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Abstract 

This work is based on the optimization using modelling techniques through 

finite element simulation where model has been analyzed and optimized using 

techniques of basic designing considering mechanical factors. The model 

under focus in this present work is brake pedal of tractor. The brake pedal 

being an important part of an automobile is used to stop or slow down the 

vehicle by act of dragging up the trigger of actuator which thus put into action 
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the braking mechanism resulting in stoppage or slowing down of the vehicle. 

CAE techniques used here use CATIA for designing of solid model. The finite 

element analysis then has been done on the model using ANSYS. Based on the 

results obtained from the analysis the model is modified to be hollow from 

inside which results in material and cost saving of the model. This 

modification is brought in action using CATIA and the modified model is 

again analyzed in ANSYS and comparison between stress and deflection is 

made. The target results of the FE analysis approach are stress, deflection and 

mass of the model. The foresaid results are obtained for different loads under 

predefined boundary conditions providing realistic situation. 

Keywords: Brake Pedal, CAE, Finite Element, Optimization etc. 

 

1. INTRODUCTION 

Brakes are an important part of the automobile. When we talk about automobiles we 

think of making the vehicle move so it become equally important at that instant to 

stop also otherwise it may cause accident. Brake pedal is used to apply brakes in an 

automobile. This brake comes in action when we apply force on the brake pedal and 

this in turn pulls the actuator which finally actuates the braking mechanism and thus 

vehicle slows down or stop depending upon the amount of force exerted on the pedal, 

more the force applied greater will be the braking effect and less will be the distance 

travelled by the vehicle to stop or slow down. Brakes used in tractors are of drum type 

brakes. Further classification of brakes can be categorized as hydraulic drum brakes. 

This work done here is based on the modelling, analysis and optimization of the brake 

pedal linkage using computer aided engineering (CAE) tools. Initially the model is 

prepared using CATIA. This prepared model is same as that of actual fabrication 

assembly used in the tractor. This assembly is now imported in ANSYS where 

simulation is done on it and desired outcomes are checked, based on the results 

obtained the model is modified using CATIA and then analyzed in ANSYS. FE 

simulation is a numerical technique where Finite Element Method (FEM) is used to 

bring out the analysis. In this approach whole of the assembly is divided into very 

small discrete parts called elements and actual boundary conditions are applied on 

individual parts and their response under these conditions are checked. The CAE 

techniques are much widely used for many engineering problems. This technique 

leads to considerable saving in time and other material cost and also modification is 

much easy using this approach. The CAE tools allows us to produce directly after 

their simulated validation. CAE techniques have overcome the limitation of 

development and experimental testing of prototypes. S.P. Jung et al (2008) developed 

a program to estimate the braking performance of the vehicle such as pressure, 

efficiency of brake and pedal travel. This program can also check the temperature 

increase in disc and also properties of various boosters related to the brake. C.H. Lee 
et al (2011) developed a computational program to estimate the braking performance 

numerically. This braking performance covers pedal force, pedal travel and 

deceleration of various parts of brakes such as master cylinder, booster valve, brake 
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pad, rotor and hoses. The accuracy of the final program is validated by comparing the 

program results with the actual vehicle test results. Bisola Mutingwende et al (2014) 
studied about the forefoot injuries caused by brake pedal loading using finite element 

analysis approach and found that the most of the injuries are caused during frontal 

automotive crashes while driver attempts for an emergency brake the foot is subjected 

to crash loading also the maximum stress is developed on the second and third 

metatarsals of the foot. Ajinkya Bhonge et al (2016) designed the brake pedal which is 

very less in weight as compared to the conventional pedal and also which can provide 

less aggressive feeling under severe conditions. The material of the pedal is modified 

to Aluminium alloy 7075 as from stainless steel which is very heavy and costly in 

regard to Aluminium alloy 7075. This alloy also provided greater corrosion resistance 

and higher tensile yield strength. H.P. Khairnar et al (2016) studied about 

comparative frictional behavior of brakes and observed that the responsible factors for 

this behavior are the contact force and the friction radius. Further study was done on 

the effect of contact force and friction radius with varying conditions of parameters; 

longitudinal force, caliper force and torque. The numerical results obtained have then 

been compared with the results obtained from virtual Matlab/Simulink models for 

drum and disc brakes. The results showed that friction radius affects brake pressure. It 

was also observed that frictional behavior of disc brake is more consistent than drum 

brake. Simon George (2013) worked on the development of a particulate reinforced 

composite material for an automobile brake drum in place of conventional material 

such as cast iron and aluminum alloys which are comparatively heavier and can be 

replaced by lightweight aluminum hybrid composites. It was observed that this 

composition has improved mechanical and physical properties and from FEA analysis 

we find its practical application in drum brakes. Kumar Krishan (2015) analyzed 

mono parabolic leaf spring using CAE analysis and observed the effect of change of 

material in the leaf. The CAD modeling of parabolic leaf spring has been done using 

CATIA and for analysis the model is imported in ANSYS workbench. It was 

observed that the use of composite material give rise to large deflection, small 

variation in stresses and also a large amount of weight reduction. J. Stearns et al 
(2006) witnessed the stress and displacement distribution in wheels of automotive 

vehicles when subjected to combined effect of inflation pressure and radial load on 

the wheels using the approach of finite element analysis. Though lot of literature 

survey has been conducted and it was observed that no such CAE techniques have 

been applied to modify the design of brake linkages. Although the work have been 

done on modifying the material of the linkage which could lead to reduction in cost 

and also improvement in the mechanical properties of the material, The main 

objective of this present work is to determine the stresses and deflection in brake 

linkages using conventional material corresponding to a particular boundary 

conditions and thus modify the model based on the calculations of stress and 

deflection with different loading conditions with the objective to reduce the cost of 

the material without compromising with the strength. 

2. MATERIAL PROPERTIES 
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Structural steel is generally used for various mechanical structures as it shows 

excellent properties and very easily available. Here for brake pedal linkage structural 

steel is used. The composition of structural steel and its various mechanical properties 

are taken from a research paper(9). The yield strength of material is 250 MPa, so 

generated stress within the material should not reach 250 MPa also it should have a 

considerable factor of safety. Yield strength is the strength till which material do not 

yield on reaching value beyond yield strength material deforms plastically and this 

yield point is seen to be the point of failure for analysis. Tensile Ultimate Strength of 

the material is 460 MPa which is the maximum stress that a material can have before 

breaking. 

 

3. CAD MODEL 

CAD model is associated with preparing the model of the parts or components on the 

computer with the help of software. There is a variety of software available for 

preparing the model using computer such as CATIA, ProE, Solid Works etc. CAD 

modeling of this linkage is done using CATIA software. Software gives a very 

truthful view of the linkage. The final assembly after combining all the individual 

parts at their respective position is made which is shown in figure 1 below. This 

linkage is analogous to the actual linkage of tractor: 

 

Figure 1: CAD Model Assembly 

 

4. ANALYSIS & OPTIMIZATION 

The prepared model is now imported in ANSYS for analysis. The geometric details of 

the model as obtained from ANSYS are shown in the table 1 below: 
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Table 1: Geometric Details of Model 

Object Name Geometry 

State Fully Defined 

Definition 

Source C:\Users\Aman\Desktop\Project work after gate\Default file and their 

modifications only stp files\Default File\121050412.stp 

Bounding Box 

Length X 256.37 mm 

Length Y 203.64 mm 

Length Z 437.42 mm 

Properties 

Volume 4.1474e+005 mm³ 

Mass 3.2557 kg 

Statistics 

Bodies 13 

Active Bodies 12 

Nodes 12156 

Elements 2847 

 

Simulation is carried out under some specified boundary conditions only which are 

relevant to the actual boundary conditions. Fixed support is provided at both ends of 

the pin about which whole linkage rotates and another fixed support is provided 

where spring is attached to the plate so that spring can bring back the pedal to its 

initial position and force is applied on the plate with holes on it. The applied loading 

and boundary condition on the model for analysis can be seen from the table 2 below: 

Table 2: Loading & Boundary Conditions on the model 

Object Name Fixed Support Fixed Support 2 Force 

State Fully Defined 

Scope 

Scoping Method Geometry Selection 

Geometry 1 Face 2 Faces 1 Face 

Definition 

Type Fixed Support Force 

Suppressed No 

Define By 
 

Components 

Coordinate System 
 

Global Coordinate System 

X Component 
 

0. N (ramped) 

Y Component 
 

150. N (ramped) 

Z Component 
 

0. N (ramped) 

 

There are multiple joints in the whole linkage as it is an assembled part so there are 

parts which remain fixed to the main frame and there are some other parts which 
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show some motion with respect to the main frame. Pin about which this whole linkage 

rotates shows rotational joint with the main frame so the joint condition table for the 

same may be represented by table 3 as: 

Table 3: JOINT Condition 

Object Name Joint – Rotation 

State Fully Defined 

Scope 

Joint Revolute - Part1.1 To 11111 

Definition 

DOF Rotation Z  

Type Rotation 

Magnitude -180. ° (ramped) 

Lock at Load Step Never 

Suppressed No 

 

The maximum allowed rotation for the linkage is kept as 180˚ the obtained 

deformation will always be less than 180˚. This is to allow the linkage to move freely 

without restriction. Linkage is only restricted by the action of spring. The loading and 

boundary conditions of the model can be shown with the figure 2 as: 

 

Figure 2: Loading & Boundary Conditions of the Model 

 

CAE process can be categorized into 3 steps namely: Preprocessing, solving and Post 

processing. Preprocessing steps covers all the aspects of designing, modelling, 

loading conditions and maintain all other constraints in the system. Solving step 

solves the model for required results using appropriate mathematical formulation with 

the help of software using finite element calculations and the Post processing step 

collect all the obtained results and present them for reviewing purpose. The meshing 

of the current case is done using solid tetrahedral elements so that model is divided 

into a finite no of elements which are tetrahedral in shape and these are thus used for 
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the analysis. The observed results regarding the maximum deflection produced in the 

model and directional deformation corresponding to a particular value of load under 

predefined boundary conditions are shown in table 4 below: 

Table 4: Static Analysis Results 

Object Name Equivalent 
Stress 

Total Deformation Directional 
Deformation 

Directional 
Deformation 2 

State Solved 

Scope 

Scoping Method Geometry Selection 

Geometry All Bodies 

Definition 

Type Equivalent 

(von-Mises) 

Stress 

Total Deformation Directional Deformation 

Orientation   X Axis Z Axis 

Coordinate 

System 

  Global Coordinate System 

Results 

Minimum 0. MPa 0. mm -0.22661 mm -5.0185 mm 

Maximum 194.33 MPa 20.69 mm 2.1073e-002 mm 1.0749 mm 

Minimum 

Occurs On 

Part1.1 Part1.1.2.3.4 7457 

Maximum 

Occurs On 

11111 Part1 111112 11111 

 

Stress and total deformation observed in the model under static structural loading are 

shown     with the figure 3 and figure 4 respectively as: 

 

Figure 3: Von Mises Stress Contour in Brake Pedal Linkage 
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Figure 4: Deformation in Brake Pedal Linkage 

 

Stress distribution has been studied for the above model and based on the results of 

this distribution the model has been modified to be of I Section shape. This shape is 

chosen using the criteria of  less weight and more strength at end points from beams 

study. The application of the model is quite similar here. The model is modified using 

CATIA which is further imported in ANSYS for analysis purposes to compare the 

results for both the models. The modification of model using CATIA is shown in the 

figure 5 below: 

 

 

Figure 5: CAD Model of I Section Design 

All the boundary and joint conditions (already stated earlier) for the I Section model 

are same as that for the previous model so related figures and tables are eliminated 
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here. Geometric details obtained on applying the same boundary conditions are shown 

in table 5 as: 

Table 5: Geometric Details of New Model 

Object Name Geometry 

State Fully Defined 

Definition 

Source C:\Users\Aman\Desktop\Project work after gate\Default file and their 

modifications only stp files\3rd Modification I Section\121050412.stp 

Length Unit Meters 

Bounding Box 

Length X 256.37 mm 

Length Y 132.1 mm 

Length Z 435.62 mm 

Properties 

Volume 3.3908e+005 mm³ 

Mass 2.6617 kg 

Statistics 

Bodies 12 

Active Bodies 12 

Nodes 14540 

Elements 4757 

 

 

 

Figure 6: Loading & Boundary Condition of modified model 
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Stress contours and deformation obtained in the linkage on applying the boundary 

conditions are shown in the figures 7 & 8 respectively and their associated table is 

shown by table 6 as: 

Figure 7: Stress Distribution in I Section Design of Brake Pedal Linkage 

 

Table 6: Static Analysis Result for I Section Design of Brake Pedal Linkage 

Object Name Equivalent Stress Total Deformation Directional 
Deformation 

Directional 
Deformation 2 

State Solved 

Scope 

Scoping 

Method 

Geometry Selection 

Geometry All Bodies 

Definition 

Type Equivalent  

(von-Mises) Stress 

Total Deformation Directional Deformation 

Results 

Minimum 0. MPa 0. mm -0.17227 mm -7.7448 mm 

Maximum 196.09 MPa 29.249 mm 0.4192 mm 1.4132 mm 

Minimum 

Occurs On 

Part1.1 Part1.1.2.3.4 111112 7457 

Maximum 

Occurs On 

11111 Part1 7457 11111 
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Figure 8: Maximum Deformation in I Section Design of Brake Pedal Linkage 

 

5. RESULTS & DISCUSSIONS 

Comparison between the stress and deformation in both the models yields the result as 

shown in table 7 below: 

Table 7: Stress and Deformation Comparison for both the Models 

Load (N) First Model Second Model 

Stress (MPa) Deflection (mm) Stress (MPa) Deflection (mm) 

150 194.33 20.69 196.09 29.249 

140 181.38 19.311 183.01 27.299 

125 161.95 17.242 163.41 24.374 

115 148.99 15.862 150.33 22.424 

100 129.56 13.793 130.72 19.499 

90 116.60 12.414 117.65 17.549 

 

From the table above it can be seen that 

 The stress generated on application of load on the linkage is comparable for both 

the models which justify the application of the modified design.  

 The stresses generated are below 250 MPa so a required factor of safety is also 

present. 

 For the same efforts more deformation is obtained in the I Section design so this 

is better from efforts point of view that to apply same amount of braking effect 

less efforts are required. 
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Now the comparison of mass and volume in both the models have been done which is 

shown in the table 8 below: 
 

Table 8: Mass & Volume comparison of both models 

First Model Second Model 

Mass (Kg) Volume mm3 Mass (Kg) Volume 

3.2557 kg 4.1474e+005  2.6617 kg 3.3908e+005  

 

 From the table above it can be seen that mass of the second model is much less 

than the mass of 1st model so this can greatly reduce the material and other 

related cost of the pedal. 

 

6. CONCLUSIONS 

Above comparison gives note to following points: 

 The Von-mises stress and deflection produced in both the models is within the 

safe limit with a good factor of safety. 

 The modified design is safe under defined boundary conditions. 

 The modified design is very much feasible from manufacturing point of view. 

 Design modification has led to great reduction in the amount of material 

required for the model which finally leads to greater saving in material cost. 

 Material removal is done from stress free volume only so it does not affect the 

strength of the model. 

 New model offers better results in regard to mass and volume so it can be 

termed as an optimized model. 

 New Model decreases the efforts required to apply the same braking effect as 

compared to original model. 
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