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Abstract— a disc brake plays an important role, since it 

concerns directly with safety factor. Disc braking have been 

using from many years and still improving in terms of it 

temperature distribution. In this assignment, the thermal 

behaviours of Cast Iron and Structural Steel. Brake disc 

using with two different materials were into study at 

uninterrupted brake surroundings in positions of heat 

creation and thermal stress by finite element analysis. 

Modeling is carried out by using Catia. Transient thermal 

analysis is carried out by the ANSYS Workbench 14.5. By 

Ansys workbench we go through thermo mechanical 

observable response in dry contacting of rotor brake while 

the braking period. A comparison between two materials 

grades gained from FEA is done and all the standards gained 

as of the study are smaller quantity than their acceptable 

standards. 
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I. INTRODUCTION 

Braking systems have come from accent times since their 

inception with the advent of transportation system. Over the 

years, the requirements for safer and reliable vehicles has 

propelled the necessity of superior engineering designs for 

the most critical aspect of a vehicle safety, that is the 

braking of a vehicle[1]. The history of brakes goes back 

accent with evidences of the Roman Empire using a very 

crude form of braking system in the form of wooden block 

some 2000 years ago. Most of the Stringent rules governing 

the weight and safety of formula one vehicles were the 

major driving forces for a more reliable, durable and 

comfortable design. Disc brakes are a significant section of 

a vehicle retardation structure. They are used to bring to a 

halt or fiddle with the speed of a vehicle with varying road 

and traffic circumstances [5]. In this project different 

materials like grey cast iron and structural steel of brakedisc 

are considered because of heat transfer rate. Heat transfer 

rate rapidly rise with number of vanes in the disc. 

 
Fig. 1: Disc Brake Classifications 

A. Dissipative Heat Administration 

In the administration, the heat transfer takes place in the 

different modes, when the heat is transformed to 

atmospheric temperature by disc plate and other disc main 

components noted as three divergent high temperature 

modes mainly they are conduction, convection and 

radiation. 

 
Fig. 2: Heat Transfer Modes 

Ali Belhocine et al proposed the thermo 

mechanical behaviour arid makes tough with between the 

brake disc and pads during the braking phase. The 

simulation strategy is carried in software ANSYS11 [2]. 

Asim Rashid in these thesis thermal conditions is analyzed 

in braking situation. The simulations are generated by using 

order to approach where the temperature is developed 

during an abrasion heat analysis [3]. Due to wear of the pad, 

distributions of temperature in the surface varies and are 

obtained for every cycle of braking cycles, by this hot band 

appearance on this surface may differ. Adrian Thuresson in 

major part of the disc, while normal driving speed of the car 

it contributes for the total heat flux. Vanes are designed in 

the disc which contributes for the convective heat flow for 

the cooling behavior [4]. 

II. METHODOLOGY 

These days, there are lot of update programming software 

has been introduced with a specific goal to provide best 

modelling design as per need of engineer and finite element 

analysis on the vehicles displaying software packages  such 

as Automatic Dynamic of Mechanical Systems 

(MSCADAMS), NISA/DISPLAY, HYPERMESH, CATIA, 

COSMOS, PRO-E, PATRAN, NASTRAN, ANSYS, 

LSDYNA and ABAQUS. In this thesis, Catia V5 is a design 

package and FE method package ANSYS Workbench 14.5. 
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Fig. 3: Disc Brake Design CATIA V5 

 
Fig. 4: Meshed Model of Rotor Disc 

Mechanical modelling is done in Catia V5 

software. For designing of model we take standard 

measurements for car brake disc. With these dimensions we 

create one model with the dissimilar materials as grey cast 

iron and structural steel as shown in the following fig 2. 

This design is solid model with 6 clamp holes and 36 fins.  

The FE mesh is used to sub divide the CAD model 

into smaller domain Called an elements. Creating the mesh 

is normally the most time devouring assignment in FEA. 

The meshing is done by using solid tetrahedral element of 

size 5mm. In the Ansys we use automatic option for 

meshing convergence. The number of elements in disc brake 

are 574135 and number of nodes are 877128. 

A. Thermal and Structural Loading and Boundary 

Conditions 

 
Fig. 5: Thermal Boundary Conditions 

Boundary conditions are brought into Ansys workbench 

software, by picking the method of recreation and by 

characterizing the physical property of materials and initial 

conditions of reaction. To obtain an appreciate temperature 

distribution in the disc by applying the heat flux thermal 

boundary circumstances which be formulated that are 

practical on the FE design. Initial temperature of the disc 

rotor is placed as thermal boundary constants asset to 80°𝑐. 

Examine the temperature distribution diagonally to disc 

brake of dissimilar materials. Nodal displacements are 

considered for the calculation of strain and stress. Results 

are obtained by desirable plot of contours of the deformed 

figure of the range. After the thermal investigation, 

structural outputs are to examine by pairing with thermal 

analysis. 

B. Structural Boundary Conditions 

Where ‘A’ is fixed support for generation of better results, 

results cannot be obtained unless support conditions are 

included. If the inner surface of disc is not fixed at some 

amply, it cannot resist loads that are applied. Analysis is 

done for directional deformation, equivalent stress, complete 

total deformation, steady state thermal temperature, and 

transient heat flux. These are the results that to be analyzed. 

 
Fig. 5.1: Structural Boundary conditions are clearly defined 

in above fig , A: Fixed Support BC applied at inner face as 

shown in above fig, B=Hydrostatic pressure applied 1pa. 

III. RESULTS AND DISCUSSION 

In this project, gray cast iron and structural steel are two 

distinct materials are utilized for investigation. Modeling 

procedure is carried by Catia software for analyzing of the 

results FE method programming is utilized; at the present it 

is to establish a best material property which can adopt the 

stresses and strain for car disc brake with 2 dissimilar 

properties. 

A. Discussion of Heat Flux 

Heat Flux 

Q = 
Qg 

𝐴
 𝑤/𝑚2 

A = 2* 𝜋 * (Do- Di) *D min m2 

A = 0.207345 m2 

𝑄 =
115093.5

0.207372
 

Q= 5.55 ×105  𝑤 𝑚2⁄  

B. Thermal Stress Solution 

1) Structural Steel 

𝜎𝑠𝑡𝑒𝑒𝑙 = (
𝐸

1 − 𝛾
) ∗ 𝛼 ∗ ∆𝑇 𝑀𝑃𝑎 

𝜎𝑠𝑡𝑒𝑒𝑙 = 154.28 𝑀𝑃𝑎 
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2) Cast Iron 

σiron = (
E

1 − γ
) ∗ α ∗ ∆T MPa  

σiron = 91.1 MPa 

C. Equivalent von-Mises Stress of Cast Iron 

 
Fig. 6: Stress Counter Plot of Cast Iron 

D. Equivalent von-Mises Stress of Structural Steel 

From the above 6 and 7 images is shown that Equivalent 

Von-Mises Stress is generated in the disc for the equivalent 

loading. We know how to analysis Von-Mises Stress is in 

reverse of deformation, i.e. it is maximum at the inside 

surface plane and minimum at the external surface plane. 
Maximum stress value of cast iron disc is 1.0543e7 Pa for 

time 4s whereas for structural steel disc is 1.4319e7 Pa. at 

this maximum point equivalent von-mises stress 

significance for structural steel category of disc is more than 

cast iron. 

 
Fig. 7: Stress Contour Plot of Structural Steel 

E. Transient Thermal Total Heat Flux of Cast Iron 

 
Fig. 8: Total Heat Flux of Cast Iron 

F. Transient Thermal Total Heat Flux of Structural Steel 

 
Fig. 9: Total Heat Flux of Structural steel 

Sl. 

No. 
Material 

FE Results Theoretical Results % Error 

Heat Flux (W/m²) Stress (MPa) Heat Flux (W/m²) Stress (MPa) Heat Flux Stress 

1 GREY CI 4.30E+05 105.43 5.55E+05 91.1 22.70% 13.60% 

2 Steel 5.33E+05 143. 2 5.55E+05 154.28 3.09% 7.18% 

Table 5: Comparison between Fe and Theoretical Results — % Error.

IV. CONCLUSION 

In this thesis, goal is to develop the braking effectiveness 

and give more stability to vehicle an analysis was completed 

and suitable material was to select which is lighter. 

Economically cheaper, yield strength, better young’s 

modulus and density properties. 

Thermal stresses are build during continuously 

braking and unknowingly thermal stresses are developed 

during hard braking were exposed to disc brakes. By 

contour plots which are analyzed by structure and thermal 

behaviour of cast iron and structural steel the values are 

within the permissible stress value. From the result table, yet 

the structural steel and cast iron is permissible due to 

thermal analysis, availability, and friction resistance and 

economically cheaper we use structural steel material 

property as disc brake. Structural Steel is better among other 

material for disc applications because of test mechanical 

properties. From above table we come across structural steel 

is superior material for disc brake. 
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