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11  IINNTTRROODDUUCCTTIIOONN  AANNDD  OOBBJJEECCTTIIVVEE  

The purpose of this document is to show how to integrate Modicon Momentum legacy I/O platform into 
PES system and architecture. 
 
This document focuses especially on brown-field plants, where existing Momentum platforms may 
require integration in PES. 
 
This  document is based on features avalaible in PES 4.1.  
 

22  MMOODDIICCOONN  MMOOMMEENNTTUUMM  CCOOMMMMUUNNIICCAATTIIOONN  TTEECCHHNNOOLLOOGGIIEESS  

2.1 Momentum Hardware 
 
Modicon Momentum I/O legacy offer is based on the following main components: 
- Processor* or Communication Bus Adapter 
- Option adapters* 
- I/O unit (also named I/O base) 

 

*Not considered in this KB 
 

This document will focus only on Communication Bus Adapters. The solution based on Processor, 
(171CCx references) using Modbus or Modbus TCP ports is solved like a normal integration of a device 
with relevant protocols. In the case of Serial Option Adapter (172JNN21032 reference) that use Modbus 
port, the same solution is applied. The Option Adapters for Modbus Plus networks (172PNNxx 
references) is not covered in this document.   
 
The list of Communication Bus Adapters available in Momentum legacy offer is shown below: 
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Note: Some systems using the reference 170ENT11002 instead of 170ENT11001/0, the first one has a 
100 Base T port and the second ones have a 10 Base T port. Both are compatible with all IO Bases. 
  
Whenever a Momentum system has to be integrated in a PES architecture, it is recommended to use 
Ethernet Modbus TCP communication (170 ENT 100 01) or Profibus-DP communication (170 DNT 110 
00). 
 
The list of available I/O bases is shown below. 
 
There is no particular restriction about the usage of the below described I/O bases. 
 
Please consider the aspects related to the lifecycle while planning your modernization (especially 
concerning “Specials” type I/O bases). 
 

 
 

     Not feasible in PES 
architectures 

      
     Feasible in PES 
architectures 
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Each I/O base has a specific amount of data to exchange with its master. The amount and meaning of these 

words is defined in Modicon Momentum I/O Base User Guide (doc 870 USE 002 00) document. 

The following is a brief view of these data areas. 
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For example, this is the mapping required for 170 AAI 030 00 I/O base 

 

The data amount and format is the same for each communication bus type.  
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2.2 Preferred implementations 
 
Based on the considerations explained in the previous chapter, the preferred implementations are 
described below: 
 

For Modbus TCP/IP communication, it is recommended to use Modbus TCP implicit messaging (IO 
Scanning service). Indeed the Momentum I/O platform will be part of the DIO network. The 
integration of each IO Base into the platform needs an IP address previously defined. If the IP is not 
previously assigned, a BOOTP address server must be used in the configuration of the system, in 
alternative the IP has to be associated manually starting from default IP address (available only in 
170ENT11001 only). 
 
The following procedure to assign IP Address to a Momentum Base is in Momentum 
170ENT11001/170ENT11000 Ethernet Communications Adapter User Guide (870 USE 114 00)  

 
 

- For Profibus DP communication, it is recommended to use PRM (Profibus Remote Master). PRM 
must be scanned from a compatible IO Scanner master (for example, Quantum 140NOE771*1, 
M340 BMXNOE01*0.2 or M580 BMENOC03*1) 
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33  CCAASSEE  SSTTUUDDYY  11::  PPRROOFFIIBBUUSS  CCOOMMMMUUNNIICCAATTIIOONNSS  

3.1 Installation of Momentum GSD into the HW catalog 
 
In order to properly define the configuration of our Momentum I/O system in PRM configuration, it is 
necessary to install the GSD file (ASA_1752.GSD) into the PES VM.  
 
In PES 4.1 the right place to do it is the System Server Configuration Wizard. 
From version 4.1, PES is able to propagate the installation of additional features to the VM (such as GSD 
files, DTMs and so on) to the VM of the engineering clients of the system. 
 

 
 

The third tab of the configuration wizard is named “Extensions” 

 
 
From here it is possible to point to a folder containing the following files: 

1- GSD to install (in this case ASA_7512.GSD) 
2- Execute.bat file containing actions to perform 
3- InstallGsd.exe file 
4- UpdateDTM.exe file 
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It is possible to prepare this folder using the resources available under %PES setup folder%\VM 
Extensions\InstallGSD folder. 
 

 
 
The Execute.bat file by default contains these instructions. There is no need to modify it. 

 
 
 
Select now the Browse button under “Add new extension” 
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Select the Execute.bat file in the folder previously created. 

 
 
Validate clicking “Save and Close”. 
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Next step is to start the system server. 
During startup, PES system server will install the GSD into the VM. 

 
 

 
  

GSD installation + Unity DTM catalog 
update 

Server is ready 
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3.2 Creation of Topology 
 
In this example, we will consider the following use case: 

- M340 PAC with BMXNOE0100.2 
- PRM 
- Profibus Momentum I/O base 1: 170AAI 030 00 (8 AI) – address 11 
- Profibus Momentum I/O base 2: 170AAO92100 (4 AO) – address 12 
- Profibus Momentum I/O base 3: 170ADI35000 (32 DI) – address 13 
- Profibus Momentum I/O base 4: 170ADO35000 (32 DI) – address 14 

 
 
In this example, Analog Input island 170AAI03000 will manage 3 Analog Input GPL objects: one 
$AnalogInput, one $AnalogInput1, one $MAnalogInput1. 
For this island, it will be demonstrated how to design a template for managing the I/O base features and for 
linking it to process objects in Application Manager, achieving a full object oriented approach. 
 
Other I/O bases will be instead managed with $GenericDevice and refinement and they will serve a GPL 
$MotorVS object with hardwired command (Running and Fail DI on 170ADI35000, Run and Direction DO 
on 170ADO35000, Speed Setpoint AO on 170AAO92100). 

3.2.1 Ethernet network 
 
Create an Ethernet network. 
 

 



PES: How to integrate Momentum I/O platform in PES - PES 4.1  

13 
 

3.2.2 Controller configuration 
 
Create a new M340 Controller with BMXNOE0100.2 card. Remember to enable IO Scanner service. 
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Remember also to configure the proper reservation of located area for Modbus TCP Client communication 

(right click on Controller_1  properties). 

 
 
Connect the M340 NOE to Ethernet Network previously created (right click on Controllers_1  Physical 
Connections) 
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3.2.3 PRM Configuration 
 
Create a new PRM. Before to configure it, right click and select Properties. 
Select M340 as Controller Family. 

 
 
Now it is possible to launch PRM “Configure” 
 

 
 
First of all, configure the PRM IP in PRM Master DTM 

 
 
Define also Profibus bus speed (in this example, 500 kbit/s) 
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Next step is to start to add devices. Right click on PRM Master DTM and select “Add” 

 
 
The 170 DNT 110 00 Profibus communication adapter is now available. This GSD contains all the I/O bases 
of the Momentum Platform, which can be selected in Profibus device configuration stage. Select the 
Momentum Profibus device GSD. 

 
 
Define a name for the device. In this case first Momentum node is called with the same name of the I/O base 
with M_ prefix, result is M_170AAI03000. 
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After the new device has been added, it is necessary to specify the associated I/O base in “Modules” 
Configuration. Select the relevant model and click “Add.” 
 

 
 
Repeat the last two steps for all I/O bases listed in architecture description.  
 
Assign the Profibus addresses accordingly in PRM Master DTM  Profibus devices menu 

 
 
Save the PRM project. 
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After saving, select Tools  Project Browser from Unity participant. 

 
 
In DDT types, we can see all the data types created in PRM configuration stage (T_M_170***_IN / OUT). 

 
 
Export all of them for later usage. 

 
 
The advantage of these DDT is that they are automatically created and they already include the amount of 
data to exchange with the I/O base. 
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For 170AAI03000 for example we have 8 words IN and 2 words out (see following user manual excerpt). 
 

 
 
Close the PRM configuration editor, connect the PRM to the previously created Ethernet network. 

 
 

3.3 Creation of Project 
 
In Project editor, create a new M340 control project. 

 
Map the ControlExecutive_1 service to Controller_1 
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Add the PRM communication to the NOE Card in Map Communications stage. 

 
 

 

3.4 Creation of template for 170AAI03000 
 
In this chapter, it is described the object oriented philosophy of the integration of Momentum I/O bases. 
 
Based on the DDT exported from PRM configuration and the specific features of an I/O base, we can create 
new templates for each I/O base type. 
This approach has the purpose of facilitating the engineers to assign the I/O signals of Momentum I/O bases 
to other objects in Application Manager, to increase productivity and improve software quality. 
 
In this example we will show the object oriented approach for Momentum Analog Input base 170AAI03000. 
For other I/O bases, we will show a different approach (using $GenericDevice template and refinement). 

3.4.1 Creation of UL facet – AAI03000_UL 
 
It is possible to create a new Unity Logic facet that contains the following items: 

- DDT IN and DDT OUT previously exported 
- A DFB instance that manages the input data (raw value and channel status) and output data (in this 

example, the channel configuration) 
- Elementary variables associated to the object functionality (diagnostics, links to other objects). 
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Thanks to the Templatizer we can open a Unity Pro participant session and develop our template logic. 

 

We can import the DDT IN and DDT OUT types previously exported and create a new DFB type 

 

 

After doing this, it is necessary to create an FBD section with an instance of the new DFB type. 

 

Inputs CH1...CH8_Conf 
The idea of this DFB is to have the 8 channels configuration in input (as parameters configured in PES AM) 
according to the following paradigm (excerpt from Momentum I/O Base User Guide).  
 

 
 
Input DATA_IN 
DFB will manage the 8 channel raw values and status according to DATA_IN structure (read from Profibus 
input area). This input has to be connected to a DDT variable (T_M_170AAI03000_IN type), that will be 
mapped to the %MW read area after build. 
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Outputs CH1…CH8_Value and CH1...CH8_Status 
These outputs are meant to be connected to other objects (for example, $AnalogInput objects). Each output 
is linked to an elementary variable, which will be used for defining connection to other objects. 
 
Output DATA_OUT  
This structure contains the configuration that will be written to Profibus output area. In this case the structure 
contains the configuration of each analog channel. This output is connected to a DDT variable 
(T_M_170AAI03000_OUT  type), that will be mapped to the %MW write area after build. 
 
 

DFB code is shown below. 

(*type conversion*) 

Channel1_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[0],DATA_IN._1

70_AAI_030_00_8i_differential_IN_1[1])); 

Channel2_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[2],DATA_IN._1

70_AAI_030_00_8i_differential_IN_1[3])); 

Channel3_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[4],DATA_IN._1

70_AAI_030_00_8i_differential_IN_1[5])); 

Channel4_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[6],DATA_IN._1

70_AAI_030_00_8i_differential_IN_1[7])); 

Channel5_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[8],DATA_IN._1

70_AAI_030_00_8i_differential_IN_1[9])); 

Channel6_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[10],DATA_IN._

170_AAI_030_00_8i_differential_IN_1[11])); 

Channel7_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[12],DATA_IN._

170_AAI_030_00_8i_differential_IN_1[13])); 

Channel8_rawVal:=word_to_int(byte_as_word(DATA_IN._170_AAI_030_00_8i_differential_IN_1[14],DATA_IN._

170_AAI_030_00_8i_differential_IN_1[15])); 

 

(*channel failure when bit 15 is true - broken wire*) 

CH1_STATUS:=Channel1_rawVal=32767 or Channel1_rawVal=-32768; 

CH2_STATUS:=Channel2_rawVal=32767 or Channel2_rawVal=-32768; 

CH3_STATUS:=Channel3_rawVal=32767 or Channel3_rawVal=-32768; 

CH4_STATUS:=Channel4_rawVal=32767 or Channel4_rawVal=-32768; 

CH5_STATUS:=Channel5_rawVal=32767 or Channel5_rawVal=-32768; 

CH6_STATUS:=Channel6_rawVal=32767 or Channel6_rawVal=-32768; 

CH7_STATUS:=Channel7_rawVal=32767 or Channel7_rawVal=-32768; 

CH8_STATUS:=Channel8_rawVal=32767 or Channel8_rawVal=-32768; 

 

(*outputs to momentum - channel configuration*) 

(*each byte contains configuration of two channels. Second channel is then shifted and added*) 

DATA_OUT._170_AAI_030_00_8i_differential_OUT_1[0]:=int_to_byte(CH1_CONF+16*CH2_CONF); 

DATA_OUT._170_AAI_030_00_8i_differential_OUT_1[1]:=int_to_byte(CH3_CONF+16*CH4_CONF); 

DATA_OUT._170_AAI_030_00_8i_differential_OUT_1[2]:=int_to_byte(CH5_CONF+16*CH6_CONF); 

DATA_OUT._170_AAI_030_00_8i_differential_OUT_1[3]:=int_to_byte(CH7_CONF+16*CH8_CONF); 

 

(*value outputs*) 

CH1_VALUE:=Channel1_rawVal; 

CH2_VALUE:=Channel2_rawVal; 

CH3_VALUE:=Channel3_rawVal; 

CH4_VALUE:=Channel4_rawVal; 

CH5_VALUE:=Channel5_rawVal; 

CH6_VALUE:=Channel6_rawVal; 

CH7_VALUE:=Channel7_rawVal; 

CH8_VALUE:=Channel8_rawVal; 
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After creation of the DFB and its associated elements, select FBD section, all DFBs, DDTs and EDTs 

variables to be imported in Global Templates workspace. 
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The following images show most important points of the implementation done in the global templates 

workspace, where we have now represented DFB interface, as well as DDT and EDT variables. 

 

 

Configuration of Channels by mean of Enums Each signal (value + status) is linked to an 

$AInputSignal DO interface. 
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Channel status and value variables are referenced and linked to the DFB object 
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$DeviceData DO interface is connected to IN and OUT DDT structures. This will allow the proper hardware 

mapping (assignment of %MW to address field). It is also possible to map the Communication status to a 

boolean variable. 

 

Save the template. 

3.4.2 Creation of composite template – AAI03000 
 
It is now possible to create a composite template containing the UL facet described in previous chapter. 
 
Thanks to the Defer mechanism we can propagate parameters and interfaces. 
 

 

This composite will have these main features: 

- Interface for data mapping named AAI03000_Data 

- Configurations of each AI Channel published in Application Manager 

- 8 interfaces for each analog input signal (AISignal_*) 
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3.5 Creation of application manager object 
 
In the Application Manager we can now create instances for managing PRM and Momentum I/O bases. 
 
The purpose of this chapter is also to show the benefits of object oriented approach (templatization) 
compared to usage of $GenericDevice instances and consequent refinement. 
 
This is the overall structure of Application Manager of the example. 

 

3.5.1 Creation of AAI03000 – object oriented approach 
 
 In this example following instances will be created in “AnalogInput” folder: 
 

- 1 AAI03000 instance (for management of 170AAI03000) 
- 1 $AnalogInput instance (to be connected to AAI03000 instance, signal 1) 
- 1 $AnalogInput1 instance (to be connected to AAI03000 instance, signal 2) 
- 1 $MAnalogInput1 instance, 4 AI channels enabled (to be connected to AAI03000 instance, signal 

3-4-5-6) 
 
Here we can see the configuration of each block. 
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Remember also to enable the Signal Quality for AnalogInputSignal facet. This will allow the connection of the 
interfaces. 
 

 
 
 
Raw value is always 0-32000 on this island. 
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After instance creation, it is possible to create links between AAI03000 Momentum object and AnalogInput 
objects (on AnalogInputSignal facet – AINPUTSignalExt interface) 
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3.5.2 Creation of other momentum I/O bases – Generic Device + refinement 
approach 

 
For all other bases, in this example we will use $GenericDevice objects.  
 
Following instances are created in “GenericDevice” folder: 

- 1 $GenericDevice instance, 10 bytes output (for management of 170AAO92100) 
- 1 $GenericDevice instance, 4 bytes input (for management of 170ADI35000) 
- 1 $GenericDevice instance, 4 bytes output (for management of 170ADO35000) 

 
 
Byte length to assign is correspondent with amount of bytes requested in PRM topology configuration. 
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In this example it is created also an instance of $MotorVS (and relevant $Range for PV) in order to show 

later on refinement operations. 

 

 

3.5.3 Creation of Profibus PRM objects 
 
 
For PRM management, following objects will be created 

- $PRMMgt instance 
- $EthAddIn instance 

 
These object need to be linked as follows. 
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3.6 Project Manager - assignment and generation 
 
Assign and generate instances. 

 

3.6.1 Generated code for AAI03000 
 
Here the result of the generation for AAI03000 Momentum base. Configuration parameters and links have 
been properly created by PES, so the code has been completely managed by it without need of refinement. 
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3.6.2 Generated code for Generic Devices 
 
Here the result of the generation for generic devices. 
 

 
 
PES generates only data blocks related to these devices. 
So the management of the information read and written from Profibus DP bus has to be managed by mean 
of Unity Pro refinement. 
 
Here the result of the generation for $MotorVS object. 
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3.6.3 Generated code for PRM management 
 

 

3.7 Project Manager – refinement – Generic Device approach 
 
In this example it is shown how to manage the $MotorVS input/outputs belonging to Momentum islands in 
refinement mode. 
 
Since this example uses PES 4.1 with Hardware Abstraction Layer 2.0, it is possible to reference the Run 
feedback (RUNV), the Failure feedback (FAILV) to ADI35000 island input data and to reference Direction 
command (DIRV) and Run command (OPV) to ADO35000 island output data. 
 

 
 
Speed setpoint SP (which doesn’t belong to HAL) can be assigned to DDT OUT.  
SP is scaled from 0-100% real to 0-32000 on WORD format, and then copied to the two relevant bytes on 
DDT out structure of AAO92100. 
It is also necessary to define the fallback value of the Analog Output channel of the Momentum AO island 
AAO92100 on first output word. 
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Here the relevant excerpt from the manual. 

 

 
 
 
These refinement operations do not break facets consistency. 
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3.8 Project Manager – hardware mapping 
 
In this chapter it is shown how to perform the hardware mapping, based on the Topology and Application 
manager configurations done before. 
 
The following objects need mapping: 

- EthAddM_1 (Ethernet port address M340), EMPortCHM HW interface 
- PRMMgtM_1 (PRM management M340), PRMCTRLData and PRMEthernetAddress HW interfaces 
- AAI03000_1 (template for management of AAI03000 island), AAI03000_DATA HW interface 
- AAO92100_1 (generic device for management of AAO92100 island), GenericData HW interface 
- ADI35000_1 (generic device for management of ADI35000 island), GenericData HW interface 
- ADO35000_1 (generic device for management of ADO35000 island), GenericData HW interface 

 

 
 
MotorVS signal facets do not need hardware mapping.  
CRAIPAddress HW interface of EthAddM_1 object doesn’t need hardware mapping as well in this case. 
So the following HW facets will remain unassigned. 
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3.9 Project Manager – result of build 
 
In this chapter it is shown the result of Build operation. 
 
PRM IO Scanner line is shown below. 

 
 
PRM management object %MW assignment is shown below (in this case it uses HAL 2.0 functionality 
REF_TO*) 

 
 
AAI03000 IN and OUT DDT %MW assignment is shown below. 

 
 
AAO92100, ADI35000 and AD035000 generic data arrays %MW assignment is shown below 

 
 
These assignment are consistent with PRM configuration. 
 
Refinement modifications for MotorVS management are also kept. 
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44  CCAASSEE  SSTTUUDDYY  22::  MMOODDBBUUSS  TTCCPP//IIPP  CCOOMMMMUUNNIICCAATTIIOONNSS  

 
In this case the integration of the device is made using the resources that you have in the normal installation 
of the system, you do not need to install an extension and the process to define the characteristics of each 
IO Base must be made one by one instead to use a wizard like the Profibus case detailed previously. 
 
For this example we use the same configuration but changed the communication to Modbus TCP. The 
addresses are the following: 
 

- M340 PAC with BMXNOE0100.2   IP Address: 192.168.10.10 
- Ethernet Momentum I/O base 1: 170AAI 030 00 (8 AI) – IP Address 192.168.10.11 
- Ethernet Momentum I/O base 2: 170AAO92100 (4 AO) – IP Address 192.168.10.12 
- Ethernet Momentum I/O base 3: 170ADI35000 (32 DI) – IP Address 192.168.10.13 
- Ethernet Momentum I/O base 4: 170ADO35000 (32 DI) – IP Address 192.168.10.14 

4.1 Controller configuration 
 
The steps to define each base are the following: 
 
Add and configure a NOE module in your topology. Remember to turn on the IO Scanning function.  

         
 
Also remember to link this configuration to the module. Select the Template and version to model each 
element. Save and close. 
 

                  
 

4.2 Creation of Bases in Topological Manager using $EGenericDeviceHW 
 
Add a new Ethernet network and named Field. 
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And now add a Modbus TCP Generic Device from the Foundation Library. 
 

 
 
Repeat for each base in the example. The result must look like as 
 

 
 
Fill the data required for the template. From the list given in section 2 check the amount of data required for 
each IO Base. Also define the IP as showed before. 
 

  
 

  
 
Don´t forget to add an area in the memory of the controller to manage data of the I/O bases. Configure the 
Physical Connection as the same in all elements. 
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4.3 Creation of Project and Map Services 
 
Create a new Control Project, Generate and create a new Executable. Map the Services to the controller and 
Map Communications. This screen must appears: 
 

 
 

4.4 Creation of Bases in Application Manager using $GenericDevice 
 
Using the same approach showed in the Profibus example, we use a $GenericDevice template for each IO 
Base. In this version we use WORD data type instead of BYTE (BYTE type is mandatory in Profibus case for 
the identification of each data) 

       

        
 
As usual now we have to assign facets and generate 
 

 
 

4.5 Data types associated to Bases. 
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As previously mentioned, when you refine the project data blocks associated to each Base will appear. The 
amount of registers defined is the same that the one configured in the previous steps. No DFBs is generated 
in the program section.  

 

4.6 Mapping the hardware 
 
Now we have to map the hardware associated to GenericDevice instances.  

 
 

After build the project we can check the results on the IO Scanner configuration. 

 

 
Finally the data areas associated to the variables previously generated is shown in this image. 

 
 


