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Preface

Thank you very much for using our low-voltage series products.

Incorrect operation and improper use of this product may lead to accidents and shorten the product's
lifespan. To ensure long-term and safe use of this product, please read this manual carefully before use.
Our company reserves the right to change the contents of this manual without notice.

Company names and product names mentioned in this manual are generally registered trademarks or
trademarks of their respective companies.

Please keep this manual properly. Make sure to deliver this manual to the end user.
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Safety Precautions for Safe Use

To ensure the safe and correct use of this product, please read the "Safety Precautions for Safe Use" and

the main text thoroughly before use, and fully understand the contents.

Symbol Explanation

The safety-related warnings provided here are important. Please be sure to follow them diligently.

Indicates that incorrect operation may result in death or serious injury.
Warning
Indicates that incorrect operation may result in injury or property damage.
Caution
. Indicates measures that should be taken or avoided to prevent malfunction,
Warning

Usage Restrictions

This product is not recommended for the following applications. If necessary, please consult with our

company in advance.

‘Aerospace equipment - Aircraft equipment - Nuclear equipment - Vacuum equipment
- Automotive equipment - Gaming facilities - Equipment directly affecting the human body
- Household equipment and appliances - Equipment intended for transporting people

- Equipment for special environments




Precautions for Using Actuators

® Usage Precautions

Caution

Use Only Within the Specified Operating Environment

The actuator is designed for indoor use. Please follow the conditions below:

Operating temperature:

-10to 55°C (standard grease)

-30 to 55°C (low-temperature grease)
Storage temperature:

-20 to 80°C(standard grease)

-40 to 80°C (low-temperature grease)

Ambient humidity: 20-80% RH (non-condensing)
Vibration: 25 m/s2 or below Avoid exposure to water, oil, or similar liquids.

Ensure no corrosive or explosive gases are present.

Install the Actuator Using the Specified Methods

Follow the technical documentation to properly align the actuator with the driven
mechanical components.

Any misalignment of the center axis may cause vibration or damage to the output
shaft.

® Usage Precautions

Caution

Safety Precautions

Do not exceed the allowable torque.

Do not apply torque beyond the maximum rated torque.

Do not mount a robotic arm or any structure directly onto the output shaft.
Collisions or impact on the arm may result in loss of control of the output shaft.
Do not plug the actuator directly into a power outlet.

Without the dedicated driver, the actuator will not operate.

Directly connecting it to commercial AC power will damage the actuator and
may cause a fire.

Do not strike or hit the actuator.




Since the actuator is directly connected to the encoder, impacts from tools such
as wooden hammers may damage the encoder.

Encoder failure can lead to loss of control of the actuator.

Do not pull or apply excessive force to the cables.

Doing so may damage the connectors and result in actuator malfunction or loss
of control.

Precautions for Free-Running Operation (No Load)

The joint can generate heat even when operating without load. If the module
has not yet been installed in its intended structure, the lack of heat dissipation
may cause the temperature to rise gradually until thermal protection is triggered.
Please test with caution.

Overheating under high-speed continuous free-running conditions does not
indicate a module malfunction.

Once properly installed, the module will dissipate heat normally, and no
additional cooling components are required.

Precautions Against Metal Chip Intrusion

Before installation, thoroughly clean the mounting surfaces and ensure the
working environment is free of metal chips. Common sources include:

Metal shavings produced during screw tightening or removal during robot
installation

Burrs or chips from machining component mating surfaces

Copper wire fragments generated during cable assembly

During installation and wiring, ensure that no metal chips fall into the electrical
interface gaps on the rear cover of the joint (including CAN, EtherCAT, RS485,
10, multi-turn battery interface, power interface, and their respective openings).

Also ensure no chips fall into the through-holes or the hollow shaft area (where
the output-side encoder disk is installed). Otherwise, communication failures or

electrical faults may occur.

Do Not Connect or Disconnect the Power Cable While Energized

Make sure the Power LED indicator is completely off before performing any
wiring or inspection.

Do Not Connect or Disconnect CAN or EtherCAT Cables While Energized
When the master controller and the joint are not connected, the CAN_GND or

EtherCAT_GND levels may differ.

The instantaneous voltage difference when connecting the cables may damage
the CAN or EtherCAT GND interface.

Note:

® The above “ hot-plugging “ conditions include plugging or unplugging cables




while the device, joint, control card, or other relevant equipment is powered on.

Disposal Instructions

Please dispose of this product in accordance with industrial waste disposal
standards.

When discarding the product, disassemble it as much as possible.Components
. with material markings should be sorted according to their labels and disposed of
Caution following the appropriate industrial waste regulations.
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Chapter 1 Overview

The low-voltage series comprises servo rotary modules that deliver high torque and precise rotational
movements. These modules are composed of FHG-type reducers, motors, and encoders, available in
models ranging from 70 to 170.

These products are widely used in the following fields:CNC machine tools,Laser
processing,Electronics and semiconductors,Factory automation,Medical devices,Robotics,Logistics
automation,Solar photovoltaic systems,LED equipment, Testing devices,Printing machinery,Precision
measuring instruments,Aerospace equipment,Aircraft-related applications,FPD (Flat Panel Display)

manufacturing equipment. Advantages:

Power Supply Voltage

® DC48V

Excellent Environmental Adaptability

® |P54 protection rating

® Compliance with neutral salt spray requirements

Operating temperature

® Standard grease: -10to 55° C:0~40 C

® |ow-temperature grease: -30 to 55° C

Storage Temperature:

® Standard grease: -20to0 80° C

® Low-temperature grease: -40 to 80° C

® Alternating damp heat

Highly Integrated Product Design

® Combines harmonic reducer, motor, encoder, and driver

® Extra-large hollow hole for easy wiring, piping, and laser routing
® Flange mounting structure

Outstanding Product Performance

® More than 20% torque increase in the same volume

® Excellent dynamic performance with very low noise and vibration
® Maintenance-free throughout the entire usage period
°

Ultra-high product precision
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Chapter 2 Model Naming Rules

Naming Rule

Rule Description:

@ Joint module Type:

L:Low voltage

@ Joint mounting Outer Diameter:

70: Joint 70

80: Joint 80

90: Joint 90

110: Joint 110

142: Joint 142

170: Joint 170

(® Module structure:

l:Low voltage | joint (Dual encoder,

built-in driver with brake)

T:Low voltage T joint (Dual encoder,

built-in driver with brake)

@ Communication Protocol:

C:CANopen E: EtherCAT

® Ratio:
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030: 31:1 050: 51:1 080: 81:1
100: 101:1 120: 121:1 160: 161:1
® Brake:
B : With Brake F : Without Brake

@ Cable outlet type:

F: End-face cable exit

Customer and Serial number:

XXXX: Customised products only

Module Parameters

The performance specifications of the low-voltage series modules are as follows:

Model L70l
Reduction Rat io 51 81 101
Input Voltage V 48 (£10%)
N -m 46 61 70
Maximum Torque
kgf -m 4.69 6.22 7.14
Permiss ib le N -m 9 14 14
Continuous Torque kgf 'm 0.92 1.43 1.43
N -m 23 30 36
Peak Start ing Torque
kgf -m 2.35 3.06 3.67
Maximum Speed r/min 107.8 67.9 54.5
Rated Speed r/min 58.8 37.0 29.7
N -m/A 0.08 0.08 0.08
Torque Constant
kgf -m/A 0.0082 0.0082 0.0082
Maximum Current A 8.25 6.77 6.52
Permiss ib le
A 3.23 3.16 2.53
Continuous Current
Back EMF Constant V/Krpm 6.15
Phase Resistance(20)) Q 0.39
Phase Inductance mH 0.3
Moment of GD?%4 kg -mm? 37.6
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Inert ia J kgf -cm -s? 37.6*10"-4
Repeatabi | ity*! Arc-sec 20
Pos it ioning Accuracy*? Arc-sec 60
Bus Communication / Canopen/EtherCAT

Protocol

Encoder Resolut ion

Sing le-turn Detector

17bit (131072pulses per revolution)

Multi-turn Detector

16bit (-32768~32767turns)

Output Shaft Pulses per
6684672 10616832 13238272
Resolut ion Revolut ion
Mass kg 1.0KG

Ambient Conditions

Operating Temperature:Standard grease: -10 to 55° C;
Low-temperature grease: -30 to 55° C
Storage Temperature:Standard grease: -20 to 80° C
Low-temperature grease: -40 to 80° C
Operating/Storage Humidity: 20 - 80% RH (non-condensing)
Vibration Res istance: 25m/s?(Frequency: 10~400Hz)
Shock Res istance: 300m/s?

No dust, metal powder, corros ive gases, f lammab le gases, or oil mist

Indoor use, avoid d irect sun | ight Alt itude below 1000m

Design Life (H)

10000

Motor Insulation

Insulat ion Res istance: Above 500 M Q
Withstand Voltage: AC1500 V /1 min
Insulat ion Class : Class F (155 °C)

Installation Direction

Can be installed in a ll d irect ions

Protection Level

Totally enc losed, self-cool ing type (IP54)
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Protocol

Model L8OI
Reduction Rat io 51 81 101 121
Input Voltage V 48 (+10%)
Maximum Torque N e-m 91 113 143 112
kef *m 9.29 11.53 14.59 11.43
Permiss ib le N em 34 35 51 51
Continuous Torque kgf em 3.47 3.57 5.20 5.20
N em 44 56 70 70
Peak Start ing Torque
kef +m 4. 49 5.71 7. 14 7. 14
Maximum Speed r/min 98. 04 61.73 49. 50 41.32
Rated Speed r/min 58. 82 37.04 29. 70 24.79
N -m/A 0.09 0.09 0.09 0.09
Torque Constant
kgf < m/A 0. 0092 0. 0092 0. 0092 0. 0092
Maximum Current A 13.48 10. 80 10. 83 9.04
Permiss ib le
A 10. 42 6.75 7.89 6. 59
Continuous Current
Back EMF Constant V/Krpm 6. 67
Phase Resistance (20)) Q 0.14
Phase Inductance mH 0.3
Moment of GD?/4 kg = mr? 58
Tnert ia J kgf scm o2 58%10"—4
Repeatabi 11ty>k1 Arc-sec 20
Pos it ioning Accuracy*2 Arc=sec 60
Bus Communication
/ Canopen/Ethercat

Encoder Resolut ion

Sing le—turn Detector

17bit (1310722 pulses per revolution)

Multi—turn Detector

16b it (-32768732767turns)

Output Shaft

Resolut ion

Pulses per

Revolut ion

6684672 10616832 13238272 15859712

Mass

kg

1. 6KG
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Amb ient Cond it ions

Operating Temperature:Standard grease: -10 to 55° C;
Low-temperature grease: -30 to 55° C
Storage Temperature:Standard grease: -20 to 80° C

Low-temperature grease: -40 to 80° C

Operating/Storage Humidity: 20 -80% RH (non-condensing)
Vibration Resistance: 25m/s?(Frequency: 10~400Hz)
Shock Resistance: 300 m/s?

No dust, metal powder, corrosive gases, flammable gases, or oil mist

Indoor use, avoid direct sunlight

Altitude below 1000m

Des ign Life (H)

10000

Motor Insulat ion

Insulation Resistance: Above 500 M Q
Withstand Voltage: AC1500 V/ 1 min
Insulation Class: Class F (155° C)

Insta llat ion Direct ion

Can be installed in all directions

Protect ion Level

Totally enclosed, self-cooling type (IP54)

Model L90I
Reduction Rat io 51 81 101 121
Input Voltage V 48 (+10%)
Maximum Torque N em 127 165 191 191
kegf em 12.96 16. 84 19. 49 19. 49
Permiss ib le N em 44 61 64 64
Continuous Torque kegf m 4. 49 6. 22 6.53 6.53
N em 73 96 107 113
Peak Start ing Torque
kegf em 7.45 9. 80 10. 92 11.53
Maximum Speed T/min 78.4 49. 4 39.6 33.1
Rated Speed r/min 58.8 37.0 29.7 24.8
N -m/A 0.10 0.11 0.11 0.11
Torque Constant
kgf *m/A 0.0112 0.0112 0.0112 0.0112
Maximum Current A 19.59 15.15 13.54 11.94
Permiss ib le
A 11.81 9.63 8.10 6.76
Continuous Current
Back EMF Constant V/Krpm 6.78
Phase Resistance (20) Q 0.11




Laifual

Phase Inductance mH 0.24
Moment of GD?/4 kg « mi? 106. 3
Inert ia J kgf » cm * 2 106. 3104
Repeatabi 1 ity™ Arc-sec 20
Pos it ioning Accuracy™ Arc—sec 60
Bus Communication
/ Canopen/Ethercat

Protocol

Encoder Resolut ion

Sing le—turn Detector

17bit (131072 pulses per revolution)

Multi—turn Detector

16b it (-32768732767turns)

Output Shaft

Resolut ion

Pulses per

Revolut ion

6684672 10616832 13238272 15859712

Mass

kg

2KG

Amb ient Cond it ions

Operating Temperature:Standard grease: -10 to 55° C;
Low-temperature grease: -30 to 55° C
Storage Temperature:Standard grease: -20 to 80° C

Low-temperature grease: -40 to 80° C

Operating/Storage Humidity: 20 -80% RH (non-condensing)
Vibration Resistance: 25m/s?(Frequency: 10~400Hz)
Shock Resistance: 300 m/s?

No dust, metal powder, corrosive gases, flammable gases, or oil mist

Indoor use, avoid direct sunlight

Altitude below 1000 m

Des ign Life (H)

10000

Motor Insulat ion

Insulation Resistance: Above 500 M Q
Withstand Voltage: AC1500V / 1 min
Insulation Class: Class F (155° C)

Insta llat ion Direct ion

Can be installed in all directions

Protect ion Level

Totally enclosed, self-cooling type (IP54)

Model

L1101

Reduction Rat io

51 81 101 121

Input Voltage v 48 (£10%)
Maximum Torque N em 242 332 369 395
kgl -m 24.69 33.88 37.65 40. 31
Permiss ib le N em 72 113 140 140
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Continuous Torque kgf em 7.35 11.53 14.29 14.29
N em 127 178 204 217
Peak Start ing Torque
kgf em 12.96 18. 16 20. 82 22. 14
Maximum Speed T/min 78. 4 49. 4 39.6 33.1
Rated Speed T/min 58.8 37.0 29.7 24. 8
N em/A 0.11 0.11 0.11 0.11
Torque Constant
kgf +m/A 0.0112 0.0112 0.0112 0.0112
Maximum Current A 32.42 28.61 26. 30 23.35
Permiss ib le
A 18.38 18. 16 18.05 15. 07
Continuous Current
Back EMF Constant V/Krpm 6. 88
Phase Resistance (20)) Q 0.033
Phase Inductance mH 0.11
Moment of GD?/4 kg o m? 201
Inert ia J kgf ecm o2 201%10" -4
Repeatabi 1 ity” Arc—sec 20
Pos it ioning Accuracy® Arc—sec 60
Bus Communication
/ Canopen/Ethercat
Protocol
Sing le—turn Detector 17bit (131072 pulses per revolution)
Encoder Resolut ion N
Multi—turn Detector 16b it (=32768 32767turns)
Output Shaft Pulses per
6684672 10616832 13238272 15859712
Resolut ion Revolut ion

Mass

kg

3. 1KG

Amb ient Cond it ions

Operating Temperature:Standard grease: -10 to 55° C;
Low-temperature grease: -30 to 55° C
Storage Temperature:Standard grease: -20 to 80° C

Low-temperature grease: -40 to 80° C

Operating/Storage Humidity: 20 -80% RH (non-condensing)
Vibration Resistance: 25m/s?(Frequency: 10~400Hz)
Shock Resistance: 300 m/s?
No dust, metal powder, corrosive gases, flammable gases, or oil mist

Indoor use, avoid direct sunlight

Altitude below 1000 m

Des ign Life (H)

10000
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Motor Insulat ion

Insulation Resistance: Above 500 M Q
Withstand Voltage: AC1500V / 1 min
Insulation Class: Class F (1550

Insta 1lat ion Direct ion

Can be installed in all directions

Protect ion Level

Totally enclosed, self-cooling type (IP54)

Model L1421
Reduction Rat io 51 81 101 121
Input Voltage v 48 (£10%)
Maximum Torque N em 497 738 841 892
kgf em 50.71 75.31 85. 82 91.02
Permiss ib le N em 140 217 281 281
Continuous Torque kef  +m 14. 29 22. 14 28. 67 28. 67
N em 281 395 433 459
Peak Start ing Torque
kgf -m 28. 67 40. 31 44,18 46. 84
Maximum Speed r/min 58.8 37.0 29.7 24.8
Rated Speed r/min 39.2 24. 7 19.8 16.5
N em/A 0.17 0.17 0.17 0.17
Torque Constant
kgf < m/A 0.0173 0.0173 0.0173 0.0173
Maximum Current A 38.93 34. 45 30. 29 26. 80
Permiss ib le
A 19. 40 18.93 19. 66 16. 41
Continuous Current
Back EMF Constant V/Krpm 11.2
Phase Resistance (20) Q 0. 036
Phase Inductance mH 0.12
Moment of GD?/4 kg o m? 625
Tnert ia J kgf ecm &2 625%10"—4
Repeatabi 1 ity™ Arc—sec 20
Pos it ioning Accuracy” Arc—sec 60
Bus Communication
/ Canopen/Ethercat
Protocol
Sing le—turn Detector 17bit (131072 pulses per revolution)
Encoder Resolut ion N
Multi—turn Detector 16b it (=32768 32767turns)
Output Shaft Pulses per
6684672 10616832 13238272 15859712
Resolut ion Revolut ion
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Mass kg

5. 3KG

Amb ient Cond it ions

Operating Temperature:Standard grease: -10 to 55° C;
Low-temperature grease: -30 to 55° C
Storage Temperature:Standard grease: -20 to 80° C

Low-temperature grease: -40 to 80° C

Operating/Storage Humidity: 20 -80% RH (non-condensing)

Vibration Resistance: 25m/s?(Frequency: 10~400Hz)
Shock Resistance: 300 m/s?

No dust, metal powder, corrosive gases, flammable gases, or oil mist

Indoor use, avoid direct sunlight

Altitude below 1000 m

Des ign Life (H)

10000

Motor Insulat ion

Insulation Resistance: Above 500 M Q
Withstand Voltage: AC1500V / 1 min
Insulation Class: Class F (1550

Insta 11lat ion Direct ion

Can be installed in all directions

Protect ion Level

Totally enclosed, self-cooling type (IP54)

Model L1701
Reduction Rat io 51 81 101 121
Input Voltage V 48 (£10%)
Maximum Torque N em 892 1270 1400 1530
kegf em 91.02 129. 59 142. 86 156. 12
Permiss ib le N em 225 369 484 586
Continuous Torque kgf em 22.96 37.65 49. 39 59. 80
N em 523 675 738 802
Peak Start ing Torque
kegf em 53. 37 68. 88 75. 31 81.84
Maximum Speed r/min 49.0 30.9 24.8 20.7
Rated Speed r/min 39.2 24.7 19.8 16.5
N -m/A 0.17 0.17 0.17 0.17
Torque Constant
kgf +m/A 0.0173 0.0173 0.0173 0.0173
Maximum Current A 84. 01 68. 27 59. 86 54. 30
Permiss ib le
A 40. 96 37.32 39. 26 39. 67
Continuous Current
Back EMF Constant V/Krpm

11. 56

10
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Phase Resistance (20) Q 0.014
Phase Inductance mH 0. 067
Moment of GD?/4 kg * mi? /
Inert ia J kgf * cm* s2 /
Repeatabi 1 ity” Arc-sec 20
Pos it ioning Accuracy® Arc-sec 60
Bus Communication
/ Canopen/Ethercat

Protocol

Encoder Resolut ion

Sing le—turn Detector

17b it (131072pulses per revolution)

Multi—turn Detector

16bit (32768732767 turns)

Output Shaft Pulses per
6684672 10616832 13238272 15859712
Resolut ion Revolut ion
kg 9. 48kg

Mass

Amb ient Cond it ions

Operating Temperature:Standard grease: -10 to 55° C;
Low-temperature grease: -30 to 55° C
Storage Temperature:Standard grease: -20 to 80° C

Low-temperature grease: -40 to 80° C

Operating/Storage Humidity: 20 -80% RH (non-condensing)
Vibration Resistance: 25m/s?(Frequency: 10~400Hz)
Shock Resistance: 300 m/s?
No dust, metal powder, corrosive gases, flammable gases, or oil mist

Indoor use, avoid direct sunlight

Altitude below 1000m

Des ign Life (H)

10000

Motor Insulat ion

Insulation Resistance: Above 500 M Q
Withstand Voltage: AC1500V / 1 min
Insulation Class: Class F (155 C)

Insta llat ion Direct ion

Can be installed in all directions

Protect ion Level

Totally enclosed, self-cooling type (IP54)

*1 Repeatability: Refers to the precision with which the output shaft can return to a specific position after

performing seven repeated positioning operations from the same direction. This measurement is taken at

four different positions on the output shaft, and the maximum difference among these positions is

calculated.

11
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*2Positioning Accuracy: Refers to the precision of positioning in a fixed rotational direction. At each
position, the difference between the actual rotational angle and the intended rotational angle relative to a

reference position is calculated. The maximum value of these differences within one full rotation is then
recorded.

12
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Chapter 3 Input Power Specifications,

Electrical Interfaces, and Cables

Power Specifications

1.48V power supply interface

Pin Terminal Label Terminal function
1 DC+ Positive Power Supply
2 DC- Negative terminal of Power Supply
Pin position Connector
Connector Information Wiring Terminal Information
Brands: ams
Model: XT30UPB-M Model: XT30U-F
Specifications: Straight legs, leg spacing 5mm, leg Specifications: foot spacing 5mm 2Pin
length 2mm, 2-Pin

2.Multi-turn power supply battery interface
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Pin Terminal Label Terminal function
1 BAT+ Multi-turn encoder backup
battery positive terminal
2 BAT- Multi-turn encoder backup
battery negative terminal
Pin Position Connector
=

Connector information

Wiring terminal information

Model:BM02B-GHS-TBT

Brand:JST
Housing model:GHR-02V-S
Terminal model:SSHL-002T-P0.2

Specifications:Single row,1.25mm spacing,2

pins

Specifications:JST single-ended

terminal block,1.25mm pitch,2 pins
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Electrical Interfaces and Instructions

1. CAN communication interface

Pin Terminal label Terminal function
1 CAN_H CAN bus high
CAN_GND CAN bus ground
CAN_L CAN bus low
Pin Position Connector
Connector information Wiring terminal information
Brand:JST
Housing model:GHR-03V-S
Model:BM0O3B-GHS-TBT
Terminal model:SSHLL-002T-P0.2
(or equivalent)
o _ _ _ Specifications:JST single-ended terminal
Specifications:Single row,1.25mm spacing,3 pins _ _
block,1.25mm pitch,3-pin
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2. EtherCAT communication interface

ECAT In ECAT Out
Terminal
Pin Terminal markings Terminal function Terminal function
markings
EtherCAT Input EtherCAT output
1 EI TX- EO TX-
Send - transmission -
EtherCAT input EtherCAT output
2 EI TX+ EO TX+
send + transmission +
EtherCAT input EtherCAT output and
3 El RX- EO_RX-
reception - reception -
EtherCAT input EtherCAT output and
4 El_RX+ EO_RX+
receiver + reception +
Pin Position Terminal blocks

¥ B

4

Connector information

Wiring terminal information

Model: BM04B-GHS-TBT

Brand:

Housing model

: GHR-04V-S
Terminal model: SSHL-002T-P0.2

JST

Specifications: Singlerow.1.25mm spacing.4pins

Specifications: JST single-ended terminal, pitch

1.25mm, 4-Pin
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3.485 communication interface

Pin Terminal Lable Terminal Function
1 RS485_A RS485 bus A end
2 RS485_GND RS485 bus ground
3 RS485_B RS485 bus B end

Pin Position Terminal blocks
/
RS485 A  RS485 GND RS485 B
Connector information Wiring terminal information
Brand: JST
Housing model: GHR-03V-S
Model: BM03B-GHS-TBT

Terminal model: SSHL-002T-P0.2

(or equivalent specifications)

Specifications: Singlerow.1.25mm spacing.3pins

Specifications: JST single-ended terminal, pitch

1.25mm, 3-Pin

4.. Cable Specification

The specifications for the selection of various signal interface cables for the joint are detailed in the table.
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Applicablewire

Module Number specifications Wiringclearance
Signal interface
Number of lines | Cross-sectiona (mm)
AWGH
Area (mm?)
CAN communication interfaces:
3P*2 0.05~0.13 30~26 10
CAN(A)CAN(B)
Full EtherCAT communication
4P*2 0.05~0.13 30~26 10
Series interfaces:EIl,EO
Multi-turn power suppl
_ P PPy 2P*1 0.05~0.13 30~26 10
battery interface:BAT
L70 2P*2 0.5 20 15
L80 2P*2 0.75 19 15
L90 2P*2 1.0 18 15
48V power supply
L110 interface:DC in 2P*2 1.25 17 15
L142 2P*2 1.5 16 15
L170 2P*2 1.5 16 15
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Chapter 4 Multi-Joint Connection

Configuration

L701-C
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L70I1-E

L80I-C
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L80I-E

L90I-C
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L90I-E

L1101-C
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L110I-E

L142]-C
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L142I-E

L1701-C
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L170I-E
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Chapter 5 Brake

Brake Precautions

(1) The brake does not require an additional power supply. When the module is powered on and
enabled, the system will automatically energize the brake according to the configured brake type: (P0-01
= 0: Electromagnetic brake, P0-01 = 1: Permanent magnet brake)

(2) Do not disable the module abruptly at high speed. Under no circumstances should the enable signal
be suddenly turned off during high-speed operation. Sudden emergency braking may cause
irreversible damage to the module body, gearbox, and brake.

(3) Avoid strong magnetic fields. The brake is an electromechanical device. Do not use the module in
strong magnetic fields to prevent brake malfunction. Magnetic shielding can be applied to the module
body if necessary.

(4) Brake holding torque limitations. The brake has a maximum holding torque. Even when the brake is

engaged, forces exceeding the holding torque may still move the module. Do not apply the module in
situations where the torque exceeds the rated torque or the brake ’s holding torque, to avoid brake failure

or module damage.

The holding torque of brakes for different module models is listed in the table below:

[ [oTe [T] - Holding Torque

L70 0.6N -m
L80 0.71N 'm
L90 1IN 'm
L110 2.2N 'm
L142 4N -m
L170 8.5N 'm

(5) Due to the physical limitations of the brake, ensure that the interval between two enable commands
is at least 300 ms. After enabling the module, do not send motion commands immediately; delay 500 ms

before issuing the first motion command.
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(6) Avoid prolonged enable in unloaded conditions. Do not keep the module enabled or operate it for

long periods in a suspended, no-load state. In such cases, the brake will remain energized without proper
contact cooling, which may lead to module overheating. Overheating under these conditions is normal

and does not indicate a quality issue.

Brake Lifetime
> 2,000,000 engage/disengage cycles

= 1 hour of break-in dragging

Forced Brake Release

To forcibly release the brake, set P5.14 = 4 via the upper-level controller through the RS -485 connection.
Caution: Ensure there is no risk of falling or uncontrolled motion.

After testing, promptly restore P5.14 to its normal value to prevent accidental situations.

Brake Power

Module Power Current

L70 Startup / Holding Power 0.56A/0.28A
13.5W/3.4W

L80 3.4W 0.14A
L90 4.5W 0.19A
L110 9.1W 0.38A
L142 7.6W 0.32A
L170 9.35W 0.39A

27



Laifual

Brake Drawing

BL-70-A

BM-80-A
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BM-90-A

BL-110-A
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BL-142-A

BM-170-A
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Chapter 6 Encoder Specifications

The built-in encoder in the low-voltage series is a multi-turn absolute encoder capable of recording
absolute positions and absolute rotation counts. It consists of a single-turn detector ( 17-bit) for detecting
the motor shaft's rotational position and a multi-turn detector ( 16-bit) for detecting the number of
rotations.

This encoder continuously detects the mechanical absolute position, regardless of the power
ON/OFF status of the driver and external controller, and utilizes battery backup for data preservation. As
long as the origin positioning is performed during mechanical installation, there is no need for origin
resetting upon each power-up. It is also easy to restore after power outages or malfunctions.

The encoder communicates directly with the internal drive board, eliminating the need for any

additional configuration operations.

Specifications
Type Magnetic sensor / electronic battery backup system
Single-turn Detector 2'7:131072puleses
Multi-turn Detector 210:65536(-32768~32767)
Maximum Permissible Encoder Speed 7000 r/min™
Safety and Redundancy Matching detection method based on dual single-turn detectors
Matching detection method based on dual cumulative rotation counters
External Battery Backup Duration 5 years (when not powered) -

+1 :The maximum speed at which the encoder can rotate, which is distinct from the speed at which the

motor can drive.

-2 :This value applies when the motor shaft is not moving. If the shaft rotates frequently while the system is

unpowered, the external battery will deplete more quickly

Output Shaft Resolution

Encoder Resolution 17bit(217:131072Pulses)

Reduction Ratio 1:31 1:51 1:81 1:101 1:121 1:161

Output Shaft Pulses per 4063232 6684672 10616832 |13238272 |15859712 (21102592

Resolution Revolution

Single Pulse Angle seconds approx approx approx approx approx approx
0.3 0.2 0.12 0.1 0.082 0.061
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Absolute Position Data Conversion

"Absolute Position" refers to the absolute position of the motor shaft in one rotation, while "Multiple
Rotations" refers to the number of rotations of the motor. The position of the output shaft of the
transmission device can be calculated using the formula below.

Transmission Device Output Shaft Position= (Absolute Position + Multi-turn Rotation x Encoder

Resolution) + Reducer Ratio

Multi-turn Encoder Backup Battery

For joints equipped with a multi-turn version, a 3.6 V battery provides power to the multi-turn encoder
when the module loses main power. This allows the encoder to retain its multi-turn position, preventing

robots or other devices from losing the zero reference.

3.6V battery

Precautions for Using Our Multi-turn Backup Battery:

(1) Do not alter the original wiring sequence;

(2) Do not use wires or other conductive materials to directly short the positive and negative terminals of
the battery.

(3) Ensure correct insertion: Insert the battery in the correct orientation. After insertion, fix the battery
body to prevent the ConnectionTerminal from being pulled or shaken..

(4) Battery replacement procedure: When removing the Connection Terminal, do not pull it out directly.

First, release the latch at the front of the terminal, then gently remove it.
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Chapter 7 Environment and Installation

Operating Environment

The operating conditions for the low-voltage series modules are as follows:
® Operating Temperature : -10~55 ‘C (for normal-temperature grease) and -30~55 °C (for
low-temperature grease)

The temperature inside the cabinet may be higher than the ambient temperature, depending on the
power loss of the external equipment and the size of the cabinet. Plan the cabinet size, heat dissipation
system and equipment layout to ensure that the ambient temperature is maintained at 55 C or below.
® Operating Humidity: 20%-80%

Ensure no condensation. Note that condensation may occur with significant day-to-night temperature
changes or frequent starting and stopping of actuators.
® Vibration : 24.5m/s® (2.5G) (10-400Hz)

The module cannot operate in applications subjected to continuous shock.

Operating Environment: No dust, condensation, metal powder, corrosive gases, water, oil mist, etc.
Protection Rating: P54

Altitude: Below 1000 meters

Leakage Measures:

Oil seals in rotating and sliding areas cannot completely prevent lubricant leakage. If the actuator is used
in clean rooms or similar environments, additional oil leakage prevention measures should be provided.
® [nstallation Location:

Should be installed indoors or in protected outdoor areas, avoiding direct exposure to sunlight.

Installation Steps

When installing the module, do not hit the module with a hammer. The module's reducer is a precision
mechanism , and the module is equipped with an encoder. Excessive impact may damage the reduction
mechanism and the encoder.

1.Align the Module Output and Load Shaft Precisely.

Note: Perform this alignment carefully, especially when using rigid couplings. Even slight

misalignment can cause the actuator to exceed the allowable load, leading to damage to the output shaft.
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2.Use flat washers and high-strength bolts to secure the module flange to the load end, Tighten them with

a torque wrench to control the tightening torque.

The tightening torque is shown in the table below:

L-70-1 L-80-1 L-90-1 L-110- L-142-1 L-170-1
Module
Output Output Output Output Output Output
ltem shaft Flange shaft Flange shaft Flange shaft Flange shaft Flange shaft Flange
Bolt M3 M3 M3 M3 M3 M4 M4 M4 M5 M5 M6 M6
Specifications
15 (Thread 16.5(Thread 17.5(Thread 22 (Threaded 27.5(Thread 34(Thread50<.|.hrou h
Hole Depth |ed Portion| 7.5 ed Portion 7.5 ed Portion 10 Portion 10 ed Portion 10 [ed Portion Hole) 9
Depth: 6) Depth: 6) Depth: 6) Depth: 8) Depth: 8) Depth: 10)| "9
Clamping
Force 24N'm |24N'm| 24N'm |24N'm| 24N'm |54N'‘m| 54N'-m 54N-m | 10.8N'm [10.8N-m| 18.4N-m | 18.4N-m

3. Proper Connection of Motor Power and Encoder Cables

Do not pull the cables forcefully, as this may damage the terminals at the connection points.

Keep the cables slack to avoid applying tension to the module.When bending the cables, maintain a

sufficient bending radius (R=40mm or more) to prevent excessive bending that could cause cable

breakage.

Discharge Module Description

1.

Product Description

(1)The power discharge module is a dedicated component for handling the regenerative braking kinetic

energy of robot joint modules operating under high-speed and heavy-load conditions, thereby preventing

the bus voltage overvoltage alarm and shutdown caused by the surge in power supply voltage due to

regenerative energy feedback.

(2) When the joint module is powered by a 48V switching power supply, the operating circuit with the

added power discharge module can be simplified and equivalent to the diagrams shown in Figure 1-1 and

Figure 1-2.

(3) The discharge resistor functions to dissipate excess energy through resistance when the circuit loop is

in the kinetic energy recovery process, thus avoiding the power supply voltage surge induced by

regenerative energy feedback. However, the discharge resistor cannot be connected to the circuit for an

extended period; otherwise, it will continuously generate excessive heat, leading to component damage,

circuit malfunctions and unnecessary power consumption. Therefore, it is recommended to design a
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reliable control logic for the discharge resistor connection. When the joint module is powered by a 48V

switching power supply, the control logic for the discharge resistor connection of the power discharge

module is as follows: the resistor is disconnected when VDC < 52V (see Figure 1-1), and the power

supply only outputs electric energy to the motor at this time; the resistor is connected when VDC = 55V

(see Figure 1-2), and the excess electric energy is dissipated through the resistor at this time.

Figure 1-1 Resistor off (V. <52V)

2. Technical Information

2.1 Electrical Characteristics

Figure 1-2 Resistor on (V. =55V)

Table 2-1 Electrical Characteristics
Input Voltage (VDC) 24-65
External Braking Resistor See Table 3-2 and Table 3-3
Capacitance (uF) 1000

2.2 Adjustment of Regenerative Braking Resistor for Start/Shutdown

The discharge module is equipped with two DIP switches, and the discharge voltage value can be

adjusted via the DIP switches as detailed in the following table:
Table 2-2 Technical Data

Activates the regenerative braking resistor
when VDC 255 V;

<50V OFF OFF 55 51 ) ) )
Deactivates the regenerative braking
resistor when VDC <52 V.

>50V Activates the regenerative braking resistor

OFF ON 64 60
<58V when VDC 264 V;
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Deactivates the regenerative braking
resistor when VDC <60 V.

Activates the regenerative braking resistor

>50V when VDC = 64 V;
ON OFF 64 60 . ) .
<58V Deactivates the regenerative braking
resistor when VDC <60 V.
Activates the regenerative braking resistor
>58V when VDC 273 V;
ON ON 73 68 . ) .
<65V Deactivates the regenerative braking
resistor when VDC <68 V.
Notes

1.Do not allow the module supply voltage to exceed the regenerative braking resistor activation voltage.

Exceeding this voltage will cause the discharge module and braking resistor to operate continuously,

resulting in overheating.

2.The voltage error for the regenerative braking resistor activation/deactivation voltage is less than 1.5%.

2.3 LED Indicator Description

This module is equipped with 2 LED indicators, whose functions are described as follows:
Table 2-2 LED Indicator Description

Solid on when power is

If the light remains off or flashes after power-on,
check whether the input voltage of the module is

Indicator

regenerative braking resistor

is activated.

normal;
Yellow Power Indicator ) ] normal and if the power screw terminals are
Off or flashing when poweris |
tightened securely.
abnormal.
1.Discharge powered, module not running:
If the LED indicator is off or flashing:
(D Check if the brake resistor screw terminals are
securely tightened or if the brake resistor is
open-circuited.
1.Solid on when powered on )
@ Check if the supply voltage exceeds the
i normally;
Brake Resistor ) discharge voltage.
Green 2.0ff or flashing when

2.Discharge powered, module running:

If the LED indicator is solid on:

@ The supply voltage rises due to the module’s
kinetic energy feedback but is lower than the
regenerative braking resistor activation voltage.
This is normal if the activation/deactivation voltage

settings are appropriate.
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@ The supply voltage rises due to the module’s

kinetic energy feedback and exceeds the
regenerative braking resistor activation voltage,

indicating module damage.

Notes

1.Do not allow the module supply voltage to exceed the regenerative braking resistor activation voltage.
Exceeding this voltage will cause the discharge module and braking resistor to operate continuously,
resulting in overheating.

2.The voltage error for the regenerative braking resistor activation/deactivation voltage is less than 1.5%.
2.4 Environmental Conditions

Table 2-4 Environmental Conditions

Operating Temperature -20 ~60°C
Storage Temperature -30 ~60°C
Protection Class IP30
Operating & Storage Humidity 20% ~ 80% RH (non-condensing)

Note
Please ensure the operating environment is free of dust, metal powder, corrosive gases, flammable

gases, oil mist, and other contaminants.

3. Wiring

3.1 Electrical Interface Definition

The electrical interface of the power discharge module is shown in Figure 3-1, and the interface
definitions are detailed in Table 3-1.

Table 3-1 Electrical Interface Definition

Connect to module
1 PE
housing (ground)
Screw terminal
Power Connect to 48 VDC power ]
2 48- ) DB910-6.35-3P-GN-P | Wire gauge: 10-14 AWG
Input negative . )
Tool: M3 Phillips screwdriver
Connect to 48 VDC power
3 48+ -
positive
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Brake 1 BR+
Resistor 2 BR-

Connect to brake resistor DB910-6.35-2P-GN-P

3.2 Wiring and Operation Instructions

The wiring diagram of the 48V DC power supply with the power discharge module and joint module
is shown in Figure 3-2. The DC+ and DC- terminals of the discharge module must be directly connected
to the DC+ and DC- terminals of the module respectively.The recommended specifications for the DC48V
power supply and braking resistor R corresponding to each joint model are listed in Table 3-2.The
recommended accessory specifications for the power discharge module matched with each robotic arm

model are listed in Table 3-3.

Figure 3-2 Wiring Diagram of Power Discharge Module

Table 3-2 Recommended Accessory Specifications for Each Joint Model

08 100W . 48VDC 50W. 10Q 12000 0 F. 80V
11 150W . 48VDC 50W. 10Q 12000 0 F. 80V
70 200W . 48VDC 50W. 10Q 12000 1 F. 80V
80 600W . 48VDC 200W. 5Q 36000 1 F. 80V
90 800W . 48VDC 200W. 5Q 96000 1 F. 80V
110 1200W . 48VDC 200W. 5Q 96000 u F. 80V
142 1500W . 48VDC 300W. 3Q 96000 u F. 80V
170 3000W . 48vDC 300W. 3Q 96000 u F. 80V
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Table 3-3 Recommended Accessory Specifications for Each Robotic Arm Model

7kg Robotic Arm 2000W / 48VDC 200W / 5Q
12kg Robotic Arm 2500W / 48VDC 300W /3Q
20kg Robotic Arm 5000W / 48VDC 300W /3Q

4. Mounting Method

The power discharge module generates heat during operation, and the resistor may even become hot to

the touch. Do not touch it directly. The power discharge module and discharge resistor shall be mounted in

an environment with good ventilation and heat dissipation conditions, such as on a large-area metal plate

or in an electrical cabinet equipped with a cooling fan.
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Chapter 8 Debugging and Operation

Introduction

This manual describes the usage, precautions, and related information for the AthDrive firm ware
developed, designed, and implemented by Laifual Drive. Please read it carefully before operating the
software.

AthDrive is a dedicated host PC application specifically developed for the Laifual low-voltage series
modules. The software provides a range of features — including parameter configuration, phase-finding
(commutation alignment), jog testing, and more — presented in a clean,
well-organized interface. It is easy to use and enables users to quickly commission, debug, and operate

the low-voltage modules.

Installation

Please download our host PC software from the official website www.laifualdrive.com under “Service &
Support "— “Download Center. "For the USB-t0o-RS485 serial driver, please download version 323 from

the following link::https://www.zily-tech.com/driver/

Hardware Connection Block Diagram

Solution Overview:
The module is powered by a 48 V power supply, and RS-485 communication is used to connect the
module with the PC firm ware. Module parameter values can be modified through the firm ware .

The hardware wiring diagram is shown below:

Module Power Supply Low Voltage
Module

DC48V

Communication
Line

485 Communication Line PC

Communication Host Computer
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Steps to Connect to the firm ware

1.Connect the RS-485 communication cable.

For the communication cable provided by our company: Red wire A — T+/A, Yellow wire B — T-/B,
Black wire G — GND

The RS-485 adapter is shown in the figure below:

2.0pen the firm ware . If the port cannot be detected, first check the connection of the communication
cables. If the cables are in good condition, please download and install the USB-to-RS485 serial driver.
The specific download link is provided in the “ Installation ” section.

As shown in the figure below, follow the steps to connect to the firm ware .
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Chapter 9 JOG Test Run

Open “JOG Control ” and click “Start ” to enable the servo. Confirm that the brake has been released (a
clicking sound “click ” indicates the brake is open).
Click the rotation arrow on the right (press and hold the left mouse button for 8 seconds before releasing)

to perform a rotation test.

The program JOG

In the “AthDrive PC software” - “Parameter Table”, modify the following parameters in order to enable
the JOG program.

For example: if the module is required to run at a speed of 2000 rpm with an acceleration of 100 ms?, and
the motor needs to rotate 100 turns forward and 100 turns in reverse repeatedly, the parameters can be
set as follows.

1. P7.00 Bus Mode 0 (No Bus)

2. P0.05 Control Module 12

3. P6.00 JPOSO Position Control Pulse (High) 1310
(Set the value of the first position, where the value multiplied by 10000 and added to the low-value will

give the target position pulse.)
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P6.01 JPOSO Position Control Pulse (Low) 7200

P6.02 JPOS1 Position Control Pulse (High) -1310
(Set the value of the second position, where the value multiplied by 10000 and added to the low-value

will give the target position pulse.)

P6.03 JPOS1 Position Control Pulse (Low) -7200

P6.20 JPOSO Position Speed Control 2000 (Speed control for the first position, in rpm)

P6.21 JPOS1 Position Speed Control 2000 (Speed control for the second position, in rpm)

P6.30 JPOSO Position Filter Time 1000 (Filter time for the first position, in 0. 1ms)

P6.31 JPOS1 Position Filter Time 1000 (Filter time for the second position, in 0.1ms)

P6.40 JPOSO Position Stop Time 20 (Stop time from the current position to the next position, in 50ms)

P6.41 JPOS1 Position Stop Time 20 (Stop time from the current position to the next position, in 50ms)
4. P4.18 Servo ON Wait Time O

5. P5.01 Set to 1 to start the operation
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Chapter 10 Key Parameter Verification and

Rigidity Adjustment

1.0pen the firm ware and select “Settings — Communication. ”

Click the “Connect ” button. Once the connection is successful, the “Connection Status ” will change from red
to green, and the corresponding module model will be displayed.

(If “Failed to Open Port ” appears, please unplug and reinsert the USB interface, then try connecting

again.)
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2.Click “Others — Settings ” and select the “Administrator ” button. The top-right corner will indicate that you

have entered Administrator Mode.
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Parameter confirmation

1.0pen “Parameter Table ” and click the “Upload All ” button to upload the motor parameters.
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2 Parameter

Joint Module Key Parameter
Ratio 50 80 100 120
P0.00 Motor Model 1 0 2
P0.01 Motor Type 0 0 0
P0.03 Drive Model 0 0 0
L-70-1-XX P0.07 Full closed-loop enable 0 0 0
P0.08 UV phase sequence 1 1 1
P0.09 Module ratio 51 81 101
PA.03 Pole pairs 8 8 8
PA.04 Rated current 323 316 253
PA.05 Maximum current 825 67.7 65.2
Ratio 50 80 100 120
P0.00 Motor Model 1 0 2 3
P0.01 Motor Type 1 1 1 1
P0.03 Drive Model 1 1 1 1
P0.07 Full closed-loop enable 0 0 0 0
L-80-1-XX
P0.08 | UV phase sequence 1 1 1 1
P0.09 Module ratio 51 81 101 121
PA.03 Pole pairs 8 8 8 8
PA.04 Rated current 1042 | 675 789 659
PA.05 Maximum current 134.8 108 1083 | 904
Ratio 50 80 100 120
P0.00 Motor Model 1 0 2 3
P0.01 Motor Type 1 1 1 1
L-90-1-XX
P0.03 Drive Model 3 3 3 3
P0.07 Full closed-loop enable 0 0 0 0
P0.08 | UV phase sequence 1 1 1 1
P0.09 Module ratio 51 81 101 121
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PA.03 Pole pairs 8 8 8 8
PA.04 Rated current 1181 963 810 676
PA.05 Maximum current 1959 | 1515 | 1354 | 1194
Ratio 50 80 100 120
P0.00 Motor Model 1 0 2 3
P0.01 Motor Type 1 1 1 1
P0.03 Drive Model 2 2 2 2
P0.07 Full closed-loop enable 0 0 0 0
L-110-1-XX
P0.08 UV phase sequence 1 1 1 1
P0.09 Module ratio 51 81 101 121
PA.03 Pole pairs 10 10 10 10
PA.04 Rated current 1838 | 1816 | 1805 | 150.7
PA.05 Maximum current 3242 | 2861 | 263 | 2335
Ratio 50 80 100 120
P0.00 Motor Model 1 0 2 3
PO0.01 Motor Type 1 1 1 1
P0.03 Drive Model 4 4 4 4
P0.07 Full closed-loop enable 0 0 0
L-142-1-XX
P0.08 UV phase sequence 1 1 1 1
P0.09 Module ratio 51 81 101 121
PA.03 Pole pairs 10 10 10 10
PA.04 Rated current 1940 | 1893 | 1966 | 1641
PA.05 Maximum current 389.3 | 3445 | 3029 | 268
Ratio 50 80 100 120
P0.00 Motor Model 1 0 2 3
P0.01 Motor Type 1 1 1 1
L-170-1-XX P0.03 Drive Model 5 5 5 5
P0.07 Full closed-loop enable 0 0 0 0
P0.08 | UV phase sequence 1 1 1 1
P0.09 Module ratio 51 81 101 121
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PA.03 Pole pairs 10 10 10 10
PA.04 Rated current 4246 | 3868 | 4069 | 4112
PA.05 Maximum current 870.8 | 707.6 | 620.5 | 562.8
P0.09 Module ratio 51 81 101 121
PA.03 Pole pairs 10 10 10 10
PA.04 Rated current 4096 | 3732 | 3926 | 3967
PA.05 Maximum current 840.1 | 682.7 | 598.6 543

Rigidity Adjustment

Rigidity adjustment requires appropriate modification of five parameters in the firm ware . The specific
parameters are: P1.00 - Position Loop Gain, P1.08 - Velocity Feedforward Gain, P2.00 - Speed Loop
Proportional Gain, P2.01 - Speed Loop Integral Time Constant, P2.0C - Load Inertia Percentage

1.Position Loop Gain (P1.00)

Function: Determines how accurately the system follows the commanded position. Higher position loop gain

increases system response speed and stiffness, and reduces position lag.

Setting Method:

Initial Setting:

® Set as high as possible while ensuring the motor operates quietly. You may refer to the value obtained
from self-learning.

Adjustment Steps:

® Gradually increase the position loop gain and observe whether the system exhibits vibration or
overshoot.

If vibration or overshoot occurs, reduce the gain slightly until the system stabilizes.

2. Position Feedforward Gain (P1.08)

Function: Improves high-speed response of the control system and reduces position lag.

Setting Method:

Initial Setting:

® Usually set to 0 if high response performance is not required.

Adjustment Steps:

® Gradually increase the position feedforward gain and observe whether the system becomes unstable or
exhibits vibration.

If the system remains stable, the gain can be further increased until the desired response speed is

achieved.
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3.Speed Loop Proportional Gain (P2.00)

Function: Affects the motor’s speed response and stiffness. Higher proportional gain increases system

stiffness and accelerates response speed.

Setting Method:

Initial Setting:

® Determined according to the specific servo drive model and load conditions. In general, larger load
inertia requires a higher gain setting.

Adjustment Steps:

® Set the integral gain and derivative gain to zero.

® Gradually increase the speed proportional gain and observe whether vibration occurs when the motor
stops.

If vibration occurs, slightly reduce the gain until the system stabilizes.

4.Speed Loop Integral Time Constant (P2.01)

Function: Influences the steady-state speed error and the stability of the speed loop. A smaller integral time

constant results in faster integration.

Setting Method:

Initial Setting:

® Determined according to the specific servo drive model and load conditions. Larger load inertia typically
requires a larger value.

Adjustment Steps:

® Gradually decrease the speed integral time constant while observing the system for vibration.

If vibration occurs, slightly increase the time constant until the system stabilizes.

General Tuning Procedure:

Set an appropriate rotor inertia ratio, referencing the value obtained from self-learning.

Set the speed loop integral time constant to a relatively large value to ensure initial system stability.
Gradually increase the speed loop proportional gain and observe the system. If vibration occurs, slightly
reduce the gain.

Gradually decrease the speed loop integral time constant and observe the system. If vibration occurs, slightly
increase the value.

Gradually increase the position loop gain and observe the system. If vibration occurs, slightly reduce the gain.
If mechanical resonance occurs, adjust the torque low-pass filter or notch filter to suppress resonance. To
achieve shorter positioning time and smaller position tracking error, the position feedforward gain can be
increased appropriately, but should not exceed 80%.

After setting all gain parameters, perform a stability test to observe whether the motor exhibits instability or

vibration. If any issues appear, readjust the gain parameters until stable operation is achieved.
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By following these steps, the servo motor gain parameters can be gradually tuned to ensure high response

speed, high accuracy, and stable operation.
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Chapter 11 Firmware Upgrade and Initialization

Upgrade via RS-485 Firmware

After connecting the module to the firm ware via RS-485, click the “Settings ” button at the bottom of the

left-hand function panel.

Open Administrator Mode. A window indicating that Administrator Mode is active will appear in the

top-right corner.
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Click “Parameter Table ” in the left-hand function panel, then click the “Upload All” button at the top.
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Next, locate the P7.01 “MODBUS Communication Baud Rate” parameter and change its value to “5 .

Click the “Download” button on the right to download the parameter.

After the download is complete, switch back to the Communication interface and click the dark blue “Soft
Restart” button. Once the soft restart is finished, click the red “Disconnect” button to

disconnect.

Finally, reselect the 115200 baud rate and click the “Connect” button again.
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After connecting, click the Settings tab on the left-hand panel, then click the dark blue “Firmware Upgrade

button.
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Select the firmware file to upgrade (485 upgrade requires a .newbin file), then click Open.
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When the blue progress bar reaches 99%, wait for one minute, then power off and restart the module.
The firmware upgrade is now complete.

Firmware Upgrade via J-LINK

1. Preparation

1. Hardware Preparation: Prepare the J-Link debugger.

2. Software Preparation: Go to the software center and install the flashing tool J-Link V6.20H.
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2. Initial Programming Procedure

1. After installation, open the J-Link Flash application.

2. Create a new project.

3. Select the corresponding MCU model as required. In this example, choose “MIMXRT1064xxx6A. ”

Select“External’Flash
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4. Click “Options” > “Project settings” to open the configuration interface.

5. Go to the “General” tab and set the connection method to “USB.”

6. Navigate to the “Target Interface "tab, select “SWD ” as the debugging interface, and set the speed
to “AUTO.”

7. Go to the “Production ” tab and check “Start application” to enable automatic reset, allowing the

program to run automatically after flashing.
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8. After completing the above configuration, exit the settings interface. Then click “Target ” >

“Connect ” to establish the connection between the J-Link emulator and the MCU.

Once the connection is successful, the LOG window will display “successfully. ”

9. After the connection is established, click “File ” > “Open data file” to load the HEX file you want to

flash into the project.
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10.After the file is loaded, click “Target”> “Production Programming” to begin flashing the program.

11.Check the flashing result
Once the program is successfully downloaded, the LOG window will display “successfully.” If any

additional dialog windows pop up, simply close them.
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At this point, the flashing process is complete.
3. Flashing Using a .jflash File

For easier future programming, you may save the above project as a .jflash file.

By opening the .jflash file directly in J-Link Flash, you can connect and flash the program without
repeating the configuration steps.
If it is necessary to change the MCU model, open the configuration interface to select the

corresponding MCU, and execute step 9 above to update the HEX file.

Note:If any issues occur during the flashing process—such as connection failures—you may unplug

and reconnect the J-Link cable or power-cycle the development board, then try connecting again.
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Chapter 12 Communication:Configuration

Example

Operation example with Beckhoff controller.

Notes:

If you are not using a Beckhoff physical PLC, you will need a computer equipped with an Intel network
card that supports Beckhoff TwinCAT 3 software.

You can find the list of network card models compatible with TwinCAT at the link below:
https://infosys.beckhoff.com/english.php?content=../content/1033/tc3_overview/9309844363.html|&id=14
89698440745036069

Beckhoff Controller Module Configuration Flowchart
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Installing TwinCAT Software
The TwinCAT 3 software can be downloaded from the Beckhoff official website. It supports Windows 7,

Windows 10, and Windows 11 operating systems.

® Copy the module’s EtherCAT configuration file (XML) into the TwinCAT installation directory:
TwinCAT\3.1\Config\lo\EtherCAT

® Open TwinCAT 3 and create a New TwinCAT Project.

After installation is complete, ensure that the XML file has been added to the TwinCAT configuration path.

The default path is: C:\TwinCAT\3.1\Config\lo\EtherCAT
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Device Search
1. Connecting to the Beckhoff Controller (If you do not have a Beckhoff physical PLC, you may skip this
step.)

2. Connected successfully as below
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3. Follow the steps below to install the network card driver. In the pop-up window, select the driver

corresponding to your network card model, then click “ Install ” to complete the installation.

4. Starting Search
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5. Check the master port, such as Device4 (EtherCAT), which corresponds to the port used to connect the

module to the controller.
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6. Click“Yes ”
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7. Click“OK”
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8. Click“No”

9. Device addition is complete, as shown in the figure below.
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Servo Parameter Configuration
In the "CoE-Online" interface, set the parameters through SDO communication. For example, change

6060h to Sync Position Mode (8), and the steps are as follows:

PDO Configuration

As shown in the figure, check 0x1602 and 0x1A02 for the axis. If the current PDO meets your
requirements, there is no need to change it. Otherwise, you need to modify the PDO list to fit your mode. If
you need to modify it, right-click in the PDOContent window, select "Del" to delete the unnecessary

default PDOs, and "Add New Item" to add the required PDO.
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Activate Configuration and Switch to Run Mode
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After completing the configuration, you can observe that the device enters the OP state in the "Online"

interface.
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Control Servo Operation

Control the servo via NC:

1.The servo operates in Cyclic Synchronous Position Mode.
a. Set Units

For testing, choose the unit as: mm.

b. Set Quantization Factor
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ScalingFactor: The distance corresponding to each position feedback pulse from the encoder.

For example, if the motor rotates 131072 pulses per revolution, and one revolution corresponds to 1mm,
then the Scaling Factor Numerator should be 1 mm/Inc, and the Scaling Factor Denominator (default 1.0)
should be 131072.

c. Set Encoder Feedback Mode to Pos

Encoder Sub Mask (absolute range maximum value): Based on the encoder's single-turn resolution of
131072, set it to 1FFFF.

Other Settings Description:

EncoderMode: Encoder mode, with the following three options:

Pos: Encoder is used only for position calculation when the position loop is inside the servo driver.
PosVelo: Encoder is used for both position and velocity calculation when the position loop is inside
TwinCAT NC.

d. Set Jog Speed

73



Laifual

Set the "Manual Velocity (Fast)" jog speed to 10 mm/s and "Manual Velocity (Slow)" to 5 mm/s.

e. Jog Test

Sei Saablng

ITAT)

Click "Set" to open the dialog, then click "All". At this point, the servo driver is enabled. Jogging operation

can be performed using F1~F4.
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Application Example Using Xinje Controller

Below is a simple usage and configuration example of the robot joint module using Xinje's XL series PLC

as the CANopen master. The wiring diagram is shown below:

For detailed pin definitions of Ethernet cable pls refer to the

diagram below

Wiring Diagram for Configuring the Module with Xinje Controller

Xinje PLC Ethernet Port Pin Definition:

CANopen Interface Pin Definition of the Module Driver Board (taking the 142 model as an example; for

others, see Chapter 8):

75



Laifual

FIG

CANL CAN bus Low
GND CAN bus Ground
CANH CAN bus High

CANopen Configuration:

1. Open the software and click "Serial Port Settings" in the "Menu" as shown below:
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2. Create a new communication project and connect to the PLC.

3. Once connected successfully, the software will automatically return to the main page. Locate and click "
CANopen" under “PLC Communication” in the “Project” section on the left, and the “CANopen Parameter

Configuration” window will appear.
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4. In the “CANopen Parameter Configuration” window, click “Add” to configure a slave device. The “Select
Device File” window will appear. Click “Load EDS File,” select the appropriate EDS file, and then click
“Add.”
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5. Return to the “CANopen Parameter Configuration” window. Click on “StationID:1, XJ-XL5NMast” under
the master “CAN_1” to enter the “Basic Parameters” section. Set the baud rate to 500K and click
“Download Configuration.”

(Note:

(D Modified master station number and baud rate require a power cycle and re-establishment of
communication connection.

@ The master’s baud rate must match that of the third-party device.)
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Click “Yes” when the following confirmation window appears.

After reconnecting, the master’s baud rate will be updated to 1000K. Then click on “CAN_1:2, XXXX”
under “ Slave Configuration,” go to the “General” tab to check the slave station ID, click “Start Monitoring,”
and then click “Download Configuration.”

(Note:

(D The slave station ID must match the communication node of the third-party driver and should start from

ID 3.

@ After changing the communication node of the third-party driver, it must be powered off and restarted.)
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6. Click “SDO Read/Write,” enter the relevant index in the search box, and click “Search.”

7. In the “SDO Read/Write” window, enter “6040,” click “Search,” select “6040,” and then enter “6” in the “
Write Value” field. Click “SDO Write,” and a “Success” prompt will appear.
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Click “SDO Read,” and a “Success” prompt will confirm that the value “6” has been correctly read back in
the “Read Value” column for “6040.”

Repeat the process to write values “7” and “15.” Once completed, the motor connected to the driver will

be enabled, indicating that the PLC and the driver have been successfully connected via CANopen.
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Appendix 1 Module Dimension Drawing

L70I1-C
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L80I-C

L90I-C
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L110I-C

L142]-C
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L170I-C

Note: Please check the attached drawing for confirmation or contact us for any unshown dimensional

tolerances.
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Appendix 2 Parameters

Firmware Parameters

Object
Parameter o t'j Communication Par t Par t Parameter Minimum Maximum Default Effective
ictional
No. o Protocol Name Description Unit Value Value Value After Restart
Address
[0] 81Ratio [1]
51Ratio [2] NEEDRE
P0.00 0x3000 CANOpen&EtherCAT Motor Type . — 0 3 0
101Ratio [3] BOOT
121Ratio
Selected Motor
NEEDRE
P0.01 0x3001 CANOpen&EtherCAT Motor Type Parameter table [0] — 0 3 0 SeoT
T Joint [1] | Joint
[0]Signle-turn
NEEDRE
P0.02 0x3002 CANOpen&EtherCAT Encoder Type [1]Signle-turn+ = 0 1 1 BEGT
Multi-turn
. [0] 14 [1] 17 [2] 20 NEEDRE
P0.03 0x3003 CANOpen&EtherCAT Drive Type — 0 15 0
[3] 25 [4] 32 [5] 40 BOOT
[0]Counterclockwis
Motor Positive e Positive Rotation
—— NEEDRE
P0.04 0x3004 CANOpen&EtherCAT Rotation Direction [1] — 0 1 0
Biiesien Clockwise Positive BOOT
Rotation Direction,
[C] Position control
(contact command)
Control mode NEEDRE
P0.05 0x3005 CANOpen&EtherCAT . [D] Speed control — 0 13 13
rotation BOOT
(parameter
command)
[0] External S-ON
valid [1] External
S-ON invalid —
Internal enable motor excitation NEEDRE
P0.06 0x3006 CANOpen&EtherCAT — 0 1 0
command signal will be BOOT
automatically
activated after
S-RDY output.
Full
Full closed-loop NEEDRE
P0.07 0x3007 CANOpen&EtherCAT closed-loop — 0 1 0
enable BOOT
enable
uv Swap the UV phase NEEDRE
P0.08 0x3008 CANOpen&EtherCAT — 0 1 0
commutation sequence. BOOT
NEEDRE
P0.09 0x3009 CANOpen&EtherCAT Module ratio Reducer Ratio — 50 200 81 soo
This value
determines the gain
of the position loop.
Position loop L
P1.00 0x300A CANOpen&EtherCAT X Increasing it 1/s 0 1000 40 NOREBO OT
gain

enhances servo
stiffness in position
control, but
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excessive gain may

cause oscillation,

P1.05

0x300F

CANOpen&EtherCAT

Position
command filter

time constant

This value is used
for smoothing the
input pulses. A
larger value results
in better smoothing
effect, but an
excessively large
value will cause
signal lag. Unit: 0.1

ms

0.1ms

32767

NOREBO OT

P1.06

0x3010

CANOpen&EtherCAT

Position
command filter

type selection

[O]: First-order filter
[1]: Second-order
filter

NEEDRE
BOOT

P1.07

0x3011

CANOpen&EtherCAT

Speed bias

This value is set to
shorten positioning
time. However, if
set too high or not
properly
coordinated with
Pn112, it may
cause vibration. It is
related to the speed
command,
deviation counts,
and Pn500
(positioning error).

rom

300

NOREBO OT

P1.08

0x3012

CANOpen&EtherCAT

Velocity
feedforward

percentage

Used to set the
position
feedforward value.
A higher value
results in faster
position response
and smaller
position deviation.
Setting this value
too high may cause
overshoot and

oscillation.

%

100

NOREBO OT

P1.09

0x3013

CANOpen&EtherCAT

Velocity
feedforward
filter time

Mechanical shock
caused by smooth
torque feedforward.

0.1ms

640

NOREBO OT

P1.0A

0x3014

CANOpen

Deviation
counter reset

method

[0] Deviation
counter resets
when S-OFF; does
not reset on
overtravel. [1]
Deviation counter
does not reset. [2]
Deviation counter
resets on S-OFF or
overtravel (except
zero clamp).

NEEDRE
BOOT

P1.0B

0x3015

CANOpen

Deviation
counter

overflow alarm

When the deviation
counter value
exceeds this
setting, it is
considered an

overflow and

256puls

32767

1024

NOREBO OT
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triggers an alarm
signal.

Positioning

This value sets the
time required to

P1.0C 0x3016 CANOpen ; complete 0.1ms 0 60000 30000 NOREBO OT
ime
positioning. Unit:
0.1 ms
This value
determines the gain
. of the velocity loop.
Velocity loop
P2.00 0x3017 CANOpen&EtherCAT : Ensure Pn106 rad/s 1 4000 500 NOREBO OT
ain
& (load inertia
percentage) is set
correctly.
Reducing this value
can shorten
Velocity loop L
P2.01 0x3018 CANOpen&EtherCAT | o positioning time 0.1ms 1 4096 400 NOREBO OT
integration time
and improve
velocity response.
This parameter can
be set positive or
negative. When
Parameter control mode
P2.04 0x301B CANOpen ) rpm -6000 6000 50 NOREBO OT
speed Pn005.1 = D, it
determines the
motor speed. Unit:
rpm
Sets the speed
during JOG
operation; the
P2.05 0x301C CANOpen JOG speed . rpm 0 6000 50 NOREBO OT
direction is
determined by the
button. Unit: rpm
Time required to
Soft start accelerate 1000
P2.06 0x301D CANOpen acceleration rpm under ramped ms 0 10000 100 NOREBO OT
time speed command.
Unit: ms
Time required to
Soft start decelerate 1000
P2.07 0x301E CANOpen deceleration rpm under ramped ms 0 10000 100 NOREBO OT
time speed command.
Unit: ms
Velocity Speed command
P2.08 0x301F CANOpen filtering time primary filter time ms 0 10000 0 NOREBO OT
constant constant. Unit: ms
Speed command
Speed curve form [0] ramp
NEEDRE
P2.09 0x3020 CANOpen command [1] S-curve — 0 3 0 BoOT
curve form [2]first-order filte [3]
second-order filte
This value
S-curve determines the
P2.0A 0x3021 CANOpen — 0 3 0 NOREBO OT
selection transition curve of
the S-curve.
The time required
to transition from
S-curve rise
P2.0B 0x3022 CANOpen . one velocity point to ms 0 10000 0 NOREBO OT
ime

another in an

S-curve manner.
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load inertia to motor
rotor inertia.
Percentage of
P2.0C 0x3023 CANOpen o Setpoint = (Load % 20000 0 NOREBO OT
load inertia
inertia / Rotor
inertia) * 100
[0] General torque
Torque feedforward. [2]
CANOpen & . NEEDRE
P2.0D 0x3024 feedforward High-speed torque — 3 0
EtherCAT BOOT
form feedforward is
used.
This is used to set
the torque
feedforward value
to improve speed
Torque response. To use
CANOpen & K —
P2.0E 0x3025 feedforward this function in % 100 0 NOREBO OT
EtherCAT
percentage manual tuning
mode, please
correctly set the
load moment of
inertia ratio Pn106.
Torque Mechanical shock
CANOpen &
P2.0F 0x3026 feedforward caused by smooth 0.1ms 640 0 NOREBO OT
EtherCAT
filter time torque feedforward.
This value setting is
used for filtering
during low-speed
speed
Low-speed
measurement. If
speed . X
P2.10 0x3027 CANOpen this value is set too 0.1ms 100 0 NOREBO OT
measurement .
. high, the speed
filter
measurement will
lag during
low-speed speed
measurement.
When the input
analog speed is
Zero clamp less than this value,
P2.11 0x3028 CANOpen rpm 3000 10 NOREBO OT
speed the motor will be
locked at the
current position.
Setting up torque
filtering can
eliminate or reduce
mechanical
Torque
CANOpen & ) vibration, but
P3.01 0x3031 command filter 0.01ms 2500 0 NOREBO OT
EtherCAT improper settings
constant )
can sometimes
introduce
mechanical
vibration.
Motor output torque
limit value
Forward
. (parameter setting
P3.05 0x3035 CANOpen internal torque . % 400 200 NOREBO OT
range is based on
limit
actual overload
capacity).
Reverse
P3.06 0x3036 CANOpen internal torque — % 400 200 NOREBO OT
limit
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Save the

Save the torque

P4.07 0x3044 CANOpen torque when — 0 9999 0 NOREBO OT
when disable
enabled
The function to
disable and save
Enable torque the enable torque
function under can effectively
P4.08 0x3045 CANOpen . — 0 9999 0 NOREBO OT
masking and solve the problem
saving of the robotic arm
falling off after
being enabled.
These parameters
are only effective
when the port
output parameters
are configured to
have /BK output.
These parameters
CANOpen & Servo On o
P4.18 0x3055 control the timing of ms -2000 2000 -1000 NOREBO OT
EtherCAT Waiting Time
the holding brake
(to prevent
gravity-induced
slippage or
continuous external
force acting on the
motor).
CANOpen & Basic waiting
P4.19 0x3056 — 10ms 0 500 20 NOREBO OT
EtherCAT process
CANOpen & Braking waiting
P4.1A 0x3057 — rpm 10 100 100 NOREBO OT
EtherCAT speed
CANOpen & Braking waiting
P4.1B 0x3058 — 10ms 0 100 0 NOREBO OT
EtherCAT time
Dynamic
P4.1C 0x3059 CANOpen o — ms 50 2000 1250 NOREBO OT
braking time
This bit is used for
testing. When this
parameter is set to
NEEDRE
P5.14 0x3070 CANOpen Brake test 4, the brake is — 0 1 1 BOOT
enabled [4]: the
brake is released
[other].
If the deviation
counter value is
Positioning less than this value,
P5.1B 0x3077 CANOpen . puls 0 5000 100 NOREBO OT
error the positioning is
considered to have
been achieved.
If the error between
the speed
command value
and the speed
feedback value is
Same speed
P5.1C 0x3078 CANOpen less than the set rpm 0 100 10 NOREBO OT
error
value of this
parameter, then the
speed is
considered to have
been reached.
Rotary When the motor
P5.1D 0x3079 CANOpen rpm 0 3000 20 NOREBO OT
detection speed exceeds this
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speed value, the motor is
considered to have
stabilized and is
rotating.
JPOSO Point
control position 10000
P6.00 0x307F CANOpen — -9999 9999 0 NOREBO OT
pulse (high pulses
level)
JPOSO0 Point
P6.01 0x3080 CANOpen control position — puls -9999 9999 0 NOREBO OT
pulse (low bit)
JPOSO Point
P6.20 0x309F CANOpen — rpm 0 6000 500 NOREBO OT
Control Speed
JPOSO point
P6.30 0x30AF CANOpen control filter — 0.1ms 0 32767 0 NOREBO OT
time
JPOSO0 Point
P6.40 0x30BF CANOpen Control Stop — 50ms 0 300 10 NOREBO OT
Time
JPOS15 Point
P6.4F 0x30CE CANOpen Control Stop — 50ms 0 300 10 NOREBO OT
Time
Select Single/Loop
[0] Looping [1]
When running a
single multi-point
loop, after the step
change is
Choose
completed at the
between
i end point, the next
single-cycle .
step change will
and loop-based
P6.50 0x30CF CANOpen . start from the — 0 6] 0 NOREBO OT
options, and
starting point; when
select the .
running a
start/reference .
. multi-point single,
point. §
the point control
program will not
perform a step
change when it
reaches the end
point.
Step change and
start-up methods
[0] Delayed step
change, no start
signal required,
delayed start after
S-ON [2] Delayed
Step change
step change, start
P6.51 0x30D0 CANOpen and start-up . . — 0 6] 0 NOREBO OT
signal required,
methods
canceling the start
signal can
immediately shut
down the internal
pulse, and return to
the program start
point during restart.
Step-change Step-change input
P6.52 0x30D1 CANOpen input signal signal valid mode = 0 1 0 NOREBO OT
mode [0] Step-change
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input signal level
mode [1]

Step-change input

signal pulse mode

P6.53

0x30D2

CANOpen

Programming

Programming
methods [0]:
Incremental

programming [1]:
Absolute value
programming
Incremental
programming:
relative
displacement
(position from the

current position to

NOREBO OT

method
the next point)
programming;
Absolute value
programming:
absolute
displacement
(displacement
between the
worktable and the
reference point)
programming.
Programming
P6.54 0x30D3 CANOpen — — 15 0 NOREBO OT
Start Steps
Programming
P6.55 0x30D4 CANOpen termination — — 15 1 NOREBO OT
step
Under position
contact control, this
is the "search travel
. speed"; under
Search trip » .
P6.56 0x30D5 CANOpen o position zeroing rpm 3000 1500 NOREBO OT
spee
P control, it's the
"speed when
finding a reference
point".
Under position
contact control, it
refers to the "speed
when leaving the
Exit limit switch limit switch"; under
P6.57 0x30D6 CANOpen rpm 200 30 NOREBO OT
speed position zeroing
control, it refers to
the "speed when
finding the
reference point".
MODBUS
[0] 4800 [1] 9600 NEEDRE
P7.01 0x30D8 CANOpen communication — 2 1
[2] 19200 BOOT
baud rate
MODBUS axis NEEDRE
P7.04 0x30DB CANOpen — — 247 1
address BOOT
Change accordin:
CAN o 9
to the NEEDRE
P7.05 0x30DC CANOpen synchronizatio L ms 15000 200
communication BOOT

n time

time set by the
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P7.06

P7.07

0x30DD

CANOpen

CAN

communication

rate

controller

[0] 50 kbps [1] 100
kbps [2] 125 kbps

Laifual

0x30DE

CANOpen

CAN

[3] 250 kbps [4] 500

P7.14

0x30EB

CANOpen

communication

node

kbps [5] 1000 kbps

In the oscilloscope

127

NEEDRE
BOOT

Oscilloscope
pre-trigger

point setting

settings, specify the
number of sampling

points before the

NEEDRE
BOOT

P9.04

0x310F

CANOpen

Over-tolerance

trigger condition is
met.

[0] Out-of-tolerance
alarm disabled [1]

Out-of-tolerance

1000

400

NOREBO OT

P9.06 0x3111

0x3112

EtherCAT

CANOpen &

Encoder-relate
d alarm

masking

alarm enable

deviation counter

value is greater
than the value

corresponding to

Encoder-related

alarm masking bit
[0] Detects Encoder
alarms [1]

alarm when the

alarm enabled,

Pn504.

Shield

NEEDRE
BOOT

P9.08

0x3113

CANOpen &

EtherCAT

A 14 Alarm
Shielding

alarm
Low voltage alarm
shield bit [0] No
alarm shielding [1]

Shield alarm

NEEDRE
BOOT

CANOpen &

EtherCAT

A 13 alarm

Overvoltage alarm

(A13\A15) Shield

NEEDRE

shielding

bit [0] Unshield

BOOT

P9.09

0x3114

CANOpen &

EtherCAT

CAN

alarm [1] Shield

alarm

Communication

alarm related

shielding bit [0]
Detects A66, A67,

NEEDRE
BOOT

P9.0A

0x3115

CANOpen &

EtherCAT

Hardware

detection alarm

communication
related alarm

shielding

A68, ABIY [1]

shields A66, A67
[2] Detects A66,
AB7, shields A68,
A69 [3] Shields all
CAN alarms
Hardware alarm
enable bit [0]: Do
not mask

hardware-related

Detects A68, AG9,

NEEDRE
BOOT

P9.0C

0x3117

CANOpen &

shielding

EtherCAT

A 18 alarm

alarms: A15, A13,

A14 [1]: Shield

hardware-related

alarms: A15, A13,
A14

shielding

CPU

over-temperature

NEEDRE
BOOT

NEEDRE

BOOT
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alarm masking [0]
Enable A18 alarm
detection [1] Shield
A18 alarm
detection

P9.0D

CANOpen &
EtherCAT

0x3118

NTC
over-temperature
alarm shield [0]
Enable A19 alarm
detection [1] Shield
A19 alarm
detection

A19 alarm
shielding

NEEDRE
BOOT

P9.0E

CANOpen &
EtherCAT

0x3119

Overload alarm
threshold

%

100

150 100

NOREBO OT

P9.0F

CANOpen &
EtherCAT

0x311A

A18
temperature —
threshold

50

180 95

NOREBO OT

PA.00

0x311B CANOpen

[0] Disable
automatic
identification
function
[1] Enable
automatic
identification
Motor function
automatic (automatically
recognition obtain Drive Motor ,
function enable EncoderType , and
position load servo
parameters based
on these Types ,
without reading
Motor parameters
from Pn
parameters at this

time .)

NEEDRE
BOOT

CANopen Alarm Code

Servo error alarm numbers and descriptions (CANopen)

Alarm

number

Alarm Name

Alarm Description

Solutions

Shielding

position

A03

speeding

Exceeding the rated speed

A05

Position deviation counter

overflow

Error counter overflow

A06

Excess overflow

P9.04=0
shielding

A07

Electronic gear ratio setting

error

The electronic gear ratio setting is

unreasonable.

A.08

U-phase current detection

abnomal

U-phase current sampling voltage reference

abnomal
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A.09 abnormal V-phase current V-phase current sampling voltage reference
detection abnormal
A.10 U-phase overcurrent Phase U is outside the sampling range
A1 V-phase overcurrent Phase V is outside the sampling range.
A12 Overcurrent IPM module current is too high
A13 . P9.08=1can be
Overvoltage waming Bus voltage > 55V
shielded
A4 P9.08=1can be
undervoltage Bus voltage <40V
shielded
A15 P9.08=1can be
Overvoltage alarm Bus voltage > 80V
shielded
A.18 The MCU temperature is too high, P9.0C=1canbe
Motor overheat alarm )
exceeding the value of parameter P9.0F. shielded
A.46 EncoderMulti-turn position P9.06=1 canbe
Magnetic ring displacement
emor shielded
A4T P9.06=1 can be
Encoder low battery alarm Encoder battery voltage <3.05V
shielded
A48 . P9.06=1 can be
Encoder Low Battery Waming Encoder battery voltage <3.15V
shielded
A.49 First (Motor-side) Encoder Confirm whether
. EncoderSPI communication timeout
exception SW1is ON
A.50 Second (reducer end) Encoder Confirm whether
. EncoderSPI communication timeout
exception SW1is ON
A54 Encoder verification
Data configuration bit width error Re-verify Encoder
configuration error
A.66 CAN communication errors caused by P9.09=0,2canbe | P9.09=3canbe
CAN communication error
connection abnormalities or interference enabled shielded
A.67 P9.09=0,2canbe | P9.09=3canbe
Heart rate timeout
enabled shielded
A.68 Synchronization frames too P9.09=0, 1canbe | P9.09=3canbe
early enabled shielded
A.69 o . P9.09=0, 1canbe | P9.09=3canbe
Synchronization frame timeout
enabled shielded
A.133 Firmware incompatibility MotorType and DriveType do not match
EtherCAT Alarm Code
Servo error alarm numbers and descriptions (EtherCAT)
Alarm Shielding
Alarm Name Possible reasons Solutions »
number position
A.01 Parameter emror Storage application parameter emor
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A.03 speeding Exceeding the rated speed
A.04
Overload or Stalling Stalling P3.08-0 can be
shielding
A.05 Position deviation counter
Emor counter overflow
overflow
A.06
Excess overflow P9.04-0 can be
shielding
A.07 Electronic gear ratio setting The electronic gear ratio setting is
error unreasonable.
A.08 U-phase current detection U-phase current sampling voltage reference
abnormal abnormal
A.09 abnormal V-phase current | V-phase current sampling voltage reference
detection abnormal
A.10 U-phase overcurrent Phase U is outside the sampling range
A1 V-phase overcurrent Phase V is outside the sampling range.
A12 Hardware overcurrent IPM module current is too high
AA13 . P9.08-1 can be
Overvoltage waming Bus voltage > 55V
shielded
A14 P9.08-1 can be
undervoltage Bus voltage <40V
shielded
A.15 P9.08-1 can be
Overvoltage alam Bus voltage > 80V
shielded
A.18 The MCU temperature exceeds the value of P9.0C-1can
Motor overheat alarm
parameter P9.0F. be shielded
A.19 NTC temperature exceeds 85 degrees P9.0D-1 can
NIC overheating
Celsius be shielded
A.46 EncoderMulti-turn position P9.09-3 can be
Magnetic ring displacement
error shielded
A47 P9.09-3 can be
Encoder low battery alarm Encoder battery voltage <3.05V
shielded
A.48 Encoder Low Battery P9.09-3 can be
) Encoder battery voltage <3.15V
Warning shielded
A.49 First (Motor-side) Encoder Confirm whether
. EncoderSPI communication timeout
exception SW1is ON
A.50 Second (reducer end) Confirm whether
. EncoderSPI communication timeout
Encoder exception SW1is ON
A54 S .
Encoder Calibration Data configuration bit width error Re-verify Encoder
Configuration Abnormality
A56 Encoder Communication
Restart
Abnormality
A67 DC synchronization error
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A.68 Synchronization event
timeout
A.133 Firmware incompatibility Motor Type and Drive Type do not match
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Appendix 3 Battery Safety Precautions

. Do not place batteries arbitrarily to avoid short circuits.

. Do not heat batteries or expose them to temperatures above 85°C.

. Do not attempt to charge the batteries.

Do not disassemble or dissect the batteries.

Do not reverse the battery polarity.

. Do not solder directly onto the battery surface or expose it to high-temperature objects.

. Do not perform compression, impact, or other environmental/safety tests without proper protection.

. Do not immerse batteries in water, or use/store them unprotected in humid environments.

© ©® N o o A W N =

. If the battery becomes hot, emits odor, changes color, deforms, or shows any other abnormality during
use or storage, stop using it immediately.

10. Dispose of batteries according to local environmental regulations; do not bury them underground or
soak them in saltwater.

11. If battery liquid comes into contact with skin, eyes, or clothing, rinse immediately with plenty of water
and seek medical attention.

12. Keep batteries away from static environments during use and storage.

13. Store batteries away from heat sources, corrosive gases, and direct sunlight; ensure storage areas
are clean, cool, dry, and well-ventilated.

14. During transport, avoid exposure to sunlight, fire, rain, or water, and keep batteries away from
corrosive substances.

15. Minimize impacts and vibrations during handling and transport.

16. For long-distance transportation by ship, keep batteries away from engines; in summer, avoid storing

them for long periods in non-ventilated areas.
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Appendix 4 Frequently Asked Questions (FAQ)

Q: What is the difference between T-type and I-type low-voltage modules?

A: The difference lies in their appearance and installation method.

Q: What is the acceptable power supply range for low-voltage modules?
A: 48V + 10% (43.2-52.8V)

Q: How can parameters of low-voltage modules be modified?
A: First, connect the module ’s 485 communication port to a PC via a 485-USB converter. Then, use the

CMD Athena PC software to upload the parameter table and modify the corresponding parameters.

Q: Does the encoder currently support embedding into the control board?

A: No, it is not supported at present.

Q: Do low-voltage joint modules support 24V, or can a custom 24V version be provided?
A: Currently, 24V supply is not supported. A transformer or other method can be used to step up the

voltage to 48V for use.

Q: Can dual encoders retain single-turn values without power and without a battery?
A: The single-turn encoder is absolute, so it will not lose its single-turn position without a battery. However,
since the encoder is mounted on the motor side, the motor ’s single-turn movement corresponds to a very

small range at the output. It is recommended to use a battery to store multi-turn positions.

Q: How can the firmware software and user manual be obtained?

A: They can be downloaded from the official website: www.laifualdrive.com
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Chapter 13 Document Revision Record

Document Revision Record

Revision
Previous | Page No. Chapter Revision Summary | Revision Date
Version
Total
V1. 00 Total Pages: 70 | Chapters: First Edition 2025/05/06
11
Added Upper
Computer Parameter
Total Table and Error
V1.01 Total Pages: 75 | Chapters: Code Table 2025/08/01
12 Added Key
Parameter
Confirmation Table
Total
V1. 02 Total Pages: 75 | Chapters: Format Revision 2025/09/28
12
Added Discharge
Module Selection,
Total
Connection,
V1. 03 Total Pages: 80 | Chapters: 2025/10/20
Electrical
12
Interface and
Instructions
Revised Upper
Total
Computer Operation
V1. 04 Total Pages: 83 | Chapters: 2025/10/22
Process for Key
12
Parameters
Added Multi-Joint
Total
Connection
V1. 05 Total Pages: 112 | Chapters: 2025/11/13
Configuration,
13
Brake, Encoder
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V1. 06

V1. 07

Total Pages: 112

Total Pages: 113

Total

Chapters:

13

Total

Chapters:

13

Description,
Rigidity, and

Common Problems QA

Added Alarm Codes

Selection and
Connection of
Additional

Discharging Module

2025/12/8

2026/1/28
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