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1 Introduction 
This white paper shows how a CX2020 Windows CE TwinCAT 3.1 controller acts as an Ethernet/IP 

Master to a Yamaha RCX340 controller. 
 

2 System Block Diagram 
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3 Connecting to Target CX2020 
 

Start a new TwinCAT 3.1 project and connect your local PC to the target system. 
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Add a new route, pick your network card you have connected to the CX controller. In my case, I am using 

the Realtek USB dongle as my network to develop the CX2020. 
 

 
 

 



 Page 7 Rev 1.0 – February 21, 2018 

Yamaha RCX340 Ethernet/IP to Beckhoff CX2020 TwinCAT 3.1 Controller 

 

Once you are connected, you should see the name of the target controller and see this toolbar. 
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4 Add New Item – Ethernet/IP Master 
 

Right click on devices under I/O and select the Ethernet/IP Scanner option. 
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Double click the newly created device to open up the properties and the tabs. I recommend to change the 

name of the scanner card to something meaningful. I choose “EIP Master” 
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Click on the adapter tab under “EIP Master”. Next we need to tell the target which CAT5 jack is going to 

be configured for the EIP Scanner port. In this case, it’s import to be already connected to the target. 

Because we are, click on search and now two network cards appear. One is called X1 and the other is 

called X2. You’ll need to look at the target controller to figure out which is which. In my case X2 was the 

top port and X1 was the bottom port. Since I am developing and connected to the target on the top port, I 

want to setup the EIP Scanner / Master on the bottom port so I am going to select the X1 port. 
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Since I already change the IP on X1 on the target CX2020 to a fixed IP address, then it already pulled in 

the IP address of this port and filled in the information. 

 

 
 

 
 



 Page 12 Rev 1.0 – February 21, 2018 

Yamaha RCX340 Ethernet/IP to Beckhoff CX2020 TwinCAT 3.1 Controller 

 

If  you have not set the IP address on the CX2020 “X1” port do so here. You can either connect a monitor, 

keyboard and mouse direct to the CX2020 or you can use a tool called Remote Display for Windows CE. 

(However I discovered that remote access was turned off, I had to have help from Beckhoff to enable this 

in the windows registery.) 

 

ftp://ftp.beckhoff.com/software/embPC-Control/CE/Solutions/RemoteDisplay/ 

 
 

 
 

 

 
 

ftp://ftp.beckhoff.com/software/embPC-Control/CE/Solutions/RemoteDisplay/
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Click on Network and Dial-Up to change the IP address of X1 network port. 
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5 Add New Item – Ethernet/IP Slave 
Once the scanner or master is setup, we are ready to add all of our slave EIP devices now.  
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Same as before, it’s handy to rename each of your slaves. 
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Under Settings, we will need to set the IP address of the slaves. In this example, we have already setup the 

slave IP address to 192.168.1.30 to the Yamaha RCX340 controller which is controlling an YK400XR 

SCARA robot. 
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6 Add I/O Connections to RCX340 Slave 
Once the slaves are in the scan list of the master, we are now ready to add I/O connections without an 

EDS file. For an RCX340 controller the I/O connections are: 

 

CONFIG: Instance 1 : 0 bytes 

INPUT: Instance 100 : 24 words or 48 bytes 

OUTPUT: Instance 150: 24 words or 48 bytes 
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In the Allen Bradley world, it would have looked like this: 
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Like before, rename the I/O connection. In this case I named mine I/O Mappings 
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Under the “I/O Mapping” settings we need to define our instance numbers. Config, Input and Output. 
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7 Mapping the RCX340 I/O 
In order to map the I/O to the RCX340, it will be helpful to understand the robot’s memory map. Below is 

an example of the memory. As you can see the first 16 registers are WORDS (SOW/SIW), the next 16 

registers are actually bit flags in BYTE format. The Beckhoff controller can be configured anyway you 

like. For this example, we will map 16 variables as WORDS and 16 variables at BYTES. This should give 

us 24 WORDS total or 48 BYTES. If you choose, you can map 48 variables as BYTES, it does not matter 

to the robot controller. Set it up the best way for you in programming. 

 

8 BITS (0-7) = 1 BYTE (SI/SO), 2 BYTES = 1 WORD (SIW/SOW), 2 WORDS = DOUBLE WORD 

(SID/SOD) 
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We are now ready to create the mapping. Create the first 16 variables as WORDS. 
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 Create 16 variables as BYTES per the Yamaha mapping table above. 
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We should have 16 WORDS and 16 BYTES created under the Input connection. 
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Do the same for the outputs. 
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Now it is recommended to rename the variable to match the names on the robot side. Below I have put a 

side-by-side so you can see how to rename each variable. Or you can just download the sample provided. 
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Do the same for the outputs, rename them to match the robot side. 
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Renamed variables: Beckhoff INPUTS are mapped to Robot Outputs SOW / SO 
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Renamed variables: Beckhoff OUTPUTS are mapped to Robot Inputs SIW / SI 
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8 Creating Beckhoff variables 
Like any programming language, there are many, many ways to skin a cat. In this case, we will be creating 

“Robot1” variables in the globals.  Create a new global under GVL’s as Robot1_Globals. Below is a copy 

and paste of an example of naming of the variables. 
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VAR_GLOBAL 

  

//These are Integers from the ROBOT Memory called "SIW" Serial Input Words 

//CAUTION!!! If you use EIP REMOTE COMMANDS, the remote commands use SIW2 through SIW15 to send commands 

 nSIW0 AT %Q*: WORD; //Reserved for Dedicated Words 

 nSIW1 AT %Q*: WORD; //Reserved for Dedicated Words 

 nSIW2 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW3 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW4 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW5 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW6 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW7 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW8 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW9 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW10 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW11 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW12 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW13 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW14 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

 nSIW15 AT %Q*: WORD; //General Purpose User Word, used to send a number from PLC to the ROBOT (SIW) 

  

//These are Bytes and Bits accessable from the ROBOT Memory called "SI" Serial Inputs often used as FLAGS 

 SI0 AT %Q*: ST_SI0_Bits; //SI0 Bit Level Access for Dedicated Robot Control Bits 

 SI1 AT %Q*: ST_SI1_Bits; //SI1 Bit Level Access for Dedicated Robot Control Bits 

 nSI2 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI3 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI4 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) ffrom PLC to ROBOT 

 nSI5 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI6 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI7 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) ffrom PLC to ROBOT 

 nSI10 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI11 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI12 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI13 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI14 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 nSI15 AT %Q*: BYTE; //General Purpose User Bytes or Bits SI(0-7) from PLC to ROBOT 

 

//These are Integers from the ROBOT Memory called "SOW" Serial Output Words 

//CAUTION!!! If you use EIP REMOTE COMMANDS, the remote commands use SOW2 through SOW15 to send commands 

 nSOW0 AT %I*: WORD; //Reserved for Dedicated Words 

 nSOW1 AT %I*: WORD; //Reserved for Dedicated Words 

 nSOW2 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW3 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW4 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW5 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW6 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW7 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW8 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW9 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW10 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW11 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW12 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW13 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW14 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

 nSOW15 AT %I*: WORD; //General Purpose User Word, used to send a number from ROBOT to the PLC (SOW) 

   

//These are Bytes and Bits accessable from the ROBOT Memory called "SO" Serial Outputs often used as FLAGS 

 SO0 AT %I*: ST_SO0_Bits; //SO0 Bit Level Access for Dedicated Robot Status Bits 

 SO1 AT %I*: ST_SO1_Bits; //SO1 Bit Level Access for Dedicated Robot Status Bits 

 nSO2 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO3 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO4 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO5 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO6 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO7 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO10 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO11 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO12 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO13 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO14 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC 

 nSO15 AT %I*: BYTE; //General Purpose User Bytes or Bits SO(0-7) from Robot to PLC   

 

END_VAR 
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Again, programming preference…there are 16 bits of INPUTS and 16 bits of OUTPUTS that are 

dedicated robot bits. These control such things as SERVO ON, ORIGIN, PROGRAM START, etc. 

Creating a DUT structure helps organize these bits for the SO0 and SO1 and SI0 and SI1 BYTES. You 

may want to create your own STRUCT later for SO2 and SI2 if you are going to create more user flag 

bits. That’s totally optional or you can use the BYTE variable and use the .0, .1, .3 call out for each bit. 

Your choice. 
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These are the dedicate inputs and output bits used to remotely start up the robot over EIP from any PLC. 

The mapping is the same for Ethernet/IP, CC-Link, Profibus, ProfiNET, etc. 
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TYPE ST_SI0_Bits : 

STRUCT 

 EMG_STOP_cmd : BIT; //Emergency Stop command 

 SERVO_ON_cmd : BIT; //Servo On command 

 Reserve2_cmd : BIT; //Reserve bit 2 command 

 Reserve3_cmd : BIT; //Reserve bit 3 command 

 Reserve4_cmd : BIT; //Reserve bit 4 command 

 Reserve5_cmd : BIT; //Reserve bit 5 command 

 STOP_INTLK_cmd : BIT; //Stop Interlock command input (should be logical "1" to run) 

 Reserve7_cmd : BIT; //Reserve bit 7 command 

END_STRUCT 

END_TYPE 

 

TYPE ST_SI1_Bits : 

STRUCT 

 SEQ_EN_cmd : BIT; //Sequence Enable command 

 Reserve1_cmd : BIT; //Reserve bit 1 command 

 AUTO_START_cmd : BIT; //Auto Operation Start command 

 Reserve3_cmd : BIT; //Reserve bit 3 command 

 ORIGIN_OK_INC_cmd : BIT; //Return-to-Origin Incremental axises command 

 PROG_RESET_cmd : BIT; //Program Reset command 

 ALARM_RESET_cmd : BIT; //Alarm Reset command 

 ORIGIN_OK_ABS_cmd : BIT; //Return-to-Origin Absolute axises command 

END_STRUCT 

END_TYPE 

 

TYPE ST_SO0_Bits : 

STRUCT 

 EMG_STOP_stat : BIT; //Emergency Stop status output 

 CPU_OK_stat : BIT; //CPU OK status output 

 SERVO_ON_stat : BIT; //Servo ON status output 

 ALARM_OK_stat : BIT; //Alarm status output 

 MP_RDY_stat : BIT; //Motor Power Ready status output 

 Reserve5_stat : BIT; //Reserve bit 5 status output 

 Reserve6_stat : BIT; //Reserve bit 6 status output 

 Reserve7_stat : BIT; //Reserve bit 7 status output 

END_STRUCT 

END_TYPE 

 

TYPE ST_SO1_Bits : 

STRUCT 

  AUTO_MODE_stat : BIT; //Automode status output 

 ORIGIN_OK_stat : BIT; //Return-to-Origin complete status output 

 SEQ_RUNNING_stat : BIT; //Robot Sequence Program Running status output 

 ROBOT_RUNNING_stat  : BIT; //Robot Program Running status output 

 PGM_RESET_stat : BIT; //Robot Program is reset status output 

 WARNING_stat : BIT; //Warning status output 

 Reserve6_stat : BIT; //Reserve bit 6 status output 

 Reserve7_stat : BIT; //Reserve bit 7 status output 

END_STRUCT 

END_TYPE 
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9 Mapping or “Linking” Beckhoff variables to the EIP map 
Now for the fun part…clicking all the variables and linking them together…yay…grab some headsets 

during this part. For each WORD, BYTE, it needs to be linked to a variable. Before you being, you will 

need to do a BUILD Solution. This will update the PLCTask Inputs and Outputs table. 

 

 
 

Below is a sample of double clicking on the PLCTask Input (SOW0), then click on “Linked to…” then 

click on the EIP map. Do this for all the variables. The STRUCTURE ones are a bit different. See below. 
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For the STRUCTURE of dedicated bits, click the arrow to expand the list. Then DOUBLE CLICK the 

BYTE and a small popout window appears where you can enter the bit offset. In this example below. 

EMG_STOP is the first bit “0” or offset “0”. 
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And here is the sample for clicking on bit 8 and choosing offset “7” which is bit 8. Do this for all 32 bits. 

16 bits for inputs and 16 bits for outputs. 
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Finally we are ready to write come PLC code to startup the robot. Below is an example of creating a 

standard ladder program. You can see this in the sample provided as well. 

 

 



 Page 39 Rev 1.0 – February 21, 2018 

Yamaha RCX340 Ethernet/IP to Beckhoff CX2020 TwinCAT 3.1 Controller 

 

Sample ladder logic how to reset the robot alarm. 

How to turn on the robot servo. 

How to start the robot program running. 

How to reset the robot program onced it’s stopped. 

 

 



 Page 40 Rev 1.0 – February 21, 2018 

Yamaha RCX340 Ethernet/IP to Beckhoff CX2020 TwinCAT 3.1 Controller 

 

When you are logged into the PLC, you can see here now when you double click the Robot1_Globals the 

status of all the varibles, including being able to expand the STRUCTURE we created for the dedicated 

bits. 
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10 Deploying Code 
 Once you are ready, BUILD your solution and make sure you have no errors.  

 

 
 

Activate your configuration. 
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11 Logging into PLC and Toggling I/O  
Login to the PLC. 
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11.1 Reset Robot alarms 

Double click the PB_AlarmReset to set the prepared value to “TRUE”. Write the value to reset the robot. 

On the RCX340 controller check the 7-segement display and make sure no errors appear. Now toggle it to 

FALSE and write the value again to turn off the PB_AlarmReset variable. The PB_AlarmReset is only a 

toggle bit, do not leave it maintained “ON” all the time. 
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11.2 Turn the Robot Servos ON 

Double click the PB_PowerON, write the value. Robot should SERVO ON. Leave this variable “ON” all 

the time. If you want to turn off servos, turn off PB_PowerON, servos should turn off. To recover, you 

must reset the alarm, and turn on PB_PowerON again. 

 

 
 



 Page 45 Rev 1.0 – February 21, 2018 

Yamaha RCX340 Ethernet/IP to Beckhoff CX2020 TwinCAT 3.1 Controller 

 

11.3 Starting a Robot Program 

If you have already written a robot program, you can start the robot program below. Toggle the 

PB_StartRobot variable. Turn it on, then off to start the robot program. This is another toggle signal only. 
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11.4 Checking Robot Values 

In RCX Studio software, go to the SOW tab, and change to Decimal Format. Type “11” in SOW2, “22” in 

SOW3 and “33” into SOW4. 

 

 
 

Check in Beckhoff if SOW are updated. Make sure you are logged into the PLC, the double click 

Robot1_Globals. 
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12 Problems and Lessons Learned 
 

12.1 Install the correct version of TwinCAT 3.1 

I recommend that you have a CFAST reader on hand, just in case you need to install a new Windows CE 

image on your Beckhoff controller. Below are images of one we happen to have here. The controller that I 

started with, needed to have a new image installed. According to Beckhoff, Windows CE is just delete the 

whole folder on the CF card and copy a new folder on the card and pop it back into the controller. It was 

pretty easy to do. Download the 4022.4 image here: 

 

ftp://ftp.beckhoff.com/software/embPC-

Control/CX20xx/CE/TC3/CBx055_CBx056_WEC7_HPS_v604d_TC31_B4022.4.zip 

 

 

 
 

 

https://protect-us.mimecast.com/s/F8ZqC9rGR9iPO5YfE2Pel?domain=ftp.beckhoff.com
https://protect-us.mimecast.com/s/F8ZqC9rGR9iPO5YfE2Pel?domain=ftp.beckhoff.com
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12.2 TCIOETHIPW32.dll error 

Turned out that Windows CE did not have this file and it’s required to Ethernet/IP Scanner to work. 

Originally it was emailed to me and copied in the right spot but Mimecast (antivirus) chewed on it and 

corrupted the DLL file through email. Once we re-downloaded the file from FTP and replaced it, then this 

error went away. Contact Beckhoff to get this file. The file must be copied in the \Hard 

Disk\TwinCAT\3.1\Driver folder. It was missing in my controller. 

 

 
 

\Hard Disk\TwinCAT\3.1\Driver (Windows CE Target) 
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