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Ethernet Communication Card Safety precautions

A\

The extension 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.

Safety precautions

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.

For any physical injuries or damage to the device caused due to your neglect of the safety
precautions described in this manual and the VFD operation manual, our company shall not
be held liable.

° You need to open the housing of the VFD when installing or removing the
communication card. Therefore, you must disconnect all power supplies of the VFD
and ensure that the voltage inside the VFD is safe. For details, see the description in
the VFD operation manual. Severe physical injuries or even death may be caused if
you do not follow the instructions.

[ ] Store the communication card in a place that is dustproof and dampproof without
electric shocks or mechanical pressure.

) The communication card is electrostatic sensitive. Take measurements to prevent
electrostatic discharge when performing operations involving it.

[ Tighten the screws up when installing the communication card. Ensure that it is firmly
fixed and properly grounded.
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Terminology, abbreviations, and acronyms
CAN Controller Area Network
Communication object, a transmitted unit on a CAN network.
COB Communication objects (COBs) carry data and can be transmitted through
the whole network. A COB is part of a CAN message frame.
Electronic data sheet (EDS), an ASCII 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 elements in
NMT the CAN reference model. It is used for the initialization, configuration, and
fault handling of a CAN network.
.Ob]ect Stores information about all COBs identified by a device.
dictionary
PDO Process data object, a type of COBs, used to transmit process data, such as
control command, set values, status values, and actual values.
PDON Tx PDO command transmitted by a slave station to the master station, where n
refersto 1, 2, 3, 4.
PDON Rx PDQ command transmitted by the master station and received by a slave
station, where nrefersto 1, 2, 3, 4.
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 is, address of a communication card.
0x Indicates that a number with this prefix is a hexadecimal value, for example,

0x10 indicates the decimal value 16.
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Ethernet Communication Card Product confirmation

1 Product confirmation

Check the following after receiving a communication extension 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 EDS or XML file of the communication card from INVT. The EDS file is
named in the format of communication card model.eds.

Confirm the environmental requirements for application.

Table 1-1 Environmental requirements

Item Requirement

Operation temperature -10—+50°C

Storage temperature -20—+60°C

Relative humidity 5%-95%

Other weather No condensation, ice, rain, snow, or hail;
conditions solar radiation < 700 W/m?

Air pressure 70-106 kPa

Vibration and impact 5.8m/s? (0.6g) at the sine vibration of 9 Hz to 200 Hz
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2 PROFINET communication card

2.1 Overview

1. Thanks for choosing INVT PROFINET communication cards. This manual describes the
function specifications, installation, basic operation and settings, and information about
the network protocol. To ensure that you install and operate the product properly, read
this manual and the communication protocol section in the VFD operation manual
carefully before you use the product.

2. This manual only describes how to operate the PROFINET communication card and the
related commands but does not provide details about the PROFINET protocol. For more
information about the PROFINET protocol, read the related specialized articles or books.

3. This communication card is defined as a PROFINET slave station communication card
and is used on a VFD that supports PROFINET communication.

4. The communication card supports the linear network topology and star-shaped network
topology.

5. The communication card supports 32 inputs/outputs to read and write process data, read
state data, and read and write function parameters of a VFD.

2.2 Features

1. Supported functions

v

Supports the PROFINET protocol, and supports PROFINET I/O devices

» Provides two PROFINET I/O ports and supports the 100 M full-duplex operation

v

Supports the linear network topology and star-shaped network topology.
2. Supported communication types

Standard Ethernet channels:

v

Standard Ethernet channels are non real-time communication channels that use the TCP/IP
protocol, and are mainly used for device parameterization and configuration and to read
diagnosis data.

> Real-time (RT) communication channels:

RT channels are optimized channels for real-time communication. They take precedence over
TCP (UDP)/IP, which ensures that various stations on a network perform data transmission
with high time requirements at a certain interval. The bus period may reach the precision of
millisecond. These channels are used to transmit data such as process data and alarm data.

4-
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3. Communication ports

Standard RJ45 ports are used in PROFINET communication. The communication card
provides two RJ45 ports with no transmission direction defined, and therefore you can insert a
cable into the port without regard to its direction. Figure 2-1 shows the ports, and Table 2-1
describes the functions of the ports.

8 1 g 1

Figure 2-1 Two standard RJ45 ports
Table 2-1 Standard RJ45 port pins

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

4. State indicators

PROFINET communication card provides nine LED indicators to indicate its states. Table 2-2
describes the state indicators.

Table 2-2 State indicators

LED Color State Description
LED1 Green / 3.3 V power indicator
On Not connected through a network cable
Connected to the PROFINET controller
LED2 Red Blinking | through a network cable, but no
(Bus state indicator) communication established
off Communication established with the
PROFINET controller
LED3 Red On PROFINET diagnosis enabled
(System fault Off PROFINET diagnosis disabled
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indicator)

LED Color State Description
indicator)
LED4 On TPS-1 communication stack started
- Green | Blinking | TPS-1 waits for the initialization of MCU
(Slave ready indicator) —
Off TPS-1 communication stack not started
LEDS ) ’
. Defined by the manufacturer, depending
(Maintenance state Green / - A
- on the characteristics of the device
indicator)
PROFINET communication card
LED6/7 On connected to the PC/PLC through a
(Network port state Green network cable
indicator) off PROFINET communication card not
connected to the PC/PLC
LED8/9 on PROFINET communication card
(Network port Green communicating with the PC/PLC
communication off PROFINET communication card not

communicating with the PC/PLC

2.3 Electrical wiring

PROFINET communication
star topologies. Figure 2-2
topologies.

card provides standard RJ45 ports and supports the linear and
and Figure 2-3 show the electrical wiring diagrams for different

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

standards.

Master

Slave station Slave station Slave station
device 1 device 2 device n

station
device

RJ45 RJ45

paa e

Figure 2-2 Electrical wiring diagram for a linear topology

Note: For the star-shaped network topology, you need to use a PROFINET switch.
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Slave station Slave station Slave station
device 1 device 2 device n

RJ45 RJ45 RJ45 RJ45 RJ45 RJ45

Master
station
device

Switch

Figure 2-3 Electrical wiring diagram for a star topology

2.4 Communication

2.4.1 Packet format
Table 2-3 describes the structure of an RT frame (non-synchronous).

Table 2-3 Structure of an RT frame

Data |Ethernet Ethernet| Frame |RT user | Period | Data|Transmission
VLAN . - FCS
header| type type |identifier| data |counter |state state
2 36-1440 1 4
2 bytes bytes 2 bytes | 2 bytes bytes 2 bytes byte 1 byte bytes
0x8100 0x8892
VLAN flag APDU state
Data header
1-byte —
7-byte synchronization | 6-byte source MAC address 6-byte destination MAC
preamble . R address
information

2.4.2 PROFINET I/O communication
The PROFINET communication card supports 16-word input/output. Figure 2-4 shows the
packet format for transmitting data with a VFD.

P —

Parameter Process data -
identification (PKW) (PZD)

Fixed |
zone

one

1
sl Brog |
CW |PZD2| PZD3 |

‘
|
| ZD12
PKW4 | sw |pzD2| PZD3 |
I I I I

ZD12

R

Figure 2-4 Packet structure

A
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By using the 32 inputs/outputs, you can set the reference parameters of the VFD, monitor the
status values, transmit control commands, monitor the running state, and read/write the
function parameters of the VFD. For specific operations, see the following description.

Parameter zone:
PKW1—Parameter identification
PKW2—Array index number
PKW3—Parameter value 1
PKW4—Parameter value 2
Process data:

CW—_Control word (transmitted from the master to a slave. For description, see Table 2-4 and
Table 2-5.)

SW—Status word (transmitted from a slave to the master. For description, see Table 2-7 and
Table 2-8.)

PZD—Process data (defined by users)

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

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

CWs and SWs

Using CWs is the basic method of the fieldbus system to control VFDs. A CW is transmitted by
the fieldbus master station 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 state
information back to the master through an SW.

Reference value: A 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 the communication module as the controller of the VFD device.

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 from the VFD device to the master depends on the

8-
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set function. For more description, see the related VFD operation manual.

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

Task packet (master station -> VFD)

CW: The first word in a PZD task packet is a VFD CW. You can select the expression method
according to P15.43. Table 2-4 and Table 2-5 describe the control words (CWSs) of the

Goodrive350 series VFD.

Table 2-4 Goodrive350 series VFD CWs expressed in decimal format

Bit Name Value Description
1 Forward running
2 Reverse running
3 Forward jogging
L 4 Reverse jogging
Communication-based
0-7 5 Stop
control command
6 Coast to stop
7 Fault reset
8 Jogging to stop
9 Emergency stop
8 Enable writing 1 Enable reading and writing (PKW1-PKW4)
. 00 Motor 1
9-10 Motor group setting
01 Motor 2
1 Enable torque/speed control switchin:
11 Control mode switching q. a - g
0 Disable switching
12 Reset power consumption 1 Enable
to zero 0 Disable
- 1 Enable
13 Pre-excitation "
0 Disable
14 DC brakin L Enable
9 0 Disable
1 Enable
15 Heartbeat reference "
0 Disable
Table 2-5 Goodrive350 series VFD CWs expressed in binary format
Bit Name Description Priority
0 Forward running 0: Decelerate to stop 1: Forward running 1
1 Reverse running 0: Decelerate to stop 1: Reverse running 2
2 Fault reset 0: Disable 1: Enable 3

-9-
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Bit Name Description Priority
3 Coast to stop 0: Disable 1: Enable 4
4 Forward jogging 0: Disable 1: Enable 5
5 Reverse jogging 0: Disable 1: Enable 6
6 Jogging to stop 0: Disable 1: Enable 7
7 / Reserved
Enable reading and .
8 writing (PKWl—gKWA) 0: Disable 1: Enable
9 / Reserved
. 0: Top
10 Emergency stop 0: Disable 1: Enable L
priority
11-15 / Reserved

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

Table 2-6 Settings of Goodrive350 series VFD

Function Word VEIE T Default
code value

pi6.32 | Received o: invalid 0
PZD2 _ |3: set frequency (0—Fmax, unit: 0.01 Hz)

pi6.33 | Received |2: PID reference (-1000-1000, in which 1000 corresponds|
PZD3 |t 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 rated current of the motor)

P16.36 Received |5: Setting of the upper limit of forward running frequency 0
PZD6  |(0-Fmax, unit: 0.01 Hz)

P16.37 Received |6: Setting of the upper limit of reverse running frequency o
PZD7 |(0-Fmax, unit: 0.01 Hz)

Received |7: Upper limit of the electromotive torque (0-3000, in

P16.38 PzD8 |which 1000 corresponds to 100.0% of the rated current of 0

P16.39 Received [the motor) _ _ _ 0
pPzD9 |8: Upper limit of the brake torque (0-3000, in which 1000

Received |corresponds to 100.0% of the rated current of the motor)
P16.40 pzD10 |9: Virtual input terminal command, 0x000-0x3FF 0
P16.41 | Received |(bit9-bit0 correspond to 0

-10-
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Function Default
Word Value range
code value

PZD11 |[S8/S7/S6/S5/HDIB/HDIA/S4/S3/S2/S1 in sequence)

10: Virtual output terminal command, 0x00—-0x0F
(bit3—bit0 correspond to RO2/RO1/HDO/Y1 in sequence)
11: Voltage setting (for V/F separation)

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

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

13: AO2 output setting 2 (-1000—+1000, in which 1000
P16.42 Received |corresponds to 100.0%) 0
PzZD12 |14: MSB of position reference (signed number)

15: LSB of position reference (unsigned number)

16: MSB of position feedback (signed number)

17: LSB of position feedback (unsigned number)

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

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

20-31: Reserved

Response packet (VFD -> master station)

SW: The first word in a PZD response packet is a VFD SW. You can select the expression
method according to P15.43.

Table 2-7 and Table 2-8 describe the control words (CWs) of the Goodrive350 series VFD.

Table 2-7 Goodrive350 series VFD SWs expressed in decimal format

Bit Name Value Description
1 Forward running
2 Reverse running
0-7 Running state 3 Stopped
4 Faulty
5 POFF
8 Bus voltage established L Ready o run
0 Not ready to run
9-10 Motor group feedback 9 Motor 1
1 Motor 2
11 Motor type feedback 1 Synchronous motor

-11-
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Bit Name Value Description
0 Asynchronous motor
12 Overload pre-alarm feedback L Overload pre-alarm generated
0 No overload pre-alarm generated
0 Keypad-based control
1 Terminal-based control
13-14 Run/Stop mode —
2 Communication-based control
3 Reserved
15 Heartbeat feedback L Heartbeat feedback
0 No heartbeat feedback
Table 2-8 Goodrive350 series VFD SWs expressed in binary format
Bit Name Description Priority
0 Forward running 0: Disable 1: Enable 1
1 Reverse running 0: Disable 1: Enable 2
2 Stopped 0: Disable 1: Enable 3
3 Fault 0: Disable 1: Enable 4
4 POFF 0: Disable 1: Enable 5
5 Pre-excited 0: Disable 1: Enable 6
6-15 / Reserved

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

Table 2-9 Actual status values of Goodrive350 series VFD

Function Default
Word Value range
code value
P16.43 Transmitted |0: Invallld 0
PZD2 1: Running frequency (x100, Hz)
i 2: Set frequency (x100, Hz
P16.44 Transmitted : q Y ( ) 0
PZD3 3: Bus voltage (x10, V)
i 4: Output voltage (x1, V,
P16.45 Transmitted : p ge ( ) 0
PZD4 5: Output current (x10, A)
Transmitted | 6: Actual output torque (x10, %)
P16.46 PZD5 7: Actual output power (x10, %) 0
Transmitted |8: Rotating speed of the running (x1, RPM)
P16.47 PZD6 9: Linear speed of the running (x1, m/s) 0
P16.48 Transmitted |10: Ramp frequency reference 0

-12-
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Function Word VRl e Default
code value
PzD7 11: Fault code
Transmitted |12: All value (x100, V)
P16.49 PZD8 13: AI2 value (x100, V) 0
Transmitted |14: A3 value (x100, V)
P16.50 PZD9 15: HDIA frequency (x1000, kHz) 0
i 16: Terminal input state
P16.51 TrTDnler)niged 17: Terminal output state 0
Transmitted |18: PID reference (x10, %)
P16.52 pzD11  |19: PID feedback (x10, %) 0
20: Rated torque of the motor
21: MSB of position reference (signed number)
22: LSB of position reference (unsigned number)
23: MSB of position feedback (signed number)
24: LSB of position feedback (unsigned number)
25: Status word 2
. 26: HDIB frequency value (x1000, kHz)
P16.53 Transmitted 27: MSB of PG card pulse feedback count 0
PZD12 28: LSB of PG card pulse feedback count
29: MSB of PG card pulse reference count
30: LSB of PG card pulse reference count
31: Function code mapping (PZD2-PZD12
correspond to P14.60-P14.70 respectively.)
32: Status word 3
33-47: Reserved
PKW zone

PKW zone (parameter identification flag PKW1—numerical zone): The PKW zone describes
the processing mode of the parameter identification interface. A PKW interface is not a
physical interface but a mechanism that defines the transmission mode (such reading and
writing a parameter value) of parameter between two communication ends.

Parameter

~—»| Process data

identification (PKW)
T T T

| | |
PKW1 | PKW2 | PKW3 | PKW4

CW | PZD2| .
Sw ! PzD2|

Request ;
0.

.| Parameter
Response | address

t t
| Parameter!

lvalue error! Para;neter
No T value

I I

Figure 2-5 Parameter identification zone

-13-
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In the periodic communication, the PKW zone consists of four 16-bit words. The following
table describes the definition of each word.

First word PKW1 (16 bits)

Bits 15-00 I Task or response identification flag I 0-7
Second word PKW?2 (16 bits)
Bits 15-00 I Basic parameter address I 0-247

Third word PKW3 (16 bits)
Value (most significant word) of a parameter or

Bits 15-00 00
s error code of the returned value
Fourth word PKW4 (16 bits)
Bits 15-00 I 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 packet 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 Task identification flag PKW1

Request No. (from the master to a slave) Response signal
Request No. Function Acceptance| Rejection
0 No task 0 —
1 Requesting the value of a parameter 1,2 3
2 Modifying a parameter value (one word) 1 3ora
[modifying the value only on RAM]
3 Modifying a parameter value (two words) 2 3ora
[modifying the value only on RAM]
4 Modifying a parameter value (one word) 1 3ora
[modifying the value on both RAM and EEPROM]
5 Modifying a parameter value (two words) 2 3ora
[modifying the value on both RAM and EEPROM]
Note: The requests #2, #3, and #5 are not supported currently.
Table 2-11 Response identification flag PKW1
Response No. (from a slave to the master)
Response No. Function
0 No response
1 Transmitting the value of a parameter (one word)
2 Transmitting the value of a parameter (two words)

-14-
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Response No. (from a slave to the master)
Response No. Function
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
5: Password error
6
7
8
9

: Data frame error
: Parameter read only
: Parameter cannot be modified during VFD running
: Password protection
10: Function code mapping failed
4 Reserved

PKW examples
Example 1: Reading the value of a parameter

You can set PKW1 to 1 and PKW?2 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.

Request (master station -> VFD)

PKW1 | PKW2 [ PKW3 PKW4 cw PzD2 PZD3 | .. | PzD12

Request 00|01 00|0A OO|00 00|00 xx|x>< xx|xx xx|xx | oxXx | xx

T

0010: Parameter address

0001: Request for reading parameter values

Response (VFD -> master station)

-15-
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‘ PKW1 PKW2 PKW3 PKwW4 ‘ Cw PzZD2 PZD3 .. | PZD12

XX

t 1388: Parameter value in address 10

0001: Response (parameter value updated)
Example 2: Modifying the value of a parameter (on both RAM and EEPROM)
You can set PKW1 to 4 and PKW2 to OA to modify a frequency set through keypad (the
address of the frequency set through keypad is 10), and the value to be modified (50.00) is in
PKW4.

XX XX XX e XX XX

Response| 00 ‘ 01 | 00 ‘ OA | 00 ‘ 00

Request (master station -> VFD)
‘ PKW1 | PKW2 | PKW3 PKW4‘ Ccw PZD2 PzZD3 | .. | PzD12

XX

13 ‘ 88 | xx | xx
t 1388: Parameter value in address 10

0004: Parameter value to be modified
Response (VFD-> master station)

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

XX XX XX e XX XX

‘ Request ‘ 00

XX XX XX XX XX e XX XX

Response| 00 ‘ 01 | 00 ‘ OA | 00 ‘ 00 | 13 ‘ 88

\L 0001: Response (parameter value updated)

PZD examples: The transmission of the PZD zone is implemented through VFD function code
settings. For the function codes, see the related INVT VFD operation manual.

Example 1: Reading the process data of a VFD

In this example, PZD3 is set to "8: Rotating speed of the running" through the VFD parameter
P15.14. This operation sets the parameter forcibly. The setting remains until the parameter is
set to another option.

Response (VFD -> master station)

PKW1 | PKW2 | PKW3 | PKW4 CwW PzZD2 PZD3 ...| PzD12

Resp
onse

XX | XX [ XX | XX | XX | XX | XX [ xx [ xx [ xx [ xx [xx [ 00 | OA |...| Xxx XX

Example 2: Writing process data to a VFD device
-16-
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In this example, PZD3 is set to "2: PID reference" through the VFD parameter P15.03. 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

Resp
onse

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 tractive force reference in each
request frame until another parameter is specified.

2.5 Example of PLC communication

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

2.5.1 Parameter configuration
Connect the PLC to the PC with a standard network cable, and set the computer IP (e.g.
192.168.0.100) in the PC network settings. Set the IP and name of the PLC.

1) Open the "TIA PORTAL V13" software, and click "Online & Diagnostics" --> "Accessible
Devices" on the left. Select "PN/IE" in the drop-down list of "Type of the PG/PC interface",
select the Ethernet port in the "PG/PC Interface”, and finally click "Refresh" to scan the
connected PLC devices, as shown in the following figure.

2) If the connection between the PLC and PC is normal, after scanning is completed, the PLC
device will appear in the device bar, as shown in the red box of the following figure. The device
bar displays the device, device type and device MAC address. Then click the "Show" button in
the lower right corner to enter the device settings.
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RCCEceIDIE GeviCas. |
! Type ofthe PGIPC interface: B FIIE [+]
PGIPC interface: (Wl TwinCAT-Intel PCI Exhernet Adaper (Gigabin) | +| €G]
Accessible nodes of the selected interface:
Device Type Address MAC address
FLC 1 PNIE 192168023 ACH417-139FDF
["|Flash LED
Online status information:
Sean and information retrieval completed.
[ Display only problem reports
o

3) Click "Online & Diagnostics" in the device tree, click "Assign IP Address" under the
"Functions” on the right of the menu bar, and set the IP address and subnet mask of the PLC
shown in the red box marked ®), to ensure that the IP address of the PC and the IP address of
the PLC are in the same network segment, as shown in the following figure.

fesign P addess

) Use e

[emsp—

re—

4) Set the.IP address of the PLC to "192.168.0.1" and subnet mask to "255.255.255.0" (you
can check "Use router", that is, the router assigns IP). Click the "Assign IP address" button
after the setting is completed, as shown in the following figure.
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» Diagnostics M
~ Functions
Assign IP address

Jssign IP address

Resetto factory settings IPaddress: 192 . 168 . 0
Subnet mask: 255 . 255 . 255 . 0

() use router

Router address: o 0 o
‘Assign IPaddress

|

5) Click "Assign Name", and mark the PLC name in the position shown in the red box marked
@), such as "PLC1215C". Click the "Assign Device Name" button, as shown in the following
figure.

— —— N
~ Functions PROFINET device name: PLC1215C |
Assign IP address T EEED
r—
Firmware update

Reset 1o factory setings

Device filter

te Teilnehmerim Netaverk:

s MAC address. Type Name Status
e ostes

e

2.5.2 Create a new project

Double click the TIA PORTAL V13 icon to open the TIA PORTAL V13 project tool. Click the
"Create new project” button to create a new project, add project name, project storage path,
author, comment and other related information, and click the "Create" button to create a new
project, as shown in the following figure.
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Conse it

After creating a new project, double click "Open the project view", as shown in the following
figure.

2.5.3 Add GSD files

In the project view, click "Options" on the toolbar, select the "Manage general station
description files (GSD)" option from the drop-down list, and a box pops up, as shown in the
following figure. Enter the file directory where the INVT GSD file is located in the source path,
select the GSD file, and click the "Install" button to start the installation.
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Source palhrl | CUsersladminiswratoriDesktop | | =
Content of imported path

[ File Version lengusge | Status

|g GSDMLV2 324NVT-TPS 1-Extended-20171110.xml 11i10i2017 English Notyetinstalled |

ol B

After the installation was completely successful, a prompt pops up, indicating that the GSDML
file has been installed successfully, as shown in the following figure.

Tnstall'general station description file

Installation result

—feterrer
®  Installation was completed successfully.

2.5.4 Configure the basic information of the project
1) Enter the "Devices & networks" view interface.

In the project view, select and double click "Devices & networks" in the project tree on the left
to enter the "Network overview" view interface, as shown in the following figure.
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2) Add Project device and PROFINET network.
(1) Add PLC S7-1215C to the "Devices & networks" view.

In the "Hardware catalog” on the right sidebar, select "Controller* — "SIMATIC S7-1200" —
"CPU" — "CPU 1215C AC/DC/Rly" — "6ES7 215-1BG40-0XB0", and double click the
"6ES7 215-1BG40-0XB0" icon or drag it to the project, as shown in the following figure.
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(2) Add the INVT communication card to the "Devices & networks" view.

In the "Hardware Catalog", click "Other field devices" — "Profinet 10" — "I/O" — "INVT" —
"INVT Profinet Adapter" — "INVT Profinet Adapter V1.0", and double click the "INVT Profinet
Adapter V1.0" icon or drag it to the view of "Devices & networks". The communication card is
displayed as "Not assigned", as shown in the following figure.
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Click the "Not assigned" option of "INVT Profinet Adapter V1.0" and select the 10 controller
"PLC_1. PROFINET IO-System", then CPU and INVT Profinet in the network view are
connected to the same Profinet subnet, as shown in the following figure.
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(3) Add the INVT I/O sub-module to the project.

Double click the "INVT Profinet Adapter V1.0" icon in the "Devices & Networks" view to enter
the "Device view" interface, as shown in the following figure.
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Click the "Hardware Catalog" on the right —

@ opertis 5 Jitormation

“"Module", double click the "32 Byte IN/OUT"

module or drag it to the blank space in the "Device view", and the "32 Byte IN/OUT" module is

added to the project, as shown in the following

figure.

Totally Integrated Automation
PORTAL

- [~ Tcaies

4 Portal ey

(4) Simple configuration of S7-1215C and INVT Profinet parameters.

<1> Configure parameters of PLC S7-1215C.

5 Infarmation

Double click the "Devices & Networks" option to enter the view interface of "Devices &

Networks".

Double click the "PLC S7-1215C" icon in the interface to enter the "Device view" interface of

the PLC.

-24-



Ethernet Communication Card

PROFINET communication card

Double click the network interface position in the PLC icon to enter the properties editing

interface bar of "PROFINET interface_1".

Click the "Ethernet addresses" option in the "General" list to set the PLC address and name
(In this example, IP address of the PLC is 192.168.0.1 and PLC name is PLC1215C).

Operations are shown in the following figure.
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<2> Configure parameters of the INVT Profinet communication card.

Double click the "Devices & Networks" option to enter the view interface of "Devices &

Networks".

Double click the "INVT Profinet Adapter V1.0" icon in the interface to enter the "Device view"

interface of the communication card.

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

Click the "PROFINET interface [X1]" option in the "General" list, and click the "Ethernet
addresses" option. Configure parameters of the INVT PROFINET communication card
according to the parameters shown in the following figure such as IP address and device
name of the communication card (in this example, IP address of the communication card is

192.168.0.2 and the name is invtl).

Operations are shown in the following figure.
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2.5.5 Assign the device name of the 10 device (INVT communication card)

After the CPU and INVT Profinet communication card are successfully connected to the PC
through the network cable, click "Online access" on the left to find the network card
corresponding to the PC that is connected to the PLC and communication card.

In all displayed devices, find the INVT communication card device and click it, such as emc
(192.168.0.2) device, as shown in the following figure (Note: When the communication card is
used for the first time, there is no device name, and only the default IP can be scanned) .

Double click "Online & Diagnostics" to enter the online diagnostics state.
Click "Functions" — "Assign name" to enter the "Assign name" interface.

Enter the communication card name in "PROFINET device name", and click "Assign Name" in
the lower right corner to confirm.

Note: The name of the PROFINET communication card set online must be consistent with
that set in the configuration project, otherwise PROFINET communication cannot be carried
out between the devices.
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The operation steps are shown in the following figure.
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2.5.6 Save, compile, and download

Torvn [oionics

Download the project configuration information to the PLC S7-1215C after the entire project

configuration is completed.

Click "Save Project" to save the entire project.

Right click "PLC_1 [CPU 1215C AC/DC/Rly]" — left click "Compile" — "Hardware and

software (change only)" to compile the entire project.

Click the "Download to device" icon to download the project configuration to the PLC

controller.

Operations are shown in the following figure.
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In the download dialog box, search for the connected PLC device, as shown in the following

figure.
Select the "PN/ IE_1" option in the drop-down list

Click the "Start search" button in the lower right
devices in the subnet.

of "Connection to interface/subnet".

corner to start scanning and detecting PLC
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After searching is completed, the PLC S7-1215C that is connected to the PC will be displayed
in the list of "Compatible devices in target subnet", as shown in the following figure.

Select the PLC to be downloaded in the following figure, and click the "Download" button to
download the configuration information and PLC program to the selected PLC.

Configured access nodes of *PLE_1*

I Device Device type slot Type Address Subnet
nc cPUIISCOED.. 1x1  PMIE 19216801 PIIE_1
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Connection wainterfacelsubner | PNIE_ 125 /)
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2.5.7 VFD parameter watching
Click "Watch and force tables" in the left menu bar, and double click "Add new watch table" in

the drop-down menu, as shown in the following figure.
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in the newly created watch table, as shown in the following figure.
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After the watch variables are created, click the "Watch all" button in the watch table to monitor
the values of all variables, and click the "Modify parameters" button in the watch table to

modify the parameters of the target variable, so as to watch the VFD through the PLC.
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3 Ethernet IP communication card

3.1 Overview

1. Thanks for choosing INVT Ethernet IP communication cards. This manual describes the
function specifications, installation, basic operation and settings, and information about
the network protocol. To ensure that you install and operate the product properly, read
this manual and the communication protocol section in the VFD operation manual
carefully before you use the product.

2. This manual only describes how to operate the Ethernet IP communication card and the
related commands but does not provide details about the EtherNet/IP protocol. For more
information about the Ethernet IP protocol, read the related specialized articles or books.

3. This communication card is defined as an Ethernet IP slave station communication card
and is used on a VFD that supports EtherNet/IP communication.

4. The communication card supports the star and linear topologies.

5. The communication card supports 32 inputs/outputs to read and write process data, read
state data, and read and write function parameters of a VFD.

3.2 Features
1. Supported functions
> Supports the EtherNet/IP protocol, and supports EtherNet/IP devices.

» Provides two EtherNet/IP ports and supports the 10/100M full-duplex/half-duplex
operation.

> Supports the star and linear topologies.
2. Supported communication types

EtherNet/IP adopts the application layer protocol CIP, which is also used by DeviceNet and
ControlNet. Therefore, they use the same object library and consistent industrial
specifications.

CIP uses non-connected UDP/IP and connection-based TCP/IP for information control and
transmission over the Ethernet, allowing the sending of explicit and implicit packets. Implicit
packets are time-critical control messages and transmitted using UDP/IP. Explicit packets are
point-to-point messages that are not time critical and transmitted using TCP/IP. Explicit
packets are used for configuration, download, and fault diagnosis, while implicit packets are
used for real-time I/O data transmission.

3. Communication ports
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Standard RJ45 ports are used in EtherNet/IP communication. The communication card
provides two RJ45 ports with no transmission direction defined, and therefore you can insert a
cable into the port without regard to its direction. Figure 3-1 shows the ports, and Table 3-1

describes the port pins.

8 1 g 1

Figure 3-1 Two standard RJ45 ports

Table 3-1 Standard RJ45 port pins

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

4. State indicators

The EtherNet/IP communication card provides four LED indicators and four net port indicators
to indicate its states. Table 3-2 describes the state indicators.

Table 3-2 State indicators

LED Color State Description
on Indicating that the card and VFD identify each
other.
LED1 Green Blinking (1Hz) Indicating that the card and VFD communicate
normally.
off Indicating that the card and VFD communicate
improperly.
Indicating that communication between the card
On and PLC is online and data interchange is
LED2 Green allowed.
off Indicating that communication between the card

and PLC is offline.
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LED Color State Description
On Failed to set up 1/0 between the card and PLC.
Blinking (1Hz) Incorrect PLC configuration.
LED3 Red Blinking (2Hz) The card faile_d to send data to the PLC.
Blinking (4H2) The connection between the card and PLC
timed out.
Off No fault
LED4 Red On 3.3V power indicator
Table 3-3 Definition of the DIP switch
DIP switch Type 1 2 3
Ethernet IP On On On
Swi Ethernet Off Oon On
Modbus TCP On Off On
Reserved Other Other Other

3.3 Electrical wiring

The Ethernet IP communication card provides standard RJ45 ports and supports the linear
and star topologies. Figure 3-2 and Figure 3-3 show the electrical wiring diagrams for different

topologies.

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

standards.

Master device
(PLC)

Slave device 1

Slave device 2

EC-TX510B

CN2 CN1

EC-TX510B

L

Slave device n

EC-TX510B

Figure 3-2 Electrical wiring diagram for a linear topology
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Slave device 1 Slave device 2 Slave device n

Master device

Lo) EC-TX5108 EC-TX510B EC-TX510B.

Switch

Figure 3-3 Electrical wiring diagram for a star topology
Note: An Ethernet switch must be available when the star topology is used.

3.4 Communication

3.4.1 Communication settings

The EtherNet/IP communication card can function as only the EtherNet/IP slave station.
Before communication, set Goodrive350 function codes, including:

> IP address and subnet mask for the card

The default IP address and subnet mask for each communication card are 192.168.0.20 and
255.255.255.0. You can change them to the address of a network segment.

»> Control mode

If you want to control the VFD with the communication card, set the control mode to
EtherNet/IP communication control. To be specific, set P00.01=2 (communication as the
running command channel) and set P00.02=3 (EtherNet/IP communication channel) to control
VFD start and stop. If you want to set a value through EtherNet/IP communication, change the
control way of corresponding function codes to EtherNet/IP communication. Appendix B lists
related function codes.

Note: After the setting, the card can communicate normally. If you want to control the VFD
with the card, set related function codes to enable EtherNet/IP communication control.

3.4.2 Packet format
Table 3-4 describes the structure of a TCP communication packet.

Table 3-4 Structure of a TCP communication packet

MAC-layer IP-layer TCP-layer
packet packet packet Valid data Packet trailer
header header header
14 bytes 20 bytes 20 bytes 0-1488 bytes 4 bytes
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Table 3-5 describes the structure of a UDP communication packet.

Table 3-5 Structure of a UDP communication packet

MAC-layer IP-layer UDP-layer
packet packet packet Valid data Packet trailer
header header header
14 bytes 20 bytes 20 bytes 0-1488 bytes 4 bytes

3.4.3 Ethernet IP communication

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

Parameter Process data >
| identification > Fixed PZD)
= ool 4——— Distribuiable zone ————
| | | ool prpal |
| | | CW PZD2: PZD3 | | PZD12
PKW1 i PKW2 i PKW3 i PKW4 | gy iPZDZi PZD33 i PZD12

Figure 3-4 Packet structure

By using the 32 inputs/outputs, you can set the reference parameters of the VFD, monitor the
status values, transmit control commands, monitor the running state, and read/write the
function parameters of the VFD. For specific operations, see the following description.

Parameter zone:

PKW1—Parameter identification

PKW2—Array index number

PKW3—Parameter value 1

PKW4—Parameter value 2

Process data:

CW—Control word (transmitted from the master to a slave. For description, see Table 3-6.)
SW—Status word (transmitted from a slave to the master. For description, see Table 3-9.)
PZD—Process data (user defined)

(The process data output from the master to a slave is a reference value, and the process data
input from a slave to the master is an actual value.)

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

CWs and SWs

Using CWs is the basic method of the fieldbus system to control VFDs. A CW is transmitted by
the fieldbus master station 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 state
information back to the master through an SW.

Reference value: A 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-PAQO1 adapter modules). To enable the control over VFD devices through
EtherNet/IP, you need to set the communication module as the controller of the VFD device.

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 from the VFD device to the master depends on the
set function. For more description, see the related VFD operation manual.

Note: A VFD device always checks the bytes of a CW and reference value.
Task packet (master station -> VFD)
CW: The first word in a PZD task packet is a VFD CW.

When P15.43=0, EtherNet IP control words are defined by byte. Table 3-6 describes
Goodrive350 series VFD CWs defined by byte.

Table 3-6 Goodrive350 series VFD CWs expressed in decimal format

Bit Name Value Description
1 Forward running
Reverse running
Forward jogging
Reverse jogging
Stop
Coast to stop
Fault reset
Jogging to stop
Emergency stop
Enable writing (mainly through PKW1 to PKW4)
Motor 1
Motor 2

Communication-based
control command

ROV |lwN

8 Enabling writing

o
o

9-10 Motor group setting

o
=y
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Bit Name Value Description
- 1 Enable torque/speed control switching
11 Control mode switching - —
0 Disable switching
12 Resetting power 1 Enable
consumption to zero 0 Disable
. 1 Enable
13 Pre-excitation "
0 Disable
. 1 Enable
14 DC braking "
0 Disable
15 Heartbeat reference 1 Ehable
0 Disable

When P16.56=1, EtherNet/IP control words are defined by bit. Table 3-7 describes

Goodrive350 series VFD CWs defined by bit.

Table 3-7 Goodrive350 series VFD CWs expressed in binary format

Bit Name Description Priority
0 Forward running 0: Decelerate to stop 1: Forward running 1
1 Reverse running 0: Decelerate to stop 1: Reverse running 2
2 Fault reset 0: Disable 1: Enable 3
3 Coast to stop 0: Disable 1: Enable 4
4 Forward jogging 0: Disable 1: Enable 5
5 Reverse jogging 0: Disable 1: Enable 6
6 Jogging to stop 0: Disable 1: Enable 7
7 / Reserved
Enable reading and .
8 writing (PKWl—IgKW4) 0: Disable 1: Enable
9 / Reserved
. 0: Top
10 Emergency stop 0: Disable 1: Enable L
priority
11-15 / Reserved

Reference value (REF): The second to twelfth words in a PZD task packet are the main
settings. The main frequency settings are provided by the main setting signal source. Table
3-8 describes the settings of Goodrive350 series VFD.

Table 3-8 Settings of Goodrive350 series VFD

Function Word Value range Default
code value
P16.32 Received |0: Invalid 0
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Function Default
Word Value range
code value

PZD2 |1: Set frequency (0—Fmax, unit: 0.01 Hz)
Received |2: PID reference (-1000-1000, in which 1000 corresponds

P16.33 0
PZD3  |to 100.0%)

P16.34 Received |3: PID feedback (-1000-1000, in which 1000 corresponds o
) PZD4  |to 100.0%)

P16.35 Received |4: Torque setting (-3000—+3000, in which 1000 o

PZD5 |corresponds to 100.0% of the rated current of the motor)

P16.36 Received |5: Setting of the upper limit of forward running frequency 0
i PZD6 |(0-Fmax, unit: 0.01 Hz)

P16.37 Received |6: Setting of the upper limit of reverse running frequency 0
i PzZD7 |(0-Fmax, unit: 0.01 Hz)

P16.38 Received |7: Upper limit of the electromotive torque (0-3000, in 0
) PzD8 |which 1000 corresponds to 100.0% of the rated current of

P16.39 Received |the motor) 0
: PzZD9 |8: Upper limit of the brake torque (0-3000, in which 1000

Received |corresponds to 100.0% of the rated current of the motor)

P16.40 PzD10 |9: Virtual input terminal command, 0x000—-0x3FF

Received [(bit9—bit0 correspond to

P16.41 | o711 |S8/S7/S6/S5/HDIBHDIASA/S3/S2/SL in sequence)

10: Virtual output terminal command, 0x00—Ox0F
(bit3-bit0 correspond to RO2/RO1/HDO/Y1 in sequence)
11: Voltage setting (for V/F separation)

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

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

13: AO2 output setting 2 (-1000—+1000, in which 1000
P16.42 Received |corresponds to 100.0%) 0
’ PzD12 |14: MSB of position reference (signed number)

15: LSB of position reference (unsigned number)

16: MSB of position feedback (signed number)

17: LSB of position feedback (unsigned number)

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

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

20-31: Reserved
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Response packet (VFD -> master station)

Status word (SW): The first word in a PZD response packet is a VFD SW.

P15.43=0 (SWs are defined in decimal format), and the VFD SWs are defined as follows.

Table 3-9 Goodrive350 series VFD SWs expressed in decimal format

Bit

Name

Value

Description

0-7

Running state

1

Forward running

Reverse running

Stopped

Faulty

POFF

Bus voltage established

Ready to run

Not ready to run

9-10

Motor group feedback

Motor 1

Motor 2

11

Motor type feedback

Synchronous motor

Asynchronous motor

12

Overload pre-alarm feedback

Overload pre-alarm generated

No overload pre-alarm generated

13-14

Run/Stop mode

Keypad-based control

Terminal-based control

Communication-based control

Reserved

15

Heartbeat feedback

RPIWIN[P|O|O|R|O|R([PR|O|O(ROAM[W]N

Heartbeat feedback

o

No heartbeat feedback

P15.43=1 (SWs are defined in binary format), and the VFD SWs are defined as follows.

Table 3-10 Goodrive350 series VFD SWs expressed in binary format

Bit Name Description Priority
0 Forward running 0: Disable 1: Enable 1
1 Reverse running 0: Disable 1: Enable 2
2 Stopped 0: Disable 1: Enable 3
3 Fault 0: Disable 1: Enable 4
4 POFF 0: Disable 1: Enable 5
5 Pre-excited 0: Disable 1: Enable 6
6-15 / Reserved
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Actual value (ACT): The second to twelfth words in a PZD task packet are the main actual
values. The main actual frequency values are provided by the main actual value signal source.

Table 3-11 Actual status values of Goodrive350 series VFD

Function Word Value range Default
code value
Transmitted |0: Invalid
P16.43 PzD2 1: Running frequency (x100, Hz) 0
Transmitted |2: Set frequency (x100, Hz)
P16.44 PZD3 3: Bus voltage (x10, V) 0
Transmitted |4: Output voltage (x1, V)
P16.45 PZD4 5: Output current (x10, A) 0
Transmitted |6: Actual output torque (x10, %)
P16.46 PZD5 7: Actual output power (x10, %) 0
Transmitted |8: Rotating speed of the running (x1, RPM)
P16.47 PZD6 9: Linear speed of the running (x1, m/s) 0
Transmitted | 10: Ramp frequency reference
P16.48 pzD7  |11:Faultcode 0
prc.ag | TTEnSmited [ Eigg Xi 0
PZD8 ' !
Transmitted 14: AI3 value (x100, V)
P16.50 PZD9 15: HDIA frequency (x1000, kHz) 0
P16.51 Transmitted i?: 12:2::2: gllﬁ:tmstsat:e 0
PZD10 )
Transmitted 18: PID reference (x10, %)
P16.52 PZDI11 19: PID feedback (x10, %) 0
20: Rated torque of the motor
21: MSB of position reference (signed number)
22: LSB of position reference (unsigned number)
23: MSB of position feedback (signed number)
24: LSB of position feedback (unsigned number)
25: Status word
Transmitted | 26: HDIB frequency value (x1000, kHz)
P16.53 PZD12 27: MSB of PG card pulse feedback count 0
28: LSB of PG card pulse feedback count
29: MSB of PG card pulse reference count
30: LSB of PG card pulse reference count
31: Function code mapping (PZD2-PZD12
correspond to P14.60—-P14.70 respectively.)
32: Status word 3
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Function Default
Word Value range
code value

33-47: Reserved

PKW zone

PKW zone (parameter identification flag PKW1—numerical zone): The PKW zone describes
the processing mode of the parameter identification interface. A PKW interface is not a
physical interface but a mechanism that defines the transmission mode (such reading and
writing a parameter value) of parameter between two communication ends.

Parameter
" identification (Pkw) "|Process daa
T T T

| | | CW | PZD2| .
PKW1 } PKW2 | PKW3 | PKW4| Sw | PZD2|

Requesl |

| Parameter @;gﬂem;,;gp Paameer

Response \ address
i i

Figure 3-5 Parameter identification zone

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

First word PKW1 (16 bits)

Bits 15-00 l Task or response identification flag I 0-7
Second word PKW?2 (16 bits)
Bits 15-00 I Basic parameter address I 0-247
Third word PKW3 (16 bits)
Bits 15-00 Value (most significant word) of a parameter or 00

error code of the returned value
Fourth word PKW4 (16 bits)
Bits 15-00 I 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 packet 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.
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Table 3-12 Task identification flag PKW1

Request No. (from the master to a slave) Response signal
Re:jg.est Function Acceptance| Rejection

0 No task 0 —

1 Requesting the value of a parameter 1,2 3
Modifying a parameter value (one word) [modifying

2 1 3or4
the value only on RAM]

3 Modifying a parameter value (two words) [modifying 2 3ora
the value only on RAM]

4 Modifying a parameter value (one word) [modifying 1 3ora
the value on both RAM and EEPROM]

5 Modifying a parameter value (two words) [modifying 2 3ord
the value on both RAM and EEPROM]

Note: The requests #2, #3, and #5 are not supported currently.

Table 3-13 Response identification flag PKW1

Response No. (from a slave to the master)

Response No. Function

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:

: Invalid command

2: Invalid data address
3: Invalid data value

4: Operation failure

5: Password error
6
7
8
9

[N

: Data frame error
: Parameter read only
: Parameter cannot be modified during VFD running
: Password protection
10: Function code mapping failed

4

Reserved

> Model specified in the standard ODVA agreement

The standard ODVA protocol specifies the data transmission format and CWs/SWs definitions,
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and the packet format for data transmission with the VFD is shown in Table 3-14.

Table 3-14 Transmission modes specified in standard ODVA protocol

No. | Input/Output |Data length (bytes) 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

CW1/SW1 and CW2/SW?2 are defined as shown in Table 3-15, Table 3-16, Table 3-17 and
Table 3-18.

Table 3-15 CW1 specified in standard ODVA protocol

Bit Name Value Description
. 0 Disable
0 Forward running
1 Enable
1 Reserved / /
0 Disable
2 Fault reset
1 Enable
3-15 Reserved / /

Table 3-16 SW1 specified in standard ODVA protocol

Bit Name Value Description
0 No fault
0 Fault state
1 Fault
1 Reserved / /
. 0 Not forward running
2 Running state -
1 Forward running
3-15 Reserved / /

Table 3-17 CW2 specified in standard ODVA protocol

Bit Name Value Description
0 Disable
0 Forward running i
1 Enable
1 Reverse runnin| 0 Disable
’ 1 Enable
0 Disable
2 Fault reset
1 Enable
3-4 Reserved ] ;
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Bit Name Value Description
0 Local control (k d
5 Control reference source ocal control (keypad) —
1 Remote control (Ethernet IP communication)
Frequency reference 0 Local reference (keypad)
6 q Y Remote reference (Ethernet IP
source 1 S
communication)
7-15 Reserved / /
Table 3-18 SW2 specified in standard ODVA protocol
Bit Name Value Description
0 No fault
0 Fault
1 Fault
1 Overload pre-alarm 0 No overload
feedback 1 Overload pre-alarm
0 Stopped
2 Running state 1 bp -
1 Forward running
0 Stopped
3 Running state 2 PP -
1 Reverse running
0 Ready to run
4 Bus voltage established y
1 Not ready to run
0 Local control (k
5 Control reference source ocal control (keypad)
1 Remote control (not keypad)
6 Frequency/torque 0 Local control (keypad)
reference source 1 Remote control (not keypad)
7 Reference reached 0 Not reached
1 Reached
8-15 Reserved / /
> INVT extended data model based on the ODVA Protocol

Based on the ODVA protocol provisions, these four modes are combined with PZD process

data defined by INVT, and the packet format for data transmission with the VFD is shown in

Table 3-19.

Table 3-19 INVT extended data model based on the ODVA protocol

Data length
No. | Input/Output a(;y::;? Format (word)
6 74/24 24 CW1/SW1 + Speed_ref/act + Null +PZD4-12
7 75125 24 CW2/SW2 + Speed_ref/act + Null +PZD4-12
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Data length
No. | Input/Output a(l?ytir;? Format (word)
8 76/26 24 CW1/SW1 + Speed_ref/act + Torque_ref/act + PZD4-12
9 7727 24 CW2/SW2 + Speed_ref/act + Torque_ref/act + PZD4-12

In these four modes, definitions of CWs and SWs are consistent with that of "Model specified
in the standard ODVA agreement”, and definitions of PZD4-12 are consistent with that of
"INVT self-defined mode".

3.5Example 1 of PLC communication (communicate with Allen-Bradley
PLC)

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

3.5.1 Create a new project

Connect the PC to the PLC with a printer cable or network cable. Open software,

and click "New Project".
|

Rockwell Software®

Studio 5000

From Import Sample Project

= From Sample Project From Upload
Recent Projects

& eos_TesT 0419

[ES

Select the correct PLC model, fill in the project name, click “Next", and click "Finish".
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& New Project ? X

Project Types Search X

Compact GuardLogix(® 5370 Safety Controller

- 1769-L30ERMS ~ Compact GuardLogix® 5370 Safety Controller

@ View 1769-L33ERMS  Compact GuardLogix® 5370 Safety Controller
1769-L36ERMS  Compact GuardLogix® 5370 Safety Controller
1769-L37ERMOS Compact GuardLogix® 5370 Safety Controller
1769-L37ERMS  Compact GuardLogix® 5370 Safety Controller
1769-L38ERMS  Compact GuardLogix® 5370 Safety Controller

Compact GuardLogix® 5380 Safety Controller

CompactLogix™ 5370 Controller

CompactLogix™ 5380 Controller

CompactLogix™ 5480 Controller

Name: | |GD_350_EthernetlP ODVA 049 | |

Location: | C\Users\Administrator\Documents\Studio 500( "H Browse... |

1769-L36ERMS Compact GuardLogix® 5370 Safety Controller
GD 350 EthernetiP_ODVA 049

Revision:

Security Authority: | No Protection Y
Use only the selected Security Authority for authentication and
authorization

Secure With: Logical Name <Controller Name=

Description:

3.5.2 Import an EDS file
The EDS file is used to specify device attributes for Ethernet IP client. The client identifies the
device through product code, device type, and major version attributes.
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You can obtain the EDS file of the communication card from the vendor, or downloaded it (file
name: GD350_EthernetlP_V1.01.eds) from the INVT website at www.invt.com.
Right click "TOOLS", and select "EDS Hardware Installation Tool".

& Logix Designer - GD_350_EthernetiP_ODVA_049 [1769-L36ERMS 31.11]

FILE EDIT VIEW SEARCH LOGIC COMMUNICATIONS | TOOLS | WINDOW HELP

] Optiens.. | v}

— o Security »

Sex ] Path: <none> Safety 3

- IEfO'“WE““’E Offline B NoForces ) @ Documentation Languages. Favorites Add-
Controller Organizer v 2 x Import

& Export

4 . Controller GD_350_FthemetlP_ODVA_049
& Controller Tags
Controller Fauft Handler
Power-Up Handler
4 Tasks
4 £3 MainTask
b & MainProgram
4 () SafetyTask
b L SafetyProgram
Unscheduled
4 . Motion Groups
Ungrouped Axes

EDS Hardware Installation Tool

Mation

Monitor Equipment Phases
Plug-In Manager.
Custom Tools.

[ controlFLASH

Click "Next".

Welcome to Rockwell Automation's EDS Wizard

The EC' Wizard slows you tor
05 based desices,

o dusica

- change the graphic mages assosisted with o device

~<reete an EDS fle fro nowr device

To eaminus chek Next

‘ o e

Select the option as shown in the following figure, and click "Next".
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Rinckuel Automation’s EDS Wizard

options
What tesk do you wart to complete?

P
= e |

I Nrvgioer s dmden
W2 This oo wil remore  device that has been regoered by an ED5 e
from cur dotebers

£ Create an €0 file
This option creates & new EDS fle that alows our software ia recognize
your device.

g r

< Back Neat > Cancel

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

Rockuwell Automation's EDS Wizard x
Registration
Electranic Data Sheet fe{s) will be added ta your system for use in Rackwell Automation applications.

& Register o gingle fle

 Register a ghrectory of EDS fles r

Named:

-j) 1§ there is an ican fle Lico) with the same name as the fe(s) you are
registering then this image will be associsted with the deviee.

Te perform an installation test on the Fles), click Next

< Back Mext » Cancel

Continue to click "Next".
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Rockwell Automation's EDS Wizard

EDS File Installation Test Results

This test evaluates each EDS file for errors in the EDS file. This test does not guarantee EDS file validity.

£ Installation Test Results
2] e\ invt_gd350_ethernetip_v1.20.eds

Click "Next" again, and the installation is successful.

Rockwell Automation's EDS Wizard

Change Graphic Image
You can change the graphic image that iz associated with a deviee

Froduct

Ch:
Ganee ieon .| |5 @ Ganeris Davics (apracated for nen davices)
"8
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3.5.3 Create a new device object
Select "I/O Configuration"—>"Ethernet item" on the left, and right click "New Module".
& Logix Designer - GO_350_Ethemneti?_ODVA 043 (1765-L36ERMS 31.11]

FLE EDT VIEW SEARCH LOGIC COMMUNICATIONS TOOLS WINDOW HELP
|% % o% bl 3 G

AT |
- o
= ox 15 rokcoone>
= ey e -
-0 Offine ~ No Forces
v 3 x

Controler Organizer
s
4 | Controfler GD_350_EthemetiP_ODVA 049
) Cantroller Tags
Controlles Fault Handier
Power-Up Handler
4 Tasks
3 MainTask
ainProgram
afetyTask
‘ > 1 SefetyProgram
Unscheduled
4 % Motion Groups
Ungrouped Axes

» Assets
i, Logical Model
4 /10 Configuration
481755 Bus
G0_350_Ethemet
& 8 Niew Miodule o

Tmport Module.

Properties  Alt-Enter

print > (@ o6 |[ 4 oWareas |[© O Messages |

Fill in the module name, and set the IP address of the module. The IP address must be
consistent with P16.58-P16.61 on the GD350 Ethernet IP communication card, otherwise

communication fails.
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@1 New Module X
Generd” Comnection  Modue Info  Intemet Protocol | Port Configuration  Network
Type: GD350_EthemetlP_MODULE INVT
Vendor HMS Industrial Networks AB
Parert: Local
Name: test_0429 3 || Eemet Address
o O Piivate Network. 152.168.1 =
@ IP Address 182 1 3
O Host Name:
Moduie: Defintion
Revision 1013
Bisctronic Keyng:  Compatible Moduls
Connections: Exclusive Owner
Status: Creating oK Cancel Help

Click the "Change" option to select the protocol type used by the module. Each type differs in

10 format, so you need to select the corresponding 10 format based on the protocol type, as
shown in the following table. Take "Exclusive Owner" as an example.

General”  Connection Module Info  Intemet Protocol  Port Corfiguration  Metwork
Typs: o
7 Module Definition* X
Vendor
Parent: Revision: 1 v
NETD Eectronic Keying: | Compatible Moduie: -
Desorition: | Comnections E
Name size [Thg surnc ]
Exclusive Owner Input EH| . [test 04293
oppuf [ 16| test 0429 3.01
0
20170 Basic speed conir
Module Defl |L]5171 extences speed
Revision 22172 Basic Speed and T
2373 Extended Speed a
Blectronic: INVT 24174 Basic Speed
INVT 2575 Basic Speed
G INVT 26175 Basic Speed
INVT 27/77 Basic Speed
Input Only
sten Oy Cancel Helo
g
Status: Creating oK Cancel Help
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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 3 INT
control
INVT 24/74 Basic Speed Control plus
. 12 INT
Drive Parameters
INVT 25/75 Enhanced Speed Control
X 12 INT
plus Drive Parameters
INVT 26/76 Basic Speed and torque 12 INT
Control plus Drive Parameters
INVT 27/77 Enhanced Speed and torque 12 INT
Control plus Drive Parameters
Click "OK", "Yes", "OK", "OK", "OK", and "OK" in turn.
General™  Connection Module Info | Intemet Protocol  Port Configuration  Network
Type: ;"’ N S
Vendor:
Parent Revision 1 ~ 013 |k
Logix Designer
These changes will cause module data types and properties to change.
[ Data will be set to default values unless it can be recovered from the existing module properties. ]
Verify medule properties before Applying changes.
Change medule definition?
Yes No
Revison: | I
Blectronic K
Connections
oK Cancel Help
 umange
Status: Creating oK Cancel Help

Once the module has been created successfully, you can see it under the "Ethernet" item

under "I/O Configuration" on the left, and click it to check the device information.
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P R —

[ ] ke VA o b 4y -
T T B

G Comcor el bt ko P o Nt
Tew G Bl OOAENT

3.5.4 Use of Rslinx Classic
Rslinx Classic is used to connect the PC to the PLC. Open the "Rslinx Classic" software.

Click the "S" icon, and a window of "Configure Drivers" pops up. Select "Ethernet/IP Driver" in
the drop-down menu of "Available Driver Types", click "Add New", a window of "Add New
RSLinx Classic Driver" pops up, and click "OK".

Ry RSLinx I

File Edit View Communications Station DDE/OPC Security Window Help

2| £ 23| Blie| ¥

Configure Drivers 7

Awailable Diiver Types:
Cle
L Add New [ |
1784-U20HP for DH+ devices Help

FS-232 DF1 devices

c Gateway - o x

Etherat/IP Driver

1 DHa/DH-485 devices Baws
bt Peeglterore Funig _Cortae.. |
D IaE e Ay
Vitual Backplane [SoftLogin58xx, USB]
S o |
Delete

For Help, press F1 cap 04/29/20 [10:44AM
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B RSLinx Classic Gateway - o X
File Edit View Ct i Station DDE/OPC Security Window Help

= 5| £18| Biz| 2|

Configure Drivers

Awailable Driver Types:
’V [EtherbleteIP Driver -] Add New. ‘

C

Woms o Desegpt] Al New RSLinx Classic Driver X

AB_WEP- RUI Confi
- Chosse aname for the new dilver. erote
(15 charactets masimLm)
Stap.
Cancel
#B_ETHIP1
S
Stop
Delete

For Help, press F1 cap 04/29/20 [10:44AM /)

In the "Configure driver" window that pops up, select your computer's network card and click

"OK".

| Etharkat/IP Suttings |
= &) Workstation HITACHI OUP|
B g Line Gateways, Eiher & Browss Losad Subme € Beansa Bamata Subnat
-85 AB ETHIP-1, Ethernet

[Deseription

3.5.5 Writing PLC programs

Click on "Tasks"-->"MainTask"-->"MainProgram"--> on the left. Right click on "MainProgram"
and "Parameters and Local Tag" above "MainRoutine" to create global variables. Right click
"Parameters and Local Tag" above "MainProgram" to create global variables.
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& Lo Decgner- G0_IS0_Bhemeth_ C0HA a8 [168-LIERMG 11117 -

BE DT W R (030

o/
Frogrem

Faih e

£ o

COMMUMCATIONS TO0LS WHDOW 1
T

AEn
2 sayuses B0

§ b T et optd

arrapam Wiz

ERLES

A T A D

T Conici crgurioe |8

4 Carmtes G, 37 e o 43 wov v
- - - e
e S 30100
g v vou
O e s
e ot e
© D e Eam i cua | S
e PR
# = Mction Grausn. -
[
. S o
h Lagaibisos bt B
2D Cafgunin
< @ vsee
5101 7T5-LSERMS G0_550 Ehemet P00V 08
4 gy Ethemer
5 TS 50152 e, 145
§ GO e MoOAE 1,505 3
= ena [0 Eey| T |

g >
Mame: oW I Create |w |
Description: Cancel ‘
Type: Base ~ | | Connection
7 Hlias For 1
‘ Data Type: | INT =] |
Connection
Clzss Standard v
Saend
Access: e
e
[] Constant
Seguencing
Open Corfiguration
I [] Open Parameter Connections
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@ o o G050 St A 0 178 ks 31.13) =7
AE BT v SEARH L0G€ COMMNCATONS T0OS WADOW WS
ve Wil a LRSS S

UERT oo
2 subnpiriang M4 3 R Woved oo TR T

3.5.6 PC connection and program download

Click on "COMMUNICATIONS" under "Who Active", and in the pop-up screen, click on PLC
Project under the "USB" option and click "Download". Note: The PLC dial code cannot be
"RUN" at this time.

& Lo Designes - GO_350_Ethemeti?_ODVA 048 (1768-LIGERMS 31.11]

{ME EDT VEW SEARCH LOGIC]| COMMUNICATIGNS [|TOOLS WINDOW HELP

vt wm e xd [T Who At CIEE SN A A A R
% Selectfrcert P

P8 et Comemunication Soffware

B Goonine
Upioad
Domnioad

|on Moduie o beemes Protccol o Ceriguraten Mt

4 Controller GD_353, FthemetlP_ODVA
@ Cantraller Tags
Cartrolle Fault Handler

$050_Ervamale_MODULE VT
[T

Pows-Up Handier

4 ] Tasks -t =
4 {3 MsinTask [T Ethamat Addwss
4 b Mainprogram i E @ Poe Netwok. 1327821 315
7 Parameters an Locsl Tof Fault i

@ Maindoutine 1 (ST

4 (5 SaferyTask:
b 1, SuetyProgram O o M
Unscheduisd
4 Mtion Grups
Ungrouped Ases Ve Defrtin
Hawsin s
Gechons: Kepna:  Camottie Moda
Comoctons: Exchni Owear

3
Tin Legical Model
4 VO Configuration
+ 78 B
5 (01 1769-LIERMS GD_350_ Etnamme® 004 049
 fa Ethermet
5 1763-L36ERMS 50_350_Ethermet®_ODVA_ 04
[ GD350 Etheme®. MODULE test 0429 3 Crarge
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-J| Generdl | Connection  Moduie Info.

Intemet Protocol _Port Corfiguration _ Netwark
& & Who Active (RSLinx Classic) [m) X
e
e uobrowss | feen Ty
Parent .
=B Workstation, 0103547-PSH Go Onine
Name: Linx Gateways, Ethernet
& v uphad,.,
& AB_ETHIP-1, Ethernet
Descrpto
59 AB_VBD-1, 1789-A17/A Virtual Chassis Dowrload
s USE Updiate Firmuzre.
=@ ERMS LOGIX5370 SAFETY, GD_350_EthernetlP_ODVA 049
& A, Ethernet Close
{8 CompactBus, CompactLogix System =
Modle
Reviio
Becirony
Connec
path: =) SetProjectPath
Path in Project: <none>
Clear ProjectPath

] Module Properties: Local (GD350_EthernetiP_ MODULE 1.013) .

General

Comnection  Module Infg_iotemst Pectcol Poct Corficuration  Nebude
Download X o X
Type
Vendor: prT— Download offiine project 'GD_350_EthernetlP_CDVA_049'to the:
utobiowise controller
Perert (&) Workstat Connected Controler: Go Online
Name: Name: GD_350_EthemnetlP_ODVA_049
Type: 1763-L36ERMS/A Compact GuardLogix® 5370 Uplozd...
Desatiption Path: usB\16
Donrload
Serial Number:  608289C3
Security: No Protection B —
§ DANGER: The controller being downloaded to is the system time |
master, Servo axes in synchronized contrallers, in this chassis or
other chassis, may be tumed off.
Help
Module {
1 DANGER: Unexpected hazardous motion of machinery may occur.
Revision
Some devices maintain independent configuration settings that are
Electroni not loaded to the device during the download of the controler.
Connect Verify these devices (drives, network devices, 3rd party products)
have been properly loaded before placing the contraller into run
made.
Path: Uss Failure to load proper configuration could resut in misaligned data [ SetProject Path
eai— and inexpected equipment aperation. E
|Clear Project Path
Cancel Help

sl

3.5.7 Configuring PLC IP Addresses through the studio5000 V31 software

Make sure that the PLC is in REM or PROG mode, click "1769-L36ERMS" at the bottom left to
enter the "Controller Properties” interface, and then click "Internet Protocol" to change the IP

address of the PLC.
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3.5.8 DLR Ring Network Configuration
(1) Using Logix Designer for setup

Open the Studio 5000 software and use an Allen-Bradley CompactLogix PLC with ring
networking capability, which requires at least two GD350 Ethernet IP communication cards.
More GD350 Ethernet IP communication cards can be added, but it is recommended that the
maximum number of nodes used on the DLR ring network shall not exceed 32. The
connection method is shown in the following figure.

PC Studio 5000 GD350 GD350
USB port
EthernetlPcard | |  _,,,.. Ethernet IP card
CN1 CN2 CN1 CN2

PLC
CompactLogix L36ERMS

Port 1

Port2

Note: An EDS file must be added.

(2) Add an Ethernet IP communication card to the Studio 5000 software
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The method of addition is the same as that of the linear star connection.

T e
it w B SR RS )

(3) Enabling PLC ring network monitor function

Double click "1769-L36ERMS INVTS" under the "I/O Configuration" folder, as shown in the
following figure.

s G
Feme van

T 2
3 evesner siocuns oz

Enter "Network" under the "Controller Properties" option and select "Enable Supervisor
Mode".
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& Contraller Properties - INVTS (]

| Genersal [ Major Faults | Winor Faults | Date/Tine | Advanced | SFC Execution | Project | Safety |
| Fonwolatile Memory | Capacity | Internet Protocol | Port Configuration| Wetwork¥ |Security | Alarm Log

Network Topology: Linear/Star

Network: Status: Normal

Enable Supervisor Mode

Ring Fault

[ 0K ][ Cancel ][ Apply (A ][ Help ]

Note: The ring network monitor function is enabled only when the PLC is in programming
mode.

(4) Return to Logix Designer and make sure that none of the communication cards has
encountered the following fault.

(5 1769-L36ERMS INVTS
® ETHERMET-MODULE INVTL

(5) Download the project to the PLC, bring the PLC online, and put it in programming mode.

3.6 Example 2 of PLC communication (communicate with ORMON PLC)

This example shows how to use an ORMON PLC (model: NX1P2-9024DT) to communicate
with an Ethernet IP adapter module (through using the Sysmac Studio software as the
configuration tool).

3.6.1 Hardware connections

The NX1P2-9024DT is not configured with a USB download port, and communication and
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download between the PC and PLC is conducted through the built-in Ethernet IP port. In this
case, a switch is needed in the experiment, and the connection method is as follows.

PLC GD350 pC

Ethernet IP card

Switch

3.6.2 Network Configurator software setting
3.6.2.1 Launch Network Configurator software

Start the Network Configurator software ... as an administrator in the following
directory: "C:\Program Files

(x86)\OMRON\CX-One\NetworkConfigurator\Program\NetConfigurator.exe".

3.6.2.2 Load the EDS file

Select "EDS File"->"Install", and add EDS file: INVT_GD350_EthernetIP_V1.01. Click "Open",
"Yes", and then click "Cancel".

[P e & [0 1M 12 MA2505 100 © OFfre
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Add "NX1P2" and "INVT" in the following location to the Ethernet IP bus. After these two
devices are added successfully, the bus shows two devices. The default IP addresses are
"192.168.250.1" and "192.168.250.2", and GD350 function codes P16.58-P16.61 are
changed into 192, 168, 250 and 1 respectively.
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Ethernet Communication Card
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3.6.2.3 Connection setting
Click "Option" - "Select Interface”, and select "Ethernet I/F".
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Click the "Connect" icon to select the corresponding network port, and click "OK".

LRRMeP Tnksinn IR bt Coanation ) RIS 1RMAZIAS 198N D O b

Select "TCP:2", and click "OK".
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Select "Use the existing network"->"EtherNet/IP_1", click "OK", and the PLC is connected
successfully.

After the PLC is connected successfully, the blue indicator above the PLC device icon is on.
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Click the "Device Property" icon, and the “"Controller Information” tab pops up. You can switch
the PLC status between "Program" and "Run" in the tab.
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3.6.2.4 Modify IP address

Right click the device icon and select "Change Node Address" to change the PLC IP address.

Fie G4t View Neewok Owice (05 He Tods Opfon

Help
Da@ an|s w < @rmex Humm

i P ——— s Charge Qmice Trpa-

R propermy.
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3.6.3 Sysmac Studio software settings
3.6.3.1 Create a new project

Double click the icon to open the software, select "New Project”, enter "Project name",
Suee
select the device type, and click "Create".

B Sy St (1261 = @ o

After a new project is created completely, you can enter the following interface. Right click the
device icon and select "Rename" to change the device name (you can choose not to change

it).
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3.6.3.2 Connection setting

Click "Controller" in the menu bar, and select "Communications setup”.

"B 5035 e st K193 Sy S (30 [
[T [ ] Pre——————

Setfeset
Forced Refresting
MG Tt

ENE Coordinate System Momitor Table

Select "Ethernet-Hub Connection" as the connection method, enter the remote IP address
"192.168.250.1", and click "Ethernet communication test". Click "OK" when the status bar
shows "Test succeeded".

3.6.3.3 Set data labels

Select "Programming” - "Data" - "Global Variables" in the left menu bar, and add global
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variables as needed. Note that you shall select "WORD" in the "Data Type" column and select
"Input/Output” in the "Network Publish" column. Take "ODVA Basic speed control assembly”
as an example, and create four global variables.

Click "Tools" in the top menu bar, and select "EtherNet/IP Connection Settings".

Event Log Viewer..
therCAT Dingnosis/Statiatcs nformaticn Viewer
Backup

- | opor Globat varisbies
[ Contisurations i Setup. | Comments for Varables and Data Types (For swiching]
v N — = . Import ST Progeam..
va L ECeUSL0XML

Impost Motor sizing tool Resuts

i -
EtherNelIF Cannection Settings
TR BT R
Customize Shoncur Keys

Option.

Program | Location

Double click "Built-in EtherNet/IP Port Settings".
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Fie_ it View insenProject Gomroler Simudation TocisWindow _Help
]
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Right click the blank area under "Tag Set", and select "Create New Tag Set".
Erarr——
| u a

Cortrolier Sinulaion Tools Windon Halp.

The input tag set is named "INPUT", right click "INPUT" to select "Create New Tag", and add
the input global variables to the "INPUT" tag set. Pay attention to the order of the data
sequence.
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Repeat above steps for "OUTPUT" tag set and "OUTPUT" tag.
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3.6.4 Import and export data tags
3.6.4.1 Export data tags from Sysmac Studio

After data tags are set completely, click "Export” to export the data tag to a local folder, and
save it as "GD350_test.csv" format.

3.6.4.2 Import data tags into Network Configurator

In the "Network Configurator" software, double click the PLC device icon, click "To/From File"
in the lower right corner, and select "Import from File...".
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Select the file "GD350_test.csv" exported from Sysmac Studio, and click "Open".
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3.6.4.3 Data tag corresponding connection

Select the device "192.168.250.2" under the "Connections" tab, and click the Move Down

button.
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Double click the device "192.168.250.2", set the data input/output tags, and click "Regist"
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3.6.5 PLC program downloading and online monitoring

3.6.5.1 Sysamc Studio downloading

up, and you can click "No").

Click the Online button (If the device name has been changed, the following interface will pop
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Returm All to Default

Click "Yes".
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» Device Information
¥ Tag Sets
TagSets/Max 2 / 32 Tags/Max 4 / 256 Registration All

| Controller Status [Output at Fatal En

Are you sure you want to execute the transfer to the Controller?
Caution:

Connection will stop during the transfer.
‘The Unit will be restarted after the transfer.

VYes No

Retum All to Default

Transfer to Controller | Transfer from Controller Compare

k9 U Error]

[ Description | Program Location

Click the "Sync" function button.

EtherNet/IP..ection Se... X

» Device Information
¥ Tag Sets

TagSets/Mac 2 / 32 Tags/Max: 4 / 256 Registration All Tmport Export
] Output

| Tag Set Name | Bit Selection | Size (Byte) 1 Size (Bit) | Instance [D | Controller Status [Qutput at Fatal Eni| 1]

B RN 0000 i 5
20 o N I IR I - N

Retum All to Default

Transfer to Controller | “Transfer from Controller Compare

Select the device "NX1P2", and click "Transfer To Controller".




Ethernet Communication Card Ethernet IP communication card

ot barre Compare

Legenck | Synchronized |[ 1 A

Bl Clear the present values of varisbles with Retain atrbute (Vaiid for Transfer to Controlier)
POU program source [Valid for Transfer to Controller. All data will be re-transfemred when this opton s changed.
following. [All items are not tansterred.
e CPU Rack anid EtherCAT slave bsckup parametess.
Uit opsraton setings s KX Uit appicaton dtaon Save el

5 Do not transfer the EtherNetIP connection seftings (1.2, tag data link settings).

[0 2t o e e e prfects b sompter et cirolier v it

1

Transfer To Controller | Transfer From Cantroller

Click "Yes".

E Tag Set

¥ Deviee Information
¥ Tag Sets

Tag Sets/Max 2 / 32 Tags/Max: 4 / 256
nput [T

Confirm that there is no problem f the controller operation is stopped.

The operating mode will be changed to PROGRAM mode. Then, EcherCAT slaves will be reset and forced
refreshing will be cancelled.

Are you sure that you want to execute the transfer2(Y/N)

Click "Close" when the "Controller” status in the lower right corner is two green lights.
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3.6.5.2 Network Configurator downloading

Click the icon of "Download to Device", and click "Yes".
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Click the icon of "Download to Network", and click "Yes".
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3.6.5.3 Sysamc Studio online monitoring

Click the "Run" icon, turn the PLC to "Run Mode", and click "Yes".

Controller Tools Window Help.

Tegutration All

| Controller Status |Output ot Fatsl Enf

ntroller startup will cause no problem.

Mode? (Y/N)

Restart

Tranter to Controller  Trancfer from Controfier

Click "View" on the top menu bar, and select "Watch Tab Page".
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File Edit View Insert Project Controller Simulation Tools Window Help
.

Wltview Explorer Alt+1

Toolbox Alts2

Qutput Tsh Page Altsd Built-in EtherNet/IP..ection Se... X
Watch Tab Page Alted

Watch Tab VageTiabiey AT

Cross Reference Tab Page Alts5

Build Tab Page Alt+6

Search and Replace Results Tab Page  Alt+7
Simulation Pane Alt+8
Differential Monitor Alts9

Registration All

Vv
VR G

Variable Manager...

Smart Project Search Ctrl+Shift+F

X

Recently Closed Windows CtrlsShift+H
Clear Recently Closed Windows History

Zoom

Reset Window Layout

Transfer to Controller | | Transfer from

Output

» [ Tacks

Enter the variable name in the "Watch Tab Page" to monitor the value of the variable, and
change the value in real time in the "Modify" box.
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4 EtherCAT communication card

4.1 Overview

1.

Thanks for choosing INVT EC-TX508B communication cards. This manual describes the
function specifications, installation, basic operation and settings, and information about
the EtherCAT protocol. To ensure that you install and operate the product properly, read
this manual and the communication protocol section in the VFD operation manual
carefully before you use the product.

This manual only describes how to operate the EC-TX508B communication card and the
related commands but does not provide details about the EtherCAT protocol. For more
information about the EtherCAT protocol, read the related specialized articles or books.

EC-TX508B communication card is defined as an EtherCAT slave station communication
card and is used on a VFD that supports EtherCAT communication.

The EtherCAT communication of this communication card supports two types of process
data for reading data from and writing data to VFDs. They are PDOs (process data
objects) and SDOs (service data objects) for reading data from and writing data to the
object dictionary defined by the manufacturer.

4.2 Features

1.

v

v

Supported functions

Supports the EtherCAT COE 402 protocol.

Supports automatic network address setting

Supported services

Supports the PDO service

Supports the SDO service

Supports the object dictionary defined by the manufacturer

Allowing SDOs to read data from and write data to VFD function codes
Supported EtherCAT synchronization cycle

Table 4-1 Supported synchronization cycle

Item Supported specification

ims

Synchronization cycle
2ms
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4. Communication ports

Standard RJ45 ports are used in EtherCAT communication. The communication card provides
two RJ45 ports with transmission direction defined. Figure 4-1 shows the ports. IN (indicating
input) and OUT (indicating output) are EtherCAT wiring network ports. Table 4-2 describes the

port pins.
g8 1 8 1
IN ouT
Figure 4-1 RJ45 ports
Table 4-2 RJ45 port pins
Pin Name Description
1 TX+ Transmit Data+
2 TX- Transmit Data-
3 RX+ Receive Data+
4 nic Not connected
5 nic Not connected
6 RX- Receive Data-
7 nic Not connected
8 nic Not connected

5. State indicators

The EtherCAT communication card provides five LED indicators and four net port indicators to
indicate its states. Figure 4-2 shows the state indicator positions. Table 4-3 describes the state
indicator functions.

RUN ‘ ERR

O O
O O

L/AIN ‘ L/A OUT

Figure 4-2 State indicator positions
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Table 4-3 State indicator functions

Item

Color

Function description

RUN

Green

The green indicator indicates EtherCAT running state.
Init state: It remains off.

Pre-OP state: It blinks off 0.2s and on 0.2s (Blinking).
Safe-OP state: It flashes off 1s and on 0.2s (Single flash).
OP state: It remains on.

ERR

Red

The red indicator indicates EtherCAT fault state.

No fault: It remains off.

Init or Pre-OP state: It blinks off 0.2s and on 0.2s (Blinking).
Safe-OP fault state: It flashes off 1s and on 0.2s (Single flash).
OP state: It remains on.

Process data watchdog timeout: (Double flash).

L/AIN

Green

Off: Without connection.
On: With connection but inactive.
Flickers: With connection and active (Flickering).

L/AOUT

Green

Off: Without connection.
On: With connection but inactive.
Flickers: With connection and active (Flickering).

PWR

Red

3.3V power indicator

Net port
indicator

(IN)

Yellow

Off: Indicates that Ethernet connection is not established.
On: Indicates that Ethernet connection is established
successfully.

Green

Off: Without connection
On: With connection but inactive
Blinks: With connection and active

Net port
indicator
(OouT)

Yellow

Off: Indicates that Ethernet connection is not established.
On: Indicates that Ethernet connection is established
successfully.

Green

Off: Without connection.
On: With connection but inactive.
Blinks: With connection and active.
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50ms
EEENEP . -

on
Flickering
off—
on
200ms|  200ms
Blinking
off—

Single
flash

Double
flash

Inverted
double
flash

200ms| 1000ms

o] z00ms| g soons

200ms|  200ms | 200ms 1000ms L

-
Triple 200ms| ZDDms ZDOmS 1000ms
off—

n Flashes

off—

1 2

200ms|  200ms | 200ms 1000ms

"

Figure 4-3 Indicator flashing/blinking/flickering frequency

6. EtherCAT compli

ance test

The product has passed the EtherCAT compliance test. EtherCAT® is registered trademark
and patented technology, licensed by Beckhoff Automation GmbH, Germany.

—
EtherCAT.

Conformance tested

Figure 4-4 EtherCAT compliance qualification marking
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4.3 Electrical wiring

The EtherCAT network usually consists of a master station (PLC) and several slave stations
(drives or bus extension terminals). Each EtherCAT slave station is configured with two
standard Ethernet interfaces, and the electrical wiring diagram is shown in Figure 4-5. The
network also supports the star topology, which requires professional switches.

Slave device 1 Slave device 2 Slave device n

Master device

(PLC) EC-TX5088 EC-TX508B EC-TX508B

IN out IN outT IN out

Figure 4-5 Electrical wiring diagram for a linear topology
4.4 Communication

4.4.1 CoE reference model

‘ GD350 application ‘

I

Object dictionary (OD) ‘

EtherCAT
state

machine ‘ SDO ‘ ‘ PDO mapping ‘
[(Register | [ waibox | ‘

Process data_ |

EtherCAT data link layer

‘ EtherCAT physical layer ‘

Figure 4-6 CoE reference model

CoE network reference model consists of the data link layer and application layer. The data
link layer is responsible for EtherCAT communication protocol. CANopen drive Profile (DS402)
communication rules are embedded in the application layer. The object dictionary in CoE
includes the parameters, application data, and PDO mapping configuration information.

PDOs are composed of the objects (in the object dictionary) that can perform PDO mapping.
The content in PDO data is defined by PDO mapping. PDO data is periodically read and
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written, which does not require searching the object dictionary. Mail box communication (SDO)
is not periodic, which requires searching the object dictionary.

Note: To parse SDO and PDO data correctly on the EtherCAT data link layer, it is necessary to
configure FMMU and Sync Manager (SM).

Table 4-4 EtherCAT Sync Manager configuration

Synchronization Configuration Size Start address
management

Sync Manager 0 Assigned to receive SDO 512byte 0x1000

Sync Manager 1 Assigned to send SDO 512byte 0x1400

Sync Manager 2 Assigned to receive PDO 128byte 0x1800

Sync Manager 3 Assigned to send PDO 128byte 0x1C00

4.4.2 EtherCAT slave station information

EtherCAT slave station information file (.xml) is read by the master station to construct the
master and slave station configuration. This file contains mandatory information about
EtherCAT communication settings. INVT provides this file EC-TX508_100.xml.

4.4.3 EtherCAT state machine

EtherCAT state machine is used to describe the states and state change of slave station
applications. Generally, the master station sends a state change request, while the slave
station responds. The state change flow is shown in the following figure.

‘ Init

P PI

‘ Pre- Op ‘
X SI

ol PS SP

v
OP ‘ Safe - Op ‘
SO os

Op ‘

Figure 4-7 EtherCAT state machine flowchart

Table 4-5 EtherCAT state machine description

State Description
Init Both SDO and PDO communication are unavailable.
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State

Description

Init to Pre-Op

The master station configures the data link layer address and SM
channel for SDO communication.

The master station initializes DC synchronization information.

The master station requests the jump to the Pre-Op state.

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

Pre-Op

SDO communication is available but PDO is unavailable.

Pre-Op to Safe-Op

The master station configures the SM and FMMU channels for
PDO communication.

The main station configures PDO mapping through SDO
communication.

The master station requests the jump to the Safe-Op state.

The slave station checks whether the PDO and DC are configured
correctly.

Safe-Op

SDO communication is available.
Communication of receiving PDOs is available, but that of sending
PDOs is unavailable, in the Safe state.

Safe-Op to Op

The master station requests the jump to the Op state.

Op

Both SDO and PDO communication are available.

4.4.4 PDO mapping

The process data of an EtherCAT slave station is composed of SM channel objects. Each SM
channel object describes the consistent area of the EtherCAT process data and includes
multiple PDOs. An EtherCAT slave station with the application control function shall support
PDO mapping and reading of SM PDO assigned objects.

The master station can select objects from the object dictionary to perform PDO mapping.
PDO mapping configuration is located in the range of 1600h—-1603h (RXPDOs: receiving
PDOs) and range of 1A00h—-1A03h (TxPDOs: sending PDOs) in the object dictionary. The
PDO mapping method is shown in the following figure.
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Object dictionary
Sub- 6064 indicates index
Index index Object content 00h indicates sub-index
\ 20h indicates parameter bit length
1A00h| 0O 0x03 | T
/
1A00h 1 0x60410010 /
1A00h 2 0x60640020 l -
|
1A00h 3 0x60B90010 “\\
Sub- - — Obj; Objt Obj;
ub- § . g ject | Object| Object
Index index Object content | Bits ‘1A00h(PDO 1)‘ B ‘ E ‘ G ‘
6040h [¢] Object A 10h f T
)
6041h 0 Object B 10h ——— ’J
|
6042h 0 Object C 10h /
6060h| 0 ObjectD | 8h / /
6064h| © ObjectE  |20h{—— —
60D8h 0 Object F 10h
——
60B9 0 ObjectG  |10h f———

Figure 4-8 PDO mapping method

In addition to PDO mapping, EtherCAT process data switching needs to assign PDOs to SM
channels. The relationship between PDOs and SM channels is established through SM PDO
assigned objects (1C12h and 1C13h). The mapping between SM channels and PDOs is
shown in the following figure.

Object dictionary

Sub-
Index index Object content ————
1C13h 0 0x02 \\

\
1C13h 1 0x1A00 ‘\‘
1C13h 2 0x1A01 ‘
‘ 1C13h ‘ PDOil‘ PDO_2 ‘

ot

|
Index Object content / /
1A00h PDO_1 - /

—
1A01h PDO_2 —_—

1A02h PDO_3

1A03h PDO_4

Figure 4-9 SM PDO assignment
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Default PDO mapping (Position, Velocity, Torque, Torque limit, Touch probe):

Control | Target | Target | Target Max. Mode of | Profile Touch

RxPDO e . ) . Probe
(0x1600) word Position | Velocity | Torque | Torque |Operation| velocity Function

(0x6040) |(0x607A)|(0X60FF)|(0x6071)|(0x6072) | (0x6060) | (0Ox6081)

(0x60B8)

Position | Speed | Torque FoII:_I(rJrv(\)nrng Mode of Touch

TxPDO (Statusword| Actual | Actual | Actual Actual Operation|Error Code| Probe

(0Ox1AQ0)| (0x6041) | Value Value Value value Display | (Ox603F) | Value
(0x6064) |(0x606C) | (0x6077) (OXBOF4) (0x6061) (0x60BA)

4.4.5 DC-based network synchronization

The DC (distributed clock) can enable all EtherCAT devices to use the same system time so
as to control the synchronous execution of all device tasks. In the EtherCAT network, the clock
with the DC function of the first slave station connected to the master station is used as the
reference clock across the network. The other slave stations and master station use this
reference clock for synchronization.

Free-Run: The running cycle and communication cycle of each servo drive are not related to
the communication cycle of the master station.

DC Mode: The servo drive performs synchronization through Sync0 of the master station.
4.5 CiA402 device protocol

The master station controls the drive through the control word (0x6040) and obtains the
current state of the drive by reading the status word (0x6041). The servo drive implements
motor control based on master station control commands.
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4.5.1 CoE state machine

Power Fault 1
Disabled
!
0 Fault Reaction
¥ Active
T

‘ Not Ready to

Switch On

14
| |
1 Fault
)

| Switch On Disabled

2 7

Ready to
Switch O
1
8

]

i

3

Power

Engbled Switch On

4 5
|

¥
Operation 11- Quick Stop
Enable |4 16— Active

Figure 4-10 CANopen over EtherCAT state machine

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

The drive is preparing to enter the Switch On state, but the
motor is not excited.

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

The drive is enabled and controls the motor based on the
control mode.

Quick Stop Active The drive stops in the set manner.

When detecting an alarm, the drive stops in the set manner,
but the motor still has the exciting signal.

The drive is in the faulty state, and the motor has no exciting
signal.

Ready to Switch On

Switched On

Operation Enable

Fault Reaction Active

Fault

6040h control word includes:
1. Bit for status control;

2. Bit related to control mode;
3. Factory-defined control bit.

The bits of 6040h are described as follows.
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15 11 10 9 8 7 6 4 3 2 1 0

- h Switch | Servo
Factory Fault | Operation | Servo | Quick . X

X Reserved | Suspend X on main | being

define reset mode running | stop L B

circuit_|running
[0) (¢} [0) M o M M M M
MSB LSB

BITS 0-3 AND 7 (used for status control):

Bit of the control word
Command Fault Enable . Enable |Switch| Transitions
’ Quick stop
reset operation 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
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 (related to control mode)
Bit Operation mode
Profile position mode Profile velocity mode Homing mode
4 New set-point Reserved Homing operation start
5 Change set immediately Reserved Reserved
6 Rel Reserved Reserved
8 Halt Halt Halt

Note: You can set bit 4 in Profile position mode to a new set-point to trigger the position.

Control word is set to OxOF for enabling the drive. Otherwise, the drive will stop. When a fault
occurs, if bit 7 of the control word is set to 1, the reset command is enabled.

6041h status word includes:

1. Current status bit of drive;

2. Status bit related to control mode;

3. Factory-defined status bit.

The bits of 6041h are described as follows:
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@
=

Description

£
o

Ready to switch on

Switched on

Operation enabled

fault

Voltage enable

Quick stop

Switch on disabled

Warning

Manufacture specific

OO |IN|O ||~ |W|N |- |O

Remote

=
o

Target reached

11

Internal limit active

12-13

Operation mode specific

14-15

Manufacturer specific

O|I0IZIZ|IZ(O|10IZIZIZEIZIEIZEIR

Bit0-3, 5, ANDG6:

Value(binary)

State

XXXX XXXX XOxx 0000

Not ready to switch on

XXXX XXXX X1xx 0000

Switch on disabled

XXXX XXXX Xx01x 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 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 the OP state, and the
master station can control the drive through PDO.

Bit10: Target reached, this bit differs in meaning under different control modes. When this bit is
1, in cyclic synchronous position mode, it indicates that target position is reached, while in
cyclic synchronous velocity mode, it indicates that reference speed is reached; in homing
mode, it indicates that homing is completed.

Bit14: When this bit is 1, it indicates motor zero-speed state.

Bit7-8, bit11-13, and bit15: Reserved.
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4.5.2 Device running mode

Set P00.01=2 (communication as the command running channel), P00.02=3 (EtherCAT
communication channel), and P16.75 Communication timeout time. Position mode and
homing mode are achieved only when the drive is in the closed-loop mode.

4.5.2.1 Profile Position Mode

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

2. Set P20.01 (Encoder pulse count) according to the encoder model, set the tens place of

P21.00 (Position command source) to 1, and set P21.16 (Digital positioning mode) (16#0200,
Bit9=1 position source given through EtherCAT communication).

3. Set [6081h: Profile velocity] and frequency mapping relationship: V=60f/p, (the unit of V is
rotation/min, f indicates frequency, while p indicates the number of motor pole pairs).

4. Set [6083h: Profile acceleration]and [6084h: Profile deceleration] to write related
parameters 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 it to OxOF for enabling).
6. Set [607Ah: Target position] to the target position (unit: user unit).
7. Query for [6064h: Position actual value] to obtain the actual motor position feedback.

8. Query for [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 operation manual.

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.

3. Set [6048h: vl velocity acceleration] and [6049: vl velocity deceleration] to set the
acceleration time and deceleration time. The acceleration time is [6046h:02 vl velocity max
amount]*[6048h:02 Acceleration Delta Time]*0.1/[6048h:01 Acceleration Delta Speed], and
the time unit is second, corresponding to P00.11. The deceleration time is [6046h:02 vl
velocity max amount]*[6049h:02 Deceleration Delta Time]*0.1/[6049h:01 Deceleration Delta
Speed], and the time unit is second, corresponding to P00.12.

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

5. Set [6040h: Control word] to enable the drive (set it to 0xOF for enabling).
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6. Set [6042h: vl target velocity]to set the target rotation speed.
7. Set [6040h: Control word] to run the drive (set it to 0x7F for running), and start the motor.
8. Query for [6044h: vl velocity actual value] to obtain the actual motor speed 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]to write related parameters
to P00.11 and P00.12. (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 it to 0XOF for enabling) to start the motor.
5. Set [60FFh: Target velocity] to set the target rotation speed (unit: rpm).

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

4.5.2.4 Profile Torque Mode
1. Set [6060h: Mode of operations] to 4 (Profile Torque Mode).

2. Set [6087h] to set the torque ramp.

3 Set [6040h: Control word] to enable the drive (set it to 0XOF for enabling) to start the motor.
4. Set P03.11=11.

5. Set [6071h: Target torque] to the target torque.

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

4.5.2.5 Homing Mode

1. Set [6060h: Mode of operations] to 6 (Homing Mode).

2. Set bit 0 of P22.00 to 1 to enable spindling positioning, and set P22.03—P22.06 to set zero
positions.

3. Set [6040h: Control word] to enable the drive (set it to 0XOF for enabling). When bit4
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 for [6041h: Status word)] to obtain drive status feedback (Homing error, Homing
attained, and Target reached).
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6. For function details, see function group P22 description in function code list chapter and
commissioning chapter in GD350 operation 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. The status word is 3 (60B9h: Touch Probe Statu).

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. The status word is 5 (60B9h: Touch Probe Statu).

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. The status word is 5 (60B9h: Touch Probe
Statu).

Note: Only one type of probe is supported and one locked value can be recorded at one
time.

4.5.2.7 Cyclic Synchronous Position Mode
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 it to OxOF for enabling).

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

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

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

7. For function details, see function group P21 description in function code list chapter and
commissioning chapter in GD350 operation manual.
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4.5.2.8 Cyclic Synchronous Velocity Mode
1. Set[6060h: Mode of operations] to 9 (Cyclic synchronous velocity mode).

2. Set [6083h: Profile acceleration] and [6084h: Profile deceleration].

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

4. Set [6040h: Control word] to enable the drive (set it to 0XOF for enabling) to start the motor.
5. Set [60FFh: Target velocity] to set the target rotation speed (unit: rpm).

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

4.5.2.9 Cyclic Synchronous Torque Mode
1. Set [6060h: Mode of operations] to 10 (Cyclic synchronous torque mode).

2. Set P03.11=11 (Communication as the setting mode) and P03.32=1 (Torque control
enabling).

3. Set [6040h: Control word] to enable the drive (set it to OxOF for enabling) to start the motor.
4. Set [6072h: Max torque] and [6071h: Target torque].

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

4.6 Example of TwinCAT2 application

This example shows how to use TwinCAT2 as the main station to communicate with the
EtherCAT module of the VFD.

1. Install TWinCAT2 software

2. Copy the EtherCAT configuration file (EC-TX508_100.xml) of GD350 to the installation
directory of TWinCAT2 ("C:\TwinCAT\lo\EtherCAT").

3. Open TwinCAT2
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4. Install the network card drive
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Open the menu as shown in the above figure, select "Show Real Time Ethernet Compatible
Devices...". In the dialog box as shown in the following figure, select the local area network
card, and click "Install". After the network card is installed successfully, it will be shown under
the menu “Installed and ready to use devices". (Note: Please choose the network cards
configured with Intel chips.)
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5. Set TwinCAT?2 to be in the configuration mode
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6. Scan device

Select "I/O Devices" menu, and right-click to select "Scan Devices..." to scan the device.
i

Options
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In the following dialog box that appears, select "OK".

T System Manager x|

! : HIMT: Mot all bypes of devices can be found autamatically

In the following dialog box that appears, select "OK".
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In the following dialog box that appears, select "Yes". Then the device enters the free running

mode.

TwinCAT System Manag x|

Activate Free Run

Yes Mo |

The following figure shows "Box3" which is the slave device scanned, and view that the device

enters the "OP" state.

“Shafe Machrw
[
PreOp Safallp EMSI.:“
0o Cleas Ens
DL Stabus
T
-

[Carie 7 Open
Ao Caie et
e Caier et

e G Coed.

~Fi Accer o EbRCAT

-100-

Gereni| EfeCAT | € | Pocess Dt Sam | oE - Ot |




Ethernet Communication Card EtherCAT communication card

7. Process data input and output

Select "DO Outputs” menu, and there are data sent from the master station to the VFD, which
can be used to set commands and rotation speed.

‘Ot Z3DA —IBix|

=
#LToun e Con.. 10000 (0 w1 20 Wm0 oumt

Select "DI Intputs" menu, and there are data sent from the VFD to the master station, which
can be used to return the statuses and and rotation speed.

8. SDO data operation

Select "CoE-Online" menu, as shown in the figure below. Read the VFD function code
parameters through index 0x2000, and double click 0x2000 to pop up a dialog box. Write the
parameter address in the dialog box, and click "OK". The returned results are stored in index
0x2001. Similarly, Write the VFD function code parameters through index 0x2002, and the
written results are stored in index 0x2003.
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5 Modbus TCP communication card

5.1 Overview

1. Thanks for choosing INVT Modbus TCP communication cards. This manual describes
the function specifications, installation, basic operation and settings, and information
about the network protocol. To ensure that you install and operate the product properly,
read this manual and the communication protocol section in the VFD operation manual
carefully before you use the product.

2. This manual only describes how to operate the Modbus TCP communication card and
the related commands but does not provide details about the Modbus TCP protocol. For
more information about the Modbus TCP protocol, read the related specialized articles or
books.

3. This communication card is defined as a Modbus TCP slave station communication card
and is used on a VFD that supports Modbus TCP communication.

4. The communication card supports the star-shaped network topology and linear network
topology.

5. The communication card supports 32 inputs/outputs to read and write process data, read
state data, and read and write function parameters of a VFD.

5.2 Features

Supported functions

v

Supports the Modbus TCP protocol and Modbus TCP slave stations.

Provides two Modbus TCP ports and supports the 10/100M full/half-duplex operation

v

v

Supports the star-shaped network topology and linear network topology.
2. Supported communication types

Modbus TCP uses TCP/IP for information control and transmission over the Ethernet, allowing
the sending of explicit packets, namely, point-to-point messages that are not time critical. The
Modbus TCP application layer adopts the Modbus protocol, which is also used by Modbus
RTU.

Same as Modbus RTU, Modbus TCP requires the PLC/PC to send the read or write
commands, and the communication card returns the operation result after data forwarding to
complete the data transmission.
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3. Communication ports

Standard RJ45 ports are used in Modbus TCP communication. The communication card
provides two RJ45 ports with no transmission direction defined, and therefore you can insert a
cable into the port without regard to its direction. Figure 5-1 shows the ports, and Table 5-1
describes the functions of the ports.

8 1 8 1

Figure 5-1 Two standard RJ45 ports

Table 5-1 Standard RJ45 port pins

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

4. State indicators

The Modbus TCP communication card provides 4 LED indicators and 4 network port
indicators to indicate its states. Table 5-2 describes the state indicators.

Table 5-2 State indicators

LED Color State Description
On Indicating that the card and VFD identify each other.
Indicating that the card and VFD communicate

Blinking (1Hz)

LED1 Green normally.
off Indicating that the card and VFD communicate
improperly.
on The communication between the card and PLC is
online and data interchange is allowed.
LED2 Green — .
off Indicating that communication between the card and

PLC is offline.

-104-



Ethernet Communication Card

Modbus TCP communication card

LED Color State Description
On Modbus TCP has not received valid data.
Blinking (1Hz) Indica_ting that the packet address is unused or
LED3 Red undefined.
Blinking (8Hz) |Indicating incorrect packet address.
Off No fault
LED4 Red On 3.3V power indicator
Table 5-3 Definition of the DIP switch
DIP switch Type 1 2 3
Ethernet IP Oon On On
swi1 Ethernet Off On On
Modbus TCP On Off On
Reserved Other Other Other

5.3 Electrical wiring

The Modbus TCP communication card provides standard RJ45 ports and supports the linear
and star topologies. Figure 5-2 and Figure 5-3 show the electrical wiring diagrams for different
topologies.

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

Slave 1 Slave 2 Slaven

Master(PLC) EC-TX515 EC-TX515 EC-TX515

CN2

Figure 5-2 Electrical wiring diagram for a linear topology
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Slave 1 Slave 2 Slaven

Master(PLC) ECTX515 ECTX515 ECTX515

Switch

Figure 5-3 Electrical wiring diagram for a star topology
Note: An Ethernet switch must be available when the star topology is used.

5.4 Communication

5.4.1 Communication settings

The Modbus TCP communication card can function as only the Modbus TCP slave station.
Before communication, set Goodrive350 function codes, including:

1. Communication station address, IP address and subnet mask for the card

The default station address, IP address, and subnet mask for each communication card are 1,
192.168.0.20, and 255.255.255.0 respectively. You can change them to the address of a
network segment.

2. Control mode

If you want to control the VFD with the communication card, set the control mode to Modbus
TCP communication control. To be specific, set P00.01=2 (communication as the running
command channel) and set P00.02=0 (Modbus TCP communication channel) to control VFD
start and stop. If you want to set a value through Modbus TCP communication, change the
control way of corresponding function codes to Modbus TCP communication. Appendix B lists
related function codes.

Note: After the setting, the card can communicate normally. If you want to control the VFD
with the card, set related function codes to enable Modbus TCP communication control.

5.4.2 Packet format

Table 5-4 describes the structure of a TCP communication packet.

Table 5-4 Structure of a TCP communication packet

MAC-layer IP-layer packet TCP-layer valid data packet trailer
packet header header packet header
14 bytes 20 bytes 20 bytes 0-1488 bytes 4 bytes
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5.4.3 Modbus TCP communication

The application layer of the Modbus TCP communication card supports the Modbus protocol.
The Modbus TCP protocol packet is located in the valid data area of the TCP communication
packet. It consists of two parts. The first part is MBAP (packet header, occupying 7 bytes), and
the second part is PDU (protocol data unit whose length is variable), as shown in Table 5-5.

Table 5-5 Modbus TCP protocol packet

MBAP PDU
Lo . Protocol ) Unit Function
Transaction identifier identifier Length field identifier Code Data
2 bytes 2 bytes 2 bytes 1 byte 1 byte n bytes
Sequence number of
packets, Includes
incremented by 1 Device Modbus VFD function
after each 0000=Modbus- address . codes and
- Data length X function
communication for | TCP protocol (station code data, and
distinguishing number) the length is
between different variable.
packets

Through the above packets, you can set the VFD reference parameters, monitor the status
value, send control commands, monitor the running status of the VFD, and read and write the
VFD function codes. For specific operations, see the follow-up.

Parameter description:
Unit identifier: Slave station number (1-247).
Function code: Modbus function codes, as shown in Table 5-6.

Table 5-6 Modbus function codes

Function code Description
0x01 Read coils
0x05 Write single coil
0X0F Write multiple coils
0x02 Read discrete quantity
0x04 Read input register
0x03 Read holding register
0x06 Write single holding register
0x10 Write multiple holding registers

Data: The data of the first word is the address of the VFD function code, for example, P00.00
corresponds to the address of 0000h, and the subsequent data is the value to be read and
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written.
Packet examples:
(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 command is used to read parameters and operation status of the VFD.

For example, starting from the data address of 0004H, to read two contiguous pieces of data
(that is, to read content from the data addresses 0004H and 0005H) of the VFD whose
address is 01H, the frame structures are described in the following.

Request | 0001 [ 0000 [ 0006 [ 01 03 0004 0004
Meaning MBAP Function code |Write address|Number of bytes|
ExamplelResponse| 0001 [ 0000 [ 0007 [ 01 03 04 1388 0000
Meaning MBAP Function code Number of Data
bytes

From the response, the data in 0004H is 1388H (50.00Hz), and that in 0005H is 0000H
(00.00Hz).

(2) Command code 06H, writing one 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, to write 5000 (1388H) to 0004H of the VFD whose address is 02H, the frame
structures are described in the following.

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

(3) Command 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 data can be
written.
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For example, to write 5000 (1388H) and 50 (0032H) respectively to 0004H and 0005H of the
VFD whose slave address is 02H, the frame structures are described in the following.

Request [ 0001 |0000(000B | 02 10 0004 0002 04 éggg
. . Number
Meaning MBAP Function | Write of Number Data
Exa code address . of bytes
mole registers
P Response | 0001 [0000[0006 [ 02 10 0004 | 0002
. . Number
. Function | Write
Meaning MBAP code address _Of
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 status information, and setting 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 MSB is the
hexadecimal form of the group number before the dot mark, and LSB 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
OEOOH in the hexadecimal form. For example, the parameter address of P14.03 is OEO3H.

Function . Setting | Default

Name Parameter description

code range value
Local

P14.00 communication |1-247 1-247 1

address
Communication

P14.03 response delay 0-200ms 0-200 5ms

Note:

) 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.

[ 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
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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 in the RAM, that is, set the
address to 8007H. The address can be used only for writing data to the on-chip RAM,

and it is invalid when used for reading data.

Description of other function addresses

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

describes other function parameters.

Function Address Data description R/W
0001H: Forward running
0002H: Reverse running
0003H: Forward jogging
Communication-ba 0004H: Reverse jogging RIW
sed control 2000H 0005H: Stop
command 0006H: Coast to stop
0007H: Fault reset
0008H: Jogging to stop
0009H: Emergency stop
Communication-based frequency setting
2001H R
00 (0—Fmax, unit: 0.01 Hz) w
PID setting, range (0-1000, 1000 corresponding
2002H to 100.0%) RIW
PID feedback, range (0-1000, 1000
2003H I R/W
corresponding to 100.0%)
Torque setting (-3000—+3000, 1000
2004H corresponding to 100.0% of the motor rated R/W
Communication-ba current)
d val tti i imi i
sed value setting 2005H Setting of the upper I|m!t of the forward running RIW
frequency (0—Fmax, unit: 0.01 Hz)
Setting of the upper limit of the reverse running
2006H ) R/W
frequency (0—Fmax, unit: 0.01 Hz)
Upper limit of the electromotion torque (0—3000,
2007H 1000 corresponding to 100.0% of the motor R/W
rated current)
limit of th ki — 1
2008H Upper limit of the brake torque (0-3000, 1000 RIW

corresponding to 100.0% of the motor rated
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Function Address Data description RIW
current)
Special control command word:
Bit0-Bit1: =00: Motor 1~ =01: Motor 2
Bit2: =1 Enable speed/torque control
switchover
=0: Disable speed/torque control

2009H switchover R/W
Bit3: =1 Clear electricity consumption

=0: Not clear electricity consumption
Bit4:=1 Pre-excitation; =0: Disable
pre-excitation
Bit5: =1 DC brake =0: Disable DC brake
Virtual input terminal command, range:
0x000-0x3FF

200AH Corresponding to S8/S7/S6/S5/HDIB/HDIA/S4/ RIW
S3/S2/S1
Virtual output terminal command, range:

200BH  |0x00-OxOF R/W

Corresponding to local RO2/RO1/HDO/Y1
Voltage setting (used for V/F separation)
200CH (0-1000, 1000 corresponding to 100.0% of the R/W
motor rated voltage)

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

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

0001H: Forward running

0002H: Reverse running

VFD status word 1 2100H 0003H: Stopped R
0004H: Faulty

0005H: POFF

0006H: Pre-excited

Bit0: =0: Not ready to run =1: Ready to run
Bit1-Bit2: =00: Motor 1 =01: Motor 2

Bit3: =0: Asynchronous motor =1:
Synchronous motor

Bit4: =0: No overload alarm =1: Overload alarm
Bit5-Bit6: =00: Keypad-based control ~ =01:

200DH R/W

200EH R/W

VFD status word 2 2101H

-111-



Ethernet Communication Card

Modbus TCP communication card

Function Address Data description RIW
Terminal-based control
=10: Communication-based control
Bit7: Reserved
Bit8: =0: Speed control =1: Torque control
Bit9: =0: Non position control
=1: Position control
Bit11-Bit10: =0: Vector 0 =1: Vector 1
=2: Closed-loop vector
=3: Space voltage vector
VFD fault code 2102H See the description of fault types. R
VFDidentification | 51531 | GD350-----0x01A0 R
code
Running frequency 3000H 0-Fmax (Unit: 0.01Hz) R
Set frequency 3001H 0—Fmax (Unit: 0.01Hz) R
Bus voltage 3002H 0.0-2000.0V (Unit: 0.1V) R
Output voltage 3003H 0-1200V (Unit: 1V) R
Output current 3004H 0.0-3000.0A (Unit: 0.1A) R
Rotating speed 3005H 0-65535 (Unit: 1RPM) R
Output power 3006H -300.0-300.0% (Unit: 0.1%) R
Output torque 3007H -250.0-250.0% (Unit: 0.1%) R
Closed-loop setting 3008H -100.0-100.0% (Unit: 0.1%) R
Closed-loop 3000H  |-100.0-100.0% (Unit: 0.1%) R
feedback ) .
Input state 000-3F Compatible with
. CHF100A and
300AH Corresponding to the local CHV100 R
HDIB/ HDIA/S4/S3/S2/S1 I
communication
Output state 000-0F addresses
300BH Corresponding to the local R
RO2/RO1/HDO/Y1
Analog input 1 300CH 0.00-10.00V (Unit: 0.01V) R
Analog input 2 300DH  10.00-10.00V (Unit: 0.01V) R
Analog input 3 300EH  [-10.00-10.00V (Unit: 0.01V) R
Analog input 4 300FH R
Readinput of HDIA\ 5 011 10.00-50.00kHz (Unit: 0.01H2) R
high-speed pulse
Rgad input of HDIB 3011H R
high-speed pulse
Read current step 3012H 0-15 R
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Function Address Data description RIW
of multi-step speed
External length 3013H 0-65535 R
EXte\rlr;Tlljgoum 3014H |0-65535 R
Torque setting 3015H -300.0—300.0% (Unit: 0.1%) R
Identification code 3016H R
Fault code 5000H R

The Read/Write (R/W) characteristics indicate whether a function can be read and written. For
example, "Communication-based control command" can be written, and therefore the
command code 6H is used to control the VFD. The R characteristic indicates that a function
can only be read, and W indicates that a function 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 running command channel" (P00.02)
to the Modbus communication channel. For another example, when modifying "PID setting”,
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
identification code 2103H of the VFD).

Eight MSBs of Meaning Eight LSBs of Meaning

code code
0x08 GD35 vector VFD
0x09 GD35-H1 vector VFD
0x0a GD300 vector VFD

0x01 G 0xa0 GD350 vector VFD
Oxal GD350-UL vector VFD
0xa2 GD350A vector 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, we can multiply 50.12 by 100 to obtain an
integer 5012, and then 50.12 can be represented as 1394H (5012 in the decimal form) in the
hexadecimal 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 decimals in the value specified in "Detailed
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parameter description” or "Default value". If there are n decimals in the value, the fieldbus
scale m is the n"-power of 10. Take the following table as an example, m is 10.

Function Name Description Setting range | Default
code
P01.20 Wake-up-from-sl| |0.0-3600.0s (valid when P01.15 is 0.00-3600.0 0.0s
eep delay 2)
PO1.21 Restart éﬁer 0: Disable 01 0
power failure |1: Enable

The value specified in "Setting range" or "Default" contains one decimal, so the fieldbus scale
is 10. If the value received by the upper computer is 50, the value of "Wake-up-from-sleep
delay"” of the VFD is 5.0 (5.0=50/10).

To set the "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 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 transmitted. In this case, the VFD returns an error
message response.

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

Code Name Description

The command code received by the upper computer is not

allowed to be executed. The possible causes are as follows:

* The function code is applicable only on new devices and is
not implemented on this device.

* The slave is in the faulty state when processing this

request.

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-transmitted

bytes is invalid.

The received data domain contains a value that is not

03H Invalid data value |allowed. The value indicates the error of the remaining

structure in the combined request.

01H Invalid command

02H Invalid data address
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Code Name Description

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

The parameter is set to an invalid value in the write
04H Operation failure  |operation. For example, a function input terminal cannot be
set repeatedly.

The password entered in the password verification address

OSH Password error is different from that set in P07.00.
The length of the data frame transmitted by the upper
computer is incorrect, or in the RTU format, the value of the
06H Data frame error

CRC check bit is inconsistent with the CRC value calculated
by the lower computer.
The parameter to be modified in the write operation of the
upper computer is a read-only parameter.

The parameter to be modified in the write operation of the
Parameter cannot be - ) .
08H e R upper computer cannot be modified during the running of

madified in running

the VFD.
A user password is set, and the upper computer does not
provide the password to unlock the system when performing
a read or write operation. The error of "system locked" is
reported.

07H Parameter read-only

09H Password protection

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

For example, if the master device transmits a request message to a slave device for reading a
group of function code address data, the code is generated as follows:

00000011 (03H in the hexadecimal form)
For an exception response, the following code is returned:
10000011 (83H inthe hexadecimal form)

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

This example shows how to use SIEMENS PLC (S7-1200) to communicate with Modbus TCP
communication extension card (through the TIA Portal V13 software), and Modbus TCP is not

configured with device description file.
Use TIA Portal V13 software to add a Modbus TCP block.

Open TIA Portal V13, and create a new project as shown in the following figure.

Create new project

Project name: | ModbusTCP_BockletDemaProject 51200

]
Path: | D:Fromal V13WV15_workspace -]
]

Author: | Administrator

Comment:

After a new project is created, click "Project view" in the lower left corner, and double click
"Add new device" in the interface, as shown in the following figure.

Devices

GO Q

* 7 ModbusTCP_BookletDemoFroject_51200
» [ PLC_1 [CPU 1215€ DC/DCIDC]
» (4§ Common data
» [5]] Documentation settings
» rL_@ Languages & resources
Select the correct PLC model, and click "OK" (PLC models used by our company are shown in
the following figure).
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Add

Device name:

jevice

[PLc_1

[ Open device view

Controllers

Ex
L

PC systems

~ [ Controllers
~ [ SIMATIC 571200
~ [ cPu

» [l CPU 1211C ACIDTRIy

[ cPu 1211C DUDCDC

[ cPu 1211C DUDCRY

[ cPu 1212C ACIDCRly

[ cPu 1212¢ DUDDC

[ cPu 1212C DUDCRY

[ cPu 1214C ACIDCIRlY

[ cPu 1214c DUDCDC

[ cPu 1214C DUDCRY

[/ cPU 1215C ACiDCIRIy

[ cPu 1215C DCIDCIDC
[l 6ES7 215-1AG31-0XBO
[l 6ES7 215-1AG40-0XBO

» [[§ CPU 1215C DC/DCIRlY

» (i@l cPU 1217C DC/DGIDC

» [[§ Unspecified CFU 1200

{ v v vwvvwvw-~

» [ SIMATIC 571500

» [ SIMATIC 57300

» [l SIMATIC 57400

+ [l SIMATICET 200 CPU
» [i, Device Proxy

Device:

CPU 1215C DCIDCIDC

Orderno.: 6ES7 215-1AGA0-0XB0

Version: V4.0 [~]

Description:

Work memory 100 KB; 24VDC power supplywith
DI14 x 24VDC SINKISOURCE, DQ10 x 24VDC and
AI2 and AQ2 on board; 6 high-speed counters
and 4 pulse outputs on board; signs| board
‘expands on-board Ii0; up to 3 communication
meodules for serial communication; up to 8
signal modules for 0 expansion; 0.04 msi1000
instructions; 2 PROFINET ports for programming,
HMI and PLCto-PLC communication

Click "Program blocks", and double click "Main[OB1]" to open the programming interface, as
shown in the following figure.

|| Devices |

100

»lanc
»lgnc

™

« 1 PLC_1 [€RU 1215C DCDEDE]
I Device configurstion
{ Oniine & dingnostics
~ It Frogram blocks
I A2 newblock
& hein [081]
» [ Technology cbjects
» g External source fies

fags
data types

» Gt Wach and force wbles

es

9 Program info
3 & Device provedatn

]

~ Deails view

bl ol
Main
Neme Date type
@ inpu
as inissl Coll Boal
@  Femanence Boal

Ak Ak T e

= Block title: “wain Frogram sweep (Cycle)”

Network 1:

P EAERE8tEE Ca2a8 L &7 6

Defeultvelve  Comment

] it call of thiz OB
~True, if remanent daia are available

I

Select "Others" under the "Communication" bar on the right, then select "MODBUS TCP" —
"MB_CLIENT", as shown in the following figure.
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> | Favorites

> | Basic instructions

> | Extended

instructions

> | Technology

v | Communication

Name

» [7] 57 comm

» [7] Open user communicati...

» [7] WEB serv
[7] others
~ [ | MODB

unication

er

us TCP

& ME
7] Communication processol

- -

_SERVER

[] TeleService

Desc

Comn
Com

Add 2 data blocks in "Add new block" under "Program blocks", namely "MB_CLIENT_TCON"
and "MB_Client_Data", as shown in the following figure.

= gl Program blocks
& Add new block

& Me

@ MB_Client_Data [DB3]

in [OB1]

@ MB_CLIENT_TCON [DB2]

Set the variables of these two data blocks respectively, as shown in the following figure.

(1) MB_CLIENT_TCON data block

MHame
Static

4

0 N @ N B W k=

-
4

11
12
13
14

MB_CLIENT_TCON

w TCON

Interfa celd

13}
ConnectionType
ActiveEstablished
RemoteAddress
« ADDR

L ADDR[1]
L} ADDR[2]
. ADDR[3]
L} ADDR[4]
RemotePart

LocalPort

Data type

TCON_IP_vd
HW_ANY
CONN_OUC
Byte

Bool

IP_vd4

Start value

Array(1._4] of Byte

Byte
Byte
Byte
Byte
Uint
Ulnt
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(2) MB_Client_Data data block

MB_Client_Data

Name Data type Start value

1 <@ - Static

2 40 = - dats Array[0.9] of Int

3 4 L datal0] Int 0
4 |<@ . data[1] Int 0
5 < = data[2] Int 0
6 40 = data[3] Int 0
7 4 = data[4] Int 0
8 4 L} data[5] Int 0
S 4 L} data[6] Int 0
10 < L data[7] Int 0
11 |1 L data[8] Int 0
12 |0 = datal[9] Int 0

Uncheck the "Optimized block access" of the block, as shown in the following figure.

General

General

- Attributes
Information
Time stamps
Compilation ["Jonly store in load memary
Fratection m Data block write-protected in the device
Attributes

Download with_.. DOptlle‘Ed block access

Double click "Show all" under "PLC tags", and create variables, as shown in the following
figure.

PLC tags

Name Tag table Data type Address
1 -4l ME_Client_REQ Defaulttag table Bool %W10.0
2 gl ME_Client_DISCONNET Defaulttag table Bool %M10.1
3 <@ ME_Client_MODE Defaulttag table Usint EMB20
4 <@ MB_Client_ADDR Defaulttag table Word N1 00
5 <@ MB_Client LEN Defaulttag table Ulnt 2%h102Z
6 @ MB_Client_DONE Defaulttag table Boal K102
7 <l ME_Client_BUSY Defaulttag table Boal %M10.3
8 <@ MEB_Client_ERROR Defaulttag table Bool M10.4
9 <@ MB_Client_STATUS Default tag table Wiord W04
10 <0 AUTO_RUM Defaulttag table Bool %MO.0
11 <@ RUN_TERM Defaulttag table Bool %100

Configure the Modbus TCP block as shown in the following figure.
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%DB1
“MB_CLIENT DB"
MB_CLIENT
EN ENO
WM10.0 102
“MB_Client REQ" — REQ) “MB_Client
DONE®
101 BAHE—
“ME_Client_ “WM10.3
DISCONNET — DiSCONNECT BUSY —1"ME_Client_BUSY"
2 — COMNECTID P
“MB_CLIENT. E’:EBS.'E"L
TeoTTeoN ERROR —!
RemoteAddress. YMWI04
ADDRIT— 1p_ocTET.1 “WE_Client_
STATUS — STATUS®
“MB_CLIENT.
TCON" TCON.
RemoteAddress.
ADDRIZ] — |p_ocTET_2
“MB_CLIENT.
TCON" TCON.
RemoteAddress.
ADDRIS]— |p_ocTET_3

Double click "Device configuration”, right click the network port to select "Properties”, set the
following parameters in the pop-up interface, and modify the local Ethernet network segment

to be the same as the following network segment

[ Topology view |y Network view  |IY Device viey

Time synchranition Interface networked with
Operating mode
» Advanced optians

Hardware identifier

IP protocol

Write the PLC program as follows.

I —
Subnet: | FHIE_
)

df [rct [ = |[d)d & & 100w =i | Device overview
1 200 A A A
0| ¥ Module
hako o b rore
< n ] s [<ln
|4 Properties  [*iinfo &) | & Diagnostics |
General | 10tags | System constants | Texts
Genersl
Ethemet addresses EtEpa kT

@ SetIP address inthe project

1P address: 168.0 .23

Subnetmask: 255 255 235 0

[use router
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WM10.0
“MB_Client REQ™ —

*WM10.1
“MB_Client_

*MB_CLIENT_
TCON® TCON.
RemoteAddress.
ADDR[1]

“MB_CLIENT_
TCON® TCON.
ReroteAddress.
ADDR[2]

“MB_CLIENT_
TCON® TCON.
ReroteAddress.
ADDR[3]

*ME_CLIENT_
TCON® TCON.
RemoteAddress.
ADDR[4]

“MB_CLIENT_
TCON".TCON.
RemotePort

%MB20
“MB_Client_
MODE"

WWI00
“MB_Client_ADDR"
EAWI02
“MB_Client_LEN®
P#DB3.DEX0.0
INT10

“MB_CLIENT DB
MB_CLIENT

EN

REQ

DISCONNET — DISCONNECT

CONNECT_ID

IF_OCTET_1

IF_OCTET_2

IF_OCTET_3

IP_OCTET_4

IP_PORT

MB_MODE

MB_DATA_ADDR

MB_DATA_LEN

MB_DATA_FTR

%M10.2
“MB_Client_
DONE —i DONE®
%103
BUSY — "ME_Client_BUSY"

W10 4
*WE_Client_
ERROR —1 ERROR"

MW 04
“ME_Client_
STATUS — STATUS®
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0.0 10,0
*AUTO_RUN" MOVE “WE_Client_REQ"
A BN — { F—
. “MB_CLIENT_
D8 VE_UNIT_
oum

- Network 3:

#M0.0
“AUTO_RUN® MOVE MENE
——i/t EN — EN — _
T—n P 2—m “WIWI02
“MB_Client st ouT! = "MB_Client_LEN"
ouT! — MODE®
%WA0.0
*AUTO_RUN® MOVE
— N —
48193 — N w100
+ OUTI — "MB_Client_ADDR®
%0.0
*RUN_TERWT MOVE MOVE
—t EN — EN — ENo ——
(0 %DB3.DBWO s000—4ak %DB3.DBWZ
*MB_Client_ “ME_Client_
35 QuT — Data” datal0] it QuT) — Data” data[1]
%€0.0
*RUN_TERLF MOVE MOVE
—t EN — EN — £N0 ——
5—IN D3 DEWO 5000 —QH %DB3 DBV
“MB_Client_ *MB_Client_
st ouT — Data’ data[0] s+ ouTI — Data” data[1]

Download the PLC program to the PLC after the program has been written completely. Set
VFD function codes such as P00.01=2, P00.02=0, P00.06=8, P14.00=2, P16.58-P16.61=
192.168.0.2, and keep default values of P16.62-P16.69. Then, you can use the 10.0 input
terminal to control the VFD to start and stop at 50.00Hz through Modbus TCP protocol.
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Appendix A EtherCAT object dictionary

Index | Subindex Description Accj,es-s Datatype | Default value
permission
1000h 0 Device type RO UINT32 0x00000192
1001h 0 Error register RO UINT8 0
Pre-defined error information
1003h 0 Number of errors RO UINT8 0x00
1 Fault code RO UINT32 0x0000
1008h 0 Factory device name RO String INVT-EtherCAT
Factory hardware . Hardware
1009h 0 X RO String version
version
depended
100Ah 0 Factory spftware RO String Software version
version depended
ID object
0 Included max. RO UINTS 4
sub-index
1018h 1 Supplier ID RO UINT32 0x000004D8
2 Product code RO UINT32 0x00009252
3 Revision number RO UINT32 0x00000001
4 Serial number RO UINT32 0x00000001
RX PDO1 mapping parameter
0 Number_of supported RW UINTS 8
mapping objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
1600n 3 Third mapping object RW UINT32 0x60FF0020
4 Fourth mapping object RW UINT32 0x60710010
5 Fifth mapping object RW UINT32 0x60720010
6 Sixth mapping object RW UINT32 0x60600008
7 Seventh mapping RW UINT32 0x60810020
8 Eighth mapping object RW UINT32 0x60B80010
RX PDO2 mapping parameter
1601h 0 Number of supported RW UINTS 2
mapping objects
1 First mapping object RW UINT32 0x60400010
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Index | Subindex Description ct?es_s Data type | Default value
permission
2 Second mapping RW UINT32 | 0x607A0020
object
RX PDO3 mapping parameter
0 Number_of supponed RW UINTS 2
1602h mapping objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
RX PDO4 mapping parameter
0 Numberlof supponed RW UINTS 5
1603h mapping objects
1 First mapping object RW UINT32 0x60400010
2 Second mapping RW UINT32 | 0x607A0020
object
TX PDO1 mapping parameter
0 Numberiof supported RW UINTS 8
mapping objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
1A00h 3 Third mapping object RW UINT32 0x606C0020
4 Fourth mapping object RW UINT32 0x60770010
5 Fifth mapping object RW UINT32 0x60F40020
6 Sixth mapping object RW UINT32 0x60610008
7 Seventh mapping RW UINT32 | 0x60B90010
object
8 Eighth mapping object RW UINT32 0x60BA0020
TX PDO2 mapping parameter
0 Number‘of supported RW UINTS s
1A01h mapping objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
TX PDO3 mapping parameter
1A02h
0 0 Number‘of suppor‘(ed RW UINTS 8
mapping objects
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permission
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
TX PDO4 mapping parameter
0 Number‘of supponed RW UINTS s
1A03h mapping objects
1 First mapping object RW UINT32 0x60410010
2 Second mapping RW UINT32 | 0x60640020
object
SM communication type
0 Max. sub-index RO UINT8 4
1 SMO communication RO UINTS 0x01
type
1Cooh| 2 SM1 communication RO UINTS 0x02
type
3 SM2 communication RO UINTS 0x03
type
4 SM3 communication RO UINTS ox04
type
RxPDO assignment
1C12h 0 RMS)I;;ub—n—wdexd RW UINT8 1
1 XD assigne RW UINT16 0x1600
object index
TxPDO assignment
1C13h 0 TM;:).;ub-mdexd RW UINT8 1
1 XPDD assigne RW UINT16 0x1A00
object index
SM synchronization output parameter
0x00 Max. sub-index RO UINT8 0x20
0x01 Synchronization mode RW UINT16 0x02
0x02 Cycle time RO UINT32 0
1C32h 0x03 Switching time RO UINT32 0
0x04 Supported RO UINT16 0x4006
synchronization type
0x05 Min. periodic time RO UINT32 0x0003D090
0x06 Calculation and RO UINT32 0
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permission
replication time
0x07 Reserved RW UINT32 0
0x08 Obtained periodic time RW UINT16 0
0x09 Delay time RO UINT32 0
Ox0A SyncO0 time RW UINT32 -
0x0B SM event loss counter RO UINT32 0
0x0C Circulation timeout RO UINT32 0
counter
0x0D Counter-of t_oo short RO UINT32 0
switching
0x20 Synchronization error RO UINT8 0
SM synchronization input parameter
0x00 Max. sub-index RO UINT8 0x20
0x01 Synchronization mode RW UINT16 0x02
0x02 Cycle time RO UINT32 0
0x03 Switching time RO UINT32 0
0x04 Supported RO UINT16 0x4006
synchronization type
0x05 Min. periodic time RO UINT32 0x0003D090
0x06 Calculation and RO UINT32 0
1C33h replication time
0x07 Reserved RW UINT32 0
0x08 Obtained periodic time RW UINT16 0
0x09 Delay time RO UINT32 0
0x0A SyncO0 time RW UINT32 -
0x0B SM event loss counter RO UINT32 0
0X0C Circulation timeout RO UINT32 0
counter
0x0D Counterlof Foo short RO UINT32 0
switching
0x20 Synchronization error RO UINT8 0
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 -
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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 -
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-Ox1E Function code RW UINT16 -
201Ch | 0x00-0x1E Function code RW UINT16
603Fh 0 Error code RO UINT16 0
6040h 0 Control word RW UINT16 0
6041h 0 Status word RO UINT16 0
6043h 0 Output speed RO UINT16 0
6044h 0 Feedback speed RO UINT16 0
Speed range
6046h 1 Min. value RO UINT32 0
2 Max. value RO UINT32 0
Velocity acceleration
6048h 1 ACC increment RO UINT32 0
ACC time increment RO UINT16 0
6049h Velocity deceleration
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1 DEC increment RO UINT32 0
DEC time increment RO UINT16 0
Velocity quick stop
Fast stop speed

604Ah ! increment RW UINT32 0
2 Fast stop time RW UINT16 0

increment

Speed gear ratio
Numerator of speed
604Ch 1 gear RW INT32 1
2 Denominator of speed RW INT32 1
gear
6060h 0 Operation mode RW UINT16 0
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 RO INT16 0
6078h 0 Actual current RO INT16 0
6079h 0 Bus voltage RO UDINT32 0
607Ah 0 Target position RW INT16 0
607Ch 0 Coordinate deviation RW DINT32 0
6081h 0 Speed in industrial RW UDINT32 0

regulations
6083h 0 ACC in industrial RW UDINT32 0

regulations
6084h 0 DEC in industrial RW UDINT32 0
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regulations
6087h 0 Torque ramp RW UDINT32 0
Gear ratio
Number of
6091h 0 sub-indexes RW UINT8 2
1 Motor resolution RW UINT32 0x00000001
Bearing axle resolution RW UINT32 0x00000001
6098h 0 Zeroing mode RW INT16 0
6099h Zeroing speed
0 Reserved RW UINT32 0
60B8h 0 Probe control RW UINT16 0
60BOh 0 Position offset RW INT32 0
60B1h 0 Speed offset RW INT32 0
60B2h 0 Torque offset RW INT16 0
60B9h 0 Probe status RO UINT16 0
60BAh 0 Probe position rising RO INT32 0
edge
60BBh 0 Probe position falling RO INT32 0
edge
60EOh 0 Forward torque limit RW UINT16 0
60E1h 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 B Related function codes

Function Name Parameter description Setting | Default
code range value
. |0: Keypad
pog.o1 |Channel of running,. Te:,rzinal 0-2 0
commands -
2: Communication
0: Modbus/Modbus TCP communication
1: PROFIBUS/CANopen/DeviceNet
communication
2: Ethernet communication
. 3: EtherCAT/PROFINET/EtherNet IP
Communlcathn communication
P00.02 | channel of running 4: PLC programmable extension card 0-6 0
commands . -
5: Wireless communication card
6: USB communication (Reserved)
Note: Channels 1, 2, 3, 4, and 5 are
extension functions that require
corresponding extension cards.
Frequency A |0: Keypad
P00.06 | command setting [1-7: Reserved 0-15 0
mode 8: Modbus RTU/Modbus TCP
communication
9: PROFIBUS/CANopen/DeviceNet
Frequency B igmg::nicaiion icati
) : Ethernet communication
P00.07 commrir;té:ettlng 11-12: Reserved 0-15 15
13: EtherCAT/PROFINET/EtherNet IP
communication
14-15: Reserved
. 0.0- Model
P00.11 ACC time 1 0.0-3600.0s 3600.0s |depended
] 0.0- Model
P00.12 DEC time 1 0.0-3600.0s 3600.0s |depended
0-1: Keypad
2—-6: Reserved
P03.11 Torque setting (7: MOdbL-JS RTU/Modbus TCP 0-12 0
mode communication
8: PROFIBUS/CANopen/DeviceNet
communication
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code

Name

Parameter description

Setting
range

Default
value

9: Ethernet communication
10: Reserved

11: PROFINET/EtherNet IP
communication

12: Reserved

P03.14

Setting mode of
upper frequency
limit of forward
running in torque
control

0: Keypad (P03.16)

1-5: Reserved

6: Modbus RTU/Modbus TCP
communication

7: PROFIBUS/CANopen/DeviceNet
communication

8: Ethernet communication

9: Reserved

10: PROFINET/EtherNet IP
communication

11-12: Reserved

0-12

P03.15

Setting mode of
upper frequency
limit of reverse
running in torque
control

0: Keypad (P03.17)

1-5: Reserved

6: Modbus RTU/Modbus TCP
communication

7: PROFIBUS/CANopen/DeviceNet
communication

8: Ethernet communication

9: Reserved

10: PROFINET/EtherNet IP
communication

11-12: Reserved

P03.18

Setting mode of
upper limit of
electromotive

torque

0: Keypad (P03.20)

1-4: Reserved

5: Modbus RTU/Modbus TCP
communication

6: PROFIBUS/CANopen/DeviceNet
communication

7: Ethernet communication

8: Reserved

9: EtherCAT/PROFINET/EtherNet IP
communication

10-11: Reserved
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Function L Setting | Default
Name Parameter description
code range value
0: Keypad (P03.21)
1-4: Reserved
5: Modbus RTU/Modbus TCP
communication
Setting mode of |6: PROFIBUS/CANopen/DeviceNet
P03.19 |upper limit of brake|communication 0-11 0
torque 7: Ethernet communication
8: Reserved
9: EtherCAT/PROFINET/EtherNet IP
communication
10-11: Reserved
0: Keypad (P04.28)
1-6: Reserved
7: Modbus RTU/Modbus TCP
communication
Voltage setting 8: PROF_IBUISICANopen/DeviceNet
P04.27 channel communication 0-13 0
9: Ethernet communication
10: Reserved
11: EtherCAT/PROFINET/EtherNet IP
communication
12-13: Reserved
P06.01 Y1 output 0: Invalid 0-63 0
P06.02 HDO output  |1-22: Reserved 0-63 0
P06.03 | Relay output RO1 [23: Modbus RTU/Modbus TCP 0-63 1
communication virtual terminal output
24: PROFIBUS/CANopen/DeviceNet
communication virtual terminal output
25: Ethernet communication virtual
P06.04 | Relay output RO2 |terminal output 0-63 5
26-33: Reserved
34: EtherCAT/PROFINET/EtherNet IP
communication virtual terminal output
35-63: Reserved
P06.14 |Analog output AO1|0: Running frequency 0-63 0
h 1-13: Reserved
pog.16 | DO high-speed |y )y oibus RTUModbus TCP 0-63 0
pulse output - ;
communication setting 1
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Function
code

Name

Parameter description

Setting
range

Default
value

15: Modbus RTU/Modbus TCP
communication setting 2

16: PROFIBUS/CANopen/DeviceNet
communication setting 1

17: PROFIBUS/CANopen/DeviceNet
communication setting 2

18: Ethernet communication setting 1
19: Ethernet communication setting 2
20: Reserved

21: EtherCAT/PROFINET/EtherNet IP
communication setting 1

22-26: Reserved

27: EtherCAT/PROFINET/EtherNet IP
communication setting 2

28-63: Reserved

P07.27

Type of current
fault

P07.28

Type of last fault

P07.29

Type of 2nd-last
fault

P07.30

Type of 3rd-last
fault

P07.31

Type of 4th-last
fault

P07.32

Type of 5th-last
fault

0: No fault

18: 485/Modbus TCP communication
fault (CE)

29: PROFIBUS communication fault
(E-DP)

30: Ethernet communication fault
(E-NET)

31: CANopen communication fault
(E-CAN)

57: PROFINET communication timeout
fault (E-PN)

58: CAN communication timeout fault
(SECAN)

60: Card identification failure in slot 1
(F1-Er)

61: Card identification failure in slot 2
(F2-Er)

62: Card identification failure in slot 3
(F3-Er)

63: Card communication failure in slot 1
(C1-Er)

64: Card communication failure in slot 2

(C2-Er)
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Function L Setting | Default
Name Parameter description

code range value

65: Card communication failure in slot 3

(C3-Er)

66: EtherCAT communication fault

(E-CAT)

67: BACnet communication fault

(E-BAC)

68: DeviceNet communication fault

(E-DEV)

69: CAN slave fault in master/slave

synchronous communication (S-Err)

72: EtherNet IP communication timeout

(E-EIP)

0x00-0x14

LED ones place: Switching channel

0: Terminal

1: Modbus/Modbus TCP communication

2: PROFIBUS/CANopen/DeviceNet
Motor 1 and motor L
communication

P08.31 2 switching _— 00-14 0x00
3: Ethernet communication
channel

4: EtherCAT/PROFINET/EtherNet IP
communication
LED tens place: Switching in running
0: Disabled
1: Enabled
0: Keypad (P09.01)
1-5: Reserved
6: Modbus RTU/Modbus TCP
communication
PID reference 7: PROF‘IBU.S/CANopen/DeviceNet
P09.00 communication 0-12 0
source _—

8: Ethernet communication
9: Reserved
10: PROFINET/EtherNet IP
communication
11-12: Reserved

0: All

P09.02 PIDSfOeueriZack 1-3: Reserved 0-10 0

4: Modbus RTU/Modbus TCP
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Function L Setting | Default
Name Parameter description
code range value

communication

5: PROFIBUS/CANopen/DeviceNet
communication

6: Ethernet communication

7: Reserved

8: PROFINET/EtherNet IP
communication

9-10: Reserved

Local

P14.00 communication |1-247 1-247 1
address

P14z | Communication ) oy g 1-200 5

response delay

0: Report an alarm and coast to stop
1: Keep running without reporting an

alarm
Transmission eror 2: Stop in enabled stop mode without
P14.05 i reporting an alarm (applicable only to 1-3 0
processing

communication mode)

3: Stop in enabled stop mode without
reporting an alarm (applicable to any
mode)

0x00-0x11

Ones place:

0: Respond to write operations

1: Not respond to write operations
Tens place: Communication encrypting

P14.06 pf;’cz;";i’:;c::t‘i):n 0: Disable Ox010101—0x 0x000
1: Enable
Hundreds place: Self-define the
communication command address
0: Disable
1: Enable
Modbus-TCP
P14.09 communication |0.0 (invalid)—-60.0s 0.0-60.0 0.0s
timeout time
P15.01 | Module address |0-127 0-127 2
P15.02 Received PZD2 |0: Invalid 0-31 0
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Function L Setting | Default
Name Parameter description

code range value
P15.03 | Received PZD3 |1: Set frequency (0—Fmax, unit: 0.01 Hz)| 0-31 0
P15.04 | Received PZD4 |2: PID reference (-1000-1000, in which 0-31 0
P15.05 | Received PZD5 |1000 corresponds to 100.0%) 0-31 0
P15.06 Received PzD6 |3: PID feedback (-1000-1000, in which 0-31 0
P15.07 | Received PZD7 [1000 corresponds to 100.0%) 0-31 0
P15.08 Received PZD8 |4: Torque setting (-3000—+3000, in which| 0-31 0
P15.09 | Received PZD9 |1000 corresponds to 100.0% of the rated| (—31 0
P15.10 | Received PzZD10 |current of the motor) 0-31 0
P15.11 | Received PzD11 [5- Setting of the upper limit of forward 0-31 0

running frequency (0—Fmayx, unit: 0.01

Hz)

6: Setting of the upper limit of reverse

running frequency (0-Fmax, unit: 0.01

Hz)

7: Upper limit of the electromotive torque

(0-3000, in which 1000 corresponds to

100.0% of the rated current of the motor)

8: Upper limit of the brake torque

(0-3000, in which 1000 corresponds to

100.0% of the rated current of the motor)

9: Virtual input terminal command,

0x000-0x3FF

(corresponding to S8, S7, S6, S5, HDIB,
P15.12 | Received PZD12 |[HDIA, S4, S3, S2, and S1in sequence) | 0-31 0

10: Virtual output terminal command,
0x00—0X0F

(corresponding to RO2, RO1, HDO, and
Y1 in sequence)

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

15: LSB of position reference (unsigned
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Parameter description

Setting
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Default
value

number)

16: MSB of position feedback (signed
number)

17: LSB of position feedback (unsigned
number)

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

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

20-31: Reserved

P15.13

Transmitted PZD2

P15.14

Transmitted PZD3

P15.15

Transmitted PZD4

P15.16

Transmitted PZD5

P15.17

Transmitted PZD6

P15.18

Transmitted PZD7

P15.19

Transmitted PZD8

P15.20

Transmitted PZD9

P15.21

Transmitted
PZD10

P15.22

Transmitted PZD11

P15.23

Transmitted
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 (%10, %)

7: Actual output power (x10, %)

8: Rotating speed of the running (x1,
RPM)

9: Linear speed of the running (x1, m/s)
10: Ramp frequency reference

11: Fault code

12: All value (x100, V)

13: A2 value (x100, V)

14: AI3 value (x100, V)

: HDIA frequency (x1000, kHz)

: Terminal input state

: Terminal output state

: PID reference (x10, %)

: PID feedback (x10, %)

: Rated torque of the motor

21: MSB of position reference (signed
number)

22: LSB of position reference (unsigned
number)

0-47

0-47

0-47

0-47

0-47

0-47

0-47

0-47

0-47

0-47

o] © |Oo|lo|o|jo|o|o|Oo|C

0-47
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Function L Setting | Default
Name Parameter description
code range value
23: MSB of position feedback (signed
number)
24: LSB of position feedback (unsigned
number)

25: Status word

26: HDIB frequency value (x1000, kHz)
27: MSB of PG card pulse feedback
count

28: LSB of PG card pulse feedback
count

29: MSB of PG card pulse reference
count

30: LSB of PG card pulse reference
count

31: Function code mapping
(PZD2-PZD12 correspond to
P14.60—P14.70 respectively.)

32: Status word 3

33-47: Reserved

DP communication

P15.25 . . 0.0 (invalid)-60.0s 0.0-60.0 5.0s
timeout time
CANopen
P15.26 communication |0.0 (invalid)-60.0s 0.0-60.0 5.0s
timeout time
0: 1000 kbps
1: 800 kbps
conepn 220000
P15.27 communication 0-7 3
baud rate 4: 125 kbps
5: 100 kbps
6: 50 kbps
7: 20 kbps
CAN
P15.28 communication |0-127 0-127 1
address
0: 50kbps
P15.29 CANSZS;Z rate ;. 100kbps 0-5 2
2: 125kbps
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Function L Setting | Default
Name Parameter description
code range value
32: 250kbps
4: 500kbps
5: 1M bps
CAN
P15.30 communication |0.0 (invalid)—-60.0s 0.0-60.0 5.0s
timeout time
DeviceNet
P15.31 communication |0.0 (invalid)-60.0s 0.0-60.0 5.0s
timeout time
P15.32 Displayed node o 0 0
baud rate
P15.33 Enable polling [0-1 0-1 1

19: INVT self-defined output

20: ODVA basic speed control output

21: ODVA extended speed control output
22: ODVA speed and torque control
output

23: ODVA extended speed and torque
control output 19-27 19
24: INVT basic speed control output

25: INVT extended speed control output
26: INVT speed and torque control
output

27: INVT extended speed and torque
control output

Output instance in

P15.34 .
polling

69: INVT self-defined input

70: ODVA basic speed control input

71: ODVA extended speed control input
72: ODVA speed and torque control input
73: ODVA extended speed and torque
control input 69-77 69
74: INVT basic speed control input

75: INVT extended speed control input
76: INVT speed and torque control input
77: INVT extended speed and torque
control input

Input instance in

P15.35 )
polling

pi5ge | Eraplestate o 0-1 0
change/period
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Function L Setting | Default
Name Parameter description
code range value
19: INVT self-defined output
20: ODVA basic speed control output
21: ODVA extended speed control output
22: ODVA speed and torque control
output
Output instance in |23: ODVA extended speed and torque
P15.37 state control output 19-27 19
change/period |24: INVT basic speed control output
25: INVT extended speed control output
26: INVT speed and torque control
output
27: INVT extended speed and torque
control output
69: INVT self-defined input
70: ODVA basic speed control input
71: ODVA extended speed control input
72: ODVA speed and torque control input
Input instance in |73: ODVA extended speed and torque
P15.38 state control input 69-77 69
change/period |74: INVT basic speed control input
75: INVT extended speed control input
76: INVT speed and torque control input
77: INVT extended speed and torque
control input
p153g | Outbutlengthof lo ., 8-32 32
component 19
pi540 | MPutlengthof o o, 8-32 )
component 69
BACnet 0: Enable P16.22 (I-Am service)
P15.41 communication |1: Enable P15.42 (Baud rate of 0-1 0
mode setting  |BACnet_MSTP)
Baud rate of
P15.42 BACnet MSTP 0-5 0-5 0
Communication .
P1543 | controlword |0 M decimal format 0-1 0
i 1: In binary format
expression method
P15.44 Communication |0: Display currently identified card (only 0-6 0

control word/status

one)

-140-




Ethernet Communication Card

Related function codes

Function L Setting | Default
Name Parameter description
code range value
word display  |1: DP card
selection 2: CANopen card
3: PROFINET card
4: Ethernet IP card
5: Modbus TCP card
6: EtherCAT card
P15.45—
P15.69 Reserved
Ethernet card 0x0000—
P16.14 |monitoring variable|0x0000-0xFFFF OxFEFE | 0x0000
address 1
Ethernet card 0x0000—
P16.15 |monitoring variable|0x0000-0xFFFF OXFEFF | 0x0000
address 2
Ethernet card 0x0000—
P16.16 |monitoring variable|0x0000-0xFFFF OXFFEF | 0x0000
address 3
Ethernet card 0Xx0000—
P16.17 |monitoring variable|0x0000-0xFFFF OXFEEF | 0x0000
address 4
. 0.0-600.0s
Extension card 'When this parameter is set to 0.0
P16.24 | identification time | P 10 2% 0.0-600.0, 0.0s
disconnection fault detection is not
of slot 1
performed.
. 0.0-600.0s
Extension card 'When this parameter is set to 0.0
P16.25 | identification time | p S 0.0-600.0| 0.0s
disconnection fault detection is not
of slot 2
performed.
. 0.0-600.0s
Extension card 'When this parameter is set to 0.0
P16.26 | identification time | p S 0.0-600.0| 0.0s
disconnection fault detection is not
of slot 3
performed.
Extension card |0.0-600.0s
icati When thi i .
P16.27 .COmml.JnlcaIIOFI . en this parameter is sgt to.O 0, 00-6000 0.0s
timeout time of slot|disconnection fault detection is not
1 performed.
Extension card |0.0-600.0s
P16.28 | oo o : . 0.0-600.0 0.0s
communication |When this parameter is set to 0.0,
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Function L Setting | Default
Name Parameter description
code range value
timeout time of slot|disconnection fault detection is not
2 performed.
Extension card |0.0-600.0s
P16.29 | commgn|cat|0n When this parameter is sgt tol0.0, 0.0-600.0l 0.0s
timeout time of slot|disconnection fault detection is not
3 performed.
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: 0.01 Hz)| 0-31 0
P16.34 | Received PZD4 |[2: PID reference (-1000-1000, in which 0-31 0
P16.35 | Received PzZD5 |1000 corresponds to 100.0%) 0-31 0
P16.36 Received PzZD6 |3: PID feedback (-1000-1000, in which 0-31 0
P16.37 | Received PzZD7 |1000 corresponds to 100.0%) 0-31 0
P16.38 | Received PZD8 |4: Torque setting (-3000—+3000, in which| 9_31 0
P16.39 | Received PzD9 |1000 corresponds to 100.0% of the rated| (_31 0
P16.40 | Received PZD10 |current of the motor) 0-31 0
P16.41 | Received PzD11 |2 Setting of the upper limit of forward 0-31 0
running frequency (0—Fmax, unit: 0.01
Hz)
6: Setting of the upper limit of reverse
running frequency (0-Fmax, unit: 0.01
Hz)
7: Upper limit of the electromotive torque
(0-3000, in which 1000 corresponds to
100.0% of the rated current of the motor)
8: Upper limit of the brake torque
P16.42 | Received PZD12 [(0-3000, in which 1000 corresponds to 0-31 0

100.0% of the rated current of the motor)
9: Virtual input terminal command,
0X000—0x3FF (bit9—bit0 correspond to
S8/S7/S6/S5/HDIB/HDIA/S4/S3/S2/S1 in
sequence)

10: Virtual output terminal command,
0X00—0xOF (bit3—bit0 correspond to
RO2/RO1/HDO/Y1 in sequence)

11: Voltage setting (for V/F separation)
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Ethernet Communication Card Related function codes

Function L Setting | Default
Name Parameter description
code range value
(0-1000, in which 1000 corresponds to
100.0% of the rated voltage of the motor)
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: MSB of position reference (signed
number)
15: LSB of position reference (unsigned
number)
16: MSB of position feedback (signed
number)
17: LSB of position feedback (unsigned
number)
18: Position feedback setting flag
(position feedback can be set only after
this flag is set to 1 and then to 0)
19: Function code mapping
(PZD2-PZD12 correspond to
P14.49-P14.59 respectively.)
20-31: Reserved

P16.43 | Transmitted PZD2 |0: Invalid 0-47 0
P16.44 |Transmitted PzD3 |L: Running frequency (x100, Hz) 0-47 0
P16.45 | Transmitted PZD4 § g‘j‘sf\’liizgzc(yx(lzl?/‘;' H2) 0-47 0
P16.46 Transm!tted PZD5 4: Output voltage (x1, V) 0-47 0
P16.47 | Transmitted PZD6 |5. Output current (x10, A) 0-47 0
P16.48 | Transmitted PZD7 |6: Actual output torque (x10, %) 0-47 0
P16.49 | Transmitted PZD8 |7: Actual output power (x10, %) 0-47 0
P16.50 | Transmitted PzD9 |8: Rotating speed of the running (x1, 0-47 0
. RPM)
Transmitted
P16.51 PZD10 9: Linear speed of the running (x1, m/s) 0-47 0
- 10: Ramp frequency reference
P16.52 [Transmitted PZD11 11: Fault code 0-47 0
12: All value (x100, V)
) 13: A2 value (x100, V)
P16.53 Transmitted  |14: AI3 value (x100, V) 0-47 0

PzD12 15: HDIA frequency (x1000, kHz)
16: Terminal input state
17: Terminal output state

-143-



Ethernet Communication Card Related function codes

Function L Setting | Default
Name Parameter description

code range value

18: PID reference (x10, %)

19: PID feedback (x10, %)

20: Rated torque of the motor

21: MSB of position reference (signed

number)

22: LSB of position reference (unsigned

number)

23: MSB of position feedback (signed

number)

24: LSB of position feedback (unsigned

number)

25: Status word

26: HDIB frequency value (x1000, kHz)

27: MSB of PG card pulse feedback

count

28: LSB of PG card pulse feedback

count

29: MSB of PG card pulse reference

count

30: LSB of PG card pulse reference

count

31: Function code 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

0: Self-adaption

Ethernet IP 1: 100M full duplex
P16.55 communication |2: 100M half duplex 0-4 0
rate setting 3: 10M full duplex
4: 10M half duplex

Industrial Ethernet
P16.58 communication |0-255 0-255 192
card IP address 1

Industrial Ethernet

P16.59 communication |0-255 0-255 168
card IP address 2
P16.60 |Industrial Ethernet |0-255 0-255 0
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Ethernet Communication Card Related function codes

Function L Setting | Default

Name Parameter description
code range value

communication
card IP address 3
Industrial Ethernet
P16.61 communication |0-255 0-255 20
card IP address 4
Industrial Ethernet
P16.62 communication |0-255 0-255 255
card subnet mask 1
Industrial Ethernet
P13 | communicaton o oog 0-255 | 255
card subnet mask
2
Industrial Ethernet
P14 | communicaton o oo 0-255 | 255
card subnet mask
3

Industrial Ethernet

communication

P16.65 0-255 0-255 0
card subnet mask
4
Industrial Ethernet
P16.66 communication |0-255 0-255 192

card gateway 1
Industrial Ethernet
P16.67 communication |0-255 0-255 168

card gateway 2
Industrial Ethernet
P16.68 communication |0-255 0-255 0

card gateway 3
Industrial Ethernet
P16.69 communication |0-255 0-255 1
card gateway 4
Save EtherCAT

P16.70 i f i 0: No 1 0
. written function 1: Yes 0-
codes
EtherCAT input [0: PRM as the input rotation speed unit
P16.72 0-1 0

unit selection  |1: plus/s as the input rotation speed unit

-145-



Ethernet Communication Card Related function codes

Function L Setting | Default
Name Parameter description
code range value
EtherCAT slave 0x0000—
P16.73 address 0x0000—OxFFFF OXEFEF OXFFFF
0: Reserved
EtherCAT-DC  |1: Reserved
P16.74 | synchronization |2: 1ms 0-5 0

period selection (3: 2ms
4-5: Reserved

EtherCAT
P16.75 communication |0.0-60.0s 0.0-60.0 5.0s
timeout time
0: Beckhoff
EtherCAT ; gﬁg on
P16.7 rted PL o —
6.76 suppc: e: (o} 3 Trio 0-8 0
P 4: LNC
5-8: Reserved
0: Free-run mode
1: SM mode (synchronized in data input
P16.77 Ether;igl run and output) 0-2 0
2: DC mode (synchronized in distributed
clocks)
State of extension |0: No card
P19.00 0-65535 0
card at slot 1 : PLC programmable card
i |
P19.01 State of extension /O card 0-65535 0

card at slot 2 : Incremental PG card

: Ethernet communication card

: DP communication card

: Bluetooth card

: Resolver PG card

State of extension 9: CANopen communication card

P19.02 card at slot 3 10: WIFI card 0-65535 0
11: PROFINET communication card

12: Sine-cosine PG card without CD

signals

13: Sine-cosine PG card with CD signals

14: Absolute encoder PG card

15: CAN master/slave communication

0
1
2
3
4: Incremental PG card with UVW
5
6
7
8

-146-



Ethernet Communication Card Related function codes

Function L Setting | Default
Name Parameter description

code range value

card

16: Modbus TCP communication card

17: EtherCAT communication card

18: BACnet communication card

19: DeviceNet communication card

20: PT100/PT1000 temperature

detection card

21: Ethernet IP communication card

22: MECHATROLINK card (Reserved)

23: Bluetooth card 2

24-31: Reserved

32: SSI-PG card

33-65535: Reserved

/Acceleration time of positioning means

P21.20 ACQ Fimfs of |the time needed for the VFD to 0.01- 3.00s

positioning accelerate from OHz to Max. output 300.00

frequency (P00.03).

Deceleration time of positioning means
DEC i f the ti for the VFD t .01-
p21.21 C _|mf3 (9 e time needed for the (o] 0.0 3.00s
positioning decelerate from Max. output frequency 300.00

(P00.03) to Ohz.
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