AKD1G EtherCAT/CANopen Profile Torque Scaling Rev A. 3/29/2021

While most EtherCAT implementations with the AKD1G utilize the default PDO mapping and
interpolated position mode to the EtherCAT master it is possible to use other modes of operations
within the DS402 standard. This application note will demonstrate both PDO setup and operation as well
as the different scaling methods. Keep in mind many EtherCAT masters provide additional scaling on the
master’s side of configuration and programming which is beyond the scope of this application note. We
will assume either Workbench or DS402 Scaling objects are used without any additional scaling.

The following will be demonstrated:

Modes of Operation
Profile Torque Mode

Object 6060h Modes of Operation=4

Fieldbus

Profile Torque Mode is supported by the following fieldbuses:
e CANbus/CANopen
e EtherCAT/CANopen over EtherCAT ( CoE )

Profile Torque mode

Current

pal

Time (Cyclic Update)

Description

Profile Torque Mode is a CANopen ( DS402 ) mode of operation used for real-time torque (current)
control. The CANopen objects define the settings for this mode. With Profile Torque Mode the torque
command is sent from the master to the current loop in the slave drive. The drive operates in torque
mode. The drive commands the specified current to the motor.

Op Mode and Command Source

The AKD op mode and command source are automatically configured when the modes of operation is
set through object 6060h ( modes of operation )

6060h=4 ( Profile Torque )
DRV.OPMODE=0 ( Torque )
DRV.CMDSOURCE=1 ( Fieldbus )



Common PDO Data

AKD2G Drive
| 6040h, Control Word )—' DS402.CONTROLWORD ‘
| 6071h,Target Torque H IL.CMD ‘
| 6041h, Status Word }4— DS402. 5TATUSWORD ‘
| 6077h, Torque Actual Value }4— IL.FB ‘
| 606Ch Velocity Actual Value "- VL.FB ‘
6063h, Position Actual Internal Value 4= P FB ‘
Or 6064h, Position Actual Value

The manual shows the list of mandatory and optional objects related to Profile Torque mode ( 6060h
modes of operation=4).

Index Object Name Type Access
2071h [VAR |[Target cument INTEGER32 R/W
2077h [VAR |Curent actual value |INTEGER32 R/O
207th VAR Maximum velocity UNSIGNED32 JR/W

6071h VAR  |Target torque INTEGER16  JR/W
6073h VAR  |Max current UNSIGNED16 [R/W
6077h VAR |Torgue actualvalue |INTEGER16  JR/O
6087h VAR |Torque slope |UNSIGNED32 [R/W

The CANopen manual also lists the following which was not in the given chart above.
60EON Positive Torque Limit Value
60E1h Negative Torque Limit Value

Objects 606C Velocity Actual Value and 6063h Position Actual Internal Value or 6064h Position Actual
Value were also added as common objects to monitor.



AKD CANopen |6 CANopen Drive Profile

6723 Object MTFh- Maximum Velocity

Maxirmum velocity This parameter mits the velocity of the motor in profile torque and cydic
synchmnous tomue mode. The scaling is the same as for abject 60FFh

Index 207Fh

Mame Matemurn vesocity
Chject code VAR

Ciata type UMNSIGNEDAZ
Categony optiona

Arccess RW

PO mapping passiole

alue range

Ci=fauit value [0, means no limitation

6724 Object

Thes parameter is the input vaiue for the torque controller in profile tomue mode and the vdue
is given perthousand (1%.) of rated tomue.

Index 8071k

Mame Tanget tonque

Clject code VAR

Ciata fype INTEGER 16

Categony conditional; mandatory, 1 tq supported
Arcess RW

POOmapping | possible

\afue range INTEGER 16

DCiefaut vaue 1]

£7.25 Object B07%h: Max current (DS402)

Thes value represents the maimum permissibie torgue createng cument m the mator and s
grven per thowsand {1%.) of mted cument.

Index 8073

Mame Max cument
Chject code VAR

Cizta type UNSIGNED18
Categony optional
Aropess RW

PO rmapping not possible
\afue mange UNSIGNED16
Diefault vaue 0




AKD CAMopen |8 CANopen Drive Profile

6726 Object 6077h: Torgue actual value (05402

The torque actual value comesponds to the instantaneous torgue in the drive motor. The
value is given perthousand (1% of rated torque. This object reflects the actud cument

[DRVICONT)

e BT

MName Torgue actud value
Ohect code VAR

Diata type INTEGER 18
Categary optional

Access RID

PO rmapping possible

Valee rEnge INTEGER 18
Drefault value 0

6727 Object 6087h Torque slope (D5402)

This obfect defines the rate of change of tomue. The value is given in units of per thousand of
rated torgue per second. The menimum rate settable for the AKD is equivdent to the value of
DRVICONT (= 1000 permille) per ~ 420 miliseconds equivalent to awvalue of ~ 2385 per

millef second.

Index 08

Mame Tormue slope

Ohbgect code VAR

Diata type: UNSIGNED:Z2

Category miandatory. if tq is supported
Acpess Rw

PO mapping possible

Vake rangs UNSIGNEDR2
Defaultvalue -

6.7.28 Object 60EDh: Positive Torgue Limit Value

The obiect gives the configured madmum motor torgue in posative dirction. The valueis
grven per thousand (1 %) of Eted tompue.

I GOEDh

Mame Positive Tomgue Limit Vaue

Obgect code ‘Vanable

Datatype UINTEGER16

Categary optiona

Access RO

PO Mapping yes

Valee range UINTEGER1E (imited by DRV.IPEAK and MOTOR. IPEAK)
Ciefaultvalue 0

AKD CANopen |6 CANopen Drive Profile

6.7.29 Object B0E1h: Negative Torque Limit Value
The object gives the configured maimum motor torgue in negative direction. The value is
gven per thousand (1 %) of rated torgue.

Index G6ETh

Name Negative Torgue Limit Value

Ciject code Vanable

Data type UINTEGER16

Category |optiona

Access RO

PDO Mapoing yes

Value range UINTEGER 16 (lmited by DRV .IPEAK and MOTOR.IPEAK)
Default value 0




Scaling Definitions

For profile torque mode there are 2 types of parameters related to torque:
1) DS402 described as per thousand of rated torque

2) in milliamps

SDO scaling=PDO scaling
Type 1 DS402 ( per thousand of rated torque )

Objects that apply:
e 6071h (target torque)
e 6073h (max current)
e 6077h (torque actual value)
e 60EOh (positive torque limit value)
e 60E1h (negative torque limit value)

. Target Amps
Fieldbus Value = — - — X 1000
Drive Continuous Rating

Examplel:
Desired current limits +/- 1.5 amps with a 3 amp drive.

Target Current Limit (amps)

Object 6073h (Max Current) = 1000

Drive Continuous Rating(amps)

1.5 amps

Object 6073h (Max Current) = — amps

X 1000 =500 (decimal) or 1F4h

In this example when written IL.LIMITP=1.5 amps and IL.LIMITN=-1.5 amps when viewed in Workbench.

Example #2

6077h (torque actual value) over fieldbus= 50; 3A drive.

Drive Continuous Rating

% Fi
1000 Fieldbus Value

IL.FB (actual amps Workbench) =

amps
1000

3
IL.FB (actual amps Workbench ) = X 50 = 0.150 amps



Type 2 Manufacture Specific ( mA ):

Objects that apply:
2071h ( Target Current)
2077h ( Current Actual Value )

Example:Object 2071h (Target Current) for the second type (mA).

Fieldbus Value=HEX( desired current command in mA)

Example: desired current command=0.25A or 250mA where 250 (decimal)=FAh

Object2071h (target current)=FAh

Object 2077h(torque actual)=FAh as well in this case.

Note: One observance in TwinCAT in regards to setting 6071h and 2071 is if you set a value of 150 in
6071 and checked 2071 in CoE it would also display a value of 150 and the converse is true as well. This

doesn’t make a lot of sense due to each being scaled and in different units.

Finally 2071h or 6071h writes directly to the IL.CMD ( current loop command ) and doesn’t utilize the
IL.CMDU ( current loop command user ).

-->|L.CMD
0.150 [Arms]
-->|L.CMDU
0.000 [Arms]
-->



Object 6087h Torque Slope

Object 6087 Torque Slope provides a way for the user to ramp the torque command instead of a step
function.

6.7.27 Object 6087h Torque slope (DS402)
This object defines the rate of change of tomue. The value is given in units of per thousand of
rated torque per second. The minimum rate settable for the AKD is equivaent to the value of
DRV.ICONT (= 1000 per mille) par ~ 420 miliseconds equivalent to a value of ~ 2385 per

mille / second.
Index 8087
Name Torue siope
Obsect code VAR
Data type UNSIGNEDR2
Categary mandatory. if tq is supported
Access RW
PDO mapping possile
Value range UNSIGNED32
Default value

6087h=Torque Slope =1000=3000mA ( 3 amp drive )

6087h = Torque Slope = 1000 (fieldbus value) = 3000mA for 3A drive

3000mA Arms

Actual Slope = 120msec 7.14285

Note: using definition of 2.385 mA/420msec; 3000 is 3x 1000 so 3x 2.385= 7.14285
Ramp Time = command current + Actual Slope
For a command of 0.450A ( fieldbus value of object 6071h=150 or 2071h=450

Ramp Time = command current -+ Actual Slope

Arms
Ramp Time = 0.450 + 7.14285 — - 0.063 secor 63msec



A3 Scope

"
Allows to retrieve different parameters and plots values.

—— IL.FB - [Axis1] Current feedback — VL.CMD - [Axis1] Velocity command =
IL.CMD - [Axis1] Current command [Arms]
0497 = T T T T T T T T T T T

0.382 +
0325 +
0153 +
0.096 #

0.076 | ;
-100 -50 0 50
Time [milliseconds)

Current [<]

Channels  Time-base and Trigger User Traces  Motion Tasks  Servo Gains  Observer Al Gains AR Fiter  Sawe and Print  Measure  Cursors  Display
Show Cursors

MName Left Cursar Right Cursor Difference LUnits
Time -15.000 49.000 64.000 ms

6087h=Torque Slope =3000=9000mA ( 3 amp drive )
6087h = Torque Slope = 3000 (fieldbus value) = 9000mA for 3A drive

9000mA Arms

Actual Slope = 120msec 21.4285

Ramp Time = command current = Actual Slope
For a command of 0.450A ( fieldbus value of object 6071h=150 or 2071h=450

Ramp Time = command current + Actual Slope

Arms
Ramp Time = 0.450 + 21.4285 — - 0.021secor 21 msec

However the time was 32msec which is actually a slope of 0.45A/0.032s=14 A/s.

Note: using definition of 2.385 mA/420msec; 9000 is 9x 1000 so 9x 2.385= 21.465 so this slope doesn’t
make sense.

| would not have expected a tripling of the scaling to result in doubling of the slope. Weird.



E Scope

Allows to retrieve different parameters and plots values.

—— IL.FB - [Axis1] Current feedback
IL.CMD - [Axis1] Current command [Arms]
0487 g1 —— 71—

0434
0380
0327 £
oo7a £
0220 §
0167 +
0.114
0061 £
0007 £oo-d : . . .
0.046 | i j | | | |

20 10 0 10 20 30

Time [milliseconds]

—— VL CMD - [Axis1] Velocity command —— VLFB-

Current [-]

Channels Timebase and Trigger User Traces Motion Tasks Servo Gaine Observer Al Gaine AR Fiter Save and Pint  Measure Cursors  Display  Seftings
Show Cursors

Mame Left Cursor Right Cursar
Time -2.000 24.000 32.000 ms

Difference Units

Velocity Monitoring in Profile Torque Mode

6.621 Object 606CH: Velocity actual value [D5402)
The obeect velocty actual value represents the aciual spesd.

Ingex B0BCHh

MName welocsty achal value, VLIFB
Cibject code VAR

Diata type INTEGER 32

Mode ™

Access R

PO mapping possiole

Unit vedocity units (SDO is in user units and the PDO s in RPM
Wahe mEnge T o (2971)

Diefault value —

Float scaling 10001

EEPROM no

The statement that the PDO is in RPM is only partially true.

Itis in RPM if you're using Workbench Units but if you’re using DS402 scaling then the PDO is scaled

accordingly ( this will be covered shortly ).

Workbench Units FBUS.PARAMOS5 bit 4=0 ( Workbench Units )

Example #1

10mm/rev ballscrew

5:1 gearbox



Position Linit: 3 - Custom {mechanics dependent) -

Velocity Linit: 3 - Customss (mechanics dependert
Acceleration Linit: 3 - Custom.s "2 {mechanics depend: ~
Maodbus Linit: Goto Modbus
Custom
Label:
1E'| |mm | = | B rev.
Less <«
Position: | 3.083.957( mm

AR Filter Pl Controller  Observer Source  Status

Velocty Command: | 2.155| {mm)s

Velocity Feedback: | 2.1]'35| {mm)/'s

2 mm/sec * 5 rev of motor/10 mm*60 sec/min=2*5*60/10= 60 rpm ( motor )

If you’re not using DS402 scaling then the value is in RPM (*1000 ) regardless of the Velocity Unit in

Workbench.

I|;f Velocity actual value X 60922 DINT 40

DS402 Scaling:

606Ch (velocity actual value) PDO with FBUS.PARAMO5 bit 4=1 (DS402 scaling)

DS402.VELSCALENUM

PDO Value = Target Velocity(rpm) X DS402 VELSCALEDENOM x 1000

DS402.VELSCALEDENOM 1
X
DS402.VELSCALENUM 1000

Target Velocity(rpm) = PDO Value X

10



Position Linit: 3 - Custom {mechanics dependent) -

Velocity Linit: 3 - Customss (mechanics dependert
Acceleration Linit: 3 - Custom.s "2 {mechanics depend: ~
Maodbus Linit: Goto Modbus
Custom
Label:
1I}| |mm | = | B rev.
Less <«
Position: | 3.083.957( mm

Suppose the VL.FB in Workbench is 2 mm/sec.

mm 5revof motor sec
X X 60—— = 60 rpm
sec 10 mm min

To determine the velocity scale factor for the PDO in mm/sec.

mm rev 1 min 10mm

60 X X
sec min 60sec 5Srev

DS402.VELSCALENUM

PDO Value = Target Velocity(rpm) X DS402 VELSCALEDENOM x 1000

mm rev 1 min 10mm
— =60 — X [ X
sec min 60 sec 5rev
mm 60 rev 9 10 ]
sec min 300

11



Therefore, in this example

DS402.VELSCALENUM=10
DS402.VELSCALEDENOM=300

Terminal

A command line interface to the device. Type a command and press retum.

——>D8402 . VEL3CALENUM
10

——>D5402 . VELSCALEDENCM
300
-

PDO Value = Target Velocity(rpm) X % X 1000=2000 ( 2.000 mm/sec )

Velocty Feedback: | 2.222| (mm)s

I|j’ Velocity actual value X 2167 DINT

The converse can be calculated from the PDO value.

DS402.VELSCALEDENOM 1
Target Velocity(rpm) = PDO Value X

X
DS402.VELSCALENUM 1000

) 300 1
Target Velocity(rpm) = 2000 X 0 X 1000~ 60 RPM

12



Position Monitoring In Profile Torque Mode

The feedback position can be read via PDO with either object 6063h or 6064h.
6063 is always based on FB1.PSCALE and doesn’t change with FBUS.PARAMO5 bit 4.

6064 changes based on FBUS.PARAMO5 bit 4 whether Workbench or DS402 scaling is used.

Using Workbench Units FBUS.PARAMOS5 bit 4=0

6063h (Actual Position)
6063h (Position Actual Internal Value ) PDO Value = number of revs x 2FB1PSCALE
Or

6063h ( Position Actual Internal Value ) PDO Value=

2FB .PSCALE

PDO Value = PL.FB X
UNIT.PIN

Note UNIT.POUT has no effect on the PDO value so scaling will assume 1 rev.

Example:

If it is desired for PL.FB ( position feedback ) to read the same value in Workbench as the PDO value then

the position unit can be set for 2AFB1.PSCALE ( default is 2220=1,048,576 counts per rev ).

Position Unit: 3 - Custom (mechanics dependent) v
Velocity Unit: 0 - RPM (motor shaft) v
Acceleration Unit: 0 - RPM/s {motor shaft) v
Modbus Unit: Goto Modbus
Custom
Label:
| 1048576 [PIN/POUT | = | 1| rev.
More >>

Workbench PL.FB=1048576 ( and based on your scaling the motor has turned 1 rev from the 0 position ).

PL.FB=1048576

Unit.Pout=1

13



Unit.Pin=1048576

FB1.PSCALE=20

ZFBLPSCALE

6063 PDO Value = PL.FB X ———
Unit. Pin

220

6063 PDO Value = 1048576 X
1048576

= 1048576

If the motor turned 2 revs and the PL.FB=2097152 then

20
6063 PDO Value = 2097152 X ———— =2097152
1048576

Next looking at object 6064 ( still based on the FBUS.PARAMO5 bit 4=0 as shown above ):

6064 Position Actual Value= number of revs * UNIT.PIN
Note UNIT.POUT has no effect on the PDO value so scaling will assume 1 rev.

Example 1:
PL.FB=1048576 (1 rev)
6064 PDO value=1048576 since UNIT.PIN=1048576 in 1 rev

6064 SDO value is 1 rev for UNIT.PIN/UNIT.POUT= 1048576/1=1048576

Position Linit: 3 - Custom {mechanics dependent) -

Welocity Linit: 3 - Customss (mechanics dependent
Acceleration Unit: 0 - RPM/s (motar shaft) '

Modbus Linit: Goto Modbus

Custom -
1,048,576| [counts = 1 rev.
Less «x
Pasition: | 1,048.427.333| counts

14



e e e e w

A raere e p wnm arae a t

#! Position actual internal value 1048428 DINT 4.0 660 Input 0
2F' Position actual value X 1048428 DINT 4.0 70.0 Input 0 n

Example#2:
Position Unit: 3 - Custom {mechanics dependent) =
Velocity Uinit: 3 - Custom/s (mechanics dependent
Acceleration Unit: 0 - RPM/s (motar shaft) e
Modbus Unit: Goto Modbus
Custom i
3,000/ |{mm El 1| rev.
Less <«
Posttion: | 29599573 mm

Without moving the motor position at 1 rev the new scaling displayed PL.FB at 3000mm and object
6063h (Position Actual Internal value) remained at 1048426 but 6064 ( Position Actual Value ) displayed
3000.

#! Position actual internal value 1048426 DINT 4.0 66.0 Input 0
=F! Position actual value X 3000 DINT 4.0 70.0 Input 0 n

15



DS402 Units Scaling ( FBUS.PARAMO5 bit 4=1)

Object | Subindex | Description AKD Parameter Equivalent Additional Description

6091h |1 Gear Ratio-Motor Rev | DS402.POSGEARMOTORREV | Gearbox input revs
(motor revs)

6091h |2 Gear Ratio-Shaft Rev | DS402.POSGEARSHAFTREV Gearbox output shaft
revs

6092h |1 Feed Constant-Feed DS402.POSFCFEED Number of units per
shaft rev

6092h |2 Feed Constant-Shaft DS402.POSFCSHAFTREV Number of shaft revs

Rev
Example#1:

50:1 gearbox
Rotary table
Units over fieldbus, degrees

Object | Subindex | Description AKD Parameter Equivalent | Additional Value
Description

6091h |1 Gear Ratio- DS402.POSGEARMOTORREV | Gearbox input 50
Motor Rev revs (motor revs)

6091h |2 Gear Ratio- DS402.POSGEARSHAFTREV Gearbox output 1
Shaft Rev shaft revs

6092h |1 Feed Constant- | DS402.POSFCFEED Number of units | 360
Feed per shaft rev

6092h |2 Feed Constant- | DS402.POSFCSHAFTREV Number of shaft | 1
Shaft Rev revs

Terminal

A command line interface to the device. Type a command and press retum.

——>FBU3.PARRMOS 16
——>DE8402 . PCSFCFEED 3&0
——>DS402 . POSFCSHAFTREYV 1

——>D2402 . POSGELARSHAFTREV 1
——

——>D8402 . POCSGEABRMOTORREY 50

16




Workbench was scaled for 360 degrees ( load )= 50 motor revs.
Position feedback was moved to 360 degrees physically.

Position Unit: 3 - Custom {mechanics dependent)
Velocity Linit: 3 - Custom/s {mechanics dependent
Acceleration Unit: 3 - Custom/s"2 {mechanics depend: ~

Medbus Unit: Goto Modbus

Custom W
360| |deg | = | 50| rev.
Less <«
Position: | 359999 deg
PDO Values

6063h ( Position actual internal value )= 50 rev * 1048576=52,428,800 ( theoretical ) with FB1.PSCALE at
default 20.

6064h ( Position actual value )J=number of revs * (feed constant)/(gear ratio)

6064h ( Position actual value )= number of revs* feed constant/shaft rev/gear ratio motor rev/gear ratio
shaft rev

Feed Constant

6064h ( Position Actual Value )= number of Tevs X ceeiorsrarires

Gear Shaft Rev

360

6064h ( Position Actual Value )= number of revs X <5 = number of revs * 360/50
1

6064h ( Position Actual Value )= 50 revs * % = 360 degrees

#! Position actual internal value 52428046 DIMT 4,0
aF! Position actual value X 360 DINT 4.0

17



Example #2:

10mm/rev ballscrew
5:1 gearbox
units over fieldbus, mm

Object | Subindex | Description AKD Parameter Equivalent | Additional Value
Description

6091h |1 Gear Ratio- DS402.POSGEARMOTORREV | Gearbox input 5
Motor Rev revs (motor revs)

6091h | 2 Gear Ratio- DS402.POSGEARSHAFTREV Gearbox output 1
Shaft Rev shaft revs

6092h |1 Feed Constant- | DS402.POSFCFEED Number of units | 10
Feed per shaft rev

6092h | 2 Feed Constant- | DS402.POSFCSHAFTREV Number of shaft | 1
Shaft Rev revs

Workbench was setup to display mm and motor moved 50 revolution ( PL.FB=100 mm ).

Position Unit: 3 - Custom {mechanics dependent)
Welocity Linit: 3 - Customss (mechanics dependent
Acceleration Unit: 3 -Customn.s "2 {mechanics depend: ~
Medbus Unit: Gota Modbus
Custom =
11}| |mm | = | 5| rev.
Less «<x
Pasition: | 100.000| mm

——>FBUS3.PARARMOS 16
——>DS402.POSFCFEED 10
——>D3402.POSFCSHAFTREV 1
——>DS402 . POSGEARMCTCRREV 3
——>DS402 . POSGEARSHAFTREV 1
el

18




6063h ( Position actual internal value )= 50 rev * 1048576=52,428,800 ( theoretical ) with FB1.PSCALE at
default 20.

6064h ( Position actual value )=number of revs * (feed constant)/(gear ratio)

6064h ( Position actual value )= number of revs* feed constant/shaft rev/gear ratio motor rev/gear ratio
shaft rev

Feed Constant

6064h ( Position Actual Value )= number of revs X goeataltRev__

Gear Shaft Rev

10

6064h ( Position Actual Value )= number of revs X % = number of revs * 10/5
1

6064h ( Position Actual Value )= 50 revs = 15—0 =100 mm

#!| Position actual internal value 52428644 DINT 4,0 B6.0
5 Position actual value X 100 DINT 4.0 70.0
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Other related objects and behavior

207Fh ( maximum velocity ) writes to IL.VLIMIT.
60FFh is shown in the manual to be in “increments”.

If FBUS.PARAMOS5 bit 4=0 ( Workbench Units ) then the decimal value of 207Fh ( 1/1000 ) is the value
written to IL.VLIMIT of whatever velocity units are being used in Workbench.

Example:
Position Linit: 3 - Custom {mechanics dependent)
Velocity Linit: 3 - Custom/s {mechanics dependent
Acceleration Unit: 3 - Custom/s "2 {mechanics depend: ~
Maodbus Linit: Goto Modbus
Custom
Label:
1D| |mm | = | B rev.
Maore ==

207Fh= 1000 then IL.VLIMIT= 1.000 mm/s

FBUS.PARAMOS bit 4=1 ( DS402 Scaling )

ds402-->DS8402.POSFCFEED

1000
ds402-—->DS402 . PCSFCSHAFTREV

1
dsd402-—->DS402 . POSGEABRMOTORREV
3
ds402—->DS402 . 3ADDPOSGEARSHAFTREY
1

ds402-->DS402 . VELSCALENUM

10
ds402-——->DS402 . VELSCALEDENCM
300

=i

There was no effect on the value written to IL.VLIMIT except the DS402.VELSCALENUM and
DS402.VELSCALEDENOM. This is the same convention as described before with606Ch (velocity actual
value 606C
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10
PDO Value = Target Velocity(rpm) X 300 X 1000

Suppose the target velocity limit is 2 mm/sec.

2 mm/sec * 5 rev of motor/10 mm*60 sec/min= 2*5*60/10= 60 rpm ( motor )

PDO Value = 60 rpm X % x 1000=2000 ( 2.000 mm/sec in Workbench )

The CANopen dictionary doesn’t correlate object 207Fh with IL.VLIMIT in the documentation but the
IL.VLIMIT entry in Workbench Help does.

6.7.23 Object X7TFh: Maximum Velocity

Maxirmum welocity This parameter Birets the veloosty of the motor in profile torgue and cydlic
synchmonols tomue mode. The scaling is the same as for dbject 80FFh

Indes 207Fh

MNarme Mlancemum vebocsty
Object code VAR

Diata type UNSIGNED32
Categony optional

Arcess RW

PO rmapping possitle

\Value range

Deefault value 0, means no limitation

IL.VLIMIT

Description
ILVLIMIT sets the velocity limit for operation in torque mode.

When setto a non-zero value, the current supplied to the motor will be limited to prevent the drive from accelerating beyond -IL VLIMIT / IL VLIMIT

Fieldbus Index/Subindex Object Start Version

EtherCAT COE and CAMopen | 207ER/D M 01-14-04-000

60EOh ( positive torque limit value ) and 60E1h ( negative torque limit value ) provide a method for
changing the drive’s current limits individually so the IL.LIMITP and IL.LIMITN do not have to share the
same magnitude value (i.e. +1.5, -1.5 but instead can be +1.5, -3.0 ).

Object 6073h (max current) writes to both limits with the same magnitude but opposite in sign.

Also note a change in value of object 6073h (max. current) also changes object 6072 (max torque) to the

same value in the CoE Online.
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Other notable behavior is if either 60EOh (positive torque limit value) or 60E1h (negative torque limit
value ) is changed then objects 6072(max torque) and 6073(max current) will change to the lower of the
two values.

Conversely if 6073h is changed for example to a new value with CoE Online then 6062 (max torque),

60EOh ( positive torque limit value ), and 60E1h ( negative torque limit value ) all change to the new
value.

Setting the Torque Setpoint Demonstration

The mode of operation can be changed via COE or via PDO if object 6060 is mapped as a PDO or if the axis
is to always operate in Profile Torque mode

as Dan mentioned, you can edit the Startup script.

The XML file defaults the startup script to Mode of Operation=7 Interpolated Position mode on the AKD1G.

Solution Explorer

Q& o-o K= Geneal BheCAT DC  ProcessData Pc CoE‘OinnOnln'
earch Solution Explorer (Ctrle P~
1) Solution “TwinCAT Project16' (1 project) Tanstion | Pretoodl | Index i Soamart
4 Gl TwinCAT Project16 C PS> CoE O1A01.00  ONE56C63.0 clear pdo (x1A01 entries
> @ SYSTEM G PS> CoE O1A0200  ON656C63.0 lear pdo Ox1A02 entries
+ (& MoTON C PS> CoE O1A0300  (x656C63.0 clear pdo (x1A03 entries
> [ NC-Tosk 1 SAF C PS> CoE 160000  ON656C:63.0 Clear pdo (x 1600 ertres
@ i C PS> CoE 0160001  Ox6040.00, 16 download pdo Ox1600 entry
B saseTy €S> CoE 0160000  OT76F 64,1 download pdo 01600 ertry count
/ C PS> CoE 0160100  OE56C63.0 clear pdo (1601 ertres
i c.- € PS> CoE 160200  O«656C63.0 Clear pdo (x1602 ertries
il Anaymcs C PS> CoE 0160300 0656630 Clear pdo (x1603 entries
« @vo €S> CoE OIC1201 01701 (5889) download pdo Ox1C1201 index
4 %% Devices C PS> CoE O1C1200  O01() download pdo Ox1C12 court
4 =% Device 2 (EtherCAT) G PS> CoE &IC1301  O«1801 (6913) download pdo (x1C13.01 index
*% image C PS> CoE 0C13:00 001 (1) download pdo (x1C13 court
. L LR s
b 2 SyncUnits BRCZoT - G022 7
> Inputs ars CoE 060c202 -3 Intemalston tme ndex
> @ Outputs @rs CoE 040100 000 () Legacy EherCAT input handing
2 Gk lofoData
L« stomeionn | Move Up | Move Down
b Inputs
: : 3{"':“ Name Online Type Size >Addr.. In/Out UseriD Linkedto
> @ In:oD.:(: ¥ Posttion actual i.. 0 DINT 40 58.0 Inpuit 0
4 :. Mappings & Statusword X 0 VINT 20 6.0 Input 0 nStatel, nState2
% NC-Task 1 SAF - Device 2 (EtherCAT) 1 & WicState X 1 BIT 01 1522 Input 0 nStated, nStated
@ NC-Task 1 SAF - Device 2 (EtherCAT) Info # InputToggle X 0 BIT 0.1 15242 Input 0 nStated, nStated
¥ State 2 UINT 20 15480  Input O
- AdAdA. 1A 0 AL 150 ) 1.9 AL ANND on 18eA N B oms o n

Here | opted to change the Startup for 6060=4 ( Profile Torque Mode ).
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General EtherCAT DC Process Data Pic Statup  CoE -Online  Online
Transtion  Protocol Index Data Comment
C <PS> CoE 0x1A01:00  (x656C:63.0 clear pdo Ox1A01 entries
C <PS> CoE 0x1A02:00  (x656C:63.0 clear pdo Ox1A02 entries
C <PS> CoE Ox1A03:00  (x656C:63.0 clear pdo Ox1A03 entries
C PS> CoE 0x1600:00 0x656C:63. 0 clear pdo 0x1600 entries
C <S> CoE 0x1600:01 0x6040:00. 16 download pdo (x1600 entry
C <S> CoE 0x1600:02 0x6071:00. 16 download pdo (x1600 entry
C <S> CoE 0x1600:00 Ox776F:64, 2 download pdo 0x1600 entr...
€C <«PS> CoE 0x1601:00 0x656C:63. 0 clear pdo 0x1601 entres
C <PS> CoE 0x1602:00 0x656C:63. 0 clear pdo 0x1602 entries
C «PS> CoE 0x1603:00 0x656C:63. 0 clear pdo 0x1603 entries
C <PS> CoE 0x1C12:01 0x1600 (5632) download pdo Ox1C12:01i...
C PS> CoE x1C1200 x01(1) download pdo Ox1C12 count
C <PS> CoE 0x1C13:01 Ox1A00 (6656) download pdo Ox1C13:01i...
C <PS>  CoE 0x1C13:00  Ox01(1 download pdo (x1C13 count
grs CoE 0x60C2:01 02 (2 Interpolation time period va...
£es Caf 19050 0w X 17 itemoltiontimeiodex

The AKD CANopen Communications manual details DS402 Profile Torque mode which also applies to

EtherCAT.

Note per the CANopen manual object 2071h (target current) and 2077h (current actual value) can be used

as

An alternative to the DS402 objects 6071h (target torque) and 6077h (torque actual value).

The nuance of the 6xxx objects versus 2xxx objects is units and scaling.

For this demonstration | used the DS402 6xxx objects.
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6.7 Profile Torque Mode (tq) (DS402)

6.7.1 General Information
The profile torque made enables the ing of torque and the oun
rent.

6.7.1.1 Objects that are defined in this section

207th |VAR | Target current INTEGER®2 |RMWY
207 |VAR | Current actual value | INTEGERX2 RIO
607th |VAR | Target torque INTEGER16 |RMWY
6073 |VAR | Max curent UNSIGNED16 |RMW
607 VAR |Tagqueactudd value |INTEGER16 |RIO
6.7.1.2 Objects that are defined in other sections
None.
6.7.2 Object description
6.7.21 Object 2071h: Target Current
This p can be used ey to the DS402 parameter 607 th and is the input to
the torque controlier. The value is scaled in mA (milk Amperes ).
Index 2071h
Name Target curent
Object code VAR
Data type INTEGER 32
Category ¢
Access RW
PDO mapping possible
Value range depencs on DRV.IPEAK and MOTOR.IPEAK
Defauk value 0

Kolimoegen | Decamber 2014

| used flexible PDO mapping as shown below. Keep in mind there may be other drive parameters needed
in the application
such as IL.LIMITN, IL.LIMITP, and others. | am demonstrating the minimum.

4 170
4 % Devices
4 =% Device 2 (EtherCAT)
*5 Image
*® Image-Info
2 SyncUnits
| Inputs
@ Outputs
InfoData
4 | Drive 1 (AKD)
4 Inputs
%! Statusword
¥ Torque actual value
¥ Velocity actual value
4 [ Outputs
%~ Controlword
W~ Target torque
b Il Wcotate
b InfoData

vvwvw
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| software enabled the drive using the Console.

by 0.0000 === £

Lag Distance fmin/max):  [mm] Actual Veloctty: fmm/s] Setpoint Velocty:  fmm/s]

( 0.0000 (0.000. 0.000)| | 0.0000| | 0.0000|

Ovemde: [%4] Total / Control Output:  [%4] Emor:

[ 100.0000 %) | 0.00/ 0.00%| [ 0(x0)|
Status fog.) Status phys) Enablng

[ Ready FANOTMoving  [JCoupled Mode MController | Set
[CJCalbrated  [[]Moving Fw [[Jin Target Pos. MFeedFw '
[[] Has Job [ Moving Bw [Jin Pos. Range [ Feed Bw

Controller Kv-Factor: [mm/s/mm]) Reference Velocty: fmm/s)

L 3 [20 4

Target Postion: fm) Target Veloctty: fmm/s)

o

o
wr el A |

From Workbench the drive is Active ( enabled ).
@ Panic = Abort (F12) | ive SW HW CS

| elected to force the Target Torque value to demonstrate. You will likely set this value in your Beckhoff
programming.

- e ] W w e

Search Solution Explorer (Ctrie
4 gl TwinCAT Project16
> @l sysTem
4 @] MOTON
4 |8 NC-Task 1 SAF
(@ NC-Task 15v8
N

4 om Axes
b B¢ A
M i
) saseTy
e c.-
i Aames
+« @vo
4 %% Devices
4 ™8 Device 2 (EtherCAT)
.

»
»
b @ Outputs
»
-

| set the value to 10 in my case.
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Twincatprojectts = x [

Vadsble Rags Orine

Value 10
ew Ve Frese

Comment

| observed a Current Command of 0.030 Arms.

Per the attached document

Target Torque(fieldbus value)=(IL.CMD/Drive Continuous Rating)*1000
IL.CMD= Target Torque(fieldbus value)*Drive Continuous Rating/1000

IL.CMD= 10 * 3/1000= 0.03 Arms as observed below
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4D Kolmorgen WorkBench

Fie Fdt View Tooh Help
QO QO & @owic  Disebie & Clew Fauks
Oz

*Msien |

« B Proect

Seve ToDevice  Disconnect &b Axis (1) Disable  Stop 1 -FieldBus »  0- Torque +

‘; i Current Loop (7 JEESLELY SN L
Paarstnes for cortrolng fm tocamAoros of $w moor Usasly ro changees aw rovaded aith comect motor ca

Cogeng Covp.  Limder P Comyoler
Qureer Command | . Voltege Con

Curert Fee

Cureet. O
®
Convperaton Pl Cotoihy  Lewiss  Sauss  So
Curnrt Coveredd Herva Velage Command | 3 Voa
wml nﬁ]m U¥inzng [ 0.38) A
¥V Windeg | 0000 A

So_prma (Onioe) PL73 - [ocn 1) Positon fesdback
[k
mc_name (Criine) L 73 - fois ] Veiocity fescbeck

no_name (Onlne] - Connected
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