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Learning Objectives 
 

At the end of this class, you will be able to: 

 Use Autodesk® Force Effect Motion, Autodesk® Force Effect, and Autodesk® Inventor Professional 
to teach an engineering design module 

 Use analytical toolboxes and creative toolboxes in the relevant Autodesk® software 

 Define an engineering design workflow in the context of an application 

 Propose an undergraduate module or a training course in engineering design 

 

About the Speaker 

Andi is a lecturer at the Engineering Design and Innovation Centre (EDIC), Faculty of 
Engineering, National University of Singapore (NUS). He obtained his doctorate in electrical 
engineering, his master in mechatronics design, and his bachelor in mechanical engineering. 
He has been teaching undergraduate students on the subject of Design Thinking and 
mentoring student design projects in the past 2 years. He is an Autodesk® Certified Instructor 
(ACI) and a candidate for Autodesk® Certified Evaluator (ACE), specializing in Autodesk® 
Inventor Professional. His research interests include medical devices and mechatronics design. 
He has a patent on tissue micro array device, and has been involved in the design of medical 
devices such as umbilical cord blood collectors to auxiliary head gear for office-based surgery. 
He has written papers, chapters, and a book on design. He continues to be involved in 
engineering education by teaching design courses and training industry practitioners. 
Email: engpas@nus.edu.sg  
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Background 
 

The engineering curricula have traditionally been based on an engineering science model, 
where a solid foundation of mathematics and science are taught first for about half of the 
curriculum, and then only followed by engineering in the remaining half of the curriculum. Many 
studies have pointed out that the resulting engineering graduates are perceived to be unable to 
practice in the industry as the abrupt change of theoretical-to-practice in the curriculum does 
not allow the engineering concept to sink in [1]. 

Design-based education system offers an alternative to the existing learning methodology that 
directly addresses the problem of the lack of engineering exposure to the students by directly 
exposing the students to the engineering aspects since their early years. 

In the light of this, the Design-Centric Programme (DCP) has been introduced in the Faculty of 
Engineering, National University of Singapore (NUS) since 2009. The learning philosophy of 
DCP emphasizes on Design Thinking and encourages the mindset of “doing things differently” 
and “questioning fundamentals”, which provides a fertile breeding ground for the transformation 
of the abovementioned theoretical-to-practice approach. It has a series of design-based 
modules, one of which is “Design Thinking in Topical Engineering Challenges”, which will be 
presented in Autodesk University 2012. 

 

About the Module 

 

The module, titled “Design Thinking in Topical Engineering Challenges”, is taught to second 
year engineering students. 

The learning outcomes of the modules are as follows: 

1. Ability to translate concepts/ideas into engineering design using appropriate tools and 
methodology (e.g., CAD, computer program, etc.) 

2. Ability to build and test design solutions through appropriate validation methodology 
(e.g., simulations, experiments, etc.) 

3. Ability to analyze and interpret information and results from simulation, experiment, etc. 

Responding to the challenges in current education environment as outlined above, relevant 
analysis tools, such as Autodesk® Suites software is utilized to deliver related concepts to the 
students. The use of Autodesk® Suites software is aimed at bringing forward the element of 
design, making use of the ability of the software to deliver a strong visual representation and 
analysis of design. 
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Case Study: Tissue Micro Array 
 

To illustrate the implementation of the abovementioned teaching approach, let’s take a look at 
an example where students are required to design the arraying platform of a tissue micro array 
(TMA). 

Students are first briefed about the application of the design that they are going to embark 
upon; therefore, let’s first take a look of what TMA really is. 

TMA has been used primarily for confirmation of the importance of biomarkers detected 
beforehand by other means [2-5] for the biological sub-grouping of diseases [6] that may have 
prognostic implication [7-8]  and in the area of pharmacological research and drug discovery 
[9]. It has been hailed as a high-throughput methodology for testing biomarkers, primarily in the 
area of cancer, which will help the assessment of prognosis and therapy outcomes in the 
healthcare environment as presented in Fig. 1. 

 

 

Fig. 1: Tissue Collection Flowchart 

 

The existing TMA technology, however, is expensive, highly-configured, and non-portable. The 
non-portability also restricts fast and efficient collection of samples from various places. The 
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irony is that the non-portability aspect has long been deemed as inevitable to allow mechanical 
rigidity to enable the positioning precision. 

Among many efforts to address these issues, a design has been put forth and patented 
(WO/2009/008843) [10], intended to address the abovementioned problems and develop an 
affordable, portable, and yet precise and repeatable micro array. This device will result in 
systems which will lead to TMA being easily and efficiently available for studies, leading to the 
discovery of the biological and clinical significance of established biomarkers. 

While the abovementioned exposition is briefed to the students, they are also expected to 
conduct their own literature study to comprehend the application. Students will therefore 
appreciate the motivation of designing such device, and as such fulfill one of the learning 
objectives, i.e. “Ability to translate concepts/ideas into engineering design using appropriate 
tools and methodology (e.g., CAD, computer program, etc.)”. 

The arraying platform of a TMA is the mechanism to create an array of tissue sample on a 
paraffin block (refer to Fig. 2). Tissue samples are collected from donors, and then preserved 
with paraffin within a block called the donor block. Collation of tissues from many donors is 
established by transferring tissues from many donor blocks into a recipient block; depositing 
them in a matrix-like arrangement (refer to Fig. 2). The matrix-like arrangement is created by 
shifting the platform on which the recipient block sits in X-axis and Y-axis. 

 

     

Fig. 2: Array of Tissue (left: tissue array, middle: new paraffin block, right: arrayed paraffin block) 

 

The assignment given to the students that we are going to discuss here is formulated as 
follows: 

Design an arraying platform for the TMA application. 

 

As an illustration, the arraying platform may look like Fig. 3, where the paraffin block sits on the 
platform and can be shifted to create the matrix-like array. There is, however, no requirement 
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to design the arraying platform to resemble any shape/structure, as long as the students can 
verify that the design meets the intended application. 

 

Fig. 3: An Example of an Arraying Platform for the TMA Application 

 

We use the following Autodesk® software in the teaching process to design the device: 

1. Autodesk® Force Effect Motion, to conduct dynamic design and analysis 
2. Autodesk® Force Effect, to conduct static design and analysis 
3. Autodesk® Inventor Professional, to design the necessary parts and assemblies 

 

Using Autodesk® Force Effect Motion 

 

Students are required to first design, and then analyze, the motion of the arraying platform. 
Autodesk® Force Effect Motion, which is an Autodesk® application on an iPad, is used to 
conduct this activity. Fig. 4 and Fig. 5 present an example of the dynamic analysis of the 
design, in which H is the delivery point. The action of the finger pressing the button is 
represented by a linear actuator. 

 



An Undergraduate Module in Designing Medical Devices with Autodesk® Suites 

6 
 

 

Fig. 4: Dynamic Analysis using Autodesk® Force Effect Motion 

 

 

Fig. 5: Position, Velocity, and Acceleration Obtained with Autodesk® Force Effect Motion 
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Using Autodesk® Force Effect 

 

Following the motion analysis of the mechanism, students are then guided to conduct static 
force analysis using Autodesk® Force Effect; also an Autodesk® application using an iPad. 
Using the extreme position, velocity, and acceleration as checkpoints, students are to 
determine the feasibility of the design in terms of its strength. Fig. 6 illustrates the reaction 
forces that occurred in the structure upon the application of a force. Likewise, Fig. 7 and Fig. 8 
present the shear force and moment diagram; the other two important measures of strength of 
the structure, from which students can proceed to the next stage of design. 

 

 

Fig. 6: Reaction Force using Autodesk® Force Effect 
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Fig. 7: Reaction Force and Moment in One of the Element 

 

 

Fig. 8: Shear Force and Moment Diagram in One of the Element 
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Design Using Autodesk® Inventor Professional 

 

Finally, students are required to design the mechanism based on the analytical results as 
mentioned above. Fig. 9 presents an assembly of the TMA platform design using Autodesk® 
Inventor Professional. 

 

 

Fig. 9: TMA Platform Design Using Autodesk® Inventor Professional 

 

Having had approved part and assembly designs using Autodesk® Inventor Professional, 
students can proceed to fabricate their designs with rapid prototyping facility in our University. 

 

Students’ Comment 
 

This methodology has been tried for one semester to students, and the following feedback from 
the students is obtained: 

1. It helps them in understanding the application of the concept of statics and mechanics. 
2. It helps to link the theory of statics and mechanics with the applications. 
3. It helps to expedite their project when it reaches the design stage. 
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Additionally, students also share suggestion for improvement as follows: 

1. They’d like to have a few rounds of refreshment course in interpretation of analytical 
data, to bring them up to speed to the instant results using the abovementioned 
Autodesk® Suites software. 

2. They’d like this approach to play a more significant role in assignments throughout the 
semester. 

We’ll continue with the improved implementation of this teaching approach to our students. 
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