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Abstract— A brake shoe is the part of a braking system 

which carries the brake lining in the drum brakes used in 

automobiles. The brake shoe is a critical component that 

experiences high temperatures and develop thermal stresses 

during application of brakes. This paper includes analysis 

performed on different material in order to obtain best 

material for designing of brake shoe. This investigation 

includes, Structural Analysis of redesigned brake shoe using 

ANSYS and comparing their Total deformation , Heat flux 

& Equivalent Stress & strain and Temperature distribution. 

From the Analysis it is inferred that the Material, AMMC3 

has better characteristics required for brake shoe than Al 

alloy (base material). AMMC3 has lesser Total deformation, 

lesser Equivalent stress and more heat flux than Al alloy 

(base material). 

Keywords: AMMC-Aluminum Metal Matrix Material,           

SiC- Silicon Carbide 

I. INTRODUCTION 

A brake is a device which is used to bring to rest or slow 

down a moving body. Safe operation of vehicle demands 

dependable brakes is required to absorb the kinetic energy of 

the moving parts or the potential energy of the object being 

lowered by host when the rate of descent is controlled. A 

brake shoe is the part of a braking system which carries 

the brake lining in the drum brakes used on automobiles, or 

the brake block in train brakes and bicycle brakes. Each 

brake assembly has two shoes, a primary and secondary. 

The primary shoe is located toward the front of the vehicle 

and has the lining positioned differently from the secondary 

shoe. Quite often, the two shoes are interchangeable. 

During braking, the brake shoe experiences high 

temperature and thermal stresses. Due to this the brake shoe 

material should possess a high thermal conductivity, thermal 

capacity and high strength in order to withstand these 

stresses. Braking results in uneven Stress, Strain, 

Deformation, and heat dissipation. Now a days scope of 

Metal Matrix composites(MMC) [4]materials have been 

increased due to their  desirable property of weight 

reduction, high efficiency and better performance .The 

Redesigned brake shoe with Aluminium Metal matrix 

composite as material directly influence the performance of 

Braking system in Drum brakes like, low deformation, low 

von mises stress, low strain, high heat flux etc. The 

Redesigned AMMC Brake shoe shows less deformation and 

qualified strength and distribution of heat as compared to 

traditional cast iron alloy, Aluminium alloys as well.    

The most commonly 

used metal matrix is aluminium, magnesium, titanium and 

their alloys, the Material selection is the important 

component of properties we desired for higher 

performances, so potential materials like AMMCs are 

undertaken for analysis. For the effective performance and 

application of brake, it is very essential for the braking 

components experience high temperature and thermal stress. 

Due to this the braking material   should possess a high 

thermal conductivity, thermal capacity, high coefficient of 

friction, high heat flux, low deformation, low von mises 

stress, low stain, low deformation and high strength. The 

pronounced challenge is in the processing of composites is 

to homogenize the distribution of the reinforcement phases 

to achieve a sound microstructure. The aluminium metal 

matrix composite materials are the combination of two or 

more constituents in which one is matrix and other is 

reinforcement, 

In this paper performances of the different 

materials are compared. From the Analysis it is inferred that 

the Aluminium metal mixed material with15% SiC 

reinforced Al with BHN 75.0-AMMC3[3] has better 

characteristics required for brake shoe than Al alloy (base 

material). AMMC3 has lesser Total deformation, lesser 

Equivalent stress and more heat flux than Al alloy (base 

material). 

II. REASON FOR SELECTION OF ALUMINIUM METAL MATRIX 

COMPOSITE MATERIAL 

Aluminium metal matrix composites (AMMC) are 

the composites in which aluminium is used as the matrix 

and several reinforced materials are embedded into 

the matrix. Their high strength to weight ratio lighter 

weight, lower cost, and good behavior. [6]It’s high hardness 

because of using high percentage of reinforcement i.e. SiC. 

Improved porosity and good wear rate as compared to 

traditional materials. Temperature distribution is improved 

in comparison to traditional material and aluminium alloys. 

Its dynamic nature and reinforced as per the requirements of 

properties.  

Material like  

1) AMMC 1(20% SiC reinforced Al-composite ) , [2] 

2) AMMC 2(20% SiC reinforced Al-Cu alloy), [2] 

3) AMMC3(15% SiC reinforced Al composite with BHN 

75.0)[1] 

were analyzed in order to meet the requirements of 

characteristics possess by Brake shoe  

III. ANALYSIS OF DIFFERENT MATERIAL 

A model is created with the help of computer aided drafting 

software, CATIA V5. Using CATIA software we can create 

3D model of brake shoe as per measurement data .Import of   

CATIA Model (IGES) in the ANSYS 2020R1 Workbench 

for pre-processing. Then the structural analysis is done on 

the brake shoe.The Analysis involves the discretization 

called meshing, boundary conditions and loading.  

For analysis we take Aluminium metal matrix 

composite –AMMC1, AMMC2, AMMC3 and aluminium 

alloy. Results obtained for these metal are compared for 

selection of best material. The boundary condition for 

analysis of brakeshoe are given as follows 

Pressure generated inside the brake shoe: 1.2MPa 

Ambient temperature: 220C 
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Maximum temperature generated: 900C 

Table 1: Boundary Conditions 

A. Specifications of Brake shoe 

Inner Diameter (mm) =45  

Offset from centre (mm) = 10  

Outer Diameter (mm) =75 

Width of slot (mm) = 3.5Height of slot (mm) = 10 

Thickness of rib (mm) = 10  

Bolt hole diameter (mm) = 10 

B. Assumption 

The following are the assumptions made for the analysis.  

1) Heat transfer co-efficient remains constant. 

2) All unexposed surfaces are treated as insulated 

3) Heat transfer due to radiation was not considered. 

4) Distribution of heat flux at lining interface was 

considered to be uniform. 

5) Variation of material properties with temperature was 

not considered.  

IV. RESULTS AND DISCUSSIONS 

A. Static Structural Analysis 

1) Total Deformation 

From the results it is obtained from table 3 it is seen that the 

deformation 

1) For AMMC1 is 28.24% less than that of aluminium 

alloy.  

2) For AMMC2 is 21.18% less than that of aluminium 

alloy.  

3) For AMMC3 is 35.45 % less than that of 

aluminium alloy 

2) Equivalent Elastic Strain. 

From the results it is obtained from table 3 it is seen that the 

strain for 

1) AMMC1 is 28.91 % less than that of aluminium 

alloy.  

2) AMMC2 is 17.21% less than that of aluminium 

alloy. 

3) AMMC3 is 35.25% less than that of aluminium 

alloy 

Material 

Young’s 

Modulus 

(GPa) 

Poison’s Ratio 
Density 

(kg/m3) 

Compressive strength 

(MPa) 

Specific Heat 

Cp 

(KJ/kgK) 

Thermal conductivity 

w/mk 

Al-Alloy 72 0.33 2700 280 0.90 190 

AMMC1 100 0.35 2700 406 0.98 185 

AMMC2 108 0.44 2800 761 0.92 237 

AMMC3 112 0.3 2828 423 0.97 104 

Table 2: Mechanical Properties of Al-Alloy, AMMC1, AMMC2, AMMC3 

 
Fig. 1: Analysis of Total Deformation 
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Fig. 2: Analysis of Equivalent Elastic Strain 

Material 

Static Structural Analysis Thermal Analysis 

Total Deformation  

(mm) 

Equivalent Elastic Strain 

(mm/mm) 

Equivalent 

Stress 

(Mpa) 

Strain 

Energy 

(mJ) 

Temperature 

(oC) 

Total Heat 

Flux 

(W/mm2) 

Al-Alloy 0.10104 1.2158x10-3 86.334 0.38625 90 0.0042882 

AMMC1 0.072501 8.6421x10-4 85.239 0.27569 90 0.0042968 

AMMC2 0.088537 1.0066x10-3 87.921 0.33206 90 0.0042965 

AMMC3 0.06522 7.9605x10-4 79.506 0.25124 90 0.0042988 

Table 3: Results of Analysis 

 
Fig. 3: Analysis of Equivalent Elastic Stress 
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3) Equivalent stress 

From the results it is obtained from table 3 it is seen that the 

stress for  

1) AMMC1 is 1.26% less than that of aluminium 

alloy.  

2) AMMC2 is 1.8%  less than that of aluminium alloy 

3) AMMC3 is 7.90% less than that of aluminium 

alloy. 

The result for total deformation, Equivalent Elastic Strain, 

Equivalent Stress for aluminium alloy is taken from 

literature review [3]. 

V. CONCLUSIONS 

From above result we can conclude that the materials such 

as aluminum metal matrix 3, aluminum metal matrix 1 

shows less value of deformation as well as Equivalent stress 

static under structural analysis. Equivalent elastic strain 

developed is minimum for aluminum metal matrix 3.    Total 

heat flux is maximum for aluminum metal matrix 3.In 

addition to that aluminum metal matrix 3 has very less 

weight compared to cast iron (Traditional material) and 

hence cast iron can be replaced by AMMC3. After 

comparing all four results and analyzing the outcomes it is 

concluded that the best material for redesigning of the brake 

shoe is AMMC3. 
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