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ABSTRACT

Product Lifecycle Management (PLM) initiatives can improve an enterprise’s
efficiency by increasing collaborative design opportunities within its business structure.
PLM solutions provide digital mediums to collaborate on all aspects of a company’s
workflow, including engineering, testing, manufacturing, marketing, business, and field
support services. This paper examines the major PLM tools and software used to establish
a collaborative engineering design space; computer-aided design (CAD), computer-aided
engineering (CAE), computer-aided manufacturing (CAM), and product data management
(PDM). The interactions between these PLM tools and a design team’s organizational
structure are analyzed to determine some of the most effective PLM integration strategies
to improve collaboration for all business functions. Engineering enterprises may split their
work functions into technical and non-technical categories and match them with PLM
solutions to create a collaborative design space that integrates all departments. A case study
presents a university design team whose objective was collaborative creation of a digital
twin for a scale tracked vehicle. The Siemens Teamcenter software tool was integrated
within the team’s design procedures to improve the process. The results of integrating
advanced PDM software into their workflow, including troubleshooting issues and
problems, were explored in this paper. PDM and workflow interactions throughout the case
study produced many unique outcomes that require additional PLM engineering solutions.
Overall, advanced PDM software increased collaboration and efficiency of their design

process.
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CHAPTER ONE
INTRODUCTION

Over the 21% century, product lifecycle management (PLM) initiatives have swept the
engineering industry, with more companies transitioning to digital collaborative design
methods over existing engineering design strategies. With enterprises realizing the wealth
of possibilities for PLM systems and how they will change their organizational structure
and capabilities, engineering design processes have changed dramatically, from a
traditionally closed environment to incorporating multiple departments into a collaborative
design space. The shift in mindset towards a collaborative design process produces many
issues, such as engineering productive workflows to include all aspects of a business.
Integrating PLM initiatives into an existing engineering design process can also cause
problems due to poor assimilation into the current business structure. Some of the issues
associated with integrating PLM into current product development processes are analyzed
in this paper, with a few of the most critical obstacles studied further in an educational case
study. The resulting analysis features research on PLM tools and how they assimilate into
engineering design processes to form a collaborative design space.

Product Lifecycle Management is a virtual thread for an enterprise’s workflow,
bringing together all business functions to increase the efficiency of a company’s
operations. A business may implement a PLM system for many reasons with multiple
objectives and goals. At its core, PLM is a product management system that incorporates
a business’ entire product portfolio into a central operating system. One main objective of

implementing PLM into a business’ workflow is to improve product performance by



developing efficient relationships between its functions, such as human resources,
marketing, engineering, manufacturing, and field service. A product’s lifecycle, ranging

from its design to testing and manufacturing, is displayed in Figure 1.1.

Product
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Support Concept
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FIGURE 1.1: Common tasks comprising the lifecycle of a product

The product’s lifecycle contains numerous supplements from multiple different
business functions. The goal of PLM is to manage these stages of a product’s lifecycle,
decrease product cost, increase product revenue, and maximize the value of a business’s

product portfolio for the customer. PLM solutions provide a range of management and



engineering tools that are utilized by all business departments to increase the efficiency of
product management and reach their long-term goals [1].

PLM initiatives have applications in many different industries. An essential aspect of
using PLM software in the aviation industry is the optimization benefits for servicing and
repairing aircraft to ensure airline and passenger safety [2]. In the energy sector, Failla et
al. [3] researched how oil and gas businesses use PLM solutions to manage manufacturing
bills of materials for turbomachinery. Product management tools such as the bill of
materials are a vital aspect of PDM software that is discussed further in this paper. A key
outcome of utilizing PLM software for product development is the creation of a digital
twin. In the production of electric vehicles, digital twins of lithium-ion battery packs are
used to simulate extreme conditions and “improve the safety and service life of the battery
packs” [4]. Pollard et al. [5] describe how the electrical and electronic (E&E) sector was
subjected to research on how PLM initiatives fit into the circular economy paradigm. Many
common themes involved in PLM, such as resource management, product-life extension,
reuse, and waste management, are also involved in developing circularity indicators for
“measuring and monitoring the circularity of E&E products” [5]. In addition to PLM’s
application to physical products, virtual engineering research by Morshedzadeh et al. [6]
uses PLM systems to create a new information model to house virtual models of historical
artifacts from an automotive company. With an extensive network of applications for PLM
systems, researchers are focusing on how to implement PLM solutions in engineering

enterprises.



Implementing PLM solutions into an existing business infrastructure can come with its
challenges. For example, Anandavel et al. [7] discuss how migrating data and information
from existing storage networks to cloud PLM solutions is “a challenging task which
demands overall change management in the organization.” Incorporating change
management into an enterprise is an important issue that will be examined in the case study
later in this work. Another problem with implementing PLM systems is providing proper
data access to all contributors to an enterprise’s collaborative design space [8]. Data access
management requires a mapped network of all employees and certain privileges granted to
each in all PLM software. Conlon [9] shares how the traceability of changes within a
workflow allows a business to track fundamental alterations and the present status of a
product. PLM solutions use traceability systems to manage a product’s versions, so all
departments of an enterprise can utilize current product data and track previous versions to
use in upcoming product development [9]. An additional critical issue with implementing
PLM systems into a business’ infrastructure is integrating each of the PLM software to
form a cohesive network. Information technology experts are required to tackle the
complete setup of these systems while integrating them within the existing data framework.
Several of these challenges will be examined and discussed in the case study section of this
work.

An essential aspect of implementing PLM systems into a business’ engineering design
process is understanding how each department within the organization can interact to
achieve their financial, performance, and customer goals. An enterprise’s organizational

structure is what changes its PLM initiatives. For example, certain businesses may need



more PLM solutions than others, ranging from computer-aided design and engineering
software to product data management software. The organization’s structure also dictates
how each PLM tool integrates with others within each department. Figure 1.2 visually
represents the main aspects of an enterprise’s organizational structure. Within the
organization model, some departments cover every part of a company’s needs, including
engineering, manufacturing, and marketing. Similarly, to Figure 1.1, these departments
encompass aspects of the engineering design process and product lifecycles such as design,

testing, manufacturing, and services.
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FIGURE 1.2: Traditional departmental roles within an enterprise before PLM
implementation



Before the early 21st century PLM initiatives, the business structure looked very similar
to Figure 1.2. Each department contributed individually to the overall success of the
enterprise, with limited collaboration between them. Each aspect of the business, from
product development to manufacturing, to distribution and services, was tackled by
individual departments. With limited collaboration between departments, business
functions often transpired slower and less efficiently than after PLM implementation. PLM
initiatives changed how businesses were structured by integrating all departments into a
common thread to collaborate on each business function. Many improvements to
companies' business functions were made from PLM initiatives, including increased
communication and collaboration on every aspect of the product development process.
PLM initiatives combine some of the responsibilities in each department to create a
collaborative design space that improves the efficiency of the engineering design process
and decreases overall product cost. As Stark [1] described, PLM initiatives involve "the
activities of managing a company's products ... in cross-functional business processes
across the product lifecycle." The idea of transforming a business from an individualistic,
functional unit to a "cross-functional business" has made them successful across all

business units.



As PLM initiatives were frequently implemented across the engineering and product
industry, the organizational structure changed dramatically from enterprise to enterprise.
Companies implemented different PLM solutions based on their needs. As a result of these
changes, collaboration amongst departments within businesses increased. Some of the most

significant alterations of an enterprise’s organizational structure are shown in Figure 1.3.

Engineering Manufacturing

: i
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Marketing Leadership

FIGURE 1.3: Post-PLM implementation within an enterprise based on the digital
background to enhance department interactions

The main differences between Figure 1.2 and Figure 1.3 are the bi-directional arrows
between each business unit and the purple dashed boxes attached to each of the arrows.
The purple dashed boxes represent standard business processes that occur between

departments. These business processes range from product development and validation to



business development and strategic planning. PLM solutions increase the efficiency of
these business processes by improving collaboration of all aspects of the enterprise. For
example, product data management software allows engineering, testing, manufacturing,
and marketing departments to collaborate on design requirements for any product. Also,
computer-aided design software improves product development and validation
collaboration by engineering, testing, and manufacturing departments. The other key
difference between Figure 1.2 and Figure 1.3 is the bi-directional arrows between each
business unit, representing the collaborative design strategies between all departments
within an enterprise. PLM initiatives drive collaboration by linking all departments into a

virtual thread through the different PLM tools discussed in the next section of this paper.



CHAPTER TWO
PLM TOOLS
A business may utilize many PLM resources to achieve its long-term goals. PLM
resources include methods, facilities, data management, applications, and people. The
resources most consistent with use in engineering design are product data management
(PDM) and PLM applications. Figure 2.1 displays the digital backbone of many PLM

applications used in industry.

FIGURE 2.1: PLM digital backbone with select virtual engineering functions displayed,
including AM, CAD, CAE, CAM, and PDM

The digital backbone comprises typical design applications such as computer-aided
design (CAD) and computer-aided engineering (CAE) software. In addition, computer-
aided manufacturing (CAM) and additive manufacturing are critical resources that improve
a company's manufacturing processes' accuracy and efficiency. The combination of these
applications and the addition of some others make up the bulk of a digital twin, a virtual
tool composed of a database of computer models to be used in addition to a physical model
to estimate the behavior of a product. To store all the product files from the other PLM

resources, a product data management (PDM) application is necessary. PDM systems are



among the most critical elements in a business' PLM resources. PDM systems provide the
correct information for all business functions whenever required. In stark contrast to the
engineering design process of the 20th century, PDM systems integrate departments into

the design process that have had limited involvement before.

2.1 Computer-Aided Design (CAD)

Computer-Aided Design (CAD) software is critical to the success of PLM systems and
solutions, as it forms the basis for product development. CAD is a software tool used in
engineering for digital design, drafting, and prototyping. The primary purpose of CAD
software is to assist designers in the engineering design process by allowing them to create
accurate 3D models, designs, and drawings. CAD software also supports increased
collaboration amongst engineering teams on graphics and procedures, which improves the
efficiency of the engineering design process in the industry. The software enables engineers
to explore contrasting designs and make changes to meet the requirements of the product
and customer. Nzetchou et al. [10] explore semantic enrichment methods of CAD models
in PLM systems and their degrees of industrial implementation. CAD enrichment gives
engineering collaborators an additional layer of metadata to improve their designs and the
efficiency of the engineering design process.

In addition to the design process, CAD software plays a prominent role in
manufacturing, including prototyping and iterative manufacturing. Rapid prototyping is
essential for a business because it boosts efficiency and minimizes waste. CAD models aid

engineers in rapid prototyping by providing a digital, readable file of any part or assembly
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that can be prototyped through additive manufacturing or machine fabrication. Also, CAD
software has allowed a new, adaptive form of iterative manufacturing by creating a shared,
central repository for product data that can be utilized by engineering, manufacturing,
marketing, and many other departments to boost the efficiency of the engineering design
process. Paul et al. [11] employed CAD models to develop a "predictive tool based on
machine learning" that can improve the yield efficiency of their simulation models and, in
turn, advance the additive manufacturing methods they use for rapid prototyping. CAD
software is critical in every engineering design process stage and a crucial tool to the PLM

infrastructure.

2.2 Computer-Aided Engineering (CAE)

Computer-Aided Engineering (CAE) software is another crucial design tool used to
simulate and analyze the behavior of products and designs under different environments.
There is a range of additional CAE software, including finite element analysis (FEA),
fatigue and structural analysis, computational fluid dynamics (CFD), electromagnetic
simulation, and multibody dynamics (MBD). Each software package focuses on a specific
environment under which a design would be subjected. One of the primary purposes of
CAE software is to reduce prototyping costs, as it allows engineers to test their strategies
under contrasting loading conditions before building expensive prototypes. Also, CAE
software can improve product design performance through optimization tools, as defined
by Murthy et al. [12] in their chain load optimization of fuel pump lobe phasing for a BS6

diesel engine.
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One of the main applications of CAE software in PLM systems is the creation of a
digital twin. A digital twin is a digital representation of a physical product whose primary
purpose is to improve the efficiency of the engineering design process by creating a digital
model that can be controlled and optimized through real-time simulations. The primary
purpose of creating a digital twin is to reduce the cost of the concept and detailed design
stage in the design process, as explained by Kolbachev et al. [13]. In addition to the cost-
saving benefits of creating a digital twin, another main advantage includes creating a high-
accuracy model of an object or system that is too complex or dangerous to test in a physical
situation. These intricate designs could require expensive, controlled environments to test
them in, which would further increase the cost of the prototyping and testing stages of the
design process. Overall, CAE software is essential to PLM software and collaborative

design tools.

2.3 Computer-Aided Manufacturing (CAM)

Computer-Aided Manufacturing (CAM) software plays a vital role in the automation
of manufacturing processes. CAM software works with CAD software to convert a 3D
model into a set of instructions that a machine can use to manufacture a product. CAM
software has many benefits, ranging from increased manufacturing efficiency to improved
quality control. CAM software increases the accuracy and consistency of manufacturing
processes, all while decreasing the cost of manual integration of CAD drawings with
machines. Another benefit of using CAM software is that it can optimize manufacturing

processes. As Nikolov et al. [14] describe, CAM systems are critical in generating optimal

12



technological strategies for machining mold elements using CNC machines. The
optimization strategies utilized by CAM software can increase efficiency and reduce the
overall cost of engineering design processes.

In addition to integrating CAM and other digital tools in the engineering design
process, CAM software can integrate with additive manufacturing (AM) to further enhance
the manufacturing process and increase production efficiency. Additive manufacturing is
a process that involves designing and creating a product by layering material incrementally
on a base structure. Additive manufacturing has many advantages, including increased
efficiency and quality of rapid prototypes in industrial and research settings. CAM software
can integrate with additive manufacturing to optimize the manufacturing process.
Feldhausen et al. [15] explore how "various CAM strategies could be deployed for AM to
improve process efficiency or enable localized control over part performance.” With the
introduction of CAM software into the industry, digital tools have successfully integrated
into the engineering design process, creating a collaborative environment that improves

overall product quality.

2.4 Product Data Management (PDM)

Product Data Management (PDM) is a system used to store and manage product
lifecycle data. PDM software is critical in developing an efficient Product Lifecycle
Management system. It maintains data regarding many aspects of a product's development,
such as CAD models, CAE simulations, bill of materials information, CAM models, and

pricing and manufacturing data. The primary purpose of PDM software is to increase
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collaboration amongst all departments of an enterprise by allowing them access to data
from other departments that they would not usually have access to. In addition, PDM
software helps reduce costs and improve the quality of product designs as it optimizes the
engineering design process by integrating software mentioned in the previous subsections,
including CAD, CAE, and CAM software. Lucky et al. [16] discuss how the construction
industry integrates Product Data Templates (PDT) and Product Data Sheets (PDS) into
their PDM environment to create a shared information model that improves collaboration
among stakeholders and designers. Implementing integrated applications allows PDM
systems to manage product data effectively.

Another essential aspect of PDM systems is the creation and tracking of workflows.
Workflows are tasks that replicate business processes to reach a specific objective or goal.
Workflows automate standard functions such as assigning tasks, change management,
design reviews, and prototype fabrication processes. In a traditional PDM system,
workflows can be managed and changed internally, with templates guiding each process
from start to finish. Workflows drive the engineering design process by increasing the
efficiency of standard design processes and simplifying complicated processes to
flowcharts that all departments of an enterprise can utilize. Bruun et al. [17] explore the
functional workflow capabilities of PDM and PLM systems in modular product design.
Overall, PDM systems and workflows improve the efficiency of engineering design

processes and collaboration between multi-disciplinary teams.
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CHAPTER THREE
COLLABORATIVE OPPORTUNITIES

Over the 21st century, PLM initiatives have integrated into existing business
infrastructures to create digital collaborative design spaces. Digital collaborative design
spaces differentiate from existing product development strategies by including all
departments for product input related to design, manufacturing, and development. A digital
collaborative design space can consist of many different things, including business
functions, product development inputs, and PLM software. Figure 3.1 is a visual
representation of all the various features of a collaborative design space, including those
listed above. The shapes are color coded to match the categories discussed earlier. For
example, each of the light orange circles and ovals represents inputs into the development
of a product, including field data, CAD models, CAE analysis, customer feedback,
requirements, bill of materials, and sales and marketing. In addition, the green diamonds
separate the product inputs into separate business functions, testing, design, research, and
business. Lastly, the purple boxes on the outside, denoted by arrows to dashed ovals,
represent the PLM tools and software that would be used to improve collaboration within
the business functions and product inputs. The PLM tools listed in each box are specific
examples of software used for each application. Several other examples of software that
could have been placed into each box, but the ones listed are some of the most prominent
examples for each application. There are many collaborative opportunities in each facet of
a business’ operations. In the next two sections, collaborative opportunities are split into

technical and non-technical categories and discussed further.
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Teamcenter

Digital

Collaborative

FIGURE 3.1: Collaborative digital design space with identification of software tools
commonly applied
3.1 Technical (Engineering and Manufacturing)

There are many opportunities for collaboration in all technical aspects of a digital
collaborative design space. In Figure 3.1, the technical inputs to the digital collaborative
design space include "CAD Models," "CAE Analysis," "Field Data," and technical
"Requirements,” all falling under the "Testing," "Design,” and "Research" business
functions. CAD software has undergone many changes since its invention in the late 1950s,
including additions of electrical and mechanical elements and integration features with
CAE software. Collaborative CAD software has become a significant focus of industry
development over the past couple of decades, with PLM initiatives leading the way. Deng
et al. [18] explain how multi-user CAD (MUCAD) software allows "virtual, real-time

collaboration, with the potential to expand the learning outcomes and teaching methods of
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CAD." MUCAD systems allow for collaboration within engineering departments and other
technical business units, such as manufacturing and testing [18]. An entire business can
benefit from collaborative design using CAD software. Integrating CAD and CAE software
can provide many new opportunities in a digital collaborative design space.

CAE analysis is a critical piece of the engineering design process and contributes to a
product's success or failure. CAE primarily aims to reduce the design cycle time by running
simulations of environments and loadings that a model or product may undergo in their
normal operating conditions. Gathering CAE analysis from CAD models requires an
integrated simulation package compatible with the CAD model file type. Many different
CAE packages correspond to other loading conditions or applications, as described earlier,
including finite element analysis (FEA), computational fluid dynamics (CFD), thermal
analysis, and multibody dynamics. A collaborative opportunity in the CAE software space
researched by Cramer et al. [19] is constructing a "Collaborative Architecture™ for each
CAE tool to integrate through a compatible CAD application. The purpose of this type of
system is to "allow designers specializing in different CAE tools to access, view, or capture
the functionality offered by other CAE applications in real-time without returning to the
source CAD system™ [19]. This system would contribute significantly to a digital
collaborative design space by decreasing the design cycle time and increasing the
efficiency of the engineering design process. In Figure 3.1, the example application
encircling both the "CAD Models" and "CAE Analysis" circles in the "Design" business
function is Siemens NX. NX is a CAD software offered by Siemens that includes many

crucial design functions, including modeling, optimization, and finite element analysis
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simulation. NX also integrates with other Siemens PLM solutions, including their PDM
software Teamcenter, which will be discussed in the Case Study section of this paper.
Another critical technical input to a collaborative design space is field data and
technical requirements. One of the primary purposes of gathering field data is to begin
benchmarking research for use in the preliminary concept generation and design stage of
the engineering design process. Storage of this data is a common problem for PLM
solutions, with multiple solutions available. In Figure 3.1, the application listed as an
example for storing field data is Microsoft Excel. Excel is a spreadsheet tool that can
compute dataset’s basic and advanced mathematical functions. Excel files can be easily
shared across a business database through PDM software. Collaborative opportunities are
available through PDM software, as they are commonly instantaneously updated for users
to access all field data across an enterprise through a central repository. Another example
of a collaborative opportunity in field data management is using a cloud digital twin.
Research on cloud digital twins for metal additive manufacturing by Liu et al. [20] shows
that collaborative data management solutions demonstrate "efficient data communications"
and allow for "process optimization" throughout their business structure. Field data is also
a key input to creating technical requirements for any product in the initial design stages.
Technical requirements are generated through customer input and benchmarking research
and can be stored in Microsoft Word documents. Similarly, these Word files can be added
to PDM software to be easily accessible for all users in a business. Collaborative
opportunities for creating technical requirements lie in the collective functions of PDM

software. Stakeholders in the product design from every department in a business can
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access and edit the technical requirements documents from the company's PDM software.
All of these collaborative opportunities relating to the technical inputs of the engineering

design process are incorporated into PLM initiatives of the 21st century.

3.2 Non-Technical (Business Functions)

In a digital collaborative design space, the non-technical inputs include "Sales and
Marketing," "Bill of Materials," and "Customer Feedback," each a part of the "Business"
and "Research" business functions. The first non-technical input discussed in further detail
is "Customer Feedback." Customer feedback is a crucial facet of the engineering design
process, as the customer can provide critical input to the construction of a product through
design reviews. Prabhakaran et al. [21] discuss how collaborative opportunities exist in the
communication of customer feedback through the creation of "an interactive and
immersive virtual environment for design communication." Research on creating a virtual
reality environment for furniture, fixture, and equipment (FFE) design communication for
stakeholders reveals that "the presented framework can highly improve the efficiency,
design coordination, and productivity" of the FFE design process [21]. Additionally, this
prototypical VR system increases collaboration amongst all stakeholders for any design
problem by allowing them to give feedback on particular design choices or methods
instantaneously. Overall, collaborative initiatives in the communication of customer
feedback can improve the efficiency of the engineering design process.

Next, the "Bill of Materials" and "Sales and Marketing" non-technical inputs to the

digital collaborative design space in Figure 3.1 allow businesses to configure their
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purchasing and marketing strategies for their product portfolio. A bill of materials (BOM)
is a structured list of the components of a product, including materials, parts, and
assemblies. A bill of materials is an essential source of information for the sales and
marketing departments, as they can provide links to documentation and drawings of the
most important aspects of products. One collaborative opportunity in using a bill of
materials is the creation of a collaborative bill of materials (C-BOM) [22]. Shamsuzzoha
et al. [22] relate how research on a collaborative bill of materials among manufacturing
firms allows "companies [to] collaborate with each other from the early conceptual phase
of the product, where necessary design and engineering are undertaken." Collaboration
amongst businesses on product development would require a network of information and
expertise through a standard bill of materials. For manufacturing firms, this collaborative
tool would need to "facilitate frequent exchange of information™ that "contributes to the
collaborative product design” [22]. An example of a PLM tool that incorporates a bill of
materials into a cloud-based setting is SAP ERP (enterprise resource planning). SAP is a
software system that "helps run core processes in a single system for departments such as
finance, manufacturing HR, supply chain, services, procurement, and others™ [23]. The
benefits of using a cloud-based system such as SAP ERP include the increased
collaboration of all departments on specific aspects of the product department.
Collaborative opportunities on non-technical inputs to the digital collaborative design
space are vital to PLM initiatives, as they improve collaboration in all aspects of the
engineering design process, including the non-technical parts, such as customer feedback,

bill of materials, sales, and marketing.
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CHAPTER FOUR
CASE STUDY

A case study was conducted with the PLM Processes Creative Inquiry (Cl) team at
Clemson University to implement ideas from the digital collaborative design space into an
educational setting. The goal of the CI team is to develop a digital twin of a scaled, tracked
robotic platform. In pursuit of this goal, industrial PLM concepts and tools will be utilized
to improve collaboration amongst team members and the efficiency of the design process.
The tracked vehicle the CI team attempts to recreate as a digital twin is a T'TREX Robot
Tank Chassis, shown in Figure 4.1. For PLM resources, the CI team already uses Siemens
NX as their CAD software and Microsoft Excel as their PDM solution. To improve their
design process's collaboration and efficiency, we will implement Siemens Teamcenter as
an additional PDM tool. For the CI team, Teamcenter will be integrated into their existing
design process as a database for NX CAD files and a facilitator for product development
through the use of workflows. The following two sections will discuss the benefits of using
advanced PDM software, including features such as CAD and PDM integration,
engineering workflows, and collaborative design tools. Additionally, an overview of the
difficulties encountered when integrating the software will be discussed, and some steps

will be taken to troubleshoot these problems.
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FIGURE 4.1: A scaled tracked vehicle serves as the basis for collaborative study with
Creative Inquiry students
4.1 PDM Application

In Figure 3.1, the purple, dashed outer circle surrounding the entire digital
collaborative design space is labeled "Teamcenter,” a Siemens PDM software that
incorporates all aspects of the digital collaborative design space into its functionalities.
PDM software is one of the essential parts of the digital collaborative design space, as it
facilitates all of the different PLM processes discussed earlier in this paper. Teamcenter
can integrate CAD, CAE, and CAM software into its central database to create a repository
for all product-related data. For the CI team, Teamcenter will be a foundation for building
the tracked vehicle's digital twin. To introduce Teamcenter to the team, an introductory

presentation was created and presented, showcasing some of the software's essential
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features, including item creation, workflows, change management, and bill of materials.
The presentation communicates information on the benefits of using an integrated PDM
system like Teamcenter. The presentation also incorporated several demos on the basic
functionality of Teamcenter, including items, workflows, change management, and bill of

materials. An example presentation slide for an item creation demo is shown in Figure 4.2.

Item Demo: Item Revisions

+ When a new item is created, it's & wy teamcenter - Teamcenter 13

revisions are ||Sted below |t5 File Edit View Translation Toc
parent using the drop-down bar g:: w O’

« To create a new item revision, Open With..
select the most recent revision,  © openinnx LT
and navigate through the File view » £ ME 4150 Research
menu to create a revision View With. o albor

« Assign a revision ID to the B ¥ B e
object e

+ Newly created item revisions : T
will be displayed below the K LN L

r20.2: [tem Family Tree

parent item

-
Close

@& Print

Print...
@ Exit
N

20.1: Creating an Item Revi;ion PLMC f:}

FIGURE 4.2: Teamcenter software instruction - item demonstration

After the Teamcenter presentation was given to the CI team, Teamcenter 13 was
installed and set up on the desktop computers in the Product Lifecycle Management
Center's (PLMC) computer lab on Clemson University's main campus. Each member of
the CI team was assigned a Teamcenter account that they could log into remotely using

Teamcenter's active workspace or through a PLMC lab computer in the rich client. The
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team would utilize the most crucial feature of Teamcenter throughout their design process
is the NX/Teamcenter integration. The team used this integration to improve the efficiency
of their engineering design process. It allowed them to navigate quickly through the list of
parts, assemblies, and drawings for the tracked vehicle while easily downloading and
uploading new versions of these files automatically. Teamcenter can open an NX part file
from its central database through the Active Workspace and Rich Client. One problem the
CI team encountered when trying to utilize the NX/Teamcenter integration was the
difficulty in transferring existing part files from their Excel PDM file to Teamcenter's
server. Figure 4.3 displays the solution to this problem, a screenshot of the dialog box that
uploads NX part files into Teamcenter. This feature allows users to upload parts or
assemblies from their local server or file database into Teamcenter's servers. The feature
can be found in NX's "File" menu bar, titled "Import Assembly into Teamcenter."
Teamcenter allows users to customize their import options within the dialog box, including
the file name and revision, item type, and destination folder. Once the options for each
uploaded part are configured, Teamcenter can validate the information in its database and
perform a dry run of the upload. After confirming the uploaded parts, the files can be
uploaded to Teamcenter's server. Figure 4.3 adds three of the CI team's original part files
to the upload list. In the left-hand column, drop-down lists for the naming conventions of
the items are available. Newly uploaded items can be named using their original file name
or a different name based on the user's preference. Additionally, the items can be listed in
Teamcenter with an identification and revision number. After the naming conventions are

chosen, the user can specify the type of files that they are uploading. For the CI team’s

24



application, the “Item” type was chosen, as it allows them to attach different types of data
files to each specific item. Next, the user can change the destination folder that each item
will be uploaded to. In Teamcenter, folders can be created for individual users to sort their
items and documents based on different projects or products. Overall, Teamcenter’s import

feature has allowed the CI team a seamless transition to Teamcenter from their previous

system.

${DB_PART_NAME
$DB_PART_DESC]

izt

Show Name Only Parts
y

o

FIGURE 4.3: Import assembly into Teamcenter dialog box

The other significant features of Teamcenter that the Cl team are utilizing in their
design process are workflows. A workflow is a step-by-step release process that models
many basic business functions. Workflows can route an item for design review and
approval, manage the change management process, and track manufacturing and design
processes. A block diagram of an example Change Review (CR) workflow in Teamcenter
is shown in Figure 4.4. The Change Review workflow has many unique features, including

assigning specialists and a review board to specific tasks. Workflows always begin with a
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user assigning participants to each task and providing descriptions of the needed work. For
this workflow, a plan for the change must be proposed by a specialist and checked by an

engineer.

Process Template |CR Process ~ Template Type © Process O Task

N —— + 2 = > +& -
Stant Participant Assignments| or3 |8 Analyst Identify Impacted ltems, Propose Solution, Estimate Cost] Change Review Board (CRB): Review Proposed Solution|  _ Finish
A e P \
o " Specialst CRB Assignment] -

.

/ Set Fast Track To No|
® o
_Specialist: Planning Complete?| i .
Se« Disposition: Investigate, T Specialist: Set Chenge Review Board Decision

_./l

)
>

S Reject Or Notify CR Rejected|

Notify CR Approved| S:E( ialist: Derive CN

=

Specialist: Clase PRs|

]
I

o
Set Fast Track to Ves Approval O

FIGURE 4.4: Change review workflow

If the proposed plan is approved, the workflow can be fast-tracked, or standard-
tracked. If fast-tracked, the workflow then moves to the approval process, where the
Change Review Board (CRB) reviews the proposed solution and either approves or rejects
the proposed plan. This Change Review workflow would be ideal for large engineering
companies with many stakeholders invested in the design process. However, for this case
study, the workflow is too complex and intricate for many basic design processes the Cl
team will complete. Instead of this complicated review process, the CI team will employ a

basic workflow that includes assigning a task to either a group or individual user,
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Process Template WorkspaceObjectDefaultWorkflowTemplate ~ | Template Type © Process

L =z P 2
Start Dol Finish
FIGURE 4.5: Workspace default workflow within Teamcenter

completing that task by the assigned user(s), and finalizing the workflow. A block diagram
of this described workflow is displayed in Figure 4.5. The workflow consists of a single
step, a "Do" task. Within the task, a description of the assignment is included, as well as
options to edit or complete the task. Once a workflow is completed, each box in the block
diagram is highlighted green, and the workflow is removed from a user's worklist. For the
Cl team, this simple workflow is ideal for the basic design processes they will complete.
For example, a team member can assign a workflow to a part file that requires another
member to create a 2D drawing of the part. In general, workflows allow team members to
communicate and collaborate on different design aspects with a built-in digital process to

guide them.
4.2 Troubleshooting and Results

Throughout the Teamcenter implementation process, the CI team encountered many

problems integrating the software into their existing design process. One major problem
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was connecting Teamcenter with NX using the Teamcenter/NX integration. After
Teamcenter was installed on the PLMC lab computers, the link between the two software
needed to be established, and the integration could not be utilized. After thorough
troubleshooting, a Siemens software technician was contacted to help correct the issues.
After weeks of communicating and collaborating with the technician, it was determined
that an error in Teamcenter's preferences caused the disconnected link between NX and
Teamcenter, which was quickly fixed after the solution was identified. Another issue the
team faced was with the Workflow Designer perspective permissions in Teamcenter. The
Workflow Designer perspective is a feature of Teamcenter that allows users to design their
workflow processes, specifically for different business functions. An essential aspect of the
ClI team's digital twin development is creating scaled CAD models of other parts of the
tracked vehicle. The team could benefit tremendously from a customized workflow
replicating the design review process they already use for their CAD models. However,
Teamcenter does not allow non-database administrators (non-DBA) to use the Workflow
Designer perspective to design workflows. A screenshot of the error message received after
attempting to use the perspective is shown in Figure 4'6-'.
\' |

'o You are not an authorized user. Only read access will be permitted.

&

leview

entatic | oK ‘ //uF

3 & Aud -
& Sl's
<

Specialist: Is Planning Complete

[Plan Mot Ok - Rewark )

FIGURE 4.6: Workflow designer error
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Unfortunately, this error could not be fixed, and due to server limitations, authorizations
for certain users could not be granted to use this feature. However, the templates in
Teamcenter cover most of the possible workflow processes the Cl team will use. Therefore,
the team will move forward with the workflow templates instead of the original designs.
Although the CI team has learned Teamcenter quickly and is utilizing it weekly to
improve the efficiency of the engineering design process, it is still very early in the
implementation of the PDM tool, and concrete results still need to be gathered. From
conversations with members of the CI team, positive impressions of Teamcenter are a
common theme. Teamcenter has allowed them to improve the speed and performance of
their design process by utilizing the Teamcenter/NX integration. Also, the engineering
workflows increased collaboration amongst team members on all design aspects of the
digital twin. Overall, using advanced PDM software like Teamcenter provides many
benefits to a company or design team. The specific benefits of implementing Teamcenter

in the CI team will be researched further in future projects.
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CHAPTER FOUR
CONCLUSION
PLM initiatives have positively contributed to the digital collaborative design space by
increasing collaboration amongst all departments in the engineering design process. PLM
tools such as CAD, CAE, CAM, and PDM software have provided a medium for
collaboration on different aspects of the process, from design and simulation to
manufacturing and data management. One of the essential PLM resources is advanced,
digital PDM software that can integrate with other PLM tools to create a digital
collaborative design space. Implementation of Siemens Teamcenter in a design group case

study resulted in increased collaboration and efficiency of their design process.
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APPENDICES
Appendix A

PLM Processes Creative Inquiry Tank

Figure A.1: Tank — Bottom View

Figure A.2: Tank — Top View
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Figure A.3: Tank — Bottom View
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Appendix B

Teamcenter Workshop Presentation Slides

PLMC )

PRODUCT UFECYCLE MANAGEMENT CENTER
AT CLEMSON UNIVERSITY

INTRODUCTION TO
SIEMENS TEAMCENTER

PLM Software Workshop

Outline
Introducing TC Functionality » Task assignment
« Purpose * Database management —:mGﬁow i
* History ~{jacveraide / targets, roferences
* Nomenclature sl - Signoff Teams
- Active workspace h’_"lm's Revish -Release Demo
~Rich Client = - ptop:s%‘:: * Structure Manager
* Ul Overview e - BoM views
- Visualization updates/sequences  —Product struclures
* Perspeclives -Crealing new items ~ ~ eglaoement,
- My Teamcenter - Edit properties Substitutes,
- Workfiow Viewer ARMmES
- Structure Manager T S Dt
- Change Manager *» Change Management
- Lifecycle Viewer Projects - CMiIl structure
* Roles and Hierarchies * Release Process =Change Wcycle
— Project roles - Workflows - Change objects
Z * Visualization: * Problem reports
Change roles Failure, success » Change requests
T o steps + Change notices
* Templates -Change demo
- Creation
5

Figure B.1: Teamcenter Slides (1)
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Learning Objectives

* Provide a rigorous understanding of Siemens Teamcenter's basic
functionality, including navigation, user interface, and basic
Processes

* Provide foundational knowledge of how TC controls and distributes
product data

* Demonstrate imporant processes such as workflow creation, BoM
navigation, and chamge managernent

PLMC =)

B
Section 1:
Overview
INTRODUCTION TO SIEMENS TEAMCENTER
PLMC %)

Figure B.2: Teamcenter Slides (2)
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» Headquarters in Munich, Germany
» Focus on electrification,
automation, and digitalization
» Global Revenue exceeding $100
billion
» Conglomeration of many distinct
divisions:
- Digital Industries
-Financial Services
- Mobility
-Siemens Healthineers
-Smart Infrastructure
- Global Business Services

History/Intro to Siemens

S N ade

%3

8.1: Siemens Headquarters in
Munich, Germary
Siemens, 2016

PLMC )

Nomenclature

= Active workspace
- Accessed via web browser
- Designed for use on
multiple different machines
- Provides limited functions

* Rich Client
- Desktop-based interface

- Designed to fulfill advanced
tasks and allow
customization

- Provides access to full
Teamcenter functions

9.1: Teamcenter Active Workspace
Interface

9.2: Teamcenter Rich Cent Interface

PLMC )

Figure B.3: Teamcenter Slides (3)
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Nomenclature

s e

= ltam: Holds product-related data
that can be accessed throughout
the product development process
- Drawing, part, assembly files
= Bill of Materials (BOM) info
= Change management data
- Engineering simulations
= Workflow: Set of actions used to
make changes to product data
- Require actions from
individuals or groups to meet a
zet of criteria before the
workflow is approved

- I

e
# by
o

v i e

5, O AT
001 - E AT
ORAAT- s e

10,12 Item Trea

1 Frpran+

I_ —

10.2- Workilow Template

PLMC =)

10

Perspectives

= Teamcenter parspectives allow

users to access different features
of the software by changing their
view

= My Teamoenter

- Workflow Viewer

- Structure Manager

= Change Manager

= Lifecycle Viewer

= Organization

- Workflow Designer

= Project

11.1: Perspective Menu

PLMC (=)

11

Figure B.4: Teamcenter Slides (4)
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Perspectives

» Teamcenter contains around
45 different applications that
can be added to the
perspectives list using the
navigation pane options

» Teamcenter Perspectives
allow the software to become

for different tasks

more flexible and customizable

B Navgem s e s x
Chrphuy ASphcasons in f1a onder, Uee the bastont 5 recrder the
epchcason Gureyed in Be nedpetion pete

Auxlasie Aophcasony
N ADA Licwnie

. Accem Manager

Selecd Applcatom

Ny Toarmcaniar

|
0 Workhow Vieww

¥ Mgy ance Combypanaton I Sayncrare Mamager
Asthorizanon | [EChargr Maragn

wcdunise
Faoaer

[ [T ey e—
[ Co€ Maraper

@ Charge Marage

B Cansihcanion

B Cusitcaize Advin
I Comeund Sappressicn

o Cancel

12.1: Application Navigation Pane

PLMC %)

Asply

12

User Interface

* Menus: Located in the upper
left bar, contains many useful
functions

- File

- Edit

- View

- Translation
- Tools

- Window

- Help

13.1: Tools Menu

PLMC%)

13
Figure B.5: Teamcenter Slides (5)
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Section 2:
Functionality

INTRODUCTION TO SIEMENS TEAMCENTER

PLMC =)

14

Roles and Hierarchies

15.1: Ovganizalon Perspective

» Organization:

Perspective that

displays all groups on

the local server,

as well

as their subgroups,

roles, and users

PLMC %)

15

Figure B.6: Teamcenter Slides (6)
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Roles and Hierarchies
= Caganiration [
» There are many different robes that oo
users can be assigned: s B ME G930 4930 Fall-2023
- Project Administrator: . - .
delegates tasks and facilitate
project development
= Project Membear: creates and

Lt
B Ol Group
® B Project Adminisiato
¥ G Projict Mambe:
v B PLMLC Education
* B PLMC Rasaarch

maintains product data = i
- ijm:t Team Admin: . _drr\-:u:n: Adiminigiralo
provides support for project Etducaon
members B H
- DBA (database administrator):  |* B Smuwation Adminiswasion
manages Teamcanter Fimer by Site @41 Local CReplica
databases Filtai by Horna Slie A8
= All users can be found using the P P —r——
?&Elch bars below the organization B -
|Sl. miar Anks Nams o ||

B frter Geoup Mame

16.1: PLM Cenler Groug

PLMC =)

16

Database Management

= Teamcenter uses a centralized
database to store information and
data that can be accessed by
ugers across different systams

= Teamcenter's server can aither be
hosted on-site or through the cloud

= Clemson hosts Teamcenter at their
primary data center, the
Information Technology Center
(ITC)

= ITC is centered at the Advanced
Materials Research Park in 17.1: Database Starage System
Anderson, SC

PLMC =)

17

Figure B.7: Teamcenter Slides (7)

39



ltem Demo: Create an Iltem

[ T e——
= Choose an existing folder to
place the new item within

* Navigate through the File menu
to create an item data asset that
manages documents, drawings,
or 30 models

18.1: Creating an lkem

PLMC %)

ltem Demo: Create an ltem

= Create a sequential 1D using the
Assign feature, then provide a =
more understandable name to =~ et
the part )

= Onee added, the item file will be -
saved to Teamcenter's database, o w
and will appear inside the e A
selected folder's family tree e

19.1: Assigning an 1D

PLMC (=)

19
Figure B.8: Teamcenter Slides (8)
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Item Demo: Iltem Revisions

= Whan a rnew tem s created, it's & vt - Tomene 1)
revisions are listed below its Wl R Vew Toaion T
parent using the drop-down bar il J

[y (4 L]
« To create a new item revision, pen WL
select the most recent revision, & ocpess
and navigate through the File —
MEnU o create a revision —
- Assign a revision ID to the [
object :
» Newly created item revisions
will be displayed below the
parent item ST | o0 2 e Family Tree
=
= Pwl
Frre
W Ei

20.1: Grealing an Nem Revision PLMC @

Iltem Demo: Edit Properties

o b bn

- Edit Properties: feature  ioios L. Se—m"
that allows a user to modify f— S———
the metadata of a specific el
flem e

- Revision numbear =
- Lifecycle state T
- Project workflow %

= Navigate through the Edit . -
Properties menu to make 21.1: Edit Properties
changes to an item's
properties

21.2: Edit Properties Dialog Box

PLMC &)

21
Figure B.9: Teamcenter Slides (9)
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Item Demo: Create a Part

« Select an item to create a part file

— If an item has multiple
revisions, select the specific
revision to create a part file

+ Navigate through the File menuto . --
create a part for the item revision

22.1: Part Creation

PLMC %)

22

Item Demo: Create a Part

« Create a sequential ID using the
Assign feature, then provide a P
more understandable name to the
part

» Proceed through the steps in the
New Part box to attach files, define +
workflows, enter additional -
information, and assignto a ® i
project pRe—

» Newly created parts will display
below the parent item revision in
its family tree

23
Figure B.10: Teamcenter Slides (10)

42




Section 3:
Projects

INTRODUCTION TO SIEMENS TEAMCENTER

PLMC (=)

24
Release Process
) 1 Wikl Desagie =2
» Workflow: provide a step-by-step
release process for many business Process Template |CR Process
processes that involve the 5 CR Process
management and review of items # i Set Fast Track 1o Yes
+ [ Lot Fast Track To Mo
* In Teamcenter, workflows: # @ Participant Assanmants
- Mﬂnﬂgﬂ m ::I'Hnga : ; grmjcialig:fﬂﬂ. Asgignment
Management process + a¢ Chanoe Beview Board (CRE): Rew
- [ i * 15 Amalyst dentife ) d H e
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review and approval H > Anprevsl O
- ; 4 @ Specialist: Planning Comolete?
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+ 77 Specialist: Derive CN
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administrators to design workflow &3 Firich s
templates specific o business
functisns 25.1: CR Workllow Template
PLMC =)
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Figure B.11: Teamcenter Slides (11)
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Workflow Demo R e e e e

= To create a workflow process: i —™ e
- Check out a part e — —
- On the part's Summary page, | ...
find the New Workflow T
Process option P— ' i
e i -
(2T & -

26

Workflow Demo

= There are several options within =~ e :
the New Process dialog box to -

customize a workflow —_—
= Different process templates I''*!!'''"'l'!l'!'!"!l'll!'“!'4

can be applied to replicate T
buginess processes e
- Tasks can be assigned to
anyone within the arganization
= Process templates can be
viewed and altered

= Workflow Viewer: a perspective
used to view a workflow's progress

d & & @

= Camrl

27.1: New Process Dialog Box

PLMC %)
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Figure B.12: Teamcenter Slides (12)
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Structure Manager

+ Preview item relationships
= Allows the user to view and
edit a product's bill of materials
(BOM), including its
components and sub-
az=emblies I Structure Manager
» Analyze product dependencies A Change Marager
- Contains impact analysis, .
which displays an item’s
relationship with other products
of projects
= Collaboration
- Improves collaboration among
teams by providing a shared,
centralized repository for

oduct d
produetss PLMC )

@ My Teamcenter

o Workflow Viewsr

2B.1: Structure Manager

BoM Demo - Using Structure Manager

e g

* Locate the Structure Manager — - S
perspective from the Perspectives
tab

= Search an item, part, or assembly
to add it to the BOM line at the top -

* An item’'s properties and details
will be listed horizontally across -
the screen

= Item type e N
- Revision staius

= Units

- Variant conditions

- All notes

20.1: Structure Manager Seanch Bax

PLMC %)
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Figure B.13: Teamcenter Slides (13)
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Change Management

= Change Management is a tool
uszed to track changes to product
data in the development process

= A change lifecycle nomally
consists of many of the following
featuras:
- Creation and submission of
change requests
- Review and approval of
changes
= Implementation and
decumentation of changes

= Allows for more efficient
collaboration amongst team
members

lﬂ- My Teamceritss

"¢ Workflow Viewsr
B Structure Manager
m ange Manager
= Lifecycle Viewsr
== OUganizatan

. ‘Workflow Designer

Bl Project

30.1: Change Manager

PLMC )

Change Management

= Change objects are used to
manage changes to product data
and items
-Change Request: A request for

modification of an item
-Change Order: A document
that implements a change
request
-Changa Notice: A document

that illustrates a change to an
item

-Problem Report: A document
that describes potential
problems with a requested
change

31.1: Mew Change Dialesy Bax

PLMC =)

S|
Figure B.14: Teamcenter Slides (14)

46




Change Management Demo

(Y ———

+ Navigate through the File menu
and select the Change option
» Choose a change type that
accurately refiects the type of
procedure that you would like to
complete
= Assign an ID to the proposed
change, and provided a synopsis
and description of the change
» If the change is part of an in-
progress workflow, add it to the
correct stage in the workflow

32

33

Change Management Demo

= The change will be displayed
below its parent item in the family  EEGET 505 nenoens
tree | v & one
* The change can be viewed and i
edited using the Change Manager & Newsast
perspective

v DA
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33.1: New Change ltem Tree

PLMC %)

Figure B.15: Teamcenter Slides (15)
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Siemens Xcelerator Academy

+ Siemens gives Clemson
personnel access to their online
learning academy

» Follow the QR code below to be
added to Clemson's license list
and be given to access to the
Xeelerator Academy

+ Afterwards create a Siemens
account using your
ClemsoniD@clemson.edu
email

3
Siemens Xcelerator Academy

Once you hizve been added 1o the system

the Enfarpize Academve Gald membarship

will shew up hese

" Sel the categary to TC bo find
retated training modules
There a dofens of COUTSEs you Gan
lake, including 11 for basic design in TC Yiou Gan also expodt & ranseripl of your
wark, a usaful record 1o show employers!
PLMC =)

35

Figure B.16: Teamcenter Slides (16)
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Summary

= Slemens Teamoenter is a product
lifecycle management (PLM)
software that is designed to
manage and process any data
aszzociated with the design of a

oduct
. 1p';al:mnlal is a comprehensive SI E M E N S

system that includes product data o v
management (PDM), engineering, le 3 ; “""{7 '{"" L'ﬁ-
simulation, and manufacturing tools

+ Teamcenter provides integration

between CAD, CAE, CAM, and
PDM software to allow teams to

collaborate in a virtual design space

PLMC %)

36
Request Course Content
Send an email to pimcenter@clemson.edu to request access o
today's presentation, or other information on Preduct Data
Managemeant
PLMC %)
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Figure B.17: Teamcenter Slides (17)
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Contact Info

Fritz Rowell
Phone: 865-605-5731
Email: frowell@clemson.edu

PLMC %)

O "o

'

INTRO TO SIEMENS TEAMCENTER
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Figure B.18: Teamcenter Slides (18)
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Appendix C

Departmental Honors Presentation Slides

ole

@y

Exploration of Collaborative Design Spaces — Engineering
Interactions and Workflows in a Product’s Lifecycle

4/25/2023
Frederick (Fritz) Rowell
Dr. John Wagner, Clemson University
PLM Center
CLEMSON
1
“% Research Objectives and Goals
s Goals
Obj cctives * Gl - Integrate Siemens NX and
- ROI - Explom enginuring ;l';:)nll;:mtcf to create a virtual toolbox
interactions with collaborative e G2 - Collaborate with Creative Inqui
tools on product design class on rudimentary application (ﬂoz)
* RO2 - Investigate use of ' :ﬁfﬁ'ﬂ'g mg’;;’gc e, e
Teamcenter in Creative Inquiry * G4 - Complete casc studics to
design projects and Deep W processcs and
Orange vehicle designs * G5 - Trailblazing usc of Tcamcenter in
PLM Center at University and
overcome problems (RO1)
CLEMSON

Figure C.1: Final Presentation (1)
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FLM Tools

4
Figure C.2: Final Presentation (2)
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Product Lifecycle Management (PLM) Concepts

PLM is a virtual thread for workflow
within an enterprise, bringing together
all business functions

Encompasses human resources,
business, engineering, manufacturing,
field service

All team members need to buy into
digital design, documentation, and
manufacturing to be successful
Number of commercial PLM software
vendors exist

Goal: Decrease product cost, increase
product revenue, maximize value of
product portfolio for customer

Produce
Developasnt

Support

Concept

CLEMSON

yeEnsary

A

&,
&

Product Lifecycle Management Benefits

Optimization

* Guraksin et. al. analyzes the
optimization benefits for
servicing and repairing aircraft
to ensure passenger safety [1]

Traceability

* Conlon shares how the
traceability of changes within a
workflow allows a business to
track fundamental alterations
and the present status of a

product [2]

CLEMSON

L LU S T MR T, |

Figure C.3: Final Presentation (3)
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&
"s Product Lifecycle Management Benefits

Software Integration

* Nikolov et al. discusses the
benefits of integrating CAD
and CAM software for
manufacturing purposes

Access Management

= Ngo et al. researches different
ways to delegate access to data
for all users in an organization

in the medical sector [4]
CLEMSON
7
“‘5 Traditional Enterprise Organization

Individual departments
contributing to the overall
success of the enterprise
Limited collaboration
Slow, less efficient product
development

Figure C.4: Final Presentation (4)

54



8
.‘s Post-PLM Enterprise Organization

Increased collaboration

* Arrows and dashed boxes
between departments represent
collaborative business processes

Faster, more efficient product [ 555" m‘ ------- N

Whgbesen g | NEUTEIENEREY S~SeSTT
development

Digital collaborative design
space

"CLEMSON
9
ofg
‘O
PLM Tools
10

Figure C.5: Final Presentation (5)
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." PLM Tools

PLM Tosls Digital Backbone

CLEMSON

MM ) WS SR TN
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“‘s Product Data Management (PDM)

«  PDM software is a system
used to store and manage
product lifecycle data

Integrates all aspects of a

product’s development

= CAD models, CAE simulations,
Bill of Materials (BOM), CAM
models, and pricing and
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