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Abstract: In present days of increasing software development environment sometimes it turns into challenging to mold the Product
Lifecycle Management software as per requirement of clients. Most of the time user requires some simplified applications for its
business solution and simplified process for their organization. To solve this problem server side customization is necessary means
customize the server side by using Integration Tool Kit. Integration Tool Kit (ITK) is a Siemens PLM Software Tool that is used to
integrate third-party or user-developed applications with Teamcenter. ITK is a low level API’s built by Siemens to access
Teamcenter Database. It is used for programming within Teamcenter server for customizing extension points, workflow handlers,
server exits or standalone executables. Server Layer can be customized by using C and C++ languages. My aim is to create utility
through ITK for creating BOM by reading data in csv and | have also registered custom Rule Handler through ITK for validation
of named reference as per business requirements. For this work | have used Teamcenter 12 along with Visual Studio Enterprise 17
for server side customization. For customization of server layer according to client’s requirement, I have used ITK reference guide
provided by Siemens which contains all ITK API’s. By using Visual Studio 17, I have written the code of utility and registered
custom rule handler by referring ITK API reference guide. Utility has extension .exe so | have executed it directly in Teamcenter
server after building the project and BOM is created. Handler has extension .dll so | have registered it in Teamcenter server after
building the project and implemented it on a workflow to check business requirement for validation of named reference i.e. physical
file is attached on dataset or not. If physical file is attached on dataset handler will return EPM_go and workflow will be initiated
else handler will return EPM-nogo and workflow will not be initiated.

Keywords: Product Lifecycle Management, Integration Tool Kit, Bill of Materials, Teamcenter 12, Dynamic
Library, Application Programming Interface, Comma Separated Values.

I. INTRODUCTION

Product Lifecycle Management frameworks offer assistance organizations in adapting with the expanding
complexity and designing challenges of creating unused items for the worldwide competitive markets. Product Lifecycle
Management ought to be recognized from product life-cycle Management (marketing). PLM depicts the designing
perspective of a product, from overseeing depictions and properties of a product through its improvement and valuable life;
while, PLM alludes to the commercial administration of life of a product within the commerce showcase with regard to costs
and deals measures. Product Lifecycle Management is the method of overseeing the whole lifecycle of a product from
initiation, through designing plan and make, to benefit and transfer of made products and also PLM manages data from raw
material to finished products [1]. Product Lifecycle Management integrates data, people, processes and business systems
and provides a product information backbone for companies and its enterprise. Product Lifecycle Management tool has
wider scope and there are various types of Product Lifecycle Management tools that integrate the data according to company
needs. Companies have decided which PLM software is better but now days Siemens PLM has covered 70% of global
competitive markets [2]. Today’s point of view Teamcenter has covered 70% of the global market. There are lot of Product
Lifecycle Management tools available in the market such as Siemens Teamcenter, PTC Windchill, Dassault ENOVIA, SAP
PLM, Oracle Agile, Aras PLM, Arena PLM, Fuse PLM, Bamboo Rose, Autodesk Vault, Autodesk Fusion Lifecycle but Siemens
Teamcenter is very popular among all of this due its flexibility and user friendly interface and also lot of Out of the Box
(OTB) are available in the Teamcenter.
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Il. PLM CuSTOMIZATION

2.1 Need of PLM

Product Lifecycle Management can be utilized to build yield with consistent assets, to expand incomes or to diminish the
assets used to deliver a steady yield. This all assists with improving the reality. Product Lifecycle Management encourages association
to accomplish this through: Productivity upgrades, Improving advancement for new business objects (products), Decreased expenses,
Increment efficiency, improved nature of business objects (products).

Integration of data is the need of global market also integrated data consumes the memory so market needs integrate data
with least consumable memory. From that concern has discovered the concept of PLM and its tools.

2.2 Objective

This research work has developed the solution for creating custom utility and handler in Teamcenter according to our
business requirement where we can implement Product Lifecycle Management in any organization.

This work has main objective of creating custom utility and handler in Teamcenter 12 by using Server Side Customization
means the task which cannot be performed by default Teamcenter utilities and handlers are performed by these customized utilities
and handlers.

2.3 Types of Customization
2.3.1 Client Side Customization
The client side customization can be performed by using programming language means Java and various wizards available

in Teamcenter. This type of customization can be used for including new Application in Teamcenter, such as Menu bar, Toolbar,
User Interface form on client side. By using this type of customization we can easily solve the customer requirement.

Client Side
Customization

Server Side
Customization

Teamcenter Customization

Fig -1: Teamcenter Customization types
2.3.2 Server Side Customization
The server is being customized using Teamcenter API (Application program interface) called as Integrated Tool Kit
(ITK), C++. Integrated Tool Kit (ITK) is a set of software tools which you can use to integrate third party or user-developed
applications with Teamcenter and we can use this customization for server side issues.
2.4 Customization Tools
Customization in Teamcenter can be performed in different ways and we have seen below [3].

2.4.1 Non-programming Customization

Non-programming customization can be performed by using the wizards available in Teamcenter and making the entries in
the registry files.

JETIR2309034 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | a275


http://www.jetir.org/

© 2023 JETIR September 2023, Volume 10, Issue 9 www.jetir.org(ISSN-2349-5162)

2.4.2 Programming Customization

Programming customization can be performed by using programming languages i.e. C, C++, Java. This can be classified into
server side and client side customization. Client side is customized using Java language and server side is by using ITK.

2.4.3 ITK (Integration Tool Kit)

The Integration Toolkit (ITK) is a set of server-side software tools that you can use to integrate third-party or user-developed
applications with Teamcenter. The ITK is a set of C and C++ functions used directly by Teamcenter and UNIGRAPHICS. The
Integration Toolkit is a set of software tools that act as a programmatic interface to Teamcenter. It is the means by which both internal
and external applications integrate with the Teamcenter. Internal applications are those supplied such as Unigraphics. External
applications (third party) are those that you decide to integrate into Teamcenter.

2.4.4 Portal Customization

Portal customization is performed by using Java programming. This can be used to add the new application or customize the
menu bar and toolbar within Teamcenter engineering application.

I1l. RESEARCH METHODOLOGY

For implementation of Product Lifecycle Management in an organization, the main concern is to mold the Teamcenter as per
client’s requirements. So I have created a utility and handler with implementing custom functionality using Server Side Customization
i.e. which cannot be achieved by default utilities and handlers available in Teamcenter. | have made custom project in Visual Studio
17 for utility with .exe extension and name BOM_CSV_ Utility. After building the utility I have copied the built path and executed
it in Teamcenter server. | have also made custom project in Visual Studio 17 for handler with .dll extension and name rhirchknf.
After building the handler | have registered its dll in Teamcenter Server Site and applied it on workflow to validate named reference.

3.1 Project Configuration for Utility:

In this customization, projects are built for molding the Teamcenter software as per the business need and the client’s need.
The steps required for configuration of Visual Studio 17 with Teamcenter for utility are given below in Figure. For this | have created
an empty project in Visual Studio and added source file with .cpp extension. Then | have followed the following project setting
procedure for utility.

1. Right Click on the project and go to properties and select Configuration Manager and select Release in Active solution
Configuration and x64 in Active solution platform.

Active solution platform;
- |xo4

© = Project cantexts (check the project configurations to build or deploy);

Project Configuration Platform
BOM_CSV_Utility Release x84
bt it

Fig -2: VS Configuration Manager
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2. Select Configuration Properties and select Configuration Types as Application (.exe) for utility.

10.0.17134.0

Configuration Type
SPECHIEE The Type of GUtpUI

Fig -3: VS Configuration Properties

3. Now select C/C++ and then select General and then select Additional Include Libraries and give the path as follows:
e E:\Siemens\Teamcenter12\include
e E:\Siemens\Teamcenterl2\include_cpp

s T = - ~figuraticn Manager.
Additional Include Directories

Evaluated valus
EASiemens\Te
EASi

[l Inherit from parent or project defaults Macros==
oK Caneal
Additional Include Directaries

Specifies one of mare directones 10 804 10 the include Path separate with semi-colans if more than one. (1

oK Cancel Apply

Fig -4: VS C/C++ General Configuration

4. Now select C/C++ and then select Preprocessor and then select Preprocessor Definition and give the path as follows:
e IPLIB=none
e _CRT_SECURE_NO_WARNINGS

~—figuration Manager...
§ B (PreprocessorDefin

Preprocessor Definitions
DEfines a preprocessing symbols 107 Your Source file
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5. Now select Linker folder and select General and select Additional Libraries Directories and give the path as follows:
e E:\Siemens\Teamcenter12\lib

Configuration Manager...
¥ =

x| & %

] Inherit from parent of project defaulls

Additional Library Directories.
Allows the user 1o ouerride

Fig -6: VS Linker General Configuration
6. Now select Linker folder and select Input and select Additional Dependencies and give the path as follows:

e E:\Siemens\Teamcenter12\lib\*.lib
o E:\Siemens\Teamcenter12\lib\itk_main.obj

oIy
A itk_main.obj

=] Inhesit from parent or project defaults

Additional Dependencies
Specifies additional items 15 add to the link comm:

Fig -7: VS Linker Input Configuration
7. After this click Apply and afterwards click OK and Project setting for utility is completed.

3.2 Execution of BOM creation through csv file

Fig -8: Declaration of Headers and tags

1. After completion of project setting I have started writing code in source.cpp file where | have included all headers require to
call APT’s related to BOM and also declared tags require to pass in API’s.
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FORMULAS

-l & A 2 -

Fig -10: CSV File Read Program

2. The CSV file contains BOM data so | have written the code for reading this data through CSV file read program of C language
and read the Item ID and Item Name line by line.

Fig -11: Parent Item Creation
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I have created BOM View, BOM View Revision, BOM Window and I have set TopBOMLine using API’s for Parent Item.

Edit View Project Bulld  Debug
& e P

% Sourcecpp @ X

= M) BOM_CSV_Unility

status = BOM_set_window_top_line(tagBOMWindow, tagItemAss, tagItemRevAss, . &tagTopLine);
status )
printf("\n TL set");

printf("\n TL not set");
(fgets(line,

id = strtok(line, ",");
itemID = atoi(id);

str = strtok(
strcpy(name, s
printf(“name");

ITEM_create_item(id, name, "Item”, "A", &tagChildAssl, &tagChildRevAssl):
(tagChildAssl);

printf("\n

status = BOM_line_add(tagToplLine, tagChildAssl, tagChildRevAssi, . &tagChildBoMLine1);
(status — )
printf("\n Child Components Added");

1215 -4

7 Ready tn42 4 Add to Source Control ~

= " . T e Ly o e
o (R e—— : m o N @ e @ ® s oW~ &F 26C Haze  ~ i) 0P 0000 O

Fig -12: Child Items Creation

Created Child Items by using File Read code by reading second line through Item ID and Item Name using While Loop and
added Child Components to the BOM Line through API.

fiew Project Build  Debug
B[-mE 2

% soucecpp # X

% M BOM_CSV_Utility

status = BOM_save_window(tagBOMuindow) ;
status ave(tagItemass);

(status )

printf(" W and Assembly s

printf("\n B
status = POM_get_user(username, Buser);
status )
printf("logg
print(
status = SA_ask_user_home_folder(user, &home_folder)
(status )
printf("
printf(" n

status = FL_insert(home_folder, tagltemAss, 999);

4 Add ta Source Control ~
_ qg ENG  630PM ]
US  24-Aug23

Fig -13: Adding BOM in Home Folder of Teamcenter

Saved BOM Window and Item Assembly and added this BOM in Home Folder of Teamcenter.

sy Properti
BOM_CSV_Unility Proje

e &

| Mise

Fig -14: Build the Project
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Fig -15: Run the Utility in Teamcenter Server

6. Now I have built the project in Visual Studio and copied the build path of the project. | have opened Teamcenter Server i.e.
tc_configl Command Prompt and pasted the build path to run the utility successfully and BOM is created.

3.3 Project Configuration for Handler
The steps required for configuration of Visual Studio 17 with Teamcenter for handler are given below in Figure. For this |
have created an empty project in Visual Studio and added source file with .cpp extension. Then | have followed the following project

setting procedure for handlers.

1. Right Click on the project and go to properties and select Configuration Manager and select Release in Active solution
Configuration and x64 in Active solution platform.

x0

Fig -16: VS Configuration Manager

2. Select Configuration Properties and select Configuration Types as Dynamic Library (.dll) for handler.

Fig -17: VS Configuration Properties
3. Now select C/C++ and then select General and then select Additional Include Libraries and give the path as follows:
e E:\Siemens\Teamcenter12\include
e E:\Siemens\Teamcenter12\include_cpp
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Configuration Manager.

\Teamcentar12vinciude
mens\Teamcenter1 2\include_cpp

Inherited values

[Zlinnent from parent or project defaults

Additional Include Directories
o< one or more directories to add 1o the include path; separate with semi-colons if more than one.  Uilpathl)

Fig -18: VS C/C++ General Configuration

4. Now select C/C++ and then select Preprocessor and then select Preprocessor Definition and give the path as follows:
e |IPLIB=none

Configuration Manager_

IPLIB - none:% (PreprocessarDefinitions)

[l inherit fram parent or preject defauts

Prepracessar Definitians.
Defines a preprocessing symbols for your source file.

JL

Fig -19: VS C/C++ Preprocessor Configuration

5. Now select Linker and select General and then select Output File and give the path as follows:
o E:\Siemens\Teamcenter12\bin\rhlrchknf.dll

Output Fite
Tha /OUT Gption Ovarmices the Setault name and IGCAToN Of the BrOGIAM tat the lINker Creates.
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6. Now select Linker folder and select General and select Additional Libraries Directories and give the path as follows:
e E:\Siemens\Teamcenter12\lib

Configuration Manager.

Mot Set

o5 (NOLOGO)

Directaries

Additional Library Directories ),

Allows the user 10 owerride the | =k -

Flg 21 VS Llnker General Addltlonal Library Directories Conflguratlon

7. Now select Linker folder and select Input and select Additional Dependencies and give the path as follows:
o E:\Siemens\Teamcenter12\lib\*.lib

Configuration Manager..

EASiemens\Teamcenter1 2\ia\". it

Evaluated valu
Assembly Link Resource
EASiemens! ATearncen teri 2B\ it

%(Aditional Dependencies)

[ inherit from parent or project defaults

Additional Dependencies
Specifies additional items to add to the link command line. [i.e. kemel32.1ib]

Fig -22: VS Linker Input Configuration
8. After this click Apply and afterwards click OK and Project setting for utility is completed.

3.4 Execution of Rule Handler for validation of Named Reference

Fig -23: Declaration of Headers and tags
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1. After completion of project setting | have started writing code in source.cpp file where | have included all headers require to
call API’s related to Handler and also declared tags require to pass in API’s.

~hlrchknf_register_callbacks(

CUSTOM_register_exit("rhlrchknf", "USER e nit_module”, (CUSTOM_EXIT_ftn_t)rhlrchknf_register_custom_handlers);

¥ 26°C Haze

Fig -24: DLL Registration Code

2. | have written the code for DLL registration by using APl CUSTOM _register_exit (context, base_ftn_name, custom_ftn)
provided by Siemens ITK Function file.

rhlrchknf_register_custom_handlers

", rhlrchknf_check_nf);

4 Add to Source Control ~

Fig -25: Rule Handler Registration Code

3. Now | have registered Rule Handler by using APl EPM_register_rule_handler (handlerName,
functionPointer).

n_t rhlrchknf_check_nf(EPM

check;
EPM_decision_t decision = EPM_nogo;
tag t job_tag = ;

r

tag_t owningU
“* StrSysCmd =
*object_type 3
attachment_count = 8;
attachment_type =
ref_count = @;

status = EPM_ask_job( task, 8job_tag);
status = EPM_ask_root_task(job_tag, &root_task_tag);

status = EPM_ask_attachments(root_task_tag, attachment_type, RBattachment_count, &attachments_tag);
( i = @; i < attachment_count; i++)

status = WSOM_ask_object_type2(attachments_tag[i], &object_type);

printf(object_type);
printf("\n");
(tc_strcmp(object_type, “PDF") =

ArintF "0 Natas =

4 Add to Source Control ~

2 1 gy ENG  BOTPM
WP 26°C Haze ~ oAy 0 0T, OO

Fig -26: Getting Active Task Code
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4. Now | have written the code for getting Workflow, Active Task and Attachments.

% Sourcecpp # X
™! thirchiknf (Glabal Scope rhirchknf_check nf(EPM_rule_message._t msg)

status = EPM_ask_root_task(

status = EPM_ask_sttachments(root_task_tag. attachment_type, &attachment_count, &attachments_tag);
¢ i = @; i < attachment_count; i++

status = WSOM_ask_object_typez(attachments_tag[i], &cbject_type);
printf(object_type);
printf("\n");

(tc_strcmp(object_type, "PDF")

printf(“\n Dataset found succes

status = AE_ask_dataset_ref_ count(attachments_tag[i], &ref count);

(ref_count > @

n EPM_go")

EPM_nogo;
PM, ");

7 Ready 4 Add ta Source Control =

" E 5 = s07PM
S8 O Type heretosearch -1 . =¥ 26°C Haze -~ o) o 1

Fig -27: Comparing Object type with Item Revision »

5. I have get the Object Type and compared it with Item Revision and if true then | found Dataset. Then checked Named
Reference count of Dataset and if count is! =null then EPM_go or EPM_nogo.

LI B B I

® 5l irchint - (Global Scope) - @ rhirchknt_cheek_nf(EPM_rule_message_t msg)

on_t rhlrchknf_check_nf(

status;
check;
PM_deci _t decision = EPM_nogo;
tag_t job_tag
ag_t root_task_tag =

7 Build succeeded 4 Add to Source Control «

28 O Type hereto search

Fig -28: Build the Project

i
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1i-Jul-1
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1

4
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1

rhirchiknt.dil 24-Aug-23 B:08 PM Application exters.
rhirchknt.iobj 24-Aug-23 808 PM 108 File
cchknf.ipdb 24-Aug-23 808 PM 1PDB Fite

11-Jul-18 3:18 PM Applicati

1
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1
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"

i
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Fig -29: DLL created in bin folder of Teamcenter

JETIR2309034 | Journal of Emerging Technologies and Innovative Research (JETIR) www jetir.


http://www.jetir.org/

© 2023 JETIR September 2023, Volume 10, Issue 9

www.jetir.org(ISSN-2349-5162)

6. After completion of code build the project in Visual Studio. After building the project rhirchknf.dll extension file is created

in bin folder of Teamcenter.

&
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Options Click on the “Edit” button to madify the definition and update any field in order for the “Save” button to be enabled. Nate that the "Description” field must not be empty. =
Search In Match Click on the “Save” button ta save the definition of the exist
] keys [Avalues| (] case
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Name Lacation Protection Scope
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& Structure Manager

Preferences found: 2

Options | Filters | Search | Organization

2 Edit| B Save

= Lifecycle Viewer

L}

@1 w

t LE]

Fig -30: DLL registered in Teamcenter Server

7.

Copy the project name i.e. rhlrchknf without extension and paste it in TC_customization_libraries for registering dll in

Teamcenter server and click on save and log out of Teamcenter.

& Workflow Designer - Teamcenter 12

File Edit View Tools Go Window Help

Rtbn %L Oe-Ede~Ee:cF>D08 | v 4
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X
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0

Process Template AANew Pracess 2

Enter the Item ID to search

~ Template Type @ Process O Task

~ Quick Links

"

& New Do Task 1
B New Add Status Task 1

E

[ Set Stage to Avail
2 New Process 2

B O | - —_— -
Hew Do Task New Ackd Status Task 1 —

Handler Type: [©] & Quorum:
TaskAction: | Complete v
Rule Handler: rule_nf 5
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-
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CAE Manager 2 Resume
t
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&= Lifecycle Viewer g BB |
= = <
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Fig -31: Checking of Custom Rule Handler registered in Teamcenter

8.
validate the named reference.

Log in again and our custom rule handler will be registered as shown in above figure and | have initiated it on a workflow to

By this way | have implemented the BOM creation through CSV file Utility and Registered Custom Rule Handler for Validation
of Named Reference in Teamcenter through Server Side Customization.
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IV. RESULTS AND DISCUSSION

4.1 Result for BOM creation through CSV file

& My Teamcenter - Teamcenter 12
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=(; TPO0020-View General Reservation Project All
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@ TPODO20/A
£ TPOD020/A-View Name: Automatic Transmission
% View Description:
(]
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Fig -32: Checking of BOM Created through ITK in Teamcenter
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Fig -33: Loading of BOM Created through ITK in Structure Manager

As we have successfully compiled the code through Server Side Customization, then we have Log in to the Teamcenter
and searched the BOM through Parent Item ID to check whether BOM is created or not. After searching the BOM through Query,
we found our BOM created through code in My Teamcenter. For checking Child Items we have loaded BOM in Structure Manager
and we found that BOM is loaded along with Child Items. We have fulfilled the requirement of client by creating BOM through

reading CSV file.

4.2 Result for Rule Handler for Validation of Named Reference

As we have successfully complied the code of Rule Handler, then we have checked the results by attaching it on a
Workflow and initiated the Workflow on Item Revisions for validation of Named Reference as per business requirements through
client. After validation the results with and without named reference are explained below.

4.2.1 Dataset on Item Revision without Named Reference

As we can notice clearly in below figure, if we are initiating workflow on Item Revision which contains Dataset attached
to it without Named Reference i.e. without physical file then error is thrown stating that Business rules for handler are not met

and workflow will not be initiated on Item Revision.
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Fig -34: Workflow not |n|t|ated on ltem ReV|S|on without Named Reference

4.2.2 Dataset on Item Revision with Named Reference

As we can notice clearly in below figures, if we are initiating workflow on Item Revision which contains Dataset attached
to it with Named Reference i.e. with physical file then workflow will be initiated on Item Revision as it meets the Business
requirements and no error is thrown.
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Fig -36: Workflow Initialed on Item ReV|S|on with Named Reference
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