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INTERACTIVE DESIGN OF A TRUCK 

BATTERY BOX WITH MATERIAL 

SELECTION TO IMPROVE QUALITY  
 

Abstract: It is well known that processes of material 

selection and design have been very important for 

manufacturing and meeting desired quality requirements 

of any component in machinery. Generally, an ordinary 

strategy of using the same material as for a similar 

component is benefitted during a design process. As it is 

thought that a material serving satisfactorily in any 

application will do again for a similar one. In the light 

of such information, steel has been the material of 

choice for many automotive components since the dawn 

of the automotive age. Automotive supply chains are 

heavily reliant upon steel and the inertial motion of steel 
as the dominant material is strong. It has been argued 

that a change to lightweight materials-intensive vehicle 

development could bring significant environmental, 

financial and transportational benefits but that 

established automotive supply chains cannot easily 

overcome the inertial force of steel. 

In this research, a battery box of the trucks of a well-

known truck company is handled in interactively design 

by selection of the material, with the aim of 50% weight 

and 20% cost reduction to improve the current quality. 

According to the pair-wise comparison method, Glass 
Mat Thermoplastic (GMT) composite material is 

discussed to be chosen for its high strength, low cost and 

low density properties. Moreover, three alternative 

design drafts will be shown and benchmarked with each 

other. 

Keywords: Automotive, Material Selection, Battery Box, 

Pair-Wise Comparison 

 

 

1. INTRODUCTION  
 

As norms getting stricter day after day 

automobile and truck factories try to 

decrease the weight of the vehicles in order 

to increase the profitable load, because 

“fines are serious”, so especially trucks 

have to follow the rules. It can be said that 

metals, plastics or ceramics are not capable 

to maintain strength and to decrease the 

weight of the trucks as well as saving cost. 

Herein, composite materials started to 
call engineers attention as their costs have 

been decreasing until today and they can 

provide high strengths without increasing 

the weight. Thus, composite materials have 

been considered as the “material of 

choice” in some applications of the 

automotive industry and the lightweighting 

technology by delivering low density, low 
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prices, high-quality surface finish, styling 

details, and processing options. 

Additionally, composites are chemically 

stable against the environmental factors 

such as humidity and weather conditions 

leading to corrosion. Besides, it is no more 

difficult for manufacturers to meet 
automotive requirements of cost, 

appearance and performance utilizing 

composites, since it is known that 

composites manufacturing methods such 

as compression molding, sheet metal 

compound and autoclave. These methods 

can easily compete with other traditional 

methods, owing to its low operation times 

where even complex parts can be 

manufactured in minutes. 

Composites can be used as both inner 

and outer parts in automotive industry. 
Today, composite body panels have a 

successful track record in all categories, 

from exotic sports cars to passenger cars 

and in small, medium, and heavy truck 

applications. In the light of this 

information, it can easily be implied that 

truck companies compete with each other 

to satisfy the customer needs in 

economical ways. 

Due to the aim of the research that is 

decreasing the weight and cost of an 
external component, an optimization work 

for an external truck component, battery 

box, was performed. Desired component 

properties, selection criteria for a suitable 

material, interactive design and 

optimization actions must be performed in 

accordance with composite materials to 

obtain decrease of 50% in weight and 20% 

in cost of the current battery box. 

 

 

2. TRUCK BATTERY BOX 
 

Currently used battery box is an 

assembly of four parts; those are right and 

left plates, front and bottom parts. 

Elements of the case and the assembly are 

shown at Figure 1. 

 

 

 

 

 

 

 

 
 

 

Figure 1 - Components and assembly of 

the currently used battery box 

 

Current battery box material is S420 

structural steel and total weight is 

approximately 25 kg. According to the 

S420 structural steel technical 

specifications, tensile strength is in the 

range of 400-500 MPa, yield strength is 

460 MPa and elongation is nearly 22% [1]. 
Firstly, technical conditions and 

requirements were determined by dealing 

with related departments of the truck 

factory. Thus, the box must not only 

support a battery, but also bears an air 

tank, which is near the battery. For 

mechanical calculations, the battery can be 

considered as a load of 1000 N and the 

tank can be taken as a load of 250 N. 

Moreover, both of them can be assumed as 

distributed loads to ease the calculations. 
In addition, it has to service in dynamic 

state in order to support the other external 

truck loads and vibrations. Selection of a 

new and suitable material for the box was 

the following research and development 

step.  

For decades, softwares (e.g. CATIA, 

ANSYS, MEDINA, SolidWorks) have 

been utilized for design, mechanical 

analysis, optimization and manufacturing 

modelling. Since the battery box was an 
external component, not a critical part like 

a fuel pump etc., experimental studies had 

to be avoided not to increase its total cost. 

Alternatively, these fast, simple and 

numerical based computer programs were 

used in this research to determine 

successful design. 
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2.1 Material selection  

 The current battery box material is 

S420 structural steel and this has been 

implied previously. Apart from that, the 

other common materials that are used in 

automotive industry, especially truck 

factories were noted, according to 
extensive technical research. 

 To date, academic researchers have 

determined general related material groups 

and analysed them in a lot of ways. By this 

data, material groups of composites, 

ferrous and non-ferrous metals can be 

explained as automotive material groups 

and comparative properties of some of 

them are summarized in Table 1 below [2]. 

 

Table 1 – Relevant Properties of 

automotive materials 

 
Density(g

/cm
3
) 

Yield 

Strength 

(MPa) 

Tensile 

Strength, 

(MPa) 

Mild 

Steel 
7.86 200 300 

High 

Strength 

Steel 

(S420) 

7.87 400 460 

High 

Strength 

Steel 

(A606) 

7.87 345 483 

Iron 

(D4018) 
7.10 276 414 

Aluminu

m 

(AA6111

) 

2.71 275 295 

Magnesiu

m 

(AM50) 

1.77 124 228 

Composit

e 

-Glass 

Fiber 

-Carbon 

Fiber 

1.50 ~ 

1.57 
269 ~ 448 

280 ~ 

810 

 

After this determination, a comparison 

was needed to select the suitable material 

by handling the criteria of density, cost, 

yield strength and tensile strength. Pair-

wise comparison was applied to these 

materials with the criteria to make a 

choice.  

 To achieve the aim of 50% weight and 

20% cost reduction, density and cost 

criteria were handled significantly. 

Initially, a ranking from 1 to 5, which 

means from least important to most 

important, was assigned to the criteria and 
it is shown in Table 2. 

 

Table 2 – Heuristic weight assignment of 

criteria 

 Density Cost 
Yield 

Strength 

Tensile 

Strength 

Density 1 3 4 5 

Cost 1/3 1 3 4 

Yield 

Strength 
1/4 1/3 1 2 

Tensile 

Strength 
1/5 1/4 1/2 1 

 

The next step was to calculate the 

weighted average. The data in Table 2 was 

edited and written as decimal numbers in 

Table 3. 

In Table 4, each of the cell values was 

divided by the total weight coefficients of 

the relevant columns and then the table 

was edited again. 
 

Table 3 – Edited data 

 Density Cost 
Yield 

Strength 

Tensile 

Strength 

Density 1 3 4 5 

Cost 0.333 1 3 4 

Yield 

Strength 
0.250 0.333 1 2 

Tensile 

Strength 
0.200 0.250 0.500 1 

Total  1.783 4.583 8.500 12.000 

 

Table 4 – Criteria Relation Weight Values 

 Density Cost 
Yield 

Strength 

Tensile 

Strength 

Density 0.561 0.655 0.471 0.417 

Cost 0.187 0.218 0.353 0.333 

Yield 

Strength 
0.140 0.073 0.118 0.167 

Tensile 

Strength 
0.112 0.054 0.058 0.083 

 

The relation weight values were 

averaged by each of the rows, so the 

required and principle criteria weight 



 

828                                 C. Yildiz, E. Aker, M. A. Ozen, I. B. Caba 

values were achieved. They are given in 

Table 5. 

 

Table 5 – Criteria Weight Values 

Density 0.526 

Cost 0.273 

Yield Strength 0.124 

Tensile Strength 0.077 

 

The values were analysed, so it can be 

said that the Eigenvalue (λ), Consistency 

Index (CI) and Consistency Ratio (CR) 
equals to 4.112, 0.037 and 0.041.  

According to Borajee and 

Yakchaliente, the CR must be smaller than 

0.10 for consistency [3]. The weighting 

process for pair-wise comparison can be 

defined as consistent, since (CR) is smaller 

than the offered value. 

For using the weight values, these 

criteria had to be dimensionless and 
relative to each other, hence the all 

properties of the alternative materials were 

converted relatively to the least values of 

the each property; meanwhile, cost 

information of the materials was gathered 

by offers of bidding suppliers. Relative 

properties are shown in Table 6.

 

Table 6 – Relative Properties Values 

 
Mild 

Steel 

High 

Strength 

Steel 

(S420) 

Iron 

(D4018) 

Aluminum 

(AA6111) 

Magnesium 

(AM50) 

Composite 

-Glass 

Fiber 

Density 1 1 1.1 2.9 4.5 5.3 

Weighted 

Density* 

0.526x1 

(0.526) 

0.526x1 

(0.526) 

0.526x1.1 

(0.578) 

0.526x2.9 

(1.525) 

0.526x4.5 

(2.367) 

0.526x5.3 

(2.788) 

Cost 3 2 3.6 1.5 1.2 1 

Weighted 

Cost* 

0.273x3 

(0.819) 

0.273x2 

(0.546) 

0.273x3.6 

(0.982) 

0.273x1.5 

(0.409) 

0.273x1.2 

(0.327) 

0.273x1 

(0.273) 

Yield 

Strength 
1.6 3.2 2.2 2.2 1 1.4 

Weighted 

Yield 
Strength* 

0.124x1.6 

(0.198) 

0.124x3.2 

(0.397) 

0.124x2.2 

(0.273) 

0.124x2.2 

(0.273) 

0.124x1 

(0.124) 

0.124x1.4 

(0.174) 

Tensile 

Strength 
1.3 2.1 1.8 1.3 1 1.2 

Weighted 

Tensile 

Strength* 

0.077x1.3 

(0.100) 

0.077x2.1 

(0.161) 

0.077x1.8 

(0.139) 

0.077x1.3 

(0.100) 

0.077x1 

(0.077) 

0.077x1.2 

(0.092) 

Total 

Weighted 

Point 

1.643 1.630 1.972 2.307 2.895 3.327 

* Results of multiplication of the weight values and the relative values are shown in the parenthesis 
 

By taking advantage of the total 

weighted points of the alternative 

materials, which are shown in the table 

above; composite materials, especially 

glass fiber reinforced composite material, 

were selected as the most suitable material. 

Glass fiber reinforced composite material 

was studied specially, since commercially 

available fiber materials such as E-Glass, 

S-Glass, R-Glass and kinds of Kevlar had 

been determined. Moreover, according to 

their multiple comparisons with regard to 

cost and flexibility of manufacturing for 

various designs, glass fiber reinforced 

composite material was selected. 

To continue the research, a number of 
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suppliers were searched and dealed for 

providing the composite material 

properties of e-glass fiber type, 

polypropylene, polyamide or thermoplastic 

polyester resin matrix. According to these 

parameters, glass mat thermoplastic 

(GMT) material is determined as the best 
selection for the battery box design. 

Meantime, for the available composite 

manufacturers, 2 firms were found which 

provide composites as laminates. 

At the following properties, which is 

shown in Table 7, the most important 

parameters can be seen about the selected 

laminate and they were taken from the firm 
of The Quadrant Group [4]. 

 

Table 7 – Mechanical properties of the selected laminate [4]

Density ISO 1183 Standard 1.22 g/cm3 

Tensile Strength ISO 527 Standard 280 MPa 

Tensile Modulus ISO 527 Standard 14.2 GPa 

Impact Strength (IZOD 3.2mm) ASTM D256 E Standard 1830 J/m 

 

This GMT material is a chopped fiber 

glass mat reinforced polypropylene 

laminate with randomly oriented glass 

fibers and additionally reinforced with 

unidirectional oriented glass fibers. This 

product provides high mechanical values, 

easy processing properties and a very 

homogeneous fiber distribution. It is 
commonly used for bumper beams and 

other impact-resistant applications. After 

that, processes of the battery box design 

and optimization were executed in 

cooperation with the company authorities 

by considering the manufacturability of the 

material. 

 

2.2 Design and optimization  

Nowadays, lots of quality definitions 

and requirements exist. One of them is 

defined as “fitness for purpose”. 
Furthermore, it is implied that final output 

involves process quality, which some 

attributes are robustness, flexibility and 

effectiveness [5]. 

Therefore, design must be interactive 

to enhance quality by making it robust, 

effective and flexible. To get the better 

quality, the battery box must be designed 

and optimized according to the newly 

selected material properties by change its 

shape and dimensions so that the process 
leads to a stronger and a cheaper design 

and product that meet the quality 

recruitment. Three design drafts were 

drawn according to the standard fasteners 

and certain located holes on the chassis.  

The design draft 1 can be seen in 

Figure 2. Supporting profiles (omega 

profiles) used in the design draft 1 can be 

seen in Figure 3. Thickness of profiles was 

chosen 2 mm and profiles were designed 

according to length of current battery case. 
On main case, two similar slots were 

drawn for batteries to grant the stability. It 

was given radiuses to sharp edges and also 

two sides of the battery case were given 

large radiuses to provide better strength. 

After all these processes, final models 

were generated to SolidWorks for 

assembly and then to ANSYS. 

 

 
Figure 2 - Design draft 1  
 

In the design draft 2, which can be 

shown in Figure 4, one piece and H type 

insert were used in main case for better 

strength. The insert is illustrated in Figure 

5. Battery case was designed in dimensions 

that are similar with current case. It was 

given big radiuses to front and back side 
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edges of case and decided to make round 

shapes bottom of the case. These round 

shapes were made to provide housing for 

air tanks to fasten.  They were also 

contributed to powerful surface for 

batteries (Figure 6). After modeling 

process, parts were converted to STEP file 
and assembled with SolidWorks. 

 

 
Figure 3 - Omega Profile 

 

 

 
Figure 4 - Design draft 2 

 

 
Figure 5 - H type insert  
 

Finally, the design draft 3 was 

benefitted from insert technology, which 

was mentioned previously. Front inserts to 
support the front of the battery case, corner 

inserts in the middle and chassis joints at 

back side of the case were designed. 

Moreover, sharp edges were generated and 

also rounded housing was applied for air 

tanks to strengthen (Figure 7).  

 

 
Figure 6 - Rounded Housing 

 

 After designing the drafts, static and 

dynamic analyses were prepared with 

using the boundary conditions and the 

mechanical properties of the used 

composite material. In details, all drafts 

were modeled in CATIA and file extension 

was converted to STEP. Assemblies were 

made with SolidWorks and saved as 

PARASOLID. All geometries were 

generated to ANSYS.  
 

 
Figure 7 - Design draft 3 

 

Primarily, materials were defined and 

geometries were covered with mesh to 

acquire nodes. Hex dominant method was 

chosen for meshing. At next step, meshed 

geometries were converted to simulation. 

In simulation module, loads and 

supports were defined. Loads were defined 

as distributed load of 1250 N and supports 
were defined as fixed support. 

Then, the solution parameters were 

chosen as equivalent stress, equivalent 

elastic strain and total deformation. For 

illustrations, design draft 2 is handled and 
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its reletad images can be seen from Figure 

8 to Figure 12.  

 

 
Figure 8 - Meshed model of design draft 

2 

 

 
Figure 9 - Application of distributed load 

of 1250 N 
 

 
Figure 10 - Equivalent stress results of 

the draft 2 

 
Figure 11 - Equivalent elastic strain 

results of the draft 2 
 

 
Figure 12 - Total deformation results of 

the draft 2 

 

Afterwards, all the analyses results 
were gathered and were also evaluated by 

setting up a correlation matrix. The design 

correlation matrix is shown in Table 8. 

Main criteria were determined before 

creating the design matrix. Weight, 

strength, manufacturability, cost, cycle 

time and structure area were defined as 

primary factors for design of the battery 

case. 

 

 

Table 8 – Design correlation matrix 

 Percentage 
Design 
Draft 1 

Design 
Draft 2 

Design 
Draft 3 

Weight 30 2 4 5 

Strength 

(Ansys Analysis) 
15 2 4 5 

Manufacturability 15 5 4 3 

Cost 25 4 5 3 

Cycle Time 10 5 3 2 

Structure Area 5 5 4 5 

Total 100 3.4 4.15 3.9 

 

 

 

 



 

832                                 C. Yildiz, E. Aker, M. A. Ozen, I. B. Caba 

For these entire factors, it was 

assigned effect percentages and compared. 

Beside percentage, it was assigned the 

benchmark values 5 to 1 (better to worst). 

Weights and structre areas of design drafts 

were calculated with CATIA. Strength 

parameters were determined with ANSYS. 
Manufacturability, cost, cycle time criteria 

were researched with the supplier and 

optimum values were given for each drafts. 

The matrices were developed and design 

draft 2 was chosen with the highest mark. 

After this step, it was made few 

innovations on design draft 2. 

Larger radiuses were decreased. 

Instead of H type insert, it was used 

improved omega profile with 4 mm 

thickness as seen in Figure 13. 

Figure 13 - Revised omega profile 
 

Round shaped air tank housing was 

removed, because machining of the mold 

was expensive. Thus, it was decided to 

produce separate housing for air tanks 

(Figure 14).  
 

 
Figure 14 - Housing profile 

 

Additionally, design was made 

suitable for battery stability with 

embossment on the bottom of the battery 

case and battery holding support (Figure 

15). Battery case’s material thickness was 

given 4 mm for light-weighting. 

 

 
Figure 15 - Battery box 

 

Dynamic analysis was made with the 

MEDINA finite element method program 

in the truck company with specific 
properties. Loads were assigned to the 

whole truck and the battery box was 

assembled to the truck in the model. This 

was made to obtain more realistic results 

and maximum stress of 144 MPa was 

achieved.  

Value of infinitive life was taken as 

106 cycles. For 106 cycles, tensile strength 

was determined as 170 MPa by the 

company. The achieved maximum strength 

value was 85% of the actual strength. With 
this information, safety factor was 

calculated 1.2. The safety factor had to be 

selected 1.5, if the design has no effect on 

human safety. Thus, selected design had to 

be improved. It was determined that the 

thickness of the design had to be increased 

from 4mm to 5 mm according to the 

optimization studies, those were run with 

ANSYS. Finally, optimized shape is 

shown in Figure 16 and its dynamic 

analysis result is shown in Figure 17.
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Figure 16 - Battery box with increased wall thickness 

 

Figure 17 - Dynamic analysis of 5mm 

wall thickness battery box. 

 

 

3. RESULTS AND DISCUSSION 

 
Design draft 2 was chosen according 

to analyses and selection matrix. It was 
constructionally strengthen by attaching 

omega profiles. Dynamic analysis was 

performed by the truck company with 

MEDINA. According to the results of the 

dynamic analyses, the design could not 

meet the requirements such as infinite life 

stress value from the Wöhler diagram and 

the safety factor of 1.5. Thus, with an 

improvement of 1 mm wall thickness 

increment, the thickness was determined as 

5 mm to reduce the stress values on the 

battery box.  

As a result, dynamic analysis was 

repeated and stresses reduced from 144 

MPa to 108 MPa and safety factor 
increased from 1.19 to 1.57. Briefly, the 

new design of battery box was made to 

meet the requirements with a determined 

value of infinitive life span.  

The cost of the currently used battery 

box is 70€ and the cost of the new design 

is 55€. Cost reduction is approximately 

21%. The required reduction is 20% and 

the cost of the new designed battery box is 

1% better than the targeted price.  

The weight reduction required by the 

company is 50% and the weight reduction 
of the currently used box to the new design 

is from 25.5kg to 14.3kg. The reduction 

ratio is approximately 44%, which is close 

to the target ratio.  

Corosion resistance of the new 

designed battery box is better than the 

currently used one because of the GMT 

material. Manufacturability is possible 

with the inner and outer sub-contractors 

and the cost of manufacture process is 

more economical than the currently used 
battery box. Mountability of the new 

design is as good as the currently used 

battery box with four chassis joints and air 

tank joints. 
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4. CONCLUSION 
 

The target values of cost and weight 

reduction that are required by the truck 

company for this project are nearly 
accomplished with 21% of cost and 44% 

of weight reduction. This values will differ 

positively soon by the development of 

composite materials technology.  

The emergent needs of the battery box 

that will occur in the future, like new 

equipment attachment and new fasten 

types to the chassis. The design will be 

modified easily by the flexibility of the 

manufacture method, compression 

molding. For example, strength can be 

increased by placing metal inserts in the 

matrix.  

In conclusion, lightweighting 

engineering of the vehicles is a crucial 

branch in automotive industry. In efforts to 

shorten the long road to fuel efficiency and 

increase the useful load of transportations, 
researchers are working to develop cost-

effective, high-strength, lightweight 

materials that will reduce vehicle weight 

without compromising cost, performance 

or safety. It can be said that, in the near 

future the number of lightweighting 

materials will increase dramatically to 

compansate the need of lightweighting 

applications and this subject will always be 

researched.
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