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Abstract
In this paper, a conceptual design approach to the development of polymeric-based composite automotive bumper system is presented.
Various methods of creativity, such as mindmapping, product design specifications, brainstorming, morphology chart, analogy and weighted
objective methods are employed for the development of composite bumper fascia and for the selection of materials for bumper system. The
evaluation of conceptual design for bumper fascia is carried out using weighted objective method and highest utility value is appeared to be
the best design concept. Polymer-based composites are the best materials for bumper fascia which are aesthetically pleasant, lighter weight
and offer many more substantial advantages.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction
Product innovation is an important aspect for attaining
a quality product [1]. Conceptual design, design concept or
conceptualization is the beginning phase of the design process
normally after the recognition of need. Creativity is related
to conceptualization because conceptualization is a means to
identify viable solutions by considering alternatives. Creativity is a means to generate alternative solutions [2].
Lightweight structure, resulting from the need to reduce
fuel consumption and exhaust emissions, is the most important reason to use polymeric composites in automobile. An
important component that uses polymeric composite material
is a bumper system.
In the past, various works have been devoted on the development of composite bumper system for passenger cars [3,4].
Kelman et. al. [5] described their work on the design, development, prototype and testing of front end assembly using
∗
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composite material. The performance of blow molded beams
was compared with structural-reinforced injection moulding
(SRIM) materials [6]. Maahs and Janowiak [7] also compared
some of the materials available for manufacturing composite
bumper beams. They carried out material selection task to
decide the most suitable materials for bumper beam, which
are categorized in three major groups, namely thermosetting, thermoplastics and structural reaction injection moulding (SRIM).
The development of bumper system using sheet moulding compound (SMC) for automobile was reported in the
literature [8,9]. The composite material used was random
chopped glass fiber. Mechanical properties of the material,
such as tensile strength, tensile modulus and hardness were
tested for acceptable performance of the material. Clark et.
al. [10] described their extensive work on bumper beam using glass fiber-reinforced plastics to study the stress contour
in the component. Recently, structural composite bumper for
medium- and heavy-duty truck and bus has been developed
using a hybrid glass fiber, which is lighter than its steel equivalent [11]. The impact energy absorption characteristics of
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glass fiber hybrid composites were investigated by Cheon et
al. [12] and they found that the volume fraction of embedded materials have significant effects on energy absorption
properties of composite structure. Mohan [13] discussed the
use of SRIM composite in automotive bumper beams. The
material used was glass fiber-reinforced polypropylene. The
tooling cost was lower than that of metal processes because
of the low moulding pressure used.
Polymeric materials are being applied in the automotive
bumper system to satisfy stringent weight and performance
requirements. Bumper system consists of three parts, such
as fascia, energy absorber and bumper beam. Fascia is an
aesthetic cover, which is usually flexible and non-structural
component. If the car is light (under 2400 lb) and has low
cost, where high performance is not necessary, the fascia
is used with a foam energy absorber to support the fascia
and to provide an inexpensive energy absorber [14]. Despite
some work have been carried out on composite bumper, there
is a very limited information on the conceptual design of
polymer-based composite bumper system. Therefore, a study
of conceptual design of composite bumper is presented in this
paper.

and final design is shown in Fig. 1. However, only conceptual design part is reported in this paper. The conceptual
design is very important in designing activities because it
forms the background work of the product design. The systematic conceptual design is important to enable designer to
produce high quality design in the final design stage. The
conceptual design results from a consideration of the design
options and the number of components that constitute the
product.
Creativity is related to conceptualization because conceptualization is a means to identify viable solutions by considering alternatives. During this phase of the process, the ideas
and alternatives that have seemed most profitable to investigate are merged to form a useful solution to the identified
problem [15]. Creativity is defined by Smith [16] as ‘creativity is sinking down taps into our past experiences and putting
these selected experiences into new patterns, new ideas and
new products’. Behind the fascia, polyurethane form is attached to it. The concept of front end automotive bumper
system consists of bumper fascia and energy absorber. The
bumper fascia was made of “conventional” polyurethane. The
energy foam made of polyurethane is attached to bumper fascia beam by means of adhesive.

2. Creativity methods in conceptual design for
polymeric composite bumper fascia

2.1. Product design speciﬁcations

The aim of this section is to describe the conceptual design
stages of the development of the polymeric-based composite bumper fascia. The architecture of the conceptual design

Product design specifications (PDS) are used for analysis,
design, manufacturing and construction of a structure or a
component in order to achieve a specified degree of safety,
efficiency, performance or quality as well as a common standard of good design practice. Design specifications normally
cover the following information [17]:
• product classification, scope of application, size range and
condition, etc;
• allowable ranges of chemical composition;
• all physical and chemical properties necessary to characterize the product; and
• if applicable, other requirements, such as special tolerance
and surface preparation, including instruction, etc are included in the specification.
PDS is a set of the requirements of the product that to be
met at the end of the product development. Pugh [18] has
listed 32 elements in the PDS. Out of 32 elements, only 10
of them were considered in designing bumper system.
2.2. Mindmapping

Fig. 1. The architecture of conceptual designs with other activities.

A mindmap of the design implications for a conceptual
design of the front bumper system is shown in Fig. 2. The
central ‘topic’ is expressed as a diagram that identifies those
parts of the structure being considered. In addition to the
central topic, sub-areas and their critical offshoots are circled to make them stand out. As well as identifying the issues to be dealt with, the map also records questions that
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Fig. 2. A studied mindmap of the design implications for a conceptual design of front bumper system.

the designer needs to address before progress can be made
[19].
2.3. Analogy in fascia design
This technique encourages the participants to see the similarities between the given design situation and another situation. The idea is that it may be easier to generate ideas
for that other situation; some of which may be transferable
to, or adapted for the present situation. A four-step approach
to using analogies to generate design concepts is listed here
[20]:
• state the need;
• generate the analogies by completing the phrase, “this situation is like. . .”;
• solve the analogy; and
• transfer the analogy to the original problem.
2.4. Brainstorming in fascia design
Brainstorming was used to generate as many analogies as
possible and as many as solutions to each analogy. In this
project, a brainstorming session was undertaken by the authors to come up with the ideas. In the brainstorming section
of producing ideas of bumper fascia, bunches of ideas are
produced, those are combined and suited for the logical interconnection. From these combinations, several bumper fascia
are created.

2.5. The morphology chart
The complete range of alternative design solutions for a
product is generated, and hence, widens the search for potential new solutions. In this chart, the features or functions
that are essential to the product are listed. For each feature or
function, the means by which it might be achieved are listed.
Finally, all the possible solutions are drawn in the chart. This
morphology chart represents the total solution space for the
product, made up of the combinations of sub-functions [20].
2.6. Final concepts
After much free-hand sketching using the combination of
brainstorming, four new ideas were generated and modified
and were then plotted with the help of a computer aided drafting as shown in Fig. 3. The four different concepts of bumper
fascia were considered in the fascia design. The fascia design
concept is based on the current design concept of bumper
fascia of passenger cars. For the polymeric-based composite,
the selection of bumper system is quite similar to the metallic
bumper system developed by the car manufacturer [21].
2.7. Weighted objective method for evaluation of
alterative concept of bumper fascia
The evaluation of bumper fascia conceptual design was
carried out using the weighted objective method. This method
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Fig. 3. Final concepts for bumper fascia.

is to compare the utility values of alternative design proposals,
on the basis of performance against differential weighted objectives. In this method, the design objectives were listed and
ranked. Relative weight was listed to the objectives. These numerical values should be on an interval scale; an alternative
is to assign relative weight at different levels of an objective
tree, so that all weight sum to 1.0. Performance parameter or
utility values for each objective were established. The evaluation of utility values for four different concepts of bumper
fascia is shown in Table 1. Given that all four concepts are
fulfill the PDS. The following objectives are set:

signed with values using 11-point scale. For each concept,
the utility value for each objective was multiplied by the
weight to give relative values. These values are sum up
to get the overall utility values of each concept. The concept with highest values is selected. As shown in Table 1,
the concept-3 gets the highest utility value compared to the
other concepts; and hence, it is chosen as the best design
concept.

•
•
•
•
•

Design involves choice, and choice from enormous banks
of data and ideas. Among these is the choice of materials
and processes [22]. The material selection procedure used in
this research is employed analogy method. The management
method of a company called Company ‘X’ is studied and its
management style is adapted for the selection of material for
bumper system based on the analogy principle. Company ‘X’
is an organization that is involved in manufacturing a certain

low cost;
low weight;
number of parts;
material utilization; and
manufacturability.

These are considered to have the respective weights of
0.25, 0.25, 0.1, 0.2 and 0.2. The entire concepts are as-

2.8. Analogy method for material selection
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Table 1
Concept evaluation of utility values for bumper fascia

Fig. 4. The management style of company ‘X’ in executing three tasks.
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Fig. 5. A flowchart for material selection.

product. The management style of company ‘X’ in executing
three tasks is shown in Fig. 4.
In the case of bumper fascia selection, Company ‘X’ is referred to bumper system. The three highly rewarded tasks are
analogous to the most suitable materials of three main components of bumper system namely bumper beam, fascia and
foam. Workers are equivalent to the candidate materials. In
order for the candidates to become the most suitable materials
for those three components, they have to satisfy certain constrains, such as cost, strength and other sub-constraints. The
advisors are equivalent to sub-functions of the requirements.
The candidate materials should satisfy all the requirements
and constraints. If any one of the requirements is not satisfied, the material is not selected for particular components.
However, if a material satisfies all the requirements, it will
become the candidate material for that component. In addition to the main requirements, sub-requirements may have to
be satisfied by a material to be the most suitable for particular components. The flowchart in selecting the materials for
three bumper components is shown in Fig. 5.

3. Conclusions
In the automotive industry, the properties of composite
materials have their own place in advanced forms alongside
metal. The development of composite bumper system has
been given attention in this paper by looking into the conceptual design aspect.

Various proposed methods are appropriate for the design
and selection of materials for automotive bumper system.
Weighted objective method is the best method for evaluation of alternative concept of bumper system. This method
shows that concept-3 is the best design among four different
concepts.
Morphology chart, brainstorming, analogy and weighted
objective method, etc. were used and they proved to be very
efficient in generating ideas in the design process and selection of materials.

Acknowledgement
The authors wish to thank Professor Ir. Dr. Radin Umar
Radin Sohadi and Associate Professor Dr. Megat Mohammad
Hamdan Megat Ahmad of Faculty of Engineering, Universiti Putra Malaysia for granting permission for the principal
author to spend his sabbatical leave and the financial support. Thank is also due to Dr. Abdul Hakim Juki, Director
of German Malaysian Institute, for partially sponsoring this
research.

References
[1] S. Abdulla, Y. E. Eng, in: Proceedings of the Second International
Conference on Advances in Strategic Technologies (ICAST 2000),
Putrajaya, Malaysia, 15–17 August, 2000. 245–255.

S.M. Sapuan et al. / Journal of Materials Processing Technology 159 (2005) 145–151
[2] A. Ertas, J.C. Jones, The Engineering Design Process, second ed.,
Wiley, New York, 1996.
[3] S.S. Cheon, J.H. Choi, D.G. Lee, Development of the composite bumper beam for passenger cars, J. Compos. Struct. 32 (1995)
491–499.
[4] S.S. Cheon, D.G. Lee, K.S. Jeong, Composite side-door impact
beams for passenger cars, J. Compos. Struct. 38 (1997) 229–
239.
[5] J. Kelman, G.V. Nelson, C.V. Curtis, Development and testing of a
modular integrated front end with a SRIM beam, in: Proceedings
of the Sixth Advanced Composites Conference, Detroit, Michigan,
ASM Int., 8–11 October, 1990, pp. 37–41.
[6] T. Morgan, M. Corsello, A. Day, B. Fedewa, Development of a blow
molded, thermoplastic front bumper system offering angled barrier
protection, SAE paper 970486, 1997, pp. 515–526.
[7] W.D. Maahs, A.R. Janowiak, Composite bumper beams: comparing
material choices, in: Proceedings of the Third Annual Conference on
Advanced Composites, Detroit, Michigan, ASM Int., 15–17 September, 1987, pp. 11–21.
[8] L. Dodyk, Design and manufacturing of advanced composites, in:
Proceedings of the Fifth Annual ASM/ESD Advanced Composites,
Conference, Dearborn, Michigan, ASM Int., 25–28 September, 1989,
pp. 21–27.
[9] Anon, SAE highlights design flexibility of composites, Reinf. Plast.,
2000, pp. 16–20.
[10] C.L. Clark, C.K. Bals, M.A. Layson, Effects of fiber and property orientation on ”Cs̈haped cross sections, SAE Paper 910049,
1991.
[11] Anon, Composite bumpers, Reinf. Plast., 2001, p. 12.

151

[12] S.S. Cheon, T.S. Seong, D.G. Lee, Impact energy absorption characteristics of glass fiber hybrid composites, J. Compos. Struct. 46
(1999) 267–278.
[13] R. Mohan, SRIM composites for automotive structural applications,
in: Proceedings of the Third Annual Conference on Advanced Composites, Detroit, Michigan, ASM Int., 15–17 September, 1987, pp.
57–62.
[14] D.L. Thurston, J.V. Carnahan, in: A. Kusiak (Ed.), Concurrent Engineering: Automation, Tool, Techniques, Wiley, 1993.
[15] G.C. Beakley, H.W. Leach, Engineering: An Introduction To A Creative Profession, The MacMillan Company, New York, 1967.
[16] J.A. Smith, Creativity: its nature and nurture, in: The J. Richard
Street Lecture, School of Education, Syracuse University, Syracuse,
New York, 1964.
[17] M.M. Farag, Materials Selection for Engineering Design, first ed.,
Prentice Hall, Hertfordshire, UK, 1997.
[18] S. Pugh, Total Design, Integrated Methods for Successful Product Engineering, Addison Wesley Publishing Company, Wokingham,
1991.
[19] I. Wright, Design Methods in Engineering and Product Design,
McGraw-Hill Publishing Company, Maidenhead, England, 1998.
[20] N. Cross, Engineering Design Methods, Strategies for Product Design, second ed., Wiley, Chichester, 1994.
[21] S.M. Sapuan, Concurrent engineering of polymeric composite for
automotive bumber systems, Ph.D. Thesis, De Montfort University,
Leicester, UK, 1998, pp. 44–45.
[22] K.W. Johnson, P.M. Langdon, M.F. Ashby, Grouping materials and
processes for the designer: an application of cluster analysis, Mater.
Des. 23 (1) (2002) 1–10.

