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Abstract— The most essential constituent in an automobile is a braking system. During the braking process, the rotor disc brake may 
undergo from structural and wear issues. Due to growing demands of the customers concerning effective braking circumstances and 
constancy of the vehicle with respect to the speed is a challenging factor for the researchers. In this work, an alternative material has 
been proposed for the petal disc brake rotor to achieve effective braking conditions and stability of the vehicle by increasing 
coefficient of friction and good wear resistance. Four different materials, Gray Cast iron, Carbon-Carbon Composite, Ceramic 
Matrix Composite and AlSiC metal-matrix composite are selected for the Disc brake rotor material. Analytical approach has been 
followed for calculation of braking performance for different road condition. Design aspects has been taken from frontal disc brake 
assembly of TVS Apache RTR 180 motorcycle and CAD modelling of the petal disc brake rotor has been done in CATIA V5 R21. 
Structural analysis was performed on petal disc brake rotor varying different materials using ANSYS 17.2. Based on the stresses and 
deformations obtained for different configurations, carbon-carbon composite can be considered as the optimum material for the 
design as it is expected to have high wear resistance, good thermal conductivity, better brake-fade resistance and lighter in weight 
among the chosen alternative material. 
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I. INTRODUCTION 

Modern day motorcycle disc brakes are safety components whose performance mainly depends on the contact situations 
between friction pad and rotor disc interface. A disc brake is a type of hydraulic brake which uses calliper to squeeze pairs 
of friction pads against a rotor disc to create friction.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Petal disc brake assembly of TVS Apache RTR 180 
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When the driver applies the brake pedal/lever, hydraulic fluid is pushed against the piston, which forces the brake pads to 
make contact with the rotor disc [1]. This action causes retardation of the rotation of a rotor and the axle shaft, either to reduce 
its rotational speed or to grip it immobile. The kinetic energy of the vehicle is transformed into heat out of which major part of it 
is absorbed by the rotor, friction pad and dispersed to the environment [2]. Disc brakes deal better stopping performance as 
compared to drum brakes because the disc is extra readily cooled. As a significance when brake components gets overheated, 
discs are less prone to the brake fade [3].  

Different types of discs are designed according to their need of service; to either improve the performance, or improve the 
heat dissipation preventing 'brake fade' which can occur if they get too hot [4]. They can be classified under the following 
categories- 

 

TABLE I 
DIFFERENT TYPES OF DISC BRAKE ROTORS USED IN DISC BRAKE 

Types of Disc Description 
Plain solid discs These are the most basic form of disc having a solid block of steel. 
Vented discs These are fabricated two layers having vent spaces between them which increases the surface area and 

airflow, allowing more heat to be dissipated. They require more space as they are thicker and heavier 
than solid discs. 

Drilled/Grooved discs These have holes drilled through the disc, or grooves milled into the surface. This is done to increase 
the friction between the friction pads and discs. They are widely used in light vehicle due to their 
efficient braking performance. They do however weaken the disc which restricts their use in some of 
the normal road car only. 

Carbon/ Ceramic Matrix 
Composite discs 

These are much lighter than metal discs, due to which bigger disc can be made for more stopping 
power and heat dissipation capacity. Ceramic-Matrix have the better thermal characteristics as 
compared to all disc material but these composite material disc need special friction pads. They are 
also very expensive which limits their use to some exotic or supercars only. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Different types of disc brake rotors (Plain solid, Vented, Drilled/Grooved, Carbon-Carbon Composite, Ceramic-Matrix Composite) 

 
Plain solid discs generally used in some normal road vehicles. For a higher performance road vehicle, or light track vehicle, 

vented or drilled/grooved discs are used. For Top end road vehicle, like racing cars or motorcycles, carbon/ceramic composite 
discs are used whose design can either solid, vented or drilled/grooved according to the need. Mainly the need for ventilated 
discs is determined by the weight and power of the vehicle. For motorcycles, disc often have holes or slots cut through them. 
This is done for better heat dissipation, to aid surface-water dispersal, to reduce noise, to reduce mass, or for marketing 
strategies. 

II. MATERIALS FOR DISC BRAKE ROTOR 

The material choice for the manufacturing of Disc Brake rotor relies on the strength and operating conditions like wear, noise, 
load, squeal etc. It includes the cost and in addition the material execution. The design requirements for light material with good 
thermal properties, structural stability, thermal shock resistance, noble frictional characteristics with low wear rates for long 
service. To achieve the above design requirements, a disc brake rotor material should have the high specific heat, high thermal 
conductivity, low coefficient of expansion, good strength at elevated temperature, high and stable coefficient of friction, and 
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low wear rate. The disc brake rotor is generally fabricated from metallic or non-metallic materials. The disc is usually made 
of cast iron, but may in some cases be made of certain alloys or composites such as reinforced carbon–carbon or ceramic matrix 
composites [3-5]. 

A. Gray Cast Iron 

Gray Cast Iron is a type iron-carbon alloys with carbon contents in excess of 2%, generally in the range 2 to 4% with the 
addition of about 1% silicon. They differ from steels in that the carbon present exceeds the solubility limit of 1.7%. Grey irons 
are brittle, and have little plastic deformation and thus the yield strength and tensile strengths are almost identical. Wear 
resistance is another key design property of gray irons. While they are comparable to medium carbon steels in terms of abrasion, 
fretting and some forms of corrosive wear, the graphite helps resist metal to metal wear. This is indeed the case when the mating 
material is a hardened steel, where the graphite provides lubrication and a low wear interface. The graphite present in the grey 
irons is influences damping capacity. This is the ability to suppress elastic deformations or vibrations. In this case, the graphite 
is thought to absorb vibrations. Under most conditions, the corrosion resistance of grey irons is more to that of carbon steels. 
Due to the low rates of metal-to-metal wear, grey iron has been a popular metal for use in engine blocks, gears, cams and 
machine ways which should be stress relieved before final machining [6].  

B. Metal Matrix Composite (AlSiC) 

AlSiC is a metal matrix composite consists of an aluminium matrix with silicon carbide particles. It contains particles of 
Silicon Carbide, ranging in size of 9 to 38 microns, homogeneously suspended in an aluminum matrix. AlSiC composites can be 
produced relatively inexpensively the dedicated tooling, however, causes large up-front expenses, making AlSiC more suitable 
for mature designs. Resistant to corrosion, salt water, light weight, etc. makes AlSiC useful in many fields like construction of 
aircraft, marine construction, automotive parts etc. [6]. 

C. Carbon-Carbon Composite (Carbon Fiber Composite) 

Carbon-Carbon Composites are composite materials consisting of a carbon matrix reinforced by carbon fibers. Carbon-
Carbon Composites may be manufactured with different orientation of the reinforcing phase; unidirectional structure, bi-
directional structure like cloth made of multiple carbon fiber yarns, multi-directional structure (2-D, 3-D, 4-D, etc.). Multi-
directional reinforcement offers supreme level of mechanical properties in the directions of the woven structure. The simplest 
multi-directional reinforcement consists of 3D orthogonal structure woven of straight carbon fiber yarns. They offer substantial 
advantage in terms of structural stability, high specific heat, high operating temperatures in addition to substantial reduction in 
the weight. Their usage also deals long service life besides stable frictional properties over the complete range of operating 
temperatures. These features find a wide area of applications for Carbon-Carbon Composites like High performance braking 
systems (brake discs for supercars, high speed aircrafts, etc.), Refractory material, Hot-pressed dies, Heating elements, Turbojet 
engine components, etc [7-9]. 

D. Ceramic matrix Composite (SiC/SiC Composite) 

Ceramic Matrix Composite is a material consisting of a ceramic matrix combined with a ceramic (oxides, carbides) dispersed 
phase. They are designed to increase the material properties of conventional ceramics, the main drawback of which is brittleness. 
Ceramic Matrix Composites are reinforced by either continuous fibers or discontinuous fibers. Due to the high heat tolerance 
and mechanical strength of ceramic matrix composite, they are often used in some high-performance cars and heavy vehicles 
where the cost is not unreasonable. Due to light weight and low-maintenance properties which justifies the cost, Ceramic Matrix 
composites are also found in industrial applications. They main advantage of using Composite brakes is it can withstand 
temperatures that would damage steel discs [8, 10, 11]. 

 

TABLE II 
MECHANICAL PROPERTIES OF MATERIALS 

Properties Cast Iron AISiC 40% Carbon-Carbon Composite SiC/SiC Composite 
Young’s Modulus, E 110 GPa 147 GPa 200 GPa 140 GPa 
Poisson’s Ratio ,ν 0.28 0.29 0.31 0.29 
Density, ρ 7200 kg/m3 2810 kg/m3 1700 kg/m3 2500 kg/m3 
Ultimate Tensile Stress, σuts 240 MPa 230 MPa 95 MPa 300 MPa 

 

III. CAD MODELLING OF PETAL DISC BRAKE ROTOR 

The Input to the design of the petal disc brake rotor is taken from the frontal disc brake assembly of TVS Apache RTR 180 
motorcycle. Conventional disc brake rotor used in it is manufactured using steel alloy. The model was then developed in 
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CATIA V5 R21 uses various operations for designing and generating of the disc brake rotor. Figure- 3 shows the CAD model of 
the petal disc brake rotor. The dimensions of the disc brake rotor have been given in Table III. 

 

TABLE III 
MECHANICAL PROPERTIES OF MATERIALS 

Brake rotor diameter 270 mm 
Bolt hole diameter 6 mm 
No. of bolt hole 6 
Rotor thickness 4 mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 CAD model of the Petal Disc brake rotor 

 

IV. CALCULATION OF BRAKING PARAMETERS 

In the trait of the motorcycle accident prevention, the braking performance has been a critical issue. Hence, braking effort and 
performance are different when the motorcycle is running on dry road and wet road. The rotor model performance 
characteristics are calculated for the motorcycle moving with a velocity of 100kmph and the following is the calculation 
procedure [2]. 

 

TABLE IV 
CONDITIONS FOR CALCULATION OF BRAKING PERFORMANCE 

Kerb weight of the motorcycle (mk) 137 kg 
Rider’s weight (mr) 100 kg (assumed) 
Gross Weight of moving motorcycle (m= mk+ mr) 237 kg 
Initial velocity (u) 100 km/h (27.78 m/s) 
Final velocity of motorcycle at the end of the braking application (v) 0 
Disc brake rotor diameter 270 mm (0.270 m) 
acceleration due to gravity (g)  9.81m/s2 
Angular velocity of the disc brake rotor () 205.78 rad/s 
coefficient of friction for dry road (μd) 0.7 
coefficient of friction for wet road (μw) 0.4 
Hydraulic pressure (P) 1 MPa 

 

A. Calculation of stopping distance 

 

            (i) 
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For dry road, Stopping distance (sd): 56.18 m 
For wet road, Stopping distance (sw): 98.31 m 

B. Calculation of deceleration 

           (ii) 

For dry road, deceleration (ad): -6.86 m/s2 
For wet road, deceleration (aw): -3.924 m/s2 
Where, negative sign denotes negative acceleration or deceleration of the motorcycle. 

C. Calculation of deceleration time/braking time 

            (iii) 

For dry road, deceleration time (td): 4.04 s 
For wet road, deceleration time (tw): 7.07 s 

D. Energy generated during braking operation 

Braking is the process of controlling the velocity of an object by inhibiting its motion. An object in motion possesses kinetic 
energy and to bring the object to a stop this kinetic energy must be removed. Removing the kinetic energy can be accomplished 
by dissipating the energy to the atmosphere through friction or by converting it into another form of energy. The most common 
type of braking is a mechanical brake which inhibits motion through friction brake pads. A mechanical brake applies 
a friction force to convert the kinetic energy of the vehicle into thermal energy which then dissipates into the atmosphere. The 
friction force resists motion and in turn generates heat, eventually bringing the velocity to zero [2]. Therefore, Kinetic Energy 
(Ek)- 

  = 91435.18 J         (iv) 

E. Power of Brake 

Power of Brake: Power of brake during continued braking is obtained by differentiating energy with respect to time. 

           (v) 

Where Pb is the power of brake, m is the gross weight, a is the deceleration, s is the stopping distance and t is the braking 
time of motorcycle on different road. 

 

TABLE V 
BRAKING PERFORMANCE DURING DIFFERENT ROAD CONDITION 

Types of road Deceleration Stopping distance Deceleration time Power of Brake 
For dry road ad = -6.86 m/s2 sd = 56.18 m td = 4.04 s Pbd = 22608.55 W 
For wet road aw = -3.924 m/s2 sw = 98.31 m tw = 7.07 s Pbw = 12931.70 W 

 

V. FINITE ELEMENT ANALYSIS 

Finite element analysis is an onscreen method for envisaging how a product reacts to real-world forces, shows whether a 
product will breakdown, wear out or work the way it is premeditated. It is termed as analysis, but in the product improvement 
process, it is used to envisage what's going to happen when the product is used. Here, Static Analysis is done by using ANSYS 
17.2 and boundary conditions are fitted to get desired solution [12]. 

A. Meshing 

Mesh generation is the way in the direction of sorting out the investigation continuum into various discrete parts or finite 
elements. The finer the mesh, the better are the outcomes, but longer is the analysis time. In this way, a bargain between 
precision and arrangement speed is typically made. Programmed mesh generators are very useful & popular. The mesh is 
created automatically by a mesh engine; the only requirement is to define the mesh density along the model's edges. For 
meshing, CATPART file of the CAD model disc brake rotor is imported to ANSYS 17.2. Since all the dimension of the disc 
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brake rotor are measurable, tetrahedral element is the best element for meshing. Meshing tool in ANSYS workbench was used 
to create a very fine mesh with element size 2 mm after convergence. Figure 4 shows the meshed model of disc brake rotor in 
ANSYS [6, 12-15].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Meshed model of disc brake rotor 

B. Boundary Conditions 

Consequently, meshing is accomplished, boundary conditions are applied. These boundary conditions are the reference points 
for calculating the results of the analysis. Forces acting on the Disc brake rotor:  

 Hydraulic pressure which is pushing the friction pad on the disc from the opposite sides 
 Gravitational force which is neglected in this case. 
 The Hydraulic pressure = 1 MPa 
 The disc brake rotor has been constrained at the bolt holes and rotational velocity of 205 rad/s (when the vehicle is 

moving at a speed of 100 km/h) has been applied on the slotted part of the disc brake rotor in Figure- 5 [2, 6]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Boundary conditions applied on disc brake rotor 

 

C. Solution 

After meshing and boundary condition applied to the model, analysis process was done in ANSYS 17.2. The software first 
computed the deflection with respect to the boundary conditions applied. Then on the basis of deflection it calculated the stress 
and strain. The results were observed in different material under different loads. The calculation of stress depends upon the 
failure theory suitable for the analysis [6]. 
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VI. RESULTS AND DISCUSSIONS 

A. Static analysis of disc brake rotor using different materials 

Static structural analysis was performed for different materials. Maximum stress and maximum deformation was obtained for 
cast iron, carbon-carbon composite, ceramic matrix composite and AlSiC 40% metal matrix composite for disc brake rotor. It is 
interesting to observe that all materials show similar response for stress and deformation Cast iron which is higher among the 
four material. Also, carbon-carbon composite shows less stress and deformation mechanical behaviour among all the materials 
considered here. It can be seen that maximum Von-Mises stress occurs at the bolt hole and minimum Von-Mises stress occurs at 
the outer portion of the rotor for cast iron and carbon-carbon composite disc brake rotor. Similarly, maximum Von-Mises stress 
occurs at drilled portion and minimum Von-Mises stress occurs at the outer portion of the rotor for ceramic matrix composite 
and AlSiC 40% metal matrix composite. But maximum and minimum deformation occurs at outer portion and bolt hole of the 
rotor respectively for all the four materials. Figure- 6, 8, 10, 12 shows Von-Mises stress for cast iron, carbon-carbon composite, 
ceramic-matrix composite and AlSiC 40% composite respectively. Figure- 7, 9, 11, 13 shows total deformation for cast iron, 
carbon-carbon composite, ceramic-matrix composite and AlSiC 40% composite respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Von-Misses stress plot of cast iron disc brake rotor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Total Deformation of cast iron disc brake rotor 
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Fig. 8 Von-Misses stress plot of carbon-carbon composite disc brake rotor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Total Deformation plot of carbon-carbon composite disc brake rotor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 10 Von-Mises stress plot of ceramic-matrix composite disc brake rotor 
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Fig. 11 Total Deformation plot of ceramic-matrix composite disc brake rotor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12 Von-Mises stress plot of AlSiC 40% metal-matrix composite disc brake rotor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13 Total Deformation plot of AlSiC 40% metal-matrix composite disc brake rotor 
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Fig. 14 Comparison of Deformation and Von-Mises stress between different material 

 

TABLE VI 
COMPARISON OF STATIC ANALYSIS RESULT BETWEEN DIFFERENT MATERIAL 

Sl. No. Material Maximum Von Mises Stress Maximum Displacement 
1. Cast Iron 7.285 MPa 0.001589 
2. Carbon-Carbon Composite 2.145 MPa 0.000229 
3. SiC-SiC Composite 2.845 MPa 0.000460 
4. AlSiC 40% 3.125 MPa 0.000487 

 

VII. CONCLUSIONS 

The research reported in this study consists of two parts; the first part has provided the comparison of braking performance in 
dry and wet road, the second part has reported the comparison of disc brake rotor made of different material using static 
structural analysis.  

After evaluation of braking condition for different road it was found the for dry road the power of the brake is near to twice 
of the power of brake in wet road. From results of static analysis done in FEA, it is observed that all the four materials have 
stress values less than their respective permissible yield stress values. Hence the design is safe. It is observed that maximum 
Von-Mises stress occurs at the bolt hole and minimum Von-Mises stress occurs at the outer portion of the rotor for cast iron and 
carbon-carbon composite disc brake rotor. Similarly, maximum Von-Mises stress occurs at drilled portion and minimum Von-
Mises stress occurs at the outer portion of the rotor for ceramic matrix composite and AlSiC 40% metal matrix composite. But 
maximum and minimum deformation occurs at outer portion and bolt hole of the rotor respectively for all the four materials. 
Therefore, all the composite materials can be considered as a relevant alternative material for disc brake rotor for their similar 
behaviour like that of Cast Iron and is expected to perform better with satisfying amount of weight reduction.  

Static structural analysis has evolved as a standard tool for structural dynamic problem analysis & design optimization. The 
research area for disc brake is very dynamic with a focus on performance improvement, test cost reduction and the development 
using different design aspects or material. In real life the existing material i.e. cast iron is showing good performance as 
compared to other materials but for long and heavy operations, they do fails sometimes. Hence alternative materials are slowly 
finding their place for replacing the conventional Cast Iron disc brake rotor especially in supercars. More detailed study can be 
done on disc brake rotor with different materials by employing variable dynamic condition to study about its failures. Thermal 
analysis can also be carried out using these material to test their performance. 
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