AKD2G Ethernet IP Standard Cyclic I/O Assembly and Explicit Messaging Axis 2 Rev. A  7/26/2024
In this application note, we’ll demonstrate the different command types supported by the AKD2G Ethernet IP drive using the Standard Assemblies (connection) specific to Axis 2. While the PLC screenshots demonstrate using an Allen Bradley PLC ( Compactlogix in this case ) the methods are not AB specific but part of the Ethernet IP protocol using the AKD2G Ethernet IP drive. We have not tested nor officially support other Ethernet IP masters beyond Micrologix1400 ( explicit only ), Compactlogix, and Contrologix. If your master supports cyclic I/O Assembly Messenging and you are able to map and establish communications, then this document will likely assist in understanding how to accomplish similar tasks that our AOIs for AB perform.  Again we do not guarantee compatibility except for the AB PLCs listed. If you are using Compactlogix or Contrologix, this application note may help you understand how the AKD2G Ethernet IP Communications ( and AOIs ) work behind the scenes. After covering cyclic messaging, examples of a read and write parameter via explicit messaging will be given.
Various commands and functions from the AKD2G Ethernet/IP Manual and the Standard Assembly 101 & 102:
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This application note will cover:
· Cyclic messaging

1. Command Type 0x05 Torque
2. Command Type 0x06 Position Move
3. Command Type 0x07 Jog Move
a. In velocity mode

b. In position mode

4. Command Type 0x08 Velocity Setpoint
5. Command Type 0x09 Motion Task
6. Command Type 0x1B Set Attribute of Position Controller Object
7. Get Attribute of Position Controller Object method
8. Command Type 0x1F
a. Read Parameter via Polled IO
b. Write Parameter via Polled IO
9. Homing Method
10. Running A Stored Motion Task Sequence
· Explicit Messaging
11. Write Parameter via Explicit Messaging
12. Read Parameter via Explicit Messaging
Foreword about Cyclic Messaging

In the case of using the AB Compactlogix for this application note, the following connection was created to access the I/O assemblies. In any case it is important to understand how the structure and controller tags are declared. How each byte of the Command (Output) and Response (Input) assemblies are accessed will vary from PLC to PLC manufacturer. See your PLC’s documentation for these details.

The AKD2G is setup as a Generic Ethernet Module where you give it a Name ( in this case AKD2G) and setup the Connection Parameters ( Note the 128 byte size of both Input and Output ).
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Once the Connection is created (the above Module is given the name “AKD2G”) the controller tags are created with the same naming convention and below it can be seen there are 128 bytes (SINT) for the Input of the Ethernet Module and 128 bytes (SINT) for the Output of the Ethernet Module. 
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Further expanding the AKD2G:I.Data and AKD2G:O:Data each byte in the 128 byte array can be viewed. When each byte is expanded each bit is further addressed.
For example (only Outputs shown):
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A key to comprehension of the assemblies are the charts in the AKD2G Ethernet/IP manual called Standard Command Assembly Data Structure and Standard Response Assembly Data Structure.
Note in the chart the leftmost column indicates Bytes for Axis 1 and the next column to the right indicates the bytes for Axis 2.
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1. Command Type 0x05 Torque

From the AKD2G Ethernet/IP Manual:
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The manual indicates in the steps above to issue a message to the Position Controller which is necessary if changing Axis op modes ( AXIS#.OPMODE ) in the application and the Command Source must be Fieldbus. If the Axis will always be in Torque mode and control then the Command Source and Op Mode can be set with Workbench and saved to device.

This application note will follow the procedure as indicated above for demonstration.

The Attribute number from the Drive Objects section of the manual is obtained as follows:
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See the section Command Type 0x1B Set Attribute of Position Controller Object for more details.

Axis 2 will be demonstrated.

Using the following structure the following must be set:

Bytes 66= Command Type= 1B ( Position Controller )

Bytes 68-71=Attribute Number=3 ( Operation Mode )

Byte 88-91=Attribute Data/Setting=2 ( Torque Mode )

Note the mode numbers in attribute 0x03 do not coincide with the convention used with the DRV.OPMODE or displayed on the front of the AKD ( i.e. o0=torque mode, o1=velocity mode, o2=position mode ).
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Note it is assumed the command assembly data bytes for Axis 2 (Bytes 64-127) are cleared ( all zeros ) prior to setup of this command.
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Expanding Byte 64 of the output data displays the 8 bits of the Control Word for Axis 2.
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Per the manual.
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To Set the Attribute of the Position controller transition the load/start bit from 0->1.
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On Load/Start the drive changes to Fieldbus and Torque Mode. 
Note 1: Torque Mode via the position controller is the only time with Ethernet IP the AXIS#.CMDSOURCE will change to/use “Fieldbus”. In most other applications and commands the AXIS#.CMDSOURCE will be “Service”. 
Note 2: Setting the Op Mode via the Position Contoller Object to Torque also changes the AXIS#.CMDSOURCE to the appropriate “Fieldbus”. The Torque Move command type 0x05 does not set the command source nor the op mode to the required settings. They must be set either by Workbench or the Position Controller PRIOR to issuing the Torque Move or it will result in a communications error timeout.

Using Workbench to verify the modal change for Axis 2 in the top toolbar:
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Next to set the torque value in this mode, first turn the load/start bit in the control word off.
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It is recommended to clear the command assembly for Axis 2 (bytes 64-127) from the previous command before proceeding.
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Next to setup the Torque Move per the command type 0x05 method:
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 Set the torque value in bytes 68-71. Values are in mA ( i.e. 100 mA ).
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Note it is assumed the command assembly data byte are clears ( all zeros ) prior to setup of this command.

Byte 66 is the command type which must be 0x05 for a Torque Move.

The Torque Move setup should appear as follows:
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Next enable Axis 2 by setting bit 7 of byte 64 to a value of 1.
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In Workbench in the bottom status bar Axis 2 is shown as Active (enabled).
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Once you are ready to start the torque move, bit 0 ( load/start bit ) in the control word must be triggered with a transition from 0->1.
[image: image23.png]Name
4 AKD2G:0.Datal64]
AKD2G:0.Datal641.0
AKD2G:0.Datal641.1
AKD2G:0.Datal6412
AKD2G:0.Datal413
AKD2G:0.Datal414
AKD2G:0.Datal415
AKD2G:0.Datal6416
AKD2G:0.Datal64].7

LosdiStan

Data Type
SNT
Bo0L
Bo0L
Bo0L
Bo0L
Bo0L
Bo0L
Bo0L
BOOL




In Workbench from the Current Loop screen->Status tab the current command is as expected (0.100 Arms).
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Also from the Terminal note AXIS2.IL.CMDU is not used and the fieldbus writes directly to the            AXIS2. IL.CMD.
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To set a different setpoint, change the data in bytes 68-71 and then set the control word start bit to 0 and then back to 1 for the new setpoint to take effect.
2. Command Type 0x06 Position Move
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The EIRASY101.AXIS# (Standard Command Assembly) values are passed to the drive as fllows:
EIPASY101 AXIS# ACC — AXIS# FBUS ACC

EIPASY101 AXIS# DEC — AXIS# FBUS DEC

EIPASY101 AXIS#V — AXISE FBUS V.

EIPASY101AXIS# P — AXIS# FBUS P




Bit 2 of the Control Word specifies if the Position Move is absolute (0) or incremental/relative (1).
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The manual indicates in the steps above to issue a message to the Position Controller which is necessary if changing Axis op modes ( AXIS#.OPMODE ) in the application and the Command Source must be Fieldbus. If the Axis will always be in Position mode and control then the Command Source and Op Mode can be set with Workbench and saved to device.

This application note will follow the procedure as indicated above for demonstration.

The Attribute number from the Drive Objects section of the manual is obtained as follows:
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See the section Command Type 0x1B Set Attribute of Position Controller Object for more details.

Therefore, using the following structure for Axis 2, the following must be set:

Byte 66= Command Type= 1B ( Position Controller )

Byte 68-71=Attribute Number=3 ( Operation Mode )

Byte 88-91=Attribute Data/Setting=0 ( Position Mode )

Note the mode numbers in attribute 0x03 do not coincide with the convention used with the AXIS#.OPMODE ( i.e. 0=torque mode, 1=velocity mode, 2=position mode ).
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Note it is assumed the command assembly data bytes for Axis 2 (Bytes 64-127) are cleared ( all zeros ) prior to setup of this command.
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To trigger the command, set the load/start bit in the control word ( bit 0 ) to 1.
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Per the manual:
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Workbench should indicate Axis 2 is in Fieldbus and  Position Mode for Axis 2.
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Note writing a 0 to the Op Mode of the Position Controller will change both the Command Source to Fieldbus and the Op Mode to Position.
If the drive is not enabled, the enable can be set by bit 7 in the control word shown below with a 0->1 (rising edge) transistion.
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The status bar in Workbench shows Axis 2 is active (enabled).
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It is recommended to clear the command assembly for Axis 2 (Bytes 64-127) from the previous command before proceeding.

First clear the load/start bit:
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Clear the rest of the command assembly for Axis 2 (bytes 64-127):
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To setup the position move, the following profile was used. This application note assumes the default Ethernet/IP units are used ( 65536=1 rev, 1rps, 1 rev/s^2 ).
[image: image39.png]o EtherNet/IP

Corfigures the EtherNet/IPfeldbus parameters.

Comnectes @) CydeTime )

CIP Sync | Scaling [Mation

Add New Device... Add New Group. Position Units
no-name (Orine B
° e ( ) Ratio Input:
[ Parameter LosdSave
&, Terminal Ratio Output:

@ Hardwre Congurtion VelosiyiAcsseraton Urts

@ PP
@ Modhus Ratio Input
« @ EtherNetP

s 1
E Ratio Output:
v iblies.

»
]
¢





Although Workbench Units are not related to Ethernet/IP Scaling, for  this demonstration the Units for Axis 2 were set to agree.

[image: image40.png]DeviceTopelogy * .2, Units

You can select the unts used forpositons, velociies and accelerations.

P -

4 & Project

Add New Device... Add New Group

[
—
o e

Goto Modbus

e w—





Position

10 revs with the given scaling is 65536*10 or 655360 converted to hex is 0A 00 00.
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Velocity

1 rps ( or 60 RPM ) is 65536 or converted to hex 01 00 00.
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Accel/Decel

1000 rev/s^2 or 60000 rpm/s or 65536000 converted to hex is 03 E8 00 00
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To setup the profile, the command assembly must be populated with the data above.

Recall:
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Next choose whether the move is to be an absolute.
Bit 2 of the Control Word specifies if the Position Move is absolute (0) or incremental/relative (1).
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In this application note, incremental ( relative ) is chosen.
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After homing ( not shown here ) the current position is 0.000
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On the trigger ( Load/Start bit) the fbus parameters are loaded with values and the move also executes/starts.
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From the Watch window after the move is completed:
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Alternatively the Position Command and Position Feedback can be viewed under Axis2->Settings->Position Loop->Status tab.
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The AXIS2.FBUS parameters can be viewed under Device Settings->Communication->Ethernet/IP->Axis 2->Motion tab.

The profile sent over Ethernet/IP can be viewed and verified on this tab.
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Another relative move by the same distance can be triggered by changing the load/start bit 0 in th control byte.
If desired, the Relative bit 2 in the control byte can be changed from 1 to 0, and the move profile data ( i.e. target position) can be changed in the command assembly and the load/start bit can be changed from 1->0 and then 0->1 for a rising edge to trigger a new move but absolute. 
3. Command Type 0x07 Jog Move

Note: This command works differently in velocity mode ( AXIS2.VL.CMD is set; homing is unnecessary ) than in position mode ( A repeating move profile is used to perform the jog; homing is necessary ).

General description of Command Type 0x07 Jog Move
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Jogging (Velocity Mode)

In velocity mode the flow of command data is as follows:
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The EIRASY101.AXIS# parameter values are passed to the drive as follows:
EIPASY101 AXIS# ACC — AXIS# FBUS ACC

EIPASY101 AXIS# DEC — AXIS# FBUS DEC

EIPASY101 AXIS#V — AXIS# FBUS VLCMD

EIPASY101 AXIS#P 0

“The Direction bit 3 in the Control Word (EIRASY 101 AXIS# CONTROL1) sefs the Direction 0 = Revers; 1= Fonward and sefs the sign of the AXIS#. FEUS VL CIAD.




The manual indicates in the steps above to issue a message to the Position Controller which is necessary if changing Axis op modes ( AXIS#.OPMODE ) in the application and the Command Source must be Fieldbus. If the Axis will always be in Velocity mode and control then the Command Source and Op Mode can be set with Workbench and saved to device.

This application note will follow the procedure as indicated above for demonstration.

The Attribute number from the Drive Objects section of the manual is obtained as follows:
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See the section Command Type 0x1B Set Attribute of Position Controller Object for more details.

Therefore, using the following structure for Axis 1, the following must be set:

Byte 66= Command Type= 1B ( Position Controller )

Bytes 68-71=Attribute Number=3 ( Operation Mode )

Bytes 88-91=Attribute Data/Setting=1 ( Velocity Mode )
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Note it is assumed the command assembly data bytes for Axis 2 (Bytes 64-127) are cleared ( all zeros ) prior to setup of this command.
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To execute the attribute write ( and change of Op Mode ) transition the load/start bit 0 in the control byte from 0->1 (rising edge).
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Checking via Workbench, Axis 2 should be in Fieldbus Command Source and Velocity Op Mode.
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It is recommended to clear the command assembly for Axis 2 (Bytes 64-127) from the previous command before proceeding.

First clear the load/start bit:
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Clear the rest of the command assembly for Axis 2 (Bytes 64-127):
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To setup the jog velocity, accel, and decel this application note assumes the default Ethernet/IP units are used ( 65536=1 rev, 1rps, 1 rev/s^2 ).
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Although Workbench Units are not related to Ethernet/IP Scaling, for  this demonstration the Units for Axis 2 were set to agree.
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, assuming the default Ethernet IP units of 65536 and a desired velocity of 600 rpm,

Velocity=10 rps ( 600 rpm )=65536*10=655360 which is “0A 00 00” hex.
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Accel and Decel units of 65536 rev/s^2 and a desired accel/decel of 60000 rpm/s,

Accel=Decel=1000 rev/s^2 ( 60000 rpm/s ) =65536*1000=65536000 which is “03 E8 00 00” hex.
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Set the command assembly for the given parameters above:
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Next, per the manual bit 3 (Direction) where Positive=1 and Negative=0 sets the direction of the Jog.
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First I chose to jog in the negative direction ( bit 3=0 ).
If Axis 2 is not enabled transition bit 7 of the control byte 0->1 to enable the drive.
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The bottom status bar in Workbench indicates Axis 2 is enabled (Active).
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To start jogging Axis 2 transition the load/start bit 0 from 0->1 in the control byte.
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From the Workbench Watch window the velocity is -655360 eip counts/s or 10 rps or 600 rpm.
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The velocity command and feedback can also be viewed by navigating to Axis2->Settings->Velocity Loop->Status tab.
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Also note the jog profile values can be viewed as AXIS#.FBUS parameters in Workbench under Device Settings->Communication->Ethernet/IP->Axis 2->Motion tab.

It is important to note the velocity command setpoint is displayed as a positive value but the actual velocity command is negative because the Direction bit in the command byte is 0 (Reverse).
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Note AXIS2.VL.CMDU is not used in this case and the velocity command is sent directly to the AXIS2.VL.CMD.
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To stop jogging execute a smooth or hard stop. In this case I executed a Smooth Stop by transitioning bit 4 (Smooth Stop) in the control byte from 0->1.
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The velocity command goes to 0.
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To jog in the forward direction I cleared the load/start bit 0 and smooth stop bit 4 and then set the direction to 1 ( forward ).
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On a retrigger of the load/start bit transition 0->1 (rising edge).  Axis 2 jogs in the forward direction.
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Axis 2 jogs at 655360 eip counts/s or 10 rps or 600 rpm.
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Also note the jog profile values can be viewed as AXIS#.FBUS parameters in Workbench under Device Settings->Communication->Ethernet/IP->Axis 2->Motion tab.

Note the direction of the jog is determined by the Direction bit in the control byte.
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Note AXIS2.VL.CMDU is not used in this case and the velocity command is written directly to the AXIS2.VL.CMD.
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To stop jogging, I set the smooth stop bit in the control byte.
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The velocity command goes to 0.
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Jogging (Position Mode)
In position mode the flow of command data is as follows:
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In position mode, jogging is accomplished differently compared to when command type 0x07 (Jog Move) is commanded in velocity mode. In position mode jogging is accomplished using a repeating move (move profile) and in position mode prior to jogging the axis must be homed.

The manual indicates in the steps above to issue a message to the Position Controller which is necessary if changing Axis op modes ( AXIS#.OPMODE ) in the application and the Command Source must be Fieldbus. If the Axis will always be in Position mode and control then the Command Source and Op Mode can be set with Workbench and saved to device.

This application note will follow the procedure as indicated above for demonstration.

The Attribute number from the Drive Objects section of the manual is obtained as follows:
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See the section Command Type 0x1B Set Attribute of Position Controller Object for more details.

Therefore, using the following structure for Axis 2, the following must be set:

Byte 66= Command Type= 1B ( Position Controller )

Byte 68-71=Attribute Number=3 ( Operation Mode )

Byte 88-91=Attribute Data/Setting=0 ( Position Mode )

Note the mode numbers in attribute 0x03 do not coincide with the convention used with the AXIS#.OPMODE ( i.e. 0=torque mode, 1=velocity mode, 2=position mode ).
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Note it is assumed the command assembly data bytes are cleared ( all zeros ) for Axis 2 (Bytes 64 to 127) prior to setup of this command.
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To trigger the command, set the start bit in the control word ( bit 0 ) to 1.
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Per the manual:
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Workbench should indicate the drive is in Service Position Mode and the display should show Fieldbus and  Position Mode for Axis 2.
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Note writing a 0 to the Op Mode of the Position Controller will change both the Command Source to Fieldbus and the Op Mode to Position.

Before proceeding it is recommended to clear the command assembly data of the previous command for Axis 2 (Bytes 64 to 127).
Toggle the Load/Start bit back to 0.
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Clear other data:
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To setup the jog velocity, accel, and decel this application note assumes the default Ethernet/IP units are used ( 65536=1 rev, 1rps, 1 rev/s^2 ).
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Although Workbench Units are not related to Ethernet/IP Scaling, for  this demonstration the Units for Axis 2 were set to agree.

[image: image100.png]Add New Device... Add New Group.

|- Analog Outputs
14 Digital IO
@ Acions
+ 5 Compare Engines
Capture
 soCerd
2 Customizaton
- @ Devie Diagnosiics
PR
4 @ Setings.
() Feedback
+ @ Motor
O Themsl Protscion
© Brake

el

@ Home
o i) Curent Loop
) Velocity Loop.
o () Positon Loop
@ EnsblelDisable
A Tuning (New)
o 4 Tuning (Legacy)
4 &4 Moton
3 Moton Tasks
b e Ais2(2)

[ You can select the units used for postions, velocities and accelerations.

P -

s
—
ecsin
bt ot

fns

o
—




Next, assuming the default Ethernet IP units of 65536 and a desired velocity of 600 rpm,

Velocity=10 rps ( 600 rpm )=65536*10=655360 which is “0A 00 00” hex.

[image: image101.png]Decimal  [g55380 AddtaList

Hexadecinal 4150000

Binay [00060000 00031010 03000000 O3B00GE0

76543210 76543210 78543210 76543210 Hew Dec
Clear List ‘





Accel and Decel units of 65536 rev/s^2 and a desired accel/decel of 60000 rpm/s,

Accel=Decel=1000 rev/s^2 ( 60000 rpm/s ) =65536*1000=65536000 which is “03 E8 00 00” hex.

[image: image102.png]£ Convert Dec Hex Bin

Decinal  [65535000 AddtaList

Hexadecinal [fH3EG0000

Binay  [G036001 11131000 03000000 036000

76543210 76543210 78543210 76543210 Hew Dec
Clear List





Set the command assembly for the given parameters above:

[image: image103.png]Standard Command Assembly Data Structure

[Axis 1 Byte [Asis 2 Byte Data po— [—
55 [conro oo [Tne Conirol Word contains bis fo anabling, moving, 3nd handshaling wit he drive. A5V 101.A5# CONTROLY
55 oo [Tre Siock Number s used o star 3 parseuar Motion Tsk. in combination it i St Blook BiLn ra Conrol Word [EPAST101 005 BLoCKNM
7 |Response Type [Specites e dasired response daia to ratrn in e Rasponse Assambly. [Eeasrioi axssmseriee
71 Joms [Tne command cats for most Commend Tyoes” [EleASY101 AxS# DATAL
7275 |Fostion Position dta for Command Type 6 (Postion Move)” [Epasvioasee
2591 _|Parameter/ Atroute Data | Command Data for Command Type 0x18 (Set Position Coniroler Attioute) and Ox1F (Set Parameter)” Easrioiaxss0eman
2 |asouei Ga g o dasired Positon Conirller Atrute vaue o retur in e Response Assembl Byies 24-27 for A 1 byles 85:91 for Avis 2) _|EIPASY101 AXISe ATTRISUTE
G295 [Raserves [EiePapevTe
3252 | 5027 [Command Dyname Ve | et for et mapeatie paremetrs
+ EpASYioLDATA?
+ EIPASYI01DATAS
+ EpasvioLmDE:
+ EPAsvioLNDEXS
+ EPAsYIOLMAR2
+ EPaSYiOLMAPS

“Laast signifcant byt fst for all data s

‘Ses sing orkBencn o Dynamicaly M St ® Earamlers (Standard Assembly) for nsirustions on how o sssiy msp parameters.




[image: image104.png]< Controller Tags - Example_PLC(controlle) X

Soope: [Ecanvle_PIC | Show:[A T B
Name. * Style DataType
b AKD2G:0.Data[64] 0 Decimal SINT.
b AKD2G:0.Data[65] 0 Decimal SINT.
[ moonaate Convanis | weme s
b AKD2G:0.Data[67] 0 Decimal SINT.
» AKD2G:0.Data[68] 0 Decimal SINT.
» AKD2G:0.Data[69] 0 Decimal SINT.
> AKDZGO.Datal 0] 0 Decimal ST
» AKD2G:0.Data[71] 0 Decimal SINT.
> AKDZGODstal72] 0 Decimal ST
» AKD2G:0.Data[73] 0 Decimal SINT.
b AKD2G:0.Data[74] 0 Decimal SINT.
» AKD2G:0.Data[75] 0 SINT





Next, per the manual bit 3 (Direction) where Positive=1 and Negative=0 sets the direction of the Jog.
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First I chose to jog in the negative direction.

If Axis 2 is not enabled transistion bit 7 of the control byte 0->1 to enable the drive.
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The bottom status bar in Workbench indicates Axis 2 is enabled (Active).
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Axis 2 must be homed prior to triggering the Jog command in position mode.

This can be accomodated by sending an explicit message to AXIS#.HOME.MOVE or to the Position Controller object and attribute for the home move.
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To start jogging Axis 2 transition the load/start bit 0 from 0->1 in the control byte.
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From the Workbench Watch window the velocity is -655360 eip counts/s or 10 rps or 600 rpm.
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The velocity command and feedback can also be viewed by navigating to Axis2->Settings->Velocity Loop->Status tab.
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Also note the jog profile values can be viewed as AXIS#.FBUS parameters in Workbench under Device Settings->Communication->Ethernet/IP->Axis 2->Motion tab.

It is important to note the profile setpoints are all displayed as positive values except the Position which is a negative number because the Direction bit in the command byte is 0 (Reverse). The Position value is 32 revolutions in the same units as Position units on the Units screen for Axis 2.
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Note AXIS2.VL.CMDU is not used in this case and the velocity command AXIS2.VL.CMD is function of the move profile running in Position mode.
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To stop jogging execute a smooth or hard stop. In this case I executed a Smooth Stop by transitioning bit 4 (Smooth Stop) in the control byte from 0->1.
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Axis 2 Jogging stops.
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To jog in the forward direction I cleared the load/start bit 0 and smooth stop bit 4 and then set the direction to 1 ( forward ).
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On a retrigger of the load/start bit transition 0->1 (rising edge).  Axis 1 jogs in the forward direction.
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Axis 1 jogs at 655360 eip counts/s or 10 rps or 600 rpm.
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Also note the jog profile values can be viewed as AXIS#.FBUS parameters in Workbench under Device Settings->Communication->Ethernet/IP->Axis 2->Motion tab.

It is important to note the profile setpoints are all displayed as positive values and the Position value is also positive because the Direction bit in the command byte is 1 (Forward). The Position value is 32 revolutions in the same units as Position units on the Units screen for Axis 2.
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Note AXIS2.VL.CMDU is not used in this case and the velocity command AXIS2.VL.CMD is function of the move profile running in Position mode.
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To stop jogging, I set the smooth stop bit in the control byte.
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Axis 2 forward jogging stops.
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4. Command Type 0x08 Velocity Setpoint

[image: image125.png]Command Type 0x08 - Velocity Setpoint
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Assembly Respanse Typs (Byl 3 for s 1 Byt 67 for s 2 = 014 and Data (yles 4.7 for s 1. Byles 6071 for Ao 2) The command soutce ms be Fiedous. The ive vl olow commanded velcity
‘while the Load/Start bitis set (leve! triggered).
Foris command tye, he behavir s iferen han the ofhercommand fypes. There s no data handshake using he Load/Stat it i the Control Word (Bye 0 for A 1 Bye 64 for s 2) nthe Command
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1 his mode, when the LoadiStart it s set o High (1), th crive il folow th commandedt velocity fom Velocy fied (BYes 12-15 for Axis 1: Bles 76-73 for i 2). Wihen the LoadiStar bits Low (0, the
v wil contine 0 Tolow the 25t commanaed yelocky (gnores changes t he Veloct fek)unt yau change one of e alouing:

+ Hard Stop bitis set o High (1) the Control Word (Byle 0 for As 1; Byle 64 for Axis 2).
- Smooth Stop bitis set 0 High (1) i the Control Word (Byte O for Axs 1; Byte 64 for Ais 2).
+ Enabe bits cleared (0) i the Control Word (Byte 0 for Ads 1; Byte 64 for Ads 2).

+ Faultocours.

- Or some ofher conditon tha would stop motion occurs (STO, efc)




The chart below has the direction bit ( bit 3 ) in the control word high which is forward. This isn’t mentioned in the description for command type 8 but it has an effect and in fact can be changed on the fly as well where the drive will decelerate if running and then reverse in the opposite direction to the target speed set in bytes 76-79 (Axis 2).
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[image: image127.png]Setup motion:

1. Vit 0 to the Command Type field (Byte 2 Axs 1; Byte 66 A% 2) inthe Command Assembly.
Inths mode, the drive ignores Acceleraton (Bytes 16-18 Ads 1, Byles 80-83 Axis 2) and Deceleratin (Byles 20-23 Axis 1; Bytes 84.87 Axis 2)

2 Setup scalig for Velosity, Acceleration, and Decleration where scalig s typicall set by WiorkBench EtherNel1P Avis — Scaling tab — VelociylAcceleration Unis. The Velocity and Acceleration Units can
2150 be set by sending a message {0 he Posiion Controller class 0386, Instance 1 o 2 where Instance = Axis Number, Afirbute 005: Profle Urits

3. Setup Acceleration one fime after power cycle. Send a message fo Position Confrolle class 0466, Instance 1 or 2 where Instance = Axis Number, Alibute (x36: Acceleration. Of use keyword
AXIS% FBUS ACC. This parameler can be saved o non-volaii memory So that t s restored afler a povier cycle.

4 Setup Deceleration one time afterpoeer cycle. Send 2 message 1o Posiion Controler class 0¢68, Instance 1 or 2 where Instance = Axis Number, Atibute 0x09: Deceleration. Or use keyviord
AXIS% FBUS DEC. This parameter can be saved o non-volaii memory So tha i restored aflr a povier cycle.

5. Put dive in Velocity Mode. Send a message to Position Confrole tass 0366, Instance 1 or 2 where Instance = Axis Number, Aftibute 0x03: Operation Mode with a value 1: Velociy Mode.
5. The Command Source must be Fiekdbus.
7. Enable the drive. This is accomplished by sefing the Enable it which is bit 7 of the Conirol Word n the Command Assembly

8 To enable erors:Virie 014 fo Response Type ied (Byte 3 for Axs 1. Bye 67 for s 2)n the Command Assembly. Then read the Data fed (Bytes 4-7 for Axis 1; Bytes 8871 for A% 2) i the Response
Assembly.

5 Set your intia Target Velocity usingthe Velocity field ofthe Command Assembly (Bytes 1215 or Axis 1; Bytes 76.79 for Axis 2).
10. Enable following of Velocity Setpoint This s accomplished by setting the Load/Start it which s bit 0 of the Corirol Word n the Command Assembly
The EIPASY101.AXIS# (Standard Command Assembly) values are passed to the drive as follows:

EIPASY101.AXIS# ACC — AXIS# FEUS ACC

EIPASY101.4XIS# DEC — AXIS# FEUS DEC

EIPASY101.AXIS#V — AXIS#FBUS VL CID

EIPASY101.AXIS#P — 0. (Not used in Velocity Selpoint)




Units Scaling:
In Workbench navigate to Device Settings->Communication->Ethernet/IP->Axis2->Scaling tab.

In this application note the default scaling of 65536 eip counts/s and eip counts/s^2 will be used.
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Next since the accel and decel in the command assembly are not used ( ignored ) when using Command Type 0x08 (Velocity Setpoint), the accel (AXIS2.FBUS.ACC) and decel (AXIS2.FBUS.DEC) must be set either in Workbench or the Position Controller Object.

In Workbench navigating to the Ethernet/IP->Axis2->Motion tab the Accel and Decel listed under the group Motion Profile are the accel/decel used with Command Type 0x08 (Velocity Setpoint).
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These can also be set by the Position Controller Object attributes 8 and 9 as shown below.

[image: image130.png]AKD2G EtherNet/IP Objects and Attributes

“The folowing table provides supported atributes.

Posiion Controlisr Object 0456
[Attribute 1D | Name Access Type Description
Decimal Hex Rule.

1 |0x01|Number of Atiioutes__|Get [USINT___|Retums the total number of atrbutes supported by this objec nths device.
2 [0x02|Atiribute List [Get [Array of |Retums an array with  istof the aributes supported by this object i tis device.
jusINT
5 [0x04 Mode. [GetiSet__|USINT __[Operating mode. 0 = Postion Mode (defauf). 1 = Velosity Mods, 2 = Torque Mods. Values get converted to AXISZ OPMODE
4 [0x04 [Postion Units [GetSet_|DINT __[Position Unis raio vaiue is he number of aciual positon feedback counts equal 0 on posiion unt (default 1) See AXIS2 EIPOSUNT.
5 [0x05Profe Units Getiset[DINT  [Profle Units ratio vae is the number o actual position feedback counts per second or second? equal o one velociy, acceleraion or
|deceleration unit (defaul 1). See AXISE EIP PROFUNIT.
5_[0:0|Target Postion [Gel/Sel_|DINT ___[Spesies the trgel positon n counls. See AXIS# FBUS B
007 Target Velocty [GetiSet |DINT _[Sets AXIS2 FBUS V when using Command Type 6 (Posiion Move) or 7 (Jog Move) whi in Posiion Mode. Otherviss goss irecty 1o
215 VI G
10 |0x0A|Incrementa Posifion | Get'Set[BOOL _Incremental Position Flag 0 = Absalute, 1 = Incremental
Fisg
1 [0x05|Load DatarProfie |Gel/sel  [5OOL _[Used o Load Gommand Data, Star a Profie Move, and indica thal  Profie Move i i progress.
[Handshake
7 [oxi [Enable. [Get/Sel_[BOOL __|Enable Output (same 25 AXIS2 EN and AXISE DIS |
25 |0xt9|Toraue. [GetiSet  [DINT [Outputtorque in milizmps [ma) Sefs AXIS2 FBUS IL CIID Thi s only used when AXIS2 OPIIODE s in Torque Mode and
|AXS# CDSOURCE i feldbus (e - Command Type 5 - Torque Move).
5_[0x3A|Load Dala Complete _|GeUSel _[BOOL___inicates that vald daa for  vald /0 Command Message type has been loaded into the pastion confroller device.
100 _[0x54]Home Mode. [Geviset _|InT [See AXIS% HOME MODE in WorkBench Online Help,

1010465 Home Move st [EOOL_[infate 2 Home Move. See AXIS% HOME MOVE.





The manual indicates in the steps above to issue a message to the Position Controller which is necessary if changing Axis op modes ( AXIS#.OPMODE ) in the application and the Command Source must be Fieldbus. If the Axis will always be in Velocity mode and control then the Command Source and Op Mode can be set with Workbench and saved to device.

This application note will follow the procedure as indicated above for demonstration.

The Attribute number from the Drive Objects section of the manual is obtained as follows:
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See the section Command Type 0x1B Set Attribute of Position Controller Object for more details.

Therefore, using the following structure for Axis 1, the following must be set:

Byte 66= Command Type= 1B ( Position Controller )

Byte 68-71=Attribute Number=3 ( Operation Mode )

Byte 88-91=Attribute Data/Setting=1 ( Velocity Mode )
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Note it is assumed the command assembly data bytes for Axis 2 (Bytes 64-127) are cleared ( all zeroes ) prior to setup of this command.
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To execute the attribute write ( and change of Op Mode ) transition the load/start bit 0 in the control byte from 0->1 (rising edge).
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Checking via Workbench, Axis 2 should be in Fieldbus Command Source and Velocity Op Mode.
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It is recommended to clear the command assembly for Axis 2 (Bytes 64-127) from the previous command before proceeding.

First clear the load/start bit:
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Clear the rest of the command assembly for Axis 2 (Bytes 64-127)
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From the Standard Command Assembly Data Structure:
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Write 0x8 to the Command Type field (byte 66) in the command assembly for Axis 2.
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To enable errors write a 0x14 in byte 67 (Axis 2) of the command assembly and read the response in byte 67 of the response assembly:
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> AKD2GODatal6] 0 Decimal SNT
> AKD2G:ODatal65] 0 Decimal SNT
> AKDZGODatal6s]  Comrmand Type 16408 Hex SINT
b AKDGODatal67]  FesorsaTioe | 168 Hex SINT
> AKD2GODatal6t] 0 Decimal SNT

b AKD2G:0.Data[69] 0 Decimal SINT




Response notes:
[image: image142.png]Data Field - On Command Error

The Data Feld (Bytes 4.7 Axis 1. Bytes 65.71 fo Axis 2 ofthe Response Assembiy) has the folowing contents when the Response Type fiel is set o 0x14.
[Axis 1 Axis 2 Data. ‘Comment
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4 ]68 [EmorCode |Referto tabie in Response Type Oxié - Command/Response Error
/5 [69 _[Addibional Code|Reer o tabie in Response Type x14 - CommandResponse Eror

170 |Command Type[ Echoes Byte 2 (s 1) or Byte 86 (Axis 2 fom the Standard Command Assembly Data Structure
[71_|Response Type|Echoes Byte 3 (s 1) or bye 67 (Axis 2) from the Standard Gommand Assembly Data Structure,
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Per the above there is no current error.
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Next set the velocity setpoint in bytes 76-79 (Axis 2). In this case, the setpoint is hex “0a 00 00” or 655350 in EIP units or 10 rps or 600 rpm.

[image: image145.png]< Controller Tags - Example_PLC(controlle) X

Scope: |fBEample PLC - | Show: |Al Tags

Name 3/- Value  « Style DataType
> AKD2G:0.Datal4] 0 Decimal ST
> AKD2G:0.Datal6S] 0 Decimal ST
> AKD2G:0.Datal66] 16408 Hex ST
> AKD2G:0.Datal6T] 16¢14 Hex ST
> AKD2G:0.Datal66] 0 Decimal ST
> AKD2G:0.Datal6S] 0 Decimal ST
> AKD2G:0.Datal0] 0 Decimal ST
> AKD2G:0.Datal71] 0 Decimal ST
> AKD2G:0.Datal72] 0 Decimal ST
> AKD2G:0.Datal73] 0 Decimal ST
> AKD2G:0.Datal74] 0 Decimal ST
> AKD2G:0.Datal75] 0 Decimal SINT
> AKD2G:0.Datal6] ST
> AKDZGODSITT]  Vaocsy Sewort ST
> AKD2G:0.Datal 78] ST
> AKD2G:0.Datal75] SINT
> AKD2G:0.Datal80] ST
b AKD2G:0.Data[81] 0 Decimal SINT




If Axis 2 is not enabled, the enable can be set by bit 7 in the control word shown below with a 0->1 (rising edge) transistion.
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The Status Bar in Workbench indicates Axis 2 is Active (Enabled).
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In this example the direction bit 3 in the control byte will be set to 1 for forward direction.

[image: image149.png]Control Word

Byte 0 for s 1; Byt 64 for A 2 of the Standard Command Assemsy.

[P —

0 |Losa/Star[Tris bitis used for data handsnaking beween the conrolr and ampifer

[Start Blook|Execates 3 Moton Task sequence prviously generated and stred n the drve. Entar i staring Block number nfo ha Biook Number Fld (S 1) nd ransison s it 1o High (1) Tra Loadistar fag must
s Low (0) whie ansitning Star Sock.

2 [Reimive [Tnis btis uesc n omy i Posiion Mode. T o ndcates whether  move xaeuted win Command Typa 1 (Target Postion) or & (Postan Move) shaula bs sbeolte (0] or mramanta (1.

2 [Smootn _[Setting this i causes e ampifer 0 decelerata [0 3 510p. The smooth 51991 he same 2s AXIS2 STOP |t wil decelrate 52523 on e DEC sefings 2 he tme of maton nbaton
by

5 [Hara Siop[Seing s it causes e ampifer o execute 3 Conrolled Sop. The Enai 5t must b2 Seared and rese 1n rder 1 anable moon 3gain. Gontrolled Siop confguration and sefings oan be found
[orBancis Ensb Dassle szraen undr Sating fo the ressecive axe.

& [Fesanes

7 [Enable [Seting s it anabies e smpiier

7o transmit s command o the amper

1.Setihe Command Type and oad data ino the data ieds
2 Toggle LosaStart o High (1.
The ampifier wil acoept data only when Load/Start ransiions from O o 1.




[image: image150.png]Name
4 AKD2G:0.Datal64]
AKD2G:0.Datal641.0
AKD2G:0.Datal641.1
AKD2G:0.Datal6412
AKD2G:0.Datal413
AKD2G:0.Datal414
AKD2G:0.Datal415
AKD2G:0.Datal6416
AKD2G:0.Datal64].7

Data Type
SNT
Bo0L
Bo0L
Bo0L
Bo0L
Bo0L
Bo0L
Bo0L
B00L




Enable velocity setpoint following for Axis 2 by setting bit 0 of the control byte to 1.
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Axis 2 accelerates up to the target velocity and per the description for command type 8, as long as the load/start bit is high, the velocity data in bytes 76-79 can be changed on the fly. As mentioned before bit 3 ( direction ) can be changed on the fly as well.
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From Workbench the velocity command and feedback for Axis 2 can be observed under Axis 2->Velocity Loop->Status tab.
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For demonstration the velocity setpoint will be changed on the fly.
First convert setpoint value to hex ( in this case 30000=7530h ).

[image: image154.png]HEX 7530
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In this case -20000=FF FF B1 E0 h ( 4 bytes ).
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Change the values of Bytes 76-79 in the command assembly:

[image: image156.png]Name. « Style Data Type
b AKD2G:0.Data[64] ~119 Decimal SINT
b AKD2G:0.Datel65] 0 Decimal SINT
b AKD2G:0.Data[66] 16508 Hex SINT
b AKD2G:0.Datel67] 16214 Hex SINT
b AKD2G:0.Date[68] 0 Decimal SINT
b AKD2G:0.Date[69] 0 Decimal SINT
b AKD2G:0.Date[70] 0 Decimal SINT
b AKD2G:0.Data(71] 0 Decimal SINT
b AKD2G:0.Datel72] 0 Decimal SINT
b AKD2G:0.Datal73] 0 Decimal SINT
b AKD2G:O.Datal74] 0 Decimal SINT
b AKD2G:0.Date[75] 0 Decimal SINT
b AKD2G:0.Data[76] Hex SINT
> AKD2GODatelT7]  Vaiosty Sewoit Hex SINT
b AKD2G:O.Data[78] Hex SINT
b AKD2G:0.Datel79] Hex SINT
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Again changing the values of bytes 76-79 in the command assembly:

[image: image158.png]Name Data Type
b AKD2G:0.Datal64] SINT
b AKD2G:0.Datal65] SINT
b AKD2G:0.Datal66] SINT
b AKD2G:0.Datal67] SINT
b AKD2G:O.Datal66] SINT
b AKD2G:0.Datal63] SINT
b AKD2G:O.Datal70] SINT
b AKD2G:O.Datal71] SINT
b AKD2G:O.Datal72] SINT
b AKD2G:O.Datal73] SINT
b AKD2G:O.Datal74] SINT
b AKD2G:O.Datal75] SINT
b AKD2G:O.Datal76] SINT
> AKD2G:ODatal77]  Vaocity Sspoit SINT
b AKD2G:0.Datal78] SINT
b AKD2G:O.Datal79] SINT
b AKD2G:0.Data[20] SINT
b AKD2G:O.Data[81] SINT
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One last example is to revisit a positive value of 655360 but this time the direction bit will be turned off (for reverse direction).
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> AKD2G:0.Datal71] 0 Decimal ST
> AKD2G:0.Datal72] 0 Decimal ST
> AKD2G:0.Datal73] 0 Decimal ST
> AKD2G:0.Datal74] 0 Decimal ST
> AKD2G:0.Datal75] 0 Decimal SINT
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> AKD2G:0.Datal 78] ST
> AKD2G:0.Datal75] SINT
> AKD2G:0.Datal80] ST
b AKD2G:0.Data[81] 0 Decimal SINT
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5. Command Type 0x09: Motion Task

Command Type 0x09: Motion Task was added to the AKD2G drive to facilitate a block transfer of motion task profile data (i.e. position, velocity, accel, and decel). Note per the manual, this command loads data into a motion task but doesn’t initiate the task or motion.  Once a motion task has been defined/loaded, use the block method (Block# and Start Block bit in the control word) to start a specific motion task. See Section 10 :Running A Stored Motion Task Sequence of this application note for more details on the Block Method.
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For this demonstration it will be assumed Axis 2 is in Fieldbus command source and Position op mode.
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Motion Task # 10 is arbitrarily chosen for demonstration and the following data will be used:

Byte 65 (Block #)= 10

Bytes 72-75 (Position)=22222 (decimal) or 56CE (hex)

Bytes 76-79 (Velocity)=65536 (decimal) or 10000 (hex)
Bytes 80-83 (Accel)= 655360 (decimal) or A0000 (hex)
Bytes 84-87 (Decel)=655360 (decimal) or A0000 (hex)
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This demonstration assumes the control word and command assembly data for Axis 2 (bytes 64-127) is cleared (all zeroes) prior to executing command type 0x09 Motion Task.
Populating the command assembly with data:
Set the Block Number in Byte 65.
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Set the Command Type in Byte 66 to 0x09.
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Set the Position, Velocity, Accel, and Decel values to be loaded.
[image: image168.png]Name « Style Data Type
b AKD2G:O.Datal72] Hex SINT
b AKD2G:O.Datal73] Positon Hex SINT
b AKD2G:O.Datal74] Hex SINT
b AKD2G:0.Datal75] Hex SINT
b AKD2G:0.Datal76] Hex SINT
b AKD2G:O.Datal77] Velosty. Hex SINT
b AKD2G:0.Datal78] Hex SINT
b AKD2G:0.Datal79] Hex SINT
b AKD2G:0.Datal20] Hex SINT
b AKD2G:O.Datal81] fosal Hex SINT
b AKD2G:O.Datal82] Hex SINT
b AKD2G:0.Datal83] Hex SINT
b AKD2G:0.Data[84] 16200 Hex SINT
b AKD2G:O.Datal85] Decel 16200 Hex SINT
b AKD2G:O.Datal26] 16202 Hex SINT
b AKD2G:0.Datal87] 16200 Hex SINT
b AKD2G:0.Data[88] 0 Decimal SINT





Prior to loading the motion task, motion task 10 in the table in Workbench is at the default values.
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To load the values, transition the load/start bit 0 in the control word from 0->1 ( rising edge ).
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Motion Task 10 in Axis 2 Motion Task table now has the values loaded from the PLC.

[image: image171.png]Moion Tasks
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In this example the default AXIS2.MT.CNTL=0 will be used which is a trapezoidal absolute move.
For more sophisticated move types, see the AKD2G Command Refernce for AXIS#.MT.CNTL and related AXIS#.MT parameters. Per the Command Type 0x09 Motion Task definition these parameters must be set prior to issuing the Block# and Start Block bit in the Control Word to execute a specific motion task number in the motion task table. 

See Section 10: Running a Stored Motion Task Sequence for more details on the Block Method.

6. Command Type 0x 1B: Set Attribute of Position Controller Object
[image: image172.png]Command Type 0x1B - Set Attribute of Position Controller Object

“This command type i used o set a value inthe Posifion Controle Object, such s for configuring and trggering a home move. Ses the chapter on osion Controllr 0165 and AKD2G Etherliet/ Objects and
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1. Viite 016 to the Command Type field (e 2 for Axis 1. Byte 66 for Axis 2)ofthe Command Assembly.

2 Load the desired Atiribute number (least signiicant Byte first) nto Bytes 4.5 for Axs 1 o Bytes 63-69 for Axs 2.
3. Load the desied Parameter/Attibute Data valus into Byles 24-27 for Axs 1 or Byles 88.1 for Axs 2 (See the Standard Command Assembly Data Siructure).

4. Setthe Load/Star bit o setthe value in the drive.





Set Attribute is specific to the Position Controller object. I arbitrarily chose attribute 3: Operation Mode.
[image: image173.png]AKD2G EtherNet/IP Objects and Attributes

“The folowing table provides supported atributes.

Posiion Controlisr Object 0456
[Attribute 1D | Name Access Type Description
Decimal Hex Rule.

1 |0x01|Number of Atiioutes__|Get [USINT___|Retums the total number of atrbutes supported by this objec nths device.
2 [0x02|Atiribute List [Get iy o [Retums an aay vith s o e aiues supportd s cect n i deviee
5 [0x04 Mode. [Get/Sel__|USINT __|Operating mods. 0 = Positon Mode (defau) 1 = Veloaity Mods, 2 = Toraue Mode. Valuss get converted fo AXISE OPIIODE
4 [0x04 [Postion Units [GetSet_|DINT __[Position Unis raio vaiue is he number of aciual positon feedback counts equal 0 on posiion unt (default 1) See AXIS2 EIPOSUNT.
5 [0x05Profe Units Getiset[DINT  [Profle Units ratio vae is the number o actual position feedback counts per second or second? equal o one velociy, acceleraion or
|deceleration unit (defaul 1). See AXISE EIP PROFUNIT.
5_[0:0|Target Postion [Gel/Sel_|DINT ___[Spesies the trgel positon n counls. See AXIS# FBUS B
7 [0x07 Target Velocity [GetiSet |DINT _[Sets AXIS2 FBUS V when using Command Type 6 (Posiion Move) or 7 (Jog Move) whi in Posiion Mode. Otherviss goss irecty 1o
|21S2 VI
5 _[0x0| Acesleration |GetiSet|DINT ___[Sets e zcosleratio rate fo use during postion and velosity moves. Sefs AXISZ FBUS ACC.
5 [0x09|Deceleration |Getiset|DINT __[Sets the deceleration rate o use duing postion and velosity moves. Ses AXIS# FEUS DEC
10" [or0a[ncemenia Posiln GeUSel[800L | Incrementl Psiton Flag 0= Absli, 1= ncemerial
20
T [POB[Load CaPfls [GeUSel [B00L Used o Losd Command Dt St ot v, and ittt ove s 1 prress
7 [oxi [Enable. [Get/Sel_[BOOL __|Enable Output (same 25 AXIS2 EN and AXISE DIS |
25 |0xt9|Toraue. [GetiSet  [DINT [Outputtorque in milizmps [ma) Sefs AXIS2 FBUS IL CIID Thi s only used when AXIS2 OPIIODE s in Torque Mode and
|AXS# CDSOURCE i feldbus (e - Command Type 5 - Torque Move).
5_[0x3A|Load Dala Complete _|GeUSel _[BOOL___inicates that vald daa for  vald /0 Command Message type has been loaded into the pastion confroller device.
100 _[0x54]Home Mode. [Geviset _|InT [See AXIS% HOME MODE in WorkBench Online Help,
1010465 Home Move st [EOOL_[infate 2 Home Move. See AXIS% HOME MOVE.
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The Attribute number from the Drive Objects section of the manual is obtained as follows:
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Axis 2 will be demonstrated.

Using the following structure the following must be set:

Byte 66= Command Type= 1B ( Position Controller )

Bytes 68-71=Attribute Number=3 ( Operation Mode )

Bytes 88-91=Attribute Data/Setting=2 ( Torque Mode )

Note the mode numbers in attribute 0x03 do not coincide with the convention used with the DRV.OPMODE or displayed on the front of the AKD ( i.e. o0=torque mode, o1=velocity mode, o2=position mode ).
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Note it is assumed the command assembly data byte for Axis 2 (Bytes 64-127) is cleared ( all zeros ) prior to setup of this command.
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Expanding Byte 64 of the output data displays the 8 bits of the Control Word for Axis 2.
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Per the manual.
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To Set the Attribute of the Position controller transition the load/start bit from 0->1.
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On Load/Start the drive changes to Fieldbus and Torque Mode. 

Note 1: Torque Mode via the position controller is the only time with Ethernet IP the AXIS#.CMDSOURCE will change to/use “Fieldbus”. In most other applications and commands the AXIS#.CMDSOURCE will be “Service”. 

Note 2: Setting the Op Mode via the Position Contoller Object to Torque also changes the AXIS#.CMDSOURCE to the appropriate “Fieldbus”. The Torque Move command type 0x05 does not set the command source nor the op mode to the required settings. They must be set either by Workbench or the Position Controller PRIOR to issuing the Torque Move or it will result in a communications error timeout.

Using Workbench to verify the modal change for Axis 2 in the top toolbar:
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Turn the load/start bit in the control word off.
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It is recommended to clear the command assembly for Axis 2 (Bytes 64-127) from the previous command before proceeding.
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7. Get Attribute of Position Controller Object Method:
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Get Attribute is specific to the Position Controller. In this example I arbitrarily chose Home Mode attribute 100 ( decimal ) and 64 ( hex ).

Axis 2 will be used in this demonstration.
It is assumed the command assembly data is cleared (all zeroes) prior to issueing the Get Attribute method.
As noted in the definition of the Get Attribute method it does not make use of byte 66 (command type) nor the Load/Start bit in the control word. 

To Get Attribute set byte 92 to 16#64 ( Home Mode ) in the Command Assembly (Output Data).
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The response came back as 7 in Byte 88-91 of the response assembly for Axis 2 which is correct ( Home Mode=7-Find zero angle ) and the attribute to get is mirrored in Byte 92 ( 64h ).
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Per the definition if I change the home mode via Workbench, bytes 88-91 should update:
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8. Write Parameter ( via polled IO command: static mapping )
Read Parameter ( via polled IO command: static mapping )

Both of these operations use the same command type 0x1F and byte 6 determines whether the operation is a read or write. Note this is different than explicit messaging because this command type uses the polled IO ( cyclic data ) of the command and response assemblies.
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Don’t forget if you were using the Get Attribute field previously to clear it when using the Read or Write Parameter command type.            
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This demonstration assumes the command assembly bytes for Axis 2 (Bytes 64-127) have all been cleared (zeroes).
To write a value, I chose the home velocity parameter for Axis 2 (AXIS2.HOME.V)
From the AKD2G Ethernet/IP Objects List
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Both the decimal and hexadecimal Attribute value is shown and the Instance is 1.
Command Byte 66=16#1F

Attribute/parameter index)=

Byte 68=16#e0

Byte 69=16#17

Byte 70 bit 0= 1 (Write)

Byte 70 bits 1 to 7= 0 (non array parameter)

Byte 71 bits 0 to 7 =0 (non array parameter)
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Therefore Byte 70 is set to 1 and Byte 71 is set to 0.
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Set bytes 88-91 to the Parameter/Attribute Data.
I chose an arbitrary value to write: 12345 and converted it to hex: 3039
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To write set the load/start bit in the control word from 0 to 1 ( transition ).
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In Workbench and navigating to Axis 2->Home screen the Home Velocity has changed to the written value from the PLC.
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Read Parameter

To read the same parameter ( Home Distance ) I used the same command structure but set byte 70 bit 0 to 0 ( read ).
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Set the load/start bit to 0 and then back to 1 to trigger the read.
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The response assembly data (read) appears in bytes 88-91.
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From the Write Parameter data we know that 3039 hex is the value 12345 decimal.
9. Homing Method
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The Homing Mode may be selected using attribute 0x64, Home Mode of the Position Controller Object, or by setting the Homing Mode directly in WorkBench
To execute homing, write a value of 1 to attribute 0x65 Start Home Move

When homing is complete, the Homed flag in Status Word 1 of the Response Assembly will be set.




Set Attribute has already been covered. In this case, let’s assume the Home mode has already been set using that method or set via Workbench.

Homing Mode ( in this case mode 7: Find zero angle ):
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We will also assume Axis 2 is in Fieldbus Command Source, Position Mode, and enabled.
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[image: image213.png]AKD2G EtherNet/IP Objects and Attributes

‘The following table provides supported attributes
Position Controller Object 0x66

Attribute 1D Nam Access |Type  Description
il Hex. Rule
1| 0x01 | Number of Attrbutes |Get USINT __[Returs the total number of atributes supported by this object n this device.
2 |0x02Atribute List Get [Aray of |Returns an array with a It of the attrbutes supported by this object in this device.
USINT
3 [0x04|Wode [GeliSet |USINT | Operating mode. 0 = Position Mode (defau, 1 = Velocity Mode, 2 = Torque Mode. Values oet converted to
|AXIS# OPMODE.
4| 0x04[Posiion Units [GetSet |DINT |Position Units ratio value is the number of actual position feedback counts equal to one position unit (default 1) See
|AXIS# EIPPOSUNIT.
5 | 0x05 Profile Units Get/Set |DINT [Profile Units ratio value is the number of actual position feedback counts per second or second? equal to one velocty,
Jacceleration o deceleration unit (default 1). See AXIS# EIPPROFUNIT
6 [0x06 Target Position [GetiSet [DINT __[Specilies the target position in counts. See AX|S# FEUS P.
7 [0x07 [Target Velocity [GetiSet [DINT |Sets AXIS# FBUS.V when using Command Type 6 (Position Move) or 7 (Jog Move) while in Position Mode. Otherwise
lgoes directly to AXIS# VL CMD.
& | 0x08|Accaleration [GetiSet_[DINT __|Ses the acceleration rate to use during position and velocity moves. Sefs AXIS# FBUS ACC
9 [0x09|Deceleration [GetiSet_|DINT __[Ses the deceleration rate to use during position and velocity moves Sets AXIS# FEUS DEC
10| 0x0A|Incremental Position | GetiSet  |BOOL _|Incremental Position Flag 0: = Absolute, 1: = Incremental.
[Flag
11 |0x0B|Load DataProfile | GetiSet |[BOOL |Used to Load Command Data, Start a Profile Move, and indicate that a Profile Move is in progress.
|Handshake
17| 0xt1 [Enable [GetiSet_[BOOL __|Enable Outpu (same as AXIS# EN and AXIS#DIS )
25 |ox19Torque [GetiSet [DINT |Output torque in miliamps [mA]. Sets AXIS# FBUS IL.CUID. This is only used when AXIS# OPMODE is in Torque
[Mode and AXIS# CMDSOURCE is fieldbus (i.e.- Command Type 5 - Torque Move).
58 |0x3A|Load Data Complete |GetSet |BOOL __|Indicates that valid data for a valid 0 Command Message type has been loaded into the position controller device:
100_|0X64|Home Mode [Getiset | INT [See AXIS# HOWE MODE in WorkBench Onine Help.





The definition is given as follows ( note the attribute ID in the chart above is decimal and the attribute ID given here is hex ).
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Recall the Set Attribute method.

[image: image215.png]Command Type 0x1B - Set Attribute of Position Controller Object

‘This command type is used to set a value in the Position Controller Object, such s for configuring and triggering a home move. Ses the chapter on Position Controller 0x66 and AKD2G.
EtherNeY/IP Objects and Attrbutes for a isting of available attributes in this object.

1. Wiite 0x18 to the Command Type field (Byte 2 for Axis 1; Byte 66 for Axis 2) of the Command Assembly.
2 Load the desired Attribute number (least significant Byte first) into Bytes 4-5 for Axis 1 or Bytes 68-69 for Axis 2

3 Load the desired Parameter/Attriuts Data valus info Bytes 24-27 for Axis 1 or Bytes 88-91 for Axis 2 (See the Standard Command Assemby Date Structure)
4. Set the Load/Start bit o set the value in the drive.
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It is assumed the command assembly bytes for Axis 2 (Bytes 64-127) are cleared (all zeroes) accept the enable bit 7 in byte 64 (the control word) prior to issuing the home command.

Byte 66 Command Type=16#1b

Bytes 68-69 Data/Attribute Number=16#65 (Decimal 101) Home Move

Bytes 88-91 Parameter/Attribute Data=16#01
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Set the attribute data (to write) to 1 in bytes 88-91.
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To start the move ( trigger the command ) toggle the load/start bit from 0 to 1 in the control word.
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Home move commences.

When home is complete (success), Status Word 1 bit 5 indicates the axis has been successfully homed.
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Also in Workbench the home found and done illuminator lamps are green and the position feedback is 0.
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10. Running A Stored Motion Task Sequence
[image: image223.png]Running a Stored Motion Task Sequence
As an aterative to issuing a sngle poin-t-point positon command, EtherNeUIP can be used tostar a predefined Motion Task or sequence of mation tasks.

A motion tasking sequence may be setup in WorkBench and then executed later through EtnerNet/IP. Motion Tasks may also be setup directly through EtnerNetIF.

To execute a Motion Task sequence, set Block Number equal o the index of the Motion Task to begin executing and transition the Start Block bi high. The Axis must be enabled and
the stop and Load/Start bits must be low.
When a stored Motion Taskis running, the Response Assembly vill report this with the Block in Execution status bit, and the executing task will be given in the Block # response byte.

To stop an executing sequence, set the Smooth Stop or Hard Stop bit.




I created 2 Motion Tasks using Workbench. Suppose one is for the extend and the other is the return or retract move on a linear axis. As shown Motion Task 1 is an absolute move to 655360 eip counts and Motion Task 2 is an absolute move to 0 eip counts.
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For Axis 2 the Block# is Byte 65 per the manual:
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The Start Block bit in the Control Word is Bit 1 as shown:
[image: image226.png]Control Word

Byte 0 for Axis 1: Byte 64 for Axis 2 of the Standard Command Assembly.

Bit Definition

Description

[0 |Losurstat[Tnis bt s usea fr Gata handshaing beteen the controler and ampifir

2 |Relative | This bitis used in only in Position Mode. This bit indicates whether a move executed with Command Type 1 (Target Position) or 6 (Position Move) should be absolute.
(0 or incremental (1)

3 [Direction |Used with Command Type 0x07 - Jog Move in both Velocty Operation Mode or Position Operation Mode and Command Type 0x08 - Velocity Setpoint in Velocity
|Mode. Positive direction = 1 and Negative direction = 0.

4 [Smooth [Setting this bit causes the ampiffier to decelerate fo a stop. The smooth stop is the same as AXIS# STOP . It will decelerate based on the DEC seftings at the tme of

stop [motion nitation.

5 |Hard Stop [Satiing this bi causes the amplifier to execute a Conirolled Stop_The Enable bit must be cleared and reset n order (o enable motion again Controlled Stop
|configuration and settings can be found in WorkBench's Enable/Disable screen under Settings for the respective axis.

& |Reserved

7 |Enable_|Setting this bit enables the ampifer.

To transmit a command to the ampifier:

1. Setthe Command Type and load data into the data fields.
2. Toggle Load/Start o High (1)
‘The amplifier il accept data only when Load/Start ransitions from 0 to 1

Ifhe Command Type matches the operating mode (se st below for matches) the amplifier wil tart motion when the data s loaded. When the data has been loadd successiully,
the amplifier will set the Load Complete response flag to High (1).

« Target Position or Fosition Move in Fosiion Mode
« Target Velocity or Jog in Velocity Mode
« Torque in Torque Mode




Prior to triggering the load/start bit of the control word, it is assumed Axis 1 is homed and enabled.
From Axis 2 Home Screen and status bar in Workbench:
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It is also assumed the command assembly data and control word for Axis 2 (Bytes 64 to 127) are clear (all zeroes) except bit 7 (enable) of the control word.
In the example, Motion Task 1 is the extend so, the Block# is set to 1 in byte 65 of the command assembly and bit 0 of the control word ( byte 0 ) is checked to be low ( 0 ).
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To trigger the Motion Task, the start block ( bit 1 of byte 0; control word of the command assembly ) must be set from 0 to 1.
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Once the move is complete the final commanded and feedback positions can be checked using Workbench and you can see the target position of Motion Task 1 was reached.
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Bit 1 of Status Word 1 in Byte 64 will turn on (0->1) and Byte 65 of the Response Assembly (Input) will display the motion task # once the Start Block commences.
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Direction
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Note even after the “Block In Execution” bit turns 0 the Executing Block# in Byte 65 retains the last block # that was executed (1 in this demonstration).
To execute the return move, I set the start block bit in the control word to 0.
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Next I changed the Block # in Byte 65 of the command assembly to point to motion task 2.
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To trigger, I set the Start Block bit in the control word from 0->1.
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After the move was complete, I checked the final position in Workbench.
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Explicit Messaging

Unlike the other command types previously covered which used the polled IO ( cyclic ) data of the command and response assemblies, explicit messaging is independent of them and is “on demand” meaning you have to send the message every time you want to read or write to a drive parameter.
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To read  or write a parameter using explicit messaging reference AKD2G Ethernet/IP Objects List where each AKD Parameter is listed with its corresponding Ethernet IP Instance, Data Size, and Data Type. For example:
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To correlate this to the PLC the parameters listed are in the following formats:
	Parameter Data Size
	Parameter Range
	Tag Data Type
	Tag Range

	Command ( 1 byte )
	0 or 1 ( command will take any data and be processed )
	SINT
	-128 to +127

	1 Byte 
	Check Workbench Help for range of each parameter
	SINT
	-128 to +127

	1 Byte Signed
	Check Workbench Help for range of each parameter
	SINT
	-128 to +127

	2 Byte
	Check Workbench Help for range of each parameter
	INT
	-32768 to +32767

	2 Byte Signed
	Check Workbench Help for range of each parameter
	INT
	-32768 to +32767

	4 Byte
	Check Workbench Help for range of each parameter
	DINT
	-2147483648 to 2147483647

	4 Byte Signed
	Check Workbench Help for range of each parameter
	DINT
	-2147483648 to 2147483647

	8 Byte
	Check Workbench Help for range of each parameter
	LINT
	-9223372036854775808 To 9223372036854775807

	8 byte Signed
	Check Workbench Help for range of each parameter
	LINT
	-9223372036854775808 To 9223372036854775807


For more information on AKD2G Explicit Messaging see the Web Help of the AKD2G Ethernet/IP and AKD2G Ethernet/IP with Studio 5000 manuals.
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The following will detail a write and read of the same data size. Explicit Messaging is configured and executed using Rockwell’s MSG instruction in Studio5000. This will vary from mfg. and software.
10. Write Parameter Via Explicit Messaging
From the AKD2G Ethernet/IP Objects List I chose AXIS1.HOME.DIST.
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The MSG block is given a name in the Message Control Tag and then click on the […] button beside it to configure. 

· Message Type-CIP Generic

· Service Type-Set Single Attribute (this sets the Service Code to 10 (Write)
· Set Class to 0x64 (Parameter Object)

· Set Instance to 2(Axis 2)

· Set Attribute to 0x17d8 (AXIS1.HOME.DIST)

· Since this is a Signed32 data type (see above) set the Source Length to 4 bytes.
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· A tag will need to be created to store the Source for the data which is the “Source Element”. Click on the “New Tag…” button and define a tag with the DINT data type.
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Click Create.
Click the list box beside Source Element and selectc the tag you just created.

[image: image247.png][ame | [Data Type.
T b AKDIGC A ETHERNET_WODULEC
B > AK02G1 A8 ETHERIET_WODULE_SINT_1288ytes10
B > AK02G0 A8 ETHERNET_WODULE_SNT_1288yte5:0.0
B > 4 Home_Dist HESsAGE

I o b ML





Now the Source Element field should be populated.
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Next click on the Communication tab of the MSG configuration.
Click on the “Browse…” button to search for the path.

In my case the screen looks as follows ( yours may be different ). I clicked on the given AKD2G axis ( in this case the only one “ETHERNET-MODULE AKD2G”. Click OK.
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The path is now configured.
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Click Apply and then OK.

Complete the trigger logic for the rung:
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In Workbench the Home Distance for Axis 2 is initially 0.000.
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In the PLC’s Watch window I set the value to be written to an arbitrary value of 12345.

[image: image253.png]SG
Hessage Control Ax2_Home_Dist [...|





On trigger of the MSG (Explicit Message) the value is written.
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11. Read Parameter Via Explicit Messaging

From the AKD2G Ethernet/IP Objects List I chose AXIS2.HOME.DIST.
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The MSG block is given a name in the Message Control Tag and then click on the […] button beside it to configure. 

· Message Type-CIP Generic

· Service Type-Get Single Attribute (this sets the Service Code to e (hex) (Write)

· Set Class to 0x64 (Parameter Object)

· Set Instance to 2 (Axis 2)

· Set Attribute to 0x17d8 (AXIS2.HOME.DIST)
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· A tag will need to be created for the Destination for the data (that is read) which is the “Destination Element”. Click on the “New Tag…” button and define a tag with the DINT data type.
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Click Create.

Click the list box beside Destination Element and selectc the tag you just created.
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Now the Destination Element field should be populated.
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Next click on the Communication tab of the MSG configuration.

Click on the “Browse…” button to search for the path.

In my case the screen looks as follows ( yours may be different ). I clicked on the given AKD2G axis ( in this case the only one “ETHERNET-MODULE AKD2G”. Click OK.
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The path is now configured.
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Click Apply and then OK.

Complete the trigger logic for the rung:
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In Workbench set the Home Distance for Axis 2 to a value as desired.
For demonstration I will use 22222.
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On trigger of the MSG (Explicit Message) the value is read and the destination element tag of the MSG read is added to the Quick Watch in Studio5000.
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