
e Numeric input from the Digital Operator
e Voltage input within a range from 0 to 10 V

e Voltage input within a range from 0 to =10 V (with negative voltages, rotation is in the opposite direc-
tion from the run command.)
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o Current input within a range from 4 to 20 mA
e Input from Option Card
Any of the above frequency references can be used by setting a constant.
A maximum of nine frequency references can be registered with the Inverter. With remote multi-step speed

reference inputs, the Inverter can operate in multi-step speed operation with a maximum of nine speed
steps.

PID Control

The Inverter has a PID control function for easy follow-up control. Follow-up control is a control method
in which the Inverter varies the output frequency to match the feedback value from the sensor for a set
target value.

Follow-up control can be applied to a variety of control operations, such as those listed below, depending
on the contents detected by the sensor.

e Speed Control: With a speed sensor, such as a tacho-generator, the Inverter regulates the rotat-
ing speed of the motor regardless of the load of the motor or synchronizes the
rotating speed of the motor with that of another motor.

e Pressure Control: With a pressure sensor, the Inverter performs constant pressure control.
e Flow-rate Control: By sensing the flow rate of a fluid, the Inverter performs precise flow-rate
control.

e Temperature Control: ~ With a temperature sensor, the Inverter performs temperature control by fan
speed.

Zero-servo Control

Zero-servo control is effective with flux vector control. Even at a motor speed of zero (r/min), a torque
of 150% of the motor’s rated torque can be generated and the average servomotor holding power (stopping
power) can be obtained.

Speed Control By Feedback

Speed control using feedback is effective with a PG. An optional PG Speed Control Card be used to enable
feedback control for speeds, thereby improving speed control accuracy.

Dwell Function

By holding the output frequency for a constant time during acceleration and deceleration, acceleration and
deceleration can be performed without stepping out even when driving a motor with a large startup load.

Low Noise

The output transistor of the Inverter is an IGBT (insulated gate bipolar transistor). Using sine-wave PWM
with a high-frequency carrier, the motor does not generate metallic noise.

Monitor Function

The following items can be monitored with the Digital Operator: Frequency reference, output frequency,
output current, motor speed, output voltage reference, main-circuit DC voltage, output power, torque ref-
erence, status of input terminals, status of output terminals, operating status, total operating time, software
number, speed deviation value, PID feedback value, fault status, fault history, etc.

All types of data can be monitored even with multi-function analog output.
Multilingual Digital Operator (SPEC:F)

The Digital Operator can display in seven languages (Japanese, English, German, French, Italian, Spanish,
and Portuguese). The Digital Operator’s liquid crystal display provides a 16-character x 2-line display
area.

Easy-to-read displays in each language allow the advanced functions of the Inverter to be set in interactive
operations to input constants, monitoring items, etc. Change the constant setting to select the display lan-

guage.
Harmonic Countermeasures (0.4 to 160 kW Models)

The VS-616G5 Inverters up to 160 kW support DCreactors to easily handle high-frequency control guide-
lines.

e DC reactors (optional) can be connected to 0.4 to 15 kW models.
e Models from 18.5 to 160 kW have a built-in DC reactor.
e An optional AC reactor can be connected to Inverters from 185 to 300 kW.
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1.1.3 Functions

B User Constant Structure and Three Access Levels

The VS-616GS5 has a number of user constants for setting various functions. These user constants are clas-
sified into a hierarchy to make them easier to use.

The levels are as follows from top to bottom: Modes, Groups, Functions, and Constants. The access levels
for the user constants are shown in Table 1.3.

Table 1.3 Access Levels for User Constants

Level Contents
Mode Classified according to operation
Operation: For operating the Inverter. (All kinds of monitoring are possible.)
Initialize: For selecting the language displayed at the Digital Operator, set-
ting access levels, initialization, and the control modes.
Programming: For setting user constants for operation.
Autotuning: For automatic calculation or setting motor constants. (Only under
the vector control mode.)
Modified constants: For referencing or changing user constants after shipping.
Groups Classified by application.
Functions Classified by function. (See user constants.)
Constants Individual user constant settings.

The VS-616GS5 allows the following three access levels to be set in order to further simplify setting user
constants. (An access level is a range of user constants that can be referenced or set.)

Quick-Start Reads/sets user constants required for trial operation. [Factory setting]
Basic Reads/sets user constants that are commonly used.
Advanced Reads/sets all the user constants that can be used.

In general, press the DATA/ENTER Key to move from an upper to a lower level. This varies somewhat,
however, according to the access level, as shown in Fig. 1.1. For the Quick-Start access level, which has
few user constants that can be set, pressing the DATA/ENTER Key jumps directly to the user constant lev-
el; whereas for the Advanced access level, which has many user constants, pressing the DATA/ENTER
Key first leads to the Group level.

MENU Operation mode ‘
L/
l Initialize mode ‘
| DATA
| A I Programming mode | IWI
‘ | ] _ |
j [Advanced] [Basic] [Quick-Start]
' Displays group level. Displays function level. Displays constant level.
' —{ Application }—'—{ b1 Sequence b1-01 Reference source ‘
: b1-02 Run source ‘
1 b1-03 Stopping method ‘
Constant to be changed . |
—{ Tuning C1 Accel/Decel C1-01 Accel Time 1 ‘
4{ Reference ‘ C2 S-curve Acc/Dec C1-02 Decel Time 1 ‘
[Mode] ‘ [Groups] ‘ [Functions] ‘ [Constants]
Fig[ .1 Access[lLevel[Btructure
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1.2 Nomenclature

This section provides the names of VS-616G5 components, and the components and functions of the Digital
Operator.

1.2.1 VS-616G5 Components

The appearance of Inverter and the names of its components are shown in Figure 1.2.

Protective cover (top)

Mounting hole

Front cover ————>1....

Digital Operator
JVOP-130

Die-cast case

/
h

Protective cover (bottom)

FigQ .2 Appearance[6f[VS-616G5,[Model[CIMR-G5A20P4[{200[V,[0.4(kW)
A[200[V[Class[Inverter[With[(.4[kW[Output[is[shown[below[With[fhe[front[¢over[temoved.
| exdle
PN SNSRI IPSN SN TSN (SNSRI ZSN 1 ZESN |_|
R EEEEEEEE -
e S — L [ L L [T [T ebyon(linéxcen Control circuit
S NEA LA A LA LA A A L | ) |
Sgeeiee @lSSIe FRE || | | e
@Mm@l 13 14151617 E?@g
1 [ 2345 [6 |7 ]s ERE
RL1 ol | ol | ez B B2 | | T A
- Main circuit
| Power input | |Braking Resistor || Motor output terminals

-

Fig1.31] Terminal[Arrangement
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1.2.2 Digital Operator Components

1.2.2 Digital Operator Components

This section describes the component names and functions of the Digital Operator. The component names
and functions are shown in Figure 1.4 and key functions are described in Table 1.4.

4 3\

DRIVE FWD REV REMOTE . .
e e e SEQ ® e REF Operation Mode Indicators

DRIVE: Lit when in operation mode.
FWD:  Lit when there is a forward reference input.
REV: Lit when there is a reverse reference input.

U1 _F(r)?qlien%%%ngz SEQ:  Lit when an operation reference from the

control circuit terminal is enabled.
REF: Lit when the frequency reference from con-
trol circuit terminals 13 and 14 is enabled.

DIGITAL OPERATOR

JVOP-130
Data Display
Two-line LCD that displays data for monitoring,
user constants, and set values with 16 characters
per line.
LOCAL n
V_ V_ V_
DATA
JOG
N ENTER
V_ V_ v
— Keys
w v >
REV RESET Execute operations such as setting user constants,
monitoring, jogging, and autotuning.
() ()
RUN STOP

Fig1.4 Digital[DperatorfComponent[Names[and[Functions
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Table 1.4 Key Functions
Key Name Function
Switches between (LOCAL) operation via the Digital Operator
LOCAL LOCAL/REMOTE Key an(.i control circuit terminal (BEMOTE) opc?ration.
REMOTE This key can be enabled or disabled by setting a user constant
(02-01).
MENU I MENU Key Displays menus.
Esc ESC Key Returns to the status before the DATA/ENTER Key was
pressed.
Enables jog operation when the VS-616GS5 is being operated
JOG
JOG Key from the Digital Operator.
FWD Selects the rotation direction of the motor when the VS-616G5
REV I FWD/REV Key is being operated from the Digital Operator.
Sets the number of digits for user constant settings.
RESET Key
RESET Also acts as the reset key when a fault has occurred.
Selects menu items, groups, functions, and user constant
A Increment Key .
names, and increments set values.
V D Selects menu items, groups, functions, and user constant
ecrement Key
names, and decrements set values.
DATA Enters menu items, functions, constants, and set values after
ENTER DATA/ENTER Key they are set.
O N RUN Key Starts t.he VS—6}§G5 operation when the VS-616GS is in opera-
tion with the Digital Operator.
o) Stops VS-616GS5 operation.
sTOP STOP Key This key can be enabled or disabled by setting a user constant

(02-02) when operating from the control circuit terminal.

Note Except in diagrams, keys are referred to using the key names listed in the above table.

=) V) 2)

® ®

Inverter output frequency

t[RUN] .

[STOP) i {.STOB. 1
Frequency setting j : : ;

RUN Py Fos @ O ‘

sTOP ; ® £e3 g |

Eacy [¢H

*»

Lit Blinking Not lit

The RUN and STOP indicators light and blink to indicate operating status.
During DB (initial excitation), RUN blinks and STOP is turned ON.

Figl .5 RUN[@ANd[BETOP[Indicators



Handling Inverters

This chapter describes the checks required upon receiving a VS-616G5 In-
verter and describes installation methods.

2.1 Confirmations upon Delivery ............ 2-2
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Handling Inverters

2.1.1 Nameplate Information

2.1 Confirmations upon Delivery

/\ CAUTION

® Never install an Inverter that is damaged or missing components.
Doing so can result in injury.

Check the following items as soon as the Inverter is delivered.

Table[2.1[] Checks

Item Method
Has the correct model of Inverter been Check the model number on the nameplate on the side of the Inverter (See
delivered? 2.1.1).
Is the Inverter damaged in any way? Inspect the entire exterior of the Inverter to see if there are any scratches or
other damage resulting from shipping.
Are any screws or other components Use a screwdriver or other tools to check for tightness.
loose?

If you find any irregularities in the above items, contact the agency from which you purchased the Inverter or
your Yaskawa representative immediately.

2.1.1 Nameplate Information

B Example Nameplate
Standard domestic (Japan) Inverter: 3-phase, 200 VAC, 0.4 kW, IEC IP20 and NEMA 1 standards

Model number—>( MODEL : CIMR-G5A20P4 SPEC: 20P41F - Inverter specifications

Input specifications—  |NPUT :AC3PH  200-220V 50Hz
200-230 V. 60Hz

Output specifications=—>|  QUTPUT: AC 3PH 0-230V 1.2kVA 3.2A

Lot number—= LOT NO : MASS : 3.0kg <— Mass
Serial number—»| SER NO :
\7 YASKAWA ELECTRIC CORPORATION JAPAN )

Bl Inverter Model Numbers

CIMR - G5 A 2
|

@
Inverter
VS-616G5
No. Max. Motor Capacity

No. Specification
A Standard domestic model 0P4 0.4 kW
\Y UL/C-UL model oP7 0.75 kW
to to
No. Voltage Class 075 75 kW
2 AC input, 3-phase, 200 V “P” indicates the decimal point.
4 AC input, 3-phase, 400 V
D DC input, 3-phase, 200 V
E DC input, 3-phase, 400 V




2.1 Confirmations upon Delivery

B Inverter Specifications

No. Voltage Class
2 AC input, 3-phase, 200 V
4 AC input, 3-phase, 400 V
D DC input, 3-phase, 200 V
E DC input, 3-phase, 400 V
No. Max. Motor Capacity

oP4 0.4 kW

oP7 0.75 kW
to to

075 75 kW

“P” indicates the decimal point.

e Open Chassis Type (IEC IP00)
Protected so that parts of the human body cannot reach electrically charged parts from the front when

the Inverter is mounted in a control panel.
Enclosed Wall-mounted Type (IEC IP20, NEMA 1)

The Inverter is structured so that the Inverter is shielded from the exterior, and can thus be mounted
to the interior wall of a standard building (not necessarily enclosed in a control panel). The protective
structure conforms to the standards of NEMA 1 in the USA.

F
Version (Enter the specifications
form number when special spec-
ifications are required.)
~ No. Protective Structure
0 Open chassis (IEC 1P00)
1 Enclosed wall-mounted (IEC IP20, NEMA 1)
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2.2 Exterior and Mounting Dimensions

H 200 V/400 V Class Inverters of 15 kW and Lower

The following diagram shows a 200 V class, 1.5 kW Inverter.

Remove the top and bottom covers when mounting 200 V/400 V class Inverters of 15 kW or lower in a
control panel.

]
]
]
]
]
]
]
]
[T T 1T )

H
H1

[T TT

0000

EF/ %‘ 4d ;

B 200 V/400 V Class Inverters of 18.5 kW and Higher
The following diagram shows a 200 V class, 18.5 kW Inverter.

[
[
[
l
l
\
[
[
(

N . - A N |

8 T |

H1

H2

W1

D
W 4d

B Mounting Dimensions for 400 V Class Inverters of 185 to 300 kW

W5_ W6 _ Max. Applicable Motor
. Capacity Wi1 w2 W3 W4 W5 Wé
b O (kW]
185, 220 750 440 310 850 285 565
300 750 440 310 873 298 575
M




2.2 Exterior and Mounting Dimensions

Table2.2[] VS-616G5[External[Pimensions[{mm)[@and[Approx.[Masses[{kg)
Max. Ap- Open Chassis (IP00) Enclosed Wall-mounted (NEMA1)
Volt- plicable DC
age |Motor Out- Mounting | Reac-
class put w H D W1 H1 H2 Approx. w H D W1 H1 H2 Approx. Holes tor*1
kW] Mass Mass d*
0.4
0.75 140 | 280 | 160 | 126 | 266 | 7.0 3 140 | 280 | 160 | 126 | 266 7.0 3 M5
1.5
2.2
37 140 | 280 | 180 | 126 | 266 | 7.0 4.5 140 | 280 | 180 | 126 | 266 7.0 4.5 M5 Op-
: tion
55 5.5 5.5
25 200 | 300 | 205 | 186 | 285 | 8.0 p 200 | 300 | 205 | 186 | 285 8.0 p M6
200V 1 380 7.5
class 15 250 | 380 | 225 | 236 | 365 | 7.5 11 250 200 225 | 236 | 365 275 11 M6
18.5 610 87.5
325 | 450 | 285 | 275 | 435 | 75 28 330 285 | 275 | 435 32 M6
22 675 152.5
30 61 67
425 | 675 | 350 | 320 | 650 | 12.5 430 | 985 | 350 | 320 | 650 |212.5 M10 Built-
37 62 68 L
m
45
55 475 | 800 | 350 | 370 | 775 | 125 80 480 | 1110 | 350 | 370 | 775 |212.5 87 M10
75 575 | 925 | 400 | 445 | 895 | 15.0 135 580 [1290 | 400 | 445 | 895 | 270 145 Mi12
0.4
0.75 140 | 280 | 160 | 126 | 266 | 7.0 3 140 | 280 | 160 | 126 | 266 7.0 3 M5
1.5 4 4
2.2 140 | 280 | 180 | 126 | 266 | 7.0 140 | 280 | 180 | 126 | 266 7.0 M5
45 45 Op-
37 P
tion
55
25 200 | 300 | 205 | 186 | 285 | 8.0 6 200 | 300 | 205 | 186 | 285 8.0 6 M6
1
15 250 | 380 | 225 | 236 | 365 | 7.5 11 250 | 380 | 225 | 236 | 365 7.5 11 M6
18.5 29 32
400 V 325 | 450 | 285 | 275 | 435 | 75 330 | 610 | 285 | 275 | 435 | 87.5 M6
22 31 34
class
30
785 87.5
37 325 | 625 | 285 | 275 | 610 | 7.5 44 330 285 | 275 | 610 48 Mo6
45 850 152.5 B‘ilril“'
55 81 87
455 | 820 | 350 | 350 | 795 | 125 460 |1130 | 350 | 350 | 795 |212.5 M10
75 82 88
110 375 135 375 145
575 | 925 445 | 895 | 15.0 580 (1290 445 | 895 | 270 M12
160 400 145 400 155
185
950 |1450 | 435 *2 11400 | 25 360
220 —_ M12 —
300 960 |1600 | 455 *2 11550 | 25 420

* 1. Same for open chassis and enclosed wall-mounted types.

*12.[Bee[page[2[[4[Hor[mounting[dimensions.

Note An attachment is required to mount the cooling fins (fin section) on the outside of the control panel for 200 V/400 V class
Inverters of 15 kW or less. Please contact your Yaskawa representative for details. Dimensional drawings for models with
externally mounted cooling fins and other special requirements are also available from your Yaskawa representative.
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2.3.1 Installation Site

2.3 Checking and Controlling the Installation Site
/A CAUTION

® Always hold the case when carrying the Inverter.

If the Inverter is held by the front cover, the main body of the Inverter may fall, possibly resulting in injury.
e Attach the Inverter to a metal or other noncombustible material.

Fire can result if the Inverter is attached to a combustible material.

e Install a cooling fan or other cooling device when installing more than one Inverter in the same
enclosure so that the temperature of the air entering the Inverters is below 45°C.
Overheating can result in fires or other accidents.

Install the VS-616GS5 in the installation site described below and maintain optimum conditions.
2.3.1 Installation Site

Install the Inverter under the following conditions.

Type Ambient Operating Temperature Humidity
Enclosed wall- -10 to 40°C 90% RH or less (no condensation)
mounted
Open chassis -10to 45°C 90% RH or less (no condensation)

Protection covers are attached to the top and bottom of the Inverter. Be sure to remove the protection covers
before installing a 200 or 400 V Class Inverter with an output of 15 kW or less in a panel.

o Install the Inverter in a clean location free from oil mist and dust. It can be installed in a totally enclosed
panel that is completely shielded from floating dust.

e When installing or operating the Inverter, always take special care so that metal powder, oil, water, or
other foreign matter does not get into the Inverter.

e Do not install the Inverter on combustible material, such as wood.

e Install the Inverter in a location free from radioactive materials and combustible materials.
o Install the Inverter in a location free from harmful gasses and liquids.

e Install the Inverter in a location without excessive oscillation.

e Install the Inverter in a location free from chlorides.

o Install the Inverter in a location not in direct sunlight.

2.3.2 Controlling the Ambient Temperature

To enhance the reliability of operation, the Inverter should be installed in an environment free from ex-
treme temperature increases. If the Inverter is installed in an enclosed environment, such as a box, use a
cooling fan or air conditioner to maintain the internal air temperature below 45°C.

2.3.3 Protecting the Inverter from Foreign Matter

Place a cover over the Inverter during installation to shield it from metal power produced by drilling.

Always remove the cover from the Inverter after completing installation. Otherwise, ventilation will be
reduced, causing the Inverter to overheat.



2.4 Installation Orientation and Space

2.4 Installation Orientation and Space

Install the Inverter on a vertical surface so as not to reduce the cooling effect. When installing the Inverter, al-
ways provide the following installation space to allow normal heat dissipation.

QSO mm min. Air
N 120 mm min. é

B P

TR

)

B E— >t
30 mm min.30 mm min

7 530 mm min.

(a) Horizontal Space (b) Vertical Space

Fig[2.1 VS-616G5[Installation[Drientation[and[Bpace

IMPORTANT | « The same space is required horizontally and vertically for both open chassis (IP00) and enclosed

wall-mounted (IP20, NEMA 1) Inverters.
¢ Always remove the protection covers before installing a 200 or 400 V Class Inverter with an output
of 15 kW or less in a panel.

¢ Always provide enough space for suspension eye bolts and the main circuit lines when installing a
200 or 400 V Class Inverter with an output of 30 kW or more in a panel.
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2.5.1 Inverters of 15 kW or Less

2.5 Removing/Attaching the Digital Operator and Front Cover

Remove the front cover to wire the terminals.

For models of 15 kW or less (both 200 V and 400 V class), do not remove or mount the front cover without
first removing the Digital Operator; otherwise, the Digital Operator may malfunction due to imperfect contact.
Use the following procedures to remove or attach the front cover.

2.5.1 Inverters of 15 kW or Less

B Removing the Digital Operator

Press the lever on the side of the Digital Operator in the direction of arrow 1 to unlock the Digital Operator
and lift the Digital Operator in the direction of arrow 2 to remove the Digital Operator as shown in the fol-
lowing illustration.

Front cover ——»~

7 g
L

Digital
~._Operator -

. -

Fig[2.2 Removingihe[Digital[Dperator

B Removing the Front Cover

Press the left and right sides of the front cover in the directions of arrows 1 and lift the bottom of the cover
in the direction of arrow 2 to remove the front cover as shown in the following illustration.

Front cover —— .~ V

Fig[2.3 Removing[ihe[Front[Cover

H Mounting the Front Cover

After wiring the terminals, mount the front cover to the Inverter by performing in reverse order to the steps
to remove the front cover.

1. Do not mount the front cover with the Digital Operator attached to the front cover; otherwise, Digital
Operator may malfunction due to imperfect contact.

2. Insert the tab of the upper part of the front cover into the groove of the Inverter and press the lower
part of the front cover onto the Inverter until the front cover snaps shut.



2.5 Removing/Attaching the Digital Operator and Front Cover

B Mounting the Digital Operator

1. Hook the Digital Operator at A (two locations) on the front cover in the direction of arrow 1 as shown
in the following illustration.

2. Press the Digital Operator in the direction of arrow 2 until it snaps in place at B (two locations).

Digital
Operator

——

Fig[2.4 Mounting[ihe[Digital[Dperator

IMPORTANT | |, Do not remove or attach the Digital Operator or mount or remove the front cover using methods other than

those described above, otherwise the Inverter may break or malfunction due to imperfect contact.

2. Never attach the front cover to the Inverter with the Digital Operator attached to the front cover. Imperfect
contact can result.

Always attach the front cover to the Inverter by itself first, and then attach the Digital Operator to the front
cover.

2.5.2 Inverters of 18.5 kW or Higher

The front cover can be removed without removing the Digital Operator from the Inverter provided that
the Inverter has an output of 18.5 kW or higher.

Loosen the four screws of the front cover and move the front cover slightly upwards to remove the front
cover.



Wiring

This chapter describes wiring terminals, main circuit terminal connections,
main circuit terminal wiring specifications, control circuit terminals, and
control circuit wiring specifications.
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Wiring

/A WARNING

e Always turn OFF the input power supply before wiring terminals.

Otherwise, an electric shock or fire can occur.

Wiring must be performed by an authorized person qualified in electrical work.
Otherwise, an electric shock or fire can occur.

Be sure to ground the ground terminal.

(200 V class: Ground to 100 Q or less, 400 V class: Ground to 10 Q or less)

Otherwise, an electric shock or fire can occur.

Always check the operation of any emergency stop circuits after they are wired.
Otherwise, there is the possibility of injury. (Wiring is the responsibility of the user.)
Never touch the output terminals directly with your hands or allow the output lines to come into
contact with the Inverter case. Never short the output circuits.

Otherwise, electrical shock or grounding can occur.

/\ CAUTION

Check to be sure that the voltage of the main AC power supply satisfies the rated voltage of the
Inverter.

Injury or fire can occur if the voltage is not correct.

Do not perform voltage withstand tests on the Inverter.

Otherwise, semiconductor elements and other devices can be damaged.

Connect braking resistors, Braking Resistor Units, and Braking Units as shown in the 1/0 wiring
examples.

Otherwise, a fire can occur.

Tighten all terminal screws to the specified tightening torque.

Otherwise, a fire may occur.

Do not connect AC power to output terminals U, V, and W.

The interior parts of the Inverter will be damaged if voltage is applied to the output terminals.

Do not connect phase-advancing capacitors or LC/RC noise filters to the output circuits.

The Inverter can be damaged or internal parts burnt if these devices are connected.

Do not connect electromagnetic switches or contactors to the output circuits.

If a load is connected while the Inverter is operating, surge current will cause the overcurrent protection
circuit inside the Inverter to operate.




3.1 Connections to Peripheral Devices

3.1

Connections to Peripheral Devices

Examples[df[donnectionsBetween[the[V'S-616G5[dnd[flypical[peripheral[devices[dre[shown[in[Figure3.1.[Use
this illustration to gain an understanding of the overall equipment configuration.

Power supply

Molded-case circuit
breaker or ground
fault interrupter

Magnetic con-

tactor

AC reactor for power
factor improvement

Input noise filter

VS-616G5

FigB.1

DC reactor for power
factor improvement

Motor

Example[Connections[io[PeripheralDevices




Wiring

3.2 Connection Diagram

The[¢onnection[diagram[¢f[the[VS-616GS5[is[§hown[in[Figure[3.2.

When using the Digital Operator, the motor can be operated by wiring only the main circuits.

DC reactor to improve input
power factor (optional)

MCCB .
— &
O R (L1 Motor
3-phase power R N © RLY U ©
200 to 230 V s————o/\ © S (L2 V(T2 ©
T O © T (L) W (T3) ©
VS-616G5
1
7
Forward Run/Stop_o o, t ; Forward run command S
Reverse Run/Stop : | (forward when closed) (Ground to 100 Q max.)
—0  O0— 1 Reverse run command ' =
| | « (reverse when closed) - =
(" | External fault ——= - o
=" —0 1 3 R e L
N Analog R
Faul? reset O— b 4 monitor 2 v _ 4% Multi-function analog output
Multi-step spged setltlng 1 ]l | X ! ' FamY-10t0 10V
Factory- (Master/auxiliary_switch) o ) i b *s.,~" (Default: Output current
v ) 0 {a— 5 Multi-function contact )t 1 - 5 V/Inverter rated current)
preset Multi-step speed setting 2 [ ! inputs P R J
functions b 5 O i 6 | : ‘f“
Jog frequency reference : I - r- 1
o o— { : 7 21 1_" __,'_L ~. - Multi-function analog output
External baseblock command 1 Anal_(:g ; [ -7 101010V
S monitor 22 t_ ">\ 4 5 (Default: Output frequenc
~ O 4 1 Jd_ + P! q Y
R & 1 T M= 010 10 v/100% frequency)
] -
: : 11 Sequence common
(o ‘\r (Insulated from 0 V
! iterminal)
12 Shield wire connection terminal
2kQ
l Fault contact output
A 15 Frequency setting power 250 VAC, 1 A max.
-t } 15V, 20 mA 30 VDC, 1 A max.
Oto10V | ' 13 Master speed reference
External 2kQ LI ~10to 10V (20 kQ)
frequency 4t020mA P [ ' (Default: 0 to 10 V/100%)
——————————————————— 14 Master speed reference
references p ]'— : 41020 mpA (250 Q) Multi-function contact output
Otofov [ 16 Multi-function analog inplit 250 VAG, 1 A max.
1 \ . 30 VDC, 1 A max.
P (-1010 10 V (20 k&) (Default: Running signal)
oV b 17 (Default: Auxiliary frequency : 9 sig
U7 reference
= 0to 10 V/100%)
' oV
33 ) 25 Open collector 1
Frequency setting - —C~————==-(Default: Zero speed
power: - signal)
-15V, 20 mA X .
24 Open collector 2 Multi-function
Tl - (Default: Speed agree open-collector
' } - signal) output
> 4 48V, 50 mA
Multi-function output max.
common
Froet .
* i~ Shield
D G
* i Twisted-pair wires

Figl3.2 Connection[Piagram[{Model[CIMR-G5A27P5[8hown[Above)



3.3 Terminal Block Configuration

IMPORTANT | 1.

i

Control circuit terminals 1 to 33 are not arranged in order of terminal numbers; they are arranged as shown
below. Be sure to wire them correctly.

] e [ ] 78 [ 5 [ 16 [ 7
N I N S B A A [ 5] 0]

. Do not use control circuit terminals 13 and 14 at the same time.

(The two signals will be added inside the Inverter if they are input at the same time.)

. The maximum output current capacity of the +15 V/-15 V output from control circuit terminals 15 and

33 is 20 mA.

The multi-function analog output is a dedicated meter output for a frequency meter, ammeter, etc. Do not
use this output for feedback control or for any other control purpose.

Use one of the optional Analog Monitor Cards (AO-08 or AO-012) for analog outputs to the control sys-
tem.

. Disable the stall prevention during deceleration (set constant L3-04 to 0) when using a Braking Resistor

Unit. If this user constant is not changed to disable stall prevention, the system may not stop during decel-
eration.

. Enable protection for the internal DB resistor (model ERF) (set constant L8-01 to 1) when using an inter-

nal braking resistor. The braking resistor will not be protected unless this setting is changed to enable
protection.

DC reactors to improve the input power factor can be connected as an option only to Inverters for 15 kW
or less. Remove the short bar from between @1 and @2 when connecting a DC reactor.

There is no DC power supply input terminals for 200 V class Inverters of 30 to 75 kW and 400 V class
Inverters of 55 to 160 kW, and DC power cannot be input to these Inverters.

3.3 Terminal Block Configuration
The[terminal[®lock[for[d[200[V[¢lass[nverter[With[dn[dutput[¢f[).4 [k W[is[§hown[in[Figure[3.3.

=N [PEN[ PN PN PEN[P=N7EN L]
3 20 o[
" " l (2 N " " "! z&} z)"-(} Control circuit
fé". .“8‘. ';"'..‘o"' C H "‘g"' "g"' "‘gg = i = terminals
@11|12(G)| 13 | 14 E@
1 [ 2]3 ][4 ] [ 9 [10]
T_1 T2 T|_3|:| o | em| @2 || B | B2 || [ o |X° o
Main circuit
| Power input | |Braking resistor|| Motor output terminals

Figl3.3 Terminal[Arrangement




Wiring

3.4.1 Applicable Wire Sizes and Closed-loop Connectors

3.4 Wiring Main Circuit Terminals

3.4.1 Applicable Wire Sizes and Closed-loop Connectors

Select[the[dppropriate[Wires[dnd[¢rimp[lerminals[from[Table[3[ [fo[Tuble[3[BlRefer(to[instruction[ihanual
TOE-C726-2[] for wire sizes for Braking Resistor Units and Braking Units.

Table[B.1[] 200[V[Tlass[Wire[Bizes

VS-616G5 Model Termi- | Wire Thickness
Circuit Terminal Symbol nal (see note) Wire Type
CIMR-L_] Screws mm?2
R,S, T, 1 2, B1, B2 VvV, W
G5A20P4 és’ 0,91, 92BLBU V. M4 2t05.5
R,S, T, 1 2, B1, B2 VvV, W
G5A20P7 és’ 0,91, 92BLBUV, M4 2t05.5
R,S,T.&,PH1,H2B1,B2,U,V,W 2105.5
G5A21P5 D M4 351055
R,S, T, 1 2, B1, B2 VvV, W
G5A22P2 és’ 0,91, 92BLBLUV M4 35t05.5
R,S, T, 1 2, B1, B2 VvV, W
G5A23P7 éS, ,0,61,42,B1,B2,U,V, M4 55
R,SSTOS,$H1,62B1,B2,U VW 8
G5A25P5 D M5 55108
R,SSTOS,H1,4$2B1,B2,U VW 8
G5A27P5 D M5 55108
RS, TO,®1,H52,®d3,U,V,W 22
G5A2011 ©.01L.029 M6
D 8
RSTOS,01,62,63U VW M8 30
G5A2015 D M6 g
RSTOS,01,62,63 U V,.W MS 30
G5A2018 D 14
T, s M4 0.5t05.5
. R,SST&.91,52,43,U, VW 38 .
Main ©.01.029 M8 Power cables, e.g., 600 V vinyl pow-
Circuits G5A2022 o 14 er cables
T, M4 0.5t05.5
R,S,T,U, VW M10 38 to 100
©,®3 M8 —
G5A2030 D MBS )
T, M4 0.5t05.5
R,S,T,U, VW M10 38 to 100
©,®3 M8 —
G5A2037 D MBS )
T, M4 0.5t05.5
R,S,T,U, VW M10 60 to 100
©,®3 M8 —
G5A2045 D MBS )
T, M4 0.5t05.5
R,S,T,U, VW M10 100
©,®3 M8 —
G5A2055 D MBS 30
T, M4 0.5t05.5
R,S,T,U, VW M12 100 to 200
©,®3 M8 —
G5A2075 D MBS 50
T, M4 0.5t05.5
Control . . L
Circuits All models 1to 33 M3.5 0.5t02 Shielded twisted-pair wires

Note The wire thickness is set for copper wires at 75°C.



3.4 Wiring Main Circuit Terminals

Table[3.2[] 400[V[TClass[Wire[Bizes

~_ |Vvs-616G5 Model . Termi- | Wire Thickness )
Circuit Terminal Symbol nal (see note) Wire Type
CIMR-[] Screws mm?2
R,S,T,O,PH1,PH2BI,B2,U,V,W
GsAdoPa | ©.8L% M4 21055
R,S,T,O,$H 1,62 B1, B2, U, W
GsAd0P7 | ©.8L% M4 21055
R,S,T,O,PH 1,62 B1, B2, U, W
GsA4Ps | ©.8L% M4 21055
R,S,T,O,$H 1,62 B1, B2, U, W
Gsa4zP2 | ©.8L% M4 21055
R, S, T,6,d 1,42 B1,B2U, VW 2t05.5
G5A43P7 ) M4 35t05.5
R,S,T,O,PH 1,62 B1, B2, U, W
G5A45PS | ©.8L% M4 351055
R,S,T,O,$H1,$H2BI,B2,U,V,W
GEA4TPS | ©.8L% Ms 55
R,S,T,O,$H1,$H2BI,B2,U,V,W M5 8to 14
G5A4011 D NG 3
R, S, T6,d1,$2B1,B2U, VW M5 8to 14
G5A4015 D NG 3
RST6S,H1,H2,33,U,V,W M6 14
G5A4018 D M8 8
r, b M4 0.5t05.5
RS,TS,H1,H2,63,U,V,W M6 22
G5A4022 D M8 8
r, b M4 0.5t05.5
RS,TS,H1,H2,43,U,V,W M8 22
G5A4030 D 8
r, b M4 0.5t05.5
RST6S,H1,H2,33,U,V,W M8 30
. G5A4037 @) 14
Main r. s M4 051055 Power cables, e.g., 600 V vinyl pow-
Circuits RSTO. Bl OLIU VW - 50 er cables
G5A4045 D 14
r, b M4 0.5t05.5
R,S,T,U,V,W M10 38 to 100
o,b3 MS —
G5A4055 D NS =
r, 5200, 4400 M4 05t05.5
R,S, T, U, V,W M10 38 to 100
o,03 MS8 —
G5A4075 D NS =
r, 5200, 5400 M4 05t05.5
R,S, T, U, V,W M10 60 to 100
o,b3 MS —
G5A4110 D NS 0
r, 5200, 5400 M4 05t05.5
R,S, T, U, V,W M12 100 to 200
o,03 MS8 —
G5A4160 D NS 50
r, 5200, 5400 M4 05t05.5
R,S,T,O,PH1,H3 U, V,W M16 250 to 325
G5A4185 D M8 50
r, 5200, 5400 M4 05t05.5
R,S,STO,H1,H3, U V,W M16 325 or 200x2P
G5A4220 D M8 60
r, 5200, 5400 M4 05t05.5
RS TS, ®1,83UV,W mig | 0x2Pordzs
G5A4300 T S 0
r, 5200, 5400 M4 05t05.5
Control . . .
Circuits All models 1t033 M35 05t02 Shielded twisted-pair wires

Note The wire thickness is set for copper wires at 75°C.



Wiring

3.4.1 Applicable Wire Sizes and Closed-loop Connectors

Table[B.3[] Closed-loop[Connector[Bizes[{JIS[C[2805)[({For[200[V/400[V[Tlasses)

Wire Thickness mm?2 Terminal Screws Size
M3.5 1.25t0 3.5
0.5
M4 1.25t0 4
M3.5 1.25t0 3.5
0.75
M4 1.25t0 4
M3.5 1.25t0 3.5
1.25
M4 1.25t0 4
M3.5 2t03.5
M4 2to4
2 M5 2t05
M6 2to6
M8 2t08
M4 55t04
M5 55t05
3.5/5.5
M6 55t06
M8 55t08
M5 8to5
8 M6 8t0 6
M8 8to 8
M6 14to 6
14
M8 14t08
M6 22t0 6
22
M8 22t0 8
30/38 M8 38t08
M8 60to 8
50/60
M10 60 to 10
80 80to 10
M10
100 100 to 10
100 100 to 12
150 M12 150 to 12
200 200 to 12
M12 x 2 325t0 12
325
M16 325to0 16

IMPORTANT Determine the wire size for the main circuit so that line voltage drop is within 2% of the rated voltage.

Line voltage drop is calculated as follows:
(If there is the possibility of excessive voltage drop, use a larger wire suitable to the required length.)
Line voltage drop (V) = /3 x wire resistance (Q/km) x wire length (m) x current (A) x 1073




3.4 Wiring Main Circuit Terminals

3.4.2 Main Circuit Terminal Functions

Main[¢ircuit[ferminal[functions[dre[gummarized[dccording[fo[ferminal[§ymbols[in[Table[3.4[dnd[Table
3.5.[Wire[the[ferminals[¢orrectly[for[the[desired[purposes.

Table[B3.4[] 200[V[Class[Main[Tircuit[Terminal[Functions

Purpose Terminal Symbol Model: CIMR-G5A [ ]
Main circuit power input R (L1), S (L2), T (L3) 20P4 to 2075
Inverter outputs U (T1), V (T2), W (T3) 20P4 to 2075, D030 to D075 (all models)
DC power input b1-6 20P4 to 2022, D030 to D075
E(;ﬁkmg Resistor Unit connec- BI1,B2 20P4 to 27P5
DC reactor connection b1-p2 20P4 to 2015
Braking Unit connection P 3 - & (see note 2) 2011 to 2075, D030 to D075
Cooling fan power input ) 2018 to 2022
Cooling fan power input
(control power input) I, A 2030 to 2075, D030 to D075
Ground D 20P4 to 2075, D030 to D075 (all models)

Note 1.Models CIMR-G5A2030 to 2075 do not support DC power input.

2. When using this terminal as an input for DC power supply, special considerations are re-
quired. Be sure to consult our sales representative.

Table[B.5[] 400[V[Class[Main[Circuit[Terminal[Functions

Purpose

Terminal Symbol

Model: CIMR-G5A [ ]

Main circuit power input

R (L1), S (L2), T (L3)

40P4 to 4300

Inverter outputs

U (T1), V (T2), W (T3)

40P4 to 4300, E055 to E160 (all models)

DC power input P1-6 40P4 to 4045, 4185 to 4300, E055 to E160
Braking Resistor Unit con-

nection B1, B2 40P4 to 4015

DC reactor connection P1-p2 40P4 to 4015

Braking Unit connection @ 3 - S (see note 2) 4018 to 4300, E055 to E160

Cooling fan power input ) 4018 to 4045

Cooling fan power input
(control power input)

r—-4200: 200 to 230 VAC input
r =4 400: 380 to 460 VAC input

4055 to 4300, E055 to E160

Ground

<

40P4 to 4300, E055 to E160 (all models)

Note 1.Models CIMR-G5A4055 to 4160 do not support DC power input.

2. When using this terminal as an input for DC power supply, special considerations are re-
quired. Be sure to consult our sales representative.




Wiring

3.4.3 Main Circuit Configurations

3.4.3 Main Circuit Configurations

The[Main[¢ircuit[¢onfigurations[dre[shown[in[Figure[3.4[dnd[Figure(3.5.

B 200V Class

CIMR-G5A20P4 to 21P5 (0.4 to 1.5 kW)

=]

. *1 ﬁ'[®1

_____ ¢ !
(DC

option) ﬁL_.(-J__- R(L1 U(T”l
*o iS(L2) % V(T2) ;
T(L3) W&si
Te '
i Power

o b <[]

(RCC)

Control I
circuits }

ﬂ U |
’_""‘"""‘1

v(T2);

W(T3)

et -

i Power Control I

! (s;g;éy mrcuns l
Fin cooling fan

® 9

Ints nl circuits

cooling fan

g Control 1
Fin cooling fan l

&

* 1 Prewired at the factory.

CIMR-G5A22P2 to 27P5 (2.2t0 7.5 kW)

e plee
Y]
DCL
éption) R(L1 ﬂl
x  1S(2) + g V(T2 |
w(T3)

LT(L3)
6

; Power Control }
supply circuits i
(RCC) }

Fin cooling fan

o

CIMR-G5A2018 to 2022 (18.5, 22 kW)
. i s

i
Hi

Power 1
(RCC) = I
- % Control ]

Intetnal circuits I

cooling fan

CIMR-G5AD030 to D075 (30 to 75 kW)

Power sup Control
oD % ply (RCC |:> circuits

A@ : Fin cooling fan J

,77I’

* 2 Remove the short-circuit bar from between 51 and 52 when connecting a DC

reactor to Inverters of 15 kW or less.

* 3 Prewired at the factory. When supplying power to the main circuits from the DC

power supply, remove the wiring from R-r and S- &

Fig[3.4

200[V[Tlass[InverterMain[Tircuit{Configurations



3.4 Wiring Main Circuit Terminals

B 400V Class
CIMR-G5A40P4 to 41P5 (0.4 to 1.5 kW) CIMR-G5A42P2 to 43P7 (2.2 t0 3.7 kW)

» G S Y S S

G i w2

(bcL ! (DCL

option) gLBlI:ll— i@i option) (@U_L..
x  iSL2) % V(T2) | % IS(2) %

- [

I E

Power [:| Control i Power Control ‘
' :" ontro

supply = circuits } I supply v L_} circuits i

\
U(T1 ‘l
( vy |

W) |

i (RCC) (RCC) E g
; (x
Fin cooling fan

CIMR-G5A45P5 to 43P7 (5 5 to 3.7 kW) CIMR-G5A4018 to 4045 (18.5 to 45 kW)
1 Loy -
Q2 ‘ ‘
%, v | -
s  jS(12) + V() | L+ ‘3 v
) s | R
ke ? | |
i Power "1 Control | 0 ontro
I supply . = L—} 8rcutitsI i & ""D:Q_‘X =
' (RCO) P . . | Fin cooling fan PL?wTr » ‘
& Fin cooling fan ] %ﬂ‘ | (RE)FE)\)/ crgglri:glfan 7 J
CIMR-G5A4055 to 4160 (55 to 160 kW) CIMR-G5A4185 to 4300 (185 to 300 kW)

[ g

:}r_ ®3

N
NN
=

U l
|

i
i

"
i

!
fann Y L
i L % Control! ! ~ o (RCO) ontrol !
Fin cooling fan Intermal C'rcu'tsi Fin cooling fan circuits

cooling fan |

i

‘ w
‘ Control
6 circuits

'@ Power sup |

ply (RCC)
]

4200 400 Fin cool-
ing fan
* 1 Prewired at the factory.

* 2 Remove the short-circuit bar from between @51 and 52 when connecting a DC
reactor to Inverters of 15 kW or less.

* 3 Prewired at the factory. When supplying power to the main circuits from the DC
power supply, remove the wiring from R-r and S- ».

Fig[3.5 400[V[Class[Inverter[Main[Tircuit{Configurations



Wiring

3.4.4 Standard Connection Diagrams

3.4.4 Standard Connection Diagrams

CIMR-G5A20P4 to 27P5, 40P4 to 4015

DC reactor Braking Resistor
(optional) ) Unit (optional)
‘ u ©- @-I
@1 @2 Bt BZ

uo
v @—{w

w©

g

Be sure to remove the short-circuit bar before
connecting a DC reactor.

S

3-phase 200 VAC ,
(400 VAC) l

— -

CIMR-G5A2018, 2022, 4018 to 4045

G
Braking R t
‘O~ ©: i (aptonal)
@ @ Braking Unit
‘ i i © (optional)
b1 D2 B3 © —I
5 ¢ © R u®© m
5 ¢ © s v ©
Q Eﬁ g W

3-phase 200 VAC
(400 VAC)

The DC reactor is built in.

CIMR-G5A4055 to 4160
M/\q Braking Resistor

@ @ Unlt (optional)

@ @ Braking Unit

(optional)

AO—N\—(C? R @3 e
© s u©
g (@ r v Q)
3-phase 400 VAC © - w ©
© 4200 D
e

The DC reactor is built in.

CIMR-G5A2011, 2015
_ Braking Resistor

Umt (optional)

DC reactor %™
(optional) - © @ ?ors::)nnill;mt

ﬁ-:—. ©=©

P1 B2 B3 e—l
oM@ ©
© @
S
@ji

Be sure to remove the short-circuit bar before
connecting a DC reactor.

U
\
w

3-phase 200 VAC

1

T -

CIMR-G5A2030 to 2075

W Braking Resistor
@ Unlt (optional)
@ @ Braking Unit
l: (optional)
®3 —I
R u®
v o—{w
w©

3- phase 200 VAC -
®_i1

The DC reactor is built in.

CIMR-G5A4185 to 4300

6

Braking Resistor
Unit (optional)

! Braking Unit
O © ool
. - —@- ©
O ©r® a3 o —I
© s u®©
3 E {Or @ —{w
phase 400 VAC O r * w
© 200 @
T o — o

* 1 Inputthe control circuit power supply from r- 4 for 200V class Inverters of 30 to 75 kW (B2030 to B2075) and
fromr-4400for 400V class Inverters of 55 to 300 kW (B4055 to B4300). (For other models, the control power
supply is supplied internally from the main circuit DC power supply.)

* 2 Ther-R,4 (6 400)-S terminals are short-circuited for shipping. Remove the short wiring from the 2018, 2022,
4018 to 4045 and 4185 to 4300 when supplying power to the main circuits from the DC power supply.

Fig[3.6

3-12
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3.4 Wiring Main Circuit Terminals

3.4.5 Wiring the Main Circuits

This section describes wiring connections for the main circuit inputs and outputs.
B Wiring Main Circuit Inputs

Installing a Molded-case Circuit Breaker

Always connect the power input terminals (R, S, and T) and power supply via a molded-case circuit break-
er (MCCB) suitable for the Inverter.

e Choose an MCCB with a capacity of 1.5 to 2 times the Inverter’s rated current.

e For the MCCB’s time characteristics, be sure to consider the Inverter’s overload protection (one min-
ute at 150% of the rated output current).

o If the same MCCB is to be used for more than one Inverter, or other devices, set up a sequence so that

the[power[§upply[Will[be[furned[QFF[by[d[fault[dutput,[ds[§hown[in[Figure[3.7.

VS-616G5
Power MCCB MC
supply AO—N\ i R
200 V class: 3-phase,
200 to 230 VAC, /‘\: M ]
50/60 Hz Qs
400V class: 3-phase, ,-\: M o
380 to 460 VAC, AN /O)T
50/60 Hz *
e
- )19
ON Fault output
OFF (NC)
D 20
MC

* For 400 V class Inverters, connect a 400/200 V transformer.

FiglB.7 MCCBlInstallation

Installing a Ground Fault Interrupter

Inverter outputs use high-speed switching, so high-frequency leakage current is generated. Therefore, at
the Inverter primary side, use a ground fault interrupter that detects only the leakage current in the frequen-
cy range that is hazardous to humans and excludes high-frequency leakage current.

o For the special-purpose ground fault interrupter for Inverters, choose a ground fault interrupter with
a sensitivity amperage of at least 30 mA per Inverter.

e When using a general ground fault interrupter, choose a ground fault interrupter with a sensitivity am-
perage of 200 mA or more per Inverter and with an operating time of 0.1 s or more.

Installing a Magnetic Contactor

If the power supply for the main circuit is to be shut off during a sequence, a magnetic contactor can be
used instead of a molded-case circuit breaker.

When a magnetic contactor is installed on the primary side of the main circuit to forcibly stop the Inverter,
however, the regenerative braking does not work and the Inverter will coast to a stop.

o The Inverter can be started and stopped by opening and closing the magnetic contactor on the primary
side. Frequently opening and closing the magnetic contactor, however, may cause the Inverter to break
down.

e When the Inverter is operated with the Digital Operator, automatic operation cannot be performed after
recovery from a power interruption.

o Ifthe Braking Resistor Unit is used, program the sequence so that the magnetic contactor is turned OFF
by the contact of the Unit’s thermal overload relay.
Connecting Input Power Supply to the Terminal Block

Input power supply can be connected to any terminal R, S or T on the terminal block; the phase sequence
of input power supply is irrelevant to the phase sequence.



Wiring

3.4.5 Wiring the Main Circuits

Installing an AC Reactor or DC Reactor

If the Inverter is connected to a large-capacity power transformer (600 kW or more) or the phase advancing
capacitor is switched, an excessive peak current may flow through the input power circuit, causing the con-
verter unit to break down.

To prevent this, install an optional AC Reactor on the input side of the Inverter or a DC reactor to the DC
reactor connection terminals.

This also improves the power factor on the power supply side.

Installing a Surge Absorber

Always use a surge absorber or diode for inductive loads near the Inverter. These inductive loads include
magnetic contactors, electromagnetic relays, solenoid valves, solenoids, and magnetic brakes.

Wiring the Power Terminals of Inverters with 18.5 to 300 kW Outputs

e For 200 V class Inverters of 18.5 to 75 kW or 400 V class Inverters of 18.5 to 45 kW, connect the r
and 4 terminals to the R and S terminals respectively. (These are shorted by a short-circuit bar for ship-

ping.)
e For400V class, 55 to 300 kW, connect the r and 4 400 terminals to the R and S terminals respectively.
(These are shorted by a short-circuit bar for shipping.)

Installing a Noise Filter on Power Supply Side
Install a noise filter to eliminate noise transmitted between the power line and the Inverter.

e Wiring Example 1

Power
supply MCCB

s P U -
:"\”f* %’“« an__| Noise
(;,i\ oy filter VS-616G5

T W— S—— S—

& B Other
s B ecammermemmenmmemomaned CONtrOllErs

Use a special-purpose noise filter for In-
verters.

Fig[3.8 Correct[Power[$upply[Noise[Filter[Installation

e Wiring Example 2

Power MCCB
supply 5B
OS 5o VS-616G53L@
QG
MCCB
5’”‘?%, General- L., Other
e WY ggifsé’j”eterm controllers
Power
supply MCCB

— Mwmm*General- | e
{~ ,\Y/‘» S T endPUIPOSE  fronered —
S ﬂ«“'"5"‘,.&,&%‘noise filter, . vS-616G5 - I"'”\ﬂ)
MCCB —
Bab: Other
i) 3ot cONrONlErS

Do not use general-purpose noise filters. No gen-
eral-purpose noise filter can effectively suppress
noise generated from the Inverter.

Fig[3.9 Incorrect[Power$upply[INoise[Filter[Installation

3-14



3.4 Wiring Main Circuit Terminals

B Wiring on the Output Side of Main Circuit

Connecting the Inverter and Motor
Connect output terminals U, V, and W to motor lead wires U, V, and W, respectively.

Check that the motor rotates forward with the forward run command. Switch over any two of the output
terminals to each other and reconnect if the motor rotates in reverse with the forward run command.

Never Connect a Power Supply to Output Terminals

Never connect a power supply to output terminals U, V, and W. If voltage is applied to the output terminals,
the internal circuits of the Inverter will be damaged.

Never Short or Ground Output Terminals

If the output terminals are touched with bare hands or the output wires come into contact with the Inverter
casing, an electric shock or grounding will occur. This is extremely hazardous. Do not short the output
wires.

Do Not Use a Phase Advancing Capacitor or Noise Filter

Never to connect a phase advancing capacitor or LC/RC noise filter to an output circuit. Doing so may
result in damage to the Inverter or cause other parts to burn.

Do Not Use an Electromagnetic Switch or Magnetic Contactor

Do not connect an electromagnetic switch or magnetic contactor to an output circuit. If a load is connected
to the Inverter during operation, a surge current will actuate the overcurrent protective circuit in the Invert-
er.

Installing a Thermal Overload Relay

This Inverter has an electronic thermal protection function to protect the motor from overheating. If, how-
ever, more than one motor is operated with one Inverter or a multi-polar motor is used, always install a
thermal relay (THR) between the Inverter and the motor and set L1-01 to O (no motor protection).

Set the thermal overload relay to the value on the motor nameplate when operating at 50 Hz and to 1.1 times
the value on the nameplate when operating at 60 Hz. The sequence should be designed so that the contacts
of the thermal overload relay turn OFF the magnetic contactor on the main circuit inputs.

Installing a Noise Filter on Output Side
Connect a noise filter to the output side of the Inverter to reduce radio noise and inductive noise.

Power MCCB

supply o A
F e Vs 61665 1o )
sy Eord W) b
\'\\ Radio noise
Induc- NV,

‘ y AM radio
- tive -
Signal ; noise

line

Inductive Noise: ~ Electromagnetic induction generates noise on the signal line, causing the control-
ler to malfunction.

Radio Noise: Electromagnetic waves from the Inverter and cables cause the broadcasting radio
receiver to make noise.

Figl3.10] Installing[&[Noise[Filter[onIhe[Qutput[Bide

Countermeasures Against Inductive Noise

As described previously, a noise filter can be used to prevent inductive noise from being generated on the
output side. Alternatively, cables can be routed through a grounded metal pipe to prevent inductive noise.
Keeping the metal pipe at least 30 cm away from the signal line considerably reduces inductive noise.

Power Metal pi
MCCB etal pipe
SUPPlY 575
6\,-( N S VI, ST e o] S S— ™
S P SI— -~

VA J =
L 30 cm min.
= Signalline |

{éoﬁrol@]

Fig[8.11 Countermeasures[Against[Inductive[Noise
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3.4.5 Wiring the Main Circuits

Countermeasures Against Radio Interference

Radio noise is generated from the Inverter as well as from the input and output lines. To reduce radio noise,
install noise filters on both input and output sides, and also install the Inverter in a totally enclosed steel
box.

The cable between the Inverter and the motor should be as short as possible.

Steel box

Power MCCB o
supply ‘ e

T Metal pipe
B LT L e
(Cj;r:mm )«M%}ﬂ” Noise §V8-616G5«m Noise M% mm

filter

Fig[3.12 Countermeasures[Against[Radio[Interference

Cable Length between Inverter and Motor

If the cable between the Inverter and the motor is long, the high-frequency leakage current will increase,
causing[the[Inverter[dutput[durrent[fofincrease[dsell.[This[thay[dffect[geripheral[devices.[To[prevent[this,
adjust[the[¢arrierfrequency[(set[in[C6-01[Go[C6-03)[ds[§hown[in[Table[3. 6[[[[For[details,[Hefer[fo[fhe[iser

constant[dettings.)

Table[3.6[] Cable[length[between[inverter[@nd[Motor

Cable length 50 m max. 100 m max. More than 100 m
Carrier frequency 15 kHz max. 10 kHz max. 5 kHz max.
(Set value: C6-01) (15.0) (10.0) (5.0
(Set value: C6-02) (15.0) (10.0) (5.0
(Set value: C6-03) 0) 0) 0)

B Ground Wiring

e Always use the ground terminal of the 200 V Inverter with a ground resistance of less than 100 © and
that of the 400 V Inverter with a ground resistance of less than 10 Q.

e Do not share the ground wire with other devices, such as welding machines or power tools.

e Always use a ground wire that complies with technical standards on electrical equipment and mini-
mize the length of the ground wire.
Leakage current flows through the Inverter. Therefore, if the distance between the ground electrode
and the ground terminal is too long, potential on the ground terminal of the Inverter will become unsta-
ble.

e When using more than one Inverter, be careful not to loop the ground wire.

D D D

= \ ]
=l

D D D

X

NO!
Q o D
Figl8.13 Ground[Wiring
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3.4 Wiring Main Circuit Terminals

B Connectinglhe[Braking[Resistor[{ERF)
Connect[the[Braking[desistor{ds[§hown[in[Figure[3.14.

L8-01 (Overheat protection of braking
resistor)

1 (Enables overheat protection)

L3-04 (Stall prevention during decelera-
tion)
(Select either one of them.)

0 (Disables stall prevention function)

3 (Enables stall prevention function with braking
resistor)

VS-616G5

Fig[8.14 Connecting[ihe[Braking[Resistor

Braking resistor

The braking resistor connection terminals are
B1 and B2. Do not connect to any other termi-
nals. Connecting to any terminals other than
B1 or B2 can cause the resistor to overheat,
resulting in damage to the equipment.

B Connecting the Braking Resistor Unit (LKEB) and Braking Unit (CDBR)
Connect[the[Braking[Resistor[Unit[dnd[Braking[Unit[fo[the[Inverter[ds[shown[in[the[Figure[3.15.

L8-01 (Overheat protection of braking
resistor)

0 (Disables overheat protection)

L3-04 (Stall prevention during decelera-
tion)
(Select either one of them.)

0 (Disables stall prevention function)

3 (Enables stall prevention function with braking
resistor)

Set L8-01 to “1” before operating the Inverter with the braking resistor without thermal overload relay trip

contacts.

The Braking Resistor Unit cannot be used and the deceleration time cannot be shortened by the Inverter
if L3-04 is set to “1” (i.e., if stall prevention is enabled for deceleration).

To prevent the Unit from overheating, design the sequence to turn OFF the power supply for the thermal

overload[telay[frip[¢ontacts[df[The[Unit[ds[shown[in[Figure[3.15.

200 V Class Inverters with 3.7 to 7.5 kW Output and
400 V Class Inverters with 3.7 to 15 kW Output

LKEB Braking Re-
sistor Unit

VS-616G5

Thermal overload
relay trip contact
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3.4.5 Wiring the Main Circuits

200 V Class Inverters with 11 kW or higher Output and
400 V Class Inverters with 18.5 or higher Output

CDBR Brak- LKEB Braking Re-
ing Unit sistor Unit

Thermal protector

VS-616G5 trip contact

Thermal overload
relay trip contact

Fig[3.15 Connecting[ihe[Braking[Resistor[Unitf@and[Braking[Unit

3-18



3.4 Wiring Main Circuit Terminals

Connecting[Braking[Units[in[Parallel

When connecting two or more Braking Units in parallel, use the wiring and connectors shown in Figure
3.16.[There[dre[donnectorsffor[delectinghether[dachBraking[Unit[is[tb[Be[dMaster(dr[Slave.[Jelect[IMas-
ter” for the first Braking Unit only, and select “Slave” for all other Braking Units (i.e., from the second
Unit onwards).

Braking resistor overheat-

"BraKing resistor overneat- Braking resistor overheat- ing contacts (Thermal
ing contacts (Thermal ing contacts (Thermal protector contacts)
EB 3 e protector contacts) protector contacts)
1 2 1 2
Braking Braking Braking
Resistor Resistor Resistor
| Unit Unit
B P B
o0 ol B\ 60 10
<
MASTER MASTER
Q
KO
VS-616G5 O
SLAVE
5

1
Braking Unit #2 a Braking Unit #3
2

Braking Unit #1 3 4 33 3 4 33 i 4

Cooling fin overheating  Cooling fin overheating  Cooling fin overheating
contacts (thermoswitch ~ contacts (thermoswitch contacts (thermoswitch
contacts) contacts) contacts)

Fig[3.16 Connecting[Braking[Units[in[Parallel

Power Supply Sequence

MCCB

N AA MC |
Three-phase power:
20010230V, 50/60 Hz 0_C ' OR (L1)
or PR oS | —O's (L2)
380 to 460 V, 50/60 Hz N e
T D Cood =1 F OT (13)
* 400/200 V
e satesd uhaly B !
| {THRX OFF ON MC ! I
! \M-Q.m é}ITmT |
| Laod MHsal | '
{ | Overload relay trip contact | VS-616G5
i f Braking Resistor Unit
X 01 rl'iﬁlr:g%‘_eﬂ% or uni THRX :
3 i© % o7
e ASAH | |
| me x| |
DI S S Y S -ty
: _SA | '
.. TRX L :
f -
»(20 1@y,?[2__~1__J

Fault contacts

* Use a transformer with 200 and 400 V outputs for the power supply of the
400 V Inverter.

FiglB.17 Power[Bupply[Bequence
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3.5.1 Wire Sizes and Closed-loop Connectors

3.5 Wiring Control Circuit Terminals

A control signal line must not be longer than 50 m and must be separated from power lines.

The frequency reference must be input to the Inverter through twisted-pair wires.

3.5.1 Wire Sizes and Closed-loop Connectors

Terminal[humbers[dnd[Wwire[dizes[dre[shown[in[Table[3.7.

Table[B.7[] TerminalINumbers[and[Wire[Bizes[{Same[for[allModels)

: Terminal Wire Thickness .
Terminals Screws [mm2] Wire Type
Stranded wire: 0.5 to
1to 11, 13 to 33 M3.5 1.25 ¢ Shielded, twisted-pair wire
Single wire: 0.5 to 1.25 | ¢ Shielded, polyethylene-covered, vinyl sheath
cable
12 (G) M3.5 0.5t02

The[¢losed-loop[¢onnectors[dnd[fightening[forques[for[Yarious[Wire[dizes[dre[shown[in[Table[3.8S.

Table[3.8[] Closed-loop[Connectors[for[Ground[Terminal

Wire Thickness Terminal ) . ) .
[mm2] Screws Crimp Size Tightening Torque (N-m)
0.5 1.25t03.5
0.75 1.25t03.5
M3.5 0.8
1.25 1.25t03.5
2 2t0 3.5




3.5 Wiring Control Circuit Terminals

3.5.2 Control Circuit Terminal Functions

The[functions[df[the[¢ontrol[¢ircuit[ferminals[dre[shown[in[Table[3. 9Use[Ghe[dppropriate[ferminalsffor
the correct purposes.

Table[3.9[] Control[Tircuit[Terminals

Type No. Signal Name Function Signal Level
1 Forward run/stop command Forward run when CLOSED; stopped when OPEN.
2 Reverse run/stop command Reverse run when CLOSED; stopped when OPEN.
. Fault when CLOSED; normal
3 External fault input when OPEN.
4 Fault reset Reset when CLOSED
Se-  SteD S 05 Multi-function contact in-
Multi-step speed reference 1 Auxiliary frequency reference
quence 5 (Master/auxiliary switch) when CLOSED. puts . 24VDC,8mA
lnpUt Mulfist ine 2 wh (Command Slgna]s can be Photocoupler isolation
signals i _step < ulti-step seting = when selected by setting H1-01 to
Multi-step speed reference 2 CLOSED. H1-06) y g
7 Jog frequency reference Jog run when CLOSED.
Inverter output stopped when
8 External baseblock CLOSED.
11 Sequence input common —
15 15 V power output 15 V power supply for analog references (1131;; current: 20 mA)
33 | -15 V power output -15 V power supply for analog references (_I\l/ISa;/ current: 20 mA)
13 -10 to 10 V/-100% to 100% -10to 10 V (20 kQ),
Analog Master speed frequence refer- 0to 10 V/100% 01010 V (20 kQ)
input ence 4 to 20 mA/100%, -10 to +10 V/-100% to 100%
signais | ' 0 to +10 V/100% 4 to 20 mA (250 Q)
. . . -10to 10 V/-100% to 100% | Auxiliary analog input -10 to 10 V (20 k),
16 [ Multi-function analog input 0 to 10 V/100% (H3-05) 0to 10 V (20 kQ)
17 Control common — —
12 Shield wire, optional ground . _
line connection point
9 Dry contacts
Running signal (INO contact ity:
unning signal ( contact) Operating when CLOSED. f(xltr?lz;czfzcs%ymc
10 1 A max. at 30 VDC
Multi-function outputs
Se- 25 | Zero speed detection Ziro leC\f(l)(SbEZS) 1) or below
quence when Open-collector output
SRR . *
output 26 | Speed agree detection Within +2 Hz of set frequency 50 mA max. at 48 V
p when CLOSED.
signals
27 | Open-collector output common —
18 Dry contacts
: Fault when CLOSED across 18 and 20 Contact capacity:
19 [ Fault output signal (SPDT) Fault when OPEN across 19 and 20 1 A max. at 250 VAC
20 1 A max. at 30 VDC
Multi-function analog moni-
21 Frequency output 0 to 10 V/100% frequency tor 1
H4-01, H4-02)
Analog ( i
output 22 Common —_ g :'I(i:g)a;] max. £5%
signals Multi-function analog moni- .
23 | Current monitor 5 V/Inverter’s rated current tor 2
(H4-04,H4-05)

*[0 When[driving[dn[].[Toad,[3uch[3s[d[delay[¢oil,[dlways[insert[d[flywheel[diode[ds[§hown[in[Figure[3.18.

External power:
48 V max.

Coil

P Flywheel diode

Fig[3.18

1

Flywheel[Diode[Connection

The rating of the flywheel diode
must be at least as high as the cir-
cuit voltage.
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3.5.3 Control Circuit Terminal Connections (All Models)

| 14 [ 15 [ 16 [ 17
s [ 4 [ s e ] 7] s [ o | 10 ]

Fig[3.19 Control[Circuit[Terminal[Arrangement

1] 12G) [ 13
1] 2 |

3.5.3 Control Circuit Terminal Connections (All Models)

Connections[§o[VS-616G5[¢ontrol[¢ircuit[ferminals[dre[shown[in[Figure[3.20.

+
1

—22']
&

~
N
+
’
v
—_
(o]

Forward run/stop

Fault output (NO)

i
3]

Reverse run/stop

Fault output (NC)

2
3 (External fault) _Q? Fault output common

4 (Fault reset) I

o
®)

Multi-function contact input 1

o

Multi-function contact input 2

5

Multi-function contact input 3

—0 5 (Multi-step speed O Multi-function contact output
Multi-function contact input 4 reference 1) 10 (Running signal)
O O— 6 (Multi-step speed ref- ML:IU-];unctlon contact
Multi-function contact input 5 output common

|

o} O
u
A

Oc":i_

erence 2) |
L}

O

7 (Jog frequency reference)

8 (External baseblock) ?;:':gfgggggnsgfg;‘t 1
D AN |

Multi-function contact input 6

Sequence input common

L) SN E——

-

---------- 26 J)
" Multi-function output 2
(Speed agree signal)

Multi-function output common

5 N

©
N
3

Frequency reference
power supply +15 V
Frequency reference
power supply -15 V

Frequency reference |::|

Multi-function analog

output 1
M Voltmeter
(Output frequency)

input (voltage)
Frequency reference

ﬁz]
-

1
""""""""" 0 Mutti-functi !
. . ‘ ) ulti-function analog
il\él;m-funcnon analog : : 23 output 2
4 ; E '\?16 (Auxiliary frequen-
_Freqtuency reference : i | cy reference) 22AI\ @ Vo{tmeter t()Out-
input common . ' ! N ; put curren
b — )11 7
‘\_,f' %7 T Multi-function analog
i_ J output common

Factory presets are shown in parentheses.
When[driving[an[l[load,[$uch[as[@[telay[¢oil,[always[insert[aflywheel[diode[as[$hown[in[Figure[3. 18.

Fig[8.20 Control[Circuit[Terminal[Connections



3.6 Wiring Check

3.5.4 Control Circuit Wiring Precautions

Connect to shield sheath Insulate with tape
terminal at VS-616G5
(terminal 12)

Separate control circuit wiring (terminals 1 to 33) from main circuit wiring (terminals R, S, T, B1, B2,
U, V, W, &, P1, @2, and B3) and other high-power lines.

Separate wiring for control circuit terminals 9, 10, 18, 19, and 20 (contact outputs) from wiring for
terminals 1 to 8, 21, 22, 23, 25, 26, 27, 33 and 11 to 17.

Use shielded twisted-pair cables for control circuits to prevent operating faults. Process cable ends as
shown[in[Figure[3.21.

Connect the shield wire to terminal 12(G).

Insulate the shield with tape to prevent contact with other signal lines and equipment.

Shield sheath ~ Armor

Do not connect here.

Fig[B.21 Processing[the[Ends[of[Twisted-pair{Cables

3.6 Wiring Check

Check all wiring after wiring has been completed. Do not perform a buzzer check on control circuits.

Is all wiring correct?

Have any wire clippings, screws, or other foreign material been left?
Are all screws tight?

Are any wire ends contacting other terminals?
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3.7.1 Installing a PG Speed Control Card

3.7 Installing and Wiring PG Speed Control Cards

PG Speed Control Cards are used for executing speed control using a pulse generator (PG). There are four types
of PG speed control, as shown below. Select the type that fits the application and control method.

PG-A2

A-phase (single) pulse input for open collector output or complementary outputs, for V/f control

PG-B2

A/B-phase pulse input for open collector output or complementary outputs, for vector control

PG-D2

A-phase (single) pulse input for line driver input, for V/f control

PG-X2

A/B/Z-phase pulse input for line driver input, for vector control

3.7.1 Installing
Use

1.
2.

PG Speed Contro

4CN
Option-A
Connector

2CN
Option-C
Connector

3CN
Option-D
Connector

Connection -~

terminals

T
Ground terminal 12

a PG Speed Control Card

the following procedure to install a PG Speed Control Card.

Turn off the main-circuit power supply.

Leave it off for at least one minute before removing the front cover of the Inverter (or at least three
minutes for Inverters of 30 kW or more). Check to be sure that the CHARGE indicator is OFF.

. Insert the spacer (which is provided) into the spacer hole in the Inverter’s mounting base.

For Inverters of 3.7 kW or lower, there are two adjacent holes. Insert the spacer into the 7CN hole. The
spacer cannot be easily removed if inserted into the wrong hole. Be very careful to insert the spacer
into the correct hole, and in the proper direction.

. Referring to the enlarged illustration in the following diagram, align the PG Speed Control Card with

the catch position as shown by (a) and (b) and fit it precisely to the Option-A connector. Insert at (a)
first.

. Pass the spacer through the spacer hole at the Card. (Refer to A in the illustration.) Check to be sure

that it is precisely aligned with the 4CN position, and snap it into the proper position. Be sure to press
it in firmly until you hear it snap into place.

. Option A mounting spacer
| Card  Spacer mounting hole (Accessory: SRNT41028-9)

Ty Top ;

I [ ) 7CN '/'J
7777777 rrrrrrrrrrrrrr o - __OptionC

Inverter mounting base

: Option A side ;{

. “ <~ b T e e e e e e e
- ; I b}
Dt ; ; Inverter Spacer mounting :
> P - . mounting I?ase hole ,
! T : PG Speed ' vl '
P O |- Control - tpl ! —Sf i
i il : board ontrol f Control board X

Card :

[—] | ~ Spacer E
T o b ;Mounting “\; .
. 3 i [ Option D ;base side e T :
|
!

Spacer mounting

EnIéFgement

[Front]0d [Side]

Fig[B.22 Installing[@[PG[$peed[Control[Card



3.7 Installing and Wiring PG Speed Control Cards

3.7.2 PG Speed Control Card Terminal Blocks

The terminal specifications for each PG Speed Control Card are given in the following tables.

B PG-A2 (For V/f with PG Feedback Mode Only)
Table[3.100] PG-A2[Terminal[Bpecifications

Terminal | No. Contents Specifications
1 12 VDC (£5%), 200 mA max.
Power supply for pulse generator
2 0 VDC (GND for power supply)
3 +12 V/open collector switching ter- Terminal for switchjng betweenl2 V voltage.input
minal and open collector input. For open collector input,
4 short across 3 and 4.
TA1 5 H: +4 to 12 V; L: +1 V max. (Maximum response
Pulse input terminal frequency: 30 kHz)
Pulse input common
12 VDC (+10%), 20 mA max.
Pulse motor output terminal -
8 Pulse monitor output common
TA2 (E) | Shield connection terminal —

B PG-B2 (For Flux Vector Control Mode Only)
Table[B.11[] PG-B2[Jerminal[Bpecifications

Terminal | No. Contents Specifications
1 12 VDC (¢5%), 200 mA max.
Power supply for pulse generator
2 0 VDC (GND for power supply)
H: +8t0 12V
3 L: +1 V max.
A-phase pulse input terminal (Maximum response frequency: 30 kHz)
TA1
4 Pulse input common
H: +8t0 12V
5 L: +1 V max.
B-phase pulse input terminal (Maximum response frequency: 30 kHz)
6 Pulse input common
1 Open collector output, 24 VDC, 30 mA max.
A-phase monitor output terminal -
2 A-phase monitor output common
TA2
3 Open collector output, 24 VDC, 30 mA max.
B-phase monitor output terminal -
4 B-phase monitor output common
TA3 (E) | Shield connection terminal —

B PG-D2 (For V/f with PG Feedback Mode Only)
Table[3.12[] PG-D2[Terminal[Bpecifications

Terminal | No. Contents Specifications

1 12 VDC (£5%), 200 mA max. (see note)
2 Power supply for pulse generator 0 VDC (GND for power supply)
3 5 VDC (£5%), 200 mA max. (see note)
4 Pulse input + terminal Line driver input (RS-422 level input)
TA1 - - . e ’
5 Pulse input — terminal Maximum response frequency: 300 kHz
6 Common terminal —
7 Pulse monitor output + terminal
- - Line driver output (RS-422 level output)
8 Pulse monitor output — terminal
TA2 (E) | Shield connection terminal —

Note 5 VDC and 12 VDC cannot be used at the same time.



Wiring

3.7.2 PG Speed Control Card Terminal Blocks

B PG-X2 (For Flux Vector Control Mode Only)

Table[3.13[] PG-X2[Terminal[Bpecifications

Terminal | No. Contents Specifications

1 12 VDC (£5%), 200 mA max. (see note)
2 Power supply for pulse generator 0 VDC (GND for power supply)
3 5 VDC (£5%), 200 mA max. (see note)
4 A-phase + input terminal
5 A-phase - input terminal

TA1
6 B-phase + input terminal Line driver input (RS-422 level input)
7 B-phase — input terminal Maximum response frequency: 300 kHz
8 Z-phase + input terminal
9 Z-phase — input terminal
10 Common terminal 0 VDC (GND for power supply)
1 A-phase + output terminal
2 A-phase — output terminal
3 B-phase + output terminal

TA2 4 B-phase - output terminal Line driver output (RS-422 level output)
5 Z-phase + output terminal
6 Z-phase — output terminal
7 Control circuit common Control circuit GND

TA3 (E) | Shield connection terminal —

Note 5 VDC and 12 VDC cannot be used at the same time.
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3.7.3 Wiring a PG Speed Control Card

Wiring examples are provided in the following illustrations for the PG Speed Control Cards.

B PG-A2 (For V/f with PG Feedback Mode Only)

12 V Voltage Input

Three-phase, 200 VAC VS-616G5
(400 VAC) N

© r U
O—N\—s v@C M /PQ
5 oM o w@©

PG-A2
| —é— +12 V power supply (T
1 0V power supply v
4CN 4CN 2 |O —
[— 3 O ' '
4 O | |
TA1 12 V voltage output (A/B phase) b
5| O
Pulse 0 V v
@ .| -
OF. . ; .|o
TA2 (E 6O Pulse monitor output
p— ]

ga

Fig[8.23 Wiring[&[d 2[V[Voltage[lnput

Open Collector Input
Three-phase, 200 VAC VS-616G5

(400 VAC) — M O e
O—N\— s v© ,‘ IM ,‘ @

I O_N\_‘
QT W@
PG-A2
——+12 V power suppl -
B o p pply L
0V power supply
4CN |: 4CN 2 |lo —
| 3 O——l T
4 O 1 1
TA1 5o Open collector output (A/B phase) b
Pulse 0 V ' '
@ : o|o =
©-=--- - '3 710 Pul itor output
A2 (B) P ulse monitor outpu
— -

&
® Shielded twisted-pair wires must be used for signal lines.
® Do not use the pulse generator’s power supply for anything other than the

pulse generator (encoder). Using it for another purpose can cause malfunctions
due to noise.

® The length of the pulse generator’s wiring must not be more than 100 meters.
Fig[8.24 Wiring[@n[Dpen-collector[Input
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3.7.3 Wiring a PG Speed Control Card

1/0 Circuit Configuration

TA1
1 -
O +12V
PG power
supply +12V OH Pulse input
1k
Shortfor - - [OH i
open-col- Hzv
lector input ' 7
- lol O
Pulse
o monitor
Pulse | 8 outet
input ‘
o °Yl )
TA1

oV

Fig[8.25 I/O[CircuitfConfiguration[®fihe[PG-A2
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B PG-B2 (For Flux Vector Control Mode Only)

Three-phase 200 VAC VS-616G5

(400 VAC) —— M @I R U @l

J PG

PG-B2

] TA1
4CN 4CN

Power supply +12 V

Power supply 0 V

A-phase pulse output (+)

A-phase pulse output (-)

B-phase pulse output (+)

o O A~ W N =
A-F-1-4-F -]~

HO 00 OO 0 0 0 0 OF

B-phase pulse output (-)

TA2
A-phase pulse monitor output

@ 12 E

@F----! {j
TA3 (E)
= &
® Shielded twisted-pair wires must be used for signal lines.

® Do not use the pulse generator’s power supply for anything other than the
pulse generator (encoder). Using it for another purpose can cause malfunctions
due to noise.

® The length of the pulse generator’s wiring must not be more than 100 meters.

® The direction of rotation of the PC can be set in user constant F1-05. The
factory preset if for forward rotation, A-phase advancement.

AW N =

} B-phase pulse monitor output

Fig[B.26 PG-B2[Wiring

I/O[Circuit[Configuration

TA1
1

O— i12v
PG power TA2
supply +12 V 2 o N 1

& oV Division rate circuit O

NS
~ A-phase pulse monitor
3 150 180 e 2 ou‘t’ o P
Oq O | outp
~ A-phase
A-phase 4 470 ~ pulses 3
pulse input O @ O
150 180 }\} < B-phase pulse monitor
150 180 4 output
o ] —;—o i
B-phase —

B-phase 470 }\Q pulses
pulse input O 6 @

— 150 180

. A-ph
e When connecting to a voltage-output-type PG (encoder), selecta PG I~ LI L __ pnase

I
that has an output impedance with a current of at least 12 mA to the L ;;u S:S
input circuit photocoupler (diode). p:l’seasse

® The pulse monitor dividing ratio can be changed using constant
F1-06.

® The pulse monitor emitter is connected to common inside the PG-B2.
The emitter common must be used for external circuits.

Figl8.27 I/O[Circuit[Configuration[ofihe[PG-B2
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3.7.3 Wiring a PG Speed Control Card

B PG-D2 (For V/f with PG Feedback Mode Only)

Three-phase 200 VAC VS-616G5
(400 VAC) P

———
O © R u ﬁ,\
O © s VvV (© IM

Power supply +12 V
Power supply 0 V

Power supply +5 V

Pulse input + (A/B phase)

TA1 Pulse input - (A/B phase)

—_]--- 4 -F - <

@@ 12 E
J: TA2 (E)
= el

HO 00 Q O 0 Q OF

} Pulse monitor output

~ |- |- 4 -}F - -

® Shielded twisted-pair wires must be used for signal lines.

@ Do not use the pulse generator’s power supply for anything other than the pulse
generator (encoder). Using it for another purpose can cause malfunctions due
to noise.

® The length of the pulse generator’s wiring must not be more than 100 meters.

Fig[B.28 PG-D2[Wiring
B PG-X2 (For Flux Vector Control Mode Only)

Three-phase 200 VAC VS-616G5
(400 VAC) P

1
O © R Uﬁ,\
O s v

Power supply +12 V
Power supply 0 V (

Power supply +5 V

A-phase pulse input (+

A-phase pulse input

B-phase pulse input (+,

B-phase pulse input

~|- - -

© O N o 0 » O N -

Hoo oo oo 0HoO00 0000 00OH

Th2 } A-phase pulse monitor output

} B-phase pulse monitor output

} Z-phase pulse monitor output

9 o
= 1

e Shielded, twisted-pair wire must be used for signal lines.

o Do not use the pulse generator’s power supply for anything other than the
pulse generator (encoder). Using it for another purpose can cause
malfunctions due to noise.

® The length of the pulse generator’s wiring must not be more than 100 meters.

® The direction of rotation of the PC can be set in user constant F1-05. The
factory preset if for forward rotation, A-phase advancement.

Fig[B.29 PG-X2[Wiring




3.7 Installing and Wiring PG Speed Control Cards

3.7.4 Wiring PG Speed Control Card Terminal Blocks

Use no more than 100 meters of wiring for PG (encoder) signal lines, and keep them separate from power
lines.

Use shielded, twisted-pair wires for pulse inputs and pulse output monitor wires, and connect the shield
to the shield connection terminal.

B Wire Sizes (Same for All Models)
Terminal[Wire[dizes[dre[shown[in[Table[3. 14[]
Table[B.14[] Wire[Bizes

. Terminal Wire Thickness )
Terminal Screws (mm2) Wire Type
Pulse generator power supply Stranded wire: 0.5 to
Pulse input terminal _ 1.25 ¢ Shielded, twisted-pair wire
Pulse monitor output terminal Single wire: 0.5 to 1.25 | ¢ Shielded, polyethylene-cov-
ered, vinyl sheath cable
Shield connection terminal M3.5 0.5t02

B Solderless Terminals for Control Circuit Terminals

The use of solderless terminals for the control circuit terminals is recommended because solderless termi-
nals are easy to connect securely.

Table[3.15[] Straight[Polderless[Terminal[Bizes

Wire Thickness Model di d2 Manufacturer
0.5 mm?2 Al 0.5-8 WH 1.00 2.60
0.75mm? A1 0.75-8 GY 1.20 2.80
Phoenix Contact
1 mm?2 Al 1-8 RD 1.40 3.00
1.5 mm? Al 1.5-8 BK 1.70 3.50

A

8 mm

I
14 mm

J—L $d2

Fig[3.30 Straight[Bolderless[Terminal[Bizes

IMPORTANT Do not solder wires with the control circuit terminals if wires are used instead of solderless terminals.

Wires may not contact well with the control circuit terminals or the wires may be disconnected from the con-
trol circuit terminals due to oscillation if the wires are soldered.
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3.7.4 Wiring PG Speed Control Card Terminal Blocks

B Closed-loop Connector Sizes and Tightening Torque

The[¢losed-loop[¢onnectors[dnd[fightening[forques[for[Yarious[Wire[dizes[dre[shown[in[Table[3.16[]
Table[3.16[] Closed-loop[Connectors[and[Tightening[Torques

Wire Thickness [mm?2] -I-Sec:gvr\;:l Crimp Terminal Size Tightening Torque (N-m)
0.5 1.25t03.5
0.75 1.25t03.5
M35 0.8
1.25 1.25t03.5
2 2t03.5

B Wiring Method

Use the following procedure to connect wires to the terminal block.
1. Loosen the terminal screws with a thin-slot screwdriver.
2. Insert the wires from underneath the terminal block.

3. Tighten the terminal screws firmly.

Thin-slot screwdriver Blade of screwdriver

Control circuit
terminal block

X X4

Strip the end for
5.5 mm if no ! — | | | | |
solderless ter- ~_
minal is used. Solderless terminal or — 3.5 mm max.
_ wire without soldering Blade thickness: 0.6 mm max.
Wires
Fig[B.31 Connecting[Wires[io[Terminal[Block

IMPORTANT Wiring Precautions

1. Separate PG Speed Control Card control circuit wiring (terminals TA1 and TA2) from main circuit wiring

and other high-power lines.

2. Use twisted-pair or shielded twisted-pair cables to connect the PG to prevent operating faults. Process

cable[¢nds[ds[shown[in[Figure[3.32.[The[inaximum[¢able[length[is[1 00[in.

Shield sheath ~ Armor

Do not connect here.

Connect to terminal Insulate with tape.
TA3 on the VS-616G5.
Fig[8.32 Processing[ihe[Ends[df Twisted-pair[Cables

3. Connect the shield to the ground terminal.

Do not solder the wires to the control circuit terminals. The wires may not contact well with the control
circuit terminals if the wires are soldered.

The end of each wire connected to the control circuit terminals must be stripped for approximately
5.5 mm.




3.7 Installing and Wiring PG Speed Control Cards

3.7.5 Selecting the Number of PG (Encoder) Pulses
B PG-A2/PG-B2

The maximum response frequency is 32,767 Hz.
Use a PG that outputs a maximum frequency of approximately 20 kHz for the rotational speed of the motor.

Motor speed at maximum frequency output (r/min)

x PG rating (p/rev) = 20,000 Hz

60
Some examples of PG output frequency (number of pulses) for the maximum frequency output are shown
in[Jable[3.17[]
Table[3.17[] PG[Pulse[$election[fExamples
Motor’s Maximum Speed (r/min) PG Rating PG Output Frequency for Maximum
(p/rev) Frequency Output (Hz)
1800 600 18,000
1500 800 20,000
1200 1000 20,000
900 1200 18,000

Note 1.The motor speed at maximum frequency output is expressed as the sync rotation speed.
2. The PG power supply is 12 V.

3. A separate power supply is required if the PG power supply capacity is greater than
200 mA. (If momentary power loss must be handled, use a backup capacitor or other
method.)

—— oV 12V

Capacitor for power mo-
mentary power loss

=+ e

\I" Signals
é 1

Fig[3.33 PG-B2[Connection[Example

m PG-D2/PG-X2

There are 5 V and 12 V PG power supplies.
Check the PG power supply specifications before connecting.

The maximum response frequency is 300 kHz.
Use the following equation to computer the output frequency of the PG (fPG).

Motor speed at maximum frequency output (r/min)

fPG (HZ) = 60

A separate power supply is required if the PG power supply capacity is greater than 200 mA. (If momen-
tary power loss must be handled, use a backup capacitor or other method. )

x PG rating (p/rev)

_exe
(RS A - " PG powe
oV 12v
P17 |10
|6} [
Ps 30 [SENEN SR A
Capacitor for momeén- b
A A Oty ower loss
Al |be
B (1|6 o
B {7«
7(nlgo
7190
10 gee]
e he
Fl/\fj H i C —} J ~
?
|
Fig[B.34 PG-X2[Connection[Example[{for(d 2[V[PG[power[$upply)
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This chapter describes setting user constants using the Digital Operator.

4.1 Using the Digital Operator .............. 4-2
42 Modes ... 4-5
421 InverterModes ......... ... ... ... 4-5
4.2.2 SwitchingModes ............. ... ..., 4-6
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4.2.5 Initialize Mode ......... ... ... 4-20
4.2.6 ProgrammingMode .............. ... ... ...... 4-27
4.2.7 AutotuningMode .......... .. 4-31
4.2.8 Modified Constants Mode ..................... 4-33



Setting User Constants

4.1 Using the Digital Operator

This section describes the component names and functions of the Digital Operator. The component names and
functions[dre[shown[in[Figure[4. I[dnd[Key[functions[dre[described[in[Table[¥. 1[]

N\

DRIVE FWD REV
® ® ®

REMOTE
SEQ e

Frequency Ref

U1-01 = 00.00 HZ

DIGITAL OPERATOR

& REF

JVOP-130
LOCAL
HENOTE MENU ESC
y_ y,
DATA
JOoG
AN ENTER
V. y_
FWD V
REV RESET

J

Fig®.1

]7 Operation Mode Indicators

DRIVE: Lit when in operation mode.

FWD:  Lit when there is a forward run command input.

REV: Lit when there is a reverse run command input.

SEQ: Lit when the run command from the control cir-
cuit terminal is enabled.

REF: Lit when the frequency reference from control
circuit terminals 13 and 14 is enabled.

Data Display

Two-line LCD that displays data for monitoring,
user constants, and set values with 16 characters
per line.

— Keys

Execute operations such as setting user constants,
monitoring, JOG, and autotuning.

Digital[DperatorfComponent[Names[and[Functions



4.1 Using the Digital Operator

Table[4.1[] Key[Functions

Key Name Function
Switches between operation (LOCAL) via the Digital Operator
LOCAL and control circuit terminal (REMOTE) operation.
LOCAL/REMOTE Key . . .
REMOTE This Key can be enabled or disabled by setting a user constant
(02-01).
MENU I MENU Key Displays menus.
Esc ESC Key Returns to the status before the DATA/ENTER Key was
pressed.
Enables jog operation when the VS-616GS5 is being operated
OG
’ JOG Key from the Digital Operator.
FWD Selects the rotation direction of the motor when the VS-616G5
FWD/REV Keyl is being operated from the Digital Operator.
Sets the number of digits for user constant settings.
RESET Key

Also acts as the reset Key when a fault has occurred.

Increment Key

Selects menu items, groups, functions, and user constant
names, and increments set values.

Decrement Key

Selects menu items, groups, functions, and user constant
names, and decrements set values.

] €2

Enters menu items, functions, constants, and set values after
they are set.

DATA/ENTER K
ENTER e Constants cannot be changed when Undervoltage (UV) is de-
tected.
O N RUN Key Starts t.he VS—6}§G5 operation when the VS-616GS is in opera-
tion with the Digital Operator.
o) Stops VS-616GS5 operation.
STOP STOP Key This Key can be enabled or disabled by setting a user constant

(02-02) when operating from the control circuit terminal.

Note Except in diagr:

ams, Keys are referred to using the Key names listed in the above table.

Inverter output frequency

FWD - RUN]
REV J v J R%J [STOF ] ': i STOP! |
Frequency setting j + :
0 0
RUN sToP RUN ® Bes 3 e |
STOP O ® Bsd o 5 ]

EE
Lit

e .
Blinking  Not lit

The RUN and STOP indicators light and blink to indicate operating status.
During DB (initial excitation), RUN blinks and STOP is turned ON.

Fig#.2

RUN[@Nd[BTOP[Indicators
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The following table shows the relationship between the indicators on the RUN and STOP Keys and the Inverter
conditions.

The indicators are lit, unlit or blinking reflecting the order of priority.

Table[4.2[] Relation[¢f{Inverter[fofRUN[&nd[ETOP[Indicators/]

RUN STOP Conditions
Priority | Indica- | Indica- Ins‘igﬁlesr
tor tor
! e e Stopped Power supply is shut down.

Emergency stop

* Stop Command is sent from the Digital Operator when the control circuit
terminals were used to operate the Inverter.

¢ Emergency Stop Command is sent from the control circuit terminal.

2 ® Q Stopped* Switched from LOCAL (operation using the Digital Operator) to REMOTE

(operation using the control circuit terminals) when the Run Command is
sent from the external terminal.

Switched from the Quick or Advanced Quick programming mode to the
Drive mode when the Run Command is sent from the external terminal.

The Inverter is run at a frequency below the minimum output frequency.

3 O @ Stopped The Run Command is carried out when the External Baseblock Command
using the multi-function contact input terminal is issued.

Stopped Stopped

During deceleration to a stop

During DC injection braking when using the multi—-function contact input
5 © EOS Running terminal.

During initial excitation of DC injection braking while the Inverter is
stopped.

During emergency deceleration

6 & & Runnin ¢ Stop Command is sent from the Digital Operator when operating the Invert-
- g er using the control circuit terminals.

¢ Emergency Stop Command is sent from the control circuit terminal.

Run Command is issued.

7 Runnin, L . L . .
Q * & During initial excitation of DC injection braking when starting the Inverter.

Note 0 :Lit © : Blinking @ : Not it

If planning to run the Inverter again, first turn OFF the Run Command and Emergency Stop Command
from the control circuit terminal and send the Run Command.



4.2 Modes

4.2 Modes

This section describes the VS-616G5’s monitor modes, switching between modes, and accessing/setting user
constants.

4.2.1 Inverter Modes

The VS-616GS5 Inverter’s user constants and monitoring functions have been organized in groups called
modes that make it easier to read and set user constants.

The[VS-616GS5[is[¢quipped[With[F[inodes,[ds[shown[in[the[Table[4.3[]

Table[4.3[] Modes
Mode Primary function(s)

The Inverter can be run in this mode.

Operation mode Use this mode when monitoring values such as frequency references or output
current, displaying fault information, or displaying the fault history.

Use this mode when selecting the language displayed on the Digital Operator, se-
Initialize mode lecting the access level for reading/setting user constants, selecting the control
mode, or initializing the user constants.

Use this mode when reading/setting the user constants required for operation.
The program-mode functions are subdivided into the following groups:

¢ Application: Operation mode selection, DC control, speed search, etc.

¢ Tuning: Acceleration/deceleration times, S-curve characteristics, carrier
frequencies, etc.
Programming mode e Reference:  Settings related to frequency control
¢ Motor: V/f characteristics and motor constants
¢ Option: Settings for Optional Cards
e Terminal: Settings for sequential I/O and analog 1/0
e Protection:  Settings for the motor and inverter protection functions

¢ Operator: Selects the Digital Operator’s display and Key functions

Autotuning mode (Usable only with in vector control mode)
(See note? Use this mode when running a motor with unknown motor constants in the vector

control mode. The motor constants are calculated and set automatically.

Modified constants Use this mode to read/set user constants that have been changed from their factory-
mode set values.

Note Always perform autotuning before operating in vector control mode. Refer to5.2.5 Auto-
tuning and 6.4.3 Autotuning for details.
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4.2.2 Switching Modes

4.2.2 Switching Modes

Once the Inverter has been put into operation mode by pressing the Menu Key, the Increment and Decre-
ment Keys can be pressed to switch to other modes. Press the DATA/ENTER Key to read/set the user
constants in each mode.

Press the ESC Key to return to the mode display from the user constant display.

Press the DATA/ENTER Key twice to write a constant and then press the ESC Key to return to the mode
display. This is the most Basic operation, so you should remember it.

[ All modes/constant J

status
|

*Operation mode
ENTER
— G5 Main Menu 3k [ ———
> Operation -~ _—
ESC
A, ™)
eInitialize mode DATA
ENTER
G5 Main Menu >k — —— >
Initialize [ —
A), I
*Programming mode DATA_
ENTER
G5 Main Menu >k L
Programming <
ESC
A, ')
*Autotuning mode
(Open loop vector control at factory
setting.)
DATA
ENTER
G5 Main Menu ——L >
B
Autotuning
ESC
(A, [
*Modified constant mode DATA
ENTER
G5 Main Menu ——L >
B
Modified Consts
ESC
A 1Y)

(Mode Display)

Fig.3

[ Power ON J

l

Monitor (Frequency reference value)

Frequency Ref
U1-01 = 0.00 HZ

DATA
ENTER

Operator display language selection

Select Language L .
English -~
ESC
Frequency reference input method
selection
Display contents differ depending on the
access level (A1-01) DATA
ENTER
Reference Source ’ I ———
Terminal <

. ESC
(Access level: Quick-start)

Autotuning
. DATA
(Rated voltage setting) TR
Rated Voltage -
-
200.0 VAC

ESC

Displays constants changed
from factory settings

[ None Modified ’

Function
(Constant Reading)

Mode[Transitions

A1-00 = 1sksksk ’
English

Function b1 ’
Sequence

Rated Voltage
200.0 VAC

Constant Display
(Constant Setting)

IMPORTANT

When running the Inverter after using digital operator, press the MENU Key to enter the operation mode and
then press the DATA/ENTER Key from the operation mode display to bring up the monitor display. Run com-
mands can’t be received from any other display. (Monitor display in the operation mode appears when the
power is turned ON.)
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4.2.3 User Constant Access Levels

The VS-616GS5 has three access levels which divide the various user constants based on their applications,
as shown below. The access level restricts which user constants can be set or displayed.

Quick-start Allows reading/setting of user constants required for simple operation. (factory preset)
Basic Allows reading/setting of Basic user constants.
Advanced Allows reading/setting of all user constants.

Set the access level in initialize mode with user constant A1-01.

B Changing the Access Level from Quick-start to Basic

The Inverter is set at the factory to start in the Quick-start access level. Use the following procedure to
change from the Quick-start level to the Basic level.

Step
1

Key Sequence Digital Operator Display Remarks

G5:x-Main[Menu[J]:«
Operation

G5:k-Main[Menu[J]:«
Initialize

[\b]
=
g ]
> C

Select Language

ENTER English
4 A Access Level )
QUICK-START
5 DATA A1-01 = 2scsiok )
ENTER QUICK-START
6 A A1-01= 3
Basic
7 DATA
ENTER Entry Accepted

After approx. 3 seconds, the Operator
display is as shown on the left.

Access Level
Basic

As shown above, Quick-start has changed to Basic.
These[deven[steps[¢an[be[illustrated[ds[When[in[Figure[4.4.

MENU

G5 Main Menu >k
Operation

i DATA
ENTER

G5 Main Menu sk
Initialize

Fig#.4

Select Language
English

[~

Access Level A1-01 = 2:5ksksk
QUICK-START QUICK-START
A1-01= 3
Basic
DATA
TENTER

Access Level

Basic Entry Accepted

Changing[Quick-start[fo[Basic
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4.2.3 User Constant Access Levels

B Setting User Constants in Each Access Level

The displayed access level will change when programming mode is selected. The display will not change
for access levels in operation mode, initialize mode, autotuning mode, and modified constants mode.

This section provides the procedure to change the acceleration time to 20.0 s in each access level. The ac-
celeration time (C1-01) is a user constant in programming mode.

If the new user constant setting is not written to the Unit by pressing the DATA/ENTER Key within one
minute after starting the procedure, the display will automatically revert to the original user constant set-
ting. In this case, the procedure must be started again.

MENU Operation mode ‘

Initialize mode ‘

j ‘ DATA
A Programming mode | TR

<

[Advanced]] [Basic]] [Quick-start]
Displays group level. Displays function level. Displays constant level.

I
b1-02 Run Source ‘

' —{ Application }—’—{ b1 Sequence b1-01 Reference Source ‘

b1-03 Stopping Method ‘

Constant to be changed _

4{ Tuning C1 Accel/Decel C1-01 Accel Time 1 ‘
4{ Reference ‘ C2 S-curve Acc/Dec C1-02 Decel Time 1 ‘
[Mode] ‘ [Group] ‘ [Function] ‘ [Constant]

Fig[4.5 Constant[Access[lLevels
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<EXAMPLEp

Setting a User Constant in the Quick-start Access Level
The user constant level will be displayed when the DATA/ENTER Key is pressed at the programming

mode display.

Use the following display to set the acceleration time to 20.0 s.

Step Key Sequence

Digital Operator Display

Remarks

1
MENU

N
o
2
ol &
| =
>| &
[}
8

| 0] D] 12

(o]

as

2 |z m
“ |m z
= |o 5
Z |4 7
o d By
o©

10 DATA

m
p=4
3
m
By

G5  Main Menu 3k
Operation

G5:x Main Menu s«
Programming

Reference source
Terminals

Run Source
Terminals

Stopping Method
Ramp to Stop

Accel Time 1
C1-01 =10.0 Sec

Accel Time 1
0010.0 Sec

Acce) Time 1
0010.0 Sec

Acc\g/l Time 1
0020.0 Sec

Entry Accepted

Accel Time 1
C1-01 =20.0 Sec

Changed to constant setting level.

Selects the user constant so that the
leading 0 blinks. The digit that is
blinking can be changed.

Blinking digit moves 2 places to the
right.

Changes 1 to 2.

After approx. 3 seconds, the Operator
display is as shown on the left.

The acceleration time has been set to 20.0 seconds.

Step Key Sequence

Digital Operator Display

Remarks

11
ESC

G5  Main Menu
Programming

Returns to programming mode display.
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4.2.3 User Constant Access Levels

4EXAMPLEp Setting a User Constant in the Basic Access Level
The function level will be displayed when the DATA/ENTER Key is pressed at the programming mode
display.
Use the following display to set the acceleration time to 20.0 s.

Step Key Sequence Digital Operator Display Remarks
1 N i L ]
MENU I G5 Main Menu
Operation
2 G5 Main Menu s«

>

Programming

3 DATA Function b1 ] | Changed to constant reading (func-
ENTER Sequence tion) level.

4 A Function b2 )
DC Braking

5 A Function C1 )
Accel/Decel

6 DATA Accel Time 1 Changed to constant setting level,.
ENTER C1-01 =10.0 Sec
7 DATA Agcel Time 1 ) Sele?ts the user constan? S0 that .thle
ENTER 0010.0 Sec Lf;é;dll)régc(l)l;ﬁlgléls. The blinking digit
8 Acce) Time 1 | |Blinking digit moves 2 places to the
RESET) 0010.0 Sec right and the “1” blinks.
11\

Press twice.

9 A Accg| Time 1 ] |Changes 1 to 2.
0020.0 Sec

10 DATA Writes-in the new setting.
ENTER Entry Accepted
Accel Time 1 ] | The Operator display is as shown on
C1-01 = 20.0 Sec the left.
11 i
Esc Function C1
Accel/Decel

Returns to “Function C1 Accel/Decel” display.
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<4EXAMPLE Setting a User Constant in the Advanced Access Level
The group level will be displayed when the DATA/ENTER Key is pressed at the programming mode dis-
play.
Use the following procedure to set a constant.
Step | Key Sequence Digital Operator Display Remarks
1 o i . )
MENU I G5 Main Menu
Operation
2 A G5 Main Menu
Programming
Press twice.
3 DATA Group b
ENTER Application
4 A Group C )
Tuning
5 DATA Function C1 | | Changed to constant reading (function)
ENTER Accel/Decel level.
6 _DATA_ Accel Time 1 )
ENTER ) C1-01 =10.0 Sec
7 DATA Accel Time 1 ] | Selects the user constant so that the
ENTER 0010.0 Sec leading 0 blinks. The blinking digit
— L can be changed.
8 > Acce| Time 1 ] | Blinking digit moves 2 places to the
RESET 0010.0 Sec right and the “1” blinks.
| RESET / :
Press twice. ‘

9 A Accel Time 1 ] |Changes 1 to 2.
0020.0 Sec

10 DATA Writes-in the new setting, 20.0 s.
ENTER Entry Accepted
Accel Time 1 ] | After a few seconds, the Operator dis-
C1-01 = 20.0 Sec play is as shown on the left.
T EsC Function C1
Accel/Decel

The constant setting in Advanced level (acceleration time change from 10.0 to 20.0 s) has been completed.
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4.2.4 Operation Mode

4.2.4 Operation Mode

Operation mode is the mode in which the Inverter can be operated.

Many user constants can’t be changed when the Inverter is operating. Refer to User Constant List for de-
tails.

The following monitor displays are possible in operation mode: The frequency reference, output frequen-
cy, output current, and output voltage, as well as fault information and the fault history.

IMPORTANT When running the Inverter after using digital operator, press the MENU Key to enter the operation mode and

then press the DATA/ENTER Key from the operation mode display to bring up the monitor display.Run com-
mands can’t be received from any other display. (Monitor display in the operation mode appears when the
power is turned ON.)

B Operations in Operation Mode
Key[dperations[in[dperation[inode[dre[shown[in[Figure[4.6.

All modes/constants Power ON (when 01-02=1)
status
= |
*Operation Mode E“LATT:R Frequency reference setting/display
G5 Main Menu sk [ ——— Frequency Ref
Operation =< U1-01= 0.00 HZ
ESC
A, '™
Output frequency display
Output Freq -~ [ Power ON (when 01-02=12) ]
U1-02= 0.00 Hz
Output current display
Output Current -~ Power ON (when 01-02=3)
U1-03= 0.00 A
SIS
Output voltage display This item can be changed using 01-01
Output Voltage - [ Power ON (when 01-02=4) ]
U1-06 = 0.0 VAC
=, '™
Function selection U2 (fault trace) Contents of fault trace
Function U2 . . Current Fault
Fault Trace =< None
ESC
A, ]
Function selection U3 (fault history) EL;:TEAH Contents of fault history
Function U3 T/ Last Fault ’
Fault History None
=, '™
Function selection U1 (Monitor) Various monitors
Function U1 T/ o Frequency Ref
Monitor < U1-01= 0.00 HZ
ESC
|/\J |VJ |AJl MVJ

Fig[4.6 Operations[in[Pperation[Mode
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B Conditions for Monitoring

Table[4.4[§hows[fhe[items[that[¢an[Be[donitored[in[dperation[inode.

The “Valid access levels” column in the table indicates whether an item can be monitored in a particular
access level and control method. The codes in this column have the following meanings.

Q

Items that can be monitored in all access levels. (Quick-start, Basic, and Advanced)

B

Items that can be monitored in the Advanced and Basic access levels.

A

Items that can be monitored only in the Advanced access level.

X

Items that cannot be monitored in the control mode shown.

The output signal levels for multi-function analog outputs shown in the table are for a gain of 100.0 and
a bias of 0.00.

Table[#.4[] Constants[Monitored[in[Dperation[Mode

Name Valid Access Levels
_ | Con- Output Signal Levels for :
Ftlljgrf stant | Digital Operator Function Multi-function Analog Out- '\L/J|:1n|t Vi w/ ?ggg Flux
No. Display puts VIE PG | veo | Veor
tor
Frequency refer- Monitors/sets the frequency ref-
U1-01 ence erence. value. . . 10 V: Max. frequ.ency 0.01 Q Q Q Q
The display units can be set with | (0 to £10 V possible) Hz
Frequency Ref user constant 01-03.
Output frequency Monlt.ors the O%ltpl.lt frequenqi. 10 V: Max. frequency 0.01
uU1-02 The display units can be set with . Hz Q Q Q Q
Output Freq user constant 01-03. (010 =10 V'possible)
Output current 10 V: Rated current
U1-03 Monitors the output t. ’ 01A | Q | Q | Q | Q
Output Current ontors fhe output curren (0 to +10 V output)
Control method Shows which control mode is
U1-04 Can’t be output. —
Control Method set. antbe outpu @ e paja
Motor speed Monlt.ors the m.otor s:peed. 10 V: Max. frequency 0.01
uU1-05 The display unit setting can be 0 to £10 V possibl Hz X Q Q Q
Motor Speed changed using 01-03. Oto= possible)
U1-06 Output voltage Monitors the Inverter’s internal | 10 V: 200 (400) VAC 01V Q Q Q Q
Output Voltage output voltage reference value. | (0 to +10 V output) :
U1-07 DC bus voltage Monitors the DC voltage of the |10 V: 400 (800) VDC 1V Q Q Q Q
DC Bus Voltage Inverter’s internal main circuit. (0 to +10 V output)
Status Output power Monitors the output power. :
: 5 : 10 V: Max. motor capacit
Moni- | U1-08 (This is an internally detected ax. mo o.r apactty 0.1kW | Q Q Q Q
tor Output kWatts value.) (0 to +10 V possible)
Torque reference | Monitors the internal torque ref- | 1 v: Rated ¢
U1-09 erence value when vector con- s hate orqfle 0.1% X X Q Q
Torque Reference | o] is used. (0 to £10 V possible)
Shows input ON/OFF status.
U1-10=00000000
Input terminal sta- + AL
tus L 1: Terminal 1 ON
1: Terminal 2 ON
ut-10 L Terminal SON- | Can’t be output. — Q Q Q Q
1: Terminal 4 ON
1: Terminal 5 ON
Input Term Sts 1: Terminal 6 ON
1: Terminal 7 ON
1: Terminal 8 ON
Shows output ON/OFF status.
Output terminal U1-11=00000000
status
1: Terminals 9-10 ON
uUt-11 Can’t be output. — Q Q Q Q

Output Term Sts

1: Terminal 25 ON
1: Terminal 26 ON
Not used. (always 0)

1: Terminals 18/19-20
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Table[4.4[] Constants[Monitored[in[@perationMode[{Continued)

Speed Deviation

The max. frequency corresponds
to 100%.

(0 to £10 V possible)

Name Valid Access Levels
_ | Con- Output Signal Levels for :
FtLljonr? stant | Digital Operator Function Multi-function Analog Out- ,\L/Jl:wr:t Vi w/ ‘_’,ggg Flux
No. Display puts Vi1 pG | Vec- Vt‘f)f'
tor
Inverter operating status.
U1-12=00000000
Operation status 4
1: Running
1: Zero-speed level
U1-12 1: Reverse Can’t be output. — Q Q Q Q
1: Reset input ON
1: Fref/F.out agree
|nt Ctl StS 1 1: Inverter ready
1: Minor fault detected|
1: Major fault detected
c lati Monitors the Inverter’s elapsed
tiour:ntlijrr?elve OPera- | ;perating time.
U1-13 The initial yalue and .running/ Can’t be output. 1 hr Q Q Q Q
power-on time selection can be
Elapsed Time set with user constants 02-07
and 02-08.
Software No.
U1-14 FLASH ID Manufacturer’s ID number Can’t be output. — Q Q Q Q
Terminal 13 input Monitors the input voltage of
he frequency reference (volt-
voltage level the trequency 10 V: 100% (10 V
U1-15 age). 6(10V) 01% | B | B | B | B
An input of 10 V ds t (0 to =10 V possible)
Term 13 Level n input o corresponds to
100%.
Terminal 14 input | Monitors the input current of the
U1-16 current level freq.uency reference (current). 20 mA: 100% (20 mA) 01 % B B B B
n input o mA corresponds 0 outpu
An input of 20 mA ponds | (0 to +10 V output)
Term 14 Level to 100%.
Status Terminal 16 input Monitors the input voltage of
MonLij- U1-17 voltage level the fnulti-function analog input. |10 V: 100% (10 V) 01% B B B B
tor An input of 10 V corresponds to | (0 to £10 V possible)
Term 16 Level 100%.
Motor secondary Monitors the calculated value of
current (I the motor’s secondary current .
Ui-18 (lg) (1q). 10 V: Rated secondary current 01% B B B B
Th tor’s rated d (0 to +10 V output)
Mot SEC Current e motor’s rated secondary
current corresponds to 100%.
Motor exciting cur- Monitors the calculated value of
rent (Id the motor’s excitation current .
Ui-19 (Id) (1d). 10 V: Rated secondary current 01% . x B B
Th tor’s rated d (0 to +10 V output)
Mot EXC Current e motor’s rated secondary
current corresponds to 100%.
Monitors the output frequency
g#etfggge&:ﬁncy after a soft start.
Ui-20 The display shows the frequen- | 10 V: Max. frequency 0.01 A A A A
cy without the correction from | (0 to £10 V possible) Hz
SFS Output compensation functions such as
slip compensation.
ASR input Monitors the input to the speed
U1-21 control loop. 10 V: Max. frequ.ency 001% | x A « A
ASR Input The max. frequency corresponds | (0 to £10 V possible)
to 100%.
ASR output Monitors the output from the
U1-22 speed cont’rol loop. 10 V: Rated seco.ndary current 001% | x A « A
ASR Output The motor’s rated secondary (0 to £10 V possible)
current corresponds to 100%.
Speed deviation Monitors the speed deviation
U1-23 within the speed control loop. 10 V: Max. frequency 001% | x A « A
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G Name o Sianal Levels f Valid Access Levels
_ on- utput Signal Levels for ;
Fttljgr? stant | Digital Operator Function Multi-function Analog Out- '\lfll::t ve | Vi ?ggg Flux
No. Display puts / PG vtif. o
PID feedback val- | Monitors the feedback value
U1-24 ue wher.l PID control is used. 10 V: Max. frequ.ency 001% | A A A A
The input for the max. frequen- | (0 to £10 V possible)
PID Feedback cy corresponds to 100%.
. Monitors the reference value
EJ': 6H2 input sta- | ¢ 4 vS-616G5-DI16H2 Dig-
ital Ref Card.
uU1-25 ral e erenc}e a . . Can’t be output. — A A A A
The value will be displayed in
DI-16 Reference binary or BCD depending on
user constant F3-01.
Output voltage ref- | Monitors the Inverter’s internal
Ui-26 |erence (Va) voltag’e reference value for the | 10 V: 200 (400) YAC 01V X % A A
motor’s secondary current con- | (0 to 10 V possible)
Voltage Ref (Vq) trol.
Output voltage ref- | Monitors the Inverter’s internal
rr (N0 () e st vpenty | Y| x| x| A A
- 0% ossible
Voltage Ref (Vd) | groy. P
Software No.
ui-2g | (CPU) Manufacturer’s CPU software Can’t be output. 01V | A A A A
ID number
CPU ID
AQR output of g Monitors current control output
Status Ui-32 |&XIs value for motor’s secondary cur- | 10 V: 100% 01% | x x A A
Moni- ACR (qg) Output rent.
tor
AQR output of d Monitors current control output
u1-33 |&XIs value for motor’s excitation cur- | 10 V: 100% 0.1 % b x A A
ACR (d) Output rent.
OPE fault
_ constant Shows the first constant number 5 _
U1-34 where an OPE fault is detected. Can’t be output. A A A A
OPE Detected
Shows the number of PG pulses
Zero servo move- | for the movement range at the ,
U1-35 ment pulses stop point for a zero servo times Can’t be output. ! X X X A
PID input volume PID command + PID command
bias — PID feedback volume.
U1-36 1as . eechack voume 10V: Max. frequency 0.01% | A A A A
PID Input The input for the max. frequen-
cy corresponds to 100%.
PID output volume | PID control output.
U1-37 The input for the max. frequen- 10V: Max. frequency 0.01% A A A A
PID Output cy corresponds to 100%.
PID command PID command + PID command
bias.
U1-38 1as 10V: Max. frequency 0.01% | A A A A

PID Setpoint

The input for the max. frequen-
cy corresponds to 100%.
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4.2.4 Operation Mode

Table[4.4[] Constants[Monitored[in[@perationMode[{Continued)

Name Valid Access Levels
_ | Const Output Signal Levels for :
FtLIJ:: ant Digital Operator Function Multi-function Analog Out- G’::HS Vi w/ ‘?,gjg Flux
No. Display puts Vi1 pG | Vec- Vt‘;f'
tor
Current fault
U2-01 Information on the current fault — Q Q Q Q
Current Fault
Last fault
U2-02 Information on the last fault — Q Q Q Q
Last Fault
Frequency refer-
U2-03 |ence at fault Frequency reference value when 0.01 Q Q Q Q
the “last fault” occurred. Hz
Frequency Ref
Output frequency
u2-04 |atfault Output frequency when the “last 0.01 Q Q Q Q
fault” occurred. Hz
Output Freq
Output current at
u2-05 |fault Output current when the “last 01A | Q Q Q Q
fault” occurred. ’
Output Current
Motor speed at
u2-0s |fault Motor speed when the “last 0.01 X Q Q Q
fault” occurred. Hz
Motor Speed
Output voltage ref-
u2-07 |erence at fault Output voltage when the “last 01V | Q Q Q Q
fault” occurred. ’
Fault Output Voltage
t(rsa((a:ee OO A e main circuit DC volt Can’t be output.
: au e main circui voltage
note.) U2-08 when the “last fault” occurred. v Q Q Q Q
DC Bus Voltage
Output power at
U2-09 fault Output power when the “last 0.1kW | Q Q Q Q
fault” occurred. ’
Output kWatts
Torque reference | Torque reference when the “last
u2-10 |atfault fault” occurred. 01% | x x Q | Q
Torque Reference | (The rated torque = 100%.)
Input terminal sta- | 1ypyt terminal status when the
u2-11 | tus at fault “last fault” occurred. — Q Q Q Q
Input Term Sts (Same format as U1-10.)
Output terminal Output terminal status when the
U2-12 |status at fault “last fault” occurred. — Q Q Q Q
Output Term Sts (Same format as U1-11.)
Operation status | rpyerter operating status when
U2-13 |atfault the “last fault” occurred. — Q Q Q Q
Inverter status (Same format as U1-12.)
C_)uml_JIative fo p?ra- Elapsed operating or power-on
U2-14 |tion time at fault time when the “last fault” oc- 1hr Q Q Q Q
Elapsed time curred.

Note When faults CPF00, 01, 02, 03, UV1 and UV2 occur, a fault trace is not performed.
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Name Valid Access Levels
Const Output Signal Levels for :
Func- . : 5 Min. 0
tion ant Digital Operator Function Multi-function Analog Out- | ) e vi | viw Toop Flux
No. Display puts P | veo | Ve
Most recent fault
U3-01 Last Fault Information on the last fault. — Q Q Q Q
Second most re-
U3-02 | cent fault Information on the 219 to last _ Q Q Q Q
fault.
Fault Message 2
Third most recent
u3-03 |fault Information on the 3™ to last _ Q Q Q Q
fault.
Fault Message 3 au
U3-04 Fourth/oldest fault | 1nformation on the 4t to last . Qa | a Qa | a
Fault Fault Message 4 | fault.
histo- Cumulative opera- | Elapsed running or power-on Can’t be output
?éee U3-05 |fiontime atfault | time when the last fault oc- an't be output. tr [Q | Q [ Q |Q
note.) Elapsed Time 1 curred.
Accumulated time | Elapsed running or power-on
u3-0e | of second fault time when the 21 to last fault itr [Q | Q | Q |Q
Elapsed Time 2 occurred.
Accumulated time | Elapsed running or power-on
u3-07 | of third fault time when the 3™ to last fault 1t [Q | Q | Q |Q
Elapsed Time 3 occurred.
Accumulated time
of fourth/oldest Elapsed running or power-on
U3-08 |fault time when the 4t to last fault 1 hr Q Q Q Q
Elapsed Time 4 occurred.
Note Faults CPF00, 01, 02, 03, UV1 and UV2 are not recorded in the fault history.
B Monitoring at Startup
In operation mode, the frequency reference, output frequency, output current, and output voltage can be
monitored immediately if the factory presets are being used. One of these four values, the output voltage,
can be changed to a different monitor item. When an item other than the output voltage is to be monitored,
set that value in user constant 01-01 (Monitor selection). Refer to the example procedure given later in this
manual.
When the power is turned ON, the frequency reference will appear in the Unit’s data display if the factor
presets are being used. Any one of the four values monitored at startup (frequency reference, output fre-
quency, output current, or the value set in user constant 01-01) can be selected to appear when the power
is turned ON.
The value that appears at startup is determined by user constant 01-02 (Monitor selection after power up).
User constants 01-01 and 01-02 can be changed in the Basic or Advanced access levels. These user
constants can be changed during operation.
B Monitor Displays
The following notation is used in this manual when describing user constants.
User ) ] Valid Access Levels
Constant Display Name Choang(raactjigl;ng SRZ?]'”S Unit Factory Setting | vi | wviwin | 9P | Fiux
Number p g Control PG \I/‘OOP Vector
‘ector
01-01 Monitor selection O 4 to 38 — 6 B B B B

Use the last two digits from the UI Monitor list (U1-[J0J) to select a value. For example, the torque refer-
ence is U1-09, so input 9 to select the torque reference.

Change during 0
Operation

Indicates whether or not the constant can be changed during operation.

Can be changed during operation.

x Cannot be changed during operation.

Setting Range

The setting range for the constant.

Units

The unit used to set the constant (

«_»

indicates that no unit is used).

Factory Setting

The value preset at the factory. (There are different factory settings for each control meth-
od, i.e., if the control method is changed, the factory setting can also change.)
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Indicates the control methods and access levels under which the constant can be accessed
and set.
Valid Access Q Accessible/settable under all access levels (Quick-start, Basic, and Advanced).
Levels B Accessible/settable under Advanced or Basic access levels.
A Accessible/settable under Advanced access level.
X Not accessible/settable in the specified control method.
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
01-02 Monitor selection af- 0 lto4 B 1 B B B B
ter power up

Use constant 01-02 to indicate which value will be displayed when the Inverter is started. Refer to the fol-
lowing table.

Monitor Display Contents at Startup

Setting

Contents

1

Indicates the frequency reference at startup.

Indicates the output frequency at startup.

Indicates the output current at startup.

Al DN

Indicates the value set in user constant 01-01 at startup.

<«EXAMPLEp

Changing Monitor Display to Output Power at Startup in Basic Access Level

Change[the[dccess[Ievel[{o[Basic[ffitds[hpHRlready[$et[fhere.[Refer[fo[Figure[¥.4For[the[procedure[fo

change from the Quick-start to Basic access level.

Use the following procedure to change the display from the output voltage to the output power.

Step

Key Sequence

Digital Operator Display

Remarks

1

MENU

G5« Main Menu sk

Operation

g

Press twice.

G5 Main Menu
Programming

tion) level.

<

Press twice.

DATA Function b1
ENTER Sequence
Function o1

Monitor Select

DATA User Monitor Sel
ENTER ) Output Voltage

DATA 01-01=  6ssiok )
ENTER Output Voltage

A | 01-01= 8

Output kWatts
Press twice.
DATA
ENTER J Entry Accepted

User Monitor Sel
Output kWatts

Changed to constant reading (func-

Changed to constant setting level.

Writes-in the new setting.

After a few seconds, the Operator dis-
play is as shown on the left.

Output power has been set in place of output voltage.

4-18




4.2 Modes

4EXAMPLEp Changing Monitor Display to Output Current at Startup in Basic Access Level
Use the following procedure to change user constant 01-02 so that the output current is displayed at startup.
(The procedure continues from the end of the previous example.)

Step Key Sequence Digital Operator Display Remarks

1 - User Monitor Sel ] | Check the display.
Output kWatts

Power-On Monitor
Frequency Ref

>

3 DATA 01-02 = 1:ksksk
ENTER Frequency Ref

o1-02= 3
Output Current

21

Press twice.

5 DATA ] | Writes-in the new setting.
ENTER Entry Accepted
Power-On Monitor 1 | After a few seconds, the Operator dis-
Output Current play is as shown on the left.
6 i )
ESC Function o1

Monitor Select

7 ” i ” )
Esc G5« Main Mgnu *
Programming

Output current has been set in monitor selection after power ON.

4.2.5 Initialize Mode

The initialize mode is used to select the language displayed by the Unit, the access level, and the control
method; it is also used to initialize the Unit’s user constants. The structure of the initialize mode is shown

in[Figure[4.7.

MENU Operation mode ‘
Initialize mode }*4{ Language ‘
Programming mode ‘ 4{ Access level ‘
I
I
' 4{ Control mode ‘
: 4{ Initialize ‘
' —‘ Password ‘
' —‘ Function Selection A2 ‘ A2-01 User Pram 1 ‘

A2-02 User Pram 2 ‘

\—‘ A2-32 User Pram 32 ‘

Accessible/settable only in Advanced setting level.

Fig4.7 Structure[®f[Initialize[Mode[User[Constants
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B Selecting the Display Language: A1-00
e Use constant A1-00 to select the language displayed by the Inverter. A value of O sets English and a
value of 1 sets Japanese.

o This user constant is not returned to the factory setting when constants are initialized. It must be manu-
ally reset to the factory setting.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | iwith | OPen | Fx
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
0 (English)
1 (Japanese)
Language selection 2 (German) 1
A1-00 | for Digital Operator O 3 (French) - Q Q Q Q
displa . (Japanese)
play 4 (Italian)
5 (Spanish)
6 (Portuguese)

4EXAMPLEp Changing the Language to English
Use the following procedure to change the display language from Japanese to English.

Step Key Sequence Digital Operator Display Remarks
1 s TR
MENU G5% -‘E I~t/9*9 *
J L K54 7TE—F
2 A | G5 E—FKtv4s * |
AvFavteyisA )
3 DATA 4*v o (Language) )
| ENTER) Z—7/R Y I (Japanese) )
4 DATA A1-00= 1% %% 1| | Changed to constant setting level.
[ ENTER ) =/ Y I (Japanese)
5 Y | A1-00= 0 )
English
6 DATA ) | Writes-in the new setting.
ENTER] Entry Accepted
( Select Language N | After a few seconds, the Operator dis-
English play is as shown on the left.
g J

The display language has been set to English.
B Setting the Access Level: A1-01

e Use constant A1-01 to select the user constant access level. This level determines which user constants
can be changed and displayed.

o The user constants that can be displayed and changed also depend upon the control method being used.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Fi
Number Opera- Range Setting | conrol | PG Loop | vestor
tion Vector
A1-01 eClonstant access lev- 0 0to4 B 2 (Q) Q Q Q Q
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<«EXAMPLEp

Access Level Settings
Setting Function
This setting allows the operation mode and initialize mode to be changed or
0 Operation Only displayed.
Use this setting to prevent user constant settings from being changed.
This setting allows only the user-selected constants (up to 32) to be changed
1 User Program or displayed.
Select the desired user constants in A2-01 through A2-32.
2 Quick-start This setting allows' the user constants required to start the Inverter (about 25)
to be changed or displayed.
3 Basi This setting allows the commonly used user constants to be changed or dis-
asic
played.
4 Advanced This setting allows all user constants to be changed or displayed.

B Setting the Control Method: A1-02

e Use constant A1-02 to select one of the four control methods.

Changing

o This user constant is not returned to the factory setting when constants are initialized. It must be manu-
ally reset to the factory setting.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Ot':i)grr]a_ Range Setting Control PG \I/_ec::c;gr Vector
2
Control method
A1-02 selection b3 0to3 - (Open Loop Q Q Q Q
Vector)
Control Method Settings
Setting Function
0 V/f control without pulse generator (normal V/f control).
1 V/f control with PG feedback (V/f control using a PG Speed Control Card).
2 Open-loop vector control
(Vector control using the Inverter internal speed information).
3 Flux vector control
(Vector control using a PG Speed Control Card).

the Control Method to Flux Vector
Use the following procedure to change the control method to select flux vector.
Step Key Sequence Digital Operator Display Remarks
1 . i s )
MENU I G5  Main Menu
Operation
2 A G5 Main Menu )
Initialize
3 DATA Select language )
ENTER English
4 A Control Method )
Open Loop
Press twice.
5 DATA A1-02 = 2k Changed to constant setting level.
ENTER Open Loop
6 A A1-02= 3
Flux Vector
7 DATA ] | Writes-in the new setting.
ENTER Entry Accepted
Control Method ] | After a few seconds, the Operator dis-
Flux Vector play is as shown on the left.

The control method has been changed to flux vector.
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Table[4.5[] Control[Method[TCharacteristics

Characteristic V/f Control without PG V/f Control with PG Open Loop Vector Control Flux Vector Control
Basic Control Voltage/frequency control Voltage/frequency control Current vector control Current vector control with
Method (open loop) with speed compensation without PG PG

Speed Detector

Not required

Required (pulse generator)

Not required

Required (pulse generator)

Optional Speed

Not required

PG-A2 or PG-D2

Not required

PG-B2 or PG-X2

Detectors
Speed Control . . . .

Range 1:40 1:40 1:100 1:1000
Starting Torque 150%/3 Hz 150%/3 Hz 150%/1 Hz 150 %/0 r/min
Spﬁggu?:é‘;m' £2103% +0.03% £0.2% +0.02%

Torque Limit Not possible Not possible Possible Possible
Torque Control Not possible Not possible Not possible Possible
* Multiple motor drives. * Simple speed feedback | e Variable speed drive ap- | * Simple servo drives.
control. plications.

Example Applica-
tions

* Replacing existing motor
for which motor constants
are not known.

e When autotuning is not
possible.

* When a pulse generator is
attached to the machine
axis.

* Precision speed control.

¢ Torque control.

W Initializing User Constants: A1-03

e Use constant A1-03 to initialize the user constants.

e When initialized, the user constants will return to their factory-preset values. You should normally re-
cord the setting of any constants that are changed from the factory presets.

Change Valid Access Levels
User during Setting .. | Factory
Constant Name Over Rande Unit Settin v | vwitn | Open Flux
Number pera- 9 9 | control PG Loop | vector
tion Vector
T 0, 1110, 2220, |
A1-03 | Initialize x 3330 0 Q Q Q
Settings to Initialize User Constants
Setting Function
0 Returns to the Initialize Display without initializing any user constants.
1110 Initializes the user constants to the user settings.
2220 2-wire sequential initialization (Initializes the user constants to the factory settings.)
3330 3-wire sequential initialization

Initializing to User Settings
This function initializes the user constants to values that have been recorded as user settings.

To record the user settings, change the user constants to the desired values and then set user constant 02-03
(User constant initial value) to 1. Once user settings are recorded, the 02-03 value will be automatically
reset to 0. (The 1110 function will be disabled when user constant 02-03 is set to 0.)

o Example of Wiring for 2-wire Sequential Operation

P 1

Forward Run/Stop

Reverse Run/Stop

11

Sequential input common

Fig[4.8 Example[offWiring[or[2-wire[Bequential[Dperation

e Example of Wiring for 3-wire Sequential Operation

The default settings of the multi-function inputs are different from the default settings of the 2-wire
sequence.



4.2 Modes

When setting a 3-wire sequence, the operation can be started and stopped with an automatically reset-
ting pushbutton switch.

Stop switch (NC)

Run switch (NO)

O . 0O

N B 1
O O > Run command

(Operates when the run switch is closed.)

Stop command
(Stops when the stop switch is open.)

Forward/Reverse run command
(Multi-function input 3)

11 L
\i Sequential input common

Remarks

Writes-in the new setting.

After a few seconds, the Operator dis-

Fig[4.9 Example[of[Wiring[for[B-wire[Bequential[Dperation
<«4EXAMPLEp Initializing for 2-wire Sequential Operation
Use the following procedure to initialize user constants to the factory settings.
Step Key Sequence Digital Operator Display
1 o i 3
MENU I G5« Main Menu *
Operation
2 E G5% Main Menu
Initialize
3 DATA Select Language
ENTER English
4 A Init Parameters
No Initialize
Press 3 times.
5 DATA A1-03 =  Osiskesk
ENTER ) No Initialize
6 A A1-03= 2220
/ 2-wire Initial
7 DATA )
ENTER Entry Accepted
Init Parameters
No Initialize

play is as shown on the left.

The initialization has been completed for a 2-wire sequence.
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4.2.5 Initialize Mode

B Passwords: A1-04, A1-05

o Use constants A1-04 and A1-05 to write-protect the initialize-mode user constants.

o User constants A1-01 through A1-03 and A2-01 through A2-32 can be displayed but not changed if
the contents of A1-04 and A1-05 are not the same.

o To write-protect the initialize-mode user constants, set the password in A1-05 after inputting the de-
sired values in A1-01 through A1-03 and A2-01 through A2-32. User constant A1-05 can be displayed
by displaying A1-04 and pressing the Menu Key while pressing the Reset Key. (A1-05 can’t be dis-
played with the usual Key sequences.)

o It will be possible to change the initialize-mode user constants again when the same password is writ-
ten to A1-04 and A1-05.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit . Vi | Viwith | Open | g
Number Opera- Range Setting | conrol | PG Loop | vestor
tion Vector
A1-04 Password 1 X 0 to 9999 - 0 Q Q Q Q
A1-05 Password 2 x 0 to 9999 - 0 Q Q Q Q

4EXAMPLEp Setting the Password to 1000

Use the following procedure to set the password to 1000.

Step Key Sequence Digital Operator Display Remarks
1 ; o
MENU I G5 Main Menu ES
Operation
2 I G5 Main Menu ¢
A Initialize
3 DATA Select Language

ENTER English

4 A Enter Password
A1-04= 0

Press 4 times.

5 > Select Password
RESET A1-05= 0
Hold RESET.
MENU
L/
And press MENU
6 DATA Select Password 1 | The first digit will blink. The blinking
digit be ch d.
ENTER 9000 1g1t can be change
7 Select Password | | The value of the digit will increment
A 1000 each time the Increment Key is
— ! pressed and then stop at 9. Press the
Decrement Key to decrease the value.
8 DATA ] | Writes-in the new setting.
ENTER Entry Accepted
Select Password 1 | After a few seconds, the Operator dis-
A1-05= 1000 play is as shown on the left.
9 Esc Enter Password
A1-04= 0

The password has been set to 1000.
To enable changing user constants, set the same password in A1-05 = 0.

B Setting User Constants: A2-01 to A2-32

o User constants A2-01 through A2-32 specify the constants that can be displayed and changed when
the access level (A1-01) is set to 1 (user programs).

o User constants A2-01 through A2-32 can be changed only in the Advanced access level and cannot
be changed during operation.

o The following restrictions apply to setting/displaying user constants when the access level is set to the
user program access level.

Operation The Quick-start level user constants can be displayed.

Initialize The Quick-start level user constants can be displayed or set.




4.2 Modes

Programming Only the user constants specified in A2-01 through A2-32 can be displayed or
set.
Autotuning The user constants cannot be displayed.
Modified constants The user constants cannot be displayed.
4EXAMPLEp Setting C1-08 (Deceleration Time 4) in A2-01 to Define it as a User Constant
Step Key Sequence Digital Operator Display Remarks
1 o i . )
MENU I G5 Main Menu *
Operation
2 I G5 Main Menu s )
A Initialize
3 DATA Select Language )
ENTER English
4 7 I Function A2 )
User Constants
5 DATA User Param 1 )
ENTER ) A2-01=-————
6 DATA User Param 1 ] | The first digit blinks.
ENTER) ||  _______
7 User, Param 1 )
A G1-01
Press twice.
8 User Param 1 | | Writes-in set value 0000.
RESET, C1-01
JARAR
Press twice.
9 A User Param 1 )
C1 -08
Press 7 times.
10 DATA ) | Writes-in the new setting.
ENTER Entry Accepted
User Param 1 ] | After a few seconds, the Operator dis-
A2-01 = C1-08 play is as shown on the left.
1 Function A2 )
ESC

User Constants

Access Level
Advanced

o)

—_
N
-
2
)U>(IJ
-
|z
(e}
@

A1-01 = 4k
Advanced

A1-01= 1 The user program access level can be
User Program set only after one or more constants

are set as user constants in A2-01 to
Press twice. A2-32. If no constants are set, the
user program access level will not be
displayed for A1-01.

.
~

> |2

z

5

m

U E
J

15 DATA Writes-in the new setting.
ENTER ‘ Entry Accepted
A1-01 =  4sksksk If the DATA/ENTER Key is not
Advanced pressed within one minute, the Oper-

ator display will return as shown on
the left. In this case, repeat from step
14.
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4.2.6 Programming Mode

Step Key Sequence Digital Operator Display Remarks
Access Level After a few seconds, the Operator dis-
‘ User Program play is as shown on the left.
16 G5 Main Menu
ESC -
Initialize

The access level has been set to the user program access level.
Figure[4.10[3hows[the[$tructure[df[the[iser[¢onstants.

MENU Operation mode ‘

Initialize mode }*

Programming mode ‘

Language ‘

Access Level ‘

Initialize ‘

_
#
I r———
4{
4

Password ‘

—‘ Function Selection A2 ‘ A2-01 User Param 1 ‘

A2-02 User Param 2 ‘

\—‘ A2-32 User Param 32 ‘

These user constants can be changed and displayed only in
the Advanced access level.

Fig4.10 Structure[of[User[Constants

4.2.6 Programming Mode

The Inverter user constants can be set in programming mode. The user constants which can be changed
and displayed depend on the access level and control method that are being used. Refer to the following
table to determine if a user constant can be changed.

The[groups[df[¢onstants[in[programming[inode[dnd[Gheir[functions[dre[shown[in[Table[4.6[]



4.2 Modes

Table[4.6[] Programming[Mode[Constant[{Groups

Control Meth-

od
S
[5] [
Group Function Display Comments o122
s |3 §- <
RS
> §_ T
o
b1 |Operating modes Sequence Settings such as the reference input olololo
method
b2 | DC braking DC Braking DC braking function settings o100 |0
b3 | Speed searching Speed Search Speed search function settings o100 |0
b4 | Timer functions Delay Timers Timer function settings o100 |0
Application b5 | PID control PID Control PID control settings O|0|0|0O
b6 | Dwell functions Reference Dwell Accel/decel time dwell function settings |O |O |O | O
b7 | Droop control Droop Control Droop control (speed drop) settings x [x |[x |O
b8 | Energy-saving control Energy Saving thiﬁggal input energy-saving control OO0 |x |x
b9 | Zero servo Zero Servo Stop in the position loop x [x |[x |O
C1 ﬁ;(ée;leratlon/ deceleration Accel/Decel Acceleration/deceleration time settings | O [O |O |O
S-curve acceleration/de- S-curve characteristics for accel/decel
C2 | aleration S-Curve Acc/Dec times O|0|0|0O
C3 | Slip compensation Motor-Slip Comp Slip compensation function settings o100 |0
C4 | Torque compensation Torque Comp Torque compensation function settings |O |O |O | x
Tuning
C5 | Speed control ASR Tuning tSiEzid control loop user constant set- x |Olx |0
C6 | Carrier frequencies Carrier Freq Carrier frequency settings o100 |0
c7 Hunting prevention func- Hunting Prev Hunting prevention function for V/f olo!lx |x
tions control
C8 | Factory tuning constants | Factory Tuning Adjustment for open-loop vector control | x | x |O | x
d1 | Frequency references Preset Reference Operator frequency reference settings o100 |0
do Il_:re:quency upper/lower Reference Limits Frequency upper and lower limit set- olololo
imits tings
Reference d3 | Jump frequencies Jump Frequencies | Prohibited frequency settings o100 |0
d4 Ej?:;etii'ggce frequency hold Sequence Hold for analog frequency reference o100 |0
d5 | Torque control Torque Control User constant settings for torque control | x | x [ x |O
E1 | V/f characteristics V/f Pattern Sets the motor V/f characteristics. OO0 |00
E2 | Motor constants Motor Setup Sets the motor constants. o100 |0
Motor E3 | Motor 2 control method Motor 2 Ctl Meth Sets the control methods for motor 2. o100 |0
E4 | V/f Characteristics 2 V/F pattern 2 Sets the V/f characteristics for motor 2. |O [O O |O
E5 | Motor 2 constants Motor 2 Setup Sets the motor constants for motor 2. O 10|00
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4.2.6 Programming Mode

Control Meth-

constants

od
]
o f
Group Function Display Comments o |28
I
SHE
o
o
F1 sPect%ti?]%Zed control card PG Option Setup User constant settings for a PG Card x [O]|x O
Fo Analog Reference Card Al-14 Setup User constant settings for an Analog olololo
Al Reference Card
F3 | Digital Reference Card DI | DI-08, 16 Setup User constant settings for a Digital Ref- | | 5 | 5 |
erence Card
F4 |Analog Monitor Card AO |AO-08, 12 Setup | User constant settings foran Analog | ~ |~ |5 |
Monitor Card
. o User constant settings for a Digital Out-
F |Options F5 | Digital Output Card DO DO-02C put Card OO0 |0
F6 | Digital Output Card DO DO-08 User constant settings for a Digital Out- olololo
put Card
F7 |Pulse Monitor Card PO | PO-36F Setup Dser constant settings for a Pulse Moni- 5 15 | 0 |0
F8 SI-F/SI-G Transmission SI-F/G I{ser constant settings for a Transmis- olololo
Card sion Card
Transmission cards other User constant settings for a Transmis-
Fo than SI-K2, SI-F/G DDS/SI-B sion Card ©101010
H1 | Multi-function inputs Digital Inputs El‘gft‘:"“ selection for multi-function 1 & | 1o |0
. . L Function selection for multi-function
H2 | Multi-function outputs Digital Outputs outputs OO0 |0
H | Terminal H3 | Analog inputs Analog Inputs Function selection for analog inputs o000
H4 g/luLf[Istl-funCtlon analog out- Analog Outputs Function selection for analog outputs OO0 |0
H5 :YIOEI\S/IOBUS communica- | gerial Com Setup MEMOBUS communications settings | O [O O O
L1 | Motor protection functions | Motor Overload Sg:ﬂoad protection settings and selec- | | 5 | |
L2 Momentary power loss PwrLoss Ridethru Selects the power-loss processing meth- olololo
ride-through od.
L3 | Stall prevention Stall Prevention Stall prevention settings and selection |O |O O |O
L4 |Frequency detection Ref Detection Eg‘i}quency detection settings and selec- | 15 | | o
L | Protection - -
L5 |Fault restart Fault Restart Fault restart function settings OO0 |0
L6 |Overtorque detection Torque Detection Sg:rtorque detection settings and selec- | | 5 | | o
L7 |Torque limits Torque Limit Eglr;l)u ¢ limit settings (vector control x |x |O]|O
L8 |Hardware protection Hdwe Protection g‘t'tei;};atmg and phase loss protection | | 5 | | 5
o1 | Display/Monitor settings | Monitor Select Selects the display and setting methods. |O [O O O
o | Operator i i
p 02 | Function settings Key Selections Key function selection and other user olololo




4.2 Modes

Figure[4.11[3hows[the[difference[in[the[display[§tructure[for[fhe[Yarious[dccess[levels.

Advanced Level Basic Level Quick-start Level
[Mode] [Group] [Function] [Constant]

—

}Operation mode ‘ b1-01 Reference selection

—{ Initialize mode ‘

—{ Programming mode

4{ b Application }——{ b1 Sequence

MENU

b1-02 Operation method selection

b1-03 Stopping method selection

—{ b2 DC braking

b2-02 DC injection braking current

4{ Autotuning mode ‘

b3-01 Speed search selection at start

—{ b3 Speed search

b2-01 Zero speed level ‘
b3-02 Speed search operating current ‘

4{ Modified constants mode ‘

4{ C Tuning }——{ C1 Accel/Decel

C1-01 Acceleration time 1 ‘

C1-02 Deceleration time 1 ‘

C2-01 S-curve characteristic time at acceleration
start

C2 S-curve character-
istic setting

C2-02 S-curve characteristic time at deceleration
| start

*ﬁ{ C3-01 Slip compensation gain ‘

d1-01 Frequency reference 1

i s R e M

C3 Motor-slip com-
pensation

d1 Frequency refer-
ence presetting

4‘ d Reference ‘

d1-02 Frequency reference 2

d2 Frequency up-
per/lower limit

d2-02 Frequency reference lower limit

d2-01 Frequency reference upper limit ‘

H d3-01 Jump frequency 1

E1-01 Input voltage setting ‘

—{ d3 Jump frequency

}——{ E1 V/f pattern setting

4{ E Motor

E1-02 Motor selection ‘

—{ E2 Motor setup

F1 PG Speed Control H F1-01 PG constant ‘
| Card |
—{ H Terminal }——{ H1 Sequence input }—{ H1-01 Digital input ‘

—{ H2 Sequence output

}——{ L1 Motor protection

: E2-01 Motor rated current ‘

4{ L Protection

}—{ L1-01 Motor protection selection ‘

Fig4.11

L2 Momentary power
loss ride-through

‘v—{ L1-02 Motor protection time constant

4‘ o Operator ‘

o1 Display/setting
selection

} 01-01 Monitor selection

—{ 01-02 Monitor selection after power up

—{ 02 Function selection

02-01 LOCAL/REMOTE Key enable/dis-
able

—

02-02 STOP Key during control circuit
terminal operation

Display[$tructuresfior[Different[Access[l.evels
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4.2.7 Autotuning Mode

4.2.7 Autotuning Mode

/A CAUTION

e Disconnect the load (machine, device) from the motor before autotuning.

The motor may turn, possibly resulting in injury or damage to equipment. Also, motor constants cannot be
correctly set with the motor attached to a load.

Autotuning automatically tunes and sets the required motor constants when operating in the open-loop or
flux vector control modes. Always perform autotuning before starting operation.

When the rated voltage, rated current, rated frequency, and number of poles listed on the motor nameplate
have been input and the RUN Key is pressed, the motor constants calculated from these values will be writ-
ten to E1-04 through E2-09 automatically.

When the motor cannot be disconnected from the load, motor constants can be set by calculation. Contact
your Yaskawa representatives for details.

The autotuning mode won’t be displayed if V/f control has been selected. Refer to Setting the Control
Method: A1-02 under 4.2.5 Initialize Mode.

The Inverter’s autotuning function automatically determines the motor constants, while a servo system’s
autotuning function determines the size of a load, so these autotuning functions are fundamentally differ-
ent.

4EXAMPLEp Autotuning Procedure

Step Key Sequence Digital Operator Display Remarks
1

G5 Main Menu
Operation

MENU

G5 Main Menu 3
Autotuning

ol

3 DATA Rated Voltage | |*
ENTER ) 200.0 VAC
4 DATA Rated Voltage | | The leading digit blinks.
EN- ) ,300.0 VAC When Increment Key is pressed,

blinking value increases. When
Decrement Key is pressed, blinking
value decreases.

5 > Rated Voltage | | The digit to be set moves to the right
RESET 200.0 VAC and blinks. Follow the above proce-
HR dures as outlined in step 4.
6 DATA 1 | After selecting values for steps 4 and
ENTER Entry Accepted 5, press DATA/ENTER Key.

The Operator display is as shown on
the left. The value is written-in.

Rated Voltage After a few seconds, the Operator dis-
200.0 VAC play is as shown on the left.

Rated Current
190 A

DATA DATA 3
8 E@ Press the keys as in steps 4, 5, 6 of

rated voltage setting.

>

Rated Frequency
60.0 HZ

DATA DATA S S 1 S S
10 EE Press the keys as in steps 4, 5, 6 of

rated voltage setting.
1 A I Rated Speed |
1750 RPM
12 @ Press the keys as in steps 4, 5, 6 of

rated voltage setting.

>
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Step

Key Sequence

Digital Operator Display

Remarks

13

A

DATA DATA
ENTER ENTER

A

DATA DATA
ENTER ENTER

A

Number of Poles
4

Select Motor 1/2
1

Vo \-\I—u\n!ng \R\e\ad\y'\?\ [ i

Press RUN Key

RUN

MENU I

~ Tune Processing

[N D\H\ZDEUDA\\ [ Y

Tune Successful

G5 Main Menu
Operation

Press the keys as in steps 4, 5, 6 of
rated voltage setting.

Press the keys as in steps 4, 5, 6 of
rated voltage setting.

Leave the setting at 1 to set the value
for motor 1 (the motor contacts nor-
mally used.)

Select “2” to store the autotuning re-
sults for motor 2.

Autotuning starts and the motor ro-
tates for approx. one minute.

Then the motor stops automatically.

Returns to the operation mode display.

= The rated voltage for vector control motors may be 10% to 20% lower than that for general-purpose mo-

tors. Check the voltage on the nameplate or in the test reports.

IMPORTANT If[3[fault[dccurs[during[dutotuning,[defer[fo[Table[3. I [Troubleshooting[Autotuning[¥ aultf]
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4.2.8 Modified Constants Mode

4.2.8 Modified Constants Mode

The modified constants mode is used to change or display user constants that have been changed from their
factory-preset values.

When any user constants have been changed in programming mode (b1-01 through 02-08), press the
DATA/ENTER Key in modified constants mode to display these user constants. (The initialize mode user

constants won’t be displayed.)

<«EXAMPLEp

Changing Frequency Reference 1 to 30.00 in Modified Constants Mode

In the following example, user constants C1-01 (Acceleration time 1) and d1-01 (Frequency reference 1)
have been changed from their factory settings.

The settings for these two user constants are displayed, and the setting for d1-01 is changed from 60.00 Hz
to 30.00 Hz while C1-01 is set to 20.0 seconds.

Step

Key Sequence

1

10

Digital Operator Display

Remarks

MENU

G5 Main Menu
Operation

<

G5 Main Menu s
Modified Consts

DATA
ENTER

Accel Time 1
C1-01 = 20.0 Sec

>

Frequency Ref 1
d1-01 = 60.00 HZ

DATA

Frequency Ref 1
060.00 HZ

Frequency Ref 1

2

7] T m
P4

w m 5

= m m

3 — )

o \

4

060.00 HZ
Freq\ugncy Ref 1
030.00HZ
pr ‘
DATA
ENTER Entry Accepted
Frequency Ref 1
d1-01 = 30.00 HZ
ESC G5 Main Menu

Modified Consts

MENU

g

G5« Main Menu sk
Operation

Blinking digit moves 1 place to the

right.

30.00 Hz is written-in.

After a few seconds, the Operator dis-
play is as shown on the left.

Preset reference 1 is changed to
30.00 Hz in the modified constants

mode.

Returns to the operation mode display.




Trial Operation

This chapter describes the preparations and Digital Operator procedures for
trial operation of the VS-616GS5 and provides an example of trial operation.

51 Procedure ...........c..

g O,

5.2 Trial Operation Procedures .............
521 PowerON ... ... . i 5
5.2.2 Checking the Display Status .................. 5
5.2.3 Initializing Constants ......................... 5
5.2.4 SettingInputVoltage ................ ... ..., 5-
525 Autotuning . ... 5
5.2.6 No-load Operation ........................... 5
5.2.7 Loaded Operation ..................coovv.... 5-

.
cowoud~s»rp»ph O

- !




Trial Operation

/A WARNING

Check to be sure that the front cover is attached before turning ON the power supply. Do not
remove the front cover during operation.

An electric shock may occur.

Do not come close to the machine when the fault reset function is used. If the alarmed is cleared,
the machine may start moving suddenly. Also, design the machine so that human safety is en-
sured even when it is restarted.

Injury may occur.

Provide a separate emergency stop switch; the Digital Operator’s STOP Key is valid only when
its function is set.

Injury may occur.

Reset alarms only after confirming that the RUN signal is OFF. If an alarm is reset with the RUN
signal turned ON, the machine may suddenly start.

Injury may occur.

/A CAUTION

Don’t touch the radiation fins (heat sink), braking resistor, or Braking Resistor Unit. These can
become very hot.

Otherwise, a burn injury may occur.

Be sure that the motor and machine is within the applicable ranges before starting operation.
Otherwise, an injury may occur.

Provide a separate holding brake if necessary.

Always constructthe external sequence to confirm that the holding brake is activated in the event
of an emergency, a power failure, or an abnormality in the inverter occuring.

Failure to observe this caution can result in personal injury.

Ifusing with an elevator, take safety measures on the machine’s side to preventthe elevator from
dropping.

Failure to observe this caution can result in personal injury.

Don’t check signals while the Inverter is running.

Otherwise, the equipment may be damaged.

Be careful when changing Inverter settings. The Inverter is factory set to suitable settings.

Otherwise, the equipment may be damaged. You must, however, you must set the power supply voltage
jumper for 400 V class Inverters of 18.5 kW or higher (see 5.2.4).




5.1 Procedure

5.1 Procedure

Perform trial operation according to the following operational flow.

Item Contents Page
Installathn and Install the Inverter according to the installation conditions. 2-1
Mounting
Y ¢ Ensure that the installation conditions are met.
Wiring atrilgnConneC- Connect to the power supply and peripheral devices. 3-1
Y * Select peripheral devices which meet the specifications and wire correctly.
Power ON Carrying out the following pre-connection checks before turning ON the power supply: 5-4
¢ Always ensure that a power supply of the correct voltage is used and that the power input terminals (R, S, T)
are wired correctly.
200 V class: 3-phase 200 to 230 VDC, 50/60 Hz
400 V class: 3-phase 380 to 460 VDC, 50/60 Hz
* Make sure that the Motor output terminals (U, V, W) and the Motor are connected correctly.
¢ Make sure that the control circuit terminals and the control device are wired correctly. Make sure that all control
circuit terminals are turned OFF.
¢ When using a PG Speed Control Card, ensure that it is wired correctly.
¢ Set the motor to no-load status, (not connected to the mechanical system).
\l Having conducted the above checks, connect the power supply.
Check the Display Check to be sure that there are no faults in the Inverter. 5-4
Status
¢ If the display at the time the power is connected is normal, it will read as follows:
*1 Data Display: Frequency Ref
¢ When an fault has occurred, the details of the fault will be displayed. In that case, refer to Section 9 Maintenance
Operations.

Setting thazg]pm Volt- Set the Inverter input voltage (E1-01) to the correct voltage. 5-5
Set the Motor Set the proper motor protection (E1-02). 5-6
Autotuning *2 Sl);?elite autotuning for the motor separately before operating in open-loop vector control or Flux vector control 5.6

¢ When autotuning is executed, motor constants are set automatically.
¢ When this is not possible using autotuning, switch to V/f control mode and set the V/f pattern.
No-load Operation | Start the no-load motor using the Digital Operator. 5-9
Y * Set the frequency reference using the Digital Operator and start the motor using key sequences.
Actual Lﬁ(;ar? Opera- Connect the mechanical system and operate using the Digital Operator. 5-10
v ¢ Whenthere are no difficulties using the no-load operation, connect the mechanical system to the motor and oper-
ate using the Digital Operator.
Operation Basic Operation: Operation based on the basic settings required to start and stop the Inverter. 6-1
Advanced Operation: Operation which uses PID control or other functions. 7-1
* For operation within standard constants select “Basic Operation.”
* To use the various applied functions such as, direct current control braking, speed search, timer, S-curve accel- | __
eration/deceleration, slip compensation, torque compensation, droop control, zero-servo, and torque control,
select “Advanced Operation” in combination with “Basic Operation.”
* 1 It is sometimes necessary to initialize constants after checking the display status.
Initializing Constants | Initialize the constants. 5-4

¢ Check the Inverter capacity setting (kVA) in 02-04 before replacing the controller PCB with a spare.

* 2 When the motor cannot be disconnected from the load, motor constants can be set by calculation. Contact

your Yaskawa representatives for details.




Trial[Dperation

5.2.1 Power ON

5.2[[Trial[Pperation[Procedures
5.2.1[JPower[ON

B Checkpoints before Turning ON the Power Supply

Check that the power supply is of the correct voltage.
200 V class: 3-phase 200 to 230 VDC, 50/60 Hz

400 V class: 3-phase 380 to 460 VDC, 50/60 Hz

Make sure that the motor output terminals (U, V, W) and the motor are connected correctly.
Make sure that the Inverter control circuit terminal and the control device are wired correctly.
Set all Inverter control circuit terminals to OFF.

When using a PG Speed Control Card, make sure that it is wired correctly.

Make sure that the motor is not connected to the mechanical system (no-load status)

5.2.2 Checking the Display Status

If the Digital Operator’s display at the time the power is connected is normal, it will read as follows:

Frequency Ref The frequency reference monitor is
U1-01 = 0.00 HZ displayed in the data display section.

[Normal]

When an fault has occurred, the details of the fault will be displayed instead of the above display. In that
case, refer to Section 9 Maintenance Operations. The following display is an example of a fault display.

[Fault] ‘ uv The display will differ depending
Under Voltage on the type of fault.

5.2.3[Initializing[Constants

‘When replacing the controller PCB, check the Inverter capacity (kVA) in 02-04 first and then initialize
constants to the factory settings. There is no need to initialize constants the first time trial operation
is performed after purchasing the Inverter.

To initialize the constants, set “2220” in A1-03 (Initialize).

After initialization, the access level is set to Quick-start (A1-01). The following table shows the setting
method for Quick-start.

Use the following procedure to initialize constants.

Step Key Sequence Digital Operator Display Remarks
Frequency Ref )
U1-01= 0.00 HZ
1 MENU I G5:« Main Menu 1 | Displays operation mode.
Operation
2 A G5 Main Menu ] | Displays initialize mode.
Initialize
3 DATA Select Language Puts the Inverter in initialize mode.
ENTER English
4 A I Initialize 1 | Displays the Initialize display.
Select
Press 3 times.
5 DATA A1-03 = Oskskek ] | Displays the constant setting for
ENTER Select A1-03.
6 A A1-03 = 2220 Initializes for a 2-wire sequence.
2-wire Initial
7 DATA Writes the set values. “Entry Ac-
ENTER Entry Accepted cepted” is displayed for approximate-
ly 0.5 seconds.
Initialize 1 | Returns to the Initialize display.
Select
8 EsC G5 Main Menu Returns to the initialize mode display.
Initialize
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5.2.4 Setting Input Voltage

Set the input voltage of the Inverter (E1-01) according to the power supply voltage.
B Input Voltage: E1-01

Set the input voltage.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
E1-01 | Input voltage setting x (; 153 tE)OSZI?)?* VAC ( 420000)* Q Q Q Q

*  Values in parentheses are for 400 V class Inverters.

Use the following procedure to set a 200 V class Inverter to an input voltage of 230 V.

Step Key Sequence Digital Operator Display Remarks
% Main Menu Displays initialize mode.
Initialize
1 s+ Main Menu % 1 | Displays programming mode.
A ] Programming
2 DATA Frequency Ref Puts the Unit in programming mode.
ENTER Terminal
3 E Input Voltage Displays the input voltage setting dis-
E1-01 = 200 VAC play.
Press 10 times.
4 DATA Input Voltage The leading digit will blink
ENTER /%po VAC
5 E Inpuyt Voltage The 2nd digit will blink.
RESET 29\0 VAC
6 A I Input Voltage Set to “3”
230 VAC
Press 3 times.
7 DATA The set value is overwritten. “Entry
ENTER Entry Accepted Accepted” is displayed for approxi-
mately 0.5 seconds.
Input Voltage Returns to the input voltage display.
E1-01 = 230 VAC Check that the data has been updated.
8 « Main Menu s Returns to the programming mode
EsC i display.
Programming play

B Setting the Power Supply Voltage Jumper (400 V Class Inverters of 18.5 kW or
Higher)

Set the power supply voltage jumper after setting the input voltage constant (E1-01) for 400 V class Invert-
ers of 18.5 kW or higher. Insert the jumper into the power tap nearest to the actual power supply voltage.

The jumper is factory-set to 440 V when shipped. If the power supply voltage is not 440 V, use the follow-
ing procedure to change the setting.
1. Turn OFF the power supply switch and wait for at least one minute (three minutes for models larger
than 30 kW) before removing the front panel and setting the jumper.
2. Remove the front cover.

3.[Insert[fhe[jumper[dt[he[positionHor[the[Yoltage[dupplied[fo[the[Inverter{(see[Figure[3. I )]
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5.2.5 Autotuning

4. Replace the front cover.

®
@

0O 23CN 24CN 25CN 26CN 22CN FU2

| [ Bl S

380V 400/415V 44QV 460V

]
ol |

0]

Fig5.1

between 18.5 kW and 45 kW)

m Jumper

Settingfihe[lPower[Bupply[Yoltage[{lllustration[Above[is[for[400[V[Tlass[inverter

B Motor Selection (Motor Overheating Protection): E1-02

Set the type of motor being used with the motor selection constant (E1-02). This setting is a reference for

the motor overheat protection.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Motor selection
E1-02 | (motor overheating X 0to2 - Q Q Q Q
protection)
o E1-02 Settings
Setting Function
0 Standard motor (general-purpose motor)
1 Special motor (inverter-exclusive motor)
2 Special motor (vector-exclusive motor)
5.2.5[]JAutotuning

B Autotuning Operation

Use the following procedure to autotune the motor constants, i.e., set them automatically.

Step Key Sequence

Digital Operator Display

Remarks

G5  Main Menu 3
Programming

B

G5 Main Menu
Auto-Tuning

Rated Voltage
200. 0 VAC

Rated Current
1.90A

Rated Frequency
60. 0 HZ

Rated Speed
1750 RPM

Number of Poles
4

Select Motor 1/2
1

2] ]2 )

)
[
z

Vo \qn‘ng \R\eaqy\ [
Press RUN key

Tune Proceedln

/\\\\le D\dlj\\\\\

Displays programming mode.

Displays autotuning mode.

Displays the rated voltage.”1 *2

Displays the rated current.”?

Displays the rated frequency. “1- 2

Displays the rated speed.”1

Displays the number of poles.*1

Displays the motor selection.
(Leave set at “1” for motor 1 (the nor-
mally used motor constants).)

Displays a confirmation prompt for
the start of the autotuning function.
(The lower line will blink.)

Starts the autotuning function.
(The upper line will blink.)
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Step Key Sequence Digital Operator Display Remarks
‘ Tune Successful ] Indicates the completion of autotun-
ing.
10 G5 Main Menu ¢ Returns to the operation mode dis-
MENU ' h la
Operation piay.

*1 When the values displayed and the motor constants differ, set each value seperately.

*2 There are differences between simple and advanced settings. Refer to the table below.

Operator Display

Simple Setting (Motor name-
plate)

Advanced Setting *

Rated Voltage Motor rated voltage No-load voltage at rated revolul-
tions
Rated Frequency Motor rated frequency No-load frequency at rated revolu-

tions

The[fated[Yoltage[for[fhe[Yector[¢ontrol[motor[inay[Be[]10%[Ho[20%Jower[than[general-purpose[inotors.
Always check the voltage on the motor nameplate or in the test reports.

The following example procedure changes the motor rated current to 1.60 A.

Rated Current
1.60 A

Step Key Sequence Digital Operator Display Remarks
Rated Current Displays the rated current.
1.90 A
1 DATA Rated Current 1 | When changing the set values, press
ENTER 901 9 A the DATA/ENTER Key and the digit
e to change will blink.
2 > I Rated Current 1 | Select the digit to be changed.
RESET 001.90 A
Press 3 times ‘
3 7 I Rated Gurrent 1 | Set to 001.60 A.
001.60 A
Press 3 times
4 DATA ] | Press the DATA/ENTER Key to over-
ENTER Entry Accepted write the set values. “Entry Accepted”

will be displayed for approximately
0.5 seconds.

Returns to the rated current display.

e When autotuning has been executed correctly, the constants (E1-04 to E2-09) will be automatically
written.

o Use the following troubleshooting procedure if a fault occurs during autotuning.

B Troubleshooting Autotuning Faults

The[displays[dnd[dountermeasuresfforfdutotuning[faultsfdre[shownBelow[in[@able[FMMf[dne[dffthesefaults
is[detected,[it[Wwill[he[displayed[dp[the[Dperator[dnd[the[dmotor[Wwill[¢oast[fo[d[dtop.[The[fault[¢ontact[dnd
alarm contact outputs will not function. When a fault occurs, “Tune Aborted” will be displayed and the
messages shown in the following table will blink.

Table[5.1[]

Troubleshooting[Autotuning[fFaults

Display Message

Fault

Description

Countermeasure

Data Invalid

Motor data fault

Motor data error for autotuning.

* Check the input data.

* Check the Inverter and motor capacities.

Resistance

Line resistance fault

No-load Current

No-load current fault

Saturation -1

Saturated core coeffi-
cient 1 fault

Saturation -2

Saturated core coeffi-
cient 2 fault

Rated Slip

Rated slip fault

Autotuning was not completed * Check the input data.
within a set time. e Check the motor wiring.
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5.2.5 Autotuning

Display Message

Fault

Description

Countermeasure

The motor did not accelerate with-

e Increase the acceleration time (C1-01).
e Increase the torque limits (L7-01, -02) if

Accelerate Acceleration fault . . these have been decreased.
in a set time.
¢ Disconnect the motor from the machine if
it has been connected.
¢ Check the PG wiring.
There is a contact fault between e Check the motor wirin
PG Direction Motor direction fault | the Inverter, PG (phase A and B), &

and motor (phases U, V, and W)

e Check the PG direction and constant
F1-05.

Motor speed

Motor speed fault

The torque reference was too large
(100%) during autotuning.

¢ Disconnect the motor from the machine if
it has been connected.

e Increase the acceleration time (C1-01).

¢ Checkthe input data (particularly the num-
ber of PG pulses).

ALARM: Over Load

(Displayed after completion of
autotuning)

Tuning overload fault

The torque reference was over
20% during autotuning.

Check the input data (particularly the num-
ber of PG pulses) if the motor is being auto-
tuned separately.

Tune Aborted
Minor Fault: O

Minor fault

A minor Inverter fault occurred.

Check the minor fault indicated in the boxes
in the display shown at the left.

V/f Over Setting

V/f setting exceeded

The torque command exceeded
100%, and the no-load current ex-
ceeded 70% of the motor’s rated
current.

¢ Check and adjust settings if necessary.
¢ Remove the load from the motor.

Fault displays can be cleared by pressing the MENU Key.

All set constants (motor constants) will be initialized if a fault occurs. Reset the constants from the
beginning when before starting autotuning again.

Inverter software Nos. VSG101020 to VSG101026 will display “ALARM: Over Load” when the
torque command exceeds 100%.

B Switching to V/f Control when Autotuning Is Not Successful

‘When autotuning has not been executed correctly (i.e., when “Tune Aborted” is displayed), switch the con-
trol method to “V/f control” and set the V/f pattern.

1. Change the control method to V/f control without PG.

Step

Key Sequence

Digital Operator Display

Remarks

1

G5:x Main Menu s«

Operation

Displays operation mode.

% Main Menu
Initialize

Displays initialize mode.

N
=
5 7
> c

Select Language
English

Puts the Unit in initialize mode. (Se-
lect Language display)

D
m
z
3
m
By

Press twice.

Control Method
Open Loop Vector

The control method selection is dis-
played.

5 DATA

A1-02 = 2 skek
Open Loop Vector

Control method selection (A1-02) is
displayed.

la~)

o
a
w m
4 z
g o
z 3
[}
Y

A1-02=0
V/f Control

Selects V/f control.

7 DATA

m
p=4
3
m
By

Entry Accepted

The set values are overwritten.

Control Method
V/f Control

Returns to the control method select
display.

MENU

[oe]

G5« Main Menu sk

Operation

Returns to the operation mode dis-
play.
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2. Check the motor nameplate and set the following three items.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) Vi | viwin | Open | g
Number Opera- Range Setting | o or | P Loop | \iegror
tion Vector
0.0 to 255.0 200.0
E1-05 | Max. voltage x (0.0 to VAC (400'0) Q Q Q Q
510.0) :
E1-06 | Base frequency X 0.0t0 400.0 | Hz 60.0 Q Q Q Q
(10 to 200%
E2-01 Motor rated current x Inverter rated | A Q Q Q Q
current ratio)

The setting procedure for these three constants is as follows:

The factory setting for rated current differs according to the Inverter capacity.

Step

Key Sequence

Digital Operator Display

Remarks

G5 Main Menu 3k

Operation

2

Press twice.

DATA

D)

Press 14 times.

/]

Press 5 times.

=<
m
z
c

G5 Main Menu ¢
Programming

Reference Source
Terminal

Max. Voltage
E1-05 = 200.0 VAC

Base Frequency
E1-06 = 60.0HZ

Motor Rated FLA
E2-01=1.90 A

G5« Main Menu

Operation

Displays operation mode.

Displays programming mode.

Puts the Unit in programming mode.

Displays the maximum voltage.”

Displays the maximum voltage fre-
quency.”

Displays the rated current.”

Returns to the operation mode dis-
play.

ally.

5.2.6 No-load Operation

Whenthere are discrepancies between the displayed values and the rating, set each value individu-

The section describes trial operation in which the motor is operated from the Digital Operator with the mo-
tor in the no-load state (with the motor not connected to the mechanical system).

B Setting the Frequency Reference

Set the frequency reference on the frequency reference monitor in the operation mode.

The following is an operation example with the frequency reference set to 10 Hz.

Step

Key Sequence

Digital Operator Display

Remarks

G5 Main Menu 3k

Operation

DATA
ENTER
L/

Frequency Ref
U1-01 = 0.00 HZ

LOCAL
REMOTE
L/

Frequency Ref
U1-01 = 0.00 HZ

DATA
ENTER

Frequency Ref
000.00 HZ

RESET,

Frequency Ref
000. 00HZ

Frequency Ref
010. 00HZ

Displays operation mode.

Puts the Unit in operation mode and
displays the frequency reference.

Switches operation to the Digital Op-
erator. (SEQ, REF and LED indica-
tors turn OFF.)

Sets the frequency reference.

The tens digit blinks.

Set to 010.00 Hz.
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5.2.7 Loaded Operation

Step Key Sequence Digital Operator Display Remarks
6 DATA The set values are overwritten.
ENTER ‘ Entry Accepted
Frequency Ref Returns to the frequency reference
‘ 010. 00 HZ display.

B Operation Using the Digital Operator

o Press the RUN Key. The motor will start to rotate. (forward rotation)
Press the FWD/REV Key. The motor will rotate in the reverse direction.

e Press the Stop Key. The motor will stop. (The RUN Key indicator will keep blinking until the motor
stops.)

o The frequency reference can be changed, even during operation. When this is done, the frequency ref-
erence is changed as soon as the DATA/ENTER Key is pressed to input the set values.

o Ifthe Jog Key is pressed when the Inverter is stopped, it will rotate by the jog frequency (Factory set-
ting: 6.0 Hz) only while the Key is being pressed.
B Checking the Operating Status

o After changing the frequency reference or the rotation direction, check that there is no oscillation or
abnormal sound from the motor.

e Check that no faults have occurred in the Inverter during operation.

5.2.7[JLoaded[Dperation

After checking the operation with the motor in no-load status as described in 5.2.6, connect the load me-
chanical system and perform trial operation with an actual load.

B Connecting the Load System

e After confirming that the motor has stopped completely, connect the mechanical system.
e Be sure to tighten all the screws when securing the motor shaft to the mechanical system.

B Operation using the Digital Operator

o Use the Digital Operator in the same way as in no-load operation.
o If fault occurs during operation, make sure the STOP Key on the Digital Operator is easily accessible.
o At first, set the frequency reference to a low speed of one tenth the normal operating speed.

B Checking Operating Status
e Having checked that the operating direction is correct and that the machine is operating smoothly at

slow speed, increase the frequency reference.

e After changing the frequency reference or the rotation direction, check that there is no oscillation or
abnormal sound from the motor. Check the monitor display to ensure that the U1-03 (output current)
is not excessive.

B Adjusting AFR Gain

There are some guidelines to settle the motor vibrations or fluctuations when carrying a load.

e Gradually increase the AFR gain (C8-08) while checking the motor response. If the motor still fluctu-
ates or vibrates although C8-08 is set to 2.0, gradually increase the AFR time constant (C8-09) to
100ms.

o Increasing the torque compensation time constant (C4-02) may settle the motor vibrations. Changing
constants C8-08, C8-09 and C4-02 may slow the speed and torque responses.

5-10
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This chapter explains the basic settings required to operate and stop the
VS-616G5. The user constants described here will be sufficient for simple
Inverter.

Even when your application requires special functions, such as torque con-
trol or PID control, make these basic settings first and then go to the explana-
tions of those special functions in chapter 7 Advanced Operation.

6.1 Common Settings ..................... 6-2
6.1.1 Setting the Access Level and Control Method:
A1-01,A1-02 ... 6-2
6.1.2 Frequency Reference Settings: b1-01, H3-01,
H3-08, H3-09 ..., 6-4
6.1.3 Frequency Reference from Digital Operator:
b1-01, 01-03,d1-01t0od1-09 ................ 6-7
6.1.4 Run Source and Sequence Input Responsiveness:
b1-02, b1-06, b1-07 . ... 6-9
6.1.5 Acceleration/Deceleration Times: C1-01
through C1-08, C1-09, C1-10, C1-11 ......... 6-10
6.1.6 Prohibiting Reverse Operation: b1-04 .......... 6 - 11
6.1.7 Selecting the Stopping Method: b1-03 .......... 6-12
6.1.8 Multi-function Input Settings: H1-01 through H1-06 6 - 13
6.2 Open-loop Vector Control ............... 6-18
6.2.1 Autotuning . ... 6-18
6.2.2 AutotuningFaults . ............ ... ... ... ..., 6-19
6.3 V/fControl ............... ... ... ... ... 6 - 21
6.3.1 Setting the Motor Constants: E1-01, E1-02, E2-01 6 -21
6.3.2 V/f Pattern Selection: E1-03 ................... 6-22
6.4 Flux Vector Control .................... 6-28
6.4.1 PG Speed Control Card Settings .............. 6-28
6.4.2 Setting the Zero-speed Operation Constants .. .. 6 - 31
6.4.3 Autotuning . ... 6-33
6.4.4 Speed Control (ASR) Structure ................ 6-36
6.4.5 Speed Control (ASR) Gain .................... 6-38
6.5 V/fControlwithPG .................... 6-40
6.5.1 Motor Constants: E1-01, E1-02, E2-01, E2-04 ... 6-40
6.5.2 V/f Pattern Selection: E1-03 ................... 6 - 41
6.5.3 PG Speed Control Card Settings .............. 6-42
6.5.4 Speed Control (ASR) Structure ................ 6-44
6.5.5 Adjusting Speed Control (ASR) Gain ........... 6-45
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6.1.1 Setting the Access Level and Control Method: A1-01, A1-02

6.1 Common Settings
This section describes the constants that are used with all of the control methods.

6.1.1 Setting the Access Level and Control Method: A1-01, A1-02

B Constant Access Level: A1-01

o Select the constant access level. This level determines which constants can be accessed and changed.

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
A1-01 eClonstant access lev- 0 0to4 B 2(Q) Q Q Q Q
e Access Level Settings
Setting Name Function
Allows the operation mode and initialize mode to be displayed or
0 Operation Only changed. Use this setting to prevent constant settings from being
changed.

Allows only the user-selected constants (up to 32) to be displayed or
1 User Program changed. Set the desired constants as “User Parameters” in constants
A2-01 through A2-32.

Allows the constants required to start the Inverter (about 25) to be

2 Quick-Start displayed or changed.
3 Basic Allows the commonly used constants to be displayed or changed.
Advanced Allows all constants to be displayed or changed.

o The control method setting also affects which constants can be displayed and changed. Refer to chapter
8 User Constants.

o The constants required for basic operation can be displayed and changed in the Basic level, but this
section also describes constants that can be set only in the Advanced level, so set the access level to
Advanced.

Changing the Access Level
The following procedure shows how to change from Quick-Start to Advanced.

Step Key Sequence Digital Operator Display Remarks
1 MENU I G5:x Main Menu 1 | Displays operation mode.
Operation
2 A G5:« Main Menu Displays initialize mode.
Initialize
3 DATA Select Language Puts the Unit in initialize mode.
ENTER English (Select Language display)
4 A Access Level ] | Displays the Access Level (A1-01).
Quick-Start
5 DATA A1-01 = 2 sk ] | Displays the constant setting for
ENTER Quick-Start AL-OL
6 A A1-01= 4 ] | Displays Advanced.
J Advanced
Press Twice.
7 DATA Writes the new setting.
ENTER Entry Accepted
Access Level Returns to the Access Level display.
Advanced




6.1 Common Settings

B Control Method: A1-02

o Select one of the four control methods.
o This constant is not initialized by the initialize operation.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
2
A1-02 Contrf)l method % 0to3 _ Open Q Q Q Q
selection Loop
Vector
o Control Method Settings
Setting Control Method Function

0 V/f control Normal V/f control

1

V/f control with PG feed-
back

V/f control using a PG Speed Control Card

Open loop vector control

Vector control using the Inverter’s internal speed information

Flux vector control

Vector control using a PG Speed Control Card

o The[¢haracteristics[¢f[¢ach[¢ontrol[inethod[dre[shown[in[Table[6[I]

Table[6.1[]

Control[Method[Characteristics

Characteristic

V/f Control

V/f Control w/PG Feed-
back

Open Loop Vector

Flux Vector

Basic control method

Voltage/frequency control
(open loop)

Voltage/frequency control
with speed compensation

Current vector control
without PG

Current vector control with
PG

Speed detector

Not required

Required
(pulse generator)

Not required

Required
(pulse generator)

Optional speed detec-

Not required

PG-A2 or PG-D2

Not required

PG-B2 or PG-X2

tors
Speed control range 1:40 1:40 1:100 1:1000
Starting torque 150%/3 Hz 150%/3 Hz 150%/1 Hz 150%/0 r/min
Speed control accuracy +2103% +0.03% +0.2% +0.02%
Torque limit Not possible Not possible Possible Possible
Torque control Not possible Not possible Not possible Possible

Example applications

¢ Multiple motor drives.
¢ Replacing existing mo-
tor for which motor

constants  are  not
known.

¢ When autotuning is not
possible.

¢ Simple speed feedback
control.

* When a pulse generator
is attached to the ma-
chine axis.

* Variable speed drive ap-
plications.

¢ Simple servo drives.
¢ Precision speed control.

¢ Torque control.

e Vector control has a greater starting torque and more precise speed control than V/f control, so use of
vector control is recommended whenever possible.

Use V/f control in the following types of applications:

*  When several motors are being operated

*  When special motors, such as submersible motors or spindle motors, are being used
(situations in which auto-tuning cannot be used)

*  When operation is being coordinated with an older V/f control inverter control system
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6.1.2 Frequency Reference Settings: b1-01, H3-01, H3-08, H3-09

6.1.2 Frequency Reference Settings: b1-01, H3-01, H3-08, H3-09

These settings are required when inputting analog voltage or current signals from the control circuit termi-
nals.

B Frequency Reference Selection: b1-01

e Constant b1-01 is used to select the reference source.

User (zjr:ﬁirr]\%e Sefting | Factory Valid Access Levels
Nomoer | e | opera | Range || Seting |1, Vi | B2 |\
b1-01 Reference selection x 0to 4 - 1 Q Q Q Q

o Settings
Setting Reference source
0 Digital Operator
1 Control circuit terminals (analog inputs)
2 MEMOBUS transmission (using SI-K2)
3 Optional Card
4 MEMOBUS transmission (for CP-717)

o The frequency reference is input from the control circuit terminals (external terminals), so set b1-01
to 1.

B Frequency Reference (Voltage), Terminal 13 Signal Level: H3-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit p Vi | iwith | OPen | Fx
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
] Signal level selec- B
H3-01 tion (terminal 13) X 0, 1 0 B B B B

o The frequency reference (voltage) is valid when constant b1-01 has been set to 1.
o Set the voltage range for the frequency reference (voltage) signal.

o Settings
Setting Function
0 0 to 10 VDC input [11-bit + polarity (positive/ negative) input]

-10 to 10 VDC input

1 . . .
(A negative voltage is a reference for reverse rotation.)

B Frequency Reference (Current), Terminal 14 Signal Level: H3-09, H3-08

o Setterminal 14 to a frequency reference with constant H3-09 to use terminal 14 as the frequency refer-
ence terminal.

o The frequency reference setting is 1F.

Function Selection: H3-09

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
Multi-function ana-
H3-09 | log input (terminal X 1to 1F - 1F A A A A
14)

o After setting constant H3-09, set terminal 14 signal level with H3-08.
Signal Level: H3-08

o The frequency reference (current) is valid when constant b1-01 has been set to 1.
o Set the signal level for the frequency reference (current).



6.1 Common Settings

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name : VA | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
H3-08 Signal level selec- x 0to2 _ > A A A A
tion (terminal 14)
e Settings
Setting Function
0 0 to 10 VDC input (10-bit input)
1 -10 to 10 VDC input
(A negative voltage is a reference for reverse rotation.)
2 4 to 20 mA input

e When the terminal is being used as a voltage input terminal (setting 0 or 1), jumper J1 must be discon-
nected[dffthe[dontrolBoard.[(See[FFigure[@. 1.)[The[lerminal’sfinputfdesistorfivillBe[destroyed[iffthe[ter-
minal is used for a voltage input with jumper J1 connected.

e When frequency references are being input simultaneously from both the voltage terminal 13 and the
current terminal 14, the final reference value will be the sum of the two references that are input.

o To switch the frequency reference input between the voltage terminal 13 and the current terminal 14,
set a value of 1F in any one of the multi-function inputs (H1-01 through H1-06).

The voltage terminal 13 will be used when this multi-function input is OFF and the current terminal
14 will be used when this multi-function input is ON.

If a 0 to £10 VDC input is set, H3-01 must also be set to a 0 to 10 VDC input.

Jumper wire

%C@D weNwsnles

N
ses et et et [ s
L] L1 L1 L1 L1 L1 L1 L !‘5‘. ."5‘. c A

1 [ 213 ][4 |

I
@11I12(G)| 13 ] 14 ] 15 | 16 W@>
5

[ Jol Jol Jol Jol Jol Jol Jol Jol ] o
R S T U \ W/T3
L e || || © || @ || @ | B | B |7 || T2
Main circuit
| Power input | Braking Resistor | Motor output terminals

@ ® B © .
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Basic Operation

6.1.2 Frequency Reference Settings: b1-01, H3-01, H3-08, H3-09

B Function and Signal Level for Multi-function Analog Input (Terminal 16):
H3-04, H3-05

o This function is useful when switching between two analog inputs. The input is from terminal 16.

e When using the multi-function input (terminal 16) as the frequency reference terminal, first set the
multi-function analog input function to “Auxiliary Reference” by setting constant H3-05 to 0.

Function for Multi-function Analog Input, Terminal 16: H3-05

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
Multi-function ana-
H3-05 | log input (terminal x 0to 1F - 0 B B B B
16)

o The auxiliary reference is factory-preset to 0.

o After setting H3-05 to 0, set any one of the multi-function inputs (H1-01 through H1-06) to a value
of 3 (multi-step speed reference 1).

e When a multi-function analog input has been set to “Auxiliary Reference,” it is treated as frequency
reference 2 during multi-step speed operation, so it can’t be used unless the multi-step speed reference
1 has been set.

Signal Level for Multi-function Analog Input, Terminal 16: H3-04

o Set the signal level for the multi-function analog input.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | iwith | OPeN | Fux
Number Opera- Range Setting Control PG Loop | vector
tion Vector
H3-04 Signal level selec- % 0.1 B 0 B B B B
tion (terminal 16) ’
o Settings
Setting Function
0 0 to 10 VDC input [11-bit + polarity (positive/ negative) input]
1 -10 to 10 VDC input
(A negative voltage is a reference for reverse rotation.)

B Adjusting Analog Inputs: H3-02, H3-03, H3-06, H3-07, H3-10, H3-11, H3-12

o There are three constants used to adjust the analog inputs: The gain, bias (both set separately for each
input), and filter time constant (a single value for all of the inputs).

 The gain and bias can be adjusted separately for each analog input (terminals 13, 14, and 16).

Gain: Set the frequency corresponding to a 10 V (20 mA) input as a percentage of the
maximum frequency. (The maximum output frequency set in E1-04 is 100%.)
Bias: Set the frequency corresponding to a 0 V (4 mA) input as a percentage of the

maximum frequency. (The maximum output frequency set in E1-04 is 100%.)
 Set the gains and biases for terminals 13, 14, and 16 as follows:

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ; Vi | Viwih | OPen | g
Number Oﬁsrr]a- Range Setting | conrol | PG \'/-;c‘;gr Vector
. . 0.0 to
H3-02 Gain for terminal 13 O 1000.0 % 100.0 B B B B
H3-03 | Bias for terminal 13 O e w00 B B B B
. . 0.0 to
H3-10 Gain for terminal 14 O 1000.0 % 100.0 A A A A
H3-11 Bias for terminal 14 O _110(%00m % 0.0 A A A A
. . 0.0 to
H3-06 Gain for terminal 16* O 1000.0 % 100.0 B B B B
H3-07 | Bias for terminal 16* | O e w00 B B B B

The settings for terminal 16 are valid only when the multi-function analog input has been se-
lected. The gain and bias set here will be disregarded if a frequency reference is selected and
the values set for terminal 13 will be used.
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Max. output frequency x

Max. output frequency x

Frequency
reference

Gain
100

Bias

100

oV

ov
(4 mA) (20 mA)
Fig®.2 Gain[and[Bias[Chart

Analog Input Filter Time Constant: H3-12

Use the current values shown in
parentheses when current input
has been selected.

e A primary delay digital filter can be set for all three analog inputs (frequency reference (voltage), fre-
quency reference (current), and multi-function analog input)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwin | Open | g
Number Opera- Range Setting | oo | PG | L2 | vestor
tion Vector
H3-12 [ /nalog input filter x  |000t0200| s | 000 | A | A | A | A
time constant
o This setting is effective when there are sudden changes or noise in the analog input signal.
e Responsiveness decreases as the setting increases.
6.1.3 Frequency Reference from Digital Operator: b1-01, 01-03, d1-01 to d1-09
B Frequency Reference Source: b1-01
o Select the reference source.
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . vi | viwin | Open | g
Number Opera- Range Setting | conror | PG | L9 | vestor
tion Vector
b1-01 Reference selection X Oto4 - 1 Q Q Q Q
e Settings
Setting Reference source
0 Digital Operator
1 Control circuit terminals (analog inputs)
2 MEMOBUS transmission (using SI-K2)
3 Optional Card
4 MEMOBUS transmission (for CP-717)
o The frequency reference is input from the Digital Operator, so set b1-01 to 0.
B Frequency Unit for Reference Setting and Monitoring: 01-03
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . vi | viwin | Open | g
Number Opera- Range Setting | conror | PG | L9 | vestor
tion Vector
Frequency unit for
01-03 reference setting and X 0 to 39999 - 0 B B B B
monitor
o Settings
Setting Function
0 0.01 Hz units
1 0.01% units (The maximum frequency is 100%.)
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6.1.3 Frequency Reference from Digital Operator: b1-01, 01-03, d1-01 to d1-09

Setting Function

r/min units
210 39 r/min = 120 x frequency reference (Hz)/01-03
(01-03 becomes the motor pole)

Set the binary point position using the value of the fifth digit of 01-03.
The display when the fifth digit = 0 will be OOOO

The display when the fifth digit = 1 will be OOC.0

The display when the fifth digit = 2 will be OCL.00

The display when the fifth digit = 3 will be CL.OOO

Set the values for 100% frequency for the fourth to first digits of 01-03.
40 to 39999 | Example 1

Set 01-03=12000 when 100% speed is set to 200.0.

100% speed will be displayed as 200.0 when 01-03 is set to 12000.
60% speed will be displayed as 120.0.

Example 2

Set 01-03=26500 when 100% speed is set to 65.00.

60% speed will be displayed as 39.00 when 01-03 is set to 26500.

e When the 40 to 39,999 range is used, any unit can be set for the reference frequency.
For example, the frequency reference can be displayed or set in units such as mm/s or m/min to coin-
cide with the linear operating speed of the machine.

B Preset Frequency Reference Values: d1-01 through d1-09

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ; Vi | viwith | OPen | g
Number Opera- Range Setting | conol | PG Loop | \etor
tion Vector
d1-01 S;‘Zg“f“cy refer- O | 0t0400.00 |01-03 [0.00Hz | Q Q Q Q
d1-02 S;i‘g“zency refer- O 0t0 400.00 | 01-03 [0.00Hz | Q Q Q Q
di-03 | Frequency refer- O | 0t040000 |01-03 [000Hz| @ | @ | @ | aQ
d1-04 S;‘Zg“:“cy refer- O | 0t0400.00 |01-03 [0.00Hz | Q Q Q Q
d1-05 | Frequency refer- O 0 to 400.00 | 01-03 [0.00Hz | B B B B
ence 5
d1-06 | Frequency refer- O 0 to 400.00 | 01-03 [0.00Hz | B B B B
ence 6
di-07 | Frequency refer- O | 0t0400.00 |01-03 |0.00Hz | B B B B
ence 7
di-08 | Frequency refer- O | 0t0400.00 | 01-03 |0.00Hz | B B B B
ence 8
d1-09 ifegng:q“ency ref- O | 0t0400.00 |01-03 |6.00Hz | Q Q Q Q

o The units for these values are set in 01-03.
The frequency reference default value and set value will change when 01-03 is changed.
For example, if preset reference 1 is set to 6.00 Hz and 01-03 is changed to 1 (0.01% units), the setting
for preset reference 1 will become 10.00%.

e When using preset references 2 through 8, be sure to set multi-step speed references 1, 2, and 3 in the
multi-function inputs (H1-01 through H1-06) as required.

e When using the jog function, set the jog frequency reference in constant d1-09. When jogging from
an external terminal, set the multi-function inputs (H1-01 through H1-06) to “Jog Frequency Refer-
ence,” “Forward Jog,” or “Reverse Jog” as required.

o The multi-function input setting is unnecessary when jogging from the Operator.
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6.1.4 Run Source and Sequence Input Responsiveness: b1-02, b1-06, b1-07
B Run Source: b1-02

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
b1-02 Opera}lon method < 0to4 _ 1 Q Q Q Q
selection

e Constant b1-02 is used to select the source of the run command.

e When a control circuit terminal (external terminal) is set, the Unit operates with 2-wire forward run/
stop and reverse run/stop control. (When the Unit has been initialized for a 3-wire control or a multi-
function input is set to 0 (3-wire sequence), the Unit operates with 3-wire run, stop and forward/reverse

controls.)
e Settings

Setting Run source
0 Digital Operator
1 Control circuit terminals (external terminals)
2 MEMOBUS transmission (using SI-K2)
3 Optional Card
4 MEMOBUS transmission (for CP-717)

B Sequence Input Responsiveness (Reading Twice): b1-06

User Change Valid Access Levels
during Setting . | Factory
Constant Name Unit ) Vi | iwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
b1-06 Re'ad sequence input x 0, 1 _ 1 A A A A
twice

e Set the responsiveness of the control inputs (forward/reverse run and multi-function inputs)

o Settings
Setting Function
0 Two scans every 2 ms (Use when connecting transistor outputs.)
1 Two scans every 5 ms (Use when connecting contact outputs or switches.)

o Set the responsiveness to match the type of control inputs being used. Use a setting of 1 if there is one
or more contact inputs.

B Operation after Switching to Remote Mode: b1-07

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
Operation selection
b1-07 | after switching to re- X 0, 1 - 0 A A A A
mote mode

e Set the interlock operation to be used after switching from local mode (operation from Digital Opera-
tor) to remote mode (operation according to control circuit terminal).

o Settings
Setting Function
0 No operatif)n even if RUN signal is ON after switching to remote mode. (Operation will start if
the RUN signal turns OFF and then back ON after switching to remote mode.)
1 Operate according to the RUN signal after switching to remote mode.
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6.1.5 Acceleration/Deceleration Times: C1-01 through C1-08, C1-09, C1-10, C1-11

6.1.5 Acceleration/Deceleration Times: C1-01 through C1-08, C1-09, C1-10, C1-11

This section describes setting the acceleration times, deceleration times, and emergency stop time.

Bl Acceleration/Deceleration Time Unit: C1-10

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
C1-10 Accel/decel time set- X 0, 1 - 1 A A A A
ting unit
o Settings
Setting Function
0 Sets the acceleration/deceleration time unit to 0.01 seconds.
1 Sets the acceleration/deceleration time unit to 0.1 seconds.

e Set “0” to set more precise acceleration and deceleration times. (This will reduce the setting range.)

B Acceleration/Deceleration Times: C1-01 through C1-08

e Set individual acceleration and deceleration times.
» Anacceleration time is the time required to go from 0% to 100% of the maximum output frequen-
cy.
» Adeceleration time is the time required to go from 100% to 0% of the maximum output frequency.
o Four acceleration times and four deceleration times can be set. When using acceleration/deceleration

times 2 through 4, set multi-function inputs (H1-01 through H1-06) to the acceleration/deceleration
time selectors 1 and 2.

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit . Vi | Viwith | Open | g
Number Opera- Range Setting | conror | P Loop | \gtor
tion Vector

C1-01 Acceleration time 1 O 0.0 to S 10.0 Q Q Q Q
6000.0 h :

C1-02 | Deceleration time 1 O 0.0 to S 10.0 Q Q Q Q
6000.0 :

C1-03 | Acceleration time 2 O 0.0 to S 10.0 B B B B
6000.0 :

C1-04 Deceleration time 2 O 0.0 to S 10.0 B B B B
6000.0 h :

C1-05 Acceleration time 3 X 0.0 to S 10.0 A A A A
6000.0 h :

C1-06 Deceleration time 3 X 0.0 to S 10.0 A A A A
6000.0 h :

C1-07 Acceleration time 4 X 0.0 to S 10.0 A A A A
6000.0 :

C1-08 Deceleration time 4 X 0.0 to S 10.0 A A A A
6000.0 :

o The setting range for the acceleration/deceleration times depends on the setting in C1-10 (acceleration/
deceleration time unit). The table shows the setting range when the factory setting is used for C1-10.

e If C1-10is set to “0” (0.01 s) the setting range will be 0.00 to 600.00 s.
B Emergency Stop Time: C1-09

o Setsthe deceleration time that will be used when an emergency stop signal is input or a fault is detected.
The deceleration time is the time required to go from 100% to 0% of the maximum output frequency.

e When using an emergency stop input, set a multi-function input (H1-01 through H1-06) to for an emer-
gency stop.
e The emergency stop time is effective for the following faults. Set a stopping method for each.
+ Inverter overheating (OH) pre-alarm: Set in L8-03.

» Pulse generator faults: Set in F1-02 through F1-04.

6-10
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User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
C1-09 | Emergency stop time O 0.0to S 10.0 B B B B
gency stop 6000.0 :

o The setting range for the emergency stop deceleration time depends upon the setting in C1-10 (accel-
eration/deceleration time unit). The table shows the setting range when the factory setting is used for
C1-10.

e If C1-10 is set to “0” (0.01 s) the setting range will be 0.00 to 600.00 s.
B Acceleration/Deceleration Time Switching Frequency: C1-11

o When an acceleration/deceleration time switching frequency is set, the acceleration and deceleration
times will be changed automatically as the frequency passes the set level.

o Ifthe acceleration/deceleration time selectors 1 and 2 are input via the multi-function inputs, they will
have priority.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Ci-11 | Accel/decel time x | 00t04000 | Hz | 00 A | A | A |A
switching frequency

Output frequency

Acc/Dec Time Switch-
ing Frequency (C1-11)

C1-07 C1-01 C1-02 C1-08

Acceleration/Deceleration Times 1 (C1-01 and C1-02) are used when the output frequency = C1-11
Acceleration/Deceleration Times 4 (C1-07 and C1-08) are used when the output frequency < C1-11

Fig®.3 Acceleration/Deceleration[Time[Bwitching[Frequency
6.1.6 Prohibiting Reverse Operation: b1-04

e Set whether or not to operate the motor in reverse when a reverse reference is input.
e Set this constant to “1” to disable reverse operation when necessary.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
b1-04 Prohibition Qf re- < 0,1 _ 0 B B B B
verse operation
o Settings
Setting Function
0 Allows reverse operation.
1 Prohibits reverse operation.
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6.1.7 Selecting the Stopping Method: b1-03

6.1.7 Selecting the Stopping Method: b1-03

o Set the stopping method used when a stop command is input.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Opera- Range Setti ng Control PG Loop Vector
tion Vector

b1-03 Stopp?ng method
selection

x 0to3 - 0 Q Q Q Q

e Only settings 0 and 1 can be used with flux vector control.

o Settings
Setting Function
0 Deceleration to stop
1 Coast to stop
DC braking stop: Stops faster than coast to stop, without regenerative operation.
3 Coast to stop with timer: Run commands are disregarded during deceleration time.

e The following diagrams show the operation of each stopping method.
 Deceleration to Stop (b1-03 = 0)

Run command
ON | OFF

Output frequency

Deceleration _p injection braking
time

Excitation level (b2-01) —

; —— DC injection braking time at stop (b2-04)

Decelerates to a stop at a rate set with the selected deceleration time.

Fig®.4 Deceleration[io[Btop
+ Coast to Stop (b1-03 = 1)

Run command T‘ OFF

Output frequency

The inverter output is shut OFF when the stop command
/ is input and the run command goes OFF.

After the stop command is input, run commands are disregarded
until the minimum baseblock time (L2-03) has elapsed.

Fig®.5 Coastlio[Btop
» DC Injection Braking Stop (b1-03 = 2)

DC injection braking time

Run command
ON ] OFF b2-04 x 0

Output frequency —‘ DC injection braking :
[l |
;_‘_ ! Output frequency
. ) ‘ when the stop
Min. baseblock time ‘ b2-04 | g
(L2-03) DC injection braking time : ; command is input

10 % 100% (Max. frequency)
After the stop command is input and the minimum baseblock time (L2-03) has elapsed, DC
injection braking is applied and the motor stopped.

The DC injection braking time depends upon the output frequency when the stop command is
input[@nd[ihe[IDC[injection[brakingimelat[$top’[$etting[in[H2-04,[@s[$hown[in[Figure[6.6.

Fig[®.6 DClInjection[Braking[Htop
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IMPORTANT Lengthen the minimum baseblock time (L2-03) when an overcurrent (OC) occurs during stopping. When the
power to an induction motor is turned OFF, the counter-electromotive force generated by the residual magnet-

ic field in the motor can cause an overcurrent to be detected when DC injection braking is applied.

» Coast to Stop with Timer (b1-03 = 3)

R d . i
un comman oN oer [oN ON Time To

Deceleration

Output frequency = ! | time | Output frequency
b ‘ when the stop
oo ! command is input
- To 100% (Max. frequency)
After the stop command is input, run commands are disregarded until the time Tq has
elapsed. The time Ty depends upon the output frequency when the stop command is
input and the deceleration time.
Figl®.7 Coast[io[Btop[with[Timer

6.1.8 Multi-function Input Settings: H1-01 through H1-06

o Set the functions for terminals 3 to 8. Set the functions of the multi-function inputs according to the

application.
User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit . vi | viwin | Open | g
Number Opera- Range Setting | ool | PG | L2 | vestor
tion Vector
H1.01 [ Multi-functioninput | 01077 | - | 24 B | B | B | B
1 (terminal 3)
H1-02 | Multi-functioninput | 01077 | - | 14 B | B | B | B
2 (terminal 4)
) Multi-function input _
H1-03 3 (terminal 5) X 0to 77 3(0) B B B B
) Multi-function input _
H1-04 4 (terminal 6) X 0to 77 4(3) B B B B
Multi-function input
H1-05 5 (terminal 7) x 0to 77 - 6(4) B B B B
Multi-function input
H1-06 6 (terminal 8) x 0to 77 - 8(6) B B B B

o The default settings in parentheses are the default values when the Unit is initialized for 3-wire se-
quence control.

o The constant settings that are used most often are explained below. Refer to chapter 7 Advanced Opera-
tion or the constant tables for details on the other settings.

¢ 3-wire sequence (forward/reverse run command): Set “0”

* Multi-step sped references 1 to 3 and jog command: Set “3” to “6”

¢ Acceleration/Deceleration Time Selectors 1 and 2: Set “7” and “1A”
¢ Emergency Stop: Set “15”

* FORWARD and REVERSE JOG References: Set “12” and “13”
¢ Terminal 13/14 Switch: Set “1F”
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6.1.8 Multi-function Input Settings: H1-01 through H1-06

B 3-wire Sequence (Forward/Reverse Run Commands): “0”

e When a value of “0” is set for any one of the multi-function inputs (H1-01 through H1-06), 3-wire se-
quence control is used and the multi-function input terminal for which “0” was set becomes the for-
ward/reverse run command terminal.

e When the Unit is initialized for 3-wire sequence control with A1-03 , multi-function input 3 (terminal
5) becomes the input terminal for the forward/reverse run command.
Stop switch (NC) Run switch (NO)
—1
— @ . @——O

Run command
(Operates when the run switch is closed.)
Stop command

(Stops when the stop switch is open.)

O O 5 Forward/reverse command
1 (Multi-function input)
Sequential input common
Fig[®.8 3-wire[Bequence[Wiring[Example

50 ms min.

Run command L 1L ON/OFF (Eitherispossible) [
| OFF (Stop) |—

Stop command | | |

Forward/reverse run OFF (Forward) | ON (Reverse) |

command

/N /S
N/

‘ Stop — Forward—=———— Reverse ——— Stop ——— Forward

Fig®.9 Timing[TChart[for[B-wire[Fequence
B Multi-step Speed References 1 through 3 and JOG Reference: “3” to “6”

Motor speed

o Eight frequency references and one jog frequency reference can be used.

o Set the multi-step speed references 1, 2, and 3 and the JOG reference for the multi-function inputs, and
change the status of these inputs to switch between the 9 frequency references.

Terminal | Constant | Setting Function
Multi-step speed reference 1 (Also used for master-speed/auxiliary-speed
5 H1-03 3 switching when an auxiliary reference is set for the multi-function analog
input in H3-05.)
6 H1-04 4 Multi-step speed reference 2
HI-05 5 Multi-step speed reference 3

JOG reference (This setting has higher priority than the multi-step speed

8 H1-06 6
reference.)
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o The following table shows which frequency is selected by each possible combination of multi-step
speed and JOG reference settings.

Terminal 5 Terminal 6 Terminal 7 Terminal 8
Multi-step speed | Multi-step speed | Multi-step speed Selected frequency
reference 1 reference 2 reference 3 JOG reference
OFF OFF OFF OFF Reference 1: d1-01 (master
speed frequency)
ON OFF OFF OFF Reference 2: d1-02 (auxilia-
ry speed frequency)
OFF ON OFF OFF Reference 3: d1-03
ON ON OFF OFF Reference 4: d1-04
OFF OFF ON OFF Reference 5: d1-05
ON OFF ON OFF Reference 6: d1-06
OFF ON ON OFF Reference 7: d1-07
ON ON ON OFF Reference 8: d1-08
- - - ON Jog frequency: d1-09

Selecting 1-step and 2-step Frequency References
e To use the master frequency (analog terminal 13 or 14), set b1-01 to 1.
e To use frequency reference 1 (d1-01), set b1-01 to 0.
e To use the auxiliary frequency reference (analog terminal 16), use the factory setting.
e To use frequency reference 2 (d1-02), set H3-05 to 1F.

Reference 8

Reference 7

Reference 6

Reference 5

Frequency Reference 4 : ' : :
reference ‘ | ' !
Reference 3 | , ' I
Reference 2 | : : : :
Auxliary speed | | ! S JOG frequency
Reference 1 : : : ' : :
Master speed ‘ ! | | : | |
RUN/STOP | JoN . SRR | OFF
Multi-step speed reference 1 | OFF | ON | :
Multi-step speed reference 2 | OFF . ‘ | ON | : ‘ | |
Multi-step speed reference 3 | OFF ! ! ] - ON! ] !
JOG reference | OFF : ‘ : ‘ | ‘ : ‘ | oN 1

Fig[®.10 Timing[ChartHor[Multi-step[Ppeed[@nd[JOG[References
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6.1.8 Multi-function Input Settings: H1-01 through H1-06

Three-step Speed Operation Example
The following example shows three-step speed operation with frequencies set at Inverter constants.

e Sequence
d1-03
1
. Z
Output frequency : !
1
1 1
OPEN 1+ CLOSED
Forward/reverse run - T o -
command, : ' '
terminal 1 or 2 ' !
) OPEN CLOSED '
Multi-step speed reference - L
1, terminal 5 : !
Multi-step speed reference OPEN CL(?SED
2, terminal 6
e Connections
VS-616G5
U
\Y
W
Forward Run/Stop
Reverse Run/Stop
Multi-step speed
reference 1
Multi-step speed
reference 2
e User Constant Settings
Constant No. Name Setting
A1-01 Constant access level 3: Basic (B)
b1-01 Reference selection 0: Operator
d1-01 Frequency reference 1 k>kHz (frequency setting)
d1-02 Frequency reference 2 k>kHz (frequency setting)
d1-03 Frequency reference 3 kskHz (frequency setting)
H1-03 Multi-function input (terminal 5) 3: Multi-step speed reference 1 (factory setting)
H1-04 Multi-function input (terminal 6) 4: Multi-step speed reference 2 (factory setting)
H3-05 Multi-function input (terminal 16) 1F: Not used

Terminal 6 would not be needed if 2-step speed operation were required.
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6.1 Common Settings

B Acceleration/Deceleration Time Selectors 1 and 2: “7” and “1A”

e Four acceleration times and four deceleration times can be set. The multi-function inputs can be set
as acceleration/deceleration time selectors 1 and 2 to switch between these acceleration and decelera-

tion times.

Setting Function
7 Acceleration/Deceleration time selector 1
1A Acceleration/Deceleration time selector 2

o The following table shows which acceleration and deceleration times are selected by each possible
combination of acceleration/deceleration time selectors 1 and 2. The acceleration and deceleration
times can be changed while the Inverter is operating.

Accel/Decel Time Se-
lector 1

Accel/Decel Time Se-
lector 2

Acceleration Time

Deceleration Time

OFF or not set

OFF or not set

Acceleration time 1
(C1-01)

Deceleration time 1
(C1-02)

ON

OFF or not set

Acceleration time 2
(C1-03)

Deceleration time 2
(C1-04)

OFF or not set ON Acceleration time 3 Deceleration time 3
(C1-05) (C1-06)
ON ON Acceleration time 4 Deceleration time 4

(C1-07)

(C1-08)

B Emergency Stop: “15” and “17”

e When the multi-function input that is set as an emergency stop is turned ON, the motor will decelerate
to a stop at the rate set with the deceleration time in C1-09 (emergency stop time).

e To clear the emergency stop, turn OFF the run command, turn OFF the emergency stop input, and then
turn ON the run command again.

e Set “17” to make the emergency stop the normally closed condition.

Setting Function
15 Emergency stop (normally open condition: Decelerates to stop when ON in the emergency stop
period C1-09)
17 Emergency stop (normally closed condition: Decelerates to stop when OFF in the emergency
stop period C1-09)

B Forward and Reverse Jog Commands: “12” and “13”

The jogging can be performed in forward or reverse.

Setting Function
12 Forward jog command: Runs forward at the jog frequency (d1-09).
13 Reverse jog command: Runs in reverse at the jog frequency (d1-09).

o The forward jog and reverse jog commands have priority over other frequency reference commands.

o The inverter will stop operation with the stopping method set in b1-03 if the forward jog and reverse
jog commands are both ON for more than 500 ms.

e Turn ON either the forward jog command or the reverse jog command, not both.

e These jog commands can operate the Inverter independently. It isn’t necessary for a forward/reverse
run command to be input.

B Terminal 13/14 Switch: “1F”

e When this function is set for a multi-function input, that input terminal can be used to switch between
terminal 13 and terminal 14.

OFF

The analog input from terminal 13 is used as the master-speed frequency reference.

ON The analog input from terminal 14 is used as the master speed frequency reference.

e When terminal 14 is used as the frequency reference, set “1F” (frequency reference) in constant H3-09;
this constant is the function selector for frequency reference (current) terminal 14. A setting fault
(OPE03) will occur if this function is selected without setting “1F” in H3-09.

e When H3-09 is set to “1F” (frequency reference) but none of the multi-function inputs is set to “1F”
(terminal 13/14 switch), the sum of the inputs from terminals 13 and 14 will be used as the master-
speed frequency reference.
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6.2.1 Autotuning

6.2 Open-loop Vector Control

Open-loop vector control is vector control without a pulse generator input. Autotuning is the only setting for
basic operation with open-loop vector control.

Always perform autotuning for the motor unit separately before vector control operation. Vector control is not
effective without autotuning.

To operate with the greatest speed precision near the rated speed, select a motor with a rated voltage that is at
least 20 V below the Inverter’s input power supply voltage for 200 V class Inverters and 40 V below for 400 V
class Inverters. When the input voltage is the same as the rated voltage, the voltage limit may be applied and
vector control won’t be established.

6.2.1 Autotuning

/A CAUTION

e Do not connect a load to the motor when performing autotuning.
Doing so may result in personal injury or equipment damage.

When the motor cannot be disconnected from the load, motor constants can be set by calculation. Contact your
Yaskawa representatives for details.

B Precautions before Autotuning

o The Inverter’s autotuning function automatically determines the motor constants while a servo sys-
tem’s autotuning function determines the size of a load, so these autotuning functions are fundamental-
ly different.

o If aload is connected when autotuning is performed, not only will incorrect motor constants be re-
corded, but the motor may operate erratically or unexpectedly. Disconnect the load before performing
autotuning.

o The motor shaft with rotate when autotuning is performed. Confirm safety before starting autotuning.
B Inverter Input Voltage Setting: E1-0
o Set the Inverter input voltage (E1-01) to match the power supply voltage.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | vwith | Open | g
Number Opera- Range Setting | conor | PG | L9 | vegtor
tion Vector
E1-01 | Input voltage setting x (;ig tg gig) VAC (42188) Q Q Q Q

o The voltage settings shown in parentheses are the values for the 400 V class. This setting is used as
the reference value for functions such as the protection functions.

B Motor Selection: E1-02

o Set the type of motor being used. This setting is a reference for overheating protection functions.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Motor selection
E1-02 (motor overheating X 0to2 - 0 Q Q Q Q
protection)
o Settings
Setting Function
0 Standard motor (general-purpose motor)
1 Special motor (inverter-exclusive motor)
2 Special motor (vector-exclusive motor)

B Required Constant Settings

1. Enter autotuning mode and make the following constant settings:
« Rated Voltage*

Set the rated voltage (VAC) shown on the motor nameplate.
The rated voltage for vector control motors may be 10% to 20% lower than that for general-pur-
pose motors. Check the voltage on the nameplate or in the test reports.

» Rated Current
Set the rated current (A) shown on the motor nameplate.
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6.2 Open-loop Vector Control

4.

» Rated Frequency*
Set the rated frequency (Hz) shown on the motor nameplate.
» Rated Speed
Set the rated speed (r/min) shown on the motor nameplate.
» Number of Poles
Set the number of poles.
» Motor Selection
Select motor 1 or motor 2. (Normally select motor 1.)

. The following massage will appear when the constants have been set:

.1, Tuning Ready? , | The “Press RUN Key” message will blink.
_ Press RUNKey,

. At this point, it is still possible to change the constant settings by pressing the Increment and Decre-

ment Keys to display the desired constant.

Press the STOP Key to cancel autotuning, and then press the MENU Key and DATA/ENTER Key. The
operation mode display will appear.

*There are differences between simple and advanced settings. Refer to the table below.

Operator Display Simple Settings (motor name- Detailed Settings
plate ratings)
Rated Voltage Rated motor voltage Non-load voltage at rated revolu-
tions
Rated Frequency Rated motor frequency Frequency without load at rated rev-
olutions

The motor test reports, design data, and other detailed data is required to make detailed settings.

B Performing Autotuning

Autotuning will start if the RUN Key is pressed when the “Tuning Ready?” message is being dis-
played.

The motor will operate during autotuning, so be sure that it is safe for the motor to operate before press-
ing the RUN Key.

The following message will be displayed when the RUN Key is pressed:

/\\\mHi\mljmll:‘\A\\\\

Autotuning takes up to 1.5 minutes. The message“Tune Successful” will be displayed when autotun-
ing has been completed.

If autotuning has been completed successfully, press the MENU Key and proceed to the next operation.

If a fault occurred during autotuning, refer to 6.2.2 Autotuning Faults for details on correcting the cause
of the fault and perform autotuning again.

Tune Proceeding ] The “Tune Proceeding” message will blink.

6.2.2 Autotuning Faults

One of the fault messages in the following table will be displayed if a fault occurs during autotuning
and the motor will stop. In this case, determine the cause of the fault, correct it, and perform autotuning
again.

The fault display can be cleared by pressing the MENU Key.

The motor constants will revert to their default settings if a fault occurs. Set these constants again be-
fore starting autotuning again.
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6.2.2 Autotuning Faults

Table[6.2[] Troubleshooting[Autotuning[Faults[for[Ppen-loop[YVector[Control
Fault Display Probable Cause Remedy
. There was a fault in the rela- | Change the settings to conform to the follow-
Data Invalid There was a fault in the data

(Motor data fault)

set during autotuning.

tionship between the rated
frequency, rated speed, and
number of poles.

ing equation:
Rated speed < 120 x Motor frequency/Num-
ber of poles

ALARM: Over Load
(Excessive tuning load)

The effective load factor ex-
ceeded 20% during autotun-
ing.

A load is connected to the
motor.

Remove the load.

There was a setting fault dur-
ing autotuning.

Check the rated current setting. Change if
necessary.

There is a motor bearing
problem.

Turn the Inverter off and rotate the motor by
hand.
Replace the motor if it doesn’t turn smoothly.

Motor speed
(Motor speed fault)

The torque reference value
exceeded 100% during auto-
tuning.

There is a broken/discon-
nected motor power wire.

Check and replace wiring components if nec-
essary.

A load is connected to the
motor.

Remove the load.

Accelerate
(Acceleration fault)

The motor doesn’t accelerate
within the prescribed time.

The torque limit function is
operating.

Initialize the torque limit constants (H7-01 to
H7-04).

The acceleration time is too
short.

Increase acceleration time 1 (C1-01).

A load is connected to the
motor.

Remove the load.

Rated Slip
(Rated slip fault)

The rated slip setting can’t
be tuned within the pre-
scribed time.

A load is connected to the
motor.

Remove the load.

Saturation -1

(Iron core saturation coefficient
1 fault)

Saturation -2

(Iron core saturation coefficient
2 fault)

The core-saturation coeffi-
cients can’t be tuned within
the prescribed time.

The rated current setting isn’t
correct.

Check and change the setting if necessary.

There is a broken/discon-
nected motor power wire.

Check and replace wiring components if nec-
essary.

Resistance
(Line-to-line resistance fault)

No-load Current
(No-load current fault)

The motor terminal resis-
tance or no-load current set-
ting can’t be tuned within the
prescribed time.

The rated current setting isn’t
correct.

Check and change the setting if necessary.

There is a broken/discon-
nected motor power wire.

Check and replace wiring components if nec-
essary.

Tune Aborted
Minor Fault: (1]

A minor Inverter fault oc-
curred.

Check the minor fault indicated in the boxes
in the display shown at the left.

V/f Over Setting

The torque command ex-
ceeded 100%, and the no-
load current exceeded 70%
of the motor’s rated current.

The rated voltage and rated
frequency settings are incor-
rect.

Check and adjust the settings.

A load is connected to the
motor.

Disconnect the load from the motor.
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6.3 V/f Control

With V/f control, the user must set the Inverter input voltage, motor selection, rated current, and V/f pattern.

6.3.1 Setting the Motor Constants: E1-01, E1-02, E2-01

B Inverter Input Voltage: E1-01

e Set the Inverter input voltage (E1-01) to match the power supply voltage.

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ; ; Open
Number Opera- Range Setting Co\r/1/tfrol V/Lvénh Loop | yoctor
tion Vector
) Input voltage set- 155 to 255 200
B1-0T g X |(310t0510) | YAC | @) | @ | @ | @ | Q

o The voltage settings shown in parentheses are for 400 V class Inverters.

o This setting is used as a reference value for functions such as the protection functions.

B Motor Selection and Rated Current: E1-02, E2-01

Motor Selection (Motor Overheating Protection: E1-02

e Set the type of motor being used. This setting is a reference for overheating protection functions.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
Motor selection (mo-
E1-02 | tor overheating X 0to2 - 0 Q Q Q Q
protection)
o Settings
Setting Function
0 Standard motor (general-purpose motor)
1 Special motor (inverter-exclusive motor)
2 Special motor (vector-exclusive motor)

Motor Rated Current (Electronic Thermal Reference Current): E2-01

e Set the rated current (A) shown on the motor nameplate.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Motor rated current (12%?(; 0
E2-01 [ (electronic thermal x 7 A 2 Q Q Q Q
of rated
reference current) .
current)!

* 1. The setting range is 10) to 200% of the Inverter rated output current.
*[2.(0Che[factory[detting[depends[iipon[the[Inverter{¢apacity.[Refer[fo[pages[3[[4 7[dnd[B[H[49.
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6.3.2 V/f Pattern Selection: E1-03

6.3.2 V/f Pattern Selection: E1-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
E1-03 | V/f pattern selection x OtoF - F Q Q x x

e The V/f pattern can be set to any of the following:
» One of 15 preset patterns (settings 0 through E)
* A custom user-set pattern (setting F)

o The factory setting for E1-03 is “F” (user-defined V/f pattern), but the default contents of this setting
are the same as setting “1.”

B Selecting a Preset V/f Pattern: E1-03 = “0” through “E”

e Refer to the following table to set one of the 15 preset patterns.

Characteristics Applications Setting Specifications
These patterns are for general-purpose 0 50 Hz
applications.
1 60 Hz

Use these patterns when the load torque

Fixed torque

is to remain constant for any rotational 2 60 Hz, Voltage saturation at 50 Hz

speed, such as in straight-line convey-

ors. 3 72 Hz, Voltage saturation at 60 Hz
4 50 Hz, cubic

Use these patterns when there is a qua- :

. dratic or cubic relationship between the S 50 Hz, quadratic
Variable torque . ] . .

rotational speed and load, such as in 6 60 Hz, cubic

fans or pumps.
7 60 Hz, quadratic

Select a high starting torque V/f pattern o

only in the following cases: 8 50 Hz, low starting torque

» The wiring distance between the In-

verter and motor is relatively large S
(greater than 150 m). 9 50 Hz, high starting torque

* A large torque is required at startup
(such as for heavy axis loads).

High starting
torque*

A 60 Hz, low starting torque
¢ An AC or DC reactor is connected to

the Inverter’s input or output.

* Amotorless than the maximum appli- b 60 Hz, high starting torque
cable motor is being used.

These patterns are for applications that C 90 Hz, Voltage saturation at 60 Hz

ngh-speed Op- | must rotate at frequenci'es greater than 120 Hz, Voltage saturation at 60 Hz
eration 60 Hz. A fixed voltage is applied at fre-
quencies greater than 60 Hz. E 180 Hz, Voltage saturation at 60 Hz

*

Normally it isn’t necessary to use these patterns because starting torque is ensured by auto-
matic torque boost functions.

o The constant settings for E1-04 through E1-10 will be changed automatically when one of these pat-
terns is selected. There are three possible settings for these constants depending on the Inverter’s ca-
pacity:

*« A0.4to1.5kW V/f pattern
o A22t045kW V/f pattern

e A 5510300 kW V/f pattern

o The characteristics for these patterns are shown in the diagrams on the following pages.
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Setting 0

200

V/f Patterns: 0.4 to 1.5 kW
o Fixed Torque Characteristics (Settings 0 to 3)

50 Hz

Setting 1

60 Hz

Setting 2

60 Hz

72 Hz

Setting 3

15| -
9 | LT . ‘ ‘
01325 50 (Hz) 0153 60(Hz 0153 50 60(Hz) 0 153 (Hz) 60 72
e Variable Torque Characteristics (Settings 4 to 7)
Setting 4 50 Hz Setting 5 50 Hz Setting 6 60 Hz Setting 7 60 Hz

013

25

Setting 8

50 Hz

e High Starting Torque Characteristics (Settings 8 to b)

Setting 9

200

50 Hz

Setting A

2000

60 Hz

Setting B 60 Hz

24 |

19| -
13 |

"o ‘ ‘

01325 50 (Hz) 01325 50 (Hz) 015 3 60(Hz 0 153 60 (Hz)

o High-speed Operation (Settings C to E)
Setting C 90 Hz Setting D 120 Hz Setting E 180 Hz
(V)

200

0153

(H2)

The voltages above are for 200 V class Inverters. Double the voltages for 400 V class Inverters.
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6.3.2 V/f Pattern Selection: E1-03

Setting 0

V/f Patterns: 2.2 to 45 kW

50 Hz

o Fixed Torque Characteristics (Settings 0 to 3)

Setting 1

60 Hz

Setting 2

V)
200

60 Hz

72 Hz

Setting 3

200

(Hz 6072

14f - 14} - 141
7+ | 7F | 7r
013 25 50 (Hz) 0153 60(Hz) 0153 50 60(Hz) 0153
e Variable Torque Characteristics (Settings 4 to 7)
Setting 4 50 Hz Setting 5 50 Hz Setting 6 60 Hz Setting 7 60 Hz

200

015 30

e High Starting Torque Characteristics (Settings 8 to b)

Setting 9

50 Hz

Setting A

60 Hz

0153

60 (Hz)

Setting B 60 Hz

0153

01325 50 (Hz) 01325 50 (Hz)
o High-speed Operation (Settings C to E)
Setting C 90 Hz Setting D 120 Hz Setting E 180 Hz

0153

(H2)

60 120

0153 (1

The voltages above are for 200 V class Inverters. Double the voltages for 400 V class Inverters.
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V/f Patterns: 55 to 300 kW

o Fixed Torque Characteristics (Settings 0 to 3)

Setting 0 50 Hz Setting 1 60 Hz Setting 2 60 Hz Setting 3 72 Hz

V) v M_
200 200" - — 200

127 12f - o 12f
6 6 ! : : 6
01325 50 (Hz) 0153 60(Hz) 0153 50 60 (Hz) 0153 (H2) 60 72

e Variable Torque Characteristics (Settings 4 to 7)
Setting 4 50 Hz Setting 5 50 Hz Setting 6 60 Hz Setting 7 60 Hz

200

e High Starting Torque Characteristics (Settings 8 to b)

50 Hz Setting 9

50 Hz

Setting A

60 Hz

Setting B 60 Hz

15 -
7t |
01325 50 (Hz) 013 25 50 (Hz) 0153 60 (Hz) 0153
o High-speed Operation (Settings C to E)
Setting C 90 Hz Setting D 120 Hz Setting E 180 Hz
\Y
200( )

0153 (1

(Hz) 60 180

The voltages above are for 200 V class Inverters. Double the voltages for 400 V class Inverters.
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6.3.2 V/f Pattern Selection: E1-03

B Setting a User-defined V/f Pattern: E1-03 = “F”

o Constants E1-04 through E1-10 can be set by the user when E1-03 has been set to “F.” These constants
are read-only when E1-03 isn’t set to “F.”

e When making the V/f characteristics a straight line, set the same value in E1-07 (middle output fre-
quency) and E1-09 (minimum output frequency). In this case, constant E1-08 (middle output frequen-
cy voltage) will be disregarded.

o The user constant numbers for motor 2 are given in parentheses.

Settings for E1-04 to E1-10 (E4-01 to E4-07) and E1-13

User Change Valid Access Levels
during Setting . | Factory
Constant Name Unit . Vi | Viwith | Open | g
Number Opera- Range Setting | conor | PG Loop | \egtor
tion Vector
Max. output fre-
E1-04
Eaoq |aueney x o lm |00 | Q@ | Q@ | Q| Q
(B4-01) | Fmax) '
E1-05 Max. volt "
ax. voltage x | 000250 Fyac {2001 @ | @ | @ | a

(E4-02) | (VMAX)

E1-06 | Base frequency

(€4-03) |(FA) X 0.0to 400.0 | Hz 60.0 Q Q Q Q

E1-07 Mid. output fre-

quency x 0.0t0400.0 | Hz | 3.0"2 Q Q A x
(E4-04) (FB)

Mid. output fre-
E1-08

quency voltage X 0.0 tq*1255.0 VAC *115'92 Q Q A x
(E4-05) (VC) 7
E1-09 Min. output fre-
Eaos |3"Y x 0.0t0400.0 | Hz | 1.572 Q Q Q A
(E4-08) | Eviny

Min. output fre-
E1-10

quency voltage x 0.0 t21255.0 VAC *91'0*2 Q Q A x
(E4-07) (VMIN) ’

B 1t. *
ST x  |00t2550 |vaC | 00 | A | A | Q@ | Q

(VBASE)

* 1. These values are for the 200 V class; double the values for 400 V class Inverters.

* 2. The factory setting depends on the Inverter capacity. The factory settings shown in the table
are[for[200[V[¢lass,[0.4[fo[] .5SkW[Inverters.[(See[page[B[I[47.)
Refer[fo[the[graphs[Hor[TSetting:[1”[dhlpages[6[H2AAnd[6[25.

*[3.[IE1-13[ik[Set[to[0.0,[F 1-13WillBe[get[tb[the[Same[Jalue[ds[E1-05Hollowing[dutotuning[dnd
does[hot[heed[fo[He[3et.

o) The[factory[3ettings[Hor[E1-07[through[E1-10[Will[be[det[dccording[fo[fhe[¢ontrol[Inethod[Whenever
the[¢ontrol[method[is[¢hanged.[The[factory[dettings[§hown[in[fhe[fable[dre[for[V/f[¢ontrol.[$ee[page
8335.)

o The four frequency settings must satisfy the following formula:

E1-04 (Fmax) = E1-06 (Fa) > E1-07 (Fp) =2 E1-09 (FyiN)
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Output voltage (V)

VMAX
(E1-05)

<1VBASE;>
(E1-13)

Ve
(E1-08)

VMIN |
(E1-10)

‘ : : . Frequency (Hz)
FMIN FB FA FMAX
(E1-09) (E1-07) (E1-06)  (E1-04)

Fig[®.11 User-defined[V/f{Pattern
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6.4.1 PG Speed Control Card Settings

6.4 Flux Vector Control

With flux vector control (vector control with PG), make the settings for the PG Speed Control Card, select the
zero-speed operation method, set the various autotuning constants, and then adjust the gain of the speed control
loop.

Always perform autotuning for the motor unit separately before vector control operation. Vector control is not
effective without autotuning.

To ensure high-accuracy torque/speed control, use a motor specifically designed for vector control with an inte-
grated PG.

When setting up a PG (encoder), connect it directly to the motor shaft. If the PG is connected to the motor via
gearing or belts, responses can be delayed by backlash or torsion; the delayed responses can generate oscillation
and make control impossible.

When continuously operating the Unit at low speeds with a heavy load, reduce the carrier frequency (C6-01)
to 2 kHz.

6.4.1 PG Speed Control Card Settings
B Available PG Speed Control Cards

e There are 4 models of PG Speed Control Cards, but only 2 models can be used with vector control.
« PG-B2: Phase-A/Phase-B pulse inputs, complementary output

* PG-X2: Phase-A/Phase-B/Phase-Z pulse inputs, line drivers

o Select the Card according to the application and install it in the Inverter as described in 3.7 Installing
and Wiring PG Speed Control Cards.

B PG Constant: F1-01

o Set the PG (pulse generator or encoder) constant in pulses/revolution.
e Set the number of phase-A or phase-B pulses in one motor revolution.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | g
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
F1-01 PG constant x 0to 60000 | p/r 600 X Q X Q

B PG Rotation Direction: F1-05

e This constant is used to coordinate the PG’s rotation direction with the motor’s rotation direction.

The setting for the standard applicable Yaskawa PG (made by SUMTAK) is an advanced phase A for
forward rotation.

e Generally, phase A leads when the PG rotates in the clockwise direction (looking from the input axis).
When a forward reference is output, the motor rotates in the counterclockwise direction (looking from
the output axis).

e Set whether phase A or phase B leads when the motor operates in the forward direction.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
F1-05 PG rotation X 0,1 - 0 X B X B
o Settings
Setting Function
0 Phase A leads with forward rotation. (Phase B leads with reverse rotation.)
1 Phase B leads with forward rotation. (Phase A leads with reverse rotation.)
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VS-616G5

[Setting: 0]

Motor

Forward

>

>

%ulse output

PG (encoder)

[Setting: 1]

PhaseA — L—1 L1 L

Phase B l l l

Forward
——>

Phase A

PhaseB — Lo—1 LI L

e Forward rotation in a typical motor (applicable Yaskawa PG: made by Thermtac):

The motor output shaft rotates in
the counterclockwise direction
with a forward inverter reference.

o Phase A leading in a typical PG:

FiglB.12

Forward rotation

Phase A leads when the input axis rotates clockwise.

C-. Phase A S I T I
I B

Phase B
PG[Rotation[Direction[Hetting

B PG Pulse Output Monitor Division Rate: F1-06

e This constant is effective only when a PG-B2 PG Control Card is used.
o It sets the division ratio used when the pulse monitor output is connected to a pulse input device.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | ector
tion Vector
F1-0p |FGdivisionraie (PG | 10132 | - | 1 x | B | x | B
pulse monitor)

o The first digit in the setting (0 or 1) is n and the second two digits (01 to 32) are m. The division ratio
is calculated from n and m with the following equation:

Division ratio = ( 1+n )/m
F1-06 =0 0O

n m

Setting Ranges

n: 0,1

m: 1to 32

e Possible division rate settings are as follows: 1/32 = F1-06 = 1. For example, if the division rate is
1/2 (a setting of “2”), the monitor output will be half of the number of pulses output from the PG.

B Fault Detection Functions: F1-02 to F1-04, F1-08 to F1-11, F1-14

PG Disconnection Stopping Method: F1-02, F1-14

o Sets the PG open-circuit detection time and stopping method that is used when a break is detected in

the PG cable (PGO).
User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
F1.02 | Operation selection x 003 | - | 1 x | B | x | B
at PG open circuit
F1-14 | PO open-circuit x | 00t100 | s | 20 x | A | x | A
detection time
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6.4.1 PG Speed Control Card Settings

o Settings
Setting Function
0 Deceleration to stop using deceleration time 1 (C1-02).
1 Coast to stop
Emergency stop using the emergency-stop time (C1-09).
3 Continue operation (To protect the motor and machinery, this is not normally set.)

Overspeed Settings: F1-03, F1-8, F1-09

e Overspeed refers to an excessive motor speed.

e Set the conditions (level and time) for detecting overspeed and the stopping method that is used when
an overspeed is detected.

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
F1-03 Operation selection % 0to3 B 1 x B % B
at overspeed
F1-0g | Overspeed detection | 0120 | % | 15 | x | A | x | A
level
F1-09 | Qverspeed detection | 00020 | s | 00 | x | A | x | A
delay time
o Settings
Setting Function
0 Deceleration to stop using deceleration time 1 (C1-02).
1 Coast to stop
2 Emergency stop using the emergency-stop time (C1-09).
3 Continue operation (To protect the motor and machinery, this is not normally set.)

e F1-08 and F1-09 Settings

Constant F1-08 sets the overspeed detection level as a percentage of the maximum output frequency.
Constant F1-09 sets the length of time in seconds that the motor speed must exceed the overspeed
detection level in order to generate an overspeed fault.

PG Speed Deviation Settings: F1-04, F1-10, F1-11

e After an agreement of the actual motor speed and the reference speed has been detected (depending
on the setting in F1-04), the differrence between the actual motor speed ( caluculated from the PG feed-
back value) and the frequency reference must exceed the PG speed deviation detection level set in
F1-10 and the allowable time set in F1-11 to detect a PG speed deviation(DEV.)

e These constants set the conditions (level and time) for detecting PG speed deviation and the stopping
method that is used when a PG speed deviation is detected.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop Vector
tion Vector
F1.04 | Operation selection x 007 | - | 3 x | B | x | B
at deviation
Excessive speed
F1-10 | deviation detection x 0to 50 % 10 x A x A
level
Excessive speed
F1-11 deviation detection x 0.0 to 10.0 s 0.5 x A x A
delay time
o Settings (F1-04)
Setting Function
0 Deceleration to stop using deceleration time 1 (C1-02).*1
1 Coast to stop*1
2 Emergency stop using the emergency-stop time (C1-09).*1
3 Continue operation (Displays “DEV” and continues control.)*1
4 Deceleration t to stop using deceler action time 1 ( C1-02)*2
5 Coast to stop *2
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Setting Function
6 Emergency stop using the emergency-stop time (C1-09)*2
7 Continue Operation (Displays "DEV” and continues control )*2

. Speed agreement conditions: The frequency reference and output frequency were entered
in the speed agree detection width set in L.4-02.

* 2. Speed agreement conditions: The frequency reference and the (actual) motor speed based

on the PG feedback value were entered in the speed agree detevtion width set in L4-02.

e F1-10 and F1-11 Settings
Constant F1-10 sets the PG speed deviation detection level as a percentage of the maximum output
frequency. Constant F1-11 sets the length of time in seconds that the difference between the motor
speed and reference speed must exceed the PG speed deviation detection level in order to detect a PG
speed deviation (DEV).

6.4.2 Setting the Zero-speed Operation Constants

e With flux vector control, operation is possible even when the frequency reference is zero (below the
minimum output frequency).

o Set the operation methods for the minimum output frequency.
B Stopping Method Selection: b1-03

e Set the stopping method used when a stop command is input.

Change Valid Access Levels
C(;-rjgta;nt Name during Setting unit | Factory v vrwim | Open |
i witl ux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
b1-03 | Stopping method x 0to3 - 0 Q Q Q Q
selection
e Settings
Setting Function
0 Deceleration to stop
1 Coast to stop
2 DC injection braking stop (This setting can’t be made with flux vector control.)
Coast to stop with timer (This setting can’t be made with flux vector control.)

B Zero-speed Operation: b1-05 and Minimum Output Frequency: E1-09

o Set the operation method used when the frequency reference is below the minimum output frequency.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwith | P80 | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Operation selection
b1-05 | for setting of E1-09 X 0to3 - 0 X X X A
or less
e Settings
Setting Function
0 Operate according to the frequency reference. (E1-09 is invalid.)
1 Interrupt the output. (Coast when the frequency reference is below E1-09.)
2 Operate at E1-09 frequency. (Output the frequency set in E1-09.)
3 Zero-speed operation (Zero reference value when the frequency reference is below E1-09.)

Minimum Output Frequency (FMIN): E1-09

e Set the minimum output frequency according to the requirements of the application.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | P80 | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
E1-09 IC";“" outputfrequen- | 160164000 | Hz | 0.0 Q | a | a | A
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6.4.2 Setting the Zero-speed Operation Constants

W Initial Excitation Settings: b2-01, b2-03, b2-04

o Set the zero speed level, DC injection braking time at startup, and the DC injection braking time when

stopping.
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Zero speed level
b2-01 [ (DC injection brak- x | 00100 |Hz| 05 | B | B | B | B
ing starting frequen-
cy)
] DC injection braking 0.00 to .
b2-03 time at start x 10.00 s 0.00 B B B B
] DC injection braking 0.00 to .
b2-04 time at stop x 10.00 s 0.50 B B B B

o With flux vector control, the DC injection braking function is replaced by the initial excitation function
and zero speed function.

o The timing of the initial excitation function depends on the zero-speed operation method selected in
b1-05[(zero-speed[dperation),[ds[shown[in[Figure[6.13.

o The initial excitation function stops a motor that is rotating because of inertia.

Run command

Frequency reference 2 NU. . . . _ A
from analog input 0

Inverter internal frequency reference

! (Soft start input)
‘ After the run command goes
! OFF, zero-speed control is per-

(RUN at Min Frequency) performed for the time set in
b2-04 when the motor speed

drops below b2-01.

Initial
excitation

® b1-05=0 } ] 1
(RUN at Frequency Initial w oo | formed for the time set in b2-04
Ref) excitation ! Lo ‘ when the motor speed drops be-
B N low b2-01.
BB (Baseblock) ;o ‘ BB
® b1-05 = 1 ! : ! j 1 After the frequency reference
S'-I'OP_ Initial excitation Lo falls below E1-09, initial excita-
( ) from E1-09 ! v tion starts when the motor speed
! | dfops below b2-01.
BB . | o ] BB
! o b ! After the run command goes
® b1-05=2 ! oo L \ OFF, zero-speed control is

BB

: After the run command goes
‘ OFF, zero-speed control is
! performed for the time set in

Initial \ | b2-04 when the motor
excitation \- speed drops below b2-01.

BB Zero speed Zero speed BB

® b1-05=3
(RUN at Zero RPM)

Fig[®.13 Settings[for[Initial[Excitation[@nd[Zero-speed[Control

o Initial excitation is started from b2-01 (zero speed level) when decelerating. A setting of b2-01 <E1-09
is valid only with flux vector control.

o The current level for the initial excitation function is set in E2-03 (motor no-load current).
e The DC injection braking current (b2-02) isn’t used with flux vector control and can’t be set.
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6.4.3 Autotuning

/\ CAUTION

e Do not connect a load to the motor when performing autotuning.
Doing so may result in personal injury or equipment damage.

B Precautions Before Autotuning

o The Inverter’s autotuning function automatically determines the motor constants while a servo sys-
tem’s autotuning function determines the size of aload, so these autotuning functions are fundamental-
ly different.

e If aload is connected when autotuning is performed, not only will incorrect motor constants be re-
corded, but the motor may operate erratically or unexpectedly.

e The motor shaft will rotate when autotuning is performed. Confirm safety before starting autotuning.

e When the motor cannot be disconnected from the load, motor constants can be set by calculation. Con-
tact your Yaskawa representatives for details.

B Inverter Input Voltage Setting: E1-01

o Set the Inverter input voltage to match the power supply voltage.

User Change Valid Access Levels
during Setting . | Factory
Constant Name Unit ) v | viwitn | Open | g
Number Opera- Range Setting | conor | PG Loop | \iegtor
tion Vector
} Input voltage set- 155 to 255 200
B1-01 g X | Gl0w0s10) | YAC | @00y | @ | @ | @ | Q

o The voltage settings shown in parentheses are for 400 V class Inverters.
o This setting is used as the reference value for functions such as the protection functions.

B Motor Selection (Motor Overheating Protection): E1-02

e Set the type of motor being used. This setting is a reference for overheating protection functions.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yigctor
tion Vector
Motor selection (mo-
E1-02 | tor overheating x 0to2 - 0 Q Q Q Q
protection)
o Settings
Setting Function
0 Standard motor (general-purpose motor)
1 Special motor (inverter-exclusive motor)
2 Special motor (vector-exclusive motor)

B Required Constant Settings

1. Enter autotuning mode and make the following constant settings:
» Rated Voltage*

Set the rated voltage (VAC) shown on the motor nameplate.
The rated voltage for vector control motors may be 10% to 20% lower than that for general-pur-
pose motors. Check the voltage on the nameplate or in the test reports.

» Rated Current
Set the rated current (A) shown on the motor nameplate.
» Rated Frequency*
Set the rated frequency (Hz) shown on the motor nameplate.
» Rated Speed
Set the rated speed (r/min) shown on the motor nameplate.
« Number of Poles
Set the number of poles.
» Motor Selection
Select motor 1 or motor 2. (Normally select motor 1.).
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6.4.3 Autotuning

» PG Pulses/Rev:
Set the number of A-phase or B-phase pulses per revolution.

2. The following message will appear when the constants have been set:

., Tuning Ready? | The “Press RUN Key” message will
Press RUN key blink.

3. At this point, it is still possible to change the constant settings by pressing the Increment and Decre-
ment Keys to display the desired constant.

4. Pressthe STOP Key to cancel autotuning, and then press the MENU Key and DATA/ENTER Key. The
operation mode display will appear.
* There are differences between simple and advanced settings. Refer to the table below.

Operator Display Simple Settings (motor name- Detailed Settings
plate ratings)
Rated Voltage Rated motor voltage Non-load voltage at rated revolu-
tions
Rated Frequency Rated motor frequency Frequency without load at rated rev-
olutions

The motor test reports, design data, and other detailed data is required to make detailed settings.
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B Performing Autotuning

Autotuning will start if the Run Key is pressed when the “Tuning Ready?” message is being displayed.

The motor will operate during autotuning, so be sure that it is safe for the motor to operate before press-

ing the Run Key.

The following message will be displayed when the Run Key is pressed:

Tune Proceeding

/\\\l__L‘H\Z\l__L‘mlJ;‘D\ [ Y

] The “Tune Proceeding” message will blink.

Autotuning takes up to 1.5 minutes. The message“Tune Successful” will be displayed when autotun-

ing is completed.

If autotuning has been completed successfully, press the Menu Key and proceed to the next operation.

o If[dfflault[dccurred[during[dutotuning,[defer(to[Tablel6. I[Autotuning[F aults[or[details[dpldorrecting[the
cause[¢f[fhe[fault[dnd[perform[dutotuning[dgain.

H Autotuning[Faults

One[df[the[fault[imessages[in[the[{ollowing[fable[Will[He[displayed[iffd[fault[dccurs[during[dutotuning
and[the[thotorWill[§top.In[this[dase,[determine[the[dause[dfthe[fault,[dorrectfi},[dnd[perform[dutotuning

again.

The[fault[display[¢an[Be[¢leared[BfI pressing[the[MENU[Key.

The[thotor[¢onstants[Will[devert[fo[their[default[dettings[if[d[Hault[dccurs.[Set[these[donstants[dgain[Be-
fore[§tarting[dutotuning[dgain.

Table[®.3[] Troubleshooting[Autotuning[fFaults[for[Dpen-loop[Vector[Control
Fault Display Probable Cause Remedy
) There was a fault in the rela- | Change the settings to conform to the follow-
Data Invalid There was a fault in the data | tionship between the rated ing equation:
(Motor data fault) set during autotuning. frequency, rated speed, and Rated speed < 120 x Motor frequency/Num-

number of poles.

ber of poles

ALARM: Over Load
(Excessive tuning load)

The effective load factor ex-
ceeded 20% during autotun-

ing.

A load is connected to the
motor shaft.

Remove the load.

There was a setting fault dur-
ing autotuning.

Check the rated current setting. Change if
necessary.

There is a motor bearing
problem.

Turn the Inverter off and rotate the motor by
hand.
Replace the motor if it doesn’t turn smoothly.

Motor speed
(Motor speed fault)

The torque reference value
exceeded 100% during auto-
tuning.

There is a broken/discon-
nected motor power wire.

Check and replace wiring components if nec-
essary.

A load is connected to the
motor shaft.

Remove the load.

Accelerate
(Acceleration fault)

The motor doesn’t accelerate
within the prescribed time.

The torque limit function is
operating.

Initialize the torque limit constants (H7-01 to
H7-04).

The acceleration time is too
short.

Increase acceleration time 1 (C1-01).

A load is connected to the
motor shaft.

Remove the load.

Rated Slip
(Rated slip fault)

The rated slip setting can’t
be tuned within the pre-
scribed time.

A load is connected to the
motor shaft.

Remove the load.

Saturation -1

(Iron core saturation coefficient
1 fault)

The core-saturation coeffi-

Saturation -2

(Iron core saturation coefficient
2 fault)

cients can’t be tuned within
the prescribed time.

The rated current setting isn’t
correct.

Check and change the setting if necessary.

There is a broken/discon-
nected motor power wire.

Check and replace wiring components if nec-
essary.

Resistance
(Line-to-line resistance fault)

The motor terminal resis-
tance or no-load current set-

No-load Current
(No-load current fault)

ting can’t be tuned within the
prescribed time.

The rated current setting isn’t
correct.

Check and change the setting if necessary.

There is a broken/discon-
nected motor power wire.

Check and replace wiring components if nec-
essary.

Motor Direction Fault
(Motor direction fault)

There is a faulty connection
between the Inverter and PC
(A or B phase) or the Invert-
er and Motor (U, V, or W
phase).

¢ Check the PG wiring.
¢ Check the motor wiring.

e Check the PG rotation direction and
constant F1-05.
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6.4.4 Speed Control (ASR) Structure

Fault Display

Probable Cause

Remedy

PG Circuit Fault

PGO: PG break detected)

Pulses aren’t being input
from the PG even though a
rotation output is being sent
to the motor.

¢ The cable to the PG is bro-
ken/disconnected.

¢ The PG’s power supply is
broken/disconnected.

Check the wiring and correct any problems.

Tune Aborted
Minor Fault: O

A minor Inverter fault oc-
curred.

Check the minor fault indicated in the boxes
in the display shown at the left.

V/f Over Setting

The torque command ex-
ceeded 100%, and the non-
load current exceeded 70%

The rated voltage and the
frequency settings are incor-
rect.

Check and adjust the settings.

The load is connected to the
motor.

6.4.4 Speed Control (ASR) Structure

of the rated motor current. Disconnect the load from the motor.

e The following block diagram shows the structure of the speed control.

Torque limits
C5-01, C5-03
Secondary cur-
N - + A~ Primary rent reference
Frequency P delay filter
reference _ +
Detected | C5-06 L7-01 to L7-04
speed
C5-02, C5-04

In vector flux control, the ASR’s P gain is the maximum frequency standard.

Fig®.14 Speed[TControl[Btructure

B Gain Settings: C5-01, C5-02

e Set the proportional gain and the integral time of the speed control (ASR).

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ; Vi | viwith | Open | g
Number Opera- Range Setting | ool | PG | L9 | vegtor
tion Vector
] ASR proportional 0.00 to Multi-
C5-01 P) oain 1 @) 300.00 le 20.00 x B x B
g P
) ASR integral (I) 0.000 to
C5-02 time 1 @) 10.000 s 0.500 x B x B

B Low-speed Gain Settings: C5-03, C5-04, C5-07

o Use these constants to set different proportional gain and integral time settings for low-speed opera-
tion. Constant C5-03 sets the low-speed proportional gain of the speed loop (ASR), and C5-04 sets the
low-speed integral time.

o Set constant C5-07 to the frequency at which to switch to the low-speed ASR proportional gain and
integral time.

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
] ASR proportional 0.00 to Multi-
C5-03 (P) gain 2 @) 300.00 ple 20.00 x B x B
) ASR integral (I) 0.000 to
C5-04 time 2. @) 10.000 s 0.500 x B x B
cs-07 |ASRswitchingfre- | g0104000 | Hz | 00 | x | «x x | A
quency
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o1 Figure[6.15[3hows[how[fhe[proportional[gain[dnd[integral[fime[dpproach[the[ASR[proportional[gain
2 and ASR integral time 2 linearly.

P 1

P=C5-01
1=C5-02

P=C5-03
‘ I=C5-04 (Low speed)

Motor speed (Hz)
0 C5-07

If C5-07 is set to 0.0, ASR proportional gain 1 and ASR integral
time 1 are used for the proportional gain and integral time at all
frequencies.

Fig[®.15 Gain[Bettings[at[low[Frequencies
B Multi-function Input Settings: H1-01 (Terminal 3) to H1-06 (Terminal 8)

ASR Integral Reset Setting: “E”

o When one of the multi-function inputs is set to “E,” the input can be used to switch the speed control
loop between P control and PI control.

e P control (integral reset) is used when the multi-function input is ON.

ASR Proportional Gain Switch Setting: “77”

e  When one of the multi-function inputs is set to “77,” the input can be used to switch between propor-
tional gain 1 and proportional gain 2.

e Proportional gain 2 (C5-03) is used when the multi-function input is ON. This input has higher priority
than the ASR switching frequency set in C5-07.

ASR Gain Switch
signal (a multi-func- OFF | |

tion input)
Proportional gain

Proportional gain determined by mo-
(P) N\ ! / tor speed.

C5-03 gain setting

C5-02 C5-02

The gain is changed linearly in integral time 1 (C5-02). The integral
time setting isn’t switched.

Fig[6.16 ASR[Proportional[Gain[$witch

B Speed Control (ASR) Responsiveness: C5-06

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) v | iwith | OPen | Eux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
C5-06 ASR primary delay % 0.000 to S 0.004 < < < A
time 0.500

e Normally it isn’t necessary to make this adjustment.

e Constant C5-06 can be used when adjusting the gain doesn’t remove motor oscillation, or adjusting
the gain removes oscillation but results in poor responsiveness.

o Ahigh C5-06 setting lowers the responsiveness of the speed control, but makes it difficult for oscilla-
tion to occur.
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6.4.5 Speed Control (ASR) Gain

6.4.5 Speed Control (ASR) Gain

B Gain Adjustment Procedure

Use the following procedure to adjust the gain with the mechanical system and actual load connected.

At zero-speed, increase C5-01 (ASR
P Gain 1) until there is no oscillation.

At zero-speed, decrease C5-02 (ASR
| Time 1) until there is no oscillation.

Does oscillation develop when the YES -
motor operates at the maximum nor- | Decrease C5-01 (ASR P Gain 1). |

mal operating speed?
NO

Adjustment completed. \ Increase C5-02 (ASR | Time 1).
(When there is higher-level position
control, adjust the position loop gain
so that overshooting/undershooting
doesn’t occur.)

Fig[®.17 Gain[Adjustment[Procedure

B Fine Adjustments

e When you want even finer gain adjustment, adjust the gain while observing the speed waveform.
o Constant settings like those shown in the following table will be necessary to monitor the speed wave-

form.
Constant Setting Explanation

H4-01 Analog output selection (terminal 21) 2 . . .

- - Settings that allow multi-function
H4-02 Analog output gain (terminal 21) 1.00 analog output 1 to be used to mon-
H4-03 Analog output bias (terminal 21) 0.0 itor the output frequency.
H4-04 Analog output selection (terminal 23) 5 . . .

- - Settings that allow multi-function
H4-05 Analog output gain (terminal 23) 1.00 analog output 2 to be used to mon-
H4-06 Analog output bias (terminal 23) 0.0 itor the motor speed.
H4-07 Analog output level selection 1 This setting allows a 0 to 10 V

signal range to be monitored.

o The multi-function analog outputs have the following functions with these constant settings.
» Multi-function analog output 1 (terminal 21): Outputs Inverter’s output frequency (0 to £10 V).
« Multi-function analog output 2 (terminal 23): Outputs actual motor speed (0 to +10 V).
Terminal 22 is the multi-function analog output common.
e We recommend monitoring both the output frequency and the motor speed to monitor the response
delay or deviations from the reference value, as shown in the following diagram.

Output frequency

AN

Motor speed

N

Motor speed (response)

Time

Fig[6.18 Example[Monitor[Waveforms



6.4 Flux Vector Control

Adjusting ASR Proportional Gain 1 (C5-01)
e This gain setting adjusts the responsiveness of the speed control (ASR).

o The responsiveness is increased when this setting is increased. Usually this setting is higher for larger
loads. Oscillation will occur if this setting is increased too much.

o The following diagram shows the type of changes that can occur in the response when the ASR propor-
tional gain is changed.

The proportional gain is high.
/ (Oscillation occurs when the gain is too high.)
- it

’
’
7
4

The proportional gain is low.

Motor speed

aN Time

Fig[®.19 Responsiveness[ior[Proportional[Gain

Adjusting ASR Integral Time 1 (C5-02)
e This constant sets the speed control (ASR) integral time.

o [Lengthening the integral time lowers the responsiveness, and weakens the resistance to external in-
fluences. Oscillation will occur if this setting is too short.

o The following diagram shows the type of changes that can occur in the response when the ASR integral
time is changed.

/ Short integral time

-
e

Long integral time

Motor speed

Time

Fig[®.20 Responsiveness[ior[integral[Time

B Different Gain Settings for Low-speed and High-speed

Switch between low-speed and high-speed gain when oscillation occurs because of resonance with the me-
chanical system at low speed or high speed.
Setting the Gain Switching Frequency (C5-07)
o Set the switching frequency to about 80% of the motor operating frequency or the frequency at which
oscillation occurs.
Low-speed Gain Adjustments (C5-03, C5-04)

o Connect the actual load and adjust these constants at zero-speed. Increase ASR proportional gain 2
(C5-03) until there is no oscillation.

e Decrease ASR integral time 2 (C5-04) until there is no oscillation.

High-speed Gain Adjustments (C5-01, C5-02)
e Adjust these constants at normal operating speed. Increase ASR proportional gain 1 (C5-01) until there
is no oscillation.
e Decrease ASR integral time 1 (C5-02) until there is no oscillation.

o1 Refer[tb[Fine[Adjustments[dnpage[@[{[3B[Hor(details[dplhaking[fine[ddjustments[df[high-speed[dpera-
tion.
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6.5.1 Motor Constants: E1-01, E1-02, E2-01, E2-04

6.5 V/f Control with PG

With V/f control with a PG, the user must set the motor constants, V/f pattern, and PG Control Card settings,
and then adjust the speed control gain.

6.5.1 Motor Constants: E1-01, E1-02, E2-01, E2-04

B Inverter Input Voltage Setting: E1-01

o Set the Inverter’s input voltage to match the power supply voltage.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
E1-01 Input voltage setting X (:132(5) :g gg) \? (‘2‘88) Q Q Q Q

o The voltage settings shown in parentheses are the values for the 400 V class.

o This setting is used as the reference value for functions such as the protection functions.

B Motor Selection: E1-02, E2-01, E2-04

Motor Selection (Motor Overheating Protection): E1-02

o Set the type of motor being used with the motor selection constant (E1-02). This setting is a reference

for overheating protection functions.

Change Valid Access Levels
User during Setting Factory
Constant Name Unit ; v | vwitn | Open Flux
Number Opera- Range Setting Control PG Loop | vector
tion Vector
Motor selection (mo-
E1-02 | tor overheating x 0to2 - 0 Q Q Q Q
protection)
o Settings
Setting Function
0 Standard motor (general-purpose motor)
1 Special motor (inverter-exclusive motor)
2 Special motor (vector-exclusive motor)
Motor Rated Current (Electronic Thermal Reference Current): E2-01
o Set the rated current (A) shown on the motor nameplate.
Change Valid Access Levels
User during Setting Factory
Constant Name Unit ; v | vwitn | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
Motor rated current 12%((7)0(;0
E2-01 [ (electronic thermal x J A 2 Q Q Q Q
(of rated
reference current) .
current)!
* 1. The setting range is 10% to 200% of the Inverter rated output current.
*[2.[OThe[actory[3etting[depends[ipon[the[lype[df{Inverter.[Refer[fo[pages[B[I[47[and[B[I[39.
Number of Motor of Poles: E2-04
o Set constant (E2-04) to the number of poles shown on the motor nameplate.
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
E2-04 | Number of motor x 210048 | - | 4 x | a | x | a
poles




6.5 V/f Control with PG

6.5.2 V/f Pattern Selection: E1-03

o The V/f pattern can be set to any of the following:

» One of 15 preset patterns (settings O through E)

» A custom user-set pattern (setting F)

e The factory setting for E1-03 is “F” (user-defined V/f pattern), but the default contents of this setting
are the same as setting “1.”

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
E1-03 | V/f pattern selection X OtoF - F Q Q X X
B Selecting a Preset V/f Pattern: E1-03 = “0” through “E”
o Refer to the following table when selecting one of the 15 preset patterns.
Characteristics Applications Setting Specifications
These patterns are for general-purpose 0 50 Hz
applications.
1 60 Hz
Fixed torque Use these patterns when the load torque
is to remain constant for any rotational 2 60 Hz, Voltage saturation at 50 Hz
speed, such as in straight-line convey-
ors. 3 72 Hz, Voltage saturation at 60 Hz
4 50 Hz, cubic
Use these patterns when there is a qua- B
) dratic or cubic relationship between the 5 50 Hz, quadratic
Variable torque ional speed and load. such as i -
rotational speed and load, such as in 6 60 Hz, cubic
fans or pumps.
7 60 Hz, quadratic
Select a high starting torque V/f pattern .
only in the following cases: 8 50 Hz, low starting torque
e The wiring distance between the In-
verter and motor is relatively large L
. . (greater than 150 m). 9 50 Hz, high starting torque
High starting . .
torque * e A lalrlge tlcl)rque is .re(l]ulged at startup
(such as heavy axis loads). A 60 Hz, low starting torque
¢ An AC or DC reactor is connected to
the Inverter’s input or output.
¢ Amotorless than the maximum appli- b 60 Hz, high starting torque
cable motor is being used.
These patterns are for applications that C 90 Hz, Voltage saturation at 60 Hz
High-speed op- | must rotate at frequencies greater than 120 Hz, Volt saturation at 60 H
erations 60 Hz. A fixed voltage is applied at fre- 2 Yoltage saturation &7 o7 7
quencies greater than 60 Hz. E 180 Hz, Voltage saturation at 60 Hz

*

matic torque boost functions.

Normally it isn’t necessary to use these patterns because starting torque is ensured by auto-

o The constant settings for E1-04 through E1-10 will be changed automatically when one of these pat-
terns is selected. There are three possible settings for these constants depending on the Inverter’s ca-

pacity:

« A0.4to 1.5 kW V/f pattern

o A22t045 kW V/f pattern

e A 551t0300 kW V/f pattern

o1 The[¢haracteristics[for[these[patterns[dre[shown[in[the[diagrams[dn[pages[G[H[23[through[6[{[25.

B Setting[a[User-defined[V/f[Pattern:[E1-03[F[1F”

o1 Constants[E1-04[fhrough[E1-10[¢an[Be[3et[By[the[dser[When[E1-03[has[been[det[fo[TF.”
o1 Refer[fo[page[d[H 2B for([details[dpdetting[fhese[¢onstants.
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6.5.3 PG Speed Control Card Settings

6.5.3 PG Speed Control Card Settings
B Available PG Speed Control Cards

e There are 4 models of PG Speed Control Cards, but only 2 models can be used with vector control.
* PG-A2: Phase-A/Phase-B pulse inputs, complementary output

» PG-D2: Phase-A/Phase-B/Phase-Z pulse inputs, line drivers

e Select the Card according to the application and install it in the Inverter as described in 3.7 Installing
and Wiring PG Speed Control Cards.

B Setting the PG Pulse Number: F1-01

o Set the PG (pulse generator or encoder) pulse number in pulses/revolution.
o Set the number of phase A or phase B pulses in one motor revolution.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
F1-01 PG constant x 0to 60000 | p/r 600 X Q X Q

B Setting the Number of PG Gear Teeth: F1-12, F1-13

o When “V/f control with PG feedback” is used, the motor can be operated even if there are gears be-
tween the motor and PG because the responsiveness is lower than it is with vector control.

o Set the number of teeth on the gears if there are gears between the motor and PG.
e The motor speed will be calculated within the Inverter using the following equation:

Number of pulses input from the PG X 60

Number of gear teeth 2 (F1-13)

Motor speed (r/min) = Number of PG pulses (F1-01) Number of gear teeth 1 (F1-12)
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name . VA | Vifwith A
Number Opera- Range Setting | oo | PG | L9 | vector
tion Vector
F1-12 | Numberof PG gear x 0101000 | - | © x | A | x| x
teeth 1
F1-13 | Number of PG gear x 0101000 | - | 0 x | A | x | x
teeth 2

e A gear ratio of 1 (F1-12 = F1-13 = 1) will be used if either of these constants is set to 0.

B Selecting Integral Operation During Acceleration/Deceleration: F1-07
o When “V/f control with PG feedback” is used, integral control during acceleration and deceleration
can be enabled or disabled with F1-07.

e SetF1-07to“1” (integral control enabled) if you want to keep the motor speed as close to the frequency
reference as possible during acceleration and deceleration. Set F1-07 to “0” (integral control disabled)

if you want to prevent the occurrence of overshooting/undershooting.

User Change Valid Access Levels
during Setting unit | Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Integral value during
F1-07 accel/decel enable/ X 0, 1 - 0 X B X X
disable
e Settings
Setting Function
0 Disabled (The integral function isn’t used while accelerating or decelerating; it is used at
constant speeds.)
1 Enabled (The integral function is used at all times.)

B Setting and Adjusting the Fault Detection Functions

PG Disconnection Stopping Method: F1-02, F1-14

o This constant sets the stopping method that is used when the signal from the PG is lost.




6.5 V/f Control with PG

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Operation selection
F1-02 L X 0to3 - 1 x B X B
at PG open circuit
Fi-14 [ PO open-circuit x 000100 | s | 20 | x | A | x | A
etection time
o Settings
Setting Function
0 Deceleration to stop using deceleration time 1 (C1-02).
1 Coast to stop
2 Emergency stop using the emergency-stop time (C1-09).
3 Continue operation (Display “PGO” and continue operation with V/f control.)

Overspeed Settings: F1-03, F1-08, F1-09

e Overspeed refers to an excessive motor speed.

e Set the conditions (level and time) for detecting overspeed and the stopping method that is used when
an overspeed is detected.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Operation selection
F1-03 X Oto3 - 1 x B X B
at overspeed
F1-0g | Overspeeddetection | 010120 | % | 115 | x | A | x | A
level
F1-09 | OQverspeed detection | 001020 | s | 10 | x | A | x | A
delay time
e Settings
Setting Function
0 Deceleration to stop using deceleration time 1 (C1-02).
1 Coast to stop
2 Emergency stop using the emergency-stop time (C1-09).
3 Continue operation (Display “OS” and continue control.)

e F1-08 and F1-09 Settings
Constant F1-08 sets the overspeed detection level as a percentage of the maximum output frequency.
Constant F1-09 sets the length of time in seconds that the motor speed must exceed the overspeed
detection level in order to generate an overspeed fault.

PG Speed Deviation Settings: F1-04, F1-10, F1-11

e After an agreement of the actual motor speed and the reference speed has been detected (depending
on the setting in F1-04), the difference between the actual motor speed (caluculated from the PG feed-
back value) and the frequency reference must exceed the PG speed deviation detection level set in
F1-10 and the allowable time set in F1-11 to detect a PG speed deviation(DEV.)

o These constants set the conditions (level and time) for detecting PG speed deviation and the stopping
method that is used when a PG speed deviation is detected.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
F1-04 Operapo_n selection X 0to7 - 3 x B X B
at deviation
Excessive speed
F1-10 deviation detection X 0to 50 % 10 X A X A
level
Excessive speed
F1-11 deviation detection x 0.0 to 10.0 s 0.5 x A x A
delay time
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6.5.4 Speed Control (ASR) Structure

o Settings
Setting Function
0 Deceleration to stop using deceleration time 1 (C1-02).
1 Coast to stop
2 Emergency stop using the emergency-stop time (C1-09).
3 Continue operation (Display “DEV” and continue control.)
4 Deceleration t to stop using deceler action time 1 ( c1-02)*2
5 Coast to stop *2
6 Emergency stop using the emergency-stop time (c1-09)*2
7 Continue Operation (Displays "DEV” and continues control )*2

* 1. Speed agreement conditions: The frequency reference and output frequency were entered
in the speed agree detection width set in L4-02.

* 2. Speed agreement conditions: The frequency reference and the (actual) motor speed based
on the PG feedback value were entered in the speed agree detection width set in L4-02.

e F1-10 and F1-11 Settings

Constant F1-10 sets the PG speed deviation detection level as a percentage of the maximum output
frequency. Constant F1-11 sets the length of time in seconds that the difference between the motor
speed and reference speed must exceed the PG speed deviation detection level in order to detect a PG
speed deviation (DEV).

6.5.4 Speed Control (ASR) Structure

e The following block diagram shows the structure of the speed control.

Frequency TS N
reference +  Output fre-
uenc
+ Change + . d Y
Detected limiter — P * Limiter
speed - +
C5-01, CS-OSL C5-05
I
C5-02, C5-04

Fig[®.21 Speed[Control[Btructure

B Gain Settings

e When using “V/f control with PG feedback,” set the gain at the minimum output frequency and maxi-
mum output frequency.

Max. Output Frequency Gain Settings: C5-01, C5-02
e Set the proportional gain (C5-01) and the integral time (C5-02) of the speed control (ASR).

CUs?r t Name %Z?ir;\%e Seting | i |Factory Valid AccessO Levels

. i en
ey |7 opme | Ramge | sans | o, [V | 5 |\
o[BI | o | e e ow [ < [ - |
Cs-02 [ ASRintegral () O s | s 0200 | x B x B

Min. Output Frequency Gain Settings: C5-03, C5-04
e Set ASR proportional gain 2 (C5-03) and ASR integral time 2 (C5-04) for the minimum output fre-

quency.
User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit . Vi | Viwith | Open | g
Number Opera- Range Setting | conrol | P Loop | \gtor
tion Vector
] ASR proportional 0.00 to Mul-
C5-03 | p) gain 2 o 30000 |tiple | 202 | X B x B
) ASR integral (I) 0.000 to
C5-04 time 2. O 10.000 s 0.050 x B x B




6.5 V/f Control with PG

o1 Figure[6.22[$hows[how[the[proportional[gain[dnd[integral[fime[dre[¢alculated[from[¢onstants[C5-01
through C5-04.

P I P=C5-01

P=C5-03
I=C5-04 (Min. output frequency)

0 E1-64 Motor speed (Hz)
(Max. output frequency)
Fig[®6.22 Minimum[Dutput[Frequency[Gain[Hettings

B Multi-function Input Settings: H1-01 (Terminal 3) to H1-06 (Terminal 8)

No Flux V/f Speed Control Selection: “D”

o When one of the multi-function inputs is set to “D,” the input can be used to enable and disable the
speed control.

e The speed control is disabled (normal V/f control) when the multi-function input is ON.

ASR Integral Reset Setting: “E”

e  When one of the multi-function inputs is set to “E,” the input can be used to switch the speed control
between P control and PI control.

e P control (integral reset) is used when the multi-function input is ON.

6.5.5 Adjusting Speed Control (ASR) Gain

Use the following procedure to adjust the gain with the mechanical system and actual load connected.
B Gain Adjustments at Minimum Output Frequency

1. Operate the motor at the minimum output frequency.

2. Increase C5-03 (ASR proportional gain 2) to a level where there is no oscillation.
3. Decrease C5-04 (ASR integral time 2) to a level where there is no oscillation.
4.

Monitor the Inverter’s output current and verify that it is less than 50% of the Inverter rated current.
If the output current exceeds 50% of the Inverter’s rated current, decrease C5-03 and increase C5-04.

B Gain Adjustments at Maximum Output Frequency

1. Operate the motor at the maximum output frequency.
2. Increase C5-01 (ASR proportional gain 1) to a level where there is no oscillation.

3. Decrease C5-02 (ASR integral time 1) to a level where there is no oscillation.
B Gain Adjustments for Integral Control during Acceleration/Deceleration

e Enable integral operation during acceleration and deceleration (with F1-07) when you want the motor
speed to closely follow the frequency reference during acceleration and deceleration. Integral opera-
tion causes the speed to reach the target speed as fast as possible, but may result in overshooting or
undershooting.

1. Set F1-07 to “1” to enable integral operation at all times.

2. Make the constant settings shown below in order to observe the speed waveform while making fine
adjustments to the gain.

Constant Setting Explanation

H4-01 Analog output selection (terminal 21) 2 . . .
Settings that allow multi-function

H4-02 Analog output gain (terminal 21) 1.00 analog output 1 to be used to mon-

H4-03 Analog output bias (terminal 21) 0.0 itor the output frequency.

H4-04 Analog output selection (terminal 23) 5 . . .
Settings that allow multi-function

H4-05 Analog output gain (terminal 23) 1.00 analog output 2 to be used to mon-

H4-06 Analog output bias (terminal 23) 0.0 itor the motor speed.

H4-07Analog output level selection 1 This setting allows 2 0 to 210 V

signal range to be monitored.
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6.5.5 Adjusting Speed Control (ASR) Gain

The multi-function analog outputs have the following functions with these constant settings.
» Multi-function analog output 1 (terminal 21): Outputs Inverter’s output frequency(0 to 10 V).
» Multi-function analog output 2 (terminal 23): Outputs the actual motor speed (0 to 10 V).
Terminal 22 is the multi-function analog output common.

We recommend monitoring both the output frequency and the motor speed to monitor the response
delay or deviations from the reference value, as shown in the following diagram.

Output frequency

AN

Motor speed

Motor speed (response)

Time

Fig[®.23 Example[Monitor[Waveforms

3. Give acceleration/deceleration commands and adjust the gain while observing the waveform.

If overshooting occurs:
/ Decrease C5-01 and increase C5-02.

Motor speed

|

Time

If undershooting occurs: /
Decrease C5-03 and increase C5-04.

Fig[6.24 Gain[Adjustments

4. Ifthe overshooting or undershooting can’t be eliminated by adjusting the gain, decrease the ASR limit
(C5-05) to lower the frequency reference compensation limit.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
C5-05 ASR limit x 0.0 to 20.0 % 5.0 X A x x

« Since C5-05 can’t be changed during operation, stop the Inverter’s operation and then decrease
the ASR limit by 0.5 (%).

 Perform step 3 again after the setting has been changed.

« The ASR limit is the frequency limit for compensation by speed control. Set this frequency limit
as a percentage of the maximum output frequency.

« Ifthe frequency limit is lowered too much, the motor speed might not reach the target speed. Verify
that the target speed is reached during normal operation.
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This chapter describes the user constants used for specific control methods
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Advanced Operation

7.1 Open-loop Vector Control

The[functions[fhat[¢an[be[dsed[With[dpen-loop[Yector[¢ontrol[dre[listed[in[Table[7. I.[Details[dp[functions[that
are[gpecific[lo[dpen-loop[¥ector[¢ontrol[{i.e.[Those[marked[With[d[X)[dre[provided[in[the[following[fable.

Table[T.1[]  Open-loop[Vector[Control[Functions
Control Meth-
od
S8
Group Function Comments © g5
>l |2
(o]
b1 | Sequence Settings such as the reference input method OO0 |0 |0
b2 | DC Injection Braking DC injection braking function settings OO0 |0 |0
b3 | Speed Search Speed search function settings OO0 |0 |0
b4 | Delay Timers Timer function settings OO0 |0 |0
b | Application b5 | PID Control PID control settings OO0 |10 10O
b6 | Dwell Functions Acceleration/deceleration time dwell function settings OO0 |0 |0
b7 | Droop Control Not used. (Can’t be set.) x |x |x |O
b8 | Energy Saving Not used. (Can’t be set.) OO0 |x |x
b9 | Zero Servo Not used. (Can’t be set.) x [x |[x |O
C1 | Accel/Decel Acceleration/deceleration time settings OO0 |0 |0
C2 | S-Curve Acc/Dec S-curve characteristics for acceleration/deceleration times OO0 |0
C3 | Motor-Slip Compensation Slip compensation function settings OO0 |0 |0
i C4 | Torque Compensation Torque compensation function settings O 10 |0 |x
C | Tuning C5 | Speed Controls Not used. (Can’t be set.) x |[O|x |O
C6 | Carrier Frequency Carrier frequency settings OO0 |0 |0
C7 | Hunting Prevention Not used. (Can’t be set.) OO0 |x |x
C8 | Factory Tuning Adjustment for open-loop vector control x |x |O|x
d1 | Preset Reference Frequency reference settings (when using Operator) OO0 |0 |0
d2 | Reference Limits Frequency upper and lower limit settings OO0 |0 |0
d | Reference d3 | Jump Frequencies Prohibited frequency settings OO0 |0 |0
d4 Ejrf]i;ieonnce Frequency Hold Up/Down, Accel/Decel stop hold frequency setting OO0 |0 |0
d5 | Torque Control Not used. (Can’t be set.) x |x |x |O
E1 | V/f Pattern Motor constant settings OO0 |0 |0
E2 | Motor Setup (Motor constants are set by the autotuning function.) O |0 |0 |0
E | Motor E3 | Motor 2 Control Methods Control method settings for motor 2. OO0 |0 |0
E4 | Motor 2 V/f Characteristics V/f characteristics settings for motor 2. OO0 |0 |0
E5 | Motor 2 Motor Constants Motor constant settings for motor 2. OO0 |0 |0
F1 E)r?g:peed control card set- User constant settings for a PG Card x [O]|x |O
F2 | Analog Reference Card Al User constant settings for an Analog Reference Card OO0 |0 |0
F3 | Digital Reference Card DI User constant settings for a Digital Reference Card OO |00
F4 | Analog Monitor Card AO User constant settings for an Analog Monitor Card OO |00
F | Options F5 | Digital Output Card DO User constant settings for a Digital Output Card oOlo|l0 |0
F6 | Digital Output Card DO User constant settings for a Digital Output Card oOlo|l0 |0
F7 | Pulse Monitor Card PO User constant settings for a Pulse Monitor Card OO0 |0 |0
F8 gla'r(j/SI-G Transmission User constant settings for a Transmission Card OO0 |0
F9 ;I;::ESST;SZI%?]S%TE /%ther User constant settings for a Transmission Card OO0 |0
H1 | Multi-function Inputs Function selection for multi-function inputs OO |00
H2 | Multi-function Outputs Function selection for multi-function outputs OO0 |0 |0
H3 | Analog Inputs Function selection for analog inputs OO0 |0 |0
H | Terminal H4 g/luL;IStl-functlon Analog Out- Function selection for analog outputs ololo|o
H5 {\iAOE'\SAOBUS Communica- MEMOBUS communications settings OO0 |0




7.1 Open-loop Vector Control

Control Meth-
od

s
Group Function Comments |8 % %
g w

o
L1 | Motor Protection Functions Sets thermal functions that protect the motor. o100 |0
L2 | Power Loss Ridethru Selects the power-loss processing method. o100 |0
L3 | Stall Prevention Accel/Decel stall prevention settings and selection o100 |0
. L4 | Reference Detection Frequency detection settings and selection o100 |0
Protection L5 | Fault Restart Fault restart function settings o100 |0
L6 | Torque Detection Sets overtorque detection functions 1 and 2 (by torque) [ORICR ORI
L7 | Torque Limit * Four-quadrant individual torque limit settings x |x |O|O
L8 | Hardware Protection Hardware overheating and open-phase protection settings o100 |0
o1 | Monitor Select Selects the Operator’s display and setting methods. o100 |0
Operator 02 | Key Selections Operator’s key function selection and other constants OO |0 |0
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7.1.1 Torque Limit Function

7.1.1JTorque[LimitFunction

With open-loop vector control, torque limits can be applied at an arbitrary value because the torque output
by the motor is calculated internally.

The torque limit function is useful when the load cannot sustain a torque above a certain level or to maintain
the regenerative torque above a certain level. The two ways to apply torque limits are listed below. (The
lower torque limit will be used if both of these methods are set.)

e Setting a torque limit with the constants
e Limiting torque with the analog inputs

IMPORTANT The accuracy of the torque limit is +5% for output frequencies above 10 Hz, but the accuracy is lower for

output frequencies below 10 Hz. Use flux vector control if you want to apply a torque limit at low-speed (be-
low 10 Hz), or rotate the motor in the reverse direction.

B Torque Limits: L7-01 through L7-04

Torque limits can be set separately for the 4 ways that torque can be applied: forward torque, reverse torque,
forward regenerative torque, and reverse regenerative torque.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | vector
tion Vector
L7-01 Forward torque limit x 0 to 300 % 200 x x B B
L7-02 Reverse torque limit x 0 to 300 % 200 x x B B
L7-03 | Forward regenera- x 010300 | % | 200 | x | x | B | B
tive torque limit
L7-04 |Reverse regenerative | 0t0300 | % | 200 x x B B
torque limit

Figure[7.1[$hows[the[felationship[Between[¢ach[¢onstant[dnd[The[dutput[forque.

When the torque limit function is used, the torque limits have priority and motor speed control and com-
pensation will be disregarded, so the acceleration/deceleration times might be lengthened and motor speed
might be reduced.

Output torque

Forward direction
L7-01
L7-04

Regenerative
torque

Motor speed

Reverse Forward
Regenerative
torque
L7-03
Reverse direction
Fig[7.1 Torque[LimitFunction

B Limiting Torque with Analog Inputs: H3-05, H3-09

The following two analog inputs that can be used to limit torque.
Multi-function analog input, terminal 16
Frequency reference (current), terminal 14

Use either or both of these inputs as needed with constants H3-05 and H3-09.

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
Multi-function ana-
H3-05 | log input (terminal x 0to 1F - 0 B B B B
16)
Multi-function ana-
H3-09 | log input (terminal x 1to 1F - 1F A A A A
14)




7.1 Open-loop Vector Control

o Settings
Setting Name
10 Forward Torque Limit
11 Reverse Torque Limit
12 Regenerative Torque Limit
15 Forward/Reverse Torque Limit

e The above table shows only those settings related to the torque limit function.
o Set the analog input terminal’s signal level, gain, and bias to match the actual input signal.
e The factory settings for the input terminal’s signal level are as follows:
e Terminal 16: 0 to 10 V (A 10 V input limits the torque to 100% of the motor’s rated torque.)
e Terminal 14: 4 to 20 mA (A 20 mA input limits the torque to 100% of the motor s rated torque.)
Figure[7.2[$hows[the[felationship[between[the[dutput[forque[dnd[¢ach[forque[limit.
Output torque
Forward direction

Forward torque limit

Regenerative torque limit Motor speed

Reverse Forward

Regenerative torque limit
Reverse torque limit

Reverse direction
Fig[T.2 Limiting[Torque[With[Analog[Inputs

e When the forward torque limit has been set, the analog input signal acts as the limit value for torque
generated in the forward direction. The torque limit input is effective when torque is generated in the
forward direction even if the motor is operating in reverse (regenerative torque).

e The torque limit is 100% of the motor’s rated torque when the analog input is at its maximum value
(10 V or 20 mA). To increase the torque limit above 100%, set the input terminal’s gain above 100%.
For example, a gain of 150.0% would result in a torque limit of 150% of the motor’s rated torque with
a 10 V or 20 mA analog input.

* Gain for multi-function analog input, terminal 16: H3-06

 Gain for frequency reference (current), terminal 14: H3-10

7.1.2 Adjusting Speed Feedback

With open-loop vector control, internal Inverter data is used to calculate the feedback value. The gain of
this automatic frequency regulator (AFR) operation can be fine-tuned according to motor response. (Nor-
mally it isn’t necessary to change the default setting.)

B Speed Feedback Detection Control (AFR) Gain: C8-08

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Ot':i)grr]a_ Range Settlng Control PG \I/_ec::c;gr Vector
. 0.00 to Mul-
C8-08 | AFR gain x 10.00 tiple 1.00 x x A x

e Normally it isn’t necessary to change this setting.
o Fine-tune the gain when motor operation is unstable causing hunting to occur or torque/speed respon-
siveness is low.
»  When hunting occurs, increase the gain by 0.05 increments while checking the motor responsive-
ness.

»  When responsiveness is low, decrease the gain by 0.05 increments while checking the motor re-
sponsiveness.
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7.1.3 Setting/Adjusting Motor Constants

7.1.3[]Setting/Adjusting[Motor[Constants

B Adjusting the V/f Pattern: E1-04 through E1-10, E1-13

Normally it isn’t necessary to adjust the V/f pattern with open-loop vector control. Adjust the V/f pattern
when you want to change the maximum output frequency setting or decrease the Inverter’s output voltage

or when stalls are occurring during no-load operation.

To increase the motor’s rated speed, increase the maximum output frequency in E1-04 in programming

mode after autotuning.

It is possible to make user-defined V/f pattern settings (E1-04 through E1-10) in open-loop vector control

mode. (The preset V/f patterns cannot be selected.)

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ; Vi | viwith | OPen | g
Number Opera- Range Setting | oo | PG| L9 | vector
tion Vector
E1-04 Max. output fre- x 40.0 to Hz 60.0 Q Q Q Q
quency 400.0
E1-05 | Max. voltage x 0.0 t(11255.0 VAC [200.0*1| Q Q Q Q
E1-06 | Base frequency x 0.0 to 400.0 | Hz 60.0 Q Q Q Q
E1-07 |Mid- output fre- x  |00t4000 | Hz [ 302 | @ | @ | A | x
quency
E1-08 Mid. output fre- x 0.0 t21255.0 VAC *111 .92 Q Q A %
quency voltage s
E1-09 [ Min-output fre- x 00104000 | Hz | 05 | @ | Q@ | a | A
quency
E1-10 Min. output fre- < 0.0 t(11255.0 VAC k%ﬂkz Q Q A <
quency voltage ’
E1-13 | Base voltage x 0.0 to 255.0 | VAC 0.0 A A Q Q

* 1. These voltages are for 200 V class Inverters; double the voltage for 400 V class Inverters.
* 2. The default setting depends on the Inverter’s capacity. The default settings shown in the table

are[for200[V[¢lass,[0.4[fo[ .5kW{nverters.[(See[page[B[H[47.)
Note 1.The default settings for E1-07 through E1-10 depend on the control method. The default

settings[§hown[In[he[fable[are[for[dpen-loop[Yector[¢ontrol.[(See[page[3[H[35.)
2. The four frequency settings must satisfy the following formula:
E1-04 (FMAX) = E1-06 (FA) > E1-07 (FB) =E1-09 (FMIN)
3. When making the V/f characteristics a straight line, set the same value in E1-07 (middle

output frequency) and E1-09 (minimum output frequency). In this case, constant E1-08
(middle output frequency voltage) will be disregarded.

4. IfE1-13isset to 0.0, the same value as in E1-13 will be set for E1-05. It does not normally
need to be set separately.
Output voltage (V)

VMAX
(E1-05)

VBASE
< (E1-13) >

Ve
(E1-08)

VMIN
(E1-10)

FMIN FB FA FMAX
(E1-09) (E1-07) (E1-06) (E1-04)

Fig(7.3 User-defined[V/f[Pattern

Frequency (Hz)
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Adjusting Output Voltage: VC (E1-08), VMIN (E1-10)

Adjust the output voltage when you want to output more torque at low speed, such as in an elevator, or
when torque isn’t really necessary and you want to reduce the output voltage to save energy.

Adjustment range: 200 V class Inverters: Initial value +0to 2 V
400 V class Inverters: Initial value =0 to 4 V

e When generating more torque, gradually increase the voltage but do not exceed 100% of the motor’s
rated current.

e When saving energy, decrease the voltage but do not cause stalling.

Setting the Maximum Output Frequency
The maximum output frequency can be set from 40.0 to 400.0 Hz. Set this constant in accordance with
the motor’s maximum rotational speed.

B Setting Motor Constants: E2-01 through E2-03 (E5-01 through E5-03), E2-05
through E2-08 (E5-05, E5-06)

e The motor constants (function E2) will all be set automatically when autotuning is performed, so it
normally isn’t necessary to set them manually. Set these constants manually if autotuning can’t be
completed properly.

e User constant numbers for motor 2 are given in parentheses.

Motor Rated Current: E2-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Ot':i)grl;a_ Range Settlng Control PG \I/_ec::c;gr Vector
E2-01
(E5-01) Motor rated current x 032t06.40 | A 1.90 Q Q Q Q

o The setting range is 10% to 200% of the Inverter rated output current. The default setting depends upon
the Inverter capacity. (The table shows the default setting for 200 V class, 0.4 kW Inverters.) (See page
8H47.)

e Set the rated current (A) shown on the motor nameplate.

Motor Rated Slip: E2-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open A
Number Opera- Range Setting | ool | P Loop | yestor
tion Vector
E2-02
(E5-02) Motor rated slip X 02'890:)0 Hz 2.90 A A Q Q

e The default setting depends upon the Inverter capacity.
(The table shows the default settings for 200 V class, 0.4 kW Inverters.)

o Calculate the rated slip (E2-02) from the value shown on the motor nameplate with the following equa-
tion and set this value.

Rated slip = rated frequency (Hz) - rated speed (r/min) x number of poles/120
Motor No-load Current: E2-03

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name ) Vi | Vifwith A
Number Opera- Range Setting | o oi | P Loop | \iegtor
tion Vector
E2-03 Motor no-load cur- 0.00 to
(E5-03) | rent x 15000 | A | 120 | A A Q Q

o The default setting depends upon the Inverter capacity.
(The table shows the default settings for 200 V class, 0.4 kW Inverters.)

e Set the no-load current (E2-03) at the rated voltage and rated frequency. Normally this value isn’t
shown on the motor nameplate, so it might be necessary to contact the motor manufacturer.

Motor Line-to-line Resistance: E2-05

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | P80 | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector

E2-05 Motor line-to-line 0.000 to

E5-05 resistance x 65.000 Q 9.842 A A A A
( )
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7.1.4 Operation Selection when Output Voltage Saturated

o The default setting depends upon the Inverter capacity.

(The table shows the default settings for 200 V class, 0.4 kW Inverters.)

e Set the motor terminal resistance (U-V, V=W, and W-U) in constant E2-05. Normally this value isn’t
shown on the motor nameplate, so it might be necessary to contact the motor manufacturer for the ter-
minal resistance at the insulation class temperature. Use the following equations to calculate the resis-
tance value from the terminal resistance of a test report.

 E-class insulation: Terminal resistance at 75°C in the test report (2) x 0.92
» B-class insulation: Terminal resistance at 75°C in the test report () x 0.92
 F-class insulation: Terminal resistance at 115°C in the test report (2) x 0.87

Motor Leakage Inductance: E2-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Opera- Range Setti ng Control PG Loop Vector
tion Vector

E2-06 | Motor leak induc-

(E5-06) | tance X 0.0 to 30.0 % 18.2 X x A A

o The default setting depends upon the Inverter capacity.
(The table shows the default settings for 200 V class, 0.4 kW Inverters.)

e Set the voltage drop (caused by the motor’s leakage inductance) as a percentage of the motor’s rated
voltage in constant E2-06.

o This constant does not normally required setting because the Inverter automatically compensates dur-
ing operation.

o Normally this value isn’t shown on the motor nameplate, so it might be necessary to contact the motor
manufacturer. It is also acceptable to set the loss (caused by the motor’s leakage inductance) as a per-
centage.

Motor Iron-core Saturation Coefficients 1, 2: E2-07, E2-08

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ; v | vwitn | Open Flux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
Epg7 | Motor iron-core sat- x 0000050 | - | 050 x x A A
uration coefficient 1
Ep.0g | Motor iron-core sat- x  |000t0075 | - | 075 x x A A
uration coefficient 2

e Constants E2-07 and E2-08 are not required when using the motor at or below the rated frequency.

e Set these constants when operating at a frequency higher that the motor’s rated frequency. Set the fol-
lowing values:

» Motor iron-core saturation coefficient 1: Core-saturation coefficient when magnetic flux is 50%.
» Motor iron-core saturation coefficient 2: Core-saturation coefficient when magnetic flux is 75%.

e Normally these values aren’t shown on the motor nameplate, so it might be necessary to contact the
motor manufacturer. Operation will be possible with the factory-preset values.

7.1.4 Operation Selection when Output Voltage Saturated

The Inverter cannot output a voltage that is higher than the input voltage. If the output voltage command
to the motor (monitor constant U1-06) exceedes the input voltage in the high-speed region, the output volt-
age will become saturated, and the control unstable with open loop vector control.

Select one of the following methods to prevent this unstable condition.

B Limited Output Voltage Operation: C3-06 (for SPEC: F)

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
C3-06 Limited output volt- < 0.1 1 0 < < A A
age operation
o Settings
Setting Function
0 Disables limited output voltage operation.
1 Enables limited output voltage operation.




7.1 Open-loop Vector Control

If the limited output voltage operation is disabled and output voltage becomes saturated, slip com-
pensation is automatically disabled to prevent instability.

The output current does not change when the slip compensation is disabled, however precise speed
control is no longer possible. Enable limited output voltage operation if precise speed control is re-
quired.

If the limited output voltage operation is enabled, the magnetic flux current of the motor is automatical-
ly controlled, and the output voltage command itself is limited, which maintains precise speed control.
Check the Inverter current margins as the output current will be maximum 10% higher (with a rated
load) than when limited output voltage operation is disabled.

Note 1.C3-06 does not need to be changed if the Unit is used only at medium or low speeds, or

when the power supply voltage is 10% or more higher than the rated voltage of the motor,
or when speed control precision in the high-speed region is not required.

2. When the power supply voltage is too low for the rated motor voltage, speed control will
not be precise even if limited output voltage operation is enabled.

7.1.5[Starting[Torque[Compensation[Function[{(for[SPEC:F)

Starting torque compensation can be input to speed up the torque command at starting with open-loop vec-
tor control.

This function is effective for machinery with large friction loads, cranes, and other applications where
starting torque is required. However, this compensation only applies at startup, in contrast to Flux vector
control.

B Starting Torque Compensation Function (C4-03 to C4-05)

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ ; Open
Number Opera- Range Setting | ooty | Vha " | Loop | vecter
tion Vector
Starting torque com- 0.1
C4-03 | pensation value X 0.0 to 200.0 % 0.0 X X A X
(forward direction) ¢
Starting torque com- B
C4-04 | pensation value X LU 0.0 X X A X
A 0.0 %
(reverse direction)
Ca-05 | Constant forstarting | 00200 | ' | 10 x | x | A | x
torque compensation ms
Speed command input (terminal 13) ; Closed
Forward (Reverse) command input
(terminal 1(2)) Open ‘ |
Time constant: C4-05 1 B 1
| ——L/" |~ Time constant: } C4:03 (forward)
' C4-02 C4-04 (reverse, negative polarity)
Torque compensation volume —— |
' C4-05 x 4 ‘
E1-09 The larger between b2-01 and E1-09
Output frequency

*

The lower limit of Inverter’s torque value is determined by the above torque

compensation value.

FigT.4 Time[Chart[or[BtartingTorque[fFrequency

When this function is used, set the starting torque value to the friction load value for ordinary machin-
ery, and to the load for cranes and other lifting devices.

» Friction load: Set the friction load for both C4-03 and C4-04.

« Lifting devices: Set the load for the motor side only (hoist). Do not use this function for lifting de-
vices with counterweights as a shock will be generated if there is a regenerative load.

Compensation can be set only for the motoring side, for both the forward and reverse directions. It can-
not be set for the regenerative side.

Starting torque compensation is disabled when switching between forward and reverse after conduct-
ing a speed search.

Starting torque compensation is always disabled when the second motor is used.
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7.1.5 Starting Torque Compensation Function (for SPEC:F)

e Setthe constant for starting torque compensation (C4-05) to a large value if a shock is generated during
startup.
Alternatively, use DC injection braking (b2-03) at startup or the DC braking command for multifunc-
tion contact input (setting: 60), and start motor magnetic flux before startup.
(Magnetic flux using DCinjection braking at start (b2-03) can be started earlier. Refer to Magnetic flux
compensation under 7.5.1 Application Constants: b)
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7.2 V/f Control without PG

7.2[V/f[Control[without[PG

The[functions[that[¢an[Be[used[With[¥ector[¢ontrol[Without[PG[dre[listed[in[Table[7.2.[Details[dp[functions[that
are specific to vector control without PG (i.e. those marked with a %) are provided in the following table.

Table[T.2[] Normal[V/f[ControlFunctions
Control Meth-
od
S
Group Function Comments © g5
> 5|2
o
b1 | Sequence Settings such as the reference input method O 100 |0
b2 | DC Injection Braking DC injection braking function settings O |00 |0
b3 | Speed Search Speed search function settings O |0 |0 |0
b4 | Delay Timers Timer function settings O |0 |0 |0
b | Application b5 | PID Control PID control settings OO0 110
b6 | Dwell Functions Acceleration/deceleration time dwell function settings OO0 |10
b7 | Droop Control Not used. (Can’t be set.) x |x [x [O
b8 | Energy Saving Multi-function input: Energy-saving control settings OO |x |x
b9 | Zero Servo Not used. (Can’t be set.) x [x [x |O
C1 | Accel/Decel Acceleration/deceleration time settings OO0 10|10
C2 | S-Curve Acc/Dec S-curve characteristics for accel/decel times OO0 |10
C3 | Motor-Slip Compensation Slip compensation function settings O |0 |0 |0
. C4 | Torque Compensation Torque compensation function settings OO |O |x
C | Tuning C5 | Speed Controls Not used. (Can’t be set.) x [O|x |O
C6 | Carrier Frequency Carrier frequency settings O |00 |0
C7 | Hunting Prevention Hunting prevention function settings O |0 |x |x
C8 | Factory Tuning Not used. (Can’t be set.) x | x |O|x
d1 | Preset Reference Frequency reference settings (when using Operator) O |0 |0 |0
d2 | Reference Limits Frequency upper and lower limit settings O |0 |0 |0
d | Reference d3 | Jump Frequencies Prohibited frequency settings O |0 |0 |0
d4 ES;%;?;nce Frequence Hold Up/Down, Accel/Decel stop hold frequency setting OO0 |0 |0
d5 | Torque Control Not used. (Can’t be set.) x [x [x |O
E1 | V/fPattern Motor constant settings 0|00 |0
E2 | Motor Setup (Motor constants set manually.) Olo o 10
E | Motor E3 | Motor 2 Control Methods Control method settings for motor 2. OO0 |0 |0
E4 | Motor 2 V/f Characteristics V/f characteristics settings for motor 2. OO0 |10
E5 | Motor 2 Motor Constants Motor constant settings for motor 2. O |0 |0 |0
F1 E’r%:peecj control card set- Not used. (Can’t be set.) x [O]|x |O
F2 | Analog Reference Card Al User constant settings for an Analog Reference Card OlOo |0 |0
F3 | Digital Reference Card DI User constant settings for a Digital Reference Card OlOo |00
F4 | Analog Monitor Card AO User constant settings for an Analog Monitor Card OlOo |0 |0
F | Options F5 | Digital Output Card DO User constant settings for a Digital Output Card OO0 |0
F6 | Digital Output Card DO User constant settings for a Digital Output Card OO0 |0
F7 | Pulse Monitor Card PO User constant settings for a Pulse Monitor Card OlOo |0 |0
F8 gZZSI'G Transmission User constant settings for a Transmission Card OO0 |0
F9 ;I;:':gssnrlls(szlzr:]gasrﬂ; /oner User constant settings for a Transmission Card OO0 |0
H1 | Multi-function Inputs Function selection for multi-function inputs OlOo |00
H2 | Multi-function Outputs Function selection for multi-function outputs OlOo |0 |0
H3 | Analog Inputs Function selection for analog inputs OlOo |0 |0
H | Terminal H4 Fl\)/lutilstl-functlon Analog Out- Function selection for analog outputs ololo|o
H5 {\i/IOE,\S/IOBUS Communica- MEMOBUS communications settings - == 1-
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Control Meth-

od

s
. |53 —
Group Function Comments oS |2
4= = Q (]
Z 1§ |2

o

(@]
L1 | Motor Overload Sets electrical/thermal functions that protect the motor. OO0 |0 |0
L2 | Power Loss Ridethru Selects the power-loss processing method. OO0 |0 |0
L3 | Stall Prevention Accel/Decel/Run stall prevention settings and selection OO0 |0 |0
. L4 | Ref Detection Frequency detection settings O |10 |0 |0

L | Protection - -

L5 | Fault Restart Fault restart function settings O|O0 |0 |0
L6 | Torque Detection Sets overtorque detection functions 1 and 2 (by current) OO0 |0 |0
L7 | Torque Limit Not used. (Can’t be set.) x |x |O]O
L8 |Hardware Protection Hardware overheating and open-phase protection settings OO0 |0 |0
o1 | Monitor Select Selects the Operator’s display and setting methods. OO0 |0 |0
o | Operator 02 | Key Selections Operator’s key function selection and other constants OO |0 |0
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7.2 V/f Control without PG

7.2.1[JEnergy-saving[Control[Function

The energy-saving control function is enabled when the energy-saving command (setting 63) has been set
in a multi-function input (H1-01 through H1-06). Inputting the energy-saving command while there is a
light load causes the Inverter’s output voltage to be reduced and saves energy. Turn OFF the energy-saving
command when a normal load is added.

B Energy-saving Gain: b8-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
b8-01 Energy-saving gain x 0 to 100 % 80 A A x x

e Constant b8-01 determines the Inverter’s output voltage when the energy-saving command is input.
Set this value as a percentage of the V/f pattern’s voltage.

o Constant L2-04 (the voltage recovery time) determines the rate at which the output voltage is changed
when the energy-saving command is turned ON or OFF.

B Energy-saving Frequency: b8-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
bg-o2 | Eneray-saving fre- x 00104000 | Hz | 0.0 A | A x x
quency

e Constant b8-02 determines the lower limit frequency for the energy-saving function.

o The energy-saving command is enabled only when the frequency reference is above the energy-saving
frequency and the motor speed is within the “speed agree” range.

A time chart for energy-saving operation is shown below.

OFF _|ON
Run command I
Energy-saving OFF | ON l
command ! ! ‘
! — 0 Frequency reference = b8-02
\ \ ! (energy-saving frequency)
Output frequency ! | :
Output voltage
L2-04 E1-03 to E1-10 setting x Energy-saving Gain
(Voltage recovery time) (b8-01)
Fig[T.5 Time[Chart[or[Energy-saving[Dperation

7.2.2 Hunting-prevention Function

The hunting-prevention function suppresses hunting when the motor is operating with a light load. This
function is valid with V/f control and V/f with PG feedback control.

B Hunting Prevention Selection: C7-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Ot':i)grl;a_ Range Settlng Control PG \I/_ec::c;gr Vector
C7-01 Huntlpg prevention X 0, 1 _ 1 A A x x
selection
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7.2.3 Setting Motor Constants

o Settings
Setting Function
0 Disables the hunting-prevention function.
1 Enables the hunting-prevention function.
B Hunting Prevention Gain: C7-02
User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | vector
tion Vector
C7-02 | Hunting prevention x 0000250 M g0 | A | A | x| x
gain tiple

Normally it isn’t necessary to change these constants. Adjust these constants as follows if hunting occurs
with a light load.

o Increase the setting in C7-02 if oscillation occurs when operating with a light load.
(If the setting is increased too much, the current can fall to the point where stalling occurs.)

e Decrease the setting in C7-02 if stalling occurs.

e Disable the hunting-prevention function (C7-01 = 0) if high responsiveness is more important than
suppressing oscillation.

7.2.3[]Setting[Motor[Constants

B Motor Rated

Slip: E2-02

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
E2-02 | Motor rated slip x 02'80060 Hz 2.90 A A Q Q

o This setting is used as a reference value for the torque compensation function.
o The default setting depends upon the Inverter capacity.

(The[fable[shows[the[default[dettings[for[2DD[V[dlass,[O[HkW[nverters.)[(See[page[$[37.)
o Calculate the rated slip (E2-02) from the value shown on the motor nameplate with the following equa-
tion and set this value.
Rated slip = rated frequency (Hz) - rated speed (r/min) x number of poles/120

B Motor No-load Current: E2-03

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
Motor no-load cur- 0.00 to
E2-03 rent x 1500.0 A 1.20 A A Q Q

o This setting is used as a reference value for the torque compensation function.
o The default setting depends upon the Inverter capacity.

(The[fable[shows[the[default[dettings[for[2DD[V[dlass,[O[HkW[nverters.)[(See[page[$[37.)

e Set the no-load current (E2-03) at the rated voltage and rated frequency. Normally this value isn’t
shown on the motor nameplate, so it might be necessary to contact the motor manufacturer.

B Motor Line-to-line Resistance: E2-05

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
Motor line-to-line 0.000 to
E2-05 resistance X 65.000 Q 9.842 A A A A

o This setting is used as a reference value for the torque compensation function.
o The default setting depends upon the Inverter capacity.

(The[fable[shows[the[default[dettings[for[2DD[V[¢lass,[O[HkWnverters.)[(See[page[$[37.)
e Set the motor’s terminal resistance (U-V, V-W, and W-U). Normally this value isn’t shown on the
motor nameplate, so it might be necessary to contact the motor manufacturer.
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7.2 V/f Control without PG

B Motor Iron-core Loss with Torque Compensation:E2-10 (for SPEC: F)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Motor iron—core loss
E2-10 | with torque com- X 0to 65535 | W 14 A A X X
pensation

o The default setting depends upon the Inverter capacity. The above table shows the settings for 200V
class,[(.4[kW[nverter.[(See[page:8[H[47)
e The motor iron—core loss is set in “W” units.

e Normally, the settings do not need to be altered. However, if the Inverter and motor capacities are vast-
ly different, set the E2-10 value for the same Inverter capacity as the applicable motor. (See page:

847)
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7.3[JFlux[Yector[Control

The[functions[that[dan[Be[dsedWith[fllux[¥ector[dontrol[dreflisted[in[Table[7.3. Metails[dn[functions(that[dre[dpe-

cific to flux vector control (i.e. those marked with a %) are provided in the following table.

Table[T.3[]  Flux[Vector[Control[Functions
Control Meth-
od
S8
Group Function Comments © g5
>l |2
(o]
b1 | Sequence Settings such as the reference input method OO0 |10 |0
b2 | DC Injection Braking DC injection braking function settings OO0 |0 |0
b3 | Speed Search Speed search function settings OO0 |0 |0
b4 | Delay Timers Timer function settings OO0 |0 |0
b | Application b5 | PID Control PID control settings OO0 |10 10O
b6 | Dwell Functions Hold Acceleration/deceleration time dwell function settings OO0 |0 |0
b7 | Droop Control Droop Control function settings x |x |x |O
b8 | Energy Saving Not used. (Can’t be set.) OO0 |x |x
b9 | Zero Servo Zero-servo function settings x |x |x |O
C1 | Accel/Decel Acceleration/deceleration time settings OO0 |0 |0
C2 | S-Curve Acc/Dec S-curve characteristics for accel/decel times Ol0]|0 |0
C3 | Motor-Slip Compensation Motor temperature compensation function adjustment OO0 |0 |0
. C4 | Torque Compensation Not used. (Can’t be set.) O 10 |0 |x
C | Tuning C5 | Speed Controls Speed control loop adjustment x [O|x |O
C6 | Carrier Frequency Carrier frequency settings OO0 |0 |0
C7 | Hunting Prevention Not used. (Can’t be set.) OO0 |x |x
C8 | Factory Tuning Not used. (Can’t be set.) x |x |O|x
d1 | Preset Reference Frequency reference settings (when using Operator) OO0 |0 |0
d2 | Reference Limits Frequency upper and lower limit settings OO0 |0 |0
d | Reference d3 | Jump Frequencies Prohibited frequency settings OO0 |0 |0
d4 Ej?‘lfcet:gr?ce frequency hold Up/Down, Accel/Decel stop hold frequency setting O|O0 |0 |0
d5 | Torque Control % Torque control settings and adjustment x |x |x |O
E1 | V/ Pattern Motor constant settings O |00 |0
E2 | Motor Setup (Motor constants set automatically with autotuning.) OO0 |0
E | Motor E3 | Motor 2 Control Methods Control method settings for motor 2. OO0 |0 |0
E4 | Motor 2 V/f Characteristics V/f characteristics settings for motor 2. OO0 |0 |0
E5 | Motor 2 Motor Constants Motor constant settings for motor 2. OO0 |0 |0
F1 ggﬁﬁ]%ZEd Cortrol Card Constant settings for a PG Speed Control Card x |O|x |O
F2 | Analog Reference Card Al User constant settings for an Analog Reference Card OO0 |0 |0
F3 | Digital Reference Card DI User constant settings for a Digital Reference Card OO |00
F4 | Analog Monitor Card AO User constant settings for an Analog Monitor Card OO |00
F | Options F5 | Digital Output Card DO User constant settings for a Digital Output Card oOlo|l0 |0
F6 | Digital Output Card DO User constant settings for a Digital Output Card oOlo|l0 |0
F7 | Pulse Monitor Card PO User constant settings for a Pulse Monitor Card OO0 |0 |0
F8 gla'::d/SI-G Transmission User constant settings for a Transmission Card OO0 |0
F9 ;I;::ESST;SZI%?]S%TE /%ther User constant settings for a Transmission Card OO0 |0
H1 | Multi-function Inputs Function selection for multi-function inputs OO |00
H2 | Multi-function Outputs Function selection for multi-function outputs OO0 |0 |0
H3 | Analog Inputs Function selection for analog inputs OO0 |0 |0
H | Terminal H4 g/luL;IStl-functlon Analog Out- Function selection for analog outputs ololo|o
H5 {\iAOE'\SAOBUS Communica- MEMOBUS communications settings OO0 |0
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7.3 Flux Vector Control

Control Meth-
od

s
Group Function Comments |8 % %
g w

o
L1 | Motor Overload Sets electrical/thermal functions that protect the motor. o100 |0
L2 | Power Loss Ridethru Selects the power-loss processing method. o100 |0
L3 | Stall Prevention Accel/Decel stall prevention settings and selection o100 |0
. L4 | Reference Detection Frequency detection settings and selection o100 |0
Protection L5 | Fault Restart Fault restart function settings o100 |0
L6 | Torque Detection Sets overtorque detection functions 1 and 2 (by current) [ORICR ORI
L7 | Torque Limit Torque limit function settings x |x |O|O
L8 | Hardware Protection Hardware overheating and open-phase protection settings o100 |0
o1 | Monitor Select Selects the Operator’s display and setting methods. o100 |0
Operator 02 | Key Selections Operator’s key function selection and other constants OO |0 |0
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7.3.1 Droop Control Function

7.3.1[IDroop[Control[Function

Droop control is a function that allows the user to set the amount of motor slip. When a single load is oper-
ated with two motors (such as in a crane conveyor), a high-resistance motor is normally used, as shown

in[Figure[7.6.

If droop control is used, a high-resistance motor characteristics can be set for a general-purpose motor.
Also, it is easy to make adjustments while watching the load balance because the amount of slip can be
set arbitrarily.

The balance of the load is very different with different amounts of slip.

T T

Motor A’s torque Motor A’s torque characteristics
Torque ' characteristics Torque ! , -
| Motor B’s torque characteristics
\ Ta JA
Load torque ‘ Load torque
TB , TB |
Motor B’s torque | |
characteristics | Tp-Tg>>0 Load torque ! Ta-Tg~0
| :
Reference Speed Reference Speed
speed speed
Load balance when using a general-purpose motor Load balance when using a high-resistance motor
Fig(7.6 Droop[Tontrol[Function
B Droop Control Gain: b7-01
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name ; VA | Vifwith A
Number Opera- Range Setting | conor | PG Loop | \egtor
tion Vector
b7-01 Droop control gain O 0.0t0 100.0 | % 0.0 x x x A

o Set the amount of slip as the percentage of slip when the maximum output frequency is input and the
rated torque is generated.

e Droop control is disabled if b7-01 is set to 0.0.
B Droop Control Delay Time: b7-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
b7-02 [ roopcontroldelay o 00310200 | s | 005 | x x x A

o Constant b7-02 is used to adjust the responsiveness of droop control.
o Increase this setting if oscillation or hunting occur.
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7.3 Flux Vector Control

Torque
100%
> Speed
0 Reference
speed
Fig[7.7 Droop[Tontrol[Gain

7.3.2[]Zero-servo[Function

The zero-servo function is enabled when one of the multi-function inputs (H1-01 to H1-06) is set to 72
(zero servo command). If the zero servo command is ON when the frequency (speed) reference falls below
the zero speed level (b2-01), a position control loop is formed and the motor is stopped. (The motor will
not rotate even if there is an offset in the analog command input.)

B Zero-servo Settings: b9-01, b9-02

User Change Valid Access Levels
during Setting . | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
b9-01 Zero-servo gain x 0 to 100 - 5 x x x A
bo-02 | Zero-servo x | 01016383 | Pulses | 10 x x x | A
completion width

Altlime[¢hart[for[the[Zero[dervo[function[is[given[in[Figure[T.8.

Zero servo command

oFf [ ON |

Excitation level (b2-01)
Frequency(speed) - --------~~-~--N~/""""\""~"/A~-~""----

reference

Excitation level (b2-01)
Motorspeed -~~~ -~ --“"“"“““"“"Y-"""~“~"“"“"“"“~"“~"-~-~"“"---/--- """~

Zero Servo End signal
g Completely stopped by

zero-servo function
Fig[T.8 Time[Chart[for[Zero[Hervo

e Assign the zero servo command (setting 72) to one of the multi-function inputs (H1-01 to H1-06).

e The zero-servo status is entered when the frequency (speed) reference falls below the zero-speed level
(b2-01).

e Besureto leave the run command input ON. If the run command is turned OFF, the output will be inter-
rupted and the zero-servo function will become ineffective.

e Adjust the holding strength of the zero-servo with constant b9-01 (Zero Servo Gain). Increasing this
setting increases the holding strength, although oscillation will occur if the setting is too high. (Adjust
the holding strength after adjusting the speed control (ASR) gain.)

e To output the zero-servo status externally, assign the Zero Servo End signal (setting 33) to one of the
multi-function outputs (H2-01 to H2-03). The setting in b9-02 (Zero-servo Completion Width) is en-
abled when one of the multi-function outputs has been set to 33.

e The Zero Servo End signal remains ON as long as the position is within this range (starting position
= Zero-servo Completion Width).

e Set the Zero-servo Completion Width to four times the number of pulses from the PG (pulse generator
or[¢ncoder),[ds[shown[in[Figure[7.9.

7
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7.3.2 Zero-servo Function

For example, when a 600 p/r encoder is being used, the number of pulses would be 2,400 p/r after multi-
plying by four.

e The Zero Servo End signal will go OFF when the zero servo command is turned OFF.

e Do not lock the servo for extended periods of time at 100% when using the zero servo function. Ex-

tended periods of servo lock can be achieved by ensuring that the current during the servolock is 50%
or less or by increasing the Inverter capacity.

1 pulse
Phase A _| I_l I_I I_
! } ! } ! ‘ Factor of 4: By counting the rising and
Phase B ‘ l ‘ | ‘ | ‘ | ‘ ‘ falling edges of phase A
T e this method has four times
‘ ‘ ‘ ‘ ‘ ‘ the resolution of the PG.
Count 1 2 3 4 5 6 7 8 910 11 12
Fig(T.9 Pulse[Count[Factored[by[#
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7.3.3[JTorque[Control

B Torque Control Function Settings: d5-01

With flux vector control, the motor’s output torque can be controlled by a torque reference from an analog

input.
User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | vctor
tion Vector
d5-01 Torque control selec- < 0,1 _ 0 < < < A
tion
e Settings
Setting Function
0 Speed control (controlled by C5-01 to C5-07)
1 Torque control

e Set constant d5-01 to “1” to select torque control.
o1 Figure[7.10[$hows[the[dperation[df[forque[¢ontrol.

Torque reference + 1
Torque reference———————— primary delay filter @ Internal torque
(d5-02) + f _/] reference

Torque limit
(L7-01 to L7-04)

Torque compensation

Speed limiting circuit

f— Speed feedback

Speed limit

Speed limit
bias (d5-05)

Fig[T.10 Torque[TontrolBlock[Diagram

B Torque Reference Settings: H3-04, H3-05, H3-08, H3-09

e Set the multi-function analog input terminal 16 (H3-05) or 14 (H3-09) to torque reference (a setting
of 13). The torque reference value cannot be set with the Digital Operator.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Multi-function ana-
H3-05 | log input (terminal X Oto 1F - 0 B B B B
16)
Multi-function ana-
H3-09 | log input (terminal X 1to 1F - 1F A A A A
14)

e Next, set the signal level for the analog input terminal that was set to torque reference.

User %rla;%%e Sefting | Factory Valid Access Levels
Nmoer | | Opera | Range | |seting | oyt |vian | G |
oo [ty | x| o1 || o e | ® |5 ¢
H3-08 tslggn“alelfnvj;;eﬁc) x 02 | - | 2 Al A | A | A
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7.3.3 Torque Control

o Signal Level Settings

Setting Function
0 0 to +10 V input (When H3-08 is being set, be sure to disconnect jumper wire J1.)
1 0 to £10 V input (When H3-08 is being set, be sure to disconnect jumper wire J1.)
2 4 to 20 mA input (H3-08 only)

o Set the proper signal level for the torque reference that you want to input.
o Thedirection of the torque that is output is determined by the sign (polarity) of the signal that was input.

It is not determined by the direction of the run command (forward/reverse).
« +Voltage (or current):  Forward torque reference (generally counterclockwise; axis side)
» —Voltage: Reverse torque reference (generally clockwise; axis side)

Since the polarity of the voltage input determines the direction, only forward torque references can be
input when the “0to +10 V” or “4 to 20 mA” signal level has been selected. If you want to input reverse
torque references, be sure to select the “0 to £10 V” signal level.

e When supplying a voltage input to the frequency reference current input (terminal 14) (a setting of 0

or[]),[Be[dureftb[disconnectjumper[Wire[J1[dn[the[dontrol[Board.[(See[Figure[T. 11 [Jf[theumper[Wire

isn’t disconnected, the input resistor will be destroyed.

Jumper wire
PN N[N ZEN PN PN =N L1
- - r- r- - » N -! {‘3'?} z&.a Control circuit
SRR ] (@ ||| | e
@11|12(G)| 13 [ 14 ] 15 | 16 W@g
1 | 2[3]a 5] [ 9 [10]
RL1 ?_2 T_s e ||t || &2 || B || B2 %1 T || L0 S
= = Main circuit
| Power supply inputs | Draking Resistor || Motor output O:\ terminals

Figr.11 Jumper[Wire[lLocation[for[200[Y[Tlass[Inverter[of[D.4[kW

B Speed Limit Function Settings: d5-03, H3-01, d5-04, d5-05

o This setting selects the speed limit function used when torque control is performed.

With torque control, the motor sometimes rotates at high speed with no load or a light load. The speed
limit function keeps the motor speed from exceeding the specified limit in these cases.

If the speed limit is exceeded during torque control operation, a suppressing torque (proportional to
the divergence from the speed limit) is added to the torque reference. (The suppressing torque is ap-
plied opposite to the motor rotation.)

o There are two ways to set the motor speed limit: a constant setting or an analog input value.

Speed Limit Selection: d5-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) Vi | Viwith | OPen | g
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
d5-03 Speed limit selection x 1, 2 - 1 x x x A
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o Settings
Setting Function
1 The speed limit is set from one of the analog frequency reference terminals (13 or 14).
2 The speed limit is set to the value in constant d5-04.

Speed Limit Selection Settings: d5-03, H3-01, d5-04

e Limit with Analog Input (d5-03 = 1)
» The speed limit value is set by the input voltage (H3-01) to frequency reference (voltage) terminal
13.

»  When frequency reference (current) terminal 14 has been set to frequency reference by setting
constant H3-09 to 1F, this terminal is also used as an input terminal for the speed limit.
In this case, the actual speed limit value is the sum of the voltage input value at terminal 13 and
the current input value at terminal 14.

» The polarity of the speed limit signal and the direction of the run command determine the direction
in which the speed is limited.

» +Voltage input: Forward rotation; Speed is limited in the forward direction.
Reverse rotation; Speed is limited in the reverse direction.
» —Voltage input: Forward rotation; Speed is limited in the reverse direction.
Reverse rotation; Speed is limited in the forward direction.
» The speed limit value is zero for rotation opposite to the speed limit direction.
For example, when a +voltage is being input and the forward rotation command is ON, the effec-
tive range of the torque control is from zero to the speed limit value in the forward direction (when
constant d5-05, the speed limit bias, is set to 0).

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | vctor
tion Vector
Signal level selec-
H3-01 tion (terminal 13) X 0,1 - 0 B B B B
o Setting[(See[page[6[]4.)
Setting Function
0 0 to 10 VDC input
1 -10 to 10 VDC input
(A negative voltage is a command for rotation in the opposite direction.)

o Set the signal level to match the speed limit voltage being input.
e Limit with Constant Setting (d5-03 = 2)

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | iwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
- -120 to
d5-04 Speed limit x +120 % 0 x x X A

 Set the speed limit as a percentage of the maximum frequency. (The max. frequency is 100%.) The
sign of the constant setting and the direction of the run command determine the direction in which
the speed is limited.

Setting +: Forward rotation; Speed is limited in the forward direction.

Reverse rotation; Speed is limited in the reverse direction.

Forward rotation; Speed is limited in the reverse direction.

Reverse rotation; Speed is limited in the forward direction.

» The speed limit value is zero for rotation opposite to the speed limit direction.
For example, when a positive value is set in d5-04 and the forward rotation command is ON, the
effective range of the torque control is from zero to the speed limit value in the forward direction
(when constant d5-05, the speed limit bias, is set to 0).

Setting —
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7.3.3 Torque Control

Speed Limit Bias Setting: d5-05

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
d5-05 Speed limit bias x 0to 120 % 10 x X x A

o The speed limit bias can be used to add margins to the speed limit.

e When the speed limit bias is used, it is possible to set the same speed limit value in both the forward
and reverse directions.

e Set the speed limit bias as a percentage of the maximum output frequency. (The max. frequency is
100%.)
For example, the following settings establish speed limits of 50% of the maximum output frequency
in both the forward and reverse directions.
* Speed limit setting: Zero (with d5-04 as the speed limit: d5-03 = 2, d5-04 = 0)
* Speed limit bias setting: 50% (d5-05 = 50)

e When a forward speed limit and a speed limit bias have been set, the speed range of the torque control
is from the “—speed limit bias setting” to the “speed limit setting + speed limit bias setting.

In effect, the speed limit range is extended by the speed limit bias in both the forward and reverse direc-
tions.

Output torque | Forward
When the speed exceeds the reverse \ direction ‘
speed limit, the torque is increased in _d5-05 d5-05
the forward direction. w | |

Motor speed

: 1 Forward
| | | \ rotation

When the speed exceeds the forward
speed limit, the torque is increased in
the reverse direction.

Effective range of torque control—>

Speed limit setting
Reverse
direction

Fig[T.12 Speed[Limit[Bias[Pettings

Operation
The following operation will be performed if the torque reference is greater than 0 and the speed limit is
greater than O (winder operation).
o If (-1 x speed limit bias (d5-05)) < motor speed < (speed limit + d5-05), the torque will be controlled
according to the set torque reference.
o Ifthe motor speed > (speed limit + d5-05), the speed limit circuit will output a negative torque reference
to prevent the motor speed from increasing.
o If the motor speed <(-1 x d5-05), the speed limit circuit will output a positive torque reference to pre-
vent the speed from increasing in the reverse direction.
Thus, if the torque reference is greater than 0 and the speed limit is greater than 0, the torque will be con-
trolled within the following limits:

(-1 x d5-05) < motor speed < (speed limit + d5-05)
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The relationships between the torque reference, speed limits, and motor speed are shown in the following

diagram.
- Winding Operation Rewinding Operation
NT
_______ - /"
o aree V(G
. ‘ Line direction @ Line direction
Configuration
Motor
gﬁ,ggﬁé?maﬁon Forward Reverse Forward Reverse
Torque Refer-
ence Polarity ® o © @
(TREF)
Speed Limit Po-
larity (SLIM) ® S ® ©
T
Torque Torque Torque Torque Torque oraue Torque
i q limit i limit Torque
mit limit
TREF \__ TREF
O © NLIM NLIM <+ O\
o/ e N T T T ! 1 1
Generated Torque el 0! Speed o ! Speed L A
0 NLIM\ speed o P NOM fo \speed
d5-05 TREF_ d5_05_/
D — e
'+ Torque N Torque
Torque (" it \/ limit Torque
limit limit
d5-05 d5-05

B Torque Reference Adjustment: d5-02, H3-02 to H3-11

Primary Delay Time Constant for Torque Reference Filter: d5-02

o The time constant of the primary filter in the torque reference section can be adjusted.

o This constant is used to eliminate noise in the torque reference signal and adjust the responsiveness
to the host controller.

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector

d5-02 Torque reference

delay time b3 0 to 1000 ms 0 x x b3 A

o Set the torque reference filter primary delay time constant in ms units.
e Increase the time constant setting if oscillation occurs during torque control operation.

Setting the Torque Compensation: H3-05, -04, -08, -09

e Set multi-function analog input (terminal 16) or frequency reference current input (terminal 14) to
torque compensation (setting 14). When the amount of torque loss at the load is input to one of these
terminals, it is added to the torque reference to compensate for the loss.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yvector
tion Vector
Multi-function ana-
H3-05 | log input (terminal X 0to 1F - 0 B B B B
16)
Multi-function ana-
H3-09 | log input (terminal X 1to 1F - 1F A A A A
14)

e The functions of H3-05 and H3-09 are listed in Table 7.12.

e Set torque compensation (setting 14) for the input terminal that isn’t set to torque reference (setting
13).
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7.3.3 Torque Control

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
] Signal level selec- B
H3-04 tion (terminal 16) X 0, 1 0 B B B B
Signal level selec-
H3-08 tion (terminal 14) X Oto2 - 2 A A A A
o Settings
Setting Function
0 0 to +10 V input (When H3-08 is being set, be sure to disconnect jumper wire J1.)
1 0 to £10 V input (When H3-08 is being set, be sure to disconnect jumper wire J1.)
2 4 to 20 mA input (H3-08 only)

o Set the proper signal level for the torque compensation that you want to input.
o The direction of the torque compensation bias is determined by the sign (polarity) of the signal that
is input. It is not determined by the direction of the run command (forward/reverse).
» +Voltage (or current):  Forward torque compensation
(generally counter-clockwise; axis side)
» —Voltage: Reverse torque compensation (generally clockwise; axis side)
Since the polarity of the voltage input determines the direction, only forward torque compensation can
be input when the “0 to +10 V” or “4 to 20 mA” signal level has been selected. If you want to input
reverse torque compensation, be sure to select the “0 to £10 V” signal level.

e When supplying a voltage input to the frequency reference current input (terminal 14), be sure to dis-
connect jumper wire J1 on the control board. If the jumper wire isn’t disconnected, the input resistor

will[be[destroyed.[Refer[fo[Figure[7. 11[for[d[diagram[df[fhe[¢ontrol[Hoard.

Adjusting the Gain/Bias of the Analog Inputs: H3-02, -03, -06, -07, -10, -11

o Adjust the gain and bias for the frequency reference (voltage), frequency reference (current), and mul-
ti-function analog inputs according to the input specifications for each input.

User Cér:f:ir;%e Setting | Factory Valid Access Levels
Nomoer | " |Opera | Range | U™ |seting | oyt |Vign | G|\
tion Vector

H3-02 | Gain (terminal 13) O foto | % | w00 | B | B | B | B
H3-03 |Bias (terminal 13) o | M0 1% | o0 | B | B | B | B
H3-06 | Gain (terminal 16) O e | % | 1000 | B B B B
H3-07 | Bias (terminal 16) o | W00t Te | o0 | B | B | B | B
H3-10 | Gain (terminal 14) O ol |00 | A | A A | A
H3-11 | Bias (terminal 14) O | M0 e | o0 | A | A | A | A

o Adjust the gain so that the maximum signal level corresponds to the maximum frequency or the mo-
tor’s rated torque, as follows.
*  When the input terminal is used for frequency reference:
A 10V (20 mA) input indicates a frequency reference that is 100% of the max. output frequency.
*  When the input terminal is used for torque reference:
A 10 V (20 mA) input indicates a torque reference that is 100% of the motor’s rated torque.

*  When the input terminal is used for torque compensation:
A 10 V (20 mA) input indicates a torque compensation that is 100% of the motor’s rated torque.

o Adjust the bias so that the minimum signal level corresponds to the maximum frequency or the motor’s
rated torque, as follows.
»  When the input terminal is used for frequency reference:
A 0V (4 mA) input indicates a frequency reference that is 100% of the max. output frequency.

»  When the input terminal is used for torque reference:
A 0V (4 mA) input indicates a torque reference that is 100% of the motor’s rated torque.

*  When the input terminal is used for torque compensation:
A 0V (4 mA) input indicates a torque compensation that is 100% of the motor’s rated torque.
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Reference value

Gain

Max. frequency X 700 Lo
Gain

Rated torque x 100

Bias

Max. output frequency x 700

Bias
Rated torque 100 s Input voltage
ov 10V (Input current)
(4 mA) (20 mA) Use the current values shown in pa-
rentheses when current input has

been selected.

Fig[T.13 Analog[lnput[Gainfand[Bias[Bettings
7.3.4 Speed/Torque Control Switching Function
It is possible to switch between speed control and torque control when one of the multi-function inputs
(H1-01 to H1-06) is set to 71 (Speed/Torque Control Change). Speed control is performed when the input

is OFF and torque control is performed when the input is ON.

B Torque Control Function Settings: d5-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | vctor
tion Vector
d5-01 Torque control selec- x 0, 1 _ 0 % % x A
tion
o Settings
Setting Function
0 Speed control (controlled by C5-01 to C5-07)
1 Torque control

e Set constant d5-01 to 0 (speed control) when using the speed/torque control switching function.
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7.3.4 Speed/Torque Control Switching Function

B Setting the Speed/Torque Control Switching Timer: d5-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
d5-06 Sgﬁ’i‘?{;‘l’;“t‘;ﬁlgn“‘)l x 0101000 | ms 0 x x x A

o This setting specifies the delay (0 to 1,000 ms) between a change in the multi-function input (ON —
OFF or OFF — ON) and the corresponding change in the control mode. The timer setting is effective
only when 71 (Speed/Torque Control Change) has been set in one of the multi-function inputs (H1-01
to H1-06).

e During the timer delay, the value of the 3 analog inputs will retain the values they had when the ON/
OFF status of speed/torque control switching signal was changed. Use this delay to make any prepara-
tions for the change in the control mode.

B Frequency Reference and Speed Limit

The frequency reference (during speed control) is set with b1-01 (Reference Selection).

The speed limit (during torque control) is set with d5-03 (Speed Limit Selection).

It is possible to assign the frequency reference and speed limit functions to the same analog input terminal
(13 or 14).

B Torque Reference and Torque Limit

If the torque reference has been assigned to a multi-function analog input or the frequency reference (cur-
rent) terminal, the input function changes when the control mode is switched between torque control and
speed control.

e During speed control: The analog input terminal is used as the torque limit input.

e During torque control: The analog input terminal is used as the torque reference input.

Either the absolute value of the torque limit input or the torque limit constant setting (L7-01 to L7-04),
whichever is smaller, will be used for the torque limit. Refer to 7.3.5 Torque Limit Function.

B Stopping Method

e When the run command is turned OFF during speed control, the motor is decelerated to a stop.
When the run command is turned OFF during torque control, the control mode is automatically
switched to speed control and the motor is decelerated to a stop.

o When A1-02 is set to 3 (flux vector control), the speed/torque change command can be set for a multi-
function input (a setting of 71) to switch between speed and torque control during operation. An exam-
ple is shown below.
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o Settings
Terminal No User Factory Setting Setting Function
" | Constant No.
8 H1-06 8 71 Speed/torque control change
b1-01 1 1 Frequency source (terminals 13, 14)
13
ds-03 1 1 Speed limit (terminals 13, 14)
16 H3-05 1 13 Torque reference/torque limit
CLOSED CLOSED
Speed/torque change sig- OPEN | . OPEN |
nal (terminal 8 input) , Run , ,
Run command  StoP ! ! ! |
Control mode Speed >'< Torque >'< Speed >'< Torque >< Speed (decel to stop)
' Speed limit | ' Speedlimit .
Terminal 13 input reference ’ . reference . :
Terminal 16 input Torque limit  Torque limit | :
Torque Torque ,
reference reference ]
© ® @ ® ®

Fig[T.14 Switching[between[$peed[@nd[Torque[TControl
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7.3.5 Torque Limit Function

7.3.5 Torque Limit Function

With flux vector control, the torque limit can be applied at an arbitrary value because the torque output
by the motor is calculated internally.

The torque limit function is useful when the load cannot sustain a torque above a certain level or regenera-
tive torque above a certain level.

The two ways to apply a torque limit are listed below.

o Setting torque limits with the constants

e Limiting torque with the analog inputs
The lower torque limit will be used if both of these methods are set. The accuracy of the torque limit is
+5% at all frequencies.

B Setting a Torque Limit with Constants: L7-01 to L7-04

o Torque limits can be set separately for the 4 ways that torque can be applied: forward torque, reverse
torque, forward regenerative torque, and reverse forward regenerative torque.

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ; Vi | Vwitn | Open Flux
Number Opera- Range Setting Control PG Loop | viector
tion Vector
L7-01 Forward torque limit x 0 to 300 % 200 x x B B
L7-02 Reverse torque limit x 0 to 300 % 200 x x B B
L7-03 | Forward regenera- x 010300 | % | 200 | x | x | B | B
tive torque limit
L7-04 |Reverse regenerative | 010300 | % | 200 x x B B
torque limit

o0 Figure[7.15[3hows[the[felationship[Between[¢ach[¢onstant[dnd[fhe[dutput[forque.
Output torque

Forward
direction L7-01

L7-04

Regenerative
torque

Motor speed

Reverse Forward

Regenerative
torque

L7-03

Reverse
direction

Fig[T.15 Torque[Limit[Function

e When the torque limit function is used, the torque control has priority and motor speed control and
compensation will be disregarded, so the acceleration/deceleration times might be lengthened and mo-
tor speed might be reduced.

B Limiting Torque with Analog Inputs: H3-05, H3-09
The following two analog inputs that can be used to limit torque. Use either or both of these inputs as need-
ed with constants H3-05 and H3-09.

e Multi-function analog input terminal 16

e Frequency reference (current) terminal 14

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Multi-function ana-
H3-05 | log input (terminal x 0to 1F - 0 B B B B
16)
Multi-function ana-
H3-09 | log input (terminal X 1to 1F - 1F A A A A
14)
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o Settings
Setting Name
10 Forward Torque Limit
11 Reverse Torque Limit
12 Regenerative Torque Limit
13 Torque reference (The input limits torque in both the forward and reverse directions during
speed control.)
15 Forward/Reverse Torque Limit (Limits torque in both the forward and reverse directions.)

e The above table shows only those settings related to the torque limit function.
e Set the analog input terminal’s signal level, gain, and bias to match the actual input signal.

o The factory default settings for the input terminal’s signal level are as follows:
» Terminal 16: 0to +10 V (A 10 V input limits the torque to 100% of the motor’s rated torque.)

» Terminal 14: 4 to 20 mA (A 20 mA input limits the torque to 100% of the motor’s rated torque.)
Figure[7.16[3hows[the[telationship[between[the[dutput[forque[dnd[¢ach[forque[limit.

Output torque
Forward
direction
Forward torque limit
Regenerative torque limit Motor speed
Reverse Forward
Regenerative torque limit
Reverse torque limit
Reverse
direction

Fig[T.16 Limiting[Torque[vyia[Analog[lnputs

o When the forward torque limit has been set, the analog input signal acts as the limit value for torque
generated in the forward direction. The torque limit input is effective when torque is generated in the
forward direction even if the motor is operating in reverse (regenerative torque).

e The torque limit is 100% of the motor’s rated torque when the analog input is at its maximum value
(10 V or 20 mA). To increase the torque limit above 100%, set the input terminal’s gain above 100%.
For example, a gain of 150.0% would result in a torque limit of 150% of the motor’s rated torque with
a 10 V or 20 mA analog input.

7.3.6 Setting/Adjusting Motor Constants

B Adjusting the V/f Pattern: E1-04 to E1-07, E1-13

e Normally it isn’t necessary to adjust the V/f pattern with flux vector control. Adjust the V/f pattern
when you want to change the maximum output frequency, maximum voltage, base frequency, or mini-
mum output frequency settings.

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ) Vi | viwin | Open | g
Number Opera- Range Setting | conror | PG | L9 | vegtor
tion Vector
E1-04 Max. output fre- % 40.0 to Hz 60.0 Q Q Q Q
quency 400.0
0.0 to 1
E1-05 | Max. voltage x 255.0°1 VAC | 200.0 Q Q
E1-06 | Base frequency x 0.0 to 400.0 | Hz 60.0 Q Q Q Q
E1-09 | Min- output fre- x  |00t04000 | Hz | 00 | @ | @ | @ | A
quency
E1-13 | Base voltage x 0.0 to 255.0 | VAC | 0.0 "2 A A Q Q

* 1. These voltages are for the 200 V class; Double the voltage for 400 V class Inverters.

* 2. IfE1-13 is set to 0.0, the same value as in E1-13 will be set for E1-05. It does not normally
need to be set separately.
Note 1.The default setting for E1-09 depends on the control method. The default settings shown
in the table are for flux vector control.

2. The three frequency settings must satisfy the following equation:
E1-04 (Fmax) = E1-06 (Fa) > E1-09 (Fyvin)
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7.3.6 Setting/Adjusting Motor Constants

Output voltage (V)

VMAX | =
(E1-05) ‘ ‘
V BASE ! !
(E1-13) \ |
: : Frequency (Hz
FMIN FA FMAX a y (He)
(E1-09) (E1-06) (E1-04)

Fig[7.17 V/fPattern[Adjustment

Units for V/f Pattern Settings: 01-04
The units used for V/f pattern frequency settings can be changed when flux vector control has been se-

lected.
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
01-04 Frequency units of X 0, 1 - 0 X X x B
constant setting
e Display Unit Settings
Setting Function
0 Units: Hz
1 Units: r/min

The setting units for constants E1-04, E1-06, and E1-09 can be changed.
o The unit for other frequencies will not change.
o Constant 01-04 is specific to flux vector control.

B Setting Motor Constants: E2-01 to E2-09

The motor constants (function E2) will all be set automatically when autotuning is performed.
Set these constants manually if autotuning can’t be completed properly.

Motor Rated Current: E2-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
E2-01 Motor rated current X 0.32t06.40 | A 1.90 Q Q Q Q

o Thesetting range is 10% to 200% of the Inverter rated output current. The default setting depends upon
the Inverter capacity. (The table shows the default setting for 200 V class, 0.4 kW Inverters.) See page
8037,

o Set the rated current (A) shown on the motor nameplate.

Motor Rated Slip: E2-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
E2-02 | Motor rated slip x 02'8003) Hz 2.90 A A Q Q

o The default setting depends upon the Inverter capacity.
(The[fable[shows[the[default[dettings[Hor2DD[V[dlass, [k Wnverters.)[(See[page[3[H[37.)

e Calculate the rated slip (E2-02) from the value shown on the motor nameplate with the following equa-
tion and set this value.

Rated slip = rated frequency (Hz) - rated speed (r/min) x number of poles/120



7.3 Flux Vector Control

Motor No-load Current: E2-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Motor no-load cur- 0.00 to
E2-03 rent x 1500.0 A 1.20 A A Q Q

e The default setting depends upon the Inverter capacity.
(The[fable[$hows[the[default[dettings[Hor2DD[V[dlass, [k Wnverters.)[{See[page[B47.)

e Set the no-load current (E2-03) at the rated voltage and rated frequency. Normally this value isn’t
shown on the motor nameplate, so it might be necessary to contact the motor manufacturer.

Number of Motor Poles: E2-04

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Ot':i)grl;a_ Range Settlng Control PG \I/_ec::c;gr Vector
E2-04 g;‘;ber of motor x 21048 | - 4 x Q x Q

e Set the number of poles (E2-04) shown on the motor nameplate.

Motor Line-to-line Resistance: E2-05

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Motor line-to-line 0.000 to
E2-05 resistance x 65.000 Q 9.842 A A A A

e The default setting depends upon the Inverter capacity.
(The[fable[$hows[the[default[dettings[Hor2DD[V[dlass, [k Wnverters.)[(See[page[B[47.)

e Set the motor terminal resistance (U-V, V-W, and W-U) in constant E2-05.

e Normally this value isn’t shown on the motor nameplate, so it might be necessary to contact the motor

manufacturer for the terminal resistance at the insulation class temperature. Use the following equa-
tions to calculate the resistance value from the terminal resistance of a test report.

 E-class insulation: Terminal resistance at 75°C in the test report () x 0.92
 B-class insulation: Terminal resistance at 75°C in the test report () x 0.92
 F-class insulation: Terminal resistance at 115°C in the test report () x 0.87

Motor Leak Inductance: E2-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
E2.0 | Motor leakinduc- x 0010300 | % | 182 | x x A | A
tance

o The default setting depends upon the Inverter capacity.
(The[fable[$hows[the[default[dettings[Hor2DD[V[¢lass, [k Wnverters.)[(See[page[B[47.)

e Set the voltage drop (caused by the motor’s leakage inductance) as a percentage of the motor’s rated
voltage in constant E2-06.

o This constant does not normally require setting because the Inverter automatically compensates during
operation.

e Normally this value isn’t shown on the motor nameplate, so it might be necessary to contact the motor
manufacturer. It is also acceptable to set the loss (caused by the motor’s leakage inductance) as a per-
centage.
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7.3.7 Operation Selection when Output Voltage Saturated

Motor Iron-core Saturation Coefficients 1, 2: E2-07, E2-08

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Epg7 | Motor iron-core sat- x 0000050 | - | 050 x x A A
uration coefficient 1
Ep.og | Motor iron-core sat- x 00000075 | - | 075 x x A A
uration coefficient 2

o Constants E2-07 and E2-08 are not required when using the motor at or below the rated frequency.

o Set these constants when operating at a frequency higher that the motor’s rated frequency. Set the fol-
lowing values:
* Motor iron-core saturation coefficient 1: Iron-core saturation coefficient when magnetic flux is
50%.
» Motor iron-core saturation coefficient 2: Iron-core saturation coefficient when magnetic flux is
75%.
o Normally these values aren’t shown on the motor nameplate, so it might be necessary to contact the
motor manufacturer. Operation will be possible with the factory-preset values.

Motor Mechanical Loss: E2-09

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
E2.09 [ Motor mechanical x 001100 | % | 00 x x x A

o Normally it isn’t necessary to change this setting in the following cases:
» There is a large torque loss to the motor’s bearings
» There is a large torque loss to a fan or pump

o Set the mechanical loss as a percentage of the motor’s rated output power (W). Constant E2-09 is used
to compensate for torque lost mechanically in the motor.

B Setting the Slip Compensation Gain: C3-01

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | vwith | Open | g
Number Opera- Range Setting | conrol | P Loop | \egtor
tion Vector
c3-01 |Slip compensation O 00t025 [Mi-1 19 B x B B
gain tiple

e Normally it isn’t necessary to change this setting.

o With flux vector control, constant C3-01 sets the motor’s temperature compensation gain. Adjust the
setting when a torque limit or torque control is being used and the output torque varies with the ambient
temperature.

o This constant can be adjusted when the motor’s output torque changes at higher temperatures when
torque control or limits are used. The larger the setting, the larger the compensation will be.

7.3.7 Operation Selection when Output Voltage Saturated

The Inverter cannot output a voltage that is higher than the input voltage. If the output voltage command
to the motor (monitor constant U1-06) exceeds the input voltage in the high-speed region, the output volt-
age becomes saturated, and precise torque control is not longer possible during flux vector control.

Select one of the following methods to insure precise torque control.

B Limited Output Voltage Operation: C3-06

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ; Vi | viwith | Open Flux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
C3-06 Limited output volt- % 0,1 1 0 < < A A
age operation




7.3 Flux Vector Control

o Settings
Setting Function
0 Disables limited output voltage operation.
1 Enables limited output voltage operation.

o If the limited output voltage operation is disabled and output voltage becomes saturated, the output
current does not change. However, torque control precision is no longer possible.
Enable limited output voltage operation if precise torque control is required.

o [Ifthelimited output voltage operation is enabled, the magnetic flux current of the motor is automatical-
ly controlled, and the output voltage command itself is limited, which maintains precise torque control.
Check the Inverter current margins as the output current will be maximum 10% higher (with a rated
load) than when limited output voltage operation is disabled.

Note 1.C3-06 does not need to be changed if the Unit is used only at medium or low speeds, or
when the power supply voltage is 10% or more higher than the rated voltage for the motor,
or when torque control precision in the high-speed region is not required.

2. When the power supply voltage is too low for the rated motor voltage, precise torque con-
trol will not be maintained even if limited output voltage operation is enabled.




Advanced Operation

7.4[V/f[Control[with[PG

Table[7]4]  V/f[Tontrol[with[PG

The[functions[that[¢an[Be[hised[With[V/f[¢ontrol[With[PG[are[listed[dn[Table[].4.[Petails[dp[functions[fhat[dre
specific to V/f control with PG feedback (i.e. those marked with a x) are provided in the following table.

Control Meth-

od

]
|53 f.
Group Function Comments o 28
> g I

o

(o]
b1 | Sequence Settings such as the reference input method OO0 |0 |0
b2 | DC Injection Braking DC injection braking function settings OO0 |0 |0
b3 | Speed Search Speed search function settings OO0 |0 |0
b4 | Delay Timers Timer function settings O|O0 |0 |0

L PID trol setti
b | Application b5 |PID Controll control settings _ . . O|O0 |0 |0
b6 | Dwell Functions Acceleration/deceleration time dwell function settings O|O0 |0 |0
b7 | Droop Control Not used. (Can’t be set.) x [x |[x |O
b8 | Energy Saving Multi-function input: Sets energy-saving control by energy saving olo x| x
reference.
b9 | Zero Servo Not used. (Can’t be set.) x [x |[x |O
C1 | Accel/Decel Acceleration/deceleration time settings OO0 |0 |0
C2 | S-Curve Acc/Dec S-curve characteristics for accel/decel times OO0 |0 |0
C3 | Motor-Slip Compensation Slip compensation function settings OO0 |0 |0
. C4 | Torque Compensation Torque compensation function settings O 10 |0 |x
C | Tuning C5 | Speed Controls Speed control adjustment x |O|x |O
C6 | Carrier Frequency Carrier frequency settings O|O0 |0 |0
C7 | Hunting Prevention Hunting prevention settings OO0 |x |x
C8 | Factory Tuning Not used. (Can’t be set.) x | x |O|x
d1 | Preset Reference Frequency reference settings (when using Operator) OO0 |0 |0
d2 | Reference Limits Frequency upper and lower limit settings OO0 |0 |0
d | Reference d3 | Prohibited Frequencies Prohibited frequency settings OO0 |0 |0
d4 Eiﬁ:gzce frequency hold Up/Down, Accel/Decel stop hold frequency setting OO0 |0 |0
d5 | Torque Control Not used. (Can’t be set.) x [x |[x |O
E1 | V/f Pattern Motor constant settings o]0 |0 |0
E2 | Motor Setup (Motor constants are set manually.) OO0 10
E | Motor E3 | Motor 2 Control Methods Control method settings for motor 2. OO0 |0 |0
E4 | Motor 2 V/f Characteristics V/f characteristics settings for motor 2. OO0 |0 |0
E5 | Motor 2 Motor Constants Motor constant settings for motor 2. OO0 |0 |0
PG Speed Control Card e ’
F1 Settings Constant settings for a PG Speed Control Card x [O|x |O
F2 | Analog Reference Card Al User constant settings for an Analog Reference Card Olo|l0 |0
F3 |Digital Reference Card DI User constant settings for a Digital Reference Card Olo|l0 |0
F4 | Analog Monitor Card AO User constant settings for an Analog Monitor Card Olo|l0 |0
F | Options F5 | Digital Output Card DO User constant settings for a Digital Output Card OlO |0 |0
Fé | Digital Output Card DO User constant settings for a Digital Output Card OlO |0 |0
F7 | Pulse Monitor Card PO User constant settings for a Pulse Monitor Card Olo|l0 10O
F8 gngI-G Transmission User constant settings for a Transmission Card OO0 |0
Transmission Card other . . - . ’
F9 than SI-K2, SI-F/G User constant settings for a Transmission Card OO0 |0
H1 | Multi-function Inputs Function selection for multi-function inputs Olo|l0 |0
H2 | Multi-function Outputs Function selection for multi-function outputs Olo|l0 |0
H3 | Analog Inputs Function selection for analog inputs Olo|l0 |0
H | Terminal i ; .

H4 ";Aulilstl function Analog Out Function selection for analog outputs OlOo|10 |0
H5 EAOEI\SAOBUS Communica- MEMOBUS communications settings olololo




7.4 V/f Control with PG

Control Meth-
od

s
Group Function Comments |8 % %
g w

o
L1 | Motor Overload Sets electrical/thermal functions that protect the motor. o100 |0
L2 | Power Loss Ridethru Selects the power-loss processing method. o100 |0
L3 | Stall Prevention Accel/Decel stall prevention settings and selection o100 |0
. L4 | Reference Detection Frequency detection settings and selection o100 |0
Protection L5 | Fault Restart Fault restart function settings o100 |0
L6 |Torque Detection Sets overtorque detection functions 1 and 2 O |0 |0 |0
L7 | Torque Limit Not used. (Can’t be set.) x |x |O|O
L8 | Hardware Protection Hardware overheating and open-phase protection settings o100 |0
o1 | Monitor Select Selects the Operator’s display and setting methods. o100 |0
Operator 02 | Key Selections Operator’s key function selection and other constants OO |0 |0




Advanced Operation

7.4.1 Energy-saving Control Function

7.4.1[Energy-saving[Control[Function

The energy-saving control function is enabled when the energy-saving command (setting 63) has been set
in a multi-function input (H1-01 through H1-06). Inputting the energy-saving command while there is a
light load causes the Inverter’s output voltage to be reduced and saves energy. Turn OFF the energy-saving
command when a normal load is added.

B Energy-saving Gain: b8-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
b8-01 Energy-saving gain x 0 to 100 % 80 A A x x

e Constant b8-01 determines the Inverter’s output voltage when the energy-saving command is input.
Set this value as a percentage of the V/f pattern’s voltage.

o Constant L2-04 (the voltage recovery time) determines the rate at which the output voltage is changed
when the energy-saving command is turned ON or OFF.

B Energy-saving Frequency: b8-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | g
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
bg-o2 | Enerey-saving fre- x  |00t04000 | Hz | 0.0 A | A x x
quency

o Constant b8-02 determines the lower limit frequency for the energy-saving function.

e The energy-saving command is enabled only when the frequency reference is above the energy-saving
frequency and the motor speed is within the “speed agree” range.

A time chart for energy-saving operation is shown below.

OFF _|ON
Run command I
Energy-saving OFF | ON l
command ! : ‘
! S — N Frequency reference = b8-02
| \ ! (energy-saving frequency)
Output frequency ! | :

Output voltage

L2-04 E1-03 to E1-10 setting x Energy-saving Gain
(Voltage recovery time) (b8-01)

Fig[T.18 Time[Chart[for[Energy-saving[Dperation
7.4.2 Hunting-prevention Function

The hunting-prevention function suppresses hunting when the motor is operating with a light load. This
function is valid with V/f control and V/f with PG feedback control.

B Hunting Prevention Selection: C7-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
c7-01 | Hunting prevention x 0, 1 - 1 A A X X
selection




7.4 V/f Control with PG

o Settings
Setting Function
0 Disables the hunting-prevention function.
1 Enables the hunting-prevention function.

B Hunting Prevention Gain: C7-02

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ) Vi | iwith | OPen | Eux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
c7-02 |Hunting prevention x 0000250 M1 00 | A | A x x
gain tiple

e Normally it isn’t necessary to change these constants. Adjust these constants as follows if hunting oc-
curs with a light load.

* Increase the setting in C7-02 if oscillation occurs when operating with a light load.
(If the setting is increased too much, the current can fall to the point where stalling occurs.)

» Decrease the setting in C7-02 if stalling occurs.

+ Disable the hunting-prevention function (C7-01 = 0) if high responsiveness is more important than
suppressing oscillation.

7.4.3[Setting[Motor[Constants

B Motor Rated Slip: E2-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | ector
tion Vector
E2-02 | Motor rated slip x 02'800:)0 Hz 2.90 A A Q Q

o These settings are used as reference values for the motor slip compensation function.
o The default setting depends upon the Inverter capacity.

(The[fable[$hows[the[default[dettings[for[2DD[V[¢lass, [k Wnverters.)[(See[page[$[{47.)

e Calculate the rated slip (E2-02) from the value shown on the motor nameplate with the following equa-
tion and set this value.

Rated slip = rated frequency (Hz) - rated speed (r/min) x number of poles/120
B Motor No-load Current: E2-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | P80 | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Motor no-load cur- 0.00 to
E2-03 rent X 1500.0 A 1.20 A A Q Q

o These settings are used as reference values for the motor slip compensation function.

e The default setting depends upon the Inverter capacity.
(The[fable[$hows[the[default[dettings[for2DD[V[dlass, [k Wnverters.)[(See[page[B47.)

e Set the no-load current (E2-03) at the rated voltage and rated frequency. Normally this value isn’t
shown on the motor nameplate, so it might be necessary to contact the motor manufacturer.

H Motor Line-to-line Resistance: E2-05

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Motor line-to-line 0.000 to
E2-05 resistance x 65.000 Q 9.842 A A A A

o This setting is used as a reference value for the torque compensation function.
o The default setting depends upon the Inverter capacity.
(The[fable[$hows[the[default[dettings[Hor2DD[V[dlass, [k Wnverters.)[(See[page[B47.)

e Set the motor’s terminal resistance (U-V, V-W, and W-U). Normally this value isn’t shown on the
motor nameplate, so it might be necessary to contact the motor manufacturer.
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7.4.3 Setting Motor Constants

B Motor Iron-Core Loss with Torque Compensation: E2-10 (for SPEC: F)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Motor iron-core loss
E2-10 | with torque com- x 0to 65535 | W 14 A A X X
pensation

o The default setting depends upon the Inverter capacity. The above table shows the settings for 200V

class, [k W[nverter.[(See[page[3[H[37)

e The motor iron-core loss is set in “W” units.

e Normally, the settings do not need to be altered. However, if the Inverter and motor capacities are vast-
ly different, set the E2-10 value for the same Inverter capacity as the applicable motor. (See page

8H47)



7.5 Common Functions

7.5[]Common[Functions

The[functions[that[¢an[Be[used[for[d11[dontrol[thethods[dre[listed[in[Table[T.5.Details[@n[functions[tharkedWith
a[krare[provided[in[the[following[fable.

Table[T.5[] Functions[Used[Wwith[All[Control[Methods
Control Meth-
od
S
Group Function Comments o % %
S1218%
> 5|2
(o]
b1 | Sequence Settings such as the reference input method O 100 |0
b2 | DC Injection Braking * DC injection braking function settings O |00 |0
b3 | Speed Search % Speed search function settings O |0 |0 |0
b4 | Delay Timers  Timer function settings O |0 |0 |0
b | Application b5 |PID Control. % PID control settings O |0 |0 |0
b6 Dwell Functions % Acceleration/deceleration time dwell function settings OO0 |0 |0
b7 | Droop Control Droop control settings x |x |x [O
b8 | Energy Saving 1I-\élfuelrti—nf‘L;:;cti0n input: Sets energy-saving control by energy saving olo!x |x
b9 | Zero Servo Zero servo settings x |x |x [O
C1 | Accel/Decel Acceleration/deceleration time settings OO0 |0
C2 | S-Curve Acc/Dec % S-curve characteristics for acceleration/deceleration times OO0 |0
C3 | Motor-Slip Compensation % Slip compensation function settings O |00 |0
. C4 | Torque Compensation % Torque compensation function settings O |0 |0 |x
C | Tuning C5 | Speed Controls Speed control tuning x |O|x [O
C6 | Carrier Frequency * Carrier frequency settings O |0 |0 |0
C7 | Hunting Prevention Hunting prevention settings O |0 |x |x
C8 | Factory Tuning Adjustment for open-loop vector control x |x |O|x
d1 | Preset Reference Frequency reference settings (when using Operator) O |0 |0 |0
d2 | Reference Limits % Frequency upper and lower limit settings O |0 |0 |0
d | Reference d3 | Prohibited Frequencies  Prohibited frequency settings O |0 |0 |0
d4 ES;%;IG;nCSe Frequence Hold  Up/Down, Accel/Decel stop hold frequency setting O |00 |0
d5 | Torque Control Torque control settings and tuning x |x |x [O
E1 | V/f Pattern . OO0 |0
E2 | Motor Setup Motor constant settings olololo
E | Motor E3 | Motor 2 Control Methods Control method settings for motor 2. O |0 |0 |0
E4 | Motor 2 V/f Characteristics V/f characteristics settings for motor 2. OO0 |0 |0
E5 | Motor 2 Motor Constants Motor constant setting for motor 2. O |0 |0 |0
F1 geettﬁ]%ied Control Card Constant settings for a PG Speed Control Card x |O|%x O
F2 | Analog Reference Card Al | % User constant settings for an Analog Reference Card OlOo |00
F3 | Digital Reference Card DI * User constant settings for a Digital Reference Card OlOo |0 |0
F4 | Analog Monitor Card AO * User constant settings for an Analog Monitor Card OlOo |00
F | Options F5 | Digital Output Card DO User constant settings for a Digital Output Card OO0 |0
F6 | Digital Output Card DO User constant settings for a Digital Output Card OO0 |0
F7 | Pulse Monitor Card PO * User constant settings for a Pulse Monitor Card OlOo |00
F8 gZZSI'G Transmission User constant settings for a Transmission Card o100 |0
F9 ;I;:':gssnrlls(szlzr:]gasrﬂ; /oner User constant settings for a Transmission Card o100 |0
H1 | Multi-function Inputs * Function selection for multi-function inputs OlOo |0 |0
H2 | Multi-function Outputs * Function selection for multi-function outputs OlOo |00
H3 | Analog Inputs * Function selection for analog inputs OlOo |0 |0
H |Terminal H4 Fl\)/lutilstl-functlon Analog Out- * Function selection for analog outputs OlOo|Oo |0
H5 {\i/IOE,\S/IOBUS Communica- MEMOBUS communications settings - |- 1-1-
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Control Meth-

od

5
Group Function Comments |8 % %
g w

(@]
L1 | Motor Overload * Sets electrical/thermal functions that protect the motor. OO0 |0 |0
L2 | Power Loss Ridethru * Selects the power-loss processing method. OO0 |0 |0
L3 | Stall Prevention * Accel/Decel stall prevention settings and selection OO0 |0 |0
. L4 | Reference Detection * Frequency detection settings and selection O|O0 |0 |0
L | Protection L5 | Fault Restart * Fault restart function settings O|O0 |0 |0
L6 | Torque Detection * Sets overtorque detection functions 1 and 2 O |10 |0 |0
L7 | Torque Limit Torque limit settings x |[x OO
L8 |Hardware Protection * Hardware overheating and open-phase protection settings O|O0 |0 |0
o1 | Monitor Select % Selects the Operator display and setting methods. O|O0 |0 |0
o | Operator 02 | Key Selections * Operator key function selection and other constants OO |0 |0




7.5 Common Functions

7.5.1[JApplication[Constants:[b
B DC Injection Braking: b2-01 to b2-04

e The DC injection braking function decelerates by applying a DC current to the motor. This happens
in the following two cases
* DC Injection Braking Time at Start:
Effective for temporarily stopping and then restarting, without regenerative processing, a motor
coasting by inertia.

* DC Injection Braking Time at Stop:
Used to prevent coasting by inertia when the motor is not completely stopped by normal decelera-
tion when there is a large load. The stopping time can be shortened by lengthening the DCinjection
braking time or increasing the DC injection braking current.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Zero speed level
b2-01 | (DC injection brak- x | 0010100 | Hz | 05 B B B B
ing starting frequen-
cy)
b2-02 | DCiniectionbraking | 00100 | % | 50 B | B B x
current
: DC injection braking 0.00 to .
b2-03 time at start x 10.00 S 0.00 B B B B
: DC injection braking 0.00 to .
b2-04 time at stop x 10.00 S 0.50 B B B B

e Forthe zero speed level (b2-01), set the frequency for beginning DC injection braking for deceleration.
If the excitation level is lower than the minimum output frequency (E1-09), the DC injection braking
will begin from the minimum output frequency.

o In flux vector control mode, DC injection braking becomes the initial excitation starting frequency at
the time of deceleration. In that case, braking starts from the excitation level regardless of the minimum
output frequency setting.

o The excitation level is also used as the operating frequency for the zero servo function (for flux vector
control only).

e For the DC injection braking current (b2-02), set the value for the current that is output at the time of
DC injection braking. DC injection braking current is set as a percentage of Inverter rated output cur-
rent, with the Inverter rated output current taken as 100%.

e For the DCinjection braking time at start (b2-03), set the DC injection braking operating time for when
the motor is started.

e Forthe DCinjection braking time at stop (b2-04), set the DC injection braking operating time for when
the motor is stopped.

e When the DC injection command (initial excitation command) for multi-function input terminals is
used at the same time, open the terminal input, and perform DC injection braking only for the period
of time set under b2-03.

o1 Figure[T.19[provides[a[fiming[¢hart[df[]DClinjection[Braking[(initial[¢xcitation).

Output frequency

The larger of

b2-01 or
” _ E1-09 -~ E1-09
(Min. output frequency)
Time
A—L—bZ-OS ——-I—l-'— b2-04
(DC injection braking time at start) (DC injection braking

time at stop)

Fig[r.190 DClInjection[Braking[Timing[Chart
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7.5.1 Application Constants: b

B Magnetic Flux Compensation: b2-08 (for SPEC: F)

When the DC injection braking time at start (initial excitation) function is used to start the motor magnetic
flux before operating machinery requiring high starting torque, particularly with large-capacity motors,
the startup of the magnetic flux may take some time due to the effect of the electrical time constants of the
motor.

Use the magnetic flux compensation function to supply a strong magnetic flux current when starting the
DC injection braking time at start (initial excitation). This will increase the speed and stability of the mo-
tor’s internal magnetic flux startup.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | viwith | Open | g
Number Opera- Range Setting | convor | PG Loop | \egtor
tion Vector
] DC injection braking 0.00 to 0.01
b2-03 time at start X 10.00 s 0.00 B B B B
bo-0g | Magnetic flux com- x 0t0500* | 1% | 0 X | x | A | A
pensation volume

When b2-08 is 100%, it indicates the motor no-load current (notor magnetic flux current).

Run command

Output frequency
e \ " Limited to smaller of 80% of the Inverter’s rated
b2-08 . current or the motor’s rated current.
b2-08=100% — =~~~ ~ ~ " "~ : = Motor’s magnetic flux
Motor’s magnetic flux current ———+ - - - - - - - - - e current during control
1 b2-03
Control mode — During base block ] \ <__During speed control

During DC injection braking time at start (initial excitation)
Fig[T.200] Time[TChart[Hor[Magnetic[lFluxflCompensation

e Ifb2-08issetat 100% or greater, a stronger current can be supplied when starting DC injection braking
time at start (initial excitation), and the motor’s internal magnetic flux startup can be speeded up. The
startup time can be reduced by approximately half when the b2-08 is set to 200%.

o The magnetic flux startup is slower if b2-08 is less than 100%. (Do not normally set b2-08 to less than
100%. However, the operation will be the same as b2-08=100% when b2-08=0%, and the startup will
be at the set DC injection braking current (b2-02).

o If the magnetic flux compensation volume (b2-08) is set to a large value, there may be greater noise
generated from the motor during DC injection braking time at start.

o Theelectrical time constant when the motor’s magnetic flux is started (secondary circuit time constant)
can be calculated using the motor constant E2 setting and the following formula:
Secondary circuit time constant T2 = [(E2-012-E2-03%)1/2 /(2% x E2-02 x E2-03)] (sec)

e Do not use this function when slow commencement of braking due to DC injection braking time at
start (initial excitation) is becoming a problem. Use the separate DC braking command (setting: 60)
for multi-function contact input, and start the motor magnetic flux beforehand while stopping the mo-
tor.

B Speed Search: b3-01 to b3-03

The speed search function finds the speed of a coasting motor and starts up smoothly from that speed. It
is effective in situations such as switching from a commercial power supply.

Speed Search Selection at Start: b3-01

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ; VA | Viwith | Open Flux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
b3-01 Speed search selec- < 0.1 B 0* A A A A
tion at start

*  When the control method is switched, the factory setting changes as follows:
V/f control: 0; V/t with PG: 1; open-loop vector 0; flux vector: 1
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o Settings
Setting Contents
0 Speed search disabled: ~ Motor starts from minimum output frequency.

Speed search enabled: ~ Speed search is performed from maximum output frequency and
1* motor is started. (In control methods with PG, i.e., V/f with PG feed-
back and flux vector, motor starts from the motor speed.)

Care must be taken as the motor accelerates rapidly under a light load in open-loop vector control mode.

e Set “1” to use the speed search function. A speed search is performed each time the run command is
input.

o To use speed search freely in control methods without PG, i.e., V/f control and open-loop vector con-
trol, set the multi-function contact input selection (H1-01 to H1-06) to 61 or 62 (external search com-
mand). (See para 7.5.5.)

Speed Search Operating Current, Speed Search Deceleration Time, and Min. Baseblock Time:
b3-02, b3-03, L2-03

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
b3-02 | Speed scarchoperat- | 00200 | % | 00 1 A | x | A | «x
ing current (150)
b33 | Speed search decel- x | 011100 | s | 20 A x A x
eration time
L2-03 | Min. baseblock time x 0.1t00.5 s 0.5 "2 B B B B

* 1. The factory setting for V/f control is 150%.
* 2. The factory setting varies depending on the Inverter capacity. The values shown in the table
are for 200 V class Inverters of 0.4 kW.

e For the speed search operating current (b3-02), set the operating current for the speed search. If restart-
ing is not possible with the setting, then lower the setting.

o Set the speed search operating current as a percentage of the Inverter’s rated output current, with the
Inverter’s rated output current taken as 100%.

e For the speed search deceleration time (b3-03), set the output frequency deceleration time for while
the speed search is being performed. Set the time required to decelerate from the maximum output fre-
quency to 0 Hz.

e When the speed search and DC injection braking are set, set the minimum baseblock time (L2-03). For
the minimum baseblock time, set the time to wait for the motor’s residual voltage to dissipate. If an
overcurrent is detected when starting a speed search or DC injection braking, raise the setting to pre-
vent a fault from occurring.

OFF | ON

Run command - -
- Deceleration time set for b3-03

Frequency
reference
that is set

Maximum output
frequency

Output frequency

Minimum baseblock time (L2-03)

Output current

Fig(r.210 Speed[Bearch[Timing[Thart

B Timer Functions: b4-01, b4-02

e The timer functions are enabled when the timer function input (setting: 18) and the timer function out-
put (setting: 12) are set for the multi-function input and multi-function output respectively.

o These inputs and outputs serve as general-purpose I/O. Chattering of sensors, switches, and so on, can
be prevented by setting a delay time.
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User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
ba-g1 | Timer function ON- x 00103000 s | 00 A | A A | A
delay time
ba-gp | Timer function OFF- | 1603000 | s | 00 A | A | A | A
delay time

e When the timer function input ON time is longer than the value set for b4-01 (timer function ON-delay
time), the timer function output turns ON.

e When the timer function input OFF time is longer than the value set for b4-02 (timer function OFF-
delay time), the timer function output turns OFF. An operation example of the timer function is shown

in[Figure[7.22.

Timer function
input

Timer function

output - ; — !
b4-01 b4-02 b4-01 b4-02
Fig[7.22[] Operation[Example[®f[Timer[Function
ID Control Settings: b5-01 to b5-14

The PID control function is a control system that matches a feedback value (i.e., a detected value) to the
set target value. Combining proportional (P), integral (T), and derivative (D) control makes control possible
even for a mechanical system with dead time.

This section explains the PID control applications and operations, along with the constant settings and tun-
ing procedure.

PID Control Applications
Table[7.6[ghows[¢xamples[¢f[PID[¢ontrol[dpplications[yising[the[Inverter.

Table[T.6[] PID[Tontrol[Applications
I Sensors used
Application Control contents (example)
¢ Speeds are matched to target values as speed information in amechani-
cal system.
Speed con- y . . . .
trol * Speed information for another mechanical system is input as target | Tachogenerator
values, and synchronized control is executed by feeding back actual
speeds.
Egﬁf:;ljre Pressure information is returned as feedback for stable pressure control. | Pressure sensor
Flow control | Flow information is returned as feedback for accurate flow control. Flow sensor
Tempera- Temperature information is returned as feedback to control temperature | * Thermocouple
ture control | by turning a fan. e Thermistor

PID Control Operations

In order to distinguish the separate PID control operations (i.e., proportional, integral, and derivative), Fig-
ure[J.23[$hows[the[¢hanges[in[the[¢ontrol[input((i.e.,[fhe[dputput[frequency)When[the[deviation[between
the target value and the feedback is held constant.



7.5 Common Functions

Deviation
Time
PID control
Control input
_ .~ | control
D control
fffff .<--------------Pcontrol
Time
Fig[7.230 PID[Control[@perations
® P Control: A control input proportional to the deviation is output. The deviation cannot be zeroed
by P control alone.
® [ Control: A control input which is an integral of the deviation is output. This is effective for
matching the feedback to the target value. Sudden changes, however, cannot be fol-

lowed.

® D Control: A control input which is an integral of the deviation is output. Quick response to sud-
den changes is possible.

® PID Control: Optimum control is achieved by combining the best features of P, I, and D control.

Types of PID Control

Two types of PID control are possible with the Inverter: Measured-value derivative PID control and basic
PID control. The type that is normally used is measured-value derivative PID control.

e Measured-value Derivative PID Control:
With measured-value derivative PID control, the feedback value is differentiated for PID control. Re-
sponse is possible with respect to changes both in target values and the control object.

+ +
Target value P » Control object
- +

Feedback value

e Basic PID Control: This is the basic form of PID control. When the D control response is adjusted
to follow changes in the control object, overshooting and undershooting can oc-
cur with changes in the target value.

+ +
Target value P Control object

- + +

Feedback value




Figure[7.24[Is[d[Block[diagram[df[The[Inverter[$[internal [PID[¢ontrol.

Inverter’s PID Control Function

7.5.1 Application Constants: b

Advanced Operation
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PID Control Settings
e PID Control Mode Selection: b5-01

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name : VA | Vi with Flux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
bs-01 | PIP control mode x 002 | - 0 A | A | A]|A
selection
e Settings
Setting Contents
0 PID control disabled
1 PID control enabled, deviation signal is subject to derivative control.
2 PID control enabled, feedback signal is subject to derivative control.
3 PID control enabled (frequency command + PID control, deviation is subject to D control.)
4 PID control enabled (frequency command + PID control, feedback is subject to D control.)

 To enable PID control, make a setting between “1” to “4.” (Normally “2” or “4” is used, for mea-
sured-value derivative PID control).

»  When PID control is enabled, the target value input is determined as shown in the following table.

Input Condition

Frequency reference currently | Determined by b1-01.
selected

Multi-function analog input Set the PID target value (set value: 0C) in H3-05 or H3-09.
terminal

MEMOBUS transmission Set the bit 1 (enabled/disabled selection for transmitted PID target value) of
MEMOBUS register No. OF to “1” (enabled) and set in the register No. 6.

 If setting the target value input as b1-01=0 (Digital Operator), set the 01-03 to “1” (% unit) and
input a percentage value for the target value. (When the speed reference is changed, 100% becomes
the maximum frequency reference.)

» The feedback value is input from a multi-function analog input terminal or frequency reference
(current) terminal. Set PID feedback (setting: B) for either the constant H3-05 (multi-function ana-
log input, terminal 16), or constant H3-09 (multi-function analog input, terminal 14) function
selection.[(See[lable[AN D[Adjust[the[dmount[dfffleedbackB}settingfthe[gain[dndBias[dflthefdnalog

inputs that are used.
*[] Figure[7.25[3hows[d[3peed[¢ontrol[dpplication[¢xample[for[$ettings[3[and[4[(for[SPEC:[F).

+
Speed reference (constant) O Frequency reference
+

Speed detection value PID
(Tachometer generator, -
etc.)

Fig[7.250 Application[Example[¢f[Bettings[B[and[#

e Proportional gain (P), Integral (I) Time, and Differential (D) Time: b5-02, b5-03, b5-05
» Adjust the responsiveness of the PID control by means of the proportional gain (P), integral time
(I), and derivative time (D).

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwin | Open | g
Number Opera- Range Setting | conror | PG | L9 | vegtor
tion Vector
. . 0.00 to Mul-

b5-02 Proportional gain (P) O 5.00 tiple 1.00 A A A

b5-03 Integral (I) time O 0.0t0360.0 | s 1.0 A A A

b5-05 | Derivative (D) time O O s | o0 | A | A | A

» Optimize the responsiveness by adjusting it while operating an actual load (mechanical system).

(Refer[to[Adjusting[PID[Control[dn[page[T[{[F 1.)[Any[¢ontrol[(P,[1,[dr[D)[hat[is[det[fo[Zero[(0.0,
0.00) will not operate.
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o Integral (I) Limit: b5-04

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | viwith | OPen | g
Number Opera- Range Setting | conror | P Loop | \egtor
tion Vector
b5-04 | Integral (I) limit O 0.0t0 100.0 | % 100.0 A A A A

This constant prevents the calculated value of the integral control in the PID control from exceed-
ing the fixed amount.

There is normally no need to change the setting.

Reduce the setting if there is a risk of load damage, or of the motor going out of step, by the Invert-
er’s response when the load suddenly changes. If the setting is reduced too much, the target value
and the feedback value will not match.

Set this constant as a percentage of the maximum output frequency, with the maximum frequency
taken as 100%.

e PID Limit: b5-06

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
b5-06 PID limit O 0.0 to 100.0 | % 100.0 A A A A

Constant b5-06 prevents the frequency reference after PID control from exceeding the fixed
amount.

Set this constant as a percentage of the maximum output frequency, with the maximum frequency
taken as 100%.

o PID Offset Adjustment: b5-07

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit p Vi | Viwith | Open Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
b5-07 PID offset adjust- 0 -100.0 to % 0.0 A A A A
ment 100.0

Constant b5-07 adjusts the PID control offset.

If both the target value and the feedback value are set to zero, adjust the Inverter’s output frequency
to zero.

e PID Primary Delay Time Constant: b5-08

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
] PID primary delay 0.00 to
b5-08 time constant O 10.00 s 0.00 A A A A

Constant b5-08 is the low-pass filter setting for PID control outputs.
There is normally no need to change the setting.

If the viscous friction of the mechanical system is high, or if the rigidity is low, causing the mechan-
ical system to oscillate, increase the setting so that it is higher than the oscillation frequency period.
This will decrease the responsiveness, but it will prevent the oscillation.

B PID Output Characteristics: b5-09 (for SPEC: F)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘é:ggr Vector
bs-09 | PID output charac- x 0.1 -1 o A | A | A | A
teristics
o Settings
Setting Function
0 PID output has forward characteristics
1 PID output has reverse characteristics
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B PID Output Gain: b5-10 (for SPEC: F)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
b5-10 | PID output gain x | 0010250 3’}‘)‘;}: 0 | A | A | A | A

o Constant b5-10 adjusts the PID control gain.
B Reverse PID Output: b5-11 (for SPEC: F)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
b5-11 Rever:%e PID output % 0.1 _ 0 A A A A
selection
o Settings
Setting Function
0 Executes 0 limit if PID output is negative (does not reverse).
1 Reverse rotation if PID output is negative.

o The rotation will not reverse if reverse is prohibited by b1-04.

Adjusting PID Control
Use the following procedure to activate PID control and then adjust it while monitoring the response.

1. Enable PID control (set b5-01 to 2 or 1).

2. Increase the proportional gain P in b5-02 as far as possible without creating oscillation.
3. Reduce the integral time I in b5-03 as far as possible without creating oscillation.

4. Increase the differential time (D) in b5-05 as far as possible without creating oscillation.

Making Fine Adjustments
First set the individual PID control constants, and then make fine adjustments.

e Reducing Overshooting
If overshooting occurs, shorten the derivative time (D) and lengthen the integral time (I).

Response VZ Before adjustment

After adjustment

Time

e Rapidly Stabilizing Control Status
To rapidly stabilize the control conditions even when overshooting occurs, shorten the integral time
(I) and lengthen the derivative time (D).

Response / After adjustment

Before adjustment

Time

e Reducing Long-cycle Oscillation
If oscillation occurs with a longer cycle than the integral time (I) setting, it means that integral opera-
tion is strong. The oscillation will be reduced as the integral time (I) is lengthened.
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Response Before adjustment

\\\

After adjustment

Time

e Reducing Short-cycle Oscillation
If the oscillation cycle is short and oscillation occurs with a cycle approximately the same as the deriva-
tive time (D) setting, it means that the derivative operation is strong. The oscillation will be reduced
as the derivative time (D) is shortened.
If oscillation cannot be reduced even by setting the derivative time (D) to “0.00” (no derivative con-
trol), then either lower the proportional gain (P) or raise the PID primary delay time constant.

Response / Before adjustment

\

After adjustment

Time

B Dwell Functions: b6-01 to b6-04

e The dwell functions are used to temporarily hold the output frequency when starting or stopping a mo-
tor with a heavy load. This helps to prevent stalling.

Change Valid Access Levels
Co%sset}erint Name during | Sefting |y | Factory /== = © o T
0 wit ux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
be-01 [ Dwell frequency at x 00104000 | Hz | 0.0 Al A | A | A
b6-02 Dwell time at start X 0.0 to 10.0 S 0.0 A A A A
b6-03 g(‘)‘;e“ frequency at x 00104000 | Hz | 0.0 Al A | A | A
b6-04 Dwell time at stop x 0.0to 10.0 s 0.0 A A A A
o1 The[felation[Between[these[¢onstants[is[shown[in[Figure[T.26.
Run command | ON | OFF
Output ‘ |
frequency ! !
‘ Tbe—m be-osi |
Time
b6-02 b6-04

Fig[7.260 Timing[Chart[for[PwellFunctions
7.5.2 Tuning Constants: C

B S-curve Characteristic Function: C2-01 to C2-04

o Using the S-curve characteristic function for acceleration and deceleration can reduce shock to the ma-
chinery when stopping and starting.

o With the Inverter, S-curve characteristic times can be set respectively for beginning acceleration, end-
ing acceleration, beginning deceleration, and ending deceleration.
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User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
S-curve characteris-
C2-01 tic time at accelera- x 0.00t02.50 | s 0.20 A A A A
tion start
S-curve characteris-
C2-02 | tic time at accelera- X 0.00t02.50 | s 0.20 A A A A
tion end
S-curve characteris-
C2-03 | tic time at decelera- X 0.00t02.50 | s 0.20 A A A A
tion start
S-curve characteris-
C2-04 | tic time at decelera- X 0.00t02.50 | s 0.00 A A A A
tion end

o1 The[felation[Between[these[¢onstants[Is[shown[in[Figure[T.27.

Run command | ON ] OFF
Output 1 C2-02 . C2-03
frequency ! T ~_ -
L G204
Time
Figlr.270 Setting[B-curve[Characteristics

e When the S-curve characteristic time is set, the acceleration and deceleration times will be lengthened

as follows:

» Acceleration time =
Selected acceleration time + (S-curve at beginning of acceleration + S-curve at end of acceleration)
/2

» Deceleration time =
Selected deceleration time + (S-curve at beginning of deceleration + S-curve at end of decelera-
tion) / 2

B Motor Slip Compensation: C3-01 to C3-04

e The motor slip compensation function calculates the motor torque according to the output current, and
sets gain to compensate for output frequency.
« This function is used to improve speed accuracy when operating with a load. It is mainly effective
with V/f control (without PG).

Slip Compensation Gain: C3-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . Vi | viwitn | Open | g
Number Opera- Range Setting | o oi | P Loop | \iegror
tion Vector
c3-01 | Slip compensation O 00t025 |Mi-| 19« | B x B B
gain tiple

*  When the control method is switched, the factory setting changes as follows:
V/f control: 0.0; V/f with PG: 1.0; open-loop vector 0; flux vector: 1.0

»  When “1.0” is set, this function compensates for the rated slip that has been set, by the rated torque
output.

+ With flux vector control, this becomes the gain to compensate for slip caused by motor temperature
variation. (Refer to Slip Compensation Gain: C3-01 under 7.3.6.)



Advanced Operation

7.5.2 Tuning Constants: C

Motor Slip Compensation Gain Adjustment Procedure

1. Correctly set the motor rated slip (constant E2-02) and the motor no-load current (constant E2-03).

+ The motor rated slip can be calculated by means of the following equation, using the numbers that
are shown on the motor nameplate.

Motor rated slip =
Motor rated frequency (Hz) — rated speed (r/min) x motor (No. of poles) / 120

 Set the values at the rated voltage and rated frequency for the motor no-load current. With vector
control, the motor rated slip is automatically set by autotuning.

2. Set the slip compensation gain (constant C3-01 to “1.0.” (If it is set to “0.0,” slip compensation will
be disabled.)

3. Operate with a load, measure the speed, and adjust the slip compensation gain (in increments of 0.1).
« If the speed is lower than the target value, increase the slip compensation gain.
« If the speed is higher than the target value, decrease the slip compensation gain.

Slip Compensation Primary Delay Time: C3-02

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ; VA | Viwith | Open Flux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector

C3-02 Slip compensation

primary delay time x 0to 10000 | ms 200 * A X A x

*

When the control method is switched, the values change as follows:
V/f control: 2,000; open-loop vector: 200

o This constant does not normally need to be set. Adjust the slip compensation primary delay time if the
motor slip compensation responsiveness is low, or if the speeds are unstable.
« If responsiveness is low, lower the setting.

« If speeds are unstable, raise the setting.

Slip Compensation Limit: C3-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Opera- Range Setti ng Control PG Loop Vector
tion Vector

C3-03 Slip compensation
limit

X 0 to 250 % 200 A x A X

e Constant C3-03 sets the slip compensation limit as a percentage of motor rated slip (E2-02), with the
motor rated slip taken as 100%.

o If the speed is lower than the target value and does not change even when the slip compensation gain
is adjusted, it is possible that the slip compensation limit has been reached. Raise the limit and then
check again. Make sure, however, that the value of the sum of the reference frequency and the slip com-
pensation limit does not exceed the speed capacity of the machinery.

o) The[limit[is[ds[§hown[in[Figure[T.28[in[fhe[¢onstant[forque[dnd[¢onstant[dutput[dreas.

Slip compensation limit
E1-04

Et.05 X C3-03 ‘
C3-03 1
‘ . Output frequency
E1-06 E1-04
E1-06: Base frequency
E1-04: Maximum output frequency
Fig[T.28[] Slip[Compensation[LLimit
Slip Compensation Selection During Regeneration: C3-04
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : VA | viwith | OPen | g
Number Ot;?g:‘a- Range Setting | convor | PG wop Vector
Slip compensation
C3-04 selection during re- X 0, 1 - 0 A A A x
generation
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o Settings
Setting Contents
0 Slip compensation disabled during regeneration
1 Slip compensation enabled during regeneration

o Constant C3-04 enables or disables slip compensation during regeneration

o The amount of regeneration is momentarily increased when this function is used, so some control op-
tion (e.g., Braking resistor, Braking Resistor Unit, Braking Unit) may be required.

B Torque Compensation Function: C4-01, C4-02

The torque compensation function detects increases in the motor load, and increases the output torque to
compensate.

Torque Compensation Gain: C4-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
C4-01 | Torque compensa- O |ooow2s0 [MU-| 100 | B B B x
tion gain tiple
]

This constant can be changed during operation, but normally no adjustments are required. Make ad-
justments in the following cases under the V/f control mode:

 If the wiring distance between the Inverter and the motor is long, raise the setting.

If the motor capacity is less than the Inverter capacity (the maximum application motor capacity),
raise the setting.

If the motor generates excessive oscillation, lower the setting.

Set the torque compensation gain so that the output current at low-speed rotation does not exceed 50%
of the Inverter’s rated output current.

e Do not adjust the setting of this constant for open-loop vector control.

Torque Compensation Time Constant: C4-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Ot':i)grl;a_ Range Settlng Control PG \I/_ec::c;gr Vector
Ca-02 | Forane compensa- x 01010000 | ms | 20% | A A A x
*

When the control method is switched, the factory setting changes as follows:

V/f control, V/f with PG : 200 [1000 ms for inverters of 30 kW or larger (200 V class), or
inverters of 55 kW or larger (400 V class)]; open-loop vector : 20

The torque compensation time constant does not normally need to be adjusted, but make adjustments
in the following cases:

If the motor generates excessive oscillation, raise the setting.
If motor responsiveness is low, lower the setting.
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7.5.2 Tuning Constants: C

W Carrier Frequency: C6-01 to C6-03

o The carrier frequency characteristics differ according to the control method.
» V/f control and V/f with PG feedback control: Carrier frequency variable setting possible.
» Open-loop vector control and flux vector control: Constant frequency (The carrier frequency up-
per limit only is set.)
o The carrier frequency does not normally need to be adjusted, but make adjustments in the following
cases:
 If the wiring distance between the Inverter and the motor is long, lower the carrier frequency.

Wiring Distance 50 m max. 100 m max. Over 100 m

Carrier Frequency 15 kHz max. 10 kHz 5 kHz max.

+ If there are great irregularities in speed or torque, lower the carrier frequency.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | g
Number Opera- Range Setting | conrol | P Loop | yestor
tion Vector
C6-01 Sg;re‘f{igei?”ency x  [2010150° |KkHz | 15072 | B B B B
Ce-02 | famier frequency x 0410150 |kHz | 1502 | A | A x x
Ce-03 | Carrier frequency x 00t099 M- g A | A x x
proportional gain tiple

* 1. The setting range for the carrier frequency upper limit is as follows for the control methods:
* V/f control (with or without PG): 0.4 to 15.0
* Vector control (open-loop or flux): 2.0 to 15.0

* 2. The setting range and the factory setting vary according to the Inverter capacity. The table

shows[d[Value[¢f[200[V[¢lass,[).4[kW.[(Sce[page[B[[47.)

o In the vector control modes, the carrier frequency is determined by the carrier frequency upper limit
(constant C6-01). In the V/f control modes (both with and without PG), the carrier frequency can be
changed in response to the output frequency by setting the carrier frequency lower limit (constant
C6-02) and the carrier frequency proportional gain (constant C6-03).

Carrier frequency The coefficient “K” varies depending
on thg carrier frequency upper limit, as
C601 -~ - - ‘ described below:
| ©(C6-01 = 10.0kHZ[KF[B
: ® 10.0kHz > C6-01 = 5.0kHz: K=2
C6-02. _ | ® 5.0kHz > C6-01: K =1
~~ — Output frequency !
- x (C6-03) x K !
- : Output frequenc
0 E1-04 P g Y

(Maximum output frequency)
Fig[7.290] Setting[ihe[Carrier[Frequency

o To make the carrier frequency constant, either set the same value for constants C6-01 and C6-02 or
set the carrier frequency proportional gain (constant C6-03) to “0” (i.e., fix at upper limit value). The
following settings will generate a constant setting fault (OPE11):

* Carrier frequency upper limit (C6-01) > 5.0 kHz and carrier frequency lower limit (C6-02) = 5.0 kHz
* Carrier frequency proportional gain (C6-03) > 6 and (C6-01) < C6-02)

o If the lower limit is set higher than the upper limit, the lower limit will be disregarded and carrier frequency will
be fixed at the upper limit.
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7.5.3 Reference Constants: d

B Frequency Reference Function: d2-01, d2-02

e The frequency reference function sets the output frequency upper and lower limits.

o When the frequency reference is zero and a run command is input, the motor operates at the frequency
reference lower limit (d2-02). The motor will not operate, however, if the lower limit is set lower than
the minimum output frequency (E1-09).

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
do-01 | Frequency reference x |00t01100 | % | 1000 | B B B B
upper limit
d-02 [ preduency reference | 100101090 | % | 0.0 B B B B
ower limit

o The frequency reference upper and lower limits are set as a percentage of the maximum output fre-
quency (E1-04), in increments of 1%.

o1 The[ipper[dnd[Jower[limits[¢f[fhe[frequency[deference[dre[shown[in[Figure[T.30.
Internal frequency reference

Frequency reference
upper limit (d2-01)

Frequency reference
lower limit (d2-02)

Set frequency reference

Fig[T.300 Upperfand[lower[Limits[0fihe[fFrequency[Reference

B Prohibited Frequency (Jump Frequency): d3-01 to d3-04

o This function allows the prohibition or “jumping” of certain frequencies within the Inverter’s output
frequency range so that the motor can operate without resonant oscillations caused by some machine
systems.

o [t is also used for deadband control. The constants of the attached card can be accessed for reference
or to make settings by using the Basic access level (B).

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . Vi | viwin | Open | g
Number Opera- Range Setting | oo | PG | L2 | vestor
tion Vector
d3-01 Jump frequency 1 x 0.0 t0 400.0 | Hz 0.0 B B B B
d3-02 | Jump frequency 2 x 0.0 t0 400.0 | Hz 0.0 B B B B
d3-03 | Jump frequency 3 x 0.0 to 400.0 | Hz 0.0 B B B B
d3-04 | Jump frequency x 001200 |Hz | 10 | B | B | B | B
width

e To disable this function, set the jump frequency references (d3-01 to d3-03) to 0.0 Hz.
e For d3-01 to d3-03, set the center values of the frequencies to be jumped. Be sure to set the jump fre-

quency so that d3-03 = d3-02 = d3-01.

e For d3-04, set the jump frequency bandwidth. The jump frequency = the jump frequency bandwidth
becomes the jump frequency range.

e Operation is prohibited within the jump frequency range, but changes during acceleration and decel-
eration are smooth with no jumps.

o Therelation between the internal frequency reference and the set frequency references is shown in Fig-
ure[].31.
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Internal frequency reference

/‘Y ’
d3-04 el
- I
v
w : Dotted lines show operation during
¥ oo ! ! acceleration/deceleration.
4 | ‘
d3-03 d3-02 d3-01 Set frequency reference

Fig[7.3101 Setting[Prohibited[fFrequencies

B Hold Reference Memory Selection: d4-01
o Constant d4-01 is enabled by making either of the following settings for the multi-function inputs
(H1-01 to H1-06).
» Acceleration/deceleration ramp hold (setting: A)
» Up command (setting: 10)/down command (setting: 11)

e When hold status is established by these external signals, specify whether or not the output frequency
is to be retained.

o When this function is enabled, operation is re-started after power-up using the frequency reference val-
ue that was retained.

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Frequency reference
d4-01 hold function selec- x 0, 1 - 0 A A A A
tion
e Settings
Setting Description
0 Disabled. Restart after operation stoppage or power-up begins at zero.
1 Enabled. Restart after operation stoppage or power-up begins at the held frequency reference.

e For information regarding the acceleration/deceleration stop (hold) command and the up/down com-
mand, refer to the description of Multi-function Inputs (H1).

B Trim Control Level: d4-02

e The trim control level is valid when the trim control increase command (setting: 1C) or trim control
decrease command (setting: 1D) is set for a multi-function input (H1-01 to H1-06).

o If the trim control increase command is ON when a frequency reference is input on the analog input,
the trim control level will be added to the analog frequency reference and then output as the output
frequency. If the trim control decrease command is ON, the frequency reference will be decreased by
the trim control level.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
d4-02 + — Speed limits x 0to 100 % 25 A A A A

e Set the trim control level as a percentage of the maximum output frequency.

o If the frequency reference minus the trim control level is less than zero, the output frequency will be
ZEro.

o Refer to the description of Multi-function Inputs (H1) for details on the trim control increase and trim
control decrease commands.



7.5 Common Functions

7.5.4[|Option[Constants:[F

B Installing Option Cards

A maximum of three Option Cards can be installed in the Inverter. The installation location of each is deter-
mined by the type of Card. Be sure to install the Cards in their correct locations.

Table[T.7[]  Option[Card[$pecifications

Type of card Model Specifications Location
Al-14U 14-bit analog, 2 inputs (voltage/current) C
Analog Reference Card - -
AI-14B 14-bits analog, 3 inputs C
DI-08 8-bit digital input (BCD/binary) C
Digital Reference Card —— -
DI-16H2 | 16-bit digital input (BCD/binary) C
PG-A2 Open-collector/complementary, single input A
PG-B2 Complementary, A/B-phase input A
PG Speed Control Card - - - -
PG-D2 Line-driver, single input A
PG-X2 Line-driver, A/B-phase input A
AO-08 8-bit analog output, 2 channels D
Analog Monitor Card -
AO-12 12-bit analog output, 2 channels D
Pulse Monitor Card PO-36F Pulse frequency output D

Installation Procedure

1. Turn OFF the Inverter’s main-circuit power supply. Wait at least one minute (or at least three minutes
for models of 30 kW or more).

2. Remove the Inverter’s front cover. Check to be sure that the CHARGE LED is turned OFF.
3.[0Check[the[@ption[Card’s[installation[Jocation[(A,[C,[d1[D).[(See[Figure[T.32.)

4. Insert the accessory spacer into the spacer mounting hole in the Inverter mounting base.

5. Align the Option Card connector with the connector position on the control board, and then pass the
spacer to the spacer mounting hole on the card.

Press firmly until the spacer snaps into place.

6. Connect the Option Card’s FG connection line to the Inverter ground terminal (terminal 12).

" Option A P | —

27
7 Inverter

4CN

Option Acon- ~f#.~ "~~~ ~~

nector

2CN

Option C con-
nector \

mounting base

7CN ]

L+ Control board

| 1
3CN : i : Option D
Option D con- —{ | [ \/:|
nector \J‘ | o!
1 L !
| I '
Y U S J U
'}, -
4
| »
O o Aiw}
[Front View] [Side View]

Fig[r.32[] Installation[l.ocations[for[@ption[Cards
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B Analog Reference Card: F2-01

e When using a AI-14B/A1-14U Analog Reference Card, set constant b1-01 (reference selection) to “3”
(option).

e When using a AI-14B, set the function for channels 1 to 3 with constant F2-01. (There are no constants
to set for AI-14U.)

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
F2-01 Bl_p()lflr or uni-polar x 0, 1 - 0 B B B B
input selection
o Settings
Setting Description
0 3-channel individual input (CH1: terminal 13; CH2: terminal 14; CH3: (b1-01 =1)
terminal 16)
1 3-channel additional input (Sum of CH1 to CH3 is used as the frequen- (b1-01 = 3)
cy reference value.)

e Constantb1-01 (reference selection) must be set to “1” (external terminal), when 3-channel individual
input (setting: 0) is set.

o When using a AI-14B and setting 3-channel individual input, the multi-function inputs cannot be set
to the Option/Inverter selection function (setting: 2).

B Digital Reference Card: F3-01

e When using a DI-08 or DI-16H2 Digital Reference Card, set constant b1-01 (reference selection) to
“3” (option) and set the input method with constant F3-01.

User %Tﬁ}irr]\%e Sefting | Factory Valid Access Levels
Nomoer | omc | opera | Range || Seting |1, Vi | B |\
F3-01 Digital input option x Oto7 - 0 B B B B
o Settings
Setting Description
0 BCD 1% unit
1 BCD 0.1% unit
2 BCD 0.01% unit
3 BCD 1 Hz unit
4 BCD 0.1 Hz unit
5 BCD 0.01 Hz unit
6 BCD special setting (5-digit input) (Only when DI-16H2 is used.)
7 Binary input (Setting is displayed in decimal notation.)

e The maximum frequency (100% speed) reference will be used when the binary input is set (setting:
7) and all bits are “1.”

- DI-08: Maximum output frequency reference (255/100%).
e DI-16H2: Maximum output frequency reference (16 bits: 30000/100%, 12 bits: 4095/100%).
o Setting 6, BCD special setting (5-digit input), is valid only when the D1-16H2 is used. Using this set-

ting, a frequency from 0.00 to 399.98 Hz can be set in BCD. The data input method is different from
that for settings of 1 to 5.

Setting: 1 to 5 Sign 8 x 103 | 4 x 103 | 2 x10% | 1 x 103 8 x 100 | 4 x 100 | 2 x 109 | 1 x 100

Setting: 6 2x 104 | 1 x10% | 8 x 103 | 4 x 103 | 2 x 103 1x 10! | 8 x 109 | 4 x 100 | 2 x 100

o The sign bit is used as a data bit, so only positive (plus) data can be set.

e The second digit below the decimal point is set by bits 8x109, 4x10°, and 2x100, so the settings are
made in units of 0.02 Hz. (If these three bits are “111,” “110,” and “101,” they will be recognized as
‘(9.”)

e If “2” or higher is set for 01-03, the input will become BCD, and the units will change to the 01-03
setting.
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B Analog Monitor Card: F4-01 to F4-04

o When using an AO-08 or AO-12 Analog Monitor Card, set the monitor items and gain with the follow-
ing constants.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwin | Open | g
Number Opera- Range Setting | conror | PG | L9 | vegtor
tion Vector

Fa.01 | Channel I monitor x 1038 | - | 2 B | B | B | B

selection
F4-02 | Channel 1 gain O ]0.00t02.50 lt\ﬂ)“lle 100 | B B B B
Fa.03 | Channel 2 monitor x 1038 | - | 3 B | B | B | B

selection
F4-04 | Channel 2 gain O |0.00t02.50 1:1’[;12 050 | B B B B

Channel 1 output O -10.0 to
F4-05 bias +10.0 % 0.0 B B B B

Channel 2 output O -10.0 to
F4-06 bias +10.0 % 0.0 B B B B

_ | Fa02 +
(F4-04) T+ > A0
Output gain
putg F4-05
(F4-06)
Output bias

Fig[7.330 Analog[@utput[Block[Diagram

e For the output monitor selections (F4-01, F4-03), set the numbers for the right side of the “U1”
constants in the Table 1.27. The setting range is 1 to 38, but the following numbers cannot be set: 4,
10, 11, 12, 13, 14, 25, and 28 to 35.

e When the AO-12 is used, outputs of 0 to +10 V are possible. For that, set constant H4-07 (multi-func-
tion analog output signal level selection) to “1” (0 to £10 V outputs). There are some monitor items.

However, that can only use outputs of 0 to +10 V even if constant H4-07 is set to “1.”
e  When the AO-08 is used, only outputs of 0 to +10 V are possible regardless of the constant H4-07 set-

ting. 7
B DO-02 Digital Output Card Settings: F5-01, F5-02

e Set the output selections in the following constants when using a DO-02 Digital Output Card.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
F5.01 | Channel 1output x 0037 | - 0 B B B B
selection
F5.02 | Channel 2 output x 01037 | - 1 B B B B
selection

o1 Set[the[Values[from[Table[7.10[]
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B DO-08 Digital Output Card Settings: F6-01

o Set the output mode in the following constants when using a DO-08 Digital Output Card.

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit ; VA | Viwith | Open Flux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
Fe-01 | Quiput mode selec- x 0, 1 -l o B | B | B | B

o The items output from the DO-08 will be as follows according to the setting of F6-01.

Setting Terminal Output
TD5-TD11 Overcurrent (SC, OC, GF)
TD6-TD11 Overvoltage (OV)
TD7-TD11 Inverter overload (OL2)
0: 8 channels of | TDS-TD11 Fuse blown (PUF)
individual out-
puts TD9-TD11 Overspeed (OS)
TD10-TD11 Inverter overheat (OH1) or motor overload (OL1)
TD1-TD2 Zero speed detection
TD3-TD4 Speed agree
TDS5-TD11 Bit 0
TD6-TD11 Bit 1
TD7TD11 Bit2 Binary code (see below)
1: Binary code | TP8-TD1 Bit 3
output TDY9-TD11 Zero speed detection
TD10-TD11 Speed agree
TD1-TD2 Running
TD3-TD4 Minor fault
Coded Outputs
Bit 3210 Meaning Bit 3210 Meaning
0000 No fault 1000 External fault (EFxx)
0001 Overcurrent (SC, OC, GF) 1001 Controller fault (CPFxx)
0010 Overvoltage (OV) 1010 Motor overload (OL1)
0011 Inverter overload (OL2) 1011 Not used
0100 Inverter overheat (OH, OH1) 1100 Power loss (UV1, UV2, UV3)
0101 Overspeed (OS) 1101 Excessive speed deviation (DEV)
0110 Fuse blown (PUF) 1110 PG disconnected (PGO)
o111 Brak%ng Resist.or Unit overheat (RH) 11 Not used.
Braking Transistor fault (RR)
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B Pulse Monitor Card: F7-01

o When using a PO-36F Pulse Monitor Card, set the output pulse in constant F7-01.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
F7-01 | Frequency multiple x 0to 4 - 1 B B B B
selection
o Settings
Setting Description
0 1F 1 x Inverter output frequency
1 6F 6 x Inverter output frequency
2 10F 10 x Inverter output frequency
3 12F 12 x Inverter output frequency
4 36F 36 x Inverter output frequency

e “F” indicates the output frequency (Hz). For example, if “0” (1F) is set, when the output frequency
is 60 Hz there will be an output of 60 pulses per second. (Duty 50%)
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7.5.5 External Terminal Functions: H

7.5.5[[External[Terminal[Functions:[H

This section describes the settings for the external terminal functions.

B Multi-function Input Settings: H1

The[dettings[dnd[FunctionsJor[fhe[Multi-functioninputs[dre[listedIn[Tuble[TB]

Table[T.8[] Multi-function[Input[fFunctions

Control Method
S:/e;lt L'L]ag Function /i \v/v/; ?D%epn Flux
PG Vector vector
0 3-wire sequence (Forward/Reverse run command) O O O O
1 Local/Remote selection (ON: Operator, OFF: Constant setting) O O O O
2 Option/Inverter selection (ON: Option card) O O O O
8 xllilcf; :I?i(:;) ei: ierte fzrfg,c’ ’et:lis function is combined with “Master/auxiliary speed switch.” © © © ©
4 Multi-step speed reference 2 O O O O
5 Multi-step speed reference 3 O O O O
6 Jog frequency reference (higher priority than multi-step speed reference) O O O O
7 Accel/Decel time 1 O O O O
8 External baseblock NO (NO contact: Baseblock at ON) O O O O
9 External baseblock NC (NC contact: Baseblock at OFF) O O O O
A Accel/Decel ramp hold (ON: Accel/decel stopped, frequency on hold) O O O O
B OH2 alarm signal input (ON: OH2 will be displayed) O O O O
C Multi-function analog input selection (ON: Enable) O O O O
D No V/f control with PG (ON: Speed feedback control disabled,) (normal V/f control) X O X X
E Speed control integral reset (ON: Integral control disabled) X O X
F Not used. — — — —
10 Up command (Always set with the down command) O O O O
11 Down command (Always set with the up command) O O O O
12 FJOG command (ON: Forward run at jog frequency d1-09) O O O O
13 RJOG command (ON: Reverse run at jog frequency d1-09) O O O O
14 Fault reset (Reset when turned ON) O O O O
15 Emergency stop (when NO contact is ON: Deceleration to stop in emergency stop time C1-09) O O O O
16 Motor switch command (Motor 2 selection) O — O —
17 Ellr;grgency stop (normally closed condition: Deceleration to stop in emergency stop time C1-09 when 0 _ 0 .
18 Timer function input (Functions are set with b4-01, b4-02 and the timer function is set at the same time) | O O O O
19 PID control disable (ON: PID control disabled) O O O O
1A Accel/Decel time 2 O O O O
1B Cons.tants write', enable (ON: All constants can be written-in. OFF: All constants other than frequency 0 0 0 0
monitor are write protected.)
1C Trim control increase (ON: d4-02 frequencies are added to analog frequency references.) O O O O
1D Trim control decrease (ON: d4-02 frequencies are subtracted from analog frequency references.) O O O O
1E Analog frequency reference sample/hold O O O O
1F Frequency reference terminal 13/14 selection (ON: selects terminal 14); valid only when H309=1F O O O O
External fault (Desired settings possible)
ngN Input mode: NO contact/NC contact, Detection mode: Normal/during operation O O O O
Stopping method: Deceleration to stop, coast to stop, emergency stop or continue operation.
30 PID control integral reset (ON: Reset) O O O O
31 PID control integral hold (ON: Hold) O O O O
60 DClinjection[Braking[¢ommand[(ON:[Performs[PC[injection[Braking) O O O @)
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Control Method
Setting .
Function VI
value VA | w | e | P
PG Vector | vector
61 External speed search command 1: Maximum output frequency (ON: speed search) O X O X
62 External speed search command 2: Set frequency (ON: speed search) O X O x
63 Energy-saving command (ON: Energy-saving control set for b8-01, b8-02) O O x x
64 External speed search command 3 O O O O
65 KEB (deceleration at momentary power loss) command (NO contact) O O O O
66 KEB (deceleration at momentary power loss) command (NO contact) O O O O
71 Speed/torque control change (ON: Torque control) X X X O
72 Zero-servo command (ON: Zero-servo) x X x O
77 Speed control (ASR) proportional gain switch (ON: C5-03) x X x O
Constant Settings
User Change Valid Access Levels
during Setting . | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
H1.01 [ Multi-functioninput | 01077 | - | 24 B | B | B | B
1 (terminal 3)
H1-02 | Multi-functioninput | 01077 | - | 14 B | B | B | B
2 (terminal 4)
Multi-function input
H1-03 3 (terminal 5) X 0to 77 - 3(0) B B B B
) Multi-function input _
H1-04 4 (terminal 6) X 0to 77 4(3) B B B B
Multi-function input
H1-05 5 (terminal 7) x 0to 77 - 6(4) B B B B
Multi-function input
H1-06 5 (terminal 8) x 0to 77 - 8(6) B B B B

o The factory settings in parentheses are for when the Unit is initialized for 3-wire control.
o The following table shows the settings and section references for some common functions.

Function Setting Section

3-wire sequence (forward/reverse run command) 0 6.1.8
Multi-step speed references 1 to 3 and jog fre- 3t06 6.1.8
quency reference

Accel/Decel time 1 and 2 7, 1A 6.1.8
Emergency stop 15 6.1.8
FJOG/RJOG commands 12, 13 6.1.8
Terminal 13/14 switch 1F 6.1.8
Timer function input 18 751
Energy-saving command 63 721, 7.4.1

Local/Remote Selection (Setting: 1)

OFF Operate with the frequency reference and run command specified in b1-01 (the frequency refer-
ence source) and b1-02 (run source).

ON Operate with the frequency reference and run command set at the Digital Operator.

e With this setting, the multi-function input selects the input method for the frequency reference and run
command.

e The input method can be switched only when the Inverter is stopped.

o The Digital Operator LOCAL/REMOTE Key is disabled when this function has been set in a multi-
function input.
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Option Card/Inverter Selection (Setting: 2)

OFF The Inverter frequency reference is enabled.

ON The Option Card frequency reference is enabled.

With this setting, the multi-function input enables the frequency reference input from the Inverter itself
or the one from Option Card. The frequency reference input can be switched only when the Inverter
is stopped.

Be sure that b1-01 (the frequency reference source selector) has been set to 0 (Operator) or 1 (external
terminal). Only the frequency reference from the Option Card will be enabled if b1-01 is set to 3 (Op-
tion PCB).

Setting 2 can’t be selected if the AI-14B is being used and constant F2-01 (AI-14 Input Selector) is
set to 0.

Only frequency reference can be switched when the Option Card not corresponding to run command
(e.g. AI-14B, DI-16H) is used.

External Baseblock NO (Setting: 8)

OFF Normal operation

ON Baseblock

External Baseblock NC (Setting: 9)

OFF Baseblock

ON Normal operation

With either of these settings, the multi-function input controls baseblock operation.

Baseblock is an interruption of the Inverter output. The motor coasts while the baseblock command
is being input.

The output frequency is retained internally, so the same frequency will be output again when the base-
block command is cleared. The output frequency will change in a step pattern when the output re-
sumes, so take some safety precaution such as turning OFF the run command - especially if the base-
block command was input when the motor was operating at high speed. (When the run command is
turned OFF, the internally retained output frequency is reset to zero.)

After a baseblock command is cleared, the voltage will be restored in the voltage recovery time set in
L2-04.

OFF | ON
Run/stop command I I
! Input] Cleared |
Baseblock command , ‘ Pl ‘
Frequency reference ! ! | ‘ ‘
| 1 . _The retained output frequency
! - - - K is output in a step pattern.
Output frequency ! ‘
Coasting
Fig[T.34 Baseblock[Command
Acceleration/Deceleration Ramp Hold (Setting: A)
OFF Normal operation or restart acceleration/deceleration.
ON Pause acceleration/deceleration and maintain the present frequency.

With this setting, the multi-function input pauses acceleration or deceleration and maintains (holds)
the output frequency.

Acceleration/deceleration is restarted when the acceleration/deceleration ramp hold input is turned
OFF.

The motor will be stopped if a stop command is input while the acceleration/deceleration ramp hold
input is ON.

When constant d4-01 (the frequency reference hold function selector) is set to 1, the held frequency

will be stored in memory. This stored frequency will be retained even after a power loss and the motor
will be restarted at this frequency when a run command is input again.
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oFF| ON |_ore [ on

Run/stop command

Acceleration/deceleration OFF: | ON l OFF l ON_, :

ramp hold Lo \ ‘ ! ‘

Frequency reference Lo ! : | !
S I S - - - d4-01=t

Output frequency | vl
L’ d4-01=0
Hold Hold
Fig[T.35 Acceleration/Deceleration[Ramp[Hold

e When d4-01 is set to 1, the held output frequency will be retained. To operate at this frequency even
after the Inverter is stopped, input the run command with the acceleration/deceleration ramp hold input
ON.

e When d4-01 is set to 0, the output frequency will be held at zero if the run command is input with the
acceleration/deceleration ramp hold input ON.

OH2 Alarm Signal (Setting: B)
OFF Normal operation

ON Normal operation (The warning message “OH2” will be displayed on the Digital Operator.)

o The message “OH2” will be displayed on the Digital Operator while the multi-function input is ON
and the display will revert to its previous status when the input is turned OFF. (It isn’t necessary to reset
the alarm.) The Inverter will continue operation without detecting a fault.

o With this setting, a temperature sensor can be connected to the multi-function input to display a warn-
ing message when the temperature rises too high.

Multi-function Analog Input Selection (Setting: C)

OFF Disables the multi-function analog input (terminal 16).

ON Enables the multi-function analog input (terminal 16).

o With this setting, the multi-function input can be used to enable or disable the multi-function analog
input.

e Turning the input OFF has the same effect as setting H3-05 (the multi-function analog input selector
for terminal 16) to 1F.

No V/f Control with PG (Setting: D)
OFF V/f control with PG feedback (enables speed control with speed feedback)
ON Normal V/f control (disables speed feedback control.)

e With this setting, the multi-function input can be used to switch “V/f control with PG feedback” to
“Normal V/f control.” It is possible to switch between these control methods during operation.

Speed Control Integral Reset (Setting: E)

OFF Operates with PI-control speed control loop.

ON Operates with P-control speed control loop. (The speed control integral values are reset by the
integral time constant.)

e This function is valid only for V/f control with PG feedback when constant F1-07 is set to 0. (Setting
F1-07 to 0 disables integral operation during acceleration/deceleration.)

e [t is possible to switch between these speed control modes during operation.
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Up and Down Commands (Settings: 10 and 11)

Operation Acceleration Deceleration Hold Hold
Up command ON OFF ON OFF
Down command OFF ON ON OFF

With these settings, the multi-function inputs can be used to control the Inverter’s output frequency.

When using this function, be sure to set both the up command (setting 10) and the down command
(setting 11) for 2 multi-function inputs. An OPE03 option fault will occur if only one of these com-
mands is set or if an acceleration/deceleration ramp hold input (setting A) is set at the same time.

Be sure to set constant b1-02 (the run command source selector) to 1 (external terminal). The up/down
function won’t operate with any other b1-02 setting.
The frequency up/down commands operate according to the normal acceleration/deceleration times
in C1-01 to C1-08.
The upper and lower limits for the output frequency with the up/down commands are determined by
the following settings:

» Upper limit = Maximum output frequency (E1-04) x Reference upper limit (d2-01) /100

» Lower limit = Maximum output frequency (E1-04) x Reference lower limit (d2-02) /100

When frequency reference (voltage) terminal 13 or frequency reference (current) terminal 14 is being
used as a frequency reference input, the greatest frequency value becomes the lower limit (except when
UP and DOWN are OFF, and run command is turned ON.)

When the up/down function is being used, the output frequency will be accelerated to the lower limit
if a run command is input.

When the up/down function and jog frequency reference are both assigned to multi-function inputs,
an ON jog frequency reference input has the highest priority.

Multi-step speed references 1 to 8 are all disabled when the up/down function has been set.

The output frequency held by the up/down function will be stored in memory if d4-01 (the frequency
reference hold function selector) is set to 1. This output frequency will be retained even after a power
loss, and operation will be restarted at this frequency the next time that a run command is input. The
stored output frequency will be cleared from memory if the up or down command is turned ON while
the[fun[¢ommand[is[DFF[(see[TReference[frequency[deset”[in[Figure[T.36) .
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Output frequency
Upperlimit [ -~~~ ~~~~~~~"~
Accelerates to ‘ ! !
lower] limit ! ‘ ‘
Lowerlimit [ =~~~/ =~ =~ T
Forward/Stop L CON 1 o C
Up command : ON: : : : - R p4 |_| |
| | o . Reference frequency reset A
| : \ON : | | | : | | ra | |

Down command

Speed Agree signal

Power supply J

ON I_l ON

The Speed Agree signal remains ON while the run command is ON and the motor is
not accelerating or decelerating.

Fig[7.36 Timing[Chart[ior[Up[@and[Pown[Commands

Fault Reset (Setting: 14)

OFF

Normal operation

ON

Resets faults when input goes from OFF to ON. (Normal operation when no fault has occurred.)

o With this setting, the multi-function input resets faults that have occurred.

e When a fault has occurred, be sure to find out what kind of fault occurred, take steps to correct the cause
of the fault, and restart the Inverter. It is possible to damage the Inverter by repeatedly resetting a fault
without correcting the cause.

e To resume operation after a fault has occurred, turn the run command OFF, turn the fault reset input
from ON to OFF, and then turn the run command ON again. A fault cannot be reset while the run com-

mand is ON.

e If a fault hasn’t occurred, turning the fault reset ON and OFF will have no effect on operation.

Motor Switch Command (Motor 2 Selection, Setting: 16)
e CLOSED: Motor 2 constants used.

Operation

Motor Switch command
(CLOSED for motor 2)

Ij j Multi-function input

Note Use an external sequence to switch between M1 and M2
and to confirm the motor selection status.

1
| @ Motor 1 (main motor)

2

I @ Motor 2 (auxiliary motor)

Motor selection monitor
(CLOSED for motor 2)

<

uvVv,w
(T1, T2, T3)

=

—)

Multi-function output

» The control method, V/f characteristics, and motor constants recorded in the Inverter can be
switched by setting “16” (motor switch command) for a constant from H1-01 to 06 (multi-function
inputs), and then inputting a signal while the motor is stopped.
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» The current motor selection can be monitored at a multi-function output terminal by setting “1C”
(motor selection monitor) for a constant from H2-01 to 03 (multi-function outputs).

* Set the Basic (3) or Advanced (4) access level in the initialize setting A1-01 (access level).
» The constants being used will changed as shown in the following table for the motor switch com-

mand.

Motor Switch command OPEN (motor 1) CLOSED (motor 2)

Control method * A1-02 (control method in initialize E3-01 (motor 2 control method)
settings)
V/f characteristics E1-04 to 13 (V/f characteristics) FS?ICOS; to 07 (motor 2 V/f character-
Motor constants E2-01 to 09 (motor constants) ES5-01 to 06 (motor 2 motor
constants)

Motor selection monitor OPEN CLOSED

e When A1-02=E3-01, the constants under 8.2.9 are initialized each time the motor is switched.
o The timing chart for switching between motor 1 and motor 2 is shown below.

OFF ON
Motor switch command
M1 operation
ON : OFF
Motor switching !
contactor !
(Setting: 1C) OFF : ON
M2 operation y
Motor selection monitor . OFF Approx. ON
: Approx. 200 ms , 50 ms

(Approx. 500 ms for control with a PG)

Forward (reverse) OFF ON
command

Turn ON the Forward (reverse) command only
after confirming the status of the motor selection
monitor.

Fig[T.37 Timing[Chartor[Bwitching[fromMotor[] [fo[Motor[2
PID Control Disable (Setting: 19)

OFF Enables PID control.

ON Disables PID control. (Normal Inverter control)

o With this setting, the multi-function input switches between PID control and normal Inverter control.
This function can be used to perform trial operation or jog operation with normal inverter control
(open-loop control) and then switch to PID control (closed-loop control using feedback) after adjust-
ing the system. The PID disable function can also be used to switch to open-loop control when there
is a problem with the feedback value.

Constants Write Enable (Setting: 1B)

OFF Write-protects all constants except for frequency monitor.

ON Allows constants specified in Initialize mode to be changed.

e With this setting, the multi-function input can be used to write-protect the Operator constants. When
the input is OFF, the Operation mode frequency can be monitored and the frequency can be changed
but other changes are prohibited.

Trim Control Increase and Decrease (Settings: 1C and 1D)

Output frequency | Reference frequency | Reference frequency — | Reference fre- Reference fre-
+ trim control level trim control level quency quency
(d4-02) (d4-02)
Trim Control In- ON OFF ON OFF
crease
Trim Control De- | OFF ON ON OFF
crease




7.5[0Common(Functions

o The trim control increase function adds the level in d4-02 to the analog frequency reference.
o The trim control decrease function subtracts the level in d4-02 to the analog frequency reference.

o These functions are effective when the frequency reference is input from an analog input. These func-
tions must both be set at the same time or an OPE(3 fault will occur. The analog frequency reference
won’t be changed when both the trim control increase and decrease inputs are ON. The output frequen-
cy will be zero when the trim control decrease input is ON and the result of the subtraction is less than
Zero.

Analog Frequency Reference Sample/Hold (Setting: 1E)

e The analog input value will become the frequency reference 100 ms after the multi-function input

closes.
CLOSED CLOSED CLOSED
Sample/hold ! \
command - 100 < S 100 <= —p- 100 <
. ms! . ms ' ms —
Analog input '
LFrequency
reference
Fig[T.38 Analog[Frequency[Reference[$ample/Hold

o The analog frequency reference sample/hold function is valid only for terminals 13, 14, and 16 or for
the analog inputs from the AI-14U or AI-14B.

e An OPEOQ3 fault will occur if two or more of the following signals turn ON at the same time: accelera-
tion/deceleration ramp hold command (0A), up/down commands (10 or 11), trim control increase/de-
crease commands (1C or 1D), and the analog frequency reference sample/hold command.

External Faults (Settings: 20 to 2F)

e With this setting, the multi-function input can be used to stop the Inverter or output an alarm when a
malfunction or fault occurs in a peripheral device.

o There are 16 external fault inputs available with all 16 combinations of the following variables. Select
the setting with the desired combination.

 Input level: Normally open or normally closed

 Detection method: Always or During operation only

. Qperation selection:  Deceleration to stop, Coast to stop, Emergency stop, or Continue opera-

tion
Table[T.9(] ExternalFault[Bettings
Input level Detection method Operation selection
Setting | NO con- | NC con- Always During egﬁgﬁl-to Coast to ggr]ﬁ:ry g):er:g%gﬁ
tact tact operation stop stop (Fault) stop (Alarm)
(Fault) (Fault)

20 O O O
21 O O O
22 O @) @)
23 O @) @)
24 O O O
25 O O O
26 O O O
27 O O O
28 O O @)
29 O O @)
2A O O O
2B O O O
2C O O O
2D O O O
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Input level Detection method Operation selection
. Decel- Emer- :
Setting | NO con- | NC con- Always During | erationto | Coast to gency gp?e?rta”t]igﬁ
tact tact operation stop stop (Fault) stop (Alarm)
(Fault) (Fault)
2E O O O
oF @) O (@)

e Forthe inputlevel, select whether you want a fault to be detected when the input signal is ON (normally
open input) or OFF (normally closed input).

e For the detection method, select whether you want faults to be detected any time that the Inverter is
ON or only during operation.

o For the operation selection, select the processing method that you want to be performed when a fault
has been detected.

» Deceleration to stop: A fault is output and the output stopped in the selected deceleration time.
 Coast to stop: A fault is output and the Inverter output is cut off.
» Emergency stop: A fault is output and the output stopped in the emergency stop time (C1-09).
+ Continue operation: An alarm is output and operation continues.

e When an alarm is going to be output externally, be sure to set one of the multi-function outputs (H2-01,
02, and 03) to alarm (setting 10).

e An external fault setting cannot be set in more than one multi-function input.

o Unlike other constant settings, the external fault settings have an input procedure, as shown in the fol-
lowing diagrams.

Setting Procedure

1. When setting an external fault function, press the Enter Key when “External Fault” is displayed to
bring up the “Input Level” display.

DATA
ENTER } ‘

External Fault \ Input level

A [V

\
\
\
\
\
\
Detection }
|
|
|
|
\
\

ESC

method

A )

Operation
Selection

Fig[T.39 Setting[Procedurefor[External[Fauli[fFunction

2. Press the Increment Key to switch displays as follows:
“Detection Method” — “Operation Selection” — “Input Method”

3. Press the Enter Key at the desired constant to select that constant.

At this point, the Increment and Decrement Keys can be pressed to scroll to the available settings for
the selected constant. Press the Enter Key to select the displayed constant setting.
(Press the Escape Key to cancel the operation without changing the constant setting.)
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oATA | I ET)
ENTER ) ‘r | Lenter
Input level NO Contact Wnstant
< | j
| |
ESC
I AJ VJ |
\ |
| |
| NC Contact |
| |
L |
DATA | | oam
ENTER) | | LENTER
i E—
Detection | Always L—>{ Setconstant
method ~ |
| |
ESC
1A VJ\
\ |
| _ _ |
| During operation |
| |
L |
DATA | DATA
ENTER ‘r 7‘ ENTER
Operation "l Deceleration to I »! Setconstant
selection <—‘ Stop |
Esc | | \
\ A I VJ\
| |
| Coast to Stop |
\ \
\ \
A V|
\ \
| |
‘ Emergency Stop ‘
| |
1A VJ‘
| |
} Continue }
| operation |
L g
Fig[7.40 Procedure[fo[Change[Constant[Bettings



Advanced[Dperation

7.5.5 External Terminal Functions: H

DC Injection Braking Command (Setting: 60)

OFF Normal operation

ON Applies DC injection braking if the Inverter is stopped. (Applies initial excitation when flux
vector control is being used.)

e DCinjection braking is used to prevent the motor from rotating due to inertia or external forces when
the Inverter is stopped.

e DCinjection braking is performed if the DC injection braking input is ON while the Inverter is stopped.

e Ifarun command or jog command (jog, forward jog, or reverse jog) is input, the DC injection braking
will be cleared and motor operation will be started.

Run command _OFF ON
DC injection OFF * ON !
braking com- , , ! \
mand ! ' I '
Output : : :
'pe . DC .
frequency ! braking B R braking

E1-09 Min. output frequency b2-01 Zero speed

level
Fig[T.41 Timing[Chart[or[PC[Injection[BrakingflCommand

External Speed Search 1 (Settings: 61)

OFF Normal operation

ON Starts a speed search from the maximum output frequency.
External Speed Search 2 (Settings: 62)

OFF Normal operation

ON Starts a speed search from the set frequency (from the current reference frequency when the

external search command turn ON).

e Either one of the external search functions can be set, but not both.

o The speed search function can be used to operate the motor without tripping when switching operation
from a commercial power supply and the Inverter or starting a coasting motor.

o The speed search will begin after the minimum baseblock time (L.2-03) has elapsed when the run com-
mand is input after the external search command has been turned ON.

Run command OFF ON
External search OFF : ON
command !
o .
. 5 ms min.
Maximum output _ - _ _ _ _ _ L _ _ Deceleration time set in b3-03.
frequency or set !
frequency | Frequency
| reference
! that was
‘ set.
Output frequency :
' Minimum baseblock time
Fig[T.42 Timing[Chart{or{ihe[External[Fearch[Command

Speed/Torque Control Change (Setting: 71)
OFF Speed control

ON Torque control
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o With this setting, the multi-function input can be used to switch between speed and torque control. Re-
fer to 7.3.4 Speed/Torque Control Switching Function for more details.

Zero-servo Command (Setting: 72)

OFF Normal operation
ON

Zero-servo when the frequency (speed) reference falls below the zero-speed level in b2-01.

With this setting, the multi-function input controls the zero-servo function (b9-01 and b9-02).

When the zero-servo command is ON, a position control loop is formed and the motor is completely

stopped when the frequency (speed) reference falls below the excitation level set in b2-01. Refer to
7.3.2 Zero-servo Function for more details.

Speed Control (ASR) Proportional Gain Switch (Setting: 77)
OFF The gain is set according to the values in C5-01, C5-03, and C5-07.

ON The gain is set to the value in C5-03 (ASR proportional gain 2).

e With this setting, the multi-function input switches the proportional gain used in speed control (ASR).
The integral time is not changed.

o Referto 6.4.4 Speed Control (ASR) Structure for more details on constants C5-01, C5-03, and C5-07.
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B Multi-function Output Settings: H2
The[3ettings[dnd[functions[for[fhe[inulti-function[dutputs[dre(listed[in[Tuble[¥.10[]
Table[T.1000  Multi-function[@utput[fFunctions

Control Methods
e wr | vl |5
PG | tor | tor
0 During run (ON: run command is ON or voltage is being output) O |10 |10 |0
1 Zero-speed O 10|10 |0
2 Frequency agree 1: (Detection width L4-02) O 10|10 |0
3 Desired frequency agree 1 (ON: Output frequency = +L.4-01, detection width in L4-02) O |10 |10 |0
4 Frequency (Four) detection 1 (ON: +L4-01 = output frequency = -1.4-01, detection width in L.4-02) 01010 |0
Frequency (Four) detection 2
5 O]l0 |10 |0
(ON: Output frequency = +1L4-01 or output frequency = -L4-01, detection width in L4-02)
6 Inverter operation ready READY: After initialization, no faults OO0 |0 |O
7 During DC bus undervoltage (UV) detection OlO |0 |O
8 During baseblock (ON: during baseblock) O |10 |10 |0
9 Frequency reference selection (ON: Frequency reference from Operator) O |10 |10 |0
A Run command selection (ON: Run command from Operator) OO0 |0 |O
B Overtorque detection 1 NO (NO contact: Overtorque detection at ON) O |10 |10 |0
C Loss of frequency reference (Effective when operation selection is “1” for L4-05 frequency reference missing) | O | O | O | O
D Braking resistor fault (ON: Resistor overheat or braking transistor fault) O |10 |10 |0
E Fault (ON: Faults other than CPF00, CPFO01 have occurred.) OO |0 |O
F Not used. — | — || —
10 Minor fault (ON: Alarm displayed) OO |0 |O
11 Fault reset command active OlO |0 |O
12 Timer function output OlO |0 |O
13 Frequency agree 2 (Detection width: L4-04) O |10 |10 |0
14 Desired frequency agree 2 (ON: Output frequency = L4-03, detection width in L4-04) O |10 |10 |0
15 Frequency detection 3 (ON: Output frequency = -1.4-03, detection width in L4-04) 010|100
16 Frequency detection 4 (ON: Output frequency = -1.4-03, detection width in L4-04) 0100 |0
17 Overtorque detection 1 NC (NC Contact: Torque detection at OFF) O |10 |10 |0
18 Overtorque detection 2 NO (NO Contact: Torque detection at ON) OlO |0 |O
19 Overtorque detection 2 NC (NC Contact: Torque detection at OFF) OO |0 |O
1A During reverse run (ON: During reverse run) OO |0 |O
1B During baseblock 2 (OFF: During baseblock) OO |0 |O
1C Motor selection (Motor under selection) — | — = |—
1D Regenerating (ON: Regenerating) x x x | O
1E Restart enabled (ON: Restart enabled) OO0 |0 |O
1F Motor overload (OL1) pre-alarm (ON: 90% or more of the detection level) OO0 |0 |O
20 Inverter overheat (OH) pre-alarm (ON: Temperature exceeds L8-02 setting) O 10|10 |0
30 During torque limit (current limit) (ON: During torque limit) x x |O]O
31 During speed reference limit. (ON: During speed reference limit) x x x | O
33 Zero-servo end (ON: Zero-servo function completed) x x x | O
37 During run 2 (ON: Frequency output, OFF: Base block, DC injection braking, initial excitation, operationstop. | O | O | O | O




7.5[0Common(Functions

Constant Settings

User %rll?ir:]%e Setting | Factory Valid Access Levels
Nmoar | 7| Opera | Range | |Seting | oyt |vian | e |
H2-01 a’le‘;gl‘lrf;‘{‘g“l"(;‘) input | 01037 | - | 0 B | B | B | B
H2-02 z’i‘;ﬁlflz{lgs“ input | 00037 | - | 1 B | B | B | B
H2-03 z’i‘;ﬁuflzf%’“ input | 00037 | - | 2 B | B | B | B

o The following table shows the settings and section references for functions that are described in more
detail in this chapter.

Function Setting Section

Frequency Agree 1 2
Desired Frequency Agree 1 3 Frequency Detection Settings: L4-01 to L4-05 in
Frequency Detection 1 4 7.5.6
Frequency Detection 2 5
Overtorque Detection 1 (NO) B g\;egtorque Detection Settings: L6-01 to L6-06 in
Loss of Frequency Reference C

- - Timer Functions: b4-01, b4-02in 7.5.1
Timer Function Output 12
Frequency Agree 2 13
Desired Frequency Agree 2 14 Frequency Detection Settings: L4-01 to L4-05 in
Frequency Detection 3 15 7.5.6
Frequency Detection 4 16
Overtorque Detection 1 (NC) 17
Overtorque Detection 2 (NO) 18 70|gegtorque Detection Settings: L6-01 to L6-06 in
Overtorque Detection 2 (NC) 19

o1 Refer[fo[Tuble[T. 10[Multi-function[Qutput{Functions[for[information[dn[fhe[following[functions.

Function Setting
Inverter Operation Ready 6
DC Bus Undervoltage 7
During Baseblock 8
Frequency Reference Selection 9
Run Command Selection A
Braking Resistor Fault D
Fault E
Minor Fault 10
Fault Reset Command Active 11
During Reverse Run 1A
During Baseblock 2 1B
Regenerating 1D
Restart Enabled 1E
During Torque Limit (Current Limit) 30
During Speed Limit 31
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During Run (Setting: 0)

OFF The run command is OFF and there is not output voltage.

ON The run command is ON or a voltage is being output.

During Run 2 (Setting: 37)

OFF The Inverter is not outputting a frequency. (Baseblock, DC injection braking, initial excitation,
or stopped)
ON The Inverter is outputting a frequency.

e These outputs can be used to indicate the Inverter’s operating status.

Run command OFF| ON |
Baseblock command OFF I ONI

Output frequency

During run 1 output OFF| ON .

During run 2 output OFF | ON | | |

Fig[T.43 Timing[TChart[or[]DuringlRUN"[Dutput

Zero-speed (Setting: 1)

OFF The output frequency is greater than the minimum output frequency (E1-09).
(With flux vector control, is greater than the zero speed level (b2-01).)

e output frequency is less than the minimum output frequenc -09).
ON Th put freq y is | han the mini put freq y (E1-09
(With flux vector control, is less than the zero speed level (b2-01).)

Minimum output frequency (E1-09)
(Zero speed level (b2-01) when flux vector control is
being used.)

e

Output frequency

Zero-speed output  OFF |ON

Fig[T.44 Timing[Chart[or[Zero-speed

Motor Overload (OL1) Pre-alarm (Setting: 1F)

OFF The motor protection function’s electronic thermal value is less than 90% of the detection level.

ON The motor protection function’s electronic thermal value is greater than 90% of the detection
level.

o This output function is valid when the motor overload protection function is enabled (L1-01 =1).
o This output can be used to warn of overheating before the protection function itself operates.
Inverter Overheat (OH) Pre-alarm (Setting: 20)
OFF The cooling fin temperature is less than the “OH Pre-Alarm Level” set in L8-02.

ON The cooling fin temperature exceeds the “OH Pre-Alarm Level” set in L8-02.

o This output function indicates that the temperature of the cooling fins reaches the temperature set in
L8-02 (the Inverter overheating alarm detection level).
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Speed reference limit (Setting: 31)
OFF Other than ON condition

ON Enables the speed reference limit in the following conditions (During flux vector control mode):
1. Frequency reference = Frequency reference upper limit (d2-01)
Frequency reference = Frequency reference lower limit (d2-02)
Frequency reference = Output frequency lower limit of the multi-function analog input
(Setting: 9)

2. The frequency reference is less than the Min. output frequency (E1-09), and b1-05 is set to 1,
2,0r5.

Zero-servo End (Setting: 33)

OFF The zero-servo command isn’t being input or zero-servo position control hasn’t been com-
pleted.
ON The position has been brought within the zero servo completion width (b9-02) after the zero-

servo command was input.

o This output function indicates that zero-servo position control has been completed.

o The outputis turned ON after the zero-servo command is input and the difference between the zero-ser-
vo operation starting position and the current position is within the zero servo completion width
(b9-02).

B Multi-function Analog Input/Frequency Reference (Current): H3-05, H3-09
Constant Settings

User %Z?%gge Sefting | Factory Valid Access Levels
Nomoer | 0| oper | Range | Iseting |y, Vi | G | D
Multi-function ana-
H3-05 | log input (terminal X 0to 1F - 0 B B B B
16)
Multi-function ana-
H3-09 | log input (terminal X 1to 1F - 1F A A A A
14)
Table[T.11[] Multi-function[Input/Frequency[Reference[{Voltage)[fFunction
Control Method
Setting Function Equivalent of 100% Input (10 V or 20 mA) v Vit | Soen | Flux
Po | |
0 Auxiliary frequency reference (H3-05) Maximum output frequency |10 |0 |O
Frequency gain Frequency reference (voltage) command value O |10
2 Eg{;qzlﬁ:ﬁget;i)as (zero-limited when the rotation direc- Maximum output frequency (added to H3-03) olololo
4 Voltage bias Motor rated voltage (E1-05) O |10 | x | x
5 Accel/Decel change (reduction coefficient) Accel/Decel times (C1-01 to C1-08) |10 |0 |O
6 DC injection braking current Inverter rated output current O ]0 0O | x
7 Overtorque detection level Motor rated torque |10 |0 0O
8 Stall prevention level during run Inverter rated output current O 10 X X
9 Frequency reference lower limit level Maximum output frequency |10 |0 0O
A Jump frequency Maximum output frequency |10 |0 |0
B PID feedback Maximum output frequency |10 |0 |0
C PID target value Maximum output frequency O|lO|O|O
D Frequency bias 1l:/éz)iximum output frequency (Added to the H3-03 val- ololo o
10 Forward side torque limit Motor rated torque X x | O | O
1 Reverse side torque limit Motor rated torque X x | O | O
12 Regeneration for torque limit Motor rated torque X x | O | O
13 Torque reference/torque limit for speed control Motor rated torque X X x | O
14 Torque compensation Motor rated torque X X X @)
15 Forward/reverse torque limit Motor rated torque X x | O |0
Disable analog input (H3-05) —
1F Frequency Referenge (H3-09) . . Maximum output frequency ©1010]©
Refer to 12.6 Function Block Diagram for details.
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o The analog input signal level, gain, and bias are set with the following constants.

Terminal 16 signal level selector

H3-04 (0 to +10 Vor 0 to £10 V)

Terminal 16 input gain

H3-06

Terminal 16 input bias

H3-07

Terminal 14 signal level selector

H3-08 (0 to +10 V, 0 to £10 V, or 4 to 20 mA)

Terminal 14 input gain

H3-10

Terminal 14 input bias

H3-11

e When a voltage input is being input to terminal 14, be sure to disconnect jumper wire J1 on the control

PC board.

o The input resistance will be destroyed if a voltage input is used without disconnecting the jumper wire.
(Refer to Torque Reference Settings: H3-04, H3-05, H3-08, H3-09 in 7.3.3.)

e Set the time constant in constant H3-12 when adding a primary delay filter to an analog input. This
filter time constant applies to all three of the analog inputs.

o Settings 2 and D cannot be set at the same time. OPEQ7 will be detected.
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Analog Input Characteristics

e Analog input characteristics for a gain of 100.0% and a bias of 0.0% are shown for setting examples
in[Table[}.12[]

o1 To[det[dver[100%[for[d[1 [V [input[(e.g.,[300%/10[V),$et[the[gain[fo[300%[@n[H3-06[for[ferminal[1 6
and[H3-10[Hor[ferminal[]4.

Table[T.12[]

Analog[input[Characteristics

* Auxiliary Frequency Reference (Setting: 0)
* Frequency Bias (Setting: 2)

* PID Feedback (Setting: B)

* Frequency reference (H3-09 setting: 1F)

* Frequency Gain (Setting: 1)
¢ Output Voltage Bias (Setting: 4)
¢ DC Injection Braking Current (Setting: 6)

¢ Acceleration/Deceleration Time Gain (Set-
ting: 5)

100% [ -~~~ -

100%F -~~~ -

————————— 100 %

-10V 0

When set to “1,” the setting of H3-02 will be
added to achieve the final gain.

100 %

50 %

20 %
10 %

-10V 01va2v 5V 0oV

(Acceleration/Deceleration Time Gain
between 1 to 10V)
10V

R S— 07
Input voltage(V) x 10(%)

¢ DC Injection Braking Current (Setting: 6)
* Overtorque Detection Level (Setting: 7)

 Stall Prevention Level (Setting: 8)

¢ Output Frequency Lower Limit (Setting: 9)
¢ Jump Frequency (Setting: A)

100%F -~ - - -~ - -

-10V 0

Only the overtorque detection 1 output can be
used when “7” is set to use overtorque detec-
tion for a multi-function output.

100 %

30 %

100%f -~~~

-10V 0

-10V 0

» Torque Reference (Setting: 13)
» Torque Compensation Bias (Setting: 14)

¢ Forward Torque Limit (Setting: 10)
¢ Reverse Torque Limit (Setting: 11)
¢ Regenerative Torque Limit (Setting: 12)

* Forward/Reverse Torque (Speed) Limit (Set-
ting: 15)

100 %
100%F-------- | ~o-""""""4-------~ 100% | ------- -
10V ‘ ‘ ‘ :
‘ 0 10V 10V 0 10V 0 110V
fffffffff ~100 % S100% [y
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7.5.5 External Terminal Functions: H

B Multi-function Analog Output Settings: H4-01 to H4-07

Function Selection Constants: H4-01, H4-04

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ; : Open
Number Opera- Range Setting Co\r/1/tfrol V/chvalth Loop v.i'c”tﬁr
tion Vector
H4-01 Monitor selection % 110 38 B 5 B B B B
(terminal 21) -
Monitor selection
H4-04 (terminal 23) X 1to 38 - 3 B B B B

o The multi-function outputs can be set to monitor any of the U1 Inverter status items by setting the last
two digits of the constant number (U1-[J[J).
Refer to page 1 - 13 for a table listing all of these U1 settings.

e Settings 4, 10, 11, 12, 13, 14, 25, 28, 34 and 35 can’t be set and settings 29, 30, and 31 aren’t used.
Adjusting the Monitor Output: H4-02, -03, -05, -06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | viwith | OPen | g
Number Opera- Range Setting | ool | PG | L9 | vegtor
tion Vector
H4-02 | Gain (terminal 21) O 0.00 to 2.50 lt\ldy;llle- 1.00 B B B B
H4-03 | Bias (terminal 21) O 00t T | oo B B B B
H4-05 | Gain (terminal 23) O 0.00 to 2.50 lt\ldy;llle- 0.50 B B B B
H4-06 | Bias (terminal 23) O 00t T | oo B B B B

o For the output gain, set what multiple of 10 V will correspond to a 100% output of the monitored item.

e For the output bias, set the amount that the output characteristic will be shifted vertically.
Set this amount as a percentage, with 10 V corresponding to 100%.

Output voltage

Gainx10V|f-----~~-------- PR

oV

oV L ‘ Monitored item
0% 100 %
Fig[T.45 Monitor[Qutput[Adjustments
Multi-function Analog Output Signal Level: H4-07
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | viwith | Open | g
Number Opera- Range Setting | ool | PG | L9 | vegtor
tion Vector
H4-07 Analog output signal < 0.1 B 0 B B B B
level selection
o Settings
Setting Function
0 0 to +10 V (Absolute value output)
1 Otox10V

o This signal level setting applies to analog outputs 1 and 2 (terminals 21 and 23).

e When the 0to=10 V signal level is used to output speed values (frequency reference, output frequency,
or motor speed), positive voltage indicates Inverter output in the forward direction and negative volt-
age indicates Inverter output in the reverse direction. (Assuming a bias setting of 0.0.)
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o1 There[dre[Jome[thonitor{items[that[dre[limited[to[the[[to[d 10[V[Signal[dange[dvenWhen[the[0[to +10[V
signal(levelhas[Been[delected.[Refer(fo[Table[4.4[$tatus[Monitor[Items[Jor[details.

B MEMOBUS Communications Settings: H5-01 to H5-05

Station Node Address: H5-01

e Set the Inverter node address.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . Vi | viwin | Open | g
Number Opera- Range Setting | o or | P Loop | \iegror
tion Vector
H5-01 Station address b3 0to 20 - 1F A A A A
Baud Rate: H5-02
e Set the baud rate for MEMOBUS communications.
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . Vi | viwin | Open | g
Number Opera- Range Setting | o var | P Loop | \iegtor
tion Vector
H5-02 Communication b3 Oto4 - 3 A A A A
speed selection
e Settings
Setting Baud Rate
0 1200 bps
1 2400 bps
2 4800 bps
3 9600 bps
4 19200 bps
Communication Parity: H5-03
o Set the parity for MEMOBUS communications.
User Change S . Valid Access Levels
during etting : actory
Constant Name Unit . Vi | viwin | Open | g
Number Opera- Range Setting | o oi | P Loop | \iegtor
tion Vector
Hs-03 | Communication par- | 0t02 - 0 A A A A
ity selection
o Settings
Setting Function
0 No parity
1 Even parity
2 Odd parity

Stopping Method after Communications Error: H5-04

o Set the stopping method to used after a communications error is detected.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Stopping method af-
H5-04 | ter communication X 0to3 - 3 A A A A
error
e Settings
Setting Function
0 Deceleration to stop (deceleration time:C1-02)
1 Coast to stop
2 Emergency stop (deceleration time:C1-09)
3 Continue operation (display only)
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7.5.6 Protective Functions: L

Communications Error Detection: H5-05

e Set whether or not to detect a communications timeout as a communications error.

User Change . Valid Access Levels
Constant Name cd)ugng]_ gzt:]mg Unit ';ae(t:':% ry Vi | Viwith | OPen | Fux
Number p r 9 g Control PG Loop Vector
tion Vector
Communication er-
H5-05 ror detection selec- X 0, 1 - 1 A A A A
tion
o Settings
Setting Function
0 Do not detect as communications error.
1 Detect as communications error.

7.5.6 Protective Functions: L
B Motor Protection Settings: L1-01, L1-02

Motor Protection Selection: L1-01

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
L1-01 | Motor protection x 0,1 - 1 B | B | B | B
selection
o Settings
Setting Function
0 Disabled.
1 Enabled.

o This setting enables or disables the motor overload protection function.
o The rated current setting (E2-01) is used as a basis for overload detection.

e Disable the motor protection function (setting 0) when two or more motors are connected to a single
Inverter. Use another method to provide overload protection separately to each motor, such as connect-
ing a thermal overload relay to the power line of each motor.

e The motor protection function may not protect a motor when the power supply is turned ON and OFF
frequently, because the thermal value is reset each time that the power is turned OFF.

e Ifthe Overload OL1 alarm (1F) is set in one of the multi-function outputs (H2-01 to H2-03), the output
will be turned ON when the electronic thermal value reaches 90% of the overload detection level.

Motor Protection Time Constant: L1-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘é:ggr Vector
L1-g2 | Motor protection x 011050 |[Min-| 9 B B B B
time constant utes

e Normally it isn’t necessary to change this setting. (The factory setting is a 150%, 1 minute capacity.)

e Set the electronic thermal protection operation time if a 150% overload is applied after operating con-
tinuously at the motor’s rated current (hot start).

e When the motor’s overload capacity level is known, set the hot-start overload resistance level for the
motor, but be sure to allow some margin for safety.

e Decrease this setting when you want to detect an overload more quickly.
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Electronic Thermal Time Characteristics
In this example, L1-02 is set to 1 minute, the motor is operating at 60 Hz, and general-purpose
motor characteristics (EI-02=0) are used.

Operating time (minutes)

O
o R W
Y
—— Cold start
T
04 f----------
—— Hot start
Motor current (%)
015 (E2-01 is 100%.)
Fig[7.46 Motor[Protection[Dperating[Time

B Momentary Power Loss Settings: L2-01 to L2-05

Momentary Power Loss Detection: L2-01

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name : Vi | Vi with Flux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
L2-o1 | Momentary power x 002 | - 0 B | B | B | B
loss detection
e Settings
Setting Function
0 Disabled. (An undervoltage fault is detected when there is a momentary power loss.)
1 Enabled. (Restarts if power is restored within the L2-02 time. An under-voltage fault is detected
for a longer power loss.)
2 Enabled during CPU operation. (Restarts if power is restored while the CPU is operating. An
undervoltage fault is not detected.)

o This constant specifies the processing that is performed when a momentary power loss occurs.

e When power loss ridethru is enabled (setting 1 or 2), operation will be restarted after a speed search
if the power is restored within the allowed time interval.

e When power loss ridethru is disabled (setting 0), an undervoltage fault will be detected if power is in-
terrupted for more than 15 ms.

Momentary Power Loss Ridethru Time: L2-02

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
Lo-g2 |Momentary power x 001020 | s | 07 B B B B
loss ridethru time

o The factory setting depends on the Inverter capacity. The factory setting shown in the table is for a 200
V[dlass,[(.4kW[nverter.[(See[page[$[1[37.)

o This setting is valid only when constant L2-01 is set to 1. Set the power loss ridethru time in seconds.
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7.5.6 Protective Functions: L

Minimum Baseblock Time: L2-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
L2-03 Min. baseblock time x 0.1t05.0 S 0.5 B B B B

o The factory setting depends on the Inverter capacity. The factory setting shown in the table is for a 200
Vidlass,[0.4[kW[nverter.[(See[page[B[1[37.)
o This setting is used with the speed search and DC injection braking functions.

e Set the time required for the leakage voltage to dissipate. Increase the setting if an overcurrent (OC)
occurs when the speed search or DC injection braking function starts.

o This setting is valid for speed searches performed after a momentary power loss and regular speed
searches.

Voltage Recovery Time: L2-04

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | g
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Lo-04 | Yoltage recovery x 001050 | s | 03 Al A | A | A

e Set the time allowed for the normal voltage to be restored after completion of the speed search.
Fora 200V class Inverter, this is the time in seconds for voltage to be restored from 0 VACto 200 VAC.
Fora400V class Inverter, this is the time in seconds for voltage to be restored from 0 VACto 400 VAC.

o This setting is valid for speed searches after a momentary power loss, regular speed searches, the volt-
age changes with energy-saving control, and the voltage changes with baseblock clearing.

Undervoltage Detection Level: L2-05

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘;ggr Vector
Undervoltage detec- 150 to 210 190
L2-05 | ion level * | @00w0420) |YPC| @380y | A | A AL A

o1 The[Values[in[parentheses[dre[for[400[V[¢lass[Inverters.[(See[page[B[1[49.)

e Normally it isn’t necessary to change this setting.

o Use this constant when you want to add an AC reactor and lower the main circuit undervoltage detec-
tion level. Be sure to set a main circuit DC voltage value (V) that will detect a main circuit undervol-
tage.

KEB Deceleration Rate : L2-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | g
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
L2-0s | KEP deccleration x 00101000 |01 | 00 A | A A | A

o The KEB function restores the operating conditions for momentary power loss by applying a frequen-
cy deceleration to create inertia energy when a power loss occurs, and thus avoid the power loss.

o This function is normally used with film lines and other applications where multiple Inverters are con-
nected to the main DC line. Synchronous deceleration for power loss prevents the line from stopping
as the result of speed fluctuations.

e The KEB operation is performed using a KEB command (setting of 65 or 66) for a multi-function in-
put.

e Applicable Capacities
200 V class Inverters: 0.4 to 15 kW
400 V class Inverters: 0.4 to 18.5 kW

Operation

o [2-06=0
The motor is automatically decelerated based on the emergency stop time (C1-09) so that the DC main-
line voltage does not go below the UV level. The momentary power loss ridethru time (L2-02) is not
used.
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o [2-06=0

The motor is decelerated to the KEB frequency level using the momentary power loss ridethru time
(L2-02) and then is accelerated to the original frequency reference using acceleration time 1 (C1-01).
The KEB frequency level is calculated from the KEB frequency rate using the following equation.

KEB frequency level = Output frequency before power loss [1 — (setting of L.2-06)/100)]%

OFF ON OFF
KEB command

(H1-01 to H1-06 = 65 or 66)
\/t KEB frequency level

e

' Momentary power loss ride-thru time(L2-02)

Stall Prevention Function Settings: L3-01 to L3-06

o Astall occurs if the rotor cannot keep up with the rotating magnetic field on the motor stator side when
a large load is applied to the motor or a sudden acceleration/deceleration is performed.

Output frequency

o Inthe Inverter, stall prevention functions can be set independently for accelerating, running, and decel-
erating. (Some functions are restricted depending on the control method.)

Stall Prevention Selection During Acceleration: L3-01

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name : Vi | Vi with Flux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Stall prevention
L3-01 selection during ac- X 0to2 - 1 B B B X
cel
e Settings
Setting Function
0 Disabled. (Accelerate according to the settings. Stalls may occur with large loads.)
1 Enabled. (Stop acceleration if L3-02 setting is exceeded. Accelerate again when current recov-
ers.)
2 Optimum acceleration (Adjust acceleration so that the L.3-02 isn’t exceeded by much. Disregard
the acceleration time setting.)

e When setting 1 (enabled) is selected, acceleration is stopped if the motor current exceeds the accelera-
tion stall prevention level. Acceleration is started again when the current falls below this level. The
acceleration time can be longer than the setting depending on the load.

e When setting 2 (optimum acceleration) is selected, acceleration is performed using the acceleration
stall prevention level as a basis. In this case, the acceleration time is disregarded.
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7.5.6 Protective Functions: L

Stall Prevention Level During Acceleration: L3-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
L3.02 [Stallpreventionlev- | 00200 | % | 150 | B B B x
el during accel

This setting is valid when L3-01 is set to 1 or 2.
Normally it isn’t necessary to change this setting.

Decrease this setting when the motor capacity is small compared to the Inverter capacity or stalling
occurs when the motor is operated with the factory setting. The standard target setting is 2 to 3 times
the motor’s rated current. (Set this current value as a percentage of the Inverter’s rated current, i.c.,
100% corresponds to the Inverter’s rated current.)

Output current
L3-02 (Acceleration stall prevention level)

Time

Output frequency
The output frequency is controlled to prevent stalling.
Time
Fig[T.47 Acceleration[$tall[Prevention[IFunction:[1.3-01[F[1
Stall Prevention Limit During Acceleration: L3-03
Change Valid Access Levels
Co%sset}erint Name during | Setting | | Factory == = © T o T
0 wit ux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
L3-03 | Stall preventionlimit | 010100 | % | 50 Al A | A | x
during accel

Normally it isn’t necessary to change this setting.
Set this constant when a high-speed motor is being used in the high-speed range (the high frequency
range above the base frequency).

The standard target setting is the motor’s rated current. Set this current value as a percentage of the
Inverter’s rated current, i.e., 100% corresponds to the Inverter’s rated current.

Acceleration stall |
prevention level

L3-02
(Acceleration stall preven-
tion level)

L3-03
(Acceleration stall prevention
limit)

Output frequency

E1-06
Base frequency (Fp)

Note When the motor is used in the high-speed range, the acceleration stall prevention level
is automatically lowered to provide smoother acceleration.
The acceleration stall prevention limit (L3-03) limits how much the acceleration stall
prevention level is lowered so that it isn’'t lowered any more than necessary.

Fig[T.48 Stall[Prevention[Limit[During[Acceleration
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Stall Prevention Selection During Decel: L3-04

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name : VA | Vi with Flux
Number Opera_ Range Setting Control PG Loop Vector
tion Vector
Stall prevention
L3-04 | selection during de- X 0to3 - 1 B B B B
cel
e Settings
Setting Function
0 Disabled. (Decelerate according to the settings. Main circuit overvoltage may occur if the decel-
eration time is too short.)
1 Enabled. (Stops deceleration if the main circuit voltage exceeds the overvoltage level. Decelerate
again when voltage recovers.)
2 Optimum deceleration. (Decelerate as fast as possible judging from the main circuit voltage.
Disregard the deceleration time setting.)
3 Enabled (with braking resistor)

e When setting 1 (enabled) is selected, the deceleration time is extended automatically so that a main
circuit overvoltage doesn’t occur.

o Always select setting 0 or 3 when a braking option (Braking Resistor, Braking Resistor Unit, or Brak-
ing Unit) is being used. If setting 1 or 2 is selected, the braking option won’t be used and the decelera-
tion time can’t be shortened.

e 1.3-04 cannot be set to 2 for open-loop vector control mode. (Settings can be made for SPEC:F and
later)

e [.3-04=3 cannot be set in open-loop vector control mode.

Output frequency ‘ The deceleration time is controlled
‘ / to prevent overvoltage.
| - Time
" Deceleration time
(setting)
Fig[7.49 Deceleration[Htall[Prevention[Function:[1.3-04[F+[1
Stall Prevention Selection During Running: L3-05
Change Valid Access Levels
CoLrst(ta;nt Name during | Setting |,y | Factory 7= T S T o0 T
i witl ux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
Stall prevention
L3-05 | selection during run- X 0to2 - 1 B B X X
ning
o Settings
Setting Function

0 Disabled. (Run according to the settings. Stalls may occur with large loads.)

1 Enabled - deceleration time 1. (Use deceleration time in C1-02 for stall prevention function.)

2 Enabled - deceleration time 2. (Use deceleration time in C1-04 for stall prevention function.)

e When setting 1 or 2 (enabled) is selected, deceleration is started if the current of the stall prevention
level during operation continues for more than 100 ms. The motor is accelerated back to the reference
frequency again when the current falls below this level.
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Stall Prevention Level During Running: L3-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
L3-0p | Stall prevention lev- 1 3010200 | % | 160 | B B x x
el during running

o This setting is valid when L3-05 is set to 1 or 2.
e Normally it isn’t necessary to change this setting.

e Decrease this setting when the motor capacity is small compared to the Inverter capacity or stalling
occurs when the motor is operated with the factory setting.(Set this current value as a percentage of
the Inverter’s rated current, i.e., 100% corresponds to the Inverter’s rated current.)

Output current

~—L3-06 (Run stall prevention level)

Time
Output frequency 1 !
I
\ The output frequency is controlled to prevent
stalling.
Deceleration rate: C1-02 or C1-04
Time
Fig[T.50 Run[$tall[Prevention[Function:[1.3-05[F[1 [0r[2

B Frequency Detection Settings: L4-01 to L4-05

tion width (+/-)

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit . Vi | Viwih | Open | g
Number Opera- Range Setting | conrol | PG Loop | vestor
tion Vector
L4-0f | Speed agree detec- x  |00t04000 | Hz | 00 B B B B
tion level
L4-g2 | Speed agree detec- x 0010200 | Hz | 2.0 B B B B
tion width
] Speed agree detec- -400.0 to
L4-03 1 fion level (+/-) x w000 Mz | 001 A A A A
L4-04 | Speed agree detec- x 001200 | Hz | 20 A A A A

o Set these constants when outputting one of the frequency agree or frequency detection signals from
afthulti-function[dutput.[Table[7.13[dhows[the[delationship[Hetween[these[donstants[dnd[the[dutput[dig-

nals.
Table[T.13[]  Constants[and[Dutput[Hignals
Constant Related[utput[$ettings Constant[function
Fref/Set Agree 1 Set the speed that you want to detect in
Speed[Agree[level . Hz.
F cy Detection 1
(Absolute[Yalue) requency etection The set speed is an absolute value, so the

Frequency Detection 2

speed is detected in forward or reverse.

Fref/Fout Agree 1

Speed Agree Width | Fref/Set Agree 1
(Absolute value) Frequency Detection 1

Frequency Detection 2

Set the speed detection range in Hz.
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Fre

Constant

Related output settings

Constant function

Speed Agree Level
+/-

Fref/Set Agree 2
Frequency Detection 3

Set the speed that you want to detect in
Hz.

Frequency Detection 4

; . Set positive values for forward, negative
(Signed value) Frequency Detection 4 values for reverse.
Fref/Fout Agree 2
Speed Agree Width Fref/Set Agree 2 . _
+/- . Set the speed detection range in Hz.
(Signed value) Frequency Detection 3

e Set the corresponding setting in the multi-function output (H2-01, H2-02, or H2-03) to output the de-
sired Fref/Fout Agree signal, Fref/Set Agree signal, or Frequency Detection signal.

Function Setting
Fref/Fout Agree 1 2
Fref/Set Agree 1 3
Frequency Detection 1 4
Frequency Detection 2 5
Fref/Fout Agree 2 13
Fref/Set Agree 2 14
Frequency Detection 3 15
Frequency Detection 4 16

quency Detection Operation: L4-05
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwin | Open | g
Number Opera- Range Setting | conrol | PG | L9 | vegtor
tion Vector
Operation when fre-
L4-05 quency reference is X 0, 1 - 0 A A A A
missing

o The frequency reference is considered lost when the frequency reference voltage drops by 90% for

more than 400 ms.

e Settings
Setting Function
0 Stop. (Operate according to the frequency reference value.)
1 Continue operation at 80% speed. (Continue operation with a speed that is 80% of the value
when the frequency reference was lost.)




Advanced[Dperation

7.5.6 Protective Functions: L

e Timing Chart for Frequency Detection Operation

Related L4-01: Speed Agree Level L4-03: Speed Agree Level +/-
constant L4-02: Speed Agree Width L4-04: Speed Agree Width
Fref/Fout Agree 1 Fref/Fout Agree 2
Frequency —==— Frequency  —m— ——————————
reference reference -
Output frequency Output freque(x;cy : :
tor speed Or motor speet ; ;
Fref/Fout o | |
Agree | |
Fref/Fout Agree 1~ OFF | ON | | | Fref/Fout Agree 2 OFF | ON |
(Multi-function output setting = 2) (Multi-function output setting = 13)
Fref/Set Agree 1 Fref/Set Agree 2
(ON at the following conditions during frequency agree) (ON at the following conditions during frequency agree)
L4-02 ﬂ L4-04
777\ 777777 17¢L4-01 777\ 7777777 +7¢L4-03
Output frequency f ! \ + Output freque(rjlcy f ! \ +
Fref/Set or motor speed [ | or motor spee ‘ ‘
Agree S o
Fref/Set Agree 1 OFF | ON | | | Fref/Set Agree 2 OFF| ON |
(Multi-function output setting = 3) (Multi-function output setting = 14)
Frequency (FOUT) Detection 1 Frequency (FOUT) Detection 3
(L4-01 > | Output frequency | ) ( L4-03 > Output frequency )
L4-02 L4-*04
77“ \ 77“7777‘:777f7fL403
Output frequency YA Output frequency ! ‘\;
or motor speed ! or motor speed ! !
Freq. Detection 1 ON | OFF I | | Freq. Detection 3 ON | OFF |
Frequency (Multi-function output setting = 4) (Multi-function output setting = 15)
Detection | Frequency (FOUT) Detection 2 Frequency Detection 4

(L4-01 < | Output frequency | )

( L4-03 < Output frequency )

—~=—L4-01
Output frequency / : {

or motor speed

Freq. Detection 2 OFF | ON |

(Multi-function output setting = 5)

777 f 7777‘ — L4083
Output frequency / ' \ {
or motor speed !

Freq. Detection 4 OFF | ON |

(Multi-function output setting = 16)
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IMPORTANT

B Fault Restart Settings: L5-01, L5-02

Number of Auto Restart Attempts: L5-01

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
Ls-o1 | Number of autore- x 0to10 | — | 0 B | B | B | B
start attempts

o The fault restart function automatically restarts the Inverter even when an internal fault occurs during
Inverter operation. Use this function only when continuing operation is more important than possibly
damaging the Inverter.

o The fault restart function is effective with the following faults. With other faults, the protective opera-
tions will engage immediately without attempting to restart operation.

OC (Overcurrent) * PF (Main circuit voltage fault) ¢ OLI (Motor overload)

GF (Ground fault) * LF (Output open-phase) * OL2 (Inverter overload)

PUF (Fuse blown) * RF (Braking resistor over- e OL3 (Overtorque)
heated)

OV (Main circuit overvoltage) ¢ RR (Braking transistor fault) * OLA4 (Overtorque)

UV1 (Main circuit undervol-
tage)

o The fault restart count is cleared in the following cases:

When operation is normal for 10 minutes after a fault restart is performed.

When the fault reset input is received after the protection operation has been activated and the fault
confirmed.

When the power is turned OFF and then ON again.

e  When one of the multi-function outputs (H2-01, H2-02, or H2-03) is set to 1E (Restart Enabled), the
output will be ON while the fault restart function is in progress.

Auto Restart Operation Selection: L5-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Ot':i)grr]a_ Range Settlng Control PG \I/_ec::c;gr Vector
L5-02 |Auto restart opera- x 0,1 - 0 B | B | B | B
tion selection
e Settings
Setting Function
0 Do not output fault restart. (The fault contact does not operate.)
1 Output fault restart. (The fault contact operates.)

The Inverter might be damaged when using the fault restart function too frequently.

Understanding that the Inverter might be damaged, be sure to take the following precautions:
Always set up a molded-case circuit breaker (MCCB).
Set up a sequence that will stop peripheral equipment when an Inverter fault occurs.
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7.5.6 Protective Functions: L

B Overtorque Detection Settings: L6-01 to L6-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Le-01 | Torque detection x 0to4d - 0 B B B B
selection 1
Le-02 | ordue detection x 00300 | % | 150 B B B B
evel 1
Le-03 | Torque detection x 0010100 | s | 01 B B B B
time 1
Le-04 | Torque detection x Otod4 | - | 0 Al A A A
selection 2
Le-05 | Torque detection x 00300 | % | 150 | A A A A
level 2
Le-06 | Torque detection x 0010100 | s | 01 A | A A | A
time 2

o The overtorque detection function detects an excessive mechanical load from an increase in the output
current (or output torque).

e The settings in the torque detection selection constants (L6-01 and L6-04) determine whether overtor-
que conditions will be detected and what kind of processing will be performed if a overtorque condi-
tion is detected.

e L6-01/L6-04 Settings

Setting Function Display

0 Overtorque detection disabled Overtorque detection 1 | Overtorque output 2
Detect only during speed agree. Continue

1 operation even after detection. (Minor “OL3” blinks “OL4” blinks
fault)
Detect overtorque at any time. Continue

2 operation even after detection. (Minor “OL3” blinks “OL4” blinks
fault)
Detect only during speed agree. Stop out- | ., s « s

8 put after detection. (Fault) OL3” lights OL4” lights

4 Detect overtorque at any time. Stop output “OL3” lights “OL4” lights

after detection. (Fault)

e When overtorque detection is enabled, be sure to set the overtorque detection level (L6-02 or L6-05)
and the overtorque detection time (L6-02 or L6-05). An overtorque condition is detected when the cur-
rent exceeds the overtorque detection level for longer than the overtorque detection time.

o The overtorque detection level settings depend on the control method:
* Open-loop or flux vector control: Set as a percentage of the motor rated torque.
« Normal V/f or V/f with PG feedback control: Set as a percentage of the Inverter rated current.
o Any of the following functions can be set in a multi-function output (H2-01, H2-02, or H2-03) to indi-
cate fact that an overtorque condition has been detected.
e Setting B: Overtorque detection 1 (NO) ¢ Setting 18: Overtorque detection 2 (NO)
e Setting 17: Overtorque detection 1 (NC) e Setting 19: Overtorque detection 2 (NC)

Motor current
(Output torque)
L6-02 or L6-05

L6-03 -

or I or i
or Overtorque Detection 2 -~ \ " |
N0 | Le-06 ' | ON | 606 | ON |

Overtorque Detection 1 (N.O.) L6-03 -

* The overtorque detection is cleared when the current drops about 5% of the
Inverter’s rated current (or the motor’s rated torque).

Fig[T.51 Timing[Chartor[Dvertorque[Detection
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B Hardware Protection Settings: L8-01 to L8-03, L8-05, L8-07

Protection Selection for Internal DB Resistor: L8-01

Change Valid Access Levels
C(;-rjgta;nt Name during Setting unit | Factory v vrwim | Open | &
i wit ux
Number Opera- Range Setting Control PG Loop | yctor
tion Vector
Protect selection for
L8-01 internal DB resistor X 0,1 - 0 B B B B
e Settings
Setting Function
0 Disabled. (Select 0 when a braking resistor isn’t being used or a Braking Resistor Unit is being
used.)
1 Enabled. (Protects the braking resistor from overheating.)

Inverter Overheating (OH) Pre-alarm Settings: L8-02, L8-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | viector
tion Vector
Lg-02 | Dverheatpre-alarm x 500110 | °C | 95 A | A | A | A
Operation selection
L8-03 | after overheat pre- X 0to3 - 3 A A A A
alarm

o Constant L8-02 specifies the detection temperature in °C for the Inverter overheat (OH) pre-alarm
function. An overheat pre-alarm occurs when the temperature of the cooling fins reaches this level.
e Constant L8-03 specifies the processing that will be performed when an overheat pre-alarm occurs.
Apart from this setting, cooling fin overheating (OH1) is detected as a protection function at 105°C.

o Settings
Setting Function
0 Decelerates to a stop in the deceleration time set in C1-09. (Protection operation: Fault contacts
operate)
1 Coast to stop. (Protection operation: Fault contacts operate)
2 Emergency stop in the emergency-stop time set in C1-09. (Protection operation: Fault contacts
operate)
3 Continues operation. (Alarm: Monitor display only.)
Input Open-phase Protection Selection: L8-05
User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name : VA | Vi with Flux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Lg-05 | Imput open-phase x 0,1 - o A | A | A]|A
protection selection

o This function detects changes in the main circuit DC voltage which indicate a power supply open-
phase, large imbalance in the power supply voltage, or deterioration of the main circuit capacitor.

e Settings
Setting Function
0 Disabled.
1 Enabled. (Detects input power supply open-phase, 3-phase imbalance, or deterioration of the
main circuit capacitor.)
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7.5.6 Protective Functions: L

Output Open-phase Protection Selection: L8-07

o This function detects an Inverter output open-phase.

User Change Valid Access Levels
during Setting Unit Factory Open
Constant Name - Vit | Vi with Flux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
Lg-o7 | Output open-phase x 0, 1 - 0 A A A A
protection selection
o Settings
Setting Function
0 Disabled.
1 Enabled. (Detects an output open-phase at under 10% of the Inverter’s rated output current.)

e When the motor capacity is small compared to the Inverter capacity, false open-phase detection may
occur or open-phase cannot be detected. In this case, disable the detection function by setting L8-07

to 0.

Carrier Frequency Reduction Selection: L8-17 (for SPEC: F)

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | OPen | Fux
Number Opera- Range Settlng Control PG Loop Vector
tion Vector
L8-17 Carr}er frequepcy res x 0to3 - 1 A A A X
duction selection 2
o Settings
Setting Function
0 No carrier frequency reduction.
1 With carrier frequency reduction.
For factory adjustments.
3 For factory adjustments.

o If metallic noise (carrier noise) from the motor is a problem when carrier frequency is reduced (less
than 6 Hz), set L8-17 to 0 (no carrier frequency reduction), and L8-19 (OL2 characteristics selection

at low speeds) to 1 (enabled).

e Do not L8-17 and L8-19 to 0 at the same time when using V/f control and open loop vector control.

OL2 characteristics Selection at Low Speeds: L8-19 (for SPEC: F)

User Change Valid Access Levels
during Setting | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
OL2 characteristics
L8-19 selection at low x 0,1 - 0 A A A A
speeds
e Settings
Setting Function
0 OL2 characteristics at low speeds disabled.
1 OL2 characteristics at low speeds enabled.

e When using OL2 to trip at low speeds (less than 6 Hz) despite a light load, set L8-17 to 1 (with carrier

frequency reduction) and L8-19 (OL2 characteristics selection at low speeds) to 0 (disabled).

However, do not set 18-19 to 0 for 400 V class, 185 to 300 kW Inverters.
e Do not L8-17 and L8-19 to 0 at the same time when using V/f control and open loop vector control.

e Reduce the carrier frequency (C6-01) to 2 kHz when continuously operating at low speeds with heavy
loads when using flux vector control.
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7.5.7[]Operator[Constants:[o

B Operator Display Selection: 01-01 to 01-05

Constant Number Display Selection: 01-01

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
01-01 Flonstflnt No. display 0O 41035 _ 6 B B B B
selection

e In operation mode, the frequency reference, output frequency, output current, and output voltage can
be monitored immediately if the factory settings are being used. One of these four values, the output
voltage, can be changed to a different value.

e When you want to monitor a value other than the output voltage, set that number in constant 01-01.

o1 Use[the[Jast[fwo[dligits[Hrom[the[fU1[Monitor”[Dist[(U 1-[JJ[1)[fo[$elect[d[Yalue.[Refer[fo[Table[4.4[]
Monitor Selection After Power Up: 01-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
01-02 Monitor selection af- 0 1o 4 _ 1 B B B B
ter power up

o When the power is turned on, the frequency reference will appear in the Unit’s data display if the facto-
ry settings are being used.

o Any one of the four values monitored at startup (frequency reference, output frequency, output current,
or the value set in constant 01-01) can be selected to appear when the power is turned ON.

o Change the setting of constant 01-02 to display an item other than the frequency reference at startup.

e Settings
Setting Function
1 The frequency reference is displayed at start-up.
2 The output frequency is displayed at start-up.
3 The output current is displayed at start-up.
4 The value set in constant 01-01 is displayed at start-up.

Frequency Units of Reference Setting and Monitor: 01-03

o Set the unit for frequency setting and monitoring.

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ) v | viwith | OPen | Fux
Number Opera_ Range Setting Control PG Loop Vector
tion Vector
Frequency units of
01-03 reference setting and X 0 to 39999 - 0 B B B B
monitor
e Settings
Setting Unit
0 0.01 Hz
1 0.01%
21039 r/min (0 to 3999)

r/min = 120 x frequency reference (Hz) / 01-03 (number of motor poles)

Use the 5th digit of 01-03 to specify the decimal point.

Sth digit = 0: OO

5th digit = 1: OO0

Sth digit = 2: CIC.CIO]

Sth digit = 3: [J.CJCC

401039999 | pe 15t to 4th digits of 01-03 determine the frequency setting
Ex 1:  To set the 100% speed to 200.0, set 01-03 to 12000.
200.0 will be displayed for 100%, 120 will be displayed for 60%.
Ex 2: To set the 100% speed to 65.00, set 01-03 to 26500.
65.00 will be displayed for 100%, 39.00 will be displayed for 60%.




Advanced[Dperation

7.5.7 Operator Constants: o

Frequency Units of Constant Setting: 01-04
o This constant can be used to change the setting unit for Flux vector control constants to r/min.

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘é:ggr Vector
01-04 | Frequency units of X 0, 1 - 0 X X X B
constant setting
o Settings
Setting Unit
0 Unit of setting: Hz
1 Unit of setting: r/min
Constant Number Display Selection: 01-05
User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | viwith | OPen | Fux
Number Oﬁg:‘a- Range Settlng Control PG \I/‘é:ggr Vector
o1-05 | ConstantNo.display | 0,1 - A | A | A ]| A
selection
o Settings
Setting Function
0 Display constant number

1

Display constant number (address) set for MEMOBUS communications

B Key Function Settings/Other Settings: 02-01 to 02-08

LOCAL/REMOTE Key Enable/Disable: 02-01

User Change Valid Access Levels
during Setting -+ | Factory
Constant Name Unit : Vi | Viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | ysector
tion Vector
LOCAL/REMOTE
02-01 key enable/disable X 0, 1 - 1 B B B B

e This constant enables or disables the LOCAL/REMOTE Key (the Operation Mode Selector Key) on

the Digital Operator.
o Settings
Setting Function
0 Disabled. (Cannot change between local and remote.)

1

Enabled. (Pressing the LOCAL/REMOTE Key switches control of operation between the Oper-
ator and the sources specified in constants b1-01 and b1-02.)

STOP Key During Control Circuit Terminal Operation: 02-02

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) Vi | viwith | OPen | Fux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
STOP Key during
02-02 control circuit termi- X 0, 1 - 1 B B B B
nal operation

o This constant enables or disables the STOP on the Digital Operator

o Settings
Setting Function
0 Disabled. (The STOP Key is disabled when the run command is input from an external termi-

nal.)

Enabled. (The STOP Key is enabled at all times during operation.)
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User Constant Initial Value: 02-03

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ; Vi | Viwith | Open Flux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
02-03 User constant initial x 0. 1,2 _ 0 B B B B
value

e This constant is used to record or clear the user constant defaults.

e Once the user defaults have been recorded, constant A1-03 can be used to initialize the Inverter
constants to these defaults.

o If the “Out Of Memory Max Param Change” display appears on the digital operator when registering
the user constants after the setting has been changed, do not immediately change or register the settings
because pre-registered user settings may be cleared.

e Settings
Setting Function
0 No change. (Retain current settings.)
1 Record user defaults. (Record the current constant settings as user defaults.)
2 Clear user defaults. (Clear the recorded user defaults.)

o The Digital Operation display will return to 0 after the settings have been made.
kVA Selection: 02-04

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit . v | viwith | OPen | Fux
Number Ot':i)grl;a_ Range Settlng Control PG \I/_ec::c;gr Vector
02-04 kVA selection b3 0to FF - 0 B B B B

o The setting range and factory setting depend on the Inverter capacity. The settings shown in the table

are[for[a[200[V[¢lass,[Q.4[kW[Inverter.[(See[page[$[{47.)
e Do not change this constant setting; it is used by the manufacturer to identify the Inverter model.
e Use this setting only the the control PC board has been replaced.

Frequency Reference Setting Method Selection: 02-05

User Change Valid Access Levels
during Setting .. | Factory
Constant Name Unit ’ v | vwith | Open Flux
Number Opera- Range Setting Control PG Loop | yector
tion Vector
Frequency reference
02-05 setting method selec- X 0, 1 - 0 A A A A
tion

o This constant determines whether it is necessary to press the Enter Key when changing the frequency
reference with the Digital Operator’s frequency reference monitor; it cannot be changed during opera-

tion.

e When 02-05 is set to 1 (DATA/ENTER Key input not required.), the frequency reference changes si-
multaneously with the Digital Operator’s value.

e Settings

Setting

Function

0

DATA/ENTER Key input required.

1

DATA/ENTER Key input not required.

Operation Selection when Digital Operator is Disconnected: 02-06

User Change Valid Access Levels
during Setting .+ | Factory
Constant Name Unit ) v | viwith | OPen | Fux
Number Opera_ Range Settlng Control PG Loop Vector
tion Vector
Operation selection
02-06 | when digital opera- X 0, 1 - 0 A A A A
tor is disconnected

o Ifthe Digital Operator has command rights, this constant specifies whether to stop operation when the
Digital Operator is disconnected.
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7.5.7 Operator Constants: o

o Settings
Setting Function
0 Disable Operator detection. (Continue operation when the Digital Operator is disconnected.)

1

Enable Operator detection. (Detect an OPR fault when the Digital Operator is disconnected,
stop the Inverter output, and operate the fault contact.)

Cumulative Operation Time Settings: 02-07, 02-08

User Change Valid Access Levels
during Setting + | Factory
Constant Name Unit ) Vi | viwith | OPeN | Fux
Number Opera- Range Setting Control PG Loop | yiector
tion Vector
o2-07 | Cumulative opera- x 01065535 | h 0 A | A A | A
tion time setting
o2-08 | Cumulative opera- % 0, 1 - 0 A | A A | A
tion time selection

o Set the initial elapsed time in constant 02-07. The elapsed operating time will start from this value.

o Constant 02-08 determines whether the elapsed operating time is the time that the Inverter is on or the
time that the Inverter is running.

o Settings
Setting Function
0 Inverter power-on time. (Counts the elapsed time from start-up until power is turned off.)

1

Inverter running time. (Counts the elapsed time that there is an Inverter output.)

7-100




User Constants

This chapter lists all user constants that can be used in the Programming and
Initialize modes.

8.1 Initialize Mode Constants ...............

8.2 Programming Mode Constants ..........
8.2.1 Application Constants:b ...................... 8-
8.2.2 AutotuningConstants:C ...................... 8
8.2.3 Reference Constants:d ...................... 8
8.2.4 Motor Constant Constants: E .................. 8
8.2.5 OptionsConstants: F......................... 8-24
8.2.6 Terminal Constants: H ........................ 8
8.2.7 ProtectionConstants: L ....................... 8
8.2.8 Operator Constants: 0 ........................ 8
8.2.9 Factory Settings that Change with the

Control Method (A1-02) ..................... 8-45
8.2.10 Factory Settings that Change with the
Inverter Capacity (02-04) ................... 8-47




User Constants

B User Constant Descriptions

Name Change Control Methods
Constant - Setting | Factory | during v/
Number Display pescription Range | Setting Otﬁ’gﬂa' vit "‘F’,ig‘ \%;‘?Er VZlcut)ér Page
Language selection Used to select the language dis-
for digital operator played on the Digital Operator
display 0: English
1: Japanese
2: German
A1-00 3: French 0,1 1 O Q Q Q Q [4-20
4: Italian
Select Language 5: Spanish
6: Portuguese
*This constant is not changed by
the initialize operation.
¢ Constant Number: The constant number.
¢ Name: The constant name.
¢ Display: The constant name displayed on the Digital Operator.
¢ Description: Details of the constant function or setting value.
* Setting Range: The constant setting range.
¢ Factory Setting: The factory setting value (each control method has its own factory setting.

Therefore the factory setting changes when the control method is changed.)
—See page 8 - 45 for factory settings by control method.

¢ Change during Indicates whether or not the constant can be changed while in the Inverter is
Operation: in operation.

O ... Changes possible during operation.
x ...  Changes not possible during operation.

¢ Control Method: Indicates which control methods and which access levels can be set and ref-
erenced.

Q ... [Items which can be set and referenced on all access levels; Quick-
Start, Basic, and Advanced.

B ... Items which can be set and referenced in Advanced and Basic.
A ... Ttems which can be set and referenced in Advanced only.
x ... Items which cannot be set or referenced in that control method.

¢ Page: Reference page for more detailed information on the constant.




8.1 Initialize Mode Constants

8.1

Initialize Mode Constants

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-
tion

Control Methods

\i Open
V/f with Loop
PG Vector

Page

Flux
Vector

A1-00

Language selection
for digital operator
display

Used to select the language dis-
played on the Digital Operator

: English

: Japanese

Select Language

0

1

2: German

3: French

4: Italian

5: Spanish

6: Portuguese

>k This constant is not initialized
by the initialize operation.

0,1

A1-01

Constant access level

Access Level

Used to set the constant access

level (set/read.)

0: Monitoring only (Displays
only Operation mode and Ini-
tialize mode)

1: Used to select user constant
(Constants A2-01 to A2-32
only can be set/read.)

2: Quick-Start : Q
3: Basic: B
4: Basic: A

Oto4

A1-02

User setting constant

User Param 1 to 32

Used to select the control method
for the Inverter

0: V/f control

1: V/f with PG feedback

2: Open loop vector

3: Flux vector

*This constant is not initialized
by the initialize operation.

Oto3

A1-03

Initialize

Init Constants

Used to initialize the constants us-

ing the specified method.

0: No initializing

1110: Initializes using the User
constants

2220: Initializes using a two-wire
sequence. (Initializes to the
factory setting.)

3330: Initializes using a three-wire
sequence.

0to
3330

A1-04

Password 1

Enter Password

Password input when a password
has been set in A1-05. This func-
tion write-protects some constants
of the Initialize mode.

If the password is changed,
A1-01 to A1-03 and A2-01 to
A2-32 constants can no longer
be changed. (Programming
mode constants can be
changed.)

0to
9999

A1-05

Password 2

Select Password

Used to set a four digit number as
the password.

>k This constant is not usually dis-
played. When the password
(A1-04) is displayed, hold
down the Reset/Select Key and
press the Menu Key and the
password will be displayed.

0to
9999




User Constants

Name Change Control Methods
Constant - Setting | Factory | during
Description . VA | open Page
Number ' Range | Setting | Opera- i Flux
Display g 9 tion Vit ‘g‘g‘ \ll‘;?gr Vector
Used to set the constant numbers
User setting constant | that can be set/read. Maximum 32.
A2-01 to Effective when the access level b1-01
A2-32 (A1-01) is set to User Program to - x A A A A |4-24
(1). Constants set in constants 02-08
User Param 1 to 32 A2-01 to A2-32 can be set/read
in the Programming mode.
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8.2 Programming Mode Constants
8.2.1 Application Constants: b

B Operation Mode Selections: b1

Name Control Methods

Change

Constant
Number

Display

Description

Setting
Range

Factory
Setting

during
Opera-
tion

\ii
with
PG

\i

Open
Loop
Vector

Flux
Vector

Page

b1-01

Reference selection

Reference Source

Used to set the input method for
the frequency reference.

0: Digital Operator

1: Control circuit terminals (ana-
log inputs).

2: MEMOBUS transmission (us-
ing SI-K2)

3: Option Card

4: MEMOBUS transmission (for
CP-717)

Oto4

b1-02

Operation method
selection

Run Source

Used to set the source of the run
command.

0: Digital Operator

1: Control circuit terminals (se-
quence inputs).

2: MEMOBUS transmission (us-
ing SI-K2)

3: Option Card

4: MEMOBUS transmission (for
CP-717)

Oto4

b1-03

Stopping method
selection

Stopping Method

Used to set the stopping method
used when a stop command is in-
put.

0: Ramp to stop

1: Coast to stop.

2: DC injection braking stop:
(Stops faster than coast to

stop, no regenerative opera-
tion.)

3: Coast to stop with timer: Run
commands are disregarded
during deceleration.

>kOnly settings 0 and 1 can be
used with flux vector control.

Oto3

b1-04

Prohibition of reverse
operation

Reverse Oper

0: Reverse enabled
1: Reverse disabled

0,1

b1-05

Operation selection
for setting of E1-09 or
less

Zero-Speed Oper

Used to set the method of opera-
tion when the frequency reference
input is less than the minimum
output frequency (E1-09).

0: Run at frequency reference
(E1-09 not effective).

1: STOP (Frequencies below
E1-09 in the coast to stop
state.)

2: Run at min. frequency.
(E1-09)

3: Run at zero speed (Frequen-
cies below E1-09 are zero)

> This function is only available

in with flux vector control.

Oto3
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8.2.1 Application Constants: b

Name Control Methods

Constant
Number

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-
tion

\i

\i
with
PG

Open
Loop
Vector

Flux
Vector

Page

b1-06

Read sequence input
twice

Cntl Input Scans

Used to set the responsiveness of
the control inputs (forward/re-
verse and multi-function inputs.)

0: Two scans every 2 ms (Use for
fast responses.)

1: Two scans every 5 ms (Use for
possible malfunction due to
noise.)

0,1

b1-07

Operation selection
after switching to re-
mote mode

LOC/REM RUN Sel

Used to set the Operation mode by
switching to the Remote mode us-
ing the Local/Remote Key.

0: Run signals that are input dur-
ing mode switching are disre-
garded. (Input Run signals af-
ter switching the mode.)

1: Run signals become effective
immediately after switching to
the Remote mode.

0,1

b1-08

Run command selec-
tion in PRG mode

RUN CMD at PRG

Used to set the Operation mode in

program mode.

0: Can operate.

1: Cannot operate (Disabled
when Digital Operator selects

run command (when
B1-02=0)).

0,1

B DC InjectionBraking: b2

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-

tion

Control Methods

Vit

\ii
with
PG

Open
Loop
Vector

Flux
Vector

Page

b2-01

Zero speed level (DC
injection braking
starting frequency)

DClInj Start Freq

Used to set the frequency which
starts DC injection braking (the
initial excitation for flux vector
control) in units of 0.1 Hz when
deceleration to stop is selected.

skWhen b2-01 is less than E1-09,
E1-09 becomes the DC injec-
tion braking starting frequency.
Only with flux vector control is
b2-01 used.

0.0 to
10.0

0.5

7-43
6-31

b2-02

DC injection braking
current

DCinj Current

Sets the DC injection braking cur-
rent as a percentage of the Inverter
rated current.

*kThe initial excitation current for
flux vector control depends on
the E2-03 setting.

0to 100

50

b2-03

DC injection braking
time at start

DClInj Time @ Start

Used to set the time to perform
DC injection braking (initial ex-
citation for flux vector control) at
start in units of 1 second.

kUsed to stop coasting motor and
restart it. When the set value is
0, DC injection braking at start
is not performed.

0.00 to
10.00

0.00

7-43
6-31

b2-04

DC injection braking
time at stop

DCInj Time @ Stop

Used to set the time to perform
DC injection braking (initial ex-
citation for flux vector control) at
stop in units of 1 second.

*kUsed to prevent coasting after
the stop command is input.
‘When the set value is 0.00, DC
injection braking at stop is not
performed.

0.00 to
10.00




8.2 Programming Mode Constants

Name Change Control Methods
Constant - Setting | Factory | during
Description A VIt | open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll‘,;?gr Vector
Magne_tic flux com- Used to set the magnetic flux
b2-08 |Pensation volume compensation in % units, with the | 0 to 500 0 x — — A A 7-44
Field Comp @ Start no-load current as 100%
B Speed Search: b3
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion V/f vg(t; \/L:cc;gr Vector
Sets the speed search function to
start when the run command is in-
Speed search selec- | put-
tion at start 0: Disabled (Starts from the
minimum output frequency.)
b3-01 1: Enabled (Speed search is 0,1 0* x A A A A 7 - 44
started from the maximum fre-
quency. In a control method
with PG, the motor starts at the
SpdSrch at Start frequency of motor rotation
when the run command is in-
put.)
Sets the speed search operation
Speed search operat- | current as a percentage of the In-
ing current verter rated current.
b3-02 *kNot usually necessary to set. 0to200 | 100 x A x A X 7-44
When restarting is not possible
SpdSrch Current with the set value, reduce the
value.
Sets the output frequency decel-
Sgetfé) ?1 ?frﬁgh decel- | eration time during speed search
in 1- d units.
b3-03 1n -secondunits , 0Lto | 54 x Al x | A x |7-4
skSet the time for deceleration 10.0
SpdSrch Dec Time from the maximum output fre-
quency to 0 Hz.
When the control method is changed, the Inverter reverts to factory settings. (The open loop vector control factory settings will
be displayed.)
B Timer Function: b4
Name Change Control Methods
Constant it Setting | Factory | during Vi
Number Display Description Range | Setting | OPera- | vy | with | Coep | FX Page
tion PG | Vector Vector
Sets the timer function output
Timer function ON- ON-delay time (dead band) for the
delay time timer function input, in 1-second
b4-01 units. e |00 x Al A | A | A [7-45
*kEnabled when the timer function ’
Delay-ON Timer is set for multi-function inputs
and outputs.
) _ Sets the timer function output
Timer function OFF- | OFF-delay time (dead band) for
delay time the timer function input, in 1-se- 004
b4-02 cond units. 300 8 0.0 x A A A A |7-45
kEnabled when the timer function ’
Delay-OFF Timer is set for multi-function inputs
and outputs.
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8.2.1 Application Constants: b

H PID Control: b5

Name Change Control Methods
Constant o Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion Wi \A'gg \I/_:c?gr Vector
0: Disabled
1: Enabled (Deviation is D-con-
PIIID ct§>ntrol mode trolled.)
selection 2: Enabled (Feedback value is D-
controlled.)
b5-01 3: PID control enabled (frequency Otod 0 x A A A A 7-49
command + PID output, D
control of deviation)
PID Mode 4: PID control enabled (frequency
command + PID output, D
control of feedback value).
Proportional gain (P) Sets P-control proportional gain as
tage.
b5-02 @ percentage 0l 10 | O | A | A A | A |74
PID Gain skP-control is not performed when .
the setting is 0.00.
Integral (1) time Sets I-control integral time in
1-second units. 0.0 to
b5-03 . 1.0 O A A A A | 7-49
PID | Time skI-control is not performed when 360.0
the setting is 0.0.
Integral (1) limit Sets the I-control limit as a per- 0.0 to
b5-04 — centage of the maximum output 100.0 O A A A A 7-50
PID | Limit frequency. 100.0
Differential (D) time Sets D-control derivative time in
1-second units. 0.00 to
b5-05 . 0.00 O A A A A | 7-49
PID D Time skD-control is not performed when | 10.00
the setting is 0.00.
PID limit Sets the limit after PID-control as 0.0 to
b5-06 — a percentage of the maximum out- 100.0 O A A A A |7-50
PID Limit put frequency. 100.0
PID offset adjustment | Sets the offset after PID-control as | —100.0
b5-07 a percentage of the maximum out- to 0.0 O A A A A |7-50
PID Offset put frequency. +100.0
PID primary delay Sets the time constant for low pass
time constant filter for PID-control outputs in 0.00 to
b5-08 1-second units. 100 0.00 O A A A A |7-50
PID Delay Time skNot usually necessary to set.
PID output character- Select forward/reverse for PID
istics selection output.
b5-09 0: PID output is forward. 0,1 0 X A A A A 7-50
Output Level Sel 1: PID output is reverse (high-
lights the output code)
PID output gain Sets output gain. 0010
b5-10 2'5 0 1.0 x A A A A | 7-50
Output Gain :
0: 0 limit when PID output is neg-
PID reverse output ative.
selection 1: Reverses when PID output is
b5-11 negative. 0,1 0 X A A A A 7-50
Output Rev Sel ><0 limit when reverse prohibit is
selected using b1-04.
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Name Change Control Methods
Constant - Setting | Factory | during
Description . V| open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll_ez%ct.gr Vector
0: No detection of loss of PID
feedback.
Selection of PID feed- .
back command loss 1: Detection of loss of PID feed-
detection s . .
Operation continues during
b5-12 detection, with the malfunction- | 0 to 2 0 x A A A A 7-50
ing contact not operating.
2: Detection of loss of PID feed-
Fb los Det Sel back.
Coasts to stop during detection,
and fault contact operates.
PID feedback com- Sets the PID feedback loss detec-
mand loss detection tion level in % units, with the
level maximum output frequency at
b5-13 100%. 0 to 100 0 X A A A A 7-50
Fb los DET Lvl
PID feedback com- Sets the PID feedback loss detec-
mand loss detection tion level in s units. 0.0 to
b5-14  |time 555 1.0 X A A A A |7-50
Fb los Det Time
B Dwell Functions: b6
Con- Name Change Control Methods
stant it Setting | Factory | during
Description ) VI 1o Page
Num- Display P Range |Setting | Opera- | v | with | Loop o g
ber tion PG | Vector r
Dwell frequency
at start 0.0 to
b6-01 Run command p 0.0 x A A A A 7-52
Dwell Ref @ — ON | oFe [ 400.0
Start | \
Output frequency ‘
Dwell time at start ' ‘
b6-02 [Dwell Time @ l 00t 1 00 x Al A | A | A |72
Start ‘
: Time
Dwell frequency b6-01 b6-03 0.0
y at stop - .0 to )
b6-03 el Ao G S b6-02 b6-04 | 400.0 0.0 x A A A A 7-52
weli e op skThe dwell function is used to hold the
Dwell time at stop output frequency temporarily when
driving a motor with a heavy load. 0.0 to
b6-04 g;”e" Time @ & ¥ 100 0.0 x A A A | A |7-32
op
B Droop Control: b7
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion N V;'g? \/Lé)c?g,— Vector
Sets the slip as a percentage of
Droop control gain maximum frequency when the
maximum output frequency is
b7-01 specified and the rated torque oc- ?'(?Otg 0.0 @) x x x A 7-18
curs. :
Droop Gain skDroop-control is not performed
when the setting is 0.0.
Droop control delay Droop control responsiveness
i stant
b7-02 | 'Me constant o 0.03t0 1 o5 o x | x | x | A |7-18
X skWhen hunting or oscillation oc- 2.00
Droop Delay Time curs, increase the value.
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8.2.1 Application Constants: b

B Energy Saving: b8

Name Change Control Methods
Constant o Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion Wi \AF/Jg \I/.:ggr Vector
Sets the Inverter output voltage
Energy-saving gain when the energy-saving command
is input.
b8-01 *kEnabled when the “energy-sav- | 5, 100 80 % A A % % 7-13
ing mode” command is set for 7-38
Eneray Save Gain multi-function input. Set as a
9y percentage of the V/f pattern
voltage.
) Sets the energy-saving effective
Energy-saving fre- range minimum frequency in Hz.
quency kThe energy-saving function is 0.0 to 7-13
b8-02 only enabled when the frequen- | 454 0.0 x A A x X 538
cy is greater than the energy- ’
Energy Save Freq saving frequency and the
speeds are consistent.
B Zero Servo: b9
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion N V;'g? \/Lé)c?g,— Vector

Used to adjust the strength of the
zero-servo lock.

sEnabled when the “zero-servo
command” is set for the multi-
function input. When the zero-
servo command has been input
b9-01 and the frequency reference 0to 100 5 < x < x A 7-19
drops below excitation level
(b2-01), a position control loop
is created and the motor stops.
Zero Servo Gain Increasing the zero-servo gain
in turn increases the strength of
the lock. Increasing it by too
much will cause oscillation.

Zero-servo gain

Sets the output width of the P-lock
completion signal.
sEnabled when the “zero-servo
completion (end)” is set for a
multi-function input. The zero-
servo completion signal is ON
when the current position is 0to
b9-02 within the range (the zero-servo | 16383 10 x x x x A 7-19
position + zero-servo comple-
tion width.)
Set the allowable position dis-
Zero Servo Count placement from the zero-servo
position to 4 times the pulse
rate of the PG (pulse generator,
encoder) in use.

Zero-servo comple-
tion width
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8.2.2 Autotuning Constants: C

B Acceleration/Deceleration: C1

Name Change Control Methods
Constant i Setting | Factory | during Vi
Number Display Description Range | Setting | OPera- | i | with | coey | Flux Page
tion PG | Vector Vector
Acceleration time 1 Sets the acceleration time to ac-
celerate from 0 to the maximum 6-10
C1-01 ) output frequency, in 1-second O Q Q Q Q 6-17
Accel Time 1 X
units.
Deceleration time 1 Sets the deceleration time to de- 6-10
C1-02 - celerate from the maximum output O Q Q Q Q
Decel Time 1 frequency to 0, in 1-second units. 6-17
Acceleration time 2 The acceleration time when the 6-10
C1-03 - multi-function input “accel/decel O B B B B
Accel Time 2 time 1” is set to ON. 6-17
Deceleration time 2 The deceleration time when the 6-10
C1-04 - multi-function input “accel/decel O B B B B
Decel Time 2 time 1” is set to ON. 6-17
Acceleration time 3 The acceleration time when the 6-10
C1-05 - multi-function input “accel/decel x A A A A
Accel Time 3 time 2” s set to ON. 0.0t0 6-17
Deceleration time 3 The deceleration time when the 6000.0 10.0 6-10
C1-06 - multi-function input “accel/decel * x A A A A
Decel Time 3 time 27 is set to ON. 6-17
Acceleration time 4 The1 zjlcfceler_atio'n tim?‘ whei1 (;he 1 610
c1-07 mu tl—”u'nCtl(‘)gI'l input “acce / ece N A A A A
Accel Time 4 time 1” and “accel/decel time 2 6-17
ccel Time are set to ON.
Deceleration time 4 The1 fiefceler_atio'n tim;c‘ Wheln(Ihe 1 610
C1-08 mu tl—”u'nCtl(‘)gI'l input “acce / ece N A A A A
Decel Time 4 time 1” and “accel/decel time 2 6-17
ecel fime are set to ON.
] The deceleration time when the
Emergency stop time | multi-function input “Emergency
fast) stop” is set to ON. 6-10
C1-09 (fast) stop” & x B |B | B |B
*This function can be used a 6-17
Fast Stop Time stopped method when a fault
has been detected.
Accel/decel time set- 0: 001 dunit 610
i i : 0.01-seco S -
C1-10 |ling unit b O Lo 0,1 1 x ALA A AT
Acc/Dec Units ¢ second unts i
Sets the frequency for automatic
. acceleration/deceleration switch-
Accel/decel time ing.
switching frequency Below set frequency: Accel/decel
time 4
C1-11 fme 0.0to | ¢4 x AlAa |l A | A l6-11
Above set frequency: Accel/decel | 400.0
time 1
Acc/Dec SW Freq *The multi-function input “accel/
decel time 17 or “accel/decel
time 2” take priority.

The setting range for acceleration/deceleration times will differ according to the setting for C1-10 (the unit for acceleration/de-
celeration time.) When C1-10 is set to 0, the setting range for acceleration/deceleration times becomes 0.00 to 600.00 seconds.
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8.2.2 Autotuning Constants: C

Bl S-curve Acceleration/Deceleration: C2

Con- Name Change Control Methods
stant —— Setting | Factory | during
Description ) VA | open Page
Num- Display P Range | Setting | OPera- | vyt | with | Loop | U 9
ber tion PG | Vector
S-curve charac-
201 teristic time at ac- 0.0 to 090 A A A A 5
- i X ) 7-5
celeration start All sections of the S-curve characteristic 250 *
SCrv Acc @ Start |time are set in seconds units.
S-curve charac- *«When the S-curve characteristic time is
teristic time at ac- set, the accel/decel times will increase 001to
C2-02 | celeration end by only half of the S-curve characteris- 2 50 0.20 x A A A A 7-52
tic times at start and end. ’
SCrv Acc @ End
Run com- —————/g——) OFF
S-curve charac-  |mand™ }
teristic time at de- [Output frequency |
C2-03 | Celeration start 0091 | 020 x Al A | A | A |72
SCrv Dec @ ’
Start
S-curve charac-
teristic time at de- 0.00 to
C2-04 | celeration end 2,50 0.00 x A A A A |7-52
SCrv Dec @ End
B Motor Slip Compensation: C3
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion N V;'g? \/Lé)c?g,— Vector
Used to improve speed accuracy
when operating with a load.
Slip compensation . o
ain kUsually setting is not necessary.
9 When actual speed is low, in-
crease the set value. 7-34
0.0t "
C3-01 When actual speed is high, de- 5 50 1.0* O B x B B S
crease the set value. ’
In flux vector control mode this
Slip Comp Gain function becomes gain to com-
pensate for slip caused by tem-
perature variation.
Slip compensation primary delay
. . time is set in ms units.
Slip compensation >kUsually setting is not necessary.
primary delay time Adjust when slip compensation
responsiveness is low, or speed 0to
C3-02 is not stabilized. 10000 | 2007 x A x A x |7-54
When responsiveness is low, de-
Slip Comp Time crease the set value.
When speed is not stabilized, in-
crease the set value.
Slip compensation
Cc3-03 | limit Sets the slip compensation limit as 0 to 250 200 < A x A x 7.54
Slip Comp Limit a percentage of motor rated slip.
i imi
0: Disabled.
Slip compensation 1: Enabled.
selection during re- kWhen the slip compensation
generation during regeneration function
C3-04 has been activated, as regenera- 0,1 0 x A x A x 7-54
tion capacity increases momen-
tarily, it may be necessary to
Slip Comp Regen use a braking option (braking
resistor, Braking Resistor Unit
or Braking Unit.)
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Name Change Control Methods
Constant - Setting | Factory | during
Description . V| open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll_ez%ct.gr Vector
Used to set the flux calculation
Flux calculation meth- | method.
od 0: Flux is calculated based on the
C3-05 output.frequency after com- 0,1 0 < < N A < _
pensation.
1: Flux is calculated based on the
Flux Select output frequency before com-
pensation.
Output voltage limited |0 Disabled
operation selection 1: Enabled (The motor magnetic
C3-06 flux automatically decreases 0,1 0 x x x A A |7-34
. when output voltage is satu-
Output V Limit rated.)
‘When the control method is changed, the Inverter reverts to factory settings. (The open loop vector control factory settings will
be displayed.)
B Torque Compensation: C4
c Name . Change Control Methods
onstant ok etting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 ¢} tion Wi \A'gg \I/_:c?gr Vector
Sets torque compensation gain as
a ratio.
kUsually setting is not necessary.
Adjust in the following circum-
Torque compensation stances:
gain * When the cable is long; increase
the set value.
e When the motor capacity is
smaller than the Inverter capac-
N ity (Max. applicable motor ca- | 0.00 to
C4-01 pacity), increase the set values. | 2.50 1.00 © B B B x 7-35
* When the motor is oscillating,
decrease the set values.
Adjust the output current range at
. minimum speed rotation so that it
Torq Comp Gain does not exceed the Inverter rated
output current.
Do not alter the torque compensa-
tion gain when in open-loop vec-
tor control mode.
The torque compensation delay
. time is set in ms units.
Torque compensation -
; kUsually setting is not necessary.
time constant L . .
Adjust in the following circum-
tances:
C4-02 stances o Oto 1 5« x A | A | A | x |7-5
» When the motor is oscillating, | 10000
increase the set values.
Torg Comp Time e When the responsiveness of the
motor is low, decrease the set
values.
Start torque com-
pensation Sets start torque compensation
C4-03 | (forward rotation) with the motor’s rated torque at 0 to 200 0.0 X x X A X 7-9
100%.
F TorgqCmp@ Start ’
Start torque com-
pensation Sets start torque compensation 2200.0
C4-04 | (reverse rotation) with the motor’s rated torque as t00.0 0.0 x x X A x 7-9
100%. ’
R TorgqCmp@ Start ’
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8.2.2 Autotuning Constants: C

Name Change Control Methods
Constant - Setting | Factory | during
Description A VIt | open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll‘,;?gr Vector
Start torque constant Sets the start torque constant in
its.
C4-05 E}‘;ms 00t 4 s tho filer 010200 | 10 x x | x | A | x |79
en set to 0 to 4 ms, the filter
forqCmp Delay T will be invalid.
*  When the control method is changed, the Inverter reverts to factory settings. (The open loop vector control factory settings will
be displayed.)
B Speed Control (ASR): C5
Con- Name Change Control Methods
stant - Setting | Factory | during
Description ; V/f | open Page
Num- i Range | Setting | Opera- i Flux
ber Display 9 9 tion N V;'g? \/Lé)c?g,— Vector
ASR proportional 636
" (P) gain 1 Sets the proportional gain of the speed 0.00 to « -
C5-01 , loop (ASR.) 30000 | 2000 © x | Bl x B ey
ASR P Gain 1
ASR integral (I) 636
" time 1 Sets the integral time of the speed loop 0.000 to % -
Cs-02 _ (ASR) in 1-second units. 10.000 | 2% © x B x B 6.4
ASR | Time 1
. kUsually setting is not necessary.
ASR proportional Set to change the rotational speed gain.
(P) gain 2 0.00 6-36
.00 to 4 -
C5-03 For flux vector control p-cs.01 | 300.00 20.00 * O x B x B 6 - 44
ASR P Gain 2 s
ASR integl’al (I) For V/f control with PG
time 2 R ey
' 1 P=C5-03
" ) - 0.000 to N 6-36
C5-04 . 1=C5-04 | "0 000 0.500 O x B x B 644
X 0 C5-07 E1-04 Motor
ASR | Time 2 speed
(Hz)
ASR limit Sets the upper limit for the compensation
frequency for the speed control loop 0.0 to
C5-05 ASR Limit (ASR) to a percentage of the maximum 20.0 3.0 X x A X x | 6-46
imi output frequency.
ASR primary Sets the filter time constant; the time
delay time from the speed loop to the torque com- 0.000 to
C5-06 mand output, in units of 1-second. 0.500 0.004 x x x x A 6-37
ASR Delay Time | sUsually setting is not necessary.
ASR switching Sets the frequency for switching between
frequency Proportion Gain 1, 2 and Integral Time 1,
C5-07 : 2 in Hz units. 0o 00 x x | x | x | A |6-36
ASR Gain SW *kThe multi-function input “ASR Gain ’
Freq SW” takes priority.
IAS.R integral (1) Set to a small value to prevent any radi-
Cs-0g | limit cal load change. Set to 100% of the max- | 0 to 400 | 400 x x x x A —
ASR | Limit imum output frequency.

*  When the control method is changed, the Inverter reverts to factory settings. (The flux vector control factory settings will be
displayed.)
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B Carrier Frequency: C6

Con- Name Change Control Methods
stant —— Setting | Factory | during Vit
Num- Display Description Range | Setting | Opera- V/f with (ngg | Page
ber tion pG | Vector | Vector
Carrier Frequen- Set the carrier frequer}cy upper limit and
A lower limit in kHz units. (See note 2)
cy Upper Limit . A 2.0 to 15.0
C6-01 The carrier frequency gain is set as fol- 15.0 : x B B B B 7-56
lows: *2 *1
Carrier Freq Max | s In vector control mode, the upper
limit of the carrier frequency is fixed
at C6-01
Carrier Frequen-
cy Lower Limit + C6-01<10.0: K=3 04t0 | 150
C6-02 Carrier frequency  « 10.0>C6-01>>5.0 : K=2 1 50 * x A A x X 7-56
. . * 5.0>C6-01: K=1 :
Carrier Freq Min S
Carrier Frequen- [ .., _ / :
cy Gain L Output frequency x Output
C6-03 K (C6-03) xK frequency 00 to 99 00 x A A x X 7-56
Carrier Gain 0 E1-04
(Max. output frequency)
* 1. The setting range and the factory setting of the Inverter will differ depending on its capacity and control method. (The value
for the 200 V class 0.4 kW Inverter in open loop vector control mode will be displayed.) (See page 8 - 47.)
* 2. Fora400V Inverter, if the carrier frequency is set to a value higher than the factory setting, the Inverter overload “OL2” detec-
tion value will decrease.
B Hunting Prevention: C7
Name Change Control Methods
Constant it Setting | Factory | during Vi
Number Display Description Range | Setting | OPera- | vy | with | Coep | FIX Page
tion PG | Vector Vector
0: Disabled
. , 1: Enabled
Hunting prevention . . .
selection *kThe hunting prevention function
is used to stop a motor under a
light load from hunting.
C7-01 This function is exclusively for 0,1 1 x A A x x 7-13
the V/f control mode.
When greater responsiveness
Hunt Prev Select than oscillation control is re-
quired, set hunting prevention
to “disabled.”
Sets the ratio for hunting preven-
tion gain.
Hunting prevention kUsually setting is not necessary.
gain Adjust in the following circum-
stances:
* When oscillation occurs due to 0.00
C7-02 alight load, increase the set val- 2 5(;0 1.00 x A A x X 7-14
ues. )
¢ When the motor is stalled, de-
Hunt Prev Gain crease the set values.
If the set values become too large,
the motor may stall as a result of
non-controlled current.
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8.2.2 Autotuning Constants: C

B Factory Tuning: C8

Name Change Control Methods

Constant - Setting | Factory | during Vi
Number Displa Description Range | Setting | OPera- | vy | with | Doop
Pay tion PG Vectgr

Page

Flux
Vector

Sets the internal speed feedback
detection control section as a ra-

tio.
AFR gain kUsually setting is not necessary.

Adjust in the following circum-

stances:
0.00 to

10.00

C8-08 ¢ When hunting occurs, increase
the set values.

1.00 X X X A X 7-5

* When responsiveness is low,
AFR Gain decrease the set values.
Change the responsiveness in 0.05
units at a time, checking after
each change.

SPGEd‘Feeqb?Ck * Increase setting if hunting oc-
Detection Limit (ARF) curs. 0 to

C8-09 | Time o Decrease setting if response is | 2000
AFR Time poor.

50 x X X A X —

. 0: Carrier frequency is set to
Carrier frequency 2.0 kHz.

selection during auto- . .
tuning 1: Carrier frequency is set to a val-

ue as set in C6-01. 0,1,2 2 x X X A X —

2: Carrier frequency is set to
Carrier in tune 5 kHz. (2.5 kHz for 400 V class,
185 to 300 kW inverters)

C8-30
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8.2.3 Reference Constants: d

Bl Preset Reference: di

Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion \i ‘g'g‘ \I/‘:C?gr Vector
Frequency reference Sets the frequency reference in the
1 units used in 01-03 (frequency
d1-01 reference display/set units.) The 0.00 O Q Q Q Q 6-7
Ref 1 factory setting unit for 01-03 is
ererence Hz.
Frequency reference The frequency reference when the
2 multi-function input “multi-step
d1-02 speed reference 1” is ON. 0.00 O Q Q Q Q 6-7
Display units can be set using
Reference 2 01-03.
Frequency reference The frequency reference when the
3 multi-function input “multi-step
d1-03 speed reference 2” is ON. 0.00 O Q Q Q Q 6-7
Display units can be set using
Reference 3 01-03.
Frequency reference The frequency reference when the
4 multi-function input “multi-step
d1-04 speed reference 1, 2” is ON. 0.00 O Q Q Q Q 6-8
Display units can be set using
Reference 4 01-03.
Frequency reference The frequency reference when the
5 multi-function input “multi-step
d1-05 speed reference 3” is ON. 0 0.00 O B B B B 6-8
Display units can be set using to
Reference 5 01-03. 400.00
Frequency reference The frequency reference when the
6 multi-function input “multi-step
d1-06 speed reference 1, 3” is ON. 0.00 O B B B B 6-8
Display units can be set using
Reference 6 01-03.
Frequency reference The frequency reference when the
7 multi-function input “multi-step
d1-07 speed reference 2, 3” is ON. 0.00 O B B B B 6-8
Display units can be set using
Reference 7 01-03.
Frequency reference The frequency reference when the
8 multi-function input “multi-step
d1-08 speed reference 1, 2, 3” is ON. 0.00 O B B B B 6-8
Display units can be set using
Reference 8 01-03.
The frequency reference when the
Jog frequency refer- | multi-function inputs, “Jog fre-
ence quency reference selection,”
d1-09 “FJOG command,” and “RJOG 6.00 O Q Q Q Q 6-8
command” are ON.
Jog Reference Display units can be set using
01-03.
B Reference Limits: d2
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion V/f v;g? \/Lgcc;gr Vector
Frequel_nc_y reference Sets the output frequency upper 001
d2-01 upper limit limit as a percentage of the maxi- 110 8 100.0 x B B B B 7-57
Ref Upper Limit mum output frequency. '
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8.2.3 Reference Constants: d

Name Change Control Methods
Constant - Setting | Factory | during
Description A VIt | open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll‘,;?gr Vector
IF requle_nc_:y reference Sets the output frequency lower 00t
d2-02 ower limit limit as a percentage of the maxi- 109 8 0.0 x B B B B 7-57
Ref Lower Limit mum output frequency. :
B Jump Frequencies: d3
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion V/f vg(t; \/L:cc;gr Vector
Jump frequency 1 Set the center values of the jump
frequencies in Hz.
d3-01 0.0 x B B B B 7-57
Jump Freq 1 This function is disabled by set-
ting the jump frequency to
Jump frequency 2 0 Hz. Always ensure that the
d3-02 following applies: oo |00 % B | B | B | B |7-57
Jump Freq 2 d3-01 = d3-02 = d3-03 :
Operation in the jump frequen-
Jump frequency 3 cy range is prohibited but dur-
d3-03 ing acceleéat;lon and decel:}:]r]a— 00 N B B B B 7.57
Jump Freq 3 ion, speed changes smoothly
without jump.
Jump frequency width S‘?tdsﬁh,e jﬁmp frequency band-
t .
d3-04 wicthin Hz , 00w | 10 x B |B | B | B |7-57
Jump Bandwidth *kThe jump frequency will be the :
jump frequency * d3-04.
B Reference Frequency Hold: d4
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion N V;'g? \/Lé)c?g,— Vector
Sets whether or not frequencies on
hold will be recorded.
Frequency reference | 0: Disabled (when operation is
hold function selec- stopped or the power is turned
tion on again starts at 0.)
1: Enabled (when operation is
d4-01 stopped or the power is turned 0,1 0 x A A A A | 7-58
on again starts at the previous
hold frequency.)
MOP Ref Memor This function is available when
y the multi-function inputs “ac-
cel/decel Ramp Hold” or “up/
down” commands are set.
Sets the increase/decrease fre-
+ — Speed limits quency for analog frequency ref-
erences as a percentage of the
maximum output frequency.
d4-02 . Lo . 0to 100 25 x A A A A 7-58
*This function is available when
. the multi-function inputs “Trim
Trim Control Lvi Ctl Increase” or “Trim Ctl De-
crease” is set.
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B Torque Control: d5

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-
tion

Control Methods

VIt

\ii
with
PG

Open
Loop
Vector

Flux
Vector

Page

d5-01

Torque control selec-
tion

Torq Control Sel

0: Speed control (C5-01 to
C5-07)

1: Torque control

> This function is only available
in flux vector control mode.
To use the function for switch-
ing between speed and torque
control, set to 0 and set the
multi-function input to “speed/
torque control change.”

0,1

7-21
7-27

d5-02

Torque reference
delay time

Torq Ref Filter

Sets the torque reference delay
time in ms units.

>k This function can be used to ad-
just the noise of the torque con-
trol signal or the responsive-
ness with the host controller.
When oscillation occurs during
torque control, increase the set
value.

0 to
1000

d5-03

Speed limit selection

Speed Limit Sel

Sets the speed limit command
method for the torque control
mode.

1: The analog input limit from an
analog frequency reference
terminal (terminals 13 and 14.)

2: Limited by d5-04 constant set-
ting values.

1,2

d5-04

Speed limit

Speed Lmt Value

Sets the speed limit during torque
control as a percentage of the
maximum output frequency.

*This function is enabled when
d5-03 is set to 2. Directions are
as follows.
+: run command direction
—: run command opposite direc-
tion

-120
to
+120

d5-05

Speed limit bias

Speed Lmt Bias

Sets the speed limit bias as a per-
centage of the maximum output
frequency.

>kBias is given to the specified
speed limit. It can be used to
adjust the margin for the speed
limit.

0to 120

10

d5-06

Speed/torque control
switching timer

Ref Hold Time

Sets the delay time from inputting
the multi-function input “speed/
torque control change” (from ON
to OFF or OFF to ON) until the
control is actually changed, in ms
units.

>k This function is enabled when
the multi-function input “speed/
torque control change” is set. In
the speed/torque control
switching timer, the three ana-
log inputs hold the values of
when the “speed/torque control
change” changes. Always be
sure to allow time for this pro-
cess to finish completely.

0 to
1000
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8.2.4 Motor Constant Constants: E

8.2.4 Motor Constant Constants: E
H V/f Pattern: E1

Con- Name Change Control Methods
stant . Setting | Factory | during Vi
Num- Display Pescription Range | Setting | Opera- | vy | i | Dhep | Aux | P29°
ber tion bG | Vector | Vestor
Input voltage %/ets the Inverter input voltage in units of 1 6-18
setting ' 15510 1 Hg 6-21
E1-01 *This setting is used as the reference value 255 1 x Q Q Q Q 6-33
for functions such as the protection func- 1 )
Input Voltage tions. 6-40
0: Standard fan-cooled motor (general-pur-
Motor selection pose motor)
1: Standard blower-cooled motor (Inverter-
lusi t 6-21
E1-02 exe .uswe motor) . 0to2 0 x Q Q Q Q
2: Special motor (vector-exclusive motor) 6-40
:\./IOtor Selec- > This setting is used as the reference value
ion for functions such as the protection func-
tions.
V/t pattern 0 to E: Select from the 15 preset patterns.
E1-03 |Selection F: Custom user-set patterns (Applicable for | 0t F F x Q Q X X 6-22
V/F Selection settings E1-04 to E1-10.)
Max. output
frequency 40.0 to
E1-04 ) 60.0 Q Q Q Q |6-26
Max Frequen- 400.0 X
cy Output voltage (V)
Max. voltage VMAX 0.0t0 | 04
E1-05 v Ao ‘ 2550 | 0 x Q| Q@ | Q| Qa 6-2
Max Voltage (E1-13)> : 1
Base frequen- !
cy Ve ‘ 0.0to
E1-06 Base Frequen- (E1-08) | 400.0 60.0 x Q Q Q Q |6-26
cy VMIN | !
Mid. output fre- | (E1-10) ‘ _ (Hz)
quency FMIN FB FA  FMAX | 0.0to 3.0
E1-07 - R - - - p P Q Q A 6-26
Mid Frequency (E1-09) (E1-07)  (E1-06) (E1-04) | 400.0 2 x by
A *To set V/f characteristics in a straight line,
Mid. output fre- set the same values for E1-07 and E1-09. | (o 11.0
E1-08 |9uency voltage In this case, the setting for E1-08 will be 255.0 #1 % Q Q A x 6-26
Mid Volt A disregarded. 1 o
ld Voltage Always ensure that the four frequencies
Min. output fre- are set in the following manner: 05
E1-09 |9uency E1-04 (FMAX) 2 E1-06 (FA) > E1-07 %)Otg - x Q| a | a | A |6-26
Min Frequency | (FB) = E1-09 (FMIN) '
Min. output fre- 0.0 to 2.0
E1-10 |9uency voltage 255.0 1 x Q | Q A x |6-26
Min Voltage "1 *2
Mid. output fre-
quency 2 0.0 to 0.0
E1-11 p P A A A A —
Mid Frequency 400.0 3 x
B
Mid. output fre- | Set only to fine-adjust V/f for the output
quency voltage | range when using flux vector control. 0.0to 0.0
E1-12 |2 ) o . 255.0 . x A A A A —
Normally, this setting is not required. 0 3
Mid Voltage B
Base voltage 0.0 to 0.0
E1-13 255.0 o x Al A |l Q| Q [6-2
Base Voltage 1
* 1. These are values for a 200 V class Inverter. Values for the 400 V class Inverter are double.

2,

be displayed.)

%3,
4,

E1-11 and E1-12 are disregarded when set to 0.0.
E1-13 is set to the same value as E1-05 by autotuning.

When the control method is changed, the Inverter reverts to factory settings. (The open loop vector control factory settings will
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B Motor Setup: E2

Name Change Control Methods
Constant - Setting | Factory | during Vi
Number Display peseripton Range | Setting | Opera | v | it | 05cp | Fx | P98
tion PG | Vector | Vector
Sets the motor rated current in 1 A
Motor rated current units. )
skThese set values will become
the reference values for motor 032 to 1.90 6-21
E2-01 protection, torque limits and 6.40 ] x Q Q Q Q 6 - 40
torque control. 2
Motor Rated FLA These values will automatically
be set if they were set during
autotuning.
Sets the motor rated slip in Hz
Motor rated slip units.
skThese set values will become 0.00 to 2.90 7-14
E2-02 the reference values for slip 20.00 1 x A A Q Q 7.3
) compensation.
Motor Rated Slip These values will be automati-
cally set during autotuning.
Motor no-load current Sets the motor no-load current in
1 A units. 1.20 7-14
E203 e . . *3 . x Al A |lQ|aQq
No-Load Current skThese values will be automati- 7-33
cally set during autotuning.
Nulmber of motor Sets the number of motor poles. 6- 40
E2-04 |POeS *These values will automatically | 2 to 43 4 x x Q X Q 7.33
Number of Poles be set during autotuning.
Motor line-to-line re- Sets the motor phase-to-phase re-
E2-05 sistance sistance in € units. 0.000to | 9-842 " A A A A 7-14
- skThese values will be automati- 65.000 *1 7-33
Term Resistance cally set during autotuning.
Motor leak induc- Sets the voltage drop due to motor
tance leakage inductance as a percent- 7.8
E2-06 age of the motor rated voltage. 0.0to 18.2 x x x A A B
. . 40.0 7-33
Leak Induct kThese values will be automati-
éak Inductance cally set during autotuning.
Motor iron saturation | Sets the motor iron saturation co-
E2.07 coefficient 1 efficient at 50% O.f magnetic ﬂl'JX. 0.00 to 0.50 M N N A A 7-8
- skThese values will be automati- 0.50 7-34
Saturation Comp 1 cally set during autotuning.
Motor iron saturation | Sets the motor iron saturation co-
908 coefficient 2 efficient at 75% O.f magnetic ﬂl'JX. 0.00 to 0.75 x " N A A 7-8
- skThese values will be automati- 0.75 7-34
Saturation Comp 2 cally set during autotuning.
Sets motor mechanical loss as a
percentage of motor rated output
Motor mechanical W)
loss kUsually setting is not necessary.
Adjust in the following circum-
E stances: 0.0 to A
209 ¢ When torque loss is large due to | 10.0 0.0 x X % X 7-34
motor bearing.
) e When the torque loss in the
Mechanical Loss pump or fan is large.
The set mechanical loss will com-
pensate for torque.
Motor iron loss for
E2-10 |torque compensation | gets motor iron loss in W units. 62 ;%5 14 "1 x A A x A |7-34
Tcomp Iron Loss ’
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8.2.4 Motor Constant Constants: E

* 1. The factory setting depends upon the Inverter capacity. The values for a 200 V class Inverter of 0.4 kW will be displayed. See
page 8 - 47.

* 2. The setting range is 10% to 200% of the Inverter’s rated output current. The values for a 200 V class Inverter of 0.4 kW will
be displayed.

* 3. The setting range is 0.00 A to the motor’s rated current — 0.1 A.

B Motor 2 Control Method: E3

Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- : Flux
Display 9 9 tion V/f vg(t; \/L:cc;gr Vector
Motor 2 control meth- | 0: V/f control
od selection 1: Open 1 t
E3-01 penoop veetor 0to3 2 x A |l A|A]|A]| -
2: Open-loop vector control
Control Method 3: Flux vector control
B Motor 2 V/f Pattern: E4
Con- Name Change Control Methods
stant - Setting | Factory | during Vi
Num- Display Pescription Range | Sefting | OPera | vy | with | Chep | Pl | P29°
ber tion PG | Vector Vector
Motor 2 max.
output frequen-
E4-01 |oy o leo | x | A A |A|A |62
V/F2 Max Freq
Motor 2 max. 0.0%
voltage 20 95000
E4-02 255.0 o x A A A A |6-26
V/F2 Max Volt- Output voltage (V) "1
age VMAX
Motor 2 max. (E4-02) !
voltage fre- !
E4-03 |quency : fone | 600 x A | A | A | A |6-26
V/F2 Base Ve ! '
Freq (E4-05) ‘
Motor 2 mid. VMIN :
output frequen- o [ | 3.0
E4-04 |gy 1 Ea07) |, M O A % Al A | A | x |6-2
- FMIN FB FA  FMAX :
V/F2 Mid Freq (E4-06) (E4-04) (E4-03) (E4-01)
Motor 2 mid.
output frequen- | *<To set V/f characteristics in a straight 0.0 to
E4-05 |cy voltage 1 line, set the same values f0¥ E4-04 and 255.0 1}-0 < A A A < 6-26
- E4-06. In this case, the setting for 1 1
V/F2 Mid Volt- E4-05 will be disregarded.
age Always ensure that the four frequen-
Motor 2 min. cies are set in the following manner:
output frequen- |  E4-01 (FMAX) > E4-03 (FA) > 0.0 to 0.5
E4-06 E4-04 (FB) > E4-06 (FMIN p X A A A A 6-26
cy 400.0 2
V/F2 Min Freq
Motor 2 min.
output frequen- 0.0to 20
E4-07 |Cy voltage 255.0 “ x A A A x [6-26
V/F2 Min Volt- 1
age

* 1. These are values for a 200 V class Inverter. Values for the 400 V class Inverter are double.

* 2. When the control method is changed, the Inverter reverts to factory settings. (The open-loop vector control factory settings
will be displayed.)
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W Motor 2 Setup: E5

Name Change Control Methods
Constant o Setting | Factory | during
Description ) VA | open Page
Number D|Sp|ay p Range Seﬂlng Oﬁg::la' V/f with Lgop V';';’ér g
PG Vector
Sets the motor rated current in 1 A
its.
Motor 2 rated current units .
skThese set values will become
the reference values for motor 032 to 1.90
E5-01 protection, torque limits and 6.40 1 X A A A A 7-17
torque control. 2
Motor 2 rated FLA These values will automatically
be set if they were set during
autotuning.
Sets the motor rated slip in Hz
Motor 2 rated slip units.
skThese set values will become 0.00 to 2.90
E5-02 the reference values for slip 20.00 1 X A A A A | T7-7
. compensation.
Motor 2 Slip Freq These values will be automati-
cally set during autotuning.
Motor 2 no-load cur- | Sets the motor no-load current in
1 A units. . 1.20
Es-03 |reM uns , , 3 . x A | A | A | A |77
skThese values will be automati-
Motor 2 No-load 1 cally set during autotuning.
Motor 2 number of Sets the number of motor poles.
E5-04 |Poles *These values will automatically | 2 to 43 4 x x A X A -
Motor 2 # Poles be set during autotuning.
Motor 2 line-to-line Sets the motor phase-to-phase re-
E5-05 resistance sistance in € unit.s. ' 0.000 to 9.?]42 " A A A A 7.7
s<These values will be automati- 65.000
Motor 2 term Ohms cally set during autotuning.
Motor 2 leak induc- Sets the voltage drop due to motor
tance leakage inductance as a percent- 182
E5-06 age of the motor rated voltage. 048 g) *l‘ x x x A A 7-8
Motor 2 Leak kThese values will be automati- '
otor = Lea cally set during autotuning.

page 8 - 47.

be displayed.

. The setting range is 0.00 A to the motor’s rated current — 0.1 A.

. The factory setting depends upon the Inverter capacity. The values for a 200 V class Inverter of 0.4 kW will be displayed. See

. The setting range is 10% to 200% of the Inverter’s rated output current. The values for a 200 V class Inverter of 0.4 kW will
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8.2.5 Options Constants: F

B PG Option Setup:

F1

Con-

stant

Num-
ber

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-
tion

Control Methods

VIt

\ii
with
PG

Open
Loop
Vector

Flux
Vector

Page

F1-01

PG constant

PG Pulse/Rev

Sets the number of PG (pulse generator or

encoder) pulses.

kSets the number of pulses per motor revo-
lution.

0to
60000

600

Q x

6-28
6-42

F1-02

Operation
selection at PG
open circuit

PG Fdbk Loss
Sel

Sets the PG disconnection stopping method.

0: Ramp to stop (Deceleration stop using
deceleration time 1, C1-02.)

1: Coast to stop

2: Fast stop (Emergency stop using the
fast-stop time, C1-09.)

3: Continue operation (To protect the mo-
tor or machinery, do not normally make
this setting.)

Oto3

6-29
6-42

F1-03

Operation
selection at
overspeed

PG Overspeed
Sel

Sets the stopping method when an over-

speed (os) fault occurs.

0: Ramp to stop (Deceleration stop using
deceleration time 1, C1-02.)

1: Coast to stop

2: Fast stop (Emergency stop using the
fast-stop time, C1-09.)

3: Continue operation (To protect the mo-
tor or machinery, do not normally make
this setting.)

0to3

6-30
6-43

F1-04

Operation
selection at
deviation

PG Deviation
Sel

Sets the stopping method when a speed

deviation (DEV) fault occurs.

0: Ramp to stop (Deceleration stop using
deceleration time 1, C1-02.)*1

1: Coast to stop*1

2: Fast stop (Emergency stop using the
fast-stop time, C1-09.)*1

3: Continue operation (DEV is displayed
and operation continued.)*1

4: Decleration to stop using deceleration
time1(c1-02)*2

5: Coast to stop*2

6: Emergency atop using the emergency—
stop time (C1-09)*2

7: Continue Operation (Displays "DEV”
and continues cntrol)*2

*1 Speed agreement conditions: The fre-
quency reference and output frequency
were entered in the speed agree detec-
tion width set in L4-02.

*2 Speed agreement conditions: The fre-
quency reference and the (actual) motor
speed based on the PG feedback value
were entered in the speed agree detec-
tion width set in L4-02.

Oto7

6-30
6-43

F1-05

PG rotation

PG Rotation
Sel

0: Phase A leads with forward run com-
mand. (Phase B leads with reverse run
command.)

1: Phase B leads with forward run com-
mand. (Phase A leads with reverse run
command.)

0,1

F1-06

PG division
rate (PG pulse
monitor)

PG Output Ra-
tio

Sets the division ratio for the PG speed con-
trol card pulse output.
Division ratio = (1+ n) /m (n=0,1 m=1 to
32)
F1-06 = [J [JOJ
n m

*This constant is only effective when a
PG-B2 is used.
The possible division ratio settings are:

1/32=F1-06=1.

1to 132
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Con- Name Change Control Methods
stant ot Setting | Factory | during
Description A VIf o Page
Num- Display P Range |Setting | OPera- | x| with | Coop V';'C“t’t‘)r 9
ber tion PG | Vector
Integral value Sets integral control during acceleration/de-
during accel/ celeration to either enabled or disabled.
decel enable/ | 0: Disabled (The integral function isn’t
F1-07 |disable used while accelerating or decelerating; 0,1 0 x X B x X 6-42
it is used at constant speeds.)
PG Ramp PI/| 1: Enabled (The integral function is used at
Sel all times.)
Overspeed
detection level 6-30
F1-08 PG Overspd Sets the overspeed detection method. 0t0120 | 115 X X A X A 6-42
level Frequencies above that set for F1-08 (set as
a percentage of the maximum output fre-
doca\‘/tzl;:stip)oer?gela quency), which continue to exceed this fre-
time y quency for the detection time (F1-09), are 0.0 to ) 6-30
F1-09 detected as overspeed faults. 0.0* x x A x A
2.0
PG Overspd ’ 6-42
Time
Excessive
speed devi-
ation detection | Sets the speed deviation detection method. 6-30
F1-10 | level Any speed deviation above the F1-10 set 01050 10 x x A x A 6-42
PG Deviate level (set as a percentage of the maximum
Level output frequency), which continues for the
E - deviation detection time (F1-11) is detected
s ngssclj\é?/i- as a speed deviation.
a?i on detection *kSpeed deviation is the difference between 004 6-30
F1-11 delay time actual motor speed and the reference V1o 05 x x A x A .
command speed. 10.0 6-42
PG Deviate
Time
Number of PG | Sets the number of teeth on the gears if there
F1.12 gear teeth 1 are gears between the PG and the motor. 0 A 6- 42
- x by x by -
PG# Gear Motor speed (r/min) Load gear teeth
Teeth 1 No. of pulses input PG X 60 FI1-13 0to
= - 1000
'g\':;‘:tt’g;t?]f; G No. of PG pulses(F1-01) _ « FI-12
Motor gear teeth
F1-13 0 x x A x x 6-42
PG# Gear kA gear ratio of 1 will be used if either of
Teeth 2 these constants is set to 0.
PG open-cir-
cuit dF()atection Used to set the PG disconnection detection 0.0t
F1-14 | tme time. PGO will be detected if the detection 10 00 2.0 x X A x A —
PGO Time time continues beyond the set time. .

%

The factory setting will change when the control method is changed. (The setting range for flux vector control will be displayed.)




User Constants

8.2.5 Options Constants: F

B Other Options Setup: F2 through F9

F2: Analog Reference Card F6: DO-08 Digital Output Card

F3: Digital Reference Card F7: Pulse Monitor Card

F4: Analog Monitor Card F8: SI-F/G

F5: DO-02 Digital Output Card F9: DOS/SI-B

Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
N ; R tt Opera- : Flux
umber Display ange | Setting Fon Vit vggm \Loop | egtor

Sets the functions for channel 1 to
3 which are effective when the
Al-14B Analog Reference Card is
Bi-polar or uni-polar used.

input selection 0: 3-channel individual (Channel

1: terminal 13, Channel 2: ter-
minal 14, Channel 3: terminal
F2-01 16) 0,1 0 X B B B B 7 - 60
1: 3-channel addition (Addition
values are the frequency refer-
ence)
Al-14 Input Sel *When set to 0, select 1 for
b1-01. In this case the multi-
function input “Option/Inverter
selection” cannot be used.

Sets the Digital Reference Card
input method.

BCD 1% unit

BCD 0.1% unit

BCD 0.01% unit

BCD 1 Hz unit

BCD 0.1 Hz unit

BCD 0.01 Hz unit

BCD special setting (5-digit
input)

Digital input option

F3-01

0to7 0 x B B B B 7-60

SANSARE S > S el =

7: Binary input

*6 is only effective when the
DI Input DI-16H2 is used.

*kWhen 01-03 is set to “2” or
higher, the input will be BCD,
and the units will change to the
01-03 setting.

Channel 1 monitor Effective when the Analog Moni-

selection tor Card is used.

F4-01 . . 1to 38 2 X B B B B 7-61
Monitor selection:

AO Ch1 Select Set the number of the monitor
item to be output. (U1-[J[J)

Channel 1 gain Gain: 0.00 to

F4-02 - Set the multiple of 10 V for 2.50 1.00 O B B B B |7-61
AQ Ch1 Gain outputting monitor items.

. *4, 10, 11, 12, 13, 14, 25, 28 can-
252233;2 monitor not be set. 29 to 31 are not
F4-03 used. When the AO-12 is used 1to 38 3 x B B B B 7-61
outputs of = 10 V are possible.
AO Ch2 Select In this case, set H4-07 (select

multi-function analog output

Channel 2 gain signal level) to 1. When the 0.00 to

F4-04 ) AO-08 is used, only outputs of 2.50 0.50 ®) B B B B |7-61
AO Ch2 Gain 0to +10 V are possible.
Channel 1 output Sets the channel 1 item bias to
monitor bias 100%/10 V when the analog mon- | —-10.0 to

e itor card is used. 10.0 0.0 o B B B B 7-61
AO Ch1 Bias
Channel 2 output Sets the channel 2 item bias to
monitor bias 100%/10 V when the analog mon- | -10.0 to

Sk itor card is used. 10.0 0.0 o B B B B 7-61
AO Ch2 Bias
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Name Change Control Methods
Constant - Setting | Factory | during
Description . V| open Page
Number ' Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll_ez%ct.gr Vector
Channel 1 output Effective when a Digital Output
i Card i d.
F5.01 | Selection ard 1s use . 0.0 to 0 x B B B B |7-61
Set the number of the multi-func- 37
DO-02 Ch1 Select tion output to be output.
Channel 2 output Effective when a Digital Output
i Card i d.
F5.00 selection ard s use . 0.0to 1 x B B B B |[7-61
Set the number of the multi-func- 37
DO-02 Ch2 Select tion output to be output.
Effective when a DO-08 Digital
'fi)our:pm mode selec- Output Card is used.
F6-01 Set the output mode. 0,1 0 X B B B B 7-62
DO-08 Selection 0: S—IChannel individual outputs
1: Binary code output
Effective when the Pulse Monitor
F ol Card is used.
s ;legcliﬁ)mcy multiple Sets the number of output pulses.
0: 1F, 1: 6F, 2: 10F, 3: 12F, 4: 36F
F7-01 kF= the output frequency dis- Oto4 1 x B B B B 7-63
played in Hz.
Example: When 0 (1F) is set,
PO-36F Selection and the output frequency is 60
Hz, 60 pulses per second are
output. (50% duty)
Optical option (SI- 0: Deceleration to stop
F/G 1: Coast to st
F8-01 ) oast 1o 5T 0to3 | 1 o B |B |B |B | —
2: Emergency stop
E-15 Det Sel 3: Continue operation
External fault input
level from Optical op- | . NO contact
F9-01 |tion L comae 0,1 0 x B |B | B |B | —
1: NC contact
E-15 Selection
External fault from
Fo.02 | Optical option (1) gl‘:’azsddef“t ; 0,1 0 % B B B B _
EFO Detection : Detect during operation
Action for external 0: Deceleration to stop
fault from Optical op- | 1. (oast to st
F9-03 | tion - -oastiosiop 0to3 | 1 x B | B |B |B | —
2: Emergency stop
EFO Fault Act 3: Continue operation
Optical option trace
. sampling time _ 0 to _
F9-04 : 60000 0 x B B B B
Trace Sample Time
Torque reference/
torque limit selection [ 0. Torque reference/ torque limit
from transmission from transmission disabled.
F9-05 | cards other than L 0,1 1 X X X X B —
1: Torque reference/ torque limit
SI-K2 -
from transmission enabled.
Torqg Ref/Lmt Sel
. . Sets stop method when transmis-
Operation selection sion error (BUS) is detected.
) TS 0: Decelerate to stop (in decel-
error detected for : o e (1417
transmission cards
F9-06 | other than SI-K2 1: Coast to stop 0to3 1 X B B B B —
2: Emergency stop (decelerate to
stop in emergency stop time
BUS Fault Sel C1-09)
3: Continue operation
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8.2.6 Terminal Constants: H

8.2.6 Terminal Constants: H

B Multi-function Inputs: H1

Change Control Methods
Constant : Setting | Factory | during Vi
Number Name Display Range | Setting | OPera- | vy | win | ooy | Fux | Page
tion PG | Vector Vector
Multi-function input 1 .
H1-01 (terminal 3) Terminal 3 Sel 0to 77 24 x B B B B 7-65
Multi-function input 2 .
H1-02 (terminal 4) Terminal 4 Sel 0to 77 14 x B B B B 7-65
Multi-function input 3 . *
H1-03 (terminal 5) Terminal 5 Sel 0to77 | 3(0) x B B B B 7-65
Multi-function input 4 . "
H1-04 (terminal 6) Terminal 6 Sel 0to77 | 4(3) x B B B B 7-65
Multi-function input 5 . «
H1-05 (terminal 7) Terminal 7 Sel 0to77 | 6(4) x B B B B 7-65
Multi-function input 6 . «
H1-06 (terminal 8) Terminal 8 Sel 0to77 | 8(6) x B B B B 7-65
*  The values in parentheses indicate initial values when initialized in 3-wire sequence.
Multi-function Input Functions
Control Methods
Setting . V/f
Value Function Vi w/ ?O%e; Fux | Page
PG Vector | vector
0 3-wire sequence (Forward/Reverse run command) O O O O |6-14
Local/Remote selection (ON: Operator, OFF: Constant setting) O O O O |7-65
2 Option/Inverter selection (ON: Option card) O O O O |7-65
3 Multi-step sp(?ed reference 1. o ' . N . o o o o 6-14
When H3-05 is set to “0,” this function is combined with “Master/auxiliary speed switch.”
4 Multi-step speed reference 2 O O O O |6-14
5 Multi-step speed reference 3 O O O O |6-14
6 Jog frequency reference (higher priority than multi-step speed reference) O O O O |6-14
7 Accel/Decel time 1 O O O O |6-17
8 External baseblock NO (NO contact: Baseblock at ON) O O O O |7-66
9 External baseblock NC (NC contact: Baseblock at OFF) O O O O |7-66
A Accel/Decel ramp hold (ON: Accel/decel stopped, frequency on hold) O O O O |[7-66
B OH2 alarm signal input (ON: OH2 will be displayed) O O O O |7-67
C Multi-function analog input selection (ON: Enable) O O O O |7-67
D No V/f control with PG (ON: Speed feedback control disabled,) (normal V/f control) X O x X 7-67
E Speed control integral reset (ON: Integral control disabled) X O X O |7-67
F Not used (Set when the terminals are not used) — — — — —
10 Up command (Always set with the down command) O O O O |7-68
11 Down command (Always set with the up command) O O O O |[7-68
12 FJOG command (ON: Forward run at jog frequency d1-09) O O O O |6-17
13 RJOG command (ON: Reverse run at jog frequency d1-09) O O O O |6-17
14 Fault reset (Reset when turned ON) O O O O [7-69
Emergency stop. (Normally open condition: Deceleration to stop in emergency stop time )
15 | C1-09 when ON.) O | O |0 | O |6-17
16 Motor switch command (Motor 2 selection) O — O — [7-69
17 Emergency stop (Normally closed condition: Deceleration to stop in emergency stop time 0 . 0 — |7.69
C1-09 when OFF)
18 Timer function input (Functions are set with b4-01, b4-02 and the timer function is set at the 0O 0 7.45
same time)
19 PID control disable (ON: PID control disabled) O O O O |7-70
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Control Methods

S\zltlt:jr;g Function Vi \V/V//f ?foe; Fux | Page
PG Vector vector
1A Accel/Decel time 2 O O O O [6-17
1B fCrg(rllzzaglg; zroi:leig;aif \S/i)llt\i IQ(l)lt :;zzféints can be written-in. OFF: All constants other than 0 0O 0 0 7-70
1C Trim control increase (ON: d4-02 frequencies are added to analog frequency references.) O O O O 7-70
1D ;F;i:r:&c)ontrol decrease (ON: d4-02 frequencies are subtracted from analog frequency refer- O O 0O O 7.70
1E Analog frequency reference sample/hold O O O O |[7-7T1
1E g;%llge:f% reference terminal 13/14 selection (ON: selects terminal 14) * Enabled only when O 0 0O O 6-17
External fault (Desired settings possible)
20[fo 2F | Input mode: NO contact/NC contact, Detection mode: Normal/during operation O O O o |7-7
Stopping method: Deceleration to stop, coast to stop, emergency stop or continue operation.

30 PID control integral reset (ON: Reset) O O O O —
31 PID control integral hold (ON: Hold) O O O O —
60 DC injection braking command (ON: Performs DC injection braking) O O O O [7-74
61 External speed search command 1 (ON: Speed search from maximum output frequency) @) x O X 7-74
62 External speed search command 2 (ON: Speed search from set frequency) O x O X 7-74
63 Energy-saving command (ON: Energy-saving control set for b8-01, b8-02) O O X X 7-13
64 External speed search command 3 O O O O —
65 KEB (deceleration at momentary power loss) command (NO contact) O O O O —
66 KEB (deceleration at momentary power loss) command (NO contact) O O O ®) —
71 Speed/torque control change (ON: Torque control) X X X O 7-74
72 Zero-servo command (ON: Zero-servo) x X x O |7-75
77 Speed control (ASR) proportional gain switch (ON: C5-03) x X x O |7-75
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B Multi-function Outputs: H2

Change Control Methods
ooy | Sotng | Facy | | o [ | P
tion PG Vector | Vector
H2-01 '(\{':r'rt:]‘ifr‘]‘;"gﬂ%)i”p“t Terminal 9 Sel 01037 | 0 x B |B | B | B |7-77
H2-02 '(\{':r'rt:]fr‘]‘;";'g’;;’;p“t Terminal 25 Sel 01037 | 1 x B | B | B |B |77
Ho.o3 | Multi-functioninput | p it 26 sel 01037 | 2 x B | B | B |B |77
(terminal 26-27)
Multi-function Output Functions
Control Methods
S\Z:HJ’;Q Function Vit \‘:I//f %:{; \':LUCX Page
PG | tor tor
0 During run (ON: run command is ON or voltage is being output) OO |0 |0 |7-78
1 Zero-speed OO0 |]O |0 |7-78
2 Frequency agree 1: (Detection width 1.4-02) OO |0 |0 |7-%
3 %Iill E:e((i)lflrti)clllliefrrlgguignrg; i +[4-01, detection width in L4-02) and during frequency agree] O 10 |0 |0 |7-%
4 Frequency (Fout) detection 1 (ON: +L4-01 2 output frequency = -1.4-01, detection width in L4-02) OO |0 |O |7-9
Frequency (Fout) detection 2
5 OO0 [0 [0 |7-9%
(ON: Output frequency = +L4-01 or output frequency = -L4-01, detection width in 1.4-02)
6 Inverter operation ready READY: After initialization, no faults OO0 |0 |0 | —
7 During DC bus undervoltage (UV) detection OlO0O|O|O | —
8 During baseblock (ON: during baseblock) OlO|]O |O | —
9 Frequency reference selection (ON: Frequency reference from Operator) OO0 |0 |0 | —
A Run command selection (ON: Run command from Operator) OlO0O|O|O | —
B Overtorque detection 1 NO (NO contact: Overtorque detection at ON) OO |0 |O |7-%
c ;(:22122 )frequency reference (Effective when operation selection is “1” for L4-05 frequency reference olololo l7-a1
D Braking resistor fault (ON: Resistor overheat or braking transistor fault) OO0 |0 |0 | —
E Fault (ON: Faults other than CPF00, CPFO01 have occurred.) OO |0 |O|8-2
F Not used. (Set when the terminals are not used.) — === —
10 Minor fault (ON: Alarm displayed) OO0 |0 |0 | 8-6
11 Fault reset command active OO0 |0 |0 | —
12 Timer function output OO |0 |O |7-45
13 Frequency agree 2 (Detection width: L4-04) OO0 |0 |O |7-9
14 %I?E?((j)flrt;(llll:ef]:ggui%lr:; z L4-03, detection width in 1.4-04) and during frequency agree] 010|010 |7-9
15 Frequency (Fout) detection 3 (ON: Output frequency =-L4-03, detection width in 1L4-04) O |10 |O |O |7-9
16 Frequency (Fout) detection 4 (ON: Output frequency = -1.4-03, detection width in 1.4-04) OO |O|O |7-9
17 Overtorque detection 1 NC (NC Contact: Torque detection at OFF) OO |O |O |7-%
18 Overtorque detection 2 NO (NO Contact: Torque detection at ON) OO |O |O |7-9%
19 Overtorque detection 2 NC (NC Contact: Torque detection at OFF) OO |O |O |7-9%
1A During reverse run (ON: During reverse run) OO |0 |0 —
1B During baseblock 2 (OFF: During baseblock) OO |0 0O —
1C Motor selection (Second motor under selection) O]lO0O |0 |0 | —
1D Regenerating (ON: Regenerating) x X x | O —
1E Restart enabled (ON: Restart enabled) OO |O |O |7-93
1F Motor overload (OL1) pre-alarm (ON: 90% or more of the detection level) OO |O |O |7-78
20 Inverter overheat (OH) pre-alarm (ON: Temperature exceeds L8-02 setting) OO |O |O |7-78
30 During torque limit (current limit) (ON: During torque limit) x x ONG) —
31 During speed reference limit. (ON: During speed reference limit) x x X O —
33 Zero-servo end (ON: Zero-servo function completed) x X x | O |7-78
37 g;;igt% Ir)un 2 (ON: Frequency output, OFF: Base block, DC injection braking, initial excitation, opera- olololol7-78
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H Analog Inputs: H3

Name Change Control Methods
Constant ok Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 ¢} tion Wi MF’:g] \|/_:§gr Vestor
Signal level selection | o: ( to +10V [11-bit + polarity
H3-01 |(terminal 13) (positive/negative) input] 0,1 0 x B B B B 6-4
Term 13 Signal 1: 0to =10V
Gain (terminal 13) Sets the frequency when 10 V is 0.0 to
H3-02 - - input, as a percentage of the maxi- 1600 o | 100.0 O B B B B 6-7
Terminal 13 Gain mum output frequency. ’
Bias (terminal 13) Sets the frequency when 0 V is in- | -100.0
H3-03 - - put, as a percentage of the maxi- to 0.0 O B B B B 6-7
Terminal 13 Bias mum frequency. +100.0
Signal level selection | 0. ( to +10V [11-bit + polarity
H3-04 | (terminal 16) (positive/negative) input] 0,1 0 x B B B B 6-7
Term 16 Signal 1: 0to =10V
Muiti-function Ia1nalog Select from the functions listed in
H3-05 | Input (terminal 16) the following table. Refer to page | Oto 1F 0 x B B B B 7-79
Terminal 16 Sel 7-79.
Gain (terminal 16) tSets 'the]iilgl:lt %i(i)ir\ll (level) when
H3-06 crminm o B Moo lwo | O | B | B |B | B |67
Terminal 16 Gain Set according to the 100% value -
on page 7 - 79.
Bias (terminal 16) tSets _theliilgl}t %a\i;l (level) when _100.0
H3-07 e R to 0.0 O B |B | B |B |6-7
Terminal 16 Bias Set according to the 100% value +100.0
on page 7 - 79
Signal level selection |9 0t .*'1(}]\/ (Always cut jump-
(terminal 14) er wire J1)
H3-08 1: 0to =10V (Always cut jump- | Oto2 2 x A A A A 6-4
T 14 Sel er wire J1)
erm 14 e 2: 41020 mA (10-bit input)
Multi-function analog | Set as for H3-05.
H3-09 input (terminal 14) :kainnotvbe set to 0. The 1F func- | {4 |F 1F < A A A A 7-79
; tion will become “frequency
Terminal 14 Sel reference.”
Sets the input gain (level) when
Gain (terminal 14) terminal 14 is 10 V (20 mA).
Set according to the 100% value 0.0to
H3-10 on page 7 - 79. 1000.0 | 100.0 O A A A A 6-7
Terminal 14 Gain If H3-09 = “1F” the setting in
H3-02 is used.
Sets the input gain (level) when
Bias (terminal 14) terminal 14 is 0 V (4 mA).
. e -100.0
H3-11 Set according to the 100% value 1o 0.0 O A A A A 6-7
on page 7 - 79. +100.0
Terminal 14 Bias If H3-09 = “1F” the setting in '
H3-03 is used.
Analog input filter Sets terminals 13, 14, 16 to prima-
time constant ry delay filter time constant, in se- | (.00 to
H3-12 conds units. 2.00 0.00 X A A A A 6-7
Filter Avg Time skEffective for noise control etc.
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H3-05 and H3-09 Settings

Control Methods
Setting Function Contents VA | open | mu | Page
Value VA | with | Loop | yena
PG Vector
H3-05: Auxiliary frequency
0 reference Maximum output frequency O O O O —
H3-09: “0” cannot be set
1 Frequency gain Frequency reference (voltage) O O O O _
command value
Frequency bias (0 limit when
the rotation direction changes.) Maxi tput £
2 * Cannot be set at the same (aggggl:gl I—?’;— (I));) requency O O O O -
time as D below (OPE07 will
be displayed.)
. 200 V (200 V Class) / _
4 Voltage bias 400V (400 V Class) O O x x
Accel/decel change (reduction Set acceleration and decelera-
S| coefficient) tion times (C1-01 to C1-08) © | O | O | 0O 78
6 DC injection braking current Inverter rated output current O O O x 7-43
Overtorque detection level Motor rated torque O O ©) O 7-93
8 rsljiu prevention level during Inverter rated current O O x x 7-90
9 ir:]agluency reference lower limit |y r. ium output frequency O O O O 7-57
A Jump frequency Maximum output frequency O O O O 7-57
B PID feedback Maximum output frequency O O O O 7 - 46
C PID target value Maximum output frequency O O O O 7-46
Frequency bias
Maximum output frequenc
D * Cannot be set at the same P q y 0O O O @) —
time as 2 above (OPEO7 will be | (added to H3-03)
displayed.)
P 7-4
10 Forward torque limit Motor’s rated torque x X O O 7-10
L 7-4
11 Reverse torque limit Motor’s rated torque x X O O 7-10
; P 7-4
12 Regeneration torque limit Motor’s rated torque X x O O 7.0
13 Torque reference/torque limit at Motor’s rated torque % N N 0O 7.27
speed control
14 Torque compensation Motor’s rated torque X X X 7-25
: 7-4
15 {?or.ward/reverse side torque Motor’s rated torque X x O
1mit 7-30
H3-05: Not used (terminal 14: _
frequency reference)
1F H3-09: Frequency reference O @) @) O 12-20
For details, refer to /2.6 Func- | Maximum output frequency
tion Block Diagram.
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B Analog Outputs: H4

Name Change Control Methods
Constant o Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 ¢} tion Wi \AF/Jg \I/.:ggr Vector
. . Sets the number of the monitor
Monitor selection (ter- ;e ¢ be output (U1-[J[]) from
minal 21) terminal 21.
H4-01 1to 38 2 x B B B B 7-82
x4, 10, 11, 12, 13, 14, 25, 28, 34,
Terminal 21 Sel 35 cannot be set and 29 to 31
are not used.
. . Sets the multi-function analog
Gain (terminal 21) output 1 voltage level gain. 0.00 fo
H4-02 Sets whether the monitor item 250 1.00 O B B B B |7-82
Terminal 21 Gain output will be output in multiples
of 10 V.
. ) Sets the multi-function analog
Bias (terminal 21) output 1 voltage level bias. 10.0 fo
H4-03 Sets output characteristic up/down | |10 0.0 O B B B B [7-82
Terminal 21 Bias parallel movement as a percentage
of 10 V.
. . Sets the number of the monitor
Monitor selection (ter- ;e ¢ be output (U1-[J[]) from
minal 23) terminal 23.
H4-04 1to 38 3 x B B B B 7-82
x4, 10, 11, 12, 13, 14, 25, 28, 34,
Terminal 23 Sel 35 cannot be set and 29 to 31
are not used.
. . Sets the multi-function analog
Gain (terminal 23) output 2 voltage level gain. 0.00 fo
H4-05 Sets whether the monitor item 250 0.50 O B B B B |7-82
Terminal 23 Gain output will be output in multiples
of 10 V.
. ) Sets the multi-function analog
Bias (terminal 23) output 2 voltage level bias. 10.0 fo
H4-06 Sets output characteristic up/down | |10 0.0 O B B B B [7-82
Terminal 23 Bias parallel movement as a percentage
of 10 V.
Sets the signal output level for
Analog output signal multi-function outputs 1 and 2
level selection (terminals 21, 23.)
0: 0to+10 V output
H4-07 ox 7 voulpu 0,1 0 x B | B | B | B |7-8
1: 0to +10 V output
*kThe optional Analog Monitor
AO Level Select Card may also be used with this
setting.
B MEMOBUS Communications: H5
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion N V;'g? \/Lé)c?g,— Vector
Station address
H5-01 - Set the Inverter’s node address. 0to 20 1F x A A A A —
Serial Comm Adr
Set the baud rate for 6CN ME-
MOBUS communications.
Communication 0: 1200 bps
Hs5-02 |Speed selection 1: 2400 bps 0to4d 3 x A A A A __
2: 4800 bps
3: 9600 bps
Serial Com Sel 4: 19200 bps
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Name Change Control Methods
Constant - Setting | Factory | during
Description . VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion VA Vlglg' \ll_ez%ct.gr Vector
Communication parity Set the parity f_or §CN MEMO-
h BUS communications.
selection )
H5-03 0: No parity Oto2 0 X A A A A —
. 1: E i
Serial Com Sel ven parity
2: Odd parity
. Set the stopping method for com-
Stopping m‘?tho.d af- munications errors.
ter communication er- .
ror 0: Deceleration stop
H5-04 . 0to3 3 X A A A A —
1: Coast to stop
Serial Fault Sel 2: Emergency stop
3: Continue operation
Communication error Set whether or not a communica-
. . tions timeout is to be detected as a
detection selection S
H5-05 communications error. 0,1 1 x A A A A .
. 0: Do not detect.
Serial Flt Dtct
1: Detect
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8.2.7 Protection Constants: L

B Motor Overload: L1

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-
tion

Control Methods

VIt

\ii
with
PG

Open
Loop
Vector

Flux
Vector

Page

L1-01

Motor protection
selection

MOL Fault Select

Sets whether the motor overload
function is enabled or disabled at
electric thermal overload relay.

0: Disabled
1: Enabled

>k In some applications when the
Inverter power supply is turned
off, the thermal value is reset,
so even if this constant is set to
1, (Enabled), protection may
not be effective.
‘When several motors are con-
nected to one Inverter, set to 0
(Disabled) and ensure that each
motor is installed with a protec-
tion device.

0,1

L1-02

Motor protection time
constant

MOL Time Const

Sets the electric thermal detection
time in seconds units.

kUsually setting is not necessary.
The factory setting is 150%
overload for one minute.
‘When the motor’s overload re-
sistance is known, set at the
overload resistance when the
motor is hot started.

0.1to
5.0

1.0

B Power Loss Ridethrough: L2

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-

tion

Control Methods

\i

\ii
with
PG

Open
Loop
Vector

Flux
Vector

Page

L2-01

Momentary power
loss detection

PwrL Selection

0: Disabled (Undervoltage fault
detection)

1: Enabled (Restarted when the
power returns within the time
for L2-02. When L2-02 is ex-
ceeded, undervoltage fault
detection.)

2: Enabled while CPU is operat-
ing. (Restarts when power re-
turns during control opera-
tions. Does not detect under-
voltage fault.

0to2

L2-02

Momentary power
loss ridethru time

PwrL Ridethru t

Sets the recovery time, when mo-
mentary power loss selection
(L2-01) is set to 1, in units of one
second.

0.0 to
2.0

0.7
*1

L2-03

Min. baseblock time

PwrL Baseblock t

Sets the Inverter’s minimum base-

block time in units of one second,

when the Inverter is restarted after
power loss ridethrough.

kSets the time for the motor’s re-
sidual voltage to dissipate.
When an overcurrent occurs
when starting a speed search or
DC injection braking, increase
the set values.

0.1to
5.0

0.5
*1
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8.2.7 Protection Constants: L

Name Change Control Methods

Constant - Setting | Factory | during
Description . Vi | o
Number Display P Range | Setting OtriJg:;a- Vi V,!,ig' \ﬁ%‘r

Page

Flux
Vector

Sets the time required to return to
normal voltage at the completion
of a speed search, in units of one
second. 0.0t
L2-04 s<Set the time required for a 200 V '5.00 0.3 x A A A A |7-86
class Inverter to recover from 0
PwrL V/F Ramp t V to 200 VAC.

(For the 400 V class Inverter,
the time from 0 V to 400 VAC.)

Voltage recovery time

Sets the main circuit under volt-
Undervoltage detec- | age (UV) detection level (main
tion level circuit DC voltage) in V units. 150 to 190
L2-05 sUsually setting is not necessary. 210 2 x A A A A |7-86
Insert an AC reactor to lower *2
PUV Det Level the main circuit undervoltage
detection level.

. Restores the operating conditions
KEB deceleration rate  for momentary power loss by ap-
L2-06 plying a fre_quency decelerationto | 0.0 to 0.0 M A A A A
create inertia energy when a pow- 100.0

KEB Frequency er loss occurs, and thus avoid the
power loss.

* 1. The factory setting depends upon the Inverter capacity. The values for a 200 V class Inverter of 0.4 kW will be displayed. See
page 8 - 47.

* 2. These are values for a 200 V class Inverter. Values for a 400 V class Inverter are double.
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H Stall Prevention: L3

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Opera-
tion

Control Methods

\ii
with
PG

Open
Loop
Vector

Flux

Vit Vector

Page

L3-01

Stall prevention
selection during accel

StallP Accel Sel

0: Disabled (Acceleration as set.
With a heavy load, the motor
may stall.)

—_

Enabled (Acceleration stopped
when L3-02 level is exceeded.
Acceleration starts again when
the current is returned.)

2: Intelligent acceleration mode
(Using the L3-02 level as a ba-
sis, acceleration is automati-
cally adjusted. Set acceleration
time is disregarded.)

0to2

L3-02

Stall prevention level
during accel

StallP Accel Lvi

Effective when L3-01 is set to 1 or
2.

Set as a percentage of Inverter
rated current.

skUsually setting is not necessary.
The factory setting reduces the
set values when the motor
stalls.

0 to 200

150

L3-03

Stall prevention limit
during accel

StallP CHP Lvl

Sets the lower limit for stall pre-
vention during acceleration, as a
percentage of the Inverter rated

current, when operation is in the
frequency range above the maxi-
mum voltage frequency (E1-06.)

*kUsually setting is not necessary.

0to 100

50

L3-04

Stall prevention
selection during decel

StallP Decel Sel

0: Disabled (Deceleration as set.
If deceleration time is too
short, a main circuit overvol-
tage may result.)

1: Enabled (Deceleration is
stopped when the main circuit
voltage exceeds the overvol-
tage level. Deceleration re-
starts when voltage is re-
turned.)

2: Intelligent deceleration mode
(Deceleration rate is automati-
cally adjusted so that in Invert-
er can decelerate in the short-
est possible time. Set decelera-
tion time is disregarded.)

3: Enabled (with Braking Resis-

tor Unit)

*kWhen a braking option (Braking
Resistor, Braking Resistor Unit,
Braking Unit) is used, always
set to 0 or 3.

Oto3

L3-05

Stall prevention
selection during run-
ning

StallP Run Sel

0: Disabled (Runs as set. With a

heavy load, the motor may
stall.)

1: Enabled: Deceleration time 1
(the deceleration time for the
stall prevention function is
C1-02))

2: Enabled: Deceleration time 2

(the deceleration time for the
stall prevention function is
C1-04.)

0Oto?2
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8.2.7 Protection Constants: L

Name Change Control Methods
Constant - Setting | Factory | during

) Description ; 4 VA | open Page
Number Display Range | Setting Otrijgrl;a Vi VFVJE? oo x|

Effective when 1.3-05 is 1 or 2.

Set as a percentage of the Inverter
rated current.

Stall prevention level
during running

30 to
L3-06 skUsually setting is not necessary. 200 160 x B B x x 7-89
The factory setting reduces the
StallP Run Level set values when the motor
stalls.
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B Reference Detection: L4

Name Change Control Methods
Constant ok Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 ¢} tion Wi \AF/Jg \I/.:ggr Vector
Effective when “Desired frequen-
Speed agree detec- | cy (ref/setting) agree 1,” “Fre-
tion level quency detection 1,” “Frequency
L4-01 detection 2,” are set for multi- 0.0 to 0.0 x B B B B 7-90
function output. 400.0
Spd Agree Level Frequencies to be detected are set
in Hz units.
Effective when “Frequency (ref/
Speed agree detec- out) agree 1,” “Desired frequency
tion width (ref/setting) agree 1,” “Frequency
detection 1,” “Frequency detec- 0.0 to
L4-02 tion 2” are set for multi-function 20.0 20 x B B B B 7-90
output.
Spd Agree Width Sets the frequency detection width
in Hz units.
Effective when “Desired frequen-
Speed Agree detec- | cy (ref/setting) agree 2,” “Fre-
tion level (+/-) quency detection 3,” “Frequency —400.0
L4-03 detection 4,” are set for multi- to 0.0 x A A A A 7-90
function output. +400.0
Spd Agree Lvl + - Frequency detection width is set
in Hz units.
Effective when “Frequency (ref/
Speed agree detec- out) agree 2,” “Desired frequency
tion width (+/-) (ref/setting) agree 1,” “Frequency
detection 3,” “Frequency detec- 0.0 to
L4-04 tion 4” are set for multi-function 20.0 20 x A A A A 7-90
output.
Spd Agree Wdth + - Frequency detection width is set
in Hz units.
0: Stop (Operation follows the
Operation when fre- frequency reference.)
quency reference is 1: Operation at 80% speed con-
missing tinues. (At 80% of speed be-
L4-05 fore the frequency reference 0,1 0 x A A A A 7-91
was lost)
skFrequency reference is lost: Fre-
Ref Loss Sel quency reference dropped over
90% in 400 ms.
B Fault Restart: L5
Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion N V;'g? \/Lé)c?g,— Vector
Number of auto re- Sets the number of auto restart at-
start attempts tempts.
L5-01 Automatically restarts after a fault | 0 to 10 0 x B B B B |7-93
and conducts a speed search from
Num of Restarts the run frequency.
. Sets whether a fault contact output
Auto r_eStart operation | s activated during fault restart.
selection 0: Not output (Fault contact i
L5-02 : Not outpu (Fault contact is 0.1 0 N B B B B 7-94
not activated.)
Restart Sel 1: Output (Fault contact is acti-
vated.)
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8.2.7 Protection Constants: L

Bl Torque Detection: L6

Name Change Control Methods
Constant o Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 9 tion V/f \AF/:g vLé’éié’r Vector
0: Overtorque detection disabled.
1: Detection during speed agree
Torque detection only/Operation continues after
selection 1 detection (Minor fault)
2: Detection during run/Opera-
tion continues after detection
L6-01 (Minor fault) 0to4 0 X B B B B 7-94
3: Detection during speed agree
only/Inverter output is shut off
Torq Det 1 Sel after detection (Fault)
4: Detection during run/Inverter
output is shut off after detec-
tion (Fault)
Torque detection level | Vector control: Motor rated torque
is set as 100%.
602 | 18 setas 1WOP 010300 | 150 x B | B | B | B [7-%
V/f control: Inverter rated current
Torq Det 1 Lvl is set as 100%.
Torque detection time
L6-03 1 Sets the torque detection time in 0.0 to 0.1 % B B B B 7.94
- 1-second units. 10.0 ’
Torq Det 1 Time
Torque detection Setting procedure is the same as
Le-04 |Selection2 for “Torque detection selection 17 | (to 4 0 x A A A A 7-94
Torq Det 2 Sel (L6-01 to L6-03.)
- The following outputs are pos-
Torque detection level | siple:
L6-05 |2 Torque detection selection 1: 0to 300 150 x A A A A |7-9%
Torq Det 2 Lvl Multi-function output “Torque
— detection selection 1” NO/NC
Torque detection time . .
5 Torque detection selection 2: 0.0 to
L6-06 Multi-function output “Torque 10.0 0.1 x A A A A |7-9
Torq Det 2 Time detection selection 2” NO/NC
B Torque Limit: L7
Con- Name Change Control Modes
stant - Setting | Factory | during
Description ) VA | open Page
Num- i Range | Setting | Opera- ; Flux
ber Display 9 9 tion N V;'g? \/nggr Vector
Forward torque
limit 7-4
L7-01 0to300 | 200 x x X B B 730
Torq Limit Fwd . i
Sets the torque limit value as a percentage
Beyerse torque | of the motor rated torque. 7.4
L7-02 |limit Four individual regions can be set. 0to300 | 200 x x x B B , _30
. Output torque .
Torq Limit Rev Forward side
Forward regen- L7-01
erative torque ] L7-04 -
limit [ Regenera- -
L7-03 3 010300 | 200 x x | x| B | B |
Torq Lmt Fwd Rogenera o
Rgn tive state g
Reverse re- tr03 £
generative L7-02 . "
torque limit everse side 7-4
L7-04 0to300 | 200 x x X B B 730
Torq Lmt Rev i
Rgn
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B Hardware Protection: L8

Name Change Control Methods
Constant - Setting | Factory | during
Description ) VA | open Page
Number i Range | Setting | Opera- i Flux
Display 9 ¢} tion Wi \AF/Jg \I/_:c?gr Vector
PrOteCt SeIeCtiqn for 0: Disabled (no overheating
internal DB resistor protection)
L8-01 (Type ERF) . 0,1 0 x B B B B 7-95
1: Enabled (overheating protec-
DB Resistor Prot tion)
Overheat | Sets the detection temperature for
Iexg:’ eal pre-alarm the Inverter overheat detection
L8-02 pre-alarm in °C. 50 to 95 x A | A | A | A |79
The pre-alarm detects when the 130
OH Pre-Alarm Lvl cooling fin temperature reaches
the set value.
Sets the operation for when the In-
verter overheat pre-alarm goes
Operation selection ON.
after overheat pre- 0: Decelerate to stop in decelera-
alarm tion time C1-02.
1: Coast to stop
L8-03 2: Fast stop in fast-stop time Oto3 3 x A A A A | 7-95
C1-09.
3: Continue operation (Monitor
display only.
OH Pre-Alarm Sel P yA ¥) L .
kA fault will be given in setting 0
to 2 and a minor fault will be
given in setting 3.
0: Disabled
Input open-phase .
protection selection 1: Enabled (Detects if input cur-
L8-05 rent open-phase, power supply 0,1 0 x A A A A 7-95
voltage imbalance or main cir-
Ph Loss In Sel cuit electrostatic capacitor de-
terioration occurs.)
0: Disabled
Output open-phase 1: Enabled (Output open-phase
prot%ctiog seIF()action detected at less than 5% of In-
verter rated current.)
L8-07 *kWhen applied motor capacity is 0,1 0 x A A A A 7-95
small for Inverter capacity, out-
put open-phase may be de-
Ph Loss Out Sel tected inadvertently or open-
phase may not be detected. In
this case, set to 0 (Disabled.)
Ground protection 0: Disabled
- . Dis:
Ls-10 | Selection b Erbred 0,1 1 x Al A | A | A|-—
Gnd Det Sel - onable
0: No carrier frequency reduction
1: With carrier frequency reduc-
Carrier frequency re- tion
duction selection 2: For factory adjustments
3: For factory adjustments
L8-17 *If the metallic noise (carrier 0to3 1 * A A A x 7-95
noise) generated from the mo-
tor at low speeds (less than 6
Hz) becomes a problem, set
L-Spd IGBT Prtct L8-17 to 0 and L8-19 to 1.
However, do not set L8-17 or
L8-19 to 0 when using V/f and
open-loop vector control.
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8.2.7 Protection Constants: L

Name Change Control Methods

Constant Description Setting | Factory | during VI | open

Number Display Range | Setting 0{?9“3' VA | with | Loop
on PG Vector

Page

Flux
Vector

0: OL2 characteristics at low
speeds disabled.

OL2 characteristics 1: OL2 characteristics at low
selection at low speeds enabled.
speeds *If using OL2 to trip at low
speeds (less than 6 Hz) even
L8-19 though the load is light, set 0,1 0% x A A A A |7-96
L8-17 to 1 and L8-19 to 0.
However, do not set L8-17 or
L8-19 to 0 when using V/f and
open-loop vector control.
DLz Ol @ e Do not set L8-19 to 0 when us-
ing a 400 V class (185 to 300
kW) Inverter.

* Reduce the carrier frequency selection (C6-01) to 2 kHz when operating continuously at low speeds with
heavy loads when using flux vector control.
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8.2.8 Operator Constants: o

B Monitor Select: o1

Con- Name Change Control Methods
stant - Setting | Factory | during Vit
Num- Display Description Range | Setting | OPera- | v | with | Dhop | P Page
ber tion pG | Vector | Vector
Monitor selec- Set the number of the monitor item to be
tion displayed in the earliest 4 monitor items.
01-01 (u1-00) 41038 6 o B B | B B |7-97
. >kThe output monitor voltage (factory set-
Monitor Select ting) can be changed.
Monitor selec- | Sets the monitor item to be displayed when
tion after pow- | the power is turned on.
) erup 1: Frequency reference
01-02 2: Output frequency L4 1 © B B B B |7-97
Power-On 3: Output current
Monitor 4: The monitor item set for 01-01
Sets the units that will be set and dis-
played for the frequency reference and
frequency monitor.
Frequency 0: 0.01 Hz units
units of refer- 1: 0.01% units (Maximum output fre-
ence setting quency is 100%)
and monitor 2 to 39:r/min units (Sets the motor poles.)
40 to 39999: User desired display
Set the desired values for 0to
01-03 setting and display for the 39999 0 X B B B B 6-7
max. output frequency.
I |
L Set four digits without the
A Set four digits without th
] ] decimal point
Display Scaling Set the position of the dec-
imal point in the first digit.
Example: When the max. output frequen-
cy value is 200.0, set 12000
Frequency Set the V/f pattern setting units. (E1-04, 06,
units of 09 set units)
constant set- 0: Hz unit
01-04 |4 Zunts 0,1 0 x x | x | x | B |7-32
9 1: r/min units
. . skEffective only in the flux vector control
Display Units mode.
Constant No. Set the Operator constant number display
display selec- | method.
01-05 |tion 0: Normal display (e.g., A1-00) 0,1 0 x A | A | A | A |7-98
Address Dis- 1: Display MEMOBUS communications
play register address
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8.2.8 Operator Constants: o

B Multi-function Selections: 02

Name Change Control Methods
Constant - Setting | Factory | during Vi
Number Display Description Range | Setting | OPera- | i | with | ooay | Flux Page
tion PG | Vector Vector
Sets the Digital Operator Local/
LOCAL/REMOTE key | Remote Key
enable/disable 0: Disabled
02-01 P oosable 0,1 1 x B |B | B | B |7-98
1: Enabled (Switches between
Local/remote key the Digital Operator and the
constant settings.)
Sets the Stop Key in the run
STOP key during mode.
ggr;tg!;erUIt terminal [ . pisabled (When the run com-
ration mand is issued from and exter-
02-02 nal terminal, the Stop Key is 0,1 1 X B B B B 7-9
disabled.)
Oper STOP Key 1: Enabled (Effective even dur-
ing run.)
Clears or stores user initial values.
o 0: Stores/not set
User constant initial 1: Begins storing (Records the
value .
set constants as user initial val-
ues.)
02-03 2: All clear (Clears all recorded 0to2 0 x B B B B |7-99
user initial values)
*kWhen the set constants are re-
User Defaults corded as user initial values,
1110 will be displayed in the
Initialize mode (A1-03.)
kVA selection
02-04 Do not set. 0 t?k FF 0* x B B B B 7-99
Inverter Model #
When the frequency reference is
E . set on the Digital Operator fre-
rftquencyﬂ:e ;rer;ce quency reference monitor, sets
?e Ing Metnod SeIeC- | hether the Enter Key is neces-
ion sary.
02-05 0: Enter Key needed 0,1 0 x A A A A 7-99
1: Enter Key not needed
Operator M.O.P. *«When set to 1, the Inverter ac-
cepts the frequency reference
without Enter Key operation.
Sets the operation when the Digi-
Operation selection tal Operator is disconnected.
when digital operator | 0: Disabled (Operation continues
is disconnected even if the Digital Operator is
02-06 disconnected.) 0,1 0 X A A A A |7-100
1: Enabled (OPR is detected at
. Digital Operator disconnec-
Oper Detection tion. Inverter output is cut off,
and fault contact is operated.)
Cumulative operation | Sets the cumulative operation time
i i in h its.
02-07 |!ime setting inhourunits. Ot 0 x | A | A A A |7-100
) *kOperation time is calculated 65535
Elapsed Time Set from the set values.
0: Cumulative time when the In-
Cumulative operation verter power is on. (All time
time selection while the Inverter power is on
02-08 is accumulated.) 0,1 0 x A A A A |7-100
1: Cumulative Inverter run time.
Elapsed Time Run (Only Inverter output time is
accumulated.)
Initialize mode selec-
02-09 |tion Do not set. 0to2 0 x Al A | A | A | —
Init Mode Sel

*  The factory setting depends upon the Inverter capacity. The values for a 200 V class Inverter of 0.4 kW will be displayed.
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8.2.9 Factory Settings that Change with the Control Method (A1-02)

Name Factory Setting
Con- . )
stant Setting Unit | V/iCon- | V/with hel | Flux Vec-
Num- Display Range trol PG Vectgr tor
ber A1-02=0 | A1-02=1 | \3">7, | A1-02=3
Speed search selection at start
b3-01 0,1 1 0 1 0 1
SpfSrch at Start
Speed search operating current
b3-02 0 to 200 1% 150 — 100 -
SpdSrch Current
Slip compensation gain
C3-01 - - 0.0to 2.5 0.1 0.0 — 1.0 1.0
Slip Comp gain
Slip compensation primary delay time
C3-02 — , 0 to 10000 1 msec 2000 — 200 -
Slip Comp Time
Torque compensation time constant
C4-02 . 0 to 10000 1 msec 200 *3 200 *3 20 —
Torq Comp Time
ASR proportional (P) gain 1
C5-01 - 0.00 to 300.00 0.01 — 0.20 — 20.00
ASR P Gain 1
ASR integral (I) time 1
C5-02 : | 0001sec | — 0.200 — 0.500
ASR | Time 1 10.
ASR proportional (P) gain 2
C5-03 - 0.00 to 300.00 0.01 — 0.02 — 20.00
ASR P Gain 2
ASR integral (I) time 2
C5-04 , | 0001sec | — 0.050 — 0500
ASR | Time 2 10.
E1-04 | Max. output frequency
0.0 to 400.0 0.1Hz 60.0 *2 60.0 *2 60.0 60.0
E4-01 | Max Frequency
E1-05 Max. voltage
0.0 to 255.0 01V 200.0 *2 | 200.0 *2 200.0 200.0
E4-02 | Max Voltage
E1-06 | Max. voltage frequency
0.0 to 400.0 0.1Hz 60.0 *2 60.0 *2 60.0 60.0
E4-03 | Max Voltage Frequency
E1-07 | Mid. output frequency
- 0.0 to 400.0 0.1 Hz 3.0 *2 3.0 *2 3.0
E4-04 | Mid Frequency A
E1- Mid. output frequency voltage *1
08 1~ 00102350 | g1y | q50%2 | 1502 11.0
E4-05 | Mid voltage A (0.0t0 510.0)
E1-09 | Min. output frequency
. 0.0 to 400.0 0.1Hz 1.5 %2 1.5 %2 0.5 0.0
E4-06 | Min Frequency
E1-10 | Min. output frequency voltage *!
. 0.0 to 255.0 o1y 0.0 2 0.0 %2 20
E4-07 | Min Voltage (0.0 to 510.0)
Overspeed detection delay time
F1-09 - 0.0t0 2.0 0.1 sec — 1.0 — 0.0
PG Overspd Time

* 1. The settings shown are for 200 V class Inverters. The values will double for 400 V class Inverters.

* 2. Settings vary as shown in the following tables depending on the Inverter capacity and V/F pattern selection (E1-03).
* 3. The setting will be 1000 msec for 200 V class inverters of 30 kW or larger, or 400 V class inverters of 55 kW or larger.
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8.2.9 Factory Settings that Change with the Control Method (A1-02)

0.4 to 1.5 kW Inverters

Con- Unit Factory Setting

stant

Num-

ber

E1-03 - 0 1 2 3 4 5 6 7 8 9 A B C D E F
E1-04 |Hz 50.0 |60.0 |60.0 |720 [50.0 |[50.0 |60.0 |[60.0 |50.0 [50.0 |60.0 [60.0 |90.0 120.0 |180.0 |60.0
E1-05* |V 200.0 |200.0 [200.0 |200.0 [200.0 |200.0 |200.0 |200.0 |200.0 [200.0 |200.0 |200.0 |200.0 |200.0 |[200.0 |200.0
E1-06 |Hz 50.0 |60.0 [50.0 |60.0 [50.0 [50.0 |60.0 |60.0 [50.0 |[50.0 |60.0 [60.0 |[60.0 [60.0 |60.0 [60.0
E1-07* | Hz 2.5 3.0 3.0 3.0 250 |25.0 [30.0 300 |25 2.5 3.0 3.0 3.0 3.0 3.0 3.0
E1-08 |V 15.0 15.0 15.0 150 350 [50.0 |35.0 [50.0 19.0 |24.0 19.0 [24.0 15.0 15.0 15.0 15.0
E1-09 Hz 1.3 1.5 1.5 1.5 1.3 1.3 1.5 1.5 1.3 1.3 1.5 1.5 1.5 1.5 1.5 1.5
E1-10* |V 9.0 9.0 9.0 9.0 8.0 9.0 8.0 9.0 11.0 13.0 11.0 15.0 9.0 9.0 9.0 9.0

2.2 to 45 kW Inverters

Con- Unit Factory Setting
stant
Num-
ber
E1-03 |- 0 1 2 3 4 5 6 7 8 9 A B C D E F

E1-04 Hz 50.0 60.0 60.0 72.0 50.0 50.0 60.0 60.0 50.0 50.0 60.0 60.0 90.0 120.0 |180.0 |60.0

E1-05* |V 200.0 |200.0 |200.0 |200.0 |200.0 |200.0 |200.0 [200.0 |200.0 {200.0 |200.0 |[200.0 |200.0 |200.0 |[200.0 |200.0

E1-06 Hz 50.0 60.0 50.0 60.0 50.0 50.0 60.0 60.0 50.0 50.0 60.0 60.0 60.0 60.0 60.0 60.0

E1-07* | Hz 2.5 3.0 3.0 3.0 25.0 25.0 30.0 30.0 2.5 2.5 3.0 3.0 3.0 3.0 3.0 3.0

E1-08 \% 14.0 14.0 14.0 14.0 35.0 50.0 35.0 50.0 18.0 23.0 18.0 23.0 14.0 14.0 14.0 14.0

E1-09 Hz 1.3 15 1.5 1.5 1.3 1.3 1.5 1.5 1.3 1.3 1.5 1.5 15 1.5 1.5 1.5

E1-10* |V 7.0 7.0 7.0 7.0 6.0 7.0 6.0 7.0 9.0 11.0 9.0 13.0 7.0 7.0 7.0 7.0

55 to 300 kW Inverters

Con- Unit Factory Setting
stant
Num-
ber
E1-03 |- 0 1 2 3 4 5 6 7 8 9 A B C D E F

E1-04 |Hz 500 [60.0 |60.0 72.0 |50.0 |50.0 |60.0 60.0 |50.0 |50.0 |60.0 60.0 90.0 120.0 |180.0 |60.0

E1-05* |V 200.0 |200.0 |200.0 |200.0 [200.0 |200.0 |200.0 |200.0 |200.0 |200.0 |200.0 {200.0 |200.0 |[200.0 |200.0 |200.0

E1-06 |Hz 50.0 [60.0 |50.0 60.0 |50.0 [50.0 |60.0 60.0 |50.0 |50.0 |60.0 60.0 60.0 |60.0 |60.0 60.0

E1-07* | Hz 2.5 3.0 3.0 3.0 25.0 25.0 30.0 30.0 2.5 2.5 3.0 3.0 3.0 3.0 3.0 3.0

E1-08 A% 12.0 12.0 12.0 12.0 35.0 50.0 35.0 50.0 15.0 20.0 15.0 20.0 12.0 12.0 12.0 12.0
E1-09 Hz 1.3 1.5 1.5 1.5 1.3 1.3 1.5 1.5 1.3 1.3 1.5 1.5 1.5 1.5 1.5 1.5
E1-10* |V 6.0 6.0 6.0 6.0 5.0 6.0 5.0 6.0 7.0 9.0 7.0 11.0 6.0 6.0 6.0 6.0

*  The settings shown are for 200 V class Inverters. The values will double for 400 V class Inverters.
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8.2.10 Factory Settings that Change with the Inverter Capacity (02-04)

H 200V Class Inverters

Con-
stant Name Unit Factory Setting
Number
— Inverter Capacity kW 0.4 0.75 1.5 2.2 3.7 5.5 7.5 11
02-04 kVA selection 0 1 2 3 4 5 6 7
C6-01 | Carrier frequency upper limit kHz 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
— | Carrier frequency upper limit kHz 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
range
C6-02 | Carrier frequency lower limit kHz 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
C6-03 Cgrrler frequency proportional 0 0 0 0 0 0 0 0
gain
E2-01
(E5-01) Motor rated current A 1.90 3.30 6.20 8.50 14.00 19.60 26.60 39.7
E2-02 .
Motor rated slip Hz 2.90 2.50 2.60 2.90 2.73 1.50 1.30 1.70
(E5-02)
E2-03
Motor no-load current A 1.20 1.80 2.80 3.00 4.50 5.10 8.00 11.2
(E5-03)
E2-05 . ) )
(E5-05) Motor line-to-line resistance Q 9.842 5.156 1.997 1.601 0.771 0.399 0.288 0.230
E2-06 .
Motor leak inductance % 18.2 13.8 18.5 18.4 19.6 18.2 15.5 19.5
(E5-06)
Motor iron loss for torque com-
E2-10 pensation w 14 26 53 77 112 172 262 245
L2-02 {\i"n?;ne”tary power loss ridethru | (. 0.7 1.0 1.0 1.0 2.0 2.0 2.0 2.0
L2-03 | Min. baseblock time sec 0.5 0.5 0.5 0.5 0.5 0.7 0.7 0.7
L2-04 |Voltage recovery time sec 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Con-
stant Name Unit Factory Setting
Number
— Inverter Capacity kW 15 18.5 22 30 37 45 55 75
02-04 kVA selection 8 9 A B C D E F
C6-01 | Carrier frequency upper limit kHz 15.0 15.0 10.0 10.0 10.0 10.0 10.0 10.0
— | Carrier frequency upper limit KkHz 15.0 15.0 10.0 10.0 10.0 10.0 10.0 10.0
range
C6-02 | Carrier frequency lower limit kHz 15.0 15.0 10.0 10.0 10.0 10.0 10.0 10.0
C6-03 Ca_rrler frequency proportional 0 0 0 0 0 0 0 0
gain
E2-01
(E5-01) Motor rated current A 53.0 65.8 77.2 105.0 131.0 160.0 190.0 260.0
E2-02 .
Motor rated slip Hz 1.60 1.67 1.70 1.80 1.33 1.60 1.43 1.39
(E5-02)
E2-03
Motor no-load current A 15.2 15.7 18.5 21.9 38.2 44.0 45.6 72.0
(E5-03)
E2-05 . . .
(E5-05) Motor line-to-line resistance Q 0.138 0.101 0.079 0.064 0.039 0.030 0.022 0.023
E2-06 .
Motor leak inductance % 17.2 20.1 19.5 20.8 18.8 20.2 20.5 20.0
(E5-06)
Motor iron loss for torque com-
E2-10 pensation w 272 505 538 699 823 852 960 1200
L2-02 {\i"”c]’;“emary power loss ridethru | (. 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
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8.2.10 Factory Settings that Change with the Inverter Capacity (02-04)

Con-
stant Name Unit Factory Setting
Number
— Inverter Capacity kW 15 18.5 22 30 37 45 55 75
02-04 kVA selection 9 A B C D E F
L2-03 | Min. baseblock time sec 0.7 1.0 1.0 1.0 1.0 1.0 1.0 1.0
L2-04 |Voltage recovery time sec 0.3 0.6 0.6 0.6 0.6 0.6 1.0 1.0
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H 400V Class Inverters

Con-
stant Name Unit Factory Setting
Number
— Inverter Capacity kW 0.4 0.75 15 2.2 3.7 5.5 7.5 11 15 18.5
02-04 kVA selection 20 21 22 23 24 26 27 28 29 2A
C6-01 | Carrier frequency upper limit:1 kHz 15.0 15.0 15.0 15.0 15.0 15.0 12.5 12.5 10.0 10.0
— g?}'é'j’ frequency upper limit kKHz | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 150 | 15.0
C6-02 | Carrier frequency lower limit kHz 15.0 15.0 15.0 15.0 15.0 15.0 12.5 12.5 10.0 10.0
C6-03 g;rnrler frequency proportional 0 0 0 0 0 0 0 0 0 0
E2-01
(E5-01) Motor rated current A 1.00 1.60 3.10 4.20 7.00 9.80 13.30 19.9 26.5 32.9
E2-02 .
Motor rated slip Hz 2.90 2.60 2.50 3.00 2.70 1.50 1.30 1.70 1.60 1.67
(E5-02)
E2-03
(E5-03) Motor no-load current A 0.60 0.80 1.40 1.50 2.30 2.60 4.00 5.6 7.6 7.8
E2-05 . ) .
(E5-05) Motor line-to-line resistance Q 38.198 | 22.459 | 10.100 | 6.495 | 3.333 | 1.595 | 1.152 | 0.922 | 0.550 | 0.403
E2-06 .
(E5-06) Motor leak inductance % 18.2 14.3 18.3 18.7 19.3 18.2 15.5 19.6 17.2 20.1
E2-10 | Motor iron loss for torque com- | -y, 14 26 53 77 | 130 | 193 | 263 | 385 | 440 | 508
pensation
L2-02 {\i"n?g‘e”tary powerloss ridethru | (.. | 1.0 0 | 10 | 20 | 20 | 20 | 20 | 20 | 20
L2-03 | Min. baseblock time sec 0.5 0.5 0.5 0.5 0.5 0.7 0.7 0.7 0.7 0.7
L2-04 |Voltage recovery time sec 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Con-
stant Name Unit Factory Setting
Number
— Inverter Capacity kW 22 30 37 45 55 75 110 | 160 | 185 | 220 | 300
02-04 kVA selection 1 2B 2C 2D 2E 2F 30 32 34 35 36 37
C6-01 | Carrier frequency upper limit kHz | 10.0 | 10.0 6.0 6.0 6.0 6.0 5.0 5.0 2.0 2.0 2.0
— g"r‘gfr frequency upper limit kHz | 150 | 150 | 10.0 | 10.0 | 10.0 | 100 | 100 | 100 | 25 | 25 | 25
C6-02 | Carrier frequency lower limit kHz 10.0 10.0 6.0 6.0 6.0 6.0 5.0 5.0 2.0 2.0 2.0
C6-03 Ca_rner frequency proportional 0 0 0 0 0 0 0 0 0 0 0
gain=2
E2-01
(E5-01) Motor rated current A 38.6 52.3 65.6 79.7 95.0 | 130.0 | 190.0 | 270.0 | 310.0 | 370.0 | 500.0
E2-02 .
(E5-02) Motor rated slip Hz 1.70 | 1.80 | 1.33 | 1.60 | 1.46 | 1.39 | 140 | 1.35 | 1.30 | 1.30 | 1.25
E2-03
(E5-03) Motor no-load current A 9.2 109 | 19.1 | 22.0 | 24.0 | 36.0 | 49.0 | 70.0 | 81.0 | 96.0 | 130.0
E2-05 . . .
(E5-05) Motor line-to-line resistance Q 0.316 | 0.269 | 0.155 | 0.122 | 0.088 | 0.092 | 0.046 | 0.029 | 0.025 | 0.020 | 0.014
E2-06 .
(E5-06) Motor leak inductance % 23.5 20.7 18.8 19.9 20.0 20.0 20.0 20.0 20.0 20.0 20.0
E2-10 [ Motor iron loss for torque com- | v | sg6 | 750 | 925 | 1125 | 1260 | 1600 | 2150 | 2850 | 3200 | 3700 | 4700
pensation
L2-02 {\i"”c]’g‘e”tary power loss ridethru | .. | 50 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
L2-03 | Min. baseblock time sec 1.0 1.0 1.0 1.0 1.0 1.0 4.0 4.0 4.0 4.0 4.0
L2-04 |Voltage recovery time sec 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6




User Constants

8.2.10 Factory Settings that Change with the Inverter Capacity (02-04)

* 1. When increasing the carrier frequency upper limit value beyond the factory setting for Inverters larger than 7.5 kW, the Inverter
rated current must be reduced. Contact your Yaskawa representative for further details.

* 2. For v/f control with PG or v/f control without PG with Inverters of 185 to 300 kW, the carrier frequency lower limit (C6-02)
becomes 1.0 and the carrier frequency gain (C6-36) becomes 36.
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Troubleshooting

9.1.1 Fault Detection

9.1 Protective and Diagnostic Functions

9.1.1 Fault Detection

When the Inverter detects a fault, the fault code is displayed on the Digital Operator, the fault contact output
operates, and the Inverter output is shut OFF causing the motor to coast to a stop. (The stopping method can
be selected for some faults, and the selected stopping method will be used with these faults.)

e When a fault has occurred, refer to the following table to identify and correct the cause of the fault.

o Use one of the following methods to reset the fault before restarting the Inverter:
e Turn ON the fault reset signal.

(A multi-function input (H1-01 to H1-06) must be set to 14 (Fault Reset).)
¢ Press the RESET Key on the Digital Operator.
¢ Turn the main circuit power supply off and then on again.

Ground Fault

er output exceeded approximately
50% of the Inverter rated output cur-
rent.

(A ground fault can be caused by mo-
tor burn damage, worn insulation, or a
damaged cable.)

Table[Q]1[] Fault[Displays[and[Processing
Fault Display Meaning Probable Causes Corrective Actions
Overcurrent ¢ A short-circuit or ground fault oc-
curred at the Inverter output. (A
gl}éeol\ile\’riﬁfrrei?tg;tegggg?;j:lceeded short or ground fault can be caused
. by motor burn damage, worn in- .
(200% of rated current) SZIation, ora damage(;g cable.) 5:5:; the fault after correcting its
ocC * The load s too large or the accelera- | Note) Before turning the power ON
Overcurrent tion/deceleration time is too short. again, make sure that no short—circuit
¢ A special-purpose motor or motor | or ground fault occurs at the Inverter
with a capacity too large for the In- | output.
verter is being used.
* A magnetic switch was switched at
the Inverter output.
. .
Ground Fault A ground fault occurred at the Invert- R’eset the fault after correcting its
GF The ground fault current at the Invert- | er output. cause.

Note) Before turning the power ON
again, make sure that no short—circuit
or ground fault occurs at the Inverter
output.

PUF
DC Bus Fuse Open

Fuse Blown
The fuse in the main circuit is blown.

The output transistor has failed be-
cause of a short-circuit or ground
fault at the Inverter output.

Check whether there is a short-circuit
between the following terminals. A
short-circuit will damage the output
transistor:

B1(@3) < U, VW

©<U VW

Replace the Inverter after correcting
the cause.

SC
Short Circuit

Load Short-circuit

The Inverter output or load was short-
circuited.

A short-circuit or ground fault oc-
curred at the Inverter output. (A short
or ground fault can be caused by mo-
tor burn damage, worn insulation, or a
damaged cable.)

Reset the fault after correcting its
cause.

Main Circuit Overvoltage
The main circuit DC voltage exceed-

The deceleration time is too short and
the regenerative energy from the mo-

Increase the deceleration time or con-
nect a braking resistor (or Braking

DC Bus Undervolt

(L2-05).
200 V class: Approx. 190 V
400 V class: Approx. 380 V

¢ The wiring terminals for the input
power supply are loose.

¢ The voltage fluctuations in the input
power supply are too large.

ov ed the overvoltage detection level. tor is too large. Resistor Unit).
Overvoltage s
200 V class: Approx. 406 V Th Iv voltage is t0o high Decrease the voltage so it’s within
400 V class: Approx. 812V © power supply voltage 1s too fugh. specifications.
Main Circuit Undervoltage * An open-phase occurred with the
The main circuit DC voltage is below input power supply.
uv1 the undervoltage detection level * A momentary power loss occurred.

Reset the fault after correcting its
cause.

* The ground fault here is one which occurs in the motor wiring while the motor is running. A ground fault may not be detected in the following cases.

® A ground fault with low resistance which occurs in motor cables or terminals.

® A ground fault occurs when the power is turned ON.
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Fault Display Meaning Probable Causes Corrective Actions
Control Power Fault e Try turning the power supply off
uv2 and on.

CTL PS Undervolt

The control power supply voltage
dropped.

Replace the Inverter if the fault con-
tinues to occur.

Inrush Prevention Circuit Fault

Try turning the power supply off

uv3 . . and on.

A fault occurred in the inrush preven- - .
MC Answerback tion circuit. * Replace the Inverter if the fault con-
tinues to occur.

Main Circuit Voltage Fault ¢ An open-phase occurred in the in-
The main circuit DC voltage oscil- put power supply.
lates unusually (not when regenerat- * A momentary power loss occurred.

PF ing). ¢ The wiring terminals for the input

Input Pha Loss

This fault is detected when L8-05 is
set to “Enabled.”

power supply are loose.

The voltage fluctuations in the input
power supply are too large.

The voltage
phases is bad.

balance between

Reset the fault after correcting its
cause.

Output Open-phase

An open-phase occurred at the In-
verter output.

There is a broken wire in the output
cable.

There is a broken wire in the motor-

Reset the fault after correcting its
cause.

inding.
LF This fault is detected when L8-07 is winamns ,
Output Pha Loss set to “Enabled.” ¢ The output terminals are loose.
The motor being used has a capacity
less than 5% of the Inverter’s maxi- i(tlheck the motor and Inverter capac-
mum motor capacity. ¥
Cooling Fin Overheating
The temperature of the Inverter’s The ambient temperature is too high. | Install a cooling unit.
cooling fins exceeded the setting in
L8-02 or 105°C.
OH: The temperature exceeded the There is a heat source nearby. Remove the heat source.
OH (OH1) setting in L.8-02 (Stopping method

Heatsink Over tmp

can be changed by L8-03.).

OH1: The temperature exceeded
105°C (Stopping method: Coast to
stop).

The Inverter’s cooling fan has
stopped.

Inverter’s Cooling Fan Stopped
(18.5 kW or larger)

The Inverter’s cooling fan has
stopped. (18.5 kW or larger)

Replace the cooling fan. (Contact our
sales representative.)

RH
Dyn Brk Resistor

Installed Braking Resistor Over-
heating

The braking resistor is overheated
and the protection function set with
L8-01 has operated.

The deceleration time is too short and
the regenerative energy from the mo-
tor is too large.

Reduce the load, increase the decel-
eration time, or reduce the motor
speed.

Change to a Braking Resistor Unit.

RR
Dyn Brk Transistr

Internal Braking Transistor Fault

The braking transistor is not operat-
ing properly.

Try turning the power supply off
and on.

Replace the Inverter if the fault con-
tinues to occur.

OL1
Motor Overloaded

Motor Overload

The motor overload protection func-
tion has operated based on the inter-
nal electronic thermal value.

The load is too heavy. The accelera-
tion time, deceleration time, and cycle
time are too short.

Check the size of the load and the
length of the acceleration, decelera-
tion, and cycle times.

The V/f characteristics voltage is too
high.

Check the V/f characteristics.

The motor’s rated current setting
(E2-01) is incorrect.

Check the motor’s rated current set-
ting (E2-01).

oL2
Inv Overloaded

Inverter Overload

The Inverter overload protection
function has operated based on the
internal electronic thermal value.

The load is too heavy. The accelera-
tion time, deceleration time and cycle
time are too short.

Check the size of the load and the
length of the acceleration, decelera-
tion, and cycle times.

The V/f characteristics voltage is too
high.

Check the V/f characteristics.

The Inverter capacity is too low.

Replace the Inverter with one that has
a larger capacity.

oL3
Overtorque Det 1

Overtorque 1
There has been a current greater than

the setting in L6-02 for longer than
the setting in L6-03.

* Make sure that the settings in L6-02
and L6-03 are appropriate.

* Check the mechanical system and
correct the cause of the overtorque.
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9.1.1 Fault Detection

Overtorque det 2

the setting in L6-05 for longer than
the setting in L6-06.

Fault Display Meaning Probable Causes Corrective Actions
Overtorque 2 * Make sure that the current setting in
oL4 There has been a current greater than L6-05 and time setting in L6-06 are

appropriate.

¢ Check the mechanical system and
correct the cause of the overtorque.

Overspeed
The speed has been greater than the

Overshooting/Undershooting are oc-
curring.

Adjust the gain again.

Speed Deviation

setting in F1-10 for longer than the
setting in F-11.

setting in F1-08 for longer than the o )
oS Setting in F1-09. The reference speed is too high. Check the reference circuit and refer
Over speed ence gain.
The settings in F1-08 and F1-09 Check the settings in F1-08 and
aren’t appropriate. F1-09.
PG Disconnection Detected There is a break in the PG wiring. Fix the broken/disconnected wiring.
PG pulses aren t be}pg u?put due fo The PG is wired incorrectly. Fix the wiring.
PGO the following conditions:
PG open The status has exceeded F1-14 time. | Power isn’t being supplied to the PG. | Supply power to the PG properly.
Flux vector: Soft start output = 2% Check for open circuit when using
Flux V/f: Soft start output = E1-09 - brake (motor).
Excessive Speed Deviation The load is too heavy. Reduce the load.
Agter the actua& (motor)dspee((li‘and the |'The acceleration time and decelera- Lengthen the acceleration time and
relerence speed agree (depending OT | tion time are too short. deceleration time.
the setting of F1-04), the speed devi-
DEV ation changes so it is greater than the | The load is locked. Check the mechanical system.

The settings in F1-10 and F1-11
aren’t appropriate.

Check the settings in F1-10 and
F1-11.

Check for open circuit when using
brake (motor).

CF
Out of Control

Control Fault

The torque limit was reached contin-
uously for 3 seconds or longer during
a deceleration stop during open-loop
vector control.

Check the motor constants.

SVE
Zero Servo Fault

Zero Servo Fault

The rotation position moved during
Zero Servo operation.

The torque limit is too small.

Increase the limit.

The load torque is too large.

Reduce the load torque.

Check for signal noise.

OPR
Oper Disconnect

Operator Connection Fault

The Operator was disconnected dur-
ing operation started by a run com-
mand from the Operator.

Check the Operator connection.

COM-ERR (OP&INV)

were not established within 5 seconds
after the power was turned on.

EFO External fault input from Transmis- Check the Transmission Option Card
Opt External Flt sion Option Card. o and transmission signal.
EF3 External fault (Input terminal 3)
External Fault 3
EF4 External fault (Input terminal 4) * Reset external fault inputs to the
EF5 External fault (Input terminal 5) An “external fault” was input from a multi-function inputs.
- multi-function input. e Remove the cause of the external
EF6 External fault (Input terminal 6) fault.
EF7 External fault (Input terminal 7)
EF8 External fault (Input terminal 8)
Operator Communications Error 1 | The Digital Operator’s connector isn’t | Disconnect the Digital Operator and
CPFO00 Communications with the Operator | connected properly. then connect it again.

The Inverter’s control circuits are
faulty.

Replace the Inverter.

CPFO1
COM-ERR (OP&INV)

Operator Communications Error 2

After communications were estab-
lished, there was a transmission error
with the Digital Operator for more
than 2 seconds.

The Digital Operator isn’t connected
properly.

Disconnect the Digital Operator and
then connect it again.

The Inverter’s control circuits are
faulty.

Replace the Inverter.

CPF02
BB Circuit Err

Baseblock circuit error

Try turning the power supply off and
on again.

The control circuit is damaged.

Replace the Inverter.
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Fault Display

Meaning

Probable Causes

Corrective Actions

CPF03
EEPROM Error

EEPROM error

Try turning the power supply off and
on again.

The control circuit is damaged.

Replace the Inverter.

CPF04
Internal A/D Err

CPU internal A/D converter error

Try turning the power supply off and
on again.

The control circuit is damaged.

Replace the Inverter.

CPF05
External A/D Err

CPU external A/D converter error

Try turning the power supply off and
on again.

The control circuit is damaged.

Replace the Inverter.

CPFO06
Option Error

Option Card connection error

The Option Card is not connected
properly.

Turn off the power and insert the Card
again.

The Inverter or Option Card is faulty.

Replace the faulty component.

CPF20
Option A/D Error

Option Card A/D converter error

The Option Card is not connected
properly.

Turn off the power and insert the Card
again.

The Option Card’s A/D converter is

faulty. Replace the Option Card.
CPF21 Transmission Option Card self
Option CPU down diagnostic error
CPF22 Transmission Option Card model Option Card fanlt Replace the Option Card
Option Type Err COde error ption Card 1ault. cplace the Uption Card.
CPF23 Transmission Option Card

Option DPRAM Err

DPRAM error
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9.1.2 Minor Fault Detection

9.1.2 Minor Fault Detection

Minor faults are atype of Inverter protection function that do not operate the fault contact output and are auto-
matically returned to their original status once the cause of the minor fault has been removed.

The Digital Operator display blinks and the minor fault is output from the multi-function outputs (H2-01 to

H2-03).

Take appropriate countermeasures according to the table below.

Table[9]2[]

Minor{Fault[Displays[@nd[Processing

Minor fault display

Meaning

Probable causes

Corrective Actions

EF (blinking)
External Fault

Forward/Reverse Run Commands
Input Together

Both the forward and reverse run
commands have been ON for more
than 0.5 s.

Check the sequence of the forward

and reverse run commands.

s  Since the rotational direction is
unknown, the motor will be decel-
erated to a stop when this minor
fault occurs.

UV (blinking)
DC Bus Undervolt

Main Circuit Undervoltage
The following conditions occurred
when there was no Run signal.

* The main circuit DC voltage was

below the undervoltage detection
level (L2-05).

¢ The surge current limiting contac-
tor opened.

¢ The control power supply voltage
when below the CUV level.

See causes for UV1, UV2, and UV3
faults.

See corrective actions for UV1, UV2,
and UV3 faults.

Main Circuit Overvoltage

Heatsink Over tmp

cooling fins exceeded the setting in
L8-02.

OV (blinkin The main circuit DC voltage exceed- e
( 9 ed the overvoltage detection level. The power supply voltage is too high. Decr‘egs'e .the yoltage s0 it’s within
Overvoltage specifications.
200 V class: Approx. 406 V
400 V class: Approx. 812 V
Cooling Fin Overheating The ambient temperature is too high. | Install a cooling unit.
OH (blinking) The temperature of the Inverter’s There is a heat source nearby. Remove the heat source.

The Inverter cooling fan has stopped.

Replace the cooling fan. (Contact
your Yaskawa representative.)

OH2 (blinking)
Over Heat 2

Inverter Overheating Pre-alarm

An OH2 alarm signal (Inverter over-
heating alarm signal) was input from
a multi-function input.

Clear the multi-function input’s over-
heating alarm input.

OL3 (blinking)
Overtorque Det 1

Overtorque 1
There has been a current greater than

the setting in L6-02 for longer than
the setting in L6-03.

* Make sure that the settings in L6-02
and L6-03 are appropriate.

¢ Check the mechanical system and
correct the cause of the overtorque.

OL4 (blinking)
Overtorque Det 2

Overtorque 2

There has been a current greater than
the setting in L6-05 for longer than
the setting in L6-06.

* Make sure that the current setting in
L6-05 and time setting in L6-06 are
appropriate.

* Check the mechanical system and
correct the cause of the overtorque.

OS (blinking)
Over speed

Overspeed

The speed has been greater than the
setting in F1-08 for longer than the
setting in F1-09.

Overshooting/undershooting are oc-
curring.

Adjust the gain again.

The reference speed is too high.

Check the reference circuit and refer-
ence gain.

The settings in F1-08 and F1-09
aren’t appropriate.

Check the settings in F1-08 and
F1-09.

PGO (blinking)
PG open

The PG is disconnected.

The Inverter is outputting a frequen-
cy, but PG pulses aren’t being input.

There is a break in the PG wiring.

Fix the broken/disconnected wiring.

The PG is wired incorrectly.

Fix the wiring.

Power isn’t being supplied to the PG.

Supply power to the PG properly.

DEV (blinking)
Speed Deviation

Excessive Speed Deviation

The speed deviation has been greater
than the setting in F1-10 for longer
than the setting in F1-11.

The load is too large.

Reduce the load.

The acceleration time and decelera-
tion time are too short.

Lengthen the acceleration time and
deceleration time.

The load is locked.

Check the mechanical system.

The settings in F1-10 and F1-11
aren’t appropriate.

Check the settings in F1-10 and
F1-11.
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Minor fault display

Meaning

Probable causes

Corrective Actions

EF3 (blinking)
External Fault 3

External fault (Input terminal 3)

EF4 (blinking) External fault (Input terminal 4) « Reset external fault inputs to the

EF5 (blinking) External fault (Input terminal 5) | An “external fault” was input from a multi-function inputs.
multi-function input. * Remove the cause of the external

EF6 (blinking) External fault (Input terminal 6) fault.

EF7 (blinking) External fault (Input terminal 7)

EF8 (blinking) External fault (Input terminal 8)

Communications Error L .
CE Check the communications devices

MEMOBUS Com Err

Normal reception was not possible
for 2 s after received control data.

and signals.

BUS
Option Com Err

Option Card Transmission Error

A communications error occurred in
a mode where the run command or a
frequency reference is set from an
Transmission Option Card.

Check the Transmission Card and sig-
nals.

CALL
Serial Com Call

SI-B Communications Error

Control data was not normally re-
ceived when power was turned ON.

Check the communications devices
and signals.

E-15
Si-F/G Com Err

SI-F/G Communications Error De-
tected

A communications error occurred in
a mode where run or a frequency ref-
erence is set from an Transmission
Option Card and E-15 is set to contin-
ue operation.

Check the communications signals.

EFO
Opt External Flt

SI-K2 External Error Detected

An external error ware received from
an Option Card when EFO0 was set to
continue operation.

Remove the cause of the external er-
Tor.
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9.1.3 Operation Errors

9.1.3 Operation Errors

After the constants have been set, an operation error will occur if there is an invalid setting or a contradiction
between two constant settings.

It won’t be possible to start the Inverter until the constants have been set correctly. (The minor fault output
and fault contact output will not operate, either.)

When an operation error has occurred, refer to the following table to identify and correct the cause of the er-
I0rS.

Table[9]3[] Operation[Error[Displays[@nd[Incorrect[Bettings
Display Meaning Incorrect settings

OPEO1 Incorrect Inverter capacity The Inverter capacity setting doesn’t match the Unit. (Contact your Yaskawa repre-
kVA Selection setting sentative.)

OPEO2
Limit

Constant setting range error | The constant setting is outside of the valid setting range.

One of the following errors has been made in the multi-function input (H1-01 to
H1-06) settings:

* The same setting has been selected for two or more multi-function inputs.
An up or down command was selected independently. (They must be used together.)

The up/down commands (10 and 11) and Accel/Decel Ramp Hold (A) were selected
at the same time.

Speed Search 1 (61, maximum output frequency) and Speed Search 2 (62. set fre-
OPEO03 Multi-function input selection quency) were selected at the same time.

Terminal error External Baseblock NO (8) and External Baseblock NC (9) were selected at the same
time.

The up/down commands (10 and 11) were selected while PID control (b5-01) was
enabled.

The Terminal 13/14 Switch (1F) was selected, but the terminal 14 function selector
(H3-09) wasn’t set to frequency reference (1F).

* Positive and negative speed commands have not been set at the same time.
* The emergency stop command NO and NC have been set at the same time.

OPEO05

Option Card selection error The Option Card was selected as the frequency reference source by setting b1-01 to
Sequence Select

3, but an Option Card isn’t connected.

V/f control with PG feedback was selected by setting A1-02to 1, buta PG Speed Con-
OPE06 Control method selection er- trol Card isn’t connected.

PG Opt Missing ror Flux vector control was selected by setting A1-02 to 3, but a PG Speed Control Card
isn’t connected.

* The same setting (other than 1F) has been selected for H3-05 and H3-09.

OPE07 Multi-function analog input * An A1-14B Analog Reference Card is being used and F2-01 is set to 0, but a multi-
Analog Selection selection error function input (H1-01 to H1-06) has been set to Option/Inverter Selection (2).
* 2and D have been set to H3-05 and H3-09 (2 and D cannot be used simultaneously).
OPEO08 A setting has been made that is not required in the current control method.
Constant selection error Ex.:

Elevator Table A function used only with flux vector control was selected for open-loop

vector control.

OPE10 . Constants E1-04, E1-06, E1-07, and E1-09 do not satisfy the following conditions:
. V/f data setting error
V/f Ptrn Setting * E1-04 (FMAX) = E1-06 (FA) = E1-07 (FB) = E1-09 (FMIN)
One of the following constant setting errors exists.
OPE11 e The carrier frequency upper limit (C6-01) > 5 KHz and
Constant setting error the carrier frequency lower limit (C6-02) = 5 KHz.

CarrFrg/On-Delay * The carrier frequency gain (C6-03) > 6 and (C6-01) > (C6-02).

» Upper/lower limit error in C6-01 to 03 or C8-15.

ERR A verification error occurred when writing EEPROM.
EEPROM write error ¢ Try turning the power supply off and on again.
EEPROM R/W Err yuring e power Suppiy &
¢ Try setting the constants again.
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9.2[Troubleshooting

Due to constant setting errors, faulty wiring, and so on, the Inverter and motor may not operate as expected when
the system is started up. If that should occur, use this section as a reference and apply the appropriate measures.

If the contents of the fault are displayed, refer to 9.1 Protective and Diagnostic Functions.

9.2.1 If Constant Constants Cannot Be Set

B The display does not change when the Increment and Decrement Keys are
pressed.

1. Passwords do not match. (Only when a password is set.)

o Ifthe constant A1-04 (Password 1) and A1-05 (Password 2) numbers are different, the constants for the
initialize mode cannot be changed. Reset the password.

o Ifyoucannotrememberthe password, display A1-05 (select password) by pressing the Reset/Select Key
and the Menu Key simultaneously while in the A1-04 display. Then reset the password. (Input the reset
password in constant A1-04.)

2. Constant write enable is input.

e Thisoccurs when “constant write enable” (set value: 1B) is set for a multi-function input. If the constant
write enable input is OFF, the constants cannot be changed. Turn it ON and then set the constants.

3. The Inverter is operating (drive mode).

e There are some constants that cannot be set during operation. Turn the Inverter off and then make the
settings.

B OPEO1 through OPE11 is displayed.

o Thisis a constant setting error. The set value for the constant is wrong. Refer to 9.1.3 Operation Errors
and correct the setting.

B CPFO00 or CPFO1 is displayed.

e Thisis a Digital Operator communications error. The connection between the Digital Operator and the
Inverter may be faulty. Remove the Digital Operator and then re-install it.

9.2.2 If the Motor Does Not Operate

B The motor does not operate when the Run Key on the Digital Operator is
pressed.

IMPORTANT Ifthe Inverter is notin drive mode, it will remain in ready status and will not start. Press the Menu Key to display

the operation mode, and enter the drive mode by pressing the Enter Key.

1. The operation method setting is wrong.

e Ifconstantb1-02 (runsource)is setto “1” (control circuit terminal), the motor will not operate when the
Run Key is pressed. Either press the Local/Remote Key* to switch to Digital Operator operation or set
constant b1-02 to “0” (Digital Operator).

*k The Local/Remote Key is enabled (set value: 1) or disabled (set value: 2) by means of constant 02-01.
It is enabled when the drive mode is entered.

2. The frequency reference is too low.

o Ifthe frequency reference is set below the frequency set in E1-09 (minimum output frequency), the In-
verter will not operate.

Raise the frequency reference to at least the minimum output frequency. (Related constants: b1-05,
E1-09)

3. There is a multi-function analog input setting error.

o If multi-function analog inputs H3-05 and H3-09 are set to “1” (frequency gain), and if no voltage (cur-
rent) is input, then the frequency reference will be zero. Check to be sure that the set value and analog
input value are correct.

4. Frequency reference 2 is specified with multi-step speed operation, and auxiliary frequen-
cy reference is not input.
o Ifmulti-function analoginput H3-05 issetto “0” (auxiliary frequency reference), and if multi-step speed

reference is used, the auxiliary frequency reference will be treated as frequency reference 2. Check tobe
sure that the set value and analog input value (terminal 16) are correct.



Troubleshooting

9.2.2 If the Motor Does Not Operate

5. A digital setting was made for frequency reference 2 for multi-step speed operation, but
“1F” was not set for a multi-function analog input (H3-05).

o The auxiliary frequency reference is treated as frequency reference 2 when the multi-step speed refer-
encesare used and “0” (auxiliary frequency reference) is set for the multi-function analog input (H3-05).

e Make sure that “1F” is set for the multi-function analog input (H3-05) and that the setting of frequency
reference 2 is appropriate.

B The motor does not operate when an external operation signal is input.

IMPORTANT If the Inverter is not in operation mode, it will remain in ready status and will not start. Press the Menu Key to

display the drive mode, and enter the drive mode by pressing the Enter Key.

1. The operation method selection is wrong.
e Ifconstantb1-02 (runsource)issetto “0” (Digital Operator), the motor will not operate when an external
operation signal is input. Set b1-02 to “1” (control circuit terminal) and try again.
e Similarly, the motor will also not operate if the Local/Remote Key has been pressed to switch to Digital
Operator operation. In that case press the Local/Remote Key* again to return to the original setting.

>k The Local/Remote Key is enabled (set value: 1) or disabled (set value: 2) by means of constant 02-01.
It is enabled when drive mode is entered.

2. A 3-wire sequence is in effect.

e The input method for a 3-wire sequence is different than when operating by forward/stop and reverse/
stop (2-wire sequence). When 3-wire sequence is set, the motor will not operate even when an input ter-
minal suitable for forward run/stop and reverse run/stop is turned ON.

e When using a 3-wire sequence, refer to the timing chart on page 6 - 14 and input the proper signals.

e When using a 2-wire sequence, set multi-function inputs H1-01 through H1-06 to a value other than 0.

3. The frequency reference is too low.

o Ifthe frequency reference is set below the frequency set in E1-09 (minimum output frequency), the In-
verter will not operate.

Raise the frequency reference to at least the minimum output frequency. (Related constants: b1-05,
E1-09)

4. There is a multi-function analog input setting error.

o If multi-function analog inputs H3-05 and H3-09 are set to “1” (frequency gain), and if no voltage (cur-
rent) is input, then the frequency reference will be zero. Check to be sure that the set value and analog
input value are correct.

5. Frequency reference 2 is specified with multi-step speed operation and auxiliary frequency
reference is not input.

o Ifmulti-function analoginput H3-05 is set to “0” (auxiliary frequency reference) and if multi-step speed
reference is used, the auxiliary frequency reference will be treated as frequency reference 2. Check to be
sure that the set value and analog input value (terminal 16) are correct.

6. A digital setting was made for frequency reference 2 for multi-step speed operation, but
“1F” was not set for a multi-function analog input (H3-05).

o The auxiliary frequency reference is treated as frequency reference 2 when the multi-step speed refer-
ences are used and “0” (auxiliary frequency reference) is set for the multi-function analog input (H3-05).

e Make sure that “1F” is set for the multi-function analog input (H3-05) and that the setting of frequency
reference 2 is appropriate.

B The motor stops during acceleration or when a load is connected.

e The load may be too heavy. The Inverter has a stall prevention function and an automatic torque boost
function, but the motor responsiveness limit may be exceeded if acceleration is too rapid or if the load
istooheavy. Lengthenthe accelerationtime orreduce the load. Also considerincreasing the motor capac-
ity.

H The motor only rotates in one direction.
e “Reverse run prohibited” is selected. If b1-04 (prohibition of reverse operation) is set to “1” (reverse run

prohibited), the Inverter will not receive reverse run commands. To use both forward and reverse opera-
tion, set b1-04 to “0.”



9.2 Troubleshooting

9.2.3 If the Direction of the Motor Rotation is Reversed

e The motor output wiring is faulty. When the Inverter T1(U), T2(V), and T3(W) are properly connected
to the motor T1(U), T2(V), and T3(W), the motor operates in a forward direction when a forward run
command is executed. The forward direction depends on the manufacturer and the motor type, so be sure
to check the specifications. Switching two wires among the T1(U), T2(V), and T3(W) will reverse the
direction of rotation.

9.2.4 If the Motor Does Not Put Out Torque or If Acceleration is Slow
Bl The torque limit has been reached.

e Whenatorque limit has been set in constants L7-01 to L7-04, no torque will be output beyond that limit.
This can cause the torque to be insufficient, or the acceleration time to be too long. Check to be sure that
the value set for the torque limit is suitable.

If the torque limit has been set by multi-function analog inputs H3-05 and H3-09 (set value: 10 to 13),
check to be sure that the analog input value is suitable.

B The stall prevention level during acceleration is too low.

o Ifthevaluesetfor L3-02 (stall prevention level during acceleration) is too low, the acceleration time will
be too long. Check to be sure that the set value is suitable.

B The stall prevention level during running is too low.

o If the value set for L3-06 (stall prevention level during running) is too low, the speed will drop before
outputting torque. Check to be sure that the set value is suitable.

B Autotuning has not been performed for vector control

e Vector control will not perform if autotuning has not been performed. Perform autotuning separately
for the motor, or set the motor constants through calculations. Alternatively, change the control mode
selection (A1-02) to V/f control.

9.2.5 If the Motor Does Not Operate According to Reference
B The motor runs faster than reference.

1. The frequency reference bias setting is wrong (the gain setting is wrong).
e Thefrequency reference bias setin constant H3-03 is added to the frequency reference. Check to be sure
that the set value is suitable.
2. Frequency bias is set for multi-function analog inputs.

e When “2” (frequency bias) is set for multi-function analog inputs H3-05 and H3-09, a frequency corre-
sponding to the input voltage (current) is added to the frequency reference. Check to be sure that the set
value and analog input value are suitable.

3. A signal is being input to the frequency reference (current) terminal 14.

e When “1F” (frequency reference) is set for constant H3-09 (multi-function analog input terminal 14),
afrequency corresponding to the terminal 14 input voltage (current) is added to the frequency reference.
Check to be sure that the set value and analog input value are suitable.

H The motor does not rotate according to reference.

e Torquecontrolmodeisselected. When constant d5-01 (torque control selection)issetto “1” (torque con-
trol), speed control cannot be executed. (Speed limits can be set.)

To switch torque control and speed control, set the following

¢ Set constant d5-01 to “0” (speed control).

« Set one of the constants from H1-01 through H1-06 (multi-function inputs) to “71” (speed/torque
control change).

9.2.6 If the Slip Compensation Function Has Low Speed Precision

o Theslip compensation limit has been reached. With the slip compensation function, compensation can-
not be carried out beyond the slip compensation limit set in constant C3-03. Check to be sure that the
set value is suitable.

9.2.7 If There is Low Speed Control Accuracy at High-speed Rotation in Open-loop
Vector Control Mode

e The motor’s rated voltage is high.

e The Inverter’s maximum output voltage is determined by its input voltage. (For example, if 200 VAC
is input, then the maximum output voltage will be 200 VAC.) If, as a result of vector control, the output
voltage reference value exceeds the Inverter output voltage maximum value, the speed control accuracy
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9.2.8 If Motor Deceleration is Slow

will decrease. Set C3-06 to 1, or, alternatively use a motor with a low rated voltage (i.e., a special motor
for use with vector control), or change to flux vector control.

9.2.8 If Motor Deceleration is Slow

B The deceleration time is long even when braking resistor is connected.

1. “Stall prevention during deceleration enabled” is set.
e When braking resistor is connected, set constant L3-04 (stall prevention selection during deceleration)
to “0” (disabled) or “3” (deceleration stall prevention with braking resistor). When this constant is set to
“1” (enabled, the factory-set default), braking resistor does not fully function.

2. The deceleration time setting is too long.
o Check the deceleration time setting (constants C1-02, C1-04, C1-06, and C1-08).

3. Motor torque is insufficient.

o Ifthe constants are correct and there is no overvoltage fault, then the motor’s power is limited. Consider
increasing the motor capacity.

4. The torque limit has been reached.

e Whenatorque limit has been set in constants L7-01 to L7-04, no torque will be output beyond that limit.
This can cause the deceleration time to be too long. Check to be sure that the value set for the torque limit
is suitable.

o If the torque limit has been set by multi-function analog inputs H3-05 and H3-09 (set value: 10 to 13),
check to be sure that the analog input value is suitable.

W If the Vertical-axis Load Drops When Brake is Applied

e The sequence is incorrect.

o The Inverter goes into DCinjection braking status for 0.5 seconds after deceleration is completed. (This
is the factory-set default.)

e Toensurethatthebrake holds, setfrequency detection 2 (H2-01 =5) for the multi-function contact output
terminals (9-10) so that the contacts will OPEN when the output frequency is greater than L4-01 (3.0 to
5.0 Hz). (The contacts will close below L4-01.)

o There is hysteresis in frequency detection 2 (L4-02 = 2.0 Hz) . Change the setting to approximately
0.5 Hz if there are drops during stop. Do not use the “running” signal (H2-01 = 0) for the brake ON/OFF
signal.

9.2.9 If the Motor Overheats

B The load is too big.

o Ifthe motorload is too heavy and the motor is used with the effective torque exceeding the motor’s rated
torque, the motor will overheat. Some motor rating are given for short period performance and are not
continuousratings. Reduce the loadamountby either lightening the load orlengthening the acceleration/
deceleration time. Also consider increasing the motor capacity.

B The ambient temperature is too high.

o The motorrating is determined within a particular ambient operating temperature range. The motor will
burn out if it is run continuously at the rated torque in an environment in which the maximum ambient
operating temperature is exceeded. Lower the motor’s ambient temperature to within the acceptable am-
bient operating temperature range.

B The withstand voltage between the motor phases is insufficient.

e When the motor is connected to the Inverter output, a surge is generated between the Inverter switching
and the motor coil. Normally the maximum surge voltage is three times the Inverter’s input power supply
voltage (i.e., 1,200 Vfor400 V class). Be sure to use a motor with a withstand voltage between the motor
phases that is greater than the maximum surge voltage. In particular, when using a 400 V class Inverter,
use a special motor for Inverters.

B Autotuning has not been performed for vector control

e Vector control will not perform if autotuning has not been performed. Perform autotuning separately
for the motor, or set the motor constants through calculations. Alternatively, change the control mode
selection (A1-02) to V/f control.



9.2 Troubleshooting

9.2.10 If There is Noise When the Inverter is Started or From an AM Radio

o If noise is generated by Inverter switching, implement the following countermeasures:

< Lower the Inverter’s carrier frequency (constant C6-01). This will help to some extent by reducing
the amount of internal switching.

« Install an Input Noise Filter at the Inverter’s power supply input area.

« Install an Output Noise Filter at the Inverter’s power supply output area.

+ Use metal tubing. Electric waves can be shielded by metal, so encase the Inverter with metal (steel).
< Ground the Inverter and motor.

« Separate main circuit wiring from control wiring.

9.2.11 If the Ground Fault Interrupter Operates When the Inverter is Run

e TheInverter performs internal switching, so there is a certain amount of leakage current. This may cause
the ground fault interrupter to operate and cut off the power supply. Change to a ground fault interrupter
withahighleakage detectionlevel (i.e., a sensitivity current of 200 mA or greater per Unit, with an oper-
ating time of 0.1 s or more), or one that incorporates high frequency countermeasures (i.e., one designed
for use with Inverters). It will also help to some extent to lower the Inverter’s carrier frequency (constant
C6-01).

In addition, remember that the leakage current increases as the cable is lengthened.

9.2.12 If There is Mechanical Oscillation
B The machinery is making unusual sounds.

1. There may be resonance between the mechanical system’s characteristic frequency and
the carrier frequency.
o If the motor is running with no problems and the machinery is oscillating with a high-pitched whine, it

may indicate that this is occurring. To prevent this type of resonance, adjust the carrier frequency with
constants C6-01 to C6-03.

2. There may be resonance between a machine’s characteristic frequency and the output fre-
quency of the Inverter.

e To prevent this from occurring, either use the jump frequency functions in constants d3-01 to d3-04 or
install rubber padding on the motor base to reduce oscillation.

B Oscillation and hunting are occurring with open-loop vector control.

o The gain adjustment may be insufficient. Reset the gain to a more effective level by adjusting constants
C4-02 (torque compensation time constant), C8-08 (AFR gain), and C3-02 (slip compensation primary
delay time) in order. Lower the gain setting and raise the primary delay time setting.

e Vector control will not perform if autotuning has not been performed. Perform autotuning separately
for the motor, or set the motor constants through calculations. Alternatively, change the control mode
selection (A1-02) to V/f control.

B Oscillation and hunting are occurring with V/f control.

o The gain adjustment may be insufficient. Reset the gain to a more effective level by adjusting constants
C4-02 (torque compensation time constant), C7-02 (hunting prevention gain), and C3-02 (slip com-
pensation primary delay time) in order. Lower the gain setting and raise the primary delay time setting.

B Oscillation and hunting are occurring with flux vector control.

e The gainadjustment may be insufficient. Adjust the various types of speed control loop (ASR) gain. (For
details, refer to page 6 - 38.)

e Ifthe mechanical system’s resonance point coincides with the Inverter’s operating frequency and the os-
cillation cannotbe eliminated in this way, increase the ASR primary delay time (constant C5-06) and then
try adjusting the gain again.

e Vector control will not perform if autotuning has not been performed. Perform autotuning separately
for the motor, or set the motor constants through calculations. Alternatively, change the control mode
selection (A1-02) to V/f control.

B Oscillation and hunting are occurring with V/f w/PG control.

o The gainadjustment may be insufficient. Adjust the various types of speed control loop (ASR) gain. (For
details, refer to page 6 - 45.)

o [Ifthe oscillation cannot be eliminated in this way, set the hunting prevention selection (constant C7-01)
to “0” (disabled) and then try adjusting the gain again.

B Oscillation and hunting are occurring with PID control.
o Check the oscillation cycle and individually adjust the P, I, and D. (Refer to page 7 - 51.)
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9.2.13 If the Motor Rotates Even When Inverter Output is Stopped

B Autotuning has not been performed with vector control.

e Vector control will not perform if autotuning has not been performed. Perform autotuning separately
for the motor, or set the motor constants through calculations. Alternatively, change the control mode
selection (A1-02) to V/f control.

9.2.13 If the Motor Rotates Even When Inverter Output is Stopped
e The DC injection braking is insufficient. If the motor continues operating at low speed, without com-
pletely stopping, and after a deceleration stop has been executed, it means that the DC injection braking
is not decelerating enough. Adjust the DC injection braking as follows:
Increase the constant b2-02 (DC injection braking current) setting.
Increase the constant b2-04 (DC injection braking time at stop) setting.

9.2.14 If 0 V is Detected When the Fan is Started, or Fan Stalls

Generation of 0 V and stalling can occur if the fan is turning when it is started. The DC injection braking

o
is insufficient when starting.
o This can be prevented by slowing fan rotation by DC injection braking before starting the fan. Increase

the constant b2-03 (DC injection braking time at start) setting.
9.2.15 If Output Frequency Does Not Rise to Frequency Reference

B The frequency reference is within the jump frequency range.
e When the jump frequency function is used, the output frequency does not change within the jump fre-

quency range.
e Checktobesure that the jump frequency (constants d3-01 to d3-03) and jump frequency width (constant

d3-04) settings are suitable.
B The frequency reference upper limit has been reached.

e The output frequency upper limit is determined by the following formula:
Maximum output frequency (E1-04) x Frequency reference upper limit (d2-01) / 100

o Check to be sure that the constant E1-04 and d2-01 settings are suitable.
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Maintenance and Inspection

This chapter describes basic maintenance and inspection for the
VS-616GS.

10.1 Maintenance and Inspection ........... 10-3
10.1.1 Daily Inspection ............ ... ... ... ... 10-3
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10.1.3 Periodic Maintenance of Parts ................ 10-3
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Maintenance and Inspection

A WARNING

e Do nottouchthe Inverter terminals. Some of the terminals carry high voltages and are extremely
dangerous.

Doing so can result in electric shock.

e Always have the protective cover in place when power is being supplied to the Inverter. When
attaching the cover, always turn OFF power to the Inverter through the MCCB.
Doing so can result in electric shock.

e After turning OFF the main circuit power supply, wait until the CHARGE indicator light goes out
before performance maintenance or inspections.
The capacitor will remain charged and is dangerous.

e Maintenance, inspection, and replacement of parts must be performed only by authorized per-
sonnel. Remove all metal objects, such as watches and rings, before starting work. Always use
grounded tools.

Failure to heed these warning can result in electric shock.

/\ CAUTION

® A CMOS IC is used in the control board. Handle the control board and CMOS IC carefully. The
CMOS IC can be destroyed by static electricity if touched directly.

The CMOS IC can be destroyed by static electricity if touched directly.
e Do not change the wiring, or remove connectors or the Digital Operator, during operation.
Doing so can result in personal injury.

10-2



10.1 Maintenance and Inspection

10.1 Maintenance and Inspection

The maintenance period of the Inverter is as follows:

Maintenance Period: Within 18 months of shipping from the factory or within 12 months of being delivered to

the final user, whichever comes first.

10.1.1 Daily Inspection

Check the following items with the system in operation.

e The motor should not be vibrating or making unusual noises.

e There should be no abnormal heat generation.

e The ambient temperature should not be too high.

e The output current value shown on the monitor display should not be higher than normal.

e The cooling fan on the bottom of the Inverter should be operating normally.

10.1.2 Periodic Inspection

Check the following items during periodic maintenance.

Always turn OFF the power supply before beginning inspection. Confirm that the LED indicators on the
front cover have all turned OFF, and then wait until at least one minute (or at least three minutes for Inverters
of 30 kW or more) has elapsed before beginning the inspection. Be sure not to touch terminals right after the

power has been turned off. Doing so can result in electric shock.

Table[30.1[]

Periodic[Inspections

ltem

Inspection

Corrective Procedure

External terminals,
mounting bolts, con-
nectors, etc.

Are all screws and bolts tight?

Tighten loose screws and bolts firmly.

Are connectors tight?

Reconnect the loose connectors.

Cooling fins

Are the fins dirty or dusty?

Clean off any dirt and dust with an air
gun using dry air at a pressure of 39.2x
10* to 58.8x10% Pa (4 to 6 kg-cm?).

PCBs

Is there any conductive dirt or oil mist on
the PCBs?

Clean off any dirt and dust with an air
gun using dry air at a pressure of 39.2x
10* to 58.8x10% Pa (4 to 6 kg-cm?).
Replace the boards if they cannot be
made clean.

Cooling fan

Is there any abnormal noise or vibration
or has the total operating time exceeded
20,000 hours?

Replace the cooling fan.

Power elements

Is there any conductive dirt or oil mist on
the elements?

Clean off any dirt and dust with an air
gun using dry air at a pressure of 39.2x
10 to 58.8x10% Pa (4 to 6 kg-cm?).

Smoothing capacitor

Are there any irregularities, such as dis-
coloration or odor?

Replace the capacitor or Inverter.

10.1.3 Periodic Maintenance of Parts

The Inverter is configured of many parts, and these parts must be operating properly in order to make full
use of the Inverter functions.

Amongthe electronic components, there are some that require maintenance depending on their usage condi-
tions. In order to keep the Inverter operating normally over a long period of time, it is necessary to perform
period inspections and replace parts according to their service life.

Periodicinspection standards vary depending the Inverter’s installation environment and usage conditions.
The Inverter’s maintenance periods are noted below. Keep them as reference.

Table[10.2[] Part[Replacement[Guidelines
Part Standard Replacement Period Replacement Method
Cooling fan 2 to 3 years Replace with new part.
Smoothing capacitor 5 years il}]esgleacct?ov:.i)lh new part. (Determine need by
Breaker relays — Determine need by inspection.
Fuses 10 years Replace with new part.
élcl:Jginum capacitors on 5 years Replace with new board. (Determine need
S by inspection.)

Note Usage conditions are as follows:
e Ambient temperature: Yearly average of 30°C
* Load factor: 80% max.
* Operating rate: 12 hours max. per day
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Specifications

This chapter describes the basic specifications of the VS-616GS5 and specifi-
cations for options and peripheral devices.

11.1 Standard Inverter Specifications ........ 11-2
11.2 Specifications of Options and Peripheral
Devices ........ ..o 11-5
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Specifications

11.1 Standard Inverter Specifications

Table[311.1[] 200[V[Tlass[Inverters

Model number

il 20P4 | 20P7 | 21P5 |22P2 | 23P7 | 25P5 | 27P5 | 2011 | 2015 | 2018 | 2022 | 2030 | 2037 | 2045 | 2055 | 2075
Max. applicable motor

e 04 | 075 | 15 | 22 | 37 |55 |75 | 11 | 15 | 185 | 22 | 30 | 37 | 45 | 55 | 75
Rated outputcapac- 15 | 53 | 30 |42 | 67 | 95 | 13 | 19 | 24 | 30 | 37 | 50 | 61 | 70 | 8 | 110
ity (kVA)

Rated output current {5 5 6 8 1 | 175 | 25 | 33 | 49 | 64 | 80 | 9 | 130 | 160 | 183 | 224 | 300

Output ratings

(A)

Max. output voltage
V)

3-phase, 200 to 230 VAC (Proportional to input voltage.)

Rated output fre-
quency (Hz)

Up to 400 Hz (available by programming)

Power supply characteristics

Voltage (V)
Frequency (Hz)

3-phase, 200 to 230 VAC, 50/60 Hz

Allowable voltage
fluctuation

+10%, -15%

Allowable frequency
fluctuation

+5%

Control characteristics

Control method

Sine wave PWM

Torque characteris-
tics

150% at 1 Hz (150% at 0 r/min with PG).2

Speed control range

1: 100 (1: 1000 with PG)™2

Speed control accu-
racy *3

+0.2% (25°C = 10 °C) (20.02% with PG)"2

Speed control re-
sponse

5 Hz (30 Hz with PG)*2

Torque limits Provided (4 quadrant steps can be changed by constant settings.)
Torque accuracy +5%
Frequency control 0.1 to 400 Hz

range

Frequency accuracy
(temperature charac-
teristics)

Digital references: = 0.01% (-10°C to +40°C)

Analog references: =0.1% (25°C = 10°C)

Frequency setting

Digital references: 0.01 Hz

resolution Analog references: 0.03 Hz/60 Hz (11 bits + sign)
Output frequency
resolution 0.001 Hz

Overload capacity

150% of rated current for one minute *4

Frequency setting
signal

-10to 10 V,0to 10 V, 4 to 20 mA

Acceleration/Decel-
eration time

0.01 to 6000.0 s (4 selectable combinations of independent acceleration and deceleration settings)

Braking torque

Approximately 20%

1R




11.1 Standard Inverter Specifications

Model number
CIMR-G5A [

20P4 | 20P7 |21P5 | 22P2 | 23P7 |25P5 | 27P5 | 2011 | 2015 | 2018 | 2022 | 2030 | 2037 | 2045 | 2055 | 2075

Motor protection

Protection by electronic thermal overload relay.

Instantaneous over-
current protection

Stops at approx. 200% of rated output current.

Fuse blown protec-
tion

Stops for fuse blown.

Overload protection

Stops in one minute at approx. 150% of rated output current.

g t?ovr:ervoltage protec- Stops when main-circuit DC voltage is approx. 406 V.

2

c -

2 tLiJgr?ervoltage protec Stops when main-circuit DC voltage is approx. 190 V.

o

=

§ Pélg;nﬁgé&tl[:¥upower Stops for 15 ms or more. By selecting the momentary power loss mode, operation can be continued if power is restored within 2 s.

9]

o X "
ggohng fin overheat- Protection by thermistor.
Stall prevention Stall prevention during acceleration, deceleration, or running.
gsroundmg protection Protection by electronic circuits. (Overcurrent level)
Charge indicator (in- . S .
ternal LED) Lit when the main circuit DC voltage is approx. 50 V or more.
Ambient operating -10° to 40°C (Enclosed wall-mounted type)
temperature 10° to 45°C (Open chassis type)

.. | Ambient operating o

€ | humidity 90 % RH max.

]

§ Storage temperature -20°C to +60°C

LIE.I Application site Indoor (no corrosive gas, dust, etc.)
Altitude 1000 m max.
Vibration 10 to 20 Hz, 9.8 m/s? (1G) max.; 20 to 50 Hz, 2 m/s? (0.2G) max
* 1. The maximum applicable motor output is given for a standard 4-pole Yaskawa motor. When selecting the actual motor and

Inverter, be sure that the Inverter’s rated current is applicable for the motor’s rated current.

*2.

*3,
tive for details.

Tuning is sometimes required.
The speed control accuracy depends on the installation condition and types of motor used. Contact your Yaskawa representa-

*[4.[Derating[is[fequired[Jor[dpplications[that[{ise[depetitive[loads.[(Refer[fo[page[]1 2[{2[Hor[details.)
* 5. The ground fault here is one which occurs in the motor wiring while the motor is running. A ground fault may not be detected
in the following cases.
¢ A ground fault with low resistance which occurs in motor cables or terminals.

¢ A ground fault occurs when the power is turned ON.

Table[11.2[] 400[V[Tlass[Inverters

'(\:Alc')\;ljgl_gléxbl:ler 40P4 | 40P7 | 41P5 | 42P2 | 43P7 | 45P5 | 47P5 | 4011 | 4015 | 4018 | 4022 | 4030 | 4037 | 4045 | 4055 | 4075 | 4110 | 4160 | 4185 | 4220 | 4300
('\)/'j;-u fl()lf\',if)ab'e motor 04 07515 |22 |37 |55 |75 |11 |15 |185| 22 |30 | 37 |45 |55 | 75 |110 | 160 | 185 |220 | 300
E‘;t(%’/:)”tp“tcapac' 1426 [37 |47 |61 |11 |14 |21 |26 |31 |37 |50 | 61 |73 | 98 |130 | 170 | 230 | 260 | 340 | 460
Ef;ted outputeurrent | 4 s |34 |48 |62 | 8 | 14 |18 |27 | 34 |41 |48 | 65 |80 | 96 | 128 |165 | 224 |302 |340 |450 | 605

Output ratings

Max. output voltage
V)

3-phase, 380 to 460 VAC (Proportional to input voltage.)

Rated output fre-
quency (Hz)

Up to 400 Hz (available by programming.)

Power supply characteristics

Voltage (V)
Frequency (Hz)

3-phase, 380 to 460 VAC, 50/60 Hz

Allowable voltage
fluctuation

+10%, -15%

Allowable frequency
fluctuation

+5%
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Specifications

Model number
CIMR-G5A [

40P4 | 40P7 | 41P5 | 42P2 | 43P7 | 45P5 | 47P5 | 4011 | 4015 | 4018 | 4022 | 4030 | 4037 | 4045 | 4055 | 4075 | 4110 | 4160 | 4185 | 4220

4300

Control method

Sine wave PWM

Torque characteris-
tics

150% at 1 Hz (150% at O r/min with PG).

Speed control range

1: 100 (1: 1000 with PG)*2

Speed control accu-
*
racy "3

+0.2% (25°C = 10 °C) (x0.02% with PG)*2

Speed control re-
sponse

5 Hz (30 Hz with PG)*2

Torque limits Provided (4 quadrant steps can be changed by constant settings.)
8 | Torque accuracy +5%
-g Frequency control 0.1 to 400 Hz
5 |range '
I
8 | Frequency accuracy Digital references: +0.01% (~10°C to +40°C)
S | (temperature charac-
£ |teristics) Analog references: +0.1% (25°C = 10°C)
c
38 Frequency setting Digital references: 0.01 Hz
resolution Analog references: 0.03 Hz/60 Hz (11 bits + sign)
Output frequency
resolution 0.001 Hz
Overload capacity 150% of rated current for one minute “4
Frequency setting ~10to 10 V, 0 to 10 V, 4 to 20 mA
signal
Qfai%irﬁ%o; /Decel- 0.01 to 6000.0 s (4 selectable combinations of independent acceleration and deceleration settings)
Braking torque Approximately 20%
Motor protection Protection by electronic thermal overload relay.
Instantaneous over- o
current protection Stops at approx. 200% of rated output current.
Fuse blown protec-
tions Stops for fuse burnout.
Overload protection Stops in one minute at approx. 150% of rated output current.
g t?ovr:ervoltage protec- Stops when main-circuit DC voltage is approx. 812 V.
2
c -
2 tLiJgr?ervoltage protec Stops when main-circuit DC voltage is approx. 380 V.
o
=
§ Pélg;nﬁgé&tl[:¥upower Stops for 15 ms or more. By selecting the momentary power loss mode, operation can be continued if power is restored within 2 s.
9]
o X
ggohng fin overheat- Protection by thermistor.
Stall prevention Stall prevention during acceleration, deceleration, or running.
*Gsroundlng protection Protection by electronic circuits. (Overcurrent level)
Charge indicator (in- . S .
ternal LED) Lit when the main circuit DC voltage is approx. 50 V or more.
Ambient operating -10°C to 40°C (Enclosed wall-mounted type)
temperature -10°C to 45°C (Open chassis type)
.. | Ambient operating o
€ | humidity 90% RH max.
£
S | Storage temperature -20°C to +60°C
E Application site Indoor (no corrosive gas, dust, etc.)

Altitude

1000 m max.

Vibration

10 to 20 Hz, 9.8 m/s? {1G} max.; 20 to 50 Hz, 2 m/s2 {0.2G} max

* 1. The maximum applicable motor output is given for a standard 4-pole Yaskawa motor. When selecting the actual motor and
Inverter, be sure that the Inverter’s rated current is applicable for the motor’s rated current.

* 2. Tuning is sometimes required.

* 3. The speed control accuracy depends on the installation condition and types of motor used. Contact your Yaskawa representa-

tive for details.

*[4.[Derating[is[fequired[Jor[dpplications[that[{ise[depetitive[loads.[(Refer[fo[page[]1 2[{2[Hor[details.)
* 5. The ground fault here is one which occurs in the motor wiring while the motor is running. A ground fault may not be detected
in the following cases.

¢ A ground fault with low resistance which occurs in motor cables or terminals.
¢ A ground fault occurs when the power is turned ON.
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11.2 Specifications of Options and Peripheral Devices

11.2

Specifications of Options and Peripheral Devices

The following options and peripheral devices can be used for the VS-616G5. Select them according to the ap-
plication.

Table[11.3[] Options[@and[Peripheral[Devices

Purpose

Name

Model (Code)

Descriptions

Protect Invert-

MCCB or Ground

Always connect a breaker to the power supply line to pro-

- NFJ™ tect Inverter wiring. Use a ground fault interrupter suitable

er wiring Fault Interrupter for high frequencies.

Prevents burn-

ing when a Install to prevent the braking resistor from burning out
Br%king Resis Magnetic Contactor | HI-[JE when one is used. Always attach a surge absorber to the

" - coil.

tor is used.

Contains Absorbs surge from the magnetic contactor and control
switching Surge Absorber DCR2-[] relays. Connect surge absorbers to all magnetic contactors
surge and relays near the Inverter.

Isolates 1/0 Isolator DGP] Isolates the I/O signals of the Inverter and is effective

sig nals against inductive noise.

Improve the in- Used to improve the input power fact'or of the Il14verte'r. All
put power fac- DC Reactor UZDA-[] VS-616GS5 Inverters of 18.5 kW or higher contain built-in
t fthe | DC reactors. These are optional for Inverters of 15 kW or
oerrt%r e In- AC Reactor UZBA-[J less. Install DC and AC reactors for applications with a
Vi

large power supply capacity (600 kVA or higher).

Reduce the af-
fects of radio
and control de-
vice noise

Input Noise Filter

Single-phase: LNFB-[]
3-phase: LNFD-[JHF[]

Reduces noise coming into the inverter from the power
supply line and to reduce noise flowing from the inverter
into the power supply line. Connect as close to the Inverter
as possible.

Reduces noise generated by the Inverter. Connect as close

Output Noise Filter { LF-L] to the Inverter as possible.

Braking Resistor ERF-150WJI0] Consumes the regenerative motor energy with a resistor to
Enable stop- 9 (ROOOOOO) reduce deceleration time (use rate: 3% ED).
ping the ma- Braking Resistor LKEB-[] Consumes the regenerative motor energy with a resistor to
chine in a set Unit (75600-KICIC10) reduce deceleration time (use rate: 10% ED).
time CDBR-[] Used with a Braking Resistor Unit to reduce the decelera-

Braking Unit

(72600-ROICICI0)

tion time of the motor.

Operates the
Inverter exter-
nally

VS Operator*2

(small plastic Oper-
ator)

JVOP-95-[]
(73041-0905X-[1)

Allows frequency reference settings and ON/OFF operation
control to be performed by analog references from a remote
location (50 m max.).

Frequency counter specifications: 60/120 Hz, 90/180Hz

VS Operator

(Standard steel-
plate Operator)

JVOP-96-]
(73041-0906X-[J)

Allows frequency reference settings and ON/OFF operation
control to be performed by analog references from a remote
location (50 m max.).

Frequency counter specifications: 75 Hz, 150 Hz, 220 Hz

Digital Operator
Connection Cable

1 m cable: (72616-W5001)
3 m cable: (72616-W5003)

Extension cable to use a Digital Operator remotely.
Cable length: 1 mor 3 m

Controls an In-

A system controller that can be match to the automatic con-

verter system VS System Module [ JGSM-[] trol system to produce an optimum system configuration.
Provides In- Handl . for th |
verter momen- | Momentary Power | P00CI0 andles momentary power losses for the control power

tary power loss
recovery time

Loss Recovery Unit

(73600-P00CI0)

supply :for models 2.2 kW or less (maintains power for 2

s).

Set/monitor
frequencies
and voltages
externally.

Frequency Meter DCF-6A
Frequency Setter RV30YN20S (2 k) . . .
Devices to set or monitor frequencies externally.
Frequency Setter
Knob CM-3S
Output Voltmeter SCF-12NH Measures the output voltage externally and designed for use

with a PWM Inverter.

Correct fre-
quency refer-
ence input, fre-
quency meter,
ammeter
scales

Variable Resistor
Board for Frequen-
cy Reference

2 kQ: (ETX003270)
20 k: (ETX003120)

Connected to the control circuit terminals to input a fre-
quency reference.

Frequency Meter
Scale Correction
Resistor

(RH000850)

Calibrates the scale of frequency meters and ammeters.

]

Power supply @

MCCB or -
ground fault
interrupter

Magnetic ALK
contactor

AC reactor to im-
prove power factor

Input-line noise
filter

(=
DC reactor

y to improve
‘ power factor

Ground

Output-line
noise filter

= Ground

* 1. Use a ground fault interrupter with a current sensitivity of 200 mA minimum and an operating time of 0.1 s minimum to prevent
operating errors. The interrupter must be suitable for high-frequency operation.

* 2. The suffixes of the model and code numbers of VS Operators indicate frequency meters are shown in the following table.
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Specifications

Model No. Code No.

Frequency Meter Specifications

JVOP-95-1 73041-0905X-01

TRM-45 3 V 1 mA 60/120 Hz

JVOP-95-2 73041-0905X-02

TRM-45 3 V 1 mA 90/180 Hz

JVOP-96-1 73041-0906X-01

DCF-6A3V 1mA75Hz

JVOP-96-2 73041-0906X-02

DCF-6A 3V 1mA 150 Hz

JVOP-96-3 73041-0906X-03

DCF-6A 3V 1mA 220 Hz

The following Option Cards are available.

Table[11.4[] Option[Cards

* Input voltage: +24 V (insulated)
¢ Input current: 8 mA

Digital Reference Card
DI-16H2

73600-C016X

Used to set 16-bit digital speed references.

* Input signal: 16 bits binary
4 digits BCD + SIGN signal + SET signal

* Input voltage: +24 V (insulated)
¢ Input current: 8 mA
Used to set frequency references with 16 or 12 bits (switchable).

Type Name Code No. Descriptions Manual No.
Used to set high-accuracy, high-resolution analog speed refer-
ences.
Analog Reference Card - -
d 73600-C001X ¢ Input signal levels: 0 to +10 VDC (20 kQ) 1 channel ;‘(g)ii3c736
Al-14U 41020 mA DC (250Q ) 1 channel :

3 « Input resolution: 14 bits (1/16384)
IS
o Used to set high-accuracy, high-resolution analog speed refer-
[
P ences.

Analog Reference Card - -
'%_ d 73600-C002X e Input signal level: 0to =10 VDC (20 kQ) gg ?4(:736
o Al-14B 4 t0 20 mA DC (5009) 3 channels :
8 « Input resolution: 13 bits + sign (1/8192)
o
_’q:) Used to set frequency references in 2-digit BCD or 8-bit binary.
2 . e Input signal: 8 bits binary
5| Digital Reference Card |, ~103x 2 digits BCD + SIGN signal + SET signal TOE-C736-
= DI-08 30.15
>
o
L
=1
o)
o)
o
n

TOE-C736-40.7

RS-232C/485/422 Interface
Card

SI-K2

73600-C015X

Used to convert RS-232C to RS-485 or RS-422.
Supports baud rates up to 9.6 kbps.
SPEC: F and later versions support baud rates up to 19.2 kbps.

TOE-C736-40.6

Built-in (connect to connector)

Converts analog signals to monitor the Inverter’s output status
(output frequency, output current, etc.) to absolute values and
outputs them.

Monitoring Optional Cards

Relay contact outputs, 2 channels
(250 VAC: 1 A max., DC 30V: 1 A max.)

Analog AMOO_ r(',';m e | 73600-p001x « Output resolution: 8 bits (1/256) §(§? ;{W%'
* Output voltage: 0 to +10 V (not insulated)
¢ Output channels: 2 channels
Output analog signals to monitor the Inverter’s output status (out-
put frequency, output current, etc.).
Analog Monitor Card 73600-D002X * Output resolution: 11 bits (1/2048) + sign TOE-C736-
AO-12 ¢ Output voltage: —10 to +10 V (not insulated) 30.22
¢ Output channels: 2 channels
Used to output pulse-train signals according to the output frequen-
cy of the Inverter
Pulse Monitor Card 73600-D003X * Output pulse: 1F, 6F, 10F, 12F, 36F (F: Output frequency) TOE-C736-
PO-36F e Output voltage: +12 V £10% (insulated) 30.23
¢ Output current: 20 mA max.
Outputs isolated digital signals to monitor the Inverters operating
status (alarm signals, zero speed detection, etc.)
Digital Output Card 73600-D004X e Output form: Photocoupler output, 6 channels TOE-C736-
DO-08 (48 V, 50 mA max.) 30.24

2C-Relay Output Card
DO-02C

73600-D007X

Provides two multi-function outputs (DPDT relay contacts) in
addition to those provided by the Inverter.

TOE-C736-40.8
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11.2 Specifications of Options and Peripheral Devices

Table[11.4[] Optional[Cards[{Continued)

Type Name Code No. Descriptions Manual No.

Used for V/f control. Speed feedback is performed using the PG
attached to the motor to compensate for speed fluctuations caused

by slipping.

e A-phase pulse (single pulse) input (voltage, complementary,
PG-A2 73600-A012X open-collector input) TOE-C736-40.1

* Maximum input frequency: 32767 Hz
* Pulse monitor output: +12 V, 20 mA
(PG power supply output: +12 V, 200 mA max.)

* Used for flux vector control.

* A-, B-phase input (complimentary input)

PG-B2 73600-A013X * Maximum input frequency: 32767 Hz TOE-C736-40.2
¢ Pulse monitor output: Open-collector

(PG power supply output: +12 V, 200 mA max.)

* Differential input.

* A-phase pulse (differential pulse) input, for V/f control
¢ Maximum input frequency: 300 kHz

PG-D2 73600-A014X TOE-C736-40.3
¢ Input: Conforms to RS-422

* Pulse monitor output: RS-422

PG Speed Control Cards

Built-in (connect to connector)

(PG power supply output: +5 or +12 V, 200 mA max.)

Used for flux vector control.
e A-, B-, Z-phase pulse (differential pulse) input
¢ Maximum input frequency: 300 kHz
¢ Input: Conforms to RS-422
¢ Pulse monitor output: RS-422

PG-X2 73600-A015X TOE-C736-40.4

(PG power supply output: +5 or +12 V, 200 mA max.)

Synchronous Phase Control Connector to Inverter to enable synchronized startup control with
Card 73600-A016X the motor. An external voltage detection transformer TOE-C736-40.5
SP-A2 (CPT005845) is required.
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Appendix

12.1.1[ISelection

12.1 Inverter Application Precautions
12.1.1 Selection

B Installing Reactors

A large peak current will flow in the power input circuit when the Inverter is connected to a large-capacity
power transformer (600 kVA or higher) or when switching a phase capacitor. Excessive peak current can de-
stroy the convertor section. To prevent this, installa DC or ACreactor (optional) toimprove the power supply
power factor.

DCreactors are built into 200 V class Inverters of 18.5 to 75 kW and 400 V class Inverters of 18.5to 160 kW.

If a thyrister convertor, such as a DC drive, is connected in the same power supply system, connect a DC or
AC reactor regardless of the power supply conditions shown in the following diagram.

4000 DC or AC reactor
Power Required
supply
capacity 600 DC or AC reactor
(kVA) i Not required ,

0 60 400
Inverter capacity (kVA)

B Inverter Capacity

When connecting special motors or multiple motors in parallel to an Inverter, select the Inverter capacity so
that the rated output current of the Inverter is 1.1 times the sum of all the motor rated currents.

B Applications with Repetitive Loads

Applicationswithrepetitiveloads(cranes, elevators, presses, washingmachines, etc.)using Invertersrequire
derating fortherepetitiveload [reducing carrier frequency and current (changing accel/decel timing, increas-
ing the frame size of the Inverter)]. Contact your Yaskawa representative for details.

B Initial Torque

The startup and acceleration characteristics of the motor are restricted by the overload current ratings of the
Inverter thatis driving the motor. The torque characteristics are generally less than those required when start-
ing using a normal commercial power supply. If a large initial torque is required, select an Inverter with a
somewhat larger capacity or increase the capacity of both the motor and the inverter.

B Emergency Stop

Although the Inverter’s protective functions will stop operation when a fault occurs, the motor will not stop
immediately. Always provide mechanical stop and protection mechanisms on equipmentrequiring an emer-
gency stop.

B Options

Terminals B1, B2, ©, @1, @2, 3 are for connecting only the options specifically provided by Yaskawa.
Never connect any other devices to these terminals.

12.1.2 Installation

H Installation in Enclosures

Eitherinstallthe Inverterinacleanlocation notsubject to oil mist, air-bourne matter, dust, and other contami-
nants, or install the Inverter in a completely enclosed panel. Provide cooling measures and sufficient panel
space so that the temperature surrounding the Inverter does not go beyond the allowable temperature. Donot
install the Inverter on wood or other combustible materials.

Bl Installation Direction

Mount the Inverter vertically to a wall or other horizontal surface.
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12.1 Inverter Application Precautions

12.1.3

12.1.4

Settings

Upper Limits

The Digital Operator can be used to set high-speed operation up to a maximum of 400 Hz. Incorrect settings
can be dangerous. Use the maximum frequency setting functions to set upper limits. (The maximum output
frequency is factory-set to 60 Hz.)

DC Injection Braking
The motor can overheat if the DC injection braking voltage or braking time is set to a large value.
Acceleration/Deceleration Times

The motor’s acceleration and deceleration times are determined by the torque generated by the motor, the
load torque, and the load’s inertial moment (GD?/4). If the stall prevention functions are activated during
accelerationordeceleration,increasetheaccelerationordecelerationtime. Thestallpreventionfunctionswill
increase the acceleration or deceleration time by the amount of time the stall prevention function is active.

To reduce the acceleration or deceleration times, increase the capacity of the motor and Inverter.

Handling

Wiring Check

The Inverter will be internally damaged if the power supply voltage is applied to output terminal U, V, or W.
Check wring for any mistakes before supplying power. Check all wiring and sequences carefully.

Magnetic Contactor Installation

Do not start and stop operation frequently with a magnetic contactor installed on the power supply line. Do-
ing so can cause the Inverter to malfunction.

Setting the Power Supply Voltage Jumper (400 V Class Inverters of 55 kW or
highter)
If the jumper is inserted into a power tap that does not match the actual power supply voltage, the lifetime
of the transformer for the power supply or the wind capacity of the cooling fan may be reduced.

If the jumper is inserted and the voltage setting is too low for the actual power supply, a power surge may
occur on the transformer for the power supply and reduce the lifetime of the transformer.

If the jumper is inserted and the voltage setting is too high for the actual power supply, the wind capacity of
the cooling fan is reduced.

Insert the jumper into the power tap with the voltage setting nearest to the voltage of the actual power supply.
Refer to chapter 4 Trial operation for the procedure.

M Inspections

The internal capacitors in the Inverter require time to discharge after the power supply is turned OFF. Do not
start inspections until the CHARGE indicator goes out.

B Wiring UL/C-UL Inverters

Always use closed-loop connectors when wiring Inverters that meet UL or C-UL standards. Always use the
crimp tool specified by the manufacturer of the closed-loop connectors.
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Appendix

12.2.1[Using[ihe[Inverteror[an[Existing[Btandard[Motor

12.2 Motor Application Precautions

12.2.1 Using the Inverter for an Existing Standard Motor

When a standard motor is operated with the Inverter, power loss is slightly higher than when operated with
a commercial power supply. In addition, cooling effects also diminish in the low-speed range, resulting in
anincrease in the motor temperature. Therefore, the motor torque should be reduced in the low-speed range.

The following graph shows the allowable load characteristics of a standard motor.
If 100% torque is continuously required in the low-speed range, use a special motor or vector-exclusive mo-
tor for use with inverters.

25% ED (or 15 minutes)
40% ED (or 20 minutes)

100 [T L .
Torque & / /, 60% ED (or 40 minutes)
(%) 60 -

50

Continuous

0] Il L
36 20 60

Frequency (Hz)

If the input voltage is high (440 V or higher) or the wiring distance is long, the motor insulation voltage must
be considered. Contact your Yaskawa representative for details.
B High-speed Operation

When using the motor at a high speed (60 Hz or more), problems may arise in dynamic balance and bearing
durability. Contact your Yaskawa representative for details.

B Torque Characteristics

The motor may require more acceleration torque when the motor is operated with the Inverter than when op-
erated with acommercial power supply. Check the load torque characteristics of the machine to be used with
the motor to set a proper V/f pattern.

B Vibration

The Inverter uses a high carrier PWM to reduce motor vibration. When the motor is operated with the Invert-
er, motor vibration is almost the same as when operated with a commercial power supply.
Motor vibration may, however, become greater in the following cases.

Resonance with the Natural Frequency of the Mechanical System

Take special care when amachine thathasbeen operated ata constantspeedistobe operated in variable speed
mode.

If resonance occurs, install vibration-proof rubber on the motor base or use the frequency jump function to
skip any frequency resonating the machine.

Imbalanced Rotor
Take special care when the motor is operated at a higher speed (60 Hz or more).

H Noise

Noise is almost the same as when the motor is operated with a commercial power supply. Motor noise, how-
ever, becomes louder when the motor is operated at a speed higher than the rated speed (60 Hz).
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12.2 Motor Application Precautions

12,2,2

12.2.3

Using the Inverter for Special Motors

Pole-changing Motor

The rated input current of pole-changing motors differs from that of standard motors. Select, therefore, an
appropriate Inverter according to the maximum input current of the motor to be used.

Before changing the number of poles, always make sure that the motor has stopped. Otherwise, the overvol-
tage protective or overcurrent protective mechanism will be actuated, resulting in an error.

Submersible Motor

Therated input current of submersible motors is higher than that of standard motors. Therefore, always select
an Inverter by checking its rated output current.

When the distance between the motor and Inverter is long, use a cable thick enough to connect the motor and
Inverter to prevent motor torque reduction.

Explosion-proof Motor

When an explosion-proof motor or increased safety-type motor is to be used, it must be subject to an explo-
sion-prooftestin conjunction with the Inverter. This is also applicable when an existing explosion-proof mo-
tor is to be operated with the Inverter.

Since the Inverter itself is, however, not explosion-proof, always install it in a safe place.

Gearmotor

The speed range for continuous operation differs according to the lubrication method and motor manufactur-
er. Inparticular, continuous operation of an oil-lubricated motor in the low speed range may result in burning.
If the motor is to be operated at a speed higher than 60 Hz, consult with the manufacturer.

Synchronous Motor

A synchronous motor is not suitable for Inverter control.
If a group of synchronous motors is individually turned ON and OFF, synchronism may be lost.

Single-phase Motor
Do not use an Inverter for a single-phase motor. The motor should be replaced with a 3-phase motor.

Power Transmission Mechanism (Speed Reducers, Belts, and Chains)

If an oil-lubricated gearbox or speed reducer is used in the power transmission mechanism, oil lubrication
will be affected when the motor operates only in the low speed range. The power transmission mechanism
will make noise and experience problems with service life and durability if the motor is operated at a speed
higher than 60 Hz.
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12.3 Peripheral Device Application Precautions

B Selecting and Installing Molded-case Circuit Breaker (MCCB)

Install a molded-case circuit breaker (MCCB) on the power supply line to the Inverter to protect the wiring.
Selectthe MCCB according to the Inverter’s power supply power factor (which changes with the supply volt-
age, output frequency, and load) . Contact your Yaskawa representative for selection standards. Operating
characteristics of completely magnetic MCCBs change with high-frequency currents. Select a model with
a large capacity. We recommend using only ground fault interrupters designed for inverters.

B Using Magnetic Contactors on the Power Supply Line

The Inverter canbe used without amagnetic contactor on the power supply line. Although amagnetic contac-
tor can be installed to protect from accidents that can occur by automatic recovery following power losses
during remote operation, do not start and stop operation frequently with a magnetic contactor installed on
the power supply line. Doing so can cause the Inverter to malfunction. The motor will not be automatically
restarted after powerrecovery during Digital Operator operation, and starting viaa magnetic contactoris thus
not possible.

Although operation canbe stopped using amagnetic contactor in the power supply line, the regenerative con-
trol of the Inverter will not operate and a coast to a stop will occur. If a Braking Unit or Braking Resistor Unit
isused, wire asequence that turns OFF the magnetic contactor with the thermal protector contact of the Brak-
ing Resistor Unit.

B Using Magnetic Contactors on the Motor Line

As arule, so not install a magnetic contactor between the Inverter and motor to turn the motor ON and OFF
during operation. Supplying power to the motor while the Inverter is operating will cause a large surge cur-
rent to flow, and the Inverter’s overcurrent protection function will operate. If a magnetic contactor is
installed to switch to a commercial power supply, switch the lines only after stopping both the Inverter and
the motor. Use the speed search function is switching is required while the motor shaft is rotating.

If a magnetic contactor is required for momentary power losses, use a contactor with delayed operation.

B Installing Thermal Overload Relays

The Inverter has a protection function using an electronic thermal to protect the motor from overheating.
However, if more than one motor is operated from one Inverter or if a multi-pole motor is operated, install
thermal overload relays or thermal protectors between the Inverter and motors. Set the constant L1-01 to “0”
and set the heat-operating thermal overload relay or thermal protector to 1.0 times the value on the motor
nameplate at 50 Hz or 1.1 times the value at 60 Hz.

B Improving the Power Factor (Eliminating Phase Advancing Capacitors)

Install a DC or AC reactor on the power supply line to the Inverter to improve the power factor. (200 V class
Inverters of 18.5 to 75kW and 400 V class Inverters of 18.5 to 160kW have built-in DC reactors.)

Capacitors or surge suppressors on the output line from the Inverter can overheat or be destroyed by the high-
frequency component of the Inverter’s output. They can also cause overcurrents to flow to the Inverter, caus-
ingthe overcurrent protection function to activate. Donotinstall capacitors or surge suppressors in the output
line.

B Electromagnetic Interference

The Inverter’s I/O circuits (main circuits) contain a high-frequency component, which may adversely affect
communications devices (e.g., AM radios) located nearby. This interference can be reduced by installing
noise filters, or you can install the wiring between the Inverter and motor and the power supply wiring in a
metal duct and ground the duct.
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12.3 Peripheral Device Application Precautions

B Wire Sizes and Distances

Motor torque will be reduced by voltage drop along the cable if the distance between the Inverter and the
motor is too long. This is particularly noticeable for low-frequency outputs. Use wires of sufficient size.

Always use the optional extension cables when operating the Digital Operator separated from the Inverter.
For remote operation using analog signals, keep the control line length between the Analog Operator or op-
eration signals and the Inverter to 50 m or less, and separate the lines from high-power lines (main circuits
or relay sequence circuits) to reduce induction from peripheral devices.

When setting frequencies from an external frequency setter (and not from a Digital Operator), used shielded
twisted-pair wires and ground the shield to terminal 12, as shown in the following diagram.

12 Shield terminal

Speed setting power supply
+15V 20 mA

13 Master speed reference
External 2 0to 10 V (20 kQ)
frequency ¢ | 41020mA" | 14 Master speed reference
reference 4 to 20 mA (250 Q)
Multi-function analog input
0to 10V (20 kQ)

3 O0to+10V

2kQ
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Appendix

12.4.1 Using a Braking Resistor Unit

12.4 Wiring Examples

12.4.1 Using a Braking Resistor Unit

CIMR-G5A20P4 to -G5A27P5 (200 V class Inverters of 0.4 to 7.5 kW)
CIMR-G5A40P4 to -G5A4015 (400 V class Inverters of 0.4 to 15 kW)

Braking Resistor overheating contacts
(Thermal overload relay trip contacts)

- - DC Reactor to
A sequence is required to turn improve input
OFF the power supply for the power factor 11z
thermal overload relay trip con- (Optional) Braking Resistor Unit *3
tacts of the Braking Resistor Unit. JRsN
| ’6 vy | *2
]
Short-circuit bar : !
O—Q
mccB @ @2 © Bl B2

3-phase power 7N MC Motor
200to 230 V F*----—----O/\O—-/V\—-----—---I OR (L1) u (T1) O
50/60 Hz s 0o Os (L2) Vv (T2) ©

o Yy L

T oot}

[
f
1—{

@1 and 2 when connecting a DC Reactor (Optional).

e e e o X}- — ,L *3 Disable stall prevention during deceleration by setting L3-04 to “0” when us-
Fault contacts ing a Braking Resistor Unit. The motor may not stop within the deceleration

time if this setting is not changed.

380to 460V O (L3) W3O
50/60 Hz *1 400/200 V VS-616G5

Ir“‘“”‘*‘"“ I M | !
1

LR }

TS TW“T ? @

1 [o OI | | 200 V class Inverters: Ground

1 | Overload relay trip cortact | o 100 Q max., 400 V class In-

: of B“"J,QE Resistor Unit THRX : -~ verters: Ground to 10 Q max.)

I ] Ow—‘vm -— |

! Ll {—J |

i

t i

5 MC {

— s e S ——

: %T } *1 Atransformer is not required for 200 V class Inverters.

: *L t * 2 Remove the short-circuit bar (normally connected) from between terminals
I

i

{

12.4.2 Using a Braking Unit and Braking Resistor Unit

3-phase power TN
200to 230 V [ — O._M

50/60 Hz

CIMR-G5A2011, -G5A2015 (200 V class Inverters of 11 kW, 15 kW)

Braking Resistor Unit *2

€
ki )
Braking Unit ( (Optional)

(Optional)

DC Reactor to

A sequence is required to turn improv;a ir;put
OFF the power supply for the ther- poowtgr alc or
mal overload relay trip contacts of (©p 'Oiil\
the Braking Resistor Unit. *q ,’wv 1 Braking Resistor overheating contacts
! ! (Thermal protector trip contacts)
Short-circuit bar J
O—O—O—— -
mcce we @1 @2 @3
N
R wcmmemed ) O-_M.._.._..{ R (L1) U@ Motor

i O)S (L2) Vv (T2) & “
T eI S -

x‘) L3
, VS-616G5

#’ e R e | .
I |THRX oFF ON.  MC | l

| ol I—A i ! D

! 0O SA !

i Overload relay trip contact ] . <-(Ground to 100 Q max.)

{ T

N klngjsesmtor Unit THRX |l "y

' »»——»-O o——-———vf -4 ~Z

' 11 2] VLJ )

1 |

i MC TRX ]

10 i .

: | *1 Remove the short-circuit bar (normally connected) from between terminals
b : @1 and 2 when connecting a DC Reactor (Optional).

t

v J:O J‘ 3 * 2 Disable stall prevention during deceleration by setting L3-04 to “0” when us-
2 kAl ing a Braking Resistor Unit. The motor may not stop within the deceleration
Fault contacts time if this setting is not changed.
Forward Run/Stop/) B A Forward run command
Reverse Run/Stop ; \ (forward run when closed)
O Ok Reverse run command
Braking Untt | : I' (reverse run when closed)
s I
External fault _;:A} [
O Obty 3
= b =L

12[18]



12.4 Wiring Examples

CIMR-G5A2018, -G5A2022 (200 V class Inverters of 18.5 kW, 22 kW)

Braking Resistor Unit *
(Optional)

A sequence is required to turn
OFF the power supply for the
thermal overload relay trip con-
tacts of the Braking Resistor Unit.

Braking Unit
(Optional)

Level v
{detector [ i%{’?"”@ ZJ

o

- : =3 Braking Resistor overheating contact
Short-circuit bar 3 0 4 .
(standard) L~§“ a 9 % (Thermal protector trip contacts)
S-o—0— - —0—
MCCB '®1 @2 @3 =) :
MC
R ool ) o_.M_.__._..[ u© Motor
3-phase power /\(.}_M -
200to 230V S --—--O/\ { \Y @-
50/60 Hz T O 1 W@
Cooling fan
T T T T ITIATTT
| ) M !
| | THRX OFF ON, MC H o
PO
| © [O_M_C_ ! . VS-616G5
| LG O |
I} Overload relay trip Contact i
I | of Braking Resistor Unit i . = (Ground to 100 © max.)
1 T ye 1 THRX \ 1
1
1 2 |
l' | | | .
! MC I
! |
' I
¢
! %
! i
X o
L ._W..M__ 18 ,.,[’3.... e )
- Fault contacts —1
Fault contact
Jre— r"
Forward Run/Stop 5 M Forward run command output
Reverse Run/Stop [ I (forward run when closed)
0 Ot i Reverse run command
Braking Unit: i (reverse run when closed)
e L
External fault %= } ' o
-0 O T is
P (-

=

* Disable stall prevention during deceleration by setting L3-04 to “0” when using a Braking
Resistor Unit. The motor may not stop within the deceleration time if this setting is not

changed.
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Appendix

12.4.2 Using a Braking Unit and Braking Resistor Unit

CIMR-G5A4018 to -G5A4045 (400 V class Inverters of 18.5 to 45 kW)

Braking Resistor Unit *
(Optional)

[

A sequence is required to turn
OFF the power supply for the
thermal overload relay trip con-

tacts of the Braking Resistor Unit.

Braking Uni
(Optional)

Short-circuit bar
(Standard

O—O0— -

MCCB b2 @3
N MC
R —e) ()..M...-....] O R
3-phase power TN A
380to 460V S -—-—-————-(D/—\ [ — S
50/60 H
/60 Hz 1§ O e T
400/200 \ Cooling fan
r I T m - Voltage v
V] THRX OFF ON.  MC ! -settind..
! L O 460/440/415/
! MC | | e | 400/380V
t | Overload relay trip contact ! !
: ofrBraklng Resistor Unit THRX : \VS-616G5
e ‘}2‘" |
1 1. .2 _4{:3-—5}_ |
: MC ;
| 0 ¢ | )
!
) !
[ |
t |
| S o :

Fault contacts

7N

Forward Run/Stop 570

e

|

=

Reverse Run/Stop
DO

Brak Unit
ng Ui

External fault FO Ozk
O

=

Forward run command
(forward run when closed)

Reverse run command
(reverse run when closed)

3

s

O
detector !
La(;;?. Si?;.d
g}*—"’w

u © Motor
te——)
e

D
®

1

(Ground to 10 Q max.)

—~
—

(C

Fault contact

output

* Disable stall prevention during deceleration by setting L3-04 to “0” when using a Braking
Resistor Unit. The motor may not stop within the deceleration time if this setting is not

changed.

12[-[P

Braking Resistor overheating contact
(Thermal protector trip contacts)



12.4 Wiring Examples

12.4.3 Using Braking Units in Parallel

A sequence is required to turn
OFF the power supply for the Thermal protector Thermal protector
thermal overload relay trip con- 1 5 1 5
tacts of the Braking Resistor Unit. =Y Brakin Braking
Resis- Resis-
(=] tor Unif gor Unit
O1L B Dol IS0 SiBL Dol 0
MASTER M%TEH
o
S
ISLAVI 5 SLAVE
+15
1 45,1 Braking Unit 2 5
:}: TP
2 6 2 6
)
3 ¥4 3] 4
. U @_. ~_I}hermal switch Thermal switch
MccB ve ! @3 Sl .
R 'O/\O”‘ \hemarimen] O Motor
3-phase power N

200t0 230V S =l

]
N )
50/60 Hz T O 4

VS-616G5 v
S —
W

Cooling fan
O

THRX OFF ON MC

0. 0—Q1O M
5 o) -{SAL

Overload relay trip contact of
Braking Resistor Unit

~=={Ground to 100 Q max.)

M e1
bt Oyt
| I_@]

MmC TRX

[t

A TRX L

-
]
I
!
i
!
THRX : ! :
i
i
|
I
!
|
|
i
J

B ) (DR B .

Forward run command 19
(forward run when closed)

Reverse run command 200 output
(reverse run when closed)

!

* Disable stall prevention during deceleration by setting L3-04 to “0” when using a Braking
Resistor Unit. The motor may not stop within the deceleration time if this setting is not
changed.

Forward Run/Stop e 77N
O O

Fault contact

Reverse Run/Stop..__..

O

Braking Unit
.

External fault 3. ; .4

O O

120



Appendix

12.4.4 Using a Braking Unit and Three Braking Resistor Units in Parallel

12.4.4 Using a Braking Unit and Three Braking Resistor Units in Parallel

A sequence is required to turn
OFF the power supply for the ther-
mal overload relay trip contacts of
the Braking Resistor Unit.

Thermal proteclor Thermal protector

1 2
Braking - - Braking
1 Resis- & 1 Resis-
tor Unit tor Unit

B

Thermal protector

<

5 Braking Unit
+1[5

§ =\ . _...Thermal switch
177“@”’“- - "7"0 ]
MCCB ! @3 S
I Motor
O R u®
/\Oo_m"”"“‘ vestees UGN
38010460V §=———O_( O s VO
50/60 Hz T AA O T W @ ,
400/200\, r Coolmg fan I
[ O semn
I |{THRX  OFF | "
| oo ﬂ i © 460/440/415/ D &
I O { SA| | 400/380V i
1 Overload relay trip comact of | N ==~ (Ground to 10 Q max.)
| Braking Resistor Unit 1
| Fi |ng<_es|s]or nii THRX N
| : Q-é—.——n-—-—-»- -4 .
]
, L1 =i S :
| _MC TRX |
R e 4
; SEJ !
IR TRX L :
' AN
Lo e B i ___18
20418
Fault contacts 19 Ej‘:’;hfomam
Forward Run/Stop __ 5 'f TN ! Forward run command 20
y 1 forward hen closed
Reverse Run/Stop...... 1 ! 2 (forward run when closed)
o ot Reverse run command
Braking Unit 1 T (reverse run when closed) =
g 1
50“*5”1 § { ! ™~
External fault {“m-:‘l}‘ [
O Ot T
[

_

))

Ls
5

* Disable stall prevention during deceleration by setting L3-04 to “0” when using a Braking
Resistor Unit. The motor may not stop within the deceleration time if this setting is not

changed.

12[-[P
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12.4 Wiring Examples

12.4.5 Using a JVOP-95-[], -96-] VS Operator

CIMR-G5A27P5 (200 V class Inverters of 7.5 kW)

MCCB

N

R ol )

SN
3-phase power S el
rd
T mencessmme()
JVOP-95-[], -96-[] VS Operator

N

FWD FiUN STOP RE\J/ RUN

(Standard)

Short-circuit bar
B2

© R(L1)
© S (L2)
O T (L3)

obd
OF =1

@é1 P2 e B1

VS-616G5

Forward run command

i
um Q
V(™) O
W (T3) ©)

Motor

(Ground to 100 Q max.)

“r ! ] : 1 l (forward run when closed)
;_,;,Ai,, ~ 1 s 2 ] : <2 Reverse run command
- \r 1 | ! (reverse run when closed)
RESET— 4J'\ : ! 8 ,
{’L -0 lc S 4
MASTER " AUX 5) v
""""""""""""""" 1 5 Multi-function
1o contact inputs
. Lo
! 7
b
19
11 '\ ! .11 Sequence common (0 V) f
| r—
. Shield terminal
15
’I T 15 Speed setting power (15 V, 20 mA)
. FREQ SET 3\[ ]
r—{ T} as 13 by 13 Master speed reference
\l by ' (0to 10V, 20 kQ)
! : | 14 Master speed reference
PP | | (4 to 20 mA, 250 Q) .
! : 16 Multi-function analog input
17 ] 1701010V, 20 k)
N e oV
'
I i -
SOURCE > QL b 33 Speed setting power (-15 'V, 20 mA)
——{_ 7} @ S ; 1 : Multi-function contact
RUN A 10 | : 10 output
A g i $ (Default: Running signal) |
| FAULT % 18J F’; ! [16 —
N ; {
1 ! 19 Fault contact output
! pod 20 25 Open collector 1
I i ~ -l > —emee (Default: Zero speed
! i signal)
: : 23 Multi-function od Open collector 2
MTR CAL Frequency meter b i analog output  ~f+" e (Defalt;lt: Speed agree
F1 [ - signal
— FM 1 T \J)21 Multi-function ana ¢
\] [ log output (Default: 2 — Multicf .
©p - Output frequency) ulti-function output
F?i i common
|\ Yl 22

12[-[TB

Multi-function
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output

48V, 50 mA max.




Appendix

12.4.6 Using an Open-collector Transistor for Operation Signals

12.4.6 Using an Open-collector Transistor for Operation Signals

CIMR-G5A27P5 (200 V class Inverters of 7.5 kW)

|

Forward run command

Forward Run/Stop —-{(

(forward run when closed)

b

2 Reverse run command

Reverse Run/Stop

i

(reverse run when closed)

(Insulated from 0 V terminal)

ML
v
T T
[
1 i 31
External fault I Yoy
N b
t
Fault reset v’ I ‘
! 1 5
Factory ) Multi-step Speed }/ ‘l | Multi-function contact inputs
presets< Reference 1 ) | 6
Multi-step Speed T
Reference 2 }\ 1 7
Jog Frequency ! i
Reference ] 8 |
EXTERNAL BB [ X
command ™~ ! 11 Sequence common
\

12.4.7 Using Open-collector, Contact Outputs

12 Shield terminal

CIMR-G5A27P5 (200 V class Inverters of 7.5 kW)

Sequencer

-

Fault contact output
250 VAC, 1 A max.
30 VDC, 1 A max.

N Surge ].
% absorber

250 VAC max

g SN

18
04
19,
20,
Multi-function contact outp

T250 VAC, 1 A max.
£ 30 VDC, 1 A max.
(Default: Running signal)

e~

u 30 VDC max

e

Flywheel diode

=

48 VDC max

—0

i Flywheel diode
48 VDC max

Flywheel diode !

\,[1
25| &
Ty oS T | rOpen collector 1
b 1 1 (Default: Zero
- ' | |Ispeed)
2& [} lag V, 50 mA max.
T - 1 1Open collecior 2
*K,{:l { : (Default: Speed
- t ‘tagree)
"R7L 1 lisy 50 mamax

Multi-function output
common
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12.5 User Constants

12.5 User Constants

Factory settings are given for a 200 V class Inverter of 0.4 kW set to open loop vector control (A1-02 = 2).
Table[12.1[] User[Constants

N Oipiay Gy | seting || Mo, Qe P20 | Soting
A1-00 g;igf%zs;]ue:gﬁe(;n for digital operator display l b5-07 z’g%o(f)ﬁfsfeste?)djustmem 00
Aron | G z 06-08 | ity e consn
A1-02 (Cé):ﬁﬁ)(l)1%2?1?3531@0" 21 b5-09 :’(I)Etgzzl}lz :gagzcl:)teristics selection 0
A1-03 }?ritiitall’i;;meters) 0 b5-10 f(l)ll)ngzzpél;ﬁ;m L0
aros [fmdl o el e o
A1-05 f;:izz;nl')dafsword) 0 b5-12 tSi(e)lrle‘(:ggli()osfll))gt)Sf:l;dbaCk command foss detec: g
A2-01 . .

to User setting constant _ b5-13 PID feedback command loss detection level 0
A2-32 (User Pram 1 to 32) (Fb los Det Lvl)

0101 | (Reference Source ! 0514 | (s et Timey L0
b1-02 %)ue;asti(;nrg;;thod selection 1 b6-01 })Dvxilufg:eqfu(eé;cs);aartt)start 0.0
o103 | Sy il siecin : vz | Bl
0104 | i osever opin o v6-0a |l e sor
b1-05 E)Z%ergl_tsi(;;:;lg;;(:;] for setting of E1-09 or less 0 b6-04 &\xxgllﬁ;:tétoslzop) 0.0
o106 | Fead e v 1 o701 | Gen e
b1-07 %}(e)g/tfi{glﬁfi{e{}i}vistg]};ing to remote mode*2 0 b7-02 })[;(r)(())(l))pc]gléiz;l "?‘ﬁ:l?) time 2 0.05
0108 | LR g RO e o oe01 [ Fieey ey 0
b2-01 fZero speed level (DC injection braking start Energy-saving frequency

g requency) 0.5 b8-02 (Eneray Save Freq) 0.0

(DClnj Start Rreq)

b2:02 | Bcint Curreny 50 0901 | (o Serve G 3
020 | B g s bo-02 | Zessee anplon wid 1
o s cror | sk e
02-08. | Yot T composaion lune o e o
001 | e st lcion s ! o108 | felion e
T Cr-0s | Bl e
R o105 | Sl e
01 Tt Oty e Rl o
A or-07 | Ahraion s
b5-01 }’]l]l?)c;/}g;(;l)mode selection 0 C1-08 %::i«lerTaitri:: ‘tli)me 4 10.0
o602 el ein G109 [ Ftznes s
o0 | st e 01110 | s s sing i |
o508 | oot | Sy | o
b5-05 ](%llf]f)egnlt“llil] é;)) time 0.00 C2-01 (Ss—cctii,veA gilaéacstg;s)lic time at acceleration start 0.20
b5-06 gg)hﬂ?:;,t) 100.0 C2-02 (Ss-giilveAgl:ng]:Et?;;tic time at acceleration end 0.20

* 1. Not initialized. (Japanese standard specifications: A1-01 = 1, A1-02 = 2)

* 2. Not displayed for some models depending on software version No.

* 3. Factory setting depends on the control method (A1-02).

12-15




Appendix

Table[12.1[] User[Constants[{Continued)
No. (D’\il:pr)rllaey) I:Sae(t::%g Setting No. (S::S:y) ';igﬂg Setting
C2-03 (Ss-((::url"lvic)zl‘:zgzzti;tic time at deceleration start 0.20 d1-03 gl;i(%::;ccye r;)ference 3 0.00
C2-04 (Ss—ccliilvic) z?aé;i%igi)stic time at deceleration end 0 d1-04 F};ee%;e;lccye zc)ference 4 0.00
Ca01 | ipemerson i 105 | e e
C3-02 (Sslil[i)pcgglnlizn;?;ilzgl primary delay time 25)10 d1-06 Fliee%:f;fc}; rﬁe)ference 6 0.00
Ca0a | ipemersain i 107 | ey trne
C3-04 (Ssligpcggln}iznls{itgigﬁ)during regeneration 0 d1-08 S;ee%:f;ccye r;)ference 8 0.00
Ca.0s | i o e 0 T
C3-06 %;g::tv‘(;lt{li%s&i)mited operation selection 0 d2-01 Fﬁzt}xg;gzrrif;rsgce upper limit 100.0
0401 | e comperion i 202 | enes e ove i
C4-02 Eﬁi?;ecz(r)nnl‘ljp;?n:del)l(m time constant %E) d3-01 g}]ﬁpfﬁg:e?)cy 1 00
C4-03 (Sl;a;toict)]lg;; C@OHSIE);-?)SMOH (forward direction) 0.0 d3-02 .(I }Jtrlrrlrfpf;erg:e;)cy 2 00
C4-04 (SIt{a"rrt Jggl;fp%né;z:g;aﬁon (reverse direction) 0.0 d3-03 g?ﬁpf;;crg:e;)cy 3 0.0
e o 1 a4 | frmm e i
C5-01 (AASSI;PII;O(}]JS;S(EM (P) gain 1 2(];1[)0 d4-01 Fﬁg%eg?; ﬁiﬁ;rﬁg;j hold function selection 0
Cs02 [ttty B w0z [ .
e B T 0 501 |t cmspion :
N T 0 02 | s sl o e 0
cs05 | R 03 | st sl |
C5-06 EAASSl{RpSé?:;yT?ﬁsg e 0.004 d5-04 (SSp;:gdliIIjrlriltt Value) 0
Co07 | (R gietig o 505 |t 0
C5-08 (AASSI}(l?tElg;:lt)(l) limit *2 400 d5-06 (Sfl{):fe%:ﬁ;q;ienfg)mml switching timer 0
Co01 | i et soer i 150 Ero1 | fihs e
Co02 | i ety over i 10 e o
e e ! 100 | Vi it o
Cr-01 |t i leion ! E1-04 | i gt eere
Creoz |t rrenion i 105 | i 00
ca s | pen e e
C8-09 (Sﬁf:i{d é?ﬁl(let))ack detection control (AFR) time*2 50 E1-07 x/}(ljdollrlrtg::l i;iguzr;cy 3,.10
Ca-a0 | s ey o v : E1-08 | i e 7 1 s
0101 |Grebeme ™! E1-09 | (i Frequency) v
d1-02 F];z(}:;r;i};?;erence 2 0.00 E1-10 l(\]/\l/l[?n ({z)tl;::;gequency voltage 2|(1

12

* 3. Setting unit and initial setting depend on Inverter capacity.

* 1. Factory setting depends on the control method (A1-02).

* 2. Not displayed for some models depending on software version No.

* 4. Setting for 200 V class Inverters. For 400 V class Inverters, double the value.

12-16




12.5 User Constants

Table[12.1[] User[Constants[{Continued)

No. (E')\il:g?aey) g"g_ﬁg Setting No. (E')\:sa;aey) ';aeﬁ%g Setting
Rl e R :
E1-12 ﬁ%g\(])sltt};;teflge)quency voltage 2 *2 0.0 F1-07 ;;téglzlgsllgleﬂdg;i{;g accel/decel enable/disable 0
er-13 [ F108 | Gt Ssiop o
E201 | (i Rt i) = FI-09 | (G Guerspi Ty W
E2-02 é\l/\l/})(t)(t);rr;l{tzi jlisplip) 2.20 F1-10 ii}i((c}e]s)sei:]/ieatsgi::se(il)eviation detection level 10
E2-03 é\#:)t_(}f()r:glgz?r;:tr)rent 1.%0 F1-11 f;(ée];seiz]/;:g?rei?ng)eviation detection delay time 05
204 [Nt s : P12 | B ! o
205 | ot o o s 1 | ey o o
E2-06 é\{l‘(e);(()jrllsgﬁcig(rlll;l)ance 1{5}.2 F1-14 fp(‘é(g)%l;gcuit detection time *1 20
E2-07 I(\g;)ttl(l)rr ;tri((); sca(t;:‘r];tilo)n coefficient 1 050 F2-01 ?Ai—lp_y?l‘a;n(;ul:nsiéﬁolar input selection 0
E2-08 (l\ggttgi aitri(())rrl1 sca(t)l:;;ti;)n coefficient 2 0.75 F3-01 g)l%lltﬁ[l):l?)put option 0
200 [ ke o o T :
E2-10 %2;?; ;r;)rr:) rllo]i ::)r torque compensation 1;1 F4-02 (CAljgng;lll (%:ii:) 1.00
E3-01 é\é(())tnotrrgl cl\(/)[relgl(;ldr)nethod selection "1 2 F4-03 (C:gng;lz ZSr:l(;rclgor selection 3
Ea-01 | Motor 2 max. outputfrequency 600 F4-04. | Channel 2 eain 050
E4-02 é\{[/(;;:ozr I%/[I;(a)\(l.o\lltzlgtge "1 203.0 F4-05 ggngilll B(;:g))ut monitor bias 00
E4-03 é\([/(/);ozr é;::)}(:.r:g)ltage frequency ! 60.0 F4-06 (CAl;lca)ng;lZZB()izgut monitor bias 0.0
E4-04 é\(l/(;lt:ozr l%/ﬁgig};;)tput frequency 1 1 30 F5-01 (Célg}g;lclholugx;csglemion 0
E4-05 ?{[](/)]tsozr ]%A{gi(\i].o?:;g)st frequency voltage 1 °! 11‘2.0 F5-02 (C§grjg;lc2h02ugpe111;;e)lection 1
06 [N i oo e o1 | Qi hsir :
el A g F01 | rotser Seetomy " 1
E501 | Noner 2 v L) il e !
E5-02 I(\ﬁ/([)(t)([);rZZraS[]?g ;1:5(1 )I 2,20 F9-01 E;(;ezg';l:lofgléllte lr:ﬁ)l:]t)lﬁvel from transmission op- 0
E5-03 ?1/[\/([)(2([);22“;\};)1?1‘;3 dCLIl;'l’th "1 1.%0 F9-02 E():;er(néillr(f]a]u)lettg:ttie:;i)(gl from transmission op- 0
E5-04 ?1/\1/?(;?;2211;?:1?5 )of poles ! 4 poles F9-03 ?gg?ﬁ 1£8r ;a)ﬁﬁrgaclt)f%llm from transmission op- 1
E5-05 (MN([)(t)([)(l)'rZZIEFQ-I:;)-CI)i}r::l ;’)esistance 9.2142 F9-04 g::::lsl:;:;} e()%ig:)tf]ace sampling time 0
.06 | o2k e 152 o |

(Torq Ref/Lmt Sel)
PG constant Operation sglection for non-SI-K2 transmission
F1-01 (PG Pulse/Rev) 600 F9-06 | error detection 1
(BUS Fault Sel)
F1-02 gpgr;ggf: izl:SctSigB at PG open circuit 1 H1-01 %:i;[il—if;lﬁ%iggli)nput (terminal 3) 24
F1-03 gfgrgt‘i/(;?szzlee;t;(:) at overspeed 1 H1-02 %::2}?£ciiggl;npul (terminal 4) 14
F1-04 glgrla)lteiS?atssscsti;;l at deviation 3 H1-03 ?%::;Ii;if;lﬁcstiggli)npul (terminal 5) 3 550)
F1-05 PG rotation 0 H1-04 Multi-function input (terminal 6) 4 (:5)

(PG Rotation Sel)

(Terminal 6 Sel)

* 1. Not displayed for some models depending on software version No.
* 2. Setting for 200 V class Inverters. For 400 V class Inverters, double the value.
* 3. Setting unit and initial setting depend on Inverter capacity.

* 4. Depends on the control method (A1-02).

* 5. Factory setting in the parentheses is for 3-wire sequence.
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Appendix

Table[12.1[] User[Constants[{Continued)

No. Dipiay) Gy | seting [ . deme PR | ring
H1-05 é\%z:;i—if;l;;c;i(s)gli)nput (terminal 7) 6 ((54) L2-01 ?gglr?flgzlrgcgz\:)er loss detection 0
H1-06 Multi—function input (terminal 8) 8(6) L2-02 Momentz}ry power loss ridethru time 0.7

(Terminal 8 Sel) ' (PwrL Ridethru t) 2
o T , (200 [ Pk e
Ha-02 | Mo o Comin 2527 1 L204 | e e B
H2-03 %21;2—?;;0;602 e1'{1)put (terminal 26-27) 5 L2-05 E{)r{jls]r\]f)()elttaf:\,(i]e)tection level 120
H3-01 (Sjl“gl:} igv;} gssﬁ)ction (terminal 13) 0 12-06 %Bdgf:(lligﬁgr; rate 0.0
Hace | Gun el 301 | Rl iecin et |
R e 302 | Sl e e
H3-04 (S'll'%?rzrlll izvggs:zlﬁ)ction (terminal 16) 0 13-03 (SStztléllil]]))rcC\/ILeI;ti]i)\xlll)limit during accel 50
H3-05 %giiﬁ;cltignsl;)lalog input (terminal 16) 0 L3-04 (Sst':lzliiﬁ)’ri:)v:;t]insnef‘)election during decel 1
A 305 | Sl pumion iecion g roming
Ha-07 | s et 1) e e e —
H3-08 (S'll'%?rzrlll izvggs:zlﬁ)ction (terminal 14) 2 L4-01 (Sspsgti\aggrziefee\tzlc)tion level 0.0
H3-09 %giiﬁ;cﬁ)g;?alog input (terminal 14) 1F L4-02 (Sspsgiaggrreeee‘;l;i:;etit)ion width 20
Ha-10 | Gan (el L0 | st dosion v 9
ol B Lo | dcion i (-
H3-12 g?ﬁle(ig ;Sgljﬁigl:;r time constant 0.00 14-05 &peefrzli‘t(i)(;: \SNelll)en frequency reference is missing 0
H4-01 1(\4‘22:?;;1621?0321; (terminal 21) 5 L5-01 g\}ll:rr:)f)rf (]){fee:tl;(r)tsr)estart attempts 0
H4-02 gzirn nl(ltz(rﬁnzlrllaéillg) 1.00 15-02 I&uet; ;istsaé'lt)operation selection 0
) E Lo01 | e i leion o
Ha-04 | Horier sl (ermina 23 ; Lo0z | et el
A e L0 | e
Ha-06 | s e ) Lo-04 | e et scction o
H4-07 é{lél(ige\?;tglétlscitg)nal level selection 0 L6-05 g‘)é?:?):ftzecﬁivol;l level 2 150
01 | fmatdes I Lo-0p | frane dston .
o0z | G eed skin ; Lro1 | gt i
H5-03 (Csir;};?%l;ﬁtis(g)parity selection 0 L7-02 ?re(;/rzriei;%rlqﬁz‘:;mit 200
H5-04 (Sstzfigilnl:gaﬁllftgslc)l after communication error 3 L7-03 f’?ér;aiilrteg?;?;;)e torque limit 200
H5-05 (CS(;:;?Lg;ic]a)tticotr)l error detection selection ! 1 L7-04 E?(;frzrien:?%e::r]zatgi:; torque limit 200
L1-01 (I\I/\[/i)(tjoi [l):ra(:ltﬁcéieol: Cste)zleclion 1 L8-01 fl;(;;elgte zieslteocrtil());:) tf;)r internal DB resistor 0
L1-02 I(\ﬁ/([)(t)o{ %ri(r)rtzcgg;lslti)me constant 10 L8-02 %/;rl;::fglr;—ﬂaia)]evel 95

* 1. Not displayed for some models depending on software version No.
1 2 * 2. Setting unit and initial setting depend on Inverter capacity.
* 3. Setting for 200 V class Inverters. For 400 V class Inverters, double the value.

* 4. Not initialized. (Japanese standard specification is 02-09 = 0.)
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12.5 User Constants

Name Factory ’ Name Factory .
No. (Display) Setting Setting No. (Display) Setting Setting
. Operation selection after overheat pre-alarm i Constant no. display selection
L8-03 | (OH Pre-Alarm Sel) 3 01-05 | (Address Display) 0
N Input open-phase protection selection - LOCAL/REMOTE key enable/disable
L8-05 (Ph Loss In Sel) 0 02-01 (Local/Remote Key) 1
Output open-phase protection selection STQP key during control circuit terminal op-
L8-07 (Ph Loss Out Sel) 0 02-02 | eration 1
h (Oper STOP Key)
Ground protection selection User constant initial value
L8-10 (Gnd Det Sel) 1 02-03 (User Defaults) 0
B Carrier frequency reduction selection -~ kVA selection 0
L8-17 (L-Spd IGBT Prtct) L 02-04 (Inverter Model #) 2
L OL2 characteristics selection for low speeds - Frequency reference setting method !
L8-19 | (0r2 Chara@ L-Spd) v 0205 | (nerator M.O.P) 0
L . Operation selection when digital operator is
01-01 x;;:::;:;l;zg;;n 6 02-06 | disconnected 0
(Oper Detection)
. Monitor selection after power up -~ Cumulative operation time setting o
01-02 (Power-On Monitor) 1 02-07 (Elapsed Time Set)
. Frequency units of reference setting/monitor - Cumulative operation time selection
01-03 (Display Scaling) 0 02-08 (Elapsed Time Run) 0
. Frequency units of constant setting -~ Initialize mode selection *! 0
01-04 | pisplay Units) 0 02-09 | (11if Mode Sel) 4

* 1. Not displayed for some models depending on software version No.
* 2. Setting unit and initial setting depend on Inverter capacity.
* 3. Setting for 200 V class Inverters. For 400 V class Inverters, double the value.

* 4. Not initialized. (Japanese standard specification is 02-09 = 0.)
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12.6 Function Block Diagram
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12.6 Function Block Diagram

B A1 Detailed Block Diagram
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Index

INDEX

A communications error (CE), 9 - 7

connection diagrams, 3 - 4,3 - 12
AC Reactor, 3 - 14

acceleration, 6 - 11,6 - 17

constants write enable, 7 - 70
contact outputs, 12 - 14
control fault (CF), 9 - 4

control inputs, 6 - 9

acceleration/deceleration ramp hold, 7 - 66
access levels, 1-6,4-7,4-20,6-2

Advanced, 1-6,4-7 responsiveness, 6 - 9

AFR. See automatic frequency generator control method, affects on factory settings, 8 - 45
analog input characteristics, gain and bias, 7 - 81 control methods, 4 -21,6-3

analog inputs, 6 - 6 CPE 9-4

gv?rjl?csltlllii’ géa_n% and bias, 6 - 6, 7 - 26 cumulative operating time, 7 - 100

Analog Monitor Card, settings, 7 - 61 current, rated setting, V/f control, 6 - 21

Analog Reference Card, settings, 7 - 60
ASR. See speed loop D

automatic frequency regulator, 7 - 5 DC injection braking command, 7 - 74

autotuning, 1 - 4, 4 - 30

DC injection braking function, 7 - 43
input voltage setting, flux vector control, 6 - 33 Hyeett rang et

open-loop vector control, 6 - 18 DDS/SI-B external error detected, 9 - 7
faults, 6 - 19 deceleration, 6 - 11, 6 - 17
setting user constants, 6 - 18 time switching frequency, 6 - 11
times, 6 - 17
B DEYV (speed deviation), 9-4,9 -6
Digital Operator,1-5,1-8,5-10
Basic, 1-6,4-7 attaching, 2 -9
bias, analog inputs, 6 - 6 Digital Output Card, 7 - 61
braking resistor, 3 - 17 Digital Reference Card, settings, 7 - 60
Braking Resistor Unit, 12 - 8 dimensions, 2 - 4

connecting, 3 - 17

Braking Unit, 12 - 8
connecting, 3 - 17
parallel, 3 - 19 dwell, 1 -5

dwell function, 7 - 52

display, status, 5 - 4
droop control, 7 - 18

BUS (option communications error), 9 - 7

C E

cables, length, 3 - 16 E-15 (Si-F/G communications error), 9 - 7

CALL (serial communications call), 9 - 7 EF (external fault),9-4,9-6,9-7

carrier frequency, 7 - 56 EFO (option external fault), 9 - 7
CE (MEMOBUS communications error), 9 - 7 EFO,9-4
CF (out of control), 9 - 4 electromagnetic switch, 3 - 15
closed-loop connectors emergency stop, 6-10,6-17
control circuit, 3 - 31 time setting, 6 - 10
main circuit, 3 - 8 time switching frequency, 6 - 11

. times, 6 - 17
common functions, 7 - 41
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enclosed, wall-mounted type, 2 - 3
installation conditions, 2 - 6

energy-saving control function, 7 - 38
energy-saving control functions, 7 - 13
ERR (EEPROM read/write error), 9 - 8
errors, operation, 9 - 8

excessive speed deviation, 9-4,9 - 6
external baseblock NC, 7 - 66

external baseblock NO, 7 - 66

external faults, 7 - 71

external speed search 1, 7 - 74

external speed search 2, 7 - 74

F

factory settings, 12 - 15
fault reset, 7 - 69
fault restart settings, 7 - 93

faults, 9 - 2
autotuning
flux vector control, 6 - 35
open-loop vector control, 6 - 19
detection functions
flux vector control, 6 - 29
V/f control with PG, 6 - 42
minor, 9 - 6

feedback control, 1 - 5

flux vector control, 1 -4,6 - 28,7 - 16
PG Speed Control Cards, 6 - 28, 6 - 42

forward/reverse[riin[cbmmands[input[fdgether[(EF),[]

9-6

frequency detection settings, 7 - 90

frequency references, 1-4,6-4,6-14,7-57

function selection, 6 - 17
jog, 6 - 14

multi-step, 6 - 14

presetting, 6 - 8

selecting, 6 - 4

selecting the source, 6 - 7
selecting the units, 6 - 7
terminal 13 signal level, 6 - 4
terminal 14 signal level, 6 - 4
terminal 16 signal level, 6 - 6
voltage range, 6 - 4

front cover
mounting, 2 - 8
removing, 2-8,2-9

G

gain, analog inputs, 6 - 6
gear teeth, 6 - 42

GF (ground fault), 9 - 2
ground, wiring, 3 - 16
ground fault (GF), 9 - 2

ground fault interrupter, 3 - 13

H

hardware protection settings, 7 - 95
hold status, 7 - 58

hunting prevention function, 7 - 13, 7 - 38

IGBT, 1-5
inductive noise, countermeasures, 3 - 15
initial excitation function, flux vector control, 6 - 32

initialize mode, 4 - 19
user constant list, 8 - 3

input voltage, setting, 5 - 5
V/f control, 6 - 21
V/f control with PG, 6 - 40

inrush prevention circuit fault (UV3),9 -3
inspection, 10 - 3

installation, 2 - 7
conditions, 2 - 6
enclosed, wall-mounted type, 2 - 6
open-chassis type, 2 - 6
site, 2 -6
space, 2 -7

insulated gate bipolar transistor. See IGBT
integral control, V/f control with PG, 6 - 42
inverter capacity, affects on factory settings, 8 - 47
inverter overheat pre-alarm, 7 - 78

inverter overheating pre-alarm (OH2),9 -6

J

jog, 6-8,6-17

jump frequencies, 7 - 57
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K multi-function input functions, 8 - 28
multi-function input settings, 7 - 64
key function settings, 7 - 98 multi-function inputs, 6 - 13
multi-function output functions, 8 - 30

L multi-function output settings, 7 - 76
language, 4 - 20
LF (output phase loss), 9 - 3 N
load short-circuit (SC), 9 - 2

local/remote selection, 7 - 65

no V/f control with PG, 7 - 67

no-load, operation, 5 - 9
Digital Operator, 5 - 10
M frequency reference setting, 5 - 9
status checking, 5 - 10

magnetic contactor, 3 - 13,3 - 15 noise filter
S output side, 3 - 15
main circuit LC/RC, 3 - 15

input side wiring, 3 - 13

ly si -14
output side wiring, 3 - 15 power supply side, 3

main circuit overvoltage (OV), 9 - 6

main circuit terminals, 3 - 6 O

main circuit undervoltage (UV), 9 - 6 OC (overcurrent), 9 - 2

main circuit undervoltage (UV1),9 -2 OH (heat sink over temperature), 9 - 6

main circuit voltage fault (PF), 9 - 3 OH (OH1) (heat sink over temperature), 9 - 3
maintenance, 10 - 3 OH2 (overheat 2), 9 - 6

mass, 2 - 5 OH2 alarm signal, 7 - 67

MEMOBUS communications, 7 - 83 OL1 (motor overloaded), 9 - 3

modes OL2 (inverter overloaded), 9 - 3

Inverter, 4 -5

switching, 4 - 6 OL3 (overtorque detection 1),9-3,9-6

OLA4 (overtorque detection 2),9-4,9 -6
OPE, 9-8
open-chassis type, 2 - 3

modified constants mode, 4 - 32
molded-case circuit breaker, 3 - 13

momentary power loss settings, 7 - 85

monitor output, adjusting, 7 - 82 openhassis type, installation conditions, 2 - 6

monitoring, startup, 4 - 17 open-loop vector control, 6 - 18,7 -2, 7 - 11

motor open-loop vector control, 1 - 4

using the Inverter for a special motor, 12 - 5 operation mode, 4 - 12

using the Inverter for a standard motor, 12 - 4 operator display selection, 7 - 97
motor constants, 7 - 6 OPR (operator disconnect), 9 - 4

V/f control, 6 - 21, 7 - 31

V/f control with PG, 6 - 40 Option Card transmission error (BUS),9-7
motor overload OL1, 7 - 78 option card/inverter selection, 7 - 66
motor protection settings, 7 - 84 Option Cards, settings, 7 - 59
motor switch command, 7 - 69 OS (overspeed),9-4,9-6
multi-function analog input selection, 7 - 67 output open phase (LF), 9 -3
multi-fun%tio;lganalog input/frequency reference, cur- OV (overvoltage),9-2,9 -6
rent, / -

overcurrent (OC), 9 -2

multi-function analog output settings, 7 - 82 overspeed, 9-4,9 - 6

multi-function analog output signal level, 7 - 82 flux vector control, 6 - 30, 6 - 43
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overtorque 1 (OL3),9-6
overtorque 2 (OL4),9-6

overtorque detection settings, 7 - 94

P

password, 4 - 24
PF (input phase loss), 9 - 3

PG
constant, flux vector control, 6 - 28
disconnection stopping method
flux vector control, 6 - 29
V/f control with PG, 6 - 42
flux vector control, 6 - 28
gear teeth, V/f control with PG, 6 - 42
pulse number, V/f control with PG, 6 - 42

pulse output monitor division rate, flux vector con-

trol, 6 - 29

rotation direction, flux vector control, 6 - 28

speed deviation
flux vector control, 6 - 30
V/f control with PG, 6 - 43
V/f control with PG, 6 - 42

PG disconnection detection, 9 - 4

PG Speed Control Card, 6 - 28, 6 - 42
installing, 3 - 24
terminal blocks, 3 - 25
wiring, 3 - 31
wiring, 3 - 27
PGO (PG open),9-4,9-6
phase advancing capacitor, 3 - 15

PID control function, 1 - 5, 7 - 46
block diagram, 7 - 48
control operations, 7 - 46
control settings, 7 - 49
types, 7 - 47

PID disable, 7 - 70

poles, 6 - 40
number, 6 - 40

power supplies, 5 - 4
input, connecting, 3 - 13

power transmission mechanism, 12 - 5

programming mode, 4 - 26
parameter list, § - 5

PUF (DC bus fuse open), 9 - 2
Pulse Monitor Card, settings, 7 - 63

Q

Quick-start, 4 - 7
Quick-start, 1 -6

R

radio noise, countermeasures, 3 - 16

rated current
V/f control, 6 - 21
V/f control with PG, 6 - 40

reference source, 6 - 4

reverse operation, 6 - 11

RH (dynamic brake resistor), 9 - 3
RR (dynamic brake transistor), 9 - 3

run, 6 - 9
command, 6 - 9
source, 6 - 9

S

S-curve characteristic function, 7 - 52
SC (short circuit), 9 - 2

sequence control, 3-wire, 6 - 14
sequential operation, 4 - 22

settings
analog output bias (terminal 21), H4-03, 6 - 38,
6-45
analog output bias (terminal 23), H4-06, 6 - 38,
6-45
analog output gain (terminal 21), H4-02, 6 - 38,
6-45

analog output gain (terminal 23), H4-05, 6 - 3§,
6-45
analog output level selection, H4-07, 6 - 38
analog output selection (terminal 21), H4-01, 6 - 38,
6-45
analog output selection (terminal 23), H4-04, 6 - 38,
6-45
SI-B communications error, 9 - 7
SI-F/G communications error detected, 9 - 7
slip compensation gain, 7 - 34, 7 - 54
specifications, Inverters, 11 - 2

speed control
flux vector control, 6 - 36
integral reset, V/f control with PG, 6 - 45
integral time
flux vector control, 6 - 36, 6 - 44
low-speed gain, 6 - 36, 6 - 44
proportional gain
flux vector control, 6 - 36, 6 - 44
low-speed gain, 6 - 36, 6 - 44
responsiveness, flux vector control, 6 - 37
V/f control with PG, 6 - 44

speed control gain, flux vector control, 6 - 38
fine adjustments, 6 - 38

speed control integral reset, 7 - 67
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speed control proportional gain, 7 - 75
speed feedback, 7 - 5

speed limit function, 7 - 22

speed search function, 7 - 44

speed torque control change, 7 - 74
stall prevention function settings, 7 - 87
Status Monitor, 4 - 13

stopping method, 6 - 12
coasting, 6 - 12
coasting with timer, 6 - 13
DC injection braking, 6 - 12
deceleration, 6 - 12
flux vector control, 6 - 31

surge absorber, 3 - 14
SVE (zero servo fault), 9 - 4

switching, speed control and torque control, 7 - 27
timer, 7 - 28

T

temperature, 2 - 6
terminal block, 3 - 5
timer function, 7 - 45
torque compensation function, 7 - 25, 7 - 55
torque control, 1 -4,7-21
torque limits, 7 - 4, 7 - 30
analog inputs, 7 - 4, 7 - 30
torque reference, 7 - 21
primary filter, 7 - 25
Trangsmisssion Option Card DPRAM error (CPF23),
Trangsmisssion Option Card model code error (CPF22),
Transmission Option Card self diagnostic error
(CPF21),9-5
trim control increase and decrease, 7 - 70

troubleshooting, 9-1,9-9

U

up and down commands, 7 - 68

user constants, 4 - 24
application constants, 8 - 5
autotuning
acceleration/deceleration, 8 - 11
carrier frequency, 8 - 15

S-curve acceleration/deceleration, 8 - 12
speed control, 8 - 14
torque compensation, 8 - 13
autotuning constants, 8 - 11
constants with factory settings dependent on control
method, 8 - 45
constants with factory settings dependent on invert-
er capacity, 8 - 47
DC braking, 8 - 6
droop control, 8 - 9
dwell functions, 8 - 9
factory settings, 12 - 15
initializing, 4 - 22
lists
initialize mode, 8 - 3
programming mode, 8 - 5
motor constants, 8 - 20
motor 2 control method, 8 - 22
motor 2 setup, § - 23
motor 2 V/f pattern, 8 - 22
motor setup, 8 - 21
V/f pattern, 8 - 20
operation mode selections, 8§ - 5
operator constants, 8 - 43
monitor selections, 8 - 43
multi-function selections, 8 - 44
options, 8 - 24
other option setup, 8 - 26
PG option setup, 8§ - 24
PID control, 8 - 8
protection constants, 8 - 35
fault restart, 8 - 39
hardware protection, 8 - 41
motor overload, 8 - 35
power loss ridethrough, 8 - 35
reference directions, 8 - 39
stall prevention, 8 - 37
torque detection, 8 - 40
torque limits, 8 - 40
reference constants, 8 - 17
jump frequencies, 8 - 18
preset references, 8 - 17
reference frequency hold, § - 18
reference limits, 8 - 17
torque control, 8 - 19
saving energy, 8 - 10
search speed, 8 - 7
terminal constants, 8 - 28
analog inputs, 8 - 31
analog outputs, 8 - 33
MEMOBUS communications, 8 - 33
multi-function inputs, 8 - 28
multi-function outputs, 8§ - 30
timer function, 8 - 7
zero servo, 8 - 10

UV (DC bus undervoltage), 9 - 6

factory tuning, 8 - 16 UV1 (DC bus undervoltage), 9 - 2
hunting prevention, 8 - 15 UV2 (CTL PS undervoltage), 9 - 3

motor slip compensation, 8§ - 12
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UV3 (MC answerback), 9 - 3 W

warning label, viii

\'}

wire sizes, 3 - 6

V/f control, 6 - 21 control circuits, 3 - 20
motor constants, 6 - 21, 7 - 31 wiring
V/f control with PG, 6 - 40, 7 - 36 connection diagrams, 3 - 12

motor constants, 6 - 40 control circuit, 3 - 20

V/f patterns, 1 - 4 write-protect, 4 - 24

setting, 5 - 8
user-defined, setting, 6 - 41
user-defined patterns, setting, 6 - 26 Z
vector control, 1 - 4 zero servo fault (SVE), 9 - 4
flux,1-4

open-loop, 1 - 4 zero-servo command, 7 - 75

ventilation, 2 - 6 zero-servo control, 7 - 19

voltage, 5 - 5, 6 - 33 zero-servo end, 7 - 79

input, 5 -5 zero-servo function. See zero-servo control

autotuning in flux vector control, 6 - 33 zero-speed, 7 - 78

voltage range, 6 - 4
frequency reference, 6 - 4

VS Operator, 12 - 13

zero-speed operation, flux vector control, 6 - 31

zero-servo control, 1 -5
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