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0.1 t#HEHHE

Document Purpose

AR & MyActuator EtherCAT fa] IR IX AN #5 FI e ¥ FHfa /g . A SCRY RGN T
WAl EtherCAT 2R CiA402 A& P FALEEAT 351 .

This document is the complete user guide for the MyActuator EtherCAT servo driver.
It provides detailed instructions on how to control the motor via the EtherCAT bus using
the CiA402 device protocol.

AR SCRY TN A AE ) Ether CAT fRIARIKS) 25 (1 TARIT, A28 15 -

This document is intended for engineers who are new to EtherCAT servo drivers.

The content covers:
o BEtherCAT @5 R:AINES
o CiA402 RASHL TAF LS Fiil i i
o JITAN SR SR TG T e 1 B AT ASE vk
o EFMIZTE (PP. PV, CSP. CSV. CST. PVT) [M#E/ELIR
« PDO/SDO i} i B 7515
o PR S 2R B
o Basic concepts of EtherCAT communication
o Working principles and control flow of the CiA402 state machine
e Detailed function descriptions and usage methods for all object dictionary entries
« Operation steps for various operating modes (PP, PV, CSP, CSV, CST, PVT)
« PDO/SDO mapping configuration methods
o Unit conversion and parameter configuration instructions

vi



0.2 ZEE TR vii
0.2 XHEHBEITENX

Supported Operating Modes
RIRF) R CiA402 8471
This driver supports the following CiA402 operating modes:

# 1. ZLHRRI21THEC / Supported Operating Modes

13N {E / Mode Value #1ERZIR 485 |/ Abbr. Mode Name
1 R ERAL B R PP Profile Position
3 B FE AR PV Profile Velocity
5 PVT i3 (MIT ) PVT PVT Mode (MIT Mode)
6 [m] AR Homing Homing Mode
8 Ja SRR A B AR S CSP Cyclic Sync Position
9 J) B [ 250 i AR CSV Cyclic Sync Velocity
10 JATE A AR CST Cyclic Sync Torque

0.3 EtherCAT B{5Z5#

EtherCAT Communication Architecture

EtherCAT 1815 # 4t th E 35 (Master ) MMt (Slave) 41 . AUKEN 25 1F 4 EtherCAT
Mtk £, it ESC (EtherCAT Slave Controller) % F 5 F il 15 .

The EtherCAT communication system consists of a Master and Slaves. This driver
operates as an EtherCAT slave device and communicates with the master through the
ESC (EtherCAT Slave Controller) chip.

iR ENS

Communication data is divided into two categories:

o FREREHEXNR (PDO): AT FHIVEe Bn g, wfEhly. B E . SEhfr

B

« RBBEEWR (SDO): M TARLN S E, W PID 4. REESS

« Process Data Objects (PDO): Used for cyclic real-time data exchange, such as

control word, target position, actual position, etc.

« Service Data Objects (SDO): Used for non-real-time parameter configuration,

such as PID parameters, limit settings, etc.



viii LA

AE
PDO JEfE A2 SER 1, S5 A B sh B, & &2 & RS R
SDO WfE R TER /MM, &EESHEE M E H#E.

PDO communication is real-time, with data automatically exchanged in each com-

>
T

A5e)

munication cycle, suitable for control commands and status feedback. SDO com-
munication is request/response-based, suitable for parameter reading/writing and

configuration operations.

EtherCAT 1217 BV B FroR: £ M@ AN, 320502 BUR 80 igs %
AN NS, HH i STk At 5, AN A AR ik KR ot PN SR U N R s, TR E R
s 5B E W HEBHEWUROE B R G — IR ], JFIEE S kiR [A] 2
Fulio XA T AL BEWS E — AN e R, b sas 7w s R, Bl
AR /KL 90% LA L.

The operating principle of EtherCAT is shown in the figure: in a communication
cycle, the master sends Ethernet data frames to each slave, and after the data frames
arrive at the slaves, each slave extracts the corresponding data from the data frame
according to addressing and writes its feedback data to the data frame. Returns when
the data frame is sent to the last slave and returns to the master through the first slave.
This transmission method can realize data communication in one cycle, and also improves

bandwidth utilization, with a maximum effective data utilization rate of more than 90%.



CiA402 IR7SHN,

0.4 RESHLERIL

State Machine Overview CiA402 W& HME LT — MhrERPIRSHL, T8 HIKg)
ZRIIBATIRGS . IRBNAF DI04 R E IR AS 40 B A2 K 5 sl AN il FE AL

The CiA402 device protocol defines a standard state machine for managing the op-
erating states of the driver. The driver must follow the specified state transition paths to

start and control the motor.

417 (Controlword, 0x6040) FPIRZEF: (Statusword, 0x6041) ARESHLIEZ O 5
A R e

The Control Word (Controlword, 0x6040) and Status Word (Statusword, 0x6041)

are the core control and feedback interfaces of the state machine.

0.5 WRKEENX

State Definitions
CiA402 IRAENLE X T BURJUMRAS, MRS IR IR 8 1A R TAER B o

The CiA402 state machine defines the following states, each representing a different

operating phase of the driver.

ix
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* 2: CiA402 IRESHLBEHT / CiA402 State Machine Description

RSB / State Name

AR

Description

WItEAL / Initialization

WEhasHIaat . ER E
LA TE R KBNS 4L
ANREBCE, tBAREIATIN
Z e

Driver initialization and in-
ternal self-test completed.
Parameters cannot be set
and drive functions cannot

be executed.

fA R JE b= / Switch On Disabled

fRIAR AKX BN o e &4, 3K
NS LI E

Servo driver is ready, driver

parameters can be set.

SRS AIRERE | Switched On

o 3 3 5 5 5 41 7F f
WA T35 AT )

B

Servo driver waiting for

servo enable, parameters

can be set.

filfkiZ4T / Operation Enabled

IXE & IEH AT, 1A
N0 I, LR .

Driver operating normally,
motor rotates when com-

mand is not 0.

PoFfFHL / Quick Stop Active

PRI P LI RE I, I
2y # 15 AE AT PR 15 AL
Tife-

Quick

tivated, driver

stop function ac-
executing

quick stop.

i PEEHL / Fault Reaction Active

WX AR, IEAESR
friffEiE L AR

Driver fault occurred, exe-

cuting fault stop process.

HfE / Fault

WIS, BT dKE)
IR AL

Fault stop completed, all

drive functions disabled.

0.6

State Transition Commands

AN M 7R T CiA402 RSN BoIRE Z IR 0 21, DLW LR A - AR

ATH

The following table shows the transition relationships between states in the CiA402

state machine, along with the corresponding control word and status word values.
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£ 3 RETH SHd S X RO R / State Transition and Control Commands

CiA402 KESY# / State

Transition

2= 6040h / Control Word

RS FE 6041h
bit0-9 / Status
Word

FH— Wl BRI, LRFEEHRTES. 0x0000
Power On—Initialization Natural transition, no control
command required.
HIaate — el e ke AR, TERERTES. H8 | 0x0250
Initialization—Switch ~ On | 4L EF R, BRI b
Disabled AL
Natural transition, no control
command required. If an error
occurs during initialization, it di-
rectly enters fault stop.
AR — fARkHERLF | 0x06 0x0231
Switch On Dis-
abled—Ready To Switch
On
FARHER I — FAFT IR | 0x07 0x0233
Jik A e
Ready To Switch
On—Switched On
LRFTHARERE — fAlAR | OxOF 0x0237
AT
Switched ~ On—Operation
Enabled
AT — FRTIHEAR | 0x07 0x0233
fiRE
Operation En-
abled—Switched On
BAHT AR RE — AR | 0x06 0x0231
AL 47
Switched On—Ready To
Switch On
fal iR 4 — fAARTCHE | 0x00 0x0250
Ready To Switch
On—Switch On Dis-
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0.7 #FrHEERELSER

Standard Enable Procedure
AR 2ifid EtherCAT 0 GEIK S &% bR #E 2 58 :
The following are the standard steps to enable the driver through the EtherCAT

master:

1. ®EIEITIEI / Set Operating Mode: 5 A 0x6060 (Modes of Operation),
MEAN 8 Fox CSP

Write to 0x6060 (Modes of Operation), e.g., write 8 for CSP mode
2. EAIEHIFE / Write Control Word: 0x6040 = 0x0006

3. FHFHKAEF / Wait for Status Word: BZHL 0x6041, it N e IR i 45 47 IR A
(0x231)

Read 0x6041, confirm entry into Ready To Switch On state (0x231)
4. EANIEHIF / Write Control Word: 0x6040 = 0x0007

5. FFIKEF / Wait for Status Word: 1L 0x6041, BNt NZERRFT - {a R fd BE
R (0x233)

Read 0x6041, confirm entry into Switched On state (0x233)
6. EAEHF / Write Control Word: 0x6040 = 0x000F

7. EHRASFE / Wait for Status Word: #2HL 0x6041, #ilHEN A RIEAT RS
(0x237)
Read 0x6041, confirm entry into Operation Enabled state (0x237)

gk

a®
|

{E Fault JRETF, D46 KIE Fault Reset (F5Hil57 bit7 LA, Bl 0x0080), IK
M/ EPATRGENL, G EFIF AR .

In the Fault state, you must first send a Fault Reset (control word bit7 rising edge,

i.e., 0x0080). The driver will perform a system reset, and then the enable process

must be restarted.




0.8 XfRFHIE

Object Dictionary Classification

AR DK 5 0T G 7 B b bk 90 R Kl 43 BAR LK
The object dictionary of this driver is divided into the following categories by address

range:
T 4 WRFIGPE
Object Dictionary Classification
oA SE VIES iRA
Address Range Category Description
0x1000~0x1FFF  J@{E MK PDO Mff. SM 4%k
Communication  PDO mapping, SM assignment, etc.
0x2000~0x2FFF | 7 H & X PID 24, . ML
Vendor Specific PID parameters, temperature, voltage, etc.
0x6000~0x6FFF  CiA402 b T REF . BITRASE

CiA402 Standard Control word, status word, operation modes, etc.

0.9 MRFHFTEIIR

Complete Object Dictionary List

PN RS FIH 73 R Shrh TR R R
The following table lists all objects in the object dictionary.

xiii
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£ 5 MNEFHMEESEK / Complete Object Dictionary List

Z5|/Index ¥HEHEE /Type RFR/Name 1778l /Access  1iAA/Description
0x6040 UINT16 Control Word RW/PDO 4] / Control word
0x6041 UINT16 Status Word RO/PDO RFEF / Status word
0x6060 INTS Modes of Opera- RW/PDO BATHIE / Oper-
tion ation mode setting
0x6061 INTS Modes of Op Dis- RO/PDO s T EE / Oper-
play ation mode display
0x607A INT32 Target Position RW/PDO HArLE / Target po-
sition
0x60FF INT32 Target Velocity RW/PDO HARHEE / Target ve-
locity
0x6071 INT16 Target Torque RW/PDO H A5 JJ% | Target
torque
0x6064 INT32 Position Actual RO/PDO SEBRAIE ) Actual po-
sition
0x606C INT32 Velocity Actual RO/PDO SERRIESE / Actual ve-
locity
0x6077 INT16 Torque Actual RO/PDO SERR 1M/ Actual
torque
0x603F UINT16 Error Code RO/PDO FriRAS / Error code
0x6072 UINT16 Max Torque RW/PDO KRS ) Maximum
torque
0x6075 INT32 Motor Rate Cur- RW HL AL E LR/ Mo-
rent tor rated current
0x6081 UINT32 Profile Velocity RW/PDO RO ) Profile ve-
locity
0x6083 UINT32 Profile Acceleration RW/PDO RN / Profile
acceleration
0x6084 UINT32 Profile  Decelera- RW/PDO R ERIOEEE ) Profile
tion deceleration
0x6085 UINT32 Quick Stop Decel ~ RW/PDO PUERGEEE / Quick
stop deceleration
0x607D RECORD Software Pos Limit RW AL EBRAL / Soft-

ware position limit

£ R 1 / Continued on next page



0.9 XRF

SRR

XV

* 5 — 4L / Continued

Z5l/Index ¥IELE! /Type &FR/Name i77i8] /Access  15iAA /Description
0x6062 INT32 Pos Demand Value RO/PDO fr B 7 KIH / Position
demand value
0x6065 UINT32 Following Err Win- RW PR IR Z W T/ Fol-
dow lowing error window
0x6066 UINT16 Following Err  RW PRBE R ZE I/ Fol-
Timeout lowing error timeout
0x6067 UINT32 Position Window ~ RW LB &M/ Position
window
0x6068 UINT16 Position ~ Window RW AL E % T [E / Posi-
Time tion window time
0x60F4 INT32 Following Err Ac- RO/PDO PREE 1R 72 SEBR A [/ Ac-
tual tual following error
0x605A INT16 Quickstop Option ~ RW PUF LTS / Quick
stop option code
0x605B INT16 Shutdown Option ~ RW fEHLETES / Shut-
down option code
0x605C INT16 Disable Op Option RW 2 EIZATIE T / Dis-
able operation option
0x605E INT16 Fault React Code ~ RW R e NARED /) Fault
reaction code
0x60B0 INT32 Position Offset RW/PDO fr & e / Position
offset
0x60B1 INT32 Velocity Offset RW/PDO HEAE (AT / Ve-
locity offset (feedfor-
ward)
0x60B2 INT16 Torque Offset RW/PDO JIF W (A7) /
Torque offset (feedfor-
ward)
0x2000 INT32 PVT_KP RW/PDO PVT i KP S
/ PVT mode KP pa-
rameter
0x2001 INT32 PVT KD RW/PDO PVT #X KD Z#

/ PVT mode KD pa-

rameter

4R / Continued on next page
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* 5 — 4L / Continued

Z5l/Index ¥IELE! /Type &FR/Name i77i8] /Access  15iAA /Description

0x2002 REALS32 CUR_LOOP_KP RW HLH KP / Current
loop KP

0x2003 REAL32 CUR_LOOP_KI RW HIRHA KI / Current
loop KI

0x2004 REAL32 SPD LOOP KP RW I KP / Speed
loop KP

0x2005 REAL32 SPD_LOOP_KI RW HE KI / Speed
loop KI

0x2006 REAL32 POS_LOOP_KP RW B KP / Position
loop KP

0x2007 REAL32 POS_LOOP_KI  RW LB KI / Position
loop KI

0x2008 REAL32 POS_LOOP_KD RW AIE I KD / Position
loop KD

0x2009 INT16 Motor ~ Tempera- RO/PDO HLHL#E B2/ Motor

ture temperature

0x200A UINT16 Voltage RO/PDO BEZEHLE / Bus volt-
age

0x200B INT32 First Encoder RO/PDO Bt AR / First

Value encoder value

0x200C INT16 Drive Temperature RO/PDO Xz #% i B/ Drive
temperature

0x2FFD INTS Dummy Bytel RW /PDO HE XHEAFT /
Custom padding byte

0x2FFE INTS Dummy Byte2 RO/PDO HE NHREFY /

Custom padding byte




CiA402 FrEXNTR FHERE

Chapter: CiA402 Standard Object Dictionary Detailed Fxplanation

0.10 #ZHIF — Control Word (0x6040)

B / Attribute {& / Value

%5 / Index 0x6040

HHFEA ) Data Type UINTI16 (16 A7 LTS / 16-bit unsigned)

i ALFR / Access BEE, SR RxPDO Wl / Read-Write, RxPDO mappable
BRIMHE / Default 0x0000

A R i [ SR B A A A A WAL Y, A E LR

The Control Word is the core interface for the master to send commands to the drive.

The bit definitions are as follows:

xXVvii
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SH{RxFINEE / Parameter Save Function

RIXEN @ 1 ] 7 SE IS B R ThRE, DIRAT

This drive implements parameter saving through the Control Word. The procedure

is as follows:

1. 5 ControlWord = 0 (FJEEALEE—Fr B
Write ControlWord = 0 (Initialize first stage)

2. BN ControlWord = 4096 (0x1000, fil&Z#4)
Write ControlWord = 4096 (0x1000, trigger save)

3. £ 3 A E A ControlWord = 0 (HiiMEAE, EHEE A Flash)

Write ControlWord = 0 within 3 seconds (Confirm save, data written to Flash)

4. REERNURAEN, F 6 28U R7 2] ROM.

The parameters can be successfully saved to ROM only when the motor is
disabled.

0.11 JRZESF — Status Word (0x6041)

[ / Attribute & / Value

% 5| / Index 0x6041

HdEM / Data Type UINT16 (16 f2 5455 / 16-bit unsigned)

T AR / Access Wi, IHF TXPDO WLt / Read-Only, TxPDO mappable
ERINME / Default 0x0000

WETFH T IR BER SN #8 MRS RES, Fulil i SRS 7AW RS IR A .

The Status Word is used to feedback the current operating status of the drive. The

master determines the drive status by reading the Status Word.



0.12 Z&f7#izl — MODES OF OPERATION (0X6060) xix

0.12 ZE1THRI — Modes of Operation (0x6060)

B / Attribute {& / Value

% 5| / Index 0x6060

e ) Data Type INTS (8 fLE TS / 8-bit signed)

iR / Access BEE, SFF RxPDO M / Read-Write, RxPDO mappable
BIME / Default 0x00

* 6: BT AEE X / Mode Value Definitions

{E / Value #%3 / Mode B / Description

1 Profile Position (PP) FelR A EAR I, A ER IR / Profile po-
sition mode with trapezoidal trajectory plan-
ning

3 Profile Velocity (PV) R R, W IEGE K] / Profile ve-
locity mode with acceleration/deceleration
planning

5 PVT (MIT 5K / MIT Mode) {7 B-if fE-71 IR A #% ] / Position-
Velocity-Torque hybrid control

6 Homing IR, WESATA B NZE A / Homing
mode, sets current position as zero point

8 Cyclic Sync Position (CSP) JEIRP AL BRI, Euhddth / Cyclic syn-
chronous position mode, master interpola-
tion

9 Cyclic Sync Velocity (CSV) JE AR IE R / Cyclic synchronous ve-
locity mode

10 Cyclic Sync Torque (CST) JE R A2 3 HE L/ Cyclic synchronous

torque mode
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0.13 EBITENER — Modes of Operation Display

(0x6061)
B / Attribute {& / Value
% 5| / Index 0x6061
AR ) Data Type INTS (8 fiAFFS / 8-bit signed)
ViR / Access HiE, HFF TXPDO Wt / Read-Only, TxPDO mappable

o] AT SE PR is AT I ARSI A AFAE BRI (FaultCode # 00, BEXTRIR[E] 0, &
AN R
This object echoes the current actual operating mode. When the drive has a fault

(FaultCode # 0), this object returns 0, indicating an invalid mode.

0.14 HBH#fr{iE — Target Position (0x607A)

B / Attribute {& / Value

% 5| / Index 0x607A

HAERM / Data Type INT32 (32 fiA 55 / 32-bit signed)

FAAL / Unit ik / Pulses

VilALPR / Access E, ¥ RxPDO W / Read-Write, RxPDO mappable
ERINME / Default 0

His(LE M T PP R CSP A
Target Position is used in PP mode and CSP mode:

« PP &R / PP Mode: S AHWAESE, @l f&H 5 Bitd EIH il Pk L)
AT
After writing the target position, trajectory planning is triggered by the rising edge
of Control Word Bit4

« CSP #&#xX / CSP Mode: 84 HME ANHMEB#ZE N EZ% (N L PositionOff-
set 0x60B0)

The value written each cycle is directly used as position reference (plus PositionOffset
0x60B0)



0.15 H#r#EE — TARGET VELOCITY (0X60FF) xxi

« PVT #xX / PVT Mode: {ENUIENE phes

Used as desired position pges

0.15 H#rEE — Target Velocity (0x60FF)

B / Attribute {& / Value

Z5] / Index 0x60FF

AR ) Data Type INT32 (32 fiA TS / 32-bit signed)

AL/ Unit ikt /> / Pulses/second

PilALPR / Access BE, K RxPDO BUff / Read-Write, RxPDO mappable
BE / Default 0

« CSV 1R / CSV Mode: #AMIENHIREE, IKa)ds HEEREE

Target velocity is written each cycle, drive follows directly

« PV {& / PV Mode: 5 A HFr# 5@ Bitd fid & R AL

Ramp planning is triggered by Bit4 after writing target velocity

« PVT #xX / PVT Mode: {ENUIEET v,

Used as desired velocity vges

0.16 H#rJ1%E — Target Torque (0x6071)

B / Attribute {& / Value

% 5| / Index 0x6071

HHEHKM ) Data Type INTI16 (16 FiH S / 16-bit signed)

A7/ Unit T3 2 —%E J1% / Permille of rated torque

Vi ALBR / Access BEH, SZEF RxPDO Wi / Read-Write, RxPDO mappable
ERINMEL / Default 0

o CST #X: H#EEEH
o PVT #&R: {ERNJIHERTU ;)

e« CST Mode: Direct torque control
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« PVT Mode: Used as torque feedforward ¢

B{[#E / Unit Conversion

JIHEAE NBUE LI T-45 L
SEFRELIR = TargetTorque x 0.001 x MOTOR _RATE IQCURRENT

#ltn: TargetTorque = 500 F7~ 50% A€ J1%E

The torque value is expressed as permille (one-thousandth) of the rated current:

Actual Current = TargetTorque x 0.001 x MOTOR,_RATE_IQCURRENT

Example: TargetTorque = 500 represents 50% of rated torque.

0.17 SEPREiEXHR

Actual Feedback Objects

0.17.1 SEfRiE — Position Actual Value (0x6064)

%5] / Index 0x6064

KA ) Data Type INT32

FAAL / Unit ikt / Pulses

PiFAALFR / Access HiE, SFF TXPDO / Read-only, TxPDO mappable

0.17.2 SEFREE — Velocity Actual Value (0x606C)

%75| / Index 0x606C
AR ) Data Type INT32
FAAL / Unit it st /#) / Encoder increments per second

i ALFR / Access HiE, XFF TXPDO / Read-only, TxPDO mappable




0.18 ®EZE %

xxiil

0.17.3 EFR/IFE — Torque Actual Value (0x6077)

%5l / Index
BHEIFEA /) Data Type
FAAL / Unit

ViR / Access

0x6077

INT16

T3 2 —%iE J1H /) Permille of rated torque

R, S2FF TXPDO / Read-only, TxPDO mappable

AR AK:

Internal calculation formula:

Torque Actual =

IgFilter x 1000
MOTOR_RATE_ IQCURRENT

0.17.4 $BIRXH — Error Code (0x603F)

%5l / Index

0x603F

PR ) Data Type UINT16

ViR / Access

HiE, FF TXPDO / Read-only, TxPDO mappable

SN BR A A N SRR A RS, 0 R o

Returns the internal fault code of the drive. A value of 0 indicates no fault.

X T BRAEE X/ Error Code Definitions

{8 / Value 1B / Description

0x0002 LA /| Motor stall

0x0004 f&JE / Undervoltage

0x0008 L& / Overvoltage

0x0010 FHELYRILIR / Phase overcurrent

0x0080 PriE ZE 5 Nz / Calibration parameter write error
0x0100 H# / Overspeed

0x0800 Jtes it / Component overtemperature
0x1000 LR IL IR / Motor overtemperature
0x2000 2R HERT R / Encoder calibration error
0x4000 s % / Encoder data error

0.18 ZHESHE IR

Profile Parameter Objects
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0.18.1 #EREE — Profile Velocity (0x6081)

25| / Index 0x6081

HHEFEA ) Data Type UINT32

FAAL / Unit it st iE /#) / Encoder increments/s

PiIALRR / Access E, ¥ RxPDO / Read-Write, RxPDO mappable

PP AN IR KISITHEE . B NG B3 A A
Maximum operating speed in PP mode. After writing, it is automatically converted

to internal units:

ProfileVelocity

- x GearRatio x 60
Resolution

POSPLAN_MAXSPD (RPM) =

0.18.2 #ERMIEE — Profile Acceleration (0x6083)

% 7| / Index 0x6083

KA ) Data Type UINT32

AL/ Unit it st /#) 2 / Encoder increments/s?

ViR / Access E, ¥ RxPDO / Read-Write, RxPDO mappable

PP/PV XTI E . 5N 5 By N &AL
Acceleration in PP/PV mode. After writing, it is automatically converted to internal

units:

ProfileAccelerati
POSPLAN_ACC (deg/s®) = rofileAcceleration x 360 x GearRatio

Resolution

0.18.3 % EREIEE — Profile Deceleration (0x6084)

5 0x6083 # M FE, T PP/PV Btk ik & .
Same format as 0x6083, used for deceleration setting in PP/PV mode.

0.18.4 RIFRIEE — Quick Stop Deceleration (0x6085)

25| / Index 0x6085
KA ) Data Type UINT32
FAL / Unit it s iE /#) 2 / Encoder increments/s?

ViR / Access E, ¥ RxPDO / Read-Write, RxPDO mappable




0.19 M EWBESH XXV

P (5 HLE A FBGE . 24 Quick Stop Option Code (0x605A) = 0 B, {HH L

I8 B AT IR AT 2
Deceleration used during quick stop. When Quick Stop Option Code (0x605A) = 0,

this deceleration is used for deceleration stop.

0.19 UEBRKIESH

Position Monitoring Parameters

0.19.1 EHHEHEPR{L — Software Position Limit (0x607D)

F%35| / Sub-index FZ#R / Name B / Description
Sub 1 Min Position Limit /M7 ERA{E (INT32) / Minimum position limit (I
Sub 2 Max Position Limit A ERAE (INT32) / Maximum position limit (1]

PP BT I H bR A7 B 24 PR AE L VE N
The target position in PP mode will be limited within this range.

0.19.2 [RPEIRZEHE O — Following Error Window (0x6065)

%74l / Index 0x6065
HHEFEA ) Data Type UINT32
FRIME / Default 131072 (1 EM¥E) / 131072 (1 revolution in increments)

FOVF I RER 1% 22, 8 b I RF ST 0x6066 € BRI [A] )5, RS
Bit13 % & 1.

Maximum allowed following error. If the error exceeds this window and persists

beyond the timeout specified by 0x6066, Bit13 of the status word will be set to 1.

0.19.3 IRFEIRZEFBAET

%] / Index 0x6066
BHEFEA ) Data Type UINTI16
A7/ Unit Z#F) / Milliseconds (ms)

B / Default 10




xxvi CIA402 FRifExS G 7 S AR

PR 1% 22 A I I T o 225 R R 22 4R B R e I e (1) 5 kA i 2
Following error timeout. An alarm is triggered when the following error persists

beyond this duration.

0.19.4 {EHO — Position Window (0x6067)

% 7| / Index 0x6067
HHmFKA ) Data Type UINT32
B / Default 100

HLbrAr B S B AR E 2 Z R LA N T T AR, UOAER H N . Wy 0 4L
FH H FR 21058 1 1
When the absolute difference between the actual position and target position is less

than or equal to this value, it is considered within the window. Setting it to 0 disables

target reached detection.

0.19.5 (I EEORE — Position Window Time (0x6068)

%5 / Index 0x6068

BAEHKM / Data Type UINTI16

A7/ Unit Z#F) / Milliseconds (ms)
ERINE / Default 10

TR B B DN FrE T U [A] )5 , RS Bit10 (Target Reached) F#ik B . %N
0 I 7RI 52 23k

After remaining within the position window for longer than this duration, Bit10
(Target Reached) of the status word will be set. Setting it to 0 means immediate target

reached detection.

0.20 RH=E/AIIRXTR

Offset/Feedforward Objects
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0.20.1 fIE{mF — Position Offset (0x60B0)

2% 5] / Index 0x60B0

KM / Data Type INT32

AL/ Unit h#s i / Encoder increments

ViAALRR / Access BEH, ¥ RxPDO / Read-Write, RxPDO mappable

CSP #:U &2 HArA & : S2Fs H AR = TargetPosition + PositionOffset
In CSP mode, this is added to the target position: Actual Target = TargetPosition +
PositionOffset.

0.20.2 RERE (REHR) — Velocity Offset (0x60B1)

% 5| / Index 0x60B1

BHEFRM ) Data Type INT32

A7/ Unit a5 /) / Encoder increments)/s

Vi ALRR / Access EE, ¥ RxPDO / Read-Write, RxPDO mappable

HEEHTBR, T CSP/CSV BT IRl .
Velocity feedforward value, used for feedforward control in CSP/CSV mode.

0.20.3 J1FEMRFE (F1FERIIR) — Torque Offset (0x60B2)

% 5| / Index 0x60B2

KM ) Data Type INT16

FAAL / Unit T3 —%#iE 715/ Permille of rated torque

Vi ALRR / Access BEH, 3 #F RxPDO / Read-Write, RxPDO mappable

JIERTEE, BT CSP/CSV/CST #X T 1ai it il o
Torque feedforward value, used for feedforward control in CSP/CSV/CST mode.
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CTA402 hriExt G- g iR
0.21 #&HRAJIFE — Max Torque (0x6072)
25| / Index 0x6072
B / Data Type UINTI16
AL/ Unit

ViAIALRR / Access

T45r 2 —%E J1% / Permille of rated torque

E, ¥ RxPDO / Read-Write, RxPDO mappable
T B FE PR 10 PRIE (K A R D«

ik

H
[=]

Sets the output limit of the speed loop (maximum torque limit):

OutMax = MaxTorque x 0.001 x MOTOR_RATE_ IQCURRENT

THE A IR E A RE B AL R (MOTOR_STALL IQCURRENT), i
I 24 E SR H] . MaxTorque = 0 IR %55 BIf IR 1

The calculated current value cannot exceed the motor stall current (MO-
TOR,_STALL_IQCURRENT); exceeding values will be automatically limited.

When MaxTorque = 0, it reverts to the stall current limit.

0.22 HEHIEEHER

it — Motor Rate Current (0x6075)
%5| / Index 0x6075
AR ) Data Type INT32

AL/ Unit

BRIME / Default

242 / Milliamps (mA)

MOTOR_RATE IQCURRENT x 1000

Reference value for torque per-mille conversion. After writing, updates the internal
rated current parameter, not exceeding the stall current.

MF 75Ty AT . BN ER A EAUE S, A .

Homing Parameters

0.23 [EIEFES#H
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0.23.1 [EZEFHE — Homing Method (0x6098)

2% 5| / Index 0x6098
KM / Data Type INTS

AR E IR ER (B 6) R AR E B E N E

The homing mode (Mode 6) of this driver sets the current position as the zero point.
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Chapter: Vendor-Specific Object Dictionary Details
0.24 PVT/MIT #HEXSH
Section: PVT/MIT Mode Parameters

0.24.1 PVT_KP (0x2000)

%3] / Index 0x2000

B ) Data Type INT32

PR / Access E, ¥ RxPDO / Read-Write, RxPDO mappable
BRIME / Default 0

PVT (MIT) #ERHHAEEEIEEE . B5ANE NI KP #1000 -
bR kp = PVT_KP x 0.001

Position proportional gain for PVT (MIT) mode. The written value is 1000 times
the actual KP:
Actual kp = PVT_KP x 0.001

0.24.2 PVT_KD (0x2001)

% 5| / Index 0x2001

BHERM ) Data Type INT32

TiFALPR / Access BEH, ¥ RxPDO / Read-Write, RxPDO mappable
FRIME / Default 0

PVT (MIT) #EA M e . 5 AENERR KD B 1000 £%:

SEBR kd = PVT KD x 0.001

XXX



0.25 PID JiTi&#

xxx1

Velocity derivative gain for PVT (MIT) mode. The written value is 1000 times the

actual KD:

Section: PID Tuning Parameters

Actual kd = PVT_KD x 0.001

0.25 PID &%

AN ZSH0EE SDO H AR AR, M TR =R ER A 25

The following parameters take effect immediately after being written via SDO, and

are used to adjust the three-loop controller parameters.

#* 8: PID 4%} % / PID Parameter Objects

# 35| / Index H#R / Name

XA / Type #=Hlg& / Controller

0x2002

0x2003

0x2004

0x2005

0x2006

0x2007

0x2008

CUR_LOOP_KP
CUR_LOOP_KI
SPD_LOOP_KP
SPD LOOP_ KI
POS_LOOP_KP
POS LOOP_KI

POS_LOOP_ KD

REAL32
REAL32
REAL32
REAL32
REAL32
REAL32

REAL32

AL HE 25 / Current loop proportional ga
AR5 / Current loop integral gain
IR 25 / Speed loop proportional gain
HEIFL RS / Speed loop integral gain
ArEIN LIS / Position loop proportional ga
FEEIAF IS / Position loop integral gain

SLEI a5 / Position loop derivative gain

PID Z¥ulid SDO B ANJELMAER, TFREE. VIEE MRS & N E S5
M#. B PID S8 i@ S5 IR IRE (EH1 7751 0 — 4096 — 00 HA
Flash.

PID parameters take effect immediately after being written via SDO, without re-
quiring a restart. Initial values are loaded from the drive’s internal configuration
parameters. After modifying PID parameters, they can be saved to Flash using the

parameter save function (control word sequence 0 — 4096 — 0).

0.26

;{jijtllk

e IOTL

Section: Status Monitoring Objects

PO



0.26.1 HEHLEE — Motor Temperature (0x2009)

%3] / Index 0x2009

iR / Data Type INTI16

B/ Unit °C

P BR / Access HiE, >Ff TxPDO / Read-Only, TxPDO mappable

0.26.2 THLHEJE — Voltage (0x200A)

% 5| / Index 0x200A

KM / Data Type UINTI16

A7/ Unit V (fR%f / Volts)

ViR / Access HE, XHF TxPDO / Read-Only, TxPDO mappable

BRG L SEPRE (Vbus BHARIUEE).

Actual bus voltage value (Vbus rounded to integer).

0.26.3 HFE—#miEs8{E — First Encoder Value (0x200B)

%3] / Index 0x200B
HAFA ) Data Type INT32
Vil AR / Access HiE, HF TxPDO / Read-Only, TxPDO mappable

BEHUE —Im At s A0 AL B H (AbsolutePos).
Read the absolute position value (AbsolutePos) of the first encoder.

0.26.4 IEEEEE — Drive Temperature (0x200C)

% 5| / Index 0x200C

iR / Data Type INTI16

B/ Unit °C

Vi BR / Access R, >Ff TxPDO / Read-Only, TxPDO mappable

X5 a MOS &
Drive MOSFET temperature.
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Chapter: PDO Mapping Configuration

0.27 PDO BREf[EIE

Section: PDO Mapping Principles

PDO GEFEHIEX 5D 2 EtherCAT JMIMEH IR L H I Z-LHLH. PDO 7304:

PDO (Process Data Object) is the core mechanism for cyclic data exchange in Ether-
CAT. PDO is divided into:

« RxPDO (#Z{ PDO): Fuh — Mubp e Ci i f2 %)

RxPDO (Receive PDO): Data from master — slave (output process data)

« TxPDO CKi% PDO): Mufi — Fui#dh G A EEdE

TxPDO (Transmit PDO): Data from slave — master (input process data)

0.28 RxPDO BREFITHR (FEiuh — Muf)

Section: RxPDO Mapping Objects (Master — Slave)

0.28.1 RxPDO Mapping 0 (0x1600) — ¥r/EiEHiEE

B PG RxPDO W, 5 5 A Pl 76 B 4 0t
This is the most commonly used RxPDO mapping, containing all objects required

for basic control:

xxxiii
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% 9: 0x1600 RxPDO Mapping 0 — Frififz i

Table: 0x1600 RxPDO Mapping 0 — Standard Control

FR3 RENER AR i3
Sub-index Mapping Object Name Bit Width
1 0x6040:00 Control Word 16 bit
2 0x607A:00 Target Position 32 bit
3 0x60FF:00 Target Velocity 32 bit
4 0x6071:00 Target Torque 16 bit
5 0x6072:00 Max Torque 16 bit
6 0x6060:00 Modes of Operation 8 bit
7 0x2FFD:00 Dummy Bytel (Padding) 8 bit
21t / Total 128 bit = 16 Bytes

0.28.2 RxPDO Mapping 1 (0x1601) — PVT #ZHi&EiE

FEFRUEEE AL B3N T PVT/MIT #X ) KP. KD 4.

Based on the standard channel, KP and KD parameters for PVT/MIT mode are
added:



0.28 RXPDO Mtifxf% (Fih — Mib) XXXV

% 10: 0x1601 RxPDO Mapping 1 — PVT #ll

Table: 0x1601 RxPDO Mapping 1 — PVT Control

FR3 RENER AR i3
Sub-index Mapping Object Name Bit Width
1 0x6040:00 Control Word 16 bit
2 0x607A:00 Target Position 32 bit
3 0x60FF:00 Target Velocity 32 bit
4 0x6071:00 Target Torque 16 bit
5 0x2000:00 PVT_KP 32 bit
6 0x2001:00 PVT KD 32 bit
7 0x6060:00 Modes of Operation 8 bit
8 0x2FFD:00 Dummy Bytel (Padding) 8 bit
it / Total 176 bit = 22 Bytes

0.28.3 RxPDO Mapping 2 (0x1602) — ¥ ESHiBE

RxPDO Mapping 2 (0x1602) — Profile Parameter Channel

% 11: 0x1602 RxPDO Mapping 2 — ¥ E S5

Table: 0x1602 RxPDO Mapping 2 — Profile Parameters

FHR3l  HEER B L3E
Sub-index Mapping Object Name Bit Width

1 0x6081:00 Profile Velocity 32 bit

2 0x6083:00 Profile Acceleration 32 bit

3 0x6084:00 Profile Deceleration 32 bit

4 0x6085:00 Quick Stop Deceleration 32 bit

21t / Total 128 bit = 16 Bytes




XXXV PDO BSHAC &

0.28.4 RxPDO Mapping 3 (0x1603) — R# /BliREE

RxPDO Mapping 3 (0x1603) — Offset/Feedforward Channel

# 12: 0x1603 RxPDO Mapping 3 — 1+ /A%

Table: 0x1603 RxPDO Mapping 3 — Offset /Feedforward

FERI  BREMR AR fiI3E
Sub-index Mapping Object Name Bit Width
1 0x60B0:00 Position Offset 32 bit
2 0x60B1:00 Velocity Offset 32 bit
3 0x60B2:00 Torque Offset 16 bit
it / Total 80 bit = 10 Bytes

0.29 TxPDO MREIXHR (M — Fuh)

TxPDO Mapping Objects (Slave — Master)

0.29.1 TxPDO Mapping 0 (0x1A00) — FRAERZSIEIE

TxPDO Mapping 0 (0x1A00) — Standard Status Channel



0.20 TXPDO Mgt % (ki — Fuh) XXXVii

% 13: 0x1A00 TxPDO Mapping 0 — Fr{ERDS

Table: 0x1A00 TxPDO Mapping 0 — Standard Status

FR3 RENER AR i3
Sub-index Mapping Object Name Bit Width
1 0x6041:00 Status Word 16 bit
2 0x6064:00 Position Actual Value 32 bit
3 0x606C:00 Velocity Actual Value 32 bit
4 0x6077:00 Torque Actual Value 16 bit
5 0x603F:00 Error Code 16 bit
6 0x6061:00 Modes of Op Display 8 bit
7 0x2FFE:00 Dummy Byte2 (Padding) 8 bit
21t / Total 128 bit = 16 Bytes

0.29.2 TxPDO Mapping 1 (0x1A01) — ¥ RIRFSFEE (E4ALE)

TxPDO Mapping 1 (0x1A01) — Extended Status Channel (with Encoder)
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% 14: 0x1A01 TxPDO Mapping 1 — & Zmi#s

Table: 0x1A01 TxPDO Mapping 1 — with Encoder

FR3 RENER AR i3
Sub-index Mapping Object Name Bit Width
1 0x6041:00 Status Word 16 bit
2 0x6064:00 Position Actual Value 32 bit
3 0x606C:00 Velocity Actual Value 32 bit
4 0x6077:00 Torque Actual Value 16 bit
5 0x603F:00 Error Code 16 bit
6 0x200B:00 First Encoder Value 32 bit
7 0x6061:00 Modes of Op Display 8 bit
8 0x2FFE:00 Dummy Byte2 (Padding) 8 bit
it / Total 160 bit = 20 Bytes

£

TxPDO Mapping 2 (0x1A02) — Extended Status Channel (with Temperature/Voltage)
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% 15: 0x1A02 TxPDO Mapping 2 — SR HIE

Table: 0x1A02 TxPDO Mapping 2 — with Temperature and Voltage

FR3 RENER AR i3
Sub-index Mapping Object Name Bit Width
1 0x6041:00 Status Word 16 bit
2 0x6064:00 Position Actual Value 32 bit
3 0x606C:00 Velocity Actual Value 32 bit
4 0x6077:00 Torque Actual Value 16 bit
5 0x603F:00 Error Code 16 bit
6 0x2009:00 Motor Temperature 16 bit
7 0x200C:00 Drive Temperature 16 bit
8 0x200A:00 Voltage 16 bit
9 0x6061:00 Modes of Op Display 8 bit
10 0x2FFE:00 Dummy Byte2 (Padding) 8 bit
21t / Total 176 bit = 22 Bytes

0.29.4 TxPDO Mapping 3 (0x1A03) — L EFER/IRMEIRE

TxPDO Mapping 3 (0x1A03) — Position Demand / Following Error

# 16: 0x1A03 TxPDO Mapping 3 — {7 B 77 >R /ERBE R %=

Table: 0x1A03 TxPDO Mapping 3 — Position Demand / Following Error

FRI  HHEHER BFR 3
Sub-index Mapping Object Name Bit Width

1 0x6062:00 Position Demand Value 32 bit

2 0x60F4:00 Following Error Actual Value 32 bit

21t / Total 64 bit = 8 Bytes
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0.30 SM-PDO 4t

SM-PDO Assignment

0.30.1 RxPDO #rfic (0x1C12)

RxPDO Assignment (0x1C12)

B / Attribute

1%BA / Description

%3l / Index

BRAONFOEIHIESL / Default Active Channels
Al HIEE / Available Channels

BB AL / Modification Timing

0x1C12

1 (3% 0x1600 / Only 0x1600 activated)
0x1600, 0x1601, 0x1602, 0x1603

PreOP JRZA T / In PreOP state

0.30.2 TxPDO #fE (0x1C13)

TxPDO Assignment (0x1C13)

Bt / Attribute

1#BA / Description

25| / Index

BRONHOEIEIESL / Default Active Channels
A Hi#IE / Available Channels

BB L / Modification Timing

0x1C13

1 (N3EE 0x1A00 / Only 0x1A00 activated)
0x1A00, 0x1A01, 0x1A02, 0x1A03

PreOP JRZA T / In PreOP state
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0.30 SM-PDO 43t

A=
PDO 4rECTE PreOP IRAS MMEK. #HlanEfH PVT i, 7FE¥ RxPDO 4Ad
B 0x1601 JBiE. BHCER.

1. SDO B A 0x1C12:00 = 0 GET4HED)
2. SDO B A 0x1C12:01 = 0x1601 (4rBEci@EE 1)
3. SDO B A 0x1C12:00 = 1 G EEE®EEED

[ B 7] e B 22 338 R g
PDO assignment is modified in PreOP state. For example, to use PVT mode, you

need to modify the RxPDO assignment to use the 0x1601 channel. Modification
steps:

1. SDO write 0x1C12:00 = 0 (clear assignment)
2. SDO write 0x1C12:01 = 0x1601 (assign channel 1)

3. SDO write 0x1C12:00 = 1 (set number of active channels)

Similarly, multiple channels can be configured for simultaneous use.
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Detailed Operation Modes and Procedure Steps

0.31 REEARIZUERE (CSP, Mode 8)

Cyclic Synchronous Position Mode (CSP, Mode 8)

0.31.1 Ih#eiHAA

CSP #iUN, EuhifANEE AR BRI E, WKahds EIRIREE . Pkl se 4 1E
T TE R, WRBhEs R AT A B A ERER .

Function Description: In CSP mode, the master sends the target position in each
communication cycle, and the drive follows directly. Trajectory planning is completely

done on the master side, and the drive is only responsible for position closed-loop tracking.

0.31.2 FrEE PDO

Required PDO

« RxPDO: Control Word (0x6040). Target Position (0x607A). Modes of Operation
(0x6060)

« TxPDO: Status Word (0x6041). Position Actual (0x6064)
« HA[i& / Optional: Position Offset (0x60B0) Velocity Offset (0x60B1). Torque Offset

(0x60B2)

0.31.3 ELE

Operation Steps

1. {£ PreOP IRZFSACE PDO WS (BRIN 0x1600 + 0x1A00 RIH])
Configure PDO mapping in PreOP state (default 0x1600 + 0x1A00 is sufficient)

xlii



0.32  JAMFEEEERE L (CSV, MODE 9) xlifi

2. 5 A Modes of Operation (0x6060) = 8

Write Modes of Operation (0x6060) = 8

3. BT CiA402 JREHUEREFF: 0x0006 — 0x0007 — 0x000F

Execute CiA402 state machine enable sequence: 0x0006 — 0x0007 — 0x000F

4. FANE S N Target Position (0x607A)

Write Target Position (0x607A) in each cycle

5. 12HY Position Actual (0x6064) fifi A B FE %R

Read Position Actual (0x6064) to confirm tracking performance

CSP EASCHREEZ AT (0x60B1) MJJFEHIB (0x60B2), W] LLE 2% Bk Bl i
BEtERE . HEFELE Rk BE R A R RxPDO Mapping 3 (0x1603) Fi&f#H
CSP mode supports velocity feedforward (0x60B1) and torque feedforward

(0x60B2), which can significantly improve trajectory tracking performance. It is

recommended to use RxPDO Mapping 3 (0x1603) in high-precision applications.

0.32 RFEHELSEEER (CSV, Mode 9)

Cyclic Synchronous Velocity Mode (CSV, Mode 9)

0.32.1 IhREIHER
CSV BT, Eubff MR BAREE, IREhaS E B iE 4, TR

Function Description: In CSV mode, the master sends the target velocity in each

cycle, and the drive directly follows the velocity command without trajectory planning.

0.32.2 BRIESE
Operation Steps
1. BZE PDO Wi} / Configure PDO mapping
2. 5 A Modes of Operation (0x6060) =9 / Write Modes of Operation (0x6060) = 9

3. PATIRESHUTREFH / Execute state machine enable sequence
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4. BB N Target Velocity (0x60FF), Hf7: increments/s

Write Target Velocity (0x60FF) in each cycle, unit: increments/s

5. BEHL Velocity Actual (0x606C) A PR FE SR

Read Velocity Actual (0x606C) to confirm tracking performance

0.33 FEHIEZ HFEER (CST, Mode 10)

Cyclic Synchronous Torque Mode (CST, Mode 10)

0.33.1 ZIhEEIHER
CST #:0F, FubiBEAWIRIE B br U5, IRShEsEmPAT A CBHRD #4).

Function Description: In CST mode, the master sends the target torque in each

cycle, and the drive directly executes torque (current) control.

0.33.2 R{ELE

Operation Steps

1. BdE PDO Wi} / Configure PDO mapping
2. H N\ Modes of Operation (0x6060) = 10 / Write Modes of Operation (0x6060) = 10
3. PATIRESHUEREF S / Execute state machine enable sequence

4. BAFIE N Target Torque (0x6071), HAL: 432 —HE /1%

Write Target Torque (0x6071) in each cycle, unit: one-thousandth of rated torque

5. 1HL Torque Actual (0x6077) AfTA PR Fil RS

Read Torque Actual (0x6077) to confirm tracking performance

gk

H
[=]

CST B E A H LI, Tl /A B AR o A8 RTE 7 O& © % & Max Torque
(0x6072) HATFRFLIRY, Bk tbess L.
CST mode directly controls motor torque without speed /position protection. Before

use, please ensure that Max Torque (0x6072) is set for current limiting protection

to prevent motor burnout due to overcurrent.
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0.34 HEMNER (PP, Mode 1)

Profile Position Mode (PP, Mode 1)

0.34.1 Ih#eidAA

PP BN, FuhiikE B ENIZZhZSH GRE. s, ok ), WRahds Nk
56 BB B LR AT A B i 5l

Function Description: In PP mode, the master sets the target position and mo-
tion parameters (velocity, acceleration, deceleration), and the drive internally completes

trapezoidal trajectory planning and executes position motion.

0.34.2 HXIR
Related Objects

o B#rfiE / Target Position: 0x607A Target Position

o ®EMEE / Profile Velocity: 0x6081 Profile Velocity

o ®ERNIERE / Profile Acceleration: 0x6083 Profile Acceleration

o ®EVBURE / Profile Deceleration: 0x6084 Profile Deceleration

o LEPRHL / Position Limit: 0x607D Software Position Limit

« IEHEO / Position Window: 0x6067. 0x6068 H T HARE|A KW / for target

reached judgment

o IRFEIRZE / Following Error: 0x6065. 0x6066. 0x60F4

0.34.3 #RIELE
Operation Procedure
1. BcE PDO Wt (HEFZ[RIN G 0x1600 A1 0x1602)
Configure PDO mapping (recommended to activate both 0x1600 and 0x1602)

2. 5 A Modes of Operation (0x6060) = 1
Write Modes of Operation (0x6060) = 1

3. @it SDO 8 PDO % Bizzh &%

Set motion parameters via SDO or PDO:
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« 0x6081 Profile Velocity
o 0x6083 Profile Acceleration
o 0x6084 Profile Deceleration
e 0x607D Software Position Limit
4. PATIRENUE RER 51
Execute state machine enable sequence
5. H A Target Position (0x607A) = HARLE(E
Write Target Position (0x607A) = target position value
6. WREITHF Bita EFABMAIZEN (FIn: J&E 0x000F, %5 0x001F)

Set ControlWord Bit4 rising edge to trigger motion (e.g., write 0x000F first,
then write 0x001F)

7. Wi¥% Status Word Bit10 (Target Reached) HIWr& 72k

Monitor Status Word Bit10 (Target Reached) to determine if target is reached

PP ##23{1=%]F Bit4 fill 2 #1%] / PP Mode ControlWord Bit4 Trigger Mech-

anism

PP # A F#%7 Bit4 (New Setpoint) ) _EFEf A B AL Big5) . HAREAE .
PP mode uses the rising edge of ControlWord Bit4 (New Setpoint) to trigger new

position motion. Specific operations:
1. B NHIRALE 0x607A / Write target position 0x607A

2. &7 Bitd W 0 2N 1 (80 0x000F — 0x001F) / ControlWord Bit4
changes from 0 to 1 (e.g., 0x000F — 0x001F)

3. WXBh S HERFNIL IR FHi23) / Drive starts trajectory planning and motion

4. 18358 G StatusWord Bit10 = 1 / After motion completes, StatusWord
Bit1l0 =1

5. BLiadhElHi M E, Sk Bitd i 0, HEE FARDPE / To move to a new
position, clear Bit4 to 0 first, then repeat the above steps

0.35 RERERIN (PV, Mode 3)

Profile Velocity Mode (PV, Mode 3)
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0.35.1 Ih&eiREA

PV 0N, TG E H AR AR S, IXEh & N 8 0 BOE PRI .
Function Description: In PV mode, the master sets the target velocity and accelera-

tion/deceleration parameters, and the drive internally completes velocity ramp planning.

0.35.2 R{ELE

Operation Procedure

1. Bt ® PDO Myt

Configure PDO mapping

2. H A Modes of Operation (0x6060) = 3

Write Modes of Operation (0x6060) = 3

3. WHIEsIZE (Profile Acceleration 0x6083. Profile Deceleration 0x6084)

Set motion parameters (Profile Acceleration 0x6083, Profile Deceleration 0x6084)

4. PATIRELEREF 51

Execute state machine enable sequence

5. 5N Target Velocity (0x60FF)

Write Target Velocity (0x60FF)

6. WEEHIF Bitd EF Bl ML

Set ControlWord Bit4 rising edge to trigger velocity planning

7. Wi¥% Status Word Bit10 FIWr HAr# £ B RIE (FZ%E £ 50 &)

Monitor Status Word Bit10 to determine if target velocity is reached (tolerance +

50 increments)

0.36 PVT #&xX / MIT &3 (Mode 5)

PVT Mode / MIT Mode (Mode 5)
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0.36.1 Ih&EiREA

PVT 0 (R MIT Biat) R A RehIBR, 4t 9% e F A S o
Function Description: PVT mode (also known as MIT mode) is a hybrid control

mode where the output torque is calculated by the following formula:
T = Ky (Paes — Pv) + Ka - (Vaes — vyp) + Ly

Hr:
Where:

o Daes: WIEEALE (A 0x607A ZRHL, 4 NILED / Desired position (obtained from
0x607A, converted to radians)

o ppp: EFRAIE R / Actual position feedback

o Vges: WHEHEFE (M 0x60FF FRHL, FHAHNEE /#2) / Desired velocity (obtained from

0x60FF, converted to radians/second)
o vp: LFREE R / Actual velocity feedback

o K,: B (M 0x2000 PVT_KP 3RHL) / Position gain (obtained from 0x2000
PVT KP)

o Ky HEHEZE (M 0x2001 PVT_KD 3KHU / Velocity gain (obtained from 0x2001
PVT_KD)

o tpp: JJFEHETEE (AN 0x6071 Target Torque ZKHL) / Torque feedforward (obtained from
0x6071 Target Torque)

0.36.2 RMELE

Operation Procedure

1. it & PDO: i i RxPDO Mapping 1 (0x1601), A AT E PVT_KP A1 PVT_KD
Configure PDO: Must use RxPDO Mapping 1 (0x1601), because PVT_KP and
PVT KD are required

« SDO 5 A / SDO write 0x1C12:00 = 0
« SDO H A / SDO write 0x1C12:01 = 0x1601
« SDO E A / SDO write 0x1C12:00 = 1

2. 5 A Modes of Operation (0x6060) = 5
Write Modes of Operation (0x6060) = 5
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3. PATIRENULREF 51

Execute state machine enable sequence

4. BAEA:

Write each cycle:

N

PVT/MIT #3838 A HL B A SC 4 ) AL B Bt Sl 9 KP
A KD AT kLA BRI R A5
PVT/MIT mode is very suitable for robot joint control and impedance control

applications. Different stiffness and damping characteristics can be achieved by
adjusting KP and KD.

0x607A Target Position (fZEF54, HA7: HE) / (position command, unit:

increments)

0x60FF Target Velocity GEEEFE 4, $.47: H4 & /FP) / (velocity command, unit:

increments/second)

0x6071 Target Torque (JIAERTIH, #AL: T4 —%iE) / (torque feedforward,

unit: per mille of rated)
0x2000 PVT _KP (fiE#ai x 1000) / (position gain x 1000)
0x2001 PVT KD GHEHZE x 1000) / (velocity gain x 1000)

0.37 [EIFE#&E (Homing, Mode 6)

Homing Mode (Homing, Mode 6)

0.37.1

Theei PR

B A AR S AT LA B W B NE . $UTE N E S S (PosZero) 4 E o

Function Description: Homing mode sets the current motor position as the zero

point. After execution, the internal zero point parameter (PosZero) will be updated.

0.37.2

BRIESR

Operation Procedure

1. HA Modes of Operation (0x6060) = 6

Write Modes of Operation (0x6060) = 6



L BT R S R b B

2. PATIRES YL REFPF1

Execute state machine enable sequence
3. BRBhE B3R BT ALE WO E

The drive automatically sets the current position as zero point
4. FRBCE TG, VIS A IE ATk LA ]

After zero point setting is completed, switch to other operation modes to continue

use

0.38 [RIR(FHLINRE

Quick Stop Function

0.38.1 f%&AR

7E Operation Enabled IRZS T, &i% Quick Stop fir4d (% = 0x0002).
Trigger Method: In Operation Enabled state, send Quick Stop command (Control-
Word = 0x0002).

0.38.2 1ZHLITH
R4 Quick Stop Option Code (0x605A) K% & :
Stop Behavior: According to the Quick Stop Option Code (0x605A) setting:

e 0x605A = 0: 8 ] Quick Stop Deceleration (0x6085) & £ % 5 H 3h#% 2| Switch
On Disabled JRZ

Use Quick Stop Deceleration (0x6085) to decelerate to zero speed, then automatically
transition to Switch On Disabled state
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Chapter: Common Operation Examples

0.39 =5 1: CSP #HERXiTHIBH =T

Section 1: CSP Mode Motor Control
LA 2 fi OSSP itz i EALH) e B R (Dh A
The following is the complete process for controlling a motor using CSP mode (pseu-

docode):

// 1. # N PreOP KA G, B E PDO B 4
// f# B B I 0x1600 + O0x1A00 B 7

// 2. ¥ 3 SafeOP -> 0P K &

// 3. REIZATHEA X CSP
SDO_Write (0x6060, 0x00, 8); // Mode = CSP

// 4. CiA402 Ik A& #l 1% g

PDO_Write (0x6040, 0x0006); // Shutdown
Wait_StatusWord (0x0021) ; // Ready To Switch On
PDO_Write (0x6040, 0x0007); // Switch On
Wait_StatusWord (0x0023) ; // Switched 0On
PDO_Write (0x6040, 0xO0O0OF) ; // Enable Operation
Wait_StatusWord (0x0027) ; // Operation Enabled

// 5. A#lR®EAFME
while (running) {
position = TrajectoryGenerator(); // = i # i # X
PDO_Write (0x607A, position); // Target Position
PDO_Write (0x60B1, vel ff); // Velocity Offset (
optional)

li
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H LR

actual_pos = PDO_Read (0x6064); // Position Actual
status = PDO_Read (0x6041); // Status Word

Listing 1: CSP #={E/E/R B

0.40 75 2: PP #HERXE(IEES

Section 2: PP Mode Point-to-Point Motion

=1)

/1. REZAEKXA PP
SDO_Write (0x6060, 0x00, 1); // Mode = PP

// 2. BEIEH S K

SDO_Write (0x6081, 0x00, 10000); // Profile Velocity (inc/s)
SDO0_Write (0x6083, 0x00, 50000); // Profile Acceleration
SDO_Write (0x6084, 0x00, 50000); // Profile Deceleration

// 3. Cih402 f£ &

PDO_Write (0x6040, 0x0006); // Shutdown
PDO_Write (0x6040, 0x0007); // Switch On
PDO_Write (0x6040, 0x000F); // Enable Operation

// 4. RZE B WA EHMAITE
PDO_Write (0x607A, 131072); // Target: 1 turn (for 17-bit)
PDO_Write (0x6040, 0x001F); // Enable + New Setpoint (bit4

// 5. FFE &K
while (! (PDO_Read (0x6041) & 0x0400)) {
// Wait for Target Reached (bit10)

// 6. E T —/NEg: FH bitd
PDO_Write (0x6040, 0x000F);

/T, REFEFFFRAK
PDO_Write (0x607A, 0);
PDO_Write (0x6040, 0x001F); // Trigger new setpoint

// Target: back to zero
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Al 3: PVT/MIT #E BB )

liii

Listing 2: PP A3 A/ERp1

0.41 7Rf 3: PVT/MIT & EHTIEH

Section 3: PVT/MIT Mode Impedance Control

// 1. 7 PreOP YK A & PDO B 4 % 0x1601

SDO_Write (0x1C12, 0x00, 0); // Clear
SDO_Write (0x1C12, 0x01, 0x1601); // Use Mapping 1
SDO_Write(0x1C12, 0x00, 1); // Activate

/] 2. WEETEKXA PVT
SDO_Write (0x6060, 0x00, 5); // Mode = PVT

// 3. CiA402 £ gt

PDO_Write (0x6040, 0x0006) ;
PDO_Write (0x6040, 0x0007);
PDO_Write (0x6040, 0xO00F);

// 4. B R Z PVT £l & 4

while (running) {

PDO_Write (0x607A, target_pos); // Position (increments)

PDO_Write (0x60FF, target_vel); // Velocity (inc/s)

PDO_Write (0x6071, torque_ff); // Torque FF (permille)
PDO_Write (0x2000, kp * 1000); // KP (x1000)
PDO_Write (0x2001, kd * 1000); // KD (x1000)

Listing 3: PVT/MIT 2 #AF 751

0.42 =5l 4: &3F SDO AT PID &%

Section 4: Adjusting PID Parameters via SDO

// EE Y E PID & #
cur_kp = SDO_Read Float (0x2002, 0x00); // CUR_LOOP_KP
cur_ki = SDO_Read_Float (0x2003, 0x00); // CUR_LOOP_KI
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H LR

spd_kp = SDO_Read_Float (0x2004,
spd_ki = SDO_Read_Float (0x2005,
pos_kp = SDO_Read_Float (0x2006,
pos_ki = SDO_Read_Float (0x2007,
pos_kd = SDO_Read_Float (0x2008,

/! BREETSHK
SDO_Write Float (0x2004,
SDO_Write Float (0x2005,

// tk & % # 2| Flash

SDO_Write (0x6040, 0x00,
SDO_Write (0x6040, 0x00,
SDO0_Write (0x6040, 0x00,

save)

0x00,
0x00,

0);
4096) ;
0);

2.
0.

0x00); // SPD_LOOP_KP
0x00); // SPD_LOOP_KI
0x00); // POS_LOOP_KP
0x00); // POS_LOOP_KI
0x00); // POS_LOOP_KD

5); // SPD_KP
01); // SPD_KI

2.5
0.01

// Step 1: ControlWord = 0
// Step 2: ControlWord = 4096
// Step 3: ControlWord = 0 (

Listing 4: SDO 15 PID Z4Url
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Chapter: Fault Handling

0.43 HIPERN

Section: Fault Detection
WX B g AT 77 2 o i -
The driver reports faults through the following methods:

Error Code (0x603F): iR [Al 5 A4 #ifE LAY

Returns the specific fault code

BITEREE (0x6061): #HEERRE 0

Modes of Operation Display: Returns 0 when a fault occurs

0.44 HERERIE
Section: Fault Recovery Procedure

. 2% Error Code (0x603F) Fff i\ il i Ji7 [A]

Check Error Code (0x603F) to confirm the fault cause

- HERg b SR A

Eliminate the fault cause

. &Ki% Fault Reset iy : WHZH|F Bit7 (0x0080)

Send Fault Reset command: Set ControlWord Bit7 (0x0080)

- BN ERHAT RGEANL

Driver performs system reset

lv
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5. S IKEh s E T Ia L

Walit for driver re-initialization

6. HFHAT CiA402 IRESHUERE T

Re-execute CiA402 state machine enable sequence

g

&
|

Fault Reset <k RGBAL, Wahavlk HHAIMGL . PrE T S IRE 9B
WE, FEEMNGE.

Fault Reset triggers a system reset, and the driver will re-initialize. All runtime

parameters will be restored to default values and need to be reconfigured.
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