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ABSTRACT 

CONTEXT 

In today’s globalised and highly competitive engineering landscape, Product Lifecycle Management 
(PLM) Systems has seen increased attention due to its breadth of capabilities in serving as a 
centralized hub to manage product data across the lifecycle stages of a product. Due to the 
industrial significance it carries, it is critical to integrate PLM into curricula of universities to foster 
graduates prepared to take on modern day challenges in an engineering context, including 
understanding modern social responsibilities.  

PURPOSE 

This study aims to implement a multifaceted approach to integrate a PLM platform into the Systems 
Engineering Principles course, taken by third year mechanical engineering undergraduates of the 
University of Queensland, Brisbane, Australia. The study further aims to employ strategies to 
overcome issues incurred in implementing a PLM platform in an educational setting from a 
resources and infrastructure perspective.  

METHODOLOGY  

The methodology involved deployment of a state-of-the-art PLM system at the university, refining 
course structure to align with the learning objectives, followed by the delivery of course lectures 
and PLM focussed trainings. Evaluation process of the course consisted of assignments focussed 
on a real-world problem and were arranged in a manner to guide students to produce a concept 
solution consistent with systems engineering theory. Key evaluation aspects of the course included 
solution feasibility, work quality, teamwork, and use of the PLM platform to manage the digital 
workflow. The study incorporated a combination of Experiential Learning Theory (ELT) and 
Problem-Based Learning (PBL) to introduce foundational concepts to students and the application 
of systems engineering concepts to analyse and solve a real-world problem provided.  

ACTUAL OUTCOMES  

The results obtained by the students for course assignments throughout the semester reflected 
their strong grasp of both PLM tool and systems engineering principles. The PLM system 
maintained an availability of over 99% throughout the semester and was actively engaged with for 
over 12,000 hours among 230 students. 

CONCLUSIONS 

Based on these results, it can be concluded that strong knowledge in using an industry-grade PLM 
platform and a solid understanding of systems engineering principles were acquired by students 
and the deployment of a PLM platform on a large scale in an educational setting, was successful. 
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Introduction 

With new technological trends, tools and techniques being introduced to the industry at a rapid 
pace, it is important for academia to swiftly adapt to incorporate these in the curricula where 
applicable and possible to ensure the workforce skill gaps are closed. Product Lifecycle 
Management (PLM) systems, evolved from Product Data Management (PDM) systems, are one of 
the tools widely used in industry to manage the data and information which a product generates 
throughout its life. The lifecycle of a product consists of five stages in concept, detailed design, 
manufacturing, operation and disposal (Stark, 2022). As opposed to the capability of managing 
only the product data which PDM systems provided, the need of managing the entire lifecycle of a 
product is catered by PLM systems, of which the ‘development of a product’ is only a part of.  

Systems Engineering is an interdisciplinary approach and means to enable the realization of 
successful systems (INCOSE, 2015). The function of systems engineering is to guide the 
engineering and development of complex systems (Kossiakoff et al., 2020). As shown in Figure 1, 
the design of a complex system typically begins with a research-oriented phase dedicated to 
analysing the stakeholders needs, which then progresses through to deriving system requirements 
from the analysed needs to system design phase. 

 

Figure 1: A Simplified variant of the ‘V’ diagram (Cloutier et al., 2015) 

Project Management is an inherent part of systems engineering and it assists the team(s) engaged 
with a system across its lifecycle in setting objectives, executing, reflecting on progress made and 
application of corrective measures where necessary to ensure the scope of the project is met 
withing the agreed time and budget (Galli, 2020).  

Regardless of the importance it carries, active use of PLM platforms is an aspect universities are 
still in initial stages, as opposed to more popular and conventional software tools such as Computer 
Aided Design and Manufacturing (CAD/ CAM) software. While there are universities which have 
taken the initiative to educate their students on the use of a PLM system, most of these efforts 
primarily focus on teaching PLM as a separate unit and not as a platform to support the learning of 
a course or courses across a program. This is also reflected in the relatively limited amount of 
literature available on utilizing a PLM platform as a supporting tool for a course or courses within a 
program. 

The integration of a PLM systems into the course Systems Engineering Principles is expected to 
improve students' understanding of how such a platform aids the design of complex systems, how 
a PLM platform is beneficial in the later stages of the lifecycle of a system, and to make the students 
competent in engaging in the digital workflows associated a widely used PLM platform in the 
industry. As this course only deals with the concept development of a system from a systems 
engineering perspective, more PLM based activities are being introduced to other relevant courses 
in the Mechanical Engineering bachelors’ program, which cater to distinct phases of the lifecycle of 
a system/ product. The current study also aimed to identify best practices for PLM integration in an 
educational setting due to the complexities involved such as the infrastructure required to deploy 
the system, making the system available to its users in a large scale, the resources required to 
administer the system, and the management of constraints due to the availability of user licenses.  
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This initiative uses a combination of Experiential Learning Theory (ELT) and Problem-Based 
Learning (PBL) approach. ELT is a method which focuses on prioritizing learning through direct 
experience, reflection and application of knowledge in real-world contexts (Kong, 2021) whereas 
Problem-based Learning (PBL) (Smith et al., 2022) is an approach where the students learn though 
solving a real-world problem or a case study presented to them. This combination is expected to 
encourage learners to reflect on their trainings and experiences, promote critical thinking, make 
connections between theory and practice and application of the same in a real-life scenario, 
fostering a more holistic and enduring learning process. 

Methodology 

Identification of the Course: Systems Engineering Principles  

Systems Engineering Principles (MECH3610) is a 3rd year course taken by Mechanical Engineering 
undergraduates at the University of Queensland (UQ). The course is focussed on systems 
engineering design principles and their interface with project management tools and techniques. 
Having acquired basic CAD and CAM competencies in an earlier course, MECH3610 introduces 
students to a systems engineering framework to assist with capturing user requirements in order 
to develop concept designs towards solving complex problems, analysing manufacturing systems 
to improve product throughput, cost and quality and engineering project management principles.  

In the course, students are presented with a real-world problem and are expected to produce a 
concept design to resolve the same. After a careful consideration, a ‘Concept design for a fuel-
efficient container ship retrofit’ was chosen to be the project theme associated with the course for 
the semester in discussion. The project theme was chosen based on its relevance to the course 
learning objectives, its appropriate level of complexity and the availability of a diverse range of 
solutions, which helps prevent students from converging on a common set of conventional 
solutions. 

Defining the Learning Objectives 

The learning objectives for this course were structured to focus on the application of systems 
engineering principles in the context of designing, effectively managing projects as part of a team, 
and handling the digital workflow associated with concept design within the PLM platform. Upon 
successful completion of the course, students were expected to be able to: 

1 Apply systems engineering principles to design 

1.1 Apply a systems engineering framework to develop a concept design for an engineering 
challenge 

1.2 Conduct a user needs analysis and develop a register of systems requirements related 
to the project 

1.3 Perform a functional analysis and allocation to the design 

1.4 Develop, evaluate and select concept designs to satisfy the system requirements 

1.5 Manage the digital workflow associated with the concept design using Siemens 
Teamcenter® 

2 Manage the project competently as part of a team 

2.1 Works as a member of the team to deliver a concept report and communicate this 
effectively 

2.2 Apply project management fundamentals to manage the concept design project 

Deploying the PLM Platform  

Siemens Teamcenter® PLM was the preferred PLM platform to be used in the course due to its 
global presence across industries (SIEMENS, 2024). Given the scale of the university, a four-tier 
architecture was used to deploy the Teamcenter® PLM platform.  
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As shown in the Figure 2, the architecture consists of a resource tier, an enterprise tier, a web tier 
and a client tier (Helu et al., 2017). In Teamcenter®, the enterprise tier manages business logic and 
data integration, the resource tier handles data storage and retrieval, the web tier provides web-
based access to the applications and the client tier hosts the client applications and responsible for 
providing the interface for users interact with the system. The resource, enterprise and web tier 
were deployed as per the standards and the client tier was modified to match the requirements of 
the university, better. Teamcenter® ‘Rich Client’ application was selected as the preferred client for 
this deployment. While the most common approach used to host the client applications is physical 
computers such as desktops or laptops, it was decided to use the virtual desktop platform of the 
university, ‘UQ Digital Workspace’, as the facilitating platform for the client tier. This approach 
allowed students to log into the PLM platform at their convenience from any location, providing a 
full desktop experience regardless of the type of device they use or the hardware configuration of 
the same.  

 

 

 

 

 

 

 

Figure 2: The architecture of Teamcenter® PLM platform deployed at the University of Queensland 

Competency Assessment and Skill Development Through Teamcenter PLM Training 

Upon successful completion of the course, students were expected to have developed 
competencies in using the Teamcenter® PLM platform in an industrial context. These competencies 
included proficiency in engaging with Teamcenter®, effective data management, revision control of 
applicable data, and project management capabilities using ‘Schedule Manager’ application in 
Teamcenter®. Additionally, students were expected to have gained expertise in requirement 
management with the aid of ‘Requirements Manager’ application, product structure and 
configuration management through ‘Structure Manager’ application and collaborative work within 
the PLM environment. 

Designing of Course Assignments 

The evaluation process for the course was designed to consist of four assignments without an end-
of-semester examination. Three out of the four assignments were designed to be group 
assignments with one being an individual assignment. These assignments were constructed in a 
way that those could guide the students through the given project to deliver a concept level solution. 
Each of the assignments were focussed on a phase in the ‘V’ diagram and were formulated to have 
a PLM tool specific component in them to get the students to use as well as for the academics to 
assess the use of Teamcenter®. The late submission penalties were to be applied as per the 
university policies, where required. 

Assignment 01 – Project Plan 

Students were organised into groups of six. Assignment 01, arranged to worth 10% of the overall 
grade, focused on creating a work schedule to meet course milestones and assessments using the 
project planning functionality in Teamcenter®. The tasks for the assignment included defining a 
Work-breakdown Structure (WBS) for the semester, determining resource requirements for each 
task and allocate resources in the PLM environment, scheduling the tasks and constructing an 'S' 
chart to help manage the team project throughout the semester. Students were instructed to 
construct the ‘S’ chart using Microsoft® Excel, since this functionality was not feasible in 
Teamcenter®.  
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The submission of this assignment was designed to be through the PLM system. The timestamp 
which the PLM system assigns when an object is created and/or modified, were used to ensure 
timely submissions. Feedback for each of the submissions were also provided by placing a 
document which included the breakdown of the marks each group had obtained against the 
marking rubric and comments, inside the designated submission folder in Teamcenter® of each 
group. 

Assignment 02 – System Performance Specifications 

As for the Assignment 02 which weighed 10% of the overall grade, students were asked to submit 
a report on the university’s submission platform. For the report, students were instructed to include 
the stakeholder analysis and system requirements for the project given. In addition to the report, it 
was further instructed to copy the derived requirements to a given template, upload the same as a 
‘Requirement Specification’ into Teamcenter®.  

Assignment 03 – Individual Subsystem Design 

Assignment 03, worth 30% of the overall grade, was designed as an individual task. Students were 
instructed to ideate in groups, converge on a single solution, derive six subsystems, and each 
student to produce an individual report on a preferred subsystem. Students were further expected 
to maintain the digital footprint in Teamcenter® with regards to their subsystem and use data 
management and revision control functionalities in Teamcenter® to keep the digital thread between 
different aspects of the project. 

Assignment 04 – Concept Design Report 

Assignment 04 consisted of two parts. Part ‘a’ was a concept design report which amounted to 45% 
of the overall grade and part ‘b’ was a group presentation on their concept solution worth 5%. The 
students were advised to include updated sections of their stakeholder needs analysis and system 
requirements (from Assignment 02), system ideation and preferred configuration, verification and 
validation specifications, system costs (at a concept level), a sustainability analysis, and a system 
risk analysis in the report. The assignment also involved a PLM component where the students 
were tasked to build the system hierarchy of their solution in Teamcenter®. They were further asked 
to link the system requirements they had finalised with the appropriate subsystems within the 
Teamcenter® environment. 

Implementing the Strategy of PLM 

To ensure the reliability of the PLM platform to cater around 250 students, a pilot study was 
conducted with the participation of the course staff. During this phase, the staff’s competence in 
supporting students was verified and minor adjustments were made to the system and course 
assignments based on the feedback received. 

 

Figure 3: A schematic of the strategy used to form collaborative project spaces for student groups 

Prior to the course commencement, all the students enrolled with the course and the course staff 
were brought into the PLM platform. Once the students had been divided into groups, their groups 
were created in Teamcenter® and the users were added to their respective groups accordingly. As 
shown in Figure 3, projects were created for each group, with user groups being assigned to their 
respective project folders. Access to the projects was restricted to group members, while course 
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staff had access to all folders for monitoring, marking, and feedback. A structured folder system 
was provided to students to ensure a logical flow between design phases, facilitating the tracking 
of progress and locating submissions.  

As stated in Table 1 in the Appendix, students were introduced to PLM in the second week’s 
workshop session to reinforce their learning from lectures on the importance a PLM system as well 
as to familiarise them with Teamcenter®. They were given access to specific text based and video 
materials, developed specifically for the course and focused on giving them the required knowledge 
of the tool to assist them on their way to produce a concept design for their assigned project. 
Assignment specific demonstrations/training exercises were carried out at the beginning of each 
assignment phase. Students were provided with access to direct support on the use of Teamcenter® 
during all the workshop sessions and further support was provided through a course specific 
discussion forum. 

Results and Discussion 

In an effort to build PLM competency among engineering students at the University of Queensland, 
an industry-grade PLM system was integrated to MECH3610, Systems Engineering Principles 
course. Siemens Teamcenter® was used as the preferred platform for this initiative. Teamcenter® 
was established as an on-premises deployment. A four-tier architecture was used for the 
deployment given the expected number of users were around 250. The virtual desktop platform of 
the university was used to deploy the client layer of the PLM system. 

The success of this study was measured based on three key metrics: technical success, student 
performance and student engagement.  

Technical Success 

The PLM platform performed well to cater to the user base of 242 (including course staff) 
throughout the semester. The system was expected to maintain 24-hour availability and the uptime 
of the system across the semester was measured at 99.63% indicating the technical success of 
the study.  

The downtime of 0.37% was induced by operational challenges within the virtual desktop platform 
and the PLM server due to the high resource utilization leading up to the submission date of 
Assignment 01. The issue resulted in the unavailability of virtual machines to some students and 
unresponsive PLM sessions causing a surge in resource consumption in the server. Appropriate 
remedial actions were deployed at the virtual desktop platform’s end to ensure accessibility to 
students and from the PLM system’s perspective, the unresponsive sessions were cleared within 
a few hours and the computing resources of the server were enhanced to mitigate potential risk of 
the recurrence of the issue.  

With the PLM platform being expected to integrate with other courses across the program and 
the number of users expected to grow year-by-year, it is planned to further refine the architecture 
to cater to around 500 users. The refinement is expected to revolve around transitioning to a multi-
server architecture from the existing single-server architecture. While the expanded architecture 
will result in an increased maintenance effort, the change is anticipated to improve the performance 
of the system to facilitate more concurrent users, enhance reliability, redundancy and facilitate 
scalability in the future.   

Since the use of virtual desktops was a new concept to some of the students, separate instructions 
on its use had to be provided. Positive feedback was received from the students on the use of 
virtual desktops as it allowed them to connect to a fully-fledged computer from a preferred location, 
at a time of their convenience and eliminated the high-end specifications required to run certain 
software.  

A Frequently Asked Questions (FAQ) guide was required to be maintained throughout the semester 
to answer questions on the use of the PLM platform, which had not been covered in the materials 
provided to the students. It is planned to revise the training materials and embed this information 
into the existing materials prior to the next course offering.  
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Student Performance  

The evaluation process of the course consisted of four assignments. Where applicable, the 
feedback for each of the assignments was provided through the PLM platform. While the students 
were expected to maintain the digital thread between distinct phases of the project across all the 
assignments through the PLM platform, the use of PLM was specifically assessed in Assignment 
01 and Assignment 04. The average marks obtained by the students for the PLM component in the 
said relevant assignments were recorded at 86% and 92% respectively. The marking criteria for 
the use of PLM were designed to reflect the effectiveness of the methodologies used to deliver the 
PLM content and the results indicated the competencies students had gained in using 
Teamcenter®. 

The marking rubric for Assignment 01 assessed whether the major project stages were defined, a 
detailed Work Breakdown Structure (WBS) was provided with appropriate granularity, identification 
of major tasks and milestones, allocation of resources for each task, and the suitability of the 
generated ‘S’ curve for tracking project progress. From Teamcenter® perspective, upon successful 
completion of the Assignment 01, students demonstrated the competency of using Schedule 
Manager application to manage a project.  

In the Assignment 02, it was evaluated whether the key stakeholders were identified and prioritised 
with defined needs, lifecycle stages and environments for each stage were outlined, essential and 
desirable needs were determined, system requirements for performance, physical, safety, 
reliability, and logistical support were specified, requirements were properly codified, and a list of 
minimal system requirements was generated. From a Teamcenter® perspective, students 
demonstrated competency of using the Requirements Manager application to define requirements 
in the PLM platform.   

The marking rubric for Assignment 03 focussed on evaluating whether functional analysis and 
allocation were performed, concept designs were developed, evaluated and selected to meet 
system requirements, the digital workflow was managed in Teamcenter® and the concept design 
was effectively communicated in the report. By successfully completing this assignment, students 
demonstrated the competency of effective collaboration with team members in the Teamcenter® 
PLM platform and managing data in a collaborative work environment with revision control of 
appropriate documents.  

As per marking rubric for Assignment 04, it evaluated whether a system engineering framework 
was applied, concept designs were properly evaluated, digital workflow was managed in 
Teamcenter® and the effectiveness of the report and project management practices used. In 
Teamcenter, students demonstrated proficiency in using the Structure Manager application to build 
and manage a product structure and create links between objects for improved traceability.   

Student Engagement 

Teamcenter® facilitates generation of various reports based on different criteria and as per a report 
on the usage of the software, it was indicated that Teamcenter® had been used for 12,064.5 hours 
among 230 students across the semester with an average user engaging with the software for 
52.45 hours. These results suggest that the system was well engaged by the userbase, further 
indicating a successful deployment of a PLM system on a large scale. Overall, this initiative 
indicated a successful integration of a PLM platform to a course focussed on Systems Engineering 
Principles and a successful deployment of a PLM platform on a large scale in an educational 
setting. As an extension of this initiative, it is planned to introduce exercises that could further 
leverage the CAD integration of Teamcenter®, introduce Microsoft® Viso integration to Teamcenter® 
to streamline the systems engineering workflow within the PLM platform and publish Teamcenter® 

web-based client ‘Active Workspace’ for an enhanced user experience, in subsequent years.   

Conclusion 

To the best of the Authors knowledge, this was one of the first instances where a PLM platform was 
integrated into a Systems Engineering-based course at this scale in a university setting and 
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students were provided access to a PLM system outside of a laboratory environment. As a result 
of this initiative, a new generation of engineers is anticipated to emerge with advanced digital PLM 
capabilities.  

We strongly advocate that proficiency in PLM concepts and workflows is a sine qua non for 
Mechanical Engineering graduates as it directly aligns with the future employability and workforce 
needs of Australia. In an increasingly digital and interconnected global economy, industries are 
relying more on sophisticated PLM systems to manage the entire lifecycle of products, from initial 
design through to production, maintenance and decommissioning.  

By equipping students with a strong understanding of PLM, we are preparing them to meet the 
demands of modern industry, where the ability to efficiently manage digital workflows, collaborate 
across teams and ensure traceability and compliance throughout a product's lifecycle is critical. 
This proficiency not only makes graduates more attractive to employers in sectors such as 
manufacturing, engineering, but also ensures that they can contribute effectively to the innovation 
and competitiveness of Australian businesses on a global stage. As Australia continues to advance 
in fields like advanced manufacturing, aerospace and renewable energy, a workforce skilled in PLM 
is vital for sustaining growth and driving technological progress. Unashamedly, we want UQ 
graduates to be at the vanguard of these change.   

Appendix  

Table 1: Simplified lecture plan developed for the Systems Engineering Principles module 

Week Lecture PBL/ELT Activity 

1 Course introduction and expectations  
(1 hour) 
Systems engineering and the world of 
modern systems (1 hour) 

Introduction to Team Assessment 
Release of Client Concept Design Brief 
Team formation  
Submission of Team Charter 
Introduction to PLM  

2  The structure of complex systems 
The system development process (1 hour) 
Stakeholder needs analysis and system use 
cases (1 hour) 

Learning the basics of PLM  

3 Systems engineering management 
(Project stage gates, scope, cost, schedule, 
work-breakdown structure (WBS), critical 
path, and resources) (1 hour) 
Project costing and budget control (1 hour) 

Setting up and managing projects in 
PLM 
WBS, key targets, milestones, critical 
path, and project controls 
 

4 Systems requirements analysis and 
Functional Performance Specifications  
(1 hour) 
Digital product data and Lifecycle 
management (1 hour) 

Identification of stakeholders, 
stakeholder needs and system 
requirements. 
Submission of project plan (Team 10%) 

5 System architecture and functional allocation 
(1 hour) 
Design review processes (1 hour) 

Development of Subsystem 
architecture, interface specification and 
allocation of functional performance 
specifications (FPS) 

6 Ideation and design thinking (1 hour) 
Evaluation of concept designs (1 hour) 

Ideation and detailed concept design of 
subsystems 
Submission of FPS documentation 
(Team 10%)  

7 System integration (1 hour) 
System testing and evaluation (1 hour) 

System integration. Consideration of 
subsystem interfaces FPS verification  

8 System production (incl. manufacturing, 
assembly, commissioning) (1 hour) 

Design and testing of integrated 
products 
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Quality assurance and traceability analysis 
(1 hour) 

Submission of subsystem concept 
designs (individual report 30%)  

9 Design for sustainability (1 hour) 
Design for reliability (1 hour) 

Manufacturability assessment  

10 System operation and support (1 hour) 
Supply chain management and procurement 
(1 hour) 

Sustainability assessment 
 

11 Guest lecture  Assessment of operating and 
maintenance support risks 

12 System of systems engineering and 
enterprise systems (1 hour) 
Guest lecture  

Preparation of report and presentation 
Submission of client concept design 
proposal (45%)  

13 Team presentations Concept design client presentation (5%) 
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