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Abstract 

This work is outcome of the modelling techniques using finite element 

simulation where model is analyzed and optimized. The brake pedal is used to 

apply brakes by action of pulling up the trigger of actuator which thus actuates 

the braking mechanism resulting in stoppage or slowing down of the vehicle. 

The modelling of the linkage is done using CAE Techniques where CATIA is 

used for designing of solid model. The finite element analysis has been carried 

                                                           
 Corresponding Author 

mailto:amandeep.0429@gmail.com
mailto:342625@gmail.com
mailto:amit.goyal.san@gmail.com
mailto:punitkrohilla@gmail.com


28  Amandeep, Atul Kumar Kaushik, Amit Goyal & Punit Kumar Rohilla 

out on the model using ANSYS. Based on the techniques of basic designing 

the model is modified to be hollow from inside which results in material and 

related cost saving of the model. Model is again designed using CATIA and 

analyzed in ANSYS and comparison between stress and deformation is done. 

The target outcomes of the FE analysis are stress, deformation and mass of the 

model. The foresaid outcomes are observed for a variety of loads under 

defined boundary conditions providing realistic environment. 

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

 

1. INTRODUCTION 

Brake pedal being an important part of the automobile is used to apply brakes. 

Application of brakes to stop the vehicle requires applying force on the brake pedal 

which in turn triggers the actuator and this actuator actuates the braking mechanism. 

Braking effect depends upon the amount of force exerted on the brake 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. 

These brakes can further be classified as hydraulic drum brakes. This work is based 

on the modelling, analysis and optimization of the brake pedal linkage using computer 

aided engineering (CAE) tools. It includes modeling using CATIA and then the model 

is imported in ANSYS for simulation purposes and further the model is modified in 

CATIA using the approach of material removal from stress free volume and again 

imported in ANSYS for simulation for the modified model. In FE simulation a 

numerical technique called FEM (Finite Element Method) works to carry out FE 

analysis. The whole model is divided into small discrete parts called elements and 

studied with different loading conditions and different results are obtained for each 

element and thus the cumulative response is calculated. The CAE techniques are 

being frequently used these days for mechanical design, development and 

optimization purposes as it saves time as well as material cost for the model. The 

CAE tools allow us to produce directly after their simulated authentication. Neither 

development nor experimental testing of prototypes required only because of CAE 

techniques and tools. J. Stearns et al (2006) observed 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 finite element technique. 

Aleksendric, D. et al (2015) studied about stable brake pedal feel and given concept 

on dependability in application of actual brakes with consistency in travelling of brake 

pedal. Paper gave new hybrid neuro genetic model for active control and optimization 

of disc brake performance during a braking cycle versus brake pedal travel and 

assisted in different settings of brake pedal. Kumar Krishan et al (2012) analyzed 

multi leaf springs having nine leaves used by a commercial vehicle. CAE tools have 

been used to analyze the strength and performance of components and assemblies. 

The finite element modeling and analysis of a multi leaf spring has been carried out 

and stress distribution and damage has been calculated. The FE model of the leaf 

spring has been generated in CATIA V5 R17 and imported in ANSYS-11 for finite 
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element analysis. Bending stress and deformation in the leaf spring are calculated 

using software under the defined boundary conditions. A comparison of both i.e. 

experimental and FEA results have been done and it was observed that when leaf 

spring is fully loaded CAE results were close to the experimental results. Flad M. 
Rothfuss et al (2014) offered an active feedback system which would provide 

different responses to different braking conditions according to variation in applied 

force. He also given views on some passive components like dampers and springs that 

their response to applied forces is linearly and they do not allow nonlinear response to 

the applied force which results driver not to have a brake pedal feel. Paper also 

dictated about different braking conditions and provided results for active pedal 

dynamics. Yang, S. et al (2016) studied about stoke-force curve by batch simulation 

using AMESim and some parameters like parameters of the decelerating devices, the 

stiffness coefficient of the return spring, the assistance rate of the booster were 

investigated and it was perceived that structural factors influenced the pedal feeling 

very much like lead angle of the screwing gearing caused self-locking if not chosen 

well thus resulting bad pedal feelings along with security problems. Efforts are made 

to get a good pedal feel by controlling these parameters. M.M. Patunkar et al (2011) 
worked on leaf springs. Applications of the composite materials in leaf spring has 

been studied for researches. An integral eyed mono leaf spring of composite material 

was manufactured and tested for the static loading. Prediction on fatigue life to ensure 

number of life cycles was also done by author for a leaf spring. For the kinematic and 

dynamic comparatives leaf spring had been modeled and simulated. Also a study on 

cyclic creep and cyclic deformation was done. These springs were simulated using 

Pro E software and analyzed by using ANSYS. Considerable saving in material is 

observed for the same loading conditions. George Simon et al (2013) worked on the 

development of a particulate reinforced composite material in brake drum of the 

automobile which are comparatively lighter in weight to the conventional materials. 

This composite material also improved the mechanical and physical properties of the 

braking mechanism. Ritesh Kumar et al (2012) analyzed and developed a tapered leaf 

spring using Finite Element Approach which enabled it to become lighter and proved 

to provide a good ride to vehicle through reduction on interleaf friction. From 

literature above we found that no such CAE techniques have been applied to modify 

the design of brake linkages Literature survey done above gives an approach for 

analyzing the component based on different perspective and thus modify the design of 

the brake pedal. The prime objective of this present work is to determine the stresses 

and deformation in brake linkages and thus modify the model based on the 

calculations of stress and deformation with different loading conditions with the 

objective to reduce the cost of the material without compromising with the strength. 

 

2. MATERIAL PROPERTIES 

Material used for the brake pedal linkage is structural steel. This Structural steel is 

widely used in various mechanical structures and shows excellent mechanical 

properties(9).Yield strength in tension and compression are 250 MPa, this is the 

strength after which yielding in material starts and material is deformed plastically 
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and this will be a point of failure for this analysis so the stress generated within the 

material should be below 250 MPa so as to avoid failure. Tensile Ultimate Strength is 

the maximum strength that a material can bear after this value the material breaks So 

for design purpose we take 250 MPa as the safe stress limit which is much below than 

the tensile ultimate strength. 

 

3. CAD MODELLING & FINITE ELEMENT SIMULATION 

CAD modeling is related to the modeling of the parts or components on the computer 

with the help of software. CAD modeling of this linkage has been prepared by using 

CATIA software. Software gives a very realistic view of the linkage. The in process 

assembly of the linkage is shown in figure 1 which is almost analogous to actual 

fabrication assembly.  

 

Figure 1: In Process Assembly Design in CATIA 

 

All the individual parts are assembled finally to give the actual assembly which is 

further analyzed. The complete assembly is shown in figure 2 as: 

 

Figure 2: CAD Model Assembly 
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Table 3: Geometric Details of Model 

Object Name Geometry 

State Completely 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 

 

The assembly is now imported in ANSYS workbench where finite element analysis of 

the linkage is done under defined boundary conditions to allow the assembly a 

realistic analysis environment. These defined boundary conditions can be shown in 

table 4 as: 

 

Table 4: Loading & Boundary Condition 

Object Name Fixed Support Fixed Support 2 Force 

State Completely 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) 
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Table 5: Joint Condition 

Object Name Joint – Rotation 

State Completely Defined 

Scope 

Joint Revolute - Part1.1 To 11111 

Definition 

DOF Rotation Z  

Type Rotation 

Magnitude -180. ° (ramped) 

Suppressed No 

 

 

 

Figure 3: Loading & Boundary Conditions of the Model 

 

The CAE process comprises of preprocessing, solving, and post processing steps. In 

the preprocessing phase modeling of the geometry is done and the physical properties 

like Design, Applied loads or Constraints are retained. Next, the model is solved using 

an appropriate mathematical formulation by the software using finite element 

calculations and then in the post-processing phase, the results are presented for 

reviewing purposes. The meshing of the model is done using solid tetrahedral 

elements so that model is divided into a finite number of elements which are thus used 

for the analysis. The observed results regarding the maximum deformation produced 

in the model and directional deformation corresponding to a particular value of load 

under predefined boundary conditions are shown in the table below as: 
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Table 6: Static Analysis Results 

 

Von Mises Stress contours and total deformation observed in the model under static 

structural loading under predefined boundary conditions corresponding to above table 

are shown with the figure 4 and figure 5 respectively as: 

 

Figure 4: Von Mises Stress Contour in the 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 

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 
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Figure 5: Deformation in Brake Pedal Linkage 

Based on the stress distribution in the body the model has been modified to be hollow 

from inside thus material is removed from the stress free volume using the criteria of 

making the linkage hollow throughout. The model is modified in CATIA which is 

further imported in ANSYS for analysis purposes to get the results for Von Mises 

stress and directional deformation in the linkage corresponding to same boundary 

conditions. These results are further used to make comparison between both the 

models. The modified CATIA model is shown in the figure 6 below: 

 

Figure 6: CAD Model of Hollow Design 

All the boundary conditions for the hollow model is same as that for the previous 

model. These conditions are shown in figure 7 and associated tables i.e. Table 8 and 

Table 9 and can be stated as : 
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 Fixed support at plate holding spring 

 Fixed support-2 at both ends of the pin about which this whole linkage rotates 

 Joint rotation about revolute joint which is between pin and the linkage. Both 

ends of this pin are provided with fixed supports. 

 Maximum allowable load 150N which is being exerted on the foot pedal 

which is shown with circular holes in it. 

Table 7: Geometric Details of New Model 

Object Name Geometry 

State Completely Defined 

Definition 

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

modifications only stp files\2nd Modification Hollow Throughout\2nd 

Modification Hollow Throughout.stp 

Bounding Box 

Length X 256.37 mm 

Length Y 203.64 mm 

Length Z 437.42 mm 

Properties 

Volume 3.3997e+005 mm³ 

Mass 2.6687 kg 

Statistics 

Bodies 13 

Active Bodies 12 

Nodes 12878 

Elements 4231 

 

Table 8: Loading and Boundary Conditions of New Model 

Object Name Fixed Support Fixed Support 2 Force 

State Completely 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) 
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Table 9: Joint Conditions of Hollow Model 

Object Name Joint - Rotation 

State Completely Defined 

Scope 

Joint Revolute - Part1.1 To 11111 

Definition 

DOF Rotation Z  

Type Rotation 

Magnitude -180. ° (ramped) 

Suppressed No 

 

 

Figure 7: Loading & Boundary condition of hollow model 

 

 

Figure 8: Stress Distribution in New Design of Brake Pedal Linkage 
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Table 10: Static Analysis Result for the New Model 

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 -0.29595 mm -5.1507 mm 

Maximum 194.78 MPa 21.058 mm 2.6818e-002 mm 1.0773 mm 

Minimum 

Occurs On 
Part1.1 Part1.1.2.3.4 7457 

Maximum 

Occurs On 
11111 Part1 111112 11111 

 

 

Figure 9: Maximum Deformation in New Brake Pedal Linkage 
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4. RESULTS & DISCUSSIONS 

Comparison has been made in both the models from the results obtained through CAE 

analysis. The result table showing variation of stress and deformation in both the 

models on variation of applied load is shown below: 

 

Table 11: Stress and Deformation Comparison for Both the Models 

 

Load (N) 
First Model Second Model 

Stress (MPa) Deformation (mm) Stress (MPa) Deformation (mm) 

150 194.33 20.69 194.78 21.058 

140 181.38 19.311 181.79 19.654 

125 161.95 17.242 162.32 17.549 

115 148.99 15.862 149.33 16.145 

100 129.56 13.793 129.85 14.039 

90 116.6 12.414 116.87 12.635 

 

The table above shows that there is no such considerable change in the deformation 

produced in the second model on application of load on the brake pedal so the second 

model is justified from deformation point of view. Further both the models have been 

studied from weight and volume point of view whose comparison has been shown in 

table 12 below: 

 

Table 12: Weight & Volume comparison of both models 

First Model Second Model 

Mass (Kg) Volume mm3 Mass (Kg) Volume 

3.2557 kg 4.1474e+005  2.6687 kg 3.3997e+005  

Above table shows that there is a considerable saving in weight and volume of the 

material which can greatly reduce the material and other related cost of the pedal. 

 

5. CONCLUSIONS 

Above comparison gives note to following points: 

 The Von-mises stress and deformation produced in both the models is much 

below the failure stress (i.e. yield stress). 

 The hollow design is safe under defined boundary conditions. 
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 Hollow design has greatly reduced 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. 

 Model can further be improved by using different material with improved 

properties. 
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