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Abstract— the function of a brake is to control the motion of 

a machine member or a vehicle. A brake may be used to slow 

down, stop or hold a load or release a load and control its 

speed. In the process of performing its function, an effective 

breaking is required to convert large amount of kinetic energy 

of the brake components and dissipate it in the form of heat 

transferred from the brake system. The capacity of any brake 

depends upon the unit pressure between the braking surfaces, 

the coefficient of friction and the heat dissipating capacity of 

the brakes. The brakes must be strong enough to stop the 

vehicle within a minimum distance in an emergency. Cast 

iron, steel are the commonly used materials for the brake 

drum.In the present work an attempt is made to replace the 

existing cast iron brake drum of a truck with two other 

materials namely aluminum composite and stainless steel 

304. The dimension of the proposed brake drum is considered 

the same as that of the existing cast iron brake drum. 

Modeling of the brake drum was done in Auto-CAD 

software. Steady state and transient analyses was carried out 

using ANSYS 10.0 software package.  For the analysis, four 

cyclic braking conditions i.e., 30 seconds, 90 seconds, 120 

seconds, and 210 seconds are considered to determine the 

peak temperature developed and thermal deformation. The 

design constraints considered in this investigation were heat 

flux and convective heat transfer coefficient. Finally a 

comparison is made among three different materials 

considered for the brake drum of a truck in terms of maximum 

temperature generated, thermal deformation and percentage 

of weight savings. 
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I. INTRODUCTION 

A  brake  drum  is  a  metal  cylinder  to  which  pressure  is  

applied  by  a  braking  mechanism  in  order  to  arrest  

rotation  of  the  wheel  or  shaft  to  which the  cylinder  is  

attached.  A  drum  brake  is  a  brake  that  uses  friction  

caused  by  a set  of  shoes  or  pads  that  press  against  a  

rotating  drum-shaped  part  called  a brake  drum.  The  

working  principle  of  the  drum  brakes  involves  a  set  of  

shoes  or  pads  that  create  friction  against  a  drum  

connected  to  the  rotating  wheel. Brake  drum  components  

include  the  back  plate,  brake  drum,  shoe,  wheel cylinder,  

and  various  springs  and  pins. Brake drum was invented by 

Louis Renault in 1902. He used woven asbestos lining for the 

brake drum lining as no alternative dissipated heat like the 

asbestos lining, though My Bach has used a less sophisticated 

brake drum. In the first brake drums, levers and rods or cables 

operated the shoes mechanically. From the mid-1925’s, oil 

pressure in a small wheel cylinder and pistons operated the 

brakes, though small vehicles continued with purely 

mechanical systems for decades. Some designs have two 

wheel cylinders. The shoes in brake drums wear thinner, and 

brakes required regular adjustment until the introduction of 

self-adjusting brake drums in 1950’s. The brake drum is used 

widely on road vehicles and consists of a drum attached to the 

rotating wheel.  The drum has an internal machined 

cylindrical surface. Inside the drum and protected from the 

environment are two shoes lined with friction material which 

can be pivoted to make a forced contact with the internal 

cylindrical surface. A drum brake unit consists of two brake 

shoes mounted on a stationary backing plate. When the brake 

pedal is pressed, a hydraulically activated wheel cylinder 

pushes the shoes out to contact a rotating drum which creates 

friction and slows the vehicle. Brake drums are used in most 

heavy duty trucks, some medium and light duty trucks, and 

few cars and bikes. Brake drums are often applied to the rear 

wheels since most of the stopping force is generated by the 

front brakes of the vehicle and therefore the heat generated in 

the rear is significantly less. Brake drums allow simple 

incorporation of a parking brake. Brake drums are also 

occasionally fitted as the parking (and emergency) brake even 

when the rear wheels use disc brakes as the main brakes. The 

vast majority of rear disc braking systems use a parking brake 

in which the piston in the caliper is actuated by a cam or 

screw. This compresses the pads against the rotor. However, 

this type of system becomes much more complicated when 

the rear disc brakes use fixed, multi-piston calipers. In this 

situation, a small drum is usually fitted within or as part of 

the brake disc. This type of brake is also known as a bank sia 

brake. Due to the fact that a brake drum’s friction contact area 

is at the circumference of the brake, a brake drum can provide 

more braking force than an equal diameter disc brake. The 

increased friction contact area of brake drum shoes on the 

drum allows brake drum shoes to last longer than disc brake 

pads used in a brake system of similar dimensions and 

braking force. Brake drums retain heat and are more complex 

than disc brakes but are often the more economical and 

powerful brake type to use in rear brake applications due to 

the low heat generation of rear brakes, large friction surface 

contact area, and long life wear characteristics. The brake 

drum is usually made of cast iron which is wear-resistant and 

also heat-conductive. Also, aluminum is used in the making 

of brake drum which is better in heat conduction than cast 

iron. As aluminum wears out more easily than iron, aluminum 

brake drums frequently have an iron or steel liner on the inner 

surface of the drum, bonded or riveted to the outer shell of the 

aluminum brake drum. However, as per the requirement 

stainless steel of different grades is also used in the making 

of a brake drum. As pure aluminum does not satisfy all the 

properties that are required for an optimum brake drum, 

replacement of aluminum material is done by aluminum 

composite materials. 

II. LITERATURE REVIEW 

This chapter outlines some of the recent reports published in 

literature on brake drum analysis and braking systems. 

1) Allan Michael Lang [1] in his research concluded that no 

simple relationship exists between the natural 

http://en.wikipedia.org/wiki/Brake
http://en.wikipedia.org/wiki/Friction
http://en.wikipedia.org/wiki/Brake_shoe
http://en.wikipedia.org/wiki/Brake_pad
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frequencies of the brake components and the squeal 

frequency and during squeal both the drum and shoes 

hold complex modes, which can be best visualized as the 

superposition of pairs of similar normal modes phase 

shifted both spatially and in time relative to each other. 

2) Mohd Zald Bin Akop [2] in his project concluded that 

safety aspect in automotive engineering has been 

considered as a number one priority in development of 

new vehicle and it is a must for all vehicles to have proper 

brake system. 

3) Ramesha.D.K et al [3] in his thesis concluded that the 

maximum temperature obtained for aluminum composite 

brake drum is less as compared to the cast iron brake 

drum for a truck. Also, concluded that thermal 

deformation is less for aluminum composite brake drum 

than the cast iron brake drum. As his study states that the 

weight of Aluminum is lesser than the Cast iron, it is 

better to use the Aluminum material in the construction 

of brake drum. 

III. BRAKE DRUM ANALYSIS 

Brake drums must have sufficient strength to resist the 

mechanical and thermal stresses developed during braking. 

To satisfy these requirements the drum material should 

possess a high thermal conductivity, thermal capacity, and 

low coefficient of thermal expansion, modulus of elasticity, 

high strength, sufficient hardness and a suitable metallurgical 

structure. The steady state thermal analysis calculates the 

effects of steady thermal loads on the brake drum. Transient 

thermal analysis determines temperatures that vary over time. 

A transient thermal analysis follows basically the same 

procedures as a steady-state thermal analysis. The main 

difference is that most applied loads in a transient analysis are 

functions of time. To specify time-dependent loads, it can use 

either a function tool to define an equation or a function 

describing the curve and then apply the function as a 

boundary condition, or it can divide the load versus time 

curve into load steps. Temperatures that a transient thermal 

analysis calculates can be used as input to structural analysis 

for thermal stress evaluations.   

IV. MODELING AND ANALYSIS 

AutoCAD is a software application for computer-aided 

design (CAD) and drafting. The software supports both 2D 

and 3D formats. The software is developed and sold by 

Autodesk, Inc., first released in December 1982 by Autodesk 

in the year following the purchase of the first form of the 

software by Autodesk founder John Walker. AutoCAD is 

Autodesk's flagship product and by March 1986 had become 

the most ubiquitous microcomputer design program in the 

world, utilizing functions such as "polylines" and "curve 

fitting". Prior to the introduction of AutoCAD, most other 

CAD programs ran on mainframe computers or 

minicomputers, with each CAD operator (user) working at a 

graphical terminal or workstation.. AutoCAD is a 2D and 3D 

computer-aided drafting software application used in 

architecture, construction and manufacturing to assist in the 

preparation of blueprints and other engineering plans. 

Professionals who use AutoCAD are often referred to as 

drafters. While drafters work in a number of specialties, the 

six most common specialization areas are mechanical 

drafting, architectural drafting, civil drafting, electrical 

drafting, electronics drafting and aeronautical drafting.  

V. FEA THE MATERIALS 

Finite element analysis (FEA) is a fairly recent discipline 

crossing the boundaries of mathematics, physics, engineering 

and computer science. The method has wide application and 

enjoys extensive utilization in the structural, thermal and fluid 

analysis areas. The finite element method is comprised of 

three major phases: (1) pre-processing, in which the analyst 

develops a finite element mesh to divide the subject geometry 

into sub domains for mathematical analysis, and applies 

material properties and boundary conditions, (2) solution, 

during which the program derives the governing matrix 

equations from the model and solves for the primary 

quantities, and (3) post-processing, in which the analyst 

checks the validity of the solution, examines the values of 

primary quantities (such as displacements and stresses), and 

derives and examines additional quantities (such as 

specialized stresses and error indicators). 

 The advantages of FEA are numerous and 

important. A new design concept may be modeled to 

determine its real world behavior under various load 

environments, and may therefore be refined prior to the 

creation of drawings, when few dollars have been committed 

and changes are inexpensive. Once a detailed CAD model has 

been developed, FEA can analyze the design in detail, saving 

time and money by reducing the number of prototypes 

required. An existing product which is experiencing a field 

problem, or is simply being improved, can be analyzed to 

speed an engineering change and reduce its cost. In addition, 

FEA can be performed on increasingly affordable computer 

workstations and personal computers, and professional 

assistance is available. 

 
Fig. 1: meshing of break drum model 

 
Fig. 2: meshing of break drum model 
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VI. THERMAL ANALYSIS 

The thermal analysis i.e, steady state and transient analysis 

was carried out be for all the three materials that are used in 

the construction of brake drum. The cast iron material is the 

first material to be analyzed followed by aluminum 

composite material and stainless steel 304 material. Then, the 

better material will be chosen between aluminum composite 

material and stainless steel 304 material in order to replace 

the existing cast iron material in the construction of a truck 

brake drum. 

 

 

VII. THEORETICAL VALUES FOR MAXIMUM TEMPERATURES 

Theoretical values obtained from calculations for maximum 

temperature for cast iron     material brake drum, aluminum 

composite material brake drum and stainless steel 304 brake 

drum are shown in Table 

 Cast 

Iron 

Aluminum 

Composite 

Stainless 

Steel 304 

Ambient 

Temperature 
22.22°C 22.22°C 22.22°C 

Maximum 

Temperature 
42.63°C 32.83°C 71.27°C 

 CAST 

IRON 

ALUMINU

M 

COMPOSIT

E 

STAINLES

S STEEL 

304 

MAXIMUM 

TEMPERATUR

E, °C 

42.63 

°C 
32.83 °C 71.27 °C 

THERMAL 

DEFORMATIO

N, mm 

0.00709

6 
0.006329 0.004328 

WEIGHT OF 

CROSS 

SECTION, kg 

11.305 4.6898 12.38232 

VIII. CONCLUSION 

A finite element model has been developed for estimating the 

time depending temperature distribution in brake drum. 

Steady state and transient thermal analyses of brake drum are 

carried out for different materials such as aluminum 

composite, cast iron and stainless steel 304 used in the 

construction of brake drum. Based on the experimental 

observations the following conclusions are drawn. 
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 The maximum temperature obtained for aluminum 

composite brake drum is 32.83°C which is less compared to 

the maximum temperature prevailing in cast iron brake drum 

and stainless steel 304 brake drum.  

 Thermal deformation for aluminum composite brake 

drum is 0.006329 millimeters which is lesser than the thermal 

deformation of cast iron brake drum but slightly more than 

the thermal deformation of stainless steel brake drum which 

has 0.004328 millimeters.  

 The thermal deformation of aluminum composite 

brake drum is 10.81% lesser than the cast iron brake drum. 

 The thermal deformation of stainless steel 304 brake 

drum is 39.01% lesser than the cast iron brake drum. 
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