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Surface Compensation Overview

* Purpose
« Measure surface variations
« Compensate for surface variations through displacement data
 Distance from the tool to the surface

* Function blocks
* GridMeasurement
» GridControl
» ReadGridFile
* WriteGridFile

Example 1: Bumpy surface Example 2: Wavy surface




Core Function Blocks
* GridControl

Controls the real group via Y_GroupDirectControl

+ Calculates position offset

* Applies offset to the axis commanded position in real time
GridControl_1

* GridMeasurement
* Measure the displacement from the tool to a surface

ControlGroup— VirtualGroup —————  VirtualGroup+—ControlGroup

GridMeasurement_1
o CompGroup—t- RealGroup ————————  RealGroup+—CompGroup
ControlGroup—- AxesGroup ————  —  AxesGroup+—ControlGroup
GridResuts— GridResuts ——————  GridResults+—GridResutts
GridSetup—- GridSetup —————  —  GridSetup+—GridSetup
HostData—+- PendantData ————— PendantDatat+—HostData
GridResuts—- GridResuts ———————  GridResults+—GridResults
UserData—- UserAppData ————  UserAppDatat—UserData
MeasureSurface—{ Execute Done =
Enable_GridContro—] Enable Vald =
+— AnalogMeasurement Busy |
DisableCompensation—{ DisableCompensation Busy |
AbortGridMeas—{ Abort CommandAborted |
Error 2
Error f-o
ErrorID
ErrorID =
- . GroupsPowered p—
MaxDeviationWarning f—¢
GroupsEnabled =
ErrorState |-o
CompensationValid
CompensationWarning (—
GridOffset —Grid_Offset




Core Function Blocks

GridControl_1
* GridControl = !
. Two Groups ControlGroup—+ VitualGroup ———————  VirtualGroup+—ControlGroup
e Virtual Group (Control Group) CompGroup—- RealGroup ————— —  RealGroup+—CompGroup
* Does not need to be made up of all virtual axes GridResuks—- GridResuts ——————  GridResultst—GridResuks
* Real Group (Compensation Group) HostData—1- PendantData ——————  PendantDatat—HostData
¢+ Custom Group made up of real axis UserData—+ UserAppData ———————  UserAppDatat—UserData
* Canhavea prime axis Enable_GridContro—{ Enable Vald =
« Function block controls CompGroup DisableCompensation—J .
* Applies compensation offset to the axis commanded position Error f-o
* Applied in real-time ErrorID |
GroupsPowered f—o
Control Group Comp Group GroupsEnabled |-+
i CompensationVald |
Label | Axcis Name . .
X X [Label G e Solopeabniamiog |-+
: : oreofied [ o]
Z VirtualZ I ZPrime \

FExt FExt




Core Function Blocks

* GridMeasurement

* Measure the displacement from the tool to the surface

| T ——. A——— , J——
L
. A— - —————— =
&
[ S ———— ———————
&
_____________________________ }
[ s L
/ Example Grid

The real Z Axis must be zeroed at its first
measurement point. (GridSetup.MinCorner)

ControlGroup—
GridSetup—
GridResults—
MeasureSurface—
-—

AbortGridMeas—

- AxesGroup -

~ GridSetup

— GridResults

Execute
AnalogMeasurement
Abort

GridMeasurement_1

AxesGroup
GridSetup-
GridResults

Done

Busy
CommandAborted
Error

ErrorID
MaxDeviationWarning
ErrorState

——ControlGroup
—GridSetup
——GridResults
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GridMeasurement

Recording the measured data
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Example: Analog Measure Method
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GridControl

Calculating the compensation value using Bilinear Interpolation
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GridControl

Process 1: Calculating the Compensation offset

GridControl

Input

Process 1 — Calculate Offset

Current X Position

Current Y Position

Bilinear Interpolation
Interpolate between offsets 1 and 2

x —x1

— )+ Offser 2) (=5

R1 = (Offset 1) (x2 i

Interpolate between offsets 3 and 4

X2~ x—ucl

R2 = (Offset 3) (x2 —

Interpolate between R1 and R2

2— —y1
Offset:Rl(y y)+R2(y 2 )
y2—-y1 y2—yl

) + (Offset 4) (

x2 —xl

)
)

Output

Compensation Offset




GridControl

Process 2: Calculating the Gridoffset

GridControl

Process 2 — Apply Offset
Input Output

Commanded Z Position Compensated Position

Grid Offset




Methods of Measurement

GridSetup.MeasureMethod

* Analog Input
« Laser/LVDT
* Input to LIO option card or SLIO
» Variable used as VAR_INPUT to GridMeasurement
+ Datatype: BOOL
* GTB_MeasureMethod#Analog

* Digital Input
+ Proximity Sensor input to Servopack CN-1
* MC_TouchProbe
 GridSetup.DigitalTrigger
» Datatype: Trigger_Ref
* GTB_MeasureMethod#Digital

* Torque Feedback (least recommended)
« Sets Servopack torque limit Example: Digital Measure Method
* Pn 402 (positive torque) or Pn 403 (negative torque)
» Tool point surface contact
* MC_ReadActualTorque
» GridSetup.TorqueLimit
» Datatype: DINT
+ GTB_MeasureMethod#Torque




GridMeasurement Transter pogiyo, (77
GriudSetup Structure

Mame Type
{F GridSetup i GridSetupStruct

co MeasureMethod GTB_MeasureMethod
MeasuredPlane YTB_STRINGE
~ ExternalPlane GTB_Motorfrray
AXIS_REF
UINT
AXIS_REF
AXIS_REF
TRIGGER_REF
INPUT_REF
UINT
UINT
INT
UINT
Tarquelimit DINT
YTB_LrealArray2
LREAL
LREAL
YTB_LrealArray2
LREAL
LREAL
INT
INT
LREAL
- MaxDeviation LREAL
cceleration LREAL
 TransferVelocity LREAL
- ApproachVelocity LREAL
MeasurementVelocity LREAL
“ TransferP osition LREAL
- ApproachPosition LREAL
LREAL

“MinCorner

Tolerance

Tolerance X Axis >

- MeasurementPosition



Machine must have its zero position set

G rl d M eaS U re m e nt t the location of the first measurement!

* MinCorner[0] = X position
* MinCorner[1] =Y Position

GridSetup Initialization (Digital Measure Method)

(* Position [mm], Velocity [mm/=s], ARcceleration [mm/s"2] in User Units defined in Hardware Configuration *)

izacion *)

GridSectup.DigitalTrigger.I := UINT#0;
GridSetup.DigitalTrigger.Bit := UINT#1:

GridSecup.ExternalPlane[0] .AxisNum UINT#5;
GridSetup.ExternalPlane[1l] .AxisNum := UINT#6:;

{(* User units - mm *)
GridSecup.Tolerance := LREAL#3.0;

GridSetup.MaxDeviation := LREAL#2.5;

GridSecup.ResolutionX := INT#4;
GridSecup.ResolutionY := INT#4:;

GridSecup.MinCorner[0] := LREAL#-10.0;

GridSetup.MinCorner[1l] := LREAL#-55.0;
GridSetup.MaxCorner[0] := LREAL#230.0:
GridSetup.MaxCorner([1l] := LREAL#310.0;

GridSetup.Acceleration LREAL#9800.0;
GridSecup.TransfexVelocity LREAL#50.0;
GridSetup.ApproachVelocity LRERL#15.0;

GridSetup.MeasurementVelocity := LREAL#3.0;

- %Y

LREAL#10.0;
LREAL#6.0;
LREAL#2.5;

eition
GridSetup.ApproachPosition
GridSetup.MeasurementPosition




. Machine must have its zero position set
G rl d M eaS U re m e nt t the location of the first measurement!
* MinCorner[0] = X position
* MinCorner[1] = Y Position

GridSetup Initialization (Analog Measure Method)

# Position [mm], Velocity [mm/s], Acceleration [mm/s”2] in User Units defined in Hardware Configuration *
(* GridSetup Analog MeasureMethod Initialization #)
GridSetupAnalog.MeasureMethod:=GTB_MeasureMethod#Analog; (* M i using
GridSetupAnalog.MeasuredPlane:="'Z"; .
GridSetupAnalog.Tolerance:=LREAL#3.0; (>
GridSetupAnalog.MaxDeviation:= LREAL#2.5; (* *
GridSetuphAnalog.ResclutionX:=INT#4; (~
GridSetupAnalog.ResolutionY:=INT#4:; {*
(* Min/Max XY Measurement positions %)
GridSetupAnalog.MinCorner[0] := LREAL#-10.0; rst measurement po
GridSetuphAnalog.MinCorner[1] := LREAL#-55.0; (* First measurement po
GridSetupAnalog.MaxCorner[0] := LREAL#230.0; (* Last measurement po
GridSetuphAnalog.MaxCorner[1l] := LREAL#310.0; (* Last measurement po
(* Group speed settings *)
GridSetupAnalog.Acceleration:=LREAL#9800.0; {* Acceleration of moves while running GridMeasurement (Default 5x TransferWVelocity) *)
GridSetupAnalog.TransferVelocity:=LREAL#50.0; {* Velocity to next measurement lcocation #*)
(* Z Height Position *)

GridSetupAnalog.TransferPosition:=LREAL#10.0; (* Height at




. Machine must have its zero position set
G rl d M eaS U re m e nt t the location of the first measurement!
* MinCorner[0] = X position
* MinCorner[1] = Y Position

GridSetup Initialization (Torque Measure Method)

el

Hardware C

*# GridSecup Torgue MeasureMetho
ridSetupTorque.MeasureMethod:=GIB_MeasureMethod#{Torque; (
ridSetupTorque.MeasuredPlane:="'Z2"; (

{
G
GridSetupTorque.Torquelimic:=DINT#1; (

GridSetupTorque.Tolerance:=LREAL#3.0; (
GridSetupTorque.MaxDeviation:= LREAL#2.5; (

GridSetupTorque.ResolutionX :=INT#4;

Max XY Measurement positions =)

£#-10.0; (=

|

GridSetupTorque.MinCorner ([0 LF meast
GridSetupTorque.MinCorner[1]:= LREAL#-55.0; i mea
GridSetupTorque.MaxCorner [0 LREAL#230.0; (* mea
GridSetupTorque.MaxCorner[1]:= LREAL#310.0; e meas
(* speed settings *)

GridSetupTorque.Acceleration:=LREAL#9800.0; [
GridSetupTorque.TransferVelocity:=LREAL#50.0; (*
GridSetupTorque.ApproachVelocity:= LREAL#15.0; (*
GridSetupTorque.MeasurementVelocity:=LREAL#3.0; (*

Z Heig Positions *®)
ridSetupTlorque.TransferPosition REAL#10.0; (*
ridSetupTorque.ApproachPaositior LRERL$¥6.0; (*

idSetupTorque.MeasurementPosition:=LREAL#-0.5; (*

W M 6~




GridMeasurement — Determining the Torque Limit

GridSetup Initialization (Torque Measure Method)
GridSetup.TorqueLimit = DINT#2




GridMeasurement — Determining the Torque Limit

GridSetup Initialization (Torque Measure Method)
GridSetup.TorqueLimit = DINT#-9




ReadGridFile_1 )

Reta i n i n g th e D ata GridResuIts— GridRets- esu —GridResulks

. . ReadGridFle— Execute Done |—
* Data can be saved into a CSV file R
L GridFie'— FileName Busy =
* File is stored on the controller’s flash memory
. . . Error p—=
* Not required to read or write the files
. . . ErrorID =
* Recommended to set GridResults as a Retained variable
ErrorRow p—=
o]«
MName: Definition scope
GridResults e Local Glabal

Cancel i idFi
Dt Local Wariable Groups: W1

|GridHesuItStruct v| 8 |DBFE'L‘|t el | Help R—— -
Usage: GlobalVarable Groupe: GridResuks—- GridResults- GridResultst—GridResutkts
|VAH_GLUBAL ~ |I RETAIM B% Phyzical Hardware WriteGridFle—] Execute Done |—=
[iitial s e =@ Configuration
| | - Resource 'GridFie'—{ FleName Busy |-
140 address: Error 1o
Description: ErrorID p—=

ErrorRow |—=

ErrorCol =

Clpop  [loPc A [ Shaow all variables of work sheets

Initwalue 55 default

[ Sort by group name



ReadGridFile_1

S eCO n d a ry F u n Cti O n B IOCkS GridResults— GridResults- GridResut;— —GridResults

ReadGridFle—{ Execute Done |-

- Data can be saved into a CSV file ‘ridFic— T Busyls
* File is stored on the controller’s flash memory

Error p—

BGﬁdFde,GMDEEI ErrorID p—=

1 20190906 FroRaal -«

2 ResolutionX,Resolution¥,MinCorner X,MinCorner Y,MaxCorner X,MaxCorner Y

3 04,04,-10.0,-10.0,230.0,230.0 ErorColj—o

i g'ggggggggggggggg \ All measurements are normalized

- e to the first measurement taken at WriteGridFile_1

6 0.167692184448242 . .

= = b the GridSetup.MinCorner

] 0.378643585562988 . ) ] .

= GridResults— GridResults- GridResults+—GridResults

8 -0.050804233550991 . . . .

O -0.022184371948242 Warning: Z Axis on machine must WriteGridFle— Execute Done |—=
10 0.102792072296154 have_lts zero po.S|t|on set at the 'GridFic—INEEREE el .
e location of the first measurement! . .
. - MinCorner[0] = X position i
S - 09193477401 7365 * MinCorner[1] =Y Position ErrorlD -
14 0.099196338653599
15 0.322431564331055 ErrorRow (—»
16 -0.014975452423073 ErrorCol Lo
17 0.049690914154041

0.1482287406921¢61
0.327093887329113

[

O
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GridControl

» GridControl
* Two Groups
* Virtual Group (Control Group)
* Does not need to be all virtual axes
* Real Group (Compensation Group)
* Custom Group made up of real axis

* Function block controls CompGroup
* Applies compensation offset to the axis commanded position
+ Grid_Offset must be marked as a VAR_GLOBAL

Control Group Comp Group
Label Axls Mame
X i | Label [ Axis Name
Y Y |z 52
E WirtualZ & ZPrime
FExt FExt

ControlGroup—- VirtualGroup

CompGroup—- RealGroup
GridResults— GridResults
HostData—- PendantData

UserData—¢ UserAppData

Enable_GridContro—

DisableCompensation—

Enable

DisableCompensation

GridControl_1

CompensationValid
CompensationWarning

VirtualGroup-
RealGroup
GridResults

PendantData
UserAppData
Valid

Busy

Error

ErrorID
GroupsPowered

GroupsEnabled

GridOffset

—ControlGroup
—CompGroup
—GridResults
——HostData

——UserData

'L&&ll&&i




GridControl Group Configuration

» Control Group (Virtual Group)

5 MotionWorks IEC 3 Pro - Hardware Configuration

Filew Edit Device Tuning Online Help

HRQ 00 1++00 @
=+ GridControl_2z
Elﬁ Resource : MP3300iec
2 i Mechatrolink-1ll Corfiguration | As Limits
- E# [Simulated] - X-3

| Offline | Comeet | [ 152 |{16e {207 || 145

Resource : MP3300iec  ~

7 [Simulated] - Y -4 EontmiGroup -
?ﬂ [Simulated] - Z-5 Enable Global Group Data 110 Task Assignment | FasiTsk -v Sl
i} [Simulated] - ZPrime - | ; i ) —— :

7 [Simulated] - FExt - 7 Mechanism Type | Gantry «| Mechanism |nD Gartry ~| | Machine Coordinate System | [xYZ
| [Simulated] - Unused_|

'V VirtualExtruder - 86 N-Dimensional Gantry Label duds Name

¥ VirualZ - 87 2]

=-§% Groups i
% CompGroup
-+ TCPfIP Settings
== EtherNetfIP

-4 Modbus/{TCP
=¥ Option Base

=~ LIo-01 Requires v3.1 firmware or higher
- § AXISE5 - 65

Error StopMode | Max Decel |

Decel Stop Time (sec) 05

Max Filter Samples @ Motion Queus Size




GridControl Group Configuration

* Compensation Group (RealGroup)

£% MotionWorks IEC3 Pro - Hardware Configuration

File Edit Device Tuning Online Help

HeQ 09 ++00 &

=L GridControl_2z

. 9l oMo = Connect -192 -168 -ZD? .-145 ¥
=-f# Resource : MP3300iec ’I| | " |:|
= Mechatrolink-lll Configuration | fods Linits
- [Simulated] - X - 3

77 [Simulated] - Y -4 CompGroup

%7, [Simulated] -Z -5 Enable Global Group Data [7] v | SetKinematics |
I [Simulated] - ZPrime - ( : etk ) S § —
Eﬂ [Simulated] - FExt - 7 Mechanism Type | Custom ) Mechanism lmgm v| | Machine Coordinate System | | |

| [Simulated] - U d_J
! VirualExtruder - 86 P HEEHAROL K
¥ VirualZ - 87

[—Jﬁ Groups E m

& ControlGroup
-+f2 TCPfIP Setlings
= EtherNet/IP

% Modbus/TCP

_ 1] Option Base ) ' a
4 LI0-01 >

Ljf+ AXIS65 - 65

Error Stop Mode | Max Decsl | i Add Aods

Decel Stop Time (sec) [05 | | Remove fuis

Max Filter Samples E Metion Queue Size




SyncServoToVirtualGroup

- VirtualGroup —  VirtualGroup

SyncServo T oVirtualGroup_1

Be e b e M e e M M M e i

‘_
 Function block used inside of GridControl o RealGroup ——  RealGroup]
- Manages synchronization of a virtual group and real group ~ *7 PendentPata = PendantDatey
. . . . e—— UserAppData — UserAppData
« Stub function blocks required in User Project
ing grid offset to the Virtual Axis positi gl g
Manages adding grid offset to the Virtual Axis position . ey
Error
* Future webinar on this topic is planned. ErrorID
i Project Tree Window _ GroupsPowered
;‘;-;ig‘g%c?-:u;;p;mj—enguemgina e aipsEriablil
[+ ibraries
@-(Z] Data Types GroupsError
£ 3 Logical POUs
|'-_E bt Extruder GroupsErrorlD
¢ B Grid
|£. e ] Helpers . ’
. I?: E: szseﬁmupprepam&ame €&———[Required to power on real axes in custom group.
: L;,, Custom JointCommiznd Code is provided as a sample for one axis, but can
- wE]| CustominvKinematics be extended to a second prime axis

L m® CustomPwdKinematics

B Custom TCPInWindow




SyncServoToVirtualGroup

* CustomlnvKinematics (MCS)

IF Enable THEN
Joint_Coordinate[l] 1= AxesaGroup.Axis.CmdPos[3]

1

2 {* Read Virtual Z Axis Position in Printer Group *)
3 END IE;

4

=

Valid:= Enable;

<

[er—
« CustomJointCommand (ACS)

IF Enable THEHN

realJointCmd[1] := VirtualGroup.Axis.CmdPos[3] VAR_GLOBAL

END IE:
Valid:=Enable;

CustomJoirrt...

» CustomFwdKinematics (Syncing Virtudl to Real)

trtrt?e

SyncServo T oVirtualGroup_1

- VirtualGroup —  VirtualGroup

— RealGroup ——  RealGroup
— PendantData — PendantData
— UserAppData — UserAppData
Enable Valid
AckError Busy
Error

ErrorID

GroupsPowered

GroupsEnabled

GroupsError

GroupsErrorID

Be e b e M e e M M M e i

[F Enable THENW

2 ICP Coordinate[3] := AxesGroup.Rxis.CmdPos[1l] - Grid Offset; {* Read Real Z Axis Position in GroupZ
3 END_IE;
4 Valid:= Enable;

<

Customed...




UserGroupPrepareEnable Stub Function Block

1. Power Real Axis

2. Read Real Axis Commanded Position

c‘i}' Z_Fl’erSts Z_Pr-u:’BI-us',r
1 T

Enzble Valid |—2Z_CmdPosvislid
| UINT #1016—] ParameterMumber Busy }—7 CmdPosBusy

3. Set Virtual Axis position g |2 cmiposern

EmurID |7 CmdPosEmorlD

Valuef—2Z_CmdPos

PocesGroup, Aishef [I—1 Axis ——  AxEb—AxesGroup. AisRef[3]

iAtive Powear Z_CmdPos valid
|
| | | | | | Ewemie  Donel—Virnuzl 7_SetPosDione

Z_CmdPos—) Poston  Busy| —Virtus| Z_SetPosBusy
o Mode Emor p—Virtus|_Z_SetPosEmror

ErmorlD |—Virtusl_Z_SetPosEmorlD

— s




GridControl

 GridControl Demo

Grid Offset applied in real-time

Real Axis Positions are changing based on Grid Offset
Offset does not change if machine goes outside the

range that was measured

» CompensationWarning will be set

* Task settings

GridMeasurement
* Medium to Fast Task
c ~8ms
GridControl
* Mechatrolink cycle rate
* 2—-4ms
ReadGridFile / WriteGridFile
* Slow Task

ControlGroup—
CompGroup—
GridResults—
HostData—
UserData—j

Enable_GridContro—

- VirtualGroup
— RealGroup
— GridResults
- PendantData
— UserAppData
Enable

DisableCompensation— DisableCompensation

VirtualGroup
RealGroupH
GridResults
PendantData-
UserAppData

Vald

Busy

Error

ErrorID
GroupsPowered
GroupsEnabled
CompensationVald
CompensationWarning
GridOffset

——ControlGroup
—CompGroup
—GridResults
—HostData

—UserData

& & & & & b & b

——Grid_Offset
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