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Summary: An automobile bumper is a component, which contributes to vehicle crashworthiness during front or rear collisions. Selection of the most suitable material for the bumper involves the study of a large number of factors, such as, mechanical, physical, and chemical properties as well as formability and cost. This selection process can be regarded as a multi-criteria decision making (MCDM) problem, which may be solved applying mathematical computations. The use of recently developed MCDM methods for selecting the most preferred material for the bumper is described in this study. Obtained results revealed unanimously that high density polyethylene (HDPE) is the most suitable material for this application.
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INTRODUCTION
An automobile's bumper is the front-most or rear-most part, designed to allow the car to sustain an impact without damage to the vehicle's safety systems. The bumpers are not capable of reducing injury to vehicle occupants in high-speed impacts, but are increasingly being designed to mitigate injury to pedestrians struck [1].
Apart from aesthetic role, the bumper’s elementary function is to absorb the impact energy at the time of collision. Accident studies indicate that a number of fatalities and serious injuries are caused by serious weaknesses of the weak bumper design [2]. 
The bumper should be designed to have optimal mechanical properties which improve the pedestrian protection and low-speed collision. Bumpers in the earlier years were made of steels or heavy metals. However, the requirement for energy saving in the automotive industry has risen over the years. One of the options to reduce energy consumption is weight reduction, while the safety of the car passengers must not be sacrificed. Consequently, polymeric based materials was introduced as materials for the bumpers manufacturing. These materials have offered high specific stiffness, low weight, corrosion free, ability to produce complex shapes, high specific strength, and high impact energy absorption [3].
Nowadays, bumpers are made of rubber, plastics and other light painted and resilient materials. Some bumpers now features crumple zones which allows the material to flex upon collision in order to absorb the impact and returns to its original shape. The majorities of modern cars are made of thermoplastic olefins, polycarbonates, polyester, polypropylenes, polyamides, or blend of these with, for instance glass fiber for strength and structural rigidity [4]. 
In such cases, when it is needed to select the best material where the objectives and selected criteria are usually in conflicts, only systematic and structured mathematical approach may be useful. These material selection problems with multiple non-commensurable and conflicting criteria can be efficiently solved using multi-criteria decision making (MCDM) methods [5]. The MCDM methods have the capabilities to generate decision rules while considering relative significance of considered criteria upon which the complete ranking of alternatives is determined [6]. 
The objective of this study is to apply contemporary MCDM methods to rank available materials for the automobiles’ bumper design in order to select the best one.
AUTOMOBILE’S BUMPER MATERIAL SELECTION PROCESS
A material selection process begins by considering the material requirements which are needed for a specific application. Therefore it is necessary to select criteria that can be used to select the most suitable material for this application. Bumper materials are chosen to balance some fundamental requirements for a car to absorb the impacted or shocked loads and to have good performance. Since the general function of a bumper is to absorb the impact energy at the time of collision, it is primarily that a bumper material must have high mechanical propertiy such as toughness. 
Toughness is a mechanical property which represents a measure of the ability of materials to absorb energy and plastically deform without fracturing. Material toughness is defined as the amount of energy per volume that a material can absorb before rupturing. In other words, it is resistance to fracture of a material when stressed. Toughness requires a balance of strength and ductility. Strength and toughness are related, so that a material may be strong and tough if it ruptures under high forces, exhibiting high strains, while brittle materials may be strong but with limited strain values so that they are not tough. Strength indicates how much force the material can support, while toughness indicates how much energy a material can absorb before rupturing [7].
In order to reduce the weight of the vehicle, reduce cost and improve petrol consumption, weight of the bumper can be reduced by choosing light weight materials [8]. In addition, it is essential to choose a material that can withstand corrosion in the atmospheric environment in order to remain safety coefficient and extend the service life of cars. Otherwise, the corrosion phenomenon can reduce the service life, give an unaesthetic appearance to the car and decrease the market value of the car [9].
Formability is a technological property of a material which presents ability of a workpiece to undergo plastic deformation without being damaged. The plastic deformation capacity of metallic materials, however, is limited to a certain extent, at which point, the material could experience tearing or fracture (breakage) [10].
Processes affected by the formability of a material include: rolling, extrusion, forging, rollforming, stamping, and hydroforming. A general parameter that indicates the formability and ductility of a material is the fracture strain which is determined by a uniaxial tensile test. The strain identified by this test is defined by elongation with respect to a reference length [7]. 
Before and during the production of the bumper must always be taken into account the cost of producted part. The cost depends on the both material cost and formability/machinability of the material. Since the formability have already been considered as one of the criteria for selection, the low cost of the material should always be preferrable. Hence the cost of material arises always as an unavoidable criterion in the material selection process.
After the selection of the criteria, it is necessary to make a list of potential materials, among which the best one will be selected according to the criteria. For this application, potential materials are listed in Table 1 based on previous studies [7, 10, 11].
Table 1 Potential bumper materials and their composition
	No.
	Material
	Chemical Composition

	1
	Al-alloys (tough) 
	Al balancing, 0.25 %Si ,0.4 % Fe, 0.1 % Cu, 0.1 % Mn, 2.5 % Mg, 0.25 % Cr

	2
	CFRPs 
	Carbon fiber reinforced plastics

	3
	GFRPs 
	Glass fiber reinforced plastics

	4
	Stainless steel 316L 
	Fe balancing, 17–20% Cr, 10–14% Ni, 2–4% Mo, 0.03–0.08% C, 2% Mn and 0.75% Si

	5
	PMMA 
	Ploymetilmetakrilate

	6
	PP 
	Polypropylene

	7
	HDPE 
	High density polyethylene


In short, this study considers the following five criteria which influence the automobile’s bumper material selection: Fracture toughness, Density, Formability, Corrosion resistance, and Cost per volume. Among these five criteria, the attributes of alternatives which refers to Fracture toughness, Density, and Cost are expressed quantitatively, having absolute numerical values. Attributes of alternatives which refers to the rest of the criteria have qualitative measures, as shown in Table 2.
WEIGHTING OF CRITERIA
Many of MCDM methodes require quantitative weightings for the attributes. Since weightings of attributes play a very significant role in the ranking of the alternatives, one crucial problem is to assess the weightings or relative importance of materials properties (criteria) [12]. Furthermore, the reasonableness of the weighting assignment has an important impact on the reliability and accuracy of the decision results. Weighting methods that try to define the importance of the criteria can be categorized into three groups:
· subjective methods in which decision maker or designer assess the importance of the criteria,
· objective methods in which decision maker has no role in determining the importance of the criteria, and
· the combined weighting of the two previous groups.
Within this study, weights of the criteria used for MCDM calculations are determined as average of the subjective and objective pairwise weights, as shown in Table 2. Objective weights are calculated by using entropy concept [13-14], while subjective weights are asigned based on the experience of the authors.
Table 2 Potential bumper materials with performance values and weights
	No.
	Material
	Fracture toughness (MPa/m1/2)
	Density (Mg/m3)
	Formability
	Corrosion resistance
	Cost per volume ($/m3)

	1
	Al-alloys (tough)
	25.0
	2.80
	2
	7.0
	13.7

	2
	CFRPs
	20.0
	1.60
	1
	7.0
	306.3

	3
	GFRPs
	30.0
	1.64
	1
	7.0
	30.15

	4
	Stainless steel 316L
	50.0
	7.80
	2
	10.0
	30.0

	5
	PMMA
	1.5
	1.20
	3
	8.5
	15.0

	6
	PP
	3.0
	0.95
	3
	10.0
	2.75

	7
	HDPE
	3.5
	1.00
	3
	10.0
	2.5

	Weights of criteria
	objective
	0.21
	0.19
	0.13
	0.11
	0.36

	
	subjective
	0.20
	0.15
	0.15
	0.15
	0.35

	
	combined
	0.20
	0.17
	0.14
	0.13
	0.36


MCDM METHODS
The MCDM methods have the capabilities to generate decision rules considering relative significance of considered criteria upon which the complete ranking of alternatives is determined [15]. These methods are succesfuly used in various selection and optimization problems such as benchmarking, logistics, energy distribution, material selection, production systems etc. In this study TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) [14], VIKOR (Više kriterijumska optimizacija – kompromisno rešenje) [16] and WASPAS (Weighted Aggregated Sum Product Assessment) methods [5] are used. Based on the MCDM methods, the list of the materials is ranked and comparison of the ranking results is carried out.
RESULTS AND DISCUSSION
Proposed rankings of considered materials for the bumper are presented in Table 3. The best ranked material on the basis of all three used methods is HDPE. The second ranked material for this application is PP. On the other hand, CFRPs is the worst ranked material for the bumper design. It is, in some way, expected due to its very high cost per volume. It is also important to emphasize that the third ranked material is metal (Stainless steel 316L or Tough Al-alloys). Therefore metals are preferable materials in comparison to PMMA, GFRPs, and CFRPs.
Table 3 Ranking results of the bumper material selection
	No.
	Materials
	TOPSIS
	VIKOR
	WASPAS

	1
	Al-alloys (tough)
	4
	4
	3

	2
	CFRPs
	7
	7
	7

	3
	GFRPs
	6
	5
	6

	4
	Stainless steel 316L
	3
	3
	4

	5
	PMMA
	5
	6
	5

	6
	PP
	2
	2
	2

	7
	HDPE
	1
	1
	1


Apart from Table 3, comparative results obtained by the TOPSIS, VIKOR, and WASPAS methods are graphically presented in Fig 1.

Fig. 1 Ranking results
It can be easily seen from Fig. 1 that total match among the methods does not exist. Total match of the ranking results is occurred in three of seven cases (1., 2., and 7. ranked materials). However, Spearman’s rank correlation coefficient values beween the methods are not smaler than 0.98 revealing a very strong correlation between the methods.
CONCLUSION
Based on the previous defined criteria and alternatives it can be claimed that the best ranked material for the bumper design based on all used methods (TOPSIS, VIKOR, WASPAS) is HDPE. In addition, all three methods are ranked PP as the second preferred material, while the worst ranked material is CFRPs. 
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