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Abstract

The paper introduces an educational environment for multidisciplinary automotive development project made 
with other global institutions worldwide. The main objective is to accelerate students design and manufacturing 
skills, while giving them the experience of global communications for a large scale collaboration. This objective 
demands the intimate partnership between industrial design and engineering worldwide as well. Not only is the 
design and manufacturing portion of the project a challenge, but the students must organize the project teams 
together to incorporate different subsystem designs from other institutions, which, after all, requires constant 
communication and a truly team-oriented atmosphere for the global innovative engineering education.
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요 약

본 논문은 세계 여러나라의 대학들이 다학제간 자동차 개발 프로젝트를 공동으로 수행함으로써 혁신적 공학교육 환경
을 구축하기 위한 노력을 기술하였다.  이 프로젝트의 주 목적은 학생들로 하여금 신속한 설계와 제조에 대한 실질적 경
험을 갖도록 하는 동시에 국제적 규모의 협업을 통하여 다른 국가의 다른 전공의 학생들과 의사전달 경험을 쌓도록 하
는 것이다. 이를 위해서 먼저 산업디자인 전공학생과 공학전공 학생들간에 긴밀한 협조환경을 강조하였으며 이는 프로젝
트에 있어서 설계와 제조간의 공조의 어려움 뿐만 아니라 서로 다른 전공의 특히다른 국가의 대학들의 학생들끼리 스스
로 프로젝트 팀을 구성하고 분업하여 효율적으로 협업을 이루어 가야 한다는 점에서 중요한 교육적 시도임을 시사하였
다. 또한 향후 각 대학에서는 지속적인 의사전달기술을 토대로 팀기반 협업환경에서의 설계교육을 강화하여 국제적 공학
혁신 교육환경을 조성하기 위한 노력이 중요하다는 점을 제시하였다.
주제어: 다학제간 국제 자동차 프로젝트, 협업제품개발, 공학교육혁신
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Ⅰ. Introduction

The prime objective of an educational environ-

ment for the multidisciplinary global automotive 

development project made with other institutions 

worldwide is to accelerate students design and 

manufacturing skills, while giving them the 

experience of global communications for a large 

scale collaboration. The key concept of this 

project mainly focuses on better preparing students 

for their professional career in an international 

engineering environment and timely adjustment 

on the job after graduation. Although global 

technology leaders in industrial field emphasize 

the importance of seamless Product Lifecycle 

Management (PLM), an integrated, parametric- 

based approach to all aspects of a product’s life

–from its design inception, through its manufacture, 

marketing, distribution and maintenance, and finally 

into recycling, disposal and reuse/sustainability 

[Stark, 2006], conventional approaches for product 

development education typically reflect the old 

market situation from a couple of decades ago. 

The universities, as they conduct the teaching 

for future employees, now have to keep up with 

these industrial needs in order to facilitate the 

competitiveness of product developing companies. 

Since designers and engineers usually have not 

closely worked together, however, the design- 

engineering link seems to be the most fragile 
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and their weak collaboration poses a significant 

problem even in the academic setting. The faculty 

members in the design and engineering departments 

are now attempting to develop and establish new 

paradigms for highly interactive collaboration, 

particularly those suitable for students. 

The educational goal of HIU (Hong-Ik University) 

in Korea is to forge the strongest possible link 

between academia and industry to provide service 

for the community benefit of all humankind. It 

inculcates students with values necessary to serve 

society as independent, cooperative, and creative 

professionals. As its first and second educational 

objectives are ‘intellectual independence’ and 

‘cooperation’, its students are encouraged to 

foster independent thinking, free from the influence 

of others, but also forged to cultivate their 

creativity in harmony with the knowledge and 

experience of others. Fortunately, it provides 

students with a campus environment in the most 

culture-centric community of Seoul, the capital 

city of Korea, where human interaction is essential. 

Truly, the cooperative skill will lead students to 

work together for the betterment of humankind, 

which, after all, requires personal creativity as 

well. Creativity as the third objective, is also 

vital for individual betterment during one's lifetime. 

During the past decade, the school of M.S.D.E. 

(Mechanical & System Design Engineering Dept.) 

and the one of I.D.(Industrial Design Dept.) 

especially emphasizing interdisciplinary education 

at HIU have already conducted several engineering/ 

design/manufacturing curricula pursuing educations 

& training for collaborative product design and 

manufacturing in response to accelerated product 

development cycles and increased productivity 

demands.

A multidisciplinary global automotive develop-

ment project sponsored by PACE(Partners for 

the Advancement of Collaborative Engineering 

Education) has begun in 2005 in order to design, 

model, analyze, and integrate multiple working 

components of a marketable automobile product 

to be further fabricated as a car prototype. In 

this paper, we present a case study of CPD 

(Collaborative Product Development) activities, 

partially supported by ICEE(Innovation Center for 

Engineering Education) at HIU, for the multidis-

ciplinary global product development.

Ⅱ. Educational Objectives

Cecil et al. already reported a university- 

industry partnership for enhancing manufacturing 

engineering education[Cecil, 2002] and also a 

inter-university student project for realizing 

distributed collaboration and virtual engineering 

concepts [Cecil and Wysk, 2008]. The only way 

to learn about design is to do design [Ullman, 

2003], and there were international researchers 

who used problems and/or projects as innovative 

learning method and good educational practice 

for students [Kolmos and Du, 2008] or employed 

the concept of project management to integrate 

engineering education with the small enterprise 

so that student can practice their design work 

with real manufacturing requirements [Lin and 

Yu, 2008]. Some domestic researchers have also 

analyzed abroad cases of engineering interdisci-

plinary design, especially in U.S., and suggested 

an activation strategy of multidisciplinary engi-

neering-design [Cho et al, 2008] and even already 

conducted a joint program between Korea and 

U.S. developed for the global engineering education 

[Song and Kweon, 2008].

The educational objective of the M.S.D.E. at 

HIU is to educate students into the qualified 

engineers adequate to the mechanical-oriented 

industries, and to pursue a wide variety of careers 

in the academia and the government agencies. 

The program emphasizes imaginative thinking, 

as well as theoretical courses such as mathematical 

analysis, classical mechanics. Main emphasis is 

placed on the cultivation of systematic procedures 

for the analysis and design, effective communication 

of student's work and ideas, practical and aesthetic 

aspects of product design, and the responsible 

use of technology. During the past 10 years, 

M.S.D.E. has developed a new paradigm of col-
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laboration among students and faculty members 

with a broader spectrum of educational backgrounds 

and experiences. The wider scope of the colla-

boration is important as the aesthetics of the 

vehicle (and other goods as well) design has 

become a crucial element in customer demand. 

The new paradigm is still under development in 

various forms including a collaborative capstone 

design course that will be delineated in the present 

paper. This activity is partially supported by the 

University through the “Specialty Curriculum 

Development Program” funded by the Ministry 

of Education, Republic of Korea. In general, 

students are educated via three major courses 

for targeting engineering design, Creative Engi-

neering Design (freshman), Design Process (Senior), 

and Creative Product Development (Junior). All 

these courses are based on personal tool exercises 

for design software and hardware and team-project 

group activities of the students with other team 

members. There are, for example, three main 

design disciplines as in the followings:

1. Design/Product Development/Manufacturing

2. CAE/Engineering Visualization & Simulation

3. PDM/Digital collaboration and manufacturing

Based on each discipline topic, 11 design- 

oriented class subjects are now conducted by 21 

faculty members in M.S.D.E. (Similarly, 12 class 

subjects in the area of product design, space 

design, and interior design are managed by 9 

faculty members in I.D). M.S.D.E. has a strong 

commitment to design as evidenced by its colla-

borative design first curriculum, which delivers 

engineering analysis, design and communication 

instruction to freshmen and sophomores. The 

curriculum of the school is represented by 

design-oriented motivations for education as in 

the followings:

1. Capability of creative design

2. Mechanics for engineering design and analysis

3. Visual thinking for aesthetic and functional 

design

Two main supports of the M.S.D.E. for improving 

[Fig. 1] The configuration of the collaborative 

product development at HIU

[그림 1] 업제품개발교육을 한 홍익 의 학조

직체제

education background are, namely, PACE and 

ICEE. Similarly, those two ones for I.D. are PACE 

and the Meta-Media Design Center (MMDC), 

formerly founded with an aim of embracing a 

broader concept of design rather than the con-

ventional product design, and M.S.D.E. and I.D. 

have kept strong relationship with each other so 

far for realizing multidisciplinary CPD paradigm 

as shown in [Fig. 1].

ICEE at HIU, on the other hand, was first 

created in January 2004 with the purpose of 

setting a new standard for engineering education 

as in the followings: 

1. Establishment and improvement of a new 

engineering education standard in response to 

the requests of ABEEK(Accreditation Board 

for Engineering Education of Korea)

2. Development and support of competitive 

curriculum for specialized and innovative 

engineering education program 

3. Arrangement of facility share and on site 

education/training

Also, in 2005, HIU was announced to join the 

members of PACE institutions [Yim and et al., 

2006] worldwide, the first one ever in Korea as 

it is both “design and engineering” PACE 

institution, with a balanced focus on both areas. 

Since 1999, when Michigan State University was 

announced as the first PACE institution, PACE 
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<Table 1> Twenty PACE institutions over three disciplines in PACE global vehicle project

<표 1> PACE 국제 자동차 로젝트에 참여 인 3개 공분야의 20개 학들 목록

Industrial Design Engineering Manu-facturing
- Monash Univ.(Australia)
- Hong-Ik Univ. (South 

Korea)
- Art Center College of Design 

(USA)
- College for Creative Studies 

(USA)

- Monash Univ. (Australia)
- Univ. of São Paulo (Brazil)
- Univ. of British Columbia (Canada)
- Univ. of Toronto (Canada)
- Queen’s Univ. (Canada)
- Shanghai Jiao Tong Univ. (China)
- RWTH-Aachen (Germany)
- Peoples Education Society Institute of 

Technology (India)
- Instituto Politecnico Nacional (Mexico)
- ITESM – Toluca (Mexico)
- Universidad Iberoamericana (Mexico)
- Hong-Ik Univ. (South Korea)
- Sungkyunkwan Univ. (South Korea)
- Univ. West (Sweden)
- Brigham Young Univ. (USA)
- Northwestern Univ. (USA)
- Prairie View A&M Univ. (USA)
- Univ. of Texas at El Paso (USA)

- Sungkyunkwan Univ. 
(South Korea)

has became the key initiative for high-quality 

international program for collaborative engi-

neering education, and there are now 45 PACE 

institutions in total worldwide that have joined 

the program. It supports strategically selected 

academic institutions worldwide, to develop the 

automotive PLM team of the future. Since then, 

HIU has renovated existing curriculum to be 

relevant to the desired subjects which is of 

benefit to faculty and students involved with 

analysis, design and manufacturing classes in 

M.S.D.E and I.D at HIU.

Ⅲ. Global Automotive Development Project

During the 2005-2006 academic year, PACE 

sponsored an undergraduate senior design project 

combining the expertise of more than 160 

engineering and industrial design students at 14 

educational institutions in Australia, Brazil, Canada, 

China, Mexico, South Korea, Sweden, and the 

U.S. The task was to develop a revolutionary 

vehicle design and the students designed, modeled, 

analyzed, and integrated multiple working sub-

systems of an automobile to produce a virtual 

final design [Bøhn, 2008]. The challenges of this 

multidisciplinary global automotive development 

project are as in the followings:

1. Next-generation racing car product develo-

pment via international collaboration

2. Intimate project partnership between industrial 

designers and engineers from different disciplines

3. Multidisciplinary collaboration over the different 

culture environment worldwide

In order to accomplish these tasks, students 

are asked to collaborate as followings:

1. Students have to meet across 10 time zone 

discrepancies with 6 different languages.

2. Students are learning to overlook the cultural 

and language differences throughout the project 

in order to effectively complete the design 

process. Communication software has become 

essential to the project team because of its 

relatively low expense (as opposed to inter-

national calls) and its functionality. 

3. Students of engineering field and the ones of 

industrial design collaborating on this project 

must use a system in order to link and store 
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ideas and information pertaining to the project.

4. Students must learn how to automatically update 

certain analyses with any changes to the working 

parts model.

The project mission assignment to HIU at that 

time was to do car exterior design as industrial 

design team and firewall and floor plan design 

as engineering design team. The project is now 

leaded by Virginia Tech & TU-Darmstadt with 

other three global institutions involved [PACE, 

2008]. During the 2006-2007 academic year, 

called PACE Global Vehicle Development Project, 

200 students speaking seven different languages 

from 20 PACE Institutions(four Industrial Design 

teams, 18 Engineering teams, and one Manu-

facturing team), as shown in <Table 1>, covering 

ten countries and five continents also newly 

collaborated to virtually design and physically 

create a Formula-I type race car in nine months.

Specifically, a few engineering requirements 

for the project are as in the followings:

1. Wheelbase: 2600mm 

2. Track Width: 2000mm

3. Two Engines : Ethanol Ecotec 2.2L mounted 

longitudinally & Ecotec “test-stand” engine 

turbocharged and supercharged to 400-500hp

Due to the limited time frame, however, some 

of the components are actually purchased, then 

analyzed and modified as necessary. For example, 

the Ecotec engine was modified to burn E85 fuel 

–a combination of 15% gasoline and 85% ethanol 

bio-fuel. In the result, the students experienced 

their “real involvement in” and “true leadership 

of” a real-world global engineering and colla-

boration experience. The students and faculty 

from these distinguished PACE Institutions ex-

perienced the importance of bridging regional 

and international engineering standards, languages, 

and geographical and social boundaries [PACE, 

2007]. 

This car product designed and fabricated by 

students must not only be a working engineering 

model, but is required to be aesthetically pleasing 

to create a distinct competitive marketing and 

product positioning advantage. Not only is the 

design portion of the project a challenge, but the 

students must organize together to incorporate 

the different subsystem designs from other in-

stitutions. This requires constant communication 

and a truly team-oriented atmosphere. Specifically, 

during the 2007-2008 academic year, the practical 

works in action made by HIU in the area of design 

and engineering for the car development project 

are as in the followings: 

1. Create models/drawings for all components of 

the Car Product

2. Analyze safety and performance of important 

Car Components

3. Purchase component items that can’t be 

manufactured

To achieve the project goals, the communication 

must be continuous. This reveals an enormous 

challenge for all of the students involved in this 

project, many of which need to be sharing ideas 

and designs routinely. The collaboration structure 

and information pass up/down procedures is 

shown in [Fig. 2]. 

Based on the car specifications, the project 

mission assignment to HIU is to realize the 

vehicle dynamic stability in motion, especially 

when considering down force and drag force in 

drive, using several engineering analysis tools 

as illustrated in [Fig. 3]. In a statement, it is to 

realize ‘Virtual-based Suspension Development 

for Enhancing Handling Performance of the 

Formula-I Type Race Car Considering Aerody-

namics Effects. One best styling model is chosen 

among eight different ones initially presented for 

the project as shown in [Fig. 4] and tested through 

aesthetic evaluation and engineering analysis 

such as computational fluid analysis, kinematic 

suspension analysis, and full vehicle analysis.

The whole procedure for choosing and testing 

the final model is as in the following: 

First, two semi-final models, shown in [Fig. 

5], were selected through 2-D fluid analysis 

with relative to all 8 models presented.
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[Fig. 2] The collaboration structure and information 

pass up/down procedures

[그림 2] 업 로젝트 수행을 한 각 부품별 담당 

학과 설계 정보 달체계

[Fig. 3] The project mission assignment to HIU 

[그림 3] 홍익  담당 로젝트 과제 부분

[Fig. 4] Eight different styling models presented 

(top) and the best one selected (bottom) 

[그림 4] 출품된 8개의 기 스타일링 모델들(상)  

선정된 최우수 모델(하)

[Fig. 5] Two semi-final styling models

[그림 5] 간 선정된 두 개의 자동차 모델

Second, 1/4 scaled clay models of those two 

selected were made for wind tunnel test including 
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[Fig. 6] Flow visualization of two clay models

[그림 6] 간 선정된 두 개의 클 이 모델을 상으

로 한 유체유동 해석결과

[Fig. 7] Visualization of surface pressure distribution 

of a clay model

[그림 7] 최종 선정된 클 이 모델의 유체유동에 의한 

표면압력분포 해석결과

flow visualization as shown in [Fig. 6] and one 

final model has been chosen. Drag and lift force 

computed by measuring local pressure (different 

yaw angle of 0/15/25) on the body of the final 

model is now shown in [Fig. 7]. 

Third, kinematic analysis on suspension model 

has been separately made as shown in [Fig. 8] 

[Fig. 8] A CAD model of front suspension assembly

[그림 8] 륜완충장치의 CAD 모델

[Fig. 9] An image of activated CarSim for input 

of spring mass data in full vehicle analysis

[그림 9] 체 차체구조의 동력학  해석을 한 CarSim 

실행 결과

(parallel wheel travel, opposite wheel travel) 

Fourth, full vehicle analysis(down and lateral 

force) using sprung mass, suspension and aero 

dynamics data has been made using CarSim, a 

mechanical simulation software tool for vehicle 

dynamic, as shown in [Fig. 9], <Table 2> in 

order to estimate dynamic stability of the final 

car model.
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<Table 2> Parameters for CarSim input data

<표 2> CarSim 실행용 입력자료 목록

Parameters Input data 
Aero dynamics CarSim, F3 data × 2.5 
Suspension ADAMS-car, Suspension analysis 
Sprung mass 696 [kg]
Tire CarSim, F3 data 
Mass UG NX, Weight management 
Circle track 
radius 98.3 [m] 
Initial speed 100 [km/h] 

[Fig. 10] The final prototype of a Formula-I type 

race car developed

[그림 10] 완성된 Formula-I 차체의 최종 로토타

이  형상

The final chassis was then assembled at Brigham 

Young University and the final drive train was 

assembled at University of Texas-El Paso in 

order to build prototype as shown in [Fig. 10]. 

Recently, this prototype demanding a contem-

porary styling tune-up has been shipped to HIU 

for its being processed.

The project will be continued for a few more 

years to realize the full car product and now 

provides a motivation for another ‘active learning’ 

based collaborative product development (not 

just a car product) course under development 

with RWTH Aachen in Germany for two years. 

Ⅳ. Concluding Remarks

The paper introduces an educational environment 

for multidisciplinary global automotive development 

project made with other institution worldwide. 

The objectives of this educational environment 

for global project are to accelerate students 

design and manufacturing skills, while giving them 

the experience of global communication and large 

scale collaboration. In multidisciplinary project, 

furthermore, it is to design, model, analyze, and 

integrate multiple working components of a 

marketable automobile product to be further 

fabricated as a car prototype. These objectives 

demand the partnership between industrial de-

signers and engineers from different disciplines 

worldwide. The students’ motivation to successfully 

terminate the project is a prerequisite for the 

development project. It has proven that the 

active learning approach can successfully be 

used in this project so that it can motivate the 

students to meet the challenges. HIU has a 

distinction of being a “design and engineering” 

PACE institution, which well matches the long- 

cherished educational goal of the school. With 

enthusiastic participation of faculty members 

from M.S.D.E. and I.D. as well as timely help 

from other institutions worldwide, we are off to 

a good start. A series of introductory software 

training courses developed and offered in the 

school will also help this project become suc-

cessful.
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