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ABSTRACT

Gupta, Rajat M.S.M.E., Purdue University, December 2017. Pattern Based System
Engineering (PBSE)- Product Lifecycle Management (PLM) Integration and Valida-
tion. Major Professor: Hazim El-Mounayri.

Mass customization, small lot sizes, reduced cost, high variability of product types
and changing product portfolio are characteristics of modern manufacturing systems
during life cycle. A direct consequence of these characteristics is a more complex sys-
tem and supply chain. Product lifecycle management (PLM) and model based system
engineering (MBSE) are tools which have been proposed and implemented to address
different aspects of this complexity and resulting challenges. Our previous work has
successfully implemented a MBSE model into a PLM platform. More specifically,
Pattern based system engineering (S* pattern) models of systems are integrated with
TEAMCENTER to link and interface system level with component level, and stream-
line the lifecycle across disciplines. The benefit of the implementation is two folded.
On one side it helps system engineers using system engineering models enable a shift
from learning how to model to implementing the model, which leads to more effective
systems definition, design, integration and testing. On the other side the PLM plat-
form provides a reliable database to store legacy data for future use also track changes
during the entire process, including one of the most important tools that a systems
engineer needs which is an automatic report generation tool. In the current work, we
have configured a PLM platform (TEAMCENTER) to support automatic generation
of reports and requirements tables using a generic Oil Filter system lifecycle. There
are three tables that have been configured for automatic generation which are Fea-
ture definitions table, Detail Requirements table and Stakeholder Feature Attributes

table. These tables where specifically chosen as they describe all the requirements of



xii

the system and cover all physical behaviours the oil filter system shall exhibit dur-
ing its physical interactions with external systems. The requirement tables represent
core content for a typical systems engineering report. With the help of the automatic
report generation tool, it is possible to prepare the entire report within one single
system, the PLM system, to ensure a single reliable data source for an organization.
Automatic generation of these contents can save the systems engineers time, avoid
duplicated work and human errors in report preparation, train future generation of
workforce in the lifecycle all the while encouraging standardized documents in an

organization.



1. INTRODUCTION

Technological development is considered to be one of the most important factors to
affect the growth of an economy. Back in the 1950s, Manufacturing in the United
states was responsible for about 19% of gross domestic product (GDP) and employed
30% of the workforce [1] and this number has significantly dropped by the year 2011
where it is responsible for 12% of GDP and employs 11% of the workforce [2]. This
sector has been still in recession and many manufacturing facilities have advanced
their way towards developing countries. There is a strong need to find a way to stop
this, boost the countrys economy and remain a prominent force in the 21st century
as well. One way towards this goal would be by major advancement in technology
which solves increasing complexity of modern systems and the process of decision
making easier. The increasing complexity is the result of poor or no compatibility
between various technological tools. Thus integration of these tools would be a great
challenge and the resulting advantages are many. To support this statement, 6.573
billion things were connected to internet in the year 2014. This number will increase
to over 25 billion in 2020 [3] which will have direct and tremendous impact on the
future of manufacturing. This also comes as a possible solution to the frequently
described problem of increasing complexity, explosion of variants due to technological

progress and increasing rate of changes in manufacturing processes.

1.1 Problem Definition

Most of the modern complex systems we work around are smart systems that
perform according to requirements and with capabilities to predict, react and social
(communicate with each other and us). Industrial Internet of things (IIOT) and

industry 4.0 are two increasingly discussed strategies helping to make manufactures



more productive. [4] There is a need to develop a mechanism which helps product
managers with short-lived market windows and diverse product requirements with-
out compromising on the quality of the final product. PLM provides the best way
to effectively involve multi-disciplinary fields and ensure that the product and the
associated lifecycle approaches are optimized. The current system engineering trend
is to drive away from document based approach and towards integrated models for
managing the complexity. Model based methodologies yield significant benefits such
as early identification of unexpected design challenges, better understanding and doc-
umentation of designed behavior. This is a major reason why Model Based System
Engineering (MBSE) is of growing importance in system design. But, the critical
success factor is to manage alignment through requirement cascade and dependency
management, not to try to align all requirement to a single model, but to an inter-
dependent ecosystem. Hence integration of MBSE-PLM is important where one can
rely on this interdependent ecosystem.

Patterns knowledge and benefits drives from Model based System Engineering
(MBSE). When PBSE is used for a new project there is a strong foundation provided
from an preceding pattern or number of patterns. PBSE has been addressed and
carried out on different enterprises and domain. [5].

The gap addressed in this study is the lack of model-based continuity of system
engineering activities from the early phases (proposals and conceptual design) to de-
tailed phases (detailed design, development and delivery). There are also constraints
in the transfer of knowledge across the system lifecycle, as the knowledge is within the
mind of a system engineer. This gap exists because the tools used for systems mod-
eling and analysis are different in each phase. There are no common grounds for an
entire lifecycle for effective knowledge transfer. We introduce PBSE-PLM integration
in our efforts to easy understanding of complex systems. This integration is done to
ensure all possible information exchange (Requirements, feature model/variants, test
cases, process and workflows), Ensure traceability, integrated tool chain and have a

single or integrated data and configuration management platform.



1.2 Literature Review

Systems engineering approach is only complete when all the process, items etc
involved in a system are documented. This gets increasingly difficult in modern
manufacturing world as the products or systems are continuously evolving. There
is high level of complexity that comes along with this evolution. Complexity in de-
signs, behaviours, interdependencies, decision making etc involving implementations
are a common problem modern system engineers face. These problems are in varied
domains of a particular system and this entire information is covered by a system
engineer, therefore it is very important to have transfer of knowledge for next gen-
eration or future engineers which requires very in-detail and precise documentation.
In recent times, Models were created to better explain a complex system. Also it is
much easier to explain a system using figures than including hundreds of pages of

documents.

1.2.1 Model Based Engineering
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Figure 1.1. Model Based Engineering



Model-Based Engineering (MBE): An approach to engineering that uses models
as an integral part of the technical baseline that includes the requirements, analy-
sis, design, implementation, and verification of a capability, system, and/or product
throughout the acquisition life cycle [6]. The models can reflect some aspects of a
problem in reality, but in a more orderly form, and can be explained by theories.
The objectives of a model range from facilitating clear understanding, to aiding in
decision making, examining what if scenarios, to explaining, controlling and predict-
ing events. Feeding from the MBE concept comes Model Based System Engineering
(MBSE) which is specifically associated with system engineering which also includes
behavioural analysis, system architecture, requirement traceability, performance anal-
ysis, simulation, test, etc. Model Based System Engineering (MBSE) changes and
improves how we represent systems [7]. Key characteristics of a MBSE process is
the continuous loop, which ensures that at the time of delivery, even though the
model becomes more complex than it was at beginning, it still has clear order and is
easy to understand. MBSE is the formalized application of modelling to support sys-
tem requirements, design, analysis, verification and validation activities beginning in
the conceptual design phase and continuing through development and later life cycle
phases [8]. MBSE is goal driven, the goal here is to eliminate document based tradi-
tion by using models as a form of representation. The main advantages MBSE posses
is that it helps increase productivity, improving quality, improving communication
and significantly reduce risk.

Above Figure 1.1 depicts the activities and related relationships that generally
characterize the overall process, from customer needs to the final system solution. In
the last decade, large-scale system projects have been created using different lifecycle
development models. They often use their own lifecycle patterns, but the most com-
mon lifecycle models are Royces Waterfall model [9], Boehms spiral model [10], and
Forsberg and Moozs Vee model [11]. Each defines the lifecycle differently. All these
process model approaches are continual, an iterative operation is done to achieve a

suffice result.
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Global efforts are working toward the exchange and interpretation of model data
by machines and people, for purposes of simulation, procurement, fabrication, code
generation, etc [12].

The whole idea of a effective model is to serve the needs of model interpreter. If
the goal is to communicate with a large community or serve a large company with the
idea of modelling then it is that important to make the system easier to understand,

making model interpreters job easier.
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But, there are few limitations of MBSE such as the domain is fixed when a prod-
uct is designed with respect to a model. This can lead benefits to a some cases where
you deal with a family of products, as system engineers shall not have to start from
scratch and can rely on some strong foundation. But, if a new product has evolved
significantly the existing model can not be used to designed this system as there is a
risk of diverging fundamental issues which are essential to incorporate new features.
An SE team that uses MBSE tools and practices improves productivity within the
team but finds itself further isolated from the rest of the engineering organization
and processes. This is due to complex MBSE tools being used by a small number of
engineering specialists whose models are not easy to disseminate and not easily un-
derstood by the rest of the organization preventing the intent of the systems engineers

from being followed to its fullest.



1.2.2 Integrated MBSE Driven System Development and Management

MBSE is not subject to the standard change control process, because MBSE lacks
integration into the overall design and configuration management process. To counter
these varied limitations the current trend is to integrate MBSE with a powerful PLM
tool which can manage the entire lifecycle, effective communication, ease of under-

standing the system and all the while assuring quality of the delivered product.

1.2.3 Current Trends

1. In today’s modern world, components and products have become systems where
product designs require a mix of hardware, software, electronics and/or firmware. If
MBSE is not tightly linked to PLM, product quality issues will emerge, putting
brands, companies and their stakeholders at risk. A fully integrated MBSE PLM ca-
pabilities that is supported by a computational continuum provides Integrated model-
based system driven product development and management,-Siemens, an industrial
leader, has referred to such integration as SDPD (Systems Driven Product Develop-
ment) Framework that is poised to address the current challenges of modern manu-
facturing (characteristics of Industry 4.0) by enabling the digital enterprise.

SDPD builds a solution by integrating different engineering disciplines involved
in a single process/system. It is defined as an open and modular solution to cross-
domain collaborative product development, manufacturing and in-service support
which fully integrates modelling and simulation to predict product and process perfor-
mance across a wide range of disciplines and domains, including mechanical, electrical,
software and controls. It combines systems engineering with an integrated product
definition and the ability to unify product development framework with manufactur-
ing and shop floor operations. There are five key characteristics to SDPD.

First, it involves multi-level, multi-domain, and multi-scale models. For exam-
ple, 1 Dimensional system modeling and simulation can be used to predict operating

point and scenario to manage transient 1/O boundary conditions (e.g. temperature,
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Figure 1.5. Multi-level, Multi-domain and Multiscale Models

pressure, flow rate, control, etc.), while, 3 Dimensional component (or subsystem)
modeling and simulation can be used for zooming in on components in the 1 Di-
mensional sketch to ensure the simulation quality at a geometric resolution (e.g. Jet
forces, pressure gradient, flow coefficient, etc.)

Second, requirements drive the development process. In the design team, system
analysts develop requirements based on customer needs to build products that cus-
tomers want. Requirements management works in conjunction with system modeling
and system simulation to both design and test the system model.

Third, SDPD requires multi-level and effective communication. For example,
system analysts use requirements to communicate decisions to systems designers and
system testers. System designers communicate how the system model should be tested
and what targets should be made in a design validation plan. System designers
and system testers communicate design issues, feasibility issues, and requirement
assessment issues to each other and the system analysts.

Fourth, SDPD is characterized by data and information management and reuse to
support cross-engineering domain. In fact, PLM provides a cross-domain platform to

capture and map the relationships needed to make global and cross-domain design de-
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cisions required to develop multi-domain products or systems. Finally, SDPD is char-
acterized by traceability across all aspects of the multi-domain product. It provides
development team continuous insight into conformance to requirements throughout
the product lifecycle.

2. Intercax LLC is an engineering software company specializing in the integration
of complex data models for systems engineering. It is a pioneer and trusted global
innovator in the field of Model-Based Systems Engineering. Their product SLIM
(System Lifecycle Management) is envisioned to provide capabilities that combine
the strengths of model-based systems engineering and product lifecycle management
(PLM) [13]. SLIM has been designed as a MBSE workspace on a strong PLM plat-
form. It uses Sysml (Systems modelling Language) as a tool to synthesize from the
beginning of system development.

3. Another company PTC, a computer software company that provides solu-

tions which help transform how products are created and serviced, helping compa-
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Figure 1.7. Effective Communication Cvcle

Figure 1.8. Traceability

nies achieve product and service advantage has also taken significant efforts in this

area. [14] This study believes that while PLM enables organizations to manage the
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entire product lifecycle, MBSE captures and communicates system requirements and
architecture using visual models and standards-based notation to describe complex
products and systems. Taking advantage of productivity data transfer between MBSE
and PLM systems can deliver numerous benefits in product and process development
activities.

Embedded Market Forecasters, a premier market intelligence and advisory firm
in the embedded technology industry had conducted a survey in 2013. This survey
was conducted to learn the effects of SE (System Engineering), MBSE (Model Based
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System Engineering) and MBPLE (Model Based Product Line Engineering, MBSE-

PLM) on development cost per project and on time delivery. The results of this survey

MBPLE
MBSE
MBSE
ﬁ MBPLE
Development Cost per Project On Time Delivery

Figure 1.11. Survey
clearly show when used SE 59% projects were delivered on time. 62% when MBSE

is used and 75% when MBPLE used. Also, MBSE takes 55% reduction in Total
Development Cost per project and MBPLE takes 62% reduction when compared to
SE. [15]

4. Also, according to the latest report of the International Council on systems
Engineering (INCOSE), model based systems engineering was very likely to replace
the document-centric approach practised by most systems engineers. By 2011 SysML
was used by 20% of aircraft and defence companies and 7% of automotive manufac-
tures [16]. The figure below provides an overview of the main differences between a
document-based verification and a model-based one. The documents that are pro-
duced in the traditional process, reported in (a), could be replaced by a system model
which is able to include system requirements, the specification of validation and ver-
ification, and of their activities (e.g. test or analysis), which is linked with test and
analysis models (including flight units), related results and reports, as outlined in
(b). If documents are still required, they could be generated from these models. Our
research scope drives on the same lines but our idea is to make it more approachable
and better by integrating an PLM information system tool which brings in ben-
efits such as automatic generation of system requirements documents. Therefore,
extending a traditional PLM framework through adoption of Systems Engineering

and Model-Based Systems Engineering methodologies multiplies its typical benefits.
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Figure 1.12. Verification Process: from Document Based to Model Based

The introduction of Model-Based (MBSE) data structures opens the door for inte-
gration of a wide range of model-oriented tools, integrated by a common fabric. But,
merely using PLM information technology does not guarantee of MBSE model cov-
erage, unless managed. In this study we introduce the integration of Pattern-Based
System Engineering (PBSE) into a Product Lifecyle Management (PLM) platform.
Introduction of pattern-based data structures opens door for machine-assisted plat-
form and product line management. A common federated conceptual reference model

(S*Metamodel) further enables this vision.



14

1.3 Thesis Outline

Syviemata Yhets s | Teamcemier Dim Typs
Stachokder 48 feskcholder
Feature 54 Featue

Functional [nteraction (Iatcractwe) 53 _Imerscton

Srang 55 Sy
Syuem 55 LogicalSyuen

{ .._

R PR st
ey A
€
oL [
== f s
p—— F Insnface 59_Imertace
1 5 Syvvem of Acoes %4 LogicalSysiem
i = H EE——— S8 ligratChatyral
- i ' I *A" Matrin Couplings 53_AtiCoupling
et e e — : . ] Fisnstaosud Roke 53 FRok
(Bl L.:-‘.:iz.f.. _]_.--_-_“-ﬂ- | : Mapping K Recqarcmsent Statemmert SRS
i I_ | b i ! Dessgn Cosspotacst 54 Phyacaltysiem
1 e = i M T~ Matris Cosplngs 33_AnCoupling
i | ﬁ S i Festwe Anribate 54 FriAsribunc
¥ rrpt | l— o Role Amibute 55 RAmibunc
............................................................................... - iy i
Implementation
el — e e

"~ Specialization

Figure 1.13. Previous work: Research Approach

In our previous work the above research approach was used to build some of the
components of metamodel in the aim for integration of PBSE and PLM. A generic
model of S*Metamodel was created in Teamcenter. The mapping process provided
the General Production Pattern and oil filter specialization model with fundamental
capabilities. The approach defined above is to map the S*Metamodel in Teamcenter
using Business Modeler IDE and implementation is done by creating custom oriented
business objects in BMIDE and later using the generic model for specialization of
the use case, i.e.: Oil filter. This work included the mapping of specific only few
of the blocks of the Metamodel. [17] In the current work, S*Metamodel has been
fully implemented to configure a PLM platform (TEAMCENTER) which supports
automatic generation of reports and requirements tables using a generic Oil Filter
system lifecycle.

There are three tables that have been configured for automatic generation which
are Feature definitions table, Detail Requirements table and Stakeholder Feature At-
tributes table. These tables where specifically chosen as they describe all the require-

ments of the system and cover all the physical behaviours the oil filter system shall
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exhibit during its physical interactions with external systems. The tables and the
diagram are core content for a typical systems engineering report. With the help of
the automatic report generation tool, it is possible to prepare the entire report within
one single system, the PLM system, to ensure a single reliable data source for an
organization. Automatic generation of these contents can save the systems engineers
time, avoid duplicated work and human errors in report preparation, and encourage
standardized documents in an organization This model is used to generate Auto-
matic System requirements documents and validate this integration by comparing

the generated documents with document created by a professional systems engineer.
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2. METHODOLOGY AND IMPLEMENTATION
2.1 Pattern Based System Engineering

Pattern recognition and classification have a mathematical theory and engineering
practices. [18].Patterns in engineered systems were recognized in building architecture,
later inspiring software engineers, and more recently systems engineers. [19] [20] [21]
[22]. Patterns were traditionally represented by templates which then merged with
MBSE leading to Pattern based system engineering. [23] [22]

e
Architecture
Harsest
Ungover
Pattern Pattern
Preduct Lines or
System Famililes

Individual Preduct
or System Configurations

Figure 2.1. PBSE Pattern Pyramid

Pattern class hierarchy:
The pyramid consisting the meta-model represents a system or product by layers.

The pyramid start with inclusion of the entire model in the top layer described by
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the meta-model which considers important features such as requirements and design
of all the product lines. The middle layer covers the configurations which are similar
enough to be connected to the same system and finally the bottom layer consists
of specific requirements and design models and therefore derived specifications are
followed to build the product lines or system. [24]

There are two important aspects of the pyramid which are represented on the
either sides:

Uncovering Patterns and Harvesting patterns represent the future of the systems
where the product can be recognized,developed from scratch and then can be brought
into the existing product lines or systems and thereby creating new market value and
increasing revenue.

The main advantage of patterns is that they are re-usable and reconfigurable
models. The reusability is possible because of reusable requirements for one true
family of products, and hence the products can be reconfigured accordingly. Reusable
requirements are some common needs across different applications, product lines or
subsystems. To create a perfect modelling framework parametrized requirements
statements are glued to overall requirements of the systems which inherently enables

Pattern-based System Engineering.

2.1.1 S*Metamodel

It provides an underlying framework that defies the semantic meaning of models
conforming to it. Pursued over a number of years and tests, the contempory system
models are often both semantically too big (redundant) and too small (missing im-
portant information), at the same time. [25]. This study utilizes the S* Metamodel,
a relational /object information model used in Systematica methodology to describe
requirements, designs, and other (verification, failure analysis, etc.) information.

This metamodel has been applied to systems engineering in mil/aero, transportation,
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communication, medical and health care, consumer products, construction, manufac-

turing, and as a framework for educating new engineers. [26] [27] [23] [28] [22] [29].

Figure 2.2. S*Metamodel=Smallest Model Necessary for Purpose of
Science, Engineerig, Life Cycle Management

Each Block of the figure 2.2 is defined below and relationships as they
are connected with:

Stakeholder is an entity having a value stake in the behaviour or performance
of the system.

Feature shows the performance of a system that has stakeholder value, described
in the concepts and terminology of that stakeholder, and serving as the bases of selec-
tion of systems or system capabilities by or on behalf of the stakeholder. Features are
parameterized by Feature attributes, which have subjective stakeholder valuations.

Functional Interaction means the exchange of information between system com-
ponents, each of which plays a Functional Role in that interaction.

Functional Role means the behavioural description (and therefore a logical sys-
tem) of a part played by a system in a functional interactions relationship.

The state of a system determines what behaviour it will exhibit in future inter-

actions. The state of a system may be changes by those interactions.
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Input/output is that information which is externally exchanged between inter-
acting systems.

Interface is the association of a system with a set of its Functional Interactions(s),
Input/output(s), Architectural Relationship(s), and System(s) of Access.

Design Component is a physical system that is within a subject systems physical
system containment hierarchy and to which is allocated functional roles.

Requirements Statements are the descriptions equivalent to the roles they
describe, and are measured by Requirements Attributes which are identical to the
related Role Attributes.

Matrix A couplings describe the quantitative value dependencies (parametric
couplings) between Stakeholder Feature Attributes and Functional Role Attributes,
quantifying fitness space or trade space.

Matrix B couplings describe the quantitative value dependencies (parametric
couplings) between Functional Role Attributes and Physical Design Component At-
tributes Logical System is a system identified solely by its externally viewable
behavior or responsibility.

System Interactions represents interactions between physical systems with views
from science.

It is important to indentify interactions while building a model, S*Metamodel is
built on the foundations of system interactions. [30]). Identifying these interactions
is not only done by modelling tools but tolerated by them. System Failures for
human engineered systems have purpose, analysis of failure modes and effects (FMEA,
FMECA, etc.) and other forms of risk analysis are central to systems engineering
and are likewise fundamental to the S*Space described by the S*Metamodel. [31].
Requirements are the most important aspect of a system engineer. Significant study is
done to covert these textual gestures to more easy to understand methodology such as
models. However, these text representations are the prose equations of the non-linear

extension of transfer functions [32], even if not recognized as such. Accordingly, the
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related transfer function abstraction is fundamental to the S*Metamodels integration

of requirements.

Pattem Class Hisrarchy

Figure 2.3. S* Models which are Reusable
S*Patterns are S*Models (with all their parts) that have been constructed to

cover a system configuration space bigger than single system instances, and are suf-
ficiently parameterized and abstracted to be configurable to more specific S*Models,
and thereby reusable, as in Figure [23] [32] [27] [5]

The above figure illustrates the process by which patterns of requirements and
design for generic systems can then be configured or specialized into individual prod-
uct line families, and ultimately individual product systems. This approach has been
applied in a number of Commercial off the shelf (COTS) product line enterprises,
to enhance COTS portfolio engineering and planning. This approach also facilitates
the ongoing expression of organizational learning in the form of updates and refine-
ments to uncovered patterns. A particularly Striking benefit of this approach is that
it allows large organizational practitioners who are less skilled in clean sheet original

modelling to gain benefits of model-based engineering.
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2.2 Teamcenter

It is a PLM solution initially developed by UGS Corporation, a company which
later became Siemens PLM Software which has made it the most widely used PLM
platform in the world.

Various modules in Teamcenter include:

Portfolio, program and project management: This module uses Microsoft
office to align with the PLM workspace thereby increasing productivity.

Compliance management: Mitigate risks of non-compliance by identifying
managerial activity.

Systems engineering and requirements management: This module is used
to alleviate new risk created while implementing a new product in the system.

Engineering process management: One single repository for design work-
force.

Bill of materials management: Deliver quality product and right time along
with product verification.

Content and document management: Improve productivity by leveraging
SGML/XML to rapidly publish multiple product variant documents.

There are many other modules which are not in the current cope of this study. We
use the systems engineering and requirements management module, Bill of materials
management module and the content and document management modules in this
study. S* Metamodel has been implemented in the systems engineering and require-
ments management module. Content and document management module is used to
organize data and then integration with MS word allows us to create requirements

document.

2.2.1 System Engineering (SE) and Product Lifecycle Management (PLM)

The common factor between SE and PLM is Product (or System).SE is focused

on the specification of the system (architecture) and its performance against the
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stakeholders requirements. On the other hand, PLM handles the integrated and
coordinated development, maintenance and use of all product (or system) data and
relevant engineering information throughout the entire product lifecycle.

The idea is to enable Systems Engineering with the information and process man-
agement capabilities of PLM solutions. This idea when implemented will be a holistic
approach to develop, deliver and support optimum product solutions. At its core, it
defines and associates requirements to functions, functions to logical representations,
and logical representations to physical designsproviding an architectural framework
for the downstream physical implementation of all the systems associated with the

product, including manufacturing, support, and ultimately recycling.

2.2.2 Teamcenter as a System Engineering Driven PLM Tool

This module helps system engineers to make better decisions by providing contin-
uous feedback and all the while realizing the criticality of the risk involved.

Extended application and systems integration: This feature defines the in-
terconnectivity Teamcenter provides by liking different softwares with live integration
into PLM workspace.

Requirements traceability: System Engineers are always looking to integrate
requirements to lower-levels to provide enough understanding on why a requirement is
determined and how it is inclined to higher level stakeholder needs. System Engineers
can use this feature in Teamcenter for traceability to track and manage requirements.

Requirements management: This feature in Teamcenter is used to implement
all the stakeholders needs and identify requirements. Requirements here can be man-
aged, extracted and linked for extensive use.

There are many other features of Teamcenter but are out of scope for this study.
Above mentioned are the main functionalities used extensively in this study.

Current Teamcenter SE Functionality include:

e To Develop and manage requirement structures
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e To Develop functional model structure using structure manager

e To Create and maintain logical model structures

e To Relate requirements and structure components with trace links

e To Create and maintain physical model structures

e To Manage changes, change requests, performing impact analysis

e To Perform simulation and model the behavior of model components

Teamcenter modules involved with SE include System Engineering, Requirements
Manager, Structure Manager, Multi-Structure Manager, Change Manager, Manufac-
turing Process Planner, and Workflow Manager. Teamcenter Systems Engineering
represents a highly integrated PLM-enabled solution. CIMdatas research and experi-
ence indicate that the potential payoffs for companies that utilize such an integrated
approach can be significant. This integration helps in reducing hidden risks, in the
absence of sound enterprise information asset strategies, information and valuable
insights can be lost which has a direct impact imposing huge costs on future products
because of poor decision making, repeated mistakes and lessons learned that are not

passed on.

2.2.3 BMIDE(Business Modler Integrated Developing Environment)

The Business Modeler IDE (Integrated Development Environment) is a tool for
configuring and extending the data model of your Teamcenter installation. The data
model objects define the objects and rules used in Teamcenter. BMIDE is used to

1. Create new data model elements

2. Perform C++ customizations

3. Migrate data using the mapping designer

Business objects are the fundamental objects used to model business data. Busi-

ness objects were formerly known as types in Engineering Process Management. One
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of the most important jobs you perform in the Business Modeler IDE is to create busi-
ness objects to represent different kinds of parts, documents, change processes, and
so on. The Business Modeler IDE is a tool for adding your own data model objects
on top of the default Teamcenter data model objects. The Business Modeler IDE
accomplishes this by separating your data model into its own set of files that are kept
apart from the standard data model, known as the COTS (commercial off-the-shelf)
data model.

There are several ways to do customization some of the important are:

Data-model-based customization Allows Addition of custom C++ operations
to business objects, and the overriding of existing operations on business objects.

Teamcenter Services customization Allows custom service-oriented architec-
ture (SOA) service operations and the low level data model objects. These are less
granular services that improve the performance of client communication in a Wide-
Area-Network (WAN) environment.

Extensions customizations Allows you to write a custom function or method
for Teamcenter in C or C++ and attach the rules to predefined hook points in Team-
center (preconditions, pre-actions, and post-actions). Also, existing operations can
be extended to these hook points.

Few of the various capabilities of BMIDE are:

1. The BMIDE manages all extensions through a template.

2. Business Analysts create an Extension Environment Project in the BMIDE that

manages a customer template.

3. As Types, Classes, Attributes, LOVs, etc are created in the BMIDE that are

automatically placed into the template.

4. The template becomes the mechanism for deploying custom extensions to any

Teamcenter environment.
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5. Customers desiring to tailor Teamcenter business behaviour can start with a

new clean template.

2.2.4 Methodology to Create Business Objects

Business objects are fundamental objects used to model business data. Business

objects are created to represent product parts, documents, change process, and so on.
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Figure 2.4. How to Create Business Objects in BMIDE
The above figure depicts the user interface on BMIDE and shows the steps involved

in creating a business object. It is very important to select a parent object and it

subsequently created a business class which later can be customised with properties,

List of Values (LOVs) etc.

Implementation to Create Custom Oriented Business Objects:

We received mapping document from our stakeholders (ICTT system Sciences).

This document describes the various classes describing all the blocks of the S*Metamodel.
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55 _STMLBClass FndOLogicalBlock Item

S5 _STMClass FndOLogicalBlock Item

55 _STMRSClass Requirement Item

55 _IsSourceDf FND_Tracelink Trace Link
S5_IsSuperclassOf FND_Tracelink Trace Link
55_SEModel 55_STMLBClass FndOLogicalBlock
S5 Feature S5 STMLBClass Fnd0LogicalBlock
S5_FrAmribute 55 _STMLBClass Fnd0LogicalBlock
55_LogicalSysiem 55_STMLBClass FndOLogicalBlock
S5_Interface 55_STMLBClass Fnd0LogicalBlock
S5 AR 85 _STMLBEClass Frnd0OLogicalBlock
55 _InputOutput 55_STMLBClass FndOLogicalBlock
S5 _State S5 _STMLBClass Fnd0OLogicalBlock
S5_Ewvent 55_STMLBClass Fnd0LogicalBlock
§3_Interaction 55_STMLEClass Fnd0LogicalBlock
35_FRole S5_STMILBClass Fnd0OLogicalBlock
55 RATT 55 STMLBClass Fnd0LogicalBlock
55_RArtribute 55 _STMLBClass FndOLogicalBlock
55_AnCoupling 55_STMLBClass FndOLogicalBlock
S5_PhysicalSystem S5_STMLBClass Fnd0LogicalBlock
53 _PSAruribute 55 _STMLBCIlass Fnd0LogicalBlock
55 Req Rel 55_STMLBClass Fnd0LogicalBlock
55 ATTR 55 STMLBClass Fnd0LogicalBlock
55_SEPrespective 55_STMClass FndOLogicalBlock
S5_Stakeholder 55_STMClass Fnd0LogicalBlock
53 _Advocate S3_STMClass Fnd0LogicalBlock
55 Need 55 _STMRSClass Requirement
S5_RS 55_STMRSClass Requirement |

Figure 2.5. Detailed Class Type for S*Metamodel for Input in BMIDE
(credit:ICTT Svstem Sciences)
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Figure 2.6. List of all Classes Created in BMIDE for the SKMETAMODEL

The figure 3.6 clearly represents all metaclasses that represent the S*Metamodel
created in BMIDE. The figure also distinguishes the Main Base Class, Sub-base Clas,
Super Class, Sub super class and Specialized Item type.
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2.2.5 Methodology to Assign Properties to Business Objects
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Figure 2.7. How to Create Properties in BMIDE

To add properties in we first select the business object and then add custom prop-
erties from property types such as persistent, Runtime, Compound and relation. The
figure uses persistent property as an example where attribute types can be Character
(Such as A, B, Z), Date (Calendar Date), Double (floating point decimal number),
Integer (1 to 999999999), String (string of characters), Typed Reference (points to
a Teamcenter class), Untyped Reference (points to any class of data), External Ref-

erence (points to data outside of Teamcenter), and Long String (String of unlimited

length).
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By following the above methodology and the required input from 2.8 is used to

assign custom properties to business objects.

55 _FesweRevisoa
55_FeateRevision
55_FeatureRevisicn
55 _FeatureRevisicn
58 FiAmibeirRevision
55 FrAsnbaieRsviao
55 _FrAmmbeicRoinon
55 _FrAmnibeteRevison
55_FrAmnibeteRaovison
55_LogcalSysem

55 Logcalfyvitem

55 Logcaltitem

58 LogicalSysem

55 _lmeraction

55 _Imeraction
55_|meraction

Figure 2.8. Detailed List of Custom Properties for Input in BMIDE
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Figure 2.9. All Properties Defined for Custom Oriented Functionality

2.2.6 Methodology to Add Lists of Values (LOVs)

The LOV folder in the Extensions folder is used for working with lists of values

(LOVs). LOVs are pick lists of data entry items.

There are three main types of lists of values:

1. Batch: Store LOV values in Teamcenter database rather than storing them in

template.

2. Classic: Store the LOV values in the template.

3. Dynamic: Read the LOV values dynamically by querying the database.

After creating, it is important to attach the LOV to a property on a business

object. We use Classic LOV in this study because Classic lists of values (LOVs store

the LOV values in the template.
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Figure 2.10. Method to Add Classic LOV to Custom Template

Implementatio

The Figure 2

n to Add Custom List of Values (LOVs)

.11 shows the information received from stakeholders in regards to

the custom abilities of the model.

55_FeatoreR.evision
55_FeamreRevision
55_FeatureF.svision
55_FeatureR evision
55_FrAribute Revision
55_FrAutribute Revision
55_FrAtributeRevision
55_FrAuribute Revision
55_FrAutributeRevision
85 _LogcalSystem
53_LogicalSystem
55_LogicalSystem
55_LogcalSystem
55_Interaction
55_Interaction
S5_Interaction

L Y 0 LF Al 1ype

$35_STMLBChssEevision s5_Status Status String[32] 35_Status
s5_Config_rule Configuration Fule String[32] 55_ConfigRule
55_FPK_Name FPK Name Sering{32] NA
35_FPE_Value FPK Value String[200] NA
s5_Prionity Priority String[32] 55_Priority
55_Capability Vaule Capability Vaule String] 200] NA
$5_Possible_Vahie Attribute Vahie String[32] N/A
s5_Required_Value Required Vale Strimg[32] NA
55_Units Attribute Units String[32] NA
s5_PK PK String[32] N/A
s3_Doman_Diagram Domain Diagram Strng[32] 55_Domain_Diagram
s3_Logical_Arch Diagram Logical Architectural Diagram  Sting{32] 53_Logical Arch_Diagram
55 _RPK_Rule RPK Rule Smg{32] NA
$5_LSVahe Logical Systems Vahse String[32] NA
s5_IPK_Value IPK. Value Strmg{200] NA
s§_FPK_Value FPK Vahe(Relationship) Strmg{200] NA
s5_IPK_Fule IPK Rule String[32] NA

Figure 2.11. Detailed Representation of the Custom LOV for Respective Classes
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2.2.7 Methodology for Automatic Generation of Reports

To generate the reports automatically from Teamcenter the first step involved is

to create an Excel template specific to the requirement.

Proceed to oeate an obiect of selected byoe, Dafiree Bnsinogid cliject create informaton

Busingss Object Type Object Create Information :

| % ExcelTemplate

B % Host Recently Used Gl
2y Ttem
. B
B Functonal Interacton Descrptaor:
é-;_ Logesl Symem L |
Regarement Statement 1 D003 A
BT Compiete Lst = Lo il
5] advacate e [Temporard
5 womneu et A S —

551 Peatre Atitarie ™ pen On Croate

ek [ met> | T e e |

Figure 2.12. Method to Create an Excel Template
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Figure 2.13. Figure Shows How to Customize a Excel Template
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The above displays a window where the excel template can be customized ac-
cording to the requirement. The next step is to build a series of Items and provide
required description and custom properties. After you build a series of Items then
you can either select all or send-to structure manager where we can further customize
the product structure and add/remove content to display. Structure Manager is an
application in Teamcenter that enables creation of generic product structures that
can be configured to show the product structure that is in production, effective on a
certain date, used by a particular customer, and so forth. Structure Manager enables
creation and modification of a product structure and its associated occurrence data,
display of a product structure in a multilevel indented format, and viewing graphics
tightly coupled to the structure for easy identification of a component by location in
the structure or in the embedded viewer. Structure manager displays your product
structure in a multilevel indented list format, making it easy to browse. This list
is similar to the bill of materials (BOM) that engineering organizations use to list

manufacturing information.
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Figure 2.14. Structure Manager User Interface
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1. Structure navigation tree: Allows you to navigate the product structure,
expanding or collapsing nodes to view the appropriate data. The images in the

tree indicate the purpose of each node.

2. Data panes: Allow you to view data about the selected line. To display a
different data pane, click its tab.

3. Search area: Allows you to search for a structure and configure it with com-

monly used data.

4. Incremental change management area: Shows the current incremental
change (if one is applied) and allows you to manage the incremental change

data.

5. Status symbols: show the current status of the selected line.

The final step is to export files to excel to generate required reports.

The dialog box 2.15 gives you varied options to display output in excel.

1. Static snapshot: Generates a standard Microsoft Excel document that does not

have Teamcenter live Excel capability.

2. Live integration with Excel (Interactive): Generates an Excel document with
Teamcenter live excel capability, which means this integration is interactive

therefore changes made in excel shall reflect in Teamcenter and vice versa.

3. Live integration with Excel (Bulk Mode): Generates Excel file that is not con-
nected with Teamcenter but you can accumulate changes and later connect the

file.

4. Work Offline and Import: To export the data to excel file that also contains

import processing information on a separate sheet.
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x
 Dutput
{+ Static Snapshot
" Live integration with Excel (Interactive)

" Live integration with Excel (Bulk Mode)
" Work Offine and Import

™ | Check out objects before export

~ Output Template
™ Export All Vishle Columns

%' Use Excel Template

AUDIT log_export_template |

vt [ o] _ced_|

Figure 2.15. Export to Excel

Implementation to create custom reports:

Table 1: [Features Definitions Table] Stakeholder Features are formal statements
of stakeholder requirements in the language and concepts of those stakeholders. As
such, they are not necessarily objective or technically quantified in all cases, but
nevertheless describe what must be accomplished in the minds of those for whom it
must be accomplished. To generate this table an excel template was created as shown

in the figure below
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Figure 2.16. Create an Custom Excel Template

Feature Definitions

‘tag will be considered as haader or constant
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[%Real Propedy Name]. then its value will be
replaced by Dsplay Marmé of that propadty duning
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the stant of Rules” 3.The Rules’ should be
wilten in the regquired ofded of precedence 4.The

considered as footer or constant imformation. You

CBN inEet iMmages of Ay other content you would

Figure 2.17. Define Custom Properties in Excel
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Figure 2.18. Create Custom Items and Enter Relevant Feature Name
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Figure 2.19. Fill Relevant Description
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Repeat the above procedure for all custom items. The Figure 2.20 represents all
the features created in Teamcenter in regards to the custom properties defined by the

stakeholder.

4 | Table?2
> [l FTO1-Filter Application Feature
Bl F102-Mechanical Compatibility Feature
Bl FT03-Cost of Operation Feature
& FT04-Reliability Feature
Bl FT05-Additive Feature
&l FT06-Environmentally Friendly Feature
Bl FT07-Regulatory Compliance
&l FT08-Health & Safety
Bl FT03-Ease of Installation Feature
&l FT10-Optimal Product Configuration Feature
Bl FT11-Market-Application-Coverage Feature
Bl FT12-Manufacturability Feature
Bl FT13-Market-Distribution Coverage Feature
Bl FT14-Market Segment
Bl FT15-Distribution Channel
& FT16-Optimal Package Configuration Feature

B i ™~ A~ S~ A A .

Figure 2.20. List of all Feature Items
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4 = Data To Export !
3-Filter Application Feature

B8 FT02/4:1-Mechanical Compatibility Feature

&8 FT03/4:1-Cost of Operation Feature

B FT04/4:1-Reliability Feature

B FT05/4;1-Additive Feature

B8 FT06/A4;1-Environmentally Friendly Feature

B8 FT07/A;1-Regulatory Compliance

B FT08/4;1-Health & Safety

B FT09/4:1-Ease of Installation Feature

B8 FT10/4;1-Optimal Product Configuration Feature
B FT11/4;1-Market-Application-Coverage Feature
B FT12/4:1-Manufacturability Feature

B8 FT13/4:1-Market-Distribution Coverage Feature
B FT14/4:1-Market Segment

B FT15/4:1-Distribution Channel

B FT16/4;1-Optimal Package Configuration Feature

ls v v oo oo vvo oo v

3

Figure 2.21. Create a New Folder for Export
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Figure 2.22. Feature Table Export to Excel
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Figure 2.23. Export all Objects in View and Choose Custom Template

Feature Definitions

Feature ition

Filter

Application

Feature r Application Type |The feature of ining a fiuid at a required level of cleanliness while it is in senvice in a specified application, includir
Mechanical

Compatibility

Feature for Ol Filter The feature of being in form factor and mechanical interface with the system in which the system will be installed

Cost of

Operation

Feature for Qi Filter The feature of lubrication of an by the cost of lubrication consumables per operatir
Reliability

Feature Mandatory for Oil Filter The feature of providing senices with a specified level of reliability over the normal operating life of a system

Additive Feature |One Per Additive Type The feature of adding a chemical additive to lubricating fluid at a specified rate. to accomplish the purpose of the add
Emironmentall

Friendly Featurs|Ona Par Issug | The feature of having impact on the natural environment

Regulatory

Compli One Per Regulatery Issue The feature of being in with applicable regulations.

Health & Safety

One Per Health & Safety Issue

[The feature of protecting people, including those engaged in operation and maintenance of the system, from undue risk of injury ca

Ease of
Installation
Feature

for Oil Filter

The feature of being readily installed in or removed from senice, in an acceptable time, using expected tools and facilities, by a pe

Optimal Product
Configuration

Feature One Per Praduct The feature of having an optimal portfolio of product physical configurations available
Market-
Application-
Caverage One Per Seg-Applic-Product
Feature i The feature of having a product to cover an in a market segment.

(One per Plan
y Feature | Component The feature of being producible at targeted production volume levels, by effective manufacturing processes, at acceptable levels of |
Market-
Distribution
Coverage One per Seg-Channel-Package-
Feature Product Config. Combinati The feature. for targeted market segment, being with channels of including packag
Market
Segment One per Segment An identified market segment, based on . cust pe. or other of potential (except for appli
Distribution
Channel One per Channel A channel for the of product fram the point of production to the point of end buyer purchase. including whol
Ontimal

Figure 2.24. Export All Objects in View and Choose Custom Template
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Table 2: [Stakeholder Feature Attributes] System Features and their Feature
Attributes ultimately define the trade space in which all system design trade-offs, op-
timization’s, and other decisions, comparisons, or fitness judgments are expressed and
evaluated. Feature values are further specified or quantified by Feature Attributes,
which are described in the terminology and concepts relevant to Stakeholders. These
are therefore not always technical or objective in nature. This table requires to create

folders which contain Feature, Feature Attribute and Temporary Assembly.

B = Implementation

=) Table 2

B [ Table 3
|) Feature
I3 Feature Attribute
51 Temp Assembly

& New Item %
Business Objoct Type Edit View Translation Toels Window Help
Proceed bo creste a0 object of selected Fype. Ir ey — = porr s
New v ] tem.. CirlsT I
: COpen Crl+Q ||y | Folder... Ctrl+F
Bt Open With... 3 Form.. CtrleM
L el = 3 i
P View 23, Dataset.. CirleD i
% Company i i ¥
4 Coordinate Meairing Machine lnipection View With... & URL.. i
I oo ehe View;Marklp @ ID. Ctisl |
#; DMTemplate
 Docurment Sign J | lem Element...
& Drawing i . =
€ :"ﬂl"\*-GW Cancel Signing LfE  BOM View Revision... Ctri+B
EL Emasl
o -1 | Save Cirl+S | 4  Structure Content..

UneRen

Figure 2.25. Create Folders and Feature Attributes
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As all the features were already created it is easy to just copy and paste in the de-

sired folder. The above figure shows the steps involved in creating feature attributes.

&

Dhject Create Information

Durling buirvigs object crdala infamaticn

=t Feature Attribute

Mew [tam
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-apy Beforence
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[ LT 1 Pasme
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= &N Openwith
Sand To
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ChisX
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Figure 2.26. Steps to Configure Feature Attributes
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This figure shows an example of a feature attribute (Product configuration) the

related description needed and the options of properties if needed to fill according

to the requirement. Repeat the above procedure for all the feature attribute item

revisions.

E =y Table 3
B [y Feature

[+

EEHEHEHHEEHEH

EH #H

EH #H

HEEHRKBEH

FTO2-Mechanical Compatibility Feature
FT03-Cost of Operation Feature
FTO4-Reliability Feature

FTO5-Additive Feature
FTO&-Environmentally Friendly Feature
FTO8-Health & Safety

FT09-Ease of Installation Feature

FT10-Optimal Product Configuration Featur
FT11-Market-Application-Coverage Feature

FT12-Manufacturability Feature

FT13-Market-Distribution Coverage Featun

FT14-Market Segment
FT15-Distribution Channel

FT16-0ptimal Package Configuration Featu

FT17-Filter Application
FT19-Disposable Filter Media Feature
FT20-Reusable Filter Media Feature
FT21-Filter Service Monitoring Feature
FT22-Regulatory Compliance Feature

B = Table 3
[ Feature
E [ Feature Attribute

H H H

HEEHH

HEEHEHBEEEEH

EH #H

HEEEHHEHEHEEH

FH &

EH #H

HEHEH

=} 000017-Product Configuration

=] 000018-Product Configuration Yolume
[} 000019-Application Type

=] oo0020-Application Volume

{©} 000021-Lubricant Type
{=}000022-Lubricant Flow Rate

{=} 000023-Lubricant Pressure Range
{=} 000024-Filter Effidency Class

[ 000025-5patial Form Factor

=} 000026-Mechanical Interface Type
{©} 000027-Lubricant Life

=} 000028-5ervice Life

=} 000029-Reliability

[ 000030-Additive Type

{=} 000031 -Media Type

=} 000032 -Moritoring Method

{=} 000033 Environmental ssue

[T} 000034-HAS Hazard Type

=} 000035-Requlatory Issue

=] 000038-Capadity Component

=} 000037-Production Fadility

{=} 000038 -Production Capital Expense
=} 000039-Production Cost

=] 000040-Target Annual Production Yolume
[ 000041 -Production Yield

{=} 000042 Filter Change Time

{©} 000043-PMCP ID

[} 000044-PMCP Valume

{©} 000045-Distribution Cost

[} D0D046-Price At Retail

=] 000047-Direct Margin

=] 000048-Retail Display Type

=] n00049-Distrib, Capital Investment
o nnansn-Nictribeotinn Channel

Figure 2.27. List of All Features and Feature Attributes
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Now after the list is prepared we start arranging the features and feature attributes

in structure manager.
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Figure 2.28. Group Feature and Feature Attributes in Structure
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The above figure shows the steps involved in grouping the feature and feature
attributes. Repeat these steps for the rest of the features and feature attributes.

Create an item and paste all the features then send to structure manager.
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Figure 2.29. Final Assembly in Structure Assembly
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Once the columns and the order of the items are set the assembly is ready to

export.

ﬂmuﬁmmmnmmnﬂm WA
menal Pracurt Lororiia Feia| Proat Conlpurioen okome rarmber ol urats ol 184 prodott coely i
Filer Apphcition Tips X wummw—" w-wmmmMmmufhmmm Wi [Consumin Butn
Filiet Agsobeation [aplicatson ohurme: raamben ol it of Dhi application placed ind setvioe Busieg i yeal, s/
Fiber Apphcition Lubricant Fype type of Rubicating Fluid 1o be wied. [
Filiee Apohaation Lisbeicant Flow Rate e o which the bricating fhaid maust be ciulanes i orcer 1o meet equipment lobrcation chiedives. G Wk, L
Fibet Apchaaticn, Lsbeicant Priure Range amourt f Ipltae preisart Lnder which the lubricat will cendate. P |pagh, Medu, L
Fila Rogbration Filter Efficiency Qs prodile of iltration efhciency provided by the filter [
Mechasical Companbility Feature | Spatil Form Facter dats of thrie imintiaeal oF i iomponent, Sabayen, O Huce within § By=0e M
Machanical Compaibality Featere | Mechanical Interface Type Mm&hmmunmuuwumum [
e ol Dperation Featare [Luricamt ife aoart o trve hut Sed% spdrte, meetag 1t withi Ih 4 belore it B regliced Howrs
ot of Operation Featere [senvice Ufe mduhmmuammuwﬂmmmmmnmm Nk [itedird, Longu
Relubiity Feanre Ry pertestage tf products not Hiling over E5¢ ratedt service 1 nd applcation of the prourt Berent
Aktive e |Adcnive Type o [The type of sl o added Yoa hobrcast. Waiiple types may b popudated. [
Dispotable e Meda Feitare  |Weda Type T |The type of driposiie Sier media aecivmmoditind By The filie More 157 ok tyoe raay e prpsalated. WA
Rasable fiber MeduFeature [ Medha Tipe X [Tha type of disposabie Slier medla accommodted by the filler More Than oo trpe may be popelited. [
Filiet Service Masnaring Festure | Monitoring Methed X kwdmmmmmnmm.mm“mmum [
& lhy Frieschy Festee [E: il type of mpnitoring method Repported by The ol fiter, Kik_Senvice Ehectn
g ety kS uzird Type I o of gt exvvironmend tut whith the pridatt ackdneines, Mace thas ooe vilkst muy be populiied. WA Jlubricaet Leakag
Regelatory Comphancy Fpatry | Regulaiony et X e of sabity himsg which the product ackdemses: ko than o valu may be popelited. WA [sharp Edge g
Marsiatinden Feite [Capacity Componest 1 mmdmmmmmmmummmum Nia [iturp g, g
Maruactarabiiny Feature Production Facikty X |idestihes a componst of the-ovrall prodection plan or 2 ghven yir, acruss multipie p . d ion faciities. i KW
Marsicatundiny Fedte Procottion Cioital Expee MJMMMdummmmdmwmmmm: [

Figure 2.31. Final Assembly for Table 2
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Table 3: [Detail Requirements| The requirements Statements for the Oil filter

System describe the physical behaviours it must exhibit during its physical interac-

tions with external systems.

To create this table first a default template is created along with folders contain-

ing Logical Systems block (contains all other systems), Interactions, Requirement
Statement and Final Assembly.

= 1) Logeal prites
3 [ Ieracten
A =L
= [ Fral ety
# 4, DODDEE-T emp aanembly
@ & 00006 7-Table 7 Template
CETTE———

o T =loi=
Object Croate Information 5 Object Create Inormation o
Coefre: busresy obpect rests nformation -.1) Deireg Mairois it Copaly rormation \i\)\.
y
= Logical Syste E Funcional Interaction
Gerwral Genersl
| | [ =
Desriplion: Drtpler:
B I [ = (R [ 1] BN 5] ey
Hame:* [ e e o [Fiter e
Ut of Measre: [ = Uit of Mesmre -]
I Cpen On Create |r Cpen On Create

coak | dets [ Eemn | e |

<tk | wetr |[ e el |

Figure 2.32. Create Custom Folders, Items for Logical Systems and
Functional Interactions
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Figure 2.33. Configure Requirement Statements
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Figure 2.34. List of All Items Created for Logical System, Interaction
and Specific Required Statements
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Figure 2.35. Final Assembly of Table 3 in Structure Manager
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Figure 2.36. Export to Excel Table 3
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DETAIL REQUIREMENTS
Interaction Role D Description

Filter Lubeicant _[Oil Filter System [REQ-000001  |For a Retum Lubncant stream of [Lubnicant Viscosity Range] and [Lubcant Pressure Range], the Oil Filter shall separate Fitered Contaminant particles from the Lubricant ¢
Filter Lubricant _[Qil Fitter System |REQ-000002  |The Odl Filter shall operate at lubricant pressure of [Max Lubricant Pressure] with structural failure rates less than [Max Strsctural Failure Rate] over an in-senice lfe of [Min {
[Fiter Lubricant |0l Fiter System |REQ-000003  |The Oil Filter shall accommodate & Lubricant flow rate of [Lubncant Flow Rate].

Inject Additve  [Qil Fiter System |REQ-000004  |The O Filter shall inject additive of b itive Type] into the Lubricant fiow, &t a rate of [Additive Injection Riate] per unit of lubricant flow, over the sendca life of the fiter o
Remove Filter MeqOil Filter System |[REQ-000005  [The O Filter System shall permit the removal of its used Fiter Media.

Remove Filter MaqOil Filter System |REQ-000006 he Ol Filter System flter media removal process shall allow the senice parson to avoid direct contact ination with filtered i and lubricant

Clean Filter Media Qil Fiter System |REQ-000007 he il Filter System shall permit the cleanang of its used Filter Media, for reuse purposes, using cleaning sobvent and method of type [Filter Media Cleaning Method and Sof
Clean Filter MedigOil Fiter System |REQ-000008 he Ol Filter System ter cleaning process shal allow the senice person to avoid direct contact contamination with fitered contaminants and lubricant.

Insert Fiter Madia|Qil Fiter System |REQ-000009 hie O Filter System shall permit the insention of its Filber Media, of type [Filter Media Type].

Insert Filter Media| Ol Filter System |REQ-000010  [The Od Filter System ter media insertion process shall allow the senice person o avoid direct contact contamination with fitered contaminants and lubnicant.

Transmit Shock &{Qil Fitter System |REQ-000011  |The system shall mest its other raqui whan subject to a vibeation spectrum not excesding [Max Vibration Spectrum] during its in-sendce ifa.

Transmit Shock &]0il Fiter System
|Manitos Filter |0l Filter System

REQ-000013

REQ-000012

The system shall meet its other requirements when subject to shack intensity and frequency not exceeding [Max Shock Intensity and Frequency] dunng its in-senvice life.
The system shall provide a means of ins pection of its temaining sendce lfe before requinng semdcing, using [Filter Manitoring Method).

Prevent Vapor L
Prevent Lubricant

Cil Fitter System

REQ-000014

When operating within its rated lubricant pressure and temperature, at altitudes not exceeding [Max Sence Altitude], the system shall maintain Vapor Leakage to the ambie

Oil Filter System

REQ-000015

When operating within its rated lubricant pressure and temp at altitudes not exceeding [Max Sence Alttuds], the system shall maintain Fluid Leakage to the sumowr

Transmit Thermal

i Fiter System |REQ-000016

he system shall meet its other requirements while operating in extemal ambient air temperatures of [Extemal Temperature Range] and lubricant temperatures of [Lubricant 1

he Ol Filter shall have installation instructions printed on its exderior surface, in [National Language] language.

Ol Fiter System |REQ-000017 he Ol Filter shall be manually installable in ten minutes o less, using onfy a scrawdriver.
Oil Fitter System |[REQ-000018
Qil Filter System [REQ-000019  |The O Filter shall not present sharp edge hazards to the installer during the installation process

Ol Fitter System [REQ-000020
0l Filter Svstem IREQ-000021

The Ol Filter shall be clearly labeled with instructions to shut down pressunzed equipment prior to installation,

The Ol Filter shall be manuall de-installable in e minutes or less. using onby a screwdrver

Figure 2.37. Final Assembly Generated for Table 3
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3. SUMMARY OF RESULTS AND VALIDATION

3.1 Summary of Results

In this study we have successfully implemented the S*Metamodel in Teamcenter

and extracted the system requirements from the model.

Figure 3.1. Extraction of Requirements

The above figure 3.1 clearly suggests that once the S*Metamodel is implemented,
list of requirements can be generated from the model. Therefore to prove our integra-
tion we have extracted these tables. There are three tables that have been configured
for automatic generation which are Feature definitions table, Detail Requirements ta-
ble and Stakeholder Feature Attributes table. These tables where specifically chosen
as they describe all the requirements of the system and cover all physical behaviour’s
the oil filter system shall exhibit during its physical interactions with external sys-

tems. The requirement tables represent core content for a typical systems engineering
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report. With the help of the automatic report generation tool, it is possible to pre-
pare the entire report within one single system, the PLM system, to ensure a single

reliable data source for an organization.
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Feature Definitions

The feature of maintaining a lubricating fluid at a required level of cleanliness while it is in senice in a specified application, includir

in form factor and mechanical imerface with the system in which the system will be installed.

of an . by minimizing the cost of lubnication consumables per operatir

Fi [ Population Rule Definition

Filter

Application

Feature One per Filter Application T

Mechanical

Compatibility

Feature Mandatory for Oi The feature of being
Cost of

Operation

Feature Mandatory for Oi The feature of supporting
Reliability

Feature Mandatory for Oil Filter

Additive Feature

One Per Additive Type

The feature of providing senices with a specified level of reliability over the normal operating life of a system

The feature of aul adding a additive to lubricating fluid at a specified rate, to accomplish the purpose of the add

Environmentally
Friendly Feature

One Per Environmental Issue

The feature of having acceptable impact on the natural environment

Regulatory
Compliance
Health & Safety
Ease of
Installation
Feature

|One Per Regulatory Issue

One Per Health & Safety Issue

Mandatory for Oil Filter

The feature of being in with regulations.
The feature of protecting people. including those engaged in operation and maintenance of the system, from undue risk of injury ca

The feature of being readily installed in or removed from senice, in an acceptable time, using expected tools and facilities, by a pe

Optimal Product

Configuration

Feature One Per Product Configuration | The feature of having an optimal portfolio of product physical configurations available.

Market-

Application-

Coverage (One Per Sag-Applic-Product

Feature ombi n The feature of having a product configurat o cover an application in a market segment.

Manufacturabilit [One per Production Plan

y Feature |Component The feature of being producible at targeted production volume levels, by effective [ . at levels of
Market-

Distribution

Coverage One per Seg-Channel-Package-

Feature Product Config. Combination The feature. for targeted market segment. being compatible with of commercial packag
Market

Segment One per Segment An identified market segment, based on h t type, or other of potential customers (except for appli
Distribution

Channel 'One per Channel A channel for the commercial distribution of product from the point of production to the point of end buyer purchase, including whol
Ontimal

Figure 3.2. Feature Definitions Table
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{ptimal Froduct Configuration FeatefProduct Configuration e configuration of the product, a5 model 0. Multiphy configurations may be popelated. [

el Prackurt CorurTin) Feial Prodia Conlpurioon ke resmberof it of tis oot coeliparion pnduced po .
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Tzt of Dperation Feature [5envice Lfe mdnhmmuammuwﬂwmmmmnmm WA [Standard, Longll
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Figure 3.3. Stakeholders Requirement Table
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There are three tables that have been configured for automatic generation which

majorly cover the requirements of the Oil Filter System.

DETAIL REQUIREMENTS
|> Interaction Role D Deseription

Filter Lubeicant (Ol Filter System [REQ-000001  |For a Retum Lubncant stream of [Lubricant Viscosity Range] and [Lubricant Pressure Range], the Oil Filter shall separate Fitered Contaminant particles from the Lubricant ¢
Filter Lubricant _|Oil Filter System |REQ-000002  |The OMl Filter shall operate at lubricant pressure of [Max Lubricant Pressure] with structural failure rates less than [Max Stnsctural Failure Rate] over an in-senice lfe of [Min {
Filter Lubeicant _|Oil Filter System [REQ-000003  [The Oil Filter shall accommodate & Lubricant flaw rate of [Lubicant Flow Rate].

Inject Additve  [Qil Fiter System |REQ-000004  |The O Filter shall inject additive of ty, itive Type] into the Lubricant fiow, &t a rate of [Additive Injection Riate] per unit of lubricant flow, over the sendca life of the fiter o
Remove Filter MeqOil Filter System [REQ-000005  [The Ol Filter System shall permit the remuval of ts used Fiter Media

Remove Fitter Meq il Fitter System |REQ-000006 he Ol Filter System flter media removal process shall allow the senice parson to avoid direct contact ination with fitered and lubricant

Clean Filter Media Qil Fiter System |REQ-000007 he il Filter System shall permit the cleanang of its used Filter Media, for reuse purposes, using cleaning sobvent and method of type [Filter Media Cleaning Method and Sof
Clean Filter MedigOil Fiter System |REQ-000008 he Ol Filter System ter cleaning process shal allow the senice person to avoid direct contact contamination with fitered contaminants and lubricant.

Inert Fiter Madia| Qil Fier System

REQ-000003

hie Ol Filter System shall permi the insedtion of its Filter Media, of type [Filter Media Type]

he O Filter System Bter media insention process shall allow the senice person to avoid dirsct contact contamination with fitered contaminants and lubricant,

Insert Filter Media|Oil Filter System |REQ-000010
Transmit Shock &]0il Fiter System [REQ-000011

The system shall meat its cther requi whan subject to a vibeation spectrum not excesding [Max Vibration Spectrum] during its in-sendce ifa.

(Transmit Shock &0l Fiter System |REQ-000012
|Monitos Filter | Oil Fier System |REC-000013

The system shall meet its other requirements when subject to shack intensity and frequency not exceeding [Max Shock Intensity and Frequency] dunng its in-senvice life.
The system shall provide a means of ins pection of its temaining sendce lfe before requinng semdcing, using [Filter Manitoring Method).

Prevent Vapor LedOil Filter System

REQ-000014

When operating within its rated lubricant pressure and temperature, at altitudes not exceeding [Max Senice Alttude], the system shall maintain Vapor Leakage to the ambie

Prevent Lubricant

Oil Filter System

REQ-000015

When operating within its rated lubricant pressure and temp at altitudes not exceeding [Max Sence Alttuds], the system shall maintain Fluid Leakage to the sumowr

Transmit Thermal

il Filter System

i Fiter System |REQ-000016
Ol Fitter System |REQ-000017

he system shall meet its other requirements while operating in extemal ambient air temperatures of [Extemal Temperature Range] and lubricant temperatures of [Lubricant 1

he Ol Filter shall be manually installable in ten minutes o less, using onfy a scrawdriver.

REQ-000018

he Ol Filter shall have installation instructions printed on its exderior surface, in [National Language] language.

Cil Fitter System

REQ-000019

The OH Filter shall not present sharp edge hazards to the installer during the installation process

Oil Fiter System |REQ-000020  |The Oil Filter shall be clearty labeled with instructions to shut down pressunzed equipment prior to installation,
0l Fitter Svstem [REQ-000021

The Ol Filter shall be manuall de-installable in e minutes or less. using onby a screwdrver

Figure 3.4. Detail Requirements Table
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3.2 Validation

We received a systems requirements document created by a professional systems
engineers to define system high level requirements for the Global Oil Filter Product
Line system family. The document communicates authoritative generic model within
which specific product configurations are defined. (Credits: - ICTT system sciences)
In this study we choose to generate 3 of the main requirement tables to generate
from our integration and then later compare to validate our integration. We vali-
date our results and validate by checking the amount of information generated from
Teamcenter is accurate or not.

_—

Feature Definitions

The feature of maintaining a lubricating fuid at a required level of cleanliness while it is in senice in a specified application, includie

The feature of being compatible in form factor and mechanical intedface with the system in which the system will be installed

The feature of supporting cost-effective lubrication pphication, by mmimizing the cost of lubrication consumables per operatir

Reliabilty
Feature The feature of prowding senices with a specified of reliability over the normal operating life of a system.
Table 2: Feature Definitions

Additive Feature

Emaronmentally o

Feature
Friendly Feature _&
Regulatory ilter Application Feature One per Filter Application fiature of mamtaming a lubricating flud at a required level of cleanliness whule it 1 m service m a specified
ﬁumghlance Type ication, including the removal of contamunants associated with the application.

Dedin & Sefnly NichanalConptlty Mmoo i File feature of being compatible n form factor and mechanical iterface with the system in which the system will be
Installation ‘eature

Feature

t ICost of Operation Feature Mandatory for Ol Filter feature of supporting cost-effactive lubncation of an application, by mantmazng the cost of lubnication
Optimal Product consumables per operating hour.
Configuration T — = = - — —
Fastin : [Rehabulity Feature Mendatory for Ol Filter ~ [The feature of providing services with a specafied level of reliabality over the normal operatmg hife of a system.
Markel- \Additrve Feature One Per Addutve Type The feature of automatacally adding a chemical additrve to lubricating fluid at a specified rate, to accomphish the
3"""“"“‘“' purpose of the additive.
Mr‘w SR SN S0 S-S W T W G —— ¢ " R i —

Figure 3.5. Comparison of Features Definitions Table,(Orange rep-
resents Document Generated from Integration and Blue represents
Document Created by Professional System Engineer)
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|HWM !mm [Teateat Iubricatng lid mast be circlatedincrdr to meet equipment ubricaton objectives, GOM _[High, Medium, s
| ) . | = = T Ty emndih the b, M aimee dake [N T TR,
;:W Table 3: Stakeholder Feature Aftributes

Figure 3.6. Comparison of Stakeholders Requirement Table,(Orange
represents Document Generated from Integration and Blue represents
Document Created by Professional System Engineer)
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DETAIL REQUIREMENTS

Interaction Role )

Descri

{Filter Lubricant |l Fiter REQ-000001 _ |For a Retum Lubricant stream of [Lubricant Vi \ (
Fiker Lubricant {01 Fiter REQ-000002 Oi it shall operate at lubricant pressure of [Max Lubncant Pressute] with structual faue ftes less then [Max Strctural Fallure Rate] over an in-senvce Ife of [Min Senice |

and

Fikter Lubricant Ol Fikter REQ-000003 Ol Filter shall accommodate a Lubricant fow rate of
Inject Additve Ol Filter REQ-000004 _ [The O Filter shall inject additive of

[Lubrican Pressure Range], the O Fiter shal separate Fitered Contaminan paticles from the Lubicant autpu sb

Flow Rate]

v Type it the Lubicant o, f &t of [Adtenecion Rt prui o bicant o, e te seviceife ot ter e

Remave Filter Med Ol Filter System |REQ-000005 e Oil Filter System shall permit the removal of its used Filter Media.
Remove Fiter MedOil Fiter System [REQ-000006 _[The Oi Filter System fiter media removal process shall allow the senice person to avoid direct contact contamination vith ftered contaminants and lubricant.

Clean Filter Medig Oil Filter System
Clean Filter Media Oil Fikter Syst
edial Ol Filter 5)

Oil Filter System

Table 7: Detail Requirements

Pm_Lubﬁcm Oil Fitter System | | Filter Lubricant

Install Filter Ol Filter System

Install Fier [0 Fiker System | FEigtar T wibricant
Install Filter  [Oil Fiiter System il

Instal Filter 0il Filter System = z
Remoe Fiter_|OF il Sysom | | NS LURCaESE
Remave Filter |0l Filter System

T Filtar T nhricant

Oil Filter System | OF-51
Failure Rate] over an in-service life of [Min Service Life].
Oil Filter System | OF-52 Fi accommodate a Lubricant flow rate of [Lubricant
Flow Rate].
Lubricant OF-53 | The Pump shall maintain o1l pressure within the [Lubricant Pressure
Y nhricant Tn OF.54 | Tha T uhricant in Filtration shall hava vieeacity within tha [T nhricant

Figure 3.7. Comparison of Detail Requirements Table,(Orange rep-
resents Document Generated from Integration and Blue represents
Document Created by Professional System Engineer)
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Figures 3.5 3.6 3.7 show that:

1. The automatic generated tables can provide the same amount of information
as the manually created tables. With the proper organization of data, the same
numbers of items and their correct properties were extracted automatically from the
model implemented in the PLM platform.

2. The automatic generated tables can have very similar format and structure as
the manually created tables by configuring the table templates.

These observations proved that the current implementation approach built a
model inside the PLM platform that is an accurate representation of the original

MBSE model. The implementation is validated.
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4. CONCLUSIONS

The processes developed for implementing an MBSE model into a PLM platform
and automatic generating requirement tables have proven to be a valid and effec-
tive approach based on the findings of this project. The findings from the current

implementation are listed below.

1. The general manufacturing model can be configured for a particular product or

product line through Specialization.

2. The requirement tables can be generated automatically with proper organiza-

tion of the data and configuration of the table templates.

3. The implementation in this project can provide the same amount of information
through requirement tables as the current systems engineers manual reporting

processes.

The approach from this research project set a solid starting point for a long term
efforts of integrating MBSE with PLM and leading the industries to eventually reach
the goal of implementing SDPD in their product life cycle.
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5. FUTURE WORK

Several critical future research issues can be addressed based on the work of this

project.

1. The current implementation is a manual implementation, i.e. all the classes,
properties and items were created by the researchers. It worked for the current
research project, since the goal was to identify the best implementation ap-
proach. However, automatic implementation needs to be considered for future

industry implementation.

2. The current implementation is build based on the System Engineering module
in Siemens Teamcenter. It is a platform specific implementation. A platform
independent implementation approach and data model will have much larger
impact to this research area and worth more time and efforts in the future. The
results from this project built a solid foundation for the future implementation
and also provide the research team a great opportunity to have a deeper and

more accurate understanding of the problem.

3. The S* model was chosen for this project, so the current implementation is a
model specific implementation. Higher level guidelines for model and platform
independent implementation approaches should be developed in the future. The
research team will look deeper into the fundamental nature of the MBSE models
and the implementation approaches to establish general processes, data models
and implementation guidelines that can benefit both industry and academia no

matter which PLM platform and MBSE model are under consideration.
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