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Preface

Overview

Thank you for choosing INVT industrial Ethernet communication card. This manual
describes the product features, electrical connections, communication, as well as
examples of communication with the PLC. To ensure that you install and operate
the product properly, read this manual and the communication sections in the VFD
operation manual carefully before you use the product.

This manual only describes how to operate the communication card and the related
commands but does not provide details about the PROFINET, EtherCAT, PowerLink,
EtherNet IP, Modbus TCP, and EtherNet UDP protocols. For more information about
the protocols, read the related specialized articles or documentations.

Precautions

The expansion card can be installed and operated only by people who have taken
part in professional training on electrical operation and safety knowledge, obtained
the certification, and been familiar with all steps and requirements for installing,
performing commissioning on, operating, and maintaining the device, and are
capable of preventing all kinds of emergencies.

® Before installing, removing, or operating the communication card, read the
safety precautions described in this manual and the variable-frequency drive
(VFD) operation manual carefully to ensure safe operation.

® We shall not be liable or responsible for any equipment damage or physical
injury or death caused due to your or your customers’ failure to follow the
safety precautions.

® Before opening the VFD housing to install or remove the expansion card,
disconnect all power supplies of the VFD and ensure that the voltage inside the
VFD is far lower than the human safety voltage. For details, see the description
in the VFD operation manual. Severe personal injury or even death can result if
the instruction is not followed.

®  Store the communication card in a place that is dustproof and damp-proof, free
from electric shocks and mechanical pressure.

® The expansion card is electrostatic sensitive. Take measurements to prevent
electrostatic discharge when performing related operations.

® Wheninstalling this expansion card, tighten the screws to ensure that it is firmly
fixed and properly grounded.



Industrial Ethernet Communication Card Preface

Change history

The manual is subject to change irregularly without prior notice due to product
version upgrades or other reasons.

No. Change description Version | Rel date
1 |Firstrelease. V1.0 Jan 2025

Terminology and abbreviations

CAN Controller area network
Communication object, a transmitted unit on a CAN network.
coB Data can be transmitted through the whole network.
A COB is part of a CAN message frame.
Electronic datasheet, an ASClII file for node configuration, required
EDS when a CANopen network is configured.
An EDS file contains general information about nodes and their
dictionary objects (parameters).
Network management, one of the CAN application-layer service
NMT elements in the CAN reference model.
Itis used for the initialization, configuration, and fault handling of a
CAN network.
Object . . . o .
. Stores information about all COBs identified by a device.
dictionary
Process data object, a type of COBs, used to transmit process data,
PDO
such as control command, set values, state values, and actual values.
PDO command sent from the slave to the master; n indicates 1, 2, 3, or
PDOnN Tx
PDO command sent from the master to the slave; n indicates 1, 2, 3, or
PDOnN Rx
SDO Service data object, a type of COB, used to transmit non-time key data,
such as parameter values.
RO Indicates read-only access.
RW Indicates the read and write access.
SYNC |Indicates synchronous transmission.
Node-ID |Node ID, that s, address of a communication card.
ox 0x stands for hexadecimal; for example, 0x8F represents hexadecimal
8F.
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1 Product confirmation

Check the following after receiving a communication expansion card product:

Whether the communication card is damaged.

Whether the received communication card is the one you purchase according
to the bar code label on the PCB.

Whether all the following items are contained in the product package.
One communication card, one tie wrap, one tie, one M3 screw, and one manual.

If the communication card is damaged, a wrong model is delivered, or some
items are missing, contact the supplier in a timely manner.

Obtain the ESD file or xml file of the communication card from INVT.

1.1 Product features

Supports protocol selection through function codes.

Supports up to eight protocols, including PROFINET, EtherCAT, EtherNet IP,
Modbus TCP, EtherNet UDP, and PowerLink, with future support for BACnet/IP
and CC-Link IE communication protocols.

Certain protocols support the simultaneous operation of monitoring functions,
thereby fulfilling the on-site oscilloscope monitoring requirements.

Equipped with two RJ45 ports.

Reaches the communication rate of up to 100 Mbit/s, with a short
communication cycle.

Supports both linear and star network topologies, with certain protocols also
accommodating ring network topology.

Itis recommended to use double-twisted shielded Category 5e Ethernet cables,
with crystal heads equipped with iron shells to meet the grounding shield
protection.

202501 (V1.0) 1
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Figure 1-1 Product components
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Table 1-1 Environmental requirements
Item Requirement

Working temperature |-10-50°C
Storage temperature |-20-60.0°C
Relative humidity  |5%-95% (No condensation)

Other weather No condensation, ice, rain, snow, or hail;
conditions Solar radiation < 700 W/m?
Air pressure 70-106kPa

Vibration and impact [5.8m/s? (0.6g) at the sine vibration of 9Hz to 200Hz
Figure 1-2 RJ45 interface

g 1 8 1
Table 1-2 RJ45 interface function

Pin Name Description
1 TX+ Transmit Data+
2 TX- Transmit Data-
3 RX+ Receive Data+
4 n/c Not connected
5 n/c Not connected
6 RX- Receive Data-
7 n/c Not connected
8 n/c Not connected

202501 (V1.0) 2
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Figure 1-3 Expansion card configuration flowchart (taking GD350 for example)

¢
<

connection between the PLC

Ensure that the electrical
and card is correct.

Wait for the completion of power-up for
the PLC and card.

ICheck the setting of the expansion card
protocol selection function code
(P16.00).

Check the expansion card
and version (P19.00—
P19.05).

Set other function codes
(for example, P00.01-P00.02)

‘ Identifying success ‘

Table 1-3 Protocol selection (taking GD350 for example)

Function code Protocol Description
PROFINET 0 (Factory setting)
EtherCAT 1
PowerLink 2
EtherNet IP 3
P16.00 Modbus TCP 4
5
6
7
8

EtherNet UDP
PROFINET+EtherNet UDP
EtherCAT+EtherNet UDP
Reserved

—15

202501 (V1.0) 3
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Table 1-4 Protocol description

Protocol

Description

PROFINET

Supports the PROFINET protocol, accommodating
PROFINET IO devices, medium redundancy protocol (MRP),
and system redundancy protocol (S2). Equipped with the
slave station GSDML configuration file, it can communicate
with Siemens PLC and other master stations.

Enables basic operations on VFDs, such as reading and
writing process values, reading status values, and
reading/writing function codes. This communication card
supports up to 32 10s.

Applicable to linear, star, and ring network topologies.

EtherCAT

Supports the CiA301 and CiA402 CoE protocols. Configured
with a slave station XML configuration file, it can
communicate with Beckhoff PLC, INVT AX controllers, and
other master stations.

Supports PDO and SDO services, manufacturer-defined
object dictionaries, and SDO reading/writing of VFD function
codes, meeting the EtherCAT compliance testing
certification requirements within the factory.

Applicable to linear, star, and ring network topologies.
Equipped with two RJ45 ports, designated for IN and OUT
directions.

PowerLink

Supports the CiA402 protocol. Configured with a slave
station XDD configuration file, it can communicate with B&R
PLC and other master stations.

Supports PDO and SDO services, manufacturer-defined
object dictionaries, and SDO reading/writing of VFD function
codes.

Applicable to linear and star network topologies.

EtherNet IP

Supports ODVA standards and DLR ring protocol. When
configured with a slave station EDS configuration file, it can
communicate with Rockwell PLC and other master stations.
Enables basic operations on VFDs, such as reading and
writing process values, reading status values, and
reading/writing function codes. This communication card
supports up to 32 10s.

Applicable to linear, star, and ring network topologies.

Modbus TCP

=W

Supports the Modbus TCP protocol. A Modbus TCP slave

202501 (V1.0)
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Protocol Description
station can communicate with multiple master stations
simultaneously. It can communicate with Schneider PLC,
INVT AX controllers, and other master stations.

2. Enables basic operations on VFDs, such as reading and
writing process values, reading status values, and
reading/writing function codes.

. Applicable to linear and star network topologies.
1. Supports INVT Ethernet protocol, connecting to the INVT
EtherNet UDP Work§hop for mopitoring and oscillos_co;_)e functionalities,
allowing for multi-card network monitoring.
2. Applicable to linear and star network topologies.
PROFINET+  |Supports concurrent PROFINET and EtherNet UDP
EtherNet UDP__|communications on the same network.
Supports concurrent EtherCAT and EtherNet UDP
EtherCAT+ L. R .
EtherNet UDP commurucatlf)ns on the same network, with EtherCAT required
to remain online.

202501 (V1.0)
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2 PROFINET protocol

2.1 Overview

The communication card using this protocol is defined as a PROFINET slave station,
which can be used on VFDs that support PROFINET communication.

2.2 Product features
2.2.1 Supported functions
®  Supports the PROFINET protocol and PROFINET 10 devices.

® Supports the medium redundancy protocol (MRP) and system redundancy
protocol (S2). Equipped with the slave station GSDML configuration file, it can
communicate with Siemens PLC and other master stations.

® Equipped with two PROFINET 10 ports, supporting 100M half/full duplex
operating.
® Applicable to linear, star, and ring network topologies.

® Enables basic operations on VFDs, such as reading and writing process values,
reading status values, and reading/writing function codes. This communication
card supports up to 32 10s.

2.2.2 Supported communication types

Standard Ethernet channel: Standardized channels are non-real-time
communication channels using the TCP/IP protocol, mainly used for device
parameterization, configuration, and reading diagnostic data.

Real-time communication channel (RT): The RT channel uses optimized
communication mechanisms for real-time data transfer, with higher priority than
TCP (UDP)/IP protocols, ensuring that different sites in the network can exchange
data under strict time requirements and meet millisecond-level bus cycles. The RT
channel is typically used to transmit real-time information such as process data,
alarm data, and other real-time information.

Real-time communication channel (IRT) (not supported): The IRT channel is
implemented based on hardware, using embedded Switch-ASIC synchronous
real-time exchange chips for data transmission. IRT communication further
improves the efficiency of program, data transmission, and device synchronization
by reducing the processing time of the communication stack software, with a
transmission delay of less than 1ms and jitter of less than 1ps. Typical applications
include high-precision motion control systems.

202501 (V1.0) 6
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2.2.3 Status indicator

The PROFINET communication card provides six LED indicators to indicate its states.

For details, see Table 2-1.

Table 2-1 Indicator description

Indicator | Color Definition Function
Communication established
Steady on successfully, with normal |0 data
exchange.
Blinking (on for 500ms, off Communication es_tablished‘
for 500ms) successfully, but without valid 10
data exchange.
LED1 Green In the communication configuration
(RUN) Blinking (on for 100ms, off phas.e. For'example, when DCP
for 100ms) cc?nﬁgurat.lon .com.man.ds are
triggered, it will blink simultaneously
with the ERR indicator.
The communication between the
Steady off communication card and PLC is not
in Online state.
Steady on The communication .card i.sinthe
process of handshaking with the VFD.
The communication card and VFD
communicate normally.
Blinking (on for 500ms, off # Note: Afte.zr the hand§haking is
LED2 Green for 500ms) completed, it should blink regardless
(HOST) of whether there is data transmission
between the communication card
and the main control board.
The communication card is in the
Steady off initialization or parameter
configuration phase.
No data update or abnormal update
Steady off between the communication card
LED3 Green and main control board.
(DATA) Blinking (on for 500ms, off The data .upd.ate between thg
for 500ms) communlcatpn card and main
control board is normal.
LED4 Red Steady on 3.3V power indicator

202501 (V1.0)
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Indicator | Color Definition Function
(POWER)
LEDS Steady off No fault
Red | Blinking (on for 100ms, off [Communication establishment is
(ERR)
for 100ms) abnormal.
LED6 Blinking (on for 500ms, off .Commumcatlon Cafd hf'eartbeat'
Green indicator (communication card is
(SYS) for 500ms) :
running normally).

2.3 Electrical connection
The PROFINET communication card uses standard RJ45 interfaces, and its electrical
connections are shown in Figure 2-1 and Figure 2-2.

Use CAT5, CAT5e, and CAT6 network cables for electrical wiring. When the
communication distance is greater than 50m, use high-quality network cables that
meet the high-quality standards.

Figure 2-1 Linear network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC)

CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1

202501 (V1.0) 8
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Figure 2-2 Star network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC) o
CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1
Switch

#Note: For the star network topology, you need to prepare switches.

Slave station Slave station
Master device 1 device 2
station
device
(PLC)
CN2 ‘ ‘ CN1 CN2 ‘

I

Figure 2-3 Ring network topology electrical connection

‘ CN1 CN2 ‘ ‘ CN1

Slave station
devicen

2.4 Communication

2.4.1 Message format
Table 2-2 lists the RT frame (non-synchronous) structure.
Table 2-2 RT frame structure

Data | Ethernet Ethernet| Frame | RTuser | Cycle | Data | Transmission
VLAN . FCS
header | type type |identifier| data |counter| status status
36-1440
2bytes |2bytes | 2bytes | 2bytes byt 2bytes | 1byte 1byte 4 bytes
- es
0x8100 - 0x8892 - - - - -

202501 (V1.0)
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Data |Ethernet VLU Ethernet| Frame | RTuser | Cycle | Data | Transmission FCS
header | type type |identifier| data |counter| status status
VLAN flag - - - APDU status
Data header
T-byte preamble l-byt(? synchrc?nization 6-byte source MAC 6-byte destination MAC
information address address

Table 2-3 lists the IRT communication protocol and IRT frame (non-synchronous)

structure.
Table 2-3 IRT frame structure
Ethernet Ethernet| Frame |IRT user
Data header VLAN o ) FCS
type type |[identifier| data
1-byte
T-byte Y 6-byte 6-byte
synchr L 2 36-1440
pream |~ |source MAC|destination MAC| 2 bytes 2 bytes | 2 bytes 4 bytes
onizati bytes bytes
ble on address address

2.4.2 Communication

The PROFINET communication card supports 16-word input/output. Figure 2-4
shows the message format for transmitting data with the VFD.

Figure 2-4 Message structure

Process data
(PZD!

“'?éﬁé’ 4 pistributable zone—————»

|
Parameter |
identification (PKW) 1

- TIOsESs Udid

|

T

| i i i i
I CW |PZD2| PZD3 | ... ! ZD12
| |

! |

I

P
PKW1 PZD12

I I I
| | |
| PKw2 | PKW3 | PKw4
i i i

SW |PzD2 3 PZD3 3
i

Through the preceding 32 inputs/outputs, you can set the reference parameters,
monitor status values, send control commands and monitor operation status of the
VFD, and read and write VFD function parameters.

Parameter zone:
PKW1—Parameter identification
PKW2—Array index number
PKW3—Parameter value 1

PKW4—Parameter value 2

202501 (V1.0) 10
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Process data:

CW—control word (from the master to the slave; see Table 2-4 and Table 2-5)
SW—status word (from the slave to the master; see Table 2-7 and Table 2-8)
PZD—process data (user specified)

(When the PZD is output from the master to a slave, it is a reference value; and when
the PZD is input from a slave to the master, it is an actual value.)

PZD zone: The PZD zone in communication messages is designed for controlling and
monitoring VFDs. The master and slave always process the received PZD with the
highest priority. The processing of PZD takes priority over that of PKW, and the
master and slave always transmit the latest valid data on the interfaces.

CW and SW

Using CWs is the basic method for the fieldbus system to control VFD devices. It is
sent from the fieldbus master to a VFD device. In this case, the adapter module
functions as a gateway. The VFD device responds to the bit code information of the
CW and feeds status information back to the master through an SW.

Reference value: The VFD device may receive control information in multiple
channels, including analog and digital input terminals, VFD control panel, and
communication modules (such as RS485 and CH-PAO1 adapter modules). To enable
the control over VFD devices through PROFINET, you need to set communication
cards as the controllers of the VFD devices.

Actual value: An actual value is a 16-bit word that includes information about VFD
device operation. The monitoring function is defined through VFD parameters. The
conversion scale of an integer transmitted as an actual value sent to the master
depends on the set function.

Note: A VFD device always checks the bytes of a CW and reference value.
Task message (Master station -> VFD)

Control word (CW): The first word in a PZD task message is the control word (CW) of
VFD. The representation method can be selected according to function code P15.43.
Table 2-4 and Table 2-5 provide descriptions for Goodrive350 series VFD CWs for

example.
Table 2-4 Goodrive350 series VFD CWs in decimal
Bit Name Value Description
07 Communication-based | 1 FWD run
control command 2 Run reversely

202501 (V1.0) 11
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Bit Name Value Description
3 Jog forward
4 Jog reversely
5 Stop
6 Coast to stop
7 Fault reset
8 Stop jogging
9 Stop in emergency manner
8 WIRTE ENABLE 1 Enable read and write (PKW1-PKW4)
9-10 Motor group setting 00 MOTOR GROUP1 SELECTION
01 MOTOR GROUP2 SELECTION
Control mode 1 Enable the switchover between torque
11 . . control/ speed control
switchover selection -
0 No switchover
1 Enabling the function for resetting power
12 ELECTRIC consumption to zero
CONSUMPTION CLEAR 0 Disabling the function for resetting power
consumption to zero
13 PRE-EXCIATION L Enable pre-exciting
0 Disable pre-exciting
1 Enabling DC braking
14 DC BRAKE 0 Disabling DC braking
15 HEARTBEAT REF 1 Enable heartbeat
(Heartbeat reference) 0 Disable heartbeat
Table 2-5 Goodrive350 series VFD CWs in binary
Bit Name Description Priority
0 Forward running 0: Decelerate to ?tOP 1
1: Forward running
1 Reverse running 0: Decelerate to'stop 5
1: Reverse running
2 Fault reset 0:No 1:Faultreset 3
3 Coast to stop 0:No 1: Coast to stop 4
4 Forward jogging 0:No 1:Forward jogging 5
5 Reverse jogging 0:No 1:Reverse jogging 6
6 Stop jogging 0:No 1:Jogging stop 7
7 - Reserved -
8 Enable read and write |0: Disable -

202501 (V1.0)
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Bit Name Description Priority
(PKW1-4) 1: Enable
9 - Reserved -
10 Stop in emergency 0: No 1: Emergency stop 0:.To.p
manner priority
11-15 - Reserved -

Reference value (REF): The second to twelfth words in a PZD task message are the
main settings (REF). The main frequency settings are provided by the main setting
signal source. Table 2-6 lists the settings of Goodrive350 series VFD for example.

Table 2-6 Settings of Goodrive350 series VFD

Function Word Value range Default
code
Received |0: Invalid
P16.32 PZD2 1: Set frequency (0-Fmax, unit: 0.01Hz) 0
P16.33 Received |2: PID reference (-1000-1000, in which 1000 0
) PZD3 corresponds to 100.0%)
Received |3: PID feedback (-1000-1000, in which 1000
P16.34 PZD4 corresponds to 100.0%) 0
Received |4: Torque setting (-3000—+3000, in which 1000
P16.35 PZD5 corresponds to 100.0% of the motor rated current) 0
Received |5: Setting of the upper limit of forward running
P16.36 PZD6 frequency (0-Fmax, unit: 0.01Hz) 0
Received |6: Setting of the upper limit of reverse running
P16.37 pzD7  |frequency (0-Fmax, unit: 0.01Hz) 0
Received |7+ Upper limit of the electromotive torque (0-3000,
P16.38 pzpg  |in which 1000 corresponds to 100.0% of the motor | 0
- rated current)
P16.39 Re;ZeB/;d 8: Upper limit of braking torque (0-3000, in which 0
Received 1000 corresponds to 100% of the motor rated
P16.40 current) 0
PZD10 . . .
Received 9: Virtual input terminal command (range:
P16.41 PZD11 0x000-0x3FF, with bit 9-bit 10 corresponding to
S$8/57/56/S5/HDIB/HDIA/S4/S3/S2/S1 in sequence)
10: Virtual output terminal command. Range:
Received |0x00-0xOF
P1642 | 5 n15  |(with bit3-bit0 corresponding to RO2/RO1/HDO/Y1
in sequence)
11: Voltage setting (special for V/F separation)

202501 (V1.0)
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Function
code

Word

Value range

Default

(0-1000, in which 1000 corresponds to 100.0% of
the motor rated voltage)

12: AO1 output setting 1 (-1000—+1000, in which
1000 corresponds to 100.0%)

13: AO2 output setting 2 (-1000—+1000, in which
1000 corresponds to 100.0%)

14: High bit of position reference (signed)

15: Low bit of position reference (unsigned)
16-17: Reserved

18: Position feedback setting flag (position
feedback can be set only after this flagis set to 1
and then to 0)

19: Function parameter mapping (PZD2-PZD12
correspond to P14.49-P14.59)

20-31: Reserved

Response message (VFD -> Master station)

Status word (SW): The first word in a PZD response message is the status word (SW)
of VFD. The representation method can be selected according to function code
P15.43. Table 2-7 and Table 2-8 provide descriptions for Goodrive350 series VFD SWs

for example.
Table 2-7 Goodrive350 series VFD SWs in decimal
Bit Name Value Description
1 Running forward
2 Running reversely
0-7 Running status 3 Stopped
4 In fault
5 VFD in POFF state
1 Ready to run
8 B It tablished
us vottage establishe 0 Not ready to run
0 Feedback from motor 1
9-10 | Motor group feedback 1 Feedback from motor 2
1 Synchronous motor
11 Motor type feedback
otortype feedbad 0 Asynchronous motor (AM)
1 Overload pre-alarm 1 Overload pre-alarm
feedback 0 No overload pre-alarm

202501 (V1.0)
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Bit Name Value Description
0 Keypad-based control
RUN/STOP MODE N
. 1 Terminal-based control
13-14 (Running mode —
> 2 Communication-based control
selection)
3 Reserved
15 HEARTBEAT FEEDBACK 1 Heartbeat feedback
(Heartbeat feedback) 0 No heartbeat feedback
Table 2-8 Goodrive350 series VFD SWs in binary
Bit Name Description Priority
0 Forward running  |0: No 1: Running forward 1
1 Reverse running 0: No 1: Running reversely 2
2 Stop 0: No 1: Stopped 3
3 Fault 0: No 1:Infault 4
4 POFF 0: No 1: VFD POFF state 5
5 Pre-exciting 0: No 1: Pre-exciting 6
6-15 - Reserved -

Actual value (ACT): The second to twelfth words in a PZD task message are the main
actual values. The main frequency actual values are provided by the main actual
value signal source. Table 2-9 lists the actual status values of Goodrive350 series
VFD for example.

Table 2-9 Actual status values of Goodrive350 series VFD

Function Word Value range Default
code
P16.43 Sent  |0: Invalid 0
PZD2 |1: Running frequency (x100, Hz)
P16.44 Sent  (2: Set frequency (%100, Hz) 0
PZD3 |3: Bus voltage (x10, V)
P16.45 Sent  |4: Output voltage (X1, V) 0
PZD4 |5: Output current (x10, A)
P16.46 Sent |6: Actual output torque (x10, %) 0
) PZD5 |7: Actual output power (%10, %)
P16.47 Sent |8: Rotation speed of running (x1, RPM) 0
) PZD6 |9: Linear speed of running (X1, m/s)
Sent |10: Ramp reference frequency
P16.48 pzD7 |11:Faultcode 0
P16.49 Sent |12:Allinput (x100, V) 0
202501 (V1.0) 15
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Function Word Value range Default
code
PZD8 |13:Al2 input (x100, V)
P16.50 Sent |14: Al3input (x 100, V) 0
PzD9 |15: HDIA frequency value (x1000, kHz)
Sent |16: Terminalinput status
P16.51 PZD10 |[17: Terminal output status 0
18: PID reference (*10, %)
P16.52 pSZeDnltl 19: PID feedback (x10, %) 0
20: Invalid
21: High bit of position reference (signed)
22: LSB of position reference (unsigned)
23: MSB of position feedback (signed)
24: LSB of position feedback (unsigned)
25: Status word
26: HDIB frequency value (*1000, kHz)
P16.53 Sent 27: PG card pulse feedback count high bit 0
PZD12 8. pG card pulse feedback count low bit
29: PG card pulse reference count MSB
30: PG card pulse reference count LSB
31: Function parameter mapping (PZD2-PZD12
correspond to P14.60-P14.70)
32: Status word 3
33-47: Reserved
PKW zone

PKW zone (parameter identification marks PKW1-value zone): PKW zone describes
treatment of parameter identification interface, PKW interface is a mechanism
which determine parameters transmission between two communication partners,
such as reading and writing parameter values.

identification (PKW)
T T T

Figure 2-1 PKW zone

Parameter _ _Ipgcess data

| i i CW | PZD2 .
PKWL ! PKW2 | PKW3 | PKW4| Sw | PZD2!

Request ;

.| Parameter

Response| address
No.

f f
| Parameter!

Ivalue errorl Parameter
1" No. | value

| o

In the periodic communication, the PKW zone consists of four 16-bit words. The

202501 (V1.0)
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following table lists the definition of each word.
First word PKW1 (16 bits)

Bits 1500 | Task or response ID flag I 0-7
Second word PKW2 (16 bits)
Bits 1500 | Basic parameter address I 0-247

Third word PKW3 (16 bits)

Bits 15-00 Value (most significant word) of a parameter 00
or error code of the returned value
Fourth word PKW4 (16 bits)
Bits 15-00 | Value (least significant word) of a parameter 0-65535

#Note: If the master station requests the value of a parameter, the values in PKW3
and PKW4 of the message that the master station transmits to the VFD are no longer
valid.

Task request and response: When transmitting data to a slave, the master uses a
request number, and the slave uses a response number to accept or reject the

request.
Table 2-10 Definitions of the task identification flag PKW1
Request No. (from the master to a slave) Response signal
Request Function Acceptance| Rejection
0 No task. 0

1 Requesting the value of a parameter 1,2 3

9 Modifying a parameter value (one word) 1 34
[modifying the value only on RAM] ’

3 Modifying a parameter value (two words) 5 34
[modifying the value only on RAM] ’

4 Modifying a parameter value (one word) 1 34
[modifying the value on both RAM and EEPROM] ’

5 Modifying a parameter value (two words) 5 34
[modifying the value on both RAM and EEPROM] ’

#Note: Request 3 "Modifying a parameter value (two words) [modifying the value
only on RAM]" and request 5 "Modifying a parameter value (two words) [modifying
the value on both RAM and EEPROM] are not supported currently.

202501 (V1.0) 17
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Table 2-11 Definitions of the response identification flag PKW1

Response No. (from a slave to the master)
Response Function
No.

0 No response

1 Transmitting the value of a parameter (one word)

2 Transmitting the value of a parameter (two words)
The task cannot be executed and one of the following error number is
returned:

1: Invalid command
2: Invalid data address
3:Invalid data value
4: Operation failure

3
5: Incorrect password
6: Incorrect data frame
7: Parameter read only
8: Parameter cannot be modified in running
9: Password protection
10: Function code mapping operation failure

4 Reserved

PKW examples:

Example 1: Reading the value of a parameter

You can set PKW1 to 1 and PKW2 to OA to read a frequency set through keypad (the
address of the frequency set through keypad is 10), and the value is returned in
PKW4. The following data is in hexadecimal format.

202501 (V1.0) 18
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Request (Master station -> VFD)

PKW1 | PKW2 | PKW3 PKW4 cw PzD2 PzD3 | .. | PZD12
Request| 00 ‘ 01|00 ‘OA 00 ‘00 00 ‘ 00 xx‘ XX | XX ‘ XX | XX ‘ XX | e | XX XX

T

Response (VFD -> Master station)

000A: Parameter address

0001: Request for parameter value reading

‘ PKW1 PKW2 PKW3 PKW4 ‘ cw PZD2 PZD3 | .. | PZD12

‘Response ‘00 13 88

XX

1388: Parameter value in address 10

0001: Response (parameter value updated)

x

X

XX XX

XX XX XX

Example 2: Modifying the value of a parameter (on both RAM and EEPROM)

You can set PKW1 to 4 and PKW2 to 0A to modify a frequency set through keypad
(the address of the frequency set through keypad is 10), and the value to be
modified 1388H (50.00) is in PKW4.

Request (Master station -> VFD)

‘ PKW1 | PKW2 PKW3 PKW4 ‘ cw PZD2 PzZD3 | .. | PZD12

XX [ XX | XX | XX o XX | XX

‘ Request ‘ 00

T

Response (VFD -> Master station)

1388: Parameter value in address 10

0004: Parameter value to be modified

‘ PKW1 | PKW2 PKW3 PKW4 ‘ cw PZD2 PzZD3 | .. | PZD12

00‘01 OO‘OA 00

PZD examples: The transmission of the PZD zone is implemented through VFD

‘Response ‘ 00 | 13 ‘ 88 ‘ XX ‘ XX | XX ‘ XX | XX ‘ XX | | Xx | xx

0001: Response (parameter value updated)
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function code settings. For details about related function codes, see the INVT
operation manual.

Example 1: Reading the process data of VFD

In the example, PZD3 is set to "8: Running rotation speed" by setting P16.44 to 8.
This operation is forcible. The setting remains until the parameter is set to another
option.

Response (VFD -> Master station)

PKW1| PKW2 | PKW3 PKW4 cw PZD2 PzD3 | .. | PZD12
Response xx‘xx XX ‘ XX xx‘ XX | XX ‘ XX | XX ‘ XX | XX ‘ xx | 00 ‘ 0A | ... | xx | xx

Example 2: Writing process data to a VFD device

In this example, "2: PID reference" is taken from PZD3 by setting P16.33 to 2. The
parameter specified in each request frame is updated with the information
contained in PZD3 until another parameter is specified.

Request (Master station -> VFD)

PKW1 PKW2 | PKW3 PKW4 cw PZD2 PzD3 | .. | PZD12
Response| xx‘xx XX ‘ XX | XX ‘ XX | Xx ‘ XX | Xx ‘ XX | XX ‘ xx | 00 ‘ 00| ... | xx ‘ XX

Subsequently, the information contained in PZD3 is used as traction reference in
each request frame until another parameter is specified.

2.5 PLC communication example (S7-1200)

This example illustrates how to use a PROFINET adapter module to communicate
with a Siemens S7-1200 series PLC (using TIA Portal V13 as the configuration tool).

2.5.1 Parameter setup

Connect the PLC to your PC with a network cable. Set your PC IP address (such as
192.168.0.100) on your PC network. Set the IP address and name of the PLC.

Open the TIA PORTAL V13 software.
@ Click Online and Diagnostics on the left.
@ Then click Accessible devices.

® In the pop-up Accessible devices window, set Type of PG/PC Interface to PN/IE.
@ Select Ethernet port for PG/PC Interface.

® Finally click Start Search to scan for connected PLC devices. See the following
figure.
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If the connection between the PLC and PC is normal, after the scan is completed, the
PLC device will appear in the device column, as shown in the red box in the
following figure. The device column will display the device, device type, and device
MAC address. Click the Show button in the bottom right corner to access device

settings.
Accessible devices X
! Type of the PGIPC interface: | §_FIIE -
PGIPCinterface: [ Realtek PCle GbE Family Controller -1 ©[d
Accessible nodes of the selected interface:
o o add AMaC adi
| ple_1 CPU1215CDCID.._ PNIE 192168066 AC64-17-139FDF
("] Flash LED
Starsearch
Online status information: ("] Display only error messages
@ scan completed. 1 devices found. ~
[ Scan and information retrieval completed. -
12 Retrieving device information. =
Show Cancel
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@ Click Online and Diagnostics in the device tree on the left.
@ Choose Functions > Assign IP address in the menu bar on the right.

@) Set the PLC IP address and subnet mask in the red box to ensure that the PC IP
and PLC IP address are in the same network segment, as shown in the following
figure.

(@ Set the PLC IP address to 192.168.0.1, and subnet mask to 255.255.255.0 (Use
router can be chosen, which means the router assigns IP).

@ After setting, click the Assign IP address. See the following figure.

~ Diagnostcs
J Pssign IP address

General

Diagnostic status

Diagnosiics bufier Assign IP address to the device

Cycle time

e ] Devices comnected to an enterprise network or directy o the intemet must be sppropriately
Y protected against unauthorized access, €. by use of firewalls and network segmentation.

Communication For more information sbout industrial securty, plesse visit

PUDP interface [x1] hitp:liww siemens comiindustralsecurity

» PROFINETinterace ]
Operating hourscourter
Pertrmance data
~ Function:
Ausign Padress 28 -63 36 -65 -23 -9
re update Paddress: 1921680 .1
Ausign PROFINET device na Subnetmask: 1255 . 255 . 255..0 @
Reset of ROFINET teriac.

i

Tre rouwer

Router addres::

(==}
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@ Click Assign PROFINET device name.
@ On the right, enter the PLC name such as PLC1215C.
® Click Assign name. See the following figure.

plc_1[192.168.0.66] » plc_1[192.168.0.66]

WMemory
» PROFINETinterface [x1]
~ Functions
Assign P address.

Resetto octory sewings
Format memory card
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2.5.2 Creating a project
Double click the TIA Portal V13 icon to start the TIA Portal V13 project tool.
@ Click Create new project.

@ Enter project information such as Project name, Path, Version, Author, and
Comment.

@) Click Create.

» Project view

esktoprofinet T \oject! rojecti ox

Totally Integrated Automation

Fistsops

Project: “Project1” was opened successfully. Please selectthe next step:

N
(% Write PLC program

Configure an HM screen

LR rojectiProject]

202501 (V1.0)
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2.5.3 Adding the GSD file

In the project view, choose Option (N) from the toolbar. Then choose Manage

general station description files (GSD).

@ In the dialog box that appears, enter the source path of the GSD file. @ Select the

GSD file. ® Click Install.

‘Manage general station description files

[X

Installed GSDs GSDs in the project

Source path | FA InIREEA PA2416 GD3507 @ A— LULAFBN BRAEGASERE| [ |
Content of imported path @

@ File Version Language  Status Info

1z 43 2024... V243 Englich Alreadyinstalled  INVTECTX509U8... |

<] i

>

5 0

After the installation is successful, a message is displayed, indicating that the

GSDML file has been installed successfully.

Manage general station description files

Installation result

T Message
@  Installation was completed successfully.

202501 (V1.0)
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2.5.4 Configuring project basic information
1. Enter the device and network view interface.

Choose Devices and networks in the project tree on the left, and double click
Devices and networks to enter the Network overview interface.

D — o <

2. Add the pr(;ject device and PROFINET network. '
A. Add PLC S7-1215C to the Devices and Networks view.

Choose Controllers > SIMATIC -1200 > CPU > CPU 1215C AC/DC/Rly > 6ES7
215-1BG40-0XBO0 in the Hardware catalog panel on the right, and then double
click or drag the 6ES7 215-1BG40-0XBO0 icon to the project.

 por i top Tostyntnrated Atomatin
o DD R G e nm® x i PORTAL

e 1 Comecon

B. Add the INVT communication card to the Devices and networks view.

In the Hardware catalog panel on the right, choose Other field devices >
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PROFINET 10 > 1/O > INVT > Frequency Inverter > ECTX509U8, and double
click the EC-TX509U8_1.0.0.0 icon or drag it to the view of Devices & networks.
The communication card is displayed as Not assigned.

85 5 e LaE x "

i

P

o seer Twde o[ Comories [ womston

Click the Not assigned option of EC-TX509U8_1.0.0.0, and select the 10
controller PLC_1.PROFINET interface_1. In the network view, the CPU and
INVT PROFINET have been connected to the same PROFINET sub network.

Totaly nteated Automaton
e FORTAL

Y WY

]

T

51(100% —

< >
Tito 0] Tommmtes | 5 Tiiomatn

TS hoperis
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C. Add INVT I/O sub modules to the project.

Double click the EC-TX509U8_1.0.0.0 icon in the Devices & networks view to

enter the INVT device view interface.

NG et 3 X X D80 DG B Gomies pmE x “

2|

/

ccnsomn o, 15%) 84| B [4) 0 @
-

wion
TORTAL

T |

On the right, choose Hardware catalog > Module, or double click or drag the
32 Byte IN/OUT module to the empty area in the Device view, as shown in the
following figure. Then the 32 Byte IN/JOUT module has been added to the

project.

Do Lt o e e Oy o i

HoRTAL

Ve & XX 920 G DG E D S o S B “

L v e

S T T |

o i e

D. Set S7-1215C and INVT PROFINET parameters.
a) Set PLC S7-1215C parameters.

202501 (V1.0)
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Double click Devices & networks to enter the Devices & networks
interface.

Double click the PLC S7-1215C icon in the Devices & networks view to
enter the PLC device view interface.

Double click the network interface position in the PLC icon to enter the
PLC device PROFINET interface_1 property editing interface. See the
following figure.

Click General, choose Ethernet Address, and set the PLC address and
name (taking 192.168.0.1 and PLC1215C for example).

The following figure shows the operation procedure.

Dorct G0 Yom bern Qoo Opiog Tk Hodem i
I Ve B X e o X D20 LB G ED S Gt T LEE x “ PORTAL

Totty negrated Atomstion

2 [& nee CIFICICELY

b) Set INVT PROFINET communication card parameters.

Double click Devices & networks to enter the Devices & networks
interface.

Double click the EC-TX509U6_1.0.0.0 icon to enter the communication
card device view.

Double click the network interface position of the INVT PROFINET
communication card icon to enter the PROFINET interface editing
interface.

Click the General tab, and choose PROFINET interface [X1] > Ethernet
addresses. Set the parameters of the INVT PROFINET communication
card according to the parameters shown in the figure, that is, the IP
address and device name of the communication card (using IP

202501 (V1.0)
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192.168.0.2 and name INVT1 as an example).

The following figure shows the operation procedure.

Ty e Atomtion
“ e PORTAL

P —

2.5.5 Assigning a device name for the 10 device (INVT communication card)

After the CPU and INVT PROFINET communication card are successfully connected
to the computer through a network cable: @ Click Online access on the left. @ Find
the network card corresponding to the computer connected to the PLC and
communication card. ® Double click Update accessible devices and wait for TIA
PORTAL to respond.

ok G0t you o Qe Opas ok Wedee . Toatytepated Asomation
I Vet 3 XX 020 % DB G oo 3 LmE x " e PORTAL

ovens

G oprsor pnet.

s

Thopeter Tnte & bigorter > iy
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After the TIA PORTAL responds, the PLC and IVNT communication cards will be
displayed as the accessible devices. See the following figure.

On all displayed devices, find the INVT communication card device and click it, for
example, the device ectx509u8 in the figure.

Note: If the communication card is used for the first time, only the default device
name can be found.

(® Double click Online and Diagnostics to enter online diagnostics mode. @
ChooseFunctions > Assign PROFINET device name. ® Access the Assign
PROFINET device name interface. Set the device name and type, and click Assign
name.

#Note: The PROFINET communication card name that is set online must be the
same as the PROFINET communication card name that is set during project
configuration. Otherwise, devices cannot communicate through PROFINET.

Tl ntegted Automaton
S e & X H S X O N B G BB o F oot BB X L a i PORTAL

[}

a5y

oy

T sl

FmgusEREEEE

> Toetaie view Srroperies [wino [%Diagnontis

2.5.6 Saving, compiling, and downloading

After completing the entire project configuration, download the configuration data
to the PLC S7-1215C.

(@ Click Save project to save the entire project.
@ Right-click PLC_1 [CPU 1215C AC/DC/Rly], and then choose Compile >
Hardware and software (change only) to compile the project.

® Click the icon of download to device icon to download the project configuration
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to the PLC.

following figure.

(@ Select PN/IE_1 from the Connection to interface/subnet drop-down list box.

@ Click Start search at the lower right corner to start scanning for PLC devices in

the network.

Online status information:

Extended download to device

Configured access nodes of PLC_1*
Device. Device type Slot
) CPUI21SCATD... 1X1

Tpe of the PGIRC interface:
PGFCinterface:

Connection to interfacelsubnet:

Select target device:

Device. Device type

Interfacetype  Address
PIE

Ineriace type  Address Subnet
e 192.168.0.1 PNIE_1
_PhiE

8 ek pcre b Fomiy Contoler
:

[Show i composie devce:
Tamgerdenice
Recess sddress =

X

B amrers @
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After the search is completed, the PLC S7-1215C connected to the computer will be
displayed in the Show all compatible devices list, as shown in the following figure.

(@ Select the target PLC in the following figure.

@ Click Load to download the configuration information and PLC program to the
selected PLC.

Extended download to device X

Configured access nodes of "PLC_1"
Device Device type slot Interface type  Address Subnet
PLC1 CPU1215CDCD.. 1X1 PNIE 19216801
Type of the PGIPC interface:  |§_PNIIE &
PGIFCinterface: | Realtek PCle GE Family Controller oL
Directa -1 @
-1©
Select target device: @ Show all compatible devices [+]
Device Device type Interface type Address Target device
[CPUcommon CPU1215CDCID...  PNIE 19: CPUcommon
= = PNIE Acc rese =
["| Flash LED
—
Startsearch
o Online status information: [") Display only error messages
£ Connection established to the device with address 192.168.0.1 [~]
€ scan completed. 1 compatible devices of 2 accessible devices found.
Scan and information retrieval completed. L=
1% Retrieving device information... v
Cancel

2.5.7 Monitoring VFD parameters

Choose Watch and force tables > Add new watch table in the project tree on the
left.
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FORTA

. G oprser et

Yy T |

s

A

> et e
15 Tomate v Tropeter Tiio [ bugoer

Create target watch variables—PZD, PKW, CW and SW variables of the VFD in the
newly created Watch table_1 table.

Totaly Integrated Automaion
PORTAL

T P
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Totalyntogrted Automstion
GmE x| “ i FORTAL

Bl <

ot o
mmwm | T YO )

After creating the monitoring variables, click Watch all or Modify value in the
monitoring table to monitor values or modify values, thereby achieving the goal of
monitoring the VFD parameters through the PLC.
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3 EtherNet IP protocol

3.1 Overview

The communication card using this protocol is defined as an EtherNet IP slave
station, which can be used on VFDs that support EtherNet IP communication.

3.2 Product features
3.2.1 Supported functions

Supports the EtherNet IP protocol and EtherNet IP slave nodes.

Supports ODVA standards and DLR ring protocol. When configured with a slave
station EDS configuration file, it can communicate with Rockwell PLC and other
master stations.

® Equipped with two EtherNet IP ports, supporting 10/100M half/full duplex
operating.

Applicable to linear, star, and ring network topologies.

Enables basic operations on VFDs, such as reading and writing process values,
reading status values, and reading/writing function codes. This communication
card supports up to 32 10s.

3.2.2 Supported communication types

EtherNet IP uses the same application layer protocol CIP as DeviceNet and
ControlNet,Therefore, they share the same object library and consistent industry
standards, ensuring good compatibility.

CIP uses the User Datagram Protocol/Internet Protocol (UDP/IP) for connectionless
control and information transmission, and the Transmission Control
Protocol/Internet Protocol (TCP/IP) for connection-based transmission over
Ethernet. It allows the transmission of both explicit and implicit messages. Implicit
messages, which involve time-critical control information, are transmitted using
UDP/IP. Explicit messages, which do not have strict time requirements and involve
point-to-point information, are transmitted using TCP/IP. Explicit messages are
used for configuring, downloading, and troubleshooting; implicit messages are used
for real-time I/O data transmission.

3.2.3 Status indicator

The EtherNet IP communication card provides six indicators to indicate its states.
For details, see Table 3-1.
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Table 3-1 Indicator description

Indicator

Color

Definition

Function

LED1
(RUN)

Green

Steady on

The communication between the
communication card and the PLC is
online, and data exchange is
allowed.

Blinking (on for 500ms, off
for 500ms)

Abnormal setting of the IP address
for either the communication card
orthe PLC.

Steady off

The communication between the
communication card and PLC is not
in Online state.

LED2
(HOST)

Green

Steady on

The communication card is in the
process of handshaking with the
VFD.

Blinking (on for 500ms, off
for 500ms)

The communication card and VFD
communicate normally.

#Note: After the handshaking is
completed, it should blink
regardless of whether there is data
transmission between the
communication card and the main
control board.

Steady off

The communication card is in the
initialization or parameter
configuration phase.

LED3
(DATA)

Green

Blinking (on for 500ms, off
for 500ms)

The data update between the
communication card and main
control board is normal.

Steady off

No data update or abnormal
update between the
communication card and main
control board.

LED4
(POWER)

Red

Steady on

3.3V power indicator

LED5
(ERR)

Red

Steady on

Failed to set up data
communication between the

communication card and PLC.

202501 (V1.0)
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Indicator |Color Definition Function
Blinking (on for 500ms, off
for 500ms)
Blinking (on for 250ms, off [The communication card failed to
for 250ms) send data to the PLC.

The connection between the
communication card and PLC

Incorrect PLC configuration.

Blinking (on for 125ms, off

for 125ms) timed out.

Steady off No fault
LEDG || Binkingon for s00ms, off L EEEReE o e ol
(SYS) for 500ms)

running normally).

3.3 Electrical connection

The EtherNet IP communication card adopts standard RJ45 interfaces, which can be
used in a linear network topology and a star network topology, as shown in Figure
3-1and Figure 3-2.

Use CAT5, CAT5e, and CAT6 network cables for electrical wiring. When the
communication distance is greater than 50m, use high-quality network cables that
meet the high-quality standards.

Figure 3-1 Linear network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC)

CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1
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Figure 3-2 Star network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC)
CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1
Switch

#Note: For the star network topology, you need to prepare EtherCAT switches.

Figure 3-3 Ring network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC)
CN2 ‘ ‘ CN1

CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1

I

3.4 Communication

3.4.1 Communication settings

The communication card can only be used as an EtherNet IP slave, and function
codes should to be set on the VFD before communication. The procedure is as
follows:

Step 1 Set the communication card IP address and subnet mask.

The factory IP address and subnet mask of each communication card are
192.168.0.20 and 255.255.255.0 respectively, which can be changed to a network
segment address according to the actual requirements.

Step 2 Set the control method.
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To control the VFD through EtherNet IP communication, set the control mode to
EtherNet IP communication control. To be specific, set P00.01=2 and P00.02=3,
which will implement the control of VFD start and stop. In short, if a value needs to
be set through EtherNet IP communication, the corresponding function code should
be modified to EtherNet IP communication control. For related function codes, see
Appendix 2.

#Note: After steps 1 and 2 are implemented properly, the communication card can

communication properly. If a VFD needs to be controlled, related function nodes
must be set and the control mode is EtherNet IP communication.

3.4.2 Message format

The TCP communication message is shown in Table 3-2.

Table 3-2 TCP communication message

Header of MAC| Header of IP | Header of TCP . .

Valid data Trailer
layer layer layer

14 bytes 20 bytes 20 bytes 0-1488 bytes 4 bytes

The UDP communication message is shown in Table 3-3.
Table 3-3 UDP communication message

Header of MAC| Header of IP | Header of UDP Valid data Trailer
layer layer layer

14 bytes 20 bytes 20 bytes 0-1488 bytes 4 bytes

3.4.3 Communication

The EtherNet IP communication card supports 16-word input/output. Figure 3-4
shows the message format for transmitting data with the VFD.

Figure 3-4 Message structure

|
Parameter Process data -
[*— identification ': Fixed PZD;
PKW) = Zone ™1+ Distributable zone————
i i i I cw \PZDZ\ PZD3| .. |PzD12
PKW1 | PKW2 | PKW3 | PKW4 | sy pZDz‘ PZD3 | | PZD12
1

Through the preceding 32 I0s, you can set the reference parameters, monitor status
values, send control commands and monitor operation status of the VFD, and read
and write VFD function parameters.

Parameter zone:
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PKW1—Parameter identification

PKW2—Array index number

PKW3—Parameter value 1

PKW4—Parameter value 2

Process data:

CW—control word (from the master station to the slave station; see Table 3-4)
SW—status word (from the slave station to the master station; see Table 3-7)
PZD—process data (user specified)

(When the PZD is output from the master to a slave, it is a reference value; and when
the PZD is input from a slave to the master, it is an actual value.)

PZD zone: The PZD zone in communication messages is designed for controlling and
monitoring VFDs. The master and slave always process the received PZD with the
highest priority. The processing of PZD takes priority over that of PKW, and the
master and slave always transmit the latest valid data on the interfaces.

CW and SW

Using CWs is the basic method for the fieldbus system to control VFD devices. It is
sent from the fieldbus master to a VFD device. In this case, the adapter module
functions as a gateway. The VFD device responds to the bit code information of the
CW and feeds status information back to the master through an SW.

Reference value: The VFD device may receive control information in multiple
channels, including analog and digital input terminals, VFD control panel, and
communication modules (such as RS485 and CH-PA01 adapter modules). To enable
the control on VFD devices through EtherNet IP, you need to set communication
cards as the controllers of the VFD devices.

Actual value: An actual value is a 16-bit word that includes information about VFD
device operation. The monitoring function is defined through VFD parameters. The
conversion scale of an integer transmitted as an actual value sent to the master
depends on the set function.

Note: A VFD device always checks the bytes of a CW and reference value.

Task message (Master station -> VFD)

Control word (CW): The first word in a PZD task message is the control word (CW) of
VFD.

When P15.43=0 (CW defined in decimal), Table 3-4 provides the definitions of GD350
series VFD CWs in decimal.
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Table 3-4 Goodrive350 series VFD CWs in decimal

Bit Name Value Description
1 FWD run
2 Run reversely
3 Jog forward
4 J |
Communication-based OB [EVETSel
0-7 5 Stop
control command
6 Coast to stop
7 Fault reset
8 Stop jogging
9 Stop in emergency manner
8 WIRTE ENABLE 1 Enable read and write (PKW1-PKW4)
9-10 Motor groun settin 00 MOTOR GROUP1 SELECTION
group setting ™o; MOTOR GROUP2 SELECTION
Enable the switchover between torque
Control mode 1
11 . . control/ speed control
switchover selection -
0 No switchover
1 Enabling the function for resetting power
1 ELECTRIC consumption to zero
CONSUMPTION CLEAR 0 Disabling the function for resetting power
consumption to zero
13 PRE-EXCIATION L Enable pre-exciting
0 Disable pre-exciting
1 Enabling DC braking
14 DC BRAKE
¢ 0 Disabling DC braking
15 HEARTBEAT REF 1 Enable heartbeat
(Heartbeat reference) 0 Disable heartbeat

When P15.43=1 (CW defined in binary), Table 3-5 provides the definitions of GD350

series VFD CWs in binary.

Table 3-5 Goodrive350 series VFD CWs in binary

Bit Name Description Priority
. :D 1:F
0 Forward running 0 eFelerate to stop 1: Forward 1
running
. 0: Decelerate to stop 1: Reverse
1 Reverse running . 2
running
2 Fault reset 0:No 1:Faultreset 3
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Bit Name Description Priority
3 Coast to stop 0: No 1: Coast to stop 4
4 Forward jogging 0: No 1: Forward jogging 5
5 Reverse jogging 0:No 1:Reverse jogging 6
6 Stop jogging 0:No 1:Jogging stop 7
7 - Reserved -
8 Enable read and write |0: Disable )
(PKW1-4) 1: Enable
9 - Reserved -
10 Stop in emergency 0: No 1: Emergency stop 0:.To.p
manner priority
11-15 - Reserved -

Reference value (REF): The second to twelfth words in a PZD task message are the
main settings (REF). The main frequency settings are provided by the main setting
signal source. Table 3-6 lists the main settings of Goodrive350 series VFD for

example.
Table 3-6 Settings of Goodrive350 series VFD
Fucr:)c;;on Word Value range Deliau
P16.32 Received|p: |nvalid 0
PZD2 |3: Set frequency (0-Fmax, unit: 0.01Hz)
P16.33 Received|2: PID reference (-1000-1000, in which 1000 0
) PZD3 |corresponds to 100.0%)
P16.34 Received|3: PID feedback (-1000-1000, in which 1000 corresponds 0
’ PZD4 |to 100.0%)
P16.35 Received|4: Torque setting (-3000—+3000, in which 1000 0
PZD5 |corresponds to 100.0% of the motor rated current)
P16.36 Received|5: Setting of the upper limit of forward running 0
) PZD6 [frequency (0—Fmax, unit: 0.01Hz)
P16.37 Received|6: Setting of the upper limit of reverse running 0
) PzD7 [frequency (0—Fmax, unit: 0.01Hz)
Received|7: Upper limit of the electromotive torque (0-3000, in
P16.38 pzD8 |which 1000 corresponds to 100.0% of the motor rated 0
Received|current)
P16.39 pzp9 |[8: Upper limit of braking torque (0-3000, in which 1000 0
Received|corresponds to 100% of the motor rated current)
P16.40 pzp10o |9:Virtualinput terminal command (range: 0x000—0x3FF, 0
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Function
code

Word

Value range

Defau
It

P16.41

Received
PZD11

P16.42

Received
PZD12

with bit 9-bit 10 corresponding to
S8/S7/S6/S5/HDIB/HDIA/S4/S3/S2/S1 in sequence)

10: Virtual output terminal command. Range: 0x00—0xOF

(with bit3-bit0 corresponding to RO2/RO1/HDO/Y1 in
sequence)

11: Voltage setting (special for V/F separation)
(0-1000, in which 1000 corresponds to 100.0% of the
motor rated voltage)

12: AO1 output setting 1 (-1000—+1000, in which 1000
corresponds to 100.0%)

13: AO2 output setting 2 (-1000—+1000, in which 1000
corresponds to 100.0%)

14: High bit of position reference (signed)

15: Low bit of position reference (unsigned)

16-17: Reserved

18: Position feedback setting flag (position feedback
can be set only after this flag is set to 1 and then to 0)
19: Function parameter mapping (PZD2-PZD12
correspond to P14.49-P14.59)

20-31: Reserved

0

Response message (VFD -> Master station)

Status word (SW): The first word in a PZD response message is the status word (SW)
of VFD. When P15.43=0(SW defined in decimal), the VFD SW definitions are as

follows.
Table 3-7 Goodrive350 series VFD SWs in decimal
Bit Name Value Description
1 Running forward
2 Running reversely
0-7 Running status 3 Stopped
4 In fault
5 VFD in POFF state
1 Ready t
8 Bus voltage established £ady 10 TN
0 Not ready to run
0 Feedback from motor 1
910 Motor group feedback 1 Feedback from motor 2
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Bit

Name

Value

Description

11

Motor type feedback

Synchronous motor

Asynchronous motor (AM)

12

Overload pre-alarm feedback

Overload pre-alarm

No overload pre-alarm

13-14

RUN/STOP MODE

Keypad-based control

= |O |0 |~ |O

Terminal-based control

Communication-based
control

Reserved

15

HEARTBEAT FEEDBACK

Heartbeat feedback

O |W| N

No heartbeat feedback

When P15.43=1(SW defined in binary), the VFD SW definitions are as follows.
Table 3-8 Goodrive350 series VFD SWs in binary

Bit Name Description Priority
0 Forward running  0: No 1: Running forward 1
1 Reverse running 0: No 1: Running reversely 2
2 Stop 0: No 1: Stopped 3
3 Fault 0:No 1: VFDin fault 4
4 POFF 0:No 1: VFD in POFF state 5
5 Pre-exciting 0: No - L:VFDin 6

pre-exciting state

6-15 - Reserved -

Actual value (ACT): The second to twelfth words in a PZD task message are the main
actual values. The main frequency actual values are provided by the main actual
value signal source.

Table 3-9 Actual status values of Goodrive350 series VFD

Function o~ — —
code
n . ;
pi643 F§§D; (1): g]:r?r:ﬁgfrequency (%100, Hz) 0
: x

o | oo B 0

o | oo o oo :
202501 (V1.0) —



Industrial Ethernet Communication Card

EtherNet IP protocol

Function Word Value range Default
code
P16.46 Sent |6: Actual output torque (%10, %) 0
PZD5 |7: Actual output power (x10, %)
P16.47 Sent |8: Rotation speed of running (X1, RPM) 0
i PZD6 |9: Linear speed of running (x1, m/s)
Sent |10: Ramp reference frequency
P16.48 pzD7 |11:Faultcode 0
12: AlL input (x100, V)
P16.49 553; 13: AI2 input (X100, V) 0
Sent |14: A3 input (x 100,V)
P16.50 pzp9 |15: HDIA frequency value (*1000, kHz) 0
Sent |16: Terminalinput status
P16.51 pzp1o |17: Terminal output status 0
sent |18:PID reference (%10, %)
P16.52 | ,,pqp |19:PID feedback (x10, %) 0
20: Invalid
21: High bit of position reference (signed)
22: Low bit of position reference (unsigned)
23: MSB of position feedback (signed)
24: LSB of position feedback (unsigned)
25: Status word
26: HDIB frequency value (x1000, kHz)
P16.53 Sent 17: pG card pulse feedback count high bit 0
PZD12 |5g: pG card pulse feedback count low bit
29: PG card pulse reference count MSB
30: PG card pulse reference count LSB
31: Function parameter mapping (PZD2-PZD12
correspond to P14.60-P14.70)
32: Status word 3
33-47: Reserved
PKW zone

PKW zone (parameter identification marks PKW1-value zone): PKW zone describes
treatment of parameter identification interface, PKW interface is a mechanism

which determine parameters transmission between two communication partners,
such as reading and writing parameter values.

202501 (V1.0)
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Figure 3-5 PKW zone

Parameter
|dent|f|cat|0n (PKW) Process data

CW | PZD2| .
Pval; PKW2 \ PKW3 \ PKW4| SwW | PZD2!

‘ Parameter!
arameter ‘va\ue errorl Para;neler

o. |
Response\ address ‘
No.

Request |

In the periodic communication, the PKW zone consists of four 16-bit words. The
following table lists the definition of each word.

First word PKW1 (16 bits)

Bits 1500

| Task or response ID flag I

Second word PKW?2 (16 bits)

Bits 15-00

| Basic parameter address |

Third word PKW3 (16 bits)

Bits 15-00

Value (most significant word) of a parameter
or error code of the returned value

00

Fourth word PKW4 (16 bits)

Bits 15-00

I Value (least significant word) of a parameter I

0-65535

#Note: If the master station requests the value of a parameter, the values in PKW3
and PKW4 of the message that the master station transmits to the VFD are no longer

valid.

Task request and response: When transmitting data to a slave, the master uses a
request number, and the slave uses a response number to accept or reject the

request.
Table 3-10 Definitions of the task identification flag PKW1
Request No. (from the master to a slave) Response signal
Request Function Acceptance| Rejection

0 No task. 0 -
1 Requesting the value of a parameter 1,2 3

) Modifying a parameter value (one word) 1 34
[modifying the value only on RAM] ’

3 Modifying a parameter value (two words) ) 34
[modifying the value only on RAM] ’

4 Modifying a parameter value (one word) 1 34
[modifying the value on both RAM and EEPROM] ’

5 Modifying a parameter value (two words) 2 3,4
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Request No. (from the master to a slave) Response signal
Request Function Acceptance| Rejection
[modifying the value on both RAM and EEPROM]

Note: Request 3 "Modifying a parameter value (two words) [modifying the value
only on RAM]" and request 5 "Modifying a parameter value (two words) [modifying
the value on both RAM and EEPROM] are not supported currently.

Table 3-11 Definitions of the response identification flag PKW1

Response No. (from a slave to the master)

Res .
ponse Function
No.
0 No response
1 Transmitting the value of a parameter (one word)

2 Transmitting the value of a parameter (two words)
The task cannot be executed and one of the following error number is

returned:
6: Incorrect data frame
1: Invalid command 7: Parameter read only
3 2: Invalid data address 8: Parameter cannot be modified in
3:Invalid data value running
4: Operation failure 9: Password protection
5: Incorrect password 10: Function code mapping

operation failure

4 Reserved

Mode specified by the standard ODVA protocol

The standard ODVA protocol specifies the data transmission format and defines the
control word/status word. Table 3-12 provides the message format for data
transmission with the VFD.

Table 3-12 Standard ODVA protocol specified transmission mode

No. (Input/Output Dat(ab)l::)gth Format (word)
2 70/20 4 CW1/SW1+Speed_ref/act
3 71/21 4 CW2/SW2+Speed_ref/act
4 72/22 6 CW1/SW1+Speed_ref/act+Torque_ref/act]
5 73/23 6 CW2/SW2+Speed_ref/act+Torque_ref/act]

See Table 3-13, Table 3-14, Table 3-15, and Table 3-16 for the definitions of CW1,
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SW1, CW2, and SW2.

Note: The ODVA protocol messages do not support P15.43=1 (binary definition).

Table 3-13 Standard ODVA protocol specified CW1

Bit Name Value Description
0 FWD run disabled
0 FWD run 1 FWD run
1 Reserved - -
2 Fault reset 0 No function
1 Fault reset
3-15 Reserved - -
Table 3-14 Standard ODVA protocol specified SW1
Bit Name Value Description
0 No fault
F
0 aultstate 1 Fault occurred
1 Reserved - -
0 Notin FWD run
2 Run status 1 FWD run
3-15 Reserved - -
Table 3-15 Standard ODVA protocol specified CW2
Bit Name Value Description
0 FWD run disabled
0 FWD run 1 FWD run
0 REV run disabled
1 Run reversely
1 Run reversely
0 No function
2 Fault reset 1 Fault reset
3-4 Reserved - -
0 Local control (keypad)
5 Control reference Remote control (EtherNet IP
source 1 A
communication)
Frequency reference 0 Local reference (keypad)
6 q Y Remote reference (EtherNet IP
source 1 J
communication)
7-15 Reserved - -
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Table 3-16 Standard ODVA protocol specified extended SW2

Bit Name Value Description
0 No fault
0 Fault
au 1 Fault occurred
1 Overload pre-alarm 0 No overload pre-alarm
feedback 1 Overload pre-alarm
0 Stop
2 Run status word 1 1 FWD run
3 Run status word 2 0 Stop
1 Run reversely
0 Not dy t
4 Bus voltage established 9t ready 10 T
1 Ready to run
5 Control reference 0 Local control (keypad)
source 1 Remote control (non keypad)
6 Frequency/torque 0 Local control (keypad)
reference source 1 Remote control (non keypad)
0 Not reached
7 Reachi f
eaching reference 1 Reached
8-15 Reserved - -

INVT extended data modes based on ODVA protocol

Table 3-17 lists the transmission message format for communication with VFDs in
the four modes, based on the ODVA protocol and combined with the PZD process
data defined by INVT.

Table 3-17 INVT extended data modes based on ODVA protocol

No.|Input/Output Dat(:)l;z)gth Format (word)
6 74/24 24 CW1/SW1+Speed_ref/act+tEmpty word+PZD4-12
7 75/25 24 CW2/SW2+Speed_ref/act+Empty word+PZD4-12
8 76/26 24 CW1/SW1+Speed_ref/act+Torque_ref/act+PZD4-12
9 7/27 24 CW2/SW2+Speed_ref/act+Torque_ref/act+PZD4-12

In these four modes, the definitions of control word and status word are consistent
with the "mode defined by the standard ODVA protocol", and PZD4-12 is consistent
with the "custom mode defined by INVT", which will not be described further here.
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3.5 PLC communication example 1 (1769_L36ERMS)

This example illustrates how to use an EtherNet IP adapter module to communicate
with an Allen-Bradley PLC (model: 1769_L36ERMS) (by using Studio 5000 software as
the configuration tool).

3.5.1 Creating a project

Use a printer cable or Ethernet cable to connect the computer and PLC, open the

Rockwell Software®

Studio 5000 p
-_— w e ——_

From Import ‘Sample Project About

From Sample Project  Erom Upload

Recent Projects

& =05 resT o019

J

Choose the correct PLC model, fill in the project name, click Next, and then click
Finish.

@ Newroject 7 x

Project Types x L B £ U e

S e Govn e
& 1oa + Compact Gundiogix® 53710 Saey Contoer
es-Lsocms
1760-3sens
e Lseers
T 7Eos
es-L37EMS
16-Lsaes
Compact GurdLogic® 5380 Safty
Compactiogh 5370

q »

Location:  DAMR\ER | Brovse..

3.5.2 Importing the EDS file

The Electronic Data Sheet (EDS) file is used to specify the device properties of an
EtherNet IP client. The client identifies a device by product code, device type, and
main version.

You can request the EDS file of the card from the supplier, or download it from our
website.
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Website: www.invt.com.cn, file name: EC-TX509U8_1.0.0.0.eds
Right click TOOLS and choose EDS Hardware Installation Tool.

@ Login Designer - thermetP (1763-L36ERMS 31111

FLE EDT VIEW SEARCH LOGIC COMMUNICATIONS |TOOLS | WIJDOW HELP.

= Sptons S EEEE .
B 17 e o o duiem o EmEm
275 oftee otoro ) ey N
‘ L ir % 4> 4y @ |® Documentation anguages
“Favorites ~ Add-On _ Safely El Import
export
@

EDS Hardware Instalation Tool |

ConvolerEhemel? ) >
2 ComelleTags
Contoler Fa Handlr
Pawer Up Handie Plg-inMansge.
- Tk
3 Wik
b 5 Minprogum B convoruasn
2+ © e
Y & Sseoprogom
Tnscheduld
< Vtion Groups S Dot o oo o
Ungroupes s

Moritor Equipment Phases

Custom Tosls.

>
. Logica Model
4 VO Configuration
2 Busss
{5 [0]1769-L36ERMS Ethernetl?
4 g Ebenet
B 1765-L36ERMS Etheret

Click Next.

Rockwell Automation’s EDS Wizard X

Welcome to Rockwell
Automation's EDS Wizard

The EDS Wizard alows you to

register EDS based devices

unvegister 3 device.

= -change the graphic images associated with a device.
create an EDS fiefrom an unknown device

To continue cick Next

[ ] _ o
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Select the method shown in the following figure and click Next.

Rockwell Automation's EDS Wizard x

Options 1
What task do you wantto complete? I

& Regsteran EDS fefs).
This opton wil add a device() o cur database.

€ g
S
R e

it
1=

oo oo

Click Browse to select the EDS file you want to download, and then click Next.

¥ T e 4
"
~
N
O - A S T T
Topatn b |
o o] o | o ] e

Click Next to complete the installation.
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3.5.3 Creating a device object

On the left, choose 1/0 Configuration, right click Ethernet option, then right click
and choose New Module.

S mFAENry .

Choose EC-TX509U8 and click Create.

Catalog Nodule Discovery Favorites

e Clear Filters Hide Filters

Hodule Type Category Filters A
alos

odule Type Vendor Filters ~
ivanced Enersy Industries, Inc.

CIP Notion Converter
[ Communication . .
< > >
Catalos Wmber  Descrition B
FLOWSERVE IPS - 208/240V
FLOVSERVE 165 - 600
DACS Ethastit/... Dislight Ethesliat/IP Adspter
DACS Etherflet/... Dialight EtherNet/IP Adapter, 2-Port
. 10/100 Mbps Ethernet Port on DriveLogix5730
Elsctronic Overload Relay Connunications Interface
Flovsarve 208Vac/240ac/ 2svde
Flowserve 400Vac/480Vac/650Vdc
Flovserve 600¥ac/810%d
E45600 Netrork Connect
BC-THaosS BC-TE80S05_1.0.0.0
Etherlet/IP  SoftLogixSB00 Etherliot/IP
ETWERIET-BRIDGE  Ganeric Etherllet/IP CIP Bridge
ETWGRIET-IODULS  Generic Ethernet Nodule
L. Btherlot/IP Panelvier
Generic Btherllet/IP Safety Nodile .
>
578 of 578 Module Types Found AddTtoiFavorites)
[OClose on Create Close| | Help

Fill in the module name, and set the module IP address, which needs to be
consistent with P16.58-P16.61 on the GD350 EtherNet IP card, otherwise
communication will fail.
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et | Wake o | et Pt o

Tise ECTX60US EC 03081000
Ve S sl Mot 8

- : .
. P

st ame:

Becic Kayng:  Conpatle Noale

Comectons:  Excusve Owner

o R |

P Adaen ERCE

[, o] o)

EtherNet IP protocol

Click Change in the preceding figure, and select the protocol type adopted by the
module; the 10 format of each type is different and needs to be correspondingly
selected, as shown in the following table. "Exclusive Owner" is used as an example

for explanation.

e D) =)
Revision: 006 [+
Bectori Kerig
e s Frago
EccuseOuner bt [ | 16 [ B =
[pooef [ 6| Fioi
et Help
Name Size Format
Exclusive Owner 16 INT
20/70 Basic speed control 2 INT
21/71 Extended speed control 2 INT
22/72 Basic Speed and Torque control 3 INT
23/73 Extended Speed and Torque control 3 INT
INVT 24/74 Basic Speed Control plus Drive Parameters 12 INT
INVT 25/75 Basic Speed Control plus Drive Parameters 12 INT
INVT 26/76 Basic Speed Control plus Drive Parameters 12 INT
INVT 27/77 Basic Speed Control plus Drive Parameters 12 INT
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Click OK, Yes, OK, OK, and OK in sequence.

General Carnection Module ko temst ProtocolPor Cariguration Network

Tipe: o
Vendor:
Pornt. | Fevsion: 1| [k
Logix Designer
| These changes wil cause module data types and propertes to change.

Data vil be set to default values unless it can be recovered from the existing module properties
Verify module pre before Applying changes.

Change module definition?

Ves

Revision: | T
o | o]
San: oy o] o] [ |
After the module is successfully created, you can see and verify the device
information under Ethernet under I/O Configuration on the left.
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3.5.4 Using RSLinx Classic

This software is used for the connection between the PC and PLC. Open the Rslinx
Classic software.

All Apps Documents Web More ¥

Best match for apps
;\), RSLinx Classic
App
Apps
RSLinx Classic Launch Control Panel
RSLinx Classic Backup Restore Utility
Store

B RSLinx Classic - Search for apps in the Microsoft

Store

L Apps: RSLinx Classic

202501 (V1.0) 57



Industrial Ethernet Communication Card EtherNet IP protocol

Click the S-shaped icon. Choose EtherNet/IP Driver, and click Add New.... In the
pop-up Configure Drivers window, select Ethernet/IP Driver from the Available
Driver Types dropdown menu.

&) RSLinx Classic Gateway - [u] X
File Edit View Communications Station DDE/OPC Security Window Help

3| & S13| Gl ¥

Configure Drivers ?

fable D

- addNew. | %‘
F1 devices e ]

S D s Runig e

A

Witual Backplane (SoftLogix58xx, USB]

e D T e L=

e
Delete

For Help, press F1 icap. 04/29/20 [10:44 M 5

Click Add New. In the pop-up Add New RSLinx Classic Driver window, click OK.

@y RSLinx Classic Gateway - [u] e
Fle Edit View Communications Station DDE/OPC Security Window Help

3| &| 518 Blle| ¥

Configure Drivers T X

’rAva\Iab\e Diiver Type

[Ethertiet/ P Diiver =l AddNen. |

[

Nams s Dasai] Add New RSLin Classic Driver x
BB_WEBP-1 RUI Confi
- Choose a name for the new diver. |[Contgeer 7]
115 charactets masimm)
Stanup.
Cancel
[ \5B_ETHIP-1
= Start
Stop.
Delete

For Help, press F1 cap 04/25/20 [10:44 AM /|

202501 (V1.0) 58



Industrial Ethernet Communication Card

EtherNet IP protocol

In the pop-up Configure driver window, select the computer network card and click

OK.

Configure driver: AB_ETHIP-1 ? X
EtherNet/IP Settings
@ Browse Local Subnet © Browse Remote Subnet
Description IP Address ~
Windows Default
Reatek PCle GOE Famiy Controller 4 152.168.1.90
TAP-Windows Adapter V3 unknown
Bluetooth Device (Personal Area Network) #3 unknown
Intel(R) Wi-Fi 6 AX201 160MHz 19216824771 o
< >
0K Cancel | Aoply | Heb |

3.5.5 Writing PLC programs

On the left, choose Tasks > MainTask > MainProgram > MainRoutine to enter the
program editing interface. Right clicking Parameters and Local Tag can create

global variables.

) Logi s - et (£768-L36ERMS L1440

[ X

BT ottne [} b o & iyibam
, ==
< & x [ T Meduicproperin Loca e x50905 2006 < [N 1 5D
e [Cnvcion e | e P o
e i
i N Usage Inpust Perameter <
= E
Type: Base | Connection.
|| Descrpton 7 Aias For: t
4 O SefetyTask New Parameter. Data Type: INT
D]
[ oeitions | S St s, Comsabie oo
Y To Comoctons: exchsive Owner Class: SET
4 5 Bhenet Exemal Read/Wite v
Constant
Stats Offce. o be
Open Configuration

[]Open Parameter Connections:
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Example: Create four variables.

[

Double click and write the following program in the program
interface.

psalbAn G
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3.5.6 Host controller connection and program download

Choose OMMUNICATIONS > Who Active. In the pop-up interface, click the PLC
project under USB, and click Download.

#Note: The PLC position cannot be set to "RUN" at this time.

T
In the pop-up dialog box, select the connected PLC, and click Download; wait for
the download to complete.

(@ Who Active (RSLin Classic)

e

U butcronee =l

5 &) Workstation, ADMIN-AC

Goorins

@

Path nroject: <none>

(setmaearen

Download

Dannload offiine project EthemetlP* to the controler.

Connected Contraller:
Nam:

=8 e Gateways,Ebernet —
6 ABETHIP.1, Ethernet @ [ v ] SingleTest.
s ABLETHI-8, Ehernet oot = 1765 36ERVSA Compact GuardLogix® 5370
58 ABLVEP-1, 1709-17/A Vil Chassis T Path uselis
ey ) Seral Number: 5098502
[ D vemEs S| e ] ity Ve protection

oo

The controller is in Remote Run mode. The mode wil be changed to
Remote Program prior to dowrload.
DANGER: The controler being dowrloaded to s the system tine
master, Servo axes in synchronized controlrs, in this chassis o
other chassis, may be tumed o

DANGER: Unexpected hazardous motion of machinery may occur,

Some devices maintain independent configuration settings that are
notloaded to the device during the download of the controler.

Verify these devices (drives, network devices, 3rd party products)

have been properiy loaded before placing the controler into run

mode,

Failure toload proper configuration could resultin misaligned data
ipment operation.
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After the download is complete, the host controller enters the online status, and you
can see the VFD feedback parameters on the program interface.

Choose Logic > Monitor Tags to monitor the real-time data sent by the PLC and
uploaded by the VFD.
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3.5.7 Setting the PLC IP address using Studio 5000 V31

Make sure the PLC is in REM or PROG mode, first click on 1769-L36ERMS at the
bottom left, enter the Controller Properties interface, then click Internet Protocol
to change the PLC IP address.
L
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e o SRS
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© Moty cortipre 1P sens wr
(ton P stngstomatcay uang OHCP wr

O mo = E s RN = Il
Guevaydpo 192068 0 1 =
wr
Donsn e Py ONS Sevr 0
Faes ° 0 Wt
. Socondy NS .
° ot e S O 0.0 0.0 wr
wr

+ o SOSAEC_TXSO9U8 $76902C200
e

wr
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3.5.8 DLRring network configuration

1. Set up using Logix Designer.

Open Studio 5000 software, and use Allen-Bradley CompactLogix PLC equipped
with ring networking capability. At least two GD350 EtherNet IP communication
cards are required. More GD350 EtherNet IP communication cards can be added,
but it is recommended to add 32 nodes on the DLR ring network at most, as
shown in the following diagram for the connection method.
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PC Studio 5000 GD350 GD350
USB port
EthernetlPcard | | ...... Ethernet IP card
CN1 CN2 CN1 CN2

I I
PLC \—‘
CompactLogix
L36ERMS

USB port
Port1
Port2

#Note: The EDS file must be added.
2. Add the EtherNet IP communication cards in the Studio 5000.

The adding method is the same as the line or star connection method.

@ Logxomignr inrnetp 7635 111

[ FE T VW SEARH LOGKC COMMUNCATONS TOOLS WINDOW HEL>

= N N Sl onier BRI S
oftne 0 tbroces P oss 2 sofey s 38

11 4

Controller Organizer ~ @ x || 9 Module Properties: Local (EC-TX503US 2.006)
B
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ControrFut e S
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P Reon 2006
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3. Enable the PLC ring network monitor function.

Double click 1769-L36ERMS EtherNet IP under the 1/0 Configuration folder, as

shown in the following figure.

Go to Controller Properties and select Network*, choose Enable Supervisor
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Mode, then click OK.

g

EtherNet IP protocol
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#Note: The ring network monitoring function be enabled only when the PLC is in
programming mode.

4. Return to Logix Designer and ensure that none of the communication cards are
experiencing the following faults.

B 1769-L36ERMS EthemetlP
F. EC-TX509U8 EIP1
[, EC-TX509U8 EIP2

5. Download the project to the PLC, make the PLC online and in the programming
mode.

3.6 PLC communication example 2 (NJ501-1400)

This example illustrates how to use an EtherNet IP adapter module to communicate

with an ORMON PLC (model: NJ501-1400) (by using Studio 5000 software as the
configuration tool).

3.6.1 Hardware connection

NJ501-1400 is equipped with a USB interface and an EthernetlP interface; the
connection between the host controller and PLC is done through USB, with the
EthernetIP port used as a communication connection method.

PC uUSB PLC EthernetlP ec-xs00u8 GD350
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3.6.2 Network Configurator software setting

3.6.2.1 Starting the Network Configurator software

Start the Network Configurator software in the following directory as an
o

C:\Program Files (x86)\OMRON\CX-One\NetworkConfigurator\Program\NetConfigurator.exe

3.6.2.2 Uploading the EDS file

administrator:

Choose EDS File > Install.

e

Add the EDS file EC-TX509U8_1.0.0.0.eds, click Open.
& 7 o
DEE 2 | B
L1 @ L)
© EtherNetP_1
| = Brncosroe ;
-5 05 @ @® e mr
e ° Date modified Tpe
o (e om0 S e S o
Vsag, >
Fegme TG00 00008 o=
< > Flescftype: | Blectronic Data Sheet(" eds) ) Cancel
I Message Code Date Description  Device Infomation
e G
b
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Click Yes.

Treoty LEter/? Tininown Cortrollr ONRONUSS Drctline 1821682552 4800 O Oft-ine

Add devices NJ501-1400 and EC-TX509U8_1.0.0.0 to the EtherNet IP bus at the
following location. After completion, two devices will be displayed on the bus. The
default IP addresses are 192.168.250.1 and 192.168.250.2. Modify the GD350
function codes P16.58-P16.61 to 192.168.250.2.

*

D@ B2 |¥ sk e X |Summ
- FEEE

Qe
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3.6.2.3 Connection setting
Choose Option > Select Interface > NJ/NX Series USB Port.

ot 9 st U

o et ur e

Click the icon for connection.
U (S
| 1
Roady LitharNet/IP_Tainknown _Controler OMROR 1921682501 460M_© Off-ine. [
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Choose Backplane > 0 NJ501-1400 > TCP:2, and then click OK.
Ll

Choose Use the existing network, select EtherNet/IP_1, and click OK. PLC
connection is successful.
wE
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After the connection is successful, the blue indicator above the PLC device icon will
turn on. Choose the PLC, click the icon for Device Property. On the Controller
Information tab in the pop-up interface, you can switch between the Program and
Run states for the PLC.

3.6.2.4 Changing the IP address

Right click the device icon, and choose Change Node Address to change the PLC IP
address.

£05He Toss Opien Help
T[S 4w x|

el TSP _Controter WY 1921682507 4600~ @ Orine o
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o

[EEE R
Xola® seuBla BIF]

resir LiiareulPTSberlP_Corrallr ONRON U8 Discire #2_ 1921682501 1800~ @ O o

3.6.3 Configuring Sysmac Studio software
3.6.3.1 Creating a project

project name, select the device type, and click Create.

Double click the '- icon to open the software. Choose New Project, enter the

13 Prjecs Proprts
oo

B Open in Emulation Mode

202501 (V1.0) 71



Industrial Ethernet Communication Card EtherNet IP protocol

After the creating, enter the following interface, right-click the device icon, and
choose Rename to change the device name (it can also remain unchanged).

3.6.3.2 Connection setting

Choose Controller > Communications Setup.
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Choose USB Direct connection via USB, and click USB Communications Test. The
status bar displays Test OK. Click OK.

3.6.3.3 Setting data tags

On the left, choose Programming > Data > Global Variables, and add global
variables according to actual needs. Note that Data Type is WORD and Network
Publish is Input or Output.

In this example, the "ODVA Basic speed control assembly" transmission mode is
used to create four global variables.
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In the top menu bar, choose Tools > EtherNet/IP Connection Settings.

202501 (V1.0) 74



Industrial Ethernet Communication Card EtherNet IP protocol

Right click on the blank area under Tag Set, and choose Create New Tag Set.

Enter the tag set name as INPUT, right click the tag set and choose Create New Tag,
and add input global variables to the tag set INPUT. Pay attention to the order of
data arrangement.
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3.6.4 Importing or exporting data tags
3.6.4.1 Exporting data tags from Sysmac Studio

After data tags are set, click Export to export the data tag to the local storage and
save it as EthernetIP.csv.

3.6.4.2 Importing data tags to the Network Configurator

In the Network Configurator software, double click the PLC device icon, click
To/From File in the lower right corner, and choose Import from File....

B

1527682501 NIST11400 Vol Targt Varible

sy T

202501 (V1.0) 77



EtherNet IP protocol

Industrial Ethernet Communication Card
Select the EthernetlIP.csv file exported from Sysmac Studio, and click Open.

&
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3.6.4.3 Connection corresponding data tags
Choose device 192.168.250.2 under the Connections tab and click the down

button.
&
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File_Edit
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Double click the device 192.168.250.2, set the data input and output tags, and click
Regist.
e

umm

#lesm
= [ @evenrns

m %

e

e 0 - ol S

3.6.5 PLC program downloading and online monitoring
3.6.5.1 Downloading from Sysamc Studio

Click the online button.
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On the Built-in EtherNet/IP Port Settings tab, click Transfer to Controller.

e toro =
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Click the synchronization button.
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Click Yes.

At this time, there are two green lights under Controller Status in the bottom right
corner. Click Close.
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3.6.5.2 Downloading from Network Configurator

Click on the Download to Device icon.

Click the Download to Network icon. Click Yes.
I - N
“DD“E\( ;-’y E "bb“'\é\ﬂ
> Fl L)
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3.6.5.3 Sysamc Studio online monitoring

Choose Controller > Mode > RUN mode (or click the Run button) to switch the PLC
to the Run mode, and then click Yes.

cesniten
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Enter the variable name in the Watch window to monitor the variable value; you can
change the variable value in real time in the Modify column.

Heverw.

Do clobl varables
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Right click the PLC and choose Monitor.

:

View Target Node Status under Status. The status is displayed in blue if
communication is successful, and in red if communication fails.
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4 EtherCAT
4.1 Overview

The communication card using this protocol is defined as an EtherCAT slave station,
which can be used on VFDs that support EtherCAT communication.

4.2 Product features
4.2.1 Supported functions

® Supports the EtherCAT CiA 402 protocol. Configured with a slave station XML
configuration file, it can communicate with Beckhoff PLC, INVT AX controllers,
and other master stations.

® Automatic network address configuration

® Equipped with two RJ45 ports, supporting 10/100M half/duplex operating,
designated for IN and OUT directions.

® Applicable to linear, star, and ring network topologies.
4.2.2 Supported services
PDO service
SDO service

.
°
® Use of SDO to read and write VFD function codes
® Manufacturer-defined object dictionary

.

Two types of objects for VFD reading and writing, that is, PDOs and SDOs
(requiring the object dictionary defined by the manufacturer)

Supported EtherCAT synchronization cycles
Table 4-1 Supported EtherCAT synchronization cycles

Item Supported specification
1ms
2ms

Synchronization cycle

4.2.3 Status indicator

The EtherCAT communication card provides six indicators to indicate its states.
Figure 4-1 shows the positions of the four indicators. Table 4-2 provides the
indicator definitions.
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Figure 4-1Status indicator positions

RUN ‘ ERR
O O
O O

L/AIN ‘ L/A OUT

Table 4-2 Status indicator definitions

Indicator |Color Definition Function
Steady on In OP state.
Blinking (on for 200ms, off
LEDL Creen for 200ms) In PreOP state.
(RUN) Single flash (on for 200ms, In SafeOP state.
off for 1s)
Steady off In Init state.
IN Link established, without data
Steady on .
LED2 transmission.
Green| Blinking (on for 50ms, off for [IN Link established, with data
(L/AIN) A
50ms) transmission.
Steady off IN LINK not established.
OUT Link established, without data
Steady on .
LED3 transmission.
Green| Blinking (on for 50ms, off for |OUT Link established, with data
(L/AOUT) o
50ms) transmission.
Steady off OUT LINK not established.
LED4 Lo
(POWER) Red Steady on 3.3V power indicator
Steady on The OP fault occurred.
Blinking (on for 200ms, off .
LEDS ced for 200ms) The Init/Preop fault occurred.
(ERR) Single flash (on for 200ms, The Safeop fault occurred.
off for 1s)
Steady off No fault
LED6 Blinking (on for 500ms, off .Commumcatlon caltd h.eartbeat.
Green indicator (communication card is
(SYS) for 500ms) .
running normally).
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4.3 Electrical connection

An EtherCAT network often consists of a master station (such as PLC) and multiple
slave stations (such as drives or bus expansion terminals). Each EtherCAT slave
station has two standard Ethernet interfaces. Figure 4-2 and Figure 4-3 show the
electrical connections.

Figure 4-2 Linear network topology electrical connection

Master

station

device
(PLC)

Slave station
device 1

Slave station
device 2

CN2 ‘ ‘ CN1

Slave station
devicen

CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1

Figure 4-3 Star network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC)
CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1
Switch

#Note: For the star network topology, you need to prepare EtherCAT switches.
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Figure 4-4 Ring network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC) _
CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1 CN2 ‘ ‘ CN1

I

4.4 Communication

4.4.1 CANopen over EtherCAT reference model

Figure 4-5 CoE reference model

GD350 application

I

EtherCAT ‘ Object dictionary (OD) ‘
state

machine ‘ SDO ‘ ‘ PDO mapping ‘

‘ Register ‘ ‘ Mail box ‘ ‘ Process data ‘

EtherCAT data link layer

‘ EtherCAT physical layer ‘

The EtherCAT (CoE) network reference model consists of two parts: the data link
layer and the application layer. The data link layer is mainly responsible for the
EtherCAT communication protocol, and the application layer embeds the CANopen
Drive Profile (DS402) communication protocol. The object dictionary in CoE includes
parameters, application data, and PDO mapping configuration information.

Process data objects (PDO) are composed of mappable objects from the object
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dictionary, and the content of PDO data is defined by PDO mappings. The reading
and writing of PDO data is periodic and does not require searching for the object
dictionary, while email communication (SDO) is non-periodic communication and
requires searching for the object dictionary when reading and writing.

Note: In order to correctly parse SDO and PDO data on the EtherCAT data link layer,
itis necessary to configure the FMMU and Sync Manager. See the following table.

Table 4-3 EtherCAT Sync Manager configuration

Sync Manager Configuration Size Start address
Sync Manager 0 |Assigned to received SDOs.| 512 bytes 0x1000
Sync Manager 1 Assigned to send SDOs. 512 bytes 0x1400
Sync Manager2  |Assigned to received PDOs.| 128 bytes 0x1800
Sync Manager 3 Assigned to sent PDOs. 128 bytes 0x1C00

4.4.2 EtherCAT slave node information

The EtherCAT slave station information file (XML file) is used for the master station
to read, in order to construct the configuration between the master and slave
stations. The XML file contains the information necessary for EtherCAT
communication settings.

4.4.3 EtherCAT state machine
The EtherCAT state machine is used to describe the states of the slave application
and state transitions. State change requests are typically initiated by the master

station, with responses from the slave station. The specific state transition method
is as shown in the following figure.

Figure 4-6 EtherCAT state machine flowchart

‘ Init
P PI
‘ Pre- Op ‘
S|
ol PS SP
oP ‘ Safe - Op ‘
x
le] os
op |
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Table 4-4 EtherCAT state machine description

Status

Description

Init

SDO communication is unavailable; PDO communication is
unavailable.

Init to Pre-Op

The master station configures the data link layer address and
synchronization management (SM) channel for SDO
communication. The master station initializes the distributed
clock (DC) synchronization information. The master station
requests to transition to the Pre-Op state.

The master station configures the application layer control
register. The slave station checks whether the mailbox has
been properly initialized.

Pre-Op

SDO communication is available; PDO communication is
unavailable.

Pre-Op to Safe-Op

The master station configures the synchronization
management (SM) channel and FMMU channel for PDO
communication. The master station configures PDO mappings
through SDO communication. The master station requests to
transition to the Safe-Op state. The slave station checks
whether the PDOs and distributed clocks (DCs) are correctly
configured.

Safe-Op

SDO communication is available; PDO receiving
communication is available; PDO sending communication is
unavailable, in Safe state.

Safe-Op to Op

The master station requests to switch to the Op state.

Op

SDO communication is available; PDO communication is

available.

4.4.4 PDO process data mapping

The process data of an EtherCAT slave station is composed of synchronization
manager channel objects. Each synchronization manager channel object describes
the consistency area of the EtherCAT process data and contains multiple process
data objects. EtherCAT slave stations with application control functions should
support PDO mapping and the reading of SM PDOs Assign objects.

The master station can select the required objects for PDO mapping from the object
dictionary. PDO mapping configuration is located in the Object Dictionary from the
1600h to 1603h area (RxPDOs: Receive PDOs) and from 1A00h to 1A03h area (TxPDOs:
Transmit PDOs). Figure 4-7 shows the PDO mapping method.
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Figure 4-7 PDO mapping method

Object dictionary
- 6064 indicates index

Index ir?zl;sx c?)ﬁjteecntt 00h indicates subindex

\ 20h indicates parameter bit length
1A00h| © 0x03 | T
1A00h| 1 | 0x60410010 /
1A00h| 2 | 0x60640020 [T —

|
1A00h| 3 | 0x60B90010

N
|
Sub Object " . [Object|Object | Object
Index index content Bits ‘IAOOh(PDO l)‘ B 3 G
6040h| 0 | ObjectA |10h /‘ f T
|
6041h| 0 ObjectB  |10h}— | |
|
6042h| 0 ObjectC  |10h / |
6060h | 0 ObjectD | 8h / ,/
-

6064h| 0 ObjectE |20h|——
60D8h| 0 ObjectF |10h
60B9 | 0 ObjectG |10N| —

In addition to mapping the PDO objects, the exchange of EtherCAT process data also
requires assigning the PDOs to the Sync Manager channels. The relationship

between PDOs and Sync Managers

is established through synchronous

management of PDO allocation objects (1C12h and 1C13h). Figure 4-8 shows the
method for mapping between PDOs and Sync Manager.
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Figure 4-8 Mapping between PDOs and Sync Managers

Object dictionary
Sub

Index index Object content ———_

wch| 0 0x02 \
1C13h 1 0x1A00 \“
1C13h 2 0x1A01 $

‘ 1C13h ‘ PDO_l‘ PDO_2 ‘

r T
Index Object content / /
_—
1A00h PDO_1 —
—

1A01h PDO_2
1A02h PDO_3
1A03h PDO_4

Default PDO mapping (Position, Velocity, Torque, Torque limit, Touch probe):

Control | Target | Target | Target | Max. | Mode of | Profile Touch
RxPDO .2 ) . . Probe
(0x1600) word  |Position|Velocity | Torque | Torque [Operation|velocity Function

(0x6040) |(0x607A)|(0x60FF)|(0x6071)|(0x6072)| (0x6060) |(0x6081)

(0x60B8)
Position| Speed | Torque :og(::;'r Mode of Error Touch

TxPDO Statusword Actual | Actual | Actual Ectual Operation Code Probe
(0x1A00)| (0x6041) | Value | Value | Value Display Value

Value (0x603F)
(0x6064)|(0x606C)|(0x6077) (0x60F4) (0x6061) (0x60BA)

4.4.5 Network synchronization based on distributed clocks

The Distributed Clock (DC) function ensures that all EtherCAT devices share a unified
system time, thus enabling synchronized execution of device tasks. In the EtherCAT
network, the first slave station with DC function, has its clock selected as the

reference clock of the network, and the rest of the slave and master stations
synchronize with this reference clock.

Free-Run mode: The servo drive's run cycle is independent of the master station's
communication cycle, allowing for independent run.

DC mode: The servo drive achieves synchronization operations through the SyncO
events sent by the master station.
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4.5 CiA402 device profile

The main station controls the drive through control word (0x6040), and reads status
word (0x6041) to obtain the actual status of the drive. The servo drive achieves
motor control internally based on the control instructions from the master station.

4.5.1 CANopen over EtherCAT state machine
Figure 4-9 CANopen over EtherCAT state machine

Power Fault

Disabled 1
:
0 Fault Reaction
Active
|
1

Not Ready to 14
Switch On

Fault

”L[

r{ Switch On Disabled ’—

2 7

Ready to
Switch On

I
3 6
Power 5 ‘ # 12

8 )
ErEtits Switch On

4 5
¥
Operation 11 Quick Stop
Enable e 16— Active
State Description

Not Ready to Switch On|The drive is in the initialization process.

Switch On Disabled |Drive initialization is completed.
The drive is waiting to enter the Switch On state, and the
motor is not excited.
Switched On The drive is ready, and the main circuit power is normal.
The drive is enabled and it controls the motor in
accordance with the control mode.
Quick Stop Active  |The drive stops according to the set mode.
The drive detects that an alarm has occurred, and stops
according to the set mode, while the motor still has

Ready to Switch On

Operation Enable

Fault Reaction Active
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State Description

excitation signal.

The drive is in a fault state and the motor has no excitation
signal.

Fault

The control word 6040h includes the following content:
®  Bits for state control

® Bitsrelated to control mode

®  Bits defined by manufacturer

The detailed description of each bit of 6040h is as follows.

15 11 ] 10 9 8 7 6 4 3 2 1 0
Factory Fault |Operation| Servo | Quick SWItCh Sef"°
) Reserved |Reserved ) on main| being
defined reset mode |running| stop | .
circuit | ready
0 0 o] M [0) M M M M
MSB LSB

Bits 0—-3 and bit 7 (bits for state control):

Bit of the control word
Command Fault | Enable | Quick | Enable . Transitions|
. Switch on
reset |operation| stop | voltage
Shutdown 0 X 1 1 0 2,6,8
Switch on 0 0 1 1 1 3*
Switch on 0 1 1 1 1 3**
Disable voltage 0 X X 0 X 7,9,10,12
Quick stop 0 X 0 1 X 7,10,11
Disable operation 0 0 1 1 1 5
Enable operation 0 1 1 1 1 4,16
Fault reset 0-1 X X X X 15
Bits 4, 5, 6, and 8 (bits related to control mode):
Bit Operation mode
Profile position mode | Profile velocity mode Homing mode
4 New set-point Reserved Homing operation start
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Bit Operation mode
Profile position mode | Profile velocity mode Homing mode
5 Change setimmediately Reserved Reserved
6 Rel Reserved Reserved
8 Halt Halt Halt

#Note: In the Profile position mode, when bit4=New set-point, a new position can
be triggered.

When the control word is set to 0xOF, the drive is enabled; otherwise, the driver
stops. If a fault occurs, a reset command is issued when bit 7 in the control word is
setto 1.

6041h status word includes the following content:

The detailed description of each bit of 6041h is as follows.

Drive's present status bit

Status bits related to control mode

Status bits defined by manufacturer

o
-

Description

=
=
o

Ready to switch on

Switched on

Operation enabled

fault

Voltage enable

Quick stop

Switch on disabled

Warning

Manufacture specific

[(oR [ N Fo i K6, I NN OV | S 3 § ol K}

Remote

[y
o

Target reached

11

Internal limit active

ZTIZTZ|IOIOIZIZIZIZIZIZIZ

12-13

14-15

Manufacturer specific

Bits0-3, 5, and 6:

Value(binary)

State

XXXX XXXX XOxx 0000

Not ready to switch on
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Value(binary) State
XXXX XXXX X1xx 0000 Switch on disabled
XXXX XXXX X01x 0001 Ready to switch on
XXXX XXXX X01x 0011 Switched on
XXXX XXXX X01x 0111 Operation enabled
XXXX XXXX X00x 0111 Quick stop active
XXXX XXXX XOxx 1111 Fault reaction active
XXXX XXXX XOxx 1000 Fault

Bit4: Voltage enable, when this bit is set to 1, it indicates that the main circuit power
supply is normal.

Bit9: Remote, when this bit is 1, it indicates that the slave station is in OP state, and
the master station can control the drive through PDO.

Bit 10: Target reached.

Mode 1 and mode 8: After the present positioning is completed, set it to 1 for
keeping. If the positioning is restarted, clear it to 0.

Mode 6: Set it to 1 after homing is completed; set it to 0 if homing is not completed.

Mode 2: Set it to 1 when the ramp reference frequency reaches the set frequency
and the control word's bit 4, bit 5, and bit 6 are all set to 1; otherwise, setit to 0.

Other modes: 0
Bit 11: External limitations
Mode 1 and mode 8: Set it to 1 when FWD/REV limit is reached; otherwise set it to 0.

Mode 4 and mode 10: In electric mode: If the electric torque reaches the upper limit
(upper limit is not 0), set it to 1; otherwise, set it to 0. In braking mode, if the braking
torque reaches the upper limit (upper limit is not 0), set it to 1; otherwise set it to 0.

Mode 2, mode 3, and mode 9: Set it to 1 when the output frequency reaches P00.03;
otherwise, set it to 0.

Other modes: 0
Bit 12: Manufacturer defined 1
Mode 1: Set to 1 when bit 4 of the control word is 1; otherwise, set to 0.

Mode 8, mode 9, and mode 10: Set it to 1 when the VFD is in running state; otherwise,
setitto0.

Other modes: 0

Bit 14: When this bit is 1, it indicates the motor is in zero-speed state.
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Bit7-bit8, bit15: reserved.

4.5.2 Device run mode

Set the VFD parameters P00.01=2 (Running command channel), P00.02=3 (EtherCAT
communication channel), and P16.75 (Communication timeout time). The position
mode and homing mode require the drive to operate in closed-loop mode.

4.5.2.1 Profile Position Mode

1. Set [6060h: Mode of operations] to 1 (Profile Position Mode).

2. Set the appropriate number of encoder pulses P20.01 according to the encoder
model, set the position command source P21.00 tens place to 1; for digital
position, set P21.16 digital positioning mode (16#0200, bit 9=1 Position source
EtherCAT given).

3. Set [6081h: Profile velocity] , with the frequency-to-velocity relationship
V=60f/p, where V is the velocity in RPM (revolutions per minute), f is the
frequency, and p is the number of motor pole pairs.

4. Set [6083h: Profile acceleration] and [6084h: Profile deceleration] and write
the corresponding values to P21.20 and P21.21.

#Note: The units of 6083h and 6084h are ms.

5. Set [6040h: Control word] to enable the drive (set to 0x4F to enable, bit 6 set
to 1: only relative position supported).

6. Set [607Ah: Target position] to the target position (unit: user unit).

Query [6064h: Position actual value] to obtain the motor actual position
feedback.

8. Query [6041h: Status word] to obtain the drive status feedback (following
error, target reached, and internal limit active).

9. For function details, see function parameters in group P21 in function code list
chapter and commissioning chapter in the GD350 user manual.

10. During the positioning process, if you need to change the Profile Velocity
(6081h), please make the change when the system is stopped.

4.5.2.2 VFD Mode
1. Set [6060h: Mode of operations] to 2 (VFD mode).
2. Set [6046h: vl velocity min max amount] to set the max. and min. rotation

speeds. If you do not set it, the default values on the drive are used.
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3. Settheobjectdictionary [6048h: vlvelocity acceleration] , [6049: vl velocity
deceleration] , and [604Ah:02 QuickStop Speed] . Do not set them to the
default values of the drive.

® Theacceleration timeis 60* [6048h:02 Acceleration Delta Time]
*P00.04/( [6048h:01 Acceleration Delta Speed] * Number of motor pole
pairs) * 0.1, with second as the unit, corresponding to P00.11. The value
will remain the same as the previous one when it exceeds 3600.0 seconds.

® The deceleration time is 60* [6049h:02 Deceleration Delta Time]
*P00.04/( [6049h:01 Deceleration Delta Speed] * Number of motor pole
pairs)*0.1, with second as the unit, corresponding to P00.12. The value will
remain the same as the previous one when it exceeds 3600.0 seconds.

® Theemergency stop timeis 60 * [604Ah:02 QuickStop Delta Speed] *
P00.04/( [604Ah:01 QuickStop Delta Time] * Number of motor pole
pairs)*0.1, with second as the unit, corresponding to P00.12. The value will
remain the same as the previous one when it exceeds 60.0 seconds.

4. Set [604Ch: vl dimension factor] to adjust the electronic gear ratio, which is 1:1
by default.

5. Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

6. Set [6042h:vltargetvelocity] to set the target speed.

7. Set [6040h: Control word] to run the drive (when it is set to Ox7F, the drive
runs).

8. Query [6044h: vl velocity actual value] to obtain the motor actual position
feedback.

4.5.2.3 Profile Velocity Mode

1. Set [6060h: Mode of operations] to 3 (Profile Velocity Mode).

2. Set [6083h: Profile acceleration] and [6084h: Profile deceleration] and write
the corresponding values to P00.11 and P00.12.

#Note: The units of 6083h and 6084h are ms.
Set P00.01=2, P00.02=3, and P00.06=13.

Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

5. Set [60FFh: Targetvelocity] to set the target rotational speed (unit: rpm).
6. Query [6041h: Statusword] to obtain the drive status feedback (Speed zero,
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Max slippage error, Target reached, Internal limit active).

4.5.2.4 Profile Torque Mode

1.

Set [6060h: Mode of operations]  to 4 (Profile Torque Mode).
Set [6087h] to setthe ramp torque.

Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

Set P03.11=11 and P03.32=1 (torque control enabled).
Set [6071h: Target torque] to set the target torque.

Query [6041h: Status word] to obtain the drive status feedback (Speed zero,
Max slippage error, Target reached, Internal limit active).

4.5.2.5 Homing Mode

1.
2.

Set [6060h: Mode of operations] to 6 (homing mode).
Set P22.00.Bit0=1 to enable spindle positioning function, and set P22.03-P22.06
zero positions.

Set the [6040h: Control word] to enable the drive (set to OXOF to enable).
When bit 4 changes from 0 to 1, the homing operation starts, and when bit4
changes from 1 to 0, the homing operation is interrupted.

The motor queries for the limit switch and home switch to complete the
homing action.

Query [6041h: Status word] to obtain the drive status feedback (Homing error,
Homing attained, Target reached).

For function details, see function parameters in group P22 in function code list
chapter and commissioning chapter in the GD350 user manual.

4.5.2.6 Touch Probe Function

Record the present position according to the Z phase rising edge or falling edge
signal, and set the control word to record one or multiple times.

1.

When the control word (60B8h: Touch Probe Control) is 23 (2#01 0111), the
function indicates that the Z phase rising edge triggers recording the present
position continuously. The recorded value is Turns of motor rotation x 10000.
Every time the motor rotates a turn, a value is updated. When the status word
(60B9h: Touch Probe Statu) is 67/195, in continuous triggering mode, the probe
status word bit 6 is 1, and each triggering will cause bit 7 to toggle.
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2.

When the control word (60B8h: Touch Probe Control) is 21 (2#01 0101), the
function indicates that the Z phase rising edge triggers recording the present
position. The recorded value is Turns of motor rotation x 10000. The status
word is 3 (60B9h: Touch Probe Statu).

When the control word (60B8h: Touch Probe Control) is 39 (2#11 0111), the
function indicates that the Z phase falling edge triggers recording the present
position continuously. The recorded value is Turns of motor rotation x 10000.
Every time the motor rotates a turn, a value is updated. When the status word is
5 (60B9h: Touch Probe Statu), in continuous triggering mode, the probe status
word bit 6 is 1, and each triggering will cause bit 7 to toggle.

When the control word (60B8h: Touch Probe Control) is 37 (2#01 0101), the
function indicates that the Z phase rising edge triggers recording the present
position. The recorded value is Turns of motor rotation x 10000, which is
recorded only once. When th status word (60B9h: Touch Probe Statu) is 5, the
falling edge triggering control word is 37.

#Note: The difference from CiA 402 is that this mode only supports one probe, and
only one locked value can be recorded at the same time.

4.5.2.7 Cyclic Synchronous Position Mode

o A e

Set [6060h: Mode of operations] to 8 (Cyclic synchronous position mode).
Set P00.00=3, P00.01=2, P00.02=3, and P00.06=13.

Set [6040h: Controlword] to enable the drive (set to 0XOF to enable).

Set [607Ah: Target position] to the target position (unit: user unit).

Query [6064h: Position actual value] to obtain the motor actual position
feedback.

Query [6041h: Status word]  to obtain the drive status feedback (following
error, target reached, and internal limit active).

For function details, see function parameters in group P21 in function code list
chapter and commissioning chapter in the GD350 user manual.

4.5.2.8 Cyclic Synchronous Velocity Mode

1
2
3.
4

Set [6060h: Mode of operations] to 9 (Cyclic synchronous velocity mode).
Set [6083h: Profile acceleration] and [6084h: Profile deceleration] .

Set P00.01=2, P00.02=3, and P00.06=13.

Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
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the motor operation.

5. Set [60FFh: Target velocity] to set the target rotational speed (unit: rpm).

6. Query [6041h:Statusword] to obtain the drive status feedback (Speed zero,
Max slippage error, Target reached, Internal limit active).

4.5.2.9 Cyclic Synchronous Torque Mode

1. Set [6060h: Mode of operations] to 10 (Cyclic Synchronous torque Mode).
Set P03.11=11 (Communication) and P03.32=1 (Torque control enabled).

3. Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

4. Set [6072h: Max torque] tothe maximum torque and [6071h: Target torque]
to the target torque.

5. Query [6041h:Statusword] to obtain the drive status feedback (Speed zero,
Max slippage error, Target reached, Internal limit active).

4.6 PLC communication example 1 (TwinCAT2)

This example illustrates how to use the VFD EtherCAT module to communicate with
Beckhoff TwinCAT2 that serves as the master station.

Step 1 Install the TwinCAT2 software.
Step 2 Copy GD350 EtherCAT configuration file (EC-TX509U8_1.0.0.0.xml) to the
TwinCAT2 installation directory C:\TwinCAT\lo\EtherCAT.
Step 3 Open TwinCAT2.
i

D& 4 PO AL S/ R RS Qe @07
i« I SYSTEM - Conhguration

Version ILocall | erson (Tagel) | Book Settinge (Tagei]|

8 FLC - Confoursten
W Lo Confiraton
P 1} Dmvices.
- P THnCAT System Manage Chooss Targst.
i 2n iz

TwinCAT PLC
.11 [Build 2232)

Copyright BECKHOFF @ 1566.2011

i vy beckbell com
[

Hame Beckholt icmsion
Conpany: Beckhall Automaion GnbH
Flag Ky CFEBAECDO01-DCF

Step 4 Install the network card driver.
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, Unitled - TwinCAT System Mananer - ‘CX-26ABBE"

Helo
D& wd Language 3
= B sk st
P PLC - Conhouratin o "";‘
= WA O~ Confipraion  Deeta Varible Tige..
W 110 b .
ol Magengs i

Compaiiéty Mode 7k recommended fo res projects)

IR

® %0 Q 2l &3 7

=l0ixi

(Taugel)| Book Setings (Targe)|

System Manager Rl
bid 2234)

T PLC

[Build 2232)

BECKHOFF @ 19062011

Beckholl Autcmshon

Beckholl Automson Gk
CFEBASECO0011DCF

T

In the top menu bar, choose Options > Show Realtime Ethernet Compatible

Devices.... In the pop-up dialog box, choose the local network card, click Install.

Once the network card is installed, it is displayed under Installed and ready to use

devices.

Note: Please use a network card with an Intel chipset.

Installation of TWInCAT RT-Ethernet Adapters

~ Ethemet Adapl

=

BB Installed and ready to use devices

BB Compatible devices
8 Incompatible devices
HE) Disabled devices

ntel PCI E thernet Adapter (Giaabill] ja

|

Update List

Bird

Ui

Enable
Disable

I Show Bindings

Step 5 Set TwinCAT2 to configuration mode.
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TR
2
..Jugmuawg R lICL AT T 3 .
oot ToanAT 0 Conta e 4 Bervevs lbe vamos ey sopsedh T S |

Step 6 Scan for devices.

A. Right click /0 Devices and choose Scan Devices... to scan for devices.

_, Untitled - TwinCAT System Manages - 'X-27EDAE" =10 ]

Fle Edt Adions ¥ew Opbors Heb

|IDEZESE S ZRE N3 B as/dRdiiet(=Qa« (€22
= B SYSTEM - Corbigration Number | Device [rype
9 C - Corfiguration
B PLC - Confipuration

- Confguration
= {0 - Configuration

68 Map i Append Device..

Bree ar
B paste with Liks  A+Cirb

B. Click OK in the pop-up dialog box.
x

L HINT: Mat all bypes of devices can be Found autamatically
LY

Cancel |

C. Click OK in the pop-up dialog box.
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i
v Device 1 [EtherCAT] I 0K I
Device 3 (AT Ethemet]  TRLIVT clS284k3]
[ Device 3 (RT-Ethemet]  [PCINTCIB254x1] (Cewse]
Select All
Unselect All

D. Click Yes in the pop-up dialog box.

TwinCAT System Mana x|

\y Scan for boxes
(= =

E. Click Yes in the pop-up dialog box. The device will enter free run mode.

TwinCAT System Mana il
\g) Ackivate Free Run

Yes Mo |
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F. As shown in the following figure, Drive 1 (EC-TX509U8_1.0.0.0) is the
scanned slave station device. Check whether the device enters the OP state.

Elle Lt getims Yier Qticas Belp
Dowd D SleavFd ah E % =Q 8 e @02
B

Guwnral | EVbeCAT| 36| Process Dot | Stertem [ Cof = Outine] Oadine

T & - i
o) G ol

z

File hezass sver EihurChT

Step 7 Perform process data input and output.

A. Choose DO RxPDO-MapO0. The data is sent from the master station to the
VFD. Command giving and speed giving, and other operations can be
performed.

Eile EAit Actions Yier Options Help

Dsed LEROIERE 8 T RCIE NEIC NI A

e Odine i PR TR R

oacr (5) v 20 710 Owp 0

OlTargst Fosition 0300000000 ©)  DOT 40 T30 owg 0

OlTarget Velosity  0:0000051C (1500)  DINT 40 M0 owpm 0

Ol Tureet Toraue o000 ©) T 20 6o owps 0

o Torgse o000 ©) i 20 @0 owmt 0

@lMods of Opers 03 ) som 10 80 wgut 0

OlFrofile Velocity 000000000 ©)  m 40 @0 owpu 0

Ol Touch Frabe € o000 ©) T 20 w0 owpm 0

Dutputs OlErofile sceel toonoo00 ©)  wm 0 o owpt 0

Infubata pitee toooon0 © W 40 w0 owmt 0

S it Drive 1 GC-TIS0915_1.0.0.0)
0 & 1 2

Ol Turgat
O Target Velocity
ol Tureet Torque
Ol Hode of Gperstion
Ol Frofile Velucity
Touch Frobe Contral
Ol Frofile aceelerstion
Ol Frofile decdlaration

¥
5§ Infolats
G Meppings
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B. Choose DI TxPDO-MapO0. The data is sent from the VFD to the master station,
including the VFD status and speed.

LEENTES X 8 1 ROR NS TN N

[Py

Step 8 Perform SDO data read and write operations.

A. Click CoE-Online. Select 0x2000-0x2063, and select Auto Update. Then you
can view the parameters of the corresponding function codes.

G Ret admasdR AL X Qe Ese et
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B. Similarly, you can write function parameters through 0x2000-0x2063. Select
0x2000, double click 2000:0B, a read dialog box will pop up, write the
parameters, click OK, check the keypad, and you can see the parameter has
been successfully written.

Bit Size: C1 C8 ®16 O O&+ O7
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4.7 PLC communication example 2 (TM753)
This example illustrates how to use the VFD EtherCAT module to communicate with
TM753 that serves as the master station.

Stepl Open the Invtmatic Studio software and create a new project TM753.
Select device TM753. The interface is shown in the following figure.

21 New Project x

tegors -
o Standard Project x
Sipoms .
()
programmable device a5 spectied|
R ragram DLC PG It s speched below
~Aoyelctask which cals PLC_PRG
. Device  [T7s3 @) ~
BLCPRGIn [Structured Text (ST) vl
e [ ]
Loation [Clmms e ERCAT g [ concel |

[ | o |

Step2 Add an EtherCAT device. In the top menu bar, choose Tools > Device
Repository, and import the EtherCAT configuration file of EC-TX509U8.

- o

b e o Logid « @ S w X [(2 %0 |

Vemapes a0 1), o), Do)

B =

Descipion oret Obiect Feson

(o [
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2 Device Repository

X

Location | System Repository

v [ §dill.ncﬂinns..‘]

(C:\Prog

y\D evices)

Installed device descriptions

V‘ | Install...

<

String for a fultext search | vendor: | <allvendors>
Name A Uninstall
# [ EtherCAT Coupler Bxport..
= [ Frequency Inverter
i EC-TX148_1.0.0.0
 iwlEc-xso9us_1.0.0.0 v

= @ C:\Users\Administrator \Desktop \EC-TX509U8_1.0.0.0.xml
® Device "EC-TX509U8_1.0.0.0"installed to device repository.

Step3 Right click Device, and choose Add Device. In the pop-up window, choose
Fieldbuses > EtherCAT > Master, and double click EtherCAT Master.

B it et inamatic s

o Edt View Pjet Bd Onioe Dsbug Took Window Help
R IE IR ST L RN

Decrton

S [0

Step 4

3

*
% \

Vo ErcH e

@ rovmddoin O e e

e e
[Eoratrs e Vet [l
N Verdor Verson
5SS oG 3550
O

iee poston

[T p——

PR R ———_)

Emyre— °

Right click EtherCAT Master, and choose Add Device. In the pop-up
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window, choose Fieldbuses > EtherCAT > Slave > INVT > Frequency
Inventory > EC-TX509U8_1.0.0.0.

e ¢

Step5 Perform PDO configuration. Double click EC-TX509U8_1.0.0.0 that was
added to enter the parameter configuration interface. Enter the Expert
Process Data interface to configure the PDO parameters. PDO parameter
configuration can be done according to requirements. This example uses
the default PDO configuration.

B Untitied! project” - wtmatic Studio. - 8 x
AT T TS TrTw o
VEE S - -RBX ALRLRII2 G [ #8 Apphcaton (Deice MACLogc] * B X, w X Zle W
o — —
== =

) PR T nder e N o

s
emecariomases
PR —

o

o e
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Step6 Choose EtherCAT 1/O mapping, and change Always update variables to
Enabled 2 (always in bus cycle task).

e dEEeeedddddddddddi

Moo o r, O vt L memese]

- [0 0orore [ O warmingta [0 T messagni] X ¥

Descrption broiet it Poston

o 0000 ek @ e °

Step7  Scan for the PLC. Double click Device, click Scan Network..., select the
scanned PLC, and click OK.

Lo D

Step8 Perform EtherCAT master station configuration. Double click
EtherCAT_Master, choose General, click Browse, and double click to
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select eth0.

Doy ook indow bl
R B 58 s

Ether AT~

[EE—

=
e
Step9 Download the program.
D@ n e AL K TAN G DS wnciosa TR o = )
= e e T g

.

EthercAT™

e T R R A

= -
7 @
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Step 10 Perform parameter monitoring. TPDO data can be monitored in real time
and RPDO data can be written by choosing EtherCAT 1/0O mapping.

Bunsteat o o - x

dececeeedefcidelescat

Dot P Ooroas
o - S A —

(oo D70

Step 11 In the COE online interface, you can monitor the values of the function
codes, and you can also directly modify the values of the function codes
(Note: P00.00 modification is invalid).

[ R — -3 x

e K ver Dot B e Do Dock Mndoe e v
1EE @ o o BBX MGG R TRl (7 |3 Apcaion Devn ACLogid - % B ) m =
oo | crsome 00,0 x| Geee () Shecit e

,wnngwﬁ‘n“u“
&

Eowem B

202501 (V1.0) 115



Industrial Ethernet Communication Card Modbus TCP protocol

5 Modbus TCP protocol

5.1 Overview
The communication card using this protocol is defined as a Modbus TCP slave
station, which can be used on VFDs that support Modbus TCP communication.
5.2 Product features
5.2.1 Supported functions
Supports the Modbus TCP protocol and Modbus TCP slave stations

® Supports the concurrent communication with multiple master stations. It can
communicate with Schneider PLCs, INVT AX controllers, and other master
stations.
Equipped with two RJ45 ports, supporting 10/100M half/full duplex operating.
Supports basic operations on VFDs, such as reading and writing process values,
reading status values, and reading/writing function codes.

® Applicable to linear and star network topologies.
5.2.2 Supported communication types

Modbus TCP application layer uses the same Modbus protocol as Modbus RTU,
based on the Transmission Control Protocol/Internet Protocol (TCP/IP) as the
transmission protocol for Ethernet online control and information. It allows for the
transmission of explicit messages between points without strict timing
requirements.

Similar to Modbus RTU, Modbus TCP requires the PLC/host controller to send read
or write commands, with the communication card forwarding the data and
returning the operation result in order to complete a data transmission.

5.2.3 Status indicator

Modbus TCP communication card provides six indicators to indicate its states. For
details, see Table 5-1.

Table 5-1 Indicator description

Indicator |Color Definition Function
LEDL The com(nurﬂcation between the .
(RUN) Green Steady on communication card and the PLC is
online, and data exchange is
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Indicator |Color Definition Function
allowed.
Blinking (on for 500ms, off Abn(?rmal setting ofthfe IP.address
for 500ms) for either the communication card
or the PLC.
The communication between the
Steady off communication card and PLC is not
in Online state.
The communication card is in the
Steady on process of handshaking with the
VFD.
The communication card and VFD
communicate normally.
# Note: After the handshaking is
LED2 Green Blinking (on for 500ms, off |completed, it should blink
(HOST) for 500ms) regardless of whether there is data
transmission between the
communication card and the main
control board.
The communication card is in the
Steady off initialization or parameter
configuration phase.
Blinking (on for 500ms, off The data.uante between thg
for 500ms) communlcatlo.n card and main
LED3 control board is normal.
(DATA) Green No data update or abnormal
update between the
Steady off - .
communication card and main
control board.
(PIE)E\/fI):R) Red Steady on 3.3V power indicator
The communication between the
Steady on communication card and PLC is
offline.
LED5 Red An attempt to operate an
(ERR) Blinking (on for 500ms, off |unsupported CMD control word
for 500ms) instruction or PR function code
value.
Blinking (on for 62.5ms, off |An attempt to operate on a
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Indicator |Color Definition Function
for 62.5ms) non-existent node address.
The communication between the
Steady off communication card and PLC is
normal.
LED6 Blinking (on for 500ms, off Forpmunlcatmn car'd h.eartbeat.
Green indicator (communication card is
(SYS) for 500ms) K
running normally).

5.3 Electrical connection

The Modbus TCP communication card adopts standard RJ45 interfaces, which can
be used in a linear network topology and a star network topology, as shown in
Figure 5-1 and Figure 5-2.

Use CAT5, CAT5e, and CAT6 network cables for electrical wiring. When the
communication distance is greater than 50m, use high-quality network cables that
meet the high-quality standards.

Figure 5-1 Linear network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC)

CN2 CN1 CN2 CN1 —( —( CN2 CN1

Figure 5-2 Star network topology electrical connection

Slave station Slave station Slave station
Master device 1 device2 devicen
station
device
(PLC)

CN2 CN1 CN2 CN1 CN2 CN1

‘ Switch ‘

#Note: For the star network topology, you need to prepare switches.
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5.4 Communication

5.4.1 Communication settings

The communication card can only be used as a Modbus TCP slave, and function
codes should to be set on the VFD before communication. The procedure is as
follows:

1. Set the communication card communication station address, IP address and
subnet mask.

The factory station address, IP address, and subnet mask of each communication
card are 1, 192.168.0.20, and 255.255.255.0 respectively, which can be changed to a
network segment address according to the actual requirements.

2. Set the control method.

To enable the VFD control through Modbus TCP communication, set the control
mode to Modbus TCP communication control. To be specific, set P00.01=2 and
P00.02=0 to control VFD start and stop. In short, if a value needs to be set through
Modbus TCP communication, the corresponding function code should be modified
to Modbus TCP communication control. For related function codes, see Appendix C
Related function codes.

#Note: After steps 1 and 2 are implemented properly, the communication card can
communication properly. If a VFD needs to be controlled, related function nodes
must be set and the control mode is Modbus TCP communication.

5.4.2 Message format

The TCP communication message is shown in Table 5-2.

Table 5-2 TCP communication message

Header of MAC| Header of IP | Header of TCP . .
Valid data Trailer
layer layer layer
14 bytes 20 bytes 20 bytes 0-1488 bytes 4 bytes

5.4.3 Modbus TCP communication

The Modbus TCP communication card supports the Modbus protocol at the
application layer. Modbus TCP protocol messages are located in the TCP message
valid data zone and divided into two parts: the first part is the MBAP (message
header, 7 bytes), and the second part is the PDU (protocol data unit, with variable
length). See Table 5-3.
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Table 5-3 Modbus TCP protocol message
MBAP PDU
Trf;cseascstilr:)n Protocol Length Unit Function Data
P >SINg identifier g identifier code
identifier
2 bytes 2 bytes 2 bytes 1 byte 1 byte n bytes
The message
sequence Includes
number
. . VFD
increments by 1 Subseque Device Modbus function
after each 0000=Modbus q address .
- nt data N function | codes and
communication | -TCP protocol (Station .
. . length code data, with
to differentiate No.) X
variable
between lenath
different gth.
messages.

Through the preceding messages, you can set the reference parameters, monitor
status values, send control commands and monitor operation status of the VFD, and
read and write VFD function parameters.

Parameter description:

® Unitidentifier: Station address (1-247)

®  Function code: Modbus function code

Table 5-4 Modbus function code

Function code Description
0x01 Read coil (not supported)
0x05 Write a single coil (not supported)
OxOF Write multiple coils (not supported)
0x02 Read discrete input (not supported)
0x04 Read input register (not supported)
0x03 Read holding register
0x06 Write a single holding register
0x10 Write multiple holding registers

Data: The data of the first word is the VFD function code address. For example,
P00.00 corresponds to the address 0000h; the subsequent data is the value of read

and write.

Message example:
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1. Command code 03H, reading N words (continuously up to 16 words)

The command code 03H is used by the master to read data from the VFD. The count
of data to be read depends on the "data count" in the command. A maximum of 16
pieces of data can be read. The addresses of the read parameters must be
contiguous. Each piece of data occupies 2 bytes, that is, one word. The command
format is presented using the hexadecimal system (a number followed by "H"
indicates a hexadecimal value). One hexadecimal value occupies one byte.

The 03H command is used to read information including the parameters and
running status of the VFD.

For example, if the master reads two contiguous pieces of data (that is, to read
content from the data addresses 0004 H and 0005 H) from the VFD whose address is
01H, the command frame structure is described in the following.

Request | 0001 ] 0000 [ 0006 | 01 03 0004 0004
Meaning MBAP Function | = Read | o p e
Example code address
P Response| 0001 [ 0000 [ 0007 | 01 03 04 13880000
Meaning MBAP Function Data byte Data
code

According to the data, the value at 0004H is 1388H (50.00Hz), and the value at 0005H
is 0000H (00.00Hz).

2. Function code 06H: writing a word

This command is used by the master to write data to the VFD. One command can be

used to write only one piece of data. It is used to modify the parameters and running
mode of the VFD.

For example, if the master writes 5000 (1388H) to 0004H of the VFD whose address is
02H, the frame structure is as follows.

Request [ 0001 [ 0000 [ 0006 [ 02 06 0004 1388
Meaning MBAP Function Write Data
code address
Example
Response| 0001 | 0000 [ 0006 | 02 06 0004 1388
. Function Write
Meaning MBAP code address Data

3. Function code 10H: continuous writing

The command code 10H is used by the master to write data to the VFD. The quantity
of data to be written is determined by data count, and a maximum of 16 pieces of
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data can be written.

For example, if the master writes 5000 (1388H) and 50 (0032H) to 0004H and 0005H
of the VFD whose address is 02H, the frame structure is as follows.

Request [0001[ 0000 000B[02] 10 0004 | 0002 [ 04 [13880032
. . Number
Meaning MBAP Function| Write of Data Data
code |[address . byte
registers
Bxam Respons
ple Z 0001{0000| 0006 | 02| 10 0004 | 0002

; . Number
Meaning MBAP Function| Write of

code |[address .
registers

5.4.4 Data address definition

This section describes the address definition of communication data. The addresses
are used for controlling the running, obtaining the state information, and setting
related function parameters of the VFD.

The address of a function code consists of two bytes, with the MSB on the left and
LSB on the right. The MSB ranges from 00 to ffH, and the LSB also ranges from 00 to
ffH. The high-order byte is the hexadecimal form of the group number before the dot
mark, and low-order byte is that of the number behind the dot mark. Take P14.00 as
an example. The group number is 14, that is, the MSB of the parameter address is
the hexadecimal form of OE; and the number behind the dot mark is 00, that is, the
LSB is the hexadecimal form of 00. Therefore, the function code address is 0EOOH in
the hexadecimal form. For example, the parameter address for function code P14.03

is OEO3H.
Function Name Parameter description Setting Default
code range
Local
P14.00 | communication [1-247 1-247 1
address
p14,03 |COmmunication sy, o 0-200 | 5ms
response delay

The parameters in the P99 group are set by the manufacturer and cannot be read or
modified. Some parameters cannot be modified when the VFD is running; some
cannot be modified regardless of the VFD status. Pay attention to the setting range,
unit, and description of a parameter when modifying it.
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The service life of the Electrically Erasable Programmable Read-Only Memory
(EEPROM) may be reduced if it is frequently used for storage. Some function codes
do not need to be stored during communication. The application requirements can
be met by modifying the value of the on-chip RAM, that is, modifying the MSB of the
corresponding function code address from 0 to 1. For example, if P00.07 is not to be
stored in the EEPROM, you need only to modify the value of the RAM, that is, set the
address to 8007H. The address can be used only for writing data to the on-chip RAM,
and itis invalid when used for reading data.

Addresses of other Modbus functions

In addition to modifying the parameters of the VFD, the master can also control the
VFD, such as starting and stopping it, and monitoring the operation status of the
VFD. The following table lists other function parameters.

Function Address

description | definition LEC i L R/W

0001H: Forward running
0002H: Reverse running
0003H: Forward jogging

Communication- 0004: Reverse jogging
based control 2000H [0005H: Stop R/W
command 0006H: Coast to stop

0007H: Fault reset

0008H: Jogging to stop

0009H: Emergency stop
Communication-based frequency setting

2001H (0-Fmax, unit: 0.01Hz) RIW
PID reference (0—1000, in which 1000
2002H corresponds to 100.0%) RIW
PID feedback (0-1000, in which 1000
2003H ’ R/W
003 corresponds to 100.0%) /
Communication- Torque setting (-3000-3000, in which 1000
based setting 2004H |corresponds to 100.0% of the motor rated R/W
address current)
Upper limit setting of forward running
2005H frequency (0—Fmax; unit: 0.01Hz) RIW
Upper limit setting of reverse running
2006H frequency (0—Fmax; unit: 0.01Hz) RIW
2007H Upper limit of the electromotive torque RIW

(0-3000, in which 1000 corresponds to
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Function
description

Address
definition

Data description

R/W

100.0% of the motor rated current)

2008H

Braking torque upper limit. (0-3000, in
which 1000 corresponds to 100.0% of the
motor rated current)

R/W

2009H

Special control command word
Bit1-bit0=00: Motor1 ~ =01: Motor 2
Bit2: =1: Enable speed/torque control

switchover

=0: Disable
Bit3: =1 Clear electricity consumption data

=0: Keep electricity
consumption data
Bit4: =1 Enable pre-excitation =0: Disable
pre-excitation
Bit5: =1:Enable DC braking
=0: Disable DC braking

R/W

200AH

Virtual input terminal command. Range:
0x000-0x3FF

(corresponding to
S8/S7/S6/S5/HDIB/HDIA/S4/S3/S2/S1in
sequence)

R/W

200BH

Virtual output terminal command
(0x00-0x0F)
Corresponding to local RO2/RO1/HDO/Y1

R/W

200CH

Voltage setting (used for V/F separation)
(0-1000, in which 1000 corresponds to
100.0% of the motor rated voltage)

R/W

200DH

AO setting 1 (-1000—+1000, in which 1000
corresponding to 100.0%)

R/W

200EH

AO setting 2 (-1000—+1000, in which 1000
corresponding to 100.0%)

R/W

VFD status word 1

2100H

0001H: Forward running

0002H: Running reversely

0003H: Stopped

0004H: Faulty

0005H: In POFF state

0006H: In pre-exciting state
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Function Address A
description definition Data description D
Bit0: =0: Not ready to run =1: Ready to
run
Bit2-bit1=00: Motor 1~ =01: Motor 2
Bit3: =0:AM =1:SM
Bit4: =0: Disable overload alarm =1:

Enable overload alarm
Bit6-Bit5: =00: Keypad-based control

=01: Terminal-based
control
VED status word 2| 2101H =10: Communication-based R
control
Bit 7: Reserved
Bit8: =0: Speed control =1: Torque
control
Bit9: =0: Non position control
=1: Position control
Bit11-Bit10: =00:Vector0 =01:Vector1l
=10: Closed-loop vector =11: Space
voltage vector
VFD fault code 2102H |[See the description of fault types. R
VFDidentification| 1434 |GD350-—0x01A0 R
code
Running 3000H  |0-Fmax (Unit: 0.01Hz) R
frequency
Set frequency 3001H |0—Fmax (Unit: 0.01Hz) R
Bus voltage 3002H [0.0-2000.0V (Unit: 0.1V) Compatibl R
Output voltage 3003H _ [0-1200V (Unit: 1V) e with R
Output current 3004H [0.0-3000.0A (Unit:  0.1A) CHF100A R
Rotation speed of o and
running 3005H [0-65535 (Unit: 1 RPM) CHV100 R
Output power 3006H  [-300.0-300.0% (Unit: 0.1%) communic R
Output torque 3007H  {-250.0-250.0% (Unit: 0.1%) ation R
R addresses
Closed-loop | 500811 | 100.0-100.0% (Unit: 0.1%) R
setting
Closed-loop o 010
feedback 3009H  {-100.0-100.0% (Unit: 0.1%) R
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Function Address A
description | definition R R s
0x00-0x3F
Input 10 state 300AH |Corresponding to the local R
HDIB/ HDIA/S4/S3/S2/S1
0x0-0xF
Output 10 state 300BH |Corresponding to local R
RO2/RO1/HDO/Y1
Analoginput 1 300CH ]0.00-10.00V (Unit: 0.01V) R
Analog input 2 300DH  |0.00-10.00V (Unit: 0.01V) R
Analog input 3 300EH |-10.00-10.00V (Unit: 0.01V) R
Analoginput 4 300FH R
Read input of
HDIA high-speed | 3010H [0.00-50.00kHz (Unit: 0.01Hz) R
pulse
Read input of
HDIB high-speed | 3011H R
pulse
Read the actual
step of multi-step| 3012H [0-15 R
speed
External length 30134 |o-65535 R
value
External counting 30144 |0-65535 R
value
Torque setting 3015H [-300.0-300.0% (Unit: 0.1%) R
VFD identification 3016H R
code
Fault code 5000H R

The Read/Write (R/W) characteristics indicate whether a function parameter can be
read and written. For example, "Communication-based control command" can be
written, and therefore the command code 06H is used to control the VFD. The R
characteristic indicates that a function parameter can only be read, and W indicates
that a function parameter can only be written.

#Note: Some parameters in the preceding table are valid only after they are
enabled. Take the running and stop operations as examples, you need to set
"Running command channel" (P00.01) to "Communication", and set
"Communication mode of running commands" (P00.02) to Modbus. For another
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example, when modifying "PID reference", you need to set "PID reference source"
(P09.00) to Modbus communication.

The following table describes the encoding rules of device codes (corresponding to
the VFD identification code 2103H).

8 MSBs Meaning 8 LSBs Meaning
0x08 GD35 series VFD
0x09 GD35-H1 series VFD
0x0a GD300 series VFD
0x01 6D 0xa0 GD350 series VFD
Oxal GD350-UL series VFD
0xa2 GD350A series VFD

5.4.5 Fieldbus scale

In practical applications, communication data is represented in the hexadecimal
form, but hexadecimal values cannot represent decimals. For example, 50.12 Hz
cannot be represented in the hexadecimal form. In such cases, multiply 50.12 by 100
to obtain an integer 5012, and then 50.12 can be represented as 1394H in the
hexadecimal form (5012 in the decimal form).

In the process of multiplying a non-integer by a multiple to obtain an integer, the
multiple is referred to as a fieldbus scale.

The fieldbus scale depends on the number of decimal places in the value specified in
"Setting range" or "Default". If there are n (for example, 1) decimal places in the
value, the fieldbus scale m (then m=10) is the result of 10 to the power of n.

Function Name Parameter description Setting Default
code range
P01.20 Wake-up-from- |0.0-3600.0s (valid when P01.15 is 0.00-3600.0l  0.0s
sleep delay  [2)
Power-off  |0: Disable restart
PoO1.21 restart selection [1: Enable restart 0-1 0

The value specified in "Setting range" or "Default” contains one decimal place, and
therefore the fieldbus scale is 10. If the value received by the upper computer is 50,
"Delay of auto fault reset" of the rectifier is 5.0 (5.0=50/10).

To set "Wake-up-from-sleep delay" to 5.0s through Modbus communication, you
need first to multiply 5.0 by 10 according to the scale to obtain an integer 50, that is,
32H in the hexadecimal form,

After receiving the command, the VFD converts 50 into 5.0 based on the fieldbus
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scale, and then sets "Wake-up-from-sleep delay" to 5.0s.

5.4.6 Error message response

Operation errors may occur in communication-based control. For example, some
parameters can only be read, but a write command is sent. In this case, the VFD
returns an error message response.

Error message responses are sent from the VFD to the master. The following table
lists the codes and definitions of the error message responses.

Code

Name

Meaning

01H [Invalid command

The command code received by the host controller is
not allowed to be executed. The possible causes are as
follows:

The function code is applicable only on new devices and
is notimplemented on this device.

The slave is in faulty state when processing this request.

02H

Invalid data
address

For the VFD, the data address in the request of the upper
computer is not allowed. In particular, the combination
of the register address and the number of the to-be-sent
bytes is invalid.

03H [Invalid data value

The received data domain contains a value that is not
allowed. The value indicates the error of the remaining
structure in the combined request.

#Note: It does not mean that the data item submitted
for storage in the register includes a value unexpected
by the program.

04H | Operation failure

The parameter setting is invalid in the write operation.
For example, a function input terminal cannot be set
repeatedly.

05H Incorrect The password entered in the password verification
password address is different from that is specified by P07.00.
The data frame sent from the upper computer is
06H Incorrect data |incorrect in the length, or in the RTU format, the value of
frame the CRC check bit is inconsistent with the CRC value
calculated by the lower computer.

O7H Parameter  |The parameter to be modified in the write operation of
read-only the upper computer is a read-only parameter.
Parameter  |The parameter to be modified in the write operation of

08H o .
cannot be the upper computer cannot be modified during the
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Code Name Meaning
modifiedin  [running of the VFD.
running
If the upper computer does not provide the correct
09H Password password to unlock the system to perform a read or
protection write operation, the error of “system being locked” is
reported.

When returning a response, the slave uses a function code domain and fault address
to indicate whether it is a normal response (no error) or exception response (an
error occurs). In a normal response, the slave returns the corresponding function
code and data address or sub-function code. In an exception response, the slave
returns a code that is equal to a normal code, but the first bit is logic 1.

For example, if the master sends a request message to a slave for reading a group of
function code address data, the following code is generated:

00000011 (03H in the hexadecimal form)

In a normal response, the slave returns the same function code. In an exception
response, the slave returns the following code:

10000011 (83Hinthe hexadecimal form)

In addition to the modification of the code, the slave returns a byte of exception
code that describes the cause of the exception. After receiving the exception
response, the typical processing of the master is to send the request message again
or modify the command based on the fault information.

5.5 PLC communication example 1 (S7-1200)

This example illustrates how to use the Modbus TCP communication expansion card
to communicate with a SIEMENS PLC (using TIA Portal V15 software as a
configuration tool), where Modbus TCP does not have a device description file.
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Stepl Usethe TIA Portal V15 software to add a Modbus TCP program block.
Step2 Open TIA Portal V15, create a new project as shown in the following figure.

Create new project

Project name:
Path:
Version:

Author:

Comment:

Nodbus 107

3] ]

vi6

Administrator

]

Create

Step3  After creating, click the Project View in the bottom left corner. Double click
Add new device in the opened interface. See the following figure.

Devices

e
B

I B¢ Add new device

ghy Devices & networks

lix Ungrouped devices

5§ Security settings

3@ Cross-device functions
r‘i Common data

_rz|] Documentation settings
[ Languages & resources
» [ A version control interface

v v v v v w

» fn Online access
» :‘ Card ReaderiUSB memory
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Step4  Select the corresponding PLC model. The PLC model used in this example
is shown in the following figure. Click OK.

Add new device

, , crusiLus
céed CPU 1200

) Open deice view

X
cur1scocnene
Avicleno: (5657 21514G400180 ]
Description:
s memon 12 20 poussppy it
Commanication, kb serer OFC Us:Server 02
o comcel |

Step5 On the left, choose Program Block, and double click Main[OB1] to open
the programmmg interface, as shown in the following figure.

< W

Devices | Optons :
B2 |aas e cnapa: BlEnand et ad ¢ &G0 EE]H

i > [Favortes H

- o 2] Jname owaope oskvaue cammens oo H
i@ H

A Ao 7

=+ ockite: “uainpogram swsep i

v Network 1

[ Properties ['ainfo_ LI Disgnostics

[Tos |

o

J—
] Number.

5 Dot view

[oe
s [Frogam eyde

ey
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Step 6  On the right, choose Instructions > Communication > Others > MODBUS
TCP, double click or drag MB_CLIENT to add it to Main[OB1], as shown in
the following figure.

g |

Options

Wat 0% 0

Favorites

suomonns|

Basic instructions 7
Extended instructions

>

>

>

> | Technology

1 | Communication |(2)
e

>

»

)

Bunsel =

e Description
] 57 communication
[] Open user communicati
[ vee sener ®
[ Others
~ [] MoDBUS TCP
4 MB_CLIENT Communicate via PR
& MB_SERVER Communicate via PR
~ [] MODBUS TCP Redund.
4 MB_RED_CLENT  Redundant commun.
& MB_RED_SERVER  Redundant commun.
TT¢ Proceszor
» [ Teleservice

[ surppy || senenn O] sweLal]

< u >

> | Optional packages

e & X0 X 920t A DG ED S o LEEx “ oA

B T LT e

Step7 On the left, choose Program blocks > Add new block, a global data block
named MB_CLIENT_TCON for mapping the pin CONNECT of the function
block MB_CLIENT. Open the data block, create a variable MB_Client,
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manually enter TCON_IP_v4 in the data type box, and configure the

parameters of the data block.

PR 1Y TPy LE® “ Toul teguted o o

e LEE

=]

e Tewen [ywoer o [ewwar Jano— Tewom

Step8 Add another global data block for data storage, named MB_Client_Data.

Open this data block and create variable DATA.

o 1 o et ey gt o0 [y—
S VUt 5 K X DAC DG B S o S PETES " ToRAL

2o neE "
18 G 00
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Step9 Change the attributes of data blocks MB_CLIENT_TCON and
MB_Client_Data, and deselect Optimized block access.

P
MB_Client_Data [DB3] X
| General | Texts |
General il P
Information tiributes
Time stamps
Compilation "] onlystore in load memory
GED (] Data block wite-protected in the device
Atributes &) ®
Download without reinitilizati L VOptimiond block sccess
" v Data block accessible from OPC UA
Q ] B ~

202501 (V1.0) 134



Industrial Ethernet Communication Card Modbus TCP protocol

Step 10 In PLC variables, create a new variable table and define the following

variables.

Modbus TCP > PLC_1 [CPU 1

[atags [@User

Step 11

pepbbebebee

Omvpe  addes e s Wi Vbl Conment
= “ano 2 @ @
ool w01 - @ @
int wae30 ¥ ¥ @
et wawneo 9 ¥ @
s e 9 @ @
2o “ano 9 @ @
oo wnos 9 @ @
ool oz g @9 @
word. wamnos .- @ @
- “acoo 9 9 @
o e 8 @ @
@ CRRCENC

Connect the variables to the corresponding pins of the MB_CLIENT block.

Network 1:

%WM10.0

%WM10.1
“M8_Client_
DISCONNECT

%€QB30
“Me_Client_
MODE"

WIWI100
“Me_Client_ADDR"
WWI102
*MB_Client_LEN"

%083
*Me_Client_Data*
“MB_CLIENT_

TCON" Me_
Client

%81
“MB_CLIENT_DB"
MB_CLIENT
EN

—REQ

— DISCONNECT

MB_MODE

MB_DATA_ADDR

MB_DATA_LEN

MB_DATA_PTR

CONNECT

N — ————
W02
“Me_Client_
DONE —DONE"
w103
BUSY —"MB_Client_BUSY"

W10.4
“M8_Client_
ERROR —IERROR"

WWI04
“MB_Client_
STATUS — STATUS"
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Step 12 Change the ID in the MB_CLIENT background data block to match the
connection ID. This can be modified by choosing Program blocks >
System blocks > Program resources > MB_Client_DB on the left. Modify
the ID to be consistent with the ID in MB_CLIENT_TCON.

Step 13 Change the PLC IP address to match the Modbus TCP slave station. Double
click Device view, right-click the network interface position, choose
Properties, and set the parameters in the pop-up interface.

#nceorsg v 6 B (4B at 5 [ ] Device overdew |

[~ Wl osie Sotisgten|Qucares e

[SProperties ['info_0]& Disgnostics

General | 10 tags | System constants | Texis

Interface networked with

Subme: [Notnenworiea o
[

b pprotocol

O paddies i sen ety tine device

Step 14 At this point, a Modbus TCP connection has been established. Right click
PLC_1 [CPU 1215C DC/DC/DC], and choose Compile > Hardware and
software (change only) to compile the entire project. Click Save Project
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to save the entire project, then click the Download to Device icon to
download the project configuration to the PLC. See the following figure.

Step 15 You can now write and download the following PLC program. Additionally,
set P00.01=2, P00.02=0, P00.06=8, P14.00=2 (consistent with the ID in
MB_CLIENT_TCON), P16.58-P16.61=192.168.0.20 (consistent with the IP in
MB_CLIENT_TCON), and keep P16.62-P16.69 at their default values. This

will allow control of the VFD to run at 50.00Hz using the Modbus TCP
protocol.

Network 2:
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5.6 PLC communication example 2 (TM753)

This example illustrates how to use the VFD Modbus TCP module to communicate
with TM753 that serves as the master station.

Stepl Open the Invtmatic Studio software and create a new project TM753.
Select device TM753. The interface is shown in the following figure.

[ET—— x

aegone o Standard Project x

B Ssamenss

~One programmable device as spectied below.
-Aprogram PLC_PRG inthe language specfied below.
- A cycictask wich cals PLC_PRG

eve [z awn) o}

BLCPRG I Structred Text ()

e e ]

N e =

[ [t

Step2 Add Modbus TCP related configuration.
According to the actual cable connection to the Ethernet port of TM753, select
Modbus TCP Master1 or Modbus TCP Master2; in this example, the Ethernet 1
port is actually connected, so select Modbus TCP Masterl. After adding the
master station, select the corresponding Modbus TCP Slavel.

® Add devices.

Fe Gt Vew Mot d Oune Oubg Took Wedow hep Al
DEES o BBX RLBG RN BT Aeprion Deicn Ao+ B s w K om

Eoven 30
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® Add the Modbus TCP master station.

B Untited projects - Invtmatic Siudio
Be G Nou Do B4 Crive Do Tock lidew e == x
BE@S o RBX AGRYE R BT E

oo 76 i
@sppddnin e i Qtpessdeic

[ = -

Vendor erdon escripion

Aopend seecteddeve as st b of

© (oot e e sl 5

oo [0

[ Addteie | cose |

® Add the Modbus TCP slave station.

[
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® Theaddingis completed.

Fe B e boen B Geiee Qe Dok el e i

—
1B b, 07 s Pt s
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The Modbus TCP configuration is completed. If there are multiple Modbus TCP
slave stations, add multiple Modbus TCP Slave.

Step 3 Perform Modbus TCP master station parameter setting.

Double click the master station device in the device tree to open the Modbus
master station configuration window. Double click Modbus_TCP_Masterl as
shown in the following figure for Modbus TCP master station parameter
configuration.

®  Perform Modbus TCP master station configuration.

g o
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The frame interval refers to the time interval between the main station
receiving the last response data frame and waiting for the next request data
frame. This parameter can be used to adjust the data exchange rate.

Step 4 Perform Modbus TCP slave station configuration.

Double click the slave device in the device tree to open the Modbus TCP slave
station configuration window, and double click Modbus_TCP_Slavel to set the
Modbus TCP slave parameters.

® Modbus TCP slave station configuration

[Ty )

Table 5-5 Configuration parameters

Configuratlon Function
item
IP address of the Modbus TCP slave station to which the
IP address -
master station connects.
Port TCP port number of the Modbus TCP slave station to which the

master station connects.

Protocol station address of the Modbus TCP slave station to
which the master station connects.

If the slave station does not respond within this duration after
Timeout time (ms) [the master station sends a frame, the master station will report
a receiving timeout.

Station number
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Conf!guratnon Function
item
Slave enable After enabling the variable in the program, the master station
variable will start sending communication frames to the slave station.
® Example
Configuration item Setting
IP address 192.168.0.20
Port 502
Station number 1
Timeout time (ms) [1000
Slaye enable 4001
variable

Click ModbusTCP communication settings to configure Modbus TCP
commands. After clicking Add, a dialog box will appear for adding a new
channel for the Modbus TCP slave station. Select the function code, set the
operation address and length, and click OK button to create a new channel.
Each channel represents an independent Modbus TCP request.

®  Configure Modbus TCP commands.

e e
Y

Priet B4 Orive Dobug Toos Window Heb
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=
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® Perform Modbus TCP slave communication setting.

Modbus communication settings

Base config

Fane Channel 00

Function code (0x03) Read holding registers hd

Enable type Loop execute hd

Circle time(ms) 100 3| Ensble variable(si) s
(1765635) (077999)

Retry times 1 S Comment

Read

s ot :
(0"0xFFFF) (17125)

Error handling  Keep last value >

Write

Address 0 Length(¥ORD) 1 s

cu

® Modbus TCP slave communication setting is completed.

As shown in the preceding figure, a Modbus TCP request is defined to cyclically read
the holding register (function code 03) with a 100ms period. The read address is
0x2100 (VFD status word).

Step 5 Compile and download.

So far, the communication configuration is completed, and compile and
download to the PLC. Click Log in to download, and after the download is
complete, run the PLC. Set the VFD IP address, P16.58-P16.61 to 192.168.0.20,
set the station address P14.00 to 1, keep default settings for P16.62—-P16.69.
Keep consistent with Modbus TCP slave settings, and set SM4001 enabling to
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True to establish successful Modbus TCP communication.

® Compile and download.

After adding the master/slave communication configuration in the Modbus TCP
slave communication settings, the values that are read can be viewed in the
Internal 1/0 mapping interface. The internal I/0 mapping will automatically
allocate a mapping address for each configured mapping, such as %IW1 in the
first row of the following figure, which represents mapping a value read from a
register to address %IW1.

® View internal I/O mapping parameters.
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Similarly, multiple Modbus TCP commands can be added to control the VFD, for
example, adding control word (address 0x2000), setting the set frequency
(address 0x2001), checking status word (address 0x2100) and running
frequency (address 0x3000) settings. Adding commands are shown in the
following figure. The control word and set frequency addresses are contiguous,
directly adding the function of writing multiple registers, with a length set to 2.

®  Multiple Modbus TCP command settings

—

After adding, download to PLC and run it. Enable SM4001, then check the
Internal /0 mapping interface.

Set VFD function codes, P00.01=2, P00.02=0, and P00.06=8.

As shown in the following figure, give the running command (1: forward run)
and set the frequency (1000: 10Hz) on the internal 1/0 mapping interface to
control the VFD to run at 10Hz frequency using Modbus TCP.
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®  Parameter reference
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6 PowerLink protocol

6.1 Overview

The communication card using this protocol is defined as a PowerLink slave station,
which can be used on VFDs that support PowerLink communication.

6.2 Product features
6.2.1 Supported functions
®  Supports the PowerLink CiA 402 protocol.

® Configured with a slave station XDD configuration file, it can communicate with
B&R PLC and other master stations.

® Automatic network address configuration
® Equipped with two RJ45 ports, supporting 10/100M half duplex operating.
® Applicable to linear and star network topologies.
6.2.2 Supported services
PDO service
SDO service

°
.
® Use of SDO to read and write VFD function codes
® Manufacturer-defined object dictionary

°

Two types of objects for VFD reading and writing, that is, PDOs and SDOs
(requiring the object dictionary defined by the manufacturer)

6.2.3 Status indicator

The EtherCAT communication card provides six indicators to indicate its states.
Figure 6-1 shows the positions of the four indicators. Table 6-1 provides the
indicator definitions.
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Figure 6-1Status indicator positions

RUN ‘

O
O

HOST ‘

ERR

O
O

DATA

Table 6-1 Status indicator definitions

Indicator |Color Definition Function
Steady on In NMT_CS_OPERATIONAL state
Blinking (on for 50ms, off\\ |\ \\ir < pAsiC_ETHERNET state.
for 50ms)
B“”k(')?fgfgi;(‘;‘(’)g;oms’ In NMT_CS_STOPPED state
LED1 Green Single flash (on for In NMT_CS_PRE_OPERATIONAL_1
(RUN) 500ms, off for 500ms) |[state.
Double flashes (on for |In NMT_CS_PRE_OPERATIONAL_2
250ms, off for 250ms)  [state.
Triple flashes (on for  {In NMT_CS_READY_TO_OPERATE
125ms, off for 125ms) |state
Steady off In Init state.
Steady on The communication Fard i.s in the
process of handshaking with the VFD.
The communication card and VFD
communicate normally.
Blinking (on for 500ms, # Note: Aftgrthe hand.shaking is
LED2 Green off for 500ms) completed, it should blink regardless
(HOST) of whether there is data transmission
between the communication card
and the main control board.
The communication card is in the
Steady off initialization or parameter
configuration phase.
Blinking (on for 500ms, The data.upd.ate between the.
LED3 Green off for 500ms) communication card and main
(DATA) control board is normal.
Steady off No data update or abnormal update
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Indicator |Color Definition Function
between the communication card
and main control board.
LED4 -
(POWER) Red Steady on 3.3V power indicator
Data frame lost, communication
LEDS Steady on dlsconnected,.or NMT mterna! critical
(ERR) Red error (such as illegal interruption and
memory overrun).
Steady off No fault
LEDG | ol Binking on orsooms, 8 e s
(SYS) off for 500ms) R
running normally).

6.3 Electrical connection

A PowerLink network often consists of a master station (such as PLC) and multiple
slave stations (such as drives or bus expansion terminals). Each PowerLink slave
station has two standard Ethernet interfaces. Figure 6-2 and Figure 6-3 show the
electrical connections.

Figure 6-2 Linear network topology electrical connection

Slave station Slave station Slave station
Master device 1 device 2 devicen
station
device
(PLC) o
CN2 CN1 CN2 CN1 “7 CN2 CN1

Slave station Slave station Slave station
device 1 device2 devicen

‘ Switch ‘

#Note: For the star network topology, you need to prepare switches and hubs.
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6.4 Communication
6.4.1 PowerLink reference model

Figure 6-4 PowerLink reference model

Config guratlon
Mana ger

NMT POWERLINK Application Layer

les! | ObjectDictionary | Application

‘ PDO ‘ ‘ SDOCommand‘

Session /Present

SDOSequence

Transport
Network

A..‘ POWERLINK Data Link Layer ‘
t DataLink

B 3

B PHY | Physical

The PowerLink network reference model consists of two parts: the data link layer
and the application layer. The data link layer is primarily responsible for the
PowerLink communication protocol, which utilizes an additional bus scheduling
mechanism to extend the standard Ethernet data link layer, ensuring that only one
node can access the network at the same time. The scheduling mechanism is
divided into isochronous phase and asynchronous phase. The application layer
embeds the CANopen drive Profile (DS402) communication protocol. The object
dictionary in CoE includes parameters, application data, and PDO mapping
configuration information.

Process data objects (PDO) are composed of mappable objects from the object
dictionary, and the content of PDO data is defined by PDO mappings. The reading
and writing of PDO data is periodic and does not require searching for the object
dictionary, while email communication (SDO) is non-periodic communication and
requires searching for the object dictionary when reading and writing.
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6.4.2 PowerLink slave station information

The PowerLink slave station information file (XML file) is used for the master station
to read, in order to construct the configuration between the master and slave
stations. The XML file contains the information necessary for PowerLink

communication settings.

6.4.3 PowerLink state machine

The PowerLink state machine is used to describe the states of the slave application
and state transitions. State change requests are typically initiated by the master
station, with responses from the slave station. The specific state transition method

is as shown in the following figure.

Figure 6-5 PowerLink state machine flowchart

NMT_GS_
INITIALISATION

NMT_MS (NMT_MT1)
NMTMN State Machine e

[NodelD ==C_ADR_MN_DEF_NODE_ID]

(NMT_MT7)
Timout (SoC, SoA)
[NMT_StartUp_U32.Bit13 == 1]

NMT_MS,

NOT_ACTIVE

NMT_MS_EPL_MODE ‘
(NMT_MT2)
Timeout (SaC, SoA)
INMT_StartUp_U32.8it13 == 0]

NMT_MS.

PRE_OPERATIONAL _1

(NMT_MT6)
Error Condition

(NMT_MT3)

auto
NMT_MS_
PRE_OPERATIONAL_2

(NMT_MT4)
auto
v
NMT_MS_
READY_TO_OPERATE

(NMT_MTS)
auto

NMT_MS_
OPERATIONAL

_MS_
BASIC_ETHERNET

NMT_
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Table 6-2 PowerLink state machine description

Status

Description

NMT_GS_INITIALISATION

In the power-up phase, the communication
attributes are initialized, and the node ID
configuration phase is established.

NMT_MS_NOT_ACTIVE

During the node management phase, the Master
Node (MN) acquires the operational status of the
slave nodes through the Service Object Address
(SOA) and Service Object Command (SOC)
frames.

SDO data is unavailable, and PDO data is also
unavailable.

NMT_MS_PRE_OPERATIONAL_1

The MN executes non-real-time cyclical
communication, completing the transmission of
communication attribute configuration data
while verifying IDs and downloading the
configuration PDO mapping.

SDO data is available, whereas PDO data remains
unavailable.

NMT_MS_PRE_OPERATIONAL_2

The MN performs a synchronous cycling process,
initiating the polling of identified Communication
Nodes (CN), as well as those not flagged as
AsyncOnly by the Preq frames. Simultaneously, it
verifies the heartbeat of the nodes, searching for
configured but unrecognized CNs through the
SoA IdentRequest frame.

SDO data is accessible, while PDO data remains
unavailable.

NMT_MS_READY_TO_OPERATE

The MN continues with the synchronous cycling
process and is expected to begin identifying
time-critical CNs according to PDO mapping
requirements. The MN cyclically accesses
recognized asynchronous CNs through the SoA
StatusRequest frames.

SDO data is available, whereas PDO data remains
unavailable.

NMT_MS_OPERATIONAL

The MN engages in a synchronous cycling
process, sending the NMTStartNode command to
force the CN from NMT_CS_READY_TO_OPERATE
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Status Description

to NMT_CS_OPERATION.

Cyclic access to recognized asynchronous CNs is
performed through the SoA status request
frames.

The search for configured but unrecognized CNs
is performed via the SoA IdentRequest frames.
SDO data is available; PDO data is available.

6.4.4 PDO process data mapping

The process data of the PowerLink slave station is always executed in a synchronous
manner through PReq and/or PRes frames. Among them, PRes frames are sent in
broadcast mode using a producer/consumer pattern, while PReq frames with
unicast addresses follow a master/slave relationship. The transfer type of PDO is
continuous transfer, and does not support "event-driven" or "change-driven"
transfer types.

From the perspective of devices, the use of PDOs can be divided into two types: data
transmission and data reception. The distinction between transmitting PDOs
(TPDOs) and receiving PDOs (RPDOs) needs to be made. Devices that support TPDO
are called PDO producers or PDO master devices, while devices that can receive
PDOs are called PDO consumers or PDO slave devices. The PowerLink slave station
with application control function should support the reading of PDO mapping
objects, with a maximum data size of 10 for each single PDO access.

The master station can select the required objects for PDO mapping from the object
dictionary. PDO mapping configuration is located in the Object Dictionary from the
1600h to 1603h area (RxPDOs: Receive PDOs) and from 1A00h to 1A03h area (TxPDOs:
Transmit PDOs).

The master station can select the required objects for PDO mapping from the object
dictionary. The PDO mapping configuration is located in the following area of the
object dictionary:

®  1600h to 1603h: Receive PDOs (RxPDOs)

®  1A00h to 1A03h: Transmit PDOs (TxPDOs)

Note: Mapping is only supported for 0x6000 series objects, and not supported for
0x4000 series manufacturer-specific parameter mapping. Even if added to the PDO
mapping, they will still be transmitted through the SDO channel. In the EPL, the

maximum number of data accessed in a single SDO is 10. When the number exceeds
10, only the last 10 data can be successfully written.
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Figure 6-6 shows the PDO mapping method.
Figure 6-6 PDO mapping method

Object dictionary
6064 indicates index
Index inscLllzx c?)lrjljteecntt 00h indicates subindex
\ 20h indicates parameter bit length
1A00h| 0 0x03 | T
1A00h| 1 | 0x60410010 /
1A00h| 2 | 0x60640020 [ -
|
1A00h| 3 | 0x60B90010 | |
Sub Obj . — Object[Object| Obj
ul ject N ~ ject| Object|Object
Index | "yo | comtent  |BItS ‘IAOOh(PDO 1)‘ s ‘ A ‘ . ‘
6040h| 0 | ObjectA |10h /‘ f
|
6041h| 0 ObjectB  |10h|——————— | |
/ |
6042h| © ObjectC  |10h / |
/
6060h| 0 ObjectD | 8h / /
6064h| 0 ObjectE  |20h|———
60D8h| 0 ObjectF  |10h
,,//
60B9 [ 0 Object G |10hf————

6.4.5 Clock synchronization

PowerLink complies with the IEEE1588 distributed clock system standard to achieve
high-precision clock synchronization. Each device comes with a clock to ensure
precise synchronization during data exchange. The PowerLink cycle consists of two
main roles: master node (MN, management node) and child node (CN, controlled
node, also known as slave).

During the startup phase of the PowerLink cycle, the master node will send
configuration information to each slave node and multicast synchronization start
frames (SoC) to all nodes through Ethernet. After receiving the SoC, a slave node
enters a waiting state for data communication.

After the SoC, the master node (MN) starts communicating with each slave node in
turn:

1. The MN first sends PReql to the first node, which will broadcast PRsl to the
network after receiving it.

2. Subsequently, the MN sends PReq2 to the second node, which will broadcast
PRs2 to the network after receiving it.

3. This process continues in a cyclic manner until the final slave node broadcasts
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PRsN.

4. Finally, the MN sends the Start of Asynchronous frame (SoA), marking the
beginning of the asynchronous communication phase.

After SoA, the network entered the asynchronous data transmission phase. The
entire process forms a complete PowerLink loop frame, consisting of the following
two stages:

Isochronous synchronization phase: This is accomplished through the SoC and
PReq/PRs.

Asynchronous data transmission phase: This phase begins with the SoA.
The timing for all phases is configurable to accommodate various application
requirements.

6.5 CiA402 device profile

The main station controls the drive through control word (0x6040), and reads status
word (0x6041) to obtain the actual status of the drive. The servo drive achieves
motor control internally based on the control instructions from the master station.

6.5.1 CANopen over PowerLink state machine

Figure 6-7 CANopen over PowerLink state machine

Power Fault

Disabled 1
!
0 Fault Reaction
Active
Not Ready to
14
Switch On |
i Fault

~—{ Switch On Disabled 15,

2 7

Ready to
Switch On

i
6

3

Power

12
e i
4 5
¥ |
Operation 11- Quick Stop
Enable |4 16— Active

State Description
Not Ready to Switch On|The drive is in the initialization process.
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Switch On Disabled

Drive initialization is completed.

Ready to Switch On

The drive is waiting to enter the Switch On state, and the
motor is not excited.

Switched On

The drive is ready, and the main circuit power is normal.

Operation Enable

The drive is enabled and it controls the motor in
accordance with the control mode.

Quick Stop Active

The drive stops according to the set mode.

The drive detects that an alarm has occurred, and stops

Fault Reaction Active |according to the set mode, while the motor still has

excitation signal.

Fault

The drive isin a fault state and the motor has no excitation
signal.

The control word 6040h includes the following content:

®  Bits for state control

® Bitsrelated to

control mode

®  Bits defined by manufacturer

The detailed description of each bit of 6040h is as follows.

15 11 ] 10 9

8 7 6 4 3 2 1 0

Factory
defined

Reserved |Reserved

Switch | Servo
on main| being
circuit | ready

Fault |Operation| Servo | Quick
reset mode | running| stop

0 0

[0) M [0) M M M M

MSB

LSB

Bits 0—-3 and bit 7 (bits for state control):

Bit of the control word
Command Fault Enable | Quick | Enable | Switch |Transitions
reset |operation| stop | voltage on
Shutdown 0 X 1 1 0 2,6,8
Switch on 0 0 1 1 1 3
Switch on 0 1 1 1 1 3**
Disable voltage 0 X X 0 X 7,9,10,12
Quick stop 0 X 0 1 X 7,10,11
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Bit of the control word
Command Fault Enable | Quick | Enable | Switch [Transitions
reset |operation| stop | voltage on
Disable operation 0 0 1 1 1 5
Enable operation 0 1 1 1 1 4,16
Fault reset 0-1 X X X X 15
Bits 4, 5, 6, and 8 (bits related to control mode):
. Operation mode
Bit 5 = 5 5 5
Profile position mode | Profile velocity mode Homing mode
4 New set-point Reserved Homing operation start
5 Change setimmediately Reserved Reserved
6 Rel Reserved Reserved
8 Halt not supported Halt not supported Halt not supported

#Note: In the Profile position mode, when bit4=New set-point, a new position can
be triggered.

When the control word is set to 0xOF, the drive is enabled; otherwise, the drive stops.
If a fault occurs, a reset command is issued when bit 7 in the control word is set to 1.

6041h status word includes the following content:

® Drive's present status bit
®  Status bits related to control mode
®  Status bits defined by manufacturer

The detailed description of each bit of 6041h is as follows.

@
-

Description

=
=
o

Ready to switch on

Switched on

Operation enabled

fault

Voltage enable

Quick stop

Switch on disabled

Warning

Manufacture specific

©|o|Nfo|u|s|w|n |- |o
ZooIZTIZIZIZIZEIZIZ

Remote
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Bit Description M/O

10 Target reached M

11 Internal limit active M
12-13 - -
14-15 Manufacturer specific ]

Bits0-3, 5, and 6:
Value(binary) State

XXXX XXXX XOxx 0000

Not ready to switch on

XXXX XXXX X1xx 0000

Switch on disabled

XXXX XXXX X01x 0001

Ready to switch on

XXXX XXXX X01x 0011

Switched on

XXXX XXXX X01x 0111

Operation enabled

XXXX XXXX X00x 0111

Quick stop active

XXXX XXXX XOxx 1111

Fault reaction active

XXXX XXXX XOxx 1000 Fault

Bit 4: Voltage enable, when this bit is set to 1, it indicates that the main circuit power
supply is normal.

Bit 9: Remote, when this bit is 1, it indicates that the slave station is in OP state, and
the master station can control the drive through PDOs.

Bit 10: Target reached.

Mode 1 and mode 8: After the present positioning is completed, set it to 1 for
keeping. If the positioning is restarted, clear it to 0.

Mode 6: Set it to 1 after homing is completed; set it to 0 if homing is not completed.

Mode 2: Set it to 1 when the ramp reference frequency reaches the set frequency
and the control word's bit 4, bit 5, and bit 6 are all set to 1; otherwise, set it to 0.

Other modes: 0
Bit 11: External limitations
Mode 1 and mode 8: Set it to 1 when FWD/REV limit is reached; otherwise set it to 0.

Mode 4 and mode 10: In electric mode: If the electric torque reaches the upper limit
(upper limit is not 0), set it to 1; otherwise, set it to 0. In braking mode, if the braking
torque reaches the upper limit (upper limit is not 0), set it to 1; otherwise set it to 0.

Mode 2, mode 3, and mode 9: Set it to 1 when the output frequency reaches P00.03;
otherwise, set it to 0.
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Other modes: 0
Bit 12: Manufacturer defined 1

Mode 1: Set to 1 when bit 4 of the control word is 1; otherwise, set to 0.

Mode 8, mode 9, and mode 10: Set it to 1 when the VFD is in running state; otherwise,
setitto0.

Other modes: 0

Bit 14: When this bit is 1, it indicates the motor is in zero-speed state.
Bit 7-Bit8, Bit 15: Reserved

6.5.2 Device run mode

Set the VFD parameters P00.01=2 (Running command channel), P00.02=3
(PowerLink communication channel), and P16.75 (Communication timeout time).
The position mode and homing mode require the drive to operate in closed-loop
mode.

6.5.2.1 Profile Position Mode

=

w

>

o

N o

. Set  [6060h: Mode of operations] to 1 (Profile Position Mode).

. Set the appropriate number of encoder pulses P20.01 according to the encoder

model, set the position command source P21.00 tens place to 1; for digital
position, set P21.16 digital positioning mode (16#0200, bit 9=1 Position source
PowerLink given).

Set [6081h: Profile velocity] , with the frequency-to-velocity relationship V=60f/p,
where V is the velocity in RPM (revolutions per minute), f is the frequency, and p is
the number of motor pole pairs.

Set [6083h: Profile acceleration] and [6084h: Profile deceleration] and write
the corresponding values to P21.20 and P21.21.

#Note: The units of 6083h and 6084h are ms.

Set [6040h: Control word] to enable the drive (set to 0x4F to enable, bit 6 set to
1, only relative position supported).

Set [607Ah: Target position] to the target position (unit: user unit).

Query [6064h: Position actual value] to obtain the motor actual position
feedback.

. Query [6041h: Status word] to obtain the drive status feedback (following error,

target reached, and internal limit active).
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9. For function details, see function parameters in group P21 in function code list
chapter and commissioning chapter in the GD350 user manual.

6.5.2.2 VFD Mode
1. Set  [6060h: Mode of operations] to 2 (VFD mode).

2. Set  [6046h: vl velocity min max amount] to set the max. and min. rotation
speeds. If you do not set it, the default values on the drive are used.

w

. Set the object dictionary [6048h: vl velocity acceleration] , [6049: vl velocity
deceleration] ,and [604Ah: QuickStop Speed] . Do not set them to the default
values of the drive.

® The acceleration time is 60* [6048h:02 Acceleration Delta Time]
*P00.04/( [6048h:01 Acceleration Delta Speed] * Number of motor pole
pairs) * 0.1, with second as the unit, corresponding to P00.11. The value
will remain the same as the previous one when it exceeds 3600.0 seconds.

® The deceleration time is 60* [6049h:02 Deceleration Delta Time]
*P00.04/( [6049h:01 Deceleration Delta Speed] * Number of motor pole
pairs)*0.1, with second as the unit, corresponding to P00.12. The value will
remain the same as the previous one when it exceeds 3600.0 seconds.

® The emergency stop time is 60 * [604Ah:02 QuickStop Delta Speed] *
P00.04/( [604Ah:01 QuickStop Delta Time] * Number of motor pole
pairs)*0.1, with second as the unit, corresponding to P00.12. The value will
remain the same as the previous one when it exceeds 60.0 seconds.

4. Set  [604Ch: vl dimension factor] to adjust the electronic gear ratio, which is 1:1
by default.

. Set  [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

(&3]

o

Set [6042h: vl target velocity] to set the target speed.
Set [6040h: Control word] to run the drive (when it is set to Ox7F, the drive runs).

o =N

. Query [6044h: vl velocity actual value] to obtain the motor actual position
feedback.

6.5.2.3 Profile Velocity Mode
1. Set  [6060h: Mode of operations]  to 3 (Profile Velocity Mode).

2. Set [6083h: Profile acceleration] and [6084h: Profile deceleration] and write
the corresponding values to P00.11 and P00.12.
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#Note: The units of 6083h and 6084h are ms.
3. Set P00.01=2, P00.02=3, and P00.06=13.

4. Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

5.Set [60FFh: Target velocity] to set the target rotational speed (unit: rpm).

6. Query [6041h: Status word] to obtain the drive status feedback (Speed zero, Max
slippage error, Target reached, Internal limit active).

6.5.2.4 Profile Torque Mode
1. Set [6060h: Mode of operations]  to 4 (Profile Torque Mode).
2.Set [6087h] to setthe ramp torque.

3. Set  [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

4. Set P03.11=11 and P03.32=1 (torque control enabled).
5.Set [6071h: Target torque] to set the target torque.

6. Query [6041h: Status word] to obtain the drive status feedback (Speed zero, Max
slippage error, Target reached, Internal limit active).

6.5.2.5 Homing Mode

=

. Set [6060h: Mode of operations] to 6 (homing mode).

2. Set P22.00.Bit0=1 to enable spindle positioning function, and set P22.03-P22.06
zero positions.

3. Setthe [6040h: Control word] to enable the drive (set to 0xOF to enable). When
bit 4 changes from 0 to 1, the homing operation starts, and when bit4 changes
from 1 to 0, the homing operation is interrupted.

4. The motor queries for the limit switch and home switch to complete the homing
action.

5. Query [6041h: Status word] to obtain the drive status feedback (Homing error,
Homing attained, Target reached).

6. For function details, see function parameters in group P22 in function code list
chapter and commissioning chapter in the GD350 user manual.

6.5.2.6 Touch Probe Function

Record the present position according to the Z phase rising edge or falling edge
signal, and set the control word to record one or multiple times.
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1. When the control word (60B8h: Touch Probe Control) is 23 (2#01 0111), the
function indicates that the Z phase rising edge triggers recording the present
position continuously. The recorded value is Turns of motor rotation x 10000.
Every time the motor rotates a turn, a value is updated. When the status word
(60B9h: Touch Probe Statu) is 3, in continuous triggering mode, the probe status
word bit 6 is 1, and each triggering will cause bit 7 to toggle.

2. When the control word (60B8h: Touch Probe Control) is 21 (2#01 0101), the
function indicates that the Z phase rising edge triggers recording the present
position continuously. The recorded value is Turns of motor rotation x 10000. The
status word is 3 (60B9h: Touch Probe Statu).

3. When the control word (60B8h: Touch Probe Control) is 39 (2#11 0111), the
function indicates that the Z phase falling edge triggers recording the present
position continuously. The recorded value is Turns of motor rotation x 10000.
Every time the motor rotates a turn, a value is updated. When the status word is 5
(60B9h: Touch Probe Statu), in continuous triggering mode, the probe status
word bit 6 is 1, and each triggering will cause bit 7 to toggle.

4, When the control word (60B8h: Touch Probe Control) is 21 (2#01 0101), the
function indicates that the Z phase rising edge triggers recording the present
position continuously. The recorded value is Turns of motor rotation x 10000,
which is recorded only once. When th status word (60B9h: Touch Probe Statu) is 5,
the falling edge triggering control word is 37.

#Note: The difference from CiA 402 is that only one type of probe is supported and

only one locking value can be recorded at a time.

6.5.2.7 Cyclic Synchronous Position Mode (Not supported)
1. Set  [6060h: Mode of operations]  to 8 (Cyclic synchronous position mode).
2. Set P00.00=3, P00.01=2, P00.02=3, and P00.06=13.
3. Set [6040h: Control word] to enable the drive (set to 0xOF to enable).
4. Set [607Ah: Target position] to the target position (unit: user unit).
5.

Query [6064h: Position actual value] to obtain the motor actual position
feedback.

6. Query [6041h: Status word] to obtain the drive status feedback (following error,
target reached, and internal limit active).

7. For function details, see function parameters in group P21 in function code list
chapter and commissioning chapter in the GD350 user manual.
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6.5.2.8 Cyclic Synchronous Velocity Mode (Not supported)

—

. Set  [6060h: Mode of operations] to 9 (Cyclic synchronous velocity mode).
Set [6083h: Profile acceleration] and [6084h: Profile deceleration] .
. Set P00.01=2, P00.02=3, and P00.06=13.

Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

> ow o

o

Set [60FFh: Target velocity] to set the target rotational speed (unit: rpm).

. Query [6041h: Status word] to obtain the drive status feedback (Speed zero, Max
slippage error, Target reached, Internal limit active).

(2}

6.5.2.9 Cyclic Synchronous Torque Mode (Not supported)

-

. Set [6060h: Mode of operations] to 10 (Cyclic Synchronous torque Mode).
2. Set P03.11=11 (Communication) and P03.32=1 (Torque control enabled).

3. Set [6040h: Control word] to enable the drive (set to OxOF to enable) and start
the motor operation.

>

Set [6072h: Max torque] to the maximum torque and  [6071h: Target torque]
to the target torque.

5. Query [6041h: Status word] to obtain the drive status feedback (Speed zero, Max
slippage error, Target reached, Internal limit active).

6.6 PLC communication example (x20CP3684)

This example illustrates how to use the communication card to establish simple
PowerLink communication between the Beckhoff x20CP3684 as the master station
and a VFD.

Install Beckhoff Automation Studio 4.12 English.

Open Automation Studio software, and create a new project named X20CP3684.
Select device X20CP3684. See the following figure.
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New Project

Automation Studio - New Project Wizard

In this screen please enter the base paraneters for the nev project.

Name of the project:

L Povertind

Path of the project:

[c:\Users\Adninistrator\Desktop\Exanplel

[Jcopy Autonation Runtine files into project

Description of the project:

Cancel

Help

#Note: Please ensure that the path created here is entirely in English.

New Project

Automation Studio - New Project Wizard

In this screen please enter the paransters of the new configuration.

X

"

! Hane of the configuration:
[configt

Hardvare Configuration
& ©etine 2 nev havdvare contiguration nanually
Q @ Ty et coffigrmfion exilis

( (OReference an existing hardvare configuration ( +.hv ).

Description of the configuration:

< Back

Cancel

Help
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Automation Studio - New Project Wizard

In this screen select the CPU or system unit you vant to use.

Catalog Favori
ek
Product Group

Dmm

Contro. ..

&

Controller

Ll

v

lane. Descrintion

X20CP3684 X20 CPU ATON, 0.4GHz comp.,

OPC UA TSN, POWERLINK, 3x IF

&)

[JActivate Sinulation

Import the PowerLink configuration file
bar, choose Tool > Manage 3rd-Party D
Import Fieldbus Device(s), specify

Automation Runtime type: AR Embedded

(&)

< Back Cancel Help

(EC-TX509U8_1.0.0.0.XDD). In the menu
evices.... In the dialog that appears, select
the location of the configuration file

(EC-TX509U8_1.0.0.0.XDD), select the imported XDD file, and click Open; wait for

the import to be successful.

Fle ESt View Inser Open Proec Debug SourcaControl Onife |Toos | Windes| Hap

$9AHD OO X Oy 4 45 g ] e iy Cenee 2 b & o8 s R EHILLIZ2%=.08
Tenloy Guaring x|
D"\ »mme B i (R N TP ]
P
e = [ yem——
ey
5F Gt Somvaer S—
fS Rrocudiicuihien J——
4 U T e
2] Run Unit Tests.
[ Marsoesabuny v :l
Upgraces
CoceSnpoet Marager
e —
B Logeal View @ Contguration View |4 Physical View
(5] o [ v [0 2o 2 ¢
+ Caeg Dvertn
1 OMe.. 2024911415:10:.. Pe or SmanEdit Support. 8
> O s ‘
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EEETT RS >

Add devices.

Click Configuration View, double click Hardware to enter the configuration
interface, right click and choose Add Hardware Model..., then search for
EC-TX509U8 on the right side to quickly locate the device; double click or dragitto a
blank area, connecting the device port to the PLC's PowerLink port, thus completing
the configuration.
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$iHardware.hwl [System Designer] X ‘ v

2P w 28 ahle AT ws sk R OA48

Set slave station parameters.

Click Physical View to enter the Physical View interface, right click the added
PowerLink slave station EC-TX509U8_1.0.0.0, and modify the slave site (1 for

*c 1064
paa Y YOX TP Y Y IErEyere) YA AT WA
i e —r———
outssden BBtesd bk dlassr s DA
Ben
s e -
Reptce st Mo, M
o =
N ®
Epad/colapse @ >4
I e
e -
e Uk ode Number
T —

#Note: The slave station site number setting need to be consistent with the
function code P16.78.
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After modifying the address, right

click

the

added PowerLink

slave

EC-TX509U8_1.0.0.0 again and choose Configuration to enter the configuration
interface; when setting up the PowerLink network, disable the PLC's service mode:

set Module Supervised to OFF.

2ebi00

4 ECT50905.1.0.00 Contguratnt® X

/0 Mapping

add Hardware Module..

ar
copy
Deete
Rename
Columns
Expand/Collapse >

Node Number >

Dissble

Propertes..

B Loges vea |8 Contguraion Veu | prysciview <

[0 0Erors ][4 4 Warings] © 7 Mesages] & = %
+ comp. DaTme  Owsaon
T Qe 202014 1530 Poreng s o Soon Suprt

o Desarpion

Select Channels to configure the PDO parameters. Choose Control Write, and set

Cyclic Transmission to Write.

iHardware hwl [System Designer] | % EC-TX509U8_1.0.0.0 [Configuration]* X

“r e li0%

Name Value

5 23 Vector control of motor 2_14017 RECORD

5 24_Encoder functions of motor 2_018 RECORD

- 25 251 0 cardinp functions_019 RECORD
% 26 Expansion |_O card outp functions_401A RECORD
% 27_Programmable card functions_4018 RECORD.

- 5 28_Master_slave control_401C RECORD

% 90_Tension control basic parameters_405A RECORD

%5 91_control PID parameters_058 RECORD

% 92_control optimization functions_K05C RECORD

25 93 function group 4_405D RECORD

5 94_Customized function group 5_MOSE RECORD

% 95_Customized function group 6_405F RECORD

5 98 ALAO calibration functions_4062 RECORD

% 99_Factory functions_14063 RECORD

0 ARRAY(1

9 Cyclic ransmission None
149 Datatype
9 Initvalue

Unit

Description ~

UNSIGNED16

5 Status Word_IG041 ARRAY(1]

5 ViTargetVelocity_I6042

% VIVelocityDemand_I6043

5 VIVelocityActualValue_I6044

5 Vivelocity min max amount_16046 ARRAY(0x2]
5 Vivelocity acceleration_6048 RECORD[0x2)
5 Vivelocity deceleration_I6049 RECORD[0x2]
& Vivelocity quick stop_I604A RECORD[0x2]

- (57 VI dimension factor_I604C ARRAY[0x2]

4 25 ModeofOperation_I6060 ARRAY(1]

Read once

52 Mndn nfane
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Similarly, set the following parameters to Write: Mode of Operation; Target
Velocity. Choose Status Word, and set Cyclic Transmission to Read.

%4 EC-TXS09UB_1.0.0.0 [Configurationl® X

SRHardware.hwi [System A

“e dwHiio%

Nam Value Unit Descipion ~

L Contrl Word_6040 ARRAY[1]

5428 ContoWrd_6040_S01

T-19 Cyelcransmission wrte

L-y9 Daatype ® UNT
T Tvale

W

UNSIGNEDTS
Setatboop (clear o presarve vale

1 ARRAY()

Gy sarsmisen e[Sl

UNSIGNEDTS

[t
s
H
H
£
£i
g

M
<
:
g3
®

a
i
XE

L
s
H
7
it
Fl
H
3
E

M
s
H
£

G

4 gLy
2

u
H
H
2

m
Touch probe pision 1 posieve value_G0BA ARRAYII] "
el N N

<

Similarly, set the following parameters to Read: Error Code; Mode of Operation
Display; VelocityActualValue; DCLinkCircuitVoltage. Once configuration is complete,
click Save.

File Edit View Insert Open Project Debug Source Control Online Tools Window Help

En SR y N NTEAR ) x5 Tp i N ep KRB
Right click the added EC-TX509U8_1.0.0.0 and choose 1/0 Mapping to enter the
PDO mapping interface, where you can view the completed PDO parameters.

.S 8 L 22 t= 04

ST |3 e o x

Catalos

S o apring

TS

Add Hardware Module.. @

cu

Rename
Columns >
Expand/Collapse >
Node Number >
Enable
Disable

properties.

B Lo vie |8 con € prysicaven

‘ (Al [© 0Erors [4 2 Wamings [0 20 Messages | & & & Search.
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Perform PLC connection and download.

Connect the ETH port of the PLC to the computer's network port. In the Automation
Studio menu bar, choose Online > Setting... to enter the scanning interface, where
the detected PLC will be visible.

Wi b

e - 8 Sl Y}
v o Wowne sengs x -
= caalss
o Posn v © ertel ro B

[

)

[A1]}0 0 Erors [ o womings| © 3 mesages] & = %

When the scanned PLC IP address is 0, right click the scanned PLC, and choose Set
IP Parameters to set the IP address. After the IP setting is completed, right click
Connect. See the following figure.

%8 EC-TX509U5. 1000 Contguration] | 3] EC-TA509U8_1,000 /0 Mapping] | W) omine Settings B

54> @@EE &

Ethernet Serial Noden Renote
Connection Usein  SourcelNA ~ Targettype
Comn 4 oo SouceNa ~ Targelyee P Adress Subnet .. Hostrame AR Version
S S 2 A N 100 [osuomat [Ko493 |
o T — Connect
- TCPP o 1 Disconnect
& X20CP3684 o 1 ~
SetIP Parameters ]
Tt
Copy
Paste
Delete
Copy tem Data >
SortUp >
Sort Down >
Columns >
Expand/Collapse >
< > < >
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Parameters X

+

Set IP Parameters

% Copy fron project

Name Value

& 5 Ethemet parameters ®
0 Default Gateway

B % Device parameters

o

enter IP address manually
0 _IP Address

192.168.8.240
255 265 265
= 5 INA parameters

9 Portnumber

11159
9 INAnode number 0

Apply IP parameters to CPU interface in current project
[JApply IP paraneters to:

¥20CP3684. IF2 (ETH)

additional information

Cancel Help

#Note: The set IP address should be in the same network segment as the computer.

) EC-TX509U5.1.000 (/0 Mappingl* @) Online Settings. X v
Ethernet Serial Noden Remote
Connecon Usein SowceNA ~ Targattype
Comns L Tndiibomiv o 1P Address SubnetMa.. Hostname AR Versi
= [\Rsm_TCPP o 1 ] X20CP3684 |15
= ARwin o 1 Connect
< TCPIP g 1 Disconnect
5. XA0CP3684 o 1
Add to Connections
SetIP Parameters
cut
Copy
Paste
Delete
Copy Item Data >
SortUp >
Sort Down >
Columns >
Expand/Collapse >
< > < >
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After successful connection, you can see the status of the PLC below.

= - Y i scout x;f(nlu[ I

Click Build to initiate the compilation. Once the compilation is complete without
errors, click Transfer on the pop-up window, and then click Transfer in the pop-up
Transfer to target window. Wait for the download to complete.

Fle Bt View Osen Prope Desug SowceContl Onine

SHaane b

: o scese St
& oS T =
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K Transfer to target

X

Project Target

Ditferences
Differences betveen project and target detected. e & 2

> Install on current online target system o
Info
Thero is no additional infornation available at the aonent v
Progress

Caneel

Configure the VFD: set P16.78=1 (station address); P00.01=2; P00.02=3; P00.06=13.
Connect the PLC's PLK port to the EC-TX509U8 port. Click Monitor to monitor PDO
parameters in real time. If ModuleOk displays as True, it indicates that
communication has been successfully established.

% £C-TX50905.1.000 (Contiuraton] 8 ProgramsCycit (Srucurea T

3 EC-TX509U8 1000 /0 Mapping]  |BJ0nine sengs | %

" Phscaval Forcecivaled __ Forcecivaed Vabe
%3 ModuleOk | TRUE | ju) FALSE
5 EnorCode 60% 501 ] o
o Conolord 604D 010 H ] o
ool o piic) ] o
fGaeotOperation_ToUB0_S0TOu T u] 0
3 ModeOMOperatonDIsplay K061 501 o ] o
23 VelciyAcuaakue JG03C_SOT 0 ] o
5 ] 0
R o - S| g o
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Parameter reference

The PDO parameters can be directly assigned in the 1/O Mapping interface. Enter

the parameters under Force Activated Value and select Force Activated to
successfully write the parameters.

taec-ns Rprogra

32

ooof

I
;

Do

B
I

L@

Parameters can also be set through PLC programming.

Click Logical View, where various programming languages can be selected on the
right side to create a program (this example will use ST Program). Simply double
click ST Program to complete the creation of an ST language program.
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Double click Global.Var to define global variables, such as Control Word. After

completion, click Save.
L s oS RO R F A == @a
g g H og

THES
- o

Assign values to the defined variables. Choose Program > Cyclic.st, double click
Cyclic, and enter the assignment statements, as shown in the following figure.

16
a5 Y

a IR <

®
(Contouraion] | ot Program:Cyellst Strucured Toxt x B0 senos

Hle b View ot Open Proect Debug Soucs Contis Onine lecls Window el
QR8O

AIAHE b0 - X%

= sl <

 Logiaview [® g

[A1][0 2 Crors [ 0 Worrings] © 6Messages] & ¥
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Once the program is written, return to the 1/0 Mapping interface to map the created
variables to the relevant parameters.

Tt s o TsoNs 1900 o Mgt X 14

[S)

After mapping, if compilation is successful, proceed with the download; then click
Monitor to confirm the successful setting of parameters.

2| EC-TX509U8_1.0.0.0 (/O Mapping] X | [} Globalvar [Variable Dedaration] | % EC-TX509U8_1.0.0.0 [Configuration] 3] X20CP3684 [Software] | ¥

Channel Name Physical Value ForceAcivated ForceAcivated Value.
0 ModuleOk o 3
0 EnoiCode_I603F_S01 [ o
9 ConfiolWord_16040_S010ut 15 o
=]
O
) K 5]
0 VelocityActalValue_606C_SO1 79 o 0
O TargeWVelocity_I60FF_S010u! 750 o 750
0 DCLinkCircutVoltage 16079 32500 =] 0
< >
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While monitoring, access the programming interface. In the Watch window, right
click and choose Insert Variable... to add the corresponding variables for
observation and modification.

Ty
octal

properies.

| @
S R pre—

[0 siren] s om0 o] & Somen

B Logearve

For SDO read/write operations, choose Program > Cyclic.st, double click Cyclic to
enter the programming interface. Click the top left corner Insert Function/Function
Block... to add the EpISDORead function block (or EpISDOWFite).

st [Structured Text] X | 3] EC-TX509U8_1.0.00 [l/O Mapping] | [} Globalvar Variable Deciaration) | % EC-TX509U8_1.0.00 [Configuration}
il d =2
FrertLc®
FROGRRM _cxcLIC
M concrzoliozaj H Select Data Type X
M Hodcoroperal
M Tazgecvelos] Category: Name + Scope Descrption Descript A
M #45 cipsObjUncomneciossage  AsNx. sendsan
£n_proswa Functions and Function blocks v| *%i- eipsSubscibe Ashx. subserbe,
2 eipsUnsubscrbe ANk unsubscii
S #4 EplCreateObject ASEPL creates a
I o s “u ASEPL craatesa
how external libraries i e
® “55 EpSDOWite ASEPL wrtas an
[show only used = T TomTE
4 ERRxatal @ sys_lib makes an
[Jshow only local * 5 ERRwead sys_ib reads an
# 4 ERRwiarning sys_lib makes an
4 ERRfatal sys_lib makes an
. * 4 ERRread sys_ib reads an
Array indor ranse: X sl
7 e # 4 ERR waming sys_lib makes an
* 4 EnGetnor H
.40 etinetaton ASET.. converts
Length: ? 4 ethinethtoa ASET... converts
o L] %s EThino ETH
2 ETHnode ETH
Subrange: 35 EbStat ASET.. retieves
#55 ETHainto ETH v
< >
Filter: “ln
DEEEE] | Cancel Help
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(@ Globslar [Variable Dedaration] % EC-TX509U8_1.000 [Configurstion] | 64 Program::Cyclicst [Structured Textl* X | [$) EC-TX509U8_1.00.0 (/O Mapping] | ¥

g ok AFF

<<

pevice i=, mode -, index -, subindex i, pDaza -, dacalen i=);

Device = , node 1= , index := , subindex i= , pbata 1=, datalen i= ):

£xD_pRoGRAM

Define the following variables in Global.Var (for example, using EplSDORead) and
configure them within the program.

st Program:Cyclcst Structured Text] | $]EC-TX509U8_1.00.0 [0 Mapping] | (9 Global.var [Variable Declaration] X | %3 EC-TX509U8 1.0
)
Name Type & Constant & Retain [@Replicable  Value Description [1]
#¢ ControWord UINT o}
%% ModeOfoperation SINT s} s}
54
DSDORead 0 pISDORead
%9 Enable BOOL [u] [u] =]
24 index UNT =} =} =}
%9 subindex USINT o s} @
%9 DATA UINT[0. 15) s} s} @
¢ datalen UDINT o o ]
2 Program:Cyclicat [Structured Text] X | 3] EC-TX509U8.1.00.0 /0 Mappinc) | ) Giobalvar Vaiale Decaraton] | & EC-TXS08U5 1.0.00 (Confiuratin] % X20CP3684162 (Configuration]

® ¢ ab S FEFE 4

Hoaeoroperacion

Upon completing the configuration, if the compilation is error-free, proceed with the
download; assign values to parameters. For example, to read the status word
(0x6041), set Index=16#6041 and subindex=1; set datalen=2; Enable=True; the read
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value can be observed in Datal[0].

‘yelic.st [Structured Text] X | ® £C-TX509U8_1.0.0.0 [1/0 Mapping] 1.0.0.0 [Configuration] s
~|[Watch [Program:Cyclic.st] Bx
Nazme | value ~
P & ConroWord 0
[——— N
B Hodeotoperation; = ¢ EpDORead D
Targecvelocity: t,, able TRUE
4 pDevice 164085B_C6BB
M Ep1SDORead_O (enable :=Enable , pDevice 1=ADR('I &% &= 1
¥ | END_pROGRAM ¢ index 1646041
& subindex 1
& paia 16408DA_724C
4 datalen 2
= ouow
5 eronnto 0
4 readen 2
o intem
4 Enable “TRUE m———
& datalen 2
> index 166041
#  subindex 1
94 DATA
o DATA[ 2609
& DATA[T] 0
& DATAZ 0
DATA[3] I}
& DATA] 0
& DATA[S] 0
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EtherCAT object dictionary

Appendix A EtherCAT object dictionary

Index | Subindex Description Acc.es‘s Data type Default
permission
1000h 0 Device type RO UINT32 0x00000192
1001h 0 Error register RO UINT8 0
l00sh| o  |Manufacturerdevice o, String | EC-TX509U8
name
Manufacturer Hardware
1009h 0 R RO String version
hardware version
depended
100Ah 0 Manufacturgr RO String Software version
software version depended
1D object
0 Included max. RO UINTS 4
subindexes
1018h 1 Supplier ID RO UINT32 0x0000072C
2 Product code RO UINT32 0x00009000
3 Revision No. RO UINT32 0x00000001
4 SN. RO UINT32 0x00000001
RX PDO1 mapping parameters
Number of
0 supported mapping RW UINT8 8
objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
3 Third mapping RW UINT32 | Ox60FF0020
object
1600h Fourth -
4 ourth mapping RW UINT32 | 0x60710010
object
5 Fifth mapping object RW UINT32 0x60720010
6 Sixth mapping RW | UINT32 | 0x60600008
object
7 Seventhmapping | g | yiNT32 | 0x60810020
object
8 Eighth mapping RW UINT32 | 0x60B80010
object
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Index | Subindex Description Acc.es's Data type Default
permission
RX PDO2 mapping parameters
Number of
0 supported mapping RW UINT8 2
1601h objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
RX PDO3 mapping parameters
Number of
0 supported mapping RW UINT8 2
1602h objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
RX PDO4 mapping parameters
Number of
0 supported mapping RW UINT8 2
1603h objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
TX PDO1 mapping parameters
Number of
0 supported mapping RW UINT8 8
objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
1A00h 3 Third mapping RW UINT32 | 0x606C0020
object
4 Fourth mapping RW UINT32 | 0x60770010
object
5 Fifth mapping object RW UINT32 0x60F40020
6 Sixth mapping RW | UINT32 | 0x60610008
object
7 Seventh mapping RW UINT32 0x60B90010
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Index | Subindex Description €CeSS | pata type Default
permission
object
8 Eighth mapping RW UINT32 | 0x60BA0020
object
TX PDO2 mapping parameters
Number of
0 supported mapping RW UINT8 8
1A01h objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 |  0x60640020
object
TX PDO3 mapping parameters
Number of
0 supported mapping RW UINT8 8
1A02h objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
TX PDO4 mapping parameters
Number of
0 supported mapping RW UINT8 8
1A03h objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
Sync Manager communication type
0 Max. subindexes RO UINT8 4
1 SMO0 communication RO UINTS 0x01
type
1C00h p  |SMicommunication| o, UINTS 0x02
type
3 SM2 communication RO UINT8 0x03
type
4 SM3 communication RO UINT8 0x04
type
RxPDO allocating
1C12h
0 Max. subindexes | RW UINT8 1
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Index | Subindex Description CCESS | pata type Default
permission
1 RxPDO allocated RW UINT16 0x1600
object index
TxPDO allocating
1C13h 0 |I;/Iapxl:.)soubl|lnde>t(e; RW UINT8 1
1 xrovatocate RW UINT16 0x1AQ0
object index
Sync Manager synchronization output parameters
0x00 Max. subindexes RO UINT8 0x20
0x01 Synchronization RW UINT16 0x02
mode
0x02 Cycle time RO UINT32 0
0x03 Switchover time RO UINT32 0
0x04 Supported RO UINT16 0x4006
synchronization type
0x05 Min. cycle time RO UINT32 0x0003D090
006 Caleulation and RO UINT32 0
replication time
1C32h 0x07 Reserved RW UINT32 0
0x08 Obtain cycle time RW UINT16 0
0x09 Delay time RO UINT32 0
0x0A Sync0 time RW UINT32 -
0x0B SM event loss RO UINT32 0
counter
0x0C Cyclic timeout RO UINT32 0
counter
0x0D Counter.of tf)o short RO UINT32 0
switching
0x20 Synchronization RO UINTS 0
error
Sync Manager synchronization input parameters
0x00 Max. subindexes RO UINT8 0x20
Synchronization
1C33h 0x01 mode RW UINT16 0x02
0x02 Cycle time RO UINT32 0
0x03 Switchover time RO UINT32 0
0x04 Supported RO UINT16 0x4006
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Index | Subindex Description Acc.es's Data type Default
permission
synchronization type
0x05 Min. cycle time RO UINT32 0x0003D090
0x06 Calculation and RO UINT32 0
replication time

0x07 Reserved RW UINT32 0

0x08 Obtain cycle time RW UINT16 0

0x09 Delay time RO UINT32 0

0x0A Sync0 time RW UINT32 -

0x0B SMeventloss RO UINT32 0

counter
0x0C Cyclic timeout RO UINT32 0
counter
0xOD Counter.of tpo short RO UINT32 0
switching
0x20 Synchronization RO UINT8 0
error

2000h | 0x00—0x13 Function code RW UINT16 -
2001h | 0x00-0x23 Function code RW UINT16 -
2002h | 0x00-0x21 Function code RW UINT16 -
2003h | 0x00—0x42 Function code RW UINT16 -
2004h | 0x00-0x3C Function code RW UINT16 -
2005h | 0x00-0x35 Function code RW UINT16 -
2006h | 0x00-0x23 Function code RW UINT16 -
2007h | 0x00-0x56 Function code RW UINT16 -
2008h | 0x00—0x84 Function code RW UINT16 -
2009h | 0x00—-0x1D Function code RW UINT16 -
200Ah | 0x00—0x20 Function code RW UINT16 -
200Bh | 0x00-0x40 Function code RW UINT16 -
200Ch | 0x00—-0x21 Function code RW UINT16 -
200Dh | 0x00-0x14 Function code RW UINT16 -
200Eh | 0x00-0x47 Function code RW UINT16 -
200Fh | 0x00—0x46 Function code RW UINT16 -
2010h | 0x00-0x55 Function code RW UINT16 -
2011h | 0x00-0x40 Function code RW UINT16 -
2012h | 0x00—-0x2D Function code RW UINT16 -
2013h | 0x00-0x28 Function code RW UINT16 -
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Index | Subindex Description Acc.es's Data type Default
permission
2014h | 0x00-0x28 Function code RW UINT16 -
2015h | 0x00-0x22 Function code RW UINT16 -
2016h | 0x00-0x19 Function code RW UINT16 -
2017h | 0x00-0x14 Function code RW UINT16 -
2018h | 0x00-0x28 Function code RW UINT16 -
2019h | 0x00-0x21 Function code RW UINT16 -
201Ah | 0x00-0x35 Function code RW UINT16 -
201Bh | 0x00—0x1E Function code RW UINT16 -
201Ch | 0x00-0x1E Function code RW UINT16 -
603Fh 0 Fault code RO UINT16 0
6040h 0 Control word RW UINT16 0
6041h 0 Status word RO UINT16 0
6043h 0 Output speed RO INT16 0
6044h 0 Feedback speed RO INT16 0
Speed range
6046h 1 Min. value RO UINT32 0
2 Max. value RO UINT32 0
Acceleration
Acceleration
6048h ! increment RO UINT32 0
) Accz.eleration time RO UINT16 0
increment
Deceleration
Deceleration
6049h ! increment RO UINT32 0
5 Dec?leration time RO UINT16 0
increment
Quick stop
Fast stop speed
604Ah ! increment RW UINT32 0
2 Fast stoptime RW UINT16 0
increment
Speed gear ratio
604Ch 1 Numerator of speed | o, INT32 1
gear ratio
2 Denominator of RW INT32 1
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Index | Subindex Description cc.es's Data type Default
permission
speed gear ratio
6060h 0 Operation mode RW UINT16 0
selection
6061h 0 Operation mode RO UINT16 0
display
6062h 0 Position command RO DINT32 0
6063h 0 Position feedback RO DINT32 0
6064h 0 Position feedback RO DINT32 0
6065h 0 Position deviation RW UDINT32 0
range
6066h 0 Too-large position RW UINT16 0
deviation timeout
6067h 0 Position pulse range RW UDINT32 0
606Ch 0 Actual speed RW DINT32 0
6071h 0 Target torque RW INT16 0
6072h 0 Max. torque RW UINT16 0
6077h 0 Actual torque value RO INT16 0
6078h 0 Actual current value RO INT16 0
6079h 0 Bus voltage RO UDINT32 0
607Ah 0 Target position RW INT16 0
6081h 0 Speedinindustrial | o | 573, 0
regulations
6083h 0 ACCinindustrial RW | UDINT32 0
regulations
6084h 0 DEC inindustrial RW | UDINT32 0
regulations
6087h 0 Torque ramp RW UDINT32 0
Gear ratio
0 Number of RW UINT8 2
6091h subindexes
1 Motor resolution RW UINT32 0x00000001
2 Bearing axle RW UINT32 | 0x00000001
resolution
6098h 0 Homing method RW INT16 0
Homing speed
609%h
0 Reserved | RW | UINT32 0
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permission
60B0h 0 Position offset RW INT32 0
60B1lh 0 Speed offset RW INT32 0
60B2h 0 Torque offset RW INT16 0
60B8h 0 Probe control RW UINT16 0
60B9h 0 Probe status RO UINT16 0
60BAR 0 Probe position rising RO INT32 0
edge
60BBh 0 Probe position RO INT32 0
falling edge

60EOh 0 Forward torque limit RW UINT16 0
60E1lh 0 Reverse torque limit RW UINT16 0
60F4h 0 Position deviation RO INT32 0
60FDh 0 Digital input RO UINT32 0
60FEh 0 Digital output RO INT32 0
60FFh 0 Target speed RW INT32 0
6502h 0 Drive mode RO UINT32 0x000003A5
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Index| Subindex Description Acc.es.s Data type Default
permission
1000h 0 Device type RO UINT32 0x00010192
1001h 0 Error register RO UINT8 0
1006h 0 NMT cycle length RW UINT32 3000
1008h 0 Manufacturer device | ¢, String | EC-TX509U8
name
Manufacturer . Hardware
1009h 0 hard . RO String version
ardware version
depended
100Ah 0 Manufacturgr RO String Software version
software version depended
ID object
0 Inclu_ded max. RO UINTS 4
subindexes
1018h 1 Supplier ID RO UINT32 0x000004D8
2 Product code RO UINT32 0x00009252
3 Revision No. RO UINT32 0x00000001
4 SN. RO UINT32 0x00000001
CFM check configuration object
Included max.
1020h 0 subindexes RO UINTS 2
1 Configuration data RW UINT32 0x00000000
2 Configuration time RW UINT32 0x00000000
NMT interface record object
0 Number_of sup‘ported RO UINTS 9
mapping objects
1 Interface index RW UINT16 1
2 Interface description RW String Interface 1
3 Interface type RW UINT8 0x06
1030h 4 Max. traqsmission RW UINTL6 1518
bytes of interface
5 PHY physical address RW String -
6 Interface name RW String Interface 1
7 Open state RW UINT8 1
8 Management state RW UINT8 1
9 Valid RW Boolean true
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Index | Subindex Description Acc.es.s Data type Default
permission
1300h 0 SDO timeout time RW UINT32 150000
PDO RX communication configuration object
Included max.
1400h 0 subindexes RO UINT8 2
1 Node ID RW UINT8 0
2 Mapped version RW UINT8 0
RX PDO1 mapping parameters
0 Number.of sup.ported RW UINTS 8
mapping objects
1 First mapping object RW UINT32 0x00000000
2 Second mapping RW UINT32 | 0x00000000
object
3 Third mapping object]  RW UINT32 | 0x00000000
1600h 4 Fourth mapping RW UINT32 | 0x00000000
object
5 Fifth mapping object RW UINT32 0x00000000
6 Sixth mapping object|  RW UINT32 | 0x00000000
7 Seventh mapping RW UINT32 | 0x00000000
object
8 Eighth mapping RW UINT32 | 0x00000000
object
PDO TX communication configuration object
Number of supported
1800h 0 mapping objects RW UINT8 2
1 Node ID RW UINT8 254
2 Mapped version RW UINT8 0
TX PDO1 mapping parameters
0 Number'of sup'ported RW UINTS 8
mapping objects
1 First mapping object RW UINT32 0x00000000
2 Second mapping RW UINT32 | 0x00000000
1A00h object
3 Third mapping object RW UINT32 0x00000000
4 Fourth mapping RW UINT32 | 0x00000000
object
5 Fifth mapping object RW UINT32 0x00000000
6 Sixth mapping object RW UINT32 0x00000000
7 Seventh mapping RW UINT32 0x00000000
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Index | Subindex Description Acc.es.s Data type Default
permission
object
8 Eighth mapping RW UINT32 | 0x00000000
object
DLL SoC node missing object
0 Number_of sup‘ported RW UINTS 3
mapping objects
Number of
1C0Bh 1 communication RW UINT32 0
activations
) Number of thr'eshold RW UINT32 0
exceeding times
3 Threshold size RW UINT32 15
DLL PReq node missing object
0 Number'of sup'ported RW UINTS 3
mapping objects
Number of
1CODh 1 communication RW UINT32 0
activations
2 Number of thr'eshold RW UINT32 0
exceeding times
3 Threshold size RW UINT32 15
DLL CRC error object
0 Number'of sup'ported RW UINT8 3
mapping objects
Number of
1COFh 1 communication RW UINT32 0
activations
2 Number qf thr.eshold RW UINT32 0
exceeding times
3 Threshold size RW UINT32 15
1c14h| 0 DLL SoCnode RW UINT32 100000
missing coefficient
1F82h 0 NMT feature value RO UINT32 0x45
1F83h 0 NMT EPL version RO UINT8 0x20
1F8Ch 0 Present NMT state RO UINT8 -
EPL node ID object
1F93h 0 Number_of sup‘ported RW UINT8 2
mapping objects
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Index | Subindex Description Acc.es.s Data type Default
permission
1 Node ID RO UINT8 -
2 Node hardware ID RO Boolean -
NMT cycle time recording object
0 Number'of sup.ported RO UINTS 9
mapping objects
1 Max. payload of Tx RO UINT16 100
2 Max. payload of Rx RO UINT16 100
3 PRes max. delay RO UINT32 100000
1F9gh 4 PRes valid payload RW UINT16 36
upper limit
5 PRes valid _payload RW UINTI6 36
lower limit
6 ASnd max. delay RO UINT32 150000
7 Multi-cycle counting RW UINT8 0
8 ASnd max. bytes RW UINT16 1518
9 Polarity RW UINT16 2
NMT basic
1F9%9h 0 communication RW UINT8 5000000
timeout time
1F9Eh 0 NMT reset command RW UINT32 OXFF
4000h| 0x00—-0x13 Function code RW UINT16 -
4001h| 0x00—-0x23 Function code RW UINT16 -
4002h | 0x00-0x21 Function code RW UINT16 -
4003h| 0x00—-0x42 Function code RW UINT16 -
4004h | 0x00-0x3C Function code RW UINT16 -
4005h | 0x00—-0x35 Function code RW UINT16 -
4006h | 0x00—0x23 Function code RW UINT16 -
4007h| 0x00-0x56 Function code RW UINT16 -
4008h | 0x00—0x84 Function code RW UINT16 -
4009h | 0x00-0x1D Function code RW UINT16 -
400Ah| 0x00-0x20 Function code RW UINT16 -
400Bh | 0x00-0x40 Function code RW UINT16 -
400Ch | 0x00-0x21 Function code RW UINT16 -
400Dh| 0x00-0x14 Function code RW UINT16 -
400Eh| 0x00-0x47 Function code RW UINT16 -
400Fh | 0x00-0x46 Function code RW UINT16 -
4010h| 0x00-0x55 Function code RW UINT16 -
4011h| 0x00-0x40 Function code RW UINT16 -
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permission
4012h| 0x00-0x2D Function code RW UINT16 -
4013h| 0x00-0x28 Function code RW UINT16 -
4014h| 0x00—-0x28 Function code RW UINT16 -
4015h| 0x00-0x22 Function code RW UINT16 -
4016h| 0x00—-0x19 Function code RW UINT16 -
4017h| 0x00-0x14 Function code RW UINT16 -
4018h| 0x00—-0x28 Function code RW UINT16 -
4019h| 0x00-0x21 Function code RW UINT16 -
401Ah | 0x00-0x35 Function code RW UINT16 -
401Bh| 0x00—-0x1E Function code RW UINT16 -
401Ch| 0x00-0x1E Function code RW UINT16 -
603Fh 0 Fault code RO UINT16 0
6040h 0 Control word RW UINT16 0
6041h 0 Status word RO UINT16 0
6043h 0 QOutput speed RO INT16 0
6044h 0 Feedback speed RO INT16 0
Speed range
6046h 1 Min. value RO UINT32 0
2 Max. value RO UINT32 0
Acceleration
Acceleration
6048h ! increment RO UINT32 0
2 Accgleration time RO UINTL6 0
increment
Deceleration
Deceleration
6049h ! increment RO UINT32 0
2 Decgleration time RO UINTL6 0
increment
Quick stop
Fast stop speed
604Ah ! increment RwW UINT32 0
2 Fast stop time RW UINT16 0
increment
Speed gear ratio
604Ch 1 Numerator of speed RW INT32 1
gear ratio
2 Denominator of RW INT32 1
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permission
speed gear ratio
6060h| 0 Operation mode RW UINT16 0
selection
6061h| 0 Operation mode RO UINT16 0
display
6062h 0 Position command RO DINT32 0
6063h 0 Position feedback RO DINT32 0
6064h 0 Position feedback RO DINT32 0
6065h 0 Position deviation RW UDINT32 0
range
6066h| 0 Too-large position RW UINT16 0
deviation timeout
6067h 0 Position pulse range RW UDINT32 0
606Ch 0 Actual speed RW DINT32 0
6071h 0 Target torque RW INT16 0
6072h 0 Max. torque RW UINT16 0
6077h 0 Actual torque value RO INT16 0
6078h 0 Actual current value RO INT16 0
6079h 0 Bus voltage RO UDINT32 0
607Ah 0 Target position RW INT16 0
6081h| 0 Speed in industrial RW | UDINT32 0
regulations
6083h 0 ACCinindustrial RW UDINT32 0
regulations
6084h 0 DECin industrial RW UDINT32 0
regulations
6087h 0 Torque ramp RW UDINT32 0
Gear ratio
0 Number of RW UINT8 2
6091h subindexes
1 Motor resolution RW UINT32 0x00000001
2 Bearing axle RW UINT32 | 0x00000001
resolution
6098h 0 Homing method RW INT16 0
Homing speed
6099h 0 Reserved RW UINT32 0
60BOh 0 Reserved RW INT32 0
60B1h 0 Reserved RW INT32 0
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60B2h 0 Reserved RW INT16 0
60B8h 0 Probe control RW UINT16 0
60B9h 0 Probe status RO UINT16 0
60BAh 0 Probe position rising RO INT32 0
edge
50B8h 0 Probe position falling RO INT32 0
edge
60EOh 0 Forward torque limit RW UINT16 0
60E1lh 0 Reverse torque limit RW UINT16 0
60F4h 0 Position deviation RO INT32 0
60FDh 0 Digital input RO UINT32 0
60FEh 0 Digital output RO INT32 0
60FFh 0 Target speed RW INT32 0
6502h 0 Drive mode RO UINT32 0x000003A5
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Appendix C Related function codes

Function
code

Name

Parameter description

Setting
range

Default

P00.01

Channel of running

commands

0: Keypad
1: Terminal
2: Communication

0-2

P00.02

Communication
mode of running
commands

0: Modbus/Modbus TCP
communication

1: PROFIBUS/CANopen/DeviceNet
communication

2: Ethernet communication

3: EtherCAT/PROFINET/EtherNet
IP/PowerLink communication

4: Programmable card

5: Wireless communication card
6: USB (reserved)

#Note: The options 1, 2, 3,4, and
5 are add-on functions and are
available only when
corresponding expansion cards
are configured.

P00.06

Setting channel of A
frequency command

P00.07

Setting channel of B
frequency command

0: Keypad digital

1:All

2: Al2

3:AI3

4: High-speed pulse HDIA

5: Simple PLC program

6: Multi-step speed running

7: PID control

8: Modbus/Modbus TCP
communication

9: PROFIBUS/CANopen/DeviceNet
communication

10: Ethernet communication

11: High-speed pulse HDIB

12: Pulse train AB

13: EtherCAT/PROFINET/EtherNet

IP/PowerLink communication

0-15

15
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code

Name

Parameter description

Setting
range

Default

14: Programmable card
15: Reserved

P00.11

ACCtimel

0.0-3600.0s

0.0-3600.0

Model
depended

P00.12

DECtime 1l

0.0-3600.0s

0.0-3600.0

Model
depended

P03.11

Torque setting
method selection

0: Keypad (P03.12)

1: Keypad (P03.12)

2:All

3:AI2

4: AI3

5: Pulse frequency HDIA

6: Multi-step torque

7: Modbus/Modbus TCP
communication

8: PROFIBUS/CANopen/DeviceNet
communication

9: Ethernet communication

10: Pulse frequency HDIB

11: EtherCAT/PROFINET/EtherNet
IP/PowerLink communication

12: Programmable card

P03.14

Setting source of
forward rotation
frequency upper limit
in torque control

0: Keypad (P03.16)

1: Al1 (100% corresponding to the
max. frequency)

2: Al2 (same as the above)

3: AI3 (same as the above)

4: Pulse frequency HDIA (same as
the above)

5: Multi-step setting (same as the
above)

6: Modbus/Modbus TCP
communication (same as the
above)

7: PROFIBUS/CANopen/DeviceNet
communication (same as the
above)
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R Name Parameter description Sl

Default
code range

8: Ethernet communication
(same as the above)

9: Pulse frequency HDIB

10: EtherCAT/PROFINET/EtherNet
IP/PowerLink communication
(same as the above)

11: Programmable card (Same as
the above)

12: Reserved

0: Keypad (P03.17)

1: All1 (100% corresponding to the

max. frequency)

2: Al2 (same as the above)

3: A3 (same as the above)

4: Pulse frequency HDIA (same as

the above)

5: Multi-step setting (same as the

above)

6: Modbus/Modbus TCP

Setting source of |communication (same as the

reverse rotation  |above)

P03.15 upper-limit 7: PROFIBUS/CANopen/DeviceNet|  0-12 0

frequency in torque |communication (same as the
control above)

8: Ethernet communication

(same as the above)

9: Pulse frequency HDIB (same as

the above)

10: EtherCAT/PROFINET/EtherNet

IP/PowerLink communication

(same as the above)

11: Programmable card (Same as

the above)

12: Reserved

Setting source of |0: Keypad (P03.20)
P03.18 |electromotive torque|1: All 0-11 0
upper limit 2: AI2
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Function
code

Name

Parameter description

Setting
range

Default

3:AI3

4: Pulse frequency HDIA

5: Modbus/Modbus TCP
communication

6: PROFIBUS/CANopen/DeviceNet
communication

T: Ethernet communication

8: Pulse frequency HDIB

9: EtherCAT/PROFINET/EtherNet
IP/PowerLink communication
10: Programmable card

11: Reserved

P03.19 |braking torque upper

Setting source of

limit

0: Keypad (P03.21)

1:All

2: Al2

3:AI3

4: Pulse frequency HDIA

5: Modbus/Modbus TCP
communication

6: PROFIBUS/CANopen/DeviceNet
communication

7: Ethernet communication

8: Pulse frequency HDIB

9: EtherCAT/PROFINET/EtherNet
IP/PowerLink communication
10: Programmable card

11: Reserved

P04.27

Voltage setting

channel selection

0: Keypad (The output voltage is
determined by P04.28.)

1: All

2: AI2

3:AI3

4: HDIA

5: Multi-step speed running (The
setting is determined by related
parameters in group P10.)

6: PID
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Function
code

Name

Parameter description

Setting
range

Default

7: Modbus/Modbus TCP
communication

8: PROFIBUS/CANopen/DeviceNet
communication

9: Ethernet communication

10: HDIB

11: PROFINET/EtherNet IP
communication

12: Programmable card

13: Reserved

P06.01

Y1 output

P06.02

HDO output

P06.03

RO1 output

P06.04

RO2 output

Invalid

Running

Running forward

Running reversely

Jogging

VFD in fault

Frequency level detection FDT1
Frequency level detection FDT2
Frequency reached

Running in zero speed

10: Frequency upper limit
reached

11: Frequency lower limit reached
12: Ready for running

13: Pre-exciting

14: Overload pre-alarm

15: Underload pre-alarm

16: Simple PLC stage completed
17: Simple PLC cycle completed
18: Set counting value reached
19: Designated counting value
reached

20: External fault is valid

21: Reserved

22: Running time reached

23: Modbus/ Modbus TCP
communication virtual terminal

LONDIUIRWNEQ

=

0-63

0-63

0-63

0-63
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Function
code

Name

Parameter description

Setting
range

Default

output

24:
PROFIBUS/CANopen/DeviceNet
communication virtual terminal
output

25: Ethernet communication
virtual terminal output

26: DC bus voltage established
27:Z pulse output

28: Superposing pulses

29: STO action

30: Positioning completed

31: Spindle zeroing completed
32: Spindle indexing completed
33: Reserved

34: EtherCAT/PROFINET/EtherNet
IP/PowerLink communication
virtual terminal output

35: Reserved

36: Speed/position control
switchover completed

37: Any frequency reached
38-40: Reserved

41:Y1 from the programmable
card

42:Y2 from the programmable
card

43: HDO from the programmable
card

44: RO1 from the programmable
card

45: RO2 from the programmable
card

46: RO3 from the programmable
card

47: RO4 from the programmable
card
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Function
code

Name

Parameter description

Setting
range

Default

48: 10 card detected PT100 OH
pre-alarm

49: 10 card detected PT1000 OH
pre-alarm

50: AIAO detected OT pre-alarm
51: Stopped or running in zero
speed

52: Tension control disconnection
53: Specified roll diameter
reached

54: Roll diameter of stop reached
55: Length reached

56: Fire mode enabled

57-63: Reserved

P06.14

AO1 output

P06.16

HDO high-speed
pulse output

0: Running frequency

1: Set frequency

2: Ramp reference frequency

3: Rotational speed (100%
corresponds to the speed
corresponding to the max. output
frequency)

4: Output current (100%
corresponds to twice the VFD
rated current)

5: Output current (100%
corresponds to twice the motor
rated current)

6: Output voltage (100%
corresponds to 1.5 times the VFD
rated voltage)

7: Output power (100%
corresponds to twice the motor
rated power)

8: Set torque (100% corresponds
to twice the motor rated torque)
9: Output torque (Absolute value,
100% corresponds to twice the
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Function
code

Name

Parameter description

Setting
range

Default

motor rated torque)

10: All input

11: Al2 input

12: Al3 input

13: HDIA input value

14: Value 1 set through
Modbus/Modbus TCP
communication

15: Value 2 set through
Modbus/Modbus TCP
communication

16: Value 1 set through
PROFIBUS/CANopen/DeviceNet
communication

17: Value 2 set through
PROFIBUS/CANopen/DeviceNet
communication

18: Value 1 set through Ethernet
communication

19: Value 2 set through Ethernet
communication

20: HDIB input value

21: Value 1 set through
EtherCAT/PROFINET/EtherNet IP
communication

22: Torque current (100%
corresponds to triple the motor
rated current)

23: Exciting current (100%
corresponds to triple the motor
rated current)

24: Set frequency (bipolar)

25: Ramp reference frequency
(bipolar)

26: Rotational speed of running
(bipolar)

27: Value set through
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Function
code

Name

Parameter description

Setting
range

Default

EtherCAT/PROFINET/EtherNet IP
communication

28: AO1 from the programmable
card

29: AO2 from the programmable
card

30: Rotational speed of running
(100% corresponds to the speed
at twice the motor rated
frequency)

31: Output torque (Actual value,
100% corresponds to twice the
motor rated torque)

32: AIAO detected temperature
output

33: Set tension output

34-63: Reserved

P07.27 Present fault type

P07.28

Last fault type

P07.29 | 2nd-last fault type

P07.30 | 3rd-lastfault type

P07.31 | 4th-lastfault type

P07.32 | 5th-lastfault type

0: No fault

0: No fault

1: Inverter unit U-phase
protection (OUt1)

2: Inverter unit V-phase
protection (OUt2)

3: Inverter unit W-phase
protection (OUt3)

4: Overcurrent during ACC (OC1)
5: Overcurrent during DEC (OC2)
6: Overcurrent during constant
speed running (OC3)

7: Overvoltage during ACC (OV1)
8: Overvoltage during DEC (OV2)
9: Overvoltage during constant
speed running (OV3)

10: Bus undervoltage fault (UV)
11: Motor overload (OL1)

12: VFD overload (OL2)

13: Phase loss on input side (SPI)
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Function
code

Name

Parameter description

Setting
range

Default

14: Phase loss on output side
(SPO)

15: Rectifier module overheating
(OH1)

16: Inverter module overheating
(OH2)

17: External fault (EF)

18: Modbus/Modbus TCP
communication fault (CE)

19: Current detection fault (ItE)
20: Motor autotuning fault (tE)
21: EEPROM operation error (EEP)
22: PID feedback offline fault
(PIDE)

23: Braking unit fault (bCE)

24: Running time reached (END)
25: Electronic overload (OL3)

26: Keypad communication error
(PCE)

27: Parameter upload error (UPE)
28: Parameter download error
(DNE)

29: PROFIBUS communication
fault (E_dP)

30: Ethernet communication fault
(E-NET)

31: CANopen communication
fault (E-CAN)

32: To-ground short-circuit fault 1
(ETH1)

33: To-ground short-circuit fault 2
(ETH2)

34: Speed deviation fault (dEu)
35: Mal-adjustment fault (STo)
36: Underload fault (LL)

37: Encoder disconnection fault
(ENC10)
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Function
code

Name

Parameter description

Setting
range

Default

38: Encoder direction reversal
fault (ENC1D)

39: Encoder Z-pulse
disconnection fault (ENC1Z)

40: Safe torque off (STO)

41: Exception to safety circuit of
channel 1 (STL1)

42: Exception to safety circuit of
channel 2 (STL2)

43: Exception in both channels 1
and 2 (STL3)

44: Safety code FLASH CRC fault
(CrCE)

45: Programmable card
customized fault 1 (P-E1)

46: Programmable card
customized fault 2 (P-E2)

47: Programmable card
customized fault 3 (P-E3)

48: Programmable card
customized fault 4 (P-E4)

49: Programmable card
customized fault 5 (P-E5)

50: Programmable card
customized fault 6 (P-E6)

51: Programmable card
customized fault 7 (P-E7)

52: Programmable card
customized fault 8 (P-E8)

53: Programmable card
customized fault 9 (P-E9)

54: Programmable card
customized fault 10 (P-E10)

55: Duplicate expansion card type

(E-Err)
56: Encoder UVW lost (ENCUV)
57: PROFINET communication
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Function
code

Name

Parameter description

Setting
range

Default

timeout fault (E-PN)

58: CAN communication timeout
fault (SECAN)

59: Motor overtemperature fault
(om

60: Failure to identify the card in
slot 1 (F1-Er)

61: Failure to identify the card in
slot 2 (F2-Er)

62: Failure to identify the card in
slot 3 (F3-Er)

63: Communication timeout of
the card in slot 1 (C1-Er)

64: Communication timeout of
the card in slot 2 (C2-Er)

65: Communication timeout of
the card in slot 3 (C3-Er)

66: EtherCAT communication
timeout fault (E-CAT)

67: BACnet communication
timeout fault (E-BAC)

68: DeviceNet communication
timeout fault (E-DEV)

69: CAN slave faultin
master/slave synchronization
(S-Err)

70: EC PT100 detected OH (OtE1)
71: EC PT1000 detected OH (OtE2)
72: EtherNet IP communication
timeout fault (E-EIP)

73: No upgrade bootload (E-PAO)
74: All disconnection (E-Al1)

75: Al2 disconnection (E-AI2)

76: Al3 disconnection (E-AI3)
77-80: Reserved

81: Tension communication
timeout fault (E-tC)
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Function
code

Name

Parameter description

Setting
range

Default

82: PowerLink communication
timeout fault (E-EPL)

P08.31

Channel for
switching between
motor 1 and motor 2

Ones place: Switchover channel
0: Switch over through terminals
1: Modbus/Modbus TCP
communication

2: PROFIBUS/CANopen/DeviceNet
communication

3: Ethernet communication

4: EtherCAT/PROFINET/EtherNet
IP communication

Tens place: indicates whether to
enable switchover during running
0: Disable

1: Enable

0x00-0x14

0x00

P09.00

PID reference source
selection

0: Setting through P09.01
1:All

2: Al2

3:AI3

4: High-speed pulse HDIA
5: Multi-step running

6: Modbus/Modbus TCP
communication

7: PROFIBUS/CANopen/DeviceNet
communication

8: Ethernet communication
9: High-speed pulse HDIB
10: PROFINET/EtherNet IP
communication

11: Programmable card

12: Reserved

P09.02

PID feedback source
selection

0: All

1:AI2

2:AI3

3: High-speed pulse HDIA
4: Modbus/Modbus TCP
communication
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Function
code

Name

Parameter description

Setting
range

Default

5: PROFIBUS/CANopen/DeviceNet
communication

6: Ethernet communication

7: High-speed pulse HDIB

8: PROFINET/EtherNet IP
communication

9: Programmable card

10: Reserved

P14.00

Local
communication
address

1-247

1-247

P14.03

Communication
response delay

1-200ms

1-200

5ms

P14.05

Transmission fault
processing

0: Report an alarm and coast to
stop

1: Keep running without
reporting an alarm

2: Stop in enabled stop mode
without reporting an alarm
(applicable only to
communication mode)

3: Stop in enabled stop mode
without reporting an alarm
(applicable to any mode)

1-3

P14.06

Communication
processing action

Ones place:

0: Respond to write operations

1: Not respond to write
operations

Tens place:

0: Communication user password
protection is invalid.

1: Communication user password
protection is valid.

Hundreds place:

0: User-defined addresses
specified by P14.07 and P14.08
areinvalid.

0x000-
0x111

0x000
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R Name Parameter description sl Default
code range
1: User-defined addresses
specified by P14.07 and P14.08
are valid.
Modbus TCP
P14.09 communication  [0.0 (invalid)-60.0s 0.0-60.0 0.0s
timeout time
Communication .
P15.43 control word o D§C|mal format 0-1 0
. 1: Binary format
expression format
0: PROFINET
1: EtherCAT
2: PowerLink
£ . d 3: EtherNet IP
P16.00 ﬁ?anT°1CT: 4: Modbus TCP 0-15 0
protocotselection 5: EtherNet UDP
6: PROFINET+EtherNet UDP
7: EtherCAT+EtherNet UDP
8-15: Reserved
Ethernet card
P16.14 | monitoring variable |0x0000—OxFFFF 0x0000~ 0x0000
OXFFFF
address 1
Ethernet card
P16.15 | monitoring variable |0x0000-0xFFFF 0x0000~ 0x0000
OXFFFF
address 2
Ethernet card
P16.16 | monitoring variable |0x0000-0xFFFF 0x0000~ 0x0000
OXFFFF
address 3
Ethernet card
P16.17 | monitoring variable |0x0000—OxFFFF 0x0000 0x0000
OXFFFF
address 4
0.0-600.0s
Time to identify -
Th . h
P16.24 | expansioncardin ||'¢ value0.0indicates that 0.0-600.00| 0.0s
identification fault will not be
cardslot 1
detected.
Time to identify  |0.0-600.0s
P16.25 | expansioncardin |Thevalue 0.0 indicates offline 0.0-600.00| 0.0s
card slot2 fault will not be detected.
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code range
Time to identify  |0.0-600.0s
P16.26 | expansioncardin |Thevalue 0.0 indicates offline 0.0-600.0 | 0.0s
cardslot 3 fault will not be detected.
tmeoutumeot 006000
P16.27 expansion card in The value 0.0 indicates offline 0.0-600.0 0.0s
fault will not be detected.
cardslot 1
Commrieior loosooss
P16.28 expansion card in The value 0.0 indicates offline 0.0-600.0 0.0s
fault will not be detected.
card slot 2
Communication
timeouttimeof  |0.07%000s )
P16.29 expansion card in The value 0.0 indicates offline 0.0-600.0 | 0.0s
fault will not be detected.
cardslot 3
PROFINET
P16.31 communication  |0.0 (invalid)-60.0s 0.0-60.0 5.0s
timeout time
P16.32 Received PZD2  |0: Invalid 0-31 0
P16.33 Received PZD3  |1: Set frequency (0-Fmax, unit: 0-31 0
P16.34 Received PZD4 0.01Hz) 0-31 0
P16.35 Received PZD5  |2: PID reference (-1000-1000, in 0-31 0
P16.36 Received PzZD6  |which 1000 corresponds to 0-31 0
P16.37 Received PZD7  |100.0%) 0-31 0
P16.38 Received PZD8  |3: PID feedback (-1000-1000, in 0-31 0
P16.39 | Received PzD9 |which 1000 corresponds to 0-31 0
P16.40 | Received PzZD10 |100.0%) 0-31 0
P16.41 Received PZD11 4: Torque setting (-3000—+3000, in 0-31 0
which 1000 corresponds to
100.0% of the motor rated
current)
5: Setting of the upper limit of
P16.42 | ReceivedPzD12 [forward running frequency 0-31 0
(0~Fmax, unit: 0.01Hz)
6: Setting of the upper limit of
reverse running frequency
(0—Fmax, unit: 0.01Hz)
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Default
code range

7: Upper limit of the
electromotive torque (0-3000, in
which 1000 corresponds to
100.0% of the motor rated
current)

8: Upper limit of braking torque
(0-3000, in which 1000
corresponds to 100% of the
motor rated current)

9: Virtual input terminal
command (range: 0x000-0x3FF,
with bit 9-bit 10 corresponding to
S8/S7/S6/S5/HDIB/HDIA/S4/S3/S
2/S1in sequence)

10: Virtual output terminal
command (range: 0x00-0xOF,
bit3-bit0 corresponding to
RO2/RO1/HDO/Y1 in sequence)
11: Voltage setting (special for V/F
separation)

(0-1000, in which 1000
corresponds to 100.0% of the
motor rated voltage)

12: AO1 output setting 1
(-1000-+1000, in which 1000
corresponds to 100.0%)

13: AO2 output setting 2
(-1000—+1000, in which 1000
corresponds to 100.0%)

14: High bit of position reference
(signed)

15: Low bit of position reference
(unsigned)

16: High bit of position feedback
(signed)

17: Low bit of position feedback
(unsigned)
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Function
code

Name

Parameter description

Setting
range

Default

18: Position feedback setting flag
(position feedback can be set
only after this flag is set to 1 and
then to 0)

19: Function parameter mapping
(PZD2-PZD12 correspond to
P14.49-P14.59)

20-31: Reserved

P16.43

Sent PZD2

P16.44

Sent PZD3

P16.45

Sent PZD4

P16.46

Sent PZD5

P16.47

Sent PZD6

P16.48

Sent PZD7

P16.49

Sent PZD8

P16.50

Sent PZD9

P16.51

SentPZD10

P16.52

Sent PZD11

P16.53

Sent PZD12

0: Invalid

1: Running frequency (x100, Hz)
2: Set frequency (x100, Hz)

3: Bus voltage (x10, V)

4: Output voltage (x1, V)

5: Output current (x10, A)

6: Actual output torque (x10, %)
7: Actual output power (x10, %)
8: Rotation speed of running (x1,
RPM)

9: Linear speed of running (x1,
m/s)

10: Ramp reference frequency
11: Fault code

12: All input (x100, V)

13: Al2 input (x100, V)

14: Al3 input (x 100, V)

15: HDIA frequency value (x1000,
kHz)

16: Terminal input status

17: Terminal output status

18: PID reference (x10, %)

19: PID feedback (x10, %)

20: Invalid

21: High bit of position reference
(signed)

22: Low bit of position reference
(unsigned)

23: MSB of position feedback

0-47

0-47

0-47

0-47

0-47

0-47

0-47

0-47

0-47

0-47

o O |0 |0 |Oo|o|o|o|o|o

0-47
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code range
(signed)
24: LSB of position feedback
(unsigned)
25: Status word
26: HDIB frequency value (x1000,
kHz)
27: PG card pulse feedback count
high bit
28: PG card pulse feedback count
low bit
29: PG card pulse reference count
MSB
30: PG card pulse reference count
LSB
31: Function parameter mapping
(PZD2-PZD12 correspond to
P14.60-P14.70)
32: Status word 3
33-47: Reserved
EtherNet IP
P16.54 communication |0.0-60.0s 0.0-60.0 5.0s
timeout time
Industrial Ethernet
P16.58 |communication card |0-255 0-255 192
IP address 1
Industrial Ethernet
P16.59 |communication card |0-255 0-255 168
IP address 2
Industrial Ethernet
P16.60 |communication card |0-255 0-255 0
IP address 3
Industrial Ethernet
P16.61 |communication card |0-255 0-255 20
IP address 4
Industrial Ethernet
P16.62 |communication card |0-255 0-255 255
subnet mask 1
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code range
Industrial Ethernet
P16.63 |communication card |0-255 0-255 255
subnet mask 2
Industrial Ethernet
P16.64 |communication card [0-255 0-255 255
subnet mask 3
Industrial Ethernet
P16.65 |communication card |0-255 0-255 0
subnet mask 4
Industrial Ethernet
P16.66 |communication card |0-255 0-255 192
gateway 1
Industrial Ethernet
P16.67 |communication card |0-255 0-255 168
gateway 2
Industrial Ethernet
P16.68 |communication card |0-255 0-255 0
gateway 3
Industrial Ethernet
P16.69 |communication card |0-255 0-255 1
gateway 4
Saving EtherCAT 0:No
P16.70 written function ) 0-1 0
1:Yes
codes
0: Input rotation speed unit is
EtherCAT input unit |PRM
P16.72 selection 1: Input rotation speed unit is 0-1 0
plus/s
P16.73 Etherc:; ds‘rl:;’se node |5,0000-0xFFFF OOX)?I?FOFOF_ OXFFFF
EtherCAT-DC g._i;niesewed
P16.74 synchronization |’ 0-5 0
cycle (reserved) 3:2ms
4-5: Reserved
EtherCAT
P16.75 communication |0.0-60.0s 0.0-60.0 5.0s
timeout time
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R Name Parameter description sl Default
code range
0: Beckhoff
1: AX70
EtherCAT supported [2: OMRON
P16.76 PLC type 3: Trio 0-8 0
4:LNC
5-8: Reserved
0: Free-run mode
1: SM mode (synchronized in data
P16.77 | EtherCAT run mode |input and output) 0-2 0
2: DC mode (synchronized in
distributed clocks)
p.7g | rowertinkslave o o, ourr 0X00—0XFF | 0x01
station address
PowerLink
P16.79 communication  |0.0-60.0s 0.0-60.0 5.0s
timeout time
Type of expansion |0: No card
P19.00 cardinslot1 1: PLC card 0-50 0
Type of expansion |2:1/0 card
P19.01 cardinslot2 3: Incremental PG card 0-50 0
4: Incremental PG card with UVYW
5: Ethernet communication card
6: DP communication card
7: Bluetooth card
8: Resolver PG card
9: CANopen communication card
10: WIFI card
. 11: PROFINET communication
p1o.02 | 'YPeofexpansion |, g 0-50 0
cardinslot3 12: Sine-cosine PG card without
CD signals
13: Sine-cosine PG card with CD
signals
14: Absolute encoder PG card
(reserved)
15: CAN master/slave
communication card
202501 (V1.0) 215




Industrial Ethernet Communication Card

Related function codes

Function
code

Name

Parameter description

Setting
range

Default

16: Modbus TCP communication
card

17: EtherCAT communication
card

18: BACnet communication card
(reserved)

19: DeviceNet communication
card (reserved)

20: PT100/PT1000 temperature
detection card

21: EtherNet IP card

22: MECHATROLINK card
(reserved)

23-25: Reserved

26: PROFINET+Ethernet
communication card

27-35: Reserved

36: All-in-one expansion
card—PROFINET communication
card

37: Reserved

38: PowerLink communication
card

39-40: Reserved

41: All-in-one expansion
card—EtherCAT communication
card

42: All-in-one expansion
card—PowerLink communication
card

43: All-in-one expansion
card—EtherNet IP
communication card

44: All-in-one expansion
card—Modbus TCP
communication card

45: All-in-one expansion
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R Name Parameter description sl Default
code range
card—Ethernet communication
card
46: All-in-one expansion
card—PROFINET + EtherNet UDP
communication card
47: All-in-one expansion
card—EtherCAT + EtherNet UDP
communication card
48-50: Reserved
P21.20 |Positioning ACC time |0.00-300.00s 0.00-300.00| 3.00s
P21.21 |Positioning DEC time |0.00-300.00s 0.00-300.00| 3.00s
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