Diamond Plus Series Servo Drive

User Guide







Diamond Plus Series Servo Drive User Guide

Preface

Thanks for using Diamond Plus Series Servo Drive.

The Diamond Plus series servo drive is a compact AC servo drive with low power (0 — 750
W) and low voltage but high performance, developed by ISMC company. It supports
EtherCAT, CANopen and Modbus communication and is equipped with intelligent
debugging tools with powerful functions such as full Chinese interface, one-click import of
parameters and graphic debugging. And it supports multiple motor types, including
permanent magnet synchronous servo motor, DC brushless motor, linear motor, torque
motor, voice coil motor and stepping motor, and rich feedback types, including incremental,
absolute and Hall. This series of servo takes up little space but features high precision,
high performance and high reliability, which is suitable for electronics manufacturing,
robotics, semiconductor, warehousing, transportation, logistics, medical, traditional
manufacturing, etc.

This user manual includes product introduction, installation, parameter settings,
debugging, troubleshooting, notes related to daily maintenance, communication protocols
and cases, etc. For users who do not use Diamond Plus series servo drive before, please
carefully read this manual. For any questions about function and performance, please
contact our technical team.

When opening the box, please carefully check the following:

® Please check if the model of the received product matches that of the ordered one
according to the nameplate.

® Please check product accessories, and check the drive terminals and connectors (it
is recommended to use the cables recommended by the manufacturer), and check
the user manual.

® Please check if there is any damage to the product during shipping.

If there is a problem with any of the above, please contact your supplier or us.

Please note when using.

® Before powering on, please check the wiring to make sure that the
supply voltage is not greater than the voltage specified in the
product specification and that the current is not greater than the

. maximum peak current.
A ® Please avoid short circuit and abnormal connection between U, V,

W, PE, DC+ and DC-. Otherwise, the servo drive may be burnt or
electric spark may be generated to cause personal injury or death.

® To avoid electric arc and hazards to personnel and electrical
contacts, it is prohibited to plug and unplug all connector cables of
the servo drive while the servo drive is powered on.

Danger
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® For heat dissipation, please make sure a certain distance between
servo drives, and make sure that the working environment meets
the environment requirements, and add the secondary heat sink
according to the actual situation.

® Please insert or remove USB after powering off. Otherwise, your
PC may be damaged due to the voltage difference between the
servo drive and the PC.

Warning ® Please make sure that the elevation of the servo drive is not
greater than 1000 m.

® To protect the servo drive from overvoltage damage due to energy
feedback, please add a brake module.

® Please use equipment that meets ESD protection and make sure
‘ that servo drives are free of electrostatic sources.

M ® \When manually operating servo drives, it is recommended to wear

electrostatic clothing to avoid contact with the components of the

Anti-static board.

Please make sure that the heat sink or housing is well connected to the
shield ground. Otherwise, the servo drive may be damaged or other
hazards may occur.

Grounding

We reserves the right to make continuous improvements to the product without notice.

The Diamond Plus series servo drive is strictly tested in accordance with IEC60068
standards for environmental testing, EMC testing, reliability testing and life testing, so as
to make sure that you can reliably and stably operate with low noise in complex industrial
environments.
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Environmental Standards

* -40°C-+85°C

St t t IEC60068-2-1
orage temperature . 70°C - +85°C
e 0°C-+50°C
e -40°C-+50°C
Working temperature IEC60068-2-2 e -55°C - +50°C
e -70°C - +50°C
Humidity IEC60068-2-78 | 95% (No condensation)

e 2<f<9, 3.5 mm
Vibration IEC60068-2-6 e 9<f<200,5¢g
e 200<f<500, 5 g,10 min

Shock IEC60068-2-27 | 15 g 11 ms half-sine pulse 3 times

EMC Standards

Voltage fluctuation IEC61000-4-29 | +10%

Voltage dips / short interruption | IEC61000 -4 29 | Drop 100%/0.1s

* 4 KV contact discharge

Static electricity IEC61000-4-2 « 8KV air discharge
. e 2KkV /5 KkHz power terminal
Fast transient IEC61000-4-4 « 1KV /5 kHz signal terminal
. . 0.15 MHz - 80 MHz, 10V,
Electromagnetic conduction IEC61000-4-6 80% AM(1 kHz)
Electromagnetic radiation IEC61000-4-3 80 MHz — 1000 MHz, 10 V/m,

80% AM(1 kHz)

Electromagnetic leakage CISPR-16-1 C3/C4
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1 Basic Information

1.1 Overview

The basic features are as follows:

*  Power of the Diamond Plus series servo drive: 0 - 750 W

*  Communication mode: EtherCAT, CANopen, Modbus and pulse communication

* Digital inputs and outputs: 6 digital inputs and 4 digital outputs

*  Motor type: permanent magnet synchronous motor, DC brushless motor, DC brush
motor, coreless motor, linear motor, voice coil motor, stepping motor

*  Encoder: absolute encoders (absolute encoder protocol like Hiperface, BISS-C, SSI,
Panasonic, Endat2.1/2.2, Nikon, Sanyo, Tamagawa and other mainstream protocols),
incremental encoders, analog sincos encoders and Hall sensors.

1.2 Naming

STO:
A: Without STO (default) S$*:With STO

Special Function:
0: No special function (default) 1*: Support frequency dividing
output, shooting on the fly and gantry synchronization

Construction:
0: default 1*customized 1 2*customized 2

Working temperature :

— ___  ,|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 .\ Panasonic\
Endat2.1/2.2. Sanyo. Nikon. Tamagawa.
SinCos\ INC . HALL

R*: Resolver

| Communication:
| E: EtherCAT C: CANopen/Modbus/Pulse/Analog

Output current:

001: 1A 005: 5A
Rated input voltage level: ‘

010: 10A 020: 20A

A: DC48V
Axis number:
01: Single axis

Product series:
R

DP: Diamond Plus
S: Standard

Figure 1-2 Definition of model name

Note:

1. *:itindicates non-standard.
2. R*: it refers to Resolver, only supported by CANopen communication. For
EtherCAT communication, it needs to be customized.
3. Construction: 0: default (high power terminals and large heat sink); 1*: customized
1 (high power terminals and small heat sink); 2*: customized 2 (small power
terminals and large heat sink).
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1.3 Specification

Table 1-1 Specification

Product Model SDP01 | SDP01 | SDP01 | SDPO01
-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
duration (s) " 3 3 3 3

Rated input voltage (V) 12-60
Input power - -

Maximum input voltage (V) 72

Remote EtherCAT, CANopen, Modbus
Communication Pulse Pulse + direction control / PWM
mode pulse width control

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

Motor control

Position, velocity and current control
Current loop: 50 us; position / velocity loop: 200 us

) Short-circuit, over-current, over-temperature, over-voltage,
Protection o
under-voltage, over-speed, encoder communication error, etc.
Size 62 mm * 56 mm * 34 mm
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1.4 Main Function

The product adopts advanced vector control algorithm, with high system response speed.
Table 1-2 Main function

Function Details

1. The bandwidth of current loop is 4.5 kHz, and sampling
frequency of current loop, velocity loop and position loop is 20
kHz, 5 kHz, 5 kHz respectively.

Support control of position loop, velocity loop and torque loop.
Support dynamic PID download.

Support debugging of filtering parameters.

Support real-time reading of servo system parameters.

Support dead-time compensation.

Support position angle compensation.

Position, velocity and torque commands all support 32-bit data:

e Position: -2x10°- +2x10° count

e Speed: -2x10°- +2x10° count/s

e Acceleration: -2x10%-+2x10° count/s?

Servo Control

© N ok wN

1. Based on EtherCAT (COE) protocol, fully support CIA402
position profile, velocity profile, torque profile, homing mode and
cycle synchronization mode.

2. Support S-curves.

3. Support fine interpolation of position commands.

Motion Control | 4. Motion command: please refer to “User Manual of ISMC Servo
Drive (EtherCAT Communication)”.

5. Upper computer software: support TwWinCAT2.0 and TwinCAT3.0
software.

6. Debugging tool: refer to “User Manual of ISMC Servo Drive
Debugging Software”.

Supported feedback methods:
1. Absolute encoders
Supported protocols: Hiperface, BISSC, SSI, Panasonic,
Endat2.1/2.2, Nikon, Sanyo, Tamagawa.
2. Incremental encoders
e Support digital quadrature encoding and maximum
frequency 10 M without frequency multiplication and 40 M
with frequency multiplication.
e Support sincos analog encoders
3. Digital Hall sensor
e Phase change frequency: 4 kHz
e Logiclevel: 5V
4. Incremental encoders + digital Hall sensors

Feedback
terminal
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Function Details

Supported communication protocols:

1. EtherCAT slave
*  CoE (CANopen over EtherCAT)
e Support distributed clocks

Communication *  Support synchronization cycle mode with synchronization
cycleof 1 -4 ms
2. USB20
3. Modbus
4. CAN Open
1. Configurable functions via DI:

*  Limit switch
* Enable / disable movement
e Motor over-temperature
 Start
»  Stop/emergency stop
* Forward / reverse
*  Zero calibration
*  Fault clearing
* Reset
e External fault input
2. Configurable functions via DO:
*  General DO
e Fault output
e Brake output
e Target arrival

Digital 10
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2 Installation

2.1 Dimension

Fig. 2-1 Dimension (unit: mm)
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2.2 Assembly and Disassembly

Before installation, please check the product package:

Servo drive
Connector corresponding to the servo drive
User manual (scan the QR code card to access to the official website for download).

Please note the following during disassembly:

Careful remove the box.

Make sure the product is free of cosmetic damage.

If there are such damages, please contact us.

Check the model on the housing of the product and make sure the product is your
desired one.

Check if the rated voltage meets your demands.

2.3 Mechanical Installation

This servo is a pedestal type servo amplifier and failures may occur if installed in the
wrong way.

2.3.1 Installation Site

Please do not use this product in the vicinity of corrosive and flammable gas

environments such as hydrogen sulfide, chlorine, ammonia, sulfur, chlorinated gases,

acids, alkalis, salts, and combustible materials.

Please do not install this product in the environments with high temperature, humid

places and lots of dust and iron powder.

Please do not use this product in a closed environment where will cause high

temperature of the servo and shorten the service life.

Please note the following:

v" For servo drives with 200W and below, there is no special requirements for
installation.

v" For servo drives with 400W, please make sure that the temperature of the

secondary cooling installation surface is below 55°C.
v" For servo drives with 750W, please make sure the temperature of the installation
surface is below 55°C, and make sure at least 3 m/s wind convection with wind

direction along the horizontal direction of PCB.
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2.3.2 Environmental Condition

Table 2-1 Environmental conditions

Projects Description
e 0:0°C -+50°C
_ e 1:-40°C - +50°C
Ambient temperature
e 2:-55°C - +50°C
e 3:-70°C - +50°C
Environmental humidity < 95% RH (no condensation)

e -40°C -+85°C (no freezing)

Storage temperature
e 7-0°C -+85°C (no freezing)

Storage humidity 0% - 95% RH (no condensation)

Vibration < 5m/s?

2.3.3 Installation Steps

Note: The servo drive should be vertically installed on the wall and M3 screws must be
tightened. For other requirements, please refer to 2.3.1Installation Site.

1. On the back of the mounting plate, mark the position of screw hole.
The hole spacing is shown as in Figure 2-1, and the specification of heat sink hole is

M3,.
2. Tap threads according to the mark, and make sure threads have full contact.
Note: The metal surface of the mounting plate should not be coated or painted, and if
so, please scrape it off. Otherwise the electromagnetic compatibility will deteriorate.
3. Vertically mount the servo drive on the back of the mounting plate.
Note: Please pay attention to the installation spacing, and make sure the mounting
surface is in good contact.
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3 System Wiring

3.1 Interface Definition

There are 9 interfaces on the servo drive. Among them, the following interfaces are
external:

* J2: Pulse / frequency division interface

e J3-J4: CANpen / EtherCAT communication interface

* J5: USB communication interface

e J6: IO interface

» J7: Motor encoder feedback interface

e J9: Power input and output interface

The pin definition of each interface is shown in Figure 3-1:

Communication

11 1 1 sececn
ERi | 1] | T || | I L.
I. i ouT E E
wanews £ £
@

ETHERCAT
Dz 1]
]
¥ [
LINK LED OUT RUN LED ] ]
a L5
el

&

_|
Ic
I

1/0

C AN
1 i Status
Lannnnmn

Sensor . Sensar
U V W PEDC+DC-

sle @ @ @ @ @ [roun
[ —

Power

L]

FIIIIII [ []]
|

I

0

—»

!

Figure3 -1 Interface definition
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3.1.1 Pin Definition of J3 and J4
Table 3-1 Pin definition of J3 and J4

Interface Pin Pin Name

TX+
TX-
RX+
RX-
PE

J3/J4-EtherCAT
(J3-IN; J4-0OUT)

RS485 A
RS485 B
CAN_L
CAN_H
PE

J3/J4-CANopen/Modbus

galhlw|N|[m|la|h|lw|[N|=~

3.1.2 Pin Definition of J5

You can communicate with the servo drive for parameter settings and debugging via the
standard Micro-USB cable.

3.1.3 Pin Definition of J6
Table 3-2 Pin definition of J6

Interface Pin Pin Name
1 +24V_OUT
2 DO_GND
3 DO2_OUT
4 DO3_OUT
S DOO_OUT
6 DO1_OUT
’ DI4_IN
8 DI5_IN
9 DI2_IN

J6-10 interface 10 DI3_IN
11 DIO_IN
12 DI1_IN
13 STOO
14 DI_COM
15 STO1
16 STO_RET
17 NC
18 NC
19 NC
20 NC
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3.1.4 Pin Definition of J7

Table 3-3 Pin definition of J7

Pin Name
Interface |  Pin Absolute Incremental Hall Analog ::;ﬁ;
1 PE
2 GND
3 INC_A+/Sin+
4 INC_A-/Sin-
5 INC_B+/Cos+
6 INC_B-/Cos-
7 INC_z+
8 INC_Z-
J7-motor 9 HALL_U
encoder 10 5V
feedback 11 HALL W
interface 12 HALL__V
13 ABS_CLK+
14 ABS_CLK-
15 Al1+
16 Al1-
17 Al2+
18 Al2-
19 ABS_DATA+
20 ABS_DATA-

10
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3.1.5 Pin Definition of J2

Pin Signal Function
1 5V 5V
2 3.1.5.1 GND GND
3 Encoder 2A+ PULSE+/PWM+
4 Encoder_2A- PULSE-/PWM-
5 Encoder 2B+ SIGN+
6 Encoder 2B- SIGN-
7 Encoder 2Z+ Encoder 27+
8 Encoder 2Z- Encoder 2Z-
9 Encoder 3A+ PAO+
10 Encoder_3A- PAO-
11 Encoder_3B+ PBO+
12 Encoder_3B- PBO-
13 Encoder_3Z+ PZO+
14 Encoder_3Z- PZO-
15 Encoder 4A+ Encoder_4A+
16 Encoder 4A- Encoder 4A-
17 Encoder 4B+ Encoder 4B+
18 Encoder_4B- Encoder 4B-
19 Encoder 4Z+ Encoder 4Z+
20 Encoder _4Z- Encoder _4Z-

Note: J2 pulse / frequency division interface currently supports pulse input, PWM and
frequency division output, the rest of interfaces are reserved for gantry function (coming
soon).

3.1.6 Pin Definition of J9
Table 3-4 Pin definition of J9

Interface Interface Pins Pin Name

1 u
\Y
w
PE

DC+

DC-

J9-power and

interface

input output

DO |WIN

Caution:

1. For voice coil motor or DC brush motor, please connect the power cable to UV phase.

2. For two-phase four-wire stepping motor, please connect A+ and B+ of the power
cable respectively to U phase and W phase, A- and B- to V phase.

11
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3.2 10 wiring
3.2.1 DI wiring

*  When the upper unit uses relay to output (taking DIO as an example)

External +24V
Servo drive

DINQ (11

——{
| DI_com (14

_v=y

£

External OV

*  When the upper unit uses open collector to output
PNP connection

External +24V

Servo drive
PNP
DINQ |11 ]
)——D—H ’{-
DI _COM |14
External OV

12



Diamond Plus Series Servo Drive User Guide 3 System Wiring

NPN connection

External +24V .
— Servo drive

DI_COM |14 _
L G

piNo |11

l

NPN

External OV
Note: The mixing case of PNP and NPN input is not supported.
3.2.2 DO Wiring
When the upper unit uses relay to input (taking DO1 as an example).

External +12~24V

Servo drive

+24V _QUT
] = =] ﬁJE

DO1_OUT
—e

DO_GND
g

External OV

13
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*  When the upper unit uses optocoupler to input (taking DO1 as an example).

Servo drive External +12~24V

124V_0U1
Optocoupler

3]

6 |Do1 ouT
=4

2| po_evp
e

External OV
Note:
1. DO_OUT needs a pull-up resistor and current limiting resistor (it is optional. Please
decide whether to use it according to the optocoupler specifications of the upper unit).
2. The maximum voltage and current of the internal optocoupler output is as follows.
e Voltage: 30 V DC
e Current: 400 mMADC

14
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3.3 Al Wiring

15 ] All+

16 | All-

) ]

‘ x\ I RV Y

18 | Al2- -
:]I

—
q

PE

||}—

Servo drive

Control module

Note:

1.

The servo drive has 2 analog input circuits, i.e. Al1 and A12.

* Input voltage: -10 - +10 V

* AD accuracy: 12 bits

Please make sure the input voltage is within -12 - +12 V. Otherwise, damage to the
circuit may occur.

Input impedance: 3.74 kQ.

The upper unit can read values of 0x2413 (Al1) and 0x2414 (Al2) for external analog
closed loop control.

15
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3.4 Cables
Table 3-6 Cables
Name Description Length/m Model
1 SC-P0750100A00
Power cable between motor 3 SC-P0750300A00
and servo drive with connector 5 SC-P0750500A00
(for servo system <5 A) X

Power cables™

(non-standard)

SC-P075xxx0A00

Power cable between motor
and servo drive with connector
(for 10 A servo system)

1

SC-P1500100A00

3 SC-P1500300A00
5 SC-P1500500A00
X

(non-standard)

SC-P150xxx0A00

Power cable between motor
and servo drive with connector
(for 20 A servo system)

1

SC-P2500100A00

3 SC-P2500300A00
5 SC-P2500500A00
X

(non-standard)

SC-P250xxx0A00

Encoder signal cable between
motor and servo drive with
connector

(For incremental encoders)

1

SC-E2010BA000

3 SC-E2030BA000
5 SC-E2050AA000
X

SC-E2xxxBA000O

(non-standard)

Encoder (non-standard)
cables™ Encoder signal cable between 1 SC-E1010BAA00
motor and servo drive with 3 SC-E1030BAAOD
connector and battery (3.6 V, it
. . 5 SC-E1050BAA00
is recommended to replace it
every 15 - 24 months) X SC-E1oxBAAND
(For absolute encoders) (non-standard)
1 SC-D010B000
. Digital 1/0 cable (6 inputs, 4 3 SC-D030B000
Digital I/O ]
cables™ outputs), 2-way STO, with 5 SC-D050B000
connector X

SC-DxxxB000

16
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Name Description Length/m Model

CANopen communication
cable 1 between the servo X SC-C1XXXB000

Communication drive and upper unit PLC

cables™ L
CANopen communication

cable 2 between servo drives

X SC-C1XXXBB00

EtherCAT communication
cable 1 between the servo X SC-C2XXXBCO00

Communication drive and upper unit PLC

cables™

EtherCAT communication
) X SC-C2XXXBB00
cable 2 between servo drives

Note:

1. It is recommended to purchase a set of cables for direct use. Otherwise, you need to
purchase J2-J7 connectors separately.

2. ltis recommended to purchase a set of bus communication cable, because the CAN /
EtherCAT communication interface is not a standard RJ45 connector. And you can
purchase USB cables by yourself.

3. Cable can be customized. For special needs, please contact us.

3.5 Wiring Accessories

Table 3-7 Wiring accessories

Category Connector Name Splice pin
E 501189-2010
nooder 5011937000
connector (Molex.)
1/0 501189-2010
5011937000
connector (Molex.)
EtherCAT/ 5019390500
CAN 5013340000
(Molex)
connector

Note: The recommended cable is 28AWG.
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3.6 Brake Module

3.6.1 Overview

The servo motor will generate regenerative energy in the following situations:

*  The servo motor slows down and stops in acceleration and deceleration.

*  The vertical axis continuously moves down

*  The servo motor is generating power.

At this time, the brake module is required to consume the generated regenerative energy,
so as to protect the equipment on the DC bus from overvoltage.

120
[ —]

90

¢l

105

- >

Figure3-3 Dimension of brake module
3.6.2 Principle

The brake module mainly consists of a power consumption unit, a comparator unit, and a
switching tube unit. DC bus 48V enters from DC power supply by J1 and outputs to the
servo drive by J2. The comparator unit monitors the bus voltage. When the bus voltage
exceeds the maximum, the comparator unit outputs high level to make the switching tube
unit conductive, at which time the voltage of bus pump is up and added to the unit and the
power consumption unit consumes the excess energy on the bus. When the voltage
returns to the minimum of normal voltage, the comparator unit outputs low level to turn off
the switching tube unit. The energy returned from the servo drive will not transfer to the
DC power supply due to a serial diode with high power and low conduction voltage drop.
The diode can protect the DC power supply while also providing anti-reverse protection.
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GAS-DC-B

DC 48V DC agv

Figure3-4 Principle
A voltage comparator with hysteresis function is used in the comparator unit to avoid false

operations due to signal interference. The range is 50 — 53 V.

3.6.3 Selection

In the position mode, 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
capacitance. When the independent brake voltage exceeds the releasing brake voltage,
the brake module will consume the excess energy.

i vERHIEEE
I I
] |
1 |
0 ! - .
I | I 1
: | ] :
| |ote |
i | I 1
1 | I |
I | I I
I | ] i
I | I 1
| | I i
I I | :
HiEE T AR | ; '
| I l
| I
]
¢ |

Figure 3-5 Reciprocating operation
3% Speed
B 4%54E: Motor torque
B4 %: Motor speed
#E4E: Load torque
=xEHA: Period of motion

19



Diamond Plus Series Servo Drive User Guide 3 System Wiring

The calculation steps are as follows.

Start

\\;

Set reciprocating cycle T
at Velocity vV

Calculate the sum of load
and motor inertia according
to J=dut+dL

Calculate brake energy
feedback according to
E.=JV¥182

Calculate consumption
energy by load according
to E.=[1/60)V*T *4

|

Calculate consumption
energy by the servo
according to E;=E;-E,

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

Calculate consumption energy
by external brake module
according to E=E,-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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3 System Wiring

Details:
Step Calculated items Symbols Formula
J=dutdL
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
2 g energy E Ec=2/182
system
EL=(T/60)V*T *td
Energy consumed by the load
3 . . EL Note: When the loss energy of the load
system during deceleration _
system is not clear, please assume E. =0
Energy required to regenerate to
4 gyreq g E, E,=Eo-E.
the servo
See the table below for details of the energy
5 Absorbable energy by servo drive E. that can be absorbed by products with
different specifications.
Energy consumed by regenerative
6 . gy y g Ek Eszp'Ec
resistor
W=EW/(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)

« SD-A010CA SDP-A010CA

Diamond/Diamond | ©  SD-A010EA SDP-AQ10EA 0.084
Plus «  SD-A020CA SDP-A020CA 0.2
«  SD-A020EA SDP-A020EA :
. « SS-A010CA
Sapphire e SS-AQO10EA 0.142
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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 .
48V DC » Servo drive
Power
» Servo drive
o Brake .
- module .

» Servo drive

Figure 3-7 Wiring of brake module
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3.6.4 Interface Definition

J1 INPUT 12 OUTPUT

| I

Figure 3-8 Interface definition

J1 power inlet Pin Definition

1 48V IN+

2 GND

2

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

J2 power outlet Pin Definition

1,2 48V OUT+

1

2 3,4 GND

3

4

*  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 a brake module is required, the brake
module should be connected in series between the DC power supply and the power inlet
wire of the servo drive.

Figure 3-9 Wiring
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4 Trial Run and Debugging

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

Debugging steps:

Communication
Connection

\ 4

Parameter
writig

\ 4

Magnetic pole
calibration

A 4

PID adjustment

y

Motion Control

Y
Parameter
exporting for
backup

A 4

Fault handling

Figure 4-1 Parameter debugging steps

4.1 Communication Connection

1. Install the SMC software and USB driver.
2. Connect the upper computer and the servo drive via a USB cable (Mirco Type B).
3. Run ISMC software, enter the main interface, and select submenu "Configuration™:

25



Diamond Plus Series Servo Drive User Guide 4 Trial Run and Debugging

iR R B & 0~ 0 -]
i i e ERe N | Wi N VR TARL
= s
naE = .
[ LTS | ] -
- | 2EESOREE
= .
W
1 L]
# SEER paey
i il |
-
L g
MRS RAT EEMIOWE  BSME NG RUES SEC SNID R RSN FEAR

Figure 4-2 Open the communication interface
4. Click "Refresh™, and select the port connected to the servo drive in drop-down box

"Port".
5. Click "Connect". The result shows as in Figure 4-3.
tliir zsmomms 04000

3k S 2

Figure 4-3 Communication connection succeeded

4.2 Parameter Writing

Parameter settings includes the settings of parameters about startup, motor feedback,
limit protection and user unit.

4.2.1 Startup Parameters

Click "Start Configuration™ in submenu "Configuration", select the corresponding
communication mode, and click "OK".

i Stone Motion Controlflf{ &/ @ x

EtherCAT

Figure 4-4 Settings of startup parameters
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4.2.2 Motor Feedback Parameters

Motor feedback parameters includes motor parameters and encoder parameters.
1. Select "Motor Feedback™ in submenu "Configuration”.
2. Set motor parameters and encoder parameters.

3. Click "Download™” after settings are completed.

2 n & w w3 OXx 00
BN | RRIMOL LN A At ERES BEN e UE BRAL

- N
e

waE
\\[JWM = }

: |l smens

wEAEERT

e AT misit e

TR B EWKE W pob: & SeA: T MPER FEAN

.Fi.gure 4-5 Settihgs of motor feedbéck parameters
Note: Please restart the servo drive after saving successfully, and reconnect the

communication after restarting.
*  Motor parameters

1) To conveniently configure motor parameters, SMC supports motor database in
which you can directly call the motor parameters of known models and save the
motor parameters of new models.

Note: The database only supports saving and loading motor feedback
parameters. "Import" command is used to import all servo parameters and
"Export" command is used to export all servo parameters.

ikl ek RN Ea

Figure 4-6 Motor parameters-1
2) Please input the values of target motor parameters into the software according to

the motor nameplate and the motor parameter manual provided by the
manufacturer, as shown in Figure 4-7:

il ShlY

o=

EENT

R 1000 2
i 4
Fechif keom*2] 0031 2
D EITH] 0000 o
R EImH] 0o 5
EHEENID 1500 5

fA] 11

Figure 4-7 Motor parameters-2
3) The motor types include rotary brushless motor, linear brushless motor, rotary
DC brush motor and voice coil motor. The parameters and units may vary with
the motor type.
Note: Please pay attention to parameter unit when writing.
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* Encoder parameters
According to the actual encoder type, in the encoder parameter interface, please
select the encoder type and input the resolution.

FEE FEE
I EREE- Taragaws T EEmal b o P X
U s m v
RES R 1000 &
(BT EEMops] 5%
RERSEERT GRESEEET
Rotary encoder Linear encoder

Figure 4-8 Motor parameters-3

Encoder parameters are as shown in Table 4-1.

Table 4-1 Encoder parameters

Name Unit Definition
Absolute
. . The pulse value output by one
single-turn Bit .
. rotation of the encoder.
resolution
Absolute multi-turn . The maximum number of turns
. Bit
resolution recorded by the encoder.
Encoder multi-turn To clear the absolute encoder
value reset multi-turn value to zero.
* Rotary: . * The pulse value output by one
counts/revolution !
. ) i rotation of the encoder.
Resolution e Linear:
* The pulse value output by the
counts/nm, um, . L
mm grating ruler per unit distance.
_— The clock frequency at which data
Communication . .
rate M is sent to or received from the
encoder.

4.2.3 Limit Protection

1. In "Configuration" submenu, select "Limit Protection".

2. Set the peak current and the duration of the peak current.

To protect motor i2t, please set the values according to the maximum current of the
motor. Otherwise, damage to the motor may occur.

ST PRALIN S LR 1 LTS Ay gl ET

[ i SO 1 S

G & Limie O G mawmme O X 00 ©

ERMET AMER meed BRGS0 bk GRmE S5 B Ef T | EFESh TR MR BE et

T T
| b < deamosisris
et o ipta Rl T
o HE
ol | mestem@E 15 3 ERmkEEEa 56 <
| M.
AR Hot Randy to Switch Or R 10 5 EREEE AN e 2ITCASE.FTION000O0 -
St B0 Bt s
g 0 T MEEER [
R ] 6214420000000 3 RIS S lERiE ] 1000 3
L EEm] 1 = B Al | 10 2
Tamiaioml © EEErEEims] 10 2
.4
R R [ens] B147FARIET
(B ent] 2197483047 2
iRl ) 7 51
st 32 5 Rk Al 10 3
o
HlERmE R 20 2 STHaEEsErT] B3 2

T
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4.2.4 User Unit

1. In "Configuration™ submenu, select "User Unit".
2. Set parameter unit for motion control parameters, including position unit and velocity
unit, and configure mechanical gear ratio, as shown in Figure 4-9:
i L
il ]
<L
L
fiie

L | BRI

i}

Figure 4-9 User units
3. After settings, click "Apply". The settings takes effect immediately.

In the debugging mode and motion mode, the unit will be the same as the set unit.

Please set user units for position and velocity modes according to the load type, as
shown in Table 4-2.
Table 4-2 User units

Motion Unil;oad Type Linear Rotary
cnt pulses cnt number of pulses
um microns deg angle
Position unit mm mm rad radian
cm centimeter rev Turn
uu customize uu customize
cnt/s pulses/sec cnt/s Pulses/sec
um/s um/s deg/s angle/sec
. . mm/s mm/s rad/s radians/sec
Velocity unit
cm/s cm/s rpm rpm
uu customize rps rev/sec
- - uu customize

4.3 Magnetic Pole Calibration

4.3.1 Phase Sequence Steering Detection

Phase sequence and motion direction of the incremental motors is required before motion
control. With the phase sequence detection, the servo drive will automatically recognize
UVW wire, and reverse the phase sequence and rotation direction according to the
positive direction.

4.3.2 Hall Detection

When using the Hall sensor, the servo drive needs to automatically recognize the Hall
angle. After that, the motor can be directly started with the Hall angle, which makes the
motor start more smoothly, for it avoids the shock of magnetic pole identification when the
incremental motor is powered on each time.

4.3.3 Commutation Offset Detection

Before motion control, detection of the magnetic pole zero is required. After calibration,
the motion control can be performed normally. Otherwise, motor runway may occur.

Commutation offset detection is required after the phase sequence steering detection.
Otherwise, calibration may fail. In this case, when the motion is enabled or started, the
current feedback value observed in the motion monitoring is pretty large, the motor rotor is
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locked, or there is a risk of motor runaway. At this time, please set “2002” to “1” in
“Parameter Editor-PID", to switch the phase sequence.

Parameter Description

2002 Three-phase seq switch enable | The function of switching phase sequence. 0-no

switching; 1-switching

The steps are as follows:

1.

After setting parameters, in the parameter configuration interface, click "Auto
Commutation Offset":

$a]
WEiRE 570 2

Figure 4-10 Automatic commutation detection
Wait for about 5 -10 seconds. The status turns green, as shown in figure 4-11, which
indicates that the zero point calibration is completed.
i
HEIRE 24867
R Sar

Figure 4-11 Completion of automatic commutation offset detection

Description:

1.

For an absolute encoder, an accurate calibration is required at the first time. After that,
motion control can be performed directly after the servo drive is powered on.

For an incremental encoder (without Hall signal), the calibration is required every time
the servo drive is powered on. Otherwise, motion control is not allowed.

Calibration can be done by sending calibration commands and enable commands
(see note 2 for logic) or manually clicking automatic commutation offset detection.
During calibration, please do not perform other motion control related operations.

Otherwise, the servo drive will report the corresponding error.
The servo drive owns the function of automatic calibration after power-on. With it

enabled, you can check or set 0x2120 to 1. As a result, after
saving, the servo drive will automatically start calibration every time it is powered on.
After calibration, the servo is disabled, and the sign indicating the completion of
calibration shows. At this time, please set 0x2121 to 1.

For an incremental encoder (with Hall signal), configuring HALL start (0x2103=1) and

recognizing HALL angle are required at the first time. After that, motion control can be

performed directly after the servo drive is powered on.

Setting of calibration current

a. Gradually increase 0x2105 until the motor shaft can be fixed in a certain position
quickly and stably.
Rotate the shaft.
Start calibration again several times until the position is basically the same (i.e.
the value of 0x2102 is almost the same).

Note:

1. 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
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Troubleshooting.

2. After 0x6060 (control mode) 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 offset related parameters

parameter

Description

2101 Calibrate commutation offset

The sign of manual zero calibration enable.

2102 Commutation offset

The value of zero calibration.

2103 HallModeSelect

Hall mode selection. 0: disable Hall;1: enable Hall.

2105 Commutation current ratio_1

D-axis calibration current amplitude
= 2105 /1000 * Rate current.
Frequency: constant value

213E Hall Angle

Hall calibration angle.

2120 AutoCalibrateAngle

Automatic calibration after power-on. 0-OFF; 1-ON.

2121 AutoCalibrateAngleFinish

The sign whether automatic calibration after
power-on is completed. O0-Incomplete; 1-Complete.

2402 Commutation current ratio_2

Q-axis calibration current amplitude
=2402 /1000 * 2105
Frequency: high frequency
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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 SMC provides a function generator, which can output the given mode,
wave form and step signal, and capture the given waveform and the feedback waveform
for response analysis with an oscilloscope.

The whole debugging steps is as follows:

Adjustment for current loop — Adjustment for velocity loop — Adjustment for position loop

4.4.1 Current Loop

The first debugging is for the current loop.
1. Click "Adjust" in the main menu, select "Current Loop". The debugging interface of
the current loop shows as in Figure 4-12:

D:I +r B M5 omE0X000

Figure 4-12 Current loop debugging interface
2. Adjust Kp.
Main function: to increase the bandwidth with the increase of Kp. If it is too large, the
motor makes noise, and if it is too small, the bandwidth is lowered.
a. SetKito 0andKp to 100, and click "Download":
Generally, you only need to slightly adjust the default values.

Frnlg e
FE3FKp[0.001] 100 3
BLAATKIL0.001] g

Figure 4-13 Control parameters of current loop
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b. Set the function type to sine wave, current amplitude to 25% of the motor rated
current (the following takes 1 A as an example) and frequency to 1500 Hz.

B e

Bk eid FiE ~
FEELA] 1.000 =
E=#zE[Hz] 1500.000 o
{Ee41 02

Figure 4-14 Function generator parameters of current loop
c. Turn on oscilloscope again, set the sampling channel to Id/Iq reference (current
given value) and Id/lg feedback (current feedback value), set the sampling period
to 50 us, and check continuous sampling.

[ ] Id reference M
fiii 1d feedback v
mL

mLl

FHEEHA 50 ps b
SR [0.205 5 v|
Uk n LERE

e |u | rpm

wik [

g Owes
TR RS
AR e

O e

[ i

Figure 4-15 Oscilloscope sampling parameters of current loop
d. Enable the servo, start function generator, and click "Start Acquisition™.
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e. Keep increasing Kp until the amplitude of Id/Iq feedback is between (0.707~1) of
the amplitude of Id/Iq reference and the phase lag does not exceed 90°:

e RS [REEL ) 4%
W5 1d referenca v
HFEFRRI0.001] 1900 5| || |y B~ |16 fezdhack v
BFETAI0.001] Bis | O
i | 590 ) -
— [_jim]
S e FHTEM 0L v
e s AR 02055 -
o L - e
SRIEEA] 1,000 5| [750%
{FEmEHl " 1500,000 =] | _1000 I i i | | | om
[ 0 00000 00264 0.0R28  0.0783  OI0GB 01322 O.USET  0.1BRL 0.2flE -
i [ [ g [T etz
. TR E BIEFRE
iiee | P i
Lsas o5 i //\ Rden | Bihdie Biree
: >\ =
| 26¢ o s 7 & [F b=
! | ha A
|-198  f—— ST B £l __\.\ AR1
; | | X1 0.03746 i 132.33070
| —sien /\ ol ey s
| oA p i 2 0.03762 Y2 752.57310
|-1122
00372 0.0374 00976  0.0378  0.0380 0,036z 0.0985  0.0397  0.0389

E{ga
2% -0.00016 2y -620.34240

Figure 4-16 Current sampling waveform after adjusting Kp
3. AdjustKi.
Main function: to eliminate the steady-state error. If it is too large, it will lead to

overshoot and the motor will make noise.
a. Set the function type to square wave, current amplitude to 25% of the motor

rated current (the following takes 1 A as an example) and frequency to 10 Hz.

Bitipaea

e el HE
R RIE AT 1.000 3
(=2 H1] 10.000 2
e LR

Figure 4-1 7 Function generator parameters of current loop
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b. Gradually increase Ki, (generally increase 100 each time), and repeat step ¢ and
d of adjusting Kp until the steady-state error is eliminated, the waveform of Id/Iq
feedback almost coincides with that of Id/lg reference waveforms, and the
overshoot is within 5%:

{EHiEE S
B 7 |14 reference
B ITKe[0.001] 1400 1046 : ; [ ’ ; ; ; : B~ |1 feedback
HEEETR[0.001] 1600 & i = f
: : m
REmS 1R |17 R ] P ; FERS 5005
R Ra e En il - ! FERE 02055
Earma A~ wesits IERE
HIRELA] 1000 2| |-700 ! ; : ; S : :
R 10.000 3| | | ;147 b i : ! t .
WE A 7= 0.0000  D.0264  0.062 0,078 01088 0,132 0.1887 0. 1861
13l
48
178
204
765
e wiw
-2

237 ! 1 ! 1 i i i i
01, D448 0. 0470 0.0454 0, 0517 0. 0541 0, 0665 0, 0584 0. 0613 0. 0637

Figure 4-18 Current sampling waveform after adjusting Ki

Note: When adjusting the current loop, if the motor is a rotary brushless/linear motor,
please select id for adjustment, and if the motor is DC brush/voice coil motor, please
select iq for adjustment.
4.4.2 Velocity Loop
The second debugging is for the velocity loop.
1. Select "Velocity Loop"”. The debugging interface of the velocity loop shows as in

Figure 4-19:

EHE FHI LRERLE ]

. WO cpeed hop reference <!
iathis 0:#ig - . | T B[] | soeed-hop faedbace
—— 50 = I :IA
EETHL.001] L s =

FHERME 00 4
BT [ T FEE 376
BHHEIeH
"y
O iztzzie Omsz
HiaFE WLRE
LR AR
Cest
[lit#

Figure 4-19 Velocity loop debugging interface
2. Do the following preparation works:
a. Set the inertia ratio to 0X2422.
b. Set the following parameters to 0:
v' 0x2020:01 Filter type of measured speed
v' 0x2021:01 Filter type of speed error filter
v’ 2022:01 Filter type of speed error second filter
v' 2006 Feed forward method
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3. Adjust Kp.
a. SetKito 0andKp to 10, and click "Download™:

paiichete 0:xd -

EEFFKp[0.001] ' 10
T ETFKI0.001] ' 0

4K 4K

BahTE [ T#
R4 22y
Figure 4-20 Control parameters of velocity loop
b. Set the function type to step signal and velocity amplitude to 300 rpm, and set
the duration according to the limit of running distance, i.e 500 ms.

i 4 ey

B el gk -

R E [rpm] 300.000 =

EREme] spo 3|
Eij] .:'_:..:_ E

Figure 4-21 Function generator parameters of velocity loop
c. Turn oscilloscope again, set the sampling channel to velocity loop reference
(speed given value) and velocity loop feedback (velocity feedback value), set the
sampling period to 200 us, check “Trigger Acquisition”, set the trigger edge to
rising edge, set trigger channel to velocity loop reference, set trigger level to 10
rom, and set pretrigger to 20%.
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o
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Figure 4-22 Oscilloscope sampling parameters of velocity loop
d. Enable the servo, start function generator, and click "Start Acquisition”.
When the function type is set to step signal, there will be a delay of 4 - 5 seconds,
to make sure that there is enough time for the oscilloscope to start acquisition.
e. Keep increasing Kp (generally increase 10 digits each time) and observe the
waveform of velocity loop reference (speed given value) and velocity loop
feedback (speed feedback value) until the critical oscillation shows in the velocity

waveform:
P FRE [ReEl] B
B[] |5peed iop reference -
YR R v 60,2 B [} |Speed loop feadback
HIFFHp[0.001] 240 2 269, 2 : :__. v
ERITKI0.001] o
R 122, 1 TR 200 s
sHTE ] TH 100 [t FHEHE 08185 v
e e MEWE FHE ~
mgrm =i P ::ffﬂ ‘l] -
! 3 5.9 : Lt om i T
EEH(Alm % ooon oioer 04236 05263 g ———
s s 20% =
[ s (R 1o
=l |
350.2 T = P : FARRSR FILER
- e ; r o .,,u_ drifne ]
| == i O
202.0 e e Chifm
128.0 [
5.4

-20.2 ; . ' s . .
0, 1464 0. 16RD 0. 1635 0. 1721 o, 1807 0. 1892 0. LBTE 0. 2064 0. 2160

Figure 4-23 Velocity sampling waveform after adjusting Kp
f. Take 70% - 80% of the value of Kp, and stop the oscilloscope acquisition and
function generator.
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4. AdjustKi.
Gradually increase Ki, and repeat step ¢ and d of adjusting Kp until the steady-state
error of velocity loop feedback is eliminated and the overshoot is within 30%:
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Figure 4-24 Velocity sampling waveform after adjusting Ki

To reduce the velocity deviation during acceleration, you can do debugging for torque feed

forward as follows:

1. To enable the feed forward function, set 2006 to 2.

2.

Set 2019 Torque feed forward time constant to a fixed value, and keep increasing 2016

Speed feed forward coefficient until a good result of velocity feed forward shows at a

certain value.
3.

Repeatedly adjust 2019 and 2016 to find a balance.

Note: Improper debugging will cause system oscillation. If oscillation or mechanical
resonance occurs during debugging, you can set 0x2021 / 0x2022 Filter type of speed
error filter to eliminate the oscillation frequency:

Parameter

Description

200C:01 Measured speed filter

The filter value of measured speed

200F:01 Speed error filter

The filter value of speed error

2010:01 Speed error second filter

The filter value 2 of speed error

2020:01 Filter type of measured speed filter

The filter type of measured speed

2020:02 Frequency of measured speed filter

The filter frequency of measured speed

2020:03 Quality factor of measured speed
filter

The filter quality factor of measured speed

2021:01 Filter type of speed error filter

The filter type 1 of measured speed

2021:02 Frequency of speed error filter

The filter frequency 1 of measured speed

2021:03 Quality factor of speed error second
filter

The filter quality factor 1 of measured
speed

2022:01 Filter type of speed error filter

The filter type 2 of measured speed

2022:02 Frequency of speed error filter

The filter frequency 2 of measured speed

2022:03 Quality factor of speed error second
filter

The filter quality factor 2 of measured
speed

2421 Velocity Average Filtering

Velocity average filter (internal use)
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4.4.3 Position Loop

The third debugging is for position loop.
1. Select "Position Loop". The debugging interface of the position loop shows as in
Figure 4-25.
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Figure 4-2 5 Debugging interface of position loop

2. Adjust Kp.
a. SetKp, and click "Download".
It is recommended to use the default value 10 at first, and modify it after obtain

the position curve.

|
4R 0:EE v
{EEIKp[0.001] ]

HENTE 1| TE

Figure 4-26 Control parameters of position loop
b. Set the function type to square wave signal, position amplitude to 1000 cnt (the
current position is zero, the motion amplitude is 1000 cnt. Please pay attention to
the mechanical stroke), and signal frequency to 5 Hz.

HiEE B
gz R v
B MR{Elcnt] 1000 *
5=z H] 5.000 &
E4a 03

Figure 4-27 Function generator parameters of position loop
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c. Turn on oscilloscope, set the sampling channel to position loop reference
(position given value) and position loop feedback (position feedback value), set
the sampling period and duration to proper values, and check continuous
acquisition.

| | Postion loop reference
B M | rostion loap feedbade

m -
m
SRR 200 ps -

FHOHE 0.819s -

10 cnt
2 o
£0%0
] s [ pats2
iR BlwE
EESE e s
Onig
Owe

Figure 4-28 Oscilloscope sampling parameters of position loop
d. Observe the waveform of position loop reference (position given value) and
position loop feedback (position feedback value), and adjust Kp as follows until
the result of waveform is good with unsaturated current:
v"Increase Kp when the position follow-up error is large or the response is
slow.
v" Reduce Kp when the position overshoot or jitter occurs.
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Figure 4-29 Position sampling waveform after adjusting Kp
In actual application, if not satisfied with the position follow-up error, you can carry out
debugging for torque feed forward and speed feed forward as follows:
1. To enable the feed forward function, set 0x2006 to 2.
2. Set 0x2019 Torque feed forward time constant to a fixed value, and keep increasing
2016 velocity feed forward coefficient until a good result of velocity feed forward
shows at a certain value.
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3. Repeatedly adjust 0x2019 and 0x2016 to find a balance.

After adjusting the position loop gain, the motor makes low-frequency audible noise in the
enabled but not running state, which will reduce the velocity loop Kp or the current loop Kp.
If the value of position loop Kp is too small, the rigidity is weak.

4.4.4 Grouping Gain

Grouping gain can be set in the situation where the inertia load changes and a group of
fixed gain parameters of velocity loop and position loop cannot satisfy high, medium and
low speed. Its principle is as follows:

Kp/Ki at high speed F——————"————====——————

Kp/Ki at low speed

Kp/Ki at zero speed

7ero Low High

speed  speed speed
Figure 4-3 0 Principle of grouping gain

Take the velocity loop as an example: when setting the grouping gain, you can set the
actual speed or the given speed:

Actual Speed / Given Speed: Gain Parameter
0 - zero speed Kp and Ki at zero speed
Zero speed - low speed ® Kp increases with the slope (Kp at low speed - Kp at

zero speed) / (low speed - zero speed).
® Kiincreases with the slope (Ki at low speed - Ki at
zero speed) / (low speed - zero speed)

Low speed - high speed ® Kp increases with the slope (Kp at high speed - Kp
at low speed) / (high speed - low speed).

® Kiincreases with the slope (Ki at high speed - Ki at
low speed) / (high speed - low speed)

> High speed Kp and Ki at high speed

4.5 Motion Control

After setting motor parameters, encoder parameters and control parameters, the motor
can be simply driven. The modes that the software controls the servo drive to drive the
motor include the following:

® Position mode
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® Speed mode
® Homing mode
® Torque mode

4.5.1 Position Control Mode

The process of motion control in position mode is as follows:
1. Click "Motion" in the main menu, and click "Position Mode". The interface of motion
control in position mode shows as in Figure 4-31.

iazhitl [ B e

fEEiEEh EE -
EtfElant] ig

EE[rpm] 600.000 &
DEELpms] 3000.000 =
TEErm/s] ' 3000.000 =
HREmERErpm/s] 60000.000 >
Rl g v
2 gl Linezr ramp =

Figure 4-31 Interface of motion control in position mode

2. Set the following parameters:

v

LN N NN

\

v

Motion mode: to set the position motion as unidirectional motion or reciprocating
motion.

Target position: to control the distance of motor movement. When the motion
mode is set to reciprocating motion, you need to set two target positions.

Speed: the movement speed of the motor.

Acceleration: the acceleration to start the motor.

Deceleration: the deceleration to stop the motor.

Deceleration for quick stop: the deceleration to stop the motor when the motor is
directly disabled.

Command type: absolute, to start movement with zero point of the encoder as
the start point; relative, to start movement with current position of the encoder as
zero point.

Curve type: including linear ramp (straight line) and Jerk-limited ramp (S-shaped
curve).

Waiting time: the waiting delay time for the arrival of the target position when the
motion mode is set to reciprocating motion.

Cycle times: the number of reciprocating cycles when the motion mode is set to
reciprocating motion. Infinite cycle means cycle will continue all the time.

3. To enable the servo drive, click "Enable".
4. To start motion control in position mode and start acquisition oscilloscope, click
"Start" and “Start Acquisition".

4.5.2 Velocity Control Mode

The process of motion control in position mode is as follows:
1. Click "Motion" in the main menu, and click "Velocity Mode". The interface of motion
control in velocity mode shows as in Figure 4-32.
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Figure 4-32 Interface of motion control in velocity mode
2. Set the following parameters:
v' Target speed: the movement speed of the motor.
v" Acceleration: the acceleration to start the motor.
v" Deceleration: the deceleration to stop the motor.
v" Deceleration for quick stop: the deceleration to stop the motor when the motor is
directly disabled.
3. To enable the servo drive, click "Enable". Servo Enable shows in the interface.
4. To control the motor to move in the positive direction, click “Forward”, to control the
motor to move in the opposite direction, click “Reverse”.
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4.5.3 Homing Mode

The process of motion control in homing mode is as follows:
1. Click "Motion" in the main menu, and click "THoming Mode". The interface of motion
control in homing mode shows as in Figure 4-33.

[- S

X _!._r. ¥ OB W oe wmwm® 0X00Q
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Figure 4-3 3 Interface of motion control in homing mode
2. Set the following parameters:
v Homing method: there are 35 homing methods. When starting, the motor
moves according to the selected homing method.
v High speed for homing: when starting, the motor starts to find the zero point at
high speed.
v Low speed for homing: when starting, the motor moves to the zero point at low
speed after it finds the zero point.
v Zero offset: after setting the zero offset, the motor finally stops at the position
behind the offset.
v Acceleration and deceleration for homing: when starting, the acceleration and
deceleration for homing.
3. To enable the servo drive, click "Enable". Servo Enable shows in the interface.
4. To make the motor move with the set homing method, click “Start”, to stop the motor,
click “Stop”.
Homing
1. Homing method
v" When using an incremental encoder, and when the servo does not know the
position of the motor when it is powered on, homing is required every time it is
powered on.
v" When using an absolute encoder or incremental + Hall signal, homing is required
only when the servo is powered on for the first time.
Note: The zero point calibration is the initial angle identification of the motor. If the
initial angle identification is not performed, the motor may reverse or even run away.
When using an incremental encoder, zero point calibration is required each time the
power is on; when using an absolute encoder or incremental + Hall signal, zero point
calibration is required only when the power is on for the first time.
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Related concepts

Origin and zero point

* Home position: machine origin, which can represent origin switch or motor Z
signal.

e Zero position: the position after homing finishes.

During homing, the motor stops at the home position. If the position deviation 607C is

set, the motor stops at the zero position.

Zero position = Home position + 607C Home offset:

Home Zero
Position Position
| home_offset |

[
-

Figure 4-34 Relationship between origin and zero point
Speed
e High speed: the speed during finding the limit switch (different according to the
origin mode). (6099-01h).
e Low speed: the speed during finding the origin after finding the limit switch.

(6099-02h).

* Acceleration and deceleration: acceleration and deceleration during homing.
(609A).

Direction

The direction in which the encoder value increases is the positive direction, and the
direction in which the value decreases is the negative direction.

4.5.3.1 Homing Method
Note:

1.

The numbers in the figure correspond to the corresponding homing methods. The
same numbers indicates two ways of this homing method. For example, two @ in

the figure of method 3 indicates two different ways of the homing method 3.
The index pulse is the Z signal.
The bold color indicates homing at high speed.
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4.5.3.2 Method 1: Homing on negative limit switch (falling edge) and index pulse

Negative limit switch

e — —

S
[l

7 Signal

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 ;|\ and turns to 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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4.5.3.3 Method 2: Homing on positive limit switch (falling edge) and index pulse

Positive limit switch

7 signal |_| |_|

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 Rising edge of positive limit switch signal
6099-01 |-
6099-02
\ / Time

6099-02 T

X Z signal

6099-01 s

Falling edge of positive limit switch signal

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

Figure 4-38 Speed-time curve of method 2
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4.5.3.4 Method 3: Homing on positive home switch (falling edge) and index pulse

Home switch

| [ —

4|

-—@-
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 |-y

6099-02

Time

6099-02 ‘

[
7 signal

Risling 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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4.5.3.5 Method 4: Homing on positive home switch (rising edge) and index pulse

Home switch

Home switch

| | —

k.

Y

—-0-@
\

7 signal

Figure 4-41 Method 4

JF A JF5%: Home switch
Z {5%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

Rising edge of home switch signal

7 signa lZ signal
6099-02 - ~ J’

4

Time

6099-02

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

Figure 4-42 Speed-time curve of method 4
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4.5.3.6 Method 5: Homing on negative home switch (falling edge) and index pulse

Home switch

—®—
L]l

Z 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

Falling edge of home switch signal

6099-01 .
Z signal

6099-02 [

Time
6099-02

6099-01 -

oming sta

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

Figure 4-44 Speed-time curve of method 5
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4.5.3.7 Method 6: Homing on negative home switch (rising edge) and index pulse

Home switch

=
~@—
- ® |

(Bl

Z signal

Home switchk

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.

e 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
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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4.5.3.8 Method 7: Homing on negative home switch (falling edge) and index
pulse-positive limit switch detection

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.

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 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.

N Rising edge of positive limilt switch signal

W
6099-01
6099-02

Time
6099-02 7T
/ 7 signal

6099-01 Falling edge of home switch signal Falling edge of home switch signal

Falling jedge of home switch signal

Rising edge of home switch signal

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

h signal is low level and limit is not triggered when

—— Home switch signal is high level when homing starts

Figure 4-48 Speed-time curve of method 7

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

Home switch Positive limit swit

Y

\

[
el o @

Z signal

Home switchk

Positive limit
switch

Figure 4-49 Method 8
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low speed (6099-02) in the positive direction.
v

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

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.

Target reached is set to 1 when the motor stops.

e 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.

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

Speed Rising edge of positive limilt switch signal
Rising edge of home switch signaIRiSing edge of home switch signal
ige of home switch signal
6099-01 igna [J{ 7 signal Z signal
6099-02 / J,\ / \
Time
6099-02
6099-01 ,| T
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

—— Home switch signal is high level when homing starts

Figure 4-50 Speed-time curve of method 8
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4.5.3.10 Method 9: Homing on negative home switch (rising edge) and index
pulse-positive limit switch detection

. Home switch Positive limit switi

‘ - @ A
~®
Z signal |_| |—|
Home switch

Positive limit
switch _

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.

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 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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e 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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6099-02

6099-02

6099-01

Falling edge of home switch signal

Rising|edge of positive limit switch signal

VAN
’[l signal Z signal

Rising edge of home switch signal Rising edge of 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

signal is low level and limit is not triggered when

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

Figure 4-52 Speed-time curve of method 9
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4.5.3.11 Method 10: Homing on positive home switch (falling edge) and index
pulse-positive limit switch detection
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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

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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e 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.

Speed Rising edge of positive limit switch signal
Rising edge of home switch signa

Falling edge of home switch signal
Falling edge of home switch signfal na

f! z signa\ \ Z signa
/ \ \
6099-02 ‘l' ey

\ Time
6099-02 \
6099-01 ,’\

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 4-54 Speed-time curve of method 10

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

Negative limit switch Home switch
7 signal |_| I_l
Home switch—

Negative
limit switc

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
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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 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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Falling edge of home switch signal F2/ling edge of home switch sign:
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\ /
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Home switch signal is low level when homing starts, and turns to
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Home switch signal is low level and limit is not triggered when
homing starts

— Home switch signal is high level when homing starts

Figure 4-56 Speed-time curve of method 11
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4.5.3.13 Method 12: Homing on negative home switch (rising edge) and index
pulse-negative limit switch detection

Negative limit switch Home switch
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7 signal
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Negative
limit switch.

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.

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 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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e 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

4.5.3.14 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
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® 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 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.

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 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.

e 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 4-60 Speed-time curve of method 13
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4.5.3.15 Method 14: Homing on negative home switch (falling edge) and index
pulse-negative limit switch detection
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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

4.5.3.16 Method 15: Reserved
4.5.3.17 Method 16: Reserved
4.5.3.18 Method 17: Homing on negative limit switch (falling edge)

Negative limit switch
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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

4.5.3.19 Method 18: Homing on positive limit switch (falling edge)
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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

4.5.3.20 Method 19: Homing on negative home switch (falling edge)
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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 4-68 Speed-time curve of method 19

4.5.3.21 Method 20: Homing on positive limit switch (rising edge)
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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 4-70 Speed-time curve of method 20

4.5.3.22 Method 21: Homing on negative home switch (falling edge)
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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 4-72 Speed-time curve of method 21

4.5.3.23 Method 22: Homing on negative home switch (rising edge)
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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 4-74 Speed-time curve of method 22

4.5.3.24 Method 23: Homing on negative home switch (falling edge) -positive limit
switch detection
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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

70



Diamond Plus Series Servo Drive User Guide 4 Trial Run and Debugging

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 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.

e 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 4-76 Speed-time curve of method 23
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4.5.3.25 Method 24: Homing on positive home switch (rising edge)-positive limit
switch detection
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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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Figure 4-78 Speed-time curve of method 24

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

Figure 4-79 Method 25

Regardless of the high level or low level of the home switch signal, the motor moves in the
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 negative direction at the low speed. After the home
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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
Falling edge of home switch signal
Fallipg edge of home switch sTal 1o edg of teona
6099-01 \
\
\
6099-02 \
\
\ \ .
Time
\
\ \( ‘ / /
6099-02 ,I ,
6099-01 Rising edge of home switch signal T g ome switch signa
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 4-80 Speed-time curve of method 25

4.5.3.27 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
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v

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 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
Rising edge of home switchysignal

6099-01 [ 7

Falfngofige of homyswitdy signal | Falling edge of home switch signal
/ \
6099-02 [
\
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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4.5.3.28 Method 27: Homing on positive home switch (falling edge)-negative limit
switch detection

Negative limit switch Home switch

|
_ ® -

Home switch

Negative limit

switch —

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.

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 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 \/4 switch signal Falling edge of home switch signal
|
6099-02 \’ . X
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

evel and limit is not trigg

— Home switch signal is high level when homing starts

Figure 4-84 Speed-time curve of method 27

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

Negative limit switch Home switch

A

|
v

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
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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), 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
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

high

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
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

becomes

stops.

Speed

6099-01

6099-02

6099-02

609901

Falling edge of home switch Signa}:alling adge of home switch signal

SN SN

efge of home sw ‘] nal 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

— Home switch signal is high level when homing starts

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

Negative limit switch Home switch

A/

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
\I, |
6099-02 7 \
/ \
\
- \
/ .
Time
'/,
6099-02 /;‘
/
6099-01 A
Falling edge of home switch signa’l[ alling edge of home switch signa

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

itch signal is low level and limit is not triggered when
homing starts

— Home switch signal is high level when homing starts

Figure 4-88 Speed-time curve of method 29
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4.5.3.31 Method 30: Homing on negative home switch (falling edge)-negative limit
switch detection

Home switch

Negative limit

switch —

Negative limit switch Home switch

4

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

6099-01 /
6099-02

Rising edge of home switch signal

l

6099-02

Falling edge of home switch signal

6099-01 |-

Falling edge of home switch éngnal

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

4.5.3.32 Method 31: Reserved
4.5.3.33 Method 32: Reserved

4.5.3.34 Method 33: Homing on index pulse in negative direction

_{i

(|

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

4.5.3.35 Method 34: Homing in index pulse in positive direction

—— —

(I

Figure 4-93 Method 34

7 signal

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.

4.5.3.36 Method 35: Current position
In this method, the current position shall be taken to the home position.

4.5.3.37 Method -1: Guard position as home point in negative direction

———]

—

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.

4.5.3.38 Method -2: Guard position as home point in positive direction
[ = 5]

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.

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

[i: ]
.

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.

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

direction
s |
- i
[

27

Index Pulsa

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 Mode

Torque mode is generally used for servo to act as loading.

The process of motion control in torque mode is as follows:

1. Click "Motion" in the main menu, and click "Torque Mode". The interface of motion
control in torque mode shows as in Figure 4-96.

, 2 = ® w5 02000

Figure 4- 96 Interface of motion control in torque mode
2. Set the following parameters:
v' Target torque: the torque output by the motor. (unit: permillage of rated torque)
v" Torque Ramp: The acceleration when the motor starts to output torque. (unit:
permillage of rated torque / second)
3. To enable the servo drive, click "Enable". Servo Enable shows in the interface.
4. To control the motor to move with a positive given torque, click “Forward”, to control
the motor to move with a negative given torque, click “Reverse”.
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4.5.5 Pulse Control Mode

® External wiring of the servo drive
Currently Diamond Plus series is supported only with CANopen communication mode.
You can control it in one of the following pulse modes:
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+ FULSE+
4 Encoder_24- PULSE-
5 Encoder 2B+ SIGN+
B Encoder_2B- 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 debugging for the motor and PID parameters.
Please refer to the relevant debugging manual for details.

3. Open the upper computer, click "Tools" — "Parameter Editor" — "Al, pulse
control parameters”, and set the following parameters:

No. Name Description Set
Value
0x2023 PulseControlEnable Pulse control enable 1
Input resolution:
v Rotary motors: it
corresponds to one rotation
0x2024 InputResolution of the motor. 1000
v' Linear / voice coil motors: it
corresponds to a magnetic
pole pitch.
0x2025 PositionControlLPFFreq | - 0
Selection of pulse control mode:
v" 1. A/B-phase quadrature
0x2026 PulseControlMode pulse control. 1
v' 2: Direction + pulse control
v" 3: not support.

After the above parameters are set and the motor debugging is finished, it can
directly receive the pulse input signal for position control.
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4.5.6 Analog Control Mode

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
: not used
: position control
: velocity control
0x201B Analog control mode : current control

: position feedback
: speed feedback
6: current feedback

DN N N N NN
O A wWN 2O

0x 201C Analog input offset Set according to the initial O drift
0x201D Al 1 input dead-time Default: 0
A1 input low- filt toff
0x201E nputfowrpass e U pefault: 3000
frequency
Unit:  position-cnt/V, speed-rpm/V,
0x201F Al1 control gain current-mA/V.  (Please set it
according to specific control range.)
. Unit: mv (Currently this group is used
0x2413 Al1 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 debugging, 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.
iR o o x
A - EA

MBS

BREE  iEEhan0 | HEiEE
Figure 4- 96 Fault Display
After the error is successfully troubleshooted, click "Clear Alarm" in the toolbar.
Debugging can be continued after the system shows no error.
Note: If you have any questions during debugging, please seek technical support. Please
do not arbitrarily modify the parameters, so as to avoid damages to personnel and
property.
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5 Troubleshooting

When an error occurs, the LED on the Diamond Plus servo panel will flash red in rhythm.
After connecting the upper computer software, the error code based on the CiA402
standard will be displayed in the error handling interface.

When the servo alarms, please refer to the following table to check the servo, and solve
the servo error according to the corresponding solution.

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
2. Short circuit at | output wiring are short circuit, whether
Bus periphery. earthing is short circuit, and whether the
u
0x2230 3. Encoder failure. | braking resistor is short circuit.
overcurrent )
4, Internal | 3. Check whether the encoder is
components of the | damaged or the wiring is correct; check
servo are | whether the shielding layer of the
damaged. 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
insulation. o
. and replace it if necessary;
5. Failure of ) i
5. Repair or replace the drive.
U-phase current
detecting circuit.
1. V-phase output
is short circuit; .
, 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 . . i
) . 4. Measure the motor insulation, repair
insulation. o
, and replace it if necessary.
5. Failure of ) .
5. Repair or replace the drive.
V-phase current

detecting circuit.
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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
2. Short circuit at | output wiring are short circuit, whether
periphery. earthing is short circuit, and whether the
Hardware . . . . -
0x2320 o 3. Encoder failure. | braking resistor is short circuit.
short circuit .
4, Internal | 3. Check whether the encoder s
components of the | damaged or the wiring is correct; check
servo are | whether the shielding layer of the
damaged. 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 | 1. Check the power circuit.
of DC bus. 2. Check the DC bus insulation.
Servo 3. High load. 3. Lower the load.
0x3220 4. Poor insulation | 4. Check the drive cable.
undervoltage . . .
of the driver cable. | 5. Repair or replace the drive.
5. Failure of DC | 6. Repair or replace the basic power
bus undervoltage | module.
detecting circuit.
6. Basic power
modaule failure.
1. Insufficient 1. Reduce the start-stop frequency;
capacity of brake | increase the acceleration/deceleration
circuit. time constant; lower the load inertia;
0x3210 Servo 2. Insufficient | increase the drive and motor capacity.
X
overvoltage | capacity of braking | 2. Increase the power of the braking
resistor. resistor.
3. Basic power | 3. Repair or replace the basic power
module failure module;
) ) 1. Lower the ambient temperature and
1. High ambient o
strengthen  ventilation  and heat
temperature. C
) dissipation.
Ambient 2. Abnormal . .
) 2. Check the cooling fan speed and air
0x4110 | temperature | cooling system.

overheating

3. Temperature
detecting
failure.

circuit

volume. If they are abnormal, replace the
fan with the same model.

3. Check whether the servo cooling
channel is blocked by foreign objects.
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Error
Name Cause Solution
Code
1. Low ambient )
) 1. Check whether the ambient
Ambient temperature. temperature is oo lo
ure i W,
0x4120 | temperature | 2. Temperature P
. . .. | 2. Check the value of parameter
underheating | detecting circuit . ]
i minimum ambient temperature.
failure.
) ) 1. Lower the ambient temperature and
1. High  ambient I
strengthen  ventilation  and heat
temperature. C
dissipation.
Power 2. Abnormal . .
) 2. Check the cooling fan speed and air
0x4310 module cooling system.
] volume. If they are abnormal, replace the
overheating | 3. Temperature .
detectin circuit fan with the same model.
i ircui
failure g 3. Check whether the servo cooling
ilure.
channel 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
1. Motor run away. | damaged or the wiring is correct; check
Exceed 2. Wrong encoder | whether the shielding layer of the
X
i parameters. encoder cable is well grounded, and
0x8482 maximum ) . .
3. Encoder failure | whether there is strong interference near
speed .
4. Instruction error | the cable.
5. Load mutation 4. Check the position / speed / torque
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 2. The gain does | 2. Adjust the servo gain again.

tracking error

not match.

3. Large external
load fluctuations or
interference.

3. Increase anti-interference measures.
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Error

Code Name Cause Solution
1. The encoder
wiring is wrong or
the connector is in
Large poor contact. 1. Check the encoder wiring;
0x8611 position 2. The gain does | 2. Adjust the servo gain again.
deviation not match. 3. Increase anti-interference measures.
3. Large external
load fluctuations or
interference.
1. Wrong encoder
parameters.
2. Encoder cable
failure. 1. Check the settings of encoder
Encoder 3. The encoder | parameters.
0x7380 | connection | cable is not | 2. Check the line sequence of encoder
error connected. cable.
4. The internal | 3. Connect the encoder cable.
components of the
servo are
damaged.
Encoder Power off and restart the servo. If the
) Internal  encoder
0x7383 multi-turn fault cannot be cleared, replace the
info error error. encoder.
Power off and restart the servo. If the
Encoder Internal  encoder
0x7385 fault cannot be cleared, replace the
count error | error.
encoder.
Encoder Clear the encoder multi-turn value,
0x7389 count Internal  encoder | power off and restart the servo. If the
overflow error. fault cannot be cleared, replace the
error encoder.
1. Check the settings of encoder
parameters.
Encoder 1. Wrong encoder | 2. Check whether the encoder is
0x738A communicati | parameters. damaged or the wiring is correct; check
on CRC 2. Encoder cable | whether the shielding layer of the
error failure. encoder cable is well grounded, and
whether there is strong interference near
the cable.
Encoder Power off and restart the servo. If the
o Internal  encoder
0x738B delimiter orror. fault cannot be cleared, replace the
error encoder.
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Error Name Cause Solution
Code
0x3221 PWM drive | PWM drive +15 V | Check whether the control power +24V
abnormal undervoltage. is connected properly.
Given position or | 1.Check the setting of limit position.
0x8612 Exceed actual position | 2.Check the settings of given position.
position limit | exceeds position | 3.Check whether the limit switch is
limit. triggered.
1. Test again after the motor has cooled
The working | down.
O0x7384 Encoder temperature of the | 2. Improve  the heat dissipation
overheating | encoder exceeds | conditions and check whether the motor
95°C. overheats during running.
3. Internal encoder error.
There is a zero
value in the set
Wrong value of the profile | 1. Make sure the set speed is not zero.
0x6280 ) track, which | 2. Make sure the set acceleration is not
profile value
makes the | zero.
planned track
unsuccessful.
The  termination
speed is greater
Termination | than  the  profile 1. The set termination speed must be
0x6281 speed speed, which ]
) less than or equal to the profile speed.
setting error | makes the
planned track
unsuccessful.
The target position
Termination | is too close to the o
. 1. Check whether the set termination
0x6282 speed current position to i
. speed is too large.
setting error | reach the
termination speed.
When the
minimum /
maximum 1. Set the minimum value greater than
software limit  is | the maximum when the minimum /
Software not set to 0, the | maximum software limit is not set to O.
0x6283 | limit setting | minimum value is | 2. Check whether the maximum value is
error greater than or | too large.
equal to the | 3. Check whether the minimum value is
maximum  value; | too small.
or exceed the
position limit.
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Error
Name Cause Solution
Code
When the
minimum /
maximum position .
o ) 1. Set the minimum value greater than
Wron fimit s not set to the maximum when the minimum /
ximum w inimu
0x6284 N g .10, the minimum . T
position limit ) maximum 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
0x6285 planned curve type is not )
(Linear ramp)
curve type | supported.
Wrong The set planned
. 1. Set the planned curve type to 0
0x6286 planned curve type is not ) o
(Linear ramp) or 3 (Jerk-limited ramp).
curve 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
0x6288 homing was accidentally . )
, suitable homing method.
method triggered.
Wrong The set homing 1. Start homing again after setting a
i i i i
0x6289 homing method is not ) ) 9 a9 9
suitable homing method.
method supported.
Homing The zero point | 1.Check the lower limit switch or the
0x628B process was not found | origin switch.
timed out during homing. 2.Set a suitable homing method.
Initial speed
P When the planned
not zero . . .
hen curve type is | 1. Make sure the motor is still before
w
0x628C lannin Jerk-limited ramp, | enabling the curve planning of the
i
P ) .g the initial speed is | Jerk-limited ramp.
Jerk-limited
not zero.
ramp
Execution The settings of
time of | position, speed, or . i
0x6180 . Reset position, speed, acceleration and
planned acceleration / )
, deceleration.
curve less | deceleration are
than 0 incorrect.

93




Diamond Plus Series Servo Drive User Guide

5 Troubleshooting

Error
Name Cause Solution
Code
Stop speed
0x6181 PSP Stop speed is not
greater than Set stop speed to 0.
i setto 0
initial speed
Position,
speed, .
P i The position,
acceleration
speed,
and .
. acceleration and .
0x6182 | deceleration . Reset the target position, speed,
deceleration are ) )
not set for acceleration and deceleration.
] not set for
continuous . .
) continuous motion
motion of ) )
. of multiple points
multiple
points
Internal state .
. Jump exception of
0x6184 | transition i ) )
.| the internal | Execute homing again.
error in i
. homing state.
homing
The motor
temperature is
detected by the
external
temperature 1. High load.
sensor and then | 2. Lack of phase.
Motor connected to the | 3. Fault related to  motor machinery,
0x7124

overtheating

servo through the
DI port, and its
upper
determined by the
external
temperature
sensor.

limit is

including lack of lubricating grease,
improper assembly of bearings and end

caps, eccentricity of inner holes, etc.
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Error
Name Cause Solution
Code
Lack of UVW phases have .
0x3130 . Check the wiring of UVW phases.
phase open circuit.
Bus
0x8700 Sync error | synchronization Restart the servo.
error.
Hall  signal is .
0x738C Hall error ) Check the wring of Hall.
disconnected.
The target speed
Wrong target | | ) o Check the value of 0x6081 and make
0x6551 is 0 in position o
speed sure it is not 0.
control.
Wrong
acceleration | The track planning
and is unsuccessful ) )
) . Make sure acceleration or deceleration
0x6552 | deceleration | when acceleration is not 0
i i
in  position | and deceleration is
and velocity | setto 0.
control
Wrong s
L The position track
position track . L
0x6553 . planning is set to | Make sure the set period is not 0.
planning 0
period ’
Z Ise 1. Check the scale installation or
o et't'oflu The difference of Acourac ! !
iti u .
0x7320 p” ] adjacent Z pulses y .
positioning 2. Check the Z pulse positioning
. exceeds 0x2001. o
position error deviation.
1. Check whether the motion control
mode 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
0x8620 | enable auto | automatic or 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.
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Error
Name Cause Solution
Code
Planned
deceleration | The planned
or quick stop | deceleration or ) )
. . Check the deceleration or quick stop
0x6542 | deceleration | quick stop ) .
. o deceleration and make sure it is not 0.
in the | deceleration in the
position position mode is 0.
mode is 0
Planned
deceleration | The planned
or quick stop | deceleration or ) )
. . Check the deceleration or quick stop
0x6572 | deceleration | quick stop ) .
. o deceleration and make sure it is not 0.
in the | deceleration in the
position position mode is 0.
mode is 0
DI external input
DI external . , . -
0x9100 | . condition triggers | Check the external input conditions.
input alarm
an alarm.
1. Adjust limiter protection peak current.
12T 2. Adjust limiter protection peak current
. Exceed the 2T )
0x8900 protection setting threshold duration.
i
alarm g Note: The alarm takes effect when
0x2017 bit1 is set to 1.
Operation is ) )
. Enable operation after If Hall s
Alarm of no | enabled without i o )
0x8901 . . . connected and angle identification is
calibration | performing angle | _ .
. s finished.
identification.
Position
Wrong encoder
feedback . .
. . wiring. Abnormal | Check the encoder wiring.
0xB0O10 | jitter during .
anale load or external | Check the load or external disturbance.
. 9 s disturbance.
identification
Parameter
settings such as
Rotor not | current are
0xB020 moving incorrect. Set appropriate parameter values.
during angle | High load. Check device, load and wiring.
identification | The machine is

stuck, or the wiring
is wrong.

96




Diamond Plus Series Servo Drive User Guide

5 Troubleshooting

Error

Name Cause Solution
Code
Large setting of
. current. .
Large action . . Set appropriate parameter values.
Fault, including , .
0xB030 | of angle . Check device, load and wiring (phase
) o device, load,
identification . sequence).
wiring (phase
sequence), etc.
Andle Check the upper computer software, M3
i g o Software and C28.
0xB040 | identification ) )
timed out exception Check each parameter setting.
i u
Check device, load and wiring.
Wrong encoder
wiring.
High load or
Motor hardly | _ .~
rotates friction.
) Problem with | Check the encoder wiring.
0xB102 | during phase . .
current loop | Increase commutation current ratio 1.
sequence ) .
i 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. wring )
Make sure 0x2103 is set to 0.
abnormal Wrong Hall mode.
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6 Debugging Software ISMC

Stone Motion Control (ISMC) is a servo debugging 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 Debugging 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 SMC 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.

| g Stone Motion Contral V1.00 InstailShield Wizard ®
¥4 A stone Motion Control V1.00

_ Instalishield Wizard
L Instalishietd(R) Wizard IBEITIEAYIH I e

Motion Contrl V1.00 o BYR, BBE T—%

Stone
"o

BE: THEFERTLOENERENRR.

Figure 6-1 SMC installation wizard
3. Click "Next". The agreement dialog box pops up, as shown in Figure 6-2.

l_@ Stone Motion Control V1,00 InstaliShield Wizard x
| T BN
i A TR AT L)

[
To add your ovn icense text to this Galog, speafy your kcense agreement file in the Dalog
itor,

Mavgate to the User Tnterface vew.

. Select the LicenseAgreenvent disiog

. Choose to edit the dialog layout.

M. Once in the Dislog edior, select the Memo SaolableText conbrol.

|5 St FileName to the name of your lesms agrecment RTF fic, r

1
2.
3

after you buld your felase, your heerse text vl be daplaved in the Licsmss Agresment dalog. |

) H A PIUE D R AR A FIENE)
O BT FTaE i e E SR )

= 0 L

Figure 6- 2 Installation agreement
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4. Select “l Agree”, click "Next" and enter the user information, as shown in Figure 6-3.
ﬁ Stone Motion Contrel V1,00 InstallShield Wizard x
APER
i RIS E .
mANEL: |
[damd
B
=
<k-#® L
Figure 6-3 User information
5. 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 *
e
MEREAROEEM TR
B EE.
e
ﬁ BERFANE RS- (BEEETER,) -
O BEXE
@ AR ERRREE RS . B
Iretaishekd
<% [T—fw> wa
Figure 6-4 Setup type
6. 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.

4 Srone Mation Contral Y1.00 InstallShield Wizard

FAEHS Stone Motion Control V1.00
EEEF Rl mm-

&

BELEE.

ETESIETS
(-]

Instalishieid Wzard TETESEE Stone Molion Contral V100 » TRHAE~ 38

L Ry T

=

| m#E |

Figure 6-5 Installing
7.

After setup, check the shortcut of SMC software by accessing "Desktop” — "Start"
—"All Programs" on your computer, as shown in Figure 6-6.

. Stone Motion Control v1.00

Stone Motion Control

3

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.

;_j FHERIINZ S RS INAHER =
0 sapnssrmes,

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

AT |
N

FETn

Figure 6-8 Windows main menu
3. To open the computer management, click "Manage":

i
e i
Lok 3 gt s | |

L ’

P
& Flien
& EEETRER
- m
wEEEn
| BECAF

Figure 6-9 Computer management window
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Select "Device Manager" — “Others”, and find the unrecognized device Virtual

COM Port.

| ] P oy

@ we i
1 Bucioos Teemai
G -
g IDE ATAJATAR 983 LLe—ug s T
o T

4.

Figure 6-10 Device manager

Right click “Virtual COM Port”, and select "Update Driver Software".

g ——]
T -
& REET -4 z«' (23
<1 AGI } Slugionth TAEEEE e

O I 4 DE ATA/TAN 85 R =

LR . EERm "

o E¥TS
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= 28wl
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& BnadE
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" ErenE
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Figure 6-11 Update driver software

6. Select "Browse my computer for driver software".
w =
) L TR - Vil COM Pop o
- —

AR AT

+ EANERNRIRTEAEETIHS)
Windows SRS BN Internet _FERRM T HR S SOETETE AT

FrEEedesRTRNEnes,

+ A MR EITHR)
F e = AR R,

Figure 6-12 Find driver software
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7. Click “Browse", find and select the driver folder “windows_drivers” in the SMC

installation directory.

Default path: C:\Program Files(x86)\SMC\Files\windows_drivers.
[

&3 L EFHAmTEE - 11 USS serisl port [COM3)

SIS S CHREEE T

fo M s e

I AP yogram File s WBEHG SO Flaawimd v shive - T
S mEETIE

* M ;_-rg*nn?ns-ﬁw FRE R PEEEL

TEREnEETR, LR SneErTR-RETE

[=li=
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.

r 3 T —
Jam - s 5 Fil
£ EREREATE il (OM dort } .

I v " _i A
0 EsimaER I
|}
)
]

& BT EEmERTET
& SRR, LR IR

v SFFEasy.

Figure 6-14 Security warning pop-up
9. Finish driver installation.

. =
) L BeMziEmie - T1USE serial part (COM3) -
Windows B3 BTk @S il S ir I iF
Windows PSSkt SRR
- TIUSE seral port
-
e

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

W

e
WL SnE W uE

ST AL B v [E21) 5. 40E - M. foam et

Figure 6-16 Firmware upgrade

2. 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, SMC 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.

4. For the first time, please flash M3-APP.bin first, and then flash C28-APP.bin.
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7 Communication

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

7.1 CANopen Communication

7.1.1 CANopen 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).

7.1.1.1 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)

0xA000-0xFFFF

Reserved

7.1.1.2 CANopen Communication Object

7.1.1.2.1 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 itself. Network management objects include Boot-up
messages, Heartbeat protocols and NMT messages. Based on the master-slave
communication mode, 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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1. 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

CcoB-ID RTR
0 1

0x000 0 Command word Node_ID

COB-ID is fixed to "0X000".
The data consists of two bytes:
e Command word: indicating the control function of the frame, as shown in Table 7-3.
CANopen node address: when Data1 is 0, this message is broadcast to all slaves in
the network.
Table 7-3 Command word of NMT Module ControINMT message

Command L.
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 2000y, to 9FFF, are set to the power-on or default values.
* Reset communication: the parameters of the communication profile (Index range
1xxxn) 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
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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.
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-D | RTR | Data
0x700+Node_ID | 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
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7.1.1.2.2 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
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 1] 2 3 4 | 5 | 6 | 7
600h+Node_ID | command index sub-inde data
code X

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 0o |12 3 4 |s5/6]|7
23h data
27h data -

Client 600h+Node_ID index | sub-index
2bh data - -
2fh data | -| - | -

Normal 60h - - - -
Server 580h+Node_ID index | Sub-index
Abnormal 80h abort code

indicates that there is data but it is not considered, it is recommended to write 0
when writing data, the same below.
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Example:
The station number of the slave is 2, the write value of 60FFh-00 in expedited SDO
transfer is 1000, that is O0x3E8, 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:

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 |5|6 |7
Client 600h+Node_ID | 40h | index | sub-index - - - -

43h data
47h data -
Server Normal 580h+Node_ID | 4bh | index | sub-index data - -
4fh 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
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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 12 3 4 (5|6 |7
Client 600h+Node_ID | 40h | index | sub-index | - | - | - | -
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.
Table 7-19 Format of process message

Transfer COB-ID 0 1| 2 3 4 5(6(7
Client 600h+Node ID | 60h - - - - -
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 4 5|6/ 7

Client 600h+Node_ID | 60h/0X70h | index | sub-index |-|-|-]| -
01h/11h data
03h/13h data
05h/15h data

Server normal 580h+Node_ D 07h/17h data
09h/19h data
0Bh/1Bh data
0Dh/1Dh | data
abnormal 80h index | sub-index
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7.1.1.2.3Process 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 modes, 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_ID 1400h 1600h
2 300h+Node_ID 1401h 1601h
RxPDO
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
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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

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 15 | ... 8 7 | 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.
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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.

7.1.1.2.4Emergency (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 5|67

80h+Node_ID error code error register Reserved auxiliary byte

For the definition of error codes and auxiliary bytes, please refer to”.
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7.1.1.3 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 © 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 comn.\unic'ation
Obiect COB-ID(hex) Code param.ete.rs in object
jec dictiona
ry
NMT Network Control 000 0000b )

(Broadcast)
Sync object 080 0001b 0x1005, 0x1006, 0x1007
(broadcast)

EMCY object 080+Node-ID 0001b 0x1014, 0x1015
TPDO1 180+Node-ID 0011b 0x1800
RPDO1 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 | 1110b 0x1016, 0x1017
Control
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7.1.2 CANopen

7.1.2.1 Communication Interface

Pin

Definition

NC

GND

CAN_L

CAN_H

QW |IN|—=

PE

Figure 7-2 Definition of communication interface

7.1.2.2 Communication wiring

%%%\% %

L '

CANopen

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

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

Import EDS file

V!

[ Set servo parameters ]

v

Set CANopen
communication parameters

\i

[ Configure PDO ]

v

[ 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 SMC software.
1. To set the baud rate of CAN communication, modify parameter 0x2004 CAN baud
rate via the SMC 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 SMC software.
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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.

7.1.3 Communication 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.
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:

SaMachine Cental

Va3

T L CAN RS T S
t CANRS ..

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:

EBE

EEFRREELNETTAS FRENTREESmEE. €1

=

4 Logic Comtraller
Ma21
M238
A M241
TM241C24R

Sthnwicar Elactric | 40616
TM2ZAC24TU
Schnwide: Electric | 4061

TMZA1C40R
Schngidar Excrke [ 4081

TM241C40T0

Schineiciar Electric | 40415

TM241CE24R

Schngsdar Esciric | 4081 E
TM241CE24T/U
Sthngidar Excuic | 40818
TM241CE40R
Schngidss Ewciric | 40818
TH241CE4GTU
Schnetdar Bk | 40518
TMZ41CEC24R

T
h258
Mation Cantraller

Figure 7-6 Add a master in SoMachine
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c. Double click “Controller”, and add the app design:

R R

>

n

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

EfF 4EE BE] TW WBI T S | T8 | EC A -
Do v A | B EERE. 5 [ e - - | ramR

EE= ey
= Wl MyController [TH2ALCEC24T/U)

B o1 e npts) E’CD.'M =t
& £ imiitel Cus) BEX
LI Counters {Caunters) A

Lt Pdsn_Ganeraiors (Puss Canerabre)
- (5 cartrdga_s (Carvidga)
18 10 pus 0o bus - THT

COM_Bus (COM b} FR = ﬁl
B Ethemet_1 (Ethernet Netuork] [5§

& el e (5l ine) = Wk
) somachre ietork Mansger stk -
= ¥ el e 3 (st e} CorT

] Mods_Maruage: Modkus Manager) B

o B s rcpentic) = R —
O mmom™ s

90 i R e TR
s T PPy "
=1} i I =8 el Al o8 g2

Figure 7-8 Open Device Library in SoMachine

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

P R W TR MEE g Ed 18 #HO &)
=5 | «s o BB ¥ 8B m-_m‘m@;aw: T o
= By [sysem
' (CriPragrambat EoMachine Softears /4 J0evios)
= et 5 ;
2 o S
W rvcontroller (TH241CEC2AT/U) il —
@ o gna o) &t sEm
i 03 el Sumuts) + (H FHE
LI Courters (Sourters) - nc B swoaims
1L Fulse_Generstors {Fulbe Generators) - P SoftMotodEzh < z = > o -
S o (@ s - = 4| e WEE + Schneider PLC Project o v & EESchoeidsr FIC Project B
I 105z 0 s - T4 = @ mmadd R wEE . @
18] com_pus (combusy - e
B Ethernes_L (Ethemet Retwork) 2 g = it i
= 6 senal Lins_L (seral ine] W e Projact 201812131550 wE
[ scMactine _Hetwork Manager (SoMachine { Pomm | | Stone.eds Y YRR 1 p—
= 0 Serinl Line_ 2 (Serial lie) B s - —
8 Madus Manager (Modus Marager) EE T
— [ 1 A B pei
Tt oH i $TE
N i [ o e LA & &
" i
- - =TI me:‘m —
b 3 L] = = v\‘ :
= work [} - € >
EERINY | Soneeds !
S oT i SERE. ORRR

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”.

Va3

yect* - SoMachine Logic Builder -

it mE HE TE ME i Ml TR E0 A

b.

S| ow b TR KRR e (T Oy wli=vE e E o | BIE s - BEEE -
. [ Eimae o
| [y & Cakopen Perfarmance |
T 37402
=5 st CAN . . " ,
= 1 My (FH2ELCECMTIU} ® FmEeE O EniEn O #EEn O EIRkEw
- @ o1 i Inputs) B
4 O iita Outputs) HEHE: | Sconeder Aecric E
-7 Counters {Caunters) E& I — — J— e
"L. Pulsz_Gererators (Puke Gensrators) ITQ = " =
4l carticge L fcaridge) B X
8 10_fus (10 bus - TM3)
ﬂ COM_Bus {COM bus) O BredFrEmssmn
| B Eternet 1 (Ftherret Network) [ Bt
=8 Serinl_Line_1 (Serial inc) =
(@ SoMachine_hetwork_Manoger (SaMaching { E' E
. e 4 1 FF:  Cahopen Performance
70 e L2 Gk EEH: Screde et
. Madous Mansger (Mochus Manager) e
[ cAN_1{cANcpen bug) WA 10134
. i i
[] (e o s H#E: Cllopen FRFHE. Fo7 T 03 HiE EEER
Fubia-r] |ﬂ-§iﬁi'ﬁ.l’a’ﬂ |t TEH
ERE|HIE = -
E=t o I R e B S & AR R E SN
: CAN_1 ——
e - WA e (NHEDIR. TSRS MR AR S izl

=8|

Figure 7-10 Add CANopen to SoMachine
Right click “CANopen_Performance” to add a slave, select “Stone Motion
Control” as the supplier and "Diamond Plus" as the device name.

test. CAN.project” - SoMachine Logic Builder - V4.3

Ef @ 08 TH HWE oms Bt TE B0 O
E . Rt = - [0t | i | OF & . f| e | LR S - | EERE =
fm v ox|
| E 3 |53Pd’|fz
= B MyControlier [TH241CEC2ATIU} B2l ﬁjﬂ: : o " e
Wbl i ©BIEEE OEARRC ObEe O BHERL
- 4% 00 gt Outouts) R =
4T Counters (Counters) e | stene Motion Contral vl
i Pulse_Generators {Puise Generatora] =8 F -m T —l
| Cartridge_1 {Cartridge) e — P S —
B 10_Bus (10 bus -TM3) I m: Sapphite  stons Mation Cont Revigion Filaversion=1.7, bl I
© [ coM_us (CoM bus) &
[ stremer_1 (Sthemet Network] [ ErefhrCrEmo
= W Ceridl_Line_1 (Serial ine) [ Tt
i 4 sokachine_Tebvork_Manager (SoMachine- -
=¥ Serial Line_ 2 (Serialing) SE" =
1k Il Pt N s kg MER:  Stone Moton Conbal
= [ can_1{cannoen bus) | -

! CAN _Perform (CN-‘iwunP 2 ¥ : RevBon— 15700000001, Fleversion=1.7, Ale=5tone.eds
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[ Emo i i W Shstone sdsFEA
8 it (4 GRERE (o TEH
oo can oo EEREEERREDaESH
ral =R TE @ capEnTRL TSRS SRR AT 4 B

| s ||| S

Figure 7-11 Add CANopen slave to SoMachine
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5. Configure CANopen for master and slave
a. Setthe CAN baud rate of the master to 1 M/s.
The default baud rate of the servo is 1 M/s.

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.
¥t R OHE IR RE 4 Bf IR FO EmH

& | dh 4L B - 7| i | 08 | | E [ e - | EEEE
&%N - l}l X | _‘lj SaDDFre [_‘_ﬂ éﬁ“uDenJ’_e;l{:rmance L‘H CAN_1 x|
CANbus
{# o1 Digital Tnputs) el e e c n "
it [l 1000000 ~

S Siraim s s ] | open

i1 Counters {Counters) P P 2 :

-1 Puls=_Generators {Fulse Generators) e o=l

(7 carmidge_1 (Cartidge)

B2 10_5us (IC bus -TM3)
(@ coM_sus (oM bus)
i Ethernet_1 {Ethemet Nebwork)
= ¥ Serial_Line_1 (Seriallire)

L GIFAFERETTR FALE SO0 DTM 30 NMT Thid]

2 I__|3 SaMachire_Metwork_Marager (SoMachine-h
= W Serial_Line_32 (Serial lire)
[ Modbus_Manager (Machus Manager)
| = |2 caN_L (CANopen bus) I 1
= || CAMopzn_Performarce (CAMopen Performa
[__[‘j Sapphire (Sapohre) LY

~

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.

test CAN.project” - SoMachine Logic Bulkder - V4.3

o e HIE TE $GE EH O Ed IE ER Bl

= = SRR - | T8 08 2 - | R -

| sapphwe x| [J  Caopen_Performance @ can
| L | CeNoreniTETH FoOEA HEMFDOME  XEeooBE BEHIERIS coveperEE comepmn OMA hT ER

% o1 (Digital trputs) T=ln S “
5 oo Digital utputs) S0iRiE (EHELL CAN: pen

L Ceunters {Counters) EHEFEE 2 A

Tl Pulse_Generators (Pulse Generators) [ filrsasno mET

[ Cartridge _1 (Cartricor) B -

BB 10_Bus ([0 bus - TMT) L mmEsse s

[ cot_Fus (oo bus) Tial#e Feartbent
8 Etherret_t {Ethermet hetwork) Ef=SGRR A Ereartheatt =
= %P serial_Line_1 (Serial ine) ERE (med 1 200 &
12 sorvachine_Metwork_Manager (soMachne s
= A Senial_Line_2 (Serial ine)
[ Mochis_Maneger Modbus Mensger)

¥ Heartbeatif (EHEYL
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= COBID: SHODEID+ 16750 COBD Hex); 6% L0 B
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| ETEiERkk
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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 SMC 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.
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Table 7-29 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

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

6. Configure PDO mapping and SDO

Here takes position mode as an example, for details, please refer to "Stone Servo
Drive CANopen Application Manual”. In the position mode, PDO configuration is as

follows.
Table 7-30 PDO configuration in position mode
PDO Object Meaning Bit length
6040h-00h Control word 16
RPDO1 6060h-00h Control mode 8
607Ah-00h Target position 32
RPDO2 6081h-00h Planned speed 32
6041h-00h Status word 16
TPDO1 6061h-00h Control mode 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 [ caopen Performance [ cani |
.

| CANopenimAZiE PPOMMA | fUMbPDORUN SrEPDORRSY FRSHHAENS CANopenERE CANopenOBEST IS 158
BEFE{EUZPDO (RPDTT—— 3B PEPDO (TPDO)
£ B3| FE3  tkm =0 | FEI ke
iw! Receive PDO 1 Para 1681400 |y Transmit PDO 1 Par 16#1800
Controlword 166040 16300 16 Statusword 1626041 1600 16
Modes of operation  16%6060 16200 a8 Modes of operation di 1686061  16&00 8
Targetposition 16%607A 1600 32 Position actual value 16£6064 16%00 32
lv! Receive PDO 2 Para 1681401 | Transmit PDO 2 Par 16#1801
Profilevelocity 16%6081 16%00 32 Velocity actual value 16#606C  16%00 3
"] Receive PDO 3 Para 1681402 Current actual value 16#6078 16#00 16
Target torque 166071 16#00 16 [ Transmit PDO 3 Par 16#1802
["| Receive PDO 4 Para 16&1403 Maximal following err  16%6065 16%00 32
Frofile acceleration 16£6083 16#00 32 [ ] Transmit PDO 4 Par 16#1803
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
mode.
| [ sapphive x5 POU_ | [ CAN1 | [ CANopenPerfomence | MAST | ) MyCortroler | v 15w

| cANopeniBiRE PoORRAT JRUTPOOMAA wifeooHRit FMRFSMMER{S CANopenEIE CANopenIOBHS] AT RBE

£ =3l F=3  GEE

e

Controlword LEZA040 1600 16

Modes of operation LBFE060 16500 ]
Targetposition LRER0TA 16£00 32 1
= Recelve PDO 2 Parameter leF1401 1600 |
; Profilevelority ey
# Receive PDO 3 Parameter | ]
i3
+- Receive PDO 4 Parameter COB-ID: [1e#a01 S e
oy
) HAiEl(x 100ms): D
fefizal S -~ L EME T (e 259) "l
Rl 8 [t |
{ - o
SEAIPDO... SRS \ _ . :
| EHEE Lns): a ¥

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 mode.
CANopen I POOMMST flRPoORtSS EFEPDOBAY PRSHMERIS CMopenMRE  CMlopenLOMSE i EH |

=7 =5] FTE31 {ricEE
— S
- Transmit PDO 1 Paramater 16#1800 16#00 1
i Statusword 1626041 16200 15
- Modes of operation display | 16%6061 1600 8
o Position actialualue PROEE o >
% Transmit PDO 2 Parameter i . =
+ Transmit PDO 3 Parameter COE-ID: Lol = KR BE I
- Transmit FOO 4 Parameter I
Wi L
) FRE G 1000s): I = L
iz BN - REERHEE Tyre 255) v
I |E_|£ EType [ :
SiE gk . BE (Tvwpe 1-240 L
Az £ —g:l:lﬁRTR(rype 252]
o =
EHIE] G 1ms): i
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Figure 7-16 Add TPDO mapping
b. Configure SDO data: use SDO to configure acceleration 6083h and deceleration
in position mode.
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©o 23 | 16#1A00:16%03 | Set Mapping 16#60640020 |32 ] ||
30 Set number of pdos O O
i 31 Set an ble COB-ID O e
32 Disable PDO O O
- 33 Set transmissiontype O O
34 Clear pdo mapping O O
35 Set Mapping O O
35 Set Mapping O O
37 Set number of pdos O =
38 Set and enable COB-ID O [

39 Dizahle PDO O e
41 Disable PDO O O G
< 2 >
] = g2 || W R .
g SDOFEAT (ms) : 1000 :

Figure 7-17 Add SDO (1)
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NiogERTREER
=5l FE5| £ piEEEE R BE 7~
+ 16460 7E Fosition range limit
1646070 16400 Home offset Y DIKT o
+ 1646070 Software position limit
16$607E : 16400 Folarity Y USIHT a
16460 7F : 16400 Maximal profile velooityw W UDIHT i}
i 16#6050 : 16400 Max motor speed EH VUDIHT 1]
1646051 ; 16400 Frofile velocity W UDIHT i}
16#6053 : 16400 Frofile acceleration BN VDIHT o
o 16#E084: 16400 Profile deceleration Y UDINT 0
16H60E5 : LE#00 Quick stop deceleration = i UDIHT i}
- 16#6086 16400 Motion profile type = W INT 0
164#6057 : 16400 Torque =lope B UDINT o
1646033 : 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
_%Ll_ﬁﬁ@;_l__ﬁﬂﬂﬂ Moceleraion notation index ¥ SINT i} G
=4 Frofile acceleration | 2
=3 Lo B3 freE: 2 4 = HTE
FE:3: 168 D 18: ||1uououl || —

7.
a.

Create a POU program
Under the application device tree, select “Application”, add a POU program,

Figure 7-18 Add SDO (2)

select the program language, and click “Add”.
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Figure 7-19 Create a POU

124



Diamond Plus Series Servo Drive User Guide 7 Communication

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 @ 0E IR WE A4 Bl I8 &0 amh

Slv o HB oo B AR R - (% [ = | MY 2% - AR e
ERERE - & x| Froux
[ ! | ProGam EoD
= il e
=5 et b = 3 Tz TINT;
=¥ Application (MyControlier: TM241CEC24T/U) Hode_sez:SINT:
1 Vel Set:UDINT;
@ o =
Fos_Ser:DINT;
:
= EREE ! Starudord:UINT;
= i masT :
8] rou 3 i
P = 1L EosPodwRay]:
= ?E! 12 ActCurt :TINT;
END VAR I
= &
< ¥
1 - -
e o . Ld
T |48 GREE g 135 < s

Figure 7-20 Write POU program
c. Double click "Master", and set the program cycle.
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Figure 7-21 Set program cycle
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d. Double click "Master", and add a POU call.

LTINS

HEEE %3

EF - EFF Esic) Wi

=4} application A AR
‘| E1|pou | H’-‘:‘C‘G‘RAMI
:

ZHEARE
MErRZHED i EEW) AN e = Tk ]
O

PROGRAM FOU

5
i nH

Figure 7-22 Add a POU call
8. Link CANopen I/O mapping to POU variable.

a. Select "Diamond Plus", click "CANopen 1/0 Mapping", and link POU variables

to PDO parameters.
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| | canepeimBRE POOBMST FAFOOIM REPOCIAS BRI CaNeerE [ Conn O | 4eE 2
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Figure 7-23 CANopen I/0 Mapping
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I_ ,ﬁ Sapphire x:' % POU
| CANopeniTiZiRE PDORLST fEUFPDORLST HIXPDOBST FRSHIHEIIS CANopenEIE CAMopen I/ORMH fizr {28

2| 37|

b. Link all variables in turn.
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Figure 7-24 Link POU variables to PDO parameters

Log in and do debugging

£
a. Click the login button % or press "Alt” and “F8" to log in PLC.

dialog box pops up as shown in 7-25.

The following
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TEFIEEET, B
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!\ EIMAR SR

BL:H

IIREEEETIZEIET 15 “ALF" -

%ﬁﬁﬁﬁﬁ%ﬁ g%ﬁ%gg%ﬁoﬁﬁﬁﬁﬁﬁﬁto TR,
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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 5 TM241CEC24T_U @0080F40CDE1C'7

E0 (M)

Figure 7-26 Confirm PLC login

1SoMachine Logic Builder e

@ E’%_?Eﬁﬂh [z P32 Application MR H: BEHITTHASRERARER

= EEEROD..

s T -

Figure 7-27 Confirm program download
c. Start PLC.
- N B e |0 0B S - | 1 .
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= | H(N) |

Figure 7-28 Start PLC
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d. Do debugging
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 mode to "1", the target position to 100000 cnt, the planned speed to

1000000cnt/s, and the control word to 0x06 -> 0x07 -> Ox4F -> Ox5F.
M test tnproject™ - SoMachine Logic Builder - ¥4.3
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Figure 7-29 Program debugging
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7.2 EtherCAT Communication
7.2.1 Principle

7.2.1.1 CoE reference model

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

Servo application

CANopen service (CoE)
| Object dictionary ‘
EtherCAT i 22 )
State Application layer
Mackine Service data object PDO mapping (CANopen DS402)
| (SDOy
- ———
X B = T
[ Regsters | Mailbox | | Pracess data |
r r =
| FMMU 2 | FMMUO | EMMU 1 Data link [ayer
lErd s 1 I; (EtherCA’
[syacMan 0] [Synchan 1] [SyacMan 2] [SymcMan3) | 50 B

EtherCAT data link layer —_—
[ 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.

7.2.1.2 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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7.2.1.3 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 | 4]

Pre-Operational Boot

% l F 3

‘ 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

Boot

Firmware update.
Drive can transit to Init state.

Init

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

Init->Pre-OP

L AR 2R 2K 2R 2

The master configures the link address and SM channel to
start mailbox communication.

The master initializes DC clock synchronization.

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.

Pre-OP

Mailbox communication is activated.
Unable to communicate with PDO.

Pre-OP->Safe-OP

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

*

L 2R 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.

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.

Safe-OP

*

The slave application will transfer the actual input data and
will not respond to the output.
Output is set to "safe state".

Safe-OP->0OP

The master sends valid output data.
The master requests a transition to the Op state.

OoP

L 2R 2R 2% 2K 4

Mailbox communication is available.
PDO communication is available.

7.2.1.4 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 1st Receive PDO Data type -
0x00 Number of mapped objects UINTS8 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 Modes 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 UINTS8 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 UINTS8 12
0x01 Mapped object 1 UINT 16 0x6041 Statusword
0x02 Mapped object 2 UINT32 |0x6064 Position actual value
0x03 0x 606C Velocity actual
Mapped object 3 UINT32 value
0x04 Mapped object 4 UINT 16 | Ox 6077 Torque actual value
0x05 Mapped object 5 UINT 8 0x 6061 Modes of operation
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(sub) index Name Object Type Default
display
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
0x1A01 2 stReceive PDO Data type -
0x00 Number of mapped objects UINTS8 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

7.2.2.1 Communication Interface

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

4 RX- Receive Input
data-

5 PE Shield -

Figure 7-32 Definition of EtherCAT communication interface

7.2.2.2 Communication Wiring

BECKHOFF
8010
W«
. S [T
| .l(fﬂ
.
0
I L
‘ nn
:E s
EtherCAT ==
2 EtherCAT ™

Figure 7-33 Communication wiring
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7.2.2.3 Software Settings

1. Configure the motor parameters, and make sure that the servo motor can be
operated normally with the SMC 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.
v' 1: specially support the 6061 state machine of Omron PLC.
3. 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 mode in the CSP mode. 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.

2. 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.

2. Place the configuration file
Place file Stone_E XML.xml under the TwinCAT directory as follows:

T » A+ Windows (C o TwinCAT + 31 Config » lo » EtherCAT
il =1

| Beckhoff EPP2a
| Beckhoff ERP3ex
Beckhoff EPPdo
| Beckhaff ERPS00
| Beckhoff EPPGio
Beckhoff EPPTom
Backhaff EQle
| Backhoff EQ2mac
Beckheff EQ3woo
" Beckhoff ER Txx
|| Beckhoff ERZwo:
_| Beckhoff ER3mec:
Beckhoff ERdxx
| Beckhoff ER 5w
| Beckhoff ERfuo
Beckhoff ER Voo
Beckhoff ERbxx
" Beckhoff EtherCAT EvaBoard
__ Beckhoff EtherCAT Terminals
Beckhoff FETXXX
| Beckhoff Foons
| Beckhotf IlpopcB110 s
. — | Stone -E XML 343PC)

Figure 7-34 Directory of file Stone_E XML.xml
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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 Test- M visual Studio
FALE EDIT MIEW PROJECT BUILD DEBUG  TWINCAT PIC  TOOLWS SCOPE  WINDOW  HELP

B=art u | @ = - b Attach... * |Relesse - || TwinCAT RT (x86)

E I 0 S| T W =
2

«Locals

Solution Exolorer
| e-g &=

CX-13D<426 {5.19.212.36.1.1)

7 Solution ‘Test' (1 project]
4 ol Tent

vl sysTEM
@l MoTION — =
il eie Erber Hoat Name /IF: Flgitesh Staus | Bioadcst Search
SAFETY
| Fe Hast Hame: Cotvetind.  Addess At Ml T rnCAT 05 Ymson  Comment
« B o VetuabP-E1053 1927168118 19216617165, 211249 | waiP
Select Adaperis)
i Mappisgs

|¥|DW 1501 Wieeless N WLANHAf NInl 10, 199.164.10 255,255.255. B2
|| TwinCAT-Intel 5CT Ethernst Admpter (Ggabit] 192 168.1 118 255.255.255,0

STCHALL | REE TP ERE | TRV T
L | TSRS AR R HTC2 R

Reute
Ak
TerelBt (ype (I =
B Static & Sratic
I<P&105 Temgeiay Tempiay
@ Hoel Nana P tudckess

Cermeelon Tieaut 15} 5

Figure 7-35 Modify IP address in TwinCAT
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 PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS
e-0|B-o-a | X T892 - | P ALuch. |
B2 @ @7 [<locl
Solution Explorer

@ e-a| & -

Search Solution Explorer (Ctrl+;)

fal Solution "TwinCAT ProjectBl’ (1 project)
4 il TWinCAT Projectsl
b @l syYsTEM
MOTION

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

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.

B TinCAT ProjectB - Micrasoft Visual Studia | Cuick L
FME EDIT NIEW PROIECT BUND DEBUG TWINCAT TWINSAFE DPLC TOOLS SCOPE  WINDOW  HELP
: Bro-%ied|8ao]7-0-|»emad- (Release || TwinCAT RT (x64) - 8% contralWard - &
BB LE [ =5 | : 1 i =
Solution Explorer - 4%
o A General EtherTAT DE ProcessData Startup Cok-Orine Onling
Search Sulution Expicres (Ctrl+ P~
) Solution TwinCAT Projectd0 (1 project) S Wairhloe
4 Gl TwinGaT Projecisn D Bootstrap
v il svsTem s Current State: op
4 [ momon Pee-Dp Sal-Op ”
b [ NC-Task 15AF Requested State; op
e op Clear Error
[ sarETY
3 gf‘; DLL Status
! .
a ¥, Diviees Par & |(,amee.roosn |
= Device 4 (F %
2 P;T;nghr(“n Pare B |No Carrier | Closed |
M image-Info ad
b2 Synelnits
13 Inputs
b B Outputs
» o
5 ._ Ty | File Aczess ouer EtherCAT
| ive 1 (Sapptare - |
b FeedBack process data maFPi_ﬂg Mams Cinlie Type Size  »Add.  InfOut User.. Linked to
: =;‘ﬁf’"“ R Kt g 1 Statimward ¥ 578 UINT 20 8.0 Input O nitatel, nitated
cState
b B InfoDsta #H Position actual.. X 0 DINT Al 410 Input 0 nDatalal o, Inpats .
PR 1 Velosity actual . X 0 DINT 40 450 lnput O nDatain? I, Inputs w
a* NC-Tack 1 S8F - Device d Ethercary 1 | ) Torque actual .. ¥ -3 INT a0 490 Input O rDgtain0] | nDataln...

Figure 7-37 Successfully scan stone servo
Note: When scanning slave, please make sure TwinCat is in Config Mode.
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 SMC software.

RN 7vinCAT ProjectB

S - -
CARCRS-I General EtherCAT DC Process Datz Startup | CoF - Online Binling

Search Solutien Explersr (Cirl+) =
B Sclution TwinCAT Brojectds' (1 project) Update List [[JAuto Update  [F]Single Update  Show Offline Data
4 gl TwinCAT Projecat
bl svsTEM i Advanced.. | 3
4 | MoTIoN . =
b B NC-Task 1 SAF Advanced Settings ®
[ e
|1 zaFeETY - Dictiorary Diclionary
E C++ &
i@ [®i6siie - via 560 inkormations_| 4 ® Device 00
4 %% Deviess (") Offline - from Device Description Maodule OD ivia AcE por
4 5% Devics 4 (FthesCAT)
*2 Image |_
*® image-info Hide Standard Ghjects

b2 SyncUnits Mappable Objects (TePDG) 2 i
b Inputs Backup Objects PR SRR
B Outputs Settings Chjects

o

[ icicats
2 FeadBack process data mapping
b i Refzrence procsss data mapping
b @ WeState
bl InfoData
4 3% Mappings
@) NC-Task 1 SAF - Device 4 (EtherCAT) 1

oy | [l = I
Figure 7-39 Configure SDO in TwinCAT

(1 Offfine - via EDS File
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Read and configure PDO mapping

TwinCAT will automatically read the default PDO configuration of the lower computer
when scanning the XML file of the slave. The default PDO mapping object and
configuration are shown in Figure 7-40.

M o-d &=

i Position actunl value
1 Velocity achual value
1 Torgue actual valus
%1 Mades of operation display

% Controlword

B Torget pozition

B Yeloity offset

& Torgue offset

B Target velocity

I8 Target torque

B Mades of eparation

4 B Reference process data mapging

General EtherCAT DC

& Exglarur [Tl 4 b
4 5 Device 4 [StherCAT) Sync Manager:
-
g8 dmaze <M Size  Typs | Flags
¥ Image-infa
; 0 128 Mbx.
b 2 Synclinits
1 128 Mbxin
3 Ity
b Outputs 2 20 Oup
b 1 infoData 3014 nguts
4 T Drive 1 (Sapphire - £]
4 = FeedBack process data mapping
# Statusword

POO Assigrenent (001 €125

x50t

Dewmload
1006 Acsignment

#rocess Dats Geaemp Cof - Online Orline

POO List:

Indee Size Mame Flags o s
0xfAD0 140 FeedBack process data ma.. 3 0
1At 0 FeadBack test sigral o
01600 200 Reference process data m.. z (]
01601 0.0 RuPderl o

PEO Conteat (el A00):

IRdee Sz Offs Name Tye Diefautt fh...
8041 20 B0 Statusword uINT

GEOB4.. 40 20 Position actual value BINT

DABOEC.. 40 B0 Velody actual valie DiNT

GeE077.. 20 100 Torque achul value INT

Predstined PO Assignmen (nene)

VL A F e G

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):

TwinCAT ProjeciBd « %

R o-& &=

4 "8 Device 4 (EtherCAT)

15 Drive 1 (Sapphire - £)

4 FeedBack process data mapping
* Statuswerd

F Position actual value

# Velocity actual value

#' Torque actual value

Modes of operation display

4 W Reference process data mapping

% Controlword

-

- Target position

p-

Genaral EtharCAT DC

Sync Manager:

~u
3 tmage SM  Size  Type Flags
25 image-info t
0 128 Mbw.
P2 SyncUnits 1 128 Mbsd
[ Inputs )
b W Outputs 2 20 Outp...
. S
-

Process Data  Srartup  Cof - Online  Online

PDO List:
Index  Sze  Mame Flags
Ca1AG0 140  FeedBack process data ma...
A0 00 FeedBack test signal
Ox1600 20,0 Reference process data m..
w1807 00 RxPdol

POO Content iGx1ADDL:

Offs
120

Size MName

1.0

| Index

Ox6051.. Modes of operation display

M su
3 1]
o
2 o
o
Type Default th...
SINT

B Velocity offaet
B Torque ofet e
- Target velocity Dowrload Predefined FDO Assgrmer 3
B Target torque ] s
7| PDO Assignment " "
 Modles of operaion b i “ Load PDO info from device e
b WeState [F1POO Configuratice ", Move B
¥ i InfoData LTS Maliss  Tisa Cima A i S L Bimbiamd 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.

Solution Explorer S TwinCAT Projectdl & %

°-a -
) | ea| s Task

Settings Online
Search Solution Explorer (Curl+) -
&1 Solution TwinCAT Project82' (1 project] Mame: NC-Task 1 SAF Part: 501 =
- LT
4 il TwinCAT Projectd2 S — |0x050€0010 |
b il SVSTEM ject Id:
4 = MoTION [] Auto Pricrity Management Options
4 [B NCTask15AE . =
= Pricrity: 4 = ;
[£1 NC-Task 1 svB A [z Psabls
*® Image Cycle ticks: 4 FH 4000 ms | [ Create symbals
[ Tables
@ Objocts Start tick {modulo): 0 = Include external symbcls
b e Aves =
@ ric [ Separate input update
[ sarETY Ore tich 0
Lg Tt
4 & o [ Warming by exc=eding EA1/0 at task begin
4 " Devices Message bow
b == Device 4 (EtherCAT) -
o0 ings =
4 wi Mappinge . Watchdog Cyclas: L |
g NC-Task 1 SAF - Device 4 (EtherCAT) 1

Figure 7-42 a. Configure NC TASK cycle in TwinCAT
b. 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.

e- »~ ; :
@ o-d = General  Ethes roc:ss Data Startip Cof - Online  Orline

Search Solution Exglorer (Cirl+;) P -

b @ Real-Time - Cperation Mode: |DC—Synchlon V|

B Tasks Sh-Synchron
sfz Routes

i Type System
TeCOM Dhjects
< |& MOTION
b [@ me-Task 1 saF
2l pLC
[T sareTy
@ C++
4 @ yo
4 " Devices
4 B Device 4 (EtherCAT)

59 Image

". Image-info
b 2 SyncUnits
[ Inputs
b B Outputs
P SN InfoData
4 15 Drive 1 {Sapphirs - B}

3 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: |

; DC-Synchron

|
|

[FlEnable

SYNC O

Cycle Time [psh Shift Time (us):
() User Defined + SYNCO Cycle
4000 x0 >
[JBased on Input Reference

[#] Enable SYNC O =
SYNC 1
() Syne Unit Cycle Cycle Time (ps): 40
(®) SYMNC 0 Cycle ix1 v Shift Time [ps)

Enable SYNC 1

[JUse as potential Reference Clock

Sync Unit Cycle (us): | 4000

Il

enla-m|s-
earch Solution Explorer [Ciri+:)
= Routes
Im Typ= System
[ Tecom Objects

Figure 7-44 Set cycle time in TwinCAT
c. Set the following in the NC axis:
»  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,

e  Set the speed of NC control.

Otherwise, an alarm will occur.

General | WC-Encoder
pe

Encoder Evaluation:

Paramet=r Time Compensation Online

+ [E moTion Inwert Encoder Counting Direction FALSE =l E
< ENcTek 1 P — [ | e
j‘: NC-Task 1 5vE Scaling Factor Benominator [default: 10) ™o F
7 Image
S». s Position Bias b0 F mm
1 Tables
[H] Objects Medulo Factor (e.g, 360.0%) 36040 F mm
4 I fones Tolerarice Windew far Modulo Start 80 F mm
Auis T . .
= Encoder Mask (maximum encoder valug] OnFFFFFFEF E
Encoder Sub Mask (absolute range maximum v...  Tx000FFFFF £
¢ W Cutputs Reference Systern INCREMENTAL" LJ E
4 1 Diive Lirmit Switches:
b lnputs
b B Cutputs Soft Position Limit Minimum Monitoring FALSE .:.i E
I Cerl Minirmum Position oo F mm
B Inpurs Solt Position Limit Maximum Manitoring FALSE =| E
b Cutputs
m. BLE Magmum Position 1) F mm

Figure 7-45 Set scaling factor in TwinCAT
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d. To prevent the PLC from reporting a following error, set “Following Error
Calculation” to “Extern”.

COoR g F-
Search Sclution Explorer (Cirl+:;
e Foutes

3 Type System
TeCOM Objacts
4 [ momon
4 8 NC-Task 1 58F
[ MC-Task 1 5vB
'_I

Cijacts
4 B e
4 g Awic 1

I

b L) nputs
b R Outputs

4 7 Dovico 4 (EtherCAT)
2 image

Dutput Settings:
Irvest Miator Polarity. FALSE
2200.0

Feference Velociy

=t Cutput Ratic [0.0... 1.0] K
Pasition and \rel'«;d'w .Snaliro: |
Tarque and Acceleration Scaling:

+

+  Dptional Position Command Cutput Smoothing ..

Dther Settings:
Drive Mode STANDARD'
Drift Compensation [DAC-Offzet 00

Following Errar Caleulation

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”.

TwinCAT ProjectBS &

e ﬁ | ® '.51. | - General NC-Encoder. Farametsr Time Compensation  Online
earch Colutinn Explarer (Cirls | 2 =
s Routes . . Paramste Offline Value inljore Valus =
g Typs System - Encoder Evalustion:
| TerOM Objacts. |zt rdliedatacnl JA
+ Bl Mision b | Invert Encoder Counting Birection =] | e )
4 B NC-Task 1 SAF Scaling Factor Numerstor | nooon F mmyINC
!?: ME-Tack 1 5VE Sealing Factor Denominator (default 1.0) 10 F
.8 | | | s}
Lol i Position Bias o0 Fenm
7 Tables ! ! ik}
Objects Madulo Factor (e 360.0° | 3600 |F mm
4 D hes Talerance Windew for Modulo Start () F mm
iy 2 | |
o Sl Encader Mask (maximum ancader valua) (FFFFRFFE C
b 3] Drive Encoder Sub Mask (absalita range maximur v...| 030007FFFF e
sl Refarence System ‘INCREMENTAL' = E
B ik Limit Switches:
b B Cutputs | t
@ e Soft Position Limit Minimum Manitoring s =l e
Wil sareTy Mirimum Pasition o0 F mm
lill c++ Soft Position Limit Maximum Menitcring FALSE = [
+ @ I I ! e
4 % Davices | Masimum Pasitien |on |F mm
4 S Device d (EtherCAT) +  Filer -
5% image ——

Figure 7-47 Set invert encoder counting direction in TwinCAT

TwinCAT Projectfil . @ X

o w-a|s-- General NC-Drive Parameter Time Compensation
Search Solution Explorer (Cirl4:) P~
fa Routes = d
Ha Type Systam Output Sedtings:
[&] Tecom Dbjects | -
4 B woTion .lmf_erl Mator Polanty
BB NC-Task 1 SAF Reference Velosty 2200.0
?: NC-Task 1 VB at Qutpt Ratic [0 .. 1.0 s
4% image I e T
[ Tables + .Pasmon and Velodity Scaling:
Objects + | Targue and Acceleration Sealing:
4 Em fes ¢ Optionsl Position Command Output Smoothing .
A g Other Setfings
b Enc
Drive Mode ‘STANDARLY
T Crd Drift Compensation [DAC-Offset| 00
= i —
: i~ 'D"f:l Feslicudnia Ervr Calruboan [T
E mc
[30 saFETy
Ci+
—

Figure 7-48 Set invert motor polarity in TwinCAT
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f.  Activate the configuration, control the servo working via the NC debugging
interface, use Online function to simulate the servo working in the running mode
(Make the servo lock the shaft, and click the button to make the servo run).

P e AL
b Tt j‘ Setpeint [nn] /
- 17756 ﬁ-rss/ H b o
HpER j\;}.qfﬂ?lﬂ_’u{g;ncem. = n__cll:;;i tual Ve].sc:ly:.l;nc:i::]] .Seﬁpouﬂ. DEnU-;;
s /-&vmm: 1o, UIJDUDE P H?;u”j 0.;0-'1::- e 0 muo)//— kol
L Stasus (leg ) Status (phys ) Erabling
e R L e e S
- .[‘__.;Kas Tob [IMoving B ﬁin Pos. Bange. [F]Feed By ———————
A i Y Comtroller Er—Factor: [mnisfen] Befarance Velocity: [ELTES]
—\\_w . i 16200 . P pe—
Hirtr & —\é«rw Boszition: EMI'.I| 1;'“8“ Yalocity: Em.l’s]-: -,.,
g — H R i
pegmss | O |j2 H§| -.I:‘;i}.l - g[{
R T3] N\ B
| waEnza | =
B E R B
Figure 7-49 NC debugging interface in TwinCAT
MR E . Current speed
HMEIfAZE: Current position
Hirfiz&: Target position
Hri#EE: Target speed
ALY . Error code
f#fie44l: Enable button
ffifieR4&s: Enable status
2. Reference speed
Hri# . Target speed
21i: Reset
f51k: Stop
Ja 3l Start
P IE [ F5): Fast positive debugging
&3 E A F3): Slow positive debugging
T2 ) M F50: Slow negative debugging
g )2 [/ T3 Fast negative debugging

Hirfiz & : Target position
53K P 3. Control loop P parameter
NC #iffIR%s: NC axis Status

HZ L. Speed rate
FRBEIR % Follow-up error

IBHIbRE

Movement sign
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8. Create a PLC project
a. Create a new PLC project.

W TS

Solution Explorer | a Installed Sort byt | Defauit |t Search Installed Templat=s (Cirl+E) £ - i

- | o-g &= Pl Templazes L Standard PLC Frojace Pl Tampltos Type: Plc Templatss
search Salution Explarer (Tirl+) | - Creates a new TwinCAT PLC project
51 Solution TwinCAT Projectas’ " m Empty PLT Project Flz Templates containing a task and a program.
4 il TwinCAT Projectan
4 @l svsTEM
A License
b @ Real-Time
[ Tasks
= Routes
iin Type System
] TeCoM Dbjects
4 @8 MoTioN
4 B NC-Task 1 5AF
[B1 NC-Task 1 5vB
2% image
[ Tables
B8] Chjects
4 Za does
B Axis 1

L Untitled? Click bere to go onfine and find templates.
SAFETY

i c++ Mame: Urtitlad |

<4 @yo Location: | iU sersigoz\Document=\Visual Studic 2013\Projects\TwinCAT Projecd¥\TwinCAT Project - | Browse. |

e [
Figure 7-50 Create a new PLC project in TwinCAT
b. Set “Cycle ticks” of PLC Task to 4 ms.

Search Solution Explorer (Crrl+3 P

4 1) Real-Tims - Marme: |PleTask Paort: 350

[E /O Idle Task
i B auto start ObjectId[0x02010050
= PlcTask. [ &vto Priarity Management

Cptions
] Disable

=k Rout=s
§: Type System
TCCOM Objects hcla fide |4

Pricrity: 20

[ create symbals

4 = MOTION

4 & Me-Task 1 sAF Start fick (madula): 0 F
[B1 NC-Task 1 SVB .
e [separate input update
1 Tables &
Obyjects
4 e hyes [ wWarning by exceading
bk s Mscsage box
a O rc b [+ Floating point exceptions
4 [ untitedt Watchdog Cycles:
4 Gl Untitled] Project
b [l Exterral Types
b = References
3 DUTs Comment:
i GVLs
b T3 POUs
3 visus
A L5 plTecl (oloTack)

include external symbols

[ watchdog stack

Figure 7-51 Set cycle ticks of PLC task in TwinCAT
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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
steps are as follows:

that are not supported by PDO communication. The

a. Add "Tc2_EtherCAT.lib" in TwinCAT PLC library manager.
Sohtion Explarsr * et -
@ e | A | C
aarch Salution Explorer [Ctri+: i - Enter a string for 2 fulltexs search in all libraries.. = &
7 lmlse A | wibrary Compary £
H o g
e mgh_;'}% % = ControBer
« [ urtitledt iC Databooess
4 g Untitied Project __
b External Types =
'
3 DUTs Backhaff Automation GrbH
v Eevs | Beckhoff utsmasan kK
4 T POUs  Peckoff automation Gk
&) MAIN (PRE) Bkl Automation Gkt
b ;_.: ::::;.becmki Preclooff fufmmaton Gt
{;: Untitied ¥ ke Backhnlf Autamaton GmH
b O urtited |neranes
5 saFeTy
] Chs ..
* P - o
4 = Device 4 [EtherCATI A
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 mode 60980008 as

examples, both of which ha

ve no symbols.

[ e
1 FROGRAM MATH
= 2 WAR

3 sNetId = Tle9.254.110.127.5.1";
4 bkExecute
5 bExe BOOL:=FAL
£ nilawvelddr : UINT :=
% nindex : WORD :=
= niubIndex : BYTE :=03;
E] nindexl D WORD := 1egclos;

10 nSubIndexl : BYTE :=0;

L BError :  BOOL;

1z nErrld : UDINT:

13 fb5doRead FB EcCoESdoRead:

14 fb5doWrite : FB EcCoESdoWrite:

1s statuword: UINT..T

iz Homing mode: INT:= 7;

X7

1s END VAR

Figure 7-53 Add CoeSDO function to program in TwinCAT
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c. Setthe T_AmsNetld of the EtherCAT master.

OIUBON EXpICrar

o S -
al | () General Adaoter EtherCAT Cnline  ©oF - Online
earch Solution Explorer (Tt 4 e
4 [ test Project - |~leuc: [169254 11007 5.1 | P e
b 3 Extermal Types - L
b i References Expart Configuration File,..
Ll DUTs
3 GVLs Syne Unit Assigrment...
4 & POUs
| MAIN (PRG) ——
L3 VISUs B
bl PleTask (FlcTask)
a
2 testr 2 o z
i testame Fra.. Cmd  Addr Len WwC Sync Unit Cycle (. AMlization (. Size / Duw
L test Instance
[ sarETY Mo R 0x00000000 1 4,000
m C++ . 0 LRW 01000000 20 ) <default= 4,000
« Eyo Mo BRD  0x00000:0. 2 1 4.000 620 75 4 7.92
W 0.20
4 8 Device 4 (EtherCAT)

Figure 7-54 Set T_AmsNetld of EtherCAT master in TwinCAT
d. Set the slave's address SlaveAddr.

T General EtherCAT pe Process Data  Startup  CoE - Online  Online  WNC: Online  NC: Fy
brch Solution Explorer (Cirl+;) P~
&1 MAIN [PRG] a Type: |Sapphire EtherCAT Drive |
3 VisUs .
b IH%' PlcTask (PlcTask) Product/Revision: |37|‘158 /1 |
Eﬁ: testime Auto Inc Addr: a
0§ test Instance _
[ SAFETY therCAT Addr: [] Advanced Setings..
i % :i.;+ Igentification o =l
4 ¥ Devices Previous Port: Master
4 7% Device 4 (EtherCAT)
_’.. Image
'8 nage-info
b 2 SyncUnits
b Inputs Name Online Type Size =Add.. InfOut User.. Lin|
bl Outputs # Statusword X 545 UINT 20 380 Input nSt
b @ InfoData F Position ectual.. X 0 DINT 4.0 41.0 Input nDy
4 _J§ Dy ire - £l | Velocity &uaﬂ R i L) DINT 4.0 450 Input nbj

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 mode 0X6098 as 7.

L fbS5doRead

|  (stetId] 776835437 » |:= sNetId[ 56525431 b |,

g nSlavehddr[ 1007 | :=nSlavelddr{ 061 |
nIndex[ 24841 |:=nIndex[ 364 |,

g nSubIndex[ @ | :=nSubIndex 0 |

3 pDatBuf| 168FFFFECEESFATOZ0C |:= ADR({statuword] 5 |,
g chbBuflen[ ¢  |:=SIEZEOF{statuwcrd] 5 |,

E bExecutcREE: =FL15E) ;

g fh5doRead

f|  (sNetId] 776825471 » |:= sNetId] 6825431 » |,

i nSlavehddr[ 9008 | :=nSlavelddr{ 1001 ]

g nInde:=nIn

i nSubIndex] @ | :=nSublndex] 2 |,

3 pDstBuf[ i6#FFFFECEESFATDE0C |4= ADR(statuword] 545 |,

chBuflen] 7  |:=5IZEOFfstatuword] 545 |,
g bExecute|gIEY:=TRUE) ;

Figure 7-56 Trigger read of 0X6041 as 545 in TwinCAT

™
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fbSdoWrite

(sWetId[ 88354711 # |:= sNecId] 78825471 b |
nSlavelkddr 1001 | :=nSlavelhddr] 1001 |,

nIndexu[ 24728 s=nIndex1[ 24738 |,

nSubIndex[ @ | :=nSubIndexl[ & |,

pSrcBuf] i8SFFFFaCAerATORE |:= ADE ({Homing mode[ 7 ),
cbBuflen[ 2  |:=SIZEOF (Homing model 3 ),

fh5doWrite

{sMetId[ 58.254.31 ¥ |:= sNetId] 16825431 » |,
n5lavelkddr] 001 | :=nSlavelhddr{ it |,
nIndex 74728 :=nlndd
nSubIndexf 0 | :=n5% g,
P3rcBuf] 168FFFFPECEBSFATORIE |i= ADR.{H:::idng_mode:l .

cbBufLen[ 2  |:=SIZEOF {Homing mddel T 1},
bExecut=REHER: =TFUE) ;

Figure 7-57 Trigger write of homing mode 0X6098 as 7 in TwinCAT
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7.2.4 Communication with Omron PLC

1.

2,

Connect 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

. mE e 168.250.1
ERR/ALM e

Figure 7-59 Controller status
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.

HEFHMFEEREEIN)
S MR ETE RIS AR EED]

AR IEEL

SEREEAE)
BREHENSN
ST R OHE

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 moEmsEsstaEas X

HErmiEEEN.

£ EET SIS HIEHE.
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 npesTatEgrs s
SailE S EH RS

FMaEEE ST,
Sk ESERESRRENREET AN EN, BRSSIES. NTECIER. RSnBiEENA.

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”.

SEEEAR I EIN)

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 B t 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

TettiSysmac o HHRERE Ttk RN SRS
i - T :
7..' Sapphire - E Rewv:0x000000 S apphire -...

-
7_. I Sapphire - E Rev;0x000000 g &8  2:Sapphire -...

( TREEAERER)
E S RS TR S R T,

Figure 7-64 Apply physical network configuration
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3. 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.

= i
. ,E:i _ Eappbues - E 2er00000001
Ej E«:an € Rew 00000001

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”.

Sepphire « £ Fiew 00000001
Eoo2

7=
'I Sapphive - £ FeviDWI000000

Figure 7-66 Add a motion control axis
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Basic settings of axis

v

AENIEN

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.

ledlid

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 setting

fnnnnnnannannanannAnnn
EES————SSS—SSM——~———“———————~———

-

s ) b
=B I s

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”.

2%, Positive limit switch

2%, Negative limit switch

30. Immediate Stop Input

32. Encoder Phase Z Detection

37. External Latch Input 1 : ]
38. External Latch Input 2 BEZ:E ezl
Figure 7-70 Configure digital input
*  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.
e Set the maximum acceleration.

Figure 7-71 Set the maximum acceleration
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° _Set the maximum torque

s

Figure 7-72 Set the maximum torque
*  Set other settings.

c. Set task cycle to 4 ms (default value)

It should be the same with synchronization cycle of the lower computer.

Figure 7-72 Set task cycle
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ISMC (China)

Addr: Room 0108, Block A, No. 418, Guiping Road, Xuhui District, Shanghai, China
Hotline: 021-64030375

Email: sales@istomemc.com

Web: www.istomemc.com


http://www.istonemc.com/
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