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General Information

1 Introduction

1.1 General Information

This application note describes the various force control methods that can be achieved with our
driver. There are two different kind of force control that our drive can achieve, one is through “open-
loop” method whereby there is no force sensor feedback connected to the system, and it is
outputting the target torque/current according to the ramp. The other method is through “closed-
loop” method whereby there is force sensor feedback connected to the system and the drive is trying
to close the force loop while outputting the target torque/command. There are currently two
methods to achieve this application, one is through “AGenData User Program” and the other is
through the conventional way being described in “CiA402-2, CANopen device profile for drives and
motion control, Part 2: Operation Modes and Application Data, Chapter 20", which is the Cyclic
Synchronous Torque Mode (CST).

Chapter 2 of this application note describes the use of “AGenData User Program” method and how it
can be achieved, and Chapter 3 describes the use of CST mode with examples from TwinCAT.

1.2 Functional Description (CST)

Figure 1 shows the defined input objects as well as the output objects. With this mode, the trajectory
generator is located in the control device, not in the drive device. The user may specify the desired
target torque (60714) and rate of desired ramp and also monitor the outputs torque actual value
(60774), velocity actual value (606C,) and position actual value (6064+)

Offset torque
(60B2,) +

Target '+Q_' Torque
torque control

(6071,) T
S

Torque actual value
(6077},)

. Velocity actual value
(606C,)

_Position actual value
(6064,)

A

Figure 1 — Cyclic synchronous torque mode overview
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2 AGenData User Program

2.1 Description of Related EtherCAT Objects

This section touches on the related EtherCAT Objects (on top of the mandatory ones) that can be /
should be mapped to the PDO to ensure cyclic exchanging of information between the master and
controller. The mandatory EtherCAT Objects that should have been mapped are “StatusWord”,
“Position Actual Value”, “ControlWord” and “Target Position”.

211

Object 2900n: AGenData[1-10]

AGenData[1-10] consists of 10 arrays which user can freely use in conjunction with any user program

that is running inside the drive itself, this is mainly used for assigning the AGenData value to the

drive.
Attribute Value
Sub-index 00k
Description Highest sub-index supported
Access rw
PDO Mapping Yes
Value Range 10
Default Value 10
Sub-index 01h
Description AGenData 1
Access rw
PDO Mapping Yes
Value Range Interger32
Default Value 0

All the subsequent AGenData sub-indices possess the same attribute and value as sub-index 1.

21.2

Object 29041: AGenDataStatus[1-10]

AGenDataStatus[1-10] consists of 10 arrays which user can freely use in conjunction with any user

program that is running inside the drive itself, this is only used for reading back the AGenData value.

Attribute Value
Sub-index 00n
Description Highest sub-index supported
Access rw
PDO Mapping Yes
Value Range 10
Default Value 10
Sub-index 01n
Description AGenDataStatus 1
Access rw
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PDO Mapping Yes

Value Range Interger32

Default Value 0

All the subsequent AGenDataStatus sub-indices possess the same attribute and value as sub-
index 1.

21.3 Object 6071h: Target Torque

This object shall indicate the configured input value for the torque controller in profile torque
mode/cst mode. The value shall be given per thousand of rated torque.

Attribute Value
Sub-Index 00k
Access rw
PDO Mapping Yes
Value Range Intergerl6
Default Value 0000

21.4 Object 6077n: Torque Actual Value

This object shall provide the actual value of the torque. It shall correspond to the instantaneous
torque in the motor. The value shall be given per thousand of rated torque. Currently, there is no
torque feedback in our drive and since T = kt * | and assuming that the motor constant is static, the
calculation of the torque feedback will be in terms of the percentage of the continuous current that
is currently used.

Attribute Value
Sub-Index 00k
Access rw
PDO Mapping Yes
Value Range Intergerl6
Default Value 0000y,

2.2 Verification & Creating User Program in PCSuite

Users can refer to “Agito AN — Force Control” with regards to configuration of force sensor (if any)
and tuning of current loop / force loop. This section will be an abstract from the “Agito AN — Force
Control” to describe the portion of the Ul that the user can use to do their force control verification

before writing moving on to writing the force control user program.

2.21 Slow Approach

In force control applications, it is common to have the tool move towards the object at a high speed
and then slowing down when it approaches so as to reduce the kinetic energy and impulse upon
contact.
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relevant parameters.

Slow Approach Before Contact

Slow approach state: Armed

When armed and when moving in the selected direction and when passing the
defined position, the motion speed will automatically change to the new speed
value, Upon speed automatic change, this functionality will be disabled and must
be re-armed again for the next change.

SpeedChgOn H Slow approach: | Disable |
SpeedChgPos H Change speed at: 7,000 Juser-units
SpeedChgDir 'ISIow approach direction: | 0 - Positive vl
SpeedChgNew H New speed: [3,000 Juser-units/sec

In Figure x, the parameters are set such that when the motor moves past the position of 7,000

agito

To configure the slow approach, navigate to the “Slow Approach Before Contact” window and set the

counts in the positive direction, it will start to decelerate (or possibly accelerate) to the new speed of

3000 count/s.

Note: This function must be re-enabled after every cycle of force control. It will automatically disable
the function at the end of every force control cycle.

2.2.2 Mode Switching

Navigate to “Mode Switching” window; the trigger parameters to switch from position to
force/current mode are configured in this window.

: : Mode Switchil
Criterion A =
Pos. Mode -> Current Mode  Last switch pos.: 0 user-units | Go To Current Mode
CurrPOSTh _-lGIobaI Position threshold: 8,500 Iuscr—umts [D\r.: 1 - On PosRef > Thres| vl- CurrPosThDir
AND; the first to happen from one of the following thresholds;
Cu rrPOSErrTh _'lpasill:\n Error threshold to switch 0 I user-units
CurrCurrTh _‘|Cunent threshold to switch: 2,500 I mA ID\r,: 0 - On CurrRef > Thres "} CurrCurrThDir
CurrAinTh _'IForce Feedback threshold to switch: [0 I
Criterion B Current Mode -> Pos. Mode  Last switch pos.: 0 user-units | Go To Position Mode
POSPOSHBS —‘lAuto switch on position threshold: 2 - On Position > Threshold "I
PosPosTh —‘lPosihon threshold to switch: 11,000 I user-units

BeginOnToPos

_-I Auto retraction mul\'DnI I Retractto: |0 II Speed: |1,000 I_

RetractSpeed
RetractTarget

EtherCAT Force Control Rev 1.0
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. . Mode Switchi

Criterion A. ..o S ) TR
Pos. Mode -> Force Mode  Last switch pos: 0 user-units | Go To Force Mode
Global Position threshold: 8,500 user-units Dir.: | 1 - On PosRef > Thresl v

e s AND; the st 1o happen from one of the following thresholds:

ForcePosErrTh -IPositwon Error threshold to switch: |0 luser-units
ForceAlnTh 'IFor(e Feedback threshold to switch: |0 l

CEAFIGAE ............
Force Mode -> Pos. Mode  Last switch pos.: 0 user-units
Auto switch on position threshold: 2 - On Position > Threshold ~
Position threshold to switch: 11,000 | user-units
[¥] Auto retraction motion Retract to: |0 I Speed: I'I.OOO

Two main criterions have to be fulfilled for switching to occur; in this document it will be referred

as Criterion A and Criterion B.

Criterion A is a position criterion which allows for mode switching to occur only when the motor is
out of a certain position range. This prevents unintended switching during the acceleration and
deceleration phases of the motion profile which tend to have higher currents and higher position
errors. Such unintended early switching may cause the motor to accelerate (in current/force mode)
over a distance and cause damage to the system or part. See relevant keywords below.

CurrPosTh CurrPosTh defines a position threshold value that PosRef must be greater (or
smaller) than, as one of the criteria for switching to Current/Force Mode to
occur.

Set this value to a position slightly before your contact point. For example, if
the starting position is at 0 counts and the contact position is between 9,000
to 10,000 counts, this value can be set to 8,500 counts.

CurrPosThDir CurrPosThDir defines if the criteria of CurrPosTh is positive, negative or
bypassed when set to the following values.

Value Criteria

-1 PosRef < CurrPosThDir
0 Bypass
1 PosRef > CurrPosThDir

Set this value to 1 if moving in a positive direction towards the contact point.
E.g., Starting point is at O counts and contact point is at 10,000 counts.

Or set the value to -1 if the contact point is in the negative direction. E.g.,
Starting point is at 20,000 counts and contact point is at 10,000 counts.
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Criterion B is composed of sub-criterions (three sub-criterions [B1, B2, B3] for current operation
mode and two [B1, B2] for force operation mode).

Criterion B is fulfilled as long as any single one of the sub-criterions, B1 or B2 or B3 is fulfilled.

Sub-criterion B1: The first sub-criterion checks for position error, if the position error grows bigger
than the threshold value, then criterion A is fulfilled. See relevant keywords below.

Keyword \ Description
CurrPosErrTh/ CurrPosErrTh/ForcePosErrTh defines a threshold value for going into
ForcePosErrTh Current/Force Operation Mode if position error exceeds the threshold. If the

threshold is set to O, then this trigger is not in use.

Sub-criterion B2: The second sub-criterion checks for analog input, if the analog input grows larger
(or smaller) than the threshold value, then criterion A is fulfilled. See relevant keywords below.

CurrAInTh/ CurrAInTh/ForceAInTh defines a threshold value for going into Current/Force

ForceAInTh Operation Mode if analog input is greater (less than, if threshold value is
negative) than the threshold. If the threshold is set to 0, then this trigger is
not in use.

Sub-criterion B3: The third sub-criterion is only applicable for current operation mode and checks for
current reference, if current reference is greater than (or less than) the threshold value, then
criterion A is fulfilled. See relevant keywords below.

CurrCurrTh CurrCurrTh defines a position threshold value for going into Current
Operation Mode if the motor current is greater (or lesser) than the threshold.
If the threshold value is set to 0, then the trigger is not in use.

CurrCurrThDir CurrCurrThDir defines if the criteria of CurrCurrTh is positive or negative

when set to the following values.

Value Criteria
0 CurrRef > CurrCurrTh
1 CurrRef < CurrCurrTh

When both Criterion A and Criterion B are fulfilled, operation mode switching will be triggered.
Upon triggering, the threshold value of the sub-criterion B that was triggered will be reset to 0, this
is to prevent unintended repeated triggering. Users will have to re-apply the value after every
cycle. The remaining sub-criterions will remain unchanged. Although the controller allows flexibility
in defining multiple triggers (sub-criterions of B) at the same time, it is recommended to select and
just use one of it.
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2.2.3 Command Source

Q‘.

agito

The next step would be to configure the current/force profile, navigate to the “Command Source”
window. In the relevant table, assign the current/force profile. Alternatively, the command source
can also be configured to come from an analog input, but it will not be shown in the example.

Command Source

Point to Point

Current command source: |1 - Scheduled Current Command value '-"

CLI rrc’m dSlOpe [X] \ The Current command is a user defined series of values as defined by the

. CurrCmdSiope(j, CurrCmdHTime(] and CurrCmadValfj arrays.
Array index, x
Use : 1-2(~5000 msec)
.

m
[2]
B3]
4]
B
(6]
71
18]
19
[

[1

Slope [mA/sec]

old Time [msec

Value

1,000

2,000

3,000

1,000

2,000

4,000

100

100

100

100

100

100

100

100

oljlo|lo|jlo|lojlo|o O

ojlo|lojlo|lo|O|O

+

Command Source

Force command source:

|

& :

Point to Point

|1 = Schedule_d Force Command values  ~ I

ForceCmdSlope[x]

rrCmdSiope(], CurrCmdHTime[] and CurrCmdVal[] arrays.

Array index, X -
’ \‘ Use . 1-2(~5000 msec)

The Current command is a user defined series of values as defined by the

Slope [force-units/sec]
1,000

Hold Time [msec]]|
2,000

Value
3,000

1,000

M
8

4,000

olo|jlo|lo|lo|o|o|e

oljlo|jlojo |o|lo|o|o

| — CurrCmdSrc
| CurrCmdHTime[x]
| _— CurrCmdVal[x]

| _— ForceCmdSrc
L ForceCmdHTime[x]
— ForceCmdVal[x]

In the example above, the profile is configured to have two steps. Upon the trigger to switch
operation modes, the controller will increase/decrease the force/current command to 3,000 units at
a rate of 1,000 units/s. Then, the current/force command will then be held at this level for 2,000ms.
After which, the controller will increase the current/force command to 4,000mA at a rate of 1,000
units/s and hold at this level for another 2,000ms. Units will be in mA or force-units depending on

the mode selected.

EtherCAT Force Control Rev 1.0
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CurrCmdSrc/
ForceCmdSrc

Description
CurrCmdSrc/ForceCmdSrc defines the command source.

Value Source
0 Analog input

(In addition to setting this keyword to O, it is also required to
set the analog input to Force Command in |10 Page)

1 Scheduled by table of values

CurrCmdVal[x]/
ForceCmdVal[x]

CurrCmdVal[x]/ForceCmdVal[x] defines the current/force command value for
step x.

CurrCmdSlope[x]/
ForceCmdSlope[x]

From the previous step to step x, there ‘will’ be a difference in the
current/force command. Instead of a step jump, the controller will gradually
increase/decrease from the current/force command at the rate defined in
CurrCmdSlope[x]/ForceCmdSlope[x], in mA/sec or force-unit/sec.

CurrCmdHTime[x]/
ForceCmdHTime[x]

After increasing/decreasing the current/force reference to the command
value, the controller will hold the reference at the commanded value for the
period of time defined in CurrCmdHTime[]/ForceCmdHTime[].

2.2.4 User Program (Example)

This section shows an example of using the IDE to program the various parameters for both current

open loop and force close loop in conjunction with the use of AGenData.

1/

main([18,38],[5,28], [868,1608])

1

// Place here th
AGenData[1]
AGenData[3]
AGenData[4]
AGenData[5]
AGenDatal[6]
AProgRun[2], 2 //

[ T

MBREITEE [FE: SEREZEER, |
AgenData[7]=-19000//406/ /20500 / 7=
AGenData[ 2]=360 11 A4

HBENEEESY [FE:
=

// AGenData[l@]=15@
// AGenData[9]=1@

/{ AGenData[8]=20008 . EESERSLEESE, . EEFARELERSE)
AStop
::gle(mtmnﬂat!:w Initialization process, default
AMotionMode=19 motionmode is 19 for CSP mode.
while (1) Not necessary.

if(AProgstat[2]==1)
AGenData[5]=1

else if(AProgsStat[2]==

AGenData[5]=2

main code of your program
Fr

2)

Initialize AGenData values at start

Settings of
parameters to be use
in other task for
current/force
control.
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while

if(AProgstat[2]==1)
else if(AProgStat[2]==0)
end

if (AGenData[6]==1) //EtherCATEZ;%E "AGenData[6]=1"

task: OpenloopFC{2}
AGoToPosMode
while(AOperationtode!= 3)

end

(1)
Checking if the User

Program thread 2 is
running and indicate in
AGenData.

AGenData[5]=1

AGenData[5]=02

AGenData[5]=02
AGenData[1]=02
AGenData[3] =
AGenData[4] =
AProgHalt[2]
AProgReset[2]
AWaitTime, 18
AProgRun[2], 2
if(AProgstat[2]==1)
AGenData[5]=1
else if(AProgStat[2]==0)
AGenData[5]=8
end

o //BIE AT BeginIT

o /AT N R AR

AStop
while(AMotionStat!=2)
end

AMotionMode=19
AMotoron=1]

AGenData[5]=02

HEREI T EER Running Thread 2 Task 2.

while(1)

HARAETE
if(AGenData[l]==1)

end

//4TBegin (FF
if(AGenData[3]

AGenData[2] = @ f/?“,:{/ﬂ#ﬁi;‘?ﬁ‘fﬁ.g
%n trE

AGoToPostode 114

ER%

s

agito

Resetting of the user
program and initialize
parameters if user
program has an error
and indicate that User
Program has reset by
deasserting
AGenDatal6].

end If AGenData[1] is set
from the master, intialise

AStop
AMotorOn=1

AMotionMode=8

IERTTRATEERE

ACurrPosThDir=-1 2 B
ACurrPosTh=AGenData[7] /HEETER
ACurrCurrThDir=1 IR ETRI RN

ACurrCmdSre=1
ACurrCmdSlope[1]=(abs(AGenData[16]))*160
ACurrCmdHTime[1]=-1//AGenData[9] [T ‘J}z E‘JE
ACurrCmdVal[1]=AGenData[18] JIFHIIE i‘jlf_f[féé
ACurrCmdHTime[2]=2

J//AForceCmdSre = 1

//AForceCmdsre = 1
//AForceCmdSlope[1]=(abs(AGenData[18]))*1e8
J/AForceCmdHTime[1]=-1 , if its negative its infinite hold time.
//AForceCmdVal[1]=AGenData[1@]

//AForceCmdHTime[2]=0

-

£, @ R

/IR R AR E

ASpeedChgon = 2

AAccel=(abs(AGenData[8]))*1e8
ADecel=(abs(AGenData[8]))*160
ASpeed=AGenDatal8]

ABegin

while (AMotionStat==8)

end

ACurrCurrTh=AGenData[2]

EA M ENERTE

E'igI:"ﬂE]: i
D-ﬂ(tqﬁl"\fl—l

) E_“?Hn&_;ﬂ“I“?ﬂ -L: ﬁiﬁﬂnmﬁﬁ_ﬁ%ﬁf

Relevant command
source and slope
profile for
force/current mode.

Relevant threshold
settings to switch from
position to
force/current mode.

On the fly speed change option, can input relevant on the
fly speed change parameters as well if opted for it.

Motion profile to reach
contact point.

while(AOperationtode==3) &5,

end

AGenData[4] = 1 // finish force cuntrulﬁﬁﬁi?‘;&

/ fwhile(ADperationtiode==1) HER, ERATTERELR
//end

AGenData[l] =

AGoToPosMode

Astop

Waiting for
current/force control to
finish as it will auto
switch back to position
mode. Once done, it is
indicated by asserting
AgenDatal4].

(Ef: BEETRARHREENTR: A REARAARBERDTED) ———P

Threshold of
current to switch,
can be put
together with the
other relevant
threshold.
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TwinCAT / PLC Programming Example agito

//34TBegin (FFRREZR)) 4
if(AGenData[3]
AGoToPosMode

Astop . Waiting for user to give AGendata[3] = 1 to switch back
while (AMoticnStat!=a2) . N .

end the motionmode to CSP mode in order to move via
AMotionMode=19 // llcspiE EtherCAT control.

while (AMoticnMode! =1§)

d ) .
= User will have to ensure that the Target Position of the

igﬁiFStﬁtUS[?]»G L EtherCAT master matches the current actual position of
\vhiinﬂﬁmutiunstat!ﬂ) the motor as by using this method we have decoupled
end the control from the master and will have to realign
ﬁg::g:ﬁ:ﬁ} _ o everything before giving control back to the master.
end
There will be an example shown in the twincat controls
end //end of while(1) below to show this.

endoftask

2.3 TwinCAT / PLC Programming Example

2.3.1  Modifying PDO List

It is important to map the AGenData / AGenDataStatus object (current limit is 10 array size for both
object) as an PDO to ensure that the cyclic exchange of information between the master and the
slave. AGenData is not mapped by default in the PDO list, users have to navigate to the pages
whereby they are able to do the PDO configuration to modify the slave PDO list. Inside the TxPDO
section, users will be able to find AGenDataStatus as a PDO object, this is generally use for status
readback of the particular AGenData that is located under the RxPDO section.

Hame Fags Mo su
Tranen PO Mapging Paramete_ M
Traname PO Mapping Paramete.

Tiee ik o) Index b 0 o Cancel
) |

Daa: i
DINT oo |usaT

Bilenghn &

ut UserlD Linked to

i
a
a
a
a
T
n
a
a

2.3.2 Creating Global Variable List

Once the PDO list have been modified to include the AGenData/AGenDataStatus , we can create a
global variable list and give names to it and link it with the PDO object that we desire so that these
variables can be used while creating the customized function block for the force control or any
application usage.
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2.3.3 Writing POU

The next step will be writing the whole script to test out the force control application. Inside the
example below, a customized function block is created to start / indicate when the force/current
control has finished and realigning both the master and slave back to move via CSP mode.

GVL.JoggingSpeed = 10

axisPower (axis_Test := GVL.AxisRef, bPowerEnable := bPowerEnabl = = . ive = ive, bPowerError => bPowerError, nPowerErrorID => nPowe
axisReset (axis_Test := GVL.AxisRef, bResetExecute := bResetExecute, bResetDone => bResetDone, bResetBusy => bResecBusy, bResetError => bResetError, nResetErrorID => nResetErrerID);
& A }
axisMoveRbsolute (axis_Test := GVL.AxisRef, bl luteExecute := bM luteExecute, ABORT_DUE_TC_CST := ABORT_DUE_TO_CST, nMoveAbsoluteErrorID => nMoveAbsoluteErrorID, bMoveRbsoluteDone => bMovelk
luteBusy => bl luteBusy, b lutehctive => b luteActive!
= GVL.AxisRef, bReadictualPosEnable 1PosValid => 1PosValid, 1PosBusy => 1PosBusy, 1PosError => 1PosError,
1PosErrorID => 1PosErrorID, nACTualPosition => nActualPosition):
axisForeeC L{bForceControlExecute := bForceControlExecute, nCurrPosTh := GVL.PositionThresholdToSwitch, Th :- GVL.CurrentThresholdToSwitch, nioggingSpeed :— GVL.JoggingSpeed,
bEorceControlCompleted => bForceControlCompleted, bForceControlBusy => bForceControlBusy, bForceControlhctive => bForceControlBctive, bForceControlError => bForceControlError);
axishAli Llave (DAL laveExecute := DALL laveExecute, bAlignMasterSlaveCompleted => bAlignMasterSlaveCompleted, bAli laveBusy => DAL1 laveBusy,
DALL lavehctive => bAl lavehetive, bAlignMasterSlaveError => bAlignMastersSlaveError):
ute = ut leted => leted , - ,
ive => ive, rror => rror);

Instance of function block used

CASE seqlState OF
SEQDI

bResetExecute

CASE seqlState OF
BTE.SEQL_RESET:

bResetExecute := :
bUssrProgramResstixecute =
bPowerEnable =

IF bResetDons AND bUserPrograrResetCompleted THEN
bResetfxecute : Er

bUserPrograrResstixecute i=

—| Reset / Initialization Sequence

seqlState := SEQDEMOSTATE.SEQl POWER ENABLE;
ELSIF bResetError THEN

bResetExecute

bUserPrograrResetExecute :=

nResetirrorlD := nResetirrorlD

seqlState := SEQDEMOSTATE.SEQL FAULT:
END_IF

SEQDEMOSTATE . SEQL_]

bPowerEnable :=

IF bPowerStatus THEN
seqlState := SEQDEMOSTATE.SEQL_FORC
ELSIF DPowerError THEN

TROL_ENABLE;
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SEQDEMOSTATE.SEQL POWER ENABLE:
(*Axis Powert)
bPowarEnable := TRUE;
IF bPowsrStatus THEN
seqlState
ELSIF bPowerError THEN
bPowsrEnable :

seqlState
END_IF

:= SEQDEMOSTATE.SEQ1_FAULT;

SEQDEMOSTATE.SEQ1_FORCE_CONTROL_ENABLE:

bForceControlExecute := TRUE;

IF bForceControlBusy AND bForceControlActive THEN
seqlState := SEQDEMOSTATE.SEQL_FORCE_CONTROL_WAIT:

ELSE

seqlState := SEQDEMOSTATE.SEQl FORCE CONTROL ENABLE;

END_IF
SEQDEMOSTATE. SEQL_FORCE_CONTROL_WAIT:

IF bForceControlCompleted THEN
bForceControlExecute :

seqlState

seqgl3tate
ELSIF bForcefontrolError THEN
bForceControlExecute

SE;

1= SEQDEMOSTATE.SEQL_FORCE_CONTROL_ENABLE:

:= SEQDEMOSTATE.SEQL VIRTUAL ABSOLUTE MOVE:

:= SEQDEMOSTATE.SEQL_VIRTUAL_ABSOLUTE_MOVE:

agito

Axis Power

Force Control & Auto Retract
Motion to a certain position (e.g.
2000 counts)

seglState := SEQDEMOSTATE.SEQL_FAULT;
END_IF
SEQDEMOSTATE.SEQL VIRTUAL ABSOLUTE MOVE: 1
(*setting virtual move Lo current position of the axis#)
axisMovelbsolute.nTargetPosition := nTargetPosition 17
axisMovelbsolute.nTargetVelocity := nlargetVelocity_l;
axisMovelbsolute.nTargethcceleration := nlargeticceleration l;
awisMoveRbsolute.nTargetDeceleration := nTargetDeceleration_l; . .
awisMoveRbsolute.nTargetJerk := nTargetderk 1; Vlrtual abSOIUte move Of the axis to the
position that it was retracted to (e.g.
bMovehbselutsExecute := IRIE; 2000). To align the Target Position on the
seqlState := SEQDEMOSTATE.SEQL_VIRTUAL_ABSOLUTE_MOVE_WAIT: L master and the PosRef of the driver.
SEQDEMOSTATE . SEQL_VIRTUAL ABSOLUTE_MOVE_WAIT: Note: The axis will not physically move as
IF NOT bMoveAbsoluteBusy AND bMoveRbsoluteDone THEN the mOtiOande fOI' the aXiS iS not put to
bMovelbsoluteExecute SE; . .
19 (motionmode used to move in
seqlState :— SEQDEMOSTATE.SEQL ALIGN MASTER SLAVE; EtherCAT Mode)
ELSIF NOT kMoveAbsoluteBusy AND (kMoveRAbscluteError OR bMoveRAbscluteCommandAborted) THEN
bMovelbsoluteExecute SE;
seglState := SEQDEMOSTATE.SEQL_FAULT;
seqlState := SEQDEMCSTATE.SEQL_FAULT:

END_IF

SEQDEMOSTATE. SEQL_ALIGN_MASTER_SLAVE:
( &:

Tar =
bAlignMasterSlaveExecute

seqlState := SEQDEMOSTATE.SEQL_ALIGN MASTER_SLAVE WAIT:
SEQDEMOSTATE. SEQL_ALIGN MASTER_SLAVE_WAIT:
IF bAlignMasterSlaveCompleted THEN
bAlignMasterSlaveExecute :

seqlState := SEQDEMOSTATE.SEQl MOVE_TO_TERGET:
ELSIF bAlignMasterSlaveError THEN
bAlignMasterSlaveExecute :

seqlState
END_IF

= SEQDEMOSTATE.SEQL FAULT;

SEQDEMOSTATE . SEQL_MOVE_TO_TARGET:
axisMovelbsolute.nTargetPosicion
axisMovelbsolute.nTargetVelocity

TargetPosition 2;
TargetVelocity_2;

axi lute.nT leration := nT leration 2;
axisMoveRbsolute.nTargetDeceleration := nTargetDeceleration 27
axi lute.nT := 0T, - 2;

SEQDEMOSTATE. SEQ1_MOVE_TO_TARGET:
axisMoveRbsclute.nTargetPosition := nlargetPosition 2;
axisMoveAbsolute.nTargetVelocity nlargetVelocity 2;
axisMovelbsolute.nTargethcceleration := nlargethcceleration 2;
axisMoveAbsolute.nTargetDeceleration := nlargetDeceleration 2;
axisMoveBbsolute.nTargetderk := nTargetderk 2;

bMoveRbsoluteExecute := TRUE;

seqlState := SEQDEMOSTATE.SEQL MOVE TO_TARGET WAIT;
SEQDEMOSTATE. SEQL_MOVE TO_TARGET WAIT:

IF NOT bMoveRbsoluteBusy AND bMoveRbsoluteDone THEN
DMoveRbsoluteExecute := FALSE:

seqlState := SEQDEMOSTATE.SEQL FORCE_CONTROL ENABLE;

ELSIF NOT bMoveAbsoluteBusy AND (bMoveRbsoluteError OR bMoveAbsoluteCommandAborted) THEN

BMoveRbsoluteExecute = FALSE;
seqlState := SEQDEMOSTATE.SEQl FAULT;
END_IF
END CASE

Once the TargetPosition and the PosRef of the driver is
aligned, we can trigger this function to turn motionmode =
19 and prepare for any movement from the master
thereafter.

NOTE: Only call this once the TargetPosition and the posref
of the driver is aligned.

o0 |

Absolute Move to Target Point 2 / datum point.

EtherCAT Force Control Rev 1.0
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2.3.3.1 Customized Function Block

The example shown above is the “MAIN Program”. This section will show how the AGenData and
AGenDataStatus can be integrated inside the customized function block. Only

agito

“AGenDataForceControl”, “AlignMasterSlave” and “UserProgramReset” will be shown in this section.

The rest of the function blocks are using standard PLCOpen function blocks.

AGenDataForceControl

1 FUNCTION_BLOCK AGenDaraForceContzol

2 VAR_INPUT

3 bForceControlExecute

4 nCurrPosTh

B nCurrCurrTh

€ njoggingSpeed

7 END VAR

% VAR_QUTPUT
bForceControlCompleted

10 bForceControlBusy

1 bForceControlRctive

bE trolError

[ [w]

VAR_INPUT / VAR_OUTPUT

1| fbExecute(CLK := bForceControlExecute): _>

3|  casE nstate OF

4 0z (4INITH)

IF NOT bForceControlExecute THEN
bForceControlCompleted A

Rising Edge Trigger

Initialization / Polling for Trigger

7 PForceControlBusy
g bForceControlActive
g END_IF
o} -
= 1 IF fbExecute.Q THEN
12 bForceGontrolBusy = TRUE;
13}
14f nState := nState + 17
15| END_IF
= 1 1

7

IF GVL.ForceControlExecuteStatus = 1 THEN

GVL.

Assigning AGenData[1] =1

bForceControlActive = TRUE;
ELSE

bForceControlActive = FALSE;
END_IF

27] IF bForceControlictive THEN
nSrate := nirare + 1t

bForceControlActive :=
END_IF

FRLSE;

IF bForceControlActive THEN

nState := nState + 1;
ELSE

nState := nState;
END_IF

2: (*Waiting for GVL.ForceC

IF (GVL.ForceControlCompleted:
bForceControlActive F
bForceControlCompleted :

nState := nState + 1;

ELSIF NOT (GVL.UserProgramstatus = 1) THEN //
DForceControlError := TRUE: /t
nState := 207

ELSE

bForceControlCompleted := FALSE;
nState := nState;

END_IF

Polling for AGenDataStatus[1] to assert “Active”

‘)
1) AND (GVL.ForceControlExscuteStatus = 0) THEN

nn

Polling for AGenDataStatus[4] to determine that
— | the force control has been completed and
retracted back to the retracted target else if there
is any userprogram error it will enter to fault
state.

program has fault

or

3: (* Waiting for Falling Edge to reset

IF NOT bForceControlExscute THEN
bForesControlCompleted
bForceControlBusy
bForceControlActive

GVL.ForceControlExecute := 0;

nState := 0;
ELSE
nState := nState;
END_TF
END_CASE

the paramsterst)

L Waiting for falling edge of
“bForceControlExecute” to reset
variables and return to state “0”
of the function block

EtherCAT Force Control Rev 1.0
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AlignMasterSlave

1| [FUNCTION_BLOCK AlignMasterSlave

2| VAR INPUT

3 bAlignMasterSlaveExecute : BOOL; // y link them but wer can control whers we read this booleans and contrel teh GVL.XX values
L EH’D_VE.R

5| VAR OUTFUT

€| bAlignMasterSlaveCompleted + BOOL;

7] bAlignMasterSlaveBusy : BOOL;

bALignMesterSlaverctive . VAR_INPUT / VAR_OUTPUT

El bAlignMasterSlaveError : BOOL;

10| END VAR

af vam

12 foExecute : R TRIE; 100
1 fbExecute(CLK := bAlignMasterSlaveExecute);

2 £fbal laveDone (CLK := bAl laveActive);

3

4 CASE nState OF

5 0: (*INIT*)

€ IF NOT bAlignMasterSlaveExecute THEN

7| bAlignMasterSlaveCompleted

El bAlignMasterSlaveBusy

Ll bAlignMasterSlaveActive B N . . .

10 2 1% Initialization / Polling for Trigger

o

1z IF fbExecute.Q THEN

13 bAlignMasterSlaveBusy := TRUE;

14

15 nState := nState +1;

1€ END_IF

-
18| back with master , but first master vill have to do a virtual move to the axis current position first before
18 A TargetPo. n is 1000. Do AbsMove wirtually before tr. master, and 2 absolute m
P .
i = Assigning AGenData[3] =1
23 IF (GVL.EnableCSPMotionModeStatus = 1) THEN (*Currently switc) to drive to CSP Mode#)
24 bAlignMasterSlavelctive := TRUE;
25| ELSE
28 bAlignMasterSlavedctive

27| END IF ’ Eﬂ

int A TargstPosition 1s 1000. Do AbsMove virtually befors triggering this functilon on the master, and 1n the USer Drogram trigger & at

B

GVL.EnableCSEMoticnMode 1r

IF (GVL.EnableCSPMotionMedeStatus = 1) THEN (*Currently svi
BAlignMasterSlavehctive := TRUE;

ELSE
bAlignMasterSlaveActive i= FALSE;

END_IF

g to drive to CSP Mode!)

IF fhAlignMasterSlaveDons.Q THEN
bAlignMasterSlaveCompleted := TRUE;

— | Checking for AGenDataStatus[3] to indicate

nState i= nState + 15 “Active” and also checking the falling edge of
ELSIF NOT (GVL.UserProgramStatus = 1) THEN

bAlignkasterSlaveError t= TRUE; “Active” to indicate that it has been
completed.

nState
ELSE
nState := nState;
END_IF —

IF NOT bAlignMasterSlaveExecute THEN
bRlignMasterSlaveCompleted
BAlignMasterSlaveBusy
bAlianMasterSlaveActive

IF NOT bAlignMasterSlaveExecute
bAlignMasterSlaveCompleted . R
bAlignMastersiaveBusy Waiting for falling edge of

bAlignMasterSlaveActive := FALSE; "bAIignMaStersIaVeEXecute" to
reset variables and return to
state “0” of the function block.

GVL.EnableC5PMotionMode

nState := 0
END_IF
END_CASE
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agito

UserProgramReset
1 FUNCTION BLOCK UserProgramResst
2 VAR_INPUT
3 bUserProgramResetExecute : BOOL;
4 END VAR
5 VAR _OUTPUT
€ bUserProgramResetCompleted : BOOL;
7 bUserProgramResetBusy : BOOL: VAR_INPUT/VAR_OUTPUT
8 bUserProgramResetActive : BOOL;
s bUserProgramResetError : BOOL;
10 END VAR
11 VR
12 fbExecute : R_TRIG;
1 fbExecute (CLK := bUserProgramResetExecute):
2|  fpUserProgramResetDone (CLK := bUserProgramRessthctive);
3
4 CASE nState OF —
5| 0z (*INIT#}
€ IF NOT bUserProgramResetExecute THEN
7 bUserProgramResetCompleted
E:l bUserProgramResetBusy
5 bUserProgramResethctive
10) END IF
1 - — Initialization / Polling for Trigger
1z IF fbExecute.Q THEN
13 bUserPrograrResetBusy 1= TRUE;
14
15 nState := nState + 1;
16 END_IF

1:

GVL.UserPrograrReset := 1; e

IF GVL.UserProgramResstStatus = 1 THEN
bUserProgramResetdctive := TRUE;
ELSE
bUserProgramResetdctive := FALSE;
END_IF

IF bUserProgramResetActive THEN

Assigning AGenData[6] =1

nState := nState + l;
ELSE

nState := nState;
END_IF

IF GVL.UserProgramStatus = 1 THEN
bUserProgramResetCompleted := TRUE;

nState := nState + 17
ELSE
bUserProgramResetCompleted := FRLSE;

n5tate := nState;
END IF

3: (* Waiting for Falling Edge to reset

IF NOT bUserProgramResetExecute THEN
bUserProgramResetCompleted := FALSE;
bUserProgramResetBusy 1= FALSE;
bUserProgramResetActive := FALSE;

GVL.UserProgramReset := 0;

nitate := 0;
ELSE

HoLaLE W= s
ELSE
nState = nState;
END _IF
END_CASE

Checking for AGenDataStatus[6] to indicate
“Active” and also checking the falling edge of
“Active” to indicate that it has been
completed.

Waiting for falling edge of
“bUserProgramResetExecute” to
reset variables and return to
state “0” of the function block.
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3 Using PLCOpen Torque Control (CST Mode)

The conventional way to do force control over EtherCAT is to use the provided Torque Control
function block in the PLCOpen. The difference between using this method and the method above is
that the sampling of the switching of mode is tied to the cycle time of the PLC task whereas the User
Program method is sampling at the driver interrupt which is at 62.5us. There are certain conditions
or SDO objects to be set before enabling the torque control to enter current/force control mode in
the drive and that will be covered in the description of related EtherCAT Objects.

3.1 Description of Related EtherCAT Objects

This section touches on the related EtherCAT Objects (on top of the mandatory ones) that can be /
should be mapped to the PDO to ensure cyclic exchanging of information between the master and
controller. The mandatory EtherCAT Objects that should have been mapped are “StatusWord”,
“Position Actual Value”, “ControlWord” and “Target Position”.

3.1.1 Object 2410n: Analog Input 1 Value

This object shall indicate the value that is connected to the analog input port of the driver i.e. force
sensor. Calibration should have been done on the PCSuite Ul. The value that is reported back will be
in terms of force units.

Attribute Value
Sub-Index 00n
Access rw
PDO Mapping Yes
Value Range Interger32
Default Value 00000000+

3.1.2 Object 2810n: CST Force Loop Enable

This object shall indicate if current / force mode is to be used. “0” indicates that current mode shall
be used and “1” indicates force mode. By default, the value of the object is set as “0”, if user has
analog force feedback connected, this object should set as “1”.

This object can be set through SDO and does not be to be included in the cyclic exchange. If the
master allows startup configurations, this object can be set during the start-up parameters.

Attribute Value
Sub-Index 00n
Access rw
PDO Mapping Yes
Value Range Unsigned8
Default Value 00k

3.1.3 Object 2811n: CST Command Interpolation

This object shall indicate the configured value to be used to interpolate the CST Command when
force mode is enabled. By default, the value of the object is set as “1”, if the user finds that 1mv/10
force units is too coarse, they can further interpolate by changing this to a value of “2” or any other
value. It is scaled down by 1/ (values set in this object).
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This object can be set through SDO and does not be to be included in the cyclic exchange. If the
master allows startup configurations, this object can be set during the start-up parameters.

Homing Methods Example

Attribute Value
Sub-Index 00x
Access rw
PDO Mapping Yes
Value Range Unsigned8
Default Value 00k

3.1.4 Object 6071n: Target Torque

This object shall indicate the configured input value for the torque controller in profile torque
mode/cst mode. The value shall be given per thousand of rated torque.

If current mode (0x2810: “CST Force Loop Enable” = 0) is selected, the Target Torque will be given
per thousand of the continuous torque/current set in the driver. (E.g. if the continuous current in the
driver is set as 2000mA, 5.0% of Target Torque would indicate a current reference of 100mA and
0.1% of it would indicate 2mA).

If force mode (0x2810: “CST Force Loop Enable” = 1) is selected, the Target Torque will be given per
thousand of +- 10V (10000mV) as normally there will be an analog force feedback connected to the
driver and during the initial set up it has already done certain calibration to indicate that 1mV
represents 1g/5g or 10mv/ represents 1g/5g. The force unit is not necessary to be in g, it will be
according to the calibration that was set. Hence, 5% of the Target Torque would give a force
reference of 500 force units and 0.1% of it would give 10 force units. It is also possible to scale down
even more by changing the scaling factor (0x2810: “CST Command Interpolation”)

Attribute Value
Sub-Index 00k
Access rw
PDO Mapping Yes
Value Range Intergerl6
Default Value 0000,

3.1.5 Object 6077n: Torque Actual Value

This object shall provide the actual value of the torque. It shall correspond to the instantaneous
torque in the motor. The value shall be given per thousand of rated torque. Currently, there is no
torque feedback in our drive and since T = kt * | and assuming that the motor constant is static, the
calculation of the torque feedback will be in terms of the percentage of the continuous current that
is currently used.

If continuous current is set as 2000ma and 500mA is currently being used, a value of 25% would be
reported back in this object.

If force mode is used, please refer to object 0x2410 “Analog Input Value 1” to see the force units that
is being reported back.

Attribute Value
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Sub-Index 00x
Access rw

PDO Mapping Yes

Value Range Intergerl6
Default Value 0000

3.2 TwinCAT / PLC Programming Example

3.21 CST Current Loop

3.2.1.1 Modifying PDO List

It is important to map the Target Torque (0x60714) and Torque Actual Value (0x6077:) object into the
PDO list to ensure the cyclic exchange of information between the master and the slave. Descriptions
of the individual objects are described in the section above and how they are being used in different

modes. Target Torque (0x6071,) and Torque Actual Value (0x60774) are not mapped in the PDO list
by default hence users have to manually add the objects into the PDO configuration list.

FINAL # X
Genersl EtherCAT DC  ProcessData Pl Statup CoE-Onine Online NC:Onine NC: Functions
Sync Manager. PDO List
SM  Sze  Type  Flags Index Size Name Flags SM su Edit Pdo Entry X
0 128 MaOu 01AD0 70 Transmit PDO Mapping Paramete... M 3 ]
1128 Mbxn 1401 00 Transmit PDO Mapping Paramete. 3 0 e OK
2 9 Outputs 01402 40 Trensmit PDO Mapping Paramete. 3 ] Indes () 040 0 =
313 hpus 0:1A03 20 Transmit PDO Mapping Paramete. 3 [] WSS S
01600 90 Receive PDO Mapping Paramete... M 2 ] Sublndess 040 0
1601 00 Receive PDO Mapping Paramete. 2 ]
1602 00 Receive PDO Mapping Paramete. 2 0 DataType: | USINT ~
D A o e N N n e [ .
PDO Assignment ((:1C12) PDO Cortent (Dx1600) _——
00 index  Sze  Offs  Neme Type Defautt fex)
G6E07A00 40 20 Taet Postion DINT From Dictionay:
C6060:00 10 60 Modes of Operation SINT TWBUEE - Velooky Window Time
0607100 20 70 Tergettorque INT O45UGF - Velaciy Thieshold
20 045070 -Velacily threshold ime
046071 - Targe tarque
045073 - Man Cunent:
Download Predefined PDO Assignmert: (none) 046074 - Targe! Posiion
8 DO Assignment 04507801 -Min posiion 1ange limit
Load PDQ info from devics || OHBO7B:02 - M pastion range fimt L
8 PDO Corfiguration ey QHE07C - Home Dffsat
04507D:01 - Min Posiion Limit
Name Online Type Sze  »Addr. In/Out UserlD Linkedto 04507002 - Max Posilon Limit
O4BITE - Polarty
#) StatusWord X 4663 UINT 20 70 Input 0 nStatel, nState2 QHEOTF - M Profils Velocity
) Position actualv.. X 3958 DINT 40 3.0 Input 0 nDataln1 . In . Inputs . E.. R
# Modes of Opera.. X 10 SINT w7 Input 0 nStates . In . Inputs . Dri..
#1 Analog Input 1 -2902 DINT 40 780 Input 0
# Torque Actual V... X 202 INT EL I 1 Input 0 nDataln3[0] . nDataln3 . I...
&) WeState X 0 BIT 01 15223 Input 0 nStated, nStated
# InputToggle X 0 BIT 01 1543 Input 0 nStated, nStated
#1 State 8 UINT 20 154320 Input 0
#1 AdsAddr SE7.101.2184.1:1001 AMSADDR 80 15500  Input O
# Chnd 0 USINT 10 15580 Input O
# DeQutputshift X 48720 DINT 40 15590  Input 0O nDOutputTime. In . In...
#/ DelnputShift X 201280 DINT 40 15830 Input O nDelnputTime . In. Inpu..
(+2: nt)
axisPower (axis Test := axis_Test, = = = , bPowerE => bPowerE PowerErrorID => nPowerErrorID);
(*Reset*)
axisReset(asis_Test := axis_Test, bResetExecute := bResetExecute, bResstDone => bResetl: = , bResetE => DResstE ResetErrorID => nResetErrorlD);
Iz s
axisMoveRbsolute (axis_Test := axis_Test, luteExecuts = luteExecute, ABORT_DUE_TO_CST := ABORT DUE_TO_CST, luteErroriD => luteErroriD)
(#Read Actusl )
axisReadPosition (axis_Test := axis_Test, 1PosEnable := TRUE, 1PosValid => 1PosValid, 1PosBusy => 1PosBusy, 1PosError => 1B0sE:
1PosErrorID =» 1PosErrorID, nActualPosition => nActualPosition):
(4Set Speed Overridst)
axisSpeedOverride (axis_Test := axis_Test, deEnable = deExscute);
(*Torque 1)
axisTorqueControl (axis_Test := axis Test, bT trolExecute := bT trolExecute, nDesiredTorque := lTorque, nDesiredTorqueRamp := 1TorqueRemp);
SEQLSTATE_NEW.SEQl_RESET : I
t )
soetErecute 1= TRUE: Instance of function blocks used
bPowerEnable : SEL
IF bResetDone THEN
PbResetExecute := FALSE;
seqlState := SEQLSTATE_NEW.SEQL_POWER_ENABLE;
—

ELSIF bResetError THEN
FALSE;
nResetErrorID;

Reset / Initialization Sequence

bResetExecute :
nResetErrorlD :

w &

seqlState := SEQLSTATE NEW.SEQL FAULT;
END_IF
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SEQLISTATE NEW.SEQL POWER ENABLE:
(*Axis Power*)

bEowerEnable := TRUE;

agito

IF kPowsr3tatus THEN
seqlState := SEQLSTATE_NEW.SEQL_RBSOLUIE_MOVE TZRGET_1: —
ELSIF bPowsrError THEN

Axis Power

bPowerEnable :

seqlState := SEQLSTATE_NEW.SEQL_FAULT;
END_IF

-

SEQLSTATE_NEW.SEQL_ABSOLUTE_MOVE_TRRGET_

(*Setting Target 1 Parameters#)
axisMoveAbsolute.nTargetPosition := nTargetPosition 1;
axisMoveAbsolute.nTargetVelocity := nlargetVelocity_l:
axisMoveAbsclute.nlargethcceleration := nTargeticceleration 17
axisMoveAbsclute.nTargetDeceleration := nTargetDeceleration 1;
axisMoveAbsolute.nTargetJerk := nTargetderk 1;

bMoveRbsoluteExecute := TRUE;

seqlState := SEQISTATE_NEW.SEQL_OVERRIDE SPEED_PARAMETERS TRARGET_1:

SEQLSTATE NEW.SEQL OVERRIDE SPEED PARAMETERS TARGET 1:
IF axisReadPosition.nRctualPosition > -1 THEN
axisSpeedOverride.nVelocityFactor := nVelocityFacterChange Slow:

SEQLSTRATE NEW.SEQL_OVERRIDE_SPEED PARAMETERS TARGET 1:
0 THEN //-100000 THEN

IF axisReadPosition.nfctualPosition > -
axisSpeedOverride.nVelocityFactor :
bSpeedOverrideExecute := TRUE;

END IF

IF axisSpeedOverride.bSetOverrideBusy AND axisSpeedOverride.bSetOverrideEnabled THEN to ensure that there is enough stroke to

seqlState := SEQLSTATE NEW.SEQL_CST_MODE:
END_IF

SEQLSTATE NEW.SEQL CST MODE:
IF axis_Test.NcToPlc.ActTorque »= 20 THEN
bTorqueControlExecute := TRUE;
LBORT_DUE_TO_CST := TRUE
bMoveRbsoluteExecute

kS5peedOverrideExecute := F
seqlState := SEQLSTATE_NEW.SEQL_CST_FORCE_HOLDING_WAIT;
END IF

SEQLSTRTE NEW.SEQL_CST_FORCE_HOLDING WAIT:

IF axisTorqueControl.bTorqueCommandDone AND NOT axisTorqueControl.bTorgqueControliictive THEN Inside the MC TorqueControI function
bTorqueControlExecute : LSE; i
ABORT_DUE_TO_CST <= FALSE; block, a hold timer was added after the
seqlState := SEQLSTATE_NEW.SEQL_OVERRIDE SPEED PARAMETERS TARGET 2; — | SetTorque have been reached before

END_IF

SEQ1STATE NEW.SEQL CVERRIDE SPEED PARAMETERS TARGET 2:

SEQISTRTE_NEW.SEQ1_OVERRIDE SPEFD PARRMFTEFRS TRRGET 2:

axisSpeedOverride.nVelocityFactor := nVelocityFactorChange Fast; Resetting the speed Override to the

bSpeedOverrideExecute := TRUE;

IF axisSpesdOverride.bSetOverrideBusy AND axisSpesdOverride.bSetOverridsEnabled THEN axis at a faster Speed.

bSpeedOverrideExecute := FALSE:
seqlState := SEQLSTATE_NEW.SEQL_ABSOLUTE_MOVE TRRGET_2;
END IF

SEQLSTATE_NEW.SEQL_RBSOLUTE_MOVE TARGET_2:
(*5etting Target I Paramy
axisMoveRbsolute.nTargetPosition :
axisMoveRbsolute.nTargetVelocity :

erst)
nTargetPosition 2;
nTargetVelocity 2:

axisMovelbsolute.nTargethcoeleration := nTargethAcceleration 27
axisMovelbsolute.nTargetDeceleration := nTargetDeceleration_2;
axisMovelbsolute.nTargetderk := nTargetderk 2;
bMoveRbsoluteExecute := TRUE?

seqlState := SEQISTATE NEW.SEQ1_RBSOLUTE_MOVE TARGET 2 WAIT:

SEQLSTATE_NEW.SEQL_ABSOLUTE_MOVE_TARGET_32_WAIT:

IF NOT axisMovelbsclute.bMovelbscluteBusy AND axisMoveAbsolute.bMoveAbscluteDone THEN

bMovelbsoluteExecute := FRLSE:

seqlState := SEQLSTATE_NEW.SEQ]_ABSOLUTE MOVE_TARGET_1;

ELSIF NOT axisMowvelbsolute.bMoveBRbscluteBusy AND axisMoveAbsolute.bMoveAbsoluteError THEN

nMoveRbsoluteErrorID := axisMovelbsolute.nMoveRbsoluteErrorID;
seqlState := SEQLSTATE NEW.SEQL_FAULT;

END_IF

SEQLSTATE NEW.SEQl_FRULT:
bPowerEnable : ALSE;

END_CASE

nVelocityFactorChangs Slow; Reading the axis actual position and

Setting Target Position past the contact
point position, will use speed override
to slow the speed down after crossing
some position threshold.

trigger speed override upon crossing
the position. Users have to set this area

let it travel at slow speed.

Polling the ActTorque that the PLC reads and if its more than 20% then
trigger the MC_TorqueControl function block. Inside the
MC_TorqueControl, there is a manual enable start option. If it is FALSE,
the TargetTorque command will start from O, else it will start from the
point it captured the ActTorque.

asserting TorqueCommandDone.

original velocity factor to retract the

Retracting to Target Position 2.

Waiting for done signal.

End of cycle / back to the start of the
force control cycle.
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3.2.1.3 Verification

Team 5 ols  Wind Help

B Time Marker
Position: 27/10/2025 18:08:40.933
READ_ACTUAL POSITION [Online] TORQUE_CONTROL [Online] ET Value:
SetVelo: 1E+05
ActVelo: 1.014E+03
q ActPos: -393
SetPos: -12.5

=

Condition to override
the speed parameters
is if Act Pos >-1000

Team

Time Marker
Position: 27/10/2025 18:32:00.676

ON [Onling] NTR \;al#e: - ETOVERRIDE [Online] CST_FINAL ¥T Scope Project* & X
etTorque: 18.7

ActTorque: 20
57.800:125 |Er|d: 18:32:11. |F'-'ws iRy Modes of Operation Display: 10
Modes of Operation: 10
Il | 0.00:00:10.000:000/| 4 4 » M| i

-l

Condition for
switching to CST mode
is if ActTorque /
ActCurrent is >= 20%.

iy 0
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Chart.1

PCSuite Graph Verification

e - e B PP T J

Depends on the Torque
Ramp of the Torque Profile
from master.

; Final CurrRef = 30% of Cont - !
[Aourmer 3300 [ —— CL=30% * 1100 = 330mA
X=1.7116732 DX=-14127329 — Zoom XY [sec]|

250 -

200 +

250 +

200

150 : : B

| I I | Y
I t t t t t
0 15 2 25 3

<— | Motor Actual Current in mA

Zoom XY [se)

3.2.2 CST Force Loop

3.2.2.1 Modifying PDO List

Similar to CST Current Loop, it is necessary to map the objects that are mentioned above as well as
Analog Input 1 Value (0x2410;) into the PDO object list as this object will be used as the force
feedback of the force sensor.

3.2.2.2 Startup Parameters

If the master is able to pre-configure some start up parameters before going into OP mode, they can
pre-configure objects CST Force Loop Enable (0x2810,) and CST Command Interpolation (0x28114)
in the startup parameters page shown below.
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agito

3.2.2.3 Modifying Output Scaling Factor / CST Interpolation Command Factor

By default, the torque output scaling factor is set at 10.0 on the master. This output scaling will in
turn use the % command from the MC_TorqueControl function block and scale it to feed into Target
Torque Object (0x60714). If the user determines that it is too coarse i.e. the force feedback that the

user wants to switch at is 50 force units but due to jitter the manual start torque of the

MC_TorqueControl function block captured at 48 force units, this will in turn translate to 0.48% and
the 0.08% portion will be truncated. Hence, the user can bump up the torque output scaling factor to
100.0 (on the master) and also scale down on the driver side as well by a factor of 10 by inputting

“10” in the CST Command Interpolation (0x28114) object.

General NC-Drive Parameter Time Compensation

Parameter Offline Value Online Value [7.. [unit

Download Upload Expand Al

Collapse Al

Select Al

- Output Settings:
Invert Motor Polarity FALSE | FALSE
Reference Velocity 2200000.0 2200000.0 mm/s

at Qutput Ratio [0.0... 1.0] 1.0 1.0

+  Position and Velocity Scaling:
Torque and Acceleration Scaling:
Input Scaling Factor (Actual Terque) 01 01 F
Input P-T1 Filter Time (Actual Torque) 0.0 0.0 F |s
Input P-T1 Filter (Actual Torque Derivative) 0.0 0.0 F |s
Qutput Scaling Factor (Torque Setpoint) 100.0 100.0 F
Output Scaling Factor (Torque Offset] 0.0 0.0 F
Output Delay (Torque Offset) 0.0 0.0 Fls
Qutput Scaling Factor (Acceleration) 0.0 0.0 F
Qutput Delay (Acceleration) 0.0 0.0 F s

+  Optional Position Command Output Smoothing Filter

+  Other Settings:

General EtherCAT DC Process Data Plc  Statup CoE-Online Onlne MC:Online NC: Functions
[ Ao Update (8 Single Update () Show Offine Data
Advanced
Add to Startup.. Orline Data Module OD (AoE Port):
Index Mame Flags Value Unit
27150 Position Evert Table Value[1-100] >100<
27160 Position Event Table Select[1-100] =100 <
2170 Position Event Table Comected Value.. 100«
2800 Profile Posttion Speed Changs On RW P 00 (0)
2801 Profile Position Speed Change Position ~ RW P 1000
- 2802 Profile Position Speed Change Direction RW P =00 (0)
L2803 Profile Posttion Speed Change New RWP 500
L2804 Profile Position Acceleration Factor RW P D01 (1)
- 2805 PIV Parameters Position Gain RW <000000CS (200}
2806 PIV Parameters Velocity Gain RW ([x000001F4 (500)
L2807 PIV Parameters Velocity Ki RW (0<0000001E (30)
2808 PIV Parameters Acceleration FFW RW «00000000 (0)
. 2809 PIV Parameters Velocity FFW. RW (0x00000000 (0)
2810 CST Force Loop Enable RW =01 (1)
2811 CST Command Interpolation RW 0<0A (10)
-2500:0 AGenData[1-10] »10¢
29040 AGenDataStatus[1-10] >10<
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3.2.2.4 Writing POU

agito

= =

axisReset (axis_Test := axis_Test, bResetExecute

, bPowerError = bPowerError, nPowerErrorID => nPowerErrorID):

:= bResetExecute, bResetDone => bResetDone, bResetBusy => bResetBusy, DResetError => bResetError, nResetErrorID => nResetErrorID):

1= axts_Test, LuteExecute = luceExecute, ABORT DUE TO_CST := ABORT DUE.TO CST, LuteErrorID => LuteErrorin) ;
= axis_Test, 1 := TRUE, 1PosValid => 1PosValid, 1PosBusy => 1PosBusy, 1PosError => 1PosError,
1PosErrorID => 1PosErrorID, nActualPosition => nActualPosition):
rerride (axis_Test := axis_Test, 1= xecute)
(*To: Control+)
laxm:rnrquecnn:ml(amsjes: 1= axis_Test, bT trolExecute := bT trolExecute, nDesiredTorque := 1Torque, nDesiredTorqueRamp := 1TorqueRamp); |
CASE seqlState OF /M I
SEQLSTATE_NEW.SEQL_RESET :
(*In: i .
i T Instance of function blocks used
DbPowerEnable
IF bResetDone THEN
bResetExecute : Py . .
— Reset / Initialization Sequence
seqlState := SEQLSTATE NEW.SEQL_POWER_ENABLE;
ELSIF bResetError THEN
bResetExecute E;
nResetErrorlD nResetErrorID;
seqlState := SEQLSTATE_NEW.SEQL_FAULT;
END_IF
SEQLSTATE_NEW.SEQL_POWER_ENABLE: M
(*2xis Pover:)
bPowerEnable := TRUE;
IF bPowerStatus THEN 10
— Axis Power
IF bPowerStatus THEN
seqglState := SEQLSTATE NEW.SEQl_ABSOLUTE MOVE TARGET 1;
ELSIF bPowerError THEN
bPowerEnable : SE;
seqlState := SEQISTATE NEW.SEQL FAULT;
END_IF

SEQLSTATE_NEW.SEQ]_ABSOLUTE_MOVE_TARGET 1:

(45 Target 1 Par:
axisMovelbsolute.nTargetPosition := nTargecPosition_1;
axisMoveRbsolute.nTargetVelocity := nTargetVelocity 17
axi lute.nT. leration := ol leration 1;
axisMoveBbsolute.nTargetDeceleration := nTargetDeceleration_1;
axi lute.nT: := nT: - 1:

LMovelbgoluteExecute := TRUE;

Setting Target Position past the contact
point position, will use speed override
to slow the speed down after crossing
some position threshold.

s=qlState := SEQISTATE NEW.SEQL OVERRIDE SPEED PARAMETERS TARGET 1;
SEQLSTATE NEW.SEQ1 _OVERRIDE SPEED PARAMETERS TARGET 1:
IF axisReadPosition.nActualPosition > 0 THEN //-100000 THEN Reading the axis actual position and
axi .nVelocityFactor := nVelocityFactorChange_Slow; i ) A
bSpeedoverridsExecute = TRUE: trigger speed override upon crossing
END_IF eye .
- the position. Users have to set this area
IF . AND ‘THEN .
ms:qlsta:e := SEQLSTATE_NEW squicsjinD;:j to ensure that there is enOUgh stroke to
ot let it travel at slow speed.
SEQLSTATE NEW.SEQ1_CST_MODE:
IF GVL.ForceFeedback >= 50 THEN // c.ActTorque >= 20.0 THEN

bTorqueControlExecute
ABORT_DUE_TO_CST

= TRUE:
= TRUE;

RBORT_DUE_TO_CST := TRT
bMoveAbsoluteExecute
bSpeedOverridefxecuce :
seqlState := SEQLSTATE NEW.SEQL_CST_FORCE_HOLDING WAIT;//SEQISTA

END_TF

SEQLSTATE_NEW.SEQL_CST_FORCE_HOLDING_WAIT:
T

IF axisT: t AND NOT axisT: trol.

Polling the Analog Input Feedback and if its
more than 50 force units then trigger the
MC_TorqueControl function block. Inside the
MC_TorqueControl, there is a manual enable
start option. If it is FALSE, the TargetTorque
command will start from 0, else it will start

EQ1_CST_FORCE_HOLDING WAIT:

\_Y_)

bTorqueControlExecute
RBORT_DUE_TO_CST :
seqlState ;= SEQLSTATE NEW.SEQL_OVERRIDE SPEED PARAMETERS TARGET 2;
END_IF

SEQISTATE_NEW.SEQl_OVERRIDE_SPEED PAREMETERS TARGET 2:

trolictive THEN

from the point it captured the in terms of %.

00

Inside the MC_TorqueControl function
block, a hold timer was added after the
Set Torque have been reached before

axi nVelocityFactor := nVelocityFactorChange Fast;
bSpeedOverrideExecute := TRUE;
IF axi; . AND axi:
bSpeedOverridefxecute := FALSE:
seqlState := SEQLSTATE_NEW.SEQL_ABSCLUTE_MOVE_TARGET 2;
END_IF

SEQLSTATE_NEW.SEQL_RBSOLUTE

MOVE_TARGET_2:

50y

nTargetPosition := nlargetPosition 2;
nTargecVelocity := nlargetVelocity_2;
T,

axisMovelbsolute.
axisMovelbsolute.

lute
lute
lute

leration

i= nT. leration 2;
:= nTargetDeceleration 2;

:= ol 2;

nTargetDeceleration

aT

bMoveRbsoluteExecute := TRUE;

seqlState := SEQISTATE NEW.SEQL_ABSOLUTE_MOVE TARGET 2 WAIT:

SEQLSTATE_NEW.SEQL_ABSCLUTE_MOVE_TARGET_2_WAIT:

IF NOT axi lute. luteBusy AND axi.

lute.

THEN

asserting TorqueCommandDone.

Resetting the speed override to the
original velocity factor to retract the
axis at a faster speed.

S

Retracting to Target Position 2.

luteDone THEN
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IF NOT axish Lute. b

bMovelbsoluteExscute :

seqlState := SEQLSTATE_NEW.SEQL_ABSOLUTE_MOVE TARGET_1:

luce. bM; luteDone THEN

Lute by LuteErzor THEN Waiting for done signal.

ELSIF NOT axisM lute. b luceBusy AND amish
L luteErzorID := amisl lute. n luceErrorID;
seqlState := SEQISTATE_NEW.SEQL_FAULT:
D_IF

SEQLSTATE_NEW.SEQL_FAULT:
bPowerEnable := FALSE;

END_CASE

[rExecute (CLK:= BT ControlExecute) ;

CASE nState OF

IF NOT blorgueControlExecute THEN
blorqueCommandDone = FALSE;
bInTorque :
bTorqueControlBus
blorqueControlictive
bTorqueControlCommant
bTorqueControlError :
nTorqueControlErrorID :
DelayTimer (IN:=FALSE) ;

END_IF

IF fbExecute.Q THEN

nState i= nState + 1;
END_TF
Optiona.EnableManualTorqueStartValue := TRUE;
Options.ManualT Jalue 1= (GVL

fbTorqueControl (
Axis = axis_Test,

— End of cycle / back to the start of the
force control cycle.

agito

" &

Inside the

Function Block

MC_TorqueControl

Execute := blorqueControlExecute,
Conti = BT ControlConti
Relative := bTorqueControlRelative,
Torque := nDesiredTorque,
TorqueRanp := nDesiredTorqueRamp,
VelocityLimithigh  := nVelocityLimitHigh,
VelocityLimitlow  := nVelocityLimitLow,
Options := Options);

IF fhlorqueControl.Active THEN
bT ControlActive := b\ Control.Active;
nState := nStave + 1;

ELSIF fbTorqueControl.Error THEN

master.

Scaled the Force Feedback depending
on “CST Command Interpolation” or
the Output Torque Scaling on the

m &

On the topic of scaling for Force Feedback, CST command interpolation and also Output Torque

Scaling (not all masters support this option).

In the case of default scaling of CST Command Interpolation and Output Torque Scaling:

Analog Input
represents 1mv/g
(depends on the

setting of the force
sensor and also
calibration)

If CST Command Interpolation is default (value of 1)
and Output Target Torque Scaling is default (value of 10)

1% of the commanded "Torque" would give a Target Torque (0x6071)
value of 10 due to the default output target torque scaling (default value of 10)

Equation of Force Ref = TargetTorque - TargetTorquePrev * 0.001 (in terms of
thousand of percentage) * 10000 ( +- 10V range) *
(1/CST_Command_Interpolation) + fractions (if any)

So a value of 1% equates to Target Torque 10 = Force Ref of 100 Force units
Hence, it is needed to scale the force feedback by a factor of 0.01 inside the
MC_TorqueControl -> ManualTorqueStartValue

Switching to CST Condition = 50g = 50 * 0.01 = 0.5% on the PLC giving a
Target Torque Value of 5.

However, due to jitter it could have capture the start value at 0.48% and due to
truncation, the Target Torque Value is input as 4 instead of 4.8 and under
these cirucumstances it is advised to do some scaling to acquire the truncated
values as well.
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Analog Input
represents 1mv/g
(depends on the

setting of the force
sensor and also
calibration)

agito

In the case of scaling of CST Command Interpolation and Output Torque Scaling by a factor of 10:

If CST Command Interpolation is scaled by 10 (value of 10)
and Output Target Torque Scaling is scaled by 10 (value of 100)

1% of the commanded "Torque" would give a Target Torque (0x6071)
value of 100 after the output target torque scaling.

Equation of Force Ref = TargetTorque - TargetTorquePrev * 0.001 (in terms of
thousand of percentage) * 10000 ( +- 10V range) *
(1/CST_Command_Interpolation) + fractions (if any)

So a value of 1% equates to Target Torque 100 = Force Ref of 100 Force units
(assuming that TargetTorquePrev is 0)
Hence, the scaling set for the force feedback is a factor of 0.01 as well inside
the MC_TorqueControl -> ManualTorqueStartValue

Switching to CST Condition = 50g = 50 * 0.01 = 0.5% on the PLC giving a
Target Torque Value of 50 (due to scaling).
However, due to jitter it could have capture the start value at 0.48% and it will
give a value of Target Torque Value of 48 (due to output target torque scaling)

In the case of scaling of CST Command Interpolation (by 10) and default scaling for Output Torque

Scaling:

Analog Input
represents 1mv/g
(depends on the

setting of the force
sensor and also
calibration)

If CST Command Interpolation is scaled by 10 (value of 10)
and Output Target Torque Scaling is default (value of 10)

1% of the commanded "Torque" would give a Target Torque (0x6071)
value of 10 after the output target torque scaling.

Equation of Force Ref = TargetTorque - TargetTorquePrev * 0.001 (in terms of
thousand of percentage) * 10000 ( +- 10V range) *
(1/CST_Command_Interpolation) + fractions (if any)

So a value of 1% equates to Target Torque 10 = Force Ref of 10 Force units
(assuming that TargetTorquePrev is 0)
Hence, the scaling set for the force feedback is a factor of 0.1 inside the
MC_TorqueControl -> ManualTorqueStartValue

Switching to CST Condition = 50g = 50 * 0.1 = 5% on the PLC giving a Target
Torque Value of 50 (due to scaling).
However, due to jitter it could have capture the start value at 4.8% and it will
give a value of Target Torque Value of 48 (due to output target torque scaling)

In this case, it is necessary to bump the % Target Torque command by a factor
of 10 as well.
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3.2.2.5 Verification

& s B . Time Marker
= B Position: 30/10/2025 01:28:54.783
CST_FINAL 0 ONTROL [Online] MAIN [Online] SETOVERRIDE [Online] RESET [Online]  Value ABSOLUTE_MOVE [Online] GVL [Online] VT Scope Project” 5 X
ActVelo: 9,966+ 04
YT Chart SetVelo: 1E+05
01:28:44. | End: 01:25: ) | Pos: 0. 81:141 | Date: Thursday SetPos: -350
N ActPos: -956
11 | 00 |1« » M oo L e B3 & [ B

SetPos

Condition to override
the speed parameters
is if Act Pos > -1000

- b Attach.. -
Time Marker
Position: 30/10/2025 01:35:31.167
ROL [Online] y Value: d | e - MOVE [Online] GVL [Online] VT Scope Project™ + X
ForceFeedback: 42
SetTorque: 4.703
Start: 01:35:2 y NI Modes of Operation Display: &
Modes of Operation: 10

1 || 0.00:00:10000:000 > M [ 01 i

Condition for
switching to CST mode
is if ForceFeedback >
50.

Mode Of Operation Display

orce-Feedback—
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Currents
2 T| PCSuite Graph Verification |, ; ;
4004 - ..................... .....................................................................................
oL .................... ................... Depends on the Force Ramp | -
: : | of the Force Profile from
o0 4 ................... maSter' ....................
00 .. ......................
5 : . : i
I L L L L
: o Final ForceRef = 5% of 10000mV = 5% * 10000 = 500 (g) :
AForcaRef 500.0 1 H H i
e e Force units (assuming analog input is 1Imv/g) 2oom x5l
DefaultChart_1
500 - : : : e At ey J.J i) .,.. 2

400

300

200 —

100 o

| | | —— |
0 0.5 1 1.5 2 2.5 2
Force Feedback in terms of force units. Depending
. . Zoom XY [sed]
on the analog input scaling
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