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Revision History: 
 

Version Date Applicability Remarks 

1.0 2014-03-17 D-series CoE drive Frist release. 

1.1 2016-09-29 

D-series Drive: 
D1COE MDP 0.319 above 
D2COE MDP 0.118 above 
D1NCOE MDP 0.518 above 
Lightening 0.188 above 
abily-series: 
iKM MDP 0.402 above 
Storm 0.002 above 

Re-write and re-organize this User Guide 
based on Chinese version of HIWIN CoE Drive 
User Guide v1.1. 
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2.2. Communication architecture 
The communication architecture of network module for CoE (CANopen over EtherCAT) drive 
can be divided into two layers: data link layer (DL) and application layer (AL), as shown in Fig. 
2-1. The data link layer manages the interface of data transmission between the master and 
slave stations. On the other hand, the application layer implements the function of state 
transition compatible between CiA 402 (CANopen Drive Communication Protocol) and 
EtherCAT. 
 

 
Fig. 2-1 

 
There are two modes of data transition between application layer and data link layer: 
time-critical and non-time-critical data transitions. The time-critical data means that the data 
transition must be completed within a specific time. If not, it may cause the control failure. The 
time-critical data is normally used in the periodic communication and is called as cyclic process 
data communication. On the other hand, the non-time-critical data can be completed by using 
the non-periodic communication, i.e., using the non-periodic mailbox communication. 
Process data object (PDO) in the application layer is consisted of objects which can be mapping 
to PDO and contents of process data defined in PDO mapping. It reads and writes data via 
periodic process data communication. However, service data object (SDO) reads and writes 
data in the object dictionary via mailbox data communication. Table 2-2 shows the layout 
between the process data of data link layer and the Sync Manager of mailbox data 
communication. 
 

Table 2-2 

Sync Manager Purpose 
Starting 
address 

Sync Manager 0 Mailbox data communication - receive Mailbox 0x1800 

Sync Manager 1 Mailbox data communication - transmit Mailbox 0x18F6 

Sync Manager 2 Process data communication - receive PDO (RxPDO) 0x1000 

Sync Manager 3 Process data communication - transmit PDO (TxPDO) 0x1100 
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2.5. Synchronization mode 
HIWIN CoE drive provides two modes of synchronization: free-run mode and distributed clocks 
(DC) mode. The master station configures the synchronization mode by setting register 0x0980 
of EtherCAT slave controller (ESC). 
 
(1) Free-run mode 

Set ESC register 0x0980 to be 0000h to enable free-run mode. This mode completes the 
synchronization function via the event of ESC application layer (register 0x0220). Its bits 10 
and 11 are the flag generated by data transmission event. Drive detects these two bits to 
trigger the transmission of PDO data. 

 
(2) DC mode 

Set ESC register 0x0980 to be 0300h to enable DC mode. This mode completes the 
synchronization function via the mechanism of distribute clock. Drive takes the internal 
SYNC0 event generated by reference clock to complete it. The diagram of synchronization 
with DC reference clock is shown in Fig. 2-3.The supported cycle times of drive are 250us, 
500us, 1ms, 2ms, and 4ms. 

 

 
Fig. 2-3 
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3.1. Finite state automation 
The servo drive utilizes the finite sate automation (FSA) of CANOpen to define its state with the 
corresponding servo control function. The master station uses Controlword (object 0x6040) to 
control the state transition of drive; while drive uses Statusword (object 0x6041) to response the 
current status of drive to master station. The flow chart of FSA state transition is shown in Fig. 
3-1, and the definition of each state is given in Table 3-1. 

 

 
Fig. 3-1 

 
Table 3-1 

State Definition 

Not ready to switch on Drive is not at the ready state. 

Switch on disabled The main power of drive is off and motor cannot be enabled. 

Ready to switch on The main power of drive is waiting to be turned on, but motor cannot 
be enabled. 

Switched on The main power of drive is turned on, and motor can be enabled by 
Controlword. 

Operation enabled Motor has been enabled and drive can be operated normally. 

Quick stop active 
Drive uses Quick stop deceleration (object 0x6085) to decelerate and 
stop motor. 

Fault reaction active Drive error occurred and the correspondiing action is started. 

Fault Drive error occurred and the corresponding action was done. Drive 
already disabled motor at this state. 

 
Table 3-2 describes the bit definition of Controlword (object 0x6040) used by the master station 
and Table 3-3 the shows command of state transition. 
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Table 3-2 

Bit of Controlword Definition 
0 Switch on 
1 Enable voltage 
2 Quick stop 
3 Enable operation 

4 - 6 Operation-mode specific 
7 Fault reset 
8 Halt 
9 Operation-mode specific 

10 Reserved 
11 - 15 Manufacturer specific 

 
Table 3-3 

                       Bit 
Command Bit 7 Bit 3 Bit 2 Bit 1 Bit 0 Transition 

event 

Shutdown 0 X 1 1 0 2, 6, 8 

Switch on 0 0 1 1 1 3 

Switch on + enable operation 0 1 1 1 1 3+4 

Enable operation 0 1 1 1 1 4 

Disable operation 0 0 1 1 1 5 
Disable voltage 0 X X 0 X 7, 9, 10, 12 

Quick stop 0 X 0 1 X 7, 10, 11 

Fault reset 0->1 X X X X 15 
 
Table 3-2 describes the bit definition of Statusword (object 0x6041) responded by drive and 
Table 3-3 shows the response of current status. 
 

Table 3-4 
Bit of Statusword Definition 

0 Ready to switch on 
1 Switched on 
2 Operation enabled 
3 Fault 
4 Voltage enabled 
5 Quick stop 
6 Switch on disabled 
7 Warning 
8 Manufacturer specific 
9 Remote 

10 Target reached 
11 Internal limit active 

12, 13 Operation-mode specific 
14, 15 Manufacturer specific 
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Table 3-5 

                 Bit 
Status Bit 6 Bit 5 Bit 3 Bit 2 Bit 1 Bit 0 

Not ready to switch on 0 X 0 0 0 0 

Switch on disabled 1 X 0 0 0 0 
Ready to switch on 0 1 0 0 0 1 

Switch on 0 1 0 0 1 1 

Operation enabled 0 1 0 1 1 1 

Quick stop active 0 0 0 1 1 1 

Fault reaction active 0 X 1 1 1 1 

Fault 0 X 1 0 0 0 
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3.2. Homing mode 
The relationship of input and output objects for homing (hm) mode is described in Fig. 3-2. The 
bit definition of Controlword for hm mode is given in Fig. 3-3 and the supported functions are 
described in Table 3-6. The bit definition of Statusword for hm mode is shown in Fig. 3-4, and the 
homing statuses are defined in Table 3-7. 
 

 
Fig. 3-2 

 

 
Fig. 3-3 Controlword for homing mode 

 
Table 3-6 

Bit Value Definition 

4 
0 Stop or do not start homing procedure. 
1 Start or continue homing procedure. 

8 
0 Enable bit 4. 
1 Stop motor based on Homing acceleration (object 0x609A). 

 

 
Fig. 3-4 Statusword for homing mode 

 
Table 3-7 

Bit of Statusword 
Definition 

13 12 10 
0 0 0 Homing procedure is in progress. 
0 0 1 Homing procedure is interrupted or not started. 
0 1 1 Homing procedure is completed successfully. 
1 0 0 Homing error occurred and velocity is not 0. 
1 0 1 Homing error occurred and velocity is 0. 
 

A. Home offset 
During homing procedure, if Home offset (object 0x607C) is not 0, the found home 
position is set to be the value of Home offset. 

 

 
Fig. 3-5 

 

See Table 3-2 See Table 3-2 See Table 3-2 

See Table 3-4 See Table 3-4 See Table 3-4 
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3.3. Profile position mode 
In profile position (pp) mode, the master station sends Profile velocity, Profile acceleration/ 
deceleration, and Target position (object 0x607A) to drive. Drive uses the internal profile 
generator to calculate motion commands. Through position, velocity, and current control loops, 
the output current is finally generated to drive motor to achieve the purpose of positioning. The 
relationship of input and output objects for pp mode is described in Fig. 3-6. The bit definition of 
Controlword for pp mode is given in Fig. 3-7, and the supported functions are described in Table 
3-9. The bit definition of Statusword for pp mode is shown in Fig. 3-8, and the supported 
statuses are defined in Table 3-10. 
 

 
Fig. 3-6 

 

 
Fig. 3-7 

 
Table 3-9 

Bit of Controlword 
Definition 

8 6 5 4 

0 0 0 0->1 

Take Target position (object 0x607A) as new absolute 
value of target position. If motor does not arrive the 
previous target position, it will complete the previous 
target, and then move to new target position. 

0 1 0 0->1 

Take Target position (object 0x607A) as new relative value 
of target position. If motor does not arrive the previous 
target position, it will complete the previous target, and 
then move to new target position. 

0 0 1 0->1 Move to new absolute target position immediately. 
0 1 1 0->1 Move to new relative target position immediately. 
1 X X X Stop motion. Motor should be decelerated to stop. 

 

 
Fig. 3-8 

 
 

See Table 3-2 See Table 3-2 See Table 3-2 

See Table 3-4 See Table 3-4 See Table 3-4 
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Table 3-10 
Bit Value Definition 

10 
0 

Halt (bit 8 of Controlword) = 0: Target position not reached. 
Halt (bit 8 of Controlword) = 1: Motor decelerating. 

1 
Halt (bit 8 of Controlword) = 0: Target position reached. 
Halt (bit 8 of Controlword) = 1: Motor speed being 0. 

12 
0 Previous set-point already processed and waiting for new set-point. 

1 
Previous set-point still in process but set-point overwriting being 
accepted. 

13 
0 No following error. 
1 Following error occurred. 

 
The pp mode supports functions of software and hardware limit protections. Instructions are 
given as follows. 
 
(1) Use hardware limit protection 

Set Enable hardware limit protection (object 0x2042) to be 1. When motor reaches hardware 
limit switch, motor stops motion. At this monent, only when motor receives the command of 
moving in the opposite direction, it moves and leaves the hardware limit switch in the 
opposite direcion. 
 

(2) Use software limit protection 
Set Enable software limit (object 0x2041) to be 1, and set Min software position limit (object 
0x607D:1) and Max software position limit (object 0x607D:2) to the required positions. When 
motor reaches software limit position or the current position is over software limit position, 
motor will stop moving in the same direction of meeting software limit. At this monent, only 
when motor receives the command of moving in the opposite direction, it moves and leaves 
the software limit position in the opposite direcion. 

 
3.3.1. Setting of set-point 

The pp mode sets set-point by controlling the timing of the new set-point bit (bit 4) and the 
change set immediately bit (bit5) of Controlword. The setting of set-point is validated only when 
bit 4 of Controlword changes from 0 to 1 (rising edge). When drive sets the set-point 
acknowledge bit (bit 12) of Statusword to be 1, this means the new set-point is accepted, as 
shown in Fig. 3-9. If one set-point is still in progress and a new one is validated, drive supports 
two handling methods for this condition: single set-point and set of set-points. 
 

 
Fig. 3-9 
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(1) Single set-point (bit 5 of Controlword is 1) 
If one set-point is in progress and a new one is set by setting bit 4 of Controlword, the new 
one will be processed immediately and the previous one is discarded, as shown in Fig. 3-10. 

 

 
Fig. 3-10 

 
(2) Set of set-points (bit 5 of Controlword is 0) 

If one set-point is in progress and a new one is set by setting bit 4 of Controlword, the new 
one will be processed until the previous one has been completed, as shown in Fig. 3-11. 
 

 
Fig. 3-11 
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3.4. Profile velocity mode 
In profile velocity (pv) mode, the master station lets motor move with a fix velocity by setting 
Target velocity (object 0x60FF) and Controlword. The relationship of input and output objects for 
pv mode is described in Fig. 3-14, where Velocity actual value (object 0x606C) is calculated 
according to Position actual internal value (object 0x6063). The bit definition of Controlword for 
pv mode is given in Fig. 3-15, and the supported functions are described in Table 3-11. The bit 
definition of Statusword for pv mode is shown in Fig. 3-16, and the supported statuses are 
defined in Table 3-12. 
 

 
Fig. 3-14 

 

 
Fig. 3-15 

 
Table 3-11 

Bit Value Definition 

8 
0 The motion should be executed or continued. 
1 Stop motion. Motor should be decelerated to stop. 

 

 
Fig. 3-16 

 
Table 3-12 

Bit Value Definition 

10 
0 

Halt (bit 8 of Controlword) = 0: Target velocity not reached. 
Halt (bit 8 of Controlword) = 1: Motor decelerating. 

1 
Halt (bit 8 of Controlword) = 0: Target velocity reached. 
Halt (bit 8 of Controlword) = 1: Motor speed being 0. 

12 
0 Motor speed being unequal to 0. 
1 Motor speed being equal to 0. 

 

See Table 3-2 See Table 3-2 See Table 3-2 

See Table 3-4 See Table 3-4 See Table 3-4 
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3.9. Touch probe function 
Drive supports Touch probe function (object 0x60B8) and takes index pulse as the source of 
Touch probe 1. Only Touch probe 1 is supported, but Touch probe 2 is not supported. Moreover, 
it does not support the sampling of both positive and negative edges of Touch probe 1 
simulantously. Do not set bits 4 and 5 to be 1 simulantously. The bit definition of object 0x60B8 
is shown in Table 3-16. The status response for this object is by using Touch probe status 
(0x60B9), and its bit definition is given in Table 3-17. 
Note. Drive does not support functions of Touch probe source (object 0x60D0) and reserved 

touch probe input. When bits 2 and 3 or bits 6 and 7 of object 0x60B8 are set, index 
pulse is taken as the source of Touch probe 1. 

 
Table 3-16 

Bit Value Definition 

0 
0 Switch off touch probe 1. 
1 Enable touch probe 1. 

1 
0 Trigger first event. 
1 Continuous trigger. 

2 - 3 - Reserved. 

4 
0 Switch off sampling at positive edge of touch probe 1. 
1 Enable sampling at positive edge of touch probe 1. 

5 
0 Switch off sampling at negative edge of touch probe 1. 
1 Enable sampling at negative edge of touch probe 1. 

6 - 15 - Reserved. 
 

Table 3-17 
Bit Value Definition 

0 
0 Touch probe 1 is switched off. 
1 Touch probe 1 is enabled. 

1 
0 No positive edge of touch probe 1 is stored. 
1 Positive edge of touch probe 1 is stored. 

2 
0 No negative edge of touch probe 1 is stored. 
1 Negative edge of touch probe 1 is stored. 

3 - 15 - Reserved. 
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(1) Motor type 
 

Table 4-7 
Motor type Value 

Linear 0 
Torque 1 

AC servo 2 
 
(2) Input function 
 

Table 4-8 
Bit Value Definition 

0 
0 Deactivate error mapping 
1 Activate error mapping 

1 
0 Do not reset drive 
1 Reset drive 

 
(3) Index signal 
 

Table 4-9 
Bit Value Definition 

0 
0 Index signal is not detected 
1 Index signal is detected 

 
(4) 2nd encoder option 
 

Table 4-10 
Bit Value Definition 

0 
0 Disable dual loop 
1 Enable dual loop 

 
(5) Enable software position limit (This object is only valid in pp and csp modes) 

This object determines whether software limits defined in object 0x607D (Software position 
limit) are valid or not. 

 
Table 4-11 

Bit Value Definition 

0 
0 Disable software position limit protection 
1 Enable software position limit protection 

 
(6) Enable hardware limit protection (This object is valid in all operation modes) 
 

Table 4-12 
Bit Value Definition 

0 
0 Disable hardware position limit protection 
1 Enable hardware position limit protection 
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(7) Drive error events 1 
 

Table 4-13 
Bit Definition 
0 p¼ 
1 Encoder error 

2 - 5 p¼ 
6 Position error too big 
7 Soft-thermal threshold reached 
8 p¼ 
9 HFLT inconsistent error (D1NCOE) 

10 - 12 p¼ 
13 Serial encoder communication error 
14 Motor over temperature sensor activated 
15 Amplifier over temperature 

16 - 17 p¼ 
18 Motor short (over current) detected 
19 Over voltage detected 
20 Under voltage detected 
21 Motor maybe disconnected 

22 - 30 p¼ 
31 5V for encoder card fail 

 
(8) Drive error events 2 
 

Table 4-14 
Bit Definition 
0 p¼ 
1 Phase initialization error 

2 - 4 p¼ 
5 Hall sensor error 
6 Hall phase check error 
7 STO active 

8 - 15 p¼ 
16 Current control error 
17 HFLT inconsistent error (D1COE/D2COE) 
18 Auto phase center not complete error 
19 p¼ 
20 Hybrid deviation too big 

21 - 22 p¼ 
23 DC bus voltage abnormal 
24 p¼ 
25 Fan fault error 

26 - 29 p¼ 
30 EtherCAT interface disconnected 
31 CiA-402 home failed 

Note. For D1-N CoE drive, HFLT inconsistent error is at bit 9 of Drive error events 1.  
For D1 CoE and D2 CoE drives, it is at bit 17 of Drive error events 2.  
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(1) Error code 
 

Table 4-16 
Error # Describe Value D1 CoE D2 CoE D1-N CoE 

1 Motor short(over current) 2310h O O O 
2 Over voltage 3110h O O O 
3 Position error too big 8611h O O O 
4 Encoder error 7380h O O O 
5 Soft-thermal 2350h O O O 
6 Motor maybe disconnected 7180h O O O 
7 Amplifier over temperature 4310h O O O 
8 Motor over temperature 7383h O X O 
9 Under voltage 3220h O O O 
10 5V for encoder card fail 5280h O O O 
11 Phase initialization error FF06h O O O 
12 Serial encoder com. Error 7381h O O O 
13 Hall sensor error 7382h O O O 
14 Hall phase error 7384h O X O 
15 Current control error FF02h O O O 
17 Hybrid deviation too big 86FFh X O O 
18 STO active FF03h X O O 
19 HFLT inconsistent error FF04h O O O 
20 Auto phase center not complete yet FF05h O X O 
22 DC bus voltage abnormal 3210h O O O 
23 EtherCAT interface is not detected 7580h O O O 
24 CiA-402 Homing error 8613h O O O 
25 Fan fault error 5180h X O X 

Note. O: Device supports this error code. 
     X: Device does not support this error code. 

 
(2) Mode of operation 

If set to unsupported operation mode, the operation mode will keep to the original operation 
mode. 

 
Table 4-17 

Value Definition 
0 Stand-alone mode 
1 Profile position mode 
3 Profile velocity mode 
4 Torque profile mode 
6 Homing mode 
8 Cyclic sync position mode 
9 Cyclic sync velocity mode 

10 Cyclic sync torque mode 
 
(3) Touch probe function 
 

Table 4-18 
Bit Value Definition 

5, 4 

00b Switch off sampling of touch probe 1. 
01b Enable sampling at positive edge of touch probe 1. 
10b Enable sampling at negative edge of touch probe 1. 
11b Reserved. 
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4.6. Objects and device table 
 

Table 4-22 
Index Name D1 CoE D1-N CoE D2 CoE abily 

0x1000 Device type O O O O 
0x1001 Error register O O O O 
0x1010 Store parameters O O O O 
0x1018 Identity object O O O O 
0x1600 1st receive PDO mapping O O O O 
0x1A00 1st transmit PDO mapping O O O O 
0x1C00 Sync manager communication type O O O O 
0x1C10 Sync manager 0 PDO assignment O O O O 
0x1C11 Sync manager 1 PDO assignment O O O O 
0x1C12 Sync manager 2 PDO assignment O O O O 
0x1C13 Sync manager 3 PDO assignment O O O O 
0x1C32 Sync manager 2 synchronization O O O O 
0x1C33 Sync manager 3 synchronization O O O O 
0x2000 Motor type O O O O 
0x2001 Inner encoder resolution O O O O 
0x2002 Outer encoder resolution O O O O 
0x2003 Screw pitch O O O O 
0x2004 Electronic gear O O O O 
0x2010 Input function O O O O 
0x2020 Index signal O O O O 
0x2021 Latched index position O O O O 
0x2022 Motor actual current O O O O 
0x2040 2nd encoder option O O O O 
0x2041 Enable software position limit O O O O 
0x2042 Enable hardware limit protection O O O O 
0x2043 Input logic inversion O O O O 
0x2050 Common gain O O O O 
0x2051 Velocity proportional gain O O O O 
0x2052 Proportional gain of the current loop O O O O 
0x2053 Integral gain of the current loop O O O O 
0x2054 Integral gain of the velocity loop O O O O 
0x2055 Proportional gain of the position loop O O O O 
0x2060 Multi Turn Encoder Reset Flag O X O O 
0x2100 Drive error events 1 O O O O 
0x2101 Drive error events 2 O O O O 
0x2110 Drive Warning Events 1 O X O X 
0x2111 Drive Warning Events 2 O X O X 
0x2112 Drive Warning Events 3 O X O X 
0x2113 Drive Warning Events 4 O X O X 
0x603F Error code O O O O 
0x6040 Controlword O O O O 
0x6041 Statusword O O O O 
0x6060 Mode of operation O O O O 
0x6061 Mode of operation display O O O O 
0x6063 Position actual internal value O O O O 
0x6064 Position actual value O O O O 
0x6065 Following error window O O O O 
0x6066 Following error time out O O O O 
0x606C Velocity actual value O O O O 
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Index Name D1 CoE D1-N CoE D2 CoE abily 

0x6071 Target torque O O O O 
0x6075 Motor Rated Current O X O O 
0x6077 Torque actual value O O O O 
0x607A Target position O O O O 
0x607C Home offset O O O O 
0x607D Software position limit O O O O 
0x607F Maximum profile velocity O O O O 
0x6081 Profile velocity O O O O 
0x6083 Profile acceleration O O O O 
0x6084 Profile deceleration O O O O 
0x6085 Quick stop deceleration O O O O 
0x6087 Torque slope O O O O 
0x6098 Homing method O O O O 
0x6099 Homing Speeds O O O O 
0x609A Homing acceleration O O O O 
0x60B1 Velocity offset O O O O 
0x60B2 Torque offset O O O O 
0x60B8 Touch probe function O O O O 
0x60B9 Touch probe status O O O O 
0x60BA Touch probe 1 positive edge O O O O 
0x60BB Touch probe 1 negative edge O O O O 
0x60C2 Interpolation Time Period O O O O 
0x60C5 Max acceleration O O O O 
0x60C6 Max deceleration O O O O 
0x60F4 Following error actual value O O O O 
0x60FC Position demand internal value O O O O 
0x60FD Digital inputs O O O O 
0x60FE Digital Outputs O O O O 
0x60FF Target velocity O O O O 
0x6502 Supported drive mode O O O O 

Note. O: Device supports this object; 
      X: Device does not support this object. 
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