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i.1 General Safety

i.1  General Safety

€ Supplemental Safety Information

General Precautions

* The diagrams in this manual may be indicated without covers or safety shields to show details. Be sure to restore
covers or shields before operating the Units and run the Units according 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 representative 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 representative or the nearest Yaskawa
sales office.

Read and understand this manual before installing, operating or servicing the Matrix converter. The Matrix converter
must be installed according to this manual and local codes.

The following conventions are used to indicate safety messages in this manual. Failure to heed these messages could
result in serious or possibly even fatal injury, or damage to the products or to related equipment and systems.

A\ DANGER

Indicates a hazardous situation, which, if not avoided, will result in death or serious injury.

Indicates a hazardous situation, which, if not avoided, could result in death or serious injury.

WARNING! will also be indicated by a bold key word embedded in the text followed by an italicized safety message.

A\ CAUTION

Indicates a hazardous situation, which, if not avoided, could result in minor or moderate injury, damage to the
product, or faulty operation.

CAUTION! will also be indicated by a bold key word embedded in the text followed by an italicized safety message.

Indicates a property damage message.

NOTICE: will also be indicated by a bold key word embedded in the text followed by an italicized safety message.
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i.1 General Safety

€ Safety Messages

A\ DANGER

Heed the safety messages in this manual.

Failure to comply will result in death or serious injury.

The operating company is responsible for any injuries or equipment damage resulting from failure to heed the warnings
in this manual.

Disconnect all main power before servicing.

Failure to comply may result in serious injury or death from electric shock.

To prevent electric shock, wait at least 15 minutes before opening panel doors. Check to ensure all indicators are off
and use test equipment to verify no hazardous voltages are present. The snubber circuit remains charged even after the
power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc.

A\ WARNING
Sudden Movement Hazard

System may start unexpectedly upon application of power, resulting in death or serious injury.

Clear all personnel from the Matrix converter before applying power.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Electrical Shock Hazard
Do not operate equipment with covers removed.
Failure to comply could result in death or serious injury.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Always ground the motor-side grounding terminal.

Improper equipment grounding could result in death or serious injury by contacting the motor case.

Do not perform work on the Matrix converter while wearing loose clothing, jewelry or without eye protection.
Failure to comply could result in death or serious injury.

Remove all metal objects such as watches and rings, secure loose clothing, and wear eye protection before beginning
work on the Matrix converter.

Do not remove covers or touch circuit boards while the power is on.

Failure to comply could result in death or serious injury.

Do not allow unqualified personnel to perform work on the Matrix converter.
Failure to comply could result in death or serious injury.

Installation, maintenance, inspection, and servicing must be performed only by authorized personnel familiar with
installation, adjustment, and maintenance of Medium Voltage AC Matrix converters.
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i.1 General Safety

A\ WARNING
Fire Hazard

Tighten all terminal screws to the specified tightening torque.

Loose electrical connections could result in death or serious injury by fire due to overheating of electrical connections.
Do not use improper combustible materials.

Failure to comply could result in death or serious injury by fire.

Attach the Matrix converter to metal or other noncombustible material.

Do not use an improper voltage source.

Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the Matrix converter matches the voltage of the incoming power supply before applying
power.

A\ CAUTION

Never install a Matrix converter that is damaged or missing components.

Doing so can result in injury.

NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

Never connect or disconnect the motor from the Matrix converter while the Matrix converter is outputting
voltage.

Improper equipment sequencing could result in damage to the Matrix converter.
Do not use unshielded cable for control wiring.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded, twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Check all wiring to ensure that all connections are correct after installing the Matrix converter and connecting
any other devices.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded, twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Failure to comply could result in damage to the Matrix converter.
Do not modify the Matrix converter circuitry.

Failure to comply could result in damage to the Matrix converter and will void warranty.

Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.
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i.2 Preface

i.2 Preface

This manual is designed to ensure correct and suitable application of the Yaskawa MX1S Medium voltage Matrix
converter (hereinafter referred to as Matrix converter). Read this manual before attempting to install, operate, maintain, or
inspect a Matrix converter. Be sure to understand all precautions and safety information before attempting application.

This manual is necessary for maintenance management of the Matrix converter including daily maintenance/checking and
troubleshooting. Keep this manual in a safe place for future reference.
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i.3 Danger Information and Position

i.3 Danger Information and Position

There is danger information provided on the Matrix converter in the locations shown in the following illustration. Always
heed the danger sign.

Single swing door Twin door
o <4— Nameplate for product No. o <4— Nameplate for product No.
4— Door handle ﬂ ﬂ <— Door handle
[-<4— Danger information [ «— Danger information
e ——— -
A A
= =
n—— E

Ventilation holes Ventilation holes Ventilation holes

€ Danger Information

ﬁ f& k=
DANGER
REOENHYBEPL
A REET 3
May cause electric shock
Don't open Door at power ON
NPJL41041<2> —
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i.4 Mechanical Interlock

i.4 Mechanical Interlock

To use a mechanical interlock, install the same mechanical interlock on the incoming circuit breaker panel as that used
with the Matrix converter.

To open the panel door for the high voltage section of the Matrix converter, use the following procedure.

1. Turn off the incoming circuit breaker and remove the key of the mechanical interlock.
2. Use the key to unlock the mechanical lock of the Matrix converter.

Low voltage section

[
(Controller) \  — b
O

~ Medium voltage
section

(Power cells)

olJ

Medium voltage _| ] 53

section
(Transformer) ﬁ
®

S lEie=s
& Be=t]
==z
@@@D

|
|

(A): Mechanical interlock key

Figure i.1 Specification of Interlock Key (Kirk Key type F-Flat mounted)
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i.5 Warranty Information

i.5 Warranty Information

€ Warranty Period

This drive is warranted for 12 months from the date of delivery to the customer or 18 months from the date of shipment
from the Yaskawa factory, whichever comes first.

€ Scope of Warranty

B Inspections

Customers are responsible for periodic inspections of the drive. Upon request, a Yaskawa representative will inspect the
drive for a fee. If the Yaskawa representative finds the drive to be defective due to Yaskawa workmanship or materials
and the defect occurs during the warranty period, this inspection fee will be waived and the problem remedied free of
charge.

B Repairs

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

However, if the Yaskawa Authorized Service Center or representative determines that the problem with the drive is not
due to defective workmanship or materials, the customer will be responsible for the cost of any necessary repairs. Some
problems that are outside the scope of this warranty 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 recommended specifications.

* Problems caused by natural disaster or fire.

* After the free warranty period elapses.

* Replenishment or replacement of consumables or expendables.

* Defective products due to packaging or fumigation.

* Other problems not due to defects in Yaskawa workmanship or materials.

Warranty service is only applicable within the country where the product was purchased. However, after-sales service is
available for customers outside of the country where the product was purchased for a reasonable fee.

Contact your local Yaskawa representative for more information.

B Exceptions

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

@ Restrictions

» The Matrix converter 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 underwater use must contact their Yaskawa representatives or
the nearest Yaskawa sales office.

WARNING! 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.
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i.6 Before Reading This Manual

i.6 Before Reading This Manual

There are places in this manual where the constants (parameter settings) and explanations depend on the version and
capacity of the Matrix converter. Be sure to confirm the version and capacity on the Matrix converter’s nameplate.

Model ——————— @ MODEL CIMR-MX1S#kuds
Capacity —» CAPACITY: HP kA
Input voltage ~—» RATED INPUT VOLTAGE :3-PHASE AC kY
Specifications < Output voltage —» RATED OUTPUT YOLTAGE :3-PHASE AC kY
Output current ——» RATED OUTFUT CURRENT : A
Input frequency ——» "GATED |NPUT FREQUENCY HZ
Manufactured date, mass ———» paTE: MESS: kg
Serial number ——» SERIAL NO, :
YASKAWA ELECTRIC CORPORATION uapan
HP T 54 %ok - 1

Figure i.2 Example of the Matrix converter’s Nameplate
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Handling Matrix converters

This chapter describes the checks required upon receiving or installing an MX1S Matrix converter.
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1.1 Section Safety

1.1 Section Safety

Crush Hazard
Use the fixtures provided on the enclosure sections for lifting.
When moving the MX1S using a crane, the crane must be operated by a qualified and trained crane operator.
Failure to observe this precaution may result in injury or in dropping the Matrix converter.

To lift the Transformer Panel on the large capacity (3500 to 4000 HP) Matrix converter, use the lifting tool provided as
an accessory.

NOTICE

Observe proper electrostatic discharge (ESD) procedures when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

A motor connected to a Pulse Width Modulated (PWM) drive may operate at a higher temperature than a
utility-fed motor and the operating speed range may reduce motor cooling capacity.

Ensure that the motor is suitable for drive duty and/or the motor service factor is adequate to accommodate the
additional heating with the intended operating conditions.
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1.2 Introduction to MX1S Matrix converters

1.2 Introduction to MX1S Matrix converters

€ MX1S Models

The MX1S Matrix converters are classified 4.16 kV. The Matrix converters are suitable for power supply frequency of

60 Hz.

Applicable to motor capacities are 550 HP to 4000 HP (15 models).
Table 1.1 MX1S Models

Voltage gl?;:)el; Max.Applicable Cell Rated . g:::cni?;
Class Frequency Capacity Current Basic Model Number Product Code No. [kVA]
v [HP] [A]
[Hz] <Reference>

550 70 CIMR-MX1SKB070 71686-MX1SKB070 505
700 90 CIMR-MX1SKB090 71686-MX1SKB090 650
800 102 CIMR-MX1SKB102 71686-MX1SKB102 735
900 115 CIMR-MX1SKBI115 71686-MX1SKB115 830
1000 123 CIMR-MX1SKB123 71686-MX1SKB123 890
1250 154 CIMR-MX1SKB154 71686-MX1SKB154 1110
1500 185 CIMR-MX1SKB185 71686-MX1SKB185 1330

4160 60 1750 215 CIMR-MX1SKB215 71686-MX1SKB215 1550
2000 245 CIMR-MX1SKB245 71686-MX1SKB245 1765
2250 281 CIMR-MX1SKB281 71686-MX1SKB281 2025
2500 311 CIMR-MXI1SKB311 71686-MX1SKB311 2240
2750 336 CIMR-MX1SKB336 71686-MX1SKB336 2420
3000 372 CIMR-MX1SKB372 71686-MX1SKB372 2680
3500 436 CIMR-MX1SKB436 71686-MX1SKB436 3140
4000 520 CIMR-MX1SKB520 71686-MX1SKB520 3750
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1.3 Confirmation upon Delivery

1.3 Confirmation upon Delivery

& Checks

Check the following items as soon as the Matrix converter has been delivered.

Table 1.2 Checks

Item Method
Check the model number on the nameplate on the inside of the Matrix converter panel
door.

Has the correct Matrix converter model been delivered?

Inspect the entire exterior of the Matrix converter to see if there are any scratches or
other damage resulting from shipping.

Open the panel doors, and inspect the interior of the Matrix converter to see if there is
any damage or displacement, and to confirm that there are no missing parts.

Is the Matrix converter damaged in any way?

Use a screwdriver or other tool to check for tightness.
Are any screws or other components loose? In particular, check the tightening torque of all terminal screws on the electrical
connections.

If there are any irregularities in the above items, contact your Matrix converter supplier or Yaskawa representative
immediately.

€ Nameplate Information
The nameplate is attached on the inside of the Control Panel door of the Matrix converter.

The nameplate contains information including the model number, specifications, date of manufacture, and serial number.

B Nameplate Sample

An example of a nameplate on a Matrix converter with standard specifications is shown below.

FSDrive-MX1S model ———————— MODEL ' CIMR-MX1S# s

Capacity —» CAPACITY: HP KA

Input voltage =~ —» FATED IWPUT YOLTAGE :3-PHASE AC kY
Specifications < Output voltage —» FATED OUTPUT YOLTARE :3-PHASE AC kY

Output current ——» RATED OUTPUT CURRENT : A

Input frequency ——p LATED JNPUT FREGUENCY: H1
Manufactured date, mass ————» paTE: MASS : kg

Serial number —— % SERIAL NO, :
YASKAWA ELECTRIC CORPORAT [ON uapan
WP [ 54 ok - 1

Figure 1.1 Nameplate Example
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1.3 Confirmation upon Delivery

B Matrix converter Model Descriptions

The Matrix converter model number on the nameplate indicates the specification, voltage class, and maximum capacity of

the Matrix converter in alphanumeric code.

<1> <2>
CIMR MX1S L
Matrix Converter
Use of Purpose
<1>VorX
<2>UorS

0

T

Output voltage
B: 4160 V

Input voltage and frequency
K: 4160V 60 Hz

Figure 1.2 Matrix converter Model Descriptions

YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions

Output Current
070:
090:
102:
115:
123:
154:
185:
215:
245:
281:
311:
336:
372:
436:
520:

70A

90A
102A
115A
123A
154A
185A
215A
245A
281A
311A
336A
372A
436A
520A
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1.4 Product Description

1.4 Product Description

€ MX1S Matrix converter

The MX1S Matrix converter is a Pulse Width Modulated (PWM) type medium voltage inverter unit. This unit offers the
following features:

* A power supply regeneration function which allows dynamic acceleration/deceleration operation.
* Enables a clean power supply with minimum harmonics.
The Matrix converter creates minimal input voltage and current distortion.
* Achieves high efficiency and high power factor.
Matrix converter efficiency: approximately 98 %, power factor: 0.95 or more (at rated speed and 100 % load)
* Output voltage and current waveforms are nearly sinusoidal.
Since the Matrix converter unit generates minimal surge voltage, existing motors or cables can be used without
modification.
* Torque ripple is minimized.

€ Configuration

Figure 1.4 shows typical configurations of MX1S Matrix converters.
As shown in Figure 1.4, the MX1S Matrix converter is composed of three panels:

* Transformer Panel
» Power Cell Panel
* Control Panel (Some smaller models have one panel used for both the Control and Transformer Panel.)

B Transformer Panel

The Transformer Panel houses a dry-type transformer, 4.16 kV/590 V with multiple output windings. The secondary of
the transformer is composed of four steps (12 windings) for 4.16 kV class, each of which is connected to the 3-phase input
of a Power Cell.

Several cooling fan packages are mounted on the top of the enclosure, each containing pressurized ventilation fans. Cool
ambient air (brought through the filters on the Transformer Panel and Power Cell Panel front faces) passes through the
transformer section and Power Cell fin section, flows into the air duct in the panel rear, and is exhausted through the fans
after cooling the main circuit components.

B Power Cell Panel

In the Power Cell Panel, a total of 12 Power Cells, 4 steps for each phase of A (U), B (V) and C (W) output for the 4.16
kV class are mounted. These Power Cells have exactly the same configurations and electric ratings; each Power Cell is a
single-phase matrix converter with 3-phase 590 Vac input.

The power section and the Cell Control Board (CCB) are incorporated into the Power Cell. Each CCB is connected to the
controller in the Control Panel by a fiber optic cable. The CCB controls PWM output of the cell according to the
references sent from the controller through the fiber optic cable. The CCB has protective functions against overvoltage,
undervoltage, IGBT overheat, etc. and sends an answerback to the controller through the fiber optic cable.
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1.4 Product Description

B Control Panel

The Control Panel houses a controller and a control power supply, used to control the Matrix converter and peripheral
devices such as the MCCB (Molded-case Circuit Breaker), sequence I/O relays, and analog 1/O isolation amplifiers.

The control circuit terminal block is mounted in the Control Panel for connection of all external cables except the medium
voltage input cable and motor main circuit wiring.

A 460/480-Vac, 3 phase power supply (by others) is required for the cooling fans and control power.

The controller is composed of a CPU board, modulator board, current detection resistor board, and fiber optic interface
board. The current detection resistor board model differs depending on the Matrix converter capacity. Refer to Current
Detection Resistor Board Models on page 215 for more information. The power supplies are 5 V, +15 V, and 24 Vdc and
are used as a control power supply, an analog I/O power supply, and a sequence I/O power supply respectively. Refer to
List of Recommended Spare Parts on page 214 for the power supply model.

A Digital Operator including the functions of writing/reading of constants and status/fault monitoring, and a modular jack
for connection to a personal computer are provided on the panel face.

Typical Configurations
4.16 kV, 800 HP MX1S

Transformer panel (also used as a control panel)

Cooling fan
/ Power cell panel
-3
Control circuit 1/0O Circuitry | ' Controller
terminals \ ,
= = L1 [ o | ]
1 eI | — al
AT CTTTY [ A —Power cell
— et |
=}
— 1
= [ ° [}
L sn— /
e = [ / g——3—
H | L] { - f
| / Y
Main circuit Transformer with Main circuit
input terminals multi-windings output terminals

Figure 1.3 MX1S Appearance and Internal Diagram (4.16 kV Class 800 HP MX1S)
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4.16 kV, 3000 HP MX1S

26

q p q -] q =] q =]
= = = = i E: 5
J,' - — —-—- — - —
—-—- — ——- — ——

T
|
|
B—
[E—0
T
|
|
T
|
|
B—
Ugs—=0
T
T
|
|
|
DB——0
T
|
|
|
Bie—
U—0
T
=0

O
- = [ - Ho— - — - — - —
[ -] !w! =] =] [i—— - i — - [i—
Cooling fan
g Power cell panel Power cell

Transformer panel
\ 9 P 9 P 9 P\ 9 P| Control Panel

b A e e
P - Ay ¥ N ]
| J — :J
Main circuit /// 4 & —
input terminals / i
R,S,and T e
T
IZS
: r
i:as
Iig
| A T
Grounding .| ‘ I i '
teminal EA o
‘ /
Transformer Main circuit Controller /
output terminals
U,V, and W Control circuit

terminals
Figure 1.4 MX1S Appearance and Internal Diagram (4.16 kV Class 3000 HP MX1S)
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1.5 Dimensions and Weight

1.5 Dimensions and Weight

The MX1S Matrix converter dimensions and weight are shown in the table below.

Table 1.3 Matrix Converter Dimensions

Dimensions mm (in)

Voltage | Frequency I\cnl(l)\#lg! Dimensional Width Haiah Haiaht Do (wi::l’\zthe I‘S«,eloe;::;(;‘);
Class [Hz] MX1SmmOO0 Drawing No. \IN ?_Ilgt ?_llg qu t%(:ﬁ:}%,ae: kg<$I>b)
extent)

070 U anse | o0ss P09 wray | cosy | asso
050 U anse | o0ss P09 wray | cosy | eom
102 U anse | o0ss P09 wray | cosy | eom
13 ! (133‘;(.)286) (92322) 500 (19.69) (i?.g(é)l) (3?)?951) (151‘;0800)
12 U anae | o0s9 P09 wray | cosy | ausso
154 U anae | o0ss P09 wray | gosy | auso
2 | ooy | onss 009 sty | ooy | amso

HSKV |60 2 | ooy | onss P00 sty | ooy | amso
243 2 (1192(.)81) (923.(;%) 500 (19.69) (51:.(;%) (33)?951) (189710400)
281 2 (1192(.)81) (923.(;%) 500 (19.69) (512.(;%) (32)?951) (189710400)
a1 | iosn | ooss) P00 60 | ooy | case
336 3 (25156(.)24) (923.(;(;) 500 (19.69) (6126.(;(‘))) (32)?951) éﬁgg)
o | iosn | eoss P00 60 | ooy | case)
6 ¢ s | c0sH [0 @0 | avon | esm
¢ |ewe | onss 009 @ | avon | eww

<1> Maximum value.
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1.5 Dimensions and Weight

Table 1.4 Matrix Converter Weights

Voltage
Class

Frequency
Hz

Model

CIMR-MX1Smm00

Dimension

Drawing No.

TR Panel
kg (Ib)

Cell Panel
kg (Ib)

Weight
TR + Cell
kg (Ib)

4.16 kV

60

070

1

3900 (8580)

3900 (8580)

090

102

1

4500 (9900)

4500 (9900)

115

123

154

5400 (11880)

5400 (11880)

185

215

5800 (12760)

2100 (4620)

7900 (17380)

245

281

6300 (13860)

2100 (4620)

8400 (18480)

311

336

372

8100 (17820)

2700 (5940)

10800 (23760)

436

520

9100 (20020)

3300 (7260)

12400 (27280)

28

H2

=11

le===0(]

[Efe==0
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[gge==0

H1

D@@D

D2

D1

Figure 1.5 Dimension Drawing 1
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1.5 Dimensions and Weight
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[a]
I
[ o1 [ o1 1[ [ o1 [ oI
— — —
=) [}
ﬁ @ — — —
] ] ]
[} [m) o [}
I ! ==l :
) ) [} )
] ] ]
— — — [ — P 3 P
[
w D2 D1
Figure 1.6 Dimension Drawing 2
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— — —
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] ] 1 — B B B
T
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w D2 D1 ‘

Figure 1.7 Dimension Drawing 3
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1.5 Dimensions and Weight

o
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— — — [ —
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[TASKAWR
]
W D2 D1

Figure 1.8 Dimension Drawing 4
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1.6 Checking and Controlling the Installation Site

1.6 Checking and Controlling the Installation Site

Install the Matrix converter at the installation site as described below and maintain optimum conditions.

@ Installation Site
Install the Matrix converter at a location that satisfies the following requirements.

* Ambient temperature: -5 to +40°C (+23 to +104°F)

* Relative humidity: 95 % Relative Humidity (RH) maximum without condensation

* Free from water drops

* Free from corrosive liquid or gas

* Not subject to excessive dust and iron powder

* Not subject to excessive vibration

* Never install a duct on the air exhausting system.
Modifications on the air exhausting system (cooling fan) on the top of the Matrix converter, such as installing air
exhaust ducts, may lower the cooling effect, resulting in abnormal temperature rise and Matrix converter failure.
If any additional ventilation system such as ductwork is required, consult your Yaskawa representative

in advance.

Refer to the dimension drawings of each Matrix converter model for the space required for installation. If the Matrix
converter must be installed in a location subject to excessive vibration, contact your Yaskawa representative. The Matrix
converter generates audio and radio noise to some extent. This should be considered when selecting the installation
location.

B Required Space Around Panels
Keep space as described below around the panels to maintain sufficient cooling of the Matrix converter.

If the installation space is so limited that the described space cannot be reserved around the panels, contact your Yaskawa
representative.

1. Space Above the Panels
Keep a distance of 1000 mm (40 in) or more between the panel top and the room ceiling.
A cooling fan assembly is provided on the top of each panel. If the room ceiling is too low, cooling air flow may be
limited.
Additionally, sufficient space for removing the cooling fan from the panel top is required for replacement.
2. Space in Front of the Panels
Keep a space of 2000 mm (80 in) or more in front of each panel to allow for maintenance.
Space for a lifter to draw out the cells in the Power Cell Panel is required.
3. Space Behind the Panels
Keep a space of 600 mm (24 in) or more behind each panel to allow for maintenance.
This space is required when leading the cable into the primary switch gear and installing anchors on the back of the
Power Cell Panel.

€ Controlling the Ambient Temperature

To optimize reliability, the Matrix converter should be installed in an environment free from extreme temperature
variations. The ambient temperature and the temperature of incoming air to the panels must be 40°C (104°F) or below.

If the Matrix converter is installed in a room of limited space, such as a small electric room, where the room temperature
may easily increase, use a cooling fan or air conditioner to maintain the room temperature at 40°C (104°F) or below.
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1.6 Checking and Controlling the Installation Site

€ Protecting the Matrix converter from Foreign Matter

Take measures to prevent foreign matter such as metal chips or powder from entering the Matrix converter during
installation.

Make sure that tools and unused parts are not left in or around the panels after installing the Matrix converter. Carefully
check the power flow sections, their surroundings, the air filter section, and the exhaust fan assemblies to confirm that
there are no foreign objects or obstacles.
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1.7 Transportation and Installation

1.7 Transportation and Installation

€ Transporting the MX1S Matrix converter
* To lift the small/middle capacity (550 to 3000 HP) Matrix converter, use the fixtures indicated on the panels.

* To lift the Transformer Panel on the large capacity (3500 to 4000 HP) Matrix converter, use the lifting tool provided as

an accessory.
* Never climb on the panel top.

WARNING! When moving the MX1S using a crane, the crane must be operated by a qualified and trained crane operator.

Failure to observe this precaution may result in injury or in dropping the Matrix converter.

@ Side-by-Side Installation

For 4.16 kV Matrix converters 1500 HP and larger, the packages are separated into two parts for shipment. The panels are

designed to be installed side-by-side.

For these models, eight (8) holes are provided on each of the Transformer Panel frame and Power Cell Panel frame as

shown in Figure 1.9.

Use M10x30L bolts, washers, and S washers to join the panels.

Transformer Panel

Figure 1.9 Mounting Holes for Side-by-Side Installation (Example of 4.16 kV 1750 HP Matrix converter)

Cell Panel

After installing the panels, perform the following wiring procedures.

* Main circuits (between the transformer secondaries and the power cell primaries; and also between the power cell

secondary and the output terminals.)
* Earth bus
* Cooling fans

* Cell control boards (between the power cells and the main controller, via fiber optic cables)

YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions
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1.7 Transportation and Installation

@ Installing a Matrix converter on a Floor
The table below shows the mounting holes and dimensions when installing a Matrix converter on a floor.
Use mounting screws of diameter M 12 to fix the Matrix converter.

Attach and fasten M 12 screws at all the mounting holes to secure the Matrix converter in any installation conditions,
whether there is vibration or not.

Table 1.5 MX1S Installation Dimensions

Panel Dimensions mm (in) Mounting
Voltage Frequency Hz MX1S Model Bottom Hole
Class quency CIMR-MX1SEEOOO | Dimensional | 4 w2 | w3 | wa d N-f mm

Drawing (in)
070 | 1580 1580 3 3 1135 6-£17
(62.20) | (62.20) 44.68) | (0.67)
090 | 1580 1580 3 3 1135 6-f17
(62.20) | (62.20) (44.68) (0.67)
102 | 1580 1580 3 3 1135 6-£17
(62.20) | (62.20) (44.68) (0.67)
115 | 1580 1580 3 3 1135 6-f17
(62.20) | (62.20) (44.68) (0.67)
123 | 1580 1580 3 3 1135 6-£17
(62.20) | (62.20) (44.68) (0.67)
154 | 1580 1580 3 3 1135 6-f17
(62.20) | (62.20) (44.68) (0.67)

185 By 1180 1180 1030 1030 1335 12-17 (0.67)

(46.46) | (46.46) | (40.55) | (40.55) | (52.56)

1180 | 1180 | 1030 [ 1030 | 1335
416kv 60 215 2 (46.46) | (46.46) | (40.55) | (4055 | (52.56) | 1217 (0-67)

1180 | 1180 | 1030 | 1030 | 1335
245 2 (46.46) | (46.46) | (40.55) | (40.55) | (52.56) | 12117 (067)

1180 | 1180 | 1030 | 1030 | 1335
281 2 (46.46) | (46.46) | (40.55) | (4055 | (52.56) | 1217 (067)

1230 | 1230 | 1280 | 1280 | 1535
31 3 48.43) | (48.43) | (50.39) | (5039) | (60.43) | 1217 (0-67)

1230 | 1230 | 1280 | 1280 | 1535
336 3 48.43) | (48.43) | (50.39) | (5039) | (60.43) | 1217 (0-67)

1230 | 1230 | 1280 | 1280 | 1535
372 3 48.43) | (48.43) | (50.39) | (5039) | (60.43) | 12117 (067)

1230 | 1230 | 1580 | 1580 | 1535
436 4 48.43) | (48.43) | (62.20) | (62.20) | (60.43) | 12117 (067)

1230 | 1230 | 1580 | 1580 | 1535
520 4 48.43) | (48.43) | (62.20) | (62.20) | (60.43) | 12117 (067)
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1.7 Transportation and Installation

N-¢O
L/ 20
Cable
inlet
d
]
O] []
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120 w1 w2 120
(Front: with the door removed)
Figure 1.10 Panel Bottom Dimensional Drawing 1
/ N-¢O
s 20
Cable inlet \ d
il
] [ ]
20
120 w1 w2 240 w3 w4 120
(Front: with the door removed)
Figure 1.11 Panel Bottom Dimensional Drawing 2
/ N-¢0 Cable inlet
‘, - = ,/ 20
d
20
w4 120

120 w1 w2 240 w3

(Front: with the door removed)
Figure 1.12 Panel Bottom Dimensional Drawing 3
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1.7 Transportation and Installation
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Cable inlet
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(Front: with the door removed)
Figure 1.13 Panel Bottom Dimensional Drawing 4
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Wiring

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

21 SECTION SAFETY ... .o it ettt s e a e aa e aaens 38
22 STANDARDWIRING . . ... i ittt e e s e e aaas 40
23 TERMINALS . ... i ittt s e a e aaens 42
24 WIRING MAINCIRCUITTERMINALS. . ... . i e e aas 44
2.5 WIRING CONTROL CIRCUIT TERMINALS. .. ...t inen 48
2.6 CONNECTOR FORPERSONALCOMPUTER ........ ... 51
2.7 CABLE CONNECTIONS TO MATRIX CONVERTER TERMINALS ......... 52
28 WIRING CHECK. ... ... i i i ettt a e e a e e aaas 54
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2.1 Section Safety

2.1 Section Safety

A\ DANGER

Electrical Shock Hazard

Disconnect all main power before servicing.
Failure to comply may result in serious injury or death from electric shock.

To prevent electric shock, wait at least 15 minutes before opening panel doors. Check to ensure all indicators are off
and use test equipment to verify no hazardous voltages are present. The snubber circuit remains charged even after the
power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc.

A\ WARNING
Electrical Shock Hazard

Do not operate equipment with covers removed.
Failure to comply could result in death or serious injury.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Always ground the motor-side grounding terminal.

Improper equipment grounding could result in death or serious injury by contacting the motor case.

Do not perform work on the Matrix converter while wearing loose clothing, jewelry or without eye protection.
Failure to comply could result in death or serious injury.

Remove all metal objects such as watches and rings, secure loose clothing, and wear eye protection before beginning
work on the Matrix converter.

Do not remove covers or touch circuit boards while the power is on.
Failure to comply could result in death or serious injury.
Do not allow unqualified personnel to perform work on the Matrix converter.
Failure to comply could result in death or serious injury.
Installation, maintenance, inspection, and servicing must be performed only by authorized personnel familiar with
installation, adjustment, and maintenance of Medium Voltage AC Matrix converters.
Fire Hazard
Tighten all terminal screws to the specified tightening torque.
Loose electrical connections could result in death or serious injury by fire due to overheating of electrical connections.
Do not use improper combustible materials.
Failure to comply could result in death or serious injury by fire.
Attach the Matrix converter to metal or other noncombustible material.
Do not use an improper voltage source.
Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the Matrix converter matches the voltage of the incoming power supply before applying
power.

38 YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions



2.1 Section Safety

NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

Never connect or disconnect the motor from the Matrix converter while the Matrix converter is outputting
voltage.

Improper equipment sequencing could result in damage to the Matrix converter.
Do not use unshielded cable for control wiring.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded, twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Check all wiring to ensure that all connections are correct after installing the Matrix converter and connecting
any other devices.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded, twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Failure to comply could result in damage to the Matrix converter.
Do not modify the Matrix converter circuitry.
Failure to comply could result in damage to the Matrix converter and will void warranty.

Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.
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2.2 Standard Wiring

2.2 Standard Wiring

Figure 2.1 shows the standard connection diagram of the MX1S Matrix converter.
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| Main circuit output terminals

Main circuit three-phase

|
AC power supply R—{]JR u
416 KV s—i{]s ﬁb sy %
60 Hz T—T ES w
|
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! EA
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10Q or less L |
|

Control power supply terminals : 1SO 1SO
~ Cooling fan power supply | Avp AMP
Control power supply R —_ ] RCcontroller power supply
>

AC three-phase  § —{ ] SC Personal
460/480 V T—]TCJ computer for
60 Hz i [CN35] [CN36-38] [ CN34] { Personal  maintenance
. Input voltage Output current Output voltage ‘ computer
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. . Analog inputs RS485/ CN1
Analog input terminals | (4 points) RS232 [}
i E + RS232 =)
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7 L S |
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q p | Ac100v ez &, 2 |9[7TenD 71 1so [1] Ls = Output current
Stop Run . b J; 3 |R[y FG LI AMP[L] L9 = 4t020mADC
i C24V I 0
command command . 13 ) [ L
— I
L - 14 DLo ! Digital inputs —i > 1 o i
15 DI_1 2 10 points ﬁ z ‘
£} - &
i DI_2 3 A i
) h > ] v — .
Primary switchgear - 2 DI 3 4 ﬁ« > |
power on 5 — — 4772 % i
3 |5
>
Operation interlock — 4 DI_4 5 A !
D5 6 !
.5 , Rel L Relay contact ‘
elay outputs .
Reserved ,_70*0_,3 6 circuit| 2= o] ! gpoints | i
7 e 3 N ’—oio— = Relay circuit i
Reserved — " 8 bL7 8 |F¥3K 2 DO_ocom :
o 0 9 — 3 DO_1A :
Reserved _ o 10 * DI_8 9 FO 4 |o| Do_1com ‘ Sequence output terminals
© @ " 5 5 |§| Do2A o305
Reserved — T 12 D9 10 FO 6 DO_2COM FO 31 7, Major fault
P24 " — 7 DO_3A — | 32
| o— o+—0
i DIcomi| | 12 FO 8 DO_3COM FO 33 . Inverter in operation
i 1G24 13 | i
‘ | — 1 [ ] DO_4A ol 3
‘ e DO_4COM 35 1 Inverter ready
i 11 Digital inputs 2 DO_48 ‘
i 2 10 points — 4 |2| po_sa S
3 z O 18] po_scom ? [ 37 = Minor fault
! 4 5 DO_5B 1
I — 7 I
. 5 I
i > L I
| o 1 | DO_6A |
! » o X .
i oL 3K o3 DO_6COM i
i NIB 2 DO_6B i
Q
9 =z
| —— — 4 |§| Dpo_7A |
i D9 |10 | %[ po_rcom i
i P24 1 5 DO_7B i
i DLcOM2| 112 | ] 5o 395
Medium-voltage power supply
1G24 13
[ e | 404 ; off command
I L
5-V Differential output PG ! — !
\ i o Pulse input |
§ j> (A/B/Z pulse 5-V differential input) |
‘ — max. 200 kHz i
12-V open-collector output PG — .
o Pulse input |
1 N 3K (A/B/Z pulse photocoupler input) |
; 38
T — max.100 kHz 1
i |

Figure 2.1 Standard Wiring
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2.2 Standard Wiring

Note: 1. The external connection terminals include main circuit input terminals (R, S, and T), main circuit output terminals (U, V, and W), a
grounding terminal (EA), and control circuit terminals. The control circuit terminals include control power supply input terminals
(RC, SC, and TC), analog I/O terminals (L1 to L15), and sequence I/O output terminals (1 to 40).

2. The analog input terminals (frequency reference) require a 4 to 20 mA input signal.

3. The analog outputs, monitoring output frequency and current, are 4 to 20 mA. They are not used for control such as feedback control.
Be careful not to short circuit these terminals. Doing so will cause malfunction or fault of the Matrix converter.

4. The sequence input terminals 1 through 12 are for contact closures, not an external voltage source. The sequence output terminals are
contact closures. Refer to Table 2.5 for the sequence I/O terminal specifications.

5. Do not use terminals other than grounding terminals for grounding. Doing so may cause malfunction or fault.

6. For flux vector control, PG circuit wiring is required in addition to the standard wiring. Contact your Yaskawa representative if wiring
other than the standard connections are required.

€ Precautions for Main Circuit Power Supply

The MX1S is intended to operate from the grid at 4160 V 10 %, 60 Hz +5 %, with maximum input waveform distortion
of 5 % and maximum source impedance of 5 % (minimum short circuit ratio of 20:1). Consult your Yaskawa
representative if higher distortion or source impedance is anticipated. Also, consult Yaskawa if operating from a private
power generator or variable transformer.
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2.3 Terminals

2.3 Terminals

Figure 2.2 and Figure 2.3 show the terminals provided on the MX1S Matrix converters.

Transformer panel (also used as control panel)

Cooling fan
/ Power cell panel
Control circuit I/0 Controller

terminals circuitry
o ' |
— i = =
% {A Power cell
Main circuit a F
input terminals
R,S,and T —_|
.
©
0
E
Grounding
teminal EA
% {
I w ‘
....... S s ‘
Main circuit
Transformer output terminals
U,V,and W

Figure 2.2 Terminal Locations (4.16 kV class, 800 HP MX1S)
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2.3 Terminals

Cooling fan Power cell panel
Transformer panel /

d

Power cell
P 91E B P f P| Control Panel

\
r
g
/
y——
d /’}r 5
i
N i W
Main circuit i
input terminals i
R,S,and T
—_
~ fe=—2|
b | A Ay ) =
| i , T HE D G BB | :
| | il i sa il & Il — -
Grounding teminal EA P== S, s /13 L Baimmmuntit T A OO o M £ 7
| // /
- \ ‘ Main circuit Controller
ranstormer output terminals Control circuit
U,V,and W

terminals

Figure 2.3 Terminal Locations (4.16 kV class, 3000 HP MX1S)
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2.4 Wiring Main Circuit Terminals

2.4 Wiring Main Circuit Terminals

€ Main Circuit Terminals

B Input Terminals
Table 2.1 Main Circuit Input Terminals

Terminal . S
Code Signal Specifications
R Main circuit phase-R input Primary 3 phase input power
S Main circuit phase-S input 4.16 kV AC
T Main circuit phase-T input 60 Hz

B Output Terminals
Table 2.2 Main Circuit Output Terminals

Teég'(":al Signal Specifications
U Main circuit phase-U output
v Main circuit phase-V output 3 phase output power to motor
W Main circuit phase-W output

@ Applicable Wire Sizes and Crimp Terminals

Refer to Table 2.3 to select appropriate wires and crimp terminals for main circuit wiring and grounding.

Table 2.3 Terminal Screw Size and Applicable Wire Sizes

Voltage Fres Model Rated Terminal Terminal Tightening Applicable Wire Size
Class | 9encY s C“[[G’“t Function Code Screw Size NI;”(?I;'_?“) mm2 (AWG)
- 70 |vo R,S,T,U,V, W M10 (1185'8 :g ﬁéf) 22 t0 100 (4 to 4/0)
150 | Ground |EA M8 Oé Ig ;(6)')8 2210 60 (4 to 1/0)
090 9 |10 R,S, T, U, V, W M10 (1185'8 :g ;340) 22 t0 100 (4 to 4/0)
150 |Ground |EA M8 0910 10.8 |22 10 60 (4 to 1/0)
. 102 |vo R,S,T,U,V, W M10 (1185'8 IZ 5(3);10) 38 t0 100 (2 to 4/0)
150 | Ground |EA M8 0('2 :2 ;(6)')8 2210 60 (4 to 1/0)
416KV 60 . 115 |vo R,S,T,U,V, W M10 (1185'8 Ig 5(3);8 38 t0 100 (2 to 4/0)
150 | Ground |EA M8 Oé :2 ;(6)')8 2210 60 (4 to 1/0)
. 123 |vo R,S,T,U,V, W M10 (1185'8 Ig 5(3);8 38 t0 100 (2 to 4/0)
150 | Ground |EA M8 o(.z :2 ;(6)')8 22 10 60 (4 to 1/0)
. 154 |vo R,S,T,U,V, W M10 (1185'8 :g 5(3);8 38 0 100 (2 to 4/0)
150 | Ground |EA M8 o(.z Ig ég')g 2210 60 (4 to 1/0)
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2.4 Wiring Main Circuit Terminals

Voltage Fre- Model Rated Terminal Terminal Tightening Applicable Wire Size
Class qlfﬁ'z‘]cy CWIRE"“&XSS CU[ZTnt Function Code Screw Size NI::"(?;?n) mm?2 (AWG)

185 /O R,S, T,U, VW M12 3(123;?3?;3')5 60 to 100 (1/0 to 4/0)
" 310 Ground | EA M10 (1185'8 :2 ;340) 22 to 100 (4 to 4/0)

215 /O R,S, T,U, VW M12 3(122;?323')5 60 to 100 (1/0 to 4/0)
o 310 Ground | EA M10 (11858 Ez ;340) 22 to 100 (4 to 4/0)

245 1/0 R,S, T,U,V,W MI12 3(12';;)323')5 60 to 100 (1/0 to 4/0)
e 310 Ground EA MI10 (1185'8 :2 ;340) 22 to 100 (4 to 4/0)

281 1/0 R,S,T,U, VW MI12 3(12';;?323')5 60 to 100 (1/0 to 4/0)
! 310 Ground EA MI10 (1185'8 :Z ;340) 22 to 100 (4 to 4/0)

350 Ground | EA M2 31.5t039.5 | 150 to 325

(279-350) (300MCM to 600MCM)

N O S I Il

350 | Ground | EA Mi2 3(2?5?32(9)55 (135(())0t1\(;lg\/5[ to 600MCM)
372 S e RS TU VW M12 3(12;;?32(9)55 g&ﬁéﬁ to 600MCM)

350 | Ground | EA Mi2 3(1239:?32(9)55 (lss(g)otl\cjlgjl to 600MCM)
136 436 |10 RS TUV.W Mi2 3(12;;?32(9)55 (135(?05\312?\?1 to 600MCM)

600 | Ground | EA MI6 (7689§ EZ 225()) (lss(g)otl\cjlg\f[ to 600MCM)
20 320 |10 RS TUV.W MI2 3(1235?32355 (lss(g)otl\c;lg\f[ to 600MCM)

600 | Ground | EA MI6 (7689§ EZ 2270) (135(?05\312?\?1 to 600MCM)

Note: Line voltage drop must be taken into consideration when selecting wire size.

Select the wire size for the main circuit so that the line voltage drop is <2 % of the rated voltage.
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2.4 Wiring Main Circuit Terminals

€ Wiring the Main Circuits

This section outlines the various steps, precautions, and checkpoints for wiring the main circuit terminals and motor
terminals

WARNING! Do not connect the incoming AC power lines to the output motor terminals of the Matrix converter. Failure to comply could
result in death or serious injury by fire as a result of Matrix converter damage from line voltage application to output terminals.

CAUTION! Incorrect wiring of the power input and output terminals will damage the Matrix converter when the power supply is turned
on, and may result in injury.

NOTICE: When connecting the motor to the Matrix converter output terminals U/T1, V/T2, and W/T3, the phase sequence for the
Matrix converter and motor should match. If the phase sequence is backward, the motor will run in reverse when energized.

NOTICE: Do not connect power factor correction capacitors or LC/RC noise filters to the Matrix converter output. The components will
be destroyed and the action could result in damage to the Matrix converter.

B Wiring the Main Circuit Input Terminals
Observe the following when wiring the main circuit input terminals.

Terminal Block Construction and Cable End Processing

Prepare appropriate cable terminations for the cable size and terminal block.

Connection to the Terminal Block

The input power supply can be connected to any of terminals R, S, or T. The phase sequence of the input power supply is
irrelevant to the output phase sequence. It is recommended that input phase sequence be consistent for ease of future
maintenance.

B Wiring the Main Circuit Output Terminals
Observe the following precautions when wiring the main circuit output terminals.
Connecting a Motor to the Matrix converter
Connect the motor lead wires U, V, and W to the Matrix converter main circuit output terminals U, V, W respectively.

Confirm that the motor rotates in the forward direction under the forward run command during trial operation. If the
motor rotates in reverse, check the output terminal codes and the motor lead wire codes, switch any two of the output
terminals U, V, and W, and reconnect.

NOTICE: Never connect a power supply to the output terminals U, V, and W. Applying voltage to the output terminals will destroy the
Power Cells inside the panel.

NOTICE: Never Short Circuit or Ground the Output Terminals. Equipment damage may result when power is applied.
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2.4 Wiring Main Circuit Terminals

B Ground Wiring
Observe the following when wiring grounding lines.

WARNING! Electrical Shock Hazard. Be sure to ground the Matrix converter ground terminals as follows. Improper equipment
grounding could result in death or serious injury by contacting ungrounded electrical equipment.

Ground resistance 10 ohms or less, wire size 5.5 mm2 minimum

Grounding terminal EA (AWG 10 minimum).

WARNING! Electrical Shock Hazard. Always use a ground wire that complies with technical standards on electrical equipment and
minimize the length of the ground wire. Improper equipment grounding may cause dangerous electrical potentials on equipment
chassis, which could result in death or serious injury.

NOTICE: Do not share the ground wire with other devices such as welding machines or large-current electrical equipment. Improper
equipment grounding could result in Matrix converter or equipment malfunction due to electrical interference.

NOTICE: When using more than one Matrix converter, ground multiple Matrix converters according to instructions. Improper equipment
grounding could result in abnormal operation of Matrix converter or equipment.

O X

Figure 2.4 Ground Wiring

O = Correct. X = Incorrect.
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2.5 Wiring Control Circuit Terminals

2.5 Wiring Control Circuit Terminals

€ Control Circuit Terminal Layout and Specifications

Figure 2.5 shows the control circuit terminal layout and Table 2.4, Table 2.5, and Table 2.6 show each terminal function.
Use appropriate terminals according to the application.

L1to L12 L1toL12
> 40 to 50
1t0 50 110 39

RC RC

sc sc

TC TC
[4.16 KV class, 3000 H.P [4.16 KV class, 800 H.P
FSDrive-MX18] FSDrive-MX1S]

Figure 2.5 Control Circuit Terminal Layout

B Analog I/0O Terminals
Table 2.4 Analog I/0 Terminals

Type Signal Name Signal Level Terminal Code Terminal Function
4 t0 20 mADC, L1 Frequency reference input signal
Analog input terminals Frequency reference | range 0 to Maximum frequency L2 Ground
command L3 Shield ground
4 to 20 mADC, L4 Operating frequency output signal
Output frequency range 0 to Maximum frequency L5 Ground
. output L6 Shield ground
Analog output terminals - -
L7 Operating current output signal
Output current 410 20 mADC, L8 Ground
utput cu range 0 to 150 % output - d
L9 Shield ground
Reserved - - -
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2.5 Wiring Control Circuit Terminals

B Control Circuit Terminals

Table 2.5 Control I/O Signals

110 Vac/7.5 A, 24 Vdc/5 A

Type Signal Name Signal Level Teér:(;:al Terminal Function
Primary switchgear power | Contact input 1 On when primary power is applied
on 110 Vac, 15 mA 2 (Short-circuit at shipment)
Oeration interlock 1 Contact input 3 On when interlocked

P - 110 Vac, 15 mA 4 (Short-circuit at shipment)
Digital Input Contact input 13 3 wire start.st ol S
ontact inpu wire start-stop control. See
Run/Stop 110 Vac, 15 mA 1‘5‘ Figure 2.1
5to12,16to

Reserved - 29, and 38 -
N.O. (Normally Open) relay contact 30
output . . .

Major fault LY4N 110 Vac (manufactured by S\};Slf(ci);r; ﬁ;ﬁ?lfgﬁﬁratlon' Opens in
OMRON Corporation) 31 J )
110 Vac/7.5 A, 24 Vdc/5 A
N.O. relay contact output 3

In operation LY4N 110 Vac (manufactured by Closed during operation

P OMRON Corporation) 3 & op

110 Vac/7.5 A, 24 Vdc/5 A
N.O. relay contact output 34
LY4N 110 Vac (manufactured by Closed when Matrix converter is ready

Ready .

Digital OMRON Corporation) 35 to run
igital outputs 110 Vac/7.5 A, 24 Vde/5 A
N.O. relay contact output 36
. LY4N 110 Vac (manufactured by .

Minor fault OMRON Corporation) - Closes when a minor fault occurs
110 Vac/7.5 A, 24 Vdc/5 A
N.C. (Normally Closed) relay 39

. contact output .

Medium-voltage power Closes when the medium-voltage

supply off con%m:nd LY2N 110 Vac (manufactured by power supply must be shut off ¢
OMRON Corporation) 40

Reserved

B Control Power Supply Input Terminals
Table 2.6 Control Power Supply Input Terminals

Type Signal Name Terminal Function Teég'("gal Remarks
| o R RC
Control power supply input S 460/430 Vac, 60 Hz SC -
terminals
T TC
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2.5 Wiring Control Circuit Terminals

€ Applicable Wire Sizes

Table 2.7 shows the wire size of each terminal. Select an appropriate wire size considering the current capacity.

Tightening

Applicable

Recommended

: Terminal | Terminal : : . : Wire Type
Terminal Type Torque Wire Size Wire Size
Code Screw (N-m) (Ib-in) | mm2 (AWG) mm2 (AWG) (For reference)
Analog /0 0.8to 1.0 0.5t0 2 1.25 . . L
terminals L1to L9 M3.5 (7t09) (20 to 14) (16) Shielded twisted-pair wire <1>
Control I/0 1 to 40 M35 0.8to 1.0 0.5t02 1.25 Insulated vinyl sheathed cable (CVV) for
terminals ' (7t09) (20 to 14) (16) control circuit
Su(;r;tlr}(])li rI: ;::er RC, SC, M5 2t02.5 8to 14 8 600-V vinyl insulated, vinyl sheathed cable
terminals TC (18-22) (8 to 6) ®) (Vv)

<1> Use shielded twisted-pair wires to input an external frequency reference.

€ Control Circuit Wiring Precautions

Observe the following precautions when wiring control circuits.

WARNING! Electrical Shock Hazard. Do not remove covers or touch the circuit boards while the power is on. Failure to comply could
result in death or serious injury.

NOTICE: Separate control I/O wiring, analog I/O wiring and control power supply wiring from each other and from other high-power
wiring. Improper wiring practices could result in Matrix converter malfunction due to electrical interference.

NOTICE: Use twisted pair shielded cables for analog I/O. Insulate shields with tape or shrink tubing to prevent contact with other signal
lines and equipment. Improper wiring practices could result in Matrix converter or equipment malfunction due to short circuit.

NOTICE: Connect the shield of shielded cable to the appropriate ground terminal. Improper equipment grounding could result in Matrix
converter or equipment malfunction or nuisance trips.
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2.6 Connector for Personal Computer

2.6 Connector for Personal Computer

@ Specifications
Table 2.7 Specifications of Connector for Personal Computer

Item Specifications
Connector type Modular jack
Number of poles Eight
-T2 T Lol ]
4 B
S
- N
== ﬁ’ \
- N l
| e M B
==
L J
€ Connection Cable
Use the following cable for connection to a personal computer.
Table 2.8 Personal Computer Connection Cable
Item Specifications
Model JZCP-751904
Length 3m
Manufacturer Yaskawa Electric Corporation
Modular jack D-sub 9-pin female
| =4
L »
! [ I
3.0m
Matrix Converter Personal Computer =
No Signal Description No Signal Description E
] Name ) Name
i o (2
2 | GND Ground 2 | RD RS232 receive signal
3 | GND Ground 3 | TD RS232 send signal
4 :I 4 DTR
5 5 GND Ground
6 | RS232RX | RS232 receive signal 6 | DSR
7 | RS232TX | RS232 send signal 7 RTS
8 8 CTS
9 N.C.

Figure 2.6 Personal Computer Connection Cable and Wiring
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2.7 Cable Connections to Matrix converter Terminals

2.7 Cable Connections to Matrix converter Terminals

Figure 2.7 shows an example of cable connections to the terminals.
Correctly connect the cables to the Matrix converter terminals referring to the figures below.

Attach cable brackets (clamps) at the places shown in the figures.

Main circuit cables

...... Control circuit cables

Main circuit terminals

Control circuit terminals /(Medium-voltage output)

[ O | |

o
ihg

* 3

Cable bracket
(to secure the CW”

» [T )

Main circuit terminals
(Medium-voltage input)

N | P |5 =
Bus bar for cable shield—"T ~ .
Cable bracket

m
g
o

(to secure the CM.

Cable bracket’ | Bus bar for cable shield
(to secure the cable)

Figure 2.7 Cable Connection Example for 4.16 kV Class 800 HP MX1S
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2.7 Cable Connections to Matrix converter Terminals

Main circuit terminals
(Medium-voltage output)

B P o it i o o fit P

- T i i _ i
D W - — = z — :OHLO:
i § N Iu T

Main circuit terminals N

(Medium-voltage input) [%/

3 & g 4

/,F : et | ]
Bus bar for cable shield / “f
Cable bracket \%\i %
(to secure the m{: | —) /Aifl 5] il
S P g D/\ ; T L.

/ Cable bracket

Bus bar for cable shield (to secure the cable)
Figure 2.8 Cable Connection Example for 4.16 kV 3000 HP MX1S
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2.8 Wiring Check

2.8 Wiring Check

& Checks

Check all wiring after work has been completed. Do not use a buzzer to check out control circuits. Use a multimeter.
Confirm the following items:

 All wiring is correct.

* No foreign matter such as drill chips, wire clippings, or unnecessary screws remain.
* All screws are securely tightened.

* No loose wire ends exist at the terminals.
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Digital Operator and Modes

This chapter describes Digital Operator displays and functions, and provides an overview of
operating modes and switching between modes.

3.1 SECTION SAFETY . ..ottt ittt ettt e i e e e eaas 56
3.2 DIGITALOPERATOR. . ... st et et e i e 58
3.3 MODES. ... i i i ittt s 60
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3.1 Section Safety

3.1 Section Safety

A\ DANGER

Electrical Shock Hazard

Disconnect all main power before servicing.
Failure to comply may result in serious injury or death from electric shock.

To prevent electric shock, wait at least 15 minutes before opening panel doors. Check to ensure all indicators are off
and use test equipment to verify no hazardous voltages are present. The snubber circuit remains charged even after the
power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc.

A\ WARNING
Electrical Shock Hazard

Do not operate equipment with covers removed.
Failure to comply could result in death or serious injury.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Always ground the motor-side grounding terminal.

Improper equipment grounding could result in death or serious injury by contacting the motor case.

Do not perform work on the Matrix converter while wearing loose clothing, jewelry or without eye protection.
Failure to comply could result in death or serious injury.

Remove all metal objects such as watches and rings, secure loose clothing, and wear eye protection before beginning
work on the Matrix converter.

Do not remove covers or touch circuit boards while the power is on.
Failure to comply could result in death or serious injury.
Do not allow unqualified personnel to perform work on the Matrix converter.
Failure to comply could result in death or serious injury.
Installation, maintenance, inspection, and servicing must be performed only by authorized personnel familiar with
installation, adjustment, and maintenance of Medium Voltage AC drives.
Fire Hazard
Tighten all terminal screws to the specified tightening torque.
Loose electrical connections could result in death or serious injury by fire due to overheating of electrical connections.
Do not use improper combustible materials.
Failure to comply could result in death or serious injury by fire.
Attach the Matrix converter to metal or other noncombustible material.
Do not use an improper voltage source.
Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the Matrix converter matches the voltage of the incoming power supply before applying
power.
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3.1 Section Safety

NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

Never connect or disconnect the motor from the Matrix converter while the Matrix converter is outputting
voltage.

Improper equipment sequencing could result in damage to the Matrix converter.
Do not use unshielded cable for control wiring.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded, twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Check all the wiring to ensure that all connections are correct after installing the Matrix converter and
connecting any other devices.

Failure to comply could result in damage to the Matrix converter.
Do not modify the Matrix converter circuitry.
Failure to comply could result in damage to the Matrix converter and will void warranty.

Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.
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3.2 Digital Operator

3.2 Digital Operator

This section describes the displays and functions of the Digital Operator.

@ Digital Operator Display

The key names and functions of the Digital Operator are described below.

. . . . .
FWD REV SEQ REF  ALARM
REMOTE

SEILE- ~Ridy—
Frequency Ref

Ui~ =160, BE%

- E2=cf. B
- 82=16. 1R

MENU

mEEE ESC

-«

/ﬁ\ DATA
ENTER

V [ 2
RESET

STOP

DIGITAL OPERATOR JVOP-160

Drive Mode Indicators (LED)

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
circuit terminal is enabled.

REF:  Lit when the frequency reference from control
circuit terminal is enabled.

ALARM: Lit when error activated.
Blinks when alarm activated.

Data Display

Displays monitor data, constant numbers, and settings.

Mode Display (Displayed at upper left of data display.)
DRIVE: Litin Drive Mode.
QUICK: Lit in Quick Programming Mode.
ADV: Lit in Advanced Programming Mode.
A.TUNE: Lit in Autotuning Mode.

: Lit in Fault History Mode.

Keys

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

Figure 3.1 Digital Operator Component Names and Functions
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3.2 Digital Operator

® Digital Operator Keys

The names and functions of the Digital Operator Keys are described in Table 3.1.
Table 3.1 Key Functions

Key Name Function
Switches between operation via the Digital Operator (LOCAL) and control circuit
EuYUl | LOCAL/REMOTE Key terminal operation (REMOTE).
REMOTE This Key can be enabled or disabled by setting user constant 02-01.

MENU MENU Key Selects menu items (modes).

ESC ESC Key Returns to the status before the DATA/ENTER Key was pressed.

Enables jog operation when the Matrix converter is being operated from the Digital

JOG Key Operator.

operated from the Digital Operator.

I;Vg\? FWD/REV Key Selects the rotation direction of the motor when the Matrix converter is being

ShifRESET Key Sets the number of digits for user constant settings.

RESET Also acts as the Reset Key when a fault has occurred.

m

Selects menu items, sets user constant numbers, and increments set values.
Used to move to the next item or data.

>

Increment Key

Selects menu items, sets user constant numbers, and decrements set values.
Used to move to the previous item or data.

<

Decrement Key

DATA Pressed to enter menu items, user constants, and set values.
ENTER DATA/ENTER Key Also used to switch from one display to another.
d RUN Ke Starts the Matrix converter operation when the Matrix converter is being controlled
RUN Y by the Digital Operator.
Y Stops Matrix converter operation.
STOP STOP Key This Key can be enabled or disabled when operating from the control circuit terminal
by setting user constant 02-02.

Note: Except in diagrams, Keys are referred to using the Key names listed in the above table.

There are indicators on the upper left of the RUN and STOP Keys on the Digital Operator. These indicators will light,
flash, and turn off to indicate operating status.

Digital Operator and
Modes

YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions 59



3.3 Modes

3.3 Modes

This section describes the Matrix converter's modes and switching between modes.

€ Matrix converter Modes

The Matrix converter's user constants and monitoring functions are organized in groups called “modes” that make it
easier to read and set user constants. The Matrix converter is equipped with 5 modes.

The 5 modes and their primary functions are shown in the Table 3.2.

Table 3.2 Modes

Mode

Primary Function(s)

Drive mode

The Matrix converter can be run in this mode.
Use this mode when monitoring values such as frequency references or output current, displaying fault
information, or displaying the fault history.

Quick programming mode

Use this mode to reference and set the minimum user constants to operate the Matrix converter (e.g.,
the operating environment of the Matrix converter and Digital Operator).

Advanced programming mode

Use this mode to reference and set all user constants.

Autotuning mode

Use this mode when running a motor with unknown motor constants in the vector control method. The
motor constants are calculated and set automatically.

This mode can also be used to measure only the motor line-to-line resistance.

Always perform autotuning when there is no load connected to the motor, before operating with vector
control.

Fault history mode

Use this mode to display the fault history of a maximum of 256 faults

60

YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions




3.3 Modes

€ Switching Modes

The Mode Selection display will appear when the MENU key is depressed from a monitor or setting display.
Press the MENU key from the Mode Selection Display to sequence through the various modes.

While in a particular mode, press the DATA/ENTER key to monitor data and constants on the Monitor display and again
to change the Monitor display to the Setting display.

Display at Startup

-DRIVE- Rdy
Frequency Ref

U1-[i =0.00%

U1-02=0.00Hz
U1-03=0.0A
Mode Selection Monitor Display Setting Display
Display
DATA N\ =
SR
v ENTER ( ¢ ) oNTER
DRIVE DRIVE Rd DATA
E - E - y RESET DRIVE- Rdy 2| [ -DRIVE- Rdy
MxC * MODE sel * Monitor L i Frequency Ref i i Frequency Ref
..... -01=100.00% | | _U1-[E1=100.00% [~ "I U1-01=1[0.00%
Operation < U1-02=60.00Hz  [# U1-02=60.00Hz < (0.00 to 100.00)
ESC U1-03=10.1A ESC U1-03=10.1A ESC “0.00%”
)
DATA DATA
-QUICK- > [ -auick DA “QUICK-
MxC * MODE sel * > Control Method < > Control Method
) ) < A1-02=2 *2* < A1-02=F] *3*
Quick Setting o IM VEC. With PG o IM VEC. With PG
ey Y
y
DATA > DATA
o Enree) | APV 7AD\£\ccess Level 7AD\£\ccess Level
MxC * MODE sel * > Initialization > < >
A1-[EI=2 A1-01=[Joo2
proaramming [€ IX-01=2 < (0 to 9999) < (0o 9999)
9 9 ESC Access Level EsC ugn ESC ugn
“ATUNE- W “ATUNE- DATA “ATUNE-
MxC * MODE sel * . Tuning Mode Sel ENTER n Tuning Mode Sel
P T1-[H =0 *0* T1-01=[{ *0*
Tuning Mode < Motor Setup (REV) Motor Setup (REV)
ESC “0” ESC “0”
'
. . ENTER Fault History DATA
MxC * MODE sel > ENTER
P 001 ABAT )
Fault History D Weak Battery
ESC 03/07 01:28:45

Figure 3.2 Mode Transitions

To operate the Matrix converter with the Digital Operator, after having used the Digital Operator for another propose,
press the MENU key as needed to sequence to the Drive mode (“-DRIVE-" displayed on the LCD screen). Then press the
DATA/ENTER key to sequence to the Monitor Display.

Digital Operator and
Modes

The Matrix converter will not accept run commands from the Digital Operator if any display other than the Monitor
display in Drive mode is active. When power is turned on, the initial display is the Monitor display in Drive mode.
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& Drive Mode

Drive Mode is the mode in which the Matrix converter can be operated. The following Monitor displays are available in
Drive Mode: frequency reference, output frequency, output current, output voltage, and fault history.

If parameter b1-01 (Reference Selection) has been set to 0, the frequency command can be changed from the Frequency
Setting Display. Use the Increment, Decrement, or SHIFT/RESET key to change the frequency. After the setting has been
changed, press the DATA/ENTER key to save the change. The screen will return to the Monitor display.

B Example Operations

Key operations in drive mode are shown in the following figure.

Display at Startup

-DRIVE- Rdy
Frequency Ref
U1-[8 =0.00%

U1-02=0.00H : ; i i
U1-03=0.0A ‘ Monitor Display Frequency Setting Display
. DATA
M_ode Selection - N m
Display e
DATA
— = 99 _19P
“DRIVE- “DRIVE- Rdy DRIVE- Rdy EDV\T':EAR DRIVE- Rdy
MxC * MODE sel * J Monitor P q Frequency Ref 4 q Frequency Ref
[E-01=100.00% | "1 U1-[E=100.00% [ U1-01=1[10.00%
Operation <~ U1-02=60.00Hz [« U1-02=60.00Hz [« (0.00 to 100.00)
£sc U1-03=10.1A U1-03=10.1A £sc “0.00%"
(=] |
reTeT A 4 A |Z The Frequency Setting
- - BRIVE- Rdy DRIVE- Rdy ; ;
MxC * MODE sel * Monitor Frequency Ref (?.ISpllay \gl" EOt be .
[WE-02=60.00Hz i »| U1-[8=60.00Hz Isplayed when using an
NS N g analog reference
Quick Setting U1-03=10.1A P U1-03=10.1A 9 :
U1-04= 2 U1-04= 2
:
y (=
“ADV- - v |Z
MxC * MODE sel * BRIVE- Rdy DRIVE- Rdy
Monitor P o| Primary Cur Ref.
< >
Programming | -95=0.0% U1-FB= 0.0%
U1-01=100.00% i< U1-01=100.00%
U1-02=60.00Hz Esc U1-02=60.00Hz
Y Y Y
-A TUNE-
MxC * MODE sel *
Tuning Mode
\4 -DRIVEV Rdy DRIVE- Rdy
Year i RESET - Year
MxC * MODE sel * 01= 4 ™ g U4-fl = 4
U4-02= 1.01 < . U4-02="1701
Fault History U4-03=12.34 E U4-03= 12.34
A
_J i v | @
DRIVE- Rdy DRIVE- Rd
Month/Date w - Month/Date
-02= 4 - 7| us-TA=1.01
U4-03=12.34  [& U4-03= 12.34
U4-04= 13.26 Esc U4-04= 13.26

TE6T  BEGT

Figure 3.3 Operations in Drive Mode

Note: If using the Increment or Decrement key to change the constant number, pressing the Increment key when the final constant
number is displayed will return to the constant starting number. Conversely, by pressing the Decrement key when the constant
starting number is displayed, will return to the final constant number. This is indicated in the figures by the letters A and B, and
the numbers 1 to 4. The display for the first monitor constant (frequency reference) will appear when power is turned on.
Operation cannot be started from the mode selection display.
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€ Quick Programming Mode

In quick programming mode, the constants required for Matrix converter trial operation can be monitored and set.

Constants can be changed from the setting displays. Use the Increment, Decrement, and Shift/RESET Keys to change the
constant. After changing the setting, press the DATA/ENTER key to write the user constant to memory and return to the
Monitor Display.

Refer to Description of User Constant Tables on page 84 for details on the constants displayed in quick programming
mode.

B Example Operations

Key operations in quick programming mode are shown in the following figure.

Mode Selection Display Monitor Display Setting Display
—
>
DRIVE-
MxC * MODE sel *
Operation
¢
A 4 =
“QUICK- DA “QUICK- “QUICK-
MxC * MODE sel * B> C::”glz'\_";tt‘;d < > ;‘;"gg'_"lg‘j
< : < .
Quick Setting i N M VE%;, With PG [ M VEK%.Y With PG
ESC
AN v M
\ 4 N “QUICK- o “QUICK-
-ADV- Reference Source |4 »| Reference Source
MxC * MODE sel * b1-01=3 *3* P b1-01=H *3*
PLC < PLC
Programming 3" 3"
AN v 1
N “QUICK- “QUICK-
Y Run Source > g Run Source
ATUNE: b1-02=3 3 | b1-02=K *3*
MxC * MODE sel * PLC l PLC
Tuning Mode Z] A [z
o — e
No-Load Current | 4 q No-Load Current
A 4 - = -
E2-03=32.2A E2-03=[032.2A
(0.0t0 1500.0) [ (0.0 to 1500.0)
MxC * MODE sel “32.2A7 Esc “32.2A
Fault History Z] é [z

__ )

Figure 3.4 Operations in Quick Programming Mode

€ Advanced Programming Mode

In advanced programming mode, all Matrix converter constants can be monitored and set.

Constants can be changed from the setting displays. Use the Increment, Decrement, and Shift/RESET Keys to change the
constants. The user constant will be written and the monitor display will be returned to when the DATA/ENTER Key is
pressed after changing the setting.

Refer to Description of User Constant Tables on page 84 for details on the constants.
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B Example Operations

Key operations in advanced programming mode are shown in the following figure.

Mode Selection Display Monitor Display Setting Display

—

-ADV-

ofo OQ ®L
v

MxC * MODE sel *

Programming

=

-ATUNE-

MxC * MODE sel *

Tuning Mode

=
vy =

fes) [ A0V ' ADv DV
> Initialization ). Access Level < Access Level
P > <
A1-[Hl=2 A1-01=[gJ002
B 01=2 e (0109999) @ (010 9999)
ESC Access Level Esc 2 Eesc wop

MxC * MODE sel *

Fault History

=
A4

-DRIVE-

MxC * MODE sel **

Operation

4

-QUICK-

MxC * MODE sel *

Quick Setting

—

Figure 3.5 Operations in Advanced Programming Mode

B Setting User Constants

; A A
] N v * ™ —
CABVE RESET Al o “ADV-
Control Method g Control Method

Initialization

<

AM-[A=33 | A1-02= H 3
-02=3 *3* i« M VEC With PG [« IM VEC. PG-Less
Control Method EsC esc “Q"

A :lé@
R 7% g™

A 4
\ -ADV- - -ADV- -ADV-
- ‘ Torg Limit Fwd < Torg Limit Fwd
Torque Limit » <
- L7- [=150% L7-01=k150%
01=150% |« (0 to 300) < (0 to 300)
Torq Limit Fwd “150%"” ESC “150%"
4 AN v *
- * > - DATA
-ADV- -ADV- SR -ADV-
- TorgLmtRev Rgn | | Torg Lmt Rev Rgn
Torque Limit <
G L7- [@=150% L7-04=F150%
[Md-04=150% i« (0 to 300) < (0 to 300)
Torg Lmt Rev Rgn Esc “150%”" ESC “150%”

e Yo"

The procedure to change the setting of C1-01 (Acceleration Time 1) from 60 s to 20 s is shown here.

Table 3.3 Setting User Constants in Advanced Programming Mode

Step No.

Digital Operator Display

Description

-DRIVE- Rdy
Frequency Ref

U1-[iH =0.00%

U1-02=0.00Hz
U1-03=0.0A

Turn on the power supply.

-DRIVE-

MxC * MODE sel *

Operation

Press the MENU key to enter drive mode.

-QUICK-
MxC * MODE sel *

Quick Setting

Press the MENU key to enter quick programming mode.

-ADV-
MxC * MODE sel *

Programming

Press the MENU key to enter advanced programming mode.
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Step No.| Digital Operator Display Description
-ADV-
Initialization . .
5 ity Press the DATA/ENTER Key to access monitor display.
Access Level
-ADV-
Accel Time 1
6 C 1-[efl =60.0sec Press the Increment or Decrement Key to display C1-01 (Acceleration Time 1).
(0.0 to 6000.0)
“60.%sec"
-ADV-
Accel Time 1
7 C1-01=[060.0sec Press the DATA/ENTER Key to access setting display. The setting of C1-01 (10.00) is displayed.
(0.0 to 6000.0)
“Go.gsec”
-ADV-
Accel Time 1
8 C1-01=000.0sec Press the Shift/RESET Key to move the flashing digit to the right.
(0.0 to 6000.0)
“60.0sec”
-ADV-
Accel Time 1
9 C1-01=00H10.0sec Press the Increment Key to change set value to 20.00 s.
(0.0 to 6000.0)
“60.0sec”
ADV- Press the DATA/ENTER Key to enter the set data.
10 Entry Accepted “Entry Accepted” is displayed for 1.0 s after the data setting has been confirmed with the DATA/
ENTER Key.
-ADV-
Accel Time 1
11 C1-[H =20.0sec Return to the monitor display for C1-01.
(0.0 to 6000.0)
“60.0sec”

€ Autotuning Mode

This section describes the Autotuning mode and keystroke sequencing. For the actual autotuning procedure, refer to
Autotuning on page 76.

CAUTION! During autotuning, the motor must be disconnected from any load (machine, equipment).
The motor may operate in an unexpected manner, possibly resulting in injury or damage to equipment. Also, motor constants cannot be
correctly set with the motor attached to a load.

CAUTION! Do not touch the motor during autotuning.
The motor may suddenly restart from the stopped state, possibly leading to injury.

NOTICE: Protect both exposed ends of any coupling detached for autotuning with tape or cloth.
Otherwise, the coupling may be damaged or grease may splash.

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

Contact your Yaskawa representative to set motor constants by calculation.

The default setting of the Matrix converter is for flux vector control (A1-02 = 3).
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B Example of Operation

Set the motor output power (in kW) {kW=HP*0.746}, rated voltage, rated current, rated frequency, rated speed, and
number of poles specified on the nameplate on the motor, and then press the RUN Key. The motor will run automatically.
Motor constants will be calculated and set based on the data entered in this paragraph and the autotuning.

Always enter the data noted above and complete the keystroke sequence. Autotuning cannot be started otherwise. For
example, it cannot be started from the motor rated voltage display.

Constants are changed using the Setting Display. Use the Increment, Decrement, and Shift/RESET Keys to change a
constant. After changing the setting and pressing the DATA/ENTER Key, the user constant will be written and the display
will transition from the Setting Display to the Monitor Display.

The following example shows autotuning for open-loop vector control while operating the motor.

Mode Selection Display Monitor Display Setting Display
—
-
“ATUNE- DATA “ATUNE- ﬂ A TUNE-
N . ENTER ol Tuning Mode Sel |4 o | Tuning Mode Sel
MxC * MODE sel » 8 < L P
T1-[H =0 *0* | T1-01=[{ *0
Tuning Mode < N Motor Setup(REV) [€ Motor Setup(REV)
ESC “0” ESC “0”
AN ¢ %
y =2 “ATUNE- “ATUNE-
Rated Frequency | - Rated Frequency
MxC * MODE sel * T1-[(8=60.00Hz T1-05= [1160.00Hz
(0.00 to 400.00) < (0.00 to 400.00)
Fault History "60.00Hz- “60.00HZ’
N y
A TUNE- D “ATUNE-
Number of Poles < n Number of Poles
DRIVE- T-M@=6"6* | T1-06=@ *6*
MxC * MODE sel * 6 < 6
“6” ESC “6“
Operation Z] V A [z
A TUNE- RUN -ATUNE- Ry “ATUNE- Rdy
Auto Tuning - Auto Tuning o Auto Tuning
CAL10 "1 48.0Hz/10.5A 7| 48.0Hz/10.5A
-QUICK- Tuning Ready? START >> GOAL START >>>>> GOAL
MxC * MODE sel * Press RUN key STOP key Aborted STOP key Aborted
2 (=]
Quick Setting \
The display will automatically AT ATRE
. change depending on the UERU%‘Q Y OTUIQ;\T%
-ADV- status of autotuning STOP key Tune Successful
MxC * MODE sel *
Programming

Figure 3.6 Operation in Autotuning Mode
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€ Fault History Mode

Fault history mode is used to display the fault history to a maximum of 256 faults.

The record number of the fault history is included with the data. The latest data is 001 and the oldest data is 256. The
display data can be changed by the Increment Key and the Decrement Key. When a fault has occurred, the Shift/ RESET
Key acts as a fault reset key. If the DATA/ENTER key is pressed, it will return to the drive mode.

Mode Selection Display

R

-A TUNE-
MxC * MODE sel *

Tuning Mode Fault History Display
MENU
| ®
DATA -
MxC * MODE sel * ENTER R Fault History
_ 001 F OGF
Fault History < S Ground Fault
ESC 03/05/09 06:08:54
= i
= v
-DRIVS-* o . Fault History
MxC * MODE sel 158 A BAT
Operation Weak Battery
03/03/1210:25:47
MENU
-QUICK- -
Fault History
MxC * MODE sel *
256 F CFA
Quick Setting B5:COM FLT

02/11/30 11:55:03
= 5T
-ADV-

MxC * MODE sel *

Programming

.

Figure 3.7 Operation in Fault History Mode
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Trial Operation

This chapter describes the procedures for trial operation of the MX1S Matrix converter and
provides an example of trial operation.

41 SECTION SAFETY ... .. i ettt et s e aaens 70
4.2 TRIALOPERATIONFLOWCHART ... ..ot e i ae e e aas 72
4.3 TRIAL OPERATIONPROCEDURES. ....... ...t e e 73
44 MAKING ADJUSTMENTS ... ... et e s i e e aaas 80
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4.1 Section Safety

A\ DANGER

Electrical Shock Hazard

Disconnect all main power before servicing.
Failure to comply may result in serious injury or death from electric shock.

To prevent electric shock, wait at least 15 minutes before opening panel doors. Check to ensure all indicators are off
and use test equipment to verify no hazardous voltages are present. The snubber circuit remains charged even after the
power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc.

A\ WARNING
Electrical Shock Hazard

Do not operate equipment with covers removed.
Failure to comply could result in death or serious injury.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Always ground the motor-side grounding terminal.

Improper equipment grounding could result in death or serious injury by contacting the motor case.

Do not perform work on the Matrix converter while wearing loose clothing, jewelry or without eye protection.
Failure to comply could result in death or serious injury.

Remove all metal objects such as watches and rings, secure loose clothing, and wear eye protection before beginning
work on the Matrix converter.

Do not remove covers or touch circuit boards while the power is on.
Failure to comply could result in death or serious injury.
Do not allow unqualified personnel to perform work on the Matrix converter.
Failure to comply could result in death or serious injury.
Installation, maintenance, inspection, and servicing must be performed only by authorized personnel familiar with
installation, adjustment, and maintenance of Medium Voltage AC drives.
Fire Hazard
Tighten all terminal screws to the specified tightening torque.
Loose electrical connections could result in death or serious injury by fire due to overheating of electrical connections.
Do not use improper combustible materials.
Failure to comply could result in death or serious injury by fire.
Attach the Matrix converter to metal or other noncombustible material.
Do not use an improper voltage source.
Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the Matrix converter matches the voltage of the incoming power supply before applying
power.
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NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

Never connect or disconnect the motor from the Matrix converter while the Matrix converter is outputting
voltage.

Improper equipment sequencing could result in damage to the Matrix converter.

Do not use unshielded cable for control wiring.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Do not allow unqualified personnel to use the product.

Failure to comply could result in damage to the Matrix converter.

Do not modify the Matrix converter circuitry.

Failure to comply could result in damage to the Matrix converter and will void warranty.

Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.

Check all the wiring to ensure that all connections are correct after installing the Matrix converter and
connecting any other devices.

Failure to comply could result in damage to the Matrix converter.
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4.2 Trial Operation Flowchart

4.2 Trial Operation Flowchart

Carry out a trial operation according to the flowchart below.

Start

Inspecting and Retightening
of Screws and Bolts

Measuring Transformer
Insulation Resistance

Turning on the Control Power

Checking the Display Status

Basic Settings

Selecting the Control Mode

Turning on the Main Circuit
Power Supply

<1>

Autotuning <1> If the maximum output frequency is
different from the base frequency, set
the maximum output frequency

(E1-04) after autotuning.

Making Application Settings

Checking No-load Operation

-

Checking Loaded Operation

Adjustment and Setting by
Constant

Checking and Recording
User Constants

End

Figure 4.1 Trial Operation Flowchart
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4.3 Trial Operation Procedures

The procedures for trial operation are described in this section.

DANGER! Disconnect all main power before servicing. To prevent electric shock, wait at least 15 minutes before opening panel doors.
Check to ensure all indicators are off and use test equipment to verify no hazardous voltages are present. The snubber circuit remains
charged even after the power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc. Failure to comply may result serious injury of death from electric shock.

DANGER! The MX1S Matrix converter has two (2) sources of power, the 4160V main supply and a 480V control power supply. Make
sure that both sources are off before inspecting and retightening or measuring transformer insulation. Failure to observe this precaution
may result in serious personal injury or death.

@ Inspecting and Retightening Screws and Bolts

After installing and wiring the Matrix converter, visually check the components on and in the panels and confirm that
nothing is damaged or missing.

Also check for loose screws or bolts, and retighten if necessary.

€ Measuring Transformer Insulation Resistance

CAUTION! The primary circuit is grounded at high-resistance for input voltage detection. Isolate both the grounding wire and the
detection signal wires that are connected to the control board before measuring insulation resistance. Failure to observe this precaution
may result in minor injury.

Disconnect the incoming primary line from the Matrix converter, and then measure the insulation resistance at the
transformer input terminal using a 1000 V Megohmmeter insulation resistance tester. Confirm that the measured value is
30 Mohms or more.

€ Turning on the Control Power

Items to be checked before turning on the control power supply:

* Confirm that the control power supply is the correct voltage.
* Confirm that the control circuit terminals and controller are correctly connected.
* When using a PG, be certain the PG is correctly wired.

Items to be checked after turning on the control power supply:

* Measure the voltage input from the control power supply.
If the input voltage is different from the value indicated on the connection diagram, switch the transformer tap setting
for control, and measure the transformer secondary side voltage.

* Manually operate the cooling fan and check the following:
Rotation direction, vibration, and air leakage.

€ Checking the Display Status

When the power is turned on, the Digital Operator display in the normal status reads as follows.

DRIVE- “Rdy-
[Display in the normal status] U1 _Fre uz]»c]yoRSf_oooo Monitor displays the speed (frequency) reference
U1-02=6000Hz on the data display screen
U1-03=1001A

When the Matrix converter detects an alarm, the details of the alarm are displayed on the Digital Operator. Take
appropriate measures by referring to Troubleshooting on page 199. A sample display with an alarm detected is shown
below. When an alarm is detected, the ALARM lamp at the upper right of the Digital Operator lights or flashes.
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[Display at alarm detection]

Current Fault
001 A AUV
Under Voltage
03/05 12:01:12

The display varies depending on the details of
the alarm. The figure to the left shows an
example when main circuit power supply
voltage reduction (AUV) was detected.

€ Basic Settings

Switch to the quick programming mode (QUICK will be displayed on the LCD screen), and then set the following user

constants.

Refer to Digital Operator and Modes on page 55 for Digital Operator operating procedures and to Description of User

Constant Tables on page 84 and Constant Settings by Function on page 135 for details on user constants.

Table 4.1 Required and Optional Constant Settings

R: Required constant settings, O: Optional constant settings

Constant o . Factory
Category Number Name Description Setting Range Setting
Select the MX1S control mode.
R A1-02 Control method selection | 2: Open-loop vector control 2or3 3
3: Flux vector control
Select the frequency reference input method.
0: Digital Operator
R b1-01 Reference selection 1: Control circuit terminal (analog input) 0to3 3
2: MEMOBUS communications
3: PLC
Select the Run Command input method.
0: Digital Operator
R b1-02 Starting method selection | 1: Control circuit terminal (sequence input) 0Oto3 3
2: MEMOBUS communications
3:PLC
Select the stopping method used when a Stop
0 b1-03 Stopp.lng method Command is input. 0orl |
selection 0: Deceleration to stop
1: Coast to stop
R C1-01 Acceleration time 1 Set the acceleration time to accelerate from O tothe - 1 60000 | 60.0's
maximum output frequency, in 1-second units.
R C1-02 Deceleration time 1 Set tbe deceleration time to decelérate from the . 0.0 to 6000.0 60.0 s
maximum output frequency to 0, in 1-second units.
0.00 to
(0] d1-01 Frequency reference 1 Set the frequency reference. 110.00 0.00 %
Set the voltage input to the matrix converter cell in 1-
. V units.
R El-01 Input voltage setting This is used as the reference value for the protective 1800700 S0V
functions, etc.
Maximum output
frequency Voltage:
R E1-04 to -06 | Maximum voltage Set the voltages and frequencies required for V/f 0 to 8000 V Refer to page
and -09 Base frequency characteristics Frequency: 101.
Minimum output 0 to 8000 r/min
frequency
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R: Required constant settings, O: Optional constant settings

Category ('J‘lc')'lr:'s;gaer:'t Name Description Setting Range I;aet::::‘rg
Motor rated current
R E2-01 to -04 Motor rated slip Set the motor constants according to the Refer to page | Refer to page
Motor no-load current specifications on the nameplate, test report, etc. 102. 102.
Number of motor poles
. o Code
The code indicating the MX1S capacity is set before .
shipment. Normally, the initial setting can be left corresponding
O 02-04 MXI1S Capacity Selection ! ’ .. 60 to FF to Matrix
unchanged. Confirm the setting in Advanced
. converter
Programming Mode. .
capacity

€ Control Method Settings

Autotuning methods depend on the control method set for the Matrix converter. Select the setting based on the control
method intended to be used.

B Control Method Selection

Either of the following two control methods can be selected.

Control Method Constant Setting Basic Control Main Applications
Open-loop vector Current vector control Variable speed control that requires high performance without using
Al1-02=2 .
control without a PG a PG
A1-02=3 Current vector control with | Ultra high-performance control using a PG such as high-accuracy
Flux vector control . ..
(Factory setting) a PG speed control, torque control, and torque limit

€ Turning on the Medium-voltage Power Supply

DANGER! Check to be sure that Matrix converter door is closed before tuning on the main circuit power supply.
Do not open the Matrix converter door while power is being supplied. Electric shock may occur.

Items to be checked before turning on the main circuit power supply:

* Confirm that the main circuit power supply is correct voltage.

* Confirm that the Matrix converter main circuit input and output terminals (input terminals R, S, and T and output
terminals U, V, and W) are correctly connected.

* Confirm that the motor is not connected to a mechanical system (No-load status).

Items to be checked after turning on the main circuit power supply:

DANGER! The following measurements must be carried out by personnel qualified for medium-voltage work. There is significant risk of
electric shock that could result in injury or death.

* Measure the input voltage of each Power Cell.
Measure the input voltage of each power cell using a digital multimeter. (Measure the voltage between L1, L2, L3 of
each power cell.) The measured input voltage must be the rated voltage (590 Vac) £10 V. If the majority of measured
values exceeds the allowable range, remove power and adjust the primary voltage tap (+5, 0, or —5 % can be selected)..

Confirm the following by using the Digital Operator.

* Confirm input power supply voltage U1-90.
« Is the Matrix converter in the normal status?
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€ Autotuning

CAUTION! During autotuning, the motor must be disconnected from any load (machine, equipment).
The motor may operate in an unexpected manner, possibly resulting in injury or damage to equipment. Also, motor constants cannot be
correctly set with the motor attached to a load.

CAUTION! Protect both exposed ends of any coupling detached for autotuning with tape or cloth.
Otherwise, the coupling may be damaged or grease may splash.

CAUTION! Do not touch the motor during autotuning.
The motor may suddenly restart from the stopped state, leading to injury.

Use the following procedure to perform autotuning to automatically set motor constants.
If the control method is changed after autotuning, perform autotuning again.

Press the STOP Key on the Digital Operator to cancel autotuning.
B Setting the Autotuning Mode

For an example of the keystroke sequencing, refer to Example of Operation on page 66.

Rotational autotuning (T1-01 = 0)

Set T1-01 to 0, input the data described on the nameplate, and then press the RUN Key on the Digital Operator. The
Matrix converter will keep the motor stopped for approximately one minute and then set all the required motor constants
while operating the motor for approximately four minutes.

Stationary autotuning for line-to-line resistance only (T1-01 = 2)

This mode can be used to improve control accuracy when the motor cable is long (50 m or longer), the length of the motor
cable has been changed at installation after performing autotuning, or the capacities of the motor and Matrix converter
differ.

By setting T1-01 to 2 and pressing the RUN Key on the Digital Operator, the Matrix converter will energize the motor
while it is stopped for approximately one minute and automatically measure the line-to-line resistance of the motor (E2-
05) and cable resistance.

CAUTION! Sudden Movement Hazard. Do not release the mechanical brake during stationary Auto-Tuning. Inadvertent brake release
may cause damage to equipment or injury to personnel. Ensure that the mechanical brake release circuit is not controlled by the Matrix
converter multi-function digital outputs.

DANGER! Electrical Shock Hazard. When executing stationary Auto-Tuning for line-to-line resistance only, the motor does not rotate,

however, power is applied. Do not touch the motor until Auto-Tuning is completed. Failure to comply may result in injury from electric
shock.
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B Precautions before Performing Autotuning

If the motor nameplate voltage is higher than Matrix converter input voltage, several parameters need to be adjusted for
proper motor excitation during autotuning. If this is the case, (refer to Figure 4.2), decrease the motor rated voltage and
base frequency parameters for proper autotuning.

Perform autotuning by following the procedure below.

1. Enter the Matrix converter input voltage (main circuit power supply voltage) into T1-03 (Motor rated voltage).
2. Input the value obtained by the calculation below for T1-05 (Motor base frequency).
(Base frequency stated on the motor nameplate) x (T1-03 set value) / (Rated voltage stated on the motor
nameplate)
3. Execute autotuning.

Input the base frequency stated on the nameplate of the motor for E1-04 (Maximum output frequency) after completion of
autotuning.
Output voltage
Rated voltage stated =~ |===========ccciiii o -t

on the motor nameplate e
T1-03 fmmmmmmmmmmmm oo ’

» Output frequency
Base frequency stated Base frequency stated on the motor nameplate

on the motor nameplate xT1-03

Rated voltage stated on the motor nameplate
Figure 4.2 Motor Base Frequency and Matrix converter Main Circuit Voltage Settings

Note: 1. When speed accuracy is required in the high-speed range (90 % or more of the rated speed), set “input power supply voltage 0.9” for
T1-03 (Motor rated voltage).
2. In the high-speed range (90 % or more of the rated speed), the output current will increase in relation to the decrease of the main
circuit power supply voltage. Confirm the current margin of the Matrix converter.

B Precautions after Performing Autotuning

If the desired maximum output frequency is different from the base frequency, set the maximum output frequency (E1-04)
after completion of autotuning.

B Constant Settings for Autotuning
The following constants must be set before autotuning.

Table 4.2 Constants to be Set Before Autotuning

Name Data Displays during
Constant o Setting Factory Autotuning
Description :
No. Displa Range Setting [ Open-loop | Flux
play Vector Vector
Autotuning mode Set the autotuning mode.
selection 0: Rotational autotuning
T1-01 . . . . Oor2 0 Yes Yes
. 2: Stationary autotuning for line-to-line
Tuning Mode Sel .
resistance only
Motor rated voltage Set the voltage equivalent to the rated speed of
T1-03 no-load operation. (T.yplcally the narnepla'te 0 to 8000 Voltages set in Yes Yes
Rated Voltage voltage. See Precautions before Performing E1-13
Autotuning on page 77)
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NETTE Data Displays during
Constant e Setting Factory Autotuning
Description -
No. Displa Range Setting Open-loop Flux
play Vector Vector
Motor rated current Set the motor rated current in units of amps. 01t Amper tin
T1-04 <I> <4> (Set the rated current indicated on the oo DEres s¢ Yes Yes
Rated Current 1500.0 <7> | E2-01
nameplate.)
Motor base frequency | Set the motor base frequfengy in hertz. <2> <3> 0.00 to Hertz set in
T1-05 (Set the rated frequency indicated on the Yes Yes
Rated frequency 400.00 E1-06
nameplate.)
Number of motor poles Set the number of motor poles. (Set the number Number (.)f
T1-06 o 2 to 48 poles set in Yes Yes
Number of Poles of motor poles indicated on the nameplate.) E2-04
Motor b d i i
T1-07 otor base spee Set the. mQtor base speed in r/min <2> (Set the 0 t0 12000 Calculatfxli Yes Yes
Rated speed speed indicated on the nameplate) value r/min
Number of PG pulses | Set the number of pulses per revolution for the Number of
T1-08 when tuning PG (pulse generator or encoder) being used 0to 8192 |pulsessetin |- Yes
PG Pulses/Rev without any multiplication factor. H7-01
Set the insulation class described on the motor
Motor insulation class nameplatg
0: Insulation class A (100°C)
T1-10 1: Insulation class B (120°C) Oto4 1 Yes Yes
2: Insulation class C (130°C)
Insulating Class 3: Insulation class D (155°C)
4: Insulation class E (180°C)

<1> Setting range is between 10 and 200 % of the Matrix converter rated output current.

<2> For fixed output motors, set the base speed value.

<3> For inverter motors or for specialized vector motors, the voltage or frequency may be lower than for general-purpose motors. Always confirm
the information on the nameplate or in test reports. If the no-load values are known, input the no-load voltage in T1-03 and the no-load frequency
in T1-05 to ensure accuracy.

<4> The settings that ensure stable vector control are between 50 and 100 % of the Matrix converter rating.

Refer to Autotuning Mode on page 65 for Digital Operator displays during autotuning.

B Precautions When Setting Constants Using Precise Data

When performing autotuning by setting the constants to the values noted on the motor test report or design data, the
contents of data to be set for autotuning differ as shown in the table below.

Digital Operator Display
(Constant No.)

Normal Setting

Setting with Precise Data

T1-03

Motor rated voltage

No-load voltage at motor rated speed

T1-05

Motor base frequency

No-load frequency at motor rated speed

€ Making Application Settings

Set the constants as required in advanced programming mode (ADV will be displayed on the LCD screen). All constants
that can be set in quick programming mode can also be displayed and set in advanced programming mode.

Two setting examples for specific requirements are given below.

* To operate the machine in reverse, set b1-04 to 0 to enable reverse operation.

* To increase the speed of a 60 Hz motor by 10 %, set E1-04 to 66.0 Hz.
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€ Checking No-load Operation

Disconnect the motor from the machine, and then press the LOCAL/REMOTE Key on the Digital Operator to select
LOCAL mode (the LED indicator lamps SEQ and REF on the Digital Operator will turn off).

After confirming safety conditions around the motor and the machine, operate the Matrix converter from the Digital
Operator. Confirm that the motor rotates correctly and that no fault is displayed on the Digital Operator.

The motor will continue running at the JOG speed reference (d1-17, factory setting 10.00 %) as long as the JOG Key on
the Digital Operator is being pressed. If the external sequence prevents operation from the Digital Operator, confirm that
the emergency stop circuits and machine safety mechanisms function correctly, and then start operation in REMOTE
mode (i.e., with signals from the control circuit terminals). Safety precautions must always be taken whether the motor is
connected to a machine or not.

Note: Both a Run command (forward/reverse) and frequency reference (or multi-step speed reference) must be input to start Matrix
converter operation.
Input the command and reference whether the operation method is Local or Remote.

€ Checking Loaded Operation

Connect the machine to the motor, and start operation from the Digital Operator or using signals from the control circuit
terminals in the same way as described in No-load Operation.

B Connecting the Load

* After confirming that the motor is completely stopped, connect the machine to the motor.
* Be sure to tighten all screws when securing the motor shaft to the machine.

B Operation Using the Digital Operator

+ Use the Digital Operator to start operation in LOCAL mode in the same way as for no-load operation.

* Make sure that the STOP Key on the Digital Operator can be easily accessed in case of fault occurrence.
* Set the frequency reference to a low-speed value, approximately one tenth of the actual operation speed.

B Checking Operation Status

* Confirm that the operating direction is correct and that the machine operates smoothly at a low-speed, and then increase
the frequency reference.

» Change the frequency reference (and rotation direction if the application can operate in reverse) to confirm that there is
no vibration or abnormal noise from the machine. Check the monitor display to ensure that U1-03 (Output Current) is
not too high.

* If there are problems such as hunting and vibration caused by control performance, refer to Making Adjustments on
page 80 and adjust the settings.

€ Checking and Recording User Constants

Check the constants for which the settings were changed during trial operation, and record them in the constants table.
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4.4 Making Adjustments

If problems such as hunting and vibration caused by control performance occur during trial operation, change the settings
of the constants listed below according to the selected control method. The table below lists only the most commonly
used constants.

Table 4.3 Constants to be Adjusted

Control Name : Factory | Recommended .
Method (Constant No.) T S Setting Setting A ITIETES Lo G 1
* Improves torque and .
Speed feedback detection speed response. If torque or speed response 15
. . slow, reduce the setting.
control (AFR) gain * Reduces hunting and 2.00 0.50 to0 2.00 . .
. . . * If hunting or vibration occurs,
(n2-01) vibration at middle-speed increase the settin
(10 to 40 Hz) &
Torque Compensation * Improves torque and « If torque or speed response is
. . speed response. slow, reduce the setting.
primary delay time constant] . 100 ms 0 to 10000 ms . o
* Reduces hunting and * If hunting or vibration occurs,
(C4-02) o . .
vibration increase the setting.
Open-loop
vector control
(A1-02=2) . . . « If speed response is slow, reduce
Slip compensation primary |+ Improves speed .
. the setting.
delay time constant response. 3000 ms 100 to 5000 ms X .
. * If speed is unstable, increase the
(C3-02) * Increases speed stability .
setting.
* If speed is too low, increase the
Slip compensation gain  Improves speed 10 051015 setting.
(C3-01) accuracy. ’ ' ’ « If speed is too high, decrease the
setting.
Speed control (ASR)
proportional gain 1 * Improves torque and « If torque or speed response is
(C5-01) speed response. slow, increase the setting.
Speed control (ASR) * Reduces hunting and 500 2:00t0 15.00 * If hunting or vibration occurs,
proportional gain 2 vibration decrease the setting.
(C5-03)
Speed control (ASR)
integral time 1
Flux vector (High-speed) * Improves torque and * If torque or speed response is
(C5-02) speed response slow, decrease the setting.
control . 5.000 s 1.000 to 10.000 s . o
(A1-02=3) Speed control (ASR) * Reduces hunting and * If hunting or vibration occurs,
integral time 2 vibration increase the setting.
(Low-speed)
(C5-04)
Speed control (ASR) gain SWltChe'S the ASR Set the outpu.t frequepcy SO Fhat the
o proportional gain and ASR proportional gain and integral
switching frequency . . . 0.0 % 0.0 to 100.0 % .
integral time according to time can be secured at both low and
(C5-07) .
the output frequency. high speeds.
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The constant settings that indirectly change control performance are listed below.

Table 4.4 Constants that Indirectly Change Control Performance and their Functions

Name (Constant No.)

Functions

Acceleration/deceleration time (C1-01 to -11)

Affects the torque during acceleration and deceleration.

S-curve characteristics (C2-01 to -04)

Used to prevent shock at completion of acceleration/deceleration.

Jump frequency (d3-01 to -04)

Used to avoid machine resonance points during operation.

Analog input filter time constant (H3-16)

Used to prevent fluctuation of analog input signals caused by noise.

Stall prevention (L3-01 to -03)

Used to prevent motor stall or overvoltage (OV) for heavy-load operation or rapid
acceleration.
Factory setting: Disabled

Torque limit (L7-01 to -04)

Sets the maximum torque for vector control. When increasing the setting, use a Matrix
converter with higher capacity than the motor. Excessively decreasing the setting under
heavy load will cause motor stall.
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User Constants

This chapter describes all user constants that can be set in the MX1S Matrix converter.

5.1 USER CONSTANT DESCRIPTIONS
5.2 USER CONSTANT TABLES ......
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5.1 User Constant Descriptions

This section describes the contents of the user constant tables.

€ Description of User Constant Tables

User constant tables are structured as shown below. Here, A1-00 (Digital Operator Language Selection) is used as an

example.
Control
Name
Methods
Constant Description Setting | Factory %'L??ngge Oven MEMOBUS
Number Display Range | Setting Operation Igop VFIL;X Register
Vector | Y€¢OF
Language selection for | Selects the language displayed on
Digital Operat igi
A1-00 igital Operator the LC]? Digital Operator. 0or | Yes A A 100H
display 0: English
Select Language 1: Japanese

« Constant Number:

* Name:

* Description:

* Setting Range:

* Factory Setting:

* Change during Operation:

« Control Methods:

* MEMOBUS Register:

84

The number of the user constant.
The name of the user constant.
Details of the function or settings of the user constant.

The setting range for the user constant.

For some constants, the factory setting may change depending on Control Method selected. For an
MX1S made to a customer’s specification, the factory settings of some constants may have been

changed.
Indicates whether or not the constant can be changed while the Matrix converter is in operation.

Yes:
No:

Q:
A:
No:

Change possible during operation.

Change not possible during operation.
Indicates the control methods in which the user constant can be monitored or set. Refer to page 60
for details of Matrix converter modes.

Items which can be monitored and set in either quick programming mode or advanced

programming mode.

Items which can be monitored and set only in advanced programming mode.

Items which cannot be monitored or set for the control method.

The register number used for MEMOBUS communications.
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5.2 User Constant Tables

This section describes the contents of the user constant tables.
Refer to the parameter setting table included in the performance test record for the set values at the time of shipment and

the completion of a test run.

NGurrgggr Group Name Fnzﬁ'g:fl Functional Name
Al Initialize Mode
A Setup Settings A3 Hi Speed Trace
A4 Lo Speed Trace
bl Operation Mode Selections
L b2 DC Injection Braking
B Application Constants
b3 Speed Search
b7 Droop Control
C1 Acceleration/Deceleration
C2 S-curve Acceleration/Deceleration Time
C Tuning Constants C3 Motor Slip Compensation
C4 Torque Compensation
C5 Speed Control - Automatic Speed Regulator (ASR)
dl Frequency Reference
d2 Frequency Reference Limits
D Reference Constants -
d3 Jump Frequencies
d6 Field Forcing Control
El V/f Pattern
E Motor Constants
E2 Motor Setup
F PLC Constants F8 PLC
H1 Multi-function Contact Inputs
H2 Multi-function Contact Outputs
H Terminal Function Constants <7> H3 Multi-function Analog Inputs
H4 Multi-function Analog Outputs
H7 PG Setup
L1 Motor Protection
L2 Momentary Power Loss Ridethrough
L3 Stall Prevention
L4 Frequency Detection
L Protection Function Constants L5 Fault Restart
L6 Overtorque/Undertorque Detection
L7 Torque Limits
L8 Hardware Protection 1
L9 Hardware Protection 2
) . n2 Speed Feedback Detection Control Functions (AFR)
N Special Adjustments -
n9 Factory Adjustment
.. ol Monitor Select
(0] Digital Operator Constants - - -
02 Multi-function Selections
Y Factory Settings Y1 Factory Settings 2
T Motor Autotuning T1 Autotuning
Ul Monitors
U Monitor Constants U2 Fault Trace
U4 Calendar

<1>The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application. “H” parameters
and the terminals they control are not normally part of user setup.
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€ A: Setup Settings

The following settings are made using the environment constants (A constants): Language displayed on the Digital
Operator, access level, control method, initialization of constants.

B A1: Initialize Mode

User constants for the environment modes are shown in the following table.

Control
Name
Methods
Constant Describtion Setting | Factory %I:I?_?nge MEMOBUS
Number . P Range [ Setting | 9 | Open-| .« | Register
Display peration | oop Vector
Vector
Language selection for | Selects the language displayed on
Digital Operat igi
A1-00 ‘1g1 al Operator the LCD Digital Operator. 0orl | Yes A A 100H
display 0:English
Select Language 1:Japanese
Selects the constant access level
(read only or set and read.)
Constant access level 0: Monitoring only (Monitoring
drive mode and initialize mode.)
Al1-01 2:Advanced (A) Oor2 2 No A A 101H
(Constants can be read and set in
both quick programming (Q) mode
Access Level .
and advanced programming (A)
mode.)
Control method 2: Open-loop vector control
AL-02 selection 3: Flux vector'control 2.3 3 No 0 Q 102H
This constant is not set by the
Control Method e 1 .
initialize operation.
o Sets the constants using the
Initialize specified method. Oto
A1-03 0: No initializing 0000 No A A 103H
R 9999
Init Parameters 2220: Initializes to the factory
settings.
P d >
A1-04 asswor (Manufacturer’s password 0to 0000 No A A 104H
Enter Password number) 9999
Simulation Mode (1) glsiﬁledd
A1-06 A.lwrallas :et to 0: Disabled durin Oorl 0 No A A 106H
Test Mode Sel Y ’ &
operation.
Y tti
Al-11 ear setting Sets the year of calendar. 0 to B No A A 10BH
Year (The lower two places) 99
Month and Date
AL12 setting Sets the month and the day of 1.01 to B No A A 10CH
calendar. 12.31
Month/Date
Hour and Minute 0.00 ¢
Al-13 setting Sets the hours and the minutes. 2 35 90 - No A A 10DH
Hour/Minute '

86

YASKAWA ELECTRIC EZZ010917 FSDrive-MX1S Instructions




5.2 User Constant Tables

B A3: Hi Speed Trace

User constants for Hi speed trace are shown in the following table.

Note: Constant groups A3 and A4 select parameters to be output at time of Matrix converter fault. These parameters can be viewed with
the DriveTool PC software. Normally they do not need to be changed.

Name Control
Methods
Constant S Setting | Factory %hapge MEMOBUS
Number Description Range | Setting uring Open- | g Register
Display Operation | loop Vecgt);r
Vector

Trace data 01 selection 00H to 40H

A3-01 No A A 130H
Trace Data01 Sel A2H | (U1-01)
Trace data 02 selection 00H to 41H

A3-02 No A A 131H
Trace Data02 Sel A2H | (U1-02)
Trace Data03 Sel 00H to 42H

A3-03 No A A 132H
Trace data 03 selection A2H | (U1-03)
Trace data 04 selection 00H to 44H

A3-04 No A A 133H
Trace Data04 Sel A2H | (U1-05)
Trace data 05 selection 00H to 45H

A3-05 No A A 134H
Trace Data05 Sel A2H | (U1-06)
Trace data 06 selection 00H to 48H

A3-06 No A A 135H
Trace Data06 Sel A2H | (U1-09)
Trace data 07 selection 00H to 49H

A3-07 No A A 136H
Trace Data07 Sel A2H | (U1-10)
Trace data 08 selection | gets the trace data of Hi d O00Hto | 4AH

A3-08 ets the trace data o 1 spee No A A 137H
Trace Data08 Sel trace. A2H (Ul-11)

i Sets the MEMOBUS address of

A3-09 Trace data 09 selection o 00H to 4BH No A A 138K
Trace Data09 Sel constants. A2H | (U1-12)
Trace data 10 selection 00H to 51H

A3-10 No A A 139H
Trace Datal0 Sel A2H | (U1-18)
Trace data 11 selection 00H to 52H

A3-11 No A A 13AH
Trace Datall Sel A2H | (U1-19)
Trace data 12 selection 00H to 59H

A3-12 No A A 13BH
Trace Datal2 Sel A2H | (U1-26)
Trace data 13 selection 00H to 5AH

A3-13 No A A 13CH
Trace Datal3 Sel A2H | (U1-27)
Trace data 14 selection 00H to 70H

A3-14 No A A 13DH
Trace Datal4 Sel A2H | (U1-49)
Trace data 15 selection 00H to 8DH

A3-15 No A A 13EH
Trace Datal5 Sel A2H | (U1-78)
Trace data 16 selection 00H to 99H

A3-16 No A A 13FH
Trace Datal6 Sel A2H | (U1-90)
Hi speed trace interval 14

A3-33 setting Sets the Hi speed trace interval. 30 08 0 4 No A A 150H
HiTrace Interval
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B A4: Lo Speed Trace

User constants for Lo speed trace are shown in the following table.

Note: Constant groups A3 and A4 select parameters to be output at time of Matrix converter fault. These parameters can be viewed with
the DriveTool PC software. Normally they do not need to be changed.

Name Control
Methods
Constant A Setting | Factory ((Zjha_nge MEMOBUS
Number Description Range | Setting uring Open-| ¢ Register
Display Operation | loop Ve(;lt);r
Vector

Trace data 01 selection 00H to 40H

A4-01 No A A 160H
Trace Data01 Sel A2H | (U1-01)
Trace data 02 selection 00H to 41H

A4-02 No A A 161H
Trace Data02 Sel A2H | (U1-02)
Trace data 03 selection 00H to 42H

A4-03 No A A 162H
Trace Data03 Sel A2H | (U1-03)
Trace data 04 selection 00H to 44H

A4-04 No A A 163H
Trace Data04 Sel A2H | (U1-05)
Trace data 05 selection 00H to 45H

A4-05 No A A 164H
Trace Data05 Sel A2H | (U1-06)
Trace data 06 selection 00H to 48H

A4-06 No A A 165H
Trace Data06 Sel A2H | (U1-09)
Trace data 07 selection 00H to 49H

A4-07 No A A 166H
Trace Data(07 Sel A2H | (Ul-10)
Trace data 08 selection 00H to 4AH

A4-08 No A A 167H
Trace Data08 Sel A2H | (U1-11)

A4-09 Trace data 09 selection 021; I_tIO [}11311—12 No A A 168K
Trace Data09 Sel Sets the trace data of Lo speed (Ul1-12)
Trace data 10 selection | trace. 00H to S51H

- N A A 169H

A4-10 Trace Datal0 Sel Sets the MEMOBUS address of A2H | (Ul-18) ©

ALl Trace data 11 selection | Ul constants. 00H to 52H No A A L6AH
Trace Datall Sel A2H | (U1-19)
Trace data 12 selection 00H to 59H

A4-12 No A A 16BH
Trace Datal2 Sel A2H | (U1-26)
Trace data 13 selection 00H to 5AH

A4-13 No A A 16CH
Trace Datal3 Sel A2H | (U1-27)
Trace data 14 selection 00H to 70H

A4-14 No A A 16DH
Trace Datal4 Sel A2H | (U1-49)
Trace data 15 selection 00H to 8DH

A4-15 No A A 16EH
Trace Datal5 Sel A2H | (U1-78)
Trace data 16 selection 00H to 99H

Ad-16 No A A 16FH
Trace Datal6 Sel A2H | (U1-90)
Trace data 17 selection 00H to

- 00H No A A 170H

A4-17 Trace Datal7 Sel A2H
Trace data 18 selection 00H to

A4-18 00H No A A 171H
Trace Datal8 Sel A2H

Ad-19 Trace data 19 selection 00H to 00H No A A 1720
Trace Datal9 Sel A2H
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Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | |oop Vector
Vector

T data 20 selecti

A4-20 e e 00Hto 4 op No A A 173H
Trace Data20 Sel A2H
T data 21 selecti

Ad21 race data 21 selection 00H to 00H No A A 1741
Trace Data21Sel A2H
T data 22 selecti

A4-22 e ea oS eeon 00H to | oo No A A 175H
Trace Data22 Sel A2H
T data 23 selecti

A4-23 b 00H to 1 oo No A A 176H
Trace Data23 Sel A2H
T data 24 selecti

Ad24 race data 24 selection 00H to 00H No A A 1778
Trace Data24 Sel A2H
T data 25 selecti

A4-25 roce e o seeeol 021;1};0 00H No A A 178H
Trace Data25 Sel Sets the trace data of Lo speed
Trace data 26 selection | trace. 00H to

A4-26 Trace Data26 Sel Sets the MEMOBUS address of A2H 00H No A A 179H
Trace data 27 selection | Ul constants. 00H to

A4-27 00H No A A 17AH
Trace Data27 Sel A2H
T data 28 selecti

A4-28 roce e o seeeon 00H to | oo No A A 17BH
Trace Data28 Sel A2H
T data 29 selecti

A4-20 race data 29 selection 00H to 00H No A A 17CH
Trace Data29 Sel A2H
T data 30 selecti

A4-30 i 00H to 1 oy No A A 17DH
Trace Data30 Sel A2H
Trace data 31 selection 00H to

A4-31 00H No A A 17EH
Trace Data31 Sel A2H
T data 32 selecti

Ad32 race data 32 selection 00H to 00H No A A 7FH
Trace Data32 Sel A2H
Lo speed trace interval It

A4-33 setting Sets the Lo speed trace interval. 30 080 20 No A A 180H
LoTrace interval

@ b: Application Constants

The following settings are made with the application constants (b constants): Operation method selection, DC injection
braking, and speed search.

B b1: Operation Mode Selections

User constants for operation mode selection are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %Tﬁ:‘lnge MEMOBUS
Number . P Range | Setting 9 | Open-| . | Register
Display Operation | |oop Vector
Vector
Sets the frequency reference input
. method.
Reference selection 0: Digital Operator
b1-01 1: Control circuit terminal (analog| 0to 3 3 No Q Q 1A0H
input)
Reference Source 2: MEMOBUS communications
3: Built-in PLC
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Control
Name
Constant Description Setting | Factory %Zipn%e o Methods MEMOBUS
Number . Range | Setting ; Pen- | elux | Register
Display Operation | loop |yccior
Vector
Sets the Run Command input
Starting command method.
selection 0: Digital Operator
b1-02 1: Control circuit terminal 0to3 3 No Q Q 1A1H
(sequence input)
Run Source 2: MEMOBUS communications
3: Built-in PLC
Stopping method Sets the stopping method used
b1-03 selection when a Stop.Command is input. 0or | No Q Q 1A2H
. 0: Deceleration to stop
Stopping Method 1: Coast to stop
Reverse operation Permits or disables reverse
b1-04 selection operation. 0or1 | No A A 1A3H
0: Reverse enabled
Reverse Oper 1: Reverse disabled
. . Sets the method of operation when
Operation selection . .
when at or below the the frequency r‘ef‘ereHW input is
. less than the minimum output
minimum output .
frequency setting (E1- frequency setting (E1-09).
09) 0: Run at frequeqcy reference
b1-05 (E1-09 not effective). 0to3 1<1> No No A 1A4H
1: STOP (coast to stop.)
2: Run at minimum frequency.
Zero-Speed Oper (E1-09)
3: Run at zero-speed (Stay in RUN
mode at zero speed)
Read sequence input Sets the responsiveness of the
twice control inputs (forward/reverse
b1-06 and multi-function inputs.) Oorl 1 No A A 1ASH
Cntl Input Scans 0: Two scans every 1 ms
1: Two scans every 5 ms
Defines the action taken when
Operation selection after switching to the Remote mode
switching to remote using the Local/Remote Key.
mode 0: MX1S will stop if it was
running, or remain stopped if a
b1-07 RUN command is present from the 0or1 0<2> No A A LAGH
Remote source. Remote Run
signal must be cycled ‘off ‘to ‘on’
LOC/REM RUN Sel to start the MX1S.
1: Run signals become effective
immediately after switching to the
Remote mode.

<1> The factory setting will change when the control method is changed.

<2> WARNING! Sudden Movement Hazard. If b1-07 is set to 1, switching from LOC to REM will energize the Matrix converter if the Remote run
command is present. Ensure that machine safety circuitry is functional before setting b1-07 to 1. Ensure that the machine control logic is suitable
for this configuration.
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5.2 User Constant Tables

B b2: DC Injection Braking

User constants for injection braking are shown in the following table.

Control
Name
Constant Description Setting | Factory %'l‘;i“n%e s Methods MEMOBUS
Number . Range | Setting : Pen-1 rmux | Register
Display Operation | loop yecior
Vector
Defines the frequency where DC
Zero-speed level (DC injection braking begins when
injection braking deceleration to stop is selected, in
starting frequency) 1 % units.
When b2-01 is less than E1-09, 0.00 to
b2-01 E1-09 becomes the DC injection 10.00 0.50 % <1> No A A 1BOH
braking starting frequency.
DClnj Start Freq (In flux vector control, zero speed
control will start when the
frequency is the value of b2-01)
o ) Sets the DC injection braking
DC m]tectlon braking current as a percentage of the
curren Matrix converter rated current.
b2-02 (In flux vector control, the DC 0t0 100 0% No A No IBIH
DCInj Current exciting current will be the setting
of E2-03).
Sets the time to perform DC
]?C injection braking injection braking at start in units of
time at start 1 second. 0.00
b2-03 Used to stop a coasting motor and to 0.00's No A A 1B2H
restart it. When the set value is 0, 10.00
DClnj Time@Start DC injection braking at start is not
performed.
Sets the time to perform DC
DC injection braking injection braking at stop in units of
time at stop 1 second. 0.00
b2-04 Used to prevent coasting after a to 0.50s No A A 1B3H
Stop Command. When the set 10.00
DClInj Time@Stop value is 0.00, DC injection braking
at stop is not performed.

<1> The factory setting will change when the control method is changed.
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5.2 User Constant Tables

B b3: Speed Search

User constants for the speed search are shown in the following table.

Control
Name
Constant Description Setting | Factory %*l‘;i“n%e S Methods MEMOBUS
Number . Range | Setting : Pen-1 eux | Register
Display Operation | Joop |,
Vector | Vector
Enables/disables the Speed Search
S function at start.
peed search . .
b3-01 selection (on or off). 0: Dlsabiled - Speed Search is not Oorl 0<i> No A A 1COH
automatically performed at start.
1: Enabled - Speed Search is
automatically performed at start.
SpdSrch at Start
Sets the current level at which the
Speed search speed is assumed to be detected
deactivation current and Speed Search is ended. Set as
a percentage of the Matrix 0to
b3-02 30 % <I> No A No ICIH
converter rated current. 200
Not normally necessary to set. If
SpdSrch Current restarting is )rllot possib?e with the
factory settings, reduce the value.
Sets the ramp used to reduce the
Speed sea'lrch ) output frequency during Speed
b3-03 deceleration time Search. This i.s the time to ramp 0.1to 40s No A No ol
from the maximum output 10.0
SpdStch Dec Time frequency to the minimum output
frequency.
Delays the Speed Search operation
b3-05 Speed search wait time | after a momentary power loss to 0.0 to 02s No A A \can
allow time for an external output 20.0
contactor to close.
SpdSrch Delay
Sets the current provided to the
Output current 1 ISnoto(r1 (;urin%1 tl;etﬁrst };ali of el 00
- eed Search. Set as a factor of the| 0.0 to
b3-06 during speed search mlz)tor rated current (E2-01). 1.0 0.5 No A A 1C5H
Increase the set value if the search
Srch Im Lvll speed is extremely slow.
Sets the current provided to the
motor during the second half of
speed search. Set as a factor of the
Output current 2 motor no-load current (E2-03).
during speed search The product of motor no-load 0.0t
b3-07 current and set coefficient is 3 00 1.5 No A A 1C6H
limited to the motor rated current '
(E2-01) Increase the set value if
the search speed becomes
Srch Im LvI2 extremely slow as speed match is
approached.
Speed search detection | This factor is used when the
compensation gain Matrix converter has “found” the
motor speed and is ready to 1.00 to
b3-10 transfer to Operating mode. 1 50 1.00 No A No 1C9H
Srch Detect Comp Increase this setting if an OV fault ’
occurs when performing Speed
Search.
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5.2 User Constant Tables

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | |oop Vector
Vector
Speed search switching | The search is automatically
b3-11 level sw1tched to Operating ms)de asa 0.5to 20% No A A ICAH
Srch Mthd Sw Lvl function of the motor residual 100.0
reh Mthd Sw Ly voltage. Set the switching level.
The motor speed is calculated
Current detection dead- | from the detected current value.
idth -
b3-12 Zone wi The dc?ad zone of the current 0.5 to 40 No A A |CBH
during speed search detection must be set. 10.0
Decrease the set value if the search
speed becomes extremely slow.
Srch I Deadband
Torque compensation Sets primary lag of the torque
time constant during compensation function during 0 to
b3-13 speed search speed search in units of 10000 10:ms No A A 1CCH
TComp T at SpdSr milliseconds.
Current contro] start Sets the current level during the
level during voltage transition from Search to
b3-14 restoration Operation. Set the level based on 00t03.0 20 No A A 1CDH
Srch Lvl Red I no-load current = 1.0.
Time constant for Sets the time constant in units of
current control durin i
b3-15 . g Ims fqr the current loop during the 010100 | 5 ms No A A I|CEH
voltage restoration transition from Search to
Srch T Red I Operation.
Wait time after Sets the wait time in units of 1s for
completion of speed switching to normal control after 0.00 to
b3-16 search completion of speed search. The 5 00 0.01s No A No 1CFH
) frequency reference will be held '
SpdSrch Ret Time duri e
uring the set wait time.
Software CLA current | Sets the software current limit
limit 1 during speed value during speed search as a 0.0 to o
b3-17 search percentage to the motor rated 300.0 100.0% No A A IDOH
SpdSrch CLA Lvll current.
Software CLA current | Sets the software current limit
limit 2 during speed value at 0 Hz during speed search | 0.0 to 0
b3-18 search as a percentage of the motor rated | 300.0 100.0% No A A IDIH
SpdSrch CLA Lvi2 current.
<1> The factory setting will change when the control method is changed.
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5.2 User Constant Tables

B b7: Droop Control

User constants for the droop control are shown in the following table.

Control
Name
Constant Description Setting | Factory %*l‘;i“n%e S Methods MEMOBUS
Number . Range | Setting : Pen-1 eux | Register
Display Operation | |o0p Vector
Vector
Sets the slip amount at rated torque
b7-01 Droop control gain gléi:ﬁ;);r%uén v:/)llillt %?;:gg?ﬁ:cy' (1)‘0001(; 0.0 % Yes No A 1CFH
droop control.
Used to adjust the responsiveness
. of droop control. 0.03 to
b7-02 Droop control delay time Increasg s the value when vibration | 2.00 0.05s Yes No A 1CFH
or hunting occurs.
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5.2 User Constant Tables

@ C: Tuning Constants

The following settings are made with the tuning constants (C constants): Acceleration/deceleration times, s-curve
characteristics, slip compensation, torque compensation, and speed control.

B C1: Acceleration/Deceleration

User constants for acceleration and deceleration times are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number . P Range | Setting | 4 t_g Open-| clux | Register
Display peration | loop Vector
Vector
Acceleration time 1 Sets the acceleration time to
C1-01 . accelerate from 0 to the maximum 60.0 s Yes Q Q 240H
Accel Time 1 - -
output frequency, in units of 1s.
Deceleration time 1 Sets the deceleration time to
decelerate from the maximum
c1-02 Decel Time 1 output frequency to 0, in units of 60.0's Yes Q Q 241H
Is.
Acceleration time 2 Sets the acceleration time when
C1-03 . the multi-function input “Accel/ 60.0 s Yes A A 242H
Accel Time 2 . . . .
Decel Time 1” is on, in units of 1s.
Deceleration time 2 Sets the deceleration time when
C1-04 ] the multi-function input “Accel/ 60.0 s Yes A A 243H
Decel Time 2 . i . .
Decel Time 1” is on, in units of 1s.
Acceleration time 3 Sets the acceleration time when
C1-05 . the multi-function input “Accel/ 60.0 s No A A 244H
Accel Time 3 . . . . 0.0 to
Decel Time 2” is on, in units of 1s. 6000.0
Deceleration time 3 Sets the deceleration time when '
C1-06 . the multi-function input “Accel/ 60.0 s No A A 245H
Decel Time 3 . . . .
Decel Time 2” is on, in units of 1s.
Acceleration time 4 Sets the acceleration time when
the multi-function inputs “Accel/
C1-07 Accel Time 4 Decel Time 1” and “Accel/Decel 60.0s No A A 246H
Time 2” are on, in units of 1s.
Deceleration time 4 Sets the deceleration time when
the multi-function inputs “Accel/
C1-08 Decel Time 4 Decel Time 1” and “Accel/Decel 60.0s No A A 247H
Time 2” are on, in units of 1s.
Emergency stop time Sets the deceleration time when
C1-09 . :[‘he multi-function input . 10.0 s No A A 248H
Fast Stop Time Emergency stop at external fault
is selected, in units of 1s.
Sets the output frequency where
Accel/decel time ac.celerathn/deceleratlon ramps
switching frequenc will be switched.
g lreq Y Below the set frequency: Accel/
decel time 4 0.0 to 0
Cl-11 Above the set frequency: Accel/ 100.00 0.00% No A A 24AH
decel time 1
Acc/Dec SW Freq The multi-function input “accel/
decel time 1 or “accel/decel time
2” take priority.
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B C2: S-curve Acceleration/Deceleration

User constants for S-curve characteristics are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %Z?,innge MEMOBUS
Number . P Range | Setting 9 [Open-| £~ | Register
Display Operation| loop |\ ior
Vector
S-curve
h teristic ti t
C2-01 [ 0'202 o 000s [ o A A 2500
All sections of the S-curve characteristic )
SCrv Acc @ Start time are set in units of 1s.
S-curve S-curve is used to soften the starting and
characteristic time at | stopping ramps. The longer the S-curve | 0.00 to
c2-02 acceleration end time, the softer the starting and stopping 2.50 0.00s No A A 25HH
SCrv Acc @ End ramp.
S-curve
characteristic time at Run Gomrmand off 0.00 to
Output :
C2-03 deceleration start fr:qzléncy On 250 0.00 s No A A 252H
SCrv Dec @ Start
S-curve
504 characteristic time at 0.00 to N A A 2534
C2-0 deceleration end 2.50 0.00s 0 >3
SCrv Dec @ End
B C3: Motor Slip Compensation
User constants for slip compensation are shown in the following table.
Control
Name
Methods
Constant Describtion Setting | Factory %I:I?_?nge MEMOBUS
Number . P Range | Setting 9 | Open-| .~ | Register
Display Operation | loop |\ector
Vector
Improves speed accuracy when
operating with a load.
Slip compensation gain Normally setting is not necessary.
Adjust this constant in the
following cases:
When actual speed is low
C3-01 compared to set speed, increase  [0.0 to 2.5 1.0 Yes A A 260H
the set value.
) ) When actual speed is high
Slip Comp Gain compared to set speed, decrease
the set value.
Used as a control gain when in
flux vector control.
Sets the slip compensation primary
Slip compensation delay time in units of ms.
primary delay time Normally setting is not necessary.
Adjust this constant in the 0t
C3-02 following cases: © 3000 ms No A A 261H
. . 10000
Reduce the setting when slip
Slip Comp Time compensation response is slow.
Increase the setting if speed does
not stabilize with load change.
Slip compensation limit i ion limi
C3-03 .p p att Sets the slip compensation llmlt as| 00250 | 200 % No A No 262H
Slip Comp Limit a percentage of motor rated slip.
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Control
Name
Constant Description Setting | Factory %'L?,?n%e 0 Methods MEMOBUS
Number ) Range | Setting : pen- e1ux | Register
Display Operation | |oop Vector
Vector
Slip compensation
C3-04 selection .during 0: Disabled dufing regenera?ion 0or 1 0 No A No 263H
regeneration 1: Enabled during regeneration
Slip Comp Regen
Output voltage limit 0: Disabled.
C3-05 operation selection 1: Enabled. (The mgtor flux will 0orl | No A A 264H
L be lowered automatically when the
Output V limit output voltage become saturated.)
B C4: Torque Compensation
User constants for torque compensation are shown in the following table.
Control
Name
Constant Description Setting | Factory %Z?,Fn%e 0 Methods MEMOBUS
Number . Range | Setting : pen-{ e1ux | Register
Display Operation | Joop [yocio.
Vector
Sets the torque compensation gain.
Normally setting is not necessary.
Adjust in the following
Torque compensation circumstances:
gain When cable length is long;
increase the set value.
When the motor capacity is
smaller than the Matrix converter 0.00 to
C4-01 capacity (Maximum applicable 2 50 1.00 Yes A No 270H
motor capacity), increase the set '
value.
If the motor is oscillating, decrease
Torq Comp Gain the.set value. .
Adjust the gain to a range where
the output current at low-speed
does not exceed the MX1S rated
output current.
) The torque compensation delay
Tqrque compensation time is set in units of ms.
primary delay time Normally adjusting is not
constant necessary.
C4-02 Adjust in the following 0to 100 ms No A No 271H
circumstances: 10000
If the motor is oscillating, increase
Torq Comp Time the set value.
If the responsiveness of the motor
is slow, decrease the set value.
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5.2 User Constant Tables

B C5: Speed Control (ASR)

User constants for Automatic Speed Regulator (ASR) speed control are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %Tﬁ_innge MEMOBUS
Number . P Range | Setting |, 9 | Open-| £~ | Register
Display peration( |oop Vector
Vector
ASR proportional . :
C5-01 (P) gain 1 Set the proport}onal gain of the speed loop | 0.00 to 20.00 Yes No A 280H
- (ASR.) at maximum output frequency. 300.00
ASR P Gain 1
ASR integral (I) Set the integral time of the speed loop 0.000 to
C5-02 time 1 (ASR) in 1-second units at maximum 1'0 000 0.500 s Yes No A 281H
ASR I Time 1 output frequency ’
ASR proportional 0.00 ¢
. .00 to
C5-03 (P) gain 2 Set the proportional speed gain and 300.00 20.00 Yes No A 282H
ASR P Gain 2 integral time at minimum output
ASR integral (I) frequency. 0,000
C5-04 time 2 Normally setting is not necessary 1'0 OOE)O 0.500 s Yes No A 283H
ASR I Time 2 ’
ASR primary delay | Sets the filter time constant for outputting
time torque references from the speed control | 0.000 to
€5-06 ] loop (ASR). It is set in 1-second units. 0.500 0.012s Yes No A 285H
ASR Delay Time Lo
Normally setting is not necessary.
ASR switching Sets the speed for switching between
speed Proportional Gain 1 and 2 and Integral
Time in %. 0.00 to o
307 ASR Gain SW Freg | ThE multi-function input Speed Control | 100.00 000% - No Noof A 286H
am req (ASR) Proportional Gain Switching is
given priority.
ASR integral (I) Sets the upper limit of speed loop (ASR)
C5-08 limit integration as a percentage of the value at | 0 to 400 [ 200 % No No A 287H
ASR I Limit the rated load.
@ d: Reference Constants
The following settings are made with the reference constants (d constants): Frequency references.
B d1: Frequency Reference
User constants for frequency references are shown in the following table.
Note: Constant d1-01 is the speed reference. The remaining constants in the d1 group are used by the MX1S internal PLC.
Control
Name
Methods
Constant Description Setting | Factory %T:'innge MEMOBUS
Number . P Range | Setting | 9 [ Open-| £~ | Register
Display peration | |oop Vector
Vector
Frequency reference 1 Sets the frequency reference as a 0.00 to
d1-01 percentage of the maximum output| 0.00 % Yes Q Q 2CO0H
Reference 1 f 100.00
requency.
Sets the frequency reference when
Frequency reference 2 | the multi-function input “Multi- 0.00 to
d1-02 step speed reference 1” is on, as a 1'10 00 0.00 % Yes Q Q 2C1H
Reference 2 percentage of the maximum output ’
frequency.
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5.2 User Constant Tables

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

d1-03

Frequency reference 3

Reference 3

Sets the frequency reference when
the multi-function input “Multi-
step speed reference 2” is on, as a
percentage of the maximum output
frequency.

0.00 to
110.00

0.00 %

Yes

2C2H

d1-04

Frequency reference 4

Reference 4

Sets the frequency reference when
the multi-function inputs “Multi-
step speed reference 1”” and
“Multi-step speed reference 2” are
on, as a percentage of the
maximum output frequency.

0.00 to
110.00

0.00 %

Yes

2C3H

d1-05

Frequency reference 5

Reference 5

Sets the frequency reference when
the multi-function input “Multi-
step speed reference 3” is on, as a
percentage of the maximum output
frequency.

0.00 to
110.00

0.00 %

Yes

2C4H

d1-06

Frequency reference 6

Reference 6

Sets the frequency reference when
the multi-function inputs “Multi-
step speed reference 1”” and
“Multi-step speed reference 3” are
on, as a percentage of the
maximum output frequency.

0.00 to
110.00

0.00 %

Yes

2C5H

d1-07

Frequency reference 7

Reference 7

Sets the frequency reference when
the multi-function inputs “Multi-
step speed reference 2” and
“Multi-step speed reference 3” are
on, as a percentage of the
maximum output frequency.

0.00 to
110.00

0.00 %

Yes

2C6H

d1-08

Frequency reference 8

Reference 8

Sets the frequency reference when
the multi-function inputs “Multi-
step speed reference 17, “Multi-
step speed reference 2 and
“Multi-step speed reference 3” are
on, as a percentage of the
maximum output frequency.

0.00 to
110.00

0.00 %

Yes

2C7TH

d1-17

Jog frequency reference

Jog Reference

Sets the frequency reference when
the multi-function inputs “JOG
frequency selection”, “FIOG
command” and “RJOG command”
are on, as a percentage of the
maximum output frequency.

0.00 to
100.00

10.00 %

Yes

2DOH
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5.2 User Constant Tables

B d2: Frequency Reference Limits

User constants for frequency reference limits are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %T‘?_innge MEMOBUS
Number . P Range | Setting 9 [ Open-| £~ | Register
Display Operation | loop |yector
Vector
Frequency reference Sets the output frequency upper 0.0 to
d2-01 upper limit limit as a percent of the maximum 1'1 0.0 100.0 % No A A 2EO0H
Ref Upper Limit output frequency. ’
Frequency reference Sets the output frequency lower 0.0 to
d2-02 lower limit limit as a percentage of the 1'09 0 0.0 % No A A 2E1H
Ref Lower Limit maximum output frequency. ’
B d3: Jump Frequencies
User constants for jump frequencies are shown in the following table.
Control
Name
Methods
Constant Describtion Setting | Factory %laar?nge MEMOBUS
Number . P Range | Setting 9 | Open-| . | Register
Display Operation | |oop Vector
Vector
Jump frequency 1 Sets the ?ent.erovalues of .the jump 0010
d3-01 frequencies in % of maximum 1-00 0 0.0 % No A A 2FOH
Jump Freq 1 speed. ’
This function is disabled by setting
Jump frequency 2 the jump frequency to 0 Hz.
d3-02 Always ensure that the following 0.0to 0.0 % N A A JF1H
; e 1000 | °07° ©
Jump Freq 2 applies: ’
d3-01 > d3-02 > d3-03
Jump frequency 3 Operation in the jump frequency
range is prohibited, but during 0.0 to
d3-03 acceleration and deceleration the 160 0 0.0 % No A A 2F2H
Jump Freq 3 speed will change smoothly ’
through the jump frequency width.
Jump frequency width Sets the jump frequency
bandwidth in %. 0.0 to o
d3-04 Jump Bandwidth The jump frequency range will be | 100.0 1.0% No A A 2E3H
the jump frequency + d3-04.
B d6: Field Forcing Control
User constants for field forcing control are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %'Lar?ngge Oven MEMOBUS
Number Display Range | Setting Operation Igop vFIutx Register
Vector | Y€¢OF
Field forcing gain Sets the field forcing gain.
Note: Normally there is no need to
change this setting. 00 to
d6-08 Increase the value in the event an 2 0.0 0.0 No No A 327H
Field Force Gain 1 OV fault occurs during sharp ’
acceleration/deceleration in the
constant HP zone.
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5.2 User Constant Tables

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | loop |\ccior
Vector
Field forcing time Sets the field forcing time constant
constant correction gain | in multiples of the motor
46-09 s§condary c1.rcu1t time constant: 0.01 to 10 No No A 328H
. . Field force time constant = 20.0
Field Force Gain 2 R
Secondary circuit time constant X
d6-09

& E: Motor Constants

The following settings are made with the motor constants (E constants): V/f characteristics and motor constants.

B E1: V/f Pattern

User constants for V/f characteristics are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %Z?,?nge MEMOBUS
Number . P Range | Setting | o t'g Open-| clux | Register
Display peration | |oop Vector
Vector
I t volt: tti i
E1-01 nput voltage setting Sets the Power Cell input voltage 180 to 500 V No Q Q 340H
Input Voltage in 1 volt units. 700
Motor type selection 0: General-purpose motor
E1-02 . 1: Matrix converter motor 0to2 2 No Q Q 341H
Motor Selection .
2: Vector motor
Maximum output 1200
E1-04 frequency 0 to 8000 c/min No Q Q 344H
Max Frequency Setting units
El.os | iaximum voltage Srequency (spesd): wmin 0to 8000 3300 V N Q Q 347H
N . 0 0
Max Voltage Voltage: Volt (V)
E1-06 Base frequency To obtain a straight-line V/f 0 to 8000 120_0 No Q Q 349H
Base Frequency characteristic pattern, set the same r/min
Middle output fi - N i
E1-07 1CCc output Treduency | values for E1-07and E1-09. Inthis | 00| 0 1/min No A | No 34CH
Mid Frequency A case, the setting for E1-08 will be
Midddle Voltage disregarded.
E1-08 - Always ensure that the four 0 to 8000 ov No A No 34EH
Mid Voltage A . . .
— frequencies are set in the following
Minimum output manner:
E1-09 frequency E1-04 (FMAX) >FE1-06 (FA) > 0 to 8000| O r/min No Q A 350H
Min Frequency E1-07 (FB) = E1-09 (FMIN)
Minimum voltage
E1-10 - 0to 8000 OV No A No 353H
Min Voltage
Middle output frequency | Set only to fine-adjust V/f for the 0
El-11 2 rated output (constant HP) range. |0 to 8000 . No A A 355H
- . . r/min <1>
Mid Frequency B Normally, this setting is not
Middle voltage 2 required.
E1-12 - 0to 8000 OV No A A 357H
Mid Voltage B . .
5 o Setting units
ase vo i
El-13 Frequency (speed): r/min 0 to 8000 3300 Vv No Q Q 358H
Base Voltage Voltage: Volt (V)
<1> The factory settings depend on the Matrix converter capacity.
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B E2: Motor Setup

User constants for motor are shown in the following table.

Control
Name
Methods
Constant Describtion Setting | Factory %I:I?_?nge MEMOBUS
Number . P Range [ Setting | 9 | Open-| .. | Register
Display peration | oop Vector
Vector
Sets the motor rated currentin 1 A
Motor rated current units.
The set value will become the 0.1to
E2-01 reference value for motor 1500.0 86.6 A No Q Q 360H
Motor Rated FLA protection, torque limits and
torque control.
. Sets the motor rated slip in Hz
Motor rated slip units. 0.00 (0
E2-02 The set value will become the 2'0 00 0.75 Hz Yes Q Q 361H
Motor Rated Slip reference value for slip '
compensation.
Mot -load t - i
F2-03 otor no-load curren Sets t.he motor no-load currentin 1| 0.00 to 322 A Yes Q Q 362H
No-Load Current A units. 1500.0
Number of motor poles 2 to
E2-04 Sets the number of motor poles. 6 poles No Q Q 363H
Number of Poles 48 <1>
Motor line-to-line 0.000
E2-05 | resistance Sets the motor phase-to-phase o | 0307 Yes A A 364H
- resistance in ohms.
Term Resistance 65.000
Motor leak inductance | Sets the voltage drop due to motor 0.0 to
E2-06 leakage inductance as a percentage . 272 % Yes A A 365H
Leak Inductance 40.0
of the motor rated voltage.
Motor iron saturation Sets the motor iron saturation 0.00 ¢
E2-07 coefficient 1 coefficient at 50 % of magnetic 1 0 00 0.50 Yes A A 366H
Saturation Comp1 flux. '
Motor iron saturation Sets the motor iron saturation 0.00 to
E2-08 coefficient 2 coefficient at 75 % of magnetic '1 00 0.75 Yes A A 367H
Saturation Comp?2 flux. '
Sets the motor mechanical loss as
a percentage of motor rated output.
Motor mechanical loss | Normally setting is not necessary.
Adjust in the following
circumstances: 0.0 to
E2-09 When there is high friction in the 1 0.0 0.0 % Yes No A 368H
motor or drive train bearings. ’
When the friction loss in the pump
Mechanical Loss or fan is large.
This setting will compensate for
fixed torque consumption.
Motor rated output Sets the rated output of the motor 0to
B2l Mtr Rated Power in units of kW. 10000 630 kW No Q Q 36AH
Motor wiring resistance | Compensates for cable voltage 0.00 to
E2-12 . ) drop to motor. Set as % of base : 0.00 % Yes A A 36BH
Wiring Resistor 1.00
voltage.
Motor temperature OH | Sets the motor OH (Over Heat or
E2-13 level Over Temperature) level in units |50 to 200| 120°C No A A 36CH
Motor Temp OHLVL of °C.
Motor Thermistor 0: Motor Thermistor disabled
E2-14 | selection P yOlor ST OF AISabled. Oorl 0 No A A 36DH
- 1: Motor Thermistor enabled.
Motor Thermistor
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Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | |oop
Vector Vector
Motor iron loss Set th iron | . 0.0
E2-15 compensation current O/et the motor iron loss current in 1.0 50 0.0 % No A A 36EH
Iron Loss Current ” '
Motor iron-core Sets the core saturation coefficient| 0.00 to
E2-16 saturation coefficient at the magnetic flux density 25 % 1.00 0.25 Yes A A 36FH
<1> Can only be set in multiples of 2.
€ F: PLC Constants
The following settings for the built-in PLC are made with the PLC constants (F constants).
B F8: PLC
User constants for PLC are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %Z?,i"nge MEMOBUS
Number . P Range | Setting 9 | Open-| | Register
Display Operation | |oop
Vector Vector
Control response 1 Sets the number of the monitor
F8-06 selection item to be control response 1. (Ul-| 1to 99 9 No A A 405H
ControlResponsel m|m)
Control response 2 Sets the number of the monitor
F8-07 selection item to be control response 2. (U1-| 1to 99 90 No A A 406H
ControlResponse2 ooy
Control response 3 Sets the number of the monitor
F8-08 selection item to be control response 3 (Ul-| 1to 99 43 No A A 407H
ControlResponse3 0o
Control response 4 Sets the number of the monitor
F8-09 selection item to be control response 4. (U1-| 1 to 99 54 No A A 408H
ControlResponse4 m]m)}
External-
magnetic-flux 0: Disabled.
F8-11 reference selection 1: Enabled. Oorl 0 No No A 40AH
Ext-Mag-flux Sel
ASR proportional gain o
F8-12 selection 0: Disabled. Oorl 1 No No A 40BH
- 1: Enabled.
ASR P Gain Sel
Torque limit selection .
F8-13 | (FWD) 0: Disabled. Oorl 1 No A A 40CH
— 1: Enabled.
Torque limit Sel
Torque limit selection 0: Disabled
F8-14 | (REV) P oseaed Oorl I No A A 40DH
— 1: Enabled.
Torque limit Sel
D in selecti - Di
F§-16 100p galn seection | 0: Disabled. Oorl 1 No No | A 40FH
DROOP Gain Sel 1: Enabled.
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& H: Terminal Function Constants

Note:

“H” parameters and the terminals they control are not normally part of user setup.

The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.

The following settings are made with the terminal function constants (H constants): Settings for external terminal

functions.

Confirm the actual external terminal numbers by checking the elementary wiring diagram. In some cases, the external
terminal numbers are customized for each Matrix converter.

The names of the input and output terminals in these tables relate to the Control Circuit Terminals as follows:

Constant Tables

Control Circuit Terminal

Digital Input S1 to S20 DI O0to DI 19
Digital Output DO1 to DOS DO 0to DO _7
Analog Input All to Al4 Al Oto Al 3

Analog Output AO1 to AO4 AO 0to AO 3

B H1: Multi-function Contact Inputs

User constants for multi-function contact inputs are shown in the following tables.

TG Control
Constant Description Setting Factory (c;irlix?'inngge [e) Me_t rods MEMQBUS
Number . Range | Setting : Pen-1 rux | Register
Display Operation | |o0p Vector
Vector

Terminal S3 function

H1-03 selection Multi-function contact input (S3) (;(1)5;(1) OFH No A A 422H
Terminal S3 Sel
Terminal S4 function

H1-04 selection Multi-function contact input (S4) (;(1)3;(1) OFH No A A 423H
Terminal S4 Sel
Terminal S5 function

H1-05 selection Multi-function contact input (S5) (;%It—(l) OFH No A A 424H
Terminal S5 Sel
Terminal S6 function

H1-06 selection Multi-function contact input (S6) (;(l)ﬂt—(l) OFH No A A 425H
Terminal S6 Sel
Terminal S7 function

H1-07 selection Multi-function contact input (S7) (;(1):;(1) OFH No A A 426H
Terminal S7 Sel
Terminal S8 function

H1-08 selection Multi-function contact input (S8) (;(1):;(1) OFH No A A 427H
Terminal S8 Sel
Terminal S9 function

H1-09 selection Multi-function contact input (S9) (;(l)iltjl) OFH No A A 428H
Terminal S9 Sel
Terminal S10 function

HI1-10 selection Multi-function contact input (S10) (;(;It-(l) OFH No A A 429H
Terminal S10 Sel
Terminal S11 function

H1-11 selection Multi-function contact input (S11) (;(l)jlt—(l) OFH No A A 42AH
Terminal S11 Sel
Terminal S12 function

H1-12 selection Multi-function contact input (S12) (;(;It—(l) OFH No A A 42BH
Terminal S12 Sel
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Name Control
Constant Description Setting | Factory %'L?,?n%e 0 Me-thods MEMOBUS
Number ) Range | Setting : pen- e1ux | Register
Display Operation | loop |\ccior
Vector
Terminal S13 function
H1-13 selection Multi-function contact input (S13) (;(1):;_;) OFH No A A 42CH
Terminal S13 Sel
Terminal S14 function
Hi-14 selection Multi-function contact input (S14) (;(1):;(1) OFH No A A 42DH
Terminal S14 Sel
Terminal S15 function
HI1-15 selection Multi-function contact input (S15) (;(1):;;) OFH No A A 42EH
Terminal S15 Sel
Terminal S16 function
HI-16 selection Multi-function contact input (S16) (;(1):;;) OFH No A A 42FH
Terminal S16 Sel

Multi-function Contact Input Functions

Control Methods
S\?atﬂ:;g Function ?gg;' Flux
Vector Vector
00 3-wire sequence (Forward/Reverse Run Command) Yes Yes
01 Local/Remote selection (on: Operator, off: Constant setting) Yes Yes
02 Option/Matrix converter selection (on: Option board) Yes Yes
Multi-step speed reference 1
03 When H3-09 (Multi-function analog input function selection) is set to 0 [Auxiliary frequency (speed) Yes Yes
reference], this function is combined with the master/auxiliary speed switch.
04 Multi-step reference 2 Yes Yes
05 Multi-step reference 3 Yes Yes
06 Jog frequency command (higher priority than multi-step speed reference) Yes Yes
07 Accel/decel time 1 Yes Yes
08 External baseblock NO (NO contact: Baseblock at on) Yes Yes
09 External baseblock NC (NC contact: Baseblock at off) Yes Yes
0A Acceleration/deceleration ramp hold (on: Acceleration/deceleration stopped, frequency on hold) Yes Yes
0B OH2 alarm signal input (on: OH2 will be displayed) Yes Yes
0C Multi-function analog input selection (on: Enable) Yes Yes
OE Speed control integral reset (on: Integral control disabled) No Yes
OF Not used (Set when the terminal is used for the built-in PLC or not used.) Yes Yes
10 Up command (Always set with the down command.) Yes Yes
11 Down command (Always set with the up command.) Yes Yes
12 FJOG command (on: Forward run at jog frequency (d1-17)) Yes Yes
13 RJOG command (on: Reverse run at jog frequency (d1-17)) Yes Yes
14 Fault reset (Reset when turned on.) Yes Yes
15 Emergency stop (NO contact: Decelerates to a stop within the time specified by C1-09 when on) Yes Yes
17 Emergency stop (NC contact: Decelerates to a stop within the time specified by C1-09 when off) Yes Yes
1A Accel/decel time 2 Yes Yes
1B anstants .w1.rite enable (on: All constants can be written. off: All constants other than speed monitor are Yes Yes
write prohibited.)
1E Analog frequency reference sample/hold Yes Yes
1F Frequency reference terminal AI1/AI2 selection (on: AI2) Yes Yes
External fault (Desired settings possible) Input mode: NO contact/NC contact, Detection mode: Normal/|
20 to 2F | during operation, Stopping method: Deceleration to a stop/coast to a stop/ emergency stop/ continues Yes Yes
running
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Control Methods
S\?;ﬂ:;g Function ﬁ’ggg' Flux
Vector BRI
60 DC injection braking command (on: Performs DC injection braking) Yes Yes
61 External speed search command 1 (on: Speed search enabled) Yes No
62 External speed search command 2 (on: Speed search enabled) Yes No
6F Emergency stop (NO contact: Coast to a stop when on) Yes Yes
70 Emergency stop (NC contact: Coast to a stop when off) Yes Yes
77 Speed control (ASR) proportional gain switch (on: C5-03, off: Gain determined by C5-01 and C5-03) No Yes
Note: Set the Terminal function constant to OF when a contact input is used for the built-in PLC or if the terminal is not used as a multi-

function contact input. The factory settings of all multi-function contact inputs are OF. Input the signals shown in Figure 2.1 to
each contact input. The input signals are processed by the built-in PLC.

B H2: Multi-function Contact Outputs

User constants for multi-function outputs are shown in the following tables.

Control
Name
Methods
Constant Descrintion Setting |Factory| Gf1ange MEMOBUS
Number . P Range | Setting 9 [ Open-| £~ | Register
Display Operation | loop Vector
Vector
Terminal DO1
function selection Multi-function contact output 1 00 to
H2-01 (contact) (DO FFH OFH No A A 440H
DOI1 Sel
Terminal DO2 function Multi-functi )
H2-02 selection (contact) ulti-function contact output 00 to OFH No A A 441H
(DO2) FFH
DO2 Sel
Terminal DO3 function Multi-functi 3 00
H2-03 selection (contact) ulti-function contact output to OFH No A A 442H
(DO3) FFH
DO3 Sel
Terminal DO4 function Multi-functi 4 00
H2-04 selection (contact) ulti-function contact output to OFH No A A 443H
(DO4) FFH
DO4 Sel
Terminal DOS5 function Multi-functi 5 00
H2-05 selection (contact) ulti-function contact output to OFH No A A 444H
(DO5) FFH
DOS Sel
Terminal DO6
function selection Multi-function contact output 6 00 to
H2-06 (contact) (DOG) FFH OFH No A A 445H
DO6 Select
Terminal DO7function Multi-functi 00
H2-07 selection (contact) ulti-function contact output 7 to OFH No A A 446H
(DO7) FFH
DO7 Select
Terminal DOS
function selection Multi-function contact output 8 00 to
H2-08 (contact) (DOS) FFH OFH No A A 447TH
DO8 Select
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Multi-function Contact Output Functions

Setting

Control Methods

Open

stop)

Value Function ey Flux
Vector Vector
00 During run (on: Run command is on or voltage is being output) Yes Yes
01 Zero-speed Yes Yes
02 Frequency (speed) agree 1 [L4-02 (detection width) is used] Yes Yes
03 Des.ired frequency (speed) agree 1 [on: Output frequency = +L4-01, L4-02 (detection width) is used and Yes Yes
during frequency agree]
04 Frequency (FOUT) detection 1 [on: +L4-01 > Output frequency > -L.4-01, L4-02 (detection width) is Yes Yes
used]
05 Frequency (F QUT). dete(.:tion 2 [on: Output frequency (speed) = +L4-01 or output frequency < -L4-01, Yes Yes
L4-02 (detection width) is used]
06 Matrix converter operation ready (operation ready: Normal status without error after initialization) Yes Yes
07 During main circuit undervoltage (AUV) detection Yes Yes
08 During baseblock (on: during baseblock) Yes Yes
09 Frequency reference selection (on: Frequency reference from operator) Yes Yes
0A Run command selection status (on: Run command from operator) Yes Yes
0B Overtorque/undertorque detection 1 NO (NO contact: Overtorque/undertorque detection when on) Yes Yes
0C Loss .of frequency reference [Effective when L4-05 (operation selection when frequency reference is Yes Yes
lost) is set to 1]
OE Fault (on: Error other than CPF00 and CPF01 has occurred) Yes Yes
OF Not used (Set when the terminal is used for the built-in PLC or not used.) Yes Yes
10 Minor fault (on: Alarm displayed) Yes Yes
11 Fault reset command active Yes Yes
13 Frequency (speed) agree 2 [L4-04 (detection width) is used] Yes Yes
14 Desired frequency (speed) agree 2 [on: Output frequency = L4-03, L4-04 (detection width) is used, and Yes Yes
frequency agree]
15 Frequency (FOUT) detection 3 [on: Output frequency < L4-03, L4-04 (detection width) is used] Yes Yes
16 Frequency (FOUT) detection 4 [on: Output frequency = L4-03, L4-04 (detection width) is used] Yes Yes
17 Overtorque/undertorque detection 1 NC (NC contact: Overtorque/undertorque detection when off) Yes Yes
18 Overtorque/undertorque detection 2 NO (NO contact: Overtorque/undertorque detection when on) Yes Yes
19 Overtorque/undertorque detection 2 NC (NC contact: Overtorque/undertorque detection when off) Yes Yes
1A During reverse run (on: During reverse run) Yes Yes
1B During baseblock 2 (off: During baseblock) Yes Yes
1D During regeneration (on: During regeneration) No Yes
31 During speed limit (on: During speed limit) No Yes
37 During run 2 (on: Frequency output, off: Base block, DC injection braking, initial excitation, operation Yes Yes

Note: Set the Terminal function constant to OF when a contact output is used for the built-in PLC or if the terminal is not used as a multi-
function contact output. The factory settings of all multi-function contact outputs are OF and the signals shown in Figure 2.1 are
output from the built-in PLC.
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B H3: Analog Inputs

User constants for analog inputs are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %Z?_innge MEMOBUS
Number . P Range | Setting 9 [ Open-| £~ | Register
Display Operation | |o0p Vector
Vector
Signal level selection 0:010 10V
- terminal Al RN
H3-01 (termina : ) 110Vt 10 V Oorl 0 No A A 450H
Term AIl Signal
Gain (terminal AIl) Sets the frequency when 10 V is 0.0 to
H3-02 ) input, as a percentage of the . 100.0 % Yes A A 451H
Term All Gain . 1000.0
maximum output frequency.
Bias (terminal AIl) Sets the frequency when 0 V is -100.0
H3-03 ] input, as a percentage of the ) 0.0 % Yes A A 452H
Term AIl Bias . to 100.0
maximum output frequency.
Signal level selection 0:010 10V
) terminal AI2 RN
H3-04 (termina : ) 110V to 10 V Oorl 0 No A A 453H
Term AI2 Signal
Multi-function analog
input Selects multi-function analog 00 to
H3-05 (terminal AI2) input function for terminal AI2. 1FH IFH No A A 454H
Term AI2 Sel
Gain (terminal AI2) Sets the input level when terminal
A2 is 10 V. 0.0 to 0
H3-06 Term AI2 Gain Set according to the 100 % value | 1000.0 100.0% Yes A A 455H
selected in H3-05.
Bias (terminal AI2) Sets the input level when terminal
A2 isO V. -100.0 to 0
H3-07 Term AI2 Bias Set according to the 100 % value 100.0 0.0% Yes A A 456H
selected in H3-05.
Signal level selection 0:0t0 10 V
] terminal AI3 Vo
H3-08 (termina : ) 110 Vo 10 V 0,1 0 No A A 457H
Term AI3 Signal
Multi-function analog
input Selects multi-function analog 00 to
H3-09 (terminal AI3) input function for terminal AI3. IFH OFH No A A 458H
Term AI3 Sel
Gain (terminal AI3) Sets the input level when terminal
Al3is 10 V. 0.0 to o
H3-10° | rerm AI3 Gain Set according to the 100 % value | 1000.0 [ 90-0% Yes A A 439H
selected in H3-09.
Bias (terminal AI3) Sets the input level when terminal
AI3isO V. -100.0 o
H3-11 Term AI3 Bias Set according to the 100 % value | to 100.0 0.0% Yes A A 45AH
selected in H3-09.
Signal level selection 0:0t0 10V
; terminal Al4 RN
H3-12 (termina . ) 1 -10 Vto 10 V Oorl 0 No A A 45BH
Term Al4 Signal
Multi-function analog
input Selects multi-function analog 00 to
H3-13 (terminal Al4) input function for terminal Al4. 1FH OFH No A A 45CH
Term Al4 Sel
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Control
Name
Constant Description Setting | Factory %'L?,?n%e 0 Methods MEMOBUS
Number ) Range | Setting : pen- e1ux | Register
Display Operation | loop |\ccior
Vector
Gain (terminal Al4) Sets the input level when terminal
Al4is 10 V. 0.0 to
H3-14 Term Al4 Gain Set according to the 100 % value | 1000.0 100.0% Yes A A 45DH
selected in H3-13.
Bias (terminal Al4) Sets the input level when terminal
Al4is 0 V. -100.0 to
H3-13 Term Al4 Bias Set according to the 100 % value 100.0 0-0% Yes A A 45EH
selected in H3-13.
Analog input filter time | Sets primary delay filter time
constant constant in seconds for the four 0.00 to
H3-16 analog input terminals 2 00 0.00 s No A A 45FH
Filter Avg Time (AI1,AI2,AIZ,Al4). ‘
Effective for noise control, etc.

Multi-function Analog Input Functions

Control Methods
s\?atﬂ:;g Function Contents (100 %) olggn' Flux
Ve ctgr Vector
00 OAJ);l?j:}ﬁ gr_e(;];;ency reference (Can be set Maximum r/min Yes Yes
01 Frequency gain Frequency reference command value Yes Yes
02 Frequency bias Maximum r/min Yes Yes
05 Accel/(.lecel time changes (reduction Set acceleration and deceleration times Yes Yes
coefficient)
06 DC injection braking current Matrix converter rated current Yes No
07 Overtorque detection level Motor rated torque Yes Yes
09 Frequency reference lower limit level Maximum r/min Yes Yes
0A Jump frequency Maximum r/min Yes Yes
0E Motor temperature 450°C (0 % at -50°C) Yes Yes
Not used (Set when the terminal is used for
OF the bui]t—igl PLC or not used) a Yes Yes
10 Positive torque limit Motor rated torque Yes Yes
11 Negative torque limit Motor rated torque Yes Yes
12 Regenerative torque limit Motor rated torque Yes Yes
14 Torque compensation Motor rated torque No Yes
15 Positive/negative torque limit Motor rated torque Yes Yes
(For H3-09 and H3-13) Analog input not used -
IF - - Yes Yes
(For H3-05) Frequency reference Maximum r/min
Note: Set the constant to OF when the analog input is used for the built-in PLC or if the terminal is not used as multi-function analog

input.
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B H4: Multi-function Analog Outputs

User constants for multi-function analog outputs are shown in the following table.

Control
Name
Constant Descriofi Setting |Factory| Gf1ange Methods MEMOBUS
Number . escription Range | Setting uring | Open-| .« | Register
Display Operation | Joop |,
Vector g
Monitor selection . .
H4-01 (terminal AOT) Sets AO1 for multi-function 0 t0 99 ) Yes A A 470H
- analog output.
Term AO1 Signal
Sets the multi-function analog
. . output 1 voltage level gain.
Gain (terminal AOT) The output (10 V as 100 %) of the
H4-02 monitored item will be increased [0 to 30.00] 1.00 Yes A A 471H
by the set gain factor. However,
Term AO1 Gain the voltage output from the
terminal will be limited to 10 V.
Sets the bias added to the AO1
Bias (terminal AO1) voltage level.
The bias is 0 % to £10 % when 10 21000 to
H4-03 V is 100 %. 10(') 0 0.0 % Yes A A 472H
However, the voltage output from ’
Term AOI Bias the terminal will be limited to 10
V.
Monitor selection . .
H4-04 (terminal AO2) Sets AO2 for multi-function 0t 99 3 Yes A A 4730
- analog output.
Term AO2 Signal
Sets the multi-function analog
. . output 2 voltage level gain.
Gain (terminal AO2) {1 itput (10 V as 100 %) of the
H4-05 monitored item will be increased [0 to 30.00] 1.00 Yes A A 474H
by the set gain factor. However,
Term AO2 Gain the voltage output from the
terminal will be limited to 10 V.
Sets the bias added to the AO2
Bias (terminal AO2) voltage level.
The bias is 0 % to £10 % when 10 -100.0 to
H4-06 V is 100 %. 10(') 0 0.0 % Yes A A 475H
However, the voltage output from ’
Term AO2 Bias the terminal will be limited to 10
V.
Monitor selection . .
H4-07 (terminal AO3) Sets AO3 for multi-function 0 or 99 5 Yes A A 476H
- analog output.
Term AO3 Signal
Sets the multi-function analog
. . output 3 voltage level gain.
Gain (terminal AO3) The output (10 V as 100 %) of the
H4-08 monitored item will be increased [0 to 30.00] 1.00 Yes A A 477TH
by the set gain factor. However,
Term AO3 Gain the voltage output from the
terminal will be limited to 10 V.
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Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting | 9 | Open-| . | Register
Display peration | |oop Vector
Vector
Sets the bias added to the AO3
Bias (terminal AO3) voltage level.
The bias is 0 % to £10 % when 10 -100.0 to
H4-09 V is 100 %. 10(') 0 0.0 % Yes A A 478H
' However, the voltage output from '
Term AO3 Bias the terminal will be limited to 10
V.
Monitor selection Sets AO4 f i functi
H4-10 | (terminal AO4) e of muiti-tunction 0t0 99 9 Yes A A 479H
- analog output.
Term AO4 Signal
Sets the multi-function analog
. . output 4 voltage level gain.
Gain (terminal AO4) | 1 > tput (10 V as 100 %) of the
H4-11 monitored item will be increased [0 to 30.00] 1.00 Yes A A 47AH
by the set gain factor. However,
Term AO4 Gain the voltage output from the
terminal will be limited to 10 V.
Sets the bias added to the AO4
. . voltage level.
Bias (terminal AO4) The bias is 0 % to £10 % when 10 -100.0t
H4-12 V is 100 %. 21 0.0% Yes A A 47BH
100.0
However, the voltage output from
Term AO4 Bias the terminal will be limited to 10
V.
Analog output signal
. 0:0to+10V
- level select
H4-13 e.ve selection 1 -10to +10 V Oorl 1 No A A 47CH
Signal Select
B H7: PG Setup
User constants for PG setup are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting | 9 | Open-| . | Register
Display peration | |oop Vector
Vector
Sets the number of PG (pulse
PG constant generator or encoder) pulses.
H7-01 Sets the number of pulses per 0 to 8192| 600 <1> No No Q 4A0H
PG Pulses/Rev motor revolution without
multiplication.
) ) Sets the stopping method when a
Operation selection at [ gneed deviation (DEV) fault
deviation OCCUTS.
H7-04 0: Decelerate to stop 0to3 3 No No A 4A3H
1: Coast to stop
PG Deviation Sel 2: Emergency stop
3: Continue operation
PG rotation 0: Phase A leads with forward run
command.
H7-05 . 1: Phase A leads with reverse run Oorl ! No No A 4A4H
PG Rotation Sel
command.
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Control
Name
Constant Description Setting | Factory %'Lar?ngge o Methods MEMOBUS
Number . Range | Setting ; Pen- | elux | Register
Display Operation | |o0p Vector
Vector
Overspeed detection Sets the overspeed detection
H7-08 level method. 0to120] 115% No No A 4ATH
PG Overspd Level Overspeed is detected when a
Overspeed detection freql.lency above the level
delay time specified by H7-08 (a percentage
of the maximum output frequency)
H7-09 has continued for more than the |0-0t02.0] 0.0 No No A 4A8H
PG Overspd Time time specified by H7-09 (detection
time in units of seconds).
) Sets the excessive speed deviation
Exc§s§1ve Sp eeq (DEV) detection method.
deviation detection level An excessive speed deviation is
P
H7-10 detected when a speed deviation | 0to 50 | 10% No No A 4A9H
) above the level specified by H7-10
PG Deviate Level (a percentage of the maximum
output frequency) has continued
Excessive speed for more than Fhe ti‘me speciﬁed by
deviation detection delay H7-11 (detection time in units of
time seconds).
H7-11 Speed deviation: The difference 0to10.0] 05s No No A AAAH
between the actual motor speed
PG Deviate Time and the commanded speed
(reference)
PG open-circuit Sets the time for the software to 0.0 to
H7-14 detection time detect a PG disconnection in units 1 0.0 3.0s No No A 4ADH
PGO Detect Time of second. )
PG counter )
H7-24 multiplication selection (1) ;11 Oorl 1 No No A 4B7H
Pulse CNT Mode ’

<1> When the control method is changed, the factory setting will change. The flux vector factory setting is given.

@ L: Protection Function Constants

The following settings are made with the protection function constants (L constants): Motor protection selection, power
loss ride-through function, stall prevention function, speed detection, overtorque/undertorque detection, torque limits, and

hardware protection.

B L1: Motor Overload

User constants for motor overloads are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %T:'innge MEMOBUS
Number . P Range | Setting 9 [ Open-| £~ | Register
Display Operation | |o0p Vector
Vector
. Selects whether the Matrix
Motor protection .
. converter’s internal motor
selection load function is enabled or
L1-01 over Oorl 1 No A A 4EOH
disabled.
MOL Fault Select 0: Disabled
1: Enabled
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Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-

Vector

Flux

loop Vector

MEMOBUS
Register

L1-02

Motor protection time
constant

MOL Time Const

Sets the time when the motor must
be in overload (> L1-07) before
the internal overload function is
triggered, in units of seconds.

The factory setting is 60.0
seconds.

Set the protection time according
to the motor overload capability.

1.0 to
600.0

60.0s

4E1H

L1-04

Operation selection at
motor overload

MOL Select

Selects the operation when the
motor is overloaded.

0: Decelerate to stop

1: Coast to stop

2: Emergency stop using the
deceleration time in C1-09 95.
3: Continue operation

Oto3

4E3H

L1-06

Motor overload
detection start level

OL1 Start Level

Sets the minimum level (bias) for
motor overload detection as a
percentage of the motor rated
torque.

The set value must be smaller than
L1-07.

When E2-14 102 is set to 1
(enabled), this setting is invalid.

20 to 300

110 %

4ESH

L1-07

Motor overload
detection level

OLI1 Level

Sets the motor overload detection
level as a percentage of the motor
rated torque.

The set value must be larger than
L1-06.

When E2-14 102 is set to 1
(enabled), this setting is invalid.

30 to 300

150 %

4E6H

B L2: Power Loss Ridethrough

User constants for power loss ridethrough are shown in the following table.

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-

Vector

Flux

loop Vector

MEMOBUS
Register

L2-01

Momentary power loss
detection

PwrL Selection

0: Disabled (Major fault occurs
immediately after a momentary
power loss.)

1: Enabled (Continued operation
within the allowable ride-through
time after a momentary power
loss.)

A backup power source for the
control power supply is required to
successfully ride through a
momentary power loss.

Oorl

4FOH

L2-02

Momentary power loss
ridethrough time

PwrL Ridethru t

Ridethrough time, when
Momentary Power Loss Selection
(L2-01) is set to 1, in units of
seconds.

0.0 to
10.0

2.0s

4F1H
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Name

Constant

Numb
umber Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-

Vector

loop Flux

Vector

MEMOBUS
Register

Minimum baseblock
time

L2-03

PwrL Baseblock t

“Baseblock” prohibits any output
from the Matrix converter. L2-03
sets the minimum time to
baseblock the motor, in units of
seconds.

Select the time required for the
motor residual voltage to be
discharged.

If an overcurrent (OC) occurs
during the start of speed search or
DC injection braking, increase the
set value.

0.1to05.0

20s

4F2H

Voltage recovery time

L2-04

PwrL V/F Ramp t

Select the time to restore the
normal output voltage of the
Matrix converter after the
completion of speed search, in
units of seconds.

Sets the time required to recover
the output voltage from 0 V to the
maximum.

0.0 to
10.0

3.0s

4F3H

AUV detection level

L2-21
Power UV Level

Sets the input power supply
undervoltage (AUV) detection
level in units of volts (V).

2080 to
4160

2704 V

504H

B L3: Stall Prevention

User constants for the stall prevention function are shown in the following table.

Name
Constant

N
umber Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-

Vector

Flux

loop Vector

MEMOBUS
Register

Stall prevention
selection during accel

L3-01

StallP Accel Sel

0: Disabled (Acceleration as set.
With a heavy load, the Matrix
converter may reach current limit
or trip (OC) or the motor may
stall.)

1: Enabled (Acceleration stops
when L3-02 level is exceeded.
Acceleration starts again when the
current reduces.)

2:Intelligent acceleration mode
(Acceleration continues at the L3-
02 current level. Set acceleration
time is disregarded.)

0to2

No

520H

Stall prevention level
during accel

L3-02

StallP Accel Lvl

Effective when L3-01 is set to 1 or
2.

Set as a percentage of Matrix
converter rated current.

Normally setting is not necessary.
Reduce the value if the motor
stalls with the factory settings.

0 to 200

120 %

521H
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5.2 User Constant Tables

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | |oop
Vector Vector
o Sets a stall prevention current level
Stall prevention limit during acceleration for speeds
during accel between base speed and maximum
i speed as a percentage of the 100
L3-03 Matrix converter rated current. 010 100 % <I> No A No S22H
StallP CHP Lvl This is the frequency range above
E1-06 101.
Normally setting is not necessary.
<1> The factory setting will change when the control method is changed.
B L4: Frequency Detection
User constants for the reference detection function are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %T;:’lnge MEMOBUS
Number . P Range | Setting 9 [Open-| £~ | Register
Display Operation | |oop
Vector Vector
Effective when “Desired
Speed agree detection frequency (ref/setting) agree 1,”
level “Frequency detection 1,” or
“Frequency detection 2" is set fora| 0.0 to o
L4-01 multi-function output. 100.0 0.0% No A A S30H
Sets the output frequencies or
Spd Agree Level motor speeds to be detected as
percentages.
Effective when “Frequency
Speed agree detection (speed) agree 1, Des1red”
. frequency (speed) agree 1,” or
width “Frequency (FOUT) detection 1,” | 0.0 to
- ’ ) 0,
L4-02 Frequency (FOUT) detection 2 is 100.0 2.0% No A A S31H
set for a multi-function output.
Spd Agree Width Sets the acceptable range for the
output as a percentage.
Effective when “Desired
Speed agree detection frequency (speed) agree 2,”
level (+/-) “Frequency (FOUT) detection 3,”
or “Frequency (FOUT) detection -100.0 to
L4-03 4” is set for a multi-function 10(') 0 0.0 % No A A 532H
output. '
Spd Agree Lvl+- Output frequency or motor speed
detection range is set as a
percentage.
Effective when “Frequency
Speed agree detection (speed) agree 2,” “Desired
width (+/-) frequency (speed) agree 2,”
Frequency (FOUT) detection 3 or | 0.0 to o
L4-04 “Frequency detection 4" is set fora| 100.0 2.0% No A A S33H
_ multi-function output.
Spd Agree Width+- Sets the acceptable range for the
output as a percentage.
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Control
Name
Methods
Constant Describtion Setting | Factory %IL??nge MEMOBUS
Number . P Range | Setting 9 | Open-| .. | Register
Display Operation | |o0p
Vector Vector
) 0: Stop (Operation follows the
Operation when ) frequency reference.)
frequency reference is | 1. Operation at 80 % speed
missing continues. (At 80 % of speed
L4-05 before the frequency reference was| 0 or 1 0 No A A 534H
lost)
Ref Loss Sel “Frequency reference is lost” is
defined as: Frequency reference
dropped over 90 % in 400 ms.
B L5: Fault Restart
User constants for the auto restart function are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %'L?,innge MEMOBUS
Number . P Range | Setting 9 Open- [ £ | Register
Display Operation | |oop
Vector Vector
Number of auto restart Sets the number of auto restart
attempts attempts.
L5-01 Automatically restarts after a Oto5 0 No A A 540H
Num of Restarts fault and conducts a speed
search from the run frequency.
Auto restart operation Sets whether a fault contact
selection output is activated during fault
restart.
L5-02 0: Not output (Fault contact is Oorl 0 No A A 541H
Restart Sel not activated.)
1: Output (Fault contact is
activated.)
Maximum restart time The Matrix converter will
continue to execute fault
restarts until the time in L5-03 0.01 to
L5-03 . passes. If a successful fault ’ 0.05 No A A 542H
Max Restart Time . 18.00
restart has not occurred, this
parameter will cause a fault and
the restart process will cease.
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B L6: Overtorque/Undertorque Detection

User constants for the torque detection function are shown in the following table.

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

L6-01

Overtorque/
Undertorque detection
selection 1

Torq Det 1 Sel

0: Overtorque/undertorque
detection disabled.

1: Overtorque detection only with
speed agreement <7>; operation
continues after overtorque
(warning).

2: Overtorque detected
continuously during operation;
operation continues after
overtorque (warning).

3: Overtorque detection only with
speed agreement; output stopped
upon detection (protected
operation).

4: Overtorque detected
continuously during operation;
output stopped upon detection
(protected operation).

5: Undertorque detection only with
speed agreement <7>; operation
continues after overtorque
(warning).

6: Undertorque detected
continuously during operation;
operation continues after
overtorque (warning).

7: Undertorque detection only with
speed agreement </>; output
stopped upon detection (protected
operation).

8: Undertorque detected
continuously during operation;
output stopped upon detection
(protected operation).

Oto8

550H

Le-02

Overtorque/
Undertorque detection
level 1

Torq Det 1 Lvl

Sets the detection level 1 as a
percentage of the motor rated
torque.

0to 300

150 %

551H

L6-03

Overtorque/
Undertorque detection
time 1

Torq Det 1 Time

Sets the overtorque/undertorque
detection time in 1-second units.

0.0to
10.0

0.1s

552H
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Control
Name
(ilonstant Description Setting | Factory %'Lar?ngge o Me-thods MEMOBUS
umber . Range | Setting ; Pen- | elux | Register
Display Operation | loop |yccior
Vector
Overtorque/Undertorque | Multi-function output for
L6-04 detection selection 2 overtorque detection 1 is outputto| 0to 8 0 No A A 553H
Torq Det 2 Sel multi-function contact output
Overtorque/Undertorque when overtorque det.ection 1 NO
L6-05 detection level 2 or overtorque 'detectl'on I NCis 0to 150 % No A A 55411
Torq Det 2 Lvl selected. Multl—fu.nctlor.l output for| 300
overtorque detection 2 is output to
Oveﬁgr quef/U ndertorque | mylti-function contact output
L6-06 detection time 2 when overtorque detection 2 NO 0.0t 1 No A A 5551
Torq Det 2 Time or overtorque detection 2 NC is 10.0
selected.
<1> “Speed agreement” means “at set speed”, i.e., not accelerating or decelerating.
B L7: Torque Limits
User constants for torque limits are shown in the following table.
Control
Name Change
Constant Description Setting | Factory duringg_g o) Methods MEL'}’ISOB
Number . Range | Setting | Operatio | YP€n-| £, :
Display n loop Vector Register
Vector
Forward drive
L7-01 torque limit 0to300| 150 % No A A 560H
Torq Limit Fwd | Sets the torque limit value as a percentage of the
Reverse drive motor rated torque.
L7-02 torque limit Four individual regions can be set. 0t0300| 150% No A A 561H
Torq Limit Rev Output torque
Forward Positive torque
regenere.lti\./e 708 L7-0
L7-03 | torque limit e Motor 0t0300| 150% | No A A 562H
Torq Lmt Fwd ; stale SpFej:Nar |
Rgn everse 5Ré-l?(;enerative
Reverse 5 L7-03
regenerative Negative torque
L7-04 torque limit 0to 300 150 % No A A 563H
Torq Lmt Rev
Rgn
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B L8: Hardware Protection 1

User constants for hardware protection functions are shown in the following table.

Control
Name
Constant Description Setting | Factory %Z?,i"n%e o Methods MEMOBUS
Number . Range | Setting : Pen-1 rmux | Register
Display Operation | Joop |,
Vector | Vector
0: Disabled
1: Enabled (Detects open phase of
Output open-phase one phase only)
protection selection 2: Enabled (Detects open phase of
two or more phases)
L8-07 When applied motor capacity is 0to2 2 No A A 576H
small for Matrix converter
capacity, output open-phase may
Ph Loss Out Sel be detected inadvertently or open-
phase may not be detected. In this
case, set to 0.
* In the case of L8-07=1
When output current > 5 % and
output frequency =1.0 Hz, if the
Output open-phase output current of one of U, V, and
. W is less than L8-08, and when it
detection level . .
continues 500 ms or more, it is
detected as output open-phase.
* In the case of L8-07=2 0.0 to
L8-08 When the output frequency >1.0 20.0 30% No A A S7TH
Hz, and all the output current of
U, V and W is less than L.8-08,
and when it continues 500 ms or
Ph Loss Out Lvl more, it is detected as output
open-phase.
* The count at 500 ms is an UP/
DOWN counter.
1819 Soft CLA selection 0: Disable (Gain is set to 0) 0or 1 i No A A S8oH
Soft CLA Sel 1: Enable
B L9: Hardware Protection 2
User constants for hardware protection 2 functions are shown in the following table.
Control
Name
Constant Description Setting | Factory %Trlinn%e o) Methods MEMOBUS
Number . Range | Setting : Pen-1 mux | Register
Display Operation| |oop Vi
Vector el
Main power supply input | Sets the Matrix converter main input
voltage voltage in 1 volt. (Transformer 3500 to
L9-01 primary side) 4800 4160 V No A A SAO0H
Main Input Volt This setting is used as a reference
value in protection functions.
Input overvoltage Selects the operation when
detection selection overvoltage is detected.
L9-02 0: Detection disabled 0to2 1 No A A SA1TH
10V Select 1: Coast to a stop (fault)
2: Continue operation (alarm)
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Control
Name
Methods
Constant Description Setting | Factory %Iaiinnge MEMOBUS
Number . P Range | Setting 9 [Open-| £ | Register
Display Operation| |oop
Vector Vector
Input overvoltage ) )
detection time Sets the input overvoltage detection
time in 0.01 s units. 0.00 to
L9-03 Any input voltage above 120 % of '2 00 0.05s No A A SA2H
the L9-01 set level that continues for '
IOV Time the time set in L9-03 is detected.
Output overvoltage Sets the output overvoltage detection
detection level level in 0.1 % units. 110.0 to o
L9-06 TPUT Lvl [100 %: Maximum motor voltage 200.0 120% No A A SASH
OUTPUT OV Lv (E1-05)]
Output overvoltage Sets the output overvoltage detection
detection time time in 0.01-seconds units. 0.00 to
L9-07 Any output voltage above the L9-06 1 0.00 1.00 s No A A S5A6H
OV Time set level that continues for the time ’
set in L9-07 is detected.
Control power supply Selects the control power supply
L9-14 fault detection selection | fault dete.ctlon.. 0or1 0 No A A SADH
Term20 D | 0: Detection disabled
erm20 Det Se 1: Detection enabled
Selection of operation Selects the operation when software
when ground fault is detects output ground fault.
L9-20 detected on output side | 0: Detection disabled 0to2 1 No A A 5SB3H
OGF Sel 1: Coast to a stop (fault)
elect 2: Continue operation (alarm)
Output ground fault Sets tbe softwar.e output grourtd fault
detection level detection level in units of 0.1 %. 0.0 to
L9-21 (100 %: Voltage class) 160 0 5.0% No A A 5B4H
Output OGF Lyl (3 kV class: 3300V, 4kV class: ’
utpu v 4160V, 6 kV class: 6600 V)
Sets the time for software output
Output ground fault ground fault detection in units of
detection time 0.001 second.
The output ground fault (OGF) is 0.001 to
19-22 detected when the total of output 2.000 0.200s No A A SB3H
. voltage of three phases exceeds the
OGF Time level set in L9-21 for the time set in
L9-22 or longer.
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€ n: Special Adjustments

The following settings are made with the special adjustments constants (N constants): Speed feedback detection control.

B n2: Speed Feedback Detection Control Functions

User constants for speed feedback detection control functions are shown in the following table.

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | |oop
Vector Vector
Sets the internal speed feedback
Speed feedback detection control gain using a
detection control multiplication function.
Automatic Flux qumally, therP is no need to
Regulator (AFR) gain adJPSt thl? setting.
n2-01 Ad]ust.thls constar.lt as follows: 0.00 to 200 No A No SDOH
If hunting occurs, increase the set | 10.00
value.
. If response is slow, decrease the
AFR Gain set value.
Adjust the setting by 0.05 at a
time, while checking the response.
Speed feedback Sets the time constant to define the
detection control (AFR) | rate of change in the speed
n2-02 time constant feedback detection control. 0t0 20001 250 ms No A No SDIH
AFR Time Setting unit: ms
Speed feedback Increase the setting if overvoltage
detection control (AFR) | (OV) failures occur at the
n2-03 time constant 2 completion of acceleration, or 0to 2000 750 ms No A No 5D2H
] when the load changes rapidly.
AFR Time 2 Setti .
etting unit: ms
Starting gain for AFR Sets the gain to the AFR gain at 0
) gain change Hz. 0.00 to
n2-05 AFR G of S Controls hunting by AFR at low 2.00 0.20 No A No ShaH
of Start speed (0 to12 Hz).
B n9: Factory Adjustment 1
User constants for factory adjustment are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %Z?_?nge MEMOBUS
Number . P Range | Setting 9 Open | £y | Register
Display Operation | -joop
Vector Vector
ACR q gain during .
19-03 normal operations Sets the ACR q gain for the 0.00 to 0.40 <> No A A 692H
- normal control range. 2.00
ACR q Gain
ACR q integral time Sets the ACR q i | time f 0.0
19-04 during normal operations ets the ACR q integral time for| 0.0 to 6.0 ms <I> No A A 693H
- the normal control range. 100.0
ACR q I Time
ACR q limit during Sets the ACR q limit for th
n9-05 | normal operations s e ALE A MMIOTHE 010150 [100 % <15|  No A A 694H
— normal control range.
ACR q Limit
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Control
Name
Methods
Constant Description Setting | Factory %Z?'innge MEMOBUS
Number . P Range | Setting 9 Open | ux | Register
Display Operation | -loop |\/ctor
Vector
ACR d gain during Sets the ACR d eain for th 0.00
n9-06 normal operations cts the gain for the V010 6 40 <1 No A A 695H
- normal control range. 2.00
ACR d Gain
ACR d integral time Sets the ACR d i L time f 0.0
n9-07 during normal operations ets the integral time for to 6.0 ms <1> No A A 696H
- the normal control range. 100.0
ACR d 1 Time
ACR d limit during L
n9-08 normal operations Sets the ACR d limit for the 0to 150 [100 % <1> No A A 697H
— normal control range.
ACR d Limit

<1> The factory setting will change when the control method is changed.

€ o: Digital Operator Constants

The following settings are made with the Digital Operator constants (o constants): Monitor select and multi-function

selections.

B o1: Monitor Select

User constants for Digital Operator Displays are shown in the following table.

Control
Name
Methods
Constant Describtion Setting | Factory %laar?nge MEMOBUS
Number . P Range | Setting 9 | Open-| . | Register
Display Operation | |oop Vector
Vector
LCD brightness Sets a smaller value to lighten the
01-05 adjustment LCD and a larger value to darken | 0 to 20 10 No A A 6E4H
LCD Contrast the LCD (standard: 10).
B 02: Multi-function Selections
User constants for Digital Operator key functions are shown in the following table.
Control
Name
Methods
Constant Description Setting | Factory %T‘?_innge MEMOBUS
Number . P Range | Setting 9 | Open-| ., | Register
Display Operation | loop |y/cctor
Vector
LOCAL/REMOTE | Sets the Digital Operator Local/
key enable/disable | Remote Key
0: Disabled
02-01 Local/R K 1: Enabled (Switches between the Oorl ! No A A 6FOH
ocal/Remote Key Digital Operator and the constant
settings.)
STOP key during Sets the Stop Key in the run mode.
control circuit 0: Disabled (When the Run Command
terminal operation is issued from and external terminal,
02-02 the Stop Key is disabled.) Oorl 0 No A A OFIH
Oper STOP Key 1: Enabled (Effective even during
run.)
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Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

02-04

kVA selection

Not initialized in A1-03 (Initialize).
Code: rated voltage, kVA, HP, rated
current

90: 4 kV class, 505 kVA, 550 HP, 70 A
91: 4 kV class, 650 kVA, 700 HP, 90 A
92: 4 kV class, 735 kVA, 800 HP, 102
A

93: 4 kV class, 830 kVA, 900 HP, 115
A

94: 4KV class, 890 kVA, 1000 HP, 123
A

95: 4kV class, 1110 kVA, 1250 HP,
154 A

96: 4 kV class, 1330 kVA, 1500 HP,
185 A

97: 4 kV class, 1550 kVA, 1750 HP,
215 A

98: 4 kV class, 1765 kVA, 2000 HP,
245 A

99: 4 kV class, 2025 kVA, 2250 HP,
281 A

9A: 4 kV class, 2240 kVA, 2500 HP,
311 A

9B: 4 kV class, 2420 kVA, 2750 HP,
336 A

9C: 4 kV class, 2680 kVA, 3000 HP,
372 A

9D: 4 kV class, 3140 kVA, 3500 HP,
436 A

9E: 4 kV class, 3750 kVA, 4000 HP,
520 A

Normally setting is not necessary.

60 to
FFH

Code
correspon
ding to
Matrix
converter

capacity

6F3H

02-05

Frequency
reference setting
method selection

Operator M.O.P.

When the frequency reference is set on
the Digital Operator frequency
reference monitor, sets whether the
Enter Key is necessary.

0: Enter Key needed

1: Enter Key not needed

A setting of 1 creates a digital M.O.P.
function.

Oorl

6F4H

02-06

Operation selection
when digital operator
is disconnected

Oper Detection

Sets the operation when the Digital
Operator is disconnected.

0: Disabled (Operation continues even
if the Digital Operator is
disconnected.)

1: Enabled (OPR is detected at Digital
Operator disconnection. Matrix
converter output is cut off, and fault
contact is operated.)

Oorl

6F5H

02-07

Cumulative
operation time
setting

Elapsed Time Set

Sets the cumulative operating time in
hours.
Operation time is calculated from the

set value.

0to
65535

0 hr

No

6F6H
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Control
Name
Constant Description Setting | Factory %'Lar?ngge o) Methods MEMOBUS
Number . Range | Setting ; pen-{ e.x | Register
Display Operation | joop Vector
Vector
0: Cumulative time when the primary
Cumulative power supply comes on
operation time (The time from the moment the
selection primary power supply comes on until
02-08 it turns off is totalled.) Oorl 0 No A A 6F7H
1:Cumulative operation time
. (The time while the matrix converter
Elapsed Time Run is outputting voltage after baseblock is
cancelled is totalled.)

@ Y: Factory Settings

Note:

“Y” parameters are not normally part of user setup.

Use the factory constants (Y constants) to set the hardware adjustment settings.

B Y1: Factory Setting 2

The following table shows the user constants for factory setting 2 display.

The “Y” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.

Control
Name
Methods
Constant Description Setting | Factory %T:'innge MEMOBUS
Number . P Range | Setting 9 [ Open-| £~ | Register
Display Operation | |o0p Vector
Vector
Gain equivalent to input | Gain for adjustment of input 0to
Y1-22 voltage voltage detection value (Operated 10.000 5.389 No A A 785H
Input V Gain in inverse proportion) ’
Gain equivalent to input | Gain for adjustment of input 0to 3.300
Y1-23 current current detection value (Operated 15.000 '<1> No A A 786H
Input I Gain in inverse proportion) ’
Gain equivalent to Gain for adjustment of output 0to
Y1-24 output voltage voltage detection value (Operated 10.000 5.389 No A A 787H
Output V Gain in inverse proportion) ’
Gain equivalent to Gain for adjustment of output 0to 5.040
Y1-25 output current current detection value (Operated 10.000 '<1> No A A 788H
Output I Gain in inverse proportion) )
Transformer primary Set the transf . ted 12100to| 4.160
Y126 input voltage V(e)lta Z ransformer primary rate 3700 v No A A 7891
Input V of Trans ge: <1> <1>

<1> The factory settings depend on the Matrix converter capacity.
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€ T: Motor Autotuning

The following settings are made with the motor autotuning constants (T constants): Settings for autotuning.

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number . P Range | Setting | 4 t_g Open-| clux | Register
Display peration | loop Vector
Vector
Autotuning mode Sets the autotuning mode.
T1-01 , 0: Rotational autotuning Oor2 | 0 No Yes | Yes 720H
Tuning Mode Sel 1: Stationary autotuning for line-
to-line resistance only
Mot ted volt i -
T1-03 otor rated voltage Sets the voltage equivalent to. the 0 to 8000 E1-13 No Yes Yes 7291
Rated Voltage rated speed of no-load operation. Vv
Mot ted t -
T1-04 otor rated curren Sets the rat.ed cu.rrent on the 0.1 to E2-01 No Yes Yes 7231
Rated Current nameplate in units of A. 1500.0 A
Motor rated fi -
T1-05 otor rated frequency | Sets the motorlbase.frequency on | 0.00to | E1-06 No Yes Yes 724H
Rated Frequency the nameplate in units of Hz. 400.00 Hz
Number of mot 1
T1-06 UMDET Of MOTOr po'es | Sets the number of poles onthe | 4g | g2 04 No Yes | Yes 725H
Number of Poles nameplate.
Motor base speed Sets the base speed on the 0to Calculate
T1-07 nameplate. (Rated speed with rated d value No Yes Yes 726H
Rated Speed 12000 .
load) r/min
Number of PG pulses Sets the number of pulses per
T1-08 when rotating revolution for the PG (pqlse 0108192 H7-01 No 3 Yes 727H
generator or encoder) being used
PG Pulses/Rev . AR
without any multiplication factor.
Sets the motor insulation class on
Motor insulation class | the nameplate.
0: Insulation class A (100°C)
T1-10 1: Insulation class E (120°C) 0to4 1 No Yes Yes 729H
) 2: Insulation class B (130°C)
Insulation class 3: Insulation class F (155°C)
4: Insulation class H (180°C)

€ U: Monitor Constants

The following settings are made with the monitor constants (U constants): Setting constants for monitoring in drive mode.

B U1: Status Monitor Constants

The constants used for monitoring status are listed in the following table.

Control
Constant teme Methods _ImemoBus
o o .
NUREeT ) Description 100 % Value Unit | Open- Flux | Register
Display loop | yvector
Vector
Speed reference . . 0.01
U1-01 Monitors/sets the speed reference value. Maximum speed 0 A A 40H
Frequency Ref %
Output fi
U1-02 Saihadis L Monitors the output frequency. Maximum frequency 0.01 A A 41H
Output Freq Hz
Output t i
U1-03 P o Monitors the output current. Matrix converter rated 0.1 A A A 42H
Output Current output current
Control method
U1-04 Checks the current control method. (Cannot be output.) [No.] A A 43H
Control Method
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Name Methods
Constant A ® . MEMOBUS
NI _ Description 100 % Value Unit | Open- Flux | Register
Display loop Vector
Vector
Motor speed . . 0.01
U1-05 Monitors the detected motor speed. Maximum speed o A A 44H
Motor Speed %
U1-06 Output voltage Monitors thg output voltage reference value | Voltage class |V A A 45H
Output Voltage | in the Matrix converter. (4160 Vac)
Output power Matrix converter
. it
U1-08 Monitors the output power. capacity . 1 kW A A 47H
Output kWatts (maximum applicable
motor capacity)
Torque reference | Monitors the internal torque reference
U1-09 il d Motor rated torque 0.1 % A A 48H
Torque Reference| value.
Shows input on/ ol0000joj0j0
off status. 1: :npui term?na: ; ?s on.
— 1. Input terminal 2 Is on.
(1-8) L— 1: Input terminal 3 is on. .
Ul-10 L—— 1: Input terminal 4 is on. - [Bit] A A 49H
1: Input terminal 5 is on.
1: Input terminal 6 is on.
Input Sts (1 8) 1: Input terminal 7 is on.
1: Input terminal 8 is on.
Shows output on/ ojojojojojojoio
off status. [ 1: Output term?nal 1 ?s on.
(1-8) 1: Output terminal 2 is on.
———— 1: Output terminal 3 is on. .
Ul-11 ———— 1: Output terminal 4 is on. - [Bit] A A 4AH
1: Output terminal 5 is on.
Output Term Sts 1: Output term!nal 6 !s on.
1: Output terminal 7 is on.
1: Output terminal 8 is on.
Matrix converter operating status.
Low/High register is changed by the digital
operator [DATA/ENTER] key.
Lower register (L) status
Matrix converter o[o[o[o[o[ofolo
operating status L 1:Run
1: Zero speed
——— 1: Reverse
—— 1: Reset signal input
1: Speed agree
1: Inverter ready
1: Minor fault .
Ul-12 1: Major fault — [Bit] A A 4BH
High register (H) status
o[o[o[o[o]o[ofo
t 1: Operation fault
1: Restarted after power loss
Int Ctl Sts 1: Remote operation
1: During regenarative
operation
Not Used (always 0)
1: During speed limit.
Not Used (always 0)
Not Used (always 0)
Cumulative Monitors the total operating time of th
UL-13 operation time 0n1. ors the total operating time of the _ H A A ACH
- Matrix converter.
Elapsed Time
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5.2 User Constant Tables

Control
Constant neme Methods _ImemoBus
o o .
NUREeT ) Description 100 % Value Unit | Open- Flux | Register
Display loop | yector
Vector
Software No.
Ul-14 (CPU) (Manufacturer’s ID number) - [No.] A A 4DH
CPU Rev.
Terminal ATL 1\ 1o diors the input voltage of the mult
UL-15 input voltage onitors the input voltage of the multi- 10V 0.01 % A A AEH
function analog input 1.
All Input
Terminal AL2 1o diors the input voltage of the mult
Ul-16 input voltage onitors the input voltage of the multi- 10V 0.01 % A A AFH
function analog input 2.
Al2 Input
Terminal AI3 Moni the | It fih "
Ul-17 input voltage oanors e mp.ut voltage of the multi- 10V 0.01 % A A SOH
function analog input 3.
AI3 Input
Motor secondary )
Ul-18 current (Iq) Monitors the calculated value of the motor | Motor rated 0.1% A A s1H
secondary current. secondary current
Mot SEC Current
Motor exciting |\t iors the calculated value of the motor | Motor rated
U1-19 current (Id) onitors the calculated value of the motor otor rate 0.1% A A SOH
excitation current. secondary current
Mot EXC Current|
Output frequency | Monitors the output frequency after a soft
U1-20 after soft-start start. The frequency given does not include | Maximum frequency | 0.01 % A A 53H
SFS Output compensations, such as slip compensation.
ASR input i i
Ul-21 mnpu Monitors the input to the speed control Maximum frequency | 0.01% | No A Sa
ASR Input loop.
ASR output i
U1-22 p Monitors the output from the speed control | Motor rated 0.01 % No A ssH
ASR Output loop. secondary current
ASR integral 1 \fonitors the integral value from the speed | Motor rated
U123 value onitors the integral value from the spee otor rate 001% | No A S6H
control loop. secondary current
ASR Integral
Terminal A% o diors the input voltage of the mult
U125 input voltage onitors the input voltage of the multi- 10V 0.1% A A sSH
function analog input 4.
Al4 Input
Output voltage Monitors the Matrix converter internal
Voltage class
Ul1-26 reference (Vq) | voltage reference for motor secondary (4160 Vac) 1v A A 59H
Voltage Ref (Vq) | current control.
Output voltage Monitors the Matrix converter internal Volt |
Ul1-27 reference (Vd) voltage reference for motor excitation ( 401 622)g$/:02)15$ 1V A A 5AH
Voltage Ref (Vd) | current control.
Software
U1-28 No.(FPGA) (Manufacturer’s FPGA software No.) - [No.] A A 5BH
FPGA Rev.
ACR output of g 1 1 iors th t control output value | Voltage cl
U132 axis onitors the current control output value oltage class 0.1 % A A SFH
for the motor secondary current. (4160 Vac)
ACR(q) Output
ACR outputofd 11 itors th t control output value | Voltage cl
U1-33 axis onitors the current control output value oltage class 0.1% A A GOH
for the motor excitation current. (4160 Vac)
ACR(d) Output
OPE fault Shows the first constant number wh Constant
ows the first constant number where an onstan
- constant -
Ul-34 OPE fault was detected. Number A A 6IH
OPE Detected
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Control
Constant e Methods | yiemoBus
o o .
NI _ Description 100 % Value Unit | Open- Flux | Register
Display loop | yector
Vector
Actual fin Monitors the temperature of fin in A1 cell.
Ul-41 temperature (temperature is displayed above about - 1°C A A 68H
Actual Fin Temp | 80°C)
Shows input on/
off status afolafolofoolo
’ L1, Input terminal 9 is on.
(©-16) 1: Input terminal 10 is on.
1: Input terminal 11 is on. .
Ul-42 1: Input terminal 12 is on. - [Bit] A A 69H
1: Input terminal 13 is on.
Input Sts(9-16) 1: Input terminal 14 is on.
1: Input terminal 15 is on.
1: Input terminal 16 is on.
Shows input on/ SETEIaTTGIoT
off status. L. ) .
17_20) 1: Input terminal 17 is on.
( 1: Input terminal 18 is on.
1: Input terminal 19 is on. .
Ul-43 1: Input terminal 20 is on. - [Bit] A A 6AH
Not Used (always 0)
Input Sts(17-20) Not Used (always 0)
Not Used (always 0)
Not Used (always 0)
Superior The operati d lower byte f
U1-46 command 1 ¢ operation command lower byte from B [Bit] A A 6DH
- the built-in PLC
Superior Cmd 1
Superior The operati d high byte from th
U147 command 2 e operation command high byte from the B [Bit] A A 6EH
- built-in PLC
Superior Cmd 2
Output zero- Monitors the output h It
U1-49 voltage onitors the output zero-phase voltage B Ry A A 70H
value in the Matrix converter.
Output Zero V
Input torque
Ul-51 compensation Monitors the Input torque compensation. Motor rated torque 0.01 % No A 72H
Input T-Cmp
Slip frequency
Ul1-52 reference Monitors the slip frequency reference. Motor rated slip 0.01 % A A 73H
Slip Reference
Magnetic flux
U1-53 reference Monitors the magnetic flux reference. Motor no-load current | 0.01 % A A 74H
Mag-flux Ref.
Power supply
U1-54 descent value Not used. - 0.01 % A A 75H
Power Descent
Motor Monitors the motor temperature.
Ul1-55 temperature (Enabled only when E2-14 is set to 1 - 1°C A A 76H
Motor Temp. (enabled).)
Current reference
Ul-64 of q axis Monitors the current reference of q axis. Motor rated current 0.1 % A A 7FH
Iq Reference
Current reference
Ul1-65 of d axis Monitors the current reference of d axis. Motor rated current 0.1 % A A 80H
1d Reference
PG counter value i
U1-71 Monitors the pulse counter from PG (pulse 65536 Pulse B A R6H
PG Counter Value| generator or encoder).
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5.2 User Constant Tables

Name Methods
Constant A ® . MEMOBUS
NUREeT ) Description 100 % Value Unit | Open- Flux | Register

Display loop Vector
Vector
Output current Monitors the average output current Matrix converter rated
uUl1-77 average integrated value. 0.1 A A A 8CH
. output current
Output I Average | (Average current over 40 minutes.)
Output voltage . Voltage class
UI-78 i £ Monitors the output voltage. £ 1V A A 8DH
Output Voltage (4160 Vac)
Matrix converter error status 1.
Low/High register is changed by the digital
operator [DATA/ENTER] key.
Lower register (L) status
0/0{0|0|0]0j0]0
Error status 1 L4 Input power undervoltage
(AUV)
Not Used (always 0)
1: Motor overload (OL1)
Not used (always 0)
1: Overtorque 1 (OL3)
1: Overtorque 2 (OL4)
1: Phase order fault (SRC) .
U1-80 1: Input power supply - [Bit] A A 8FH
frequency fault (FDEV)
High register (H) status
o[o[o[o[o[o[o[o
[ 1: Over speed (OS)
Error Sts 1 1: Speed deviation (DEV)
1: PG disconnection (PGO)
1: Output open-phase (LF)
1: Digital operator
connection fault (OPR)
1: EEPROM erro (ERR)
Not Used (always 0)
Not Used (always 0)
Matrix converter error status 2.
Low/High register is changed by the digital
operator [DATA/ENTER] key.
Lower register (L) status
E 5 0[0[0]0[0]0]0[0
rror status L 1. External fault S3 (EF3)
1: External fault S4 (EF4)
—— 1: External fault S5 (EF5)
——— 1: External fault S6 (EF6)
1: External fault S7 (EF7)
1: External fault S8 (EF8)
1: External fault S9 (EF9) .
Ul1-81 1: External fault 10 (EF10) - [Bit] A A 90H
High register (H) status
olo[o[o[o[ojolo
L 1: External fault S11 (EF11)
Error Sts 2 1: External fault $12 (EF12)
1: External fault $13 (EF13)
1: External fault S14 (EF14)
1: External fault $15 (EF15)
1: External fault $16 (EF16)
Not Used (always 0)
Not Used (always 0)
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5.2 User Constant Tables

Constant
Number

Name

Display

Description

100 % Value

Unit

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

U1-82

Error status 3

Error Sts 3

Matrix converter error status 3.

Low/High register is changed by the digital
operator [DATA/ENTER] key.

Lower register (L) status

0]0(0{0]0]0]0[0
L 1. Control fautt (CF)
Not Used (always 0)

1: External fault input from
C (EFO0)

Not Used (always 0)
Not Used (always 0)
Not Used (always 0)
Not Used (always 0)
1: Undertorque 1 (UL3)

High register (H) status

0[0]0[0[0]o[0]0
t 1: Undertorque 2 (UL4)
1: Input over voltage (IOV)
Not used (always 0)
Not used (always 0)
Not used (always 0)

1: Cell data communication
error (CDE)

1: Output over voltage (OOV)
1: Hardware error (CPFxx)

[Bit]

91H

U1-83

Error status 4

Error Sts 4

Matrix converter error status 4.

Low/High register is changed by the digital
operator [DATA/ENTER] key.

Lower register (L) status

0[0]0j0[0]0[o[0
(=

: Cell fault (CFA)

: Link error between CCB
and MB. (LIN)

: Parity error between CCB
and MB. (PAR)

: Hardware error (HDE)

1: Output ground fault (OGF)

1: Inverter output overcurrent
(loC)

Not used (always 0)
1: CPU error (CER)

High register (H) status

0]0[o[o[ojojojo

Not Used (always 0)

1: Modurator watchdog
timer fault (DTM)

Not Used (always 0)
Not Used (always 0)
Not Used (always 0)

1: Control power supply
error (CUV)

Not Used (always 0)

1: Power supply error for
analog circuit. (CTF)

[Bit]

92H
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5.2 User Constant Tables

Control
Constant tame Methods | vmEmoBUS
o A .
NUREeT ) Description 100 % Value Unit | Open- Flux | Register
Display loop Vector
Vector
Matrix converter error status 5.
Low/High register is changed by the digital
operator [DATA/ENTER] key.
Lower register (L) status
[ofololofofofolo
Error status 5 L 1: Cooling fan fault 1 (FAN1)
1: Cooling fan fault 2 (FAN2)
———— 1: Cooling fan fault 3 (FAN3)
L 1: Cooling fan fault 4 (FAN4)
L 1: Transformer temperature
fault (TME
1: Custom fault 4 input 1 (FLT1)
1: Custom fault 4 input 2 (FLT2)
U1-84 1: Custom fault 4 input 3 (FLT3) - [Bit] A A 93H
High register (H) status
o[o[ofo[o[ofolo
1: Custom fault 4 input (FLT4)
Error Sts 5 1: Custom fault 5 input (FLT5)
———— 1. Custom fault 6 input (FLT6)
-———— 1: Custom fault 7 input (FLT7)
L 1: Custom fault 8 input (FLT8)
1: Custom alarm 1 input (ALM1)
1: Custom alarm 2 input (ALM2)
1: Custom alarm 3 input (ALM3)
U1-86 AOL output value| Monitors the AO1 output value. 3767 B A A 9SH
AOLI output value| -10 to +10[V]: -32768 to 32767
AQO?2 output value| Monitors the AO2 output value.
U1-87 AO2 Output -10 to +10[V]: -32768 to 32767 32767 B A A 96H
AQO3 output value| Monitors the AO3 output value.
U1-88 AO3 Output -10 to +10[V]: -32768 to 32767 32767 B A A O7H
AO4 output value| Monitors the AO4 output value.
Ul1-89 AO4 Output -10 to +10[V]: -32768 to 32767 32767 B A A o8H
Power supply Monitors the main power supply input Main circuit input
U190 | voltage POWET Supply mpu voltage 1R A A 99H
voltage.
Power Voltage (L9-01)
Power supply
Ul1-94 current Not used. - 0.1 A A A 9DH
Power Current
Primary current
U1-95 reference Monitors the primary current reference. 0.1 % 0.1% A A 9EH
Primary Cur Ref.
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5.2 User Constant Tables

B U2: Fault Trace

User constants for error tracing are shown in the following table.

Control
Constant teme Methods _ImEMOBUS
] 0 -
Number _ Description 100 % Value Unit [ Open- Flux | Register
Display loop Vector
Vector
C t fault
U2-01 orer A Cleared by fault reset. — Error A A -
Current Fault Code
Previous fault
U2-02 ovow A Cleared by initialize. - Error | A -
Last Fault Code
Speed reference at fault
U2-03 (U1-01) Cleared by initialize. Maximum speed 0.01 % A A -
Frequency Ref
Output frequency at
fault P .
U2-04 (U1-02) Cleared by initialize. Maximum frequency 0.01Hz A A -
Output Freq

Output current at fault .
Matrix converter rated

U2-05 (U1-03) Cleared by initialize. 0.1A A A -
output current

Output Current

Motor speed at fault

U2-06 (U1-05) Cleared by initialize. Maximum speed 0.01%| A A -
Motor Speed
Output voltage at fault Volt 1
i U1-06 s oltage class 3
U2-07 ( ) Cleared by initialize. 3300 Vac (6600 Vac) 01V A A
Output Voltage
Output power at fault Matrix converter capacity
U2-09 (U1-08) Cleared by initialize. (maximum applicable 0.1kW| A A -
Output kWatts motor capacity)
Torque reference at
fault .
U2-10 Cleared by initialize. Motor rated torque 0.1 % A A -
(U1-09)
Torque Reference
Input terminal status at L
fault Cleared by initialize.
U2-11 (U1-10) "11“(1)16 format is the same as for Ul- - [Bit] A A -
Input Term Sts ’
Output terminal T
status at fault Cleared by 1.n1t1a11ze. .
U2-12 (U1-11) The format is the same as for Ul- - [Bit] A A -
11.
Output Term Sts
Operation status 1 at L
fault Cleared by initialize.
U2-13 (U1-12 L) The format is the same as for U1l- - [Bit] A A -
12(L).
MxC Status
Operation status 2 at L
fault Cleared by initialize.
U2-14 (U1-12_H) The format is the same as for U1l- - [Bit] A A -
12(H).
MxC Status 2
Cumulative
operation time at fault L
U2-15 (U1-13) Cleared by initialize. - 1H A A -

Elapsed time
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Control
Constant e Methods _ImEMOBUS
e o .
Number ) Description 100 % Value Unit | Open- Fl Register
Display loop ux
Vector Vector
ASR output at fault Mot ted
U2-18 | (U1-22) Cleared by initialize. otor rate 0.01%| No A -
secondary current
ASR Output
Input torque
compensation at fault L
U2-20 (U1-51) Cleared by initialize. Motor rated torque 0.01 %| No A -
Input T-Cmp
Magnetic flux
reference at fault L
U2-21 (U1-53) Cleared by initialize. Motor no-load current 0.01 % A A -
Mag-flux Ref
B U4: Calendar
The constants used for monitoring calendar are listed in the following table.
Control
Constant e Methods _{meEmoBUS
o o .
e i Description 100 % Value Unit | Open- FI Register
Display loop ux
Vector | Vector
U4-01 Monitor Year Monitors the year of calendar. 3 B A A _
Year (Last two places)
Monitor Month and Moni " b and the d ¢
U4-02 Date onitors the month and the day o _ _ A A _
calendar.
Month/Date
Monitor Hour and Moni he h dth
U4-03 Minute onitors the hours and the B B A A B
- minutes of calendar.
Hour/Minute
Monitor Minute and Moni he mi dth
U4-04 Second onitors the minutes and the _ _ A A _
- seconds of calendar.
Minute/Second
B US5: Cell Monitor
The constant used for monitoring power cell temperature is in the following table.
Control
Constant e Methods _{meEmoBUS
e o .
e i Description 100 % Value Unit | Open- FI Register
Display loop ux
Vector | Vector
usor | Cell temperature Monitors cell t ture (IGBT
N (IGBT) onitors cell temperature ( ). 3 1°C A A B
nn* * nn means cell number.
Cell Temp (IGBT)
Note: 1. Monitoring range of cell temperature (IGBT) in U5-01: 25°C to 130°C £ 5°C

2. A temperature below 25°C will not be accurately displayed.
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6.1 Frequency Reference

6.1 Frequency Reference

This section explains how to input the frequency reference.

€ Selecting the Frequency Reference Source
Set constant b1-01 to select the frequency reference source.

B Related Constants

Control
Name
Constant Desaription Setting | Factory %':l‘:;‘n%e = Methods MEMOBUS
Number . Range | Setting : Pen- | elux | Register
Display Operation | |o0p Vector
Vector
Sets the frequency reference input
. method.
Reference selection 0: Digital Operator
b1-01 1: Control circuit terminal (analog | 0to 3 3 No Q Q 1A0OH
input)
Reference Source 2: MEMOBUS communications
3: Built-in PLC

B Input the Reference Frequency from the Digital Operator
When b1-01 is set to 0, the frequency reference can be set from the Digital Operator.

For details on setting the reference frequency, refer to Digital Operator on page 58.

-DRIVE-
Frequency Ref

U1-01=1,0{0.00 %

U1 - 02=60.00 Hz
U1-03=10.5A
Figure 6.1 Frequency Setting Display

B Inputting the Frequency Reference Using Control Circuit Terminal (Analog Setting)

When b1-01 is set to 1, the frequency reference can be set from control circuit terminal AIl.

' Modulator board |

-10Vto +10V, 1 '

Frequency - Al1 1 !>_ ‘

reference L1 A .
420 mADC IS0 | i GND|2|2

or L2 AMP T ] y |
0-10 VDC ST P

L3 v :

L1 77 |

S |

Figure 6.2 Voltage Input for Master Speed Frequency Reference

Note: “ISO AMP” has two types of input, voltage and current. The standard Matrix converter is equipped with an “ISO AMP” which is
proportional to 4-20 mADC. When changing the external reference, change the “ISO AMP” as well.

Note: The Factory Setting for b1-01 is 3, since the Matrix converter is normally operated through the built-in PLC. Review the
elementary drawing accompanying the specific Matrix converter.
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6.2 Run Command

This section explains input methods for the Run Command.

€ Selecting the Run Command Source

Set constant b1-02 to select the source for the Run Command.

B Related Constants

Control
Name
Constant Description Setting | Factory %Z?,Fn%e 0 Methods MEMOBUS
Number . Range | Setting : pen-{ e1ux | Register
Display Operation | |oop Vector
Vector
Sets the Run Command input
Starting command method.
selection 0: Digital Operator
b1-02 1: Control circuit terminal 0to3 3 No Q Q 1A1H
(sequence input)
Run Source 2: MEMOBUS communications
3: Built-in PLC

B Performing Operations Using the Digital Operator

When b1-02 is set to 0, the Matrix converter can be operated from the Digital Operator keys (RUN, STOP, JOG, and
FWD/REV). For details on the Digital Operator, refer to Digital Operator on page 58.

B Performing Operations Using Control Circuit Terminals

When b1-02 is set to 1, the Matrix converter can be operated from the control circuit terminals.

Note: The Factory Setting for b1-02 is 3, since the Matrix converter is normally operated through the built-in PLC. Review the
elementary drawing accompanying the specific Matrix converter.
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6.3 Stopping Methods

6.3 Stopping Methods

This section explains methods of stopping the Matrix converter.

@ Selecting the Stopping Method at time of Stop Command

There are two methods of stopping the Matrix converter when Stop is commanded:

* Deceleration to stop
* Coast to stop

Set constant b1-03 to select the Matrix converter stopping method.

Bl Related Constants

Control
Name
Methods
Constant Description Setting | Factory %T,arinnge MEMOBUS
Number . P Range | Setting 9 | Open-| .. | Register
Display Operation | |o0p
Vector Vector
Stopping method Sets the stopping method used
b1-03 selection when a Stop.Command is input. 0or 1 1 No Q Q LA2H
S iho Method 0: Deceleration to stop
topping Metho 1: Coast to stop
. . Sets the method of operation when
Operation selection . .
the frequency reference input is
when at or below the o
. less than the minimum output
minimum output
. frequency (E1-09).
frequency setting (E1-
09) 0: Run at frequency reference
b1-05 (E1-09 not effective). 0to3 1<1> No No A 1A4H
1: STOP (coast to stop.)
2: Run at minimum frequency.
Zero-Speed Oper (E1-09)
3: Run at zero-speed (Stay in RUN
mode at zero speed)
Defines the frequency where DC
Zero-speed level (DC injection braking begins when
injection braking deceleration to stop is selected, in
starting frequency) 1 % units.
When b2-01 is less than E1-09, 0.00 to o
b2-01 E1-09 becomes the DC injection 10.00 0.50 % <r> No A A 1BOH
braking starting frequency.
DClnj Start Freq (In flux vector control, zero speed
control will start when the
frequency is the value of b2-01)
o ) Sets the DC injection braking
DC injection braking current as a percentage of the
current Matrix converter rated current 0 to
- : 0,
b2-02 In flux vector control, the DC 100 S0 % No A No IBIH
DCInj Current injection b.raking current depends
on the setting of E2-03 102.
L ) Sets the time to perform DC
DC injection braking injection braking at start in units of
time at start 1 second. 0.00
b2-03 Used to stop a coasting motor and to 0.00 s No A A 1B2H
o restart it. When the set value is 0, 10.00
DClnj Time@Start DC injection braking at start is not
performed.
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6.3 Stopping Methods

Control
Name
Constant Description Setting | Factory %Z?inngge 0 l::_thOds MEMOBUS
Number Display Range | Setting Operation Igop Flux Register
Vector Vector
Sets the time to perform DC
DC injection braking injection braking at stop in units of
time at stop 1 second. 0.00
b2-04 Used to prevent coasting after the to 0.50's No A A 1B3H
Stop Command. When the set 10.00
DClInj Time@Stop value is 0.00, DC injection braking
at stop is not performed.

<1> The factory setting will change when the control method is changed.

B Deceleration to Stop

At the time of a Stop Command (i.e., the Run Command is turned off) when b1-03 is set to 0, the motor decelerates to a
stop according to the deceleration time that has been set. (Factory setting: C1-02 (Deceleration Time 1))

When the output frequency while decelerating to stop falls below b2-01, DC injection braking will be applied using the
DC current set in b2-02, for the time set in b2-04.

For deceleration time settings, refer to Setting Acceleration and Deceleration Times on page 143.

On

Run command
| off

Output frequency

Decelerates to stop at
decelerationtime | NG Lol

DC injection brake time
when stopping (b2-04)

Figure 6.3 Deceleration to Stop
When flux vector control is selected (A1-02 = 3), the Matrix converter will start Zero Speed Control instead of DC
Injection Braking.
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Run Command off On Off
Frequency reference
via analog input E1-09
0
Run Command turns off
and zero-speed control start
h 2-01.
b1-05=0 when motor speed drops to b2-0
(frequency reference) Injection brake Zero speed
time at start control
Baseblock: b2-03 b2-04 Baseblock
Frequency reference drops to less
L than E1-09 and zero-speed control
b1-05=1 Injection brake Zero speeii/ starts when motor speed drops to
(Coast) time at start control b2-01
" Baseblock " 82_05 A Baseblock
b2-04 Run Command turns off
b1-05=2 and zero-speed control start
(Run on E1-09) Injection brake when motor speed drops to b2-01.
time at start Zero speed control
D P> < >*Baseblock
Baseblock b2-03 b2-04
Run Command turns off
b1-05=3 o and zero-speed control start
(Zero-speed) Injection brake when motor speed drops to b2-01.
time at start Zero speed control
Baseblock | |5 g3 p2-04 Baseblock

Figure 6.4 Deceleration to Stop (for Flux Vector Control)
Setting Precautions

* When using flux vector control, zero-speed control starts when the motor speed drops to b2-01 during deceleration.
Also, setting b2-01 <E1-09 is possible.

* When using flux vector control, the current level during injection brake time at start is the value of E2-03 (motor no-
load current). b2-02 is invalid in flux vector control.

B Coast to Stop

At the time of a Stop Command (i.e., the Run Command is turned off) when b1-03 is set to 1, the Matrix converter output
voltage is interrupted. The motor coasts to a stop at the rate defined by friction and the load inertia.

Run command

On | off

Output frequency '

<—| Inverter output freqeuencty interrupted. |

Figure 6.5 Coast to Stop
Note: After a Stop Command, Run Commands are ignored until the Minimum Baseblock Time (L2-03) has elapsed.
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€ Using the DC Injection Brake

At Start: If it is necessary to start a coasting motor, set constant b2-03 to apply DC injection braking current to the motor
to stop the motor and then restart it.

Set b2-03 to 0 to disable the DC injection brake at start.

Set the DC injection brake current using b2-02. (b2-02 is only used in open loop vector control. If DC injection braking at
start is used for flux vector control, it will use the current set in E2-03 (Motor no-load current)).

B Related Constants

Control
Name
Methods
Constant Description Setting | Factory %Z??nge MEMOBUS
Number . P Range | Setting 9 | Open-| | Register
Display Operation | |o0p Vector
Vector
o ) Sets the DC injection braking
DC injection braking current as a percentage of the
current .
Matrix converter rated current. 0 to 0
b2-02 In flux vector control, the DC 100 0% No A No IBIH
DClInj Current injection braking current will be
the setting of E2-03.
L ) Sets the time to perform DC
DC injection braking injection braking at start in units of
time at start 1 second. 0.00
b2-03 Used to stop a coasting motor and to 0‘20 No A A 1B2H
o restart it. When the set value is 0, 10.00
DClnj Time@Start DC injection braking at start is not
performed.

B Inputting the DC Injection Brake Command from Control Circuit Terminals

If a multi-function contact input terminal (H1-0O0) is set to 60 (DC injection brake command), the DC injection brake
will be applied by activating that terminal. A Start command will override the DC injection brake command. DC injection
braking is used at startup for flux vector control.

The time chart for the DC injection brake is shown below.

DC injection brake command |

FRUN

Output frequency

DC injection brake ] ] DC injection brake
o ; 1-09 b2-01
(DC injection braking at (DC injection braking at
startup is used for flux startup is used for flux
vector control.) vector control.)

If the DC injection brake is commanded from an external terminal, and a
Run or Jog Command is input, the DC injection brake will be disabled, and
operation will resume.

Figure 6.6 DC Injection Brake Time Chart

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup.
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B Changing the DC Injection Brake Current Using an Analog Input

If H3-05 (Analog Input Terminal AI2 Function Selection), H3-09 (Analog Input Terminal AI3 Function Selection), or
H3-13 (Analog Input Terminal AI4 Function Selection) is set to 6 (DC injection brake current), the DC injection brake
current level can be changed using an analog input.

At 10 V input (voltage) or 20 mA input (current), 100 % of the Matrix converter rated current will be applied.

DC injection brake voltage level

100%

Inverter rated current

0 10V
4) (20 mA)

Figure 6.7 DC Injection Brake Current Using an Analog Input

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup.

€ Using an Emergency Stop

Set a multi-function input terminal (H1-00O) to 6F or 70 (emergency stop) to coast to a stop. If inputting the emergency
stop with an NO contact, set the multi-function input terminal (H1-0O0) to 6F, and if inputting the emergency stop with an
NC contact, set the multi-function input terminal (H1-0O0) to 70.

CAUTION! The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. Incorrect wiring of the Emergency Stop function may
result in injury. Review the elementary drawing accompanying the specific Matrix converter.
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6.4 Acceleration and Deceleration Characteristics

6.4 Acceleration and Deceleration Characteristics

This section explains the acceleration and deceleration characteristics of the Matrix converter.

@ Setting Acceleration and Deceleration Times

Acceleration time indicates the time taken for the output frequency to climb from 0 % to 100 %. Deceleration time
indicates the time taken for the output frequency to reduce from 100 % to 0 %. The factory setting of the acceleration time
is C1-01, and the factory setting of the deceleration time is C1-02.

B Related Parameters

Control
Sl Change Methods
Constant Description Setting |[Factory| during MEMOBUS
Number : P Range |Setting | Operatio | OPen-| g, | Register
Display n loop | yector
Vector
Acceleration time 1 | Sets the acceleration time to accelerate
C1-01 . from 0 to the maximum output frequency, 60.0 s Yes Q Q 240H
Accel Time 1 . -
in units of 1s.
Deceleration time 1 | Sets the deceleration time to decelerate
C1-02 . from the maximum output frequency to 0, 60.0 s Yes Q Q 241H
Decel Time 1 . .
in units of 1s.
Acceleration time 2 | Sets the acceleration time when the multi-
C1-03 . function input “Accel/Decel Time 17 is 60.0 s Yes A A 242H
Accel Time 2 . .
on, in units of 1s.
Deceleration time 2 | Sets the deceleration time when the multi-
C1-04 . function input “Accel/Decel Time 1 is 60.0 s Yes A A 243H
Decel Time 2 . .
on, in units of 1s.
Acceleration time 3 | Sets the acceleration time when the multi-| 0.0 to
C1-05 ) function input “Accel/Decel Time 2” is 6000.0 | 60.0 s No A A 244H
Accel Time 3 . .
on, in units of 1s.
Deceleration time 3 | Sets the deceleration time when the multi-
C1-06 . function input “Accel/Decel Time 2” is 60.0s No A A 245H
Decel Time 3 . .
on, in units of 1s.
. . Sets the acceleration time when the multi-
Acceleration time 4 function inputs “Accel/Decel Time 17 and
C1-07 “unc ion inputs * ccei ecel Time 17 an 60.0 s No A A 246H
. Accel/Decel Time 2” are on, in units of
Accel Time 4 Is
S Sets the deceleration time when the multi-
Deceleration time 4 function inputs “Accel/Decel Time 17 and
C1-08 “unc ion inputs * cce” ecel Time 1" an 60.0 s No A A 24TH
. Accel/Decel Time 2” are on, in units of
Decel Time 4 Is
Sets the output frequency where
Accel/decel time acceleration/deceleration ramps will be
switching frequency | switched.
Below the set frequency:
Accel/decel time 4 0.0 to 0
Cl-11 Above the set frequency: 100.00 0.00 % No A A 24AH
Accel/decel time 1
Ace/Dec SW Freq The multi-function input “accel/decel
time 1” or “accel/decel time 2” take
priority.
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Control
Name Change | Methods
Constant Describtion Setting |Factory| during MEMOBUS
Number ) P Range |Setting | Operatio | OPen- | k1.« | Register
Display n loop |yector
Vector

S-curve
characteristic time at 0.00 to

C2-01 acceleration start 2.50 0.00s No A A 250H

All sections of the S-curve characteristic :
SCrv Acc @ Start time are set in units of Is.
S-curve S-curve is used to soften the starting and
h teristic ti t i -

C2-02 characteristic tume a s.toppmg ramps. The loqger the S curve 0.00 to 0.00's No A A 251H
acceleration end time, the softer the starting and stopping 2.50
SCrv Acc @ End ramp.
S}-lcurvte istic i ¢ Run Command off 0.00
characteristic time ai Output .00 to

C2-03 deceleration start frequency cg-;z 250 0.00 s No A A 252H
SC L

rv Dec @ Start ot

S-curve A A

C2-04 characteristic time at 0.00 to 0.00 )

) deceleration end 2.50 00 No A A S3H

SCrv Dec @ End

B Switching Acceleration and Deceleration Time Using Multi-Function Input Terminal
Commands

Four acceleration times and four deceleration times can be set in the Matrix converter. When the multi-function input
terminals (H1-0O0O) are set to 7 (acceleration/deceleration time selection 1) and 1A (acceleration/deceleration time
selection 2), the acceleration/deceleration times can be switched (even during operation) by combining the on/off status of
the terminals.

The following table shows the acceleration/deceleration time switching combinations.

B Tonauon | S Sauopoesaioration | Accaeration Tme Decelerton Time
off off C1-01 C1-02
on off C1-03 C1-04
off on C1-05 C1-06
on on C1-07 C1-08

Note:

“H” parameters and the terminals they control are not normally part of user setup.

144

The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
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6.4 Acceleration and Deceleration Characteristics

B Switching Acceleration and Deceleration Time Automatically
Use this setting to switch acceleration/deceleration time automatically at a set frequency.

When the output frequency reaches the value set in C1-11, the Matrix converter switches the acceleration/deceleration
time automatically as shown in the following diagram.

Set C1-11 to a value other than 0.0 Hz. If C1-11 is set to 0.0 Hz, the function will be disabled.

Output frequency

Acceleration/
deceleration time
switching frequency
(C1-11)

—

f ” g : :
C1-07 rate C1-01 rate C1-02 rate C1-08 rate

When output frequency > C1-11, acceleration and deceleration are performed using
Acceleration/deceleration Time 1 (C1-01, C1-02).
When output frequency < C1-11, acceleration and deceleration are performed using
Acceleration/deceleration Time 4 (C1-07, C1-08).

Figure 6.8 Acceleration/deceleration Time Switching Frequency

B Entering S-curve Characteristics in the Acceleration and Deceleration Time

By performing acceleration and deceleration using an S-curve pattern, shock can be reduced when starting and stopping

the machine.

S-curve characteristic times can be set for each of the following: Acceleration start time, deceleration start time,
acceleration end time, and deceleration end time.

Note: Set the S-curve characteristic time to lengthen acceleration/deceleration time as follows:
Acceleration time =Selected acceleration time + (Acceleration start time S-curve characteristic time + Acceleration end time S-

curve characteristic time) / 2
Deceleration time =Selected deceleration time + (Deceleration start time S-curve characteristic time + Deceleration end time S-

curve characteristic time) / 2
Setting Example
The S-curve characteristic when switching operation (forward/reverse) is shown in the following diagram.

Forward

Reverse

50 C5.03

Output frequency — - ‘

C5.02

Figure 6.9 S-curve Characteristic during Operation
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6.4 Acceleration and Deceleration Characteristics

€ Preventing the Motor from Stalling During Acceleration (Stall Prevention During
Acceleration Function)

An induction motor will stall if the load exceeds its breakdown torque rating. The Stall Prevention During Acceleration
function prevents the motor from stalling if a heavy load is placed on the motor, or sudden rapid acceleration is

performed.

If L3-01 is set to 1 (enabled) and the Matrix converter output current reaches 85 % of the level set in L3-02, the
acceleration rate will begin to slow down. When L3-02 is exceeded, acceleration will stop.

If L3-01 is set to 2 (intelligent acceleration mode), the motor will accelerate at the current level set in L3-02. With this
setting, the acceleration time setting is ignored.

B Related Parameters

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

L3-01

Stall prevention
selection during accel

StallP Accel Sel

0: Disabled (Acceleration as set.
With a heavy load, the Matrix
converter may reach current limit
or trip (OC) or the motor may
stall.)

1: Enabled (Acceleration stops
when L3-02 level is exceeded.
Acceleration starts again when the
current reduces.)

2: Intelligent acceleration mode
(Acceleration continues at the L3-
02 current level. Set acceleration
time is ignored.)

0to2

520H

L3-02

Stall prevention level
during accel

StallP Accel Lvl

Effective when L3-01 is set to 1 or
2.

Set as a percentage of Matrix
converter rated current.

Normally setting is not necessary.
Reduce the value if the motor
stalls with the factory settings.

0 to 200

120 %

521H

L3-03

Stall prevention limit
during accel in Constant
HP range (CHP)

StallP CHP Lvl

Sets a stall prevention current level
during acceleration for speeds
between base speed and maximum
speed as a percentage of the
Matrix converter rated current.
This is the frequency range above
E1-06.

Normally setting is not necessary.

0to 100

100 %

<]>

522H

<1> The factory setting will change when the control method is changed.
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B Time Chart
The following figure shows the frequency characteristics when L3-01 is set to 1.

Output current

Stall level during

lerati
13-02 acceleration

13-02
15% \

Output frequency /

A Output frequency is controlled
to prevent the motor stalling.

Time

Time

Figure 6.10 Time Chart for Stall Prevention During Acceleration

B Setting Precautions

* If the motor rating is small compared to the Matrix converter capacity, or if the motor is operated using the factory
settings and the motor stalls, lower the set value of L3-02.

« If the motor is operating in the constant HP range (above base frequency), L3-02 will be automatically lowered to
prevent stalling. L3-03 sets a minimum level for the current reduction.

* Set the constants as a percent taking the Matrix converter rated current as 100 %.

Stall prevention level during
acceleration

L3-02 (Stall Prevention Level during
Acceleration)

L3-02 x L3-03 (Stall Prevention Limit during
Acceleration)

Output frequency

E1-06
Base Frequency (FA)

Figure 6.11 Stall Prevention Level and Limit During Acceleration

Constant Settings by
Function
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6.5 Adjusting Frequency References

This section explains methods of adjusting frequency references.

€ Adjusting Analog Frequency References

Gain and bias are among the constants used to adjust analog inputs.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup.

B Related Constants

Control
Name
Methods
Constant Dot Setting | Factory %Tjarinnge MEMOBUS
Number . P Range [ Setting | 9 | Open-| .« | Register
Display peration | |oop Vector
Vector
Signal level selection 0:010 10V
. terminal Al Vo
H3-01 (termina | ) 1 -10 V0 10 V Oorl 0 No A A 450H
Term AIl Signal
Gain (terminal AIl) Sets the frequency when 10 V is 0.0t
H3-02 ) input, as a percentage of the =0 1100.0 % Yes A A 451H
Term All Gain . 1000.0
maximum output frequency.
Bias (terminal AIl) Sets the frequency when 0 V is -100.0
H3-03 ] input, as a percentage of the : 0.0 % Yes A A 452H
Term All Bias - to 100.0
maximum frequency.
Signal level selection 0: 010 10 V
- terminal AI2 Vo
H3-04 (termina : ) 1 -10 Vo0 10 V Oorl 0 No A A 453H
Term AI2 Signal
Multi-function analog
input Selects multi-function analog
H3-05 (terminal AI2) input function for terminal AI2. Oto IFH] 1FH No A A 454H
Term AI2 Sel
Gain (terminal Al2) Sets the input gain (level) when
terminal AI2 is 10 V. 0.0 to o
H3-06 | erm AI2 Gain Set according to the 100 % value | 1000.0 [ 100 Yes A A 455H
selected in H3-05.
Bias (terminal AI2) Sets the input gain (level) when
terminal AI2 is 0 V. -100.0 to 0
H3-07 Term AI2 Bias Set according to the 100 % value 100.0 0.0% Yes A A 456H
selected in H3-05.
Signal level selection 0:0t0 10V
; terminal AI3 AN
H3-08 (termina : ) 1 -10 V t0 10 V 0,1 0 No A A 457H
Term AI3 Signal
Multi-function analog ) )
. Selects multi-function analog
input . 00 to
H3-09 . input OFH No A A 458H
(terminal AI3) . . 1FH
function for terminal AI3.
Term AI3 Sel
Gain (terminal AI3) Sets the input gain (level) when
terminal AI3 is 10 V. 0.0 to 0
H3-10 Term AI3 Gain Set according to the 100 % value | 1000.0 100.0% Yes A A 459H
selected in H3-09.
Bias (terminal AI3) Sets the input gain (level) when
terminal AI3is O V. -100.0 N
H3-1 Term AI3 Bias Set according to the 100 % value | to 100.0 0.0% Yes A A 45AH
selected in H3-09.
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Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number ) P Range | Setting 9 | Open-| . | Register
Display Operation | |oop
Vector Vector
Signal level selection 0:0t0 10V
] terminal Al4 AN
H3-12 (termina . ) 110 Vo 10V Oorl 0 No A A 45BH
Term Al4 Signal
Multi-function analog
input Selects multi-function analog 00 to
H3-13 (terminal Al4) input function for terminal Al4. IFH OFH No A A 45CH
Term Al4 Sel
Gain (terminal Al4) Sets the input gain (level) when
terminal Al4is 10 V. 0.0 to N
H3-14 | erm Al4 Gain Set according to the 100 % value | 1000.0 | 9007 Yes A A 45DH
selected in H3-13.
Bias (terminal Al4) Sets the input gain (level) when
terminal AI3is 0 V. -100.0 to 0
H3-15 Term Al4 Bias Set according to the 100 % value 100.0 0.0% Yes A A 45EH
selected in H3-13.
Analog input filter time | Sets primary delay filter time
constant constant in seconds for the four 0.00 to
H3-16 analog input terminals 2 00 0.00 s No A A 45FH
Filter Avg Time (AI1,AI2,AI3,A14). ’
Effective for noise control, etc.

€ Operation Avoiding Resonance (Jump Frequency Function)

The jump frequency function operates the motor while avoiding resonance caused by mechanical characteristic
frequencies in the machine.

This function is effective in creating a frequency reference dead band.

During constant-speed operation, operation within the jump frequency range is prohibited. During acceleration and
deceleration the speed will change smoothly through the jump frequency width.

B Related Constants

Control
Name
Constant Description Setting | Factory %Z?,Fn%e 0 Methods MEMOBUS
Number . Range | Setting : pen-{ e1ux | Register
Display Operation | Joop [yccio.
Vector
Jump frequency 1 Sets the center values of the jump 0.0
d3-01 frequencies in % of maximum Do b0 No A A 2FOH
Jump Freq 1 speed. 100.0
This function is disabled by setting
Jump frequency 2 the jump frequency to 0 Hz. 0.0 to
d3-02 Always ensure that the following 100.0 0.0 % No A A 2F1H
Jump Freq 2 applies: )
Jump frequency 3 d3-01 > d3-02 > d3-03
Operation in the jump frequency
range is prohibited, but during 0.0 to
d3-03 Jump Freq 3 acceleration and deceleration the 100.0 0.0% No A A 2F2H
speed will change smoothly
through the jump frequency width.
. Sets the jump frequency
d3-04 Lo Teaeney vl bandwidth in %. . 00t 1 5, No A A 2F3H
Jump Bandwidth The. jump frequency range will be | 100.0
the jump frequency + d3-04.
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The relationship between the output frequency and the jump frequency reference is as follows:

Output frequency

/7

y > ¢

Frequency reference descending

1 Jump frequency width d3-04

! ! /I:requency H
/ - reference |

ascending
A —> !

Jump .
/ i frequency '
Jump i width d3-04
frequency :
width d3-04 : i

¥ Y Y

Jump Jump Jump
frequency frequency frequency
3 (d3-03) 2 (d3-02) 1 (d3-01)

Jump frequency reference

Figure 6.12 Jump Frequency

B Setting Precautions
* Set the jump frequency according to the following formula: d3-01 > d3-02 > d3-03.
* When constants d3-01 through d3-03 are set to 0 %, the jump frequency function is disabled.
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6.6 Speed Limit (Frequency Reference Limit Function)

This section explains how to limit the motor speed.

€ Limiting Maximum Output Frequency

Use constant d2-01 to clamp the maximum output frequency of the Matrix converter.

Set the upper limit value of the Matrix converter output frequency as a percent, taking E1-04 (Maximum Output
Frequency) to be 100 %.

B Related Constants

Control
Name
Methods
Constant Description Setting | Factory %'L?,?n%e Oven MEMOBUS
Number Display Range | Setting Operation Igop vFIutx Register
Vector | Y€¢tOr
Frequency reference Sets the output frequency upper 0.0 to
d2-01 upper limit limit as a percent of the maximum 1'1 0.0 100.0 % No A A 2EOH
Ref Upper Limit output frequency. '

€ Limiting Minimum Frequency

Use constant d2-02 to clamp the minimum output frequency of the Matrix converter.

Set the lower limit value of the Matrix converter output frequency as a percent, taking E1-04 (Maximum Output
Frequency) to be 100 %.

B Related Constants

YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions

Control
Name
Methods
Constant Description Setting | Factory %Tﬁ:‘lnge MEMOBUS
Number . P Range | Setting 9 | Open-| | Register
Display Operation | loop |\ector
Vector
Frequency reference Sets the output frequency lower 0.0 to
d2-02 lower limit limit as a percentage of the 169 0 0.0 % No A A 2E1H
Ref Lower Limit maximum output frequency. ’
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6.7 Improved Operating Efficiency

This section explains functions for improving motor operating efficiency.

€ Reducing Motor Speed Fluctuation (Slip Compensation Function)

When the load is large, the amount of motor slip grows and the motor speed decreases. The slip compensation function
controls the motor at a constant speed, regardless of changes in load. When the motor is operating at the rated load,
constant E2-02 (Motor Rated Slip) X the frequency in constant C3-01 is added to the output frequency.

Bl Related Constants

Control
Name
Constant Description Setting | Factory %Z?inngge o Methods MEMOBUS
Number . Range | Setting ; Pen- | elux | Register
Display Operation | loop |\ccior
Vector
Improves speed accuracy when
operating with a load.
Slip compensation gain | Normally setting is not necessary.
Adjust this constant in the
following cases:
When actual speed is low
C3-01 compared to set speed, increase  |0.0 to 2.5 1.0 Yes A A 260H
the set value.
When actual speed is high
Slip Comp Gain compared to set speed, decrease
the set value.
Used as a control gain when in
flux vector control.
Sets the slip compensation primary
Slip compensation delay time in units of ms.
primary delay time Normally setting is not necessary.
Adjust this constant in the 0to
C3-02 following cases: 10000 3000 ms No A A 261H
Reduce the setting when slip
Slip Comp Time compensation response is slow.
Increase the setting if speed does
not stabilize with load change.
C3-03 Sl?p compens.ati'on limit | Sets the slip compensation limit 35| 010250 | 200 % No A No 2601
Slip Comp Limit a percentage of motor rated slip.
Slip compensation
selection during 0: Disabled during regeneration
€3-04 regeneration 1: Enabled during regeneration Oorl 0 No A No 263H
Slip Comp Regen
Output voltage limit 0: Disabled.
C3-05 operation selection 1: Enabled. (The mQtor flux will 0orl | No A A 264H
o be lowered automatically when the
Output V' limit output voltage become saturated.)
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B Adjusting Slip Compensation Gain
A setting of 1.0 for C3-01 is nominally correct based on the motor nameplate parameters.

Adjust the slip compensation gain using the following procedure.

1. Set E2-02 (Motor Rated Slip) and E2-03 (Motor No-load Current) correctly.
The motor rated slip (in Hz) can be calculated from the data on the motor nameplate using the following formula:

Motor rated slip (Hz) = Motor rated frequency (Hz) - motor rated speed (r/min) x No. of motor poles / 120.

Set the values for rated voltage, rated frequency, and no-load current. The motor rated slip is set automatically in
vector control using autotuning.

2. Apply a load, and measure the speed to adjust the slip compensation gain. Adjust the slip compensation gain by
0.1 at a time. If the speed is less than the target value, increase the slip compensation gain, and if the speed is
greater than the target value, reduce the slip compensation gain.

For flux vector control, the slip compensation gain is used as the motor temperature compensation gain. When the motor
temperature increases, the slip required to produce a given torque increases. If C3-01 is set, the amount of slip is adjusted
as the temperature rises. Set C3-01 if the amount of torque varies with the temperature when using torque control or a
torque limit. The larger the value of C3-01, the larger the compensation.

B Adjusting Slip Compensation Primary Delay Time Constant
Set the slip compensation primary delay time constant in ms.

Normally, there is no need to make these settings. When the slip compensation response is slow, lower the set value. If the
speed is unstable, increase the set value.

B Adjusting Slip Compensation Limit
Set the upper limit for the slip compensation amount as a percent, taking the motor rated slip amount as 100 %.

If the speed is lower than the target value but does not change even when the slip compensation gain is adjusted, the
motor may have reached the slip compensation limit. Increase the limit, and check the speed again. Ensure that the value
of the slip compensation limit plus reference frequency does not exceed the maximum acceptable speed of the machine.

The following diagram shows the slip compensation limit for the constant torque range and constant HP range.

Slip compensation limit

E1-04
E1-06

X C3-03

C3-03

Output frequency
E1-06 E1-04

E1-06: Base frequency
E1-04: Maximum output frequency

Figure 6.13 Slip Compensation Limit
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B Selecting Output Voltage Limit Operation

If output voltage saturation occurs while the output voltage limit operation is disabled, the output current will not change,
but torque control accuracy will be lost. If torque control accuracy is required, enable the output voltage limit operation.

If the output voltage limit operation is enabled, motor flux is controlled automatically, and torque control accuracy is
maintained. The motor will be fully excited up to the voltage limit, and effectively operate in the constant HP range
(constant voltage) beyond that. Consequently, the output current could increase by as much as 10 % at rated load and
speed. Ensure that the Matrix converter current rating is adequate for this condition.

Setting Precautions

» If using the motor at medium to low speed only, or if the power supply voltage is 10 % or more higher than the motor
rated voltage, or if the torque control accuracy at high speeds is unimportant, it is not necessary to change the output
voltage limit operation.

» If the power supply voltage is too low compared with the motor rated voltage, torque control accuracy may be lost even
if the output voltage limit operation is enabled.

4 Compensating for Insufficient Torque at Startup and Low-speed Operation (Torque
Compensation)

The torque compensation function detects that the motor load has increased, and increases the output torque.

Vector control separates the motor excitation current and the torque producing current by calculating the motor primary
current, and controlling each of the two separately.

The torque producing current is calculated as follows: Calculated torque reference x C4-01

B Related Constants

Name Ntliotrrl‘trgl
ethods
Constant Description Setting | Factory %'L??ngge Open MEMOBUS
Number Range | Settin 4 - Register
Display 9 9| Operation | ‘joop | FluX | "€9

Vector

Sets the torque compensation gain.
Normally setting is not necessary.
Adjust in the following
circumstances:

When cable length is long;
increase the set value.

When the motor capacity is 0.00 to
C4-01 smaller than the Matrix converter 2 50 1.00 Yes A No 270H
capacity, increase the set value. ’
If the motor is oscillating, decrease
the set value.

Adjust the gain to a range where
the output current at low-speed
does not exceed the MX1S rated
output current.

Torque compensation
gain

Torq Comp Gain

The torque compensation delay
Torque compensation time is set in units of ms.
primary delay time Normally adjustment is not
constant necessary.

Adjust in the following 0to
circumstances: 10000
If the motor is oscillating, increase
Torq Comp Time the set value.

If the responsiveness of the motor
is slow, decrease the set value.

C4-02 100 ms No A No 271H
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B Adjusting Torque Compensation Gain

Normally, there is no need to make this adjustment.

Adjust this constant so that the output current during low-speed operation does not exceed the Matrix converter rated
output current.

B Adjusting the Torque Compensation Primary Delay Time Constant

Set the torque compensation function primary delay in ms.

Normally, there is no need to make this setting. Adjust the constant as shown below.

* If the motor is vibrating, increase the set value.
* If the motor response is slow, decrease the set value.

€ Stabilizing Speed (Speed Feedback Detection Function)

The speed feedback detection control Automatic Flux Regulator (AFR) function stabilizes the speed when a load is
suddenly applied, by calculating the fluctuation of the torque current feedback, and adjusting the output frequency to

compensate.

B Related Constants

Control
Name
Methods
Constant Description Setting | Factory %Z?,?nge MEMOBUS
Number . P Range | Setting 9 | Open-| . | Register
Display Operation | |oop
Vector Vector
Sets the internal speed feedback
Speed feedback detec'thn c.ontrol gain using a
. multiplication function.
detection control (AFR) .
. Normally, there is no need to
gain . g .
adjust this setting.
Adjust this constant as follows: 0.00 to
n2-01 If hunting occurs, increase the set 10.00 2.00 No A No SDOH
value.
. If response is low, decrease the set
AFR Gain
value.
Adjust the setting by 0.05 ata
time, while checking the response.
Speed feedback Sets the time constant to define the
detecti trol (AFR i
np-0p | detection control (AFR) | rate of change in the speed 15 5000| 250 ms No A | No | spim
time constant feedback detection control. Setting
AFR Time unit: ms
Speed feedback Increase the setting if overvoltage
detection control (AFR) | (OV) failures occur at the
n2-03 time constant 2 completion of acceleration or 0to 2000 750 ms No A No 5D2H
. when the load changes radically.
AFR Time 2 Setti -
etting unit: ms
Starting gain for AFR Sets the gain to the AFR gain at 0
gain change Hz. 0.00 to
n2-05 AFR G of Controls hunting by AFR at low 2.00 0.20 No A No Shat
G of Start speed (0 to12 Hz).
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6.8 Machine Protection

This section explains functions for protecting the machine.

€ Limiting Motor Torque (Torque Limit Function)

The user-set value is applied as a limit to the torque output calculated in the Matrix converter. Enable this function to limit
motoring torque or regenerative torque to specific levels.

Bl Related Constants

Control
Name
Methods
Constant Describtion Setting | Factory %Z?,i"nge MEMOBUS
Number . P Range | Setting 9 | Open-| . | Register
Display Operation| 0op |\/ector
Vector
Forward drive
L7-01 | torque limit Sets the torque limit value as a percentage of | 0 to 300 | 150 % No A A 560H
Torq Limit Fwd the motor rated torque.
Reverse drive torque | Four individual regions can be set.
L7-02 | limit 0to300] 150 % No A A 561H
. Output torque
Torq Limit Rev Positive torque
Forward L7-0
regenerative torque S
L7-03 limit Regenerative gﬂp‘;‘gg 0to300] 150 % No A A 562H
Torq Lmt Fwd Rgn Reverse Regenerative Fonvare
Reverse L7-03
. L7-02
regenerative torque Negative torque
L7-04 limit 0to300] 150 % No A A 563H
Torq Lmt Rev Rgn
Note: The forward torque limit is the limit value when the analog input signal commands forward torque. This torque limit setting is

enabled when the analog input signal commands forward torque even if the motor is regenerating.

B Setting the Torque Limit Constants

Using L.7-01 to L7-04, four individual torque limits can be set: Forward drive, reverse drive, forward regeneration, and
reverse regeneration.

B Setting Precautions

* When the torque limit function is operating, control and compensation of the motor speed is disabled because torque
control is given priority. Therefore, acceleration and deceleration times may increase or the motor speed may decrease.

* The torque limit accuracy is =5 % at an output frequency of 10 Hz or above. When output frequency is less than 10 Hz,
accuracy is lowered.
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6.8 Machine Protection

€ Using Frequency Detection: L4-01 to L4-04

Set these constants when outputting one of the frequency agree or frequency detection signals from a multi-function
output. When using flux vector control, the motor speed (rather than frequency) is detected.

Note:

and its particular application. “H” parameters and the “L” terminals they control are not normally part of user setup.

B Related Constants

The “H” parameter group and the “L” output functions are typically preprogrammed, specific to an individual Matrix converter

Name

Constant

Numb
mber Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

Speed agree detection
level

L4-01

Spd Agree Level

Effective when “Desired
frequency (ref/setting) agree 1
115,” “Frequency detection 1,” or
“Frequency detection 2" is set for a
multi-function output.

Sets the output frequencies or
motor speeds to be detected as
percentages.

0.0to
100.0

0.0 %

No

530H

Speed agree detection
width

L4-02

Spd Agree Width

Effective when “Frequency
(speed) agree 1,” “Desired
frequency (speed) agree 1,” or
“Frequency (FOUT) detection 1,”
Frequency (FOUT) detection 2 is
set for a multi-function output.
Sets the output frequency or motor
speed detection width as a
percentage.

0.0 to
100.0

2.0%

531H

Speed agree detection
level (+/-)

L4-03

Spd Agree Lvl+ —

Effective when “Desired
frequency (speed) agree 2,”
“Frequency (FOUT) detection 3,”
or “Frequency (FOUT) detection
4” is set for a multi-function
output.

Output frequency or motor speed
detection width is set as a
percentage.

—100.0to
100.0

0.0 %

532H

Speed agree detection
width (+/-)

L4-04

Spd Agree Width+ —

Effective when “Frequency
(speed) agree 2,” “Desired
frequency (speed) agree 2,”
Frequency (FOUT) detection 3 or
“Frequency detection 4" is set for a
multi-function output.

Output frequency or motor speed
detection width is set as a
percentage.

0.0 to
100.0

2.0%

533H
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6.8 Machine Protection

B Constants and Output Signals

User Constant Number

Name

Function

L4-01

Speed agree detection level

Fref/Set Agree 1
Frequency Detection 1
Frequency Detection 2

L4-02

Speed agree detection width

Fref/Fout Agree 1
Fref/Set Agree 1
Frequency Detection 1
Frequency Detection 2

L4-03

Speed agree detection level (+/-)

Fref/Set Agree 2
Frequency Detection 3
Frequency Detection 4

L4-04

Speed agree detection width (+/-)

Fref/Fout Agree 2
Fref/Set Agree 2
Frequency Detection 3
Frequency Detection 4

Set the corresponding setting in the multi-function output (H2-01 to H2-08) to output the desired 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
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6.8 Machine Protection

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 — *
reference T A A } reference T A N\ !
Output frequency/ Output frequency/
Fref/Fout or motor speed : : or motor speed : :
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)
ﬂ L4-04
__________________ - L4-01 .“““*“<—|_4.03
Fref/Set Output frequency f L Output frequency f : \ f
or motor speed or motor speed : :
Agree -\
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)
|_4-02 |_4-o4
.................... I ““L401 .\““m*“*moa
Output frequency J L Output frequency J
or motor speed or motor speed
Freq. Detection 1 on | off I | | Freq. Detection3  op | Off |
(Multi-function output setting = 4) (Multi-function output setting = 15)
Frequency
Detection | Frequency (FOUT) Detection 2 Frequency (FOUT) Detection 4
(L4-01 < | Output frequency |) (L4-03 < Output frequency)
14-02 |_4;04
/ \ f ——14-01 —f— \—— } -~ 1403
: : } Output 5 A\
Quptiomers /1 i\ S/ U
Freq. Detection2  off | Oon | | | Freq. Detection4  Off | On |
(Multi-function output setting = 5) (Multi-function output setting = 16)
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6.8 Machine Protection

@ Detecting Motor Torque

If an excessive load is placed on the machinery (overtorque) or the load is suddenly lightened (undertorque), an alarm
signal can be output to the multi-function output terminals DO1 to DOS. Two independent torque detection levels can be
set.

To use the overtorque/undertorque detection function, set B, 17, 18, 19 (overtorque/undertorque detection NO/NC) in one
of the following constants: H2-01 to H2-08 (output terminals DO1 to DOS8 function selection).

The overtorque/undertorque detection level is the motor torque (motor rated torque 100 %) in vector control.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the DO terminals they control are not normally part of user setup.

B Related Constants

Control
change Methods

during Open-
Operation | |o0p

Vector

Name

Constant
Number

MEMOBUS
Flux | Register

Vector

Setting | Factory
Range | Setting

Description
Display

0: Overtorque/undertorque
detection disabled.

1: Overtorque detection only with
speed agreement <7>; operation
continues after overtorque
(warning).

2: Overtorque detected
continuously during operation;
operation continues after
overtorque (warning).

3: Overtorque detection only with
speed agreement <7>; output
stopped upon detection (protected
operation).

4: Overtorque detected
continuously during operation;
output stopped upon detection
(protected operation).

5: Undertorque detection only with
speed agreement <7>; operation
continues after overtorque
(warning).

6: Undertorque detected
continuously during operation;
operation continues after
overtorque (warning).

Torq Det 1 Sel 7: Undertorque detection only with
speed agreement <7>; output
stopped upon detection (protected
operation).

8: Undertorque detected
continuously during operation;
output stopped upon detection
(protected operation).

Overtorque/
Undertorque detection
selection 1

L6-01 0to8 0 No A A 550H

Overtorque/
Undertorque detection
level 1

Torq Det 1 Lvl

Sets detection level 1 as a
percentage of the motor rated 0t0 300 | 150 % No A A 551H
torque.

L6-02
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6.8 Machine Protection

Control
Name
Methods
Constant Description Setting | Factory %'L?,?nge MEMOBUS
Number . P Range | Setting 9 | Open-| . | Register
Display Operation | |oop
Vector Vector
Overtorque/
Undertorque detection
L6-03 . qu Sets the ox{erto.rque/undertorq}le 0.0 to 01s No A A 5500
time 1 detection time in 1-second units. 10.0
Torq Det 1 Time
Overtorque/Undertorque S d L L6-01
L6-04 detection selection 2 ame description as LO-O1, except) ) g 0 No A A 553H
applies to Torque Detection #2.
Torq Det 2 Sel
Overtorque/Undertorque S descrioti L6-02 0
L6-05 detection level 2 amf: escription as - )2, except to 150 % No A A 554H
applies to Torque Detection #2. 300
Torq Det 2 Lvl
Overtorque/Undertorque S descrinti L6-03 0.0
L6-06 detection time 2 am§ escription as - , except .Oto 01s No A A 5550
- applies to Torque Detection #2. 10.0
Torq Det 2 Time
<1> “Speed agreement” means “at set speed”, i.e., not accelerating or decelerating.
Multi-function Output (H2-01 to H2-08)
Control Methods
Setting : Open-
Value Function Igop VFIL;X
Vector ector
B Overtorque/undertorque detection 1 NO (NO contact: Overtorque/undertorque detection at on) Yes Yes
17 Overtorque/undertorque detection 1 NC (NC Contact: Overtorque/undertorque detection at off) Yes Yes
18 Overtorque/undertorque detection 2 NO (NO Contact: Overtorque/undertorque detection at on) Yes Yes
19 Overtorque/undertorque detection 2 NC (NC Contact: Overtorque/undertorque detection at oft) Yes Yes

Bl L6-01 and L6-04 Set Values and LCD Indications

The relationship between alarms displayed by the Digital Operator when overtorque or undertorque is detected, and the
set values in L6-01 and L6-04, is shown in the following table.

LCD Indications
Set i o / Overt /
Function vertorque vertorque
Value Undertorque Undertorque
Detection 1 Detection 2
0 Overtorque/undertorque detection disabled. - -
| Overtgrque detection only with speed agreement <7>; operation continues after overtorque OLS3 flashes OL4 flashes
(warning).
) Overtgrque detected continuously during operation; operation continues after overtorque OL3 flashes OL4 flashes
(warning).
3 Overtorque detecFlon only with speed agreement <7>; output stopped upon detection OLA lit OL4 lit
(protected operation).
4 Overtqrque detected continuously during operation; output stopped upon detection (protected OLA lit OL4 lit
operation).
5 Underftorque detection only with speed agreement <I>, operation continues after overtorque ULS3 flashes UL4 flashes
(warning).
6 Underftorque detected continuously during operation; operation continues after overtorque ULS3 flashes UL4 flashes
(warning).
7 Undertorque detgctlon only with speed agreement <7>; output stopped upon detection UL3 lit UL4 lit
(protected operation).
3 Undertorque dete'cted continuously during operation; output stopped upon detection UL3 lit UL4 lit
(protected operation).
<1> “Speed agreement” means “at set speed”, i.e., not accelerating or decelerating.
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B Setting Example
The following diagram shows the time chart for overtorque and undertorque detection.

* Overtorque Detection

Motor current (output torque)

L6-02 or L6-05

L6-03 or «—

Overtorque detection 1 NO [
L6-06
I
1

or overtorque detection 2 NO

<1> Overtorque detection disabled band is approximately 10% of the Inverter rated output
current (or motor rated torque).

* Undertorque Detection

Motor current (output torque)

L6-02 or L6-05

L6-03 or —P—¢—
L6-06

I I
I I
I I
I I
: On : On

L6-03 or —p—¢—
L6-06

Undertorque detection 1 NO
or undertorque detection 2 NO

<1> Undertorque detection disabled band is approximately 10% of the Inverter rated output
current (or motor rated torque).

€ Motor Overload Protection
The motor can be protected from thermal overload using the Matrix converter's built-in electronic thermal overload relay.

Bl Related Constants

Control
Name
Methods
Constant Describtion Setting | Factory %Z?_?nge MEMOBUS
Number . P Range | Setting 9 | Open-| .. | Register
Display Operation | |o0p
Vector Vector
Sets the motor rated current in 1 A
Motor rated current units.
The set value will become the 0.1to
E2-01 reference value for motor 1500.0 86.6 A No Q Q 360H
Motor Rated FLA protection, torque limits and
torque control.
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6.8 Machine Protection

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

MEMOBUS
Flux | Register

Vector

L1-01

Motor protection
selection

MOL Fault Select

Sets whether the motor overload
function is enabled or disabled
using the electronic thermal
overload relay.

0: Disabled

1: Enabled

Oorl

4EO0H

L1-02

Motor protection time
constant

MOL Time Const

Sets the motor overload time at
current L1-07 before output L1-06
is activated, in units of seconds
Figure 6.14.

The factory setting is 60.0
seconds.

Set the protection time according
to the motor overload capacity.

1.0 to
300.0

60.0s

4E1H

L1-04

Operation selection at
motor overload

MOL Select

Selects the operation when the
motor is overloaded.

0: Decelerate to stop

1: Coast to stop

2: Emergency stop using the
deceleration time in C1-09.

3: Continue operation

0Oto3

4E3H

L1-06

Motor overload
detection start level

OL1 Start Level

Sets the motor overload detection
start level as a percentage of the
motor rated currentFigure 6.14.
The set value must be smaller than
L1-07.

When E2-14 102 is set to 1
(enabled), this setting is invalid.

20 to 300

110 %

4ESH

L1-07

Motor overload
detection level

OLI1 Level

Sets the motor overload detection
level as a percentage of the motor
rated toque.

The set value must be larger than
L1-06.

When E2-14 102 is setto 1
(enabled), this setting is invalid.

30 to 300

150 %

4E6H

Multi-Function Outputs (H2-01 to H2-08)

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the DO terminals they control are not normally part of user setup.
Control Methods
Setting Function Open- Flux
Value loop Vect
Vector ector
IF Motor overload (OL1) Yes Yes

B Setting Motor Rated Current

Set the rated current value on the motor nameplate in constants E2-01. This set value is the electronic thermal base

current.
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6.8 Machine Protection

€ Setting Motor Protection Operation Time

Set the motor overload detection start level in L1-06, the motor overload detection level in L1-07, and the motor
protection operation time for the motor overload detection level in L1-02. In these cases, the motor rated current is set to
100 %.

The factory setting is equivalent to 150 % for 60 seconds.
If the output current exceeds the motor overload detection start level, the electronic thermal protection will activate.

The following diagram shows an example of the characteristics of the electronic thermal protection operation time (L1-
02=60 seconds, L1-06=110 %, L1-07=150 %).

Operating time (min.)

100 i
60 f-------immeoo
10 : : Motor current (%)
L E2-01 = 100%
0 100
110

Figure 6.14 Motor Protection Operation Time

B Setting Precautions

* To detect overloads promptly, keep the set value in L1-02 or L1-07 at a low setting.

 If L1-06 (motor overload detection start level) is set to be equal or higher than L1-07 (motor overload detection level),
an OPE11 (constant setting error) operation error may occur. Set L1-06 lower than L1-07.

€ Limiting Motor Rotation Direction

If motor reverse rotation is prohibited, a Reverse Run Command will not be accepted even if it is input. Use this setting
for applications where reverse motor rotation is problematic (e.g., fans, pumps, etc.)

B Related Constants

Name Control
Methods
Constant Desaription Setting [Factory| Grande MEMOBUS
Number Displa Range | Setting Operation Igg“' Flux | Register
oy Vectgr e

Prohibition of reverse
0: Reverse enabled

N ti
b1-04 operation 1: Reverse disabled Oorl ! No A A 1ASH

Reverse Oper
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6.9 Continuing Operation

6.9 Continuing Operation

This section explains functions for continuing or automatically restarting Matrix converter operation using speed search
in the event of a momentary power loss.

€ Restarting Automatically After Power Is Restored

If a momentary power loss occurs, the Matrix converter can be restarted automatically after power is restored to continue
motor operation. To restart the Matrix converter after power has been restored, set L2-01 to 1.

If L2-01 is set to 1, when power is restored within the time set in L2-02, the Matrix converter will restart. If the time set in
L2-02 is exceeded, alarm FDEV (input power supply frequency fault) will be set.

B Related Constants

Constant
Number

Name

Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

L2-01

Momentary power loss
detection

PwrL Selection

0: Disabled (Major fault occurs
immediately after a momentary
power loss.)

1: Enabled (Continued operation
within the allowable ride-through
time after a momentary power
loss.)

A backup power source for the
control power supply is required to
successfully ride through a
momentary power loss.

Oorl

4FOH

L2-02

Momentary power loss
ridethrough time

PwrL Ridethru t

Ridethrough time, when
Momentary Power Loss Selection
(L2-01) is set to 1, in units of
seconds.

0.0 to
10.0

2.0s

4F1H

L2-03

Min. baseblock time

PwrL Baseblock t

Sets the time to continuously
baseblock the motor without
accepting commands such as run
command after the motor is
baseblocked, in units of seconds.
Sets the time required for the
motor residual voltage to be
discharged. When an overcurrent
(OC) occurs during the start of
speed search or DC injection
braking, increase the set value.

0.1t05.0

2.0s

4F2H

L2-04

Voltage recovery time

PwrL V/F Ramp t

Sets the time to restore the normal
output voltage of the matrix
converter in units of seconds after
the completion of speed search.
Sets the time required to recover
the output voltage from 0 V to the
maximum.

0.0 to
10.0

3.0s

4F3H
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6.9 Continuing Operation

B Setting Precautions

* Error output signals are not output during momentary power loss recovery.
* To continue Matrix converter operation after power has been restored, make certain that Run Commands from the

control main circuit terminal are maintained even while power is off.
* To enable momentary power loss detection the control power supply must be maintained (UPS).

€ Speed Search

The speed search function finds the actual speed of a motor that is coasting, then starts smoothly from that speed. When
restoring power after a momentary power loss, the speed search function begins after power is restored and restarts the

coasting motor.

B Related Constants

Name
Constant

Numb
umber Display

Description

Setting
Range

Factory
Setting

Change
during
Operation

Control
Methods

Open-
loop
Vector

Flux
Vector

MEMOBUS
Register

Speed search
selection on or off.

b3-01

SpdSrch at Start

Enables/disables the speed search
function at Run Command.

0: Disabled

1: Enabled

Speed Calculation:

When the search is started, the
motor speed is calculated and
acceleration/deceleration is
performed from the calculated
speed to the specified frequency
(motor direction is also searched).

Oorl

1COH

Speed search
operating current
b3-02

SpdSrch Current

Defines the current where the
motor speed is assumed to be
found as a % of the Matrix
converter rated current.

Not usually necessary to set. When
restarting is not possible with the
factory settings, reduce the value.

0 to
200

30 %

No

1C1H

Speed search

deceleration time
b3-03

SpdSrch Dec Time

Sets the output frequency
deceleration time during speed
search in 1-second units.

Set the time for deceleration from
the maximum output frequency to
the minimum output frequency.

0.1to
10.0

40s

1C2H

Speed search wait time

b3-05

Search Delay

Sets the contactor operating delay
time when there is a high-voltage
contactor on the output side of the
Matrix converter. When a speed
search is performed after
recovering from a momentary
power loss, the search operation is
delayed by the time set here.

0.0 to
20.0

0.2s

1C4H
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6.9 Continuing Operation

Control
Name
Constant Description Setting | Factory %'L?,?n%e 0 Methods MEMOBUS
Number ) Range | Setting : pen- e1ux | Register
Display Operation | |oop v
Vector | Vector
Sets the output current during the
Output current 1 first ha‘lf of speed search as a
during speed search coefficient to the motor rated
b3-06 curren.t (E2-01). Increase the set 0.0 to 0.5 No A A 1C5H
value if the speed search becomes 1.0
extremely slow after the motor has
Srch Im Lvll been base-blocked for a long time
or during speed search at startup.
Sets the output current during the
last half of speed search as a
coefficient to the motor no-load
Output current 2 current (E2-03). The
during speed search multiplication of motor no-load
current and set coefficient is 0.0 to
b3-07 limited to the motor rated current 3 0 1.5 No A A 1C6H
(E2-01) of the Matrix converter. ’
Increase the set value if the speed
search becomes extremely slow
Srch Im LvI2 after the motor has been base-
blocked for a long time or during
speed search at startup.
Speed search detection | Operation will restart at the speed
b3-10 compensation gain obtained by multiplying the 1.00 to 1.00 No A No 1COH
calculated speed by the 1.50
Srch Detect Comp . .
compensation gain.
Speed search method The sear.ch methgd S
switching level automatlcauy switched frs)n} ba.ck
EMF detection to current injection 0.5 to
b3-11 according to the motor residual 160 0 2.0 % No A A 1CAH
Srch Mthd Sw Lvl voltage. Set the switching level as
a percentage of the motor rated
voltage.
The motor speed is calculated
from the detected current value.
Current detection dead- | For current detection, a deadband
zone width must be set. Set the deadband
during speed search width using the current detection 0.5 to
b3-12 resolution as reference amount. 1 0.0 4.0 No A A 1CBH
Decrease the set value if the speed ’
search becomes extremely slow
after the motor has been base-
Srch I Deadband blocked for a long time or during
speed search at startup.
Torque compensation Sets primary lag of the torque
time constant during compensation function during 0to
b3-13 speed search speed search in units of 10000 10:ms No A A 1CCH
TComp T at SpdSr milliseconds.
Current control start Sets the current level used to limit
level during voltage the voltage restoration rate, to
b3-14 restoration control current during speed 0.0to 5.0] 2.0 No A A 1CDH
search. Set the level as no-load
Srch Lvl Red I _
current = 1.0.
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Control
Name
Constant Description Setting | Factory %'Lar?ngge o Methods MEMOBUS
Number . Range | Setting ; Pen- | elux | Register
Display Operation | loop [\ector
Vector
Time constant for Sets the time constant in units of
b3-15 current control Quring 1ms for the voltage restora.tion 0t0100 | 5 ms No A A |CFH
voltage restoration rate, to control current during
Srch T Red I speed search.
Wait time after Sets the wait time in units of 1s for
completion of speed switching to normal control after 0.00 to
b3-16 search completion of speed search. The 5 00 0.01s No A No 1CEH
. frequency reference will be held ’
SpdSrch Ret Time durine th it tim.
g the wa e.
Software CLA current | Sets the software current limit
limit 1 during speed value during speed search in 0.0 to
b3-17 search percentage of the motor rated 300.0 100.0% No A A IDOH
SpdSrch CLA Lvll current.
Software CLA current | Sets the software current limit
limit 2 during speed value at 0 Hz during speed search | 0.0 to
b3-18 search as a percentage of the motor rated | 300.0 100.0% No A A IDIH
SpdSrch CLA Lvi2 current.
Sets the time to continuously
baseblock the motor without
Min. baseblock time accepting commands such. as run
command after the motor is
baseblocked, in units of seconds.
L2-03 Sets the time required for the 0.1t0o5.0] 2.0s No A A 4F2H
motor residual voltage to be
discharged. When an overcurrent
PwrL Baseblock t (OC) occurs during the start of
speed search or DC injection
braking, increase the set value.
Sets the time to restore the normal
Voltage recovery time output Vol.tage gf the matrix
converter in units of seconds after 0.0 to
L2-04 the completion of speed search. 1 0.0 30s No A A 4F3H
Sets the time required to recover ’
PwrL V/F Ramp t the output voltage from 0 V to the
maximum.

Multi-function Contact Inputs (H1-03 to H1-16)

Note:

“H” parameters and the DI terminals they control are not normally part of user setup.

The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.

Control Methods
S\?atﬂ‘neg Function ?gg;' Flux
Vector Vector
External search command 1 (on: Speed search from maximum output frequency)
61 OFF: Speed search disabled (Restart from the minimum output frequency.) Yes No
ON: Speed search enabled
External search command 2 (on: Speed search from set frequency)
62 OFF: Speed search disabled (Restart from the minimum output frequency.) Yes No
ON: Speed search enabled

B Setting Precautions

* When both external search commands 1 and 2 are set for the multi-function contact terminals, an OPE03 (invalid multi-
function input selection) operation error may occur. Set either external search command 1 or external search command
2, but not both.
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* If performing speed search using external search commands, control the switching sequence so that the Run Command

and external search command are both on for a time longer than the Minimum Baseblock Time (L2-03).

« If the Matrix converter output is equipped with a high-voltage contactor, set the contactor operation delay time in the

Speed Search Wait Time (b3-05). The factory setting is 0.2 s. When not using a contactor, the search time can be
reduced by setting b3-05 to 0.0 s. After waiting for the speed search wait time, the Matrix converter starts the speed

search.

 Constant b3-02 is a current agreement level (current detection level for search completion). When the current falls
below the detection level, the speed search is viewed as complete, and the motor accelerates or decelerates to the set

frequency. If the motor cannot restart, lower the set value.
* If an overcurrent (I0C) is detected when using speed search following a power loss, lengthen the Minimum Baseblock

Time (L2-03).

B Application Precautions for Speed Searches Using Estimated Speed

* When using vector control, always perform autotuning before using speed search.

+ If the cable length between the motor and Matrix converter is changed after autotuning has been performed, perform
autotuning for line-to-line resistance again. See Stationary autotuning for line-to-line resistance only (T1-01 = 2) on

page 76.

B Speed Search Selection

Set whether to enable or disable speed search at startup using b3-01. To perform speed search when inputting the Run

Command, set b3-01 to 1 or 3.

Search Name

Calculated Speed (b3-01 =0 or 1)

Search Method

Calculates the motor speed when the search starts, and accelerates or decelerates from the calculated speed to the set

frequency. Search can also include direction of motor rotation.

External Speed Search
Command

External search command 1 and external search command 2 become the same operation, calculating the motor speed

and starting the search from the calculated speed.

Application Precautions

Cannot be used on motors two or more ratings smaller than the Matrix converter capacity.

B Calculated Speed Search

The time chart for calculated speed searches is shown below.

Search at Startup

The time chart when speed search at startup (or external speed search command by multi-function input) has been

selected is shown below.

Run Command

Output frequency

Output current

off On

Set frequency
/ reference

Start using
speed detected

1.0s

4—»4—» <1> Lower limit set using Speed Search Wait Time (b3-05).

Minimum baseblock time (L2-03) x 0.7 <1>

Note: If the stopping method is set to coast to stop, and the Run Command turns ON in a short time,

the operation may be the same as the search in case 2.

Figure 6.15 Speed Search at Startup (Calculated Speed)
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Speed Search after Short Baseblock (during Power Loss Recovery, etc.)
The time chart when the Matrix converter operation is restarted after power has been restored is shown below.

* Loss Time Shorter Than the Minimum Baseblock Time (L2-03)

Main circuitI On Off Start using f
power supply ; : speed detected / reference

Output frequency L/—

Set frequency

Output current /
. A

2 ‘ 10 ms

@ <1> Baseblock time may be reduced by the output frequency

- : <2> immediately before the baseblock.
Minimum baseblock time (L2-03) x 0.75 <1> <2> After Main circuit power supply recovery, motor waits for the
minimum Speed Search Wait Time (b3-05).

Figure 6.16 Speed Search after Baseblock (When Calculated Speed: Loss Time Is Set in L2-03)
* Loss Time Longer Than the Minimum Baseblock Time (L2-03)

Main circuit : On Off . Start using speed detected

power supply E E . 5 Set frequency
: : ,/_/— reference

Output frequency :

Output current A/v

. T > ——
—p —— 10 ms

Minimum baseblock time Speed Search Wait Time
(L2-03) (b3-05)

Figure 6.17 Speed Search After Baseblock (Calculated Speed: Loss Time > L2-03)
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€ Restarting Operation after Transient Fault (Auto Restart Function)

If an MX1S fault occurs during run, the MX1S will perform a self-diagnosis. If no fault is detected, the MX1S will
automatically restart. This is called the auto restart function.

Set the number of auto restarts in parameter L5-01. A fault reset is carried out every 5 ms after the minimum baseblock
time has passed. The counter counts the number of times that the operation is restarted after the fault is reset. If the fault is
not reset after executing the number of auto restarts set in L5-01, the protection function will be activated.

The auto restart function can be applied to the following faults. If any other fault occurs, the protection function will
operate and the auto restart function will not.

* IOC (overcurrent)
* OGF (output ground fault)
* OL2 (inverter overtorque)

B Related Constants

To output auto restart signals externally, set H2-O0O (Terminals D01 to D08 Function Selection) to 1E (auto restart).

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the DO terminals they control are not normally part of user setup.

B Related Constants

Control
Name
Constant Description Setting | Factory %t?'?n%e ) Methods MEMOBUS
Number ) Range | Setting : pPen- e1ux | Register
D|sp|ay Operatlon \llootp Vector
ector
Number of auto restart | Sets the number of auto restart
attempts attempts.
L5-01 Automatically restarts after a fault| 0to 5 0 No A A 540H
Num of Restarts and conducts a speed search from
the run frequency.
Auto restart operation Sets whether a fault contact output
selection is activated during fault restart.
15-02 0: Not output (Fault contact is not 0or 1 0 No A A SATH
activated.)
Restart Sel 1: Output (Fault contact is
activated.)
Maximum restart time | If the Matrix converter does not
restart successfully by the time set| 0.01 to
L5-03 Max Restart Time in L5-03, the Matrix converter will| 18.00 0.05 No A A >42H
shut down.

B Application Precautions
* The ‘number of auto restarts’ count is reset under the following conditions:
 After auto restart, normal operation has continued for 10 minutes.
* After the protection operation has been performed, the fault has been verified, and a fault reset has been input.
* After the power supply is turned off, and then on again.
* WARNING: Do not use the auto restart function on elevator applications.
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6.10 Input Terminal Functions

This section explains input terminal functions, which set operating methods by switching functions for the multi-function

contact input terminals (S3 to S16).

Note:

The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.

“H” parameters and the DI terminals they control (S3 to S16) are not normally part of user setup. This section is provided for

information only. Refer to the Matrix converter elementary drawing.

€ Temporarily Switching Operation between Digital Operator and Control Circuit

Terminals

The Matrix converter Run Command and frequency reference inputs can be switched between local (i.e., Digital
Operator) and remote using parameters b1-01 and b1-02.

Switching between local and remote can be selected by an input contact (S3 to S16) H1: Multi-function Contact Inputs
on page 104. These contact functions are set by constants H1-03 to H1-16. Set the H1 constant for the desired terminal to
01. Close the contact for local (Digital Operator), open the contact for remote.

Set b1-01 and b1-02 to 1 to enable control from the control circuit terminals.

With the Matrix converter, the control circuit terminals are normally used via PLC. b1-01 and b1-02 will normally be set

to 3(PLC) and not changed.
B Related Constants

Control
Name
Constant Description Setting | Factory ?:ITJarinn%e o) Methods MEMOBUS
Number . Range | Setting : PeN-1 rlux | Register
Display Rpestal loop Vector
Vector
Sets the frequency reference input
. method.
Reference selection 0: Digital Operator
b1-01 1: Control circuit terminal (analog | 0to 3 3 No Q Q 1AOH

input)

Reference Source 2: MEMOBUS communications
3: Built-in PLC
Sets the Run Command input

Operation method method.

selection 0: Digital Operator

b1-02 1: Control circuit terminal 0to3 3 No Q Q 1A1H

(sequence input)

Run Source 2: MEMOBUS communications
3: Built-in PLC

Note: Local/remote switching can also be performed using the LOCAL/REMOTE Key on the Digital Operator. When the local/remote
function has been set for the external terminals, the LOCAL/REMOTE Key function on the Digital Operator will be disabled.

€ Blocking Matrix converter Outputs (Baseblock Commands)

Set 8 or 9 (Baseblock command NO/NC) in one of the constants H1-03 to H1-16 H1: Multi-function Contact Inputs on
page 104 (input terminal S3 to S16 function selection) to perform baseblock commands using the input terminal.
Baseblock prohibits Matrix converter output. At this time, the motor will be coasting and “BB” will blink on the Digital

Operator.
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Clear the baseblock command to restart the operation. Speed search will begin at the operating frequency prior to the
baseblock command.

B Multi-function Contact Inputs (H1-01 to H1-10)

Control Methods
Setting : Open-
Value Function Igop vFlutx
Vector ector
08 External baseblock NO (NO contact: Baseblock at on) Yes Yes
09 External baseblock NC (NC contact: Baseblock at off) Yes Yes
B Time Chart

The time chart when using baseblock commands is shown below.

Forward operation/Stop Off | On

Input | Cleared

Baseblock command

Frequency reference

_~Search fro‘m stored frequency reference
4 \

—r—— Hold

Output frequency

Figure 6.18 Baseblock Commands

€ Raising and Lowering Frequency References Using Contact Signals (UP/DOWN)
The UP and DOWN commands raise and lower Matrix converter frequency references by turning on and off a multi-
function contact input terminal S3 to S16.

To use this function, set one of the constants H1-03 to H1-16 H1: Multi-function Contact Inputs on page 104 (input
terminal S3 to S16 function selection) to 10 (UP command) and set another terminal to 11 (DOWN command). Be sure to
allocate two terminals so that the UP and DOWN commands can be used as a pair.

The rate of change of the output frequency depends on the acceleration and deceleration time. Be sure to set b1-02 (Run
Command selection) to 1 (Control circuit terminal).

B Related Constants

Control
Name
Methods
Constant Description Setting | Factory %'L?,?n%e Ooen MEMOBUS
Number Display Range | Setting Operation Igop vFIutx Register
Vector | Ye¢tor
Frequency reference Sets the output frequency upper 0.0 to
d2-01 upper limit limit as a percent of the maximum 1'1 0.0 100.0 % No A A 2EOH
Ref Upper Limit output frequency. ’
Frequency reference Sets the output frequency lower 001
d2-02 lower limit limit as a percentage of the 169 8 0.0 % No A A 2E1H
Ref Lower Limit maximum output frequency. '
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B Precautions

When setting and using UP and DOWN commands, observe the following precautions:
Setting Precautions

If multi-function input terminals S3 to S16 are set as follows, operation error OPE03 (Invalid multi-function input
selection) will occur:

* Only the UP command function (10) or DOWN command function (11) has been selected for input terminals. Both
must be selected for valid operation.

* UP/DOWN commands and Acceleration/Deceleration Ramp Hold have been activated at the same time.

Application Precautions

* Frequency outputs using UP/DOWN commands are limited by the frequency reference upper and lower limits set in
constants d2-01 and d2-02. However, using UP/DOWN control, a frequency reference at terminal AIl can become the
frequency reference lower limit. If using a combination of the frequency reference from terminal All and the frequency
reference lower limit set in constant d2-02, the larger limit will prevail.

* At time of Run Command, when using the UP/DOWN function, the output frequency accelerates to the frequency
reference lower limit.

* When using UP/DOWN commands, multi-step operations are disabled.
B Time Chart

The time chart when using the UP/DOWN command is shown below.

Output frequency
L o1 10 ] . A
Accelerates to
lower limit Same
frequency
LOWer ||m|t ........... [TTTTTY R AP R
. Or
Forward operation/stop
On
UP command L |—|
Reference
On frequency reset .
DOWN command
Frequency On
matching signal <1>
On | I On
Power supply

<1> The frequency matching signal turns on when the motor is not accelerating/
decelerating while the Run Command is on.

Figure 6.19 UP/DOWN Commands Time Chart
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€ Jog Frequency Operation without Forward and Reverse Commands (FJOG/RJOG)

The FJIOG/RJOG command functions operate the Matrix converter at jog frequencies, using contact closures at S3 to S16
terminals. When using the FJIOG/RJOG commands, there is no need to input the Run Command.

To use this function, set one of the constants H1-03 to H1-16 H1: Multi-function Contact Inputs on page 104 (input
terminal S3 to S16 function selection) to 12 (FJOG command) or 13 (RJOG command).

B Related Constants

Control
Name
Methods
Constant Description Setting | Factory %Il\ja:'innge MEMOBUS
Number . P Range | Setting 9 [Open-| £~ | Register
Display Operation | |oop
Vector
Vector
Sets the frequency reference when
Jog frequency reference | the multi-function inputs “JOG
frequency selection”, “FIOG 0.00 to o
di-17 command” and “RJOG command”| 100.00 10.00% Yes Q Q 2D0H
Jog Reference are on, as a percentage of the
maximum output frequency.

Multi-Function Contact Inputs (H1-03 to H1-16)

Control Methods
Setting : Open-
Value Function Igop vFlutx
Vector ector
12 FJOG command (on: Forward run at jog frequency d1-17) Yes Yes
13 RJOG command (on: Reverse run at jog frequency d1-17) Yes Yes

B Application Precautions
* Jog frequencies using FJOG and RJOG commands are given priority over other frequency references.
* When both FJOG command and RJOG commands are on for 500 ms or longer at the same time, the Matrix converter

will stop according to the setting in b1-03 (stopping method selection).
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€ Stopping the Matrix converter because of Peripheral Device Errors (External Fault
Function)

The external fault function provides an error contact output, and stops the Matrix converter operation in response to an
input signal. This is intended to shut down the Matrix converter in the event of a problem on the machine external to the
Matrix converter. The digital operator will display EFO (External fault [input terminal SO]). The O in EFO shows the
number of the terminal that provided the external fault signal. For example, if an external fault signal is input to terminal
S3, EF3 will be displayed.

To use the external fault function, set one of the values 20 to 2F in one of the constants H1-03 to H1-16 H1: Multi-
function Contact Inputs on page 104 (input terminal S3 to S16 function selection).

Select the value to be set in H1-03 to H1-16 from a combination of any of the following three conditions.

» Signal level input from peripheral device (NO or NC)
* External fault detection method (any time power is on, or only during Run or Jog).
* Operation during external fault detection (action to be taken at time of external fault

The following table shows the relationship between the combinations of conditions and the set value in H1-0O0.

Input Level Error Detection Method . . i
Set (See Note 1.) (See Note 2.) Operation During Error Detection
Value Constant Detection |0 clerate to [Coast to Stop| Emergency | Continue
NO Contact | NC Contact : During Operation
Detection Operation Stop (Error) (Error) Stop (Error) (Warning)
20 Yes Yes Yes
21 Yes Yes Yes
22 Yes Yes Yes
23 Yes Yes Yes
24 Yes Yes Yes
25 Yes Yes Yes
26 Yes Yes Yes
27 Yes Yes Yes
28 Yes Yes Yes
29 Yes Yes Yes
2A Yes Yes Yes
2B Yes Yes Yes
2C Yes Yes Yes
2D Yes Yes Yes
2E Yes Yes Yes
2F Yes Yes Yes

Note: 1. Set the input level to detect errors using either signal on or signal off. (NO contact: External fault when on; NC contact: External fault
when off).
2. Set the detection method to detect errors using either constant detection or detection during operation.
Constant detection: Detects while power is applied to the Matrix converter.
Detection during operation: Detects only during Matrix converter operation.
3. Again, as a reminder: he “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular
application. “H” parameters and the DI terminals they control are not normally part of user setup.

176 YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions



6.11 Output Terminal Functions

6.11 Output Terminal Functions

The output terminal function, which sets the output methods by switching the functions of the multi-function output
terminals (DO1 to DOS), is described here.
Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.

“H” parameters and the DO terminals they control are not normally part of user setup. This section is provided for information
only.

@ 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 Matrix converter is not outputting a frequency. (Baseblock, DC injection braking, initial excitation, or stopped)

On The Matrix converter is outputting a frequency.

Note: These outputs can be used to indicate the Matrix converter's operating status.

Run command —2ff ] On !
Baseblock command —Cff : ITI E
Output frequency :
: : - - ; .
During run 1 output —2it I On E : ! E [
off [on | |

During run 2 output

Figure 6.20 Timing Chart for “During RUN” Output

€ 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).)

On The output frequency is less than the minimum output frequency (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

Output frequency being used.)

iOn

Zero-speed output

Figure 6.21 Timing Chart for Zero-speed

Constant Settings by
Function
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€ Speed reference limit (Setting: 31)

Off Other than on condition
Enables the speed reference limit in the following conditions (During flux vector control method):
1. Frequency reference > Frequency reference upper limit (d2-01),
Frequency reference < Frequency reference lower limit (d2-02), or

On Frequency reference < Output frequency lower limit of the multi-function analog input

(Setting: 9)
2. The frequency reference is less than the Minimum output frequency (E1-09), and b1-05 is set to 1,
2,0r3.
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6.12 Monitor Constants

This section explains the analog monitor constants.

€ Using the Analog Monitor Constants

Up to 4 analog signals can be selected for remote monitoring. The factory setting for signal AO1 is output frequency. The
factory setting for signal AO2 is output current.

Note:

The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.

“H” parameters and the AI/AO terminals they control are not normally part of user setup. This section is provided for information

only.
B Related Constants

Control
Name
Methods
Constant Description Setting | Factory %Z?,?nge MEMOBUS
Number . P Range | Setting 9 | Open-| | Register
Display Operation | |o0p Vector
Vector
Monitor selection Sets AO f i functi
H4-01 | (terminal AO1) ot nenon 01099 | 2 Yes A A 470H
Term AO1 Signal & output
Sets the multi-function analog
. . output 1 voltage level gain.
Gain (terminal AOT) The output (10 V as 100 %) of the
H4-02 monitored item will be increased |0 to 30.00] 1.00 Yes A A 471H
by the set gain factor. However,
Term AO1 Gain the voltage output at the terminal
will be limited to 10 V.
Sets the bias added to the AO1
Bias (terminal AO1) voltage level.
The bias is 0 % to £10 % when 10 [-100.0 to N
H4-03 Vis 100 %. 100.0 0.0 % Yes A A 472H
Term AO1 Bias However, the voltage output at the
terminal will be limited to 10 V.
Monitor selection Sets AO2 f i functi
H4-04 | (terminal AO2) e or muH-tunetion 01099 | 3 Yes A A 473H
Term AO2 Signal analog output.
Sets the multi-function analog
. . output 2 voltage level gain.
Gain (terminal AO2) | 1~ tput (10 V as 100 %) of the
H4-05 monitored item will be increased [0 to 30.00f 1.00 Yes A A 474H
by the set gain factor. However,
Term AO2 Gain the voltage output at the terminal
will be limited to 10 V.
Sets the bias added to the AO2
Bias (terminal AO2) voltage level.
The bias is 0 % to £10 % when 10 [-100.0 to o
H4-06 Vis 100 %, 100.0 0.0 % Yes A A 475H
Term AO?2 Bias However, the voltage output at the
terminal will be limited to 10 V.
Monitor selection Sets AO3 f i functi
H4-07 | (terminal AO3) e or mufi-tunction 0t099 | 5 Yes A A 476H
Term AO3 Signal analog output.
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Control
Name
Constant Description Setting | Factory %Z?inngge o Methods MEMOBUS
Number . Range | Setting ; Pen- | rlux | Register
Display Operation | loop [\ector
Vector
Sets the multi-function analog
. . output 3 voltage level gain.
Gain (terminal AO3) {1 tput (10 V as 100 %) of the
H4-08 monitored item will be increased |0 to 30.00] 1.00 Yes A A 477H
by the set gain factor. However,
Term AO3 Gain the voltage output at the terminal
will be limited to 10 V.
Sets the bias added to the AO3
Bias (terminal AO3) V?lltaége levi)l-[y 10% when 101000
The bias is 0 % to + o when 10 |-100.0 to
H4-09 Vis 100 %. 100.0 0.0 % Yes A A 478H
Term AO3 Bias However, the voltage output at the
terminal will be limited to 10 V.
Monitor selection . .
H4-10 (terminal AO4) Sets AO4 for multi-function 00 99 9 Yes A A 4791
- analog output.
Term AO4 Signal
Sets the multi-function analog
. . output 4 voltage level gain.
Gain (terminal AO4) {1 tput (10 V as 100 %) of the
H4-11 monitored item will be increased [0 to 30.00] 1.00 Yes A A 47AH
by the set gain factor. However,
Term AO4 Gain the voltage output at the terminal
will be limited to 10 V.
Sets the bias added to the AO4
Bias (terminal AO4) yriltige lév%l-(y 0% wh 1000
e bias1s 0 % to = o when —100.0 to
H4-12 10V is 100 %. 100.0 0.0 % Yes A A 47BH
Term AO4 Bias However, the voltage output at the
terminal will be limited to 10 V.
Analog output signal 0: 010410V
H4-13 le.stl selection 110 to +10 V Oorl 1 No A A 47CH
Signal Select

B Selecting Analog Monitor Items

The digital operator monitor items (U1-0O0 [status monitor]) that represent analog signals can be provided to the multi-
function analog output terminals AO1 to AO4. Refer to H4: Multi-function Analog Outputs on page 110, and set the
values for the OO part of U1-0O0 (status monitor).
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B Adjusting the Analog Monitor Items

Adjust the output voltage for multi-function analog output terminals AO1 to AO4 using the gain and bias in H4-02, H4-
03, H4-05, H4-06, H4-08, H4-09, H4-11, and H4-12.
Adjusting the Meter

The output voltage for terminals AO1 to AO4 can be adjusted while the Matrix converter is stopped. For example,
pressing the Enter Key and displaying the data setting display for H4-02 or H4-03 will cause the following voltage to be
output to the AO1 terminals.

10 V/100 % monitor output x output gain (H4-02) + output bias (H4-03)

Output voltage

Gainx 10V

0V

-1 Bias x 10/100 V

oVl Monitor item
0% 100 %

Figure 6.22 Monitor Output Adjustment

B Switching Analog Monitor Signal Levels

Monitor items corresponding to —10 to 10 V provide 0 to 10 V signals when the monitor value is positive (+), and
0 to —10 V signals when the monitor value is negative (—). For monitor items corresponding to —10 to 10 V, refer to H4:
Multi-function Analog Outputs on page 110.
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6.13 Digital Operator Functions

This section explains the Digital Operator functions.

€ Setting Digital Operator Functions

The function of several of the Digital Operator keys can be modified by constant setting.

B Related Constants

Control
Name
Methods
Constant Describtion Setting | Factory %I:'??nge MEMOBUS
Number ) p Range | Setting 9 | Open-| o~ | Register
Display Operation | |oop
Vector HEEED
LOCAL/REMOTE Sets the Digital Operator Local/
. Remote Key
key enable/disable 0: Disabled
02-01 1: Enabled (Switches between the Oorl ! No A A 6FOH
Local/Remote Key | Digital Operator and the external
settings.)
STOP key function | Enables or disables the Stop key.
during REMOTE 0: Disabled (When in REMOTE
02-02 operation. operation the Stop Key is disabled.) Oorl 0 No A A 6F1H
1: Enabled (Stop key is enabled during
Oper STOP Key REMOTE operation.)
Freauenc Enables a Digital M.O.P. function.
re fe(ienceyse ttin 0: Enter Key needed. Set speed with
ne UP or DOWN key, press Enter to
method selection complete the speed command
02-03 1: Enter Key not needed. Speed will Oorl 0 No A A OF4H
increase or decrease as commanded by
Operator M-O.P- 1 4.0 UP or DOWN keys. (M.O.P.
functionality).
Cumulative Sets the cumulative operating time in
operation time hour units. 0to
02-07 setting Operating time is calculated from the | 65535 0 hr No A A OF6H
Elapsed Time Set set values.

B Disabling the LOCAL/REMOTE Key

Set 02-01 to 0 to disable the LOCAL/REMOTE Key on the Digital Operator. When disabled, b1-01 (Reference
Selection), or b1-02 (Operation Method Selection) are not functional.

B Disabling the STOP Key
Ifb1-02 (Start Command Selection) is set to 1, 2, or 3, the Stop Command from the STOP Key on the Digital Operator is

an emergency Stop Command.

Set 02-02 to 0 to disable the STOP Key on the Digital Operator.
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B Setting the Frequency Reference using the UP and DOWN Keys without Using the Enter
Key

Use this parameter for a digital M.O.P. function on the Digital Operator. When 02-05 is set to 1, the frequency reference
can be adjusted by increasing or decreasing increments using the UP and DOWN Keys without using the Enter Key.

For example, enter the Run Command using a 0 % reference, and then continuously press the UP Key to increment the
frequency reference. Press and hold the UP Key for 3 s minimum to reach the maximum output frequency 10 s after that.
The frequency increments by 0.01 % for the first 0.5 s, and then by 0.01 % every 80 ms for 3 s thereafter. The frequency
reference that has been set will be stored in memory 5 s after the UP or DOWN Keys are released.

B Clearing Cumulative Operation Time

Set the cumulative operation time initial value in time units in constant 02-07. Set 02-07 to 0 to clear U1-13 (Matrix
converter Operating Time).

€ Prohibiting Writing Constants from the Digital Operator

If A1-01 is set to 0, only the A1-01 86 and A1-04 86 constants can be set. The Digital Operator can still be used for
monitoring.

If one of the constants H1-03 to H1-16 H1: Multi-function Contact Inputs on page 104 (input terminal S3 to S16
function selection) is set to 1B (write constants permitted), constants can be written from the digital operator when this
terminal is on. When the set terminal is off, writing constants other than the frequency reference is prohibited. Constants
can still be read when the terminal is off.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This section is provided for information only.

Control
Name
Methods
Constant Description Setting | Factory %Z??nge MEMOBUS
Number . P Range | Setting 9 | Open-| | Register
Display Operation | |oop Vector
Vector
Selects the constant access level
(read only or set and read.)
Constant access level 0: Monitoring only (Monitoring
drive mode and initialize mode.)
Al1-01 2: Advanced (A) 0to2 2 No A A 101H
(Constants can be read and set in
both quick programming (Q) mode
Access Level .
and advanced programming (A)
mode.)
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6.14 Individual Functions

This section explains individual functions that can be used in special applications.

€ Performing Closed Loop Speed Control with Pulse Generator (PG)

This section explains functions with Flux vector control.

B Related Constants

Control
Name
Constant Desaription Setting | Factory %’:ﬁ;‘n%e = Methods MEMOBUS
Number . Range | Setting : Pen- | elux | Register
Display Operation | loop |yector
Vector
Sets the PG (pulse generator or
PG constant encoder) pulses per revolution
(ppr).
H7-01 S‘;‘; the number of pulses per |0 10 $192| 600<1> No No Q 4A0H
PG Pulses/Rev motor revolution (ppr) without
multiplication.
) ) Sets the stopping method when a
Operation selection at | gheed deviation (DEV) fault
deviation occurs.
H7-04 0: Decelerate to stop 0to3 3 No No A 4A3H
1: Coast to stop
PG Deviation Sel 2: Emergency stop
3: Continue operation
PG rotation direction 0: Phase A leads with forward run
settin; command.
H7-05 - . 1: Phase A leads with reverse run Oorl ! No No A 4A4H
PG Rotation Sel
command.
Overspeed detection Sets the overspeed detection
H7-08 level method. 0to 120 ] 115% No No A 4ATH
PG Overspd Level Overspeed is detected when a
Overspeed detection freqt}ency above the level
delay time specified ny H7-08 (a percentage
of the maximum output frequency)
H7-09 has continued for more than the |0-0t02.0] 0.0 No No A 4A8H
PG Overspd Time time specified by H7-09 (detection
time in units of seconds).
) Sets the excessive speed deviation
EXCFS?IVC speeq (DEV) detection method.
deviation detection level An excessive speed deviation is
H7-10 detected when a speed deviation | 0to50 | 10 % No No A 4A9H
) above the level specified by H7-10
PG Deviate Level (a percentage of the maximum
output frequency) has continued
Excessive speed for more than Fhe ti.rne specifled by
deviation detection delay H7-11 (detection time in units of
time seconds).
H7-11 Speed deviation: The difference 0to10.0] 05s No No A AAAH
between the actual motor speed
PG Deviate Time and the commanded speed
(reference)
PG open-circuit Sets the time for the software to 0.0 to
H7-14 detection time detect a PG disconnection in units 1 0.0 30s No No A 4ADH
PGO Detect Time of seconds. ’

<1> When the control method is changed, the factory setting will change. The flux vector factory setting is given.
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B Setting the Number of PG Pulses

Set the number of PG (Pulse Generator/Encoder) pulses in pulses/revolution. Set the number of A-phase or B-phase
pulses per 1 motor rotation in H7-01.

B Matching PG Rotation Direction and Motor Rotation Direction

Constant H7-05 matches the PG rotation direction and the motor rotation direction. When the motor is rotating forward,
set whether it is A-phase driven or B-phase driven (A-phase leading or B-phase leading).

Matrix Converter

Forward Motor PG (encoder)
Command
> I -
Ajlse output
A-phase driven when set value = 0 B-phase driven when set value = 1
Aphase -4 — LI L Aphase — LT L T |

J | J 1 I | B-phase | L L [
Figure 6.23 PG Rotation Direction Setting

B-phase

Example: Forward rotation of standard Yaskawa motor (PG used: Samtack (KK))

Motor output axis rotates
counter-clockwise during

F
C%m;gjnd Inverter Forward Command.
—— Rotation
(CCw)
A-phase
B-phase LI

Yaskawa standard PG used is A-phase driven (CCW) when motor rotation is forward.

Figure 6.24 Motor Rotation Direction Setting

Generally, a PG is A-phase driven when rotation is counterclockwise (CCW) viewed from its shaft end. Also, motor
rotation is counter-clockwise (CCW) viewed from the shaft end when a Forward Command is output. Consequently,
when motor rotation is forward, the PG is normally A-phase driven.

B Detecting PG Open Circuit
When a PG cable disconnection (PGO) is detected, the motor will coast to stop.

CAUTION! Continuing to operate the Matrix converter after loss of feedback signal (PG cable disconnection) may result in damage to
machinery and may result in injury. To protect the motor or machinery, do not operate the Matrix converter until the PGO fault is
corrected.

B Detecting Motor Overspeed

An error is detected when the motor speed (r/min) exceeds the specified limit. An overspeed (OS) is detected when a
frequency that exceeds the set value in H7-08 continues for longer than the time set in H7-09. After detecting an
overspeed (OS), the Matrix converter stops according to the setting in H7-04.
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B Detecting Speed Difference between the Motor and Speed Reference

An error is detected when the speed deviation (i.e., the difference between the commanded speed and the actual motor
speed) is too great. Speed deviation (DEV) is detected after speed agreement <i> , and after the speed reference and actual
speed are within the setting of L4-02 115. DEV is activated if a speed deviation great than the set value in H7-10
continues for longer than the time set in H7-11. After a speed deviation is detected, the Matrix converter stops according
to the setting in H7-04.

<1> Speed agreement means “at set speed”, i.e. not accelerating or decelerating.
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Troubleshooting

This chapter describes the fault displays and countermeasure for the MX1S Matrix converter and
motor problems and countermeasures.

7.1 SECTION SAFETY ..ottt et e s a e a e 188
7.2 PROTECTIVE AND DIAGNOSTIC FUNCTIONS............ ..ot 190
7.3 TROUBLESHOOTING
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7.1 Section Safety

A\ DANGER

Electrical Shock Hazard

Disconnect all main power before servicing.

Failure to comply may result in serious injury or death from electric shock.

To prevent electric shock, wait at least 15 minutes before opening panel doors. Check to ensure all indicators are off
and use test equipment to verify no hazardous voltages are present. The snubber circuit remains charged even after the
power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc.

A\ WARNING
Electrical Shock Hazard

Do not operate equipment with covers removed.

Failure to comply could result in death or serious injury.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Always ground the motor-side grounding terminal.

Improper equipment grounding could result in death or serious injury by contacting the motor case.

Do not perform work on the Matrix converter while wearing loose clothing, jewelry or without eye protection.
Failure to comply could result in death or serious injury.

Remove all metal objects such as watches and rings, secure loose clothing, and wear eye protection before beginning
work on the Matrix converter.

Do not remove covers or touch circuit boards while the power is on.
Failure to comply could result in death or serious injury.
Do not allow unqualified personnel to perform work on the Matrix converter.
Failure to comply could result in death or serious injury.
Installation, maintenance, inspection, and servicing must be performed only by authorized personnel familiar with
installation, adjustment, and maintenance of Medium Voltage AC drives.
Fire Hazard
Tighten all terminal screws to the specified tightening torque.
Loose electrical connections could result in death or serious injury by fire due to overheating of electrical connections.
Do not use improper combustible materials.
Failure to comply could result in death or serious injury by fire.
Attach the Matrix converter to metal or other noncombustible material.
Do not use an improper voltage source.
Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the Matrix converter matches the voltage of the incoming power supply before applying
power.
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NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

Never connect or disconnect the motor from the Matrix converter while the Matrix converter is outputting
voltage.

Improper equipment sequencing could result in damage to the Matrix converter.
Do not use unshielded cable for control wiring.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Do not allow unqualified personnel to use the product.

Failure to comply could result in damage to the Matrix converter.

Do not modify the Matrix converter circuitry.

Failure to comply could result in damage to the Matrix converter and will void warranty.

Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.

Check all the wiring to ensure that all connections are correct after installing the Matrix converter and
connecting any other devices.

Failure to comply could result in damage to the Matrix converter.
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7.2 Protective and Diagnostic Functions

This section describes the alarm functions of the Matrix converter. The alarm functions include fault detection, alarm
detection, operation error detection, and autotuning error detection.

When an alarm is detected in the Matrix converter, the LED “ALARM?” indicator on the Digital Operator illuminates
(fault detection) or flashes (alarm detection), and the fault detail is displayed on the monitor. After the fault is reset, the
former fault log can be verified by calling up the menu. Maintenance, inspection and parts replacement must be
performed by a technician who has been trained and certified on the structure and circuits of the Matrix converter.

DANGER! Disconnect all main power before servicing. To prevent electric shock, wait at least 15 minutes before opening panel doors.
Check to ensure all indicators are off and use test equipment to verify no hazardous voltages are present. The snubber circuit remains
charged even after the power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc. Failure to comply may result serious injury of death from electric shock.

WARNING! The MX1S Matrix converter has two (2) sources of power, the 4160V main supply and a 480V control power supply. Make
sure that both sources are off before starting maintenance or inspection. Failure to observe this precaution may result in serious
personal injury or death.

NOTICE: Damage to Equipment. Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and
circuit boards. Failure to comply may result in ESD damage to the Matrix converter circuitry.

€ Fault Detection and Alarm Detection

When the Matrix converter detects a fault, the fault contact output operates, and the Matrix converter 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.) A fault code is displayed on the Digital Operator.

When a fault has occurred, refer to the following table to identify and correct the cause of the fault.
Use one of the following methods to reset the fault before restarting the Matrix converter:

* Set a multi-function contact input (H1-03 to H1-16) to 14 (Fault Reset) and turn on the fault reset signal.
Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This item is provided for information only.

* Press the RESET Key on the Digital Operator.
* Turn the main circuit and control circuit power supplies off and then on again.

Alarms are a type of protection function that do not operate the fault contact output. The system will automatically return
to its original status once the cause of the alarm has been removed.

The Digital Operator display blinks and an alarm is sent from the multi-function outputs.

Fault detection (F) and alarm detection (A) are classified into “Drive Faults” and “Cell Faults”.
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& Drive Faults

Drive faults are detected by the main control units. If any of these faults occurs, it is displayed on the Digital Operator,
and its detail is recorded in memory.

Table 7.1 List of Drive Faults

When using more than one cooling fan, faults may
be found in multiple contact input terminals (FAN2
to 4).

Fault Display Rf:lk Fault Details Corrective Actions
0V Input power overvoltage
Overvoltage F Voltage exceeded 120 % of rated power supply
i voltage (L9-01).
Input power undervoltage * Check the main power supply voltage.
The main circuit input voltage has dropped to « Confirm that the detected value of the power
AUV F(A) | below the value set for L2-21 for the detection time | supply voltage (U1-90) and the setting value of
or longer. The alarm is activated while the motor is | the rated main power supply input voltage (L9-
stopped. 01) are appropriate.
Input power frequency fault » If detection is faulty, replace the isolation board,
FDEV ¥ The difference from the power supply rated which detects input voltage, or the modulator
frequency has exceeded the detection level for the | board.
detection time or longer.  Take measures to adjust the power supply
After the power supply was turned on, the phase voltage (changing taps of transformer etc.).
SRC F order was not established within the detection time.
The phase order has been changed since the last
time the power supply was turned on.
Control power supply fault
cuv . rCei)Illl(t)r\f)eldI;ower supply voltage was lowered (or + Check the control power supply.
CTL PS UnderVolt Exclusive contact signal input from the 5-V power * Replace the 5-V power supply board.
supply board.
* Measure the insulation resistance of the motor
. and cable.
Drive overcurrent  Check the output cable connection
10C The Matrix converter output current exceeded the P . L.
F .  Check the acceleration/deceleration time
Over Current overcurrent detection level (132 % of rated settings
current). * Check the PG installation and signals.
* Check the load.
* Check the motor constants. Refer to E: Motor
00V Output overvoltage Constants on page 101
Output OV Fault F The Matrix converter output voltage (L9-06) Constants: E1-000, E2-O00Confirm that the
P exceeded the overvoltage detection level (L9-07). | settings of L9-06 and L9-07 are appropriate.
* Check the output cable connection.
. . * Check to see if the transformer is overheated.
Transformer temperature fault (input terminal . .
DI 1) * Check the contact input terminal status.
TME A fault detected from a contact input terminal on * Inspect the cooling fan on.the Control Panel.
F * Check the amount of cooling air.
Tr Overtemp the control board. ..
. * Clean the air-inlet filter.
Note: Check the actual external terminal number .
on the elementary wirine diaeram * Check the mechanical system and correct the
Yy £ dlagram. cause of the fault.
Cooling fan fault 1(input ter‘mm.al DL2) . * Check the cooling fan operation and the contact
A fault detected from a contact input terminal on . .
input terminal status.
the control board. Note: Check the actual external . .
FAN1 . . . * Replace the cooling fan. (Normally, input
F terminal number on the elementary wiring diagram. . . s
Fan Fault 1 terminals need to be activated within 10 seconds

after fan operating commands [both on and off]
are sent).
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Fault Display Rf;;k Fault Details Corrective Actions
Motor Overload  Check the Motor Rated Current (E2-02).
OL1 (Operation selection — L1-04) Refer to L: * Confirm that the settings of detection (L1-02,
Motor Overloaded F/A | Protection Function Constants on page 112. The | L1-06, and L1-07) are appropriate.
motor overload protection function has operated |+ Check the size of the load and the length of the
based on the internal electronic thermal value. acceleration, deceleration, and cycle times.
Overtorgue Dete(?ted ! * Make sure that the settings in L6-02 and L6-03
OL3 (Operation selection — L6-01) are appropriat
F/A | The torque has exceeded the overtorque detection ¢ appropniate.
Overtorque Det 1 L * Check the mechanical system and correct the
level 1 (L6-02) for the detection time (L6-03) or
cause of the overtorque.
longer.
Overtorgue Detegted 2 » Make sure that the current setting in L6-05 and
(Operation selection — L6-04) . . -
OL4 . time setting in L6-06 are appropriate.
Overtorque Det 2 F/A | The torque has exceeded the overtorque detection |, Check the mechanical system and correct the
q level 2 (L6-05) for the detection time (L6-06) or Y
cause of the overtorque.
longer.
Undertqrque Det?cted ! * Make sure that the settings in L6-02 and L6-03
UL3 (Operation selection — L6-01) are appropriate
F/A | The torque has dropped below the undertorque o
Undertorque Det 1 . .. * Check the mechanical system and correct the
detection level (L6-02) for the detection time (L6-
cause of the undertorque.
03) or longer.
Undertqrque Det§cted 2 * Make sure that the current setting in L6-05 and
(Operation selection — L6-04) . . -
UL4 time setting in L6-06 are appropriate.
F/A | The torque has dropped below the undertorque .
Undertorque Det 2 . o * Check the mechanical system and correct the
detection level (L6-05) for the detection time (L6-
cause of the undertorque.
06) or longer.
PG Disconnection DetectedRefer to Performing . .
. * Fix the wiring.
PGO F/A Closed Loop Speed Control with Pulse Generator | Supply power to the PG properl
PG Open (PG) on page 184 PG pulses were absent when the PPy b . Property.
. . * Check the PG itself (output).
Matrix converter was outputting a frequency.
Excesswe Speed Dev1at10n « Reduce the load.
(Operation selection — H7-04) . .
DEV . » Lengthen the acceleration time and deceleration
. F/A | The speed deviation has been greater than the . L
Speed Deviation setting in H7-10 for loneer than the settine in H7- time. (Constant: C1-000. Check the settings in
e & & H7-10 and H7-11.
* Check the settings in H7-08 and H7-09.
0s Overspeed » Make sure that the motor constants are
Overspeed Det F The speed has been greater than the setting in H7- | appropriate. (Constant: E-O00, E2-0007)
p 08 for longer than the setting in H7-09. * Check the mechanical system and correct the
cause of the overspeed.
Output Ground Fault
The ground fault current at the Matrix converter
. o .
OGF output exceeded approximately 25 % of the Matrix |, Measure motor and cable insulation resistances.
Ground Fault F converter rated output current.  Check the motor cable
Or, the zero-phase voltage at the Matrix converter ’
output exceeded the ground fault detection level
(L9-21) for the detection time (L9-22).
Output Open-phase
LF An open-phase occurred at the Matrix converter
Output Pha Loss F output. * Check the motor cable.
P This fault is detected when L8-07 is set to
“Enabled.”
EF Forward/Reverse run Simultaneous ln.put * Check the input sequence.Note: When this alarm
A The forward-run and the reverse—run input
External Fault . . occurs, the motor decelerates to stop.
continued 0.5 seconds or more simultaneously.
Control Fault  Check the motor constants.
CF F The torque limit was reached continuously for 3 Constant: E1-000, E2-000 Lengthen the
Out of Control seconds or longer during a deceleration stop during [ deceleration time.

open-loop vector control.

Constant: C1-000
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Rank

Ext Fault SO

input terminal. Check elementary diagram for
terminal number.

Fault Display <1> Fault Details Corrective Actions
Digital Operator Connection Fault
OPR The connection to the Digital Operator was . ..
Opr Disconnect F interrupted. (Only active in Local mode). Check the connection to the Digital Operator.
Detected when 02-06 is set tol.
CPF00 Digital Operz?tor Co.mmunlc'fltl.ons Error 1. + Disconnect the Digital Operator and reconnect it.
Communications with the Digital Operator were
COM-ERR F not established within 5 seconds after the power * Cycle the control power supply off and on.
(OP &MxC) © P * Replace the Digital Operator or the CPU board.
was turned on.
CPFO1 Digital Operator Communications Error 2.
After communications were established, there was |+ Disconnect the Digital Operator and reconnect it.
COM-ERR F L . - -
a communications error with the Digital Operator |+ Replace the Digital Operator or the CPU board.
(OP &MxC)
for 2 seconds or longer.
CPF03 F EEPROM error * Cycle the control power supply off and on.
EEPROM Error The control circuit is damaged. * Replace the modulator board.
CPF05 F A/D converter error * Cycle the control power supply off and on.
External A/D Err The control circuit is damaged. * Replace the modulator board.
HDE F Modulator board Hardware Fault * Cycle the control power supply off and on.
HARD Fault The modulator board is damaged. * Replace the modulator board.
DTM Modulator 'Wat.chdog Fault . * Cycle the control power supply off and on.
MB Watchdog Flt F A communication error between with the * Replace the CPU board or the modulator board
J modulator board and the CPU board occurred. p '
CTF Analog Power supply Fault
+ . +
Analog Pwr Fault F ;l;};: analog power supply (£15 V) was lowered or Replace the analog power supply (x15 V).
CER v %]:J \lzgﬁggo%ifnaeu]t as exceeded in the CPU * Cycle the control power supply off and on.
CTL CPU Fault W & W * Replace the CPU board.
board.
BAT Low Battery
A The battery for memory backup on the CPU board |+ Replace the battery on the CPU board.
Weak Battery .
is uncharged.
* Inspect the fiber optic cable, and replace it if
LIN 8 A cell communications error (link error) was damaged.
(MB) detected on the modulator board. * Replace the CCB.
* Replace the modulator board.
* Inspect the fiber optic cable and replace it if
PAR 8 A cell communications error (parity check error) damaged.
(MB) was detected on the modular board. * Replace the CCB.
* Replace the modulator board.
External Fault (Input terminal SC)
EFO] O=3t16 * Reset external fault inputs to the multi-function
F/A | An “external fault” was input from a multi-function | inputs.

* Remove the cause of the external fault.

<1> F:Fault,
A: Alarm,

F/A: Fault or alarm depending on the constant setting
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& Cell Faults

Cell faults are detected by the control circuit of each Power Cell, and transmitted to the main control section. If any of
these faults occur, it is displayed on the Digital Operator, and the details are recorded in memory.

Table 7.2 List of Cell Faults

A watchdog timer error occurred. (Faulty CCB)

Fault Display <7> Rank Fault Details Corrective Actions
LIN
Communications Error (link error) * Inspect the fiber optic cable, and replace it if
F A Cell Control Board (CCB) communications error damaged.
[Detail] nn: LINK FLT was detected * Replace the CCB.
' * Replace the modulator board.
CFA F Cell Fault
Snubber DC Circuit Overvoltage * Check the cell input voltage.
[Detail] nn: OVR VOLT F The voltage of snubber DC circuit rose to * Check the cell power fuse.
1300 V£5 % or higher. * Replace the CCB.
Snubber DC Circuit Undervoltage * Check the cell input voltage
[Detail] nn: CTR PWR UV F The voltage of snubber DC circuit dropped to * Check the cell power fuse.
677 V£5 % or lower.  Replace the CCB.
* Check the output circuit wiring.
Overcurrent * Check the motor insulation.
[Detail] nn: OC FLT F The cell output current exceeded the detection * Check the acce.leratlon./ decelera.tlon time setting.
level * Check the PG installation and signals.
evel  Check the load.
* Replace the CCB.
Snubber Resistor Overheated .
[Detail] nn: SROH FLT F The temperature of snubber discharging resistor Check. the Tnput.ac supply voltage waveform for
increased. excessive distortion.
Cell Overheated « Inspect the cooling fan on the Control Panel.
The thermistor installed on the fin detected a : g?::rll(tgl:;rrngll;: glt;;)ohng ar
[Detail] nn: OVER TEMP F temperature of 90°C or higher. ) .
Cell for 35 A to 260 A: 95°C * Inspect and clean the cell unit.
Cell for 400 A or 520 A: 105°C * Replace the CCB. .
* Replace the thermistor or cell unit.
DC Capacitor Overvoltage * Check the electrolytic capacitor for deterioration,
[Detail] nn: CAP FLT F The voltage of the electrolytic capacitor of snubber | | agi;;l: I;C:;leiizsizgs' tor
L2 450 . .
DC circuit increased to 520 V£5 % or higher.  Replace the CCB
. ) Initial Setting Error * Check the setting of CCB SW1.
[Detail] nn: CELL INIERR F The cell initial setting data is incorrect. » Replace the CCB.
Input Voltage Error * Check the cell input power fuse.
. . . T.
[Detail] nn: INVOLT ERR F The cell input power fuse is open. Check the IGB.
An input open pha rred * Check the cell input voltage.
put open phase occurred. * Replace the CCB.
[Detail] nn: WDT OVR p | Hardware Fault « Replace the CCB.

<1> [Detail] shows the detail display on the Digital Operator, and “nn” shows the cell number.

194

YASKAWA ELECTRIC EZZ010917 FSDrive-MX18S Instructions




7.2 Protective and Diagnostic Functions

€ LED Indicators on the Controller and CCB (Cell Control Board) (For Reference)

The following describes the LED indicators on the controller in the Control Panel and the CCB in the Power Cell Panel,
which display operation status and faults for reference.

WARNING! Electrical Shock Hazard. The MX1S is a medium voltage device, do not open panel doors to check LEDs when main circuit
or control circuit power is ON. Ensure all power to the MX1S of OFF and wait 15 minutes before opening panel doors. Failure to
observe this precaution may result in an electric shock.

B LED indicators on the controller

The controller has two types of LED indicators: An LED indicator that displays the controller status, and an LED
indicator that displays the cell status detected by the controller.

9

Cover

[ AQvaY

I O 10 Hd—gg

[ [0 I8 Hd o

0} LMNVYH

POWERLC]
RUN ]
ERROR[]
ALM [
BAT_ALM[]

|

8

Iy |
Iy |
Iy |

MNVY 0}

Figure 7.1 LED on Controller
Table 7.3 Controller Status LED

LED Status
POWER (Green) Lit when control power is on.
RUN (Green) Lit when controller is operating.
ERROR (Red) Lit when a controller fault occurs.
ALM (Red) Lit when an alarm occurs in controller.
BAT ALM (Red) Lit when battery voltage has dropped.

Table 7.4 Cell Status LED

LED Status
READY (Green) Lit when interface circuit of the cell is operating.
RUN (Green) Lit when interface circuit of the cell is normal.
ERROR (Red) Lit when a fault in the interface circuit of the cell occurs.
B.B. (Red) Lit during baseblock.
PH_A RANKO to 8 (Red) Lit when an A-phase rank 1 to 8 cell fault occurs.
PH_A RANKO to 8 (Red) Lit when a B-phase rank 1 to 8 cell fault occurs.
PH A RANKO to 8 (Red) Lit when a C-phase rank 1 to 8 cell fault occurs.
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7.2 Protective and Diagnostic Functions

B LED Indicators on CCB (Cell Control Board)

The LED indicator lamps on the CCB indicate the CCB power supply status, IGBT operating status, and fault occurrence
as shown below.

Table 7.5 CCB Power Supply Status LED

LED Status
Lit when the snubber DC voltage is charged (Illuminates when the voltage reaches
CHARGE approximately 50 V.) ¢ el ¢
FLT Lit when a cell fault occurs.
LINK-ON Lit during normal transmission with the controller
RUN Lit while the cell is operating.
POWER Lit while the controller is operating.

Never touch the Power Cell while any LED indicator lamp is lit.

CCB

[ .

CHARGE

D*/ FLT

[

01—

U

LINK-ON

RUN

[ PowEr

Figure 7.2 LED Indicator Lamps on CCB
Table 7.6 LED Indicator Lamp Status

LED Ready Running Fault

CHARGE (Red) 1 1 1

FLT (Red)

RUN (Green)

@)
LINK-ON (Green) 1
O
1

—|=]1=10

._.O,_.,_.

POWER (Green)

O: Unlit
I: Lit
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7.2 Protective and Diagnostic Functions

€ Operation Errors

An operation error will occur if there is an invalid setting or a contradiction between two constant settings. It is
impossible to start the Matrix converter until the constants have been set correctly. (The alarm output and fault contact
outputs will not operate either.)

When an operation error has occurred, refer to Table 7.7 to identify and correct the cause of the errors.

Table 7.7 Operation Error Displays and Incorrect Settings

Freq/On-Delay

Constant Setting Error

Display Meaning Incorrect settings
. . The constant setting is outside of the valid setting range. Press the ENTER Key on the Digital
OPEO2Limit | Constant Setting Range Error Operator to displangPE fault constant (U1-34).g ¢ g ¢

One of the following errors has been made in the multi-function input (H1-01 to H1-10) settings:
The same setting has been selected for two or more multi-function inputs.
An up or down command was selected independently. UP and DOWN commands cannot be used
at the same time. (Down must be off to allow the use of UP, and vice-versa.)

OPEO03Terminal Multi-function Input Selection | Speed Search 1 (61, rpaximum output frequency) and Speed Search 2 (62. set frequency) were

Error selected at the same time.
The emergency Stop Command NO and NC have been set at the same time.
Note: The “H” parameter group, and the multi-function I/O, is typically
preprogrammed, specific to an individual Matrix converter and its particular
application. Refer to the elementary drawing.
OPEO7A.H alog Multl-f unction Analog Input The same setting has been selected for two or more multi-function analog inputs.
Selection Selection Error

Functions that cannot be used in the selected control mode are set. For example, a function that

OPEO08 Ctrl Func . . .

Error Constant Selection Error can be us.ed only in flux Vect.or control mode is set for open-loqp cc.)nt.rol mode. The error code

will be displayed together with the constant number whose setting is incorrect.

OPE10 V/f Ptrn V/f Data Setting Error Constants E1-04, E1-06, E1-07, and E1-09 do not satisfy the following conditions:

Setting E1-04 (FMAX) > E1-06 (FA) > E1-07 (FB) = E1-09 (FMIN)
OPEIl1 Carr The motor overload detection start level (L1-06) has been set to a value above the motor

overload detection level (L1-07).

ERR EEPROM
R/W Err

EEPROM Write Error

A verification error occurred when writing EEPROM.
Cycle the control power supply off and on.
Reset the constants.
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7.2 Protective and Diagnostic Functions

@ Errors During Autotuning

The errors that can occur during autotuning are given in the following table. If an error is detected, the motor will coast to
a stop and an error code will be displayed on the Digital Operator. The error contact output and alarm output will not

function.
Table 7.8 Errors During Autotuning
Display Meaning Probable causes Corrective Actions
ER-01 There is an error in the relationship between Correct the data as follows: motor r/min < 120

Data Invalid

Motor data error

the rated frequency, the rated motor r/min, and
the number of motor poles.

x rated frequency/ number of motor pole.

Acceleration error The

* Torque limit function is operating.

* Check and correct the setting values of L7-01
to 04 (torque limits).

Motor Speed

has exceeded 100 % for 3
seconds during

* The load is connected to the motor.

AcEc}Zl_gite motor did not accelerate |* Acceleration time is too long. * Increase the setting value of C1-01
in the specified time. * The load is connected to the motor. (Acceleration Time).
* Disconnect the load from the motor.

Motor Direction Error There is a faulty (or inconsistent sequence) * Check the PG wiring.

ER-03 The sign of the speed connection between the Matrix converter, PG |« Check the motor wiring.

PG Direction reference differs from (A-phase and B-phase), and motor (U-phase, |+ Check the PG rotation direction and setting

that of speed feedback. | V-phase, and W-phase). value of H7-05 (PG rotation direction).
Motor speed error

ER-04 Torque reference value |, The motor power cable is disconnected. * Check the wiring.

 Disconnect the load from the motor.

* Autotuning was not completed in the
specified time.

* The result of autotuning is out of the constant
setting range.

* The setting value of the motor rated current is
wrong.

Motor core saturation 2

autotuning.
ER-05 Line-to-line resistance
Resistance error
ER-06
No-load current error
No-Load Current
ER-07 Motor core saturation
Motor core saturation 1] error 1
ER-08 Motor core saturation

error 2

» The motor power cable is disconnected.

* Check and correct the input data.
* Check the wiring.

* Autotuning was not completed in the
specified time.

I-det. Circuit

current.

The detected current sign
was the opposite of what
it should be.

wrong.
¢ There is an error in the current detector.

ER-09 Rated current setting * The result of autotuning is out of the constant | Disconnect the load from the motor.
Rated FLA Alm alarm )
setting range.
* The load is connected to the motor.
ER-10 . The STOP Key was pressed to cancel
STOP key STOP key input autotuning. -

Current detection error
The current flow . . |* Check and correct the input data.
exceeded the motor rated | The setting value of the motor rated current is . .

ER-11 * Check the current detection circuit, motor

wiring, current detector, and installation
methods.

ER-12
Base Block

Base block stop

The base block command was input from the
PLC to cancel autotuning.

Clear the base block command from the PLC.
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7.3 Troubleshooting

7.3 Troubleshooting

Due to constant setting errors, faulty wiring, etc., the Matrix converter 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 Protective and Diagnostic Functions on page 190.

& If Constants Cannot Be Set

Use the following information if a Matrix converter constant cannot be set.

B The display does not change when the Increment and Decrement Keys are pressed.
The following causes are possible.

The Matrix converter is operating (drive mode).

There are some constants that cannot be set during operation. Turn the Matrix converter off and then make the settings.

Constant write enable is input.

This occurs when “constant write enable” (set value: 1B) is set for a multi-function input terminal (H1-03 to H1-16). If
the constant write enable input is off, the constants cannot be changed. Turn it on and then set the constants.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This item is provided for information only.

B OPEO02 through OPE11 is displayed.
The set value for the constant is wrong. Refer to Table 7.7 and correct the setting.
B CPF00 or CPFO01 is displayed.

This is a Digital Operator communications error. The connection between the Digital Operator and the Matrix converter
may be faulty. Disconnect the Digital Operator and reconnect it.

@ If the Motor Does Not Operate

Use the following information if the motor does not operate.

B The motor does not operate when the RUN Key on the Digital Operator is pressed.

The following causes are possible.

Note: If the Matrix converter is not in drive mode (i.e., it is in a programming mode), the DRIVE indicator on the Digital Operator
(JVOP-160) will not be lit, and the Matrix converter 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 DATA/ENTER Key. “-Rdy-" will be displayed when drive mode is
entered.

The operation method setting is wrong.

If constant b1-02 (Operation Method Selection) is set to any number but 0, 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 b1-02 to 0 (Digital
Operator).

Note: The LOCAL/REMOTE Key is enabled by setting 02-01 to 1 and disabled by setting 02-01 to 0. It is enabled when the drive mode
is entered.

The frequency reference is too low.

If the frequency reference is set below the frequency set in E1-09 (Minimum Output Frequency), the Matrix converter
will not operate.

Raise the frequency reference to at least the minimum output frequency.
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There is a multi-function analog input setting error.
If multi-function analog input H3-05, H3-09 or H3-13 is set to 1 (frequency gain), and if no voltage (current) is input,
then the frequency reference will be zero. Check to be sure that the set value and analog input value are correct.

B The motor does not operate when an external operation signal is input.

The following causes are possible.
The Matrix converter is not in drive mode.

If the Matrix converter is not in drive mode and the DRIVE indicator does not illuminate, the Matrix converter will
remain in ready status and will not start. Press the MENU Key to make the DRIVE indicator flash, and enter the drive
mode by pressing the DATA/ENTER Key. “-Rdy-" will be displayed when drive mode is entered.

The operation method selection is wrong.
If constant b1-02 (reference selection) is set to 0 (Digital Operator), the motor will not operate when an external operation
signal is input. Set b1-02 to 3 (PLC) and try again.

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.

Note: The LOCAL/REMOTE Key is enabled by setting 02-01 to 1 and disabled by setting 02-01 to 0. It is enabled when the drive mode
is entered.

The frequency reference is too low.

If the frequency reference is set below the frequency set in E1-09 (Minimum Output Frequency), the Matrix converter
will not operate. Raise the frequency reference to at least the minimum output frequency.

There is a multi-function analog input setting error.

If multi-function analog inputs H3-05, H3-09, and H3-13 are set to 1 (frequency gain), and if no voltage (current) is input,
then the frequency reference will be zero. Check to be sure that the set value and analog input value are correct.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This item is provided for information only.

B The motor stops during acceleration or when a load is connected.

The load may be too heavy. The Matrix converter has a stall prevention function, but the motor response may be exceeded
if acceleration is too rapid or if the load is too heavy. Lengthen the acceleration time or reduce the load. Confirm that the
motor is sized adequately to drive the load.

B The motor does not accelerate.

If the torque limit settings (L7-01 to L7-04)Refer to L7: Torque Limits on page 118 are too small, the motor may not be
able to accelerate. Check the settings and input values.

B The motor only rotates in one direction.

“Reverse run prohibited” is selected. If b1-04 (Prohibition of Reverse Operation) is set to 1 (reverse run prohibited), the
Matrix converter will not receive Reverse Run Commands. To use both forward and reverse operation, set b1-04 to 0.
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@ If the Direction of the Motor Rotation is Reversed

If the motor operates in the wrong direction, the motor output wiring is incorrect. When the Matrix converter’s U, V, and
W are properly connected to the motor’s U, V, and 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.

The direction of rotation can be reversed by switching two wires among U, V, and W.

WARNING! Electric Shock Hazard. Do not connect or disconnect wiring while the power is on. Failure to comply will result in serious
personal injury or death.

@ If the Motor Does Not Produce Torque or If Acceleration is Slow
Use the following information if the motor does not output torque or if acceleration is too slow.

B The torque limit has been reached.

When a torque limit has been set in constants L7-01 to L7-04, Refer to L7: Torque Limits on page 118 no torque will be
output beyond those limits. 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 torque limits have been set for the multi-function analog input (H3-05, H3-09, or H3-13 =10 to 12 or 15), check to be
sure that the analog input value is suitable.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This item is provided for information only.

B The stall prevention level during acceleration is too low.

If the value set for L3-02 (Stall Prevention Level during Acceleration) is too low, the acceleration time will be long.
Check to be sure that the set value is suitable.

B Autotuning has not been performed for vector control

Vector control will not perform well if autotuning has not been performed. Perform autotuning separately for the motor, or
set the motor constants through calculations.

@ If the Motor Operates at a Speed Higher Than the Reference
Use the following information if the motor operates higher than the reference.

B The analog frequency reference bias setting is wrong (the gain setting is wrong).

The frequency reference bias set in constant H3-03 (Frequency Reference Terminal All Function Selection) is added to
the frequency reference. Check to be sure that the set value is suitable.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This item is provided for information only.

B A signal is being input to the frequency reference (current) terminal Al1.

When constant H3-09 (Multi-function Analog Input Terminal AI3 Function Selection) is set to 0, a frequency
corresponding to the terminal AI3 input voltage (current) is added to the frequency reference. Check to be sure that the set
value and analog input value are suitable.

Note: The “H” parameter group is typically preprogrammed, specific to an individual Matrix converter and its particular application.
“H” parameters and the terminals they control are not normally part of user setup. This item is provided for information only.
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@ If the Slip Compensation Function Has Low Speed Precision

If speed control accuracy is low when using the slip compensation function, the slip compensation limit has been reached.
Compensation cannot be carried out beyond the slip compensation limit set in constant C3-03. Check that the set value is
suitable.

@ If Speed Control Accuracy is low when operating at High speed in Open-loop Vector
Control

The motor's rated voltage is high compared with the input power voltage.

The Matrix converter's maximum output voltage is determined by its input voltage. (For example, if 4160 Vac is input,
then the maximum output voltage will be 4160 Vac.) If, the output voltage required by the vector control algorithm
exceeds the Matrix converter output voltage maximum value, the speed control accuracy will decrease. Use a motor with
a lower rated voltage (i.e., a special motor for use with vector control), or change to flux vector control. Alternatively,
increase the input voltage level to the Matrix converter, within the specification limit of 4160V £10 %.

@ If the Motor Overheats

Take the following steps if the motor overheats.

B The load is too large.

If the motor load is too heavy and the required torque exceeds the motor's rated torque, the motor will overheat. Some
motor ratings are given for short period performance and are not continuous ratings. Reduce the load amount by either
lightening the load or lengthening the acceleration/deceleration time. Also consider increasing the motor capacity.

B The ambient temperature is too high.

The motor rating is determined within a particular ambient operating temperature range. The motor will burn out if it is
run continuously at rated torque in an environment where the maximum ambient operating temperature is exceeded.
Lower the motor's ambient temperature to within the acceptable ambient operating temperature range.

B Autotuning has not been performed

Vector control will not work effectively if autotuning has not been performed. Perform autotuning before using vector
control.

@ If There is Mechanical Oscillation
Use the following information when there is mechanical oscillation.

B The machinery is making unusual sounds.
The following cause is possible.

There may be resonance between a machine's characteristic frequency and the output frequency of the Matrix
converter.

To prevent this from occurring, either use the jump frequency functions in constants d3-01 to d3-04 or install rubber
mounts on the motor base to reduce oscillation.

B Oscillation and hunting are occurring with open-loop vector control.

The gain adjustment may be incorrect. Reset the gain to a more effective level by adjusting constants C4-02 (torque
compensation primary delay time constant), n2-01 (Speed feedback detection control (AFR) gain), and C3-02 (Slip
Compensation Primary Delay Time) in that order. Lower the gain setting and raise the primary delay time setting.

Vector control will not work effectively if autotuning has not been performed. Perform autotuning before using vector
control.
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B Oscillation and hunting are occurring with flux vector control.

The gain adjustment is incorrect. Adjust the various gains for speed control (ASR). If the oscillation points overlap with
those of the machine and cannot be eliminated, increase the primary delay time constant for speed control (ASR) in C5-06
and then readjust the gains.

If autotuning is not performed, optimum performance cannot be achieved for flux vector control. Perform autotuning or
set the motor constants according to calculations.

B Autotuning has not been performed.

Vector control will not work effectively if autotuning has not been performed. Perform autotuning before using vector
control.

@ If the Torque Generated for the Motor is Insufficient (Insufficient Power)

If autotuning has not been performed, or the control method has been changed since last performing autotuning, perform
autotuning.

@ If the Motor Rotates Even When Matrix converter Output is Stopped

If the motor continues to coast at a low speed after a deceleration to stop command has been executed, the DC injection
braking current (applied when the frequency dropped to the value of b2-01, DC Injection Braking Start Frequency) was
insufficient. Adjust the DC injection braking by changing the following constant settings.

* Increase the constant b2-02 (DC Injection Braking Current) setting.
* Increase the constant b2-04 (DC Injection Braking Time at Stop) setting.

€ If Output Frequency Does Not Rise to Frequency Reference
Use the following information if the output frequency is low compared to the frequency reference.

B The frequency reference is within the jump frequency range.

When the jump frequency function is used, the output frequency does not change within the jump frequency range. Check
to be sure that the Jump Frequency 1 to 3 (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.

The output frequency upper limit is determined by the following formula:
Maximum Output Frequency (E1-04) x Frequency Reference Upper Limit (d2-01) / 100
Check to be sure that the constant E1-04 and d2-01 settings are suitable.
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8

Maintenance and Inspection

This chapter describes basic maintenance and inspection for the MX1S Matrix converter.

8.1 SECTION SAFETY . ...ttt ettt e s a s a e 206
8.2 MAINTENANCE AND INSPECTION . ....... ...t e e nas 208
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8.1 Section Safety

8.1 Section Safety

A\ DANGER

Electrical Shock Hazard

Disconnect all main power before servicing.

Failure to comply may result in serious injury or death from electric shock.

To prevent electric shock, wait at least 15 minutes before opening panel doors. Check to ensure all indicators are off
and use test equipment to verify no hazardous voltages are present. The snubber circuit remains charged even after the
power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc.

A\ WARNING
Electrical Shock Hazard

Do not operate equipment with covers removed.
Failure to comply could result in death or serious injury.

The diagrams in this section may show Matrix converters without covers or safety shields to show details. Be sure to
reinstall covers or shields before operating the Matrix converters and run the Matrix converters according to the
instructions described in this manual.

Always ground the motor-side grounding terminal.

Improper equipment grounding could result in death or serious injury by contacting the motor case.

Do not perform work on the Matrix converter while wearing loose clothing, jewelry or without eye protection.
Failure to comply could result in death or serious injury.

Remove all metal objects such as watches and rings, secure loose clothing, and wear eye protection before beginning
work on the Matrix converter.

Do not remove covers or touch circuit boards while the power is on.
Failure to comply could result in death or serious injury.
Do not allow unqualified personnel to perform work on the Matrix converter.
Failure to comply could result in death or serious injury.
Installation, maintenance, inspection, and servicing must be performed only by authorized personnel familiar with
installation, adjustment, and maintenance of Medium Voltage AC drives.
Fire Hazard
Tighten all terminal screws to the specified tightening torque.
Loose electrical connections could result in death or serious injury by fire due to overheating of electrical connections.
Do not use improper combustible materials.
Failure to comply could result in death or serious injury by fire.
Attach the Matrix converter to metal or other noncombustible material.
Do not use an improper voltage source.
Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the Matrix converter matches the voltage of the incoming power supply before applying
power.
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A CAUTION
Crush Hazard

Follow detailed instructions when removing power cells.

Failure to comply may result in minor or moderate injury from the power cell falling.

NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and circuit
boards.

Failure to comply may result in ESD damage to the Matrix converter circuitry.

Never connect or disconnect the motor from the Matrix converter while the Matrix converter is outputting
voltage.

Improper equipment sequencing could result in damage to the Matrix converter.
Do not use unshielded cable for control wiring.

Failure to comply may cause electrical interference resulting in poor system performance. Use shielded twisted-pair
wires and ground the shield to the ground terminal of the Matrix converter.

Do not allow unqualified personnel to use the product.

Failure to comply could result in damage to the Matrix converter.

Do not modify the Matrix converter circuitry.

Failure to comply could result in damage to the Matrix converter and will void warranty.

Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.

Check all the wiring to ensure that all connections are correct after installing the Matrix converter and
connecting any other devices.

Failure to comply could result in damage to the Matrix converter.

Maintenance and

Inspection
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8.2 Maintenance and Inspection

Power electronics have limited life and may exhibit changed characteristics or performance deterioration after years of
use under normal conditions. To help avoid such problems, it is important to perform preventive maintenance and
periodic inspection on the Matrix converter.

Matrix converters contain a variety of power electronics such as power transistors, semiconductors, capacitors, resistors,
fans, and relays. The electronics in the Matrix converter serve a critical role in maintaining proper motor control.

Follow the inspection lists provided in this chapter as a part of a regular maintenance program.
Note: The Matrix converter will require more frequent inspection if it is placed in harsh environments, such as:

» High ambient temperatures

* Frequent starting and stopping

* Fluctuations in the AC supply or load

* Excessive vibration or shock loading

* Dust, metal dust, salt, sulfuric acid, chlorine atmospheres
* Poor storage conditions.

Perform the first equipment inspection 3 months after installation.

This chapter describes the maintenance and inspection required to maintain the high reliability of the MX1S Matrix
converter over a long period of time.

DANGER! Disconnect all main power before servicing. To prevent electric shock, wait at least 15 minutes before opening panel doors.
Check to ensure all indicators are off and use test equipment to verify no hazardous voltages are present. The snubber circuit remains
charged even after the power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc. Failure to comply may result serious injury of death from electric shock.

WARNING! The MX1S Matrix converter has two (2) sources of power, the 4160 V main supply and a 480 V control power supply. Make
sure that both sources are off before starting maintenance or inspection. Failure to observe this precaution may result in serious
personal injury or death.

WARNING! Maintenance, inspection, and parts replacement must be performed by a technician who has been trained and certified on
the structure and circuits of the Matrix converter.

WARNING! Be certain that tools, etc. are not left in the panels after maintenance, inspection, or parts replacement.

NOTICE: Use an insulated measuring instrument, such as insulated oscilloscope probe, instead of simply grounding the instrument.
Otherwise, the Matrix converter or the measuring instrument may be damaged.

NOTICE: Damage to Equipment. Observe proper electrostatic discharge procedures (ESD) when handling the Matrix converter and
circuit boards. Failure to comply may result in ESD damage to the Matrix converter circuitry.

Note: When the Power Cell requires urgent replacement, carry out the following operation before replacing the Cell. Start the operation
at least one minute after shutting off the medium-voltage primary power supply and control power supply.
The terminal block 1-4 for electric discharge is mounted on the front of the Power Cell. Connect a resistor with a minimum
resistance of 2 kohms and a minimum thermal capacity of 80 W to the terminal block to discharge the dc snubber capacitors.
Make sure that the LED indicator for CHARGE on the front of the Power Cell is unlit and that the control power supply is off
before starting the replacement.
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LED indicator CHARGE

Terminal block 1-4 for electric
discharge To be provided by the customer

Resistor 2 kQ min.

# Daily Inspection

Check the following items while the system is operating.

Table 8.1 Daily Inspections

Entire system

Location Item Inspection
Ambient conditions Check the ambient temperature and humidity and check for dust, harmful gas, and oil mist.
Entire MX1S Check for abnormal vibration and noise.

Power supply voltage

Check the main circuit voltage and control circuit voltage. (Check the voltage of the power
supply unit using an appropriate measuring device.)

Main circuit

Transformer

Check for abnormal smells and humming.

Cooling system

Cooling fan

Check for abnormal vibration or noise.

Clean the air filter.

Indicators

Indicator lamps

Check for burnt-out lamps.

Meters

Confirm the correct measurement and indication.
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8.2 Maintenance and Inspection

@ Periodic Inspection
Check the following items during periodic inspections.

DANGER! Disconnect all main power before servicing. To prevent electric shock, wait at least 15 minutes before opening panel doors.
Check to ensure all indicators are off and use test equipment to verify no hazardous voltages are present. The snubber circuit remains
charged even after the power supply is turned off. The CHARGE indicator LED on the front of each power cell will extinguish when the
capacitor voltage is below 50 Vdc. Failure to comply may result serious injury of death from electric shock.

WARNING! The MX1S Matrix converter has two (2) sources of power, the 4160 V main supply and a 480 V control power supply. Make
sure that both sources are off before starting maintenance or inspection. Failure to observe this precaution may result in serious
personal injury or death.

Table 8.2 Periodic Inspections (Once per Year)

Location Item Inspection

Megger check between the main circuit terminals and ground terminal

Entire Transformer and | Check for loose screws, bolts, or connectors.

Power Cell Panels Check for trace of overheat on each part.
Clean inside the panels.
Wires Check for damage or deterioration of cable insulation.
Transformer Confirm that primary/secondary voltages are normal.
Transformer Panel, Check for fluid leakage from the capacitors in the snubber circuit filter.
Power Cell Panel Confirm that the safety valve of the capacitors in the snubber circuit filter are not protruding.

Confirm that the capacitors in the snubber circuit filter have not expanded.

Measure the capacitance of the capacitor in the snubber circuit filter. (The measured capacitance

Power cells must be at least 80 % of the rating.)

Check for loose screws or bolts.

Confirm that the main circuit and control circuit fuses are normal.

Check for accumulated dust and dirt on the heat sink.

Operation Confirm that there are no abnormalities in protective and indication circuits

Confirm smooth operation

Relays Confirm timer operation.

Control Panel
Check for damaged contacts.

Check for abnormal smells and discoloration.
Board

Confirm the power supply voltage.

Check for abnormal vibration and noise.

. Cooling fan - -
Cooling system Confirm the bearing operation.

Air filter Check for soil or clogging in the air filter.
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8.2 Maintenance and Inspection

B Location of Parts

Transformer panel (also used as control panel)

Cooling fan
/ Power cell panel
Control circuit /o Controller
terminals circuitry
[ A e [ o [ 1
N 2 \ W O—— = =
i M 9y H{E] e 3
|
— Power cell

\

Main circuit
input terminals
R,S,and T \

Grounding
teminal EA

3 lb

T 7 ‘ ‘Main circuit
ranstormer output terminals
U,V,and W

Figure 8.1 Internal Configuration Examples (800 HP Class)

B Details of Periodic Inspections

Megger Check (Measurement of Insulation Resistance)
1. Measure insulation resistance of the Matrix converter primary circuit.

CAUTION! The primary circuit is grounded at high-resistance for input voltage detection. Isolate both the grounding wire and the
detection signal wires that are connected to the control board before measuring insulation resistance.

Use a 1000 V Megger insulation resistance tester. The measured insulation resistance must be 30 Mohms or more.

2. Measure insulation resistance of the Matrix converter secondary circuit (motor side)

CAUTION! The secondary circuit is grounded at high-resistance for output voltage detection and ground-fault detection. Isolate the
high-resistance resistor and Power Cell output cables connected to the output terminals before measuring insulation resistance

Use a 1000 V Megger insulation tester. The measured insulation resistance must be 2 Mohms or more.

(If an output contactor is provided, it may be convenient to open the contactor and measure the insulation resistance at
the contactor output terminals.)
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8.2 Maintenance and Inspection

Screws, Bolts, and Connectors

Loose I/O terminal bolts and/or loose board connectors can cause failure or malfunction of the Matrix converter. During
periodic inspection, be sure to retighten the screws and bolts and re-insert the connectors securely.

Inspect the following terminals and connectors.

* Medium-voltage 1/O terminals

* Input and output voltage detection circuits (high-resistance section)
* Transformer I/O terminals and primary voltage tap terminals
* Transformer output terminal block

» Power cell I/O terminals and fiber optic cable connector

» Power cell screws, bolts, and connectors

* Control power supply input terminals

* Control transformer I/O terminals

* Cooling fan contactor I/O terminals

» Screws, bolts, and connectors of each control board

» External I/O terminals

Tighten M10 bolts for medium voltage 1/O terminals with a tightening torque of 1800 to 2300 N-cm (159 to 204 1b-in).
Tighten M12 bolts for medium voltage 1/O terminals with a tightening torque of 3150 to 3950 N-cm (279 to 350 1b-in).
Tighten the bolts on the cell to the following torque.

* Mounting bolts: 900 to 1080 N-cm (80 to 96 1b-in)

* Input terminals: 1800 to 2300 N-cm (159 to 204 1b-in) for 520 A cell, and 900 to 1080 N-cm (80 to 961b-in) for cells
other than 520 A

* Output terminals: 1800 to 2300 N-cm for 520 A cell (159 to 204 Ib-in), and 900 to 1080 N-cm (80 to 96 Ib-in) for cells
other than 520A

» Power fuse: 900 to 1080 N-cm (80 to 96 1b-in)

Transformer

Inspect the transformer as described below.

1. Check the external appearance
2. Retighten the bolts of transformer I/O terminals and primary voltage tap terminals

WARNING! The inspection in step 3 must be carried out by personnel qualified for high-voltage work. There is significant risk of electric
shock that could result in injury or death.

3. Measure the transformer secondary voltage.
Turn on the control power supply and medium-voltage power supply, and measure the input voltages to the power cells
as shown in Figure 8.2.
Measure the input voltage of each power cell using a digital multimeter. (Measure the voltage between L1, L2, L3 of
each power cell.) The measured input voltage must be the rated voltage (590 Vac) =10 V. If the majority of measured
values exceeds the allowable range, remove power and adjust the primary voltage tap (+5, 0, or =5 % can be selected).

Power Cells

Inspect the power cells as described below.

1. Check the external appearance.
Check for discolorations such as burn marks on the Power Cell, signs of leakage, protruding safety valve, or expansion
of the snubber circuit filter capacitor.
. Retighten the bolts of input terminals L1, L.2, and L3.
. Retighten the bolts of output terminals T1 and T2.
. Re-insert the fiber optic cable connector.
. Retighten the screws and bolts inside the Power Cell Panel.
Check the main circuit fuse.
Check for discoloration and looseness.

wn AW
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8.2 Maintenance and Inspection

6. Clean the heat sink.

If dirt and dust have accumulated on the heat sink, use dry air 0of 39.2 x 104 to 58.8x104 Pa (4 to 6 kg-cm2) (55 to 85 psi)
to clean it.

T2— &

Figure 8.2 Power Cell Input Voltage Measurement
Air Filter

If the air filter is clogged with dirt and dust, the cooling capacity of the Matrix converter will be degraded, resulting in
abnormal temperature rise. Check the air filter for dirt and dust at each daily inspection, and periodically remove it and
clean it with neutral detergent. Dry thoroughly before replacement.

Control Board

Visually check the control board for the following items.

1. Abnormal smell or discoloration of the board
2. Loose screws or connectors

Cooling Fan

Inspect the cooling fan as described below.

1. Check for abnormal vibration or noise.
2. Retighten the mounting bolts.
3. Measure the motor insulation resistance.
Use a 500 V megger tester. The measured resistance must be 10 Mohm minimum.
4. Fan motor bearing
The service life of the bearings are approximately 15,000 hours.

& Periodic Maintenance of Parts

In order to keep the MX1S Matrix converter operating normally over a long period of time, it is recommended that parts
are replaced in accordance with their service life.

The Matrix converter is configured with many parts, and these parts must be operating properly in order to make full use
of the Matrix converter functions. Among the electronic components, there are some that require maintenance depending
on their usage conditions.

Periodic inspection standards vary, depending on the Matrix converter installation environment and usage conditions.
Matrix converter maintenance periods are noted below for reference.

Refer to Page 217 for the replacement procedure for the cooling fan.
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8.2 Maintenance and Inspection

For replacement of other parts, contact your Yaskawa representative. These replacements require trained professionals.

Table 8.3 Part Replacement Guidelines

Part Name Standard Replacement Period <7> Replacement Method and Remarks
. 1 to 2 years Replace the bearings.
Cooling fan (15,000 service hours) (Bearings on motor and fan)
Fuses 10 years Replace with new fuses.
Replace with a new battery.
Lithium battery 5 years Type: 000025, Specifications: 3 V/2000 mAh

Product name: CR6L-CNO014S manufactured by FDK Corporation

Filter capacitor for Power Cell
snubber circuit

Replace
(Inspect the capacitor and replace it if necessary.)

Aluminum capacitor on the
printed circuit board

Replace
(Inspect the capacitor and replace it if necessary.)

Breaker and power fuses -

Determine replacement need after inspection.

<1> The standard replacement period is based on the following usage conditions.
Ambient temperature: Yearly average of 30°C.

Load factor: 80 % maximum.

Operating rate: 12 hours maximum per day.

@ Spare Parts

Considering the importance of the system in which the MX1S Matrix converter is used, it is recommended that spare
parts be kept on hand for maintenance management. Table 8.4 lists the recommended spare parts. Confirm the following
items and contact your Yaskawa representative when ordering the spare parts.

MX1S: Model, capacity, serial number, and Yaskawa order number

Spare parts: Part name, model and quantity

1) Related to Boards

Table 8.4 List of Recommended Spare Parts

Part Name Model Remarks
Cell control board (CCB) — Refer to Table 8.6.
CPU board JEBC-61301-HMXC Control board to be mounted on the modulator board
Modulator board JEBC-61302-HMXC Medium voltage Matrix converter control module

Current detection

Controller .
resistance board

JEBC-61902-x

x depends on the Matrix converter capacity. Refer to Table 8.5.

fiber optic interface

board JEBC-61601 Used only for 6 kV class Matrix converter
Isolation board JEBC-61701 Input/Output voltage detection analog isolation board.
RS232/RS485 converter board JEBC-61602 RS485/RS232 converter board mounted on the digital operator panel
5V power supply board JEBC-61901 Quantity 3 ea. 5 Vdc outputs
+15 V power supply - MMBS50A-6-CN (COSEL)
24 V power supply - R25A-24-CN (COSEL)
2) Related to Main Circuit
Part Name Model Remarks
Power cell - Refer to Table 8.6.
Note: IfaPower Cell fails, replacing the Cell with a spare (kept on site) can immediately restore operation. Return the failed Power Cell

to Yaskawa for repair.
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8.2 Maintenance and Inspection

3) Control Circuit

Part Name Model Remarks
. FAZ series or NZMBI series
Molded-case circuit breaker - manufactured by Klockner Moeller
Contactor - SC series manufactured by Fuji Electric Holding Co., Ltd.
Thermal relay - SC series manufactured by Fuji Electric Holding Co., Ltd.
4) Others
Part Name Model Remarks
Digital operator JVOP-160
Fiber optic cable WRMZ-1295
Cooling fan for panel - M4D110-GF (manufactured by EBM-PAPST)
EWS cable (3 m) JZCP-751904

5) Current Detection Resistor Board Models

Table 8.5 Current Detection Resistor Board Models

Model Resistance Applicable MX1S Capacity
JEBC-61902-2 30 Ohms 4.16 kV: 550 HP
JEBC-61902-4 22 Ohms 4.16 kV: 700 HP, 800 HP, 2000 HP, 2250 HP
JEBC-61902-5 15 Ohms 4.16 kV: 900 HP, 1000 HP, 1250 HP, 2500 HP, 2750 HP, 3000 HP
JEBC-61902-8 10 Ohms 4.16 kV: 1500 HP, 1750 HP, 3500 HP, 4000 HP
6) Power Cell
Table 8.6 Power Cell Models
P°,{‘;‘§i’n%e" Power Cell Model Ce'('ccé’g)"mgggla’d GDB Model <t>| ~ TRD <2 App"":z': rvxélsa::pac'ty
70A 7910240-1023 X JEBC-61401-3 JEBC-61504 JEBC-61504 550 HP
90A 7910240-1024 X JEBC-61401-1 JEBC-61504 JEBC-61504 700 HP
102A 7910240-1024 X JEBC-61401-1 JEBC-61504 JEBC-61504 800 HP
115A 7910240-1024 X JEBC-61401-1 JEBC-61504 JEBC-61504 900 HP
123A 7910240-1025 X JEBC-61401-1 JEBC-61504 JEBC-61504 1000 HP
154A 7910240-1025 X JEBC-61401-1 JEBC-61504 JEBC-61504 1250 HP
185A 7910240-1026 X JEBC-61401-1 JEBC-61502 JEBC-61504 1500 HP
215A 7910240-1026 X JEBC-61401-1 JEBC-61502 JEBC-61504 1750 HP
245A 7910240-1027 X JEBC-61401-1 JEBC-61502 JEBC-61504 2000 HP
281A 7910240-1027 X JEBC-61401-1 JEBC-61502 JEBC-61504 2250 HP
311A 7910240-1028 X JEBC-61401-2 JEBC-61502 JEBC-61504 2500 HP
336A 7910240-1028 X JEBC-61401-2 JEBC-61502 JEBC-61504 2750 HP
372A 7910240-1028 X JEBC-61401-2 JEBC-61502 JEBC-61504 3000 HP
436A 7910240-1029 X JEBC-61401-2 JEBC-61502 JEBC-61504 3500 HP
520A 7910240-1029 X JEBC-61401-2 JEBC-61502 JEBC-61504 4000 HP

<1> Gate Drive Board
<2> Power Supply Board
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8.2 Maintenance and Inspection

€4 Models and Number of Cooling Fans Mounted in an MX1S Matrix converter

Table 8.6 shows the cooling fan models, specifications, and number of cooling fans mounted in an MX1S Matrix
converter.

When replacing the cooling fans, use the models specified in Table 8.7. These cooling fans are manufactured by
Mitsubishi Electric Corporation.

If cooling fans other than those specified in Table 8.7 are used, Matrix converter performance cannot be guaranteed.

Table 8.7 Models and Number of Cooling Fans Mounted in an MX1S Matrix converter

Model Cooling Fans Cooling Fans
Vglltage FreqHuency CIMR-MX1S in Transformer Panel in Power Cell Panel
ass z
Hz] KBOOO Model/Specifications Qty Model/Specifications Qty
070 M4D110-GF 1 - -
090 M4D110-GF 1 - -
102 M4D110-GF 1 — —
115 M4D110-GF 2 - -
123 M4D110-GF 2 - -
154 M4D110-GF 2 - -
185 M4D110-GF 1 M4D110-GF 1
4.16 kV 60 215 M4D110-GF 1 M4D110-GF 1
245 M4D110-GF 2 M4D110-GF 2
281 M4D110-GF 2 M4D110-GF 2
311 M4D110-GF 2 M4D110-GF 2
336 M4D110-GF 2 M4D110-GF 2
372 M4D110-GF 2 M4D110-GF 2
436 M4D110-GF 3 M4D110-GF 3
520 M4D110-GF 3 M4D110-GF 3
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8.2 Maintenance and Inspection

€ Cooling Fan Replacement Procedure
Refer to Figure 8.3 and use the following procedure to replace the cooling fan.

WARNING! The MX1S Matrix converter has two (2) sources of power, the 4160 V main supply and a 480 V control power supply. Make
sure that both sources are off before starting maintenance or inspection. Failure to observe this precaution may result in serious

personal injury or death.
B Removing the Cooling Fan
1. Remove the ventilation cover on the top of the Matrix converter.

2. Disconnect the cooling fan cables from the panel top or from relay terminals inside the Matrix converter.
3. Remove the cooling fan mounting screws.
4. Pull the cooling fan upward to remove.

B Mounting a New Cooling Fan
1. Mount the new cooling fan on the panel top and tighten the mounting screws.

2. Reinstall the components in the reverse order of removal. Make sure that the cables are fixed so that they will not have
contact with or be caught in the cooling fan blades.

- ™~

Louver
Mounting
holes
(M6 x 6)

Y

Ventilation louver  Cooling fan

\ Relay terminal

Figure 8.3 Cooling Fan Replacement
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8.2 Maintenance and Inspection

4 Removing and Remounting a Power Cell
Use the following procedure to remove a power cell.

WARNING! The MX1S Matrix converter has two (2) sources of power, the 4160 V main supply and a 480 V control power supply. Make
sure that both sources are off before starting maintenance or inspection. Failure to observe this precaution may result in serious
personal injury or death.

Refer to Figure 8.4 and Figure 8.5 for the part names.

Disconnect three-phase input wires (copper bar or wires) from the input terminals L1, L2, and L3.
Disconnect wires from the output terminals T1 and T2.

Disconnect the fiber optic cable from the cell control board (CCB).

(Take special care not to damage the board when removing the power cell.)

Remove the cell mounting screws on the front bottom of the power cell.

Extend the lifter platform to place under the power cell.

Lift the power cell out of the panel.

ook wWNh=

CAUTION! There are wheels mounted on the bottom of the power cell frame so that it can roll out on the mounting rails. There are
holes in the mounting rails to locate the power cell in the proper position. The wheels sit in these holes when fully installed. Pull the
power cell with gradually increasing force until the wheels roll up onto the rails. Then roll the power cell onto the Lifter. If the power cell
is pulled out too strongly, it can fall out, and may result in injury.

7. When the entire power cell is placed on the lifter platform, fix the power cell on the platform with a strap to prevent
the power cell from falling off.

8. Return the extended platform to its original position, lower the platform together with the power cell, and transport
the power cell.

Remount the power cell in the reverse order of removal after inspection and replacement.

Wires Input terminals

Optical fiber cable Connection bar

between cells

Output terminals

Cell mounting beam

Power cell fixture

Wiring duct and screws

<260A Cell Example>
Figure 8.4 Power Cell Wiring and Fixing Screw Locations
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Power Cell Panel

—

o . |- Power cell
Direction to lift out the |

power cell. ™~

| Cell mounting beam

Lifter
I~ Place the lifter platform

under the power cell, and
fix.

H Il i

<Positioning the lifter platform and lifting out the power cell>

Power cell fall
prevention
(belt, etc.)

/ Power Cell Panel

|- Cell mounting beam

Lower the lifter
platform together
with the power
cell to a stable

position and \

transport the cell

Lifter

<Fix the power cell on the lifter platform for transportation>

Figure 8.5 Lifting Out the Power Cell
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8.2 Maintenance and Inspection

4 Memory Backup Battery Replacement Procedure

B Replacement Period

A battery for memory backup is provided in the controller.

If the LED indicator lamp BAT ALM lights, the battery voltage is low. Replace the battery. (It is recommended that the
battery be replaced every 5 years regardless of the indicator lamp status.)

If the control power supply is turned off while the BAT ALM is lit, the data and calendar settings stored in the memory
may be lost.

Use battery model CR6L-CNO014S (see Table 8.3).

B Replacement Procedure

1.

3.
4.

Turn off the control power supply.

Always turn off the control power supply before replacing the battery.

To retain data in the memory, the battery must be replaced within one hour after the control power supply is
turned off. The time that the memory is backed up by the internal capacitor is limited to one hour.

Remove the battery.

Touch the controller cover to remove static electricity before starting replacement work.

Remove the cover from the controller. Disconnect the cable from the battery connector, and then remove the
battery from the battery holder.

Clean the battery connector.

Clean the battery connector with alcohol or equivalent if there is dust or oil on the connector.

Mount a new battery.

Mount a new battery in the battery holder. Confirm the polarities and connect the cable to the battery connector.

NOTICE: Be careful not to short-circuit the battery connector when removing or mounting the battery or cleaning the connector. If the
connector is short-circuit, the backup data may be lost. Check the backup data to confirm it has not been lost before restarting
operation.
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Specifications

This chapter describes the MX1S Matrix converter standard specifications.

9.1 MX1S STANDARD SPECIFICATIONS
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9.1 MX1S Standard Specifications

9.1

MX1S Standard Specifications

€ Specifications by Model

Table 9.1 MX1S Standard Specifications

TYPE

[ CIMR-MX1SKBOOO

070 | 090 | 102 | 115 | 123 | 154 | 185 | 215 | 245 | 281 | 311 | 336 | 372 | 436 | 520

Nominal Capacity [kVA] | 505 | 650 | 735 | 830 | 890 | 1110 | 1330|1550 | 1765|2025 | 2240 | 2420 | 2680 [ 3140|3750
Rated Output Current [A] 70 | 90 | 102 | 115 | 123 | 154 | 185 | 215 | 245 | 281 | 311 | 336 | 372 | 436 | 520
Maximum Applicable Capacity [HP] 550 | 700 | 800 [ 900 | 1000|1250 1500|1750 {2000 | 2250|2500 [2750 3000 [ 3500 | 4000
Rated Output Voltage [V] 3-phase, 4160 V

Main Circuit Power Supply

3-phase, 4160 V + 10 %, 60 Hz + 5 %

Efficiency / Power Factor

Efficiency: Approximately 98 % Power Factor: 95 % or more

Time

Overload Capacity 100 % continuous

Cooling Method Forced air-cooling by fan (with failure detection)

Control Power Supply Controller: 3-phase, 460/480 V + 10 %, 60Hz + 5 %, 3 kVA or more
Control Method Open-loop vector control, flux vector control
Frequency Control Range 0.01to 120 Hz
Frequency Control Accuracy | £0.5 %

Control Analog Input Resolution 0.03 Hz

f:tei(c)i Acceleration/Deceleration 0.1 10 6,000 seconds

Main Control Functions

Restart after momentary power loss, <7> torque limit, acceleration stall prevention speed search,
jump frequencies, S-curve acceleration/deceleration, multi-step speed operation, full regenerative
control, etc.

Protective Functions

Overcurrent, overvoltage, undervoltage, output ground fault, output open-phase, overload, cooling
fan fault, motor overheat, etc.

Communications Functions (optional)

Modbus, Ethernet, Profibus.

Maintain-
ability

Digital Operator

Status display, fault display, run command, parameter setting, parameter reference

Display Tools on PC

Trend display, data analysis

Main Circuit

Modular configuration

Input Transformer

Class H dry type, = 5 % taps, secondary multi phase winding

Number of I/O Terminals

Digital inputs: 10, digital outputs: 8, analog inputs: 2, analog outputs: 2

Temperature Protection

Power cells: protected by thermistor, transformer: protected by thermostat

<1> Auto restart after momentary power loss r

equires an uninterrupted power supply for control power, by others.

Applicable Standards

UL347A

Atmosphere General environmental conditions (free from dust, saline and corrosive gases)
Env1r(in- Ambient Temperature -5 to +40°C
g;egiaﬁ- Relative Humidity 95 % RH or less (without condensation)
cations Storage Temperature —10 to +50°C
Altitude 2000 m or less
Cabinet Form Frame and panel construction, vertical-standalone, with protective inner front panel
Specifi-
pe Painting RAL 7032 semi-gloss both for inner and outer surfaces
cations
Enclosure NEMAL, IP40
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