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Preface

Thank you for using Sapphire Series Servo Drives!

Sapphire series drive is a small power, high performance compact low-voltage AC servo drive
developed by our company, currently there are covering 0-750W power level. It supports standard
EtherCAT communication and is equipped with intelligent ultimate Tuning tools with powerful
functions such as full Chinese interface, one-click import of parameters and image
Tuning.Supports a wide range of motor types (permanent magnet synchronous servo motor/DC
brushless motor/linear motor/torque motor/voice coil motor/stepper motor) and a rich variety of
feedback types (incremental/absolute/Hall).This series of servo takes up little space and features
high precision, high performance and high reliability, which is suitable for electronic
manufacturing, robotics, semiconductor, warehousing, transportation, logistics, medical,

traditional manufacturing, etc.

This manual is the Sapphire series drive manual, providing product introduction, installation and
assembly line, parameter setting and commissioning, troubleshooting and troubleshooting and
daily maintenance related notes, communication protocol introduction and case configuration, etc.
For first-time users, please read this manual carefully, if you have doubts about the function and
performance, please consult our technical staff for help.

When opening the box, please check carefully:

Confirmation Items Description

Does the Model ordered match | Please determine the drive Model from the drive
the one that arrived? nameplate.

Are the product accessories | Please check the whole machine to make sure that the
complete? driver terminals and connectors are complete (we
recommend purchasing the manufacturer's recommended

cables) and that the manual is available.

Is there any damage to the | Please make sure that the product has not been damaged
product? during shipping.

If there is a problem with any of the above, please contact your supplier or our company
to resolve it
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A Product electrical safety use specification:

Greetings, Dear User! Before assembling and Tuningthe ISMC Servo Drive
product, please read in detail the Servo Drive product safety use specification
described below. Improper use of this product may result in personal injury or
equipment damage. Be sure to strictly observe the relevant instructions and

requirements.

1. Before powering up the equipment for operation, make sure that each system
component of the equipment must be grounded to ensure electrical safety by means of
a low impedance ground (protection class 1 according to EN/IEC 618005-1 standard).
The motor should also be connected to a protective earth via a separate grounding
conductor, the specification of which must not be lower than that of the motor power
cable.

2 . Only qualified technical personnel should perform the installation, operation,

overhaul and maintenance procedures for this product. These qualified personnel must
have sufficient technical training and knowledge to anticipate and identify potential
hazards that may arise when using the product, modifying settings, and operating the
mechanical, electrical, and electronic components of the entire machine system,
setting emergency stop switches to ensure unforeseen operations that could cause
injury to persons or damage to property.

3. This product contains components sensitive to static electricity, incorrect placement

can damage these components, please avoid this product contact with highly
insulating materials (such as synthetic fibers, plastic films, etc.), should be placed on a
conductive surface. The operator must pass the electrostatic hand ring before
operation to discharge all possible static electricity

4. To avoid serious personal injury or product damage during operation, please add a

protective cover when Tuningthe product and close all cabinet doors when Tuningthe
equipment.
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5. This manual uses the following identification terms to further explain what

needs to be done to prevent injuries and damage to equipment. The labeling
terms are used to distinguish the hazards and extent of damage that can occur

when mishandled. The contents are important for safety and must be observed:

Danger signs

Please read the product manual carefully before powering up, make
sure that the maximum supply voltage is not higher than the voltage
range in the product specification, and that the actual use of the
maximum current does not exceed the maximum peak current specified
in the product.

Check the wiring before powering on, avoid any short circuit and
abnormal connection between U\V\W\PE\DC+\DC-, otherwise burn
the driver or even generate electric sparks causing personal injury
or death.

DC+/DC- reversal must be avoided, otherwise the driver will be
burned or even generate electric sparks causing personal injury or
death.

In order to avoid arcing and other hazards to personnel and
electrical contacts, it is forbidden to plug and unplug all cables of
servo connectors with electricity when the servo is powered on.
Before wiring, inspection, maintenance and other operations, be sure to
disconnect all power supply and confirm that the servo indicator is off
and the voltage input on the DC side is 0 volts, otherwise there is a risk
of damage to the drive or electric shock to personnel.

Warning Signs

In order to dissipate heat, the drivers should be kept at a certain distance
from each other as required, and the working environment should meet
the requirements of the product environmental standards, and the
secondary heat sink should be added according to the actual situation.
USB does not support hot-swapping, otherwise the drive or PC may
be damaged due to the voltage difference between the drive and the
PC, and must be powered off before plugging and unplugging.

The USB debug cable must use a data cable with PE isolation at
both ends to avoid damage to the drive or computer from device
leakage.

Please avoid using external power supply for the encoder 5V unless
necessary, if external 5V power supply is used in special cases,
please ensure that the reference ground of 5V is common (i.e. avoid
voltage difference), otherwise there is a risk of damaging the driver.
When controlling the switching power supply to power on and off
the drive, be sure to do so on the AC input side of the switching
power supply to avoid over-voltage damage to the drive caused by
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the transient spike voltage generated during the switching action.

® For products with STO function, please make sure the safe torque off
function is active before powering up and running.

® Make sure the drive elevation is not higher than 1000m.

® In order to prevent the motor feeder state, resulting in bus over-voltage
and damage to the drive hardware, the braking module should be added
according to the actual working conditions.

® Before commissioning, please ensure that all safety measures have
followed the installation procedures in this manual.

Anti-static Peugeot
‘ ® This product is only applicable to the standard ESD operating

m environment, please ensure that the operating environment is free of
abnormal electrostatic sources;

® When operating manually with bare hands, the operator must pass
the electrostatic hand ring and release any static electricity that
may be generated and then wear anti-static gloves before touching
the Servo Drive product and performing installation operations to
avoid touching the components of the board.

® Avoid contact with highly insulating materials (e.g. synthetic fibers,
plastic films, etc.) and place the product on the surface of a conductive
body.

Grounding mark
® Product heat sink, housing and other system shielding ground must
ensure a reliable connection with the earth, otherwise it may cause

abnormal equipment, damage or other unpredictable danger.

The company reserves the right to make continuous improvements to the product without notice.

Sapphire drive strictly in accordance with the IEC60068 standard for environmental testing, EMC
testing, reliability testing, life testing, to meet the corresponding standard level requirements to
ensure that customers in the complex industrial environment application of reliable, stable,

low-noise.
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Environmental Standards

Storage temperature IEC60068-2-1 -40 ‘C~+85°C

-70°C~+85°C
Operating IEC60068-2-2 0: 0°C~+50°C 1: -40°C~+50°C
temperature 2. -55°C~+50°C 2: -70°C~+50°C
Humidity IEC60068-2-78 95% (No condensation)
Vibration IEC60068-2-6 e 2<f<9,3.5 mm

* 0<f<200,5¢g

* 200<f<500, 5 g,10 min
Impact IEC60068-2-27 15g 11ms half-sine pulse 3 times

EMC Standards

Voltage fluctuations

IEC61000-4-29 +10%

Voltage dips and short

interruptions

IEC61000-4-29 Drop 100%/0.1s

Static electricity

IEC61000-4-2 * 4 KV contact discharge
e 8KV air discharge

Fast transient

IEC61000-4-4

2 kV /5 kHz power terminal
1 kV /5 kHz signal terminal

Electromagnetic IEC61000-4-6 0.15 MHz - 80 MHz, 10V,
conduction 80% AM(1 kHz)
Electromagnetic IEC61000-4-3 80 MHz — 1000 MHz, 10 V/m,
radiation 80% AM(1 kHz)
Electromagnetic CISPR-16-1 C3/C4

leakage

Vi




Sapphire Series Servo Drive User Guide Version Records

Version Records

Date Version Details
2021-12 V1.0 Release 1% edition
2022-02 V1.1 Update product naming
2022-07 V1.2 Revision of product electrical safety use specifications

VII
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Chapter 1 Product Introduction

1.1 Product Overview

Sapphire series low voltage AC servo power range covers 0-750W servo applications.
Communication method supports EtherCAT communication method (CANopen can be custo
mized).Support 6 digital inputs and 2 digital outputs. Motor type supports permanent magn
et synchronous motor, DC brushless motor, DC brush motor, hollow cup motor, linear mot
or, voice coil motor, stepper motor; encoder supports absolute encoder protocol (Hiperface\
BISS-C\SSI\Panasonic\Endat2.1/2.2\Nikon\Sanyo\Tamagawa) and other market Mainstream pr

otocols, digital incremental encoders, Hall sensors.

Figure 1-1 Servo driver appearance diagram

10
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1.2 Model introduction

l STO function.

A: without STO (default) S*:with STO

Spedial functions.
0: No special function (default)

Form structure.
0: Default

Operating temperature level.

0:0~50°C (default) 1*: -40~50°C 2*: -55~50°C 3*:-70~50°C

Encoder feedback.
A: INC\ Tamagawa. HALL
B: Hiperface. BISS-C\ SSI\

2.2, Sanyo. Nikon, Tamagawa. INC . HALL

Panasonic. Endat2.1/

Upper communication mode.
E: EtherCAT C: CANopen+Modbus+pulse+analog

Single axis output current.
~————— 001: 1A005: 5A
010: 10A020: 20A

A: DC48V

Rated input voltage level.

v

01: Single axis

Number of axes.

Product Line.

¥ 5. Sapphire Standard

.| Product positioning.
"] s: standard model

Figure 1-2 Servo Drive Composition

Note: With * for non-standard customized version

11
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1.3 Product parameters

Table 1-1 Product parameters

SDP01 | SDP01 | SDP01 | SDPO1-
Product Model
-A001 | -A005 | -A010 A020
Rated power (W) 0-50 0-200 0-400 0-750
Rated current Irms (A) 1 5 10 20
Output power Instantaneous peak current (A) 2.5 12.5 25 50
Instantaneous peak current
) 3 3 3 3
duration (s)
Rated input voltage (V) 12-60
Input power - -
Maximum input voltage (V) 72
Communication Remote EtherCAT, CANopen, Modbus
Model Local USB
Absolute encoders
(Hiperface\BISS-C\SSI\Panasonic\Endat2.1/2.2\Nikon\Sanyo\Tamagawa)
Motor feedback Incremental encoders (TTL, Sincos)
HALL
Input Isolated 6-way
Digital 10
Output Isolated 4-way
Simulation Al Input -10 - +10 V; 2-way; 12-bit resolution
Status display Dual color LED: red and green
Position, velocity and current control
Motor control . .
Current loop: 50 us; position / velocity loop: 200 us
) Short-circuit, over-current, over-temperature, over-voltage, under-voltage,
Protection L
over-speed, encoder communication error, etc.
Size 115mm*75mm*27mm

12
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1.4 Function Introduction

The product adopts advanced vector control algorithm, the system response speed is high

Table 1-2 Servo function introduction

Function Content
1. 4.5kHz bandwidth of current loop, 20kHz, 5kHz and 5kHz sampling
frequency of current loop, speed loop and position loop respectively.

2. Support three-loop control of position, speed and torque.
. Support dynamic PID downloading.
. Support filtering parameter Tuning. 5.

Servo Control

3
4
5. Support real-time reading of servo system parameters. 6.
6. support deadband compensation. 7.

7

. support position angle compensation. 8.

o0

Support full 32-bit data range for position, speed and torque
commands.

Position: -2x109 count~+2%109 count

Speed: -2x109 count/s ~+2x109 count/s

Acceleration: -2x109 count/s2 ~+2x109 count/s2
1. based on EtherCAT (COE) protocol, fully supporting CIA402 position
profile, speed profile, torque profile, return to zero Model, cycle

synchronization Model.
2. support for S-curves.

3. support for fine interpolation of position commands.

Motion i .
Control 4. motion commands: refer to the ISMC Servo Drive EtherCAT
ontro
Communication User Manual.
5. upper tools: support TwinCAT2.0 and TwinCAT3.0 software of
Peifuku.
6. Tuning tools: refer to the ISMC_Servo Drive Tuning Software User's
Manual.
The following feedback methods are supported.
1. absolute encoder.
Protocol support.
Hiperface\BISSC\SSI\Panasonic\Endat2.1/2.2\Nikon\Sanyo\Tamagawa
and other market mainstream protocols.
Feedback
) 2. Incremental encoder.
terminal

Support digital quadrature encoding, maximum support frequency before
multiplication 10M, after multiplication 40M.
3. Digital Hall sensor.

Reach 4kHz phase change frequency, support 5V logic level.

4. Incremental encoder + digital Hall sensor.

13
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Communicati

on

The following communication protocols are supported

1. EtherCAT slave.

CoE (CANopen over EtherCAT).

Support for distributed clocks.

Support of synchronous cycle Model, synchronous cycle 1~4ms.
2. USB 2.0.

Digital 10

1. DI can be configured with the following functions.
B Positive and negative limit switches
B Home switch
B Enable
B Motor over-temperature
W Start
B Normal/emergency stop
B Forward/reverse jogging
M Zero calibration
B Clear fault
W Reset soft start
W External fault input
2. DO can be configured with the following functions.
B Remote DO
B Fault output
W Holding output

M Target arrival

B Servo enable output

14
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Chapter 2 Installation Instructions

2.1 Outline Dimension

2l

Q
=

WWO'ST]
Lo k]
WLy

|

N4 30
= B

NY4 30

C

Note: DC FAN is in the 750W power consumption under load need to be connected, 400W and

below do not need.

Figure 2-1 Drive mechanical dimension drawing Unit mm
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2.2 Disassembly instructions

Before starting the installation, please make sure that the following materials are inside the
package of the product:

1) Servo Controller;

2) The connector corresponding to the servo controller;

3) The manual of the servo controller (there is a QR code card in the single package that
can be directly connected to the official website for download).

In the process of disassembly and installation, pay attention to the following points:

1) Remove the box carefully;

2) Make sure there is no damage to the appearance of the equipment, if there is damage,
please report it to the shipping personnel,

3) Read the product type signal on the servo controller housing to confirm that it is the
product you expect;

4) Verify that the voltage rating of the equipment meets your specific requirements.

2.3 Mechanical installation
This servo is a pedestal type servo amplifier and will malfunction if installed in the wrong

way.

2.3.1 Installation site

€ Do not use this product in the vicinity of corrosive and flammable gases such as hydrogen
sulfide, chlorine, ammonia, sulfur, chlorinated gases, acids, alkalis, salts, and combustible
materials.

€ Please do not install in high temperature, humid places and dusty, iron powder environment.

€@ Do not use the servo in a closed environment. The closed environment will cause high
temperature of the servo and shorten the service life.

€ 400W and below, no special requirements for the installation of 750W working conditions
need to be connected to the external DC FAN.

2.3.2 Environmental Condition

Table 2-1 Environmental conditions

Project Description

Operating ambient | 0: 0°C~50°C; 1: -40°C~50°C; 2: -55°C~50°C;3: -70°C~50 °C

temperature

Use environment | Below 95%RH (no condensation)
humidity
Storage temperature -40 °C~+85 °C (no freezing)

16
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Storage humidity 0%~95%RH (no condensation)

Vibration S5m/s2 or less

2.3.3 Caution
& Installation method
@D Panel Mount

1) Mark the position of the screw holes on the back of the mounting plate, the dimensional
drawing and hole spacing as shown in Figure 2-1, it is recommended to use M4 screws to
lock the attached.

2) The tapped threads should provide better full contact according to the labeled tapping. Note:
The metal surface of the mounting plate should not be coated or painted, and if so, please
scrape it off. Otherwise electromagnetic compatibility will deteriorate.

3) Mount the servo drive vertically on the backplane. Note: Do not forget the mounting pitch
and make sure the mounting surface is in good contact.

4) Install accessories on the backplane, such as power cables and filters.

5) Follow the electrical installation instructions in the following chapter for the next installation

step.

17
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Chapter 3 System Wiring

3.1 Interface Definition

The drive interface has a total of 9 interfaces.7 external, respectively
J3-J4EtherCAT/CANopen/Modbus/pulse interface, J5 USB communication interface, J6
input/output IO interface, J7 motor encoder feedback interface, J9 power input and power output

interface, J10 external fan interface, each port pin definition as Figure 3-1.

% /

O A/nur usn
2

= EtherCAT

E—J

= &

[0

i

% U VW _PE_DC+ DC- ]
16 i Ofe e ss s 2lO =

] |

- POWER \ﬂﬂl

Figure 3-1 Driver Interface Definition Layout
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3.1.1 Bus/pulse communication interface pin definition

Table 3-1 EtherCAT bus interface pin definitions

Interface Interface Pin Name
Pin
1 TX+
2 TX-
J3/J4-EtherCAT 3 RX+
(J4-IN; J3-OUT) | ¢ RX-
Other NC

CANopen Model interface pin definition

Interface Interface Function Description Pin Name
Pins
1 — 5V
12345678 2 CANOpCl’l CAN—L—OUT
3 o CAN_H OUT
communication —
4 GND
5 PULSE+
6 PULSE-
Pulse control
I3 7 SIGN+
8 SIGN-
Interface Interface Function Description Pin Name
Pin
1 — 5V
12345678 2 CANOpCl’l CAN—L—IN
3 o CAN H IN
communication —
4 GND
5 RS485A IN
6 RS485B_IN
RS485 control =
J4 7 RS485A OUT
8 RS485B_OUT

3.1.2 J5 USB debug interface

Customers can use the standard Micro-USB cable to communicate with the servo for

parameter configuration and commissioning.

19
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3.1.3 J6 1O interface pin definition

Table 3-2 J6 interface pin definition

Interface Interface Pin Pin Name
1 +24V_OUT
2 DOO0_OUT
3 DI4 IN
4 DI2 IN
5 DIO IN
6 STOO0
16.10 7 STO1
interface 8 DO_GND
9 DO1 _OUT
10 DI5 IN
11 DI3 IN
12 DIl _IN
13 DI COM
14 STO RET

20
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3.1.4 J7 Encoder interface pin definition

Table 3-3 J7 interface pin definition

Interfac Pin Name
Interface e
Pin Absolute value Incremental Hall Analog Power supply
1 PE
2 INC_A+
3 INC_B+
4 INC_Z+
5 HALL U
6 HALL W
7 ABS CLK+
8 All+
J7 motor 9 A+
encoder 10 ABS DATA+
interface 11 GND
12 INC_A-
13 INC_B-
14 INC Z-
15 +5V
16 HALL V
17 ABS CLK-
18 All-
19 Al2-
20 ABS DATA-

21
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3.1.5 J9 power input and power output interface pin definition

Table 3-4 J9 interface pin definition

Interface Interface Pins Pin Name
1 DC-
J9-Power input and 2 DC+
power electrical 3 PE
output 4 W
5 v
6 U

Attention.

1, voice coil, DC brush motor when the power line connected to UV phase.

2, two-phase four-wire stepper motor, the power line A +\ B + respectively connected to the U\ W
phase, A - and B - together with the V phase.

3.1.6 J10 DC FAN Power Interface Definition
Table 3-5 J10 interface pin definition

Interface Interface Pin Pin Name
J10-DC FAN 1 DC+(5V)
Power Output 2 DC-(0V)

3 GND(0V)

3.2 10 wiring instructions
3.2.1 DI wiring method
1) When the upper unit uses relay outputs (take DIO as an example):

External +24V
Servo Drive

DINO |5

IR L

Relaly DI_coM |13

t3(

k3%

v

External OV

22
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2) When the upper unit uses open collector output:
PNP connection:

External +24V

Servo Drive
PNP
DINO |5 #* {
DI COM |13 ’
External OV
NPN connection:
External +24V
- Servo Drive
DI COM |13
DINO |°
NPN
External OV

Note: PNP and NPN input mixing is not supported.

23
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3.2.2 DO wiring method
1) When the upper unit uses relay inputs (in the case of DO1).

External +12~24V

Servo Drive
Relay
Loav olt A 1 2%
-— [
1 = %3
DO1 OUT
9
DO GND
8
External OV

24
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2) When the upper unit uses optocoupler inputs (DO1 as an example):

Servo Drive External +12~24V
124V 0U1
1 e e —
Photocoupler
9 |po1 out !
8 DO _GND

External OV

Note: 1, DO_OUT need to be pulled up to connect the current limiting resistor (need to
be optional according to the upper device optocoupler specifications).
2, the maximum allowable voltage and current capacity of the driver internal
optocoupler output are as follows.
D Voltage: DC30V (maximum)
@) Current: DC400mA (maximum)

25
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3.3 AIWiring instruction

18 AL T — ||~
I o
| T\i/vistedPa;il‘ :
- - 1+
‘ L ] -
YT e

l 1] PE

Drive side

Control module side

Notes.

1, the driver has 2 analog input circuit, AI1 \ A12, input voltage range -10V ~ +10V, AD accuracy
of 12 bits.

2, the maximum input voltage range + 12V, beyond the possibility of damage to the circuit.
3, input impedance 3.74kQ.

The upper bit can read 0x2413(Al1),0x2414(Al12) values for external analog closed loop control.

26
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3.4 Cable Introduction

Table 3-6 Cable Introduction

Cable Name Cable Description Cable length/m Cable type
1 SC-P0750100A00
Power cable between motor and driver 3 SC-P0750300A00
with plug 5 SC-P0750500A00
(with 5A and below servo system) SC-PO75XXXXXX
X (non-standard)
X
1 SC-P1500100A00
P Power cable between motor and driver 3 SC-P1500300A00
ower .
cables”! with plug 5 SC-P1500500A00
(with 10A servo system) SC-P150XX XXX
X (non-standard)
XX
1 SC-P2500100A00
Power cable between motor and driver 3 SC-P2500300A00
with plug 5 SC-P2500500A00
(with 20A servo system) SC-P250XX XXX
X (non-standard)
XX
1 SC-E2010CA000
Encoder signal cable between motor and 3 SC-E2030CA000
drive, with plug, adapted to incremental 5 SC-E2050CA000
definition SC-E2XXXXXXX
X (non-standard)
Encoder X
cables™! 1 SC-E1010CAA00
EnC(?der signal cable l.)etween motor and 3 SC-E1030CAAQD
driver, with plug, with battery (3.6V,
recommended to be replaced in 15~24 5 SC-E1050CAA00
months), adapted to absolute definition X(non-standard) SC-EIXXXXXXX
X
1 SC-D005C000
Digital /O | Driver 6 in 4 out digital I/O cable, 2 way 3 SC-D010C000
cables”! STO, with plug 5 SC-D030A000
X (non-standard) | SC-DXXXXXXX
Note: *1

*1 No need to buy J6-J7 plugs if you buy the complete set of cables. We suggest customers to buy the complete set

of cables when adapting our motors, which is convenient to use directly.

*2 Because the EtherCAT communication interface is standard RJ45 connector, so the bus communication cable

can be purchased by ourselves.

*3 The cable can be customized, other special requirements can be communicated with the company business

consulting
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3.5 Wiring Accessory
Table 3-7 Introduction to accessory connectors
Category Connector Name N
10120-3000PE
Encoder
(3M.) 10320-52A0-008
connector
10114-3000PE
/O (3M.)
10314-52A0-008
connector
5019390300
. (Molex.)
FAN joint -

Note: The recommended cable diameter for the connector pin is 28AWG.

3.6 Brake Module

3.6.1Brake Module Introduction

Servo motor in the acceleration, deceleration operation during the deceleration stop, in the

vertical axis continuous decline in operation, in the power generation of three states, will generate

regenerative energy, the braking module is used to consume the regenerative energy generated,

play a role in protecting the equipment on the DC bus will not be damaged due to over-voltage.

40.2

4>

o _LI?

-

ol 1

90

120
[

105

- >

Figure 3-3 Dimensions of the brake module

3.6.2Brake Module Principle

The brake module mainly consists of a power consumption unit, a comparator unit, and a
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switching tube unit.The DC bus 48V enters from the DC power supply from J1 and outputs to the
servo driver through J2.The comparator unit compares the bus voltage, and when the bus voltage
exceeds the upper threshold, the comparator unit outputs a high level to turn on the switching tube
unit, at which time the bus pump-up voltage is added to the unit, and the power consumption unit
consumes the excess energy on the bus.When the voltage drops back to the threshold value under
the normal voltage, the comparator unit outputs a low level to turn off the switching tube unit.The
energy returned from the driver is not transferred to the DC power supply because of the high
power, low on-state voltage drop diodes connected in series with the bus feed. The diode protects

the DC power supply while also providing anti-reverse protection.

GAS-DC-B
bCagy DC a8V
N, P —oup,
&%
L3

L
n!.i 2

WS e

Figure 3-4 Brake Module Principle

A voltage comparator with hysteresis function is used in the comparator unit to avoid false
operation due to signal interference. The set upper threshold value is 53V and the lower threshold

value is 50V.
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3.6.3 Brake Module Selection

In the position Model, the motor is controlled to move with a cycle of speed V. When braking,
the kinetic energy is converted into electrical energy and fed back to the bus capacitor, and the
single braking voltage exceeds the unloading braking voltage, the braking module will consume

the excess energy.

iR VERHEER
: I
1 |
1 |
0 : : \ .
I | I 1
| ———— l
| | | |
1 | I 1
] | I i
I | I 1
| | ] |
| | I 1
| | ] i
| I l I
HHEEIE T AEHEE | ', '
I |
R
I
¢ |
SEEELAT

Figure 3-5 Schematic diagram of reciprocating operation

3 Speed

B A4E4%E: Motor torque

B #1333 . Motor speed
f#EEESE: Load torque
=& EHA: Period of motion

30



Sapphire Series Servo Drive User Guide Chapter 3 System Wiring

The calculation steps are as follows

Start

Set reciprecating cycle T
at Velocity V

Calculate the sum of load
and motor inertia according
to J=dutde

Calculate brake energy
feedback according to
Es=JV/182

Calculate consumption
energy by load according
to E=(M160)V*T Mg

Calculate consumption
energy by the servo
according to Eg=Es-EL

External br_ake Yes No External _brake
module is module is not
required required

Calculate consumption energy
by external brake module
according to Ex=Ep-E.

Calculate power of external
brake module according to
W=E/(0.3*T)

Yes No
Several external One external
brake modules brake module
are required is required

Figure 3-6 Calculation steps
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Calculation content related instructions:

Step Calculated items Symbols Formula
J=IvtIL
1 Total inertia of the servo system J Note: Inertia is the sum of motor inertia and
load inertia.
Total braking energy of the servo 5
system
Er=(n/60)V*T*td
Energy consumed by the load system
3 . . EL Note: When the loss energy of the load system
during deceleration
is not clear, please assume E{=0
Energy required to regenerate to the
4 Ep Ep:ES'EL
servo
See the table below for details of the energy that
5 Absorbable energy by servo drive E. can be absorbed by products with different
specifications.
Energy consumed by regenerative
6 . Ex Ew=Ep-Ec
resistor
W=E/(0.3*T)
7 Capacity of regenerative resistor w Note: 0.3 is used when the load rate of

regenerative resistance is 30%.

The energy that can be absorbed by products with different specifications:

Product Series Specification Max Absorbable Energy (Ec/J)
e SD-A010CA SDP-A010CA 0.084
Diamond/Diamond d SD-A010EA SDP-AO010EA )
Plus e  SD-A020CA SDP-A020CA 0.2
* SD-A020EA SDP-A020EA '
Sapphire ° SS-AOI0CA 0.142

* SS-AO010EA
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The brake module consists of six 25 W 120 Q cement resistors in parallel, so a single brake
module can consume 150 W energy feedback. When the brake energy of several servo drives is
less than or equal to 150 W, a brake module is enough; When it is greater than 150 W, several

brake modules are required and you should distribute the servo drives evenly to brake modules.

» Servo drive

» Brake module

—»  Servo drive

48V DC
Power

—» Servo drive

» Brake module

»  Servo drive

Figure 3-7 Wiring of brake module
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3.6.4Brake Module Interface Definition

J1 INPUT 12 OUTPUT

| I

Figure 3-8 Interface definition

J1 power inlet Pin No. Definition

1 48V IN+

2 GND

Connector (board): 1954919 (Phoenix Contact material number)
Connector (wire): 1754568 for 14 — 24 AWG or 0.2 - 1.5 mm? wire

J2 power outlet Pin No. Definition

, 2 48V OUT+

3, 4 GND

Connector (board): 1954919 (Phoenix Contact material number)

Connector (wire): 1754584 for 14 - 24 AWG or 0.2 - 1.5 mm? wire
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3.6.5 Wiring
When the motor is working in a situation where braking is required, the braking module

should be connected in series between the DC power supply and the power feed of the servo drive.

Figure 3-9 Wiring
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Chapter 4 Trial Run and Tuning

The ISMC software is used for trial run and Tuning. For details, please refer to User Manual
of Servo Tuning Software ISMC.

Tuning steps:

Communication
Connection

|

Parameter writig

\ 4

Magnetic pole
calibration

PID adjustment

Motion Control

\ 4
Parameter
exporting for
backup

\ 4

Fault handling

Figure 4-1 Parameter Tuning steps

4.1 Communication Connection

1) Installation of servo host software and USB driver.
2) Use a USB data cable (Mirco Type B) to connect the host computer to the drive.
3) Double click to open the ISMC program, enter the interface, click the "Connect" icon on the

main menu bar.
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o= " e oS ety

Figure 4-2 Open communication interface
4) Click the "Connect" icon to bring up the port and select the port number, as shown in Figure
4-2.
5) Click the "Connect" button to complete the communication connection, as shown in Figure 4-3.

emo Sa o e b
e R

Figure 4-3 Establishing communication connection successfully
4.2 Parameter setting
Parameter settings includes the settings of parameters about startup, motor feedback, limit
protection and user unit.

4.2.1 Startup Parameters

In the "Configuration" submenu, click on "Parameter Configuration", in the middle

interactive area you can configure the motor parameters.

0 “0s® - ) b g w1

Figure 4-4 Parameter Configuration
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4.2.1 Parameter Configuration
The parameter configuration includes motor and feedback, limit protection, and recognition
function. Select "Motor and Feedback" in the "Configuration" submenu to set the motor

parameters and encoder parameters, and click "Download" after the settings are completed..

=3 dpmicstion fteda | 18ATN - 8

B [ o e e e e

=

Mmoo dowe

arTIon ey S

PSS . omid St el oA Sy | Mokions bkt Ui Bight el Bt | by Tyt AT

Figure 4-5 Motor and feedback parameter setting
Note: Power off and restart the servo after successful saving, and retry the communication connection after

the restart is completed.

1) Motor parameters
(DIn order to facilitate the configuration of motor parameters, ISMC provides the function of
motor database. It is possible to call the parameters of known motor Models in the database, and
also to save the parameters of new Model motors to the database after setting them. However, the
database only saves and loads the motor feedback parameters, "import from file" and "export from
file" are to import or export all the servo parameters, and it is necessary to power off and restart
after writing motor parameters or importing drive parameters.
L_qad._rm_tor Save mator
Figure 4-6 Motor parameters [
(@According to the motor nameplate and the motor parameters manual provided by the motor
manufacturer, fill in the motor parameters to be set into the software motor parameters interface,

as shown in Figure 4-7.
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pim
Muzar modal - Lot matoe Save ot

Wotor type T

Muzy mbed pawarlWatt]
+ Max Tomgus[nm}

+ Rotston

= Moo ma ety 4000

+ Motor mas cumrerefA] 5000

Damniad Hukoim Char

Figure 4-7 Motor parameters 11
(3Motor types include rotary brushless motors, linear brushless motors, rotary DC brush,
voice coil motors, which require configuration parameters and units that vary according to the

motor type.

Note: Be sure to pay attention to the units of each parameter when writing!

2) Encoder parameters

Depending on the actual encoder type, select the encoder type and write the resolution in the
Encoder Parameters screen.The Diamond Series Servo Drives currently support incremental,
Tamagawa absolute, and Nikon absolute encoders (of which Nikon absolute encoders require the

use of a protocol conversion board).

Encodar
hcvde e i
Resolution counts/rav] 10000 :
Download Multiturn Claar
Rotary Encoder
Encoder
Encoder Type BRI v i e g i e 1
Segmentation Mukipler Digi[F] 5
Encoder Lines[C] i x
HallModeSelect 0 - None -
bownload Sne-cosine Encoder Input Signal check MulEHtun Clear

Sine-cosine Encoder

Figure 4-8 Motor parameters I11

The encoder parameters are described in Table 4-1.

Table 4-1 Encoder parameters introduction

Name Unit Definition

Absolute single-turn Bit The pulse value output by one rotation of the
resolution encoder

Absolute multi-turn Bit Maximum number of turns recorded by the
resolution encoder

Zeroing of encoder Zeroing out absolute encoder multi-turn

multi-turn values values

Resolution counts/revolution | The pulse value output by one rotation of the
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(Rotary type) encoder
counts/nm, um, Pulse value per unit distance of optical scale
mm(Linear type) output
Communication Rate M Clock frequency for sending or receiving data
to or from the encoder

4.2.2 Limit protection

Current, voltage, speed and position are limited in the limit protection.

Current: The peak current is set at 2.4 times the corresponding 1, 5, 10, 20A of the drive. If it
exceeds 2, 4 times of the rated current corresponding to the drive it will alarm. The continuous
current is the rated current.

Voltage: You can set the DC bus voltage undervoltage and overvoltage thresholds.

Speed: You can set the threshold value of the speed tracking error and the determination time,
that is, the given speed and feedback speed exceeds a certain value and exceeds the specified time

will alarm.
MotoréFeedback Identfication funcoons |

Current
Paak currentfa] 4,500 =
Continuous currantA] 3.000 =
Peak current timeims] 3000 £
Vokage
Min bus votage[V] 16.000 ot
Max bus voltags[V] '56.000 =
Speec
Velocky trackng threshold[rpm] 200,000 =
Velocky trecking time[ms] 11000 5
Posizion
Folowing eror window[ont] 131072 2
Folowing eror timeout{ms] 50 =
Postion window[ont] 32 =
Postion window tme[ms] 10 v

Figure 4-9 Limiting protection parameters

4.2.3 User Units

In the submenu of "Configuration", select "User Units" to set unified motion control
parameter units, including position units and speed units, as well as configure mechanical ratio
parameters, as shown in Figure 4-9. After the settings are completed, click "Apply" to indicate the
successful conversion of units to take effect, and the units used in the subsequent TuningModel

and motion Model will be consistent with the units set.

Cantrol unit

Load type Rotate

Pagitien unk ot

Speed unit 1 v

Merhznice! paremesar

Numbar of tums of mator shafi= 1 = | Murnbar of tums of drive shaft= |1 -

Apply
Figure 4-10 User Units

The user units are configured with different position and speed units depending on the load
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type selection, as described in Table 4-2.

Table 4-2 Introduction of user units

Load Type ) )
Linear Rotation
Movement unifs
cnt Pulse count cnt Pulse count
um Micron deg Angle
position Unit mm Millimeter rad Curvature
cm centimeter rev Turn
uu Customization uu Customization
Number of cnt/s Number of
cnt/s
pulses/sec pulses/sec
um/s micron/sec deg/s Angle/sec
) mm/s mm/sec rad/s Arc/sec
Speed unit - -
v Centimeters/seco rpm Revolutions per
cm/s
nd minute
uu Customization ps Rev/sec
uu Customization

4.3 Identification functions

4.3.1 Current loop auto-tuning

Click "Current loop auto-tuning" in the identification function, you can identify the electrical
identification, pole pair identification, phase sequence steering identification, Hall identification,
electrical angle identification and other functions in order to identify. Current loop self-adjustment
can adjust the resistance inductance through electrical identification: phase sequence identification
needs to confirm the direction of rotation of the motor to determine whether the motor is forward
or reverse, and a dialog box will pop up whether the motor is forward or not. If you select "Yes",
the phase sequence will remain unchanged; if you select "No", the phase sequence will be
reversed.

Commutztion offsat ]

Poleldentifiods 2 pratagetig

Reservanngiedeq] %
50

anfanl 0

PrleidentrlecricAnall deg] 355

AutoCalbrateAngle

Downioad Cumert o seFsuming Elactic Identify
Waming Polenars [dantify
Phase-sequence Identfy

1 Motor may mave, oo you want to contnue? Hall Idently

T

Figure 4-11 Current loop auto-tuning completion
When all items are identified, a pop-up message will appear indicating that the Current loop
auto-tuning is complete, and a green stripe will appear accordingly. If the calibration fails, it will

indicate that the Current loop auto-tuning has failed, and a red stripe will appear accordingly.
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= i e G o
Fetass WenHy:
Phase-sequence [dentify
| Hal Tdenty
]
05.0705: Current loop sef:

~turning & turning, please don't switch tha rterface at will!!
00.000s: Electric identification begins
g

ctance 0.52mH, electric identfication completed successfuly.

Download

= ———— 1
| n5.6705:

Currant loop salf-turning 15 tuming, pleace don't switch the intarface at wilt!
00.0005: Electnic identficaton begins...

015.440s; Line resstence 0.120.0/0 #as induckence 0.5mH, slectric dentFoaton completed successfuly.
IDS.E?DE: Current loop self-turning corpleted.

Note: Identification failure needs to be modified for the problem item.
4.3.2 Identify type

(DElectric Identify

Click "Electric Identify" in the identification function to adjust the resistance inductance

. The
figure below shows.

Icteted

e e
Pobe e artdy

e

R

B ]

|
=
®@Prole- pairs Identify
You can correct the logarithm by clicking "Pole- pairs Identify".
iy
Dasminad Curent kg setf-uming Hectn: Ioantfy
Phase-saquencs lderify
Elbctricdegree identfy
l
D rmetee Modification Confirmetion =
= Unt i, i o
(B3 4
o Cancla
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Before the motion control, the motor needs to be tested and calibrated, calibration is completed
before the normal motion control, otherwise the motor will appear flying, at the same time before
calibration need to confirm the motor UVW wiring phase sequence is correct, incorrect calibration
will lead to calibration failure, when enabling or start the movement, motion monitoring to
observe the current feedback value is very large, the motor blocking, may be the phase line is
connected to the reverse, can be set in the "parameter editor - PID parameters" 2002 to 1 for phase

sequence switching.

Parameter Description

2002 Three Phase Seq Switch Enable Three-phase sequence switching function, 0-no

switching, 1-switching

Phase sequence identification can also be performed by selecting phase sequence steering
identification in the identification function. during the identification process, the motor rotation is
observed and the direction of rotation is selected according to the direction of rotation. When you
click "Phase sequence and steering identification", you need to confirm the rotation direction of
the motor to determine whether the motor is forward or reverse, and a dialog box will pop up
whether the motor is forward or not. Select "Yes" to keep the phase sequence unchanged, select

"No" to switch the phase sequence.

CanAguiatan wead W BRI

MatoraFaedtark

LS pnrs

Downar Cunere bap sef-mmng Electre Mentiy

PekidentfyEacricang|

AutolalbrateAngle

Dowrioad

Carndiem

o It e mesor maving i 3 poarive diecton 7

T

1) Hall Identify steps are as follows: Hall sensor is not used to do commutation, other values when
doing Hall detection. To turn on Hall recognition, you need to select the encoder in the motor and

feedback to use Hall sensor.

Hall state
Hal 110 36D < Hallotn 200 < lalilo (239 =
Hal ool IBD Hzll_101 112 Hal_1o0 59
@ Hall U ©Hal v @l

Flectri-degies
Commutation offset 1439 -
FeolaldentfyMode 1 -jogging -
P Encoder
Al Encoder Type 2 - Incremental Encoder-Crthotrooy

Resolution[counts/rev] 10000 | Cunert oo selftuming Electric Identiy

HalModesekct 1 - Hallstarmng | Pole-pairs Identify

Phace-cequence Idants
Download Hal [dentify
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Commutation cumrent ratiolf0.001] 800 -

Elactric-degree

Commutation offset 1439 -
PoleldartfyMode 1 -jogging 5
B L B RS ot G PP CRUR B 0 . | T
Encoder
o Encoder Type 2 - Incremental Encoder-DrthoTopy
Resahitonfcounts/rav] 10000 Currant loop self-tuming Eeectric Tentiy
HallModeSzlect MomBC g T Pole-pars Idantify
[
Downlad Electric-degree Tdentify

2) Wait about 5~15s after clicking the button for each test, and the corresponding operation status

parameter will be shown in green, as shown in the figure below, then the test is completed.

HeCnc-geares N8Nty

14,785z Current loop self-turning is turning, please don't switch the nterfaca at willll!

00.000z: Electric identification begine. ..

07.040s: Line resstance 08920 0/} =xis inductance 0.84mH, electrc Hantificatibn completed successiully.
07.0655: Pole-nairs identification begins...

17,885s5: pole-pairs 5,00ke-pairs identfication completed succassfuly.

17.890s: Electric-degree identification begns...

24.510z: Electric-dagree identification completad succassfully.

Note: 1. If the control motor encoder type is absolute encoder, the initial adaptation of the servo needs
to be accurately calibrated once, the servo re-energized without the need for zero point calibration, the
power can be directly on the motion control.

2.If the control motor encoder type is incremental encoder (without Hall signal), the servo needs to perform a
magnetic pole calibration on the motor every time it is powered on in order to perform motor control, either by
sending calibration and enable commands (see Note 4 for logic details) or manually clicking on the commutation
bias automatic detection for calibration, do not perform other motion control related operations during calibration,
the servo driver will report the corresponding error;At the same time, the servo comes with power-on automatic
calibration function, if you open this function, you need to configure 0x2120 as 1, save and restart after power off,
the servo will automatically calibrate every time the servo is powered off and re-powered, after the calibration is
completed, the servo is disabled, and then output the calibration completion flag 0x2121 set to 1.

3.If the control motor encoder type is incremental encoder (with Hall signal), the first time to adapt servo
need to configure Hall Model Select (0x2103 = 1), at the same time, input the HALL starting electrical angle
0x210F given by the motor factory, save to EEPROM, the subsequent power can be directly on the motion control.

4.Calibration current setting: calibration current default 800 (80% of rated current), if in the occasion of larger
load can be appropriately increased current ratio for calibration.

Note:
1. No-load condition: motors with small inertia or small cogging torque only need to be calibrated in the 2105d
axis calibration current Model;
2 . Under load: large inertia motors or motors with high frictional resistance need to be calibrated in
combination with 0x2402 calibration current2 ,
3. If'the calibration current is not adjusted properly or the load of motor shaft is too large, the
calibration will fail. For the error handling, please refer to Chapter 5 Tuning and Motion.
4. After 0x6060 (control Model) is set to 0, 0x2101 is written to 1, 0x6040 (control word) is
executed according to the enable logic of 6 -> 7 > 15, the servo enters calibration status.
When 0x2101 turns to 0, it means the calibration process is completed.

Commutation bias-related parameters and description
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parameter Description

2101 Calibrate commutation offset The sign of manual zero calibration enable.

2102 Commutation offset The value of zero calibration.

2103 Hall Model Select Hall Model selection. 0: disable Hall;1: enable Hall.
D-axis calibration current amplitude

2105 Commutation current ratio_1 =2105/1000 * Rate current.
Frequency: constant value

213E Hall Angle Hall calibration angle.

2120 Auto Calibrate Angle Automatic calibration after power-on. 0-OFF; 1-ON.

2121 Auto Calibrate Angle Finish The sign whether automa.tic calibration after power-on is
completed. O-Incomplete; 1-Complete.
Q-axis calibration current amplitude

2402 Commutation current ratio_2 =2402 /1000 * 2105
Frequency: high frequency

4.4 PID Adjustment

If PID parameters are not set properly, the motor may vibrate or make abnormal noise. Thus,
to achieve a better control effect, it is necessary to adjust PID parameters before controlling the
motor.

The upper software ISMC provides a function generator, which can output the given Model, wave
form and step signal, and capture the given waveform and the feedback waveform for response
analysis with an oscilloscope.

The whole Tuning steps is as follows:
Adjustment for current loop — Adjustment for velocity loop — Adjustment for position loop.

Three loop tuning steps:

Current loop‘ Speed loop Position
tuning tuning loop tuning

4.4.1 Current loop
The first loop of three-loop tuning is current loop, click "three-loop tuning" in the control
area of the module, select "current loop", and the Tuning interface of current loop appears, as

shown in Figure 4-12.

Figure 4-12 Current loop tuning interface
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The current loop Tuning steps are as follows:
1. KP Tuning
(DFirst, given Ki is 0, Kp is 100, click "Download" (generally only need to be near the

factory default value of the servo for fine-tuning).

Controller parameters

-urrent loop Kp[0.001] 100| =

current loop Ki[0.001] o =3
“eed Forward Method 0 - None v

TorFerward Coefficient[0.001] s00 =

TorqueFiterRC[0.001] 10 =
1 automatically download Download

Figure 4-13 Current loop control parameters
@Then set the function generator function type for the sine wave signal, the current

amplitude is 25% of the rated motor current (under the 1A for example), the frequency is 1500Hz.

Inner source type 2 - sine-wave ¥

Current ampltudelA] 1.000 :

Inner source frequency[Hz] 1500.000 :

Inner source number ] :
Enabled Dscilloscope

Figure 4-14 Current loop function generator parameters
(3 Then open the oscilloscope, set the sampling channel for Id reference (current given value)
and Id feedback (current feedback value), select the sampling period of 50us, check the continuous
acquisition.

] Continuous [ | Trigger Trigge

B 1d reference v
. Id feedback e
1 M
O . Start Stop
Sample Period 50 us b

i Offfine Save
Sample Time 1.638 5 e L

Figure 4-15 Current loop oscilloscope sampling parameters settings
(@Put the servo "enable", then "start" the function generator, and then click the oscilloscope
g p

"start ".

B)Keep increasing Kp until the amplitude of Id feedback is between (0.707~1) of Id
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reference amplitude and the phase lag does not exceed 90°. The following figure shows the Tuning

ok:

D
e
= o L=
Fm s
------ L S
= P [ T ke
T STARTIIAT DT L T e—
— Hreference — i leecan rovar souitn tart Eunent b
0 Contrafe prameters
S0 s -~ Curmat b Kp0.001] D
Va ,
) { \ \ f \ F\\ curment koo K0, 001] 1mp
2500 / \ A \ Feat Farward Mathod - o
i \ \‘. ;'( ] ToFammigefont{t,001] 300
\ \ | TeraimFaarcnn0L] i
150 f |
/ \ \ / \ Autnmaticly diwnisad Daweniiad
: x
\ Funcren paretor pramesen
|
\ e s
z \ Cument amokudelA] 3,000
| Imer sourte feaesnc i 1000
\ Irner source rumber ]
,J 1 / L
il \ \ / = i
7 . J
= / \ 4 / /
am / /
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mut |
W s Y o oam )
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Figure 4-16 Adjusting Kp to complete the current sampling waveform
Current loop KP main role: It is the bandwidth that increases with the increase of Kp. If Kp is
too large, the motor whistles, if Kp is too small, the bandwidth decreases.
2. Ki Tuning
(DThe function generator will be selected as a square wave, the current amplitude is 25% of
the rated motor current (under 1A for example), the frequency is 10Hz.

Inner source type 1- square-wave bt

Current armplitude[A] 1.000 z

Inner source frequency[Hz] 10.000 £

Inner source nutmber 0 :
Enabled Dscilloscope
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Figure 4-17 Current loop function generator parameters
@Current loop Ki Tuning: gradually increase the ki, generally by 100 orders of magnitude,
while selecting the oscilloscope settings as in steps 3 and @ above. Until the steady-state error is
eliminated, the waveform of 1d/Iq feedback and Id/Iq reference waveform basically coincide, and

the overshoot is within 5%, the current loop tuning is OK, as shown below:

et Application Shadia | 15628 - R

D ot bt e e I o e

Figure 4-18 Adjusting Ki to complete the current sampling waveform
Current loop Ki main role : Eliminates steady-state errors, which can lead to overshoot and

motor whine when too large.

Note: When the current loop commissioning, when the Tuning motor is a rotary brushless/linear
motor, the Tuning current selects id for commissioning; when the Tuning motor is a DC

brush/voice coil motor, the Tuning current selects iq for commissioning.

4.4.2 Speed loop

The second loop of the three-loop tuning is the speed loop, select "speed loop", and the tuning
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interface of the speed loop appears, as shown in Figure4-19.
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Figure 4-19 Speed loop tuning interface
Speed loop Tuning steps:
(DPreparation:

1) Set the correct inertia ratio 0X2422.
2) 0x2020:01Filter Type of measured speed, 0x2021:01 Filter Type of speed error filterSet
to 0 , 2022:01 Filter Type of speed error second filterSet to 0, Set 2006 Feed Forward

Method to 0.
First, given Ki is 0 and Kp is 10, click "Download".

Controler parameters

4

Schedulng [0~ Nore
Velociy loap Kp[0.001] 1501 g
Velociy loop KI0.001] [200 =
Feed Forward Method 0 - Nare -
VelForward CaeFicent{0.001] (500 =
SpsedFitarRC[0.001] 10 ]
[Spaed faachack fiter] -
FiterType of meacured speead filter 1 - low-pass fiter{one...
Frequency of measurad speac fiter Hz] 50.000 .
Qualcyractor of mezsured speed filter[1E-06] Jorioy e
[Speed eror fiter] -
FiterType of spead arror fiter 0 - Hone v
Frequency of spead eror filbes[HI] 350,000 B
QualyFactor of spead arror fiter[1E-06] (707107 =]
[Sp=ed eror fiter 21 -
FiterType of spesd eror second fiter 0 - Nare =
Frequency of speed emor second fiker[Hz] '350.000

QualivFactor of speed aror second fiterl1E-061 | 707107

Autormatically downlbad

Downlnad

Figure 4-20 Speed loop control parameters

@Then set the function generator function type as step signal, for example, the speed

amplitude is 300rpm, and set the duration according to the equipment limit running distance, for
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example, set 500ms.

Inner source type "3 - step-wave -

speed amplitudelrpm] 300,000 :

Inner source time[ms] EI :
Enabled Dscilloscope

Figure 4-21 Velocity loop function generator parameters
(®Open the oscilloscope again, set the sampling channel to speed loop reference and speed
loop feedback, select the appropriate sampling period of 200us, check the trigger acquisition, set
the trigger edge to rising edge, select the speed loop reference for the trigger channel, and set the

trigger level to 10rpm. The trigger level is 10rpm, and the pre-trigger setting is 20%.

[] Continuous [ Trigger Trigger Channel |1 v

B Speed loop reference | Trigger Level[rprm] |0 |

I Speed loop feedback | Pretrigger ||:| v|
I | | | Trigger Edge Rising-edge
L /W Start Stop
Sample Period 200 ps b [

: Offline Save
Sample Time 1.638 5 b :

Figure 4-22 Speed loop oscilloscope sampling parameters settings
(@Put the servo "enable", "start" the function generator, and then click the oscilloscope to
"start ". When the function type is step signal, there will be a delay time of 4~5s after clicking
Start to ensure that there is enough time for the oscilloscope to start acquisition.
B)Gradually increase KP (generally by 10-bit order of magnitude) and observe the
waveforms displayed on the oscilloscope for speed loop reference and speed loop feedback until a

critical oscillation in the speed waveform occurs:
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[ — o

Figure 4-23 Adjusting Kp to critical oscillation speed sampling waveform
®Then take 70%~80% of Kp value at this time, stop the oscilloscope acquisition and stop
the function generator. Gradually increase Ki, and repeat steps 3 and 4, and wait until the speed
loop feedback (speed feedback value) of the following steady-state error is all eliminated, and the

overshoot does not exceed 30% speed loop tuning is completed.

U o ethon Shase | (18427

I

Figure 4-24 Speed sampling waveform after Ki adjustment is completed

To reduce the speed deviation value during acceleration, torque feedforward tuning can be
performed by setting 2006 to 2 and turning on the feedforward function. When adjusting, set 2019
torque feedforward time constant as a fixed value, and then increase 2016 speed feedforward
coefficient continuously until the speed feedforward achieves effect under a certain setting value.
When commissioning, 2019 and 2016 values should be adjusted repeatedly to find a well-balanced
setting, and improper Tuningcan lead to system oscillation (generally not recommended to add).

If oscillation or mechanical resonance occurs during the Tuningprocess, you can set the speed

trap filter 0x2021/0x2022 to eliminate the oscillation frequency:

Parameter Description
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200C:01 Measured speed filter

Feedback speed filter value

200F:01 Speed error filter

Speed deviation filter value

2010:01 Speed error second filter

Speed deviation filter value2

2020:01 FilterType of measured speed filter

Feedback speed filtering type

2020:02 Frequency of measured speed filter

Feedback speed filter frequency

2020:03 QualityFactor of measured speed filter

Feedback speed filter quality factor

2021:01 FilterType of speed error filter

Feedback speed filtering type 1

2021:02 Frequency of speed errror filter

Feedback speed filter frequency 1

2021:03 QualityFactor of speed errror second filter

Feedback speed filter quality factor 1

2022:01 FilterType of speed error filter

Feedback speed filtering type 2

2022:02 Frequency of speed errror filter

Feedback speed filter frequency 2

2022:03 QualityFactor of speed errror second filter

Feedback speed filter quality factor 2

2421 Velocity Average Filtering

Speed-averaged filtering, internally using
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4.4.3 Position Loop
The third loop of the three-loop Tuning is the position loop, select "position loop", the Tuning

interface of the position loop appears, as shown in Figure 4-25.

e LR ] 1A Spgbcaser Stadin | (LARZT

s ot | Bee ik paror T M S o T At § i sl k- B P

Figure 4-25 Position loop Tuning interface
Compared with the current and position loops, the parameters only need to determine a Kp
scale factor, and the position loop Tuning steps:
(DIt is recommended to follow the default parameter 10 when tuning other loops and revise

Kp according to the situation after capturing the position curve.

Inner source effect 1 - Position loop id

Controller parameters

B - Nnne -
Position loop Kp[0.001] 30 %
[ Automatically download Download

Figure 4-26 Position loop control parameters
(@)Set the function generator function type for the square wave signal, position amplitude of
1000cnt (with the current position as the zero point, the movement amplitude of 1000cnt, the

position loop tuning pay attention to the mechanical end travel), the signal frequency of 5Hz.

Inner source type i1 - square-wave i

Position amplitudefcnt] '1E|DD :

Inner source frequancy[Hz] 'S.EIEID :

Inner source number 'El :
Enabled Oscilloscope

Figure 4-27 Position loop function generator parameters
(3Open the oscilloscope, set the sampling channel to position loop reference and position

loop feedback, select the appropriate sampling period and sampling time, and check the
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continuous acquisition.

[ Continuous. [ ] Trigger i

B Posion loop reference gaer Levellont] |0.000000G000
B rosition loop feedback ~ | Pretrigge 0
N | [ Trigger Edge Rising-edge
N Start Stap
Sample Period 200 ps et [

Offline Save
Sample Time 0.819 s e

Figure 4-28 Position loop oscilloscope sampling parameters settings
@Adjust the position kp and observe the wave forms displayed on the oscilloscope for
position loop reference and position loop feedback.
®The kp can be increased when the position following error is large or the response is slow,
and reduced when the position overshoots or jitter occurs, until the waveform follows well, while

ensuring that the current does not saturate and the position loop tuning is completed.

e LR ] 1A Spgbcaser Stadin | (LARZT

SR S paror T M S o T At § i sl k- B P

Figure 4-29 Position sampling waveform after adjusting Kp

If the position following error is not satisfied in the actual application, the feed forward function
can be turned on for torque and speed feed forward tuning by setting 0x2006 to 2 and turning on
the feed forward function. When adjusting, set 0x2019 torque feed forward time constant as a fixed
value, and then increase the 2016 speed feed forward coefficient until the speed feed forward
achieves effect at a certain setting value.When tuning, the 0x2019 and 0x2016 values should be
adjusted repeatedly to find the setting with good balance.

After adjusting the position loop gain, the motor emits low-frequency audible noise in the
enable state without starting the running state, which can reduce the speed loop Kp or current loop
KP. if the position loop Kp is set too low, the rigidity is weaker.

4.4.4 Grouping gain

For the application of variable inertia load, when a set of fixed gain parameters of speed loop

54



Sapphire Series Servo Drive User Guide Chapter 4 Trial Run and Tuning

and position loop cannot meet the high, medium and low speed, the group gain can be set. Same

as the single group gain setting method, the principle of group gain setting is as follows:
Speed ring Kp i
High-speed

speed
loopKp, Ki

Low-speed
speed
loopKp, Ki

Zero speed
speed
ringKp, Ki

1
Zero Low High Speed

Sneed <nend Sneed ram

Figure 4-30 Grouping gain principle
Take the speed loop as an example: when setting the group gain, the actual speed or the
given speed can be set.

Actual speed or given speed:

1) In the 0-zero speed range, the gain parameters are fixed settings of zero speed Kp, Ki;

2) In the zero-speed-low-speed range, the gain parameter increases with speed according to
the slope (low-speed Kp, Ki-zero-speed Kp, Ki)/(low-speed-zero-speed). kp increases according
to the slope (low-speed Kp-zero-speed Kp)/(low-speed-zero-speed) and Ki increases according to
the slope (low-speed Ki-zero-speed Ki)/(low-speed-zero-speed).

3) In the low-speed-high-speed range, the gain parameter increases with speed according to
the slope (high-speed Kp, Ki-low-speed Kp, Ki)/(high-speed-low-speed). kp increases according
to the slope (high-speed Kp-low-speed Kp)/(high-speed-low-speed), and Ki increases according to
the slope (high-speed Ki-low-speed Ki)/(high-speed-low-speed).

4) In the greater than high speed range, the gain parameters are fixed settings of high speed

Kp, Ki;
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4.5 Motion Control

After the motor parameters, encoder parameters and control parameters are configured, the
motor can be driven in a simple way. The upper computer software control servo driver drive
motor mainly has the following Models, including speed Model, position Model, Homing Model,
torque Model.

4.5.1 Position control Model

Select "Motion Model" in the module control, click "Position Model" to open the position

Model motion control interface, as shown in Figure 4-31.
. Three-ring Debug i Motion contral
Move Model Position Model T

Position Model

i
ZeroPosition[cnt] 0
ReciprocatPosition[cnt] 0
startmotionvelocity[rpm] 60.000
Profile acceleration[rpmy/'s] 3000.000

Profile deceleration[rpmys] 3000.000
Quick stop deceleration[rpm/s] 20000.000

p SRR R A N L L R R L R R

Order Type absolute

1

Motion profile type 0 - Linear ramp

¥

ReciprocatDelaytimeSet[ms] o

4

Bownload

Enabled

Figure 4-31 Position Model motion control interface

The position Model motion control steps are as follows:

(DConfigure position Model motion parameters ,

B Reciprocating motion: configure the position motion as a one-way motion or
reciprocating motion.

B Target position: Controls the distance the motor moves. When configured for
reciprocating motion, two target positions need to be set.

B Speed: The speed of motor movement.

B Acceleration: Acceleration of the motor starting motion.
B Deceleration: the deceleration of the motor stop motion.
|

Fast stop deceleration: the deceleration of the motor stop when the energy is

directly prohibited.
B Command type: Absolute, movement from the encoder zero point; Relative,
movement from the encoder's current position as the zero point. Reciprocal motion can only

be "absolute".

B Curve types: There are two types of curve planning: Linear ramp (straight line) and

Jerk-limited ramp (S-curve).
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B Waiting time: When configured for reciprocal motion, you can configure the target

position arrival waiting delay time.

B Number of cycles: When configured as reciprocal motion, the number of reciprocal
cycles can be configured, and when infinite cycle is checked, it will run an infinite number of
cycles.

(2Enable the servo driver. Click "Enable" to switch the servo driver to the enable state.
(3"Start" to begin position Model motion control.

@"Start + Start Acquisition" to start position Model motion control, then start
acquiring the oscilloscope.
4.5.2 Speed Model

Select "Motion Model" in the module control area, click "Speed Model" to open the speed

Model motion control interface, as shown in Figure 4-32.

Move Model Speed Model -

Speed Model
Target velocity[rpm] 1ooloao *
Profile acceleration[rprnfs] iEIEIEIIZI.EIDD t
Profile deceleration[rpmy/s] 10000.000 t
Quick stop deceleration[rprmy's] 2400.000 t
Maotion profile type 0 - Linear ramp v

Download

Enzbled

Figure 4-32 Speed Model motion control interface

The speed Model motion control steps are as follows:

(DConfigure speed Model motion parameters.

B Target speed: the speed of motor movement.
B Acceleration: Acceleration of the motor starting motion
B Deceleration: the deceleration of the motor stop motion.
B Fast stop deceleration: the deceleration of the motor stop when the energy is
directly prohibited.
(2Enable the servo driver. Click "Enable", and the motion monitoring window will
switch to "Servo Enable" after successful enablement.

(®Forward/reverse rotation. Forward rotation, control the motor to move in the

positive direction; reverse rotation, control the motor to move in the opposite direction.
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4.5.3 Homing Model

Select "Motion" in the main menu, click "Homing Model" to open the Homing Model
motion control interface, as shown in Figure 4-33.

6 LR M Apbcrten St | (A3

sl A BT e WA N T TSR] S5 TR

Figure 4-33 Homing Model motion control interface

The steps of the Homing Model motion control are as follows:
(DConfigure Homing Model movement parameters,,
B Zeroing method: There are 35 types of zero-seeking methods, when starting, the
motor moves according to the selected zero-seeking method.
B Zero Search Highway: When starting, the motor starts to find the zero point at high
speed
B Zero-seeking low speed: When starting, the motor finds the zero point and then
moves to the zero point at low speed.
B Zero Offset: After setting the zero offset, the motor finally stops at the position
after the offset.
B Zero-seeking plus or minus speed: At startup, finding zero and finding zero plus or
minus speed
@Servo Drive Enable: Click "Enable", and the motion monitoring window will be switched
to "Servo Enable" state after successful enablement.
(®Start/Stop :  Tap the "Start" button, the motor will move according to the set Homing
Model; tap the "Stop" button, the motor will stop.
Back to the original way to introduce:
1) Back to the original way to use
When the incremental encoder is used, the power-up servo does not know the motor position,

and the return operation is required for each power-up.
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When using absolute encoders or incremental + Hall signals, only the first power-up is
required for the return operation.
Note: Difference with zero point correction. Zero point correction is the initial angle identification of the
motor. If the initial angle identification is not performed, the motor may reverse or even fly. Similarly when
incremental encoder is used, zero point correction is required for each power up. When using absolute
encoders or incremental + Hall signals, zero point correction is only required for the first power-up.
2) Introduction of related concepts
(DOrigin and zero point

Origin: Mechanical home position, can indicate home switch or motor Z signal

Zero Point. Locate the target point, i.e., back to the original final stopping position,

During the return process, the motor stops at the home position, or at the zero point if the
position deviation 607C is set.

The relationship between the two is: zero = origin + 607C (position deviation) as in Figure

4-34:
Home Zero
Position Position
| home_offset |
Figure 4-34 Relationship between the origin and the zero point
@Speed

High Speed: Find the limit switch (different depending on the origin method) during the
speed is high speed. (6099-01h)

Low speed: The speed of the home position finding process after finding the limit switch is
low (6099-02h)

Acceleration and deceleration: Acceleration and deceleration in the return process (609A) .
(@Direction

The encoder value increases in the positive direction and decreases in the negative direction.
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Negative limit switch

e ——]

-
7 Signal |_| —l

Negative limit swiseh

Figure 4-35 Method 1

When homing starts, the motor moves at a high speed (6099-01) in the negative direction. When
the negative limit switch signal becomes high level, the motor decelerates to 0 with the homing
deceleration (609A), moves in the positive direction with the homing acceleration (609A) to
accelerate to a low speed (6099-02), and keeps moving in the positive direction at the low speed.
After the negative limit switch signal becomes low level and the first Z signal shows, the status
word Homing attained is set to 1, and the motor starts to decelerate with the homing deceleration
(609A). The status word Target reached is set to 1 when the motor stops.

Speed
Falling edge of negative limit switch signal
6099-01 Z Singal
6099-02 / J,\
Time
6099-02
Home switch signal is low level when homing starts,

6099-01 ;|\ T andturnsto high level after limit is triggered

Rising edge of negative limit switch signal

Figure 4-36 Speed-time curve of method 1
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Z signal

Positive limit switch

Positive limit switch

Figure 4-37 Method 2

When homing starts, the motor moves at a high speed (6099-01) in the positive direction. When

the positive limit switch signal becomes high level, the motor decelerates to 0 with the homing

deceleration (609A), moves in the negative direction with the homing acceleration (609A) to

accelerate to a low speed (6099-02), and keeps moving in the negative direction at the low speed.

After the positive limit switch signal becomes low level and the first Z signal shows, the status

word Homing attained is set to 1, and the motor starts to decelerate with the homing deceleration

(609A). The status word Target reached is set to 1 when the motor stops.

Speed

6099-01 |-

6099-02

Rising edge of positive limit switch signal

A

6099-02

6099-01

T
Z signal

Falling edge of positive limit switch signal

Home switch signal is low level when homing starts, and turns to high
level after limit is tiggered

Figure 4-38 Speed-time curve of method 2
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Home switch

| | —

_’

-—@-
F‘

7 signal

Home switch

Figure 4-39 Method 3

® When homing starts, if the home switch signal is low level, the motor moves at a high
speed (6099-01) in the positive direction. After the home switch signal becomes high level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the negative
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the positive home switch
signal becomes low level and the first Z signal shows, the status word Homing attained is set
to 1, and the motor starts to decelerate with the homing deceleration (609A). The status word
Target reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the negative direction. After the home switch signal becomes low level
and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A). The status word Target reached is set to 1

when the motor stops.

Speed
6099-01 |- 5
/’:
6099-02 | /
\ / Time
\ /
6099-02 T . A
Z signal 7 o
Risfing edge of home switch signal
Home switch signal is high level when homing starts

Figure 4-40 Speed-time curve of method 3
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Home switch

A

0@
Y

7 signal

Home switch

Figure 4-41 Method 4

JE S 3% Home switch
Z {5 Zsignal

When homing starts, if the home switch signal is low level, the motor moves at a low
speed (6099-02) in the positive direction. After the home switch signal becomes high level
and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A) and finally return to the Z pulse latch
position. The status word Target reached is set to 1 when the motor stops.

When homing starts, if the home switch signal is high level, the motor moves at a high
speed (6099-01) in the negative direction. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the positive
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the positive direction at the low speed. After the home switch signal
becomes high level and the first Z signal shows, the status word Homing attained is set to 1,
and the motor starts to decelerate with the homing deceleration (609A) and finally return to
the Z pulse latch position. The status word Target reached is set to 1 when the motor stops.

Speed
Ris‘inkg ’édge of home switch signal

' 7 signal lﬁ signal
6099-02 ~ X ‘L

/ A
/ i\ v
)\ :
/ 0\ '
/ o\ e
/ o\ '

V Time
6099-02

S181¢

sered when homing

6099-01 & ¢
Home switch signal is high level when homing
starts

Figure 4-42 Speed-time curve of method 4
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Home switch

7 signal

Home switch

Figure 4-43 Method 5

® When homing starts, if the home switch signal is low level, the motor moves at a high
speed (6099-01) in the negative direction. After the home switch signal becomes high level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the positive
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the positive direction at the low speed. After the home switch signal
becomes low level and the first Z signal shows, the status word Homing attained is set to 1,
and the motor starts to decelerate with the homing deceleration (609A) and finally returns to
the Z pulse latch position. The status word Target reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the positive direction. After the home switch signal becomes low level
and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A) and finally returns to the Z pulse latch

position. The status word Target reached is set to 1 when the motor stops.

Speed

Fal ling edge of home switch signal

6099-01

6099-02 [

Time

6099-02 | \

6099-01 i, — vhen honing =

Home switch signal is high level when homing starts.

Figure 4-44 Speed-time curve of method 5
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Home switch

s
-®
]

7 signal

Home switch

Figure 4-45 Method 6

® When homing starts, if the home switch signal is low level, the motor moves at a low
speed (6099-02) in the negative direction. After the home switch signal becomes high level
and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A). The status word Target reached is set to 1
when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a high
speed (6099-01) in the positive direction. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the negative
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the home switch signal
becomes high level and the first Z signal shows, the status word Homing attained is set to 1,
and the motor starts to decelerate with the homing deceleration (609A). The status word
Target reached is set to 1 when the motor stops.

Speed

Falling edge of home switch signal
6099-01 |-

6099-02

\ / Time
\ /
| Z signa TZ signal

Rising edge of home switch signal

= Home switch signal is high level when homing starts

Figure 4-46 Speed-time curve of method 6
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Home switch

Positive limit switch

7 signal

Home switch Positive limit switch

Figure 4-47 Method 7

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed in the positive direction.

v

After the home switch signal becomes high level, the motor decelerates to 0 with the
homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a low speed (6099-02), and keeps moving in the
negative direction at the low speed. After the home switch signal becomes low level and
the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A). The status word Target reached is set
to 1 when the motor stops.

After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes high level,
the motor decelerates with homing deceleration (609A) to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the home switch signal
becomes low level and the first Z signal shows, the status word Homing attained is set to
1, and the motor starts to decelerate with the homing deceleration (609A). The status

word Target reached is set to 1 when the motor stops.
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When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the negative direction. After the home switch signal becomes low level
and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A). The status word Target reached is set to 1

when the motor stops.

Rising edge of positive limilt switch signal
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Time
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Home switch signal is low level when homing starts, and tumns to
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—— Home switch signal is high level when homing starts

Figure 4-48 Speed-time curve of method 7

Method 8: Homing on positive home switch (rising edge) and index pulse-positive limit

switch detection
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Figure 4-49 Method 8
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® When homing starts, if the home switch signal is low level, the motor moves at a low
speed (6099-02) in the positive direction.

v

After the home switch signal becomes high level, the motor keeps moving at a low
speed (6099-02) in the positive direction. After the home switch signal becomes high
level and the first Z signal shows, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.

After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), move in the positive
direction to accelerate to a low speed (6099-02) with the homing acceleration (609A),
and keeps moving in the positive direction at the low speed. After the home switch
signal becomes high level and the first Z signal shows, the status word Homing attained
is set to 1, and the motor starts to decelerate with the homing deceleration (609A). The

status word Target reached is set to 1 when the motor stops.

When homing starts, if the home switch signal is high level, the motor moves at a high

speed (6099-01) in the negative direction. After the home switch signal becomes low level,

the motor decelerates to 0 with the homing deceleration (609A), and moves in the positive

direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and

keeps moving in the positive direction at the low speed. After the home switch signal

becomes high level and the first Z signal shows, the status word Homing attained is set to 1,

and the motor starts to decelerate with the homing deceleration (609A). The status word

Target reached is set to 1 when the motor stops.
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Figure 4-50 Speed-time curve of method 8
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Figure 4-51 Method 9

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-01) in the positive direction.

v

After the home switch signal becomes high level, the motor keeps moving at a high
speed (6099-01) in the positive direction. After the home switch signal becomes low
level, the motor decelerates to 0 with the homing deceleration (609A), and moves in the
negative direction with the homing acceleration (609A) to accelerate to a low speed
(6099-02), and keeps moving in the negative direction at the low speed. After the home
switch signal changes from low level to high level and the first Z signal shows, the
status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor
stops.

After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a low speed (6099-02), and keeps moving in the
negative direction at the low speed. After the home switch signal becomes high level
and the first Z signal shows, the status word Homing attained is set to 1, and the motor
starts to decelerate with the homing deceleration (609A). The status word Target reached
is set to 1 when the motor stops.
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When homing starts, if the home switch signal is high level, the motor moves at a high
speed (6099-01) in the positive direction. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the negative
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the home switch signal
becomes high level and the first Z signal shows, the status word Homing attained is set to 1,
and the motor starts to decelerate with the homing deceleration (609A). The status word

Target reached is set to 1 when the motor stops.
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Figure 4-52 Speed-time curve of method 9
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Figure 4-53 Method 10

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-01) in the positive direction.

v

After the home switch signal becomes high level, the motor moves with the homing
deceleration (609A) to decelerate to a low speed (6099-02), and keeps moving at the
low speed in the positive direction. After the home switch signal becomes low level and
the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A). The status word Target reached is set
to 1 when the motor stops.

After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes high level,
the motor decelerates to 0 with the homing deceleration (609A), move in the positive
direction to accelerate to a low speed (6099-02) with the homing acceleration (609A),
and keeps moving in the positive direction at the low speed. After the home switch
signal becomes low level and the first Z signal shows, the status word Homing attained
is set to 1, and the motor starts to decelerate with the homing deceleration (609A). The

status word Target reached is set to 1 when the motor stops.
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®  When homing starts, if the home switch signal is high level, the motor moves at a low

speed (6099-02) in the positive direction. After the home switch signal becomes low level

and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts

to decelerate with the homing deceleration (609A). The status word Target reached is set to 1

when the motor stops.
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Figure 4-54 Speed-time curve of method 10

Method 11: Homing on positive home switch (falling edge) and index pulse-negative

limit switch detection
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Figure 4-55 Method 11

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-01) in the negative direction.

v' After the home switch signal becomes high level, the motor moves with the homing

deceleration (609A) to decelerate to 0, and moves in the positive direction to accelerate

to a low speed (6099-02) with the homing acceleration (609A), and keeps moving at the

low speed in the positive direction. After the home switch signal becomes low level and
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the first Z signal shows, the status word Homing attained is set to 1, and the motor starts

to decelerate with the homing deceleration (609A). The status word Target reached is set

to 1 when the motor stops.

v' After the negative limit switch signal becomes high level, the motor decelerates to 0

with the homing deceleration (609A), and moves in the positive direction with the

homing acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving

in the positive direction at the high speed. After the home switch signal becomes high

level, the motor decelerates to a low speed (6099-02) with the homing deceleration

(609A), and keeps moving in the positive direction at the low speed. After the home

switch signal becomes low level and the first Z signal shows, the status word Homing

attained is set to 1, and the motor starts to decelerate with the homing deceleration

(609A). The status word Target reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low

speed (6099-02) in the positive direction. After the home switch signal becomes low level

and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts

to decelerate with the homing deceleration (609A). The status word Target reached is set to 1

when the motor stops.
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Figure 4-56 Speed-time curve of method 11
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Figure 4-57 Method 12

® When homing starts, if the home switch signal is low level, the motor moves at a low

speed (6099-02) in the negative direction.

v

After the home switch signal becomes high level, the motor keeps moving in the
negative direction at a low speed (6099-02). After the home switch signal becomes high
level and the first Z signal shows, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.

After the negative limit switch signal becomes high level, the motor decelerates to 0
with the homing deceleration (609A), and moves in the positive direction with the
homing acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving
in the positive direction at the high speed. After the home switch signal becomes low
level, the motor decelerates to 0 with the homing deceleration (609A), moves in the
negative direction to accelerate to a low speed (6099-02) with the homing acceleration
(609A), and keeps moving in the negative direction at the low speed. After the home
switch signal becomes high level and the first Z signal shows, the status word Homing
attained is set to 1, and the motor starts to decelerate with the homing deceleration
(609A). The status word Target reached is set to 1 when the motor stops.
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® When homing starts, if the home switch signal is high level, the motor moves at a high
speed (6099-01) in the positive direction. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the negative
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the home switch signal
becomes high level and the first Z signal shows, the status word Homing attained is set to 1,
and the motor starts to decelerate with the homing deceleration (609A). The status word

Target reached is set to 1 when the motor stops.
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Figure 4-58 Speed-time curve of method 12
Method 13: Homing on positive home switch (rising edge) and index pulse-negative
limit switch detection
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Figure 4-59 Method 13

® When homing starts, if the home switch signal is low level, the motor moves at a high
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speed (6099-01) in the negative direction.

v

After the home switch signal becomes high level, the motor keeps moving in the
negative direction at the high speed. After the home switch signal becomes low level,
the motor moves with the homing deceleration (609A) to decelerate to 0, and moves in
the positive direction to accelerate to a low speed (6099-02) with the homing
acceleration (609A), and keeps moving at the low speed in the positive direction. After
the home switch signal becomes high level and the first Z signal shows, the status word
Homing attained is set to 1, and the motor starts to decelerate with the homing
deceleration (609A). The status word Target reached is set to 1 when the motor stops.
After the negative limit switch signal becomes high level, the motor decelerates to 0
with the homing deceleration (609A), and moves in the positive direction with the
homing acceleration (609A) to accelerate to a low speed (6099-02), and keeps moving
in the positive direction at the low speed. After the home switch signal becomes high
level and the first Z signal shows, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.

®  When homing starts, if the home switch signal is high level, the motor moves at a high

speed (6099-01) in the negative direction. After the home switch signal becomes low level,

the motor decelerates to 0 with the homing deceleration (609A), and moves in the positive

direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and

keeps moving in the positive direction at the low speed. After the home switch signal

becomes high level and the first Z signal shows, the status word Homing attained is set to 1,

and the motor starts to decelerate with the homing deceleration (609A). The status word

Target reached is set to 1 when the motor stops.

Speed
Rising edge of home switch signal

Rising edge of home switch signal | Rising edge of home switch signal

6099-01 .
7 signdlZ signa

6099-02 / / f"’\ t// ‘I’
/

1 1 signa
\ N

Time
/
6099-02 /-‘
/
6099-01 \
T l Home switch signal is low level when homing starts, and turns to
Falling edge of home switch signal Falling edge of F ich signal high level after limit is triggered

Rising edge of negative limit switch signal ~ — tch signal is low level and limit is not triggered when

—— Home switch signal is high level when homing starts

Figure 4-60 Speed-time curve of method 13
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Figure 4-61 Method 14

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-02) in the negative direction.

v

After the home switch signal becomes high level, the motor moves with the homing
deceleration (609A) to decelerate to a low speed (6099-02), and keeps moving in the
negative direction at a low speed. After the home switch signal becomes low level and
the first Z signal shows, the status word Homing attained is set to 1, and the motor starts
to decelerate with the homing deceleration (609A). The status word Target reached is set
to 1 when the motor stops.

After the negative limit switch signal becomes high level, the motor decelerates to 0
with the homing deceleration (609A), and moves in the positive direction with the
homing acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving
in the positive direction at the high speed. After the home switch signal becomes high
level, the motor decelerates to 0 with the homing deceleration (609A), moves in the
negative direction to accelerate to a low speed (6099-02) with the homing acceleration
(609A), and keeps moving in the negative direction at the low speed. After the home
switch signal becomes low level and the first Z signal shows, the status word Homing
attained is set to 1, and the motor starts to decelerate with the homing deceleration
(609A). The status word Target reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low

speed (6099-01) in the negative direction. After the home switch signal becomes low level

and the first Z signal shows, the status word Homing attained is set to 1, and the motor starts

to decelerate with the homing deceleration (609A). The status word Target reached is set to 1

when the motor stops.
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Figure 4-62 Speed-time curve of method 14
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Figure 4-63 Method 17

When homing starts, the motor moves at a high speed (6099-01) in the negative direction. When
the negative limit switch signal becomes high level, the motor decelerates to 0 with the homing
deceleration (609A), moves in the positive direction with the homing acceleration (609A) to
accelerate to a low speed (6099-02), and keeps moving in the positive direction at the low speed.
After the negative limit switch signal becomes low level, the status word Homing attained is set to
1, and the motor starts to decelerate with the homing deceleration (609A). The status word Target

reached is set to 1 when the motor stops.
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Figure 4-64 Speed-time curve of method 17
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Figure 4-65 Method 18

When homing starts, the motor moves at a high speed (6099-01) in the positive direction. When
the positive limit switch signal becomes high level, the motor decelerates to 0 with the homing
deceleration (609A), moves in the negative direction with the homing acceleration (609A) to
accelerate to a low speed (6099-02), and keeps moving in the negative direction at the low speed.
After the positive limit switch signal becomes low level, the status word Homing attained is set to
1, and the motor starts to decelerate with the homing deceleration (609A). The status word Target

reached is set to 1 when the motor stops.
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Figure 4-66 Speed-time curve of method 18
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Figure 4-67 Method 19

® When homing starts, if the home switch signal is low level, the motor moves at a high
speed (6099-01) in the positive direction. After the positive home switch signal becomes high
level, the motor decelerates to 0 with the homing deceleration (609A), and moves in the
negative direction with the homing acceleration (609A) to accelerate to a low speed
(6099-02), and keeps moving in the negative direction at the low speed. After the positive
home switch signal becomes low level, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the negative direction. After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the

homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.
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Figure 4-69 Method 20

®  When homing starts, if the positive home switch signal is low level, the motor moves at a
low speed (6099-02) in the positive direction. After the positive home switch signal becomes
high level, the status word Homing attained is set to 1, and the motor starts to decelerate with
the homing deceleration (609A). The status word Target reached is set to 1 when the motor
stops.

®  When homing starts, if the positive home switch signal is high level, the motor moves at a
high speed (6099-01) in the negative direction. After the positive home switch signal
becomes low level, the motor decelerates to 0 with the homing deceleration (609A), and
moves in the positive direction with the homing acceleration (609A) to accelerate to a low
speed (6099-02), and keeps moving in the positive direction at the low speed. After the
positive home switch signal becomes high level, the status word Homing attained is set to 1,
and the motor starts to decelerate with the homing deceleration (609A). The status word

Target reached is set to 1 when the motor stops.
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Figure 4-71 Method 21

® When homing starts, if the home switch signal is low level, the motor moves at a high
speed (6099-01) in the negative direction. After the home switch signal becomes high level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the positive
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the positive direction at the low speed. After the home switch signal
becomes low level, the status word Homing attained is set to 1, and the motor starts to
decelerate with the homing deceleration (609A). The status word Target reached is set to 1
when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the positive direction. After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.
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Figure 4-73 Method 22

® When homing starts, if the home switch signal is low level, the motor moves at a low
speed (6099-02) in the negative direction. After the home switch signal becomes high level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.

®  When homing starts, if the home switch signal is high level, the motor moves at a high
speed (6099-01) in the positive direction. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the negative
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the home switch signal
becomes high level, the status word Homing attained is set to 1, and the motor starts to
decelerate with the homing deceleration (609A). The status word Target reached is set to 1
when the motor stops.
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Figure 4-75 Method 23

® When homing starts, if the home switch signal is low level, the motor moves at a high
speed (6099-01) in the positive direction.

v' After the home switch signal becomes high level, the motor decelerates to 0 with the
homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a low speed (6099-02), and keeps moving in the
negative direction at the low speed. After the home switch signal becomes low level, the
status word Homing attained is set to 1, and the motor starts to decelerate with the

homing deceleration (609A). The status word Target reached is set to 1 when the motor
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stops.

v’ After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes high level,
the motor decelerates to a low speed (6099-01) with the homing deceleration (609A),
and keeps moving in the negative direction at the low speed. After the home switch
becomes low level, the status word Homing attained is set to 1, and the motor starts to
decelerate with the homing deceleration (609A). The status word Target reached is set to

1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the negative direction. After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.
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high level after limit is triggered

s low level and limit is not triggered when

Home switch signal is high level when homing starts

Figure 4-76 Speed-time curve of method 23
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Home switch

Positive limit
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Home switch Positive limit switch
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Figure 4-77 Method 24

® When homing starts, if the home switch signal is low level, the motor moves at a low
speed (6099-02) in the positive direction.

v

After the home switch signal becomes high level, the status word Homing attained is set
to 1, and the motor starts to decelerate with the homing deceleration (609A). The status
word Target reached is set to 1 when the motor stops.

After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the
positive direction with the homing acceleration (609A) to accelerate to a low speed
(6099-02), and keeps moving in the positive direction at the low speed. After the home
switch signal becomes high level, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target

reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a high

speed (6099-01) in the negative direction. After the home switch signal becomes low level,

the motor decelerates to 0 with the homing deceleration (609A), and moves in the positive

direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and

keeps moving in the positive direction at the low speed. After the home switch signal

becomes high level, the status word Homing attained is set to 1, and the motor starts to

decelerate with the homing deceleration (609A). The status word Target reached is set to 1

when the motor stops.
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Speed

6099-01

6099-02

6099-02

6099-01

Method 25: Homing on negative home switch (rising edge)-positive limit switch

detection

Home switch

Positive limit

switch

Regardless of the high level or low level of the home switch signal, the motor moves in the

sing edge of positive limit switch signal

_ Rising edge of home switch signal
»f home switct F

Risiig edg witch sign Rising edge of home switch signal
/ \ Time
Falling edge of home switch signal Falling edge of home switch signal

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

ed when

Hom:e nal is low level and limit is nof

hom

— Home switch signal is high level when homing starts

Figure 4-78 Speed-time curve of method 24

Home Switch Positive limit switch

Figure 4-79 Method 25

positive direction.

When homing starts, the motor moves in the positive direction at a high speed (6099-01). After the
home switch signal becomes low level or the positive limit switch becomes high level, the motor
decelerates to 0 with the homing deceleration (609A), and moves in the negative direction with the
homing acceleration (609A) to accelerate to a low speed (6099-02), and keeps moving in the
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negative direction at the low speed. After the home switch signal becomes high level, the status
word Homing attained is set to 1, and the motor starts to decelerate with the homing deceleration
(609A). The status word Target reached is set to 1 when the motor stops.

Rising edge of positive limit switch signal
alling edge of home switch signal

Fallipg edge of home switch STQF

J

6099-01

6099-02

YAy,
6099-02 ,| \ I

6099-01 Rising edge of home switch signal T g ome s

Rising edge of home switch signal

Ris

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

gnal is low level and limit is not triggered when

I Home switch signal is high level when homing starts

Figure 4-80 Speed-time curve of method 25

Method 26: Homing on positive home switch (falling edge)-positive limit switch
detection

Home Switch Positive limit switch

|
@

Home switch

Positive

limit switch, I

Figure 4-81 Method 26

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-01) in the positive direction.
v' After the home switch signal becomes high level, the motor decelerates to a low speed
(6099-02) with the homing deceleration (609A), and keeps moving in the positive
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direction at the low speed (6099-02). After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor
stops.

v’ After the positive limit switch signal becomes high level, the motor decelerates to 0 with
the homing deceleration (609A), and moves in the negative direction with the homing
acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes high level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the
positive direction with the homing acceleration (609A) to accelerate to a low speed
(6099-02), and keeps moving in the positive direction at the low speed. After the home
switch signal becomes low level, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low
speed (6099-02) in the positive direction. After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.

Speed Rising edge of posifive limit switch signal

6099-01 [ X Faliing edge of home switch signal
Falling é}é’ge of J:)n;’e\swiic siign;| ) H Falling edge of home switch signal
6099-02 “f\\

Time

6099-02

6099-01 T

Rising edge of home switch signal

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

—— Home switch signal is high level when homing starts

Figure 4-82 Speed-time curve of method 26
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Home switch

Negative limit

switch —

Negative limit switch Home switch

:
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Figure 4-83 Method 27

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-01) in the negative direction.

v

After the home switch signal becomes high level, the motor decelerates to 0 with the
homing deceleration (609A), moves in the positive direction with the homing
acceleration to accelerate to a low speed (6099-02), and keeps moving in the positive
direction at the low speed (6099-02). After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor
stops.

After the negative limit switch signal becomes high level, the motor decelerates to 0
with the homing deceleration (609A), and moves in the positive direction with the
homing acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving
in the positive direction at the high speed. After the home switch signal becomes high
level, the motor moves in the positive direction with the homing acceleration (609A) to
accelerate to a low speed (6099-02), and keeps moving in the positive direction at the
low speed. After the home switch signal becomes low level, the status word Homing
attained is set to 1, and the motor starts to decelerate with the homing deceleration
(609A). The status word Target reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low

speed (6099-02) in the positive direction. After the home switch signal becomes low level,

the status word Homing attained is set to 1, and the motor starts to decelerate with the

homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.
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Speed Rising edge of home switch signal
6099-01

Falling edge of home switch signal ~ Falling edge uf/;m; switch signal \=alling edge of home switch signal
6099-02 \ / / J”\ \

Time

6099-02

6099-01

Rising edge of negative limit switch signal

Rising edge of home switch signal

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

gnalis low level and li

— Home switch signal is high level when homing starts

Figure 4-84 Speed-time curve of method 27

Method 28: Homing on negative home switch(rising edge)-negative limit switch
detection

Negative limit switch Home switch

Home switch

Negative

limit switch_l

Figure 4-85 Method 28

® When homing starts, if the home switch signal is low level, the motor moves at a low
speed (6099-02) in the negative direction.

v After the home switch signal becomes high level, the status word Homing attained is set
to 1, and the motor starts to decelerate with the homing deceleration (609A). The status
word Target reached is set to 1 when the motor stops.

v' After the negative limit switch signal becomes high level, the motor decelerates to 0
with the homing deceleration (609A), and moves in the positive direction with the
homing acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving
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in the positive direction at the high speed. After the home switch signal becomes low
level, the motor decelerates to 0 with the homing deceleration (609A), and moves in the
negative direction with the homing acceleration (609A) to accelerate to a low speed
(6099-02), and keeps moving in the negative direction at the low speed. After the home
switch signal becomes high level, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.
®  When homing starts, if the home switch signal is high level, the motor moves at a high
speed (6099-01) in the positive direction. After the home switch signal becomes low level,
the motor decelerates to 0 with the homing deceleration (609A), and moves in the negative
direction with the homing acceleration (609A) to accelerate to a low speed (6099-02), and
keeps moving in the negative direction at the low speed. After the home switch signal
becomes high level, the status word Homing attained is set to 1, and the motor starts to
decelerate with the homing deceleration (609A). The status word Target reached is set to 1
when the motor stops.

Speed Falling edge of ho\lnie switch Slgna'FaIIing edge of home switch signal
6099-01
6099-02
/ ‘
\\ /‘ Time

6099-02 ,‘ ,| T

6099-01 . I

Rising edge of home switch signal Rising edge of home switch signal ~ Rising edge of home switch signal
Rising edge of negative limit switch signal

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

s low level and limit is not triggered when

—_— Home switch signal is high level when homing starts

Figure 4-86 Speed-time curve of method 28
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Method 29: Homing on positive home switch(rising edge)-negative limit switch detection

Negative limit switch Home switch

Y

A

Home switch

Negative

limit switch_

Figure 4-87 Method 29

Regardless of the high level or low level of the home switch signal, the motor moves in the
negative direction.

When homing starts, the motor moves in the negative direction at a high speed (6099-01). After
the home switch signal becomes low level or the negative limit switch becomes high level, the
motor decelerates to 0 with the homing deceleration (609A), and moves in the positive direction
with the homing acceleration (609A) to accelerate to a low speed (6099-02), and keeps moving in
the positive direction at the low speed. After the home switch signal becomes high level, the status
word Homing attained is set to 1, and the motor starts to decelerate with the homing deceleration
(609A). The status word Target reached is set to 1 when the motor stops.

Speed
Rising edge of home switch signal

Rising edge of home switch signal Rising edge of home switch signal

6099-01

| |
[/ XN

/// Time
6099-02 ///
6099-01

’[ Falling edge of home switch signa

Falling edge of home switch signall
Rising edge of negative limit switch signal

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

signal is low level and limit is not

— Home switch signal is high level when homing starts

Figure 4-88 Speed-time curve of method 29
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Home switch

Negative limit

switch —

Negative limit switch Home switch

Figure 4-89 Method 30

® When homing starts, if the home switch signal is low level, the motor moves at a high

speed (6099-01) in the negative direction.

v

After the home switch signal becomes high level, the motor moves with the homing
deceleration (609A) to decelerate to a low speed (6099-02), and keeps moving in the
negative direction at the high speed. After the home switch signal becomes low level,
the status word Homing attained is set to 1, and the motor starts to decelerate with the
homing deceleration (609A). The status word Target reached is set to 1 when the motor
stops.

After the negative limit switch signal becomes high level, the motor decelerates to 0
with the homing deceleration (609A), and moves in the positive direction with the
homing acceleration (609A) to accelerate to a high speed (6099-01), and keeps moving
in the positive direction at the high speed. After the home switch signal becomes high
level, the motor decelerates to 0 with the homing deceleration (609A), and moves in the
negative direction with the homing acceleration (609A) to accelerate to a low speed
(6099-02), and keeps moving in the negative direction at the low speed. After the home
switch signal becomes low level, the status word Homing attained is set to 1, and the
motor starts to decelerate with the homing deceleration (609A). The status word Target
reached is set to 1 when the motor stops.

® When homing starts, if the home switch signal is high level, the motor moves at a low

speed (6099-02) in the negative direction. After the home switch signal becomes low level,

the status word Homing attained is set to 1, and the motor starts to decelerate with the

homing deceleration (609A). The status word Target reached is set to 1 when the motor stops.
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Speed
Rising edge of home switch signal

l

6099-01

6099-02

6099-02
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6099-01 |- Falling edge of home switch signal
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Rising edge of negative limit switch signal

Home switch signal is low level when homing starts, and turns to
high level after limit is triggered

—_— Home switch signal is high level when homing starts

Figure 4-90 Speed-time curve of method 30

(|

Figure 4-91 Method 33

When homing starts, the motor moves at a low speed (6099-02) in the negative direction. After the
first Z signal shows, the status word Homing attained is set to 1, and the motor starts to decelerate
with the homing deceleration (609A). The status word Target reached is set to 1 when the motor

stops.
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Speed
6099-01
6099-02

Time
6099-02
6099-01 ]\
Z signal
Figure 4-92 Speed-time curve of method 33
7 signal H H ” ”

Figure 4-93 Method 34

When homing starts, the motor moves at a low speed (6099-02) in the positive direction. After the
first Z signal shows, the status word Homing attained is set to 1, and the motor starts to decelerate
with the homing deceleration (609A). The status word Target reached is set to 1 when the motor
stops.

In this method, the current position shall be taken to the home position.

]

@

When homing starts, the motor moves in the negative direction, and the locked rotor torque

reaches the set value of 0x2138 when the guard is touched. The motor stops after the time set by
0x2137:

v If the retraction distance is not set, the current position is set as the home point.
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v If the retraction distance is set, the motor will retract the corresponding distance and set the

current position as the home point.

Method -2: Guard position as home point in positive direction

When homing starts, the motor moves in the positive direction, and the locked rotor torque

reaches the set value of 0x2138 when the guard is touched. The motor stops after the time set by
0x2137:

v If the retraction distance is not set, the current position is set as the home point.
v If the retraction distance is set, the motor will retract the corresponding distance and set the

current position as the home point.

Method -3: C pulse as home point after guard is touched in negative direction

Index Pulse |

When homing starts, the motor moves in the negative direction, and the locked rotor torque
reaches the set value of 0x2138 when the guard is touched. After the time set by 0x2137, the
motor moves in the positive direction. The first C pulse is home point.

Method -4: C pulse as home point after guard is touched in positive direction

- o
[ = .——1]

el

Index Pulse :

When homing starts, the motor moves in the positive direction, and the locked rotor torque
reaches the set value of 0x2138 when the guard is touched. After the time set by 0x2137, the

motor moves in the negative direction. The first C pulse is home point
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4.5.4 Torque control Model

Select "Model Control" in the control area of the interface module, and click "Torque Model"

to open the torque Model motion control interface, as shown in Figure 4-96.
0 1I:’.'I G.“._ - ’ ."I : . A g o Vi (1 885 . "

Figure 4-94 Torque Model motion control interface

Torque Model is generally used for servo loading, torque Model motion control steps are as
follows:

(DConfigure torque Model motion parameters,

B Target torque: The amount of torque output by the motor. (The target torque unit is
the rated torque in thousandths)

B Torque ramp: The acceleration at which the motor starts to output torque. (Torque
ramp unit is rated torque in thousandths of a second)
(@The ISMC installation process is as follows,,
(3Forward/reverse: forward, control the motor to move with positive given torque; reverse,

control the motor to move with negative given torque.
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4.5.5 Pulse Control Model

® External wiring of the servo drive
Currently Diamond Plus series is supported only with CANopen communication Model. You
can control it in one of the following pulse Models:
1. A/B-phase quadrature pulse control: respectively connect pulse signal A/B to J2 (3, 4, 5,
6) of the incremental encoder.
2. Direction + pulse control: connect direction signal to J2 (5, 6) of the incremental

encoder and the position pulse signal to J2 (3, 4).

3 Encoder_2A+ PLULSE~+
4 Encoder_24- PULSE-
] Encoder 2B+ SIGN+
4] Encoder Z2B- SIGM -

Note: The voltage of differential pulse input signal is +5 V. Due to the best anti-noise ability
of this signal transmission method, it is recommended to use this connection method first; if
the upper unit is 24 V output, it needs to be converted to 5 V input with a conversion module.

® Configuration of the upper computer
To configure the upper computer, do the following:
1. Correctly set the motor and encoder parameters.
2. Carry out tuning for the motor and PID parameters.
Please refer to the relevant tuning manual for details.
3. Open the upper computer, click "Tools" — "Parameter Editor" — "Al, pulse control

parameters", and set the following parameters:

.. Set
No. Name Description
Value
0x2023 PulseControlEnable Pulse control enable 1

Input resolution:

v" Rotary motors: it corresponds

) to one rotation of the motor.

0x2024 InputResolution . . ) ) 1000

v' Linear / voice coil motors: it
corresponds to a magnetic pole

pitch.

0x2025 PositionControlLPFFreq - 0

Selection of pulse control Model:
v' 1. A/B-phase quadrature pulse
0x2026 PulseControlModel control. 1

v' 2: Direction + pulse control

v" 3:not support.

After the above parameters are set and the motor tuning is finished, it can directly

receive the pulse input signal for position control.
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4.5.6 Analog control Model

The servo drive supports receiving analog quantities to control the position, speed and current

of the motor. The relevant parameters are as follows:

No. Name Description
v' 0:not used
v' 1: position control
V' 2:velocity control
0x201B Analog control Model v' 3: current control
v' 4: position feedback
v' 5:speed feedback
v’ 6: current feedback
0x 201C Analog input offset Set according to the initial O drift
0x201D Al 1 input dead-time Default: 0
All  input low-pass filter cutoff
0x201E Default: 3000
frequency
Unit:  position-cnt/V,  speed-rpm/V,
0x201F All control gain current-mA/V. (Please set it according to
specific control range.)
. Unit: mv (Currently this group is used
0x2413 All analog input value
by default)
0x2414 Al2 analog input value Unit: mv (Reserved)

Please refer to the relevant documents of analog control for details.
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4.6 Troubleshooting

If an error occurs during tuning, please troubleshoot the error by following the error
description, possible causes and troubleshooting methods displayed by the upper computer

software, as shown in Figure 4-98.

| Fault display Digital ID monitor |
- Mo fauk
Description
Reasons
Measures
Clear

Figure 4- 96 Fault Display
After the error is successfully troubleshooted, click "Clear Alarm" in the toolbar.
tuning can be continued after the system shows no error.
Note: If you have any questions during tuning, please seek technical support. Please do not

arbitrarily modify the parameters, so as to avoid damages to personnel and property!
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Chapter 5 Troubleshooting

When a Sapphire servo fails, the LED on the servo panel will flash red on a beat-by-beat
basis. The fault code based on CiA402 standard will be displayed in the fault handling screen after
connecting to the upper control software tool.

In case of servo alarm, please refer to the following table to check the servo and follow the

corresponding strategy to solve the servo fault.

Table 5-1 Fault description

Error .
Name Cause Solution
Code
1. Check power supply and whether high
inertia loads leads to rapid stop without
1. DC bus with | dynamic braking.
excessive voltage. 2. Check whether the servo and the output
2. Short circuit at | wiring are short circuit, whether earthing is
0x2230 Bus periphery. short circuit, and whether the braking
X
overcurrent | 3. Encoder failure. resistor is short circuit.
4, Internal | 3. Check whether the encoder is damaged or
components of the | the wiring is correct; check whether the
servo are damaged. | shielding layer of the encoder cable is well
grounded, and whether there is strong
interference near the cable.
1. U-phase output is
short circuit. .
. 1. Check U-phase wiring.
2. High load.
) ) 2. Lower the load.
3. Cable insulation o
. 3. Check U-phase cable and replace it if
U-phase is damaged.
0x2310 necessary.
overcurrent 4. Poor motor . . )
) ) 4. Measure the motor insulation, repair and
insulation. .
. replace it if necessary;
5. Failure of . )
5. Repair or replace the drive.
U-phase current
detecting circuit.
1. V-phase output is
short circuit; o
. 1. Check V-phase wiring.
2. High load.
] ) 2. Lower the load.
3. Cable insulation o
. 3. Check V-phase cable and replace it if
V-phase is damaged.
0x2311 necessary.
overcurrent 4. Poor motor . . )
) ) 4. Measure the motor insulation, repair and
insulation. .
. replace it if necessary.
5. Failure of . )
5. Repair or replace the drive.
V-phase current
detecting circuit.
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Error .
Code Name Cause Solution
1. Check power supply and whether high
inertia loads leads to rapid stop without
1. DC bus with | dynamic braking.
excessive voltage. 2. Check whether the servo and the output
2. Short circuit at | wiring are short circuit, whether earthing is
0x2320 Hardware periphery. short circuit, and whether the braking
short circuit | 3. Encoder failure. resistor is short circuit.
4. Internal | 3. Check whether the encoder is damaged or
components of the | the wiring is correct; check whether the
servo are damaged. | shielding layer of the encoder cable is well
grounded, and whether there is strong
interference near the cable.
1. Low input voltage
of the power circuit.
2. Poor insulation of
DC bus. 1. Check the power circuit.
3. High load. 2. Check the DC bus insulation.
0x3220 Servo 4. Poor insulation of | 3. Lower the load.
undervoltage | the driver cable. 4. Check the drive cable.
5. Failure of DC bus | 5. Repair or replace the drive.
undervoltage 6. Repair or replace the basic power module.
detecting circuit.
6. Basic power
module failure.
1. Insufficient
capacity of brake | 1. Reduce the start-stop frequency; increase
circuit. the acceleration/deceleration time constant;
0x3210 Servo 2. Insufficient | lower the load inertia; increase the drive and
overvoltage | capacity of braking | motor capacity.
resistor. 2. Increase the power of the braking resistor.
3. Basic power | 3. Repair or replace the basic power module;
module failure
1. High ambient | 1. Lower the ambient temperature and
temperature. strengthen ventilation and heat dissipation.
Ambient 2. Abnormal cooling | 2. Check the cooling fan speed and air
0x4110 temperature | system. volume. If they are abnormal, replace the fan
overheating | 3. Temperature | with the same Model.
detecting circuit | 3. Check whether the servo cooling channel
failure. is blocked by foreign objects.
Ambient 1. Low ambient | 1. Check whether the ambient temperature is
0x4120 temperature | temperature. too low;
underheating | 2. Temperature | 2. Check the value of parameter minimum
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Error .
Name Cause Solution
Code
detecting circuit | ambient temperature.
failure.
1. High ambient | 1. Lower the ambient temperature and
temperature. strengthen ventilation and heat dissipation.
2. Abnormal 2. Check the cooling fan speed and air
Power module ]
0x4310 . cooling system. volume. If they are abnormal, replace the fan
overheating .
3. Temperature | with the same Model.
detecting circuit | 3. Check whether the servo cooling channel
failure. is blocked by foreign objects.
1. Check the phase sequence of the motor
power cable.
2. Check the settings of encoder parameter.
3. Check whether the encoder is damaged or
1. Motor run away. the wiring is correct; check whether the
E q 2. Wrong encoder | shielding layer of the encoder cable is well
xcee
. parameters. grounded, and whether there is strong
0x8482 maximum ) )
q 3. Encoder failure interference near the cable.
spee
P 4. Instruction error 4. Check the position / speed / torque
5. Load mutation command.
5. Check whether the load is mutated and
related cause.
6. Correct the phase zero again.
7. Adjust PID parameters.
1. The encoder
wiring is wrong or
the connector is in
poor contact. 1. Check the encoder wiring;
Large speed : . . .
0x8483 i 2. The gain does not | 2. Adjust the servo gain again.
tracking error .
match. 3. Increase anti-interference measures.
3. Large external
load fluctuations or
interference.
1. The encoder
wiring is wrong or
the connector is in
. poor contact. 1. Check the encoder wiring;
Large position ) . . .
0x8611 o 2. The gain does not | 2. Adjust the servo gain again.
deviation o
match. 3. Increase anti-interference measures.
3. Large external
load fluctuations or
interference.
0x7380 Encoder 1. Wrong encoder | 1. Check the settings of encoder parameters.
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Error .
Name Cause Solution
Code
connection | parameters. 2. Check the line sequence of encoder cable.
error 2. Encoder cable | 3. Connect the encoder cable.
failure.
3. The encoder cable
is not connected.
4. The internal
components of the
servo are damaged.
Encoder
) Internal encoder | Power off and restart the servo. If the fault
0x7383 multi-turn
. error. cannot be cleared, replace the encoder.
info error
0x7385 Encoder count | Internal encoder | Power off and restart the servo. If the fault
X
error erTor. cannot be cleared, replace the encoder.
Clear the encoder multi-turn value, power
Encoder count | Internal encoder
0x7389 off and restart the servo. If the fault cannot
overflow error | error.
be cleared, replace the encoder.
1. Check the settings of encoder parameters.
Encod 1. Wrong encoder | 2. Check whether the encoder is damaged or
ncoder
.. | parameters. the wiring is correct; check whether the
0x738A | communicatio o .
2. Encoder cable | shielding layer of the encoder cable is well
n CRC error . .
failure. grounded, and whether there is strong
interference near the cable.
0x738B Encoder Internal encoder | Power off and restart the servo. If the fault
X
delimiter error | error. cannot be cleared, replace the encoder.
0x3231 PWM drive | PWM drive +15 V | Check whether the control power +24V is
X
abnormal undervoltage. connected properly.
Given position or | 1.Check the setting of limit position.
0x8612 Exceed actual position | 2.Check the settings of given position.
X
position limit | exceeds position | 3.Check whether the limit switch is
limit. triggered.
1. Test again after the motor has cooled
The working | down.
0x7384 Encoder temperature of the | 2. Improve the heat dissipation conditions
X
overheating | encoder exceeds | and check whether the motor overheats
95°C. during running.
3. Internal encoder error.
There is a zero value
in the set value of
0x6250 Wrong profile | the profile track, | 1. Make sure the set speed is not zero.
X
value which makes the | 2. Make sure the set acceleration is not zero.
planned track
unsuccessful.
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Error .
Name Cause Solution
Code
The termination
o speed is greater than
Termination o
i the profile speed, | 1. The set termination speed must be less
0x6281 speed setting .
which makes the | than or equal to the profile speed.
error
planned track
unsuccessful.
The target position
Termination | is too close to the L
) o 1. Check whether the set termination speed
0x6282 | speed setting | current position to |
is too large.
error reach the
termination speed.
When the minimum
/ maximum software | 1. Set the minimum value greater than the
limit  is not set to | maximum when the minimum / maximum
.10, the minimum | software limit is not set to 0.
Software limit ] ) )
0x6283 ) value is greater than | 2. Check whether the maximum value is
setting error
or equal to the | too large.
maximum value; or | 3. Check whether the minimum value is too
exceed the position | small.
limit.
When the minimum
/ maximum position o
o ] 1. Set the minimum value greater than the
limit is not set to ] o ]
Wrong o maximum when the minimum / maximum
0x6284 o - . |0, the minimum o o
position limit . position limit is not set to 0.
value is greater than
or equal to the
maximum value.
Wrong The set planned .
) 1. Set the planned curve type to O (Linear
0x6285 | planned curve | curve type is not
ramp)
type supported.
Wrong The set planned .
) 1. Set the planned curve type to O (Linear
0x6286 | planned curve | curve type is not o
ramp) or 3 (Jerk-limited ramp).
type supported.
Wrong The set planned
) 1. Set the planned torque curve type to 0
0x6287 planned torque type is not .
(Linear ramp).
torque curve | supported.
Wrong The limit switch ) ) ) )
. ) 1. Start homing again after setting a suitable
0x6288 homing was accidentally .
. homing method.
method triggered.
Wrong The set homing ) . . .
. . 1. Start homing again after setting a suitable
0x6289 homing method is  not .
homing method.
method supported.
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Error .
Name Cause Solution
Code
Homing The zero point was | 1.Check the lower limit switch or the origin
0x628B | processtimed | not found during | switch.
out homing. 2.Set a suitable homing method.
Initial speed | When the planned
not zero when | curve type is | 1. Make sure the motor is still before
0x628C planning Jerk-limited ramp, | enabling the curve planning of the
Jerk-limited | the initial speed is | Jerk-limited ramp.
ramp not zero.
) The settings of
Execution .
. position, speed, or .. .
0x6180 | time of . Reset position, speed, acceleration and
acceleration / .
planned curve . deceleration.
deceleration are
less than 0 )
incorrect.
Stop speed .
0x6181 Stop speed is not set
greater  than 0 0 Set stop speed to 0.
0
initial speed
Position,
speed,
acceleration The position, speed,
and acceleration and
0x6182 | deceleration deceleration are not | Reset the target position, speed, acceleration
not set for | set for continuous | and deceleration.
continuous motion of multiple
motion of | points
multiple
points
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Error .
Name Cause Solution
Code
Internal state i
. Jump exception of
0x6184 | transition } . . .
.| the internal homing | Execute homing again.
error in
. state.
homing
The motor
temperature is
detected by the .
1. High load.
external temperature
2. Lack of phase.
sensor and then )
Motor 3. Fault related to motor machinery,
0x7124 ) connected to the | ) o
overtheating including lack of lubricating grease,
servo through the DI | | ]
) improper assembly of bearings and end caps,
port, and its upper . .
o ) eccentricity of inner holes, etc.
limit is determined
by the external
temperature sensor.
UVW phases have .
0x3130 | Lack of phase o Check the wiring of UVW phases.
open circuit.
Bus synchronization
0x8700 Sync error Restart the servo.
error.
Hall signal 1S .
0x738C Hall error . Check the wring of Hall.
disconnected.
0x6551 Wrong target | The target speed is O | Check the value of 0x6081 and make sure it
X
speed in position control. is not 0.
Wrong
acceleration The track planning
and is unsuccessful . o
) ] Make sure acceleration or deceleration is not
0x6552 | deceleration when acceleration 0
in  position | and deceleration is |
and velocity | setto 0.
control
Wrong
position track | The position track oo
0x6553 ) o Make sure the set period is not 0.
planning planning is set to 0.
period
Z pulse | The difference of ) )
. . 1. Check the scale installation or accuracy.
0x7320 | repetition adjacent Z pulses o o
o 2. Check the Z pulse positioning deviation.
positioning exceeds 0x2001.
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Error .
Name Cause Solution
Code
position error
1. Check whether the motion control Model
is 0.
2. Check whether the device is stuck, the
frictional resistance increases or the load is
abnormal, etc.
Failed to | Failed to enable | 3. Check whether there is an open circuit or
0x8620 | enable auto | automatic short circuit in the three-phase wiring.
calibration calibration. 4. Check whether the settings of 0x2105 and
0x2402 are proper.
5 Check whether the phase sequence of the
UVW wiring and the setting of 0x2002 are
correct.
6. Check the encoder wiring.
Planned
. The planned
deceleration )
] deceleration or ) )
or quick stop ) Check the deceleration or quick stop
0x6542 ) quick stop ] o
deceleration . . deceleration and make sure it is not 0.
] . deceleration in the
in the position . .
. position Model is 0.
Model is 0
Planned
. The planned
deceleration )
) deceleration or ) )
or quick stop . Check the deceleration or quick stop
0x6572 . quick stop ] o
deceleration ) ) deceleration and make sure it is not 0.
] . deceleration in the
in the position o )
. position Model is 0.
Model is 0
DI external input
DI  external . . . .
0x9100 | . condition triggers an | Check the external input conditions.
input alarm
alarm.
1. Adjust limiter protection peak current.
. 2. Adjust limiter protection peak current
I2T protection | Exceed the 12T .
0x8900 ] duration.
alarm setting threshold
Note: The alarm takes effect when 0x2017
bitl is set to 1.
Operation is enabled ) )
Alarm of no . . Enable operation after If Hall is connected
0x8901 ] ] without performing ) ] o )
calibration . . . and angle identification is finished.
angle identification.
Position Wrong encoder
0xBO10 feedback jitter | wiring.  Abnormal | Check the encoder wiring.
X
during angle | load or external | Check the load or external disturbance.
identification | disturbance.
0xB020 | Rotor not | Parameter settings | Set appropriate parameter values.
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Error .
Name Cause Solution
Code
moving such as current are | Check device, load and wiring.
during angle | incorrect.
identification | High load.
The machine is
stuck, or the wiring
is wrong.
Large setting of
i current. .
Large action . . Set appropriate parameter values.
Fault, including ) o
0xB030 | of angle . . Check device, load and wiring (phase
. . . device, load, wiring
identification sequence).
(phase  sequence),
etc.
Check the upper computer software, M3 and
Angle 238
0xB040 | identification | Software exception ’ .
) Check each parameter setting.
timed out . .
Check device, load and wiring.
Wrong encoder
wiring.
High load or
Motor hardly .
) friction.
rotates during ) o
Problem with | Check the encoder wiring.
0xB102 | phase . .
current loop | Increase commutation current ratio 1.
sequence )
. configuration
detection .
The  commutation
current ratio 1 is too
small.
Hall status | Wrong wiring of .
Check the wring of Hall Sensor.
0xB104 | feedback Hall sensor. )
Make sure 0x2103 is set to 0.
abnormal Wrong Hall Model.
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Chapter 6 tuning Software ISMC

Stone Motion Control (ISMC) is a servo tuning software independently developed by our
company. Through USB serial communication, you can configure and modify servo parameters,
debug controller parameters, realize motion control, monitor system status in real time, diagnose
faults, check error logs, and realize update and maintenance.

This chapter only focuses on software download and setup. For software operations, please refer
to "Servo tuning Software ISMC User Manual".

6.1 Software Download

6.1.1 System Requirements

System environment requirements:

B Memory: 1 GB or more (1.5 GB or more for running on a virtual machine)
B Display: above 800x600

B System type: 32-bit or 64-bit Windows 7 / Windows 8 / Windows 10

B Processor: above 1.6 GHz

6.1.2 Software Installation

The setup process of ISMC is as follows:

1. Download the setup package from the official website.

2. Double click the .exe application file, and wait for the decompression. After decompression,
the setup wizard pops up, as shown in Figure 6-1.

| ¥ stone Motion Control V1.00 InstailShield Wizard X |

¥4 A stone Motion Control V1.00
Instalishield Wizard

rstaliShietd{R) Wizard 18538 I AN, th 203 Stone
Motion Control V1.00 « LS, [REHT—F

BE: THFERRLANEN RO

e [T=Em o

Figure 6-1 ISMC installation wizard

3. Click "Next". The agreement dialog box pops up, as shown in Figure 6-2.

§2 Stone Motion Control V1,00 InstallShield Wizard x
fing 4
AR T s Al

L‘;auc your own icense text to this dalog, specfy your keense agresment file in the Dalog
tor,

L Mavgate to the User Interface vew

2. Select the LicenseAgreement diziog.

3. Choose i edit the dialog layout.

. Once in She Disiog edior, select the Memo SarolableText control.

|5 Sel FileNarme to the name of your lasrs agreoment RTF s,

arer you bulkd your release, your heemse text wil be deplayed in the License Agreemenl dislog.

) R AR R AR FIENE)
O BT FTaE e E SR )

<E-5E i

Figure 6- 2 Installation agreement
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4.

5.

6.

7.

Select “I Agree”, click "Next" and enter the user information, as shown in Figure 6-3.

ﬁ Stone Mation Centrel V1.00 InstallShield Wizard X

AFRER
A TRRE .

AP EW:
[damd

L il
=

| nstishieid

<b-p0 [T-Fw>][ =

Figure 6-3 User information
Click "Next", and select the setup type, as shown in Figure 6-4.
Generally, please use the default type.

# Stane Metion Contral V1.00 |rstallShield Wizard s

o
MERIESR OEBRTR A

B .
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ﬁ. BORTENER. (BEVRAZER. -
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ﬁ ﬁi}ﬁﬁﬁﬁﬁwiﬁﬂﬁﬁﬁﬁ'ﬁio BEPRPRE

Irstaishelkd

<r—#b [T—hw> WA

Figure 6-4 Setup type
Click “Next”, and click "Finish" after the setup is finished to exit the setup interface and
complete the setup, as shown in Figure 6-5.

# Stone Mation Contral V100 InstallShisld Wizard - L
FIE#E Stone Motion Control V100
SRR AR

Instadichield Wizard TETESESE Stene Mation Control V100 » TEFEE - 38
ﬁ EE L

EEEET
]

EnstalShisi]

e R

Figure 6-5 Installing
After setup, check the shortcut of ISMC software by accessing "Desktop" — "Start" —"All

Programs" on your computer, as shown in Figure 6-6.

. Stone Motion Control v1.00

Stone Motion Control

I

Figure 6-6 Start menu
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6.2 Driver Installation

When using USB communication for the first time, you need to install the USB driver.

Note: The driver will be automatically installed on Windows 10 after connecting the USB data
cable.

Taking Windows 7 as an example, the process of driver installation is as follows:

1. Connect the upper computer and the servo drive via the USB data cable. A prompt that the

driver cannot be installed automatically, as shown in Figure 6-7.

W REEARIERE AR X
s EEAES,

Figure 6-7 Failed to install the driver
2. Open the Windows main menu, and right click "Computer".
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Figure 6-8 Windows main menu

3. To open the computer management, click "Manage":
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Figure 6-9 Computer management window
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4. Select "Device Manager" — “Others”, and find the unrecognized device Virtual COM
Port.

- fi EETA @ Buetros TEmowE | =
(3 st i IDE ATAJBTAFL 28 L
i meEnE i L2

Figure 6-10 Device manager

5. Right click “Virtual COM Port”, and select "Update Driver Software".
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Figure 6-11 Update driver software

6. Select "Browse my computer for driver software".

ae |
e £ TR -
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Figure 6-12 Find driver software
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7. Click “Browse", find and select the driver folder “windows_drivers” in the ISMC
installation directory.
Default path: C:\Program Files(x86)\ISMC\Files\windows_drivers.

=

& L EFANTRE - 1 USE serial port (COM)

ST B SRR

ELTF o agemit
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Figure 6-13 Browse the driver installation path
8. Click "Next" to start installation, and select "Always install this driver software" in the
pop-up security warning window.
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f
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Figure 6-14 Security warning pop-up
9.  Finish driver installation.

LR =]
| = B !ﬂﬁi’]lg!m_t-r_lpsa_g&lw[cam‘_- .
| Windows B2 st @ s SRRt i

Windows EiEmRakt SRR

TLUSE sevial port
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Figure 6-15 Finish driver installation
Note: If the driver fails to be installed successfully, please contact the technician.
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6.3 Firmware Upgrade
You can burn and upgrade the M3 and C28 files in the servo through ISMC.

The process of firmware upgrade is as follows:
1.  Select "Help" in the main menu, and click "Firmware Upgrade" to open the firmware

upgrade interface, as shown in Figure 6-16.

£-e. | i s = TR #R =m
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Figure 6-16 Firmware upgrade

Click "Select File'" to open the folder and select the M3 or C28 file to be upgraded.

3.  Click "Upgrade" to start upgrading. After the upgrade is successful, ISMC software and the
servo are restarted.

4.  After reconnecting, repeat the above steps to upgrade the next program until all programs are
upgraded.

Note:

1. For firmware upgrade, please contact our technical team.

2. Servo DC+/DC- power supply is required when upgrading, and 24 V power supply is
recommended.

3. The names of the upgraded files are fixed, i.e. C28-APP.bin and M3-APP.bin.
For the first time, please flash M3-APP.bin first, and then flash C28-APP.bin.
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Chapter 7 Communication

The Stone servo drive supports both CANopen and EtherCAT. This chapter introduces the
principles, usage and cases of these two communication Models. For details, please refer to "User
Manual of Stone Servo Drive (CANopen)" and "User Manual of Stone Servo Drive
(EtherCAT)".

7.1 CANopen Communication

7.1.1CANopen Protocol

CANopen is a high-level communication protocol and device profile specification that is based on
the CAN (Controller Area Network) protocol, following the ISO/OSI standard Model. Different
devices in the communication network exchange data with each other through the object
dictionary, wherein the master node can access or modify the data in the object dictionary list of
other nodes through process data object (PDO) or service data object (SDO).

Object Dictionary

The object dictionary is an ordered set of parameters and variables, including all parameters of the
device description and device network status. A set of objects can be accessed through a network
in an ordered and predefined manner.

The CANopen protocol uses an object dictionary, identified with a 16-bit index and an 8-bit
subindex. The structure of the object dictionary is shown in Table 7-1.

Table 7-1 Object dictionary structure

Index Object
0x0001-0x0FFF Data type definition
0x1000-0x1029 Communication parameter object (such as CiA-301 protocol parameter)

0x1200-0x12FF SDO object

0x1400-0x15FF RPDO object

0x1600-0x17FF RPDO mapping

0x1800-0x19FF TPDO object

0x1A00-0x1BFF TPDO mapping

0x1C00-0x1FFF Other communication parameters

0x2000-0x5FFF Manufacturer specific sub-protocol object

0x6000-0x9FFF Standard device sub-protocol object (such as DSP-402 protocol
parameter)

0xA000-OxFFFF Reserved

7.1.2 CANopen Communication Object

Network Management (NMT)

The network management system (NMT) is responsible for initializing, starting and stopping the
network and the devices in the network, and belongs to the master-slave system. There is only one
NMT master in the CANopen network, which can configure the CANopen network including
itauto. Network management objects include Boot-up messages, Heartbeat protocols and NMT
messages. Based on the master-slave communication Model, NMT is used to manage and monitor
each node in the network, mainly including node status control, error control and node startup.
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NMT service

CANopen performs conversion according to the state machine specified by the protocol. Among
them, some are internal automatic conversions, and some must be converted by NMT messages

sent by the NMT master. Conversion by the state machine is as shown in Figure 2-2.

[ Start / reset hardware ]

A 4

Initialization Reset node

A

Reset

communication

\4

4———[ Pre-operational ]—

A

A

Stop

\4

4[ Operational ]7

Figure 7-1 Working of NMT state machine

Part of the conversion in Figure 7-1 is achieved by NMT messages, and only the NMT master can
send NMT messages. The message format is shown in Table 7-2.
Table 7-2 NMT module ControINMT message format

Data/byte
COB-ID RTR

0 1

0x000 0 Command word Node ID

COB-ID is fixed to "0X000".

The data consists of two bytes:

*  Command word: indicating the control function of the frame, as shown in Table 7-3.

*  CANopen node address: when Datal is 0, this message is broadcast to all slaves in the

network.
Table 7-3 Command word of NMT Module ControINMT message
Command
Jump state Description
word
0X01 Pre-operational -> Operational Start remote node
0X02 Operational/Pre-operational -> Stop Stop remote node
0X80 Operational -> Pre-operational Enter pre-operation state
0X81 Operational -> Reset node Reset node
0X82 Operational -> Reset communication Reset communication
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After the device is powered on, it will automatically enter the initialization state, including the

following:

e Initializing: During Initializing, the device starts up and initializes its internal parameters.

*  Reset node: During Reset Application all parameters in the object dictionary range from

2000n to 9FFFy, are set to the power-on or default values.

*  Reset communication: the parameters of the communication profile (Index range 1xxxu) are

set to their power-on/default values.

After the device initialization is finished, the device automatically transits to pre-operational state

and indicates this transition by transferring the boot-up message. After the configuration, the node

needs the NMT master to send NMT messages to enter the operational state in which each module

should work normally.

When the NMT master sends a stop node message, the device enters the stopped state, and only

the NMT module works normally in CANopen communication.

The CANopen services supported in various NMT states are shown in Table 7-4.

Table 7-4 Services supported by various NMT states

Serve Pre-operational Operational stop
Process Data Object (PDO) No Yes No
Service Data Object (SDO) Yes Yes No
Synchronization Object (SYNC) Yes Yes No
Emergency message (EMCY) Yes Yes No
Network Management (NMT) Yes Yes Yes
Error control Yes Yes Yes

® NMT error control protocols

Error control protocols enable the monitoring of a CANopen network. They comprise the

Heartbeat-, Node-/Life-Guarding-, as well as the Boot-up protocol.

a.

Node-/Life guarding

Node guarding is used to monitor the non-central peripheral modules, while they
themselves can use Life Guarding to detect the failure of the guarding master. Guarding
involves the master transferring remote frames (remote transmit requests) to the guarding
identifier of the slaves that are to be monitored. These reply with the guarding message.
This contains the slave’s status code and a toggle bit that has to change after every
message. If either the status or the toggle bit do not agree with that expected by the NMT
master, or if there is no answer at all, the master assumes that there is a slave fault.

The objects related to node-/life guarding are guard time 100Ch and live time factor
100Dh. 100Ch is the remote frame interval of node guarding (unit: ms). Object 100Ch
multiplied by object 100Dh determines the latest time for master query. Generally, node
guarding can be achieved. Lifetime guarding is activated when 100Ch and 100D are both
non-zero and a node guarding request frame is received.

The master station sends a node guarding remote frame every 100Ch. The slave station
must respond, otherwise it assumes that the slave station has failed; If the slave fails to
receive a message request from the master within the time of 100Ch X 100Dh, it assumes
that the master station has failed.

The format of remote frames is as shown in Table 7-5 below.
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Table 7 - 5 Remote frame format

COB-ID RTR
0x700+Node ID 1
The response message returned by NMT node is a one-byte status word, as shown in Table
7-6 below.
Table 7-6 Response message
COB-ID | RTR | Data
0x700+Node 1D | 0 | status word

Bits of the status word are shown in Table 7-7 below.
Table 7-7 Bits of status word

Data bits Description

bit7 It must be alternately set to "0" or "1" each time

4-Stopped state
Bit6 - bit0 5-Operational state

127 - Pre-operational state

b. Heartbeat protocol
With heatbeat messages, nodes can be configured as heartbeat producers or heartbeat

consumers. The CANopen device can send heartbeat messages according to 1017h
Producer heartbeat time (unit: ms). The node with the consumer heartbeat function in the
network monitors the producer according to 1016h Consumer time. If a consumer does
not see an expected heartbeat within its expected time, it signals an error.
After configuring 1017h Producer heartbeat time, the node heartbeat function is activated
and starts to send heartbeat messages. After configuring 1016h Consumer heartbeat, the
monitoring will start after receiving a frame of heartbeat sent by the corresponding node.
The master sends a heartbeat message according to the producer heartbeat time, and if
the slave monitoring the master does not receive a heartbeat message within the
consumer time, it assumes that the master has failed. The slave sends a heartbeat
message every 1017h. If the master monitoring the salve does not receive a heartbeat
message within the consumer time, it assumes that the slave has failed.
The format of the heartbeat message is shown in Table 7-8. The data segment has only
one byte, the highest bit is fixed at 0, and the rest are the same as the node guarding
response message.
Table 7-8 Heartbeat message format
COB-ID RTR Data
0x700+Node ID 0 status word

Service Data Object (SDO)

It includes receiving SDO-SDO (Rx) and transferring SDO-SDO (Tx). Through indexes and
sub-indexes, SDO enables access to all entries of a CANopen object dictionary. SDO is

implemented through the CMS object of the multi-field in the CAL, allowing transmitting data of
any length, and splitting it into several messages when the data is out of 4 bytes. This is a
confirmed communication service that generates a reply for each message. SDO request and
response messages always contain 8 bytes.

1. SDO transfer framework
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With an SDO, a peer-to-peer client-server communication between two CANopen devices
can be established on the broadcast medium CAN. The owner of the accessed object
dictionary acts as a SDO server. The device that accesses the object dictionary of the other
device is the SDO client. Therefore, the data exchange between SDOs requires at least two
CAN messages.

2. SDO transfer message
SDO transfer is divided into transfer not greater than 4 bytes (expedited SDO transfer) and
transfer greater than 4 bytes (segmented SDO transfer).
SDO transfer message consists of COB-ID and data segment, as shown in Table 7-9 below.

Table 7-9 Format of SDO transfer message

COB-ID Data
580h+Node_ID/ 0 e 3 4 | 5 | 6 | 7
600h+Node ID command index sub-index data
code

Among them, command code indicates the transfer type and transfer data length, index and
sub-index indicate object position in the list, and data is the value of the object.

Expedited SDO transfer (write)
If there is 4 bytes or less than, the transfer can be expedited and all the data sent within the
command or response message. Due to different read and write methods and data length, the
transfer messages are different, as shown in Table 7-10.
Table 7-10 Format of expedited SDO transfer (write)

Transfer COB-ID 0 1 | 2 3 4 | 5| 6 | 7
23h data
27h data -
Client 600h+Node ID index sub-index
- 2bh data - -
2fth data | -| - | -
Normal 60h - - - -
Server 580h+Node ID index | Sub-index
Abnormal - 80h abort code

nn

indicates that there is data but it is not considered, it is recommended to write 0 when
writing data, the same below.

Example:

The station number of the slave is 2, the write value of 60FFh-00 in expedited SDO transfer
is 1000, that is 0x3E8, and the message sent by the master is as follows. (all in hexadecimal)
Table 7-11 Examples of message sent by the master

COB-ID 0 1 2 3 4 5 6 7
602 23 FF 60 00 E8 03 00 00

Table 7-12 Example of the message returned by the slave
COB-ID 0 1 2 3 4 5 6 7
582 60 FF 60 00 00 00 00 00
If the write data type does not match, the error code 0x06070010 will appear, and the message is

as follows:
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Table 7-13 Example of message when write data type mismatches
COB-ID 0 1 2 3 4 5 6 7
582 80 FF 60 00 10 00 07 06

Expedited SDO transfer (read)
If there is 4 bytes or less than, the transfer can be expedited and all the data sent within the
command or response message. The expedited SDO transfer (read) is as shown in Table 7-10.
Table 7-14 SDO Format of expedited SDO transfer (read)

Transfer COB-ID 0 [1]2 3 4 [s5]e6]7
Client 600h+Node ID | 40h | index | sub-index - - - -

43h data
47h data -
Server Normal 580h+Node_ID | 4bh | index | sub-index data - |-
4th data | - | - | -

Abnormal 80h abort code

Example:

The station number of the slave is 2, the read value of 6061h-00 in expedited SDO transfer is
3, that is 0x03, and the message sent by the master is as follows. (all in hexadecimal)
Table 7-15 Examples of message sent by the master
COB-ID 0 1 2 3 4 5 6 7

602 40 61 60 00 00 00 00 00

Table 7-1 6 Examples of message returned by the slave
COB-ID 0 1 2 3 4 5 6 7
582 4f 61 60 00 03 00 00 00
If the write data type does not match, the error code 0x05040001 will appear, and the message

is as follows:
Table 7-17 Example of message when read data type mismatches
COB-ID 0 1 2 3 4 5 6 7
582 80 61 60 00 01 00 04 05

Segmented SDO transfer (read)

If more than 4 bytes of data is required to be transferred, a segmented transfer is used. Its
message and initial transfer frame is the same with the expedited transfer.

Table 7-18 Format of initial transfer message

Transfer COB-ID 0 1|2 3 4 | 5| 6 |7
Client 600h+Node ID | 40h | index | sub-index -0 - - -
Normal 41h Data length
Server 580h+Node ID index | sub-index
Abnormal - 80h abort code

The trigger bit (bit6) alternately sends 0 and 1 during transfer process. The format of the
process message is shown in Table 7-19.
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Table 7-19 Format of process message

Transfer COB-ID 0 1] 2 3 4 5|16/|7
Client 600h+Node ID | 60h - - - -1 -
normal 00h Data length
Server 580h+Node ID - -
abnormal - 80h | index | sub-index abort code
Client 600h+Node ID | 70h | - | - : - -]
normal 10h Data length
Server 580h+Node ID - -
abnormal - 80h | index | sub-index | abort code

The end frame includes the end frame marker and the valid data length. Its format is shown in

Table 7-20.

Table 7-20 Format of end message

Transfer COB-ID 0 1 2 3 45
Client 600h+Node ID | 60h/0X70h index sub-index | -| -
01h/11h data
03h/13h data
05h/15h data
Server normal 580h+Node ID O7h/17h data
- 09h/19h data
0Bh/1Bh data
0Dh/1Dh data
abnormal 80h index sub-index

Process Data Object (PDO)
PDO includes receive PDO (RPDO) and transmit PDO (TPDO), which is used to transmit

real-time data and is the most important data transmission method in CANopen. Data is passed
from a creator to one or more receivers. Since PDO transmission does not require a response, and
the PDO length can be less than 8 bytes, the transmission speed is fast. Each CANopen device
contains 8 default PDO channels (4 transmit PDO channels and 4 receive PDO channels). PDO
includes two transmission Models, synchronous and asynchronous, which are determined by PDO
communication parameters. The content of the PDO message is predefined and determined by the
PDO mapping parameters.
1. PDO object
According to the difference between receive and transmit, PDO can be divided into RPDO
and TPDO. The final transmission method and content of PDO is determined by
communication parameters and mapping parameters. The servo drive can use at most 4
groups of RXPDO and 4 groups of TxPDO to realize PDO transmission. The related object
list is as shown in table 7-21.
Table 7-21 Format of PDO message

Name COB-ID Communication Object Mapping Object
1 200h+Node 1D 1400h 1600h
RxPDO
2 300h+Node ID 1401h 1601h
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3 400h+Node ID 1402h 1602h

4 500h+Node ID 1403h 1603h

1 180h+Node ID 1800h 1A00h

2 280h+Node ID 1801h 1A01h
TxPDO

3 380h+Node ID 1802h 1A02h

4 480h+Node ID 1803h 1A03h

2. PDO communication parameters

CAN identifier
The CAN identifier (also known as COB-ID) includes control bit and identification data, and
determines the CAN priority.
.COB-ID is located on sub-index 01 of communication parameters (RxPDO: 1400h~1403h
and TxPDO: 1800h~1803h), and the highest bit determines whether the PDO is valid.
Transmission type
The transmission type is located on sub-index 02 of communication parameters (RxPDO:
1400h~1403h and TxPDO: 1800h~1803h), which determines which transmission method the
PDO follows. Transmission Type represents different transmission types, and defines the
method for triggering TxPDO transmitt or RxPDO receive, as shown in Table 7-22.

Table 7-22 PDO communication type

Synchronous
Communication Type Asynchronous
Cyclic Acyclic
0 v
1~240 v
241~253 -
254, 255 | | \
® When the transmission type of TxPDO is 0, if the mapping data changes and a
synchronization frame is received, TxPDO is transmitted.
® When the transmission type of TxPDO is 1~240, TxPDO is transmitted when a
corresponding number of synchronization frames are received.
® When the transmission type of the TxPDO is 254 or 255, TxPDO is transmitted when the
event timer is triggered.
® When the transmission type of RxPDO is 0~240, as long as one synchronization frame is
received, the latest data of RxPDO is applied.
®  When the transmission type of RxPDO is 254 or 255, the received data is directly applied.
Inhibit time

The inhibit time (unit: 100us) is set for TxPDO, which is located on sub-index 03 of
communication parameters (1800h~1803h) to prevent the CAN network from being continuously

occupied by PDO with lower priority. The transmission interval of the same TxPDO shall not be

less than the inhibit time.

Event timer

For asynchronous TxPDO, an event timer is defined, which is located on sub-index 05 of

communication parameters (1800h~1803h).

PDO mapping parameters

PDO mapping refers to mapping of the application objects (real time data) from the object
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directory to the process data objects, including index, sub-index and object length. The data length
of each PDO can be up to 8 bytes, and one or more objects can be mapped at the same time. The
sub-index 0 records the number of objects mapped by the PDO, and the sub-index 1~8 is the
mapping content, as shown in table 7-23.

Table 7-23 PDO mapping parameters

Bit 31 | .. 16 5 | .. 8 T | 0

Definition index sub-index object length

The index and sub-index jointly determine the position of the object in the object dictionary, and
the object length indicates the specific bit length, expressed in hexadecimal.
Table 7-24 Relationship between object length and bit length

Object Length Bit Length
08h 8 bits
10h 16 bit
20h 32 bit

SYNC Object

A synchronization (SYNC) object provides synchronous communication on a CANopen network.

You can configure devices to transmit synchronous PDOs when these devices receive an SYNC

message.

SYNC object is a special mechanism that controls the coordination and synchronization between

transmit and receive of multiple nodes. Its transmission follows producer-consumer Model. An

SYNC producer broadcasts SYNC messages in the network periodically and all other nodes in the

CAN network can receive the synchronization frames as consumers without feedback. Only one

synchronization generator is allowed in the same CAN network.

The relationship of synchronous PDOs and synchronization frame is as follows:

® For synchronous RxPDO, as long as the PDO is received, the received RxPDO will be
applied at the next SYNC.

® For synchronous TxPDO, it can be divided into the following:

B Cyclic synchronous: when the PDO transmission type is 1~240, and only
when the SYNC specified by the transmission type is reached, no matter whether the
data has changed or not, this TxPDO needs to be sent.

B Acyclic synchronous: when the PDO transmission type is 0 and the content of
the PDO mapping object changes, this TxPDO needs to be sent at the next SYNC.

Emergency (EMCY) Object Service

A CANopen device generates an emergency (EMCY') message when a device-internal error occurs.
The EMCY message follows the producer-consumer Model. After it is sent, other nodes in the
CAN network can choose to handle it.
When a node fails, regardless of whether the EMCY object is activated, the error registers and
predefined error fields need to be updated. The format of the EMCY message is as follows:

Table 7-25 Format of EMCY message

COB-ID 0 1 2 3 4 | 5s]6|7

80h+Node ID error code error register Reserved auxiliary byte
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For the definition of error codes and auxiliary bytes, please refer to”.
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CANopen frame COB-ID
CANopen 2.0A defines 11-bit CAN-ID, the first 4 bits equal a function code and the next 7 bits

contain the node ID.
To facilitate the networking between devices on the bus, CANopen defines communication object
identifier (COB-ID) according to CAN-ID: specifies the priority of the object during
communication and the identification of the communication object. The COB-ID corresponds to
the CAN-ID. The 11-bit COB-ID consists of two parts, which are 4-bit object function and 7-bit
node ID.
Table 7 - 26 COB-ID and CAN-ID
10 9 8 7 6 5 4 3 2 1 0

Function Code Node-ID

Each communication object of CANopen has a default COB-ID, to identify the devices and

communication objects on the bus. The smaller the function code, the higher the priority of the

communication object. The communication objects and their COB-IDs are shown in Table 7-27.
Table 7 - 27 Communication objects and their COB-IDs

Communication Function Related communication
. COB-ID(hex) parameters in object
Object Code .
dictionary
NMT Network Control
(Broadcast) 000 0000b i
Sync object (broadcast) 080 0001b 0x1005, 0x1006, 0x1007
EMCY object 080+Node-ID 0001b 0x1014, 0x1015
TPDOI 180+Node-ID 0011b 0x1800
RPDOI 200+Node-ID 0100b 0x1400
TPDO2 280+Node-ID 0101b 0x1801
RPDO2 300+Node-ID 0110b 0x1401
TPDO3 380+Node-ID 0111b 0x1802
RPDO3 400+Node-ID 1000b 0x1402
TPDO4 480+Node-ID 1001b 0x1803
RPDO4 500+Node-ID 1010b 0x1403
SDO(Tx) 580+Node-ID 1011b 0x1200
SDO(Rx) 600+Node-ID 1100b 0x1200
NMT Network Error | 700, Node-ID 1110 0x1016, 0x1017
Control
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7.1.3 CANopen usage

Communication Interface

Pin

Definition

NC

GND

CAN L

CAN H

DN | B |[W N | =

PE

Figure 7-2 Definition of communication interface

Communication wiring

CANopen

Figure 7-3 CANopen communication wiring
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Software settings
The whole process to start communication is as follows:
1. In the upper computer software, import the EDS file.

Import EDS file

2. Scan the Stone servo.
3. Set the communication parameters.

V!

Set servo parameters ]

v

Set CANopen ]

communication parameters

\i

[ Configure PDO ]

[ Start remote node ]

Start CANopen
communication

Figure 7-4 Software Settings
Before using the CANopen servo drive, please set the following parameters:
Note: The two parameters are effective after the servo restarts. After modifying them, please

power on again or "restart" the servo in the ISMC software.

1. To set the baud rate of CAN communication, modify parameter 0x2004 CAN baud rate via
the ISMC software.
The baud rate of the master and slave must be same. Otherwise, communication fails.
The relationship between the value of baud rate and the length of the bus communication

cable is as shown in Tables 7-28.
Table 7-28 Relationship between baud rate and communication cable length

Baud Rate (bit/s) Communication Cable Length (m)
1000000 25
500000 100
250000 250
125000 500
50000 1000
20000 1000

2.  To set communication node ID of each slave, modify parameter 0x2401 Node ID via the

ISMC software.
The node ID of each servo slave cannot be the same with CNC or PLC of the master. And the
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node ID of each servo slave cannot be the same as well.

7.1.4Communication with Schneider PLC

1.  Connect hardware and check configuration
Refer to 7.1.2 and complete the hardware and basic configuration between the servo and
PLC.

2. Create a project
a. Run Schneider SoMachine software, and create a new blank project named test CAN.

The following takes software version 4.3 as an example:

Sohachine Cemtral - V4.3

SRz
STEmE

FIHEE 2

T A CAN S S S
| . CAN, \ae..

i

Figure 7-5 Run SoMachine software
b. Double-click “Delete and Add Devices” to add the master, and click “OK”.
Here takes deviceTM241CEC2U as an example:

B

=

4 Lagic Contraller
Ma2z21
M238
a M241
TM2A1C24R

Sehneiddat Elactric | 40616

= THM2A1C2ATIY
Ezhneider Flectric | 40618 r%
TIMZHCH0R

Echneider Eecnk [ 40818

Th241C407,
Hicoilicosl R B @

TM2ZA1CE24R
Schngsdar Esciric | 4081 E

TM241CE24T/U

Sthnsider Ewcuic | 40815 c]
TM241CE40R

Sehinaiter Blctriz | 10415

R 241 CE4GT,
Schneldar Ecuric | 40518

TM241CEC24R

REHRRSELSNETFNAS FHENTRHEE SR, £5

h258
Mation Cantraller =

Figure 7-6 Add a master in SoMachine

130



Sapphire Series Servo Drive User Guide Chapter 7 Communication

c. Double click “Controller”, and add the app design:

R RS

B TR ML @

n

2>

r . A r b

Figure 7-7 Create a project in SoMachine
3. Import the EDS file of the slave
a. In the menu bar, click “Tool” --> “Device Library”.
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Figure 7-8 Open Device Library in SoMachine

b. Click “Install”, select the EDS file "Stone.eds" in the target path, and click “Open”.

b @ WRA TR 4R g Ed 1A HO0 &E

&=y | /s e 5 X R R |ﬁ]|q;g\_’w_: —— ST
=i @By [symem
a {Cr\ProgramDataiSoMachine Softweane U4, I0evioss)
=i et ca = : -
s o EEe:
= W Mycontroller (THZ41CEC2AT/U) 4] R
@ o vana o) =¥ HEm
i 03 el Sumuts) + (H =R
LI Courtters {Tourzrs) - nc B swoaims
L Pulse Generators (Fulse Generators] P SoftMoborEh <
4] cartndge_t fearindce] [ « T RS
B 10 sz g0 bz - ) e wERs =
{8 com_mus {combes) 2 -
B Etharnet_L (Ethemat Network) b L Lt
= W Senal_Line_1 fserl ire] T s T A E R LTI~ pa—
[ soMactine_Hetwork_Menager {SaMechine { Pona T TEY R TS p—
= 0 Serial Line 2 (Serial lire] B s
8 Madus Manager (Madus Marager) =EE T
o [l can 1 eavpen i B pe
T oM i 4 TE
N0 ks [ R el THH & &
— — | mam —
=
&Gl -1 —‘:)'\“’:“':’
T W xm i ‘. o
= waork (E{ - & >
EHERN): | Stoneeds )
Sih el e SREE. eTRE

Figure 7-9 Import EDS file into SoMachine
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4. Add CANopen gateway and slave
a. To add a device, click “+” under the device tree “CANopen bus”, select “Schneider
Electric” as the supplier, select “CANopen Performance”, and click “Add”.

it mE HE TE ME i Ml TR E0 A

Zp a0 oe R | BNAE B e [T 1S | O y wmli= e s % | e | DRCR R - BEAE 3
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| B |CANopen Performance |
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4§ 0Q igita Outputs) HEH: || Schneder Hectic =
-7 Counters (Courters) z& s ————————— TRy e+
\rL PulssGererators (Puse Gensrators) I- : = e
11 cartidga 1 {Carvicgs) .m — R }
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Figure 7-10 Add CANopen to SoMachine
b. Right click “CANopen_Performance” to add a slave, select “Stone Motion Control”

as the supplier and "Diamond Plus" as the device name.
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Figure 7-11 Add CANopen slave to SoMachine
5. Configure CANopen for master and slave
a. Set the CAN baud rate of the master to 1 M/s.
The default baud rate of the servo is 1 M/s.
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You can also change the value according to requirements. But please make sure that the

baud rate of the servo is the same as that of the master.
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Figure 7-12 Set baud rate of master in SoMachine
b.  Set the node ID of the slave to 1
The default node ID of the servo to 1.
You can also change the value according to requirements. But please make sure that the
node ID of the servo is the same as that of the master.
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Figure 7-13 Set node ID of slave in SoMachine
c. To set the baud rate of CAN communication, modify parameter 0x2004 CAN baud rate
via the ISMC software.
The baud rate of the master and slave must be same. Otherwise, communication fails.
The relationship between the value of baud rate and the length of the bus
communication cable is as shown in Tables 7-29.

Table 7-29 Relationship between baud rate and communication cable length

Baud rate (bit/s) Communication cable length (m)
1000000 25
500000 100
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250000 250
125000 500
50000 1000
20000 1000

d. To set communication node ID of each slave, modify parameter 0x2401 Node ID via the
ISMC software.

The node ID of each servo slave cannot be the same with CNC or PLC of the master.

And the node ID of each servo slave cannot be the same as well.

Note: 0x2004 and 0x2401 are effective after the servo restarts. After modifying them, please

power on again or "restart" the servo in the ISMC software.

6. Configure PDO mapping and SDO

Here takes position Model as an example, for details, please refer to "Stone Servo Drive

CANopen Application Manual”. In the position Model, PDO configuration is as follows.
Table 7-30 PDO configuration in position Model

PDO Object Meaning Bit length
6040h-00h Control word 16
RPDO1 6060h-00h Control Model 8
607Ah-00h Target position 32
RPDO2 6081h-00h Planned speed 32
6041h-00h Status word 16
TPDO1 6061h-00h Control Model display 8
6064h-00h Position feedback 32
606Ch-00h Velocity feedback 32
TPDO2 6078h-00h Current feedback 16
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a. Add PDO mapping:
Start expert setup, configure PDO mapping, and select 2 groups to receive PDOs, and 2
groups to send PDOs.

| [ sapphire x [ Cvopen performance | cani | g
CANOpeniJ_"tifii%%I PDORRST | 4EiiPoORASY GREPDORLST FRS4HBS CANopeniEIE CaAMopen[ORIE 1575 (52
BEFE{EUZPDO (RPDOT—— 3B P£PDO (TPDO)
£ 53| FE3  tkE =2 5| FEI ke
iw! Receive PDO 1 Para 1681400 |y Transmit PDO 1 Par 161800
Controlword 166040 16200 16 Statusword 16%6041 1600 16
Modes of operation  16%6060 16200 a8 Modes of operation di 16%6061 16%00 8
Targetposition 16#607A 16#00 32 Pogition actual value 16£6064 16Z00 32
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["| Receive PDO 4 Para 16&1403 Maximal following err  16#6065 1600 32
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Profile deceleration  16%6084 16300 32 Maximal speed in curr 1626410  16%04 16

Figure 7-14 Add RPDO and TPDO mapping
When the default RPDO and TPDO do not contain a control word, please separately add
PDO mapping as follows:
1) Set mapping parameters for receiving PDO1 and PDO2 as follows, and set the
transmission type to 255 Asynchronous Model.
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Figure 7-15 Add RPDO mapping
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2) Set mapping parameters for transferring PDO1 and PDO2 as follows, and set the
transmission type to 255 asynchronous Model.

CAtopenifiiEifE PCOBLAT $RitwPoORSY HIEPDOBMM [RS#iEm{® CaNopnMEE CANopenIjOMST % (22 |

E=t =5 FE31 {reeE
= e,
Tranemit PDO ‘1 Parameter 16#1800 16#00 1
Statusword 1626041 16%00 16
Modes of operation display - 1656061 1600 8
. Position artualualie PROEME X
a9
& Transmit PDO 2 Parameter T =
+  Transmit FOO 3 Parameter COB-11: E%SMEI Hi WE I
- Transmit PDO 4 Parameter i
Wi L
8 FRiE (c 100Ks): o = L
iz BN - REEEHEE Type 265) ¥
g— ﬁi EType [ ? [
=il . BIf- B (Tvpe 1-240 L
4 i —ﬂfl:{ﬁam(rype z52] ]
BB e 1ns) i

P00, || A

L |

b. Configure SDO data: use SDO to configure acceleration 6083h and deceleration in

Figure 7-16 Add TPDO mapping

position Model.
|| sapphive x [ CANopen Performence (3] CAN 1 | _ I~
| CANopeniiZifE POOMS! BRMPDORMS] iEPDOMST FRSHIEIS |canopeniBIE canopenroBS i (EE
£ g 1 HEE WEEE, WES WEEE, Mg »
Set Mapping 16260640020 | 32 O O
Set number of pdos 1603 8 |:| 7
Set and enable COB-ID 32 O e
Disable PDO 32 O O
Set transmissiontype 8 | O
Clear pdo mapping 16%0 8 O O
Set Mapping 32 O O
Set Mapping 32 | M
Set number of pdos 16202 a O .
Setand enable COB-ID i6#00000281 |32 O ]
Disahle POO 32 O i)
Disable PDO 16280000481 3z | il 75
< 2 >
| e B e e
| sDo#EEt (ms): (1000

Figure 7-17 Add SDO (1)
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NIngERTEREEE

=5l &5 £ 1=t i BE 7~
+ 16460 7E Fosition range limit

1646070 16400 Home offset Y DIKT o
+ 1646070 Software position limit

- 1GH#607E: 16400 Folarity Y USIHT a

- 1G$E07F : 16400 Maximal profile velooityw W UDIHT i}

> 16#6050 : 16400 Max motor speed EH VUDIHT 1]

: 1646051 16400 Frofile velocity W UDINT i}

1646083 : 16400 Frofile acceleration ¥ UDIHT o

. 1GHENE4: 16400 Profile deceleration i DIHT 0

o 1GHE0ES : LER00 Quick stop deceleration i i UDINT i}

1646086 16400 Motion profile type 3 W INT 0

164#6057 : 16400 Torque =lope B UDINT o

- 16#6083 : 16400 Torque profile tupe BN IHT o

> 1646039 : 16400 Fosition notation index it SINT a

o 1GHE0SA: 16400 Fosition dimention index RY REAL 0.0

16#608E : 16400 Veloecity notation index W SINT o

1646080 : 16400 Veloeity dimention 1ndex BN REAL 0.0

_%;Lﬁm;_l__ﬁ#ﬂﬂ Moceleraion notation index ¥ SINT i} G

=4 Frofile acceleration | 2

73l 168 83 frkE: 2 4 T

FE:3: 168 D 18: | [100000] || —

Figure 7-18 Add SDO (2)
7. Create a POU program
a.  Under the application device tree, select “Application”, add a POU program, select the

program language, and click “Add”.
T omE WE IR RS B EE LS B0 E

& { [ R =R R R @ [J 2 - EEER =
AR .1 x i so w&mPou w
i, | canopen] EE SRETPOGREnES) CANop=r MR CAMepen LOHBAT ks (2R
=] fiest CAN |- B8 = | — -
= ﬁnppicaﬁm(mcontnrl:r:mznc[cznw}l i SR ot =2 el £ o
T : % Ml woW2  UINT
- [0 EEmE % " %aEs ST
5 masT et Sl = wOQDZ  DINT
-2 25 +-"p @ ERE) = %QD3  UDINT
* % Doigm iz UnT
‘- I = %IEE SINT
o 2 %02 DINT
e | %03 omT
i Ena mT
B2y | O peswme
g
=B
# 3
== " T | e -EE spm=o 3
SHavt 4% TR I DAR | A
[EhiEen 7 |
ZHsIMNE
= -8 5| -
= T S S

Figure 7-19 Create a POU
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b. Double click “POU”, define the variable in area 2, write the logic program in 3 area,
click “Compile”, confirm that there is no error, and proceed to the next step, as shown

in Figure 7-20.

I @R 0E IR WiE A4 Bl IA &0 s

Sl o B X M AN R (T B ST AR R -
ERAERH - & x| eou x -
| i 1| PROGAM FOT
—l= | wm
B ‘r;_'l‘l st B | 3 .
=¥ Application (MyController : TM241CEC24T/U) Hode_ses:SINT:
@ cu Vel Ser:TDTNT:
= Pos_ Ser:DINT:
= LRI ! Statudord: UINT;
= $ MasT 3
8] pow &
. 1L ¢ 3
= %E‘ 12 ActCurt :TINT;
END VPR G |
< ¥
1 - -
|t [ szt g T | >

Figure 7-20 Write POU program
c. Double click "Master", and set the program cycle.

HE mE 0B TE S5 &8 W TS §0 3
& RNl ERR - k- | | v (@3 &R - | e

B - aom|

= G Application (MyControlier : TH241CECRAT/U}
W oo 260
B roupRe) i ¥ ARt | [@ }s
= B freal
1 &1 :
Q=R RiiEgtsnoms): 00 | ™
L1 B |
5 B THpfeau

S0 oE e (4% mARNH el T2

Figure 7-21 Set program cycle
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d. Double click "Master", and add a POU call.

E-TNCIE S >

ThEgE %Al
L3 - EFF Eii) o]

= {3 application A fER S

[=[pou | P)?OGRAMI
=

M gtatkaErmike
[~ B Ao <l R i A BRI
prg =

FROGRAM FOU

o

Figure 7-22 Add a POU call
8. Link CANopen I/O mapping to POU variable.
a. Select "Diamond Plus", click "CANopen I/O Mapping", and link POU variables to
PDO parameters.

T @E N8 TR mE o8 Et I8 B0 B

| LR R - A I | = |M Y 20 - | BEmE -
i = % % | [ sappmre x[[5] POU 3 CAv | 3] CAMocen Performance % MAST | [ MyCentroler
[ | camepeimBRE POOBMST FAFOOIM] RZPOCKME BRHERNE CaneerimE [ Chon OB | wen | (=
B opgse) ]| 2E 2
== e EH tatk = BEE fm B

44 oo (migtal outputs) ;

i1 Gourters {Counters) : '}" Controlvord. wawz  Ume

i Pulse_Generators (Pulse Generatars] i z"" 3 r_‘10aes of aperation %EBE  SINT

]l Cartridge_1 (Cartrids] . z@ -arce:r.lnlsll:lon =QD2  DINT

£ 10 Bus (19 bus - T *. "a i _profilavalncg L snomd UNINT ! ] |

= HARF w

11 com_Bus (Com bus)
B Ethernet_1 {Etemet Network) s %8|
= B Seridl_line_1 (Seria ne)

= -
{ soMachine Metwork_Mariager (SoMachine = - &R wm s
=¥ serid Line, 2 {serial Ine) | ® 01 X1
[ Modbus_Manager Madbus Mansger) N ® 1) _c1aq0s
i =} Applicaticn

= 1 can_t (canopen bus)

= |7 cANopen_Performarce {CAkiopen Perormar 1 =[] 7ou
4 Saphive (Sanphire) v # ActCurt
— 1 # ActPos

< ¥

[ fe oM s 1 # ActVel
gigndt ¥ BRI LA '
el | # Mode_display
ZEImTE | # Mode_set
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i+ gl TnConfic Gobals
<

Figure 7-23 CANopen I/O Mapping
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b. Link all variables in turn.

4 I,ﬁ sapphire xEJ pOU _’er CAMN_1 _“Erj CAMopen_Performance @ MAST ’?:ﬁ MyController ] -
5. | CANopeniTIZiEE PDOBM! SHIPDORNST ETEPDOMS! FRSEHEVIS CANopenMEIE CANopenI/ORMT i (28
o B
1= PR EE il i HEE B4 iR
#. "% Application.POU.Ctrlword " Controlword BooAE UINT
5 F% Application.POUMode set "% Modes of operation SR SINT
+ K»@ Application.POU.Pos_Sat “@ Targetposition =] DINT
+ "% Application.POUVel_Set i Profilevelocity oBE UDINT
+- %9 Application.POU.StatuWard "% Statusword AT UINT
+: *% Application.POL.Mode_display " Modes of operation display IR SINT l:l
+. %y Application.POU.ACtPos " Position actual value wIEE DINT
+. %% Application.POUACtVel "% Velocity actual value 103 DINT
+- %% Application.POU.ACECurt W Current actual value PG INT
| | =Em BEENTE
ECHIgR
i - & Sapphire ] CANRemoteDevice
|
Y =UERHEE Ty =HUEMEEE

Figure 7-24 Link POU variables to PDO parameters
9. Loginand do tuning

£
a.  Click the login button E or press "Alt” and “F8" to log in PLC. The following dialog

box pops up as shown in 7-25.

[ == b5 |
r

wma
!\ EIMAR SR

gﬁﬁﬁﬁ%ﬁ ggﬁgggﬁﬁoﬁ%ﬁﬁﬁﬁﬁto TR,

o

BRI A P F TR0 RS - L
$Q %;Lf TFREET. AlRsERTEREREL . a3
=R e

IIREEEETIZEIET 15 “ALF" -

BL:H

Figure 7-25 After clicking login button
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b. Press "Alt” and “7", and click "Yes" to complete PLC login and download.
15oMachine Logic Builder
0 ETIEEN 00002001 ERER5 1 TM241CEC24T_U @0080F40CDE1C' 7
EY) BN
Figure 7-26 Confirm PLC login
1SoMachine Logic Builder e
@ E‘%_}Eﬁqﬂ [FAIEFF Application HIMR A FEMIT T EHASMERRER
Z RO
Figure 7-27 Confirm program download
c. Start PLC.
% m | o @@ 2% - | 24 .

1

,{..l}i-?L'] Sapphire X/EJ POU ’ﬂvj CAN_1 ’Eﬁ CANopen_Performance f_@ MAST /[Fg MyCantroller
CANoperiZi{gi%% PDOMUH HMiPoOBS] RIEPDOMRAT ppsdidEnis canopeniFiE CANopenOMUH IAZ5 (52

%

+:

=

Transmit PDO 1 Parameter
Transmit PDO 2 Parameter
Transmit PDO 3 Parameter
-~ Transmit PDO 4 Parameter

=3

16% 1800
1621801
16#1802
1631803

FE3 GEE
16400
16200
16#00
16200

SoMachine Lagic Builder

‘lil' EEERTRETR?

0

SE(Y)

=™ |

Figure 7-28 Start PLC
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d. Do tuning
Forcibly configure the following parameters, and press F7 to force writing

e.g. Run the relative posit ion for 10 turns: to control the motor to run, set the control
Model to "1", the target position to 100000 cnt, the planned speed to 1000000cnt/s, and
the control word to 0x06 -> 0x07 -> 0x4F -> Ox5F.

test trproject™ - SoMachine Logic Builder - V4.3

&| [0 e 1B |- |38, wll= = A BB bl T
REn > 4%  @eas x{Fca [ CANepenPetormane | MyConmiler  [[F) fou |58 masT | -
[ .| CavopenimRiE POOMIAT Fbwoombsl hifeoolldt BETHNETIS concpentRE - CAoren OME £ iEE

— | Bl

fé‘:xm[ggm avacea | o B i ¥oaE e e
; w AR . | Appl].LStTun-PDU.EM!ﬂd :‘9 cControlword e u_m'r 'E |
4% 00 Dt Cutputs] ADD:IG;tICIH.PDU.MDdUI j Modes ufo:teraml' ks SINT ° 1
ot footasy application POU.Pos_Set m.g Targ et position ®EBE DINT @ oo
S L — Acplicatian POUVEl S2 ‘% Profilevelacty %463 UDINT 1000000
% [ Cortride 1 (Cartridge) Application POL, SatuWord " Sabusword SR UTNT 57H
o E 10_8us (10 bus -TV3) Applicatian POUMods dis. . ? Modes of operation dispiay LitEe SINT (1]
o [ﬁ C0M Bus (COM bus) Application POLLACFos _.3 Pasition actual value Sz DINT (] g
CIE Etremet_i (Etremet fistiork) < I—— L
= g Sendl_Lne_1 (Senalling) [ i =
+ 3] seMactine_Network_Marager (S ol
= Cmf cenal Lne_ 2 (Serialling) == Pyt s
A B Mudbus_Menager (Modbus Meragsr o aes Yy bR
=00 @ can_1 cancpen bus)
1 jj E&ﬂ:::n{;z;wmmct {CANopen P? vy ~dEEE y MEEEE
< > |l
L] s om i == zm [ = stk =

50 gk [3F mEERe pd TER |

Figure 7-29 Program tuning
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7.2 EtherCAT Communication
7.2.1 Ether CAT Principle

CoE reference Model

The internal CANopen over EtherCAT (CoE) network Model of Stone servo is shown in Figure
7-30.

Servo application

3 | CANopen service (CoE)
| Object dictionary ‘
EtherCAT oy
State Application layer
Mk Service data object PDO mapping {CANopen DS402)
. (SDO)
[ Registers | Mailbox | | Process data |
[pov2 | [Powo| [PMUT] | Data ik tayer
[ I 1 [EtherCA
|SyacMan 0] | SyncMan 1| |SyacMan 2| | SyneMan 3| Tielah

EtherCAT data link layer —_—
l EtherCAT physical layer ‘

Figure 7-30 COE reference Model
The EtherCAT (CoE) network Model consists of two parts:
® Data link: mainly responsible for EtherCAT communication protocol
® Application: it embeds the CANopen drive Profile (DS402) communication protocol.
The object dictionary in CoE includes parameters, application data, and PDO mapping
information.
Process data object (PDO) consists of objects in the object dictionary that can do PDO mapping,
and the content in PDO data is defined by PDO mapping. The read and write of PDO data is
periodic with no need to look up the object dictionary; while the mailbox communication (SDO) is

non-periodic communication with a need to look up the object dictionary.
EtherCAT slave information

The EtherCAT slave information file (XML file) is read by the master and used to construct the
configuration of the master and slave. The XML file contains the necessary information for
EtherCAT communication. STONE provides the "Stone E XML.xml" file for the servo drive to

construct the configuration of the master and slave.
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EtherCAT State Machine

It is used to describe the states and state changes of the slave. The state change request is usually

initiated by the master and the slave responds. The details is shown in Figure 7-31.
Init

| 1 | | 41

Pre-Operational Boot

Safe-Operational ‘

| |

Operational

Figure 7-31 EtherCAT state machine

The status of state machine is shown in Table 7-31.
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Table 7-31 Status
Status Description

Firmware update.
Boot . . .
Drive can transit to Init state.

Initialize the communication.
Unable to communicate with SDO and PDO.

The master configures the link address and SM channel to start

Init

L AR 2R 2K 2R 2

mailbox communication.

. The master initializes DC clock synchronization.
Init->Pre-OP .
The master requests a transition to the Pre-Op state.
The master sets the AL control register.

The slave checks if mailbox is normally initialized.

Mailbox communication is activated.
Pre-OP . .
Unable to communicate with PDO.

L 2R 2K 2K 2R 2R 2% 2

The master configures the Sync Manager channel and FMMU
channel for PDO.

The master configures PDO data mapping and Sync Manager
PDO parameters through SDO.

The master requests transition to Safe-Op state.

*

Pre-OP->Safe-OP

L 2R 2

The slave checks if the Sync Manager responsible for the PDO
data is correctly configured, and check the distributed clock when

the slave sends a request to start synchronization.

*

The slave application will transfer the actual input data and will
Safe-OP not respond to the output.

Output is set to "safe state".

The master sends valid output data.
Safe-OP->OP o
The master requests a transition to the Op state.

op Mailbox communication is available.

L 2R 4R 2K 2R 2

PDO communication is available.

PDO mapping
STONE servo has 4 configurable PDOs, including 2 RxPDOs (0x1600 and 0x1601) and 2
TxPDOs (0x1A00 and 0x1A01). When you need to change the default PDO mapping, you can
change the xml file and configure it into the servo.
Note: When using EtherCAT communication, it is necessary to set the communication cycle of the

upper computer to be the same as that of the lower servo (default: 4 ms).
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The default PDO mapping of STONE servo is as follows:

RxPDO
Table 7-32 RxPDO
(sub) index Name Object Type Default
REC
0x1600 Ist Receive PDO Data type -
0x00 Number of mapped objects UINTS 10
0x01 Mapped object 1 UINT 16 0x6040 Control word
0x02 Mapped object 2 UINT32 0x607A Target position
0x03 Mapped object 3 UINT32 0x60B1 Velocity offset
0x04 Mapped object 4 UINT 16 0x60B2 Torque offset
0x05 Mapped object 5 UINT32 0x60FF Target velocity
0x06 Mapped object 6 UINT 16 0x6071 Target torque
0x07 Mapped object 7 UINT 8 0x6060 Models of operation
0x08 Mapped object 8 UINT 8 0x0000
0x09 Mapped object 9 UINT32 0x0000
0x0A Mapped object 10 UINT32 0x0000
Table 7-33 RxPDO
(sub) index Name Object Type Default
REC
0x1601 2st Receive PDO Data type -
0x00 Number of mapped objects UINTS 12
0x01 Mapped object 1 UINT32 0x0000
UINT32 0x0000
0x0C Mapped object 12 UINT32 0x0000
TxPDO
Table 7-34 TxPDO
(sub) index Name Object Type Default
REC
0x1A00 1st Transmit PDO Data type -
0x00 Number of mapped objects UINTS 12
0x01 Mapped object 1 UINT 16 0x6041 Statusword
0x02 Mapped object 2 UINT32 0x6064 Position actual value
0x03 Mapped object 3 UINT32 0x 606C Velocity actual value
0x04 Mapped object 4 UINT 16 0x 6077 Torque actual value
005 0x 6061 Models of operation
Mapped object 5 UINT 8 display
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(sub) index Name Object Type Default
0x06 Mapped object 6 UINT 8 0x0000
0x07 Mapped object 7 UINT32 0x0000
0x08 Mapped object 8 UINT32 0x 0000
0x09 Mapped object 9 UINT32 0x0000
0x0A Mapped object 10 UINT32 0x 0000
0x0B Mapped object 11 UINT32 0x0000
0x0C Mapped object 12 UINT32 0x0000

Table 7-35 TxPDO

(sub) index Name Object Type Default
REC
0x1AO01 2 $*Receive PDO Data type -
0x00 Number of mapped objects UINTS 12
0x01 Mapped object 1 UINT32 0x0000
: UINT32 0x0000
0x0C Mapped object 12 UINT32 0x0000

Note: You can query detailed PDO mapping information in the xml file.
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7.2.2 EtherCAT

Communication Interface

Pin | Name Definition Direction
1 TX+ Send data+ Output
2 TX- Send data- Output
3 RX+ | Receive data+ Input
4 RX- Receive data- Input
5 PE Shield -

Figure 7-32 Definition of EtherCAT communication interface

Communication Wiring

EtherCAT

EtherCAT >

[ crn
B

Figure 7-33 Communication wiring

Software Settings

1. Configure the motor parameters, and make sure that the

normally with the ISMC software.

For the trial run, please refer to "Diamond Plus Servo User Manual".

2. Select master type (0x2005):

v" 0: support the 402 state machine of most masters, including Beckhoff.

148

servo motor can be operated




Sapphire Series Servo Drive User Guide Chapter 7 Communication

v 1: specially support the 6061 state machine of Omron PLC.

Set servo communication cycle, set 0x60C2 to 01.

Communication cycle range is within 1 - 4 ms (default value: 4 ms).

The communication cycle of controller and servo should be the same. Otherwise, a

synchronization error will occur during running.

The master triggers DC Model in the CSP Model. Otherwise, it will not operate normally.
Note:

1.

The transferring and receiving PDOs can be dynamically configured by the master, but the
maximum number for each PDO parameter is 10. If the range is exceeded, the slave will be
unable to enter the op state.

The sequence of network cables is IN — OUT. Otherwise, some nodes may be unable to

enter the op state.

7.2.3 Communication with Beckhoff PLC

1.

Connect hardware and check configuration

Refer to chapter 1 and 2 and complete the hardware and basic configuration between the
servo and PLC.

Place the configuration file

Place file Stone E XML.xml under the TwinCAT directory as follows:

- A » BFEEE ¢ Windows(C) » TwinCAT + 37 » Config » lo » EtherCAT
> =8

| Backhoff EPP2a
| Beckhoff EPP 3
| Beckhoff EFPdno
" Beckhoff EPPSoa
| Beckhoff EPPGo
Beckhotf EPPPioxx
Backheff EQlece
7 Backheff EQ20ux
Beckheff EQ3uoo
7 Beckhoff ERTxo
|| Beckhoff ER2wo:
| Beckhoff ERZwm
Beckhoff ERdxxx
' Beckhoff ER S0
| Beckhoff ERfuo
Beckhoff ERTxed
Beckhoff ERBxox

] Beckhoff EtherCAT EvaBoard

| Beckhoff EtherCAT Teeminals
Beckhoff FE1XXX
7| Beckhoff Faooo

| Beckhoff lpoocB1l0 20

. — | Stone -E XML 343PC)

Figure 7-34 Directory of file Stone E XML.xml
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3. Establish project and connection
Run TwinCAT software, create a project, modify the IP address of the computer and the
controller in the same local area network, and select the target system to be connected:

o st Mi Visual Studio (A
FALE EDIT MIEW PROJECT BUILD DEBLUG  TWINCAT PIC  TOOLWS SCOPE  WINDOW  HELP

B=-a-s u | 9 = <] » attache, |Release = || TWnCAT RT (+86)

PRI | s w— |
- ]

«Locals

Solution Exalorer CX-130+26°  (519.212.36.L.1)

W e-g &= CX-13FD4C
b Edn ; CX-1F0F18

CX-LFOFLC

Choose Target System., 3

&7 Solution ‘Test' (1 project]

4 o Test = 5 —
b il sysTEM iz fAdd Route Dislag g |
@l MOTION —————— =
=1 Ells Erter Host Name /IP: Fletresh Stahus | Biadcsst Search
SAFETY
| Fe Hast Hame: Corpeind  Addess A3 Hels TrinCAT 05 Vmson  Comment
4 @yo VetuabP-E1053 1927168118 TH21BETT S, (211243 | WnP
Select Adapteris)
a5 Mappisgs

V| DW 1501 Wiesless N WLANHaf Ninl  10.199.164.]0 255,255.255. 192
|| TwinCAT-Intel 5CT Ethernst Admpter (Ggabit] 192 168.1 118 255.255.255,0

STCZELE | RES T ERE |, Mg hm
Ul | TR SRR LIRS NTC 2R

Reute
A
Tumebl ype [Tor -
B Static & Sratic
I<P&105 Temgeiay gy
@ Hoel Nana P tudckess

Carmeelon Tieaut |5} 5

Figure 7-35 Modify IP address in TwinCAT
4. Scan the slave and automatically configure NC axis
Right click on “I/O”, select “Scan”, scan EtherCAT slave, click “Scan boxes” after scanning
the slave, and click “Automatically add NC axis”.

FILE EDIT VIEW PROIJECT EBUILD DEBUG TWINCAT TWINSAFE PLC TOOLS
e-0|B-o-amd| T - Attach... ~ |
B B2 @@ ||<Llocal>

Solution Explorer
@ - & -
Search Solution Explorer (Ctrl+;)
fal Solution TwinCAT Project8l’ (1 project)
4 il TWinCAT Projectsl
b @l sYsTEM

MOTION
| pLC

Add New ltem... Ins
Add Existing ltem... Shift+Alk+4

Paste

Paste with Links

Figure 7-36 Automatic scanning and configuration of slaves in TwinCAT
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After scanning is successful, icon StoneLOGO appears as shown in the below, and the

servo status is in the OP state.

] TwinCAT ProjectB - Microsoft Visual Studia | Chick L
BLE EDIT WEW PROIECT BUID DEBLG TWINCAT TWINSAFE BLC [OOLS SCOPE  WINDOW  HELP
i0-o|Bro-Sied|daa] - | ¥ Atachi, = (Release || TwinCAT RT (x64) -1 5t \contralward - @
BB LE ®E [ | : 1 i =
Solution Explorer - 4%
G o-g &= General EtherCAT DC  Process Data Startup Cof - Orline Onling
rch Salutin Expiores (Cirl+ A~
) tlution TwinCAT Projectd0" (1 project) S Massle
4 Gl TeinGAT Projecn E Bootstrap
bl svsTEm = Current State: oF
4 jg5 MOTION Pre-Dp Safe-Op
b [ NC-Task 1SAF Requested State; op
BLC Co Clear Error
I sarery
B cer DLL §tatus
4 @yo
4 Devicas Part A |Car'-ee.fO.osn |
= Dirvice 4 (F1 :
2 P;T;nghr(“n Pare B: |No Carrier | Closad |
8 Image-Info Mo Casiies | Oated
b2 Synelnits
b Inputs v Chosad
b B Outputs
b ol
5 e File Aezess over EtherCAT
see | [Sapiptars -

FeedBack process data mapping

» Name Oinline Type Sike  »Add. InfOut User.. Llinkedto
3 Refer=n data i
: =N iR MRS W S Stanmward ¥ 578 UINT 20 1ap Inpt 0 nitatel, nitated
L Westate
b Inkabsta ¥ Pasition actual.. ¥ 0 DHENT an 410 Inpt 0 nDatalal o, Inputs .,
4§ Mappings £ Velodty actual . X 0 DINT 40 450 lnput O nDatain? . I, Inputs
a% NEC-Tazk | SAF - Device 4 [EtherCAT) 1 F Torque actual .. ¥ -3 INT 20 49,0 Input 0 nDataln3i0]  nDataln...

Figure 7-37 Successfully scan stone servo

Note: When scanning slave, please make sure TwinCat is in Config Model.

Read COE data from Stone servo

As shown in Figure 7-39, you can read and write the data of the servo slave through SDO. Or
you can call the COE command function module through the EtherCAT function library in
the PLC program (Please refer to “TwinCat User Manual” for details).

Note: If the data is configured as PDO, write is invalid.

To check if read and write are successful, you can monitor and compare data through the

ISMC software.

ion Explorar
(AR

arch Selutien Exp

g &=
erar {Cerl =)

S

T Sclution TwinCAT Brojectds’ {1 project)
4 gl TwinCAT Projecit

TwinCAT ProjectB@ &

General EtherCAT DC

Updatz List

Process Data  Startup | CoF - Online Binling

[[JAuto Update  [F]Single Update  Show Offline Data

i Advanced.. | 3

b iniofiats
b FeadBack process data mapping
b W Reference procsss data mapping
b @ WieState
bl InfoData
4 g% Mappings
@’ NC-Task 1 SAF - Device 4 (EtherCAT) 1

b il S¥sTEM
4 |= MoTION =  P—
b B NC-Task 1 5AF Advanced Settings ®
il ric .
|10 zaFETY - Dictionary Diclionary
m C++
ige 0V e S P—
vE n- - :
o iy (") Offline - from Device Description Module OO ivia AoE por
4 5% Devics 4 (FthesCAT)
2 Image |_
% Image-info = hjece
b2 SyncUnis Mappable Objects (TxPDO) 2
b 9 Inputs Backup Objects
5 I Outputs Settings Objects

(1 Offtine - via EDS File

Figure 7-39 Configure SDO in TwinCAT
Read and configure PDO mapping
TwinCAT will automatically read the default PDO configuration of the lower computer when

6.
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scanning the XML file of the slave. The default PDO mapping object and configuration are

shown in Figure 7-40.

P e ——
. - P T
o General| EherCAT DT Process Dats | Stamp Cof - Online Driine
Saarch Salusinn Explorar [ Fald
s W A R 3 Sync Managar: 200 Liss:
.=
5 Image SM Size  Type | Flags index Saa  Mame Flags W ow
W et
ok s'""gue : o 0 128 M lA00 140 FeedBack process deta ma. 3 o
= Synclinits v
b e 1 128 Mbxin 1A 00 FearBack test sigral o
b W Cutputs 2 20 Oup. 0x1600 200 Reference process data m. z o
b @ infoDatn 3 Ingus (1601 00 Rabdol i
4 1& Grive 1 (Sapphice -
4 = FeedBack process dats mapping
F Statusword
8 Positon actual value
T elocity acual value POO Assigrenent [0r1C12E B0 Content (Dx1400):
41 Torque actual value
B Fidic o o siaton disiten ':Jx:::? inéee  Size  Off Name Tyae Diefaut fh...
4 W Refevence process data mapging = BE0HL. 20 B0 Statusword UINT
% Controlword OuEOE... 40 0 Pazition actual value DiINT
B Target pasition DxB0EC... 4.0 60 Welocity actisal value DINT
B Welocity offeet BBOTE A0 A0 Teeque achisl vahis INT
& Torque offset
5 Target velociny Dewmload Predafined P00 Aszignmens (neme)
B Target tarque :
" ) 1006 Assigament : .
B Modes of oparation e et

Figure 7-40 Configure PDO in TwinCAT

If the target PDO parameter is not in the default PDO configuration, you can add PDO
parameter mapping through TWinCAT. For example, if you would like to add DI (0X2701)

status when transferring PDO (1600):

| - -
& o-8 & Genaral EtharCAT DC Process Data  Startup  CoE - Online  Online
saich Bokitlon Esslocer (0wl p-
4 ™ Device 4 (EtherCAT) i Sync Manager: PDO List:
wu
3 drage SM Size Type Flags kdex Se Neme Flags M s
=
y e 0 128 Mo x1A00 140 FeedBack process data m... 3 o
i
pisl~ ':pm 1128 Mbain Ox1AD) 00 FeedBack test sigral 0
b W Outputs 2 20 Cutp. Ox1600 20,0 Referance process data m.. 2 o
b @ infcDak 3 W Iepus ta1601 00  RePdol o
4 17 Drive 1 (Sapphire - £
4 FeedBack process data mapping
# Statuswerd
# Position sctual value
F Velociy acwal value POO Content (el ADDK:
# Torque actual value -
¥ Modes of operation display Index Size Offs MName Type Default th...
4 W Reference process data mapping ' Ox6081... 1.0 120  Modes of operation display  SINT
% Controlword
- Target position
B Velocity offset InsarL
B Torque offiet eete
% Target velocity Download Predefined FOO Aspgrmer & 3
B Target torque ] 5
PDO Assignment T "
B Modes of operalion = ) X Uoad PDO info rom dewies.~ Move U
b B WeState [F1 PO Configuration = =
b InfcData Riguas Mating Tina Sizz andd artuis liras iinLad sn

Figure 7-41 Add PDO parameters in TwinCAT
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7. Configure NC control

a.

Configure NC TASK cycle: set “Cycle ticks” in NC-Task 1 SAF to “4” (unit: ms).

NC determines generation and calculation of position, velocity, acceleration and the

direction.

Solutien Explorer TwinCAT Projectd3 2 X
) - &= . -
B | : Task  Settings Online
Search Solution Explorer (Cul+)
&1 Solution TwinCAT Project82' (1 project] Mame: NC-Task 1 SAF Part: 501 =
4 ol TWiInCAT Projectad R
Auto start b ; 0000
b @l svsTEM Dbject I1d: |0x05 10 |
4 = MoTioN [JAuto Priority Management Opticns
4 [BX MCTask 1 5AF - =
= Pricrity: 4 (= -
[£1 NC-Task 1 svB KA [JDisable
*® Image Cycle ticks: II: 4000 | ms | [ Crzate symbols

[T Tables
|8 Objects
B 2 Axes
[ ric
[ careTY
Lﬁ C=+
& o
4 i Devicss
b == Devics 4 (EtherCAT)
4 &% Mappings
g NC-Task 1 SAF - Device 4 (EtherCAT) 1

Start tick {modulo): Include external symbols

o =
[ Separate input update
y 0

Ore ticks:

[ Warming by exc=eding [A O at task begin

Meszage bow

Watchdog Cycles:

E

Figure 7-42 a. Configure NC TASK cycle in TwinCAT

Configure the synchronization clock: enable distributed clock.
Please note that the setting of Cycle Time should be the same with the synchronization

period (4 ms) of the servo drive. Otherwise, the servo may vibrates during running.

General Etheroc:ss Data Startup Cof - Online Orline

| DC-Synchron

Sh-Synchron

b.

“alo-a & -
Solution Explores (Cirl;)

p.

-

Search
]

Cperation Mode:

I @ Real-Time
B Tasks
== Routes
25 Type System
TeCOM Dhjects
< |& MOTION
b [@ mo-Task 1 saF
2l pLc
[T sareTy
m C++
4 @ yo
4 "L Devices
4 B Device 4 (EtherCAT)

W Image

)' Image-Info
b 2 SyncUnits
[ Inputs
b B Outputs
P S InfoData

| 4 15 Drive 1 {Sapphirs - B} |
- mapping

b Bl Reference process data mapping

Figure 7-43 Check synchronization clock in TwinCAT
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Advancad Settings

28 Distributed Clock

Distributed Clock

Cyelic Mode

Operation Mode:

SYNC 0
Cycle Time [psh

() User Defined

Enable SYNC 0

SYNC 1
() Syne Unit Cycle
® SYNC 0 Cycle

Enable SYNC 1

| | PC-5yrchron

b |
|

jx1

[JUse as potential Reference Clock

e

Shift Time [ps):

|0 i

[ Based on Input Reference

Cycle Time (ps): 40

Sync Unit Cycle (us): | 4000

Shift Time (us):

c.  Set the following in the NC axis:

Figure 7-44 Set cycle time in TwinCAT

*  Set Scaling Factor: the distance corresponding to the encoder pulse of each position
feedback.

e.g. If one turn of the servo motor is 10000 pulses, and each turn is 1 mm, the

scaling factor should be set to 1/10000 = 0.0001 mm/Inc; if the target position

increases by 10 mm, the actual servo position should increase by 100000 INC.

Generally,
*  Set the speed of NC control.

Otherwise, an alarm will occur.

2 o = 5ol - : 3
@] General WC-Encoder Parameter Time Compensation  Online
=arch Sotution Exglorer [Cti+:) L
== Routes . nieted
|=:: Typ= Syst=m codar Evaluation:
| ToCoM Ohjects
JHE M::‘I_‘ON ¥ Invert Encoder Counting Direction FALSE =l E
+ B NCTask 1 547 o [ F mmine
[0 NC-Task 1 5va Scaling Factor Denominstar [default: 1.0] T F
. o
r
4
sl Position Bias 60 Fmm
£ Tables
@ Objeczs Medulo Factor (e.g. 360.0°) 3600 F mm
4 U hves Tolerance Windew for Madulo Sart 20 Fomm
Bois 1 .
M Encodar Mask (masimum ancoder valus) DHFFEFFERE 3
mpie Encoder Sub Mask (absolute range maximum v...  Ix000FFFFF L
b W Cutputs Reference System INCREMENTAL' =l E
& :'! D"‘I"’ m Lirmit Switches:
i Soft Position Limit Minimum Manitorin FALSE =l E
b B Qutputs 2 " 9
1 Cirl Minimun Position 0.0 Fomm
B, lnputs Soft Position Limit Maximum Marnitoring FALEE =l E
b Cutputs
ﬁ' BLE Magmum Position 0.0 F mm

TwinCAT Projectdd + =
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d. To prevent the PLC from reporting a following error, set “Following Error

Calculation” to “Extern”.

L e —

o e-d| 8=
Search Sclution Exglorer (Cirl+;
e Aoutes

3 Type System
TeCOM Objects
4 [ momon
+ | NC-Task 1 54F

# . Devices
4 7 Dovico 4 (EtharCAT)
2 mage

-
- [T | Gfine Vatas [ erlive vaie
Dutput Settings:
Irvest Mator Palarity FALSE =
Reference Velocity 2200.0
=t Cutput Rasio [0.0 .. 1.0] 1
+ Pasition and Velocity Scaling: I
+  Torgue and Accaleration Scaling:
+  Dptional Position Command Cutput Smoothing ..
 Other Setings: |
Drive Mode STANDHARD' =|
Drift Compensation [DAC-Offzet 0o
Following Errar Calculation

i
=

Figure 7-46 Set following error calculation in TwinCAT

e. To reverse the motor control polarity, set “Invert Encoder Counting Direction” to
“TRUE” and “Invert Motor Polarity” to “TRUE”.

c o @ | ® -g flsi = General NC-Encoder Parameter| Time Compensation  Orline
hearch Sohution Explorer (Ciri+) 2 =
i Routes - [ [eerametes e Value Gnljre Vialue -
Type System - Encoder Evalustion:
2 TeCOM Objacts. | it esliedtacnl L]}
+ Bl iR b | Imvert Encoder Counting Birection =] | |8 )
4 [B NC-Task 1 SAF Scaling Factor Numerstor F mmyINC
[ NC-Task 1 svB Scaling Factor Denominator (defaul 1.0) 10 3
Position Bias () F enim
Module Factor (e, 36007 3600 Fomm
Tolerance Windew for Modulo Start oo F mm
Encader Mask (maximum ancader valua) (FFFFRFFE C
> =1 Drive Encoder Sub Mask (absalita range maximum v...| 000OFFFFF e
I Refarence System INCREMENTAL' = E
i Limit Switches:
b B Cutputs | '
& e Soft Position Limit Minimum Manitoring | raise =l e
Wil sareTy Minimum Position o0 F mm
lill c++ Soft Position Limit Maximum Menitoring FALSE = [
< E o | I ! Il
4 " Devices | Masimum Positien |00 |F mm
4 P Device 4 (EtherCAT) +  Fter I:

A - - A
Search Soluticn Explorer (Ctl4:)
= Routes

Ba Type Systam
[] Tecom Dbjects
4 & moTion

Figure 7-47 Set invert encoder counting direction in TwinCAT
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Figure 7-48 Set invert motor polarity in TwinCAT
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f.  Activate the configuration, control the servo working via the NC tuning interface, use
Online function to simulate the servo working in the running Model (Make the servo
lock the shaft, and click the button to make the servo run).

RN TS N e P
EaRE ™, :‘ Selpaint [nn] .
| - 1.7756| 1715'5/7 e i
e ﬁ\\:]-.su%z;om‘m_ = u_clﬁggi tual Velocity: GFI&:}]_ lSe*polnt DE.;;;J
Override:  [%] Total / Contrel %] Brrer: NELE SRR
iy reE L -1 100, 0000 % 0,00 0.00% 0 [
AL “Statas (log ) Status (ghys ) Ensbling ;
_/gh&@r m‘r Moving %Cuwhd Mode Conlrullu: @"/_ fEREdaH
NCHG S [Calibrated [ Moving Fu |In Terget Pos.  [¥|Feed Fu
?EIH'J ik E _L_i}{as Job E]llwi:: B r}In I’cis..s Eange [F)Feed By — e {%HE a.k:,&
s ey 3 Comtrollar Ev—Factor: [nm/sfan] Befarence Valocity: [rmi =]
-:1_14 HHPEH ™ e i e 5 a1
i Target Position: [nml Target Velocity: [rmiz] =
b e 4 s =
T T -
e sl F 5 Fi jﬁ F3 F4 : Q
R mF s hN 5 4
| @ EFF s I =
s TE ) Tl B
Figure 7-49 NC tuning interface in TwinCAT
METESE: Current speed
MEIfZE: Current position
HARAZHE: Target position
HAridE: Target speed
[ 4RT5: Error code
{fifg$%4H: Enable button
{EHEIRZS: Enable status
ZH % Reference speed
HAridE: Target speed
HA7: Reset
{E1k: Stop
JAZ): Start
YUk IE R F-3)): Fast positive tuning
123 1E [ F3): Slow positive tuning
T8 ) M F50: Slow negative tuning
Pk [ 15 F-5)): Fast negative tuning

HARAZHE: Target position

38 P 2%: Control loop P parameter
NC HhiffptR4&: NC axis Status

JHEJE LB Speed rate

ERBEIR % Follow-up error

1ZZFF&: Movement sign
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8. Create a PLC project
a. Create a new PLC project.

TR B R |

search Salution Exalarer (Tt

5 Soluion TwinCAT Project3" (1)
4 il TwinCAT Projectan
4 @l svsTEM
2 License
b @ Real-Time
B Tasks
== Routes
Yz Type System
[EF TeooM Objects
4 [z MoTIoN
4 B NC-Task 1 5AF
[B1 NC-Task 1 5vB
4 v Image
[ Tables
B8] Chjedts
4 e doss
b Bt Axis 1

b Bl Untitled]
i SAFETY

4 5 Device 4 (EtherCA

il c++ DMame:
<4 @yo Location:

= .
Solution Explorer 2 Installed Sart byt | Default - Search Install=d Templat=s (Cirl+E) 2 - i

o e-d &= Pl Templazes Sonduli e Type: Plc Templatss

e Creates a new TwinCAT PLE project
m Empéy PLC Project Flz Templates containing a task and a program.

Click here to go onfine gnd find templates.

Urtitled 1
[casershgaz\Document=\Visual Studio 2013\Projects\TwWinCAT Projectd¥\TwinCAT Project - | Browsew. |

Figure 7-50 Create a new PLC project in TwinCAT

b. Set “Cycle ticks” of PLC Task to 4 ms.

Search Solution Explorer (Crel+:)
4 ) Real-Tims
[ /O Idle Task

o PleTask:
=k Routss
22 Type System
@ TeCOM Objects
4 = MOTION
4 & Mc-Tack 7 sAF
& MC-Task 1 Sve
i fmage
=1 Tables
Obyjects
4 e Axes
b 2=k Axis 1
a Hleic
4 [ untited
4 g Untited Project
b External Types
b = References
3 DUTs
i GVLs
b T3 POUs
= VISUs
A5 Ptk (0eTack)

- Narne: |PleTask Port: 350

[ Auto start ObjectId (0202010050
[ uto Priodity Management

Cptions
Priority: 20 || Disable
b'cla ticks: 4 B |‘1-’-:":":| [ create symbals

Start tick (module): include external symbols

[separate input update

0 &

[JwWarning by exceading

Mscsage box
[ Floating point exceptions

Watchdog Cycles:

[ watchdog stack

Comment:

Figure 7-51 Set cycle ticks of PLC task in TwinCAT

157



Sapphire Series Servo Drive User Guide

Chapter 7 Communication

9. Use of CoeSDO

CoeSDO is similar to SDO in CANOPEN. It can be used to read and write some objects whose
exchange is not frequent or that are not supported by PDO communication. The steps are as

follows:

a. Add "Tc2_EtherCAT.lib" in TwinCAT PLC library manager.

Sohtion Explarsr
@ med | -

Search Salution Explorer [Ctri4s)

Imags
] Tables
@] Ohjecte
b Axes
4 @emc
4 [ Untitled
4 ¥l Untited Project
b8 External Types

= DUTs
v 3 evis
4 @ POUs
& main prRey
3 visuc
L PlcTask (McTask)
i Untitied ] gme
b untited) Instance
[ saFETY
[T =3
« @wo

# 3 Devices

oa
| sad oy

®
1 Enter o string for a fulliet search in all fibraries., El= =]
| tibrary Company i
Backhaff Automation GrbH
| Bedthoff Ausmaton bk

Beckhaff sotomation GmbH
Beckhoff Automation GrbH
Beckhoff Automabon GmbH
Sackhalt Automaton GrebH

e

Figure 7-52 Add "Tc2 EtherCAT.lib" to the TwinCAT PLC library manager
b.  After adding, declare the CoeSDO read and write in the program.
Taking read of status word 60410010 and write of homing Model 60980008 as examples,
both of which have no symbols.

[ e
1 FROGRAM MAETH
= 2 AR
3 sHetId 1e9o254 . 110127510
4 bExecute
5 bBExe
= nilawvelddr : UINT :=
% nindex WORD :=
g nsubkIndex : BYTE :=0;
E] nIndexl D WORD := 1egc093;
1 niubklIndexl : BYTE :=0;
11 EError : BOOL;
iz nErrTd : UDINT:
13 fb5doRead FB _EcCoESdoRead:
14 fb5doWrite : FB EcCoESdoWrite:
15 Ftatuword: UII\IT..T
iz Homing mode: INT:= 7:
pi
12 END VAR

Figure 7-53 Add CoeSDO function to program in TwinCAT
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c. Setthe T AmsNetld of the EtherCAT master.

P
@ e-a &=

sarch Solution Explorer (el +; Pl

Gensral Adaoter EtherCAT Online  CoF - Online

4 [ test Project - |‘19“C= f169.254.11 0175 Advanced Settings:..
b 3 External Types - £
b i References Expart Configuration File,..
O DUTs
3 GVLs Syne Unit Assigrment ..
4 & POUs
F MAIN (PRG) e
O VISUs B
b 5B PleTask (PlcTask)
]
3 test, 2 T 7
i testime Fra. Cmd Addr ten W SmcUnit  Cycle (. Utlization (. Size / Du
L test Instance
i) sareTy Mo R0 ox0o000DDCD 1 4000
m C++ . 0 LRW 01000000 20 ) <default= 4,000
« Eyo WMo BRD  0x00000:0. 2 1 4000 020 75/ 7.92
0.20

% Device
4 @ Device 4 (EtherCAT)

Figure 7-54 Set T AmsNetld of EtherCAT master in TwinCAT
d. Set the slave's address SlaveAddr.

VR - * =
bt General EtherCAT pr Process Data  Startup  CoE - Online  Online  WNC: Online NC: Fy
brch Solution Explorer (Ctrl+;) P~
2] MAIN [PRG] a Type: |Sapphire EtherCAT Drive |
3 VvisUs

5 ision: 37458 /1
b B PleTask (PlcTask) Produdfoviaion | ! |

L0
T2 testime Auto Inc Addr: 0

0§ test Instance
[50 SAFETY therCAT Addr: [] Advanced Setings.
i %:i;’f Identification (1] :
4 "% Deuices Previous Port: Master
4 =% Device 4 (EtherCAT)
f.= Image
’- Image-info
b 2 syncUnits
b L Inputs Mame Online Type Size =Add.. In/Out User.. Lin|
bl Outputs #! Statusword X 545 UINT 20 380 Input O nSt
P

& InfoData 1 Position ectual.. X 0 DINT 4.0 41.0 Input 0 nty
= | # Velocity actual ... X 0 DINT 40 450 Input 0 nD)

Figure 7-55 Set slave's address SlaveAddr in TwinCAT
e. Call the read and write function in the program, e.g. trigger read 0X6041 status word as
545, and write homing Model 0X6098 as 7.

L fb5doRead

|  (sWetId] "i6825437 » |:= sNetId] 56525431 b |,

g nSlavebddr[ 1007 | :=nSlavelddr{ 1061 |

- nIndex{ 24841 |:=nIndex] 364 |,

g nSubIndex] @ | :=nSubIndex 0 |

- pDstBuf| 168FFFFECEESFATOR0C |:= ADR{statuword =5 |,
g chbBuflen[ ¢  |:=SIEZEOF{statuwcrd] =5 |,

3 bExecute|REEY: =FL15E) ;

g fh5doRead

f|  (sNetId] 776825471 » |:= sNetId] 6825431 » |,

s nSlavehddr[ 7008 | :=nSlavelddr{ 1001 ];

g nInde:=nIn

i nSubIndex] @ | :=nSublndex o |,

4 pDstBuf| i6#FFFFECEESFATDE0C |4= ADR{statuword] 545 |,

: chBuflen] 7  |:=5IZEOFfstatuword] 545 |,
g bExecutc|QRIEY:=TEUE) ;

Figure 7-56 Trigger read of 0X6041 as 545 in TwinCAT
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fbSdoWrite

(sMetId 78835411 ¥ |:= sNetId] 78825471 b |
nSlavebkddr 3801 | :=nSlavelhddr] 1001 |,

nIndex[ 24738 s =nIndex1[ 34738 |,

nSubIndex] @ | :=nSubIndexl[ & |,

pSrcBuf] i8SFFFraCAbeFATORE |:= ADR {Homing mode[ 7 ),
cbBuflen[ 2  [:=SIZEOF (Homing model[ 3 ),
bExecut=|GUEN: =F215E) ;

fb5doWrite
{sMetId] 9E635417 ¥ |:= sNetId| 76835471 ¥ |
nSlavelkddr 3001 | :=nSlavehddr{itoi |,
nIndex] 74728 :=nInds
nSubIndex] 0 | :=n5u g,
pSrcBuf[ i8SFFFrECEnerATOME |:= ADR{Homing mode[ 7 ),
cbBuflen[ 2 |:=S5IZEOF{Homing mddel T 1},
bExecut=REIER: =TFUE) ;

Figure 7-57 Trigger write of homing Model 0X6098 as 7 in TwinCAT
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7.2.4Communication with Omron PLC

DConnect hardware
Please refer to 7.22 for the hardware connection diagram.
(@Establish communication

a. Communication between PC and PLC

The PC and PLC are connected in a 1:1 manner with no need to specify an IP address

and a connected device.

Click "Online" in Sysmac Studio to judge whether the communication is on by

observing the status of the controller:

v' The first green light indicates that communication between PC and PLC is
established.

v" The second green light indicates that the communication between PLC and the
servo drive is established.

: Loz
i ERR/ALM

Figure 7-59 Controller status
b. Communication between PLC and the servo drive
Import an XML file
Right click “EtherCAT” under Sysmac Studio “Configuration and Settings, and click

“Show ESI Library”, place file Store Stone -E XML _3.43 (PC). XML in this path.

1 — 3
A

HETIMEE

SAMEETEN)

AR IEEL

SRR ER BE)
WRHENSRfE
ST AR O

Figure 7-60 Import an XML file
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Assign node

1) Create a project in Sysmac Studio, and log in online after compiling.
The default node address of the servo drive is 0.
Before establishing communication or when the device is replaced to merge the
physical network and the application, the following warning shows, and node

assignment is required.

B RoEmsEsntaEas X

e miEEEN.
RE: pEMERETE — T EERNT SIS EE.

EREMNEES AT S

Figure 7-61 Node address out of range
2) In the left tree window, select “Configuration and Settings-EtherCAT”, right

click the master, select “Write slave node address”, modify it to an address
greater than 1 in the following interface, press “Enter” to write, Press “Write”
after writing, and restart the servo drive.

The node address of different servo drives cannot be the same.

B neesTstnsSim
SE{EHESEHEEN S

FaaEasTaitht,
S0 ESERS SRR RS T iR ER, RS ER. WTECER. 2S0ihiEEnE.

Figure 7-62 Modify node address
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(®Establish communication

1) In the left tree window, select “Configuration and Settings-EtherCAT”, right
click the master, and select “Compare and Merge with Physical Network
Configuration”.

Figure 7-63 Compare and merge interface with physical network configuration

2) Click “Apply physical network configuration” in the pop-up to complete the
communication between the PLC and the servo drive.

3) Click E to download the program to the PLC.
The two yellow lights of the servo network port are on and the green lights are
flashing, indicating that the communication between the PLC and the drive is

successful.

RS RIA

Sl Sysmac Studio HOREEE

W -

#I0  1:5apphire -..

7. I Sapphire - E Rev:0x000000 g &8  2:Sapphire -...

Figure 7-64 Apply physical network configuration
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1. Configure communication
a. Configure the servo drive
In the left tree window, select “Configuration and Settings-EtherCAT”, click “Drive”,

and configure the servo drive.
Settings of PDO mapping and distributed clock settings are required.

Figure 7-65 Modify PDO and distributed clock
PDO mapping: use default settings.
Distributed clock: please enable DC distributed clock. Otherwise the program cannot
run normally.
b. Configure axis
To add a control axis, in menu “Motion Control Settings”, right click “Axis Settings”
— “Add” — “Motion Control Axis”.

ozphie - £ RenOOTOO00t
B0

7=
'l Sasyphive - £ REATNODDOOCD

Figure 7-66 Add a motion control axis
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Basic settings of axis

v

v
v
v

Axis Use: the axis to use.

Axis type: servo axis.

Output device 1: to select the servo drive of the corresponding node.

Detailed settings: set PDO for axes. Each axis configures the corresponding PDO
according to the used function. If there is a digital input, please set it.

et I'g

Figure 7-67 Basic axis settings

Unit settings

Unit: set the required unit according to actual needs.
Stroke distance:

The number of command pulses in one revolution of the motor: please set it as the
resolution of the encoder.

To determine whether to use the gearbox according to whether there is a reducer.
The stroke of the motor for one revolution: please set it according to the actual load

movement distance for one revolution of the motor.

Figure 7-68 Set unit
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Homing setti
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Figure 7-69 Zero return setting
Please select an appropriate homing method as required.
If you choose to use the external origin input, please connect the origin input signal to
the digital input of the servo, and configure it in “Axis-basic settings” — “Details” —
“Digital Input”.
- EEEA

+, Positive limit switch

Megative limit switch

Immediate Stop Input
ncoder Phasze £ Detection

W P

LI LI P pa

37. External Latch Input 1
38. External Latch Input 2

*  Home switch: Home approaching signal of servo input.

*  Positive limit switch: positive limit signal of servo input

*  Negative limit switch: negative limit signal of servo input

Other settings

Note: it is the unit of the actuator. Units are important and set in the unit settings.

J Set the maximum acceleration.

AR S

Figure 7-71 Set the maximum acceleration
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*  Set the maximum torque

Figure 7-72 Set the maximum torque
e Set other settings.

c. Set task cycle to 4 ms (default value)

It should be the same with synchronization cycle of the lower computer.
o I | EERE

R E
[Frimaes TR

Figure 7-72 Set task cycle
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Hotline: 021-64030375
Email: sales@istomemc.com

Web: www.istomemc.com


http://www.istonemc.com/

	Preface
	Version Records
	Contents
	Chapter 1 Product Introduction
	1.1 Product Overview
	1.2 Model introduction
	1.3 Product parameters
	1.4 Function Introduction

	Chapter 2 Installation Instructions
	2.1 Outline Dimension
	2.2 Disassembly instructions
	2.3 Mechanical installation
	2.3.1 Installation site
	2.3.2 Environmental Condition
	2.3.3 Caution


	Chapter 3 System Wiring
	3.1 Interface Definition
	3.1.1 Bus/pulse communication interface pin defini
	3.1.2 J5 USB debug interface
	3.1.3 J6 IO interface pin definition
	3.1.4 J7 Encoder interface pin definition
	3.1.5 J9 power input and power output interface pi
	3.1.6 J10 DC FAN Power Interface Definition

	3.2 IO wiring instructions
	3.2.1 DI wiring method
	3.2.2 DO wiring method

	3.3 AIWiring instruction
	3.4 Cable Introduction
	3.5 Wiring Accessory
	3.6 Brake Module
	3.6.1Brake Module Introduction
	3.6.2Brake Module Principle
	3.6.3 Brake Module Selection
	3.6.4Brake Module Interface Definition
	3.6.5 Wiring


	Chapter 4 Trial Run and Tuning
	4.1 Communication Connection
	4.2 Parameter setting
	4.2.1 Parameter Configuration
	4.2.2 Limit protection
	4.2.3 User Units

	4.3 Identification functions
	4.3.1 Current loop auto-tuning
	4.3.2 Identify type
	①Electric Identify
	③Phase-sequence Identify
	④Hall Identify


	4.4 PID Adjustment
	4.4.1 Current loop
	4.4.2 Speed loop
	4.4.3 Position Loop 
	4.4.4 Grouping gain

	4.5 Motion Control
	4.5.1 Position control Model
	4.5.2 Speed Model
	4.5.3 Homing Model
	3）Method 1: Homing on negative limit switch (falli
	Method 2: Homing on positive limit switch (falling
	Method 3: Homing on positive home switch (falling 
	Method 4: Homing on positive home switch (rising e
	Method 5: Homing on negative home switch (falling 
	Method 6: Homing on negative home switch (rising e
	Method 7: Homing on negative home switch (falling 
	Method 8: Homing on positive home switch (rising e
	Method 9: Homing on negative home switch (rising e
	Method 10: Homing on positive home switch (falling
	Method 11: Homing on positive home switch (falling
	Method 12: Homing on negative home switch (rising 
	Method 13: Homing on positive home switch (rising 
	Method 14: Homing on negative home switch (falling
	Method 15: Reserved
	Method 16: Reserved
	Method 17: Homing on negative limit switch (fallin
	Method 18: Homing on positive limit switch (fallin
	Method 19: Homing on negative home switch (falling
	Method 20: Homing on positive limit switch (rising
	Method 21: Homing on negative home switch (falling
	Method 22: Homing on negative home switch (rising 
	Method 23: Homing on negative home switch (falling
	Method 24: Homing on positive home switch (rising 
	Method 25: Homing on negative home switch (rising 
	Method 26: Homing on positive home switch (falling
	Method 27: Homing on positive home switch (falling
	Method 28: Homing on negative home switch(rising e
	Method 29: Homing on positive home switch(rising e
	Method 30: Homing on negative home switch (falling
	Method 31: Reserved
	Method 32: Reserved
	Method 33: Homing on index pulse in negative direc
	Method 34: Homing in index pulse in positive direc
	Method 35: Current position
	Method -1: Guard position as home point in negativ
	Method -2: Guard position as home point in positiv
	Method -3: C pulse as home point after guard is to
	Method -4: C pulse as home point after guard is to

	4.5.4 Torque control Model
	4.5.5 Pulse Control Model
	4.5.6 Analog control Model

	4.6 Troubleshooting

	Chapter 5 Troubleshooting
	Chapter 6  tuning Software ISMC
	6.1 Software Download
	6.1.1 System Requirements
	6.1.2 Software Installation

	6.2 Driver Installation
	6.3 Firmware Upgrade

	Chapter 7 Communication
	7.1 CANopen Communication
	7.1.1CANopen Protocol
	7.1.2 CANopen Communication Object
	Service Data Object (SDO)
	Process Data Object (PDO)
	Emergency (EMCY) Object Service 
	CANopen frame COB-ID

	7.1.3 CANopen usage
	7.1.4Communication with Schneider PLC

	7.2 EtherCAT Communication
	7.2.1 EtherCAT Principle
	CoE reference Model
	EtherCAT slave information
	EtherCAT State Machine
	PDO mapping

	7.2.2 EtherCAT
	Communication Interface
	Communication Wiring
	Software Settings

	7.2.3 Communication with Beckhoff PLC
	7.2.4Communication with Omron PLC
	①Connect hardware
	②Establish communication




