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RINGKASAN: Matlamat kajian ini ialah untuk membangunkan sebuah sistem reka 
bentuk bagi kotak injak automotif daripada bahan komposit berasaskan polimer, dengan 
tujuan untuk mengurangkan berat kenderaan dan kos pembuatan. Analisis unsur terhingga 
telah digunakan dalam reka bentuk dan menjalankan analisis bagi sistem kotak injak 
komposit berasaskan polimer. Perisian Algor telah digunakan untuk menganalisis dan 
mengesahkan reka bentuk. Keputusan analisis tegasan dan sesaran telah digunakan 
untuk memastikan corak rusuk injak. Kesimpulannya ialah corak rusuk X adalah lebih 
baik untuk digunakan dalam tuil injak dan ni/ai tegasan a/ah yang dikira bagi komponen 
injak boleh diterima pakai. 

ABSTRACT: The goal of this study is to develop a design system for an automotive 
pedal box from polymer-based composites, in order to reduce both vehicle weight and 
manufacturing costs. Finite element analysis (FEA) is used in the design to carry out 
structural analysis of a polymeric-based composite pedal box system. Algor software 
is used for analysing and validating the design. Stress analysis and displacement results 
are used to confirm the pedal ribbing pattern. It is concluded that X ribbing pattern is 
more feasible to use in pedal levers and the calculated yield stress values for pedal 
components are acceptable. 

KEYWORDS: Finite element analysis (FEA), pedal box system, polymer-matrix 
composites (PMC), short-fibre composites 
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INTRODUCTION 

Pedal box system is a very important safety component in automobiles. Automobile 

manufacturers are continuously seeking for technological advancement, particularly in 

reducing the weight of automobiles. To carry out this task, novel materials such as 

polymeric-based composites are considered as replacement for conventional materials 

such as steel and aluminium. 

Design of pedal box system using polymeric-based composites have been reported. 

These were mainly on the development of individual components within pedal box 

system such as accelerator pedal (Ikeda et. al. 1990; Bruenings et. al. , 1989), brake 

pedal bracket (Bradbury, 1996) and clutch pedal (Baumann, 1991 ; Gennaro and Faltoni 

1992). Ikeda et. al. (1990) carried out investigations on suitable pedal profile for accelerator 

pedal as well as mould flow analysis. Brunings et. al. (1989) also studied the most 

appropriate cross section as well as the ribbing pattern of pedal levers. Bradbury ( 1996) 

looked at the possibility of designing and manufacturing composite brake pedal mounting 

bracket. He carried out finite element and mould flow analysis in his study. Baumann's 

work (1991) was concerned with material selection for clutch pedal as well as determination 

of the suitable ribbing pattern. Gennaro and Faltoni (1992) carried out comprehensive 

mould flow analysis of injection moulded clutch pedal. Their work did not attempt to look 

at the total design of component. Although some researchers have carried out the design 

of complete pedal box system such as the patented work of Gandy (1990), Kloop (1988), 

and Burman (1993), all these are still at a preliminary stage particularly on the polymeric

based composite brake pedal. More improvements have to be made and new parameters 

studied. 

In the field of automotive engineering, structural analysis was performed using finite 

element analysis to optimise and verify the model geometry (Coon et. al., 1991 ; He, 

1997; Norvile, 1992; Pretsch, 1990 and Day 1991 ). It determines that individual components 

in automobiles (such as pedal box system) can withstand the service loads under normal 

and severe conditions. In pedal box system developments, factors such as pattern of 

ribbing structures, variation of wall thickness and stress distribution need to be considered 

in the analysis using FEA to match between theory and practice. In the design stage, 

it is important to be able to determine the stress and displacement to ensure that safe 

limit values are not exceeded. In this paper an attempt is made to look at the design 

analysis aspect of pedal box system by applying finite element analysis for stress and 

deflection. It also aims to show how the state-of-the-art finite-element and computer 

aided design (CAD) packages, called Algor and AutoCAD, respectively, have been used 

to effectively analyse a complicated system. 
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PROBLEM DESCRIPTION OF FEA OF POLYMERIC-BASED COMPOSITE PEDAL 
BOX SYSTEM 

FEA is a powerful general-purpose engineering design tool. It is a theory-based technique, 

which can help to achieve better product design in both performance and cost. The central 

assumption in FEA is that the physical structures in engineering design problems can be 

represented by mathematical models. FEA creates a structural simplification of an engineering 

design problem known as model. The model of FEA comprises 4 key factors ; namely material 

properties, boundary conditions, loading conditions and the mesh. 

The geometry of the polymeric-based composite pedal box system is shown in three dimensional 

solid model using Pro/Engineer (Figure 1 ). This pedal box system consists of four major 

components namely mounting bracket, accelerator, brake and clutch pedals. The individual 

pedals have I-shape profile. Common mounting bracket for three pedals is designed for the 

purpose of part integration. Clutch and brake pedals are mounted on a common shaft and 

accelerator pedal is mounted on a separate shaft. Accelerator pedal is linked to carburettor by 

means of a throttlcable and clutch pedal is connected to clutch using clutch cable as shown 

in Figure 1. Brake pedal is connected to the brake-servo system by means of a hydraulic cylinder. 

Figure 1. Three dimensional solid model of composite pedal box system 

Individual pedal extension return springs are used to bring back pedals to un-depressed 

condition after pedals are applied. However, for accelerator pedal, the return spring is fitted 

in carburettor. Brake pedal has the possibility to withstand maximum load of 2700 N. The 

maximum loads of 1000 N and 375 N are applied to clutch and accelerator pedals respectively. 

Two major areas of work are currently carried out in this research namely; ribbing pattern 

determination and stress analysis in pedal box system elements. 
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In the former, the primary qualities determined to be important are stiffness (which is 

determined using the results of deflection) and stresses; while in the latter case, only stresses 

are important. There are numerous finite element packages available in the market. Algor 

is chosen for this study because it is capable of performing linear analysis calculations. 

COMPONENT MODELLING 

The first step carried out in the FEA is to develop the model of the components. For the 

purpose of drawing, the CAD package, AutoCAD was used. The CAD drawing performed 

in AutoCAD was transferred to Algor using Data Exchange Format (DXF) extension file for 

further analysis. The speed and the quality of graphics of this system were satisfactory for 

the analysis performed herein. The models prepared in AutoCAD were exported to the 

drawing window mode of Algor called 'Superdraw II'. Once the models were transferred, they 

were then automatically meshed. 

Modelling technique in the determination of patterns of ribbing structure 

The modelling of X-shaped and V-shaped patterns for ribbing structures was carried out in 

2 dimensional form. To simplify the models, only one element of X or V is drawn. The objects 

are then automatically meshed as shown in Figures 2 and 3. 

Figure 2. 2 dimensional model of X ribbing pattern showing 
the load and boundary conditions 
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Figure 3. 2 dimensional model of V ribbing pattern showing 
the load and boundary conditions 

Modelling technique for overall structural behaviour of pedal box system 

Since pedal box system structure is very complex, it was necessary to simplify the problem. 
It was decided to analyse the component in 2 dimensional form. Then all the models were 
automatically meshed. 

MATERIAL PROPERTIES 

Material properties for ribbing pattern determination 

For the determination of ribbing pattern in pedal levers, the materials were assumed to 
behave as isotropic material. The property data used include modulus of elasticity, density 
and Poisson's ratio (Sapuan, 1998). 

Material properties for pedal box system stress analysis 

Polymeric-based composite materials consist basically of glass fibres incorporated in a 
suitable matrix; the latter being generally a thermoplastic polymer. Two materials were 
selected from the knowledge-based system (KBS) of material selection, i.e. glass fibre 
reinforced polyamide 66 and glass fibre reinforced polybutylene terephthalate (PBT) (Sapuan 
et. al., 1997), Sapuan and Abdalla, 1998). These two materials are basically random and 

13 



S.M. Sapuan, A. Lees and Z. Leman 

chopped short fibre reinforced thermoplastics, assumed to be homogenous and isotropic. 

Data needed for this analysis include modulus of elasticity, density, Poisson's ratio and other 

data available from material database. 

BOUNDARY CONDITIONS AND LOADS 

Boundary conditions and loads for ribbing pattern 

Both X and V ribbing patterns were restrained in four sides of models as shown in Figures 

2 and 3 respectively. The loads for both patterns acted from the top of the models as 

indicated by the arrows in both figures. It is assumed that the load is 2700N for both cases 

representing the maximum load applied to the brake pedal. 

Boundary conditions for pedal box components 

In accelerator, brake and clutch pedals, three reaction forces were imposed on the pedal 

levers, namely the reactions of hydraulic cylinder or cables, pedal axles and extension 

springs. However, the reaction forces due to extension return springs were of the order of 

3% of the maximum loads and can therefore be neglected. The reaction forces of hydraulic 

cylinder/cables and pedal axles were comparatively large and must be taken into account. 

To accomplish this, the locations of these two reaction forces were constrained. In brake 

pedal, the hydraulic was restrained in the z direction by assuming the worst situation, i.e. 

when the hydraulic cylinder was jammed. The pedal axle was also restrained but in y 

direction. For clutch and accelerator pedals it is assumed that in the worst situation when 

clutch and accelerator cables were jammed, both pedals were restrained from moving in 

z direction. Both pedals were also restrained in y direction because the loads applied on 

the pedal pads were inclined forces (both forces can be resolved in y and z directions) . 

Mounting bracket was restrained in 6 locations in z direction. Two were at the locations where 

the bracket was secured to bulkhead by means of bolts on the top wall. Four restraints were " 

around the slot for brake pedal hydraulic cylinder, where at these locations, the bracket was 

secured by means of four bolts and nuts to bulkhead. 

Loads applied to pedal box system 

In this study, pedals were subjected to maximum loads. Since the forces were applied at 

some angles to vertical planes, the components of forces were resolved in vertical and 

horizontal planes (y and z planes). In addition, the forces were distributed among the faces 

of pedal pads as the soles of the driver's shoes were acting on the whole surface of the 

pads. Therefore, by assuming the shoes were depressing at 45° to the pads and the forces 
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were divided equally into four parts, then the forces in y and z directions were 477.3 N for 
brake pedal, 176 N for clutch pedal and 66.29 for accelerator pedal. 

The loads applied to the mounting bracket were 1073.5 N for the right side gusset and 386.5 N 
for the left side gusset. These loads acted in the z direction in upward direction, i.e. in the 
opposite direction to those of constraints. 

SELECTION OF APPROPRIATE ELEMENT TYPES 

In both the ribbing pattern determination (i.e. to determine whether it is X-shaped or V-shaped) 
and stress analysis for accelerator, brake and clutch pedals, 2 dimensional element type 
was employed. For the stress analysis of mounting bracket, the plate element type was 
chosen. 

After the appropriate element types have been selected, the analysis were carried out by 
decoding and running the program. The computer took approximately 3 minutes to partially 
solve the model. However, in order to fully solve the problem a second process was carried 
out in the 'Static Stress Analysis' mode in Algor. Then, the final analysis of the results was 
performed in 'Superview' mode of Algor. There were two areas of prime importance in this 
research; the first was the displaced model and the second was the stresses within the 
model. The former was important for determining the stiffness of X and V ribbing structures. 

RESULTS OF ANALYSIS 

In this research, the stress analysis based on the Von Mises criterion was used for most 
cases. Von Mises criteria is one of the most widely used theory and is suitable for ductile 
materials. It dictates that strains are reversible up to the elastic limit and that the energy 
within the material should be a single valued function at yielding, and that it is independent 
of stress system causing it (Lees, 1995). Other stress criteria such as Tresca, maximum 
and minimum principal stresses were not treated as the study of Von Mises stress criteria 
is sufficient for the current purposes. Von Mises was regarded as a 'good' engineering stress 
and especially useful in checking the validity of yield stress. 

Determination of pattern for ribbing structure in pedal levers 

Finite element model predictions were first made to decide on the ribbing pattern in the pedal 
levers. The determination of the ribbing pattern was carried out using FEA as shown in 
Figures 2 and 3. FEA provides a graphic distribution of stress and displacement versus 
location on the structures. Figures 2 and 3 also showed the total displacements of X and 
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V type ribbing pattern respectively. The maximum stiffness at the points of maximum loads 

(2700 N indicated by arrows) can be calculated using the following expression: 

Maximum stiffness = Maximum load I Maximum displacement 

Maximum displacement in z direction is shown on the computer screen to form the results 

of the analysis. The comparison of stiffness and other properties between these two patterns 

is shown in Table 1. Figures 4 and 5 show the Von Mises stress contour plots for X and 

V ribbing patterns respectively. The maximum stresses occurred at the maximum loads in 

both cases. The maximum stress for the former was 11.30 MPa and 13.9 MPa for the latter. 

Table 1. Stress, stiffness and weight of 
X and V ribbing patterns 

~ 
v x 

5 

Maximum 
Von Mises 12 15 
Stress (MPa) 

Stiffness 22.6 31.8 
(kN/mm) 

Weight of 
Brake Pedal 352 360 
(g) 

Von Mises 
11 ,0037 
10,1128 
9,22188 
8.33099 

"" 7,43999 
6,54903 
5.65808 

_ . 4,76713 
·~·~ 3,87618 

2,09428 
1,20333 
0,31238 

Figure 4. The Von Mises stress contour plots for X ribbing patterns 
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Von Mises 
13,8940 

- 12 .7758 
11 ,6576 
10.5399 
9.42117 
8 .30294 
7, 18 471 
6 ,06649 
4 ,94826 
3 ,8 3003 
2 ,77181 
1 ,59358 
0 ,47535 

Figure 5. The Von Mises stress contour plots for V ribbing patterns 

Another way of deciding on which ribbing pattern to choose is by comparing the weight of 
the structures such as the brake pedal. Brake pedal was designed to have V ribbing pattern 
and the weight was 352 g. A 3 dimensional solid model was also drawn for brake pedal with 
X ribbing pattern and the weight of this pedal was 360 g. It is found that the weight of brake 
pedal with X ribbing pattern was slightly heavier than that of V pattern. 

The X ribbing pattern was 40% stiffer and slightly heavier than the V ribbing version. 
Therefore V ribbing pattern was chosen because by having stiffer and heavier structure 
(X ribbing), the manufacturing cost for X ribbing pattern would be correspondingly higher 
due to a larger injection volume and longer cycle time (Brunings et. al., 1989). 

Stress distribution in pedal box system components 

FEA was used to provide a performance picture of the pedal box system. The results of this 
study could be used to verify the data chosen for constraint yield stress in the KBS for 
material selection as described by Sapuan et. al (1997). The constraint yield stress for 
selecting the best material is taken from the calculation based on cantilever beam equation. 
Initially, yield stress data were calculated using standard formula based on cantilever beam 
(bending formula) for all four components but the three pedals have I - profile cross section. 
Table 2 shows the comparison between these two stresses for all components of pedal box 
system. (See results of stress calculated using standard formula for cantilever beams in 

17 



S.M. Sapuan, A. Lees and Z. Leman 

column 2 of Table 2). If the values of Von Mises stresses are lower than the calculated yield 

stresses, then the calculated values of stresses are acceptable as these calculated values 

are based on very rough estimation. 

Table 2. Comparison between constraint yield stress and 
Von Mises stress for pedal elements 

CONSTRAINT MAXIMUM MVMS < 
COMPONENT YIELD STRESS VON MISES CVS 

(CVS) MPa STRESS (MVMS) 
MPa 

Accelerator 
pedal 59.7 10 YES 

Brake pedal 211 22 YES 

Clutch pedal 136 12 YES 

Mounting 
bracket 25 22 YES 

Stress distribution in accelerator pedal 

Figure 6 shows the contour plot of Von Mises stress for accelerator pedal and illustrates 

regions of higher stresses. The maximum stress was 9.86 MPa and occurred mainly in the 

region of axle and accelerator cable holder. This stress was very much lower than the 

constraint yield stress calculated using standard formula for I section cantilever beam in 

Table 2. The yield stress value of 59. 7 MPa was used in the KBS for material selection. 

Therefore, it is verified that the value chosen as constraint yield stress is acceptable. 

Stress distribution in brake pedal 

Since brake pedal is the component that was subjected to the highest amount of force, its 

analysis is very critical. The stress contour plot for brake pedal is shown in Figure 7 with 

the maximum stress of 22.39 MPa. The areas of high stresses were seen along the top and 

bottom parts of hydraulic cylinder. The result of calculation of I section cantilever in column 

2 of Table 2 gives the constraint yield stress for KBS of 211 MPa. This value is very high 

but since the current analysis yields 22.39 MPa and much lower than 211 MPa, hence the 

calculated value is acceptable. 
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Von Mises 
9 ,85680 
9,04021 
8 ,22362 
7 ,40702 
6,59043 
5 ,77384 
4 ,95724 
4 ,14065 
3 ,32405 
2,50746 
1,69087 
0 ,87427 
0 ,05768 

Figure 6. The contour plot of Von Mises stress for accelerator pedal 
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11.J .921:1 
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3.13183 
1. 86591 
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Figure 7. The contour plot of Von Mises stress for brake pedal 

Stress distribution in clutch pedal 

Von Mises contour plot for clutch pedal is shown in Figure 8. The maximum stress of 12.03 
MPa occurred mainly in the region of axle, clutch cable holder and clutch pedal pad. By 

comparing this value to the constraint yield stress value given in column 2 of Table 2 which 
was 136 MPa, the Von Mises stress was approximately 11 times below the calculated one. 
Therefore, the calculated value of yield stress in Table 2 is acceptable. 
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Figure 8. The contour plot of Von Mises stress for clutch pedal 

Stress distribution in mounting bracket 

The contour plot of mounting bracket is shown in Figure 9. One major assumption made 

in this analysis was that the forces applied on both gussets with the magnitude of 386.5 

N and 1073.5 N were actually applied at the roots of gussets. This means the length of gusset 

is assumed to be zero. By this assumption, the contour plot shows the area of high stress 

was in the vicinity of the right hand side gusset and the maximum stress was 24.06 MPa. 

The calculated yield stress given in column 2 of Table 2 was 25 MPa. Therefore the 

calculation was acceptable. 

21.[JfiCJL 
i:'2 Jl555 
20 .0SOS 
18 .0 'lS'i 
16.0401.i 
11i.0353 
12.03[B 
10.0252 
B.020cl 
F. .01 SH 
Y.01010 
2.00505 
I) 

Figure 9. The contour plot of Von Mises stress for mounting bracket 
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The following are the major conclusions that can be made from this study: 
• V type ribbing pattern is more feasible to be employed compared to X ribbing pattern 

especially in terms of weight and stiffness. 
• Stress contour in brake pedal shows that the stress level is not severe and acceptable 

based on three different types of analysis. 
• The assumed values of constraint yield stresses used in the KBS of material selection 

(Sapuan et. al., 1997) and based on the calculation of cantilever beams (results shown 
in Table 2) are within the acceptable safety limits. 

• In accelerator pedal, the maximum stress was 9.86 MPa and occurred mainly in the 
region of axle and accelerator cable holder. 

• The stress contour plot for brake pedal showed a maximum stress of 22.39 MPa. The 
areas of high stresses were seen along the top and bottom parts of hydraulic cylinder. 

• In clutch pedal, the maximum stress was 12.03 MPa and occurred mainly in the region 
of axle, clutch cable holder and clutch pedal pad. 
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