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Abstract 
Friction  between  the  disk  and  the  pad  of  disk  
brake 
generates  heat  which  results  in  to  heating  of  
braking system. This generated heat largely affects on 
the life of friction pads. Heat generation during friction 
in disk brake is time and space dependant process. 
Parameters such  as  vehicle  velocity,  the  duration  of  
braking, dimensions    and    the    geometries    of    the    
brake components, materials of the pad and disk brake 
rotor, contact  pressure,  atmospheric  condition  will  
have  a great impact on heat generation. Disk is 
manufactured from the cast iron of class 20 and  the 
pads are made up   of  different   material  constitutes.   
Over   running periods of  vehicle pads  gets  weird  and  
are  necessary to replace. 
This paper study has been carried out on disk braking 
system to observe the effect of heat generation during 
braking over the life of friction pads. 
Keywords:  Disk, Pads, Brakes, life. 

 
Introduction 
Disk brakes are considered to be more effective brakes 
than  the  drum  brakes,  therefore  recently  almost  all 
automobile  manufacturers  are  providing  disk  brake  
to vehicles though the cost is more as compared to drum 
brakes.  The  speeds  of  the  modern  vehicles  are  also 
increasing, to control these high speed disk brakes are 
more    effective    than    the    drum    brakes.    Proper 
performance   is   the   major   advantage   of   using   
this braking system. Simultaneously the number of 
vehicles also  increased  leading  to  traffic  jam  and  
accidents. These  situations  naturally  increase  the  
application  of brake  for  a  long  time  resulting  in  to  
frictional  heat generation  at  the  interface  of  disk  and  
pads.  High temperature during braking may cause 
thermal cracks, brake  fade,  premature  wear,  over  
heating  of  caliper, brake fluid vaporization, bearing 
failure and thermally excited  vibration.  Therefore,  it  
is  important  to  predict and assess the thermal 
performance in the early design stage and analyze the 
temperature rise of a given brake system to avoid these 
problems [1]. 
Contact     area     between     disk     and     pad     shows 
characteristics structure with respect to heat flow, wear 
and  distortion  patches.  The  mechanisms  of  brake  
pad wear in dynamic and stationary condition with 
respect to brake pressure  and  velocity  are different  
[2].  If  the 

sliding  velocity  is  high  enough,  the  effect  can  be 
unstable and  result in disk  material damage,  frictional 
vibration, wear of friction pad [3]. 
 
Braking Process 
In  braking  process  the  deceleration  rate  calculation  
is 
the important parameter, deceleration is opposite to the 
acceleration. According to the Newton’s second law of 
motion 

F= m . a (N) 
Where 
F= Force, m=mass, a= acceleration OR deceleration. 
 
First    deceleration    must    be    decided    accordingly 
stopping distance can be decided. The deceleration can 
be calculated by the equation, 

Δv                    v2 - v1 
a =               =          

Δt                      t2 - t1 

 
V1 = velocity at the start of deceleration in m/s 
V2 = velocity at the end of deceleration in m/s 
t1   = time at the start of deceleration Second 
t2  =   time at the end of deceleration in seconds 
 
Braking distance can be calculated by the equation; 

v2 

s =         
2. g. aavg 

 
S      = stopping distance in m 
V        = Initial speed in m/s 
g     = acceleration due to gravity ms2 

aavg  =   Average deceleration for the total stop 
 
 
For  moving  vehicle,  energy  stored  in  the  system  is 
defined  as  the  Kinetic  Energy.  Kinetic  energy  is  the 
energy   of   a   object   in   motion   and   that   energy   
is determined by the object mass and speed. 
 

K.E. = ½ m.v2 

 
K.E. = Kinetic Energy in J 
m     = Total mass of vehicle in kg 
v      = Initial speed in m/s
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The braking time can be obtained by equation. 
 

v 
t =        

a . g 
t = Brake time in seconds 
v = vehicle speed in m/s 
a = deceleration 
g = acceleration due to gravity 

The Braking power can be obtained as; 

E 
P =       

t 
 

P = Average power in W 
E= Energy in J 
T = Braking time in s 

 
Sometimes  rotors  are  forced  to  absorb  the  frictional 
heat faster that they can dissipate in to the atmosphere. 
Repetitive  braking  action  increases  the  heat  at  the 
interface of rotor and pads. Many rotors have cooling 
passages. The heat flux on the one side of the rotor can 
be calculated by the equation [4]. 

 
4 . p 

q =       
π . (D2-d2) 

 
q = Heat flux in W/m2 
P = Average Power in W 
D = Rotor usable outside diameter in m 
d = Rotor usable inside diameter in m 

 
During deceleration the temperature rises in the brakes. 
A  single  stop  temperature  rise  is  calculated  with  
the following formula 

 
0.527 . q . √ t 

Tmax =                                    + T amb 

√ p.c.k 
 

Tmax = Maximum rotor temperature in C 
q = Heat Flux in W/m2 
t = Brake time in  s 
p = Density of rotor material in kg/m3 
c = Rotor specific heat capacity in J/kg/K 
k = Rotor thermal conductivity in W/mK 
Tamb  = Ambient temperature in C 

 
Long and repetitive usage of brake can rise temperature 
more    than    the    single    application;    this    
average temperature rise can be calculated as [5], 

 
P . t 

ΔT =       
P  . c . v 

ΔT = Average Temperature increase per stop in C 

P = Average power in W 
t = Brake time in s 
p = Density of rotor material in kg/m3 

c = Rotor specific heat capacity in J/kg/C 
V = Rotor volume in m3 

 
Wear Analysis of Pad: 
Assuming  a  pad  thickness  of  10mm  and  the  pad  
will 
become scrap if more than 10% of its thickness is worn 
out. Also assume that the force on the pads is 500N of 
braking force on brake pedal. The heat generated at the 
interface is spread towards the pad and caliper, heat is 
conducted in to pads first, secondly heat is radiated and 
thirdly   spread   in   to   atmosphere.   The   pad   wear 
simulation models were described in [6] and [7]. In [8] 
Archards law was given as, 
 

Z = Kwear. Pconstant. Vslide 
 
Where: 
• z   is the wear rate 
• K wear is the wear coefficient 
• p contact is the contact pressure 
• v slide is the sliding velocity 
 
In  [9]  the  pad  wear  properties  are  investigated  for 
different    initial    velocities    and    temperatures.    
For different   kinds   of   braking,   the   pad   wear   is   
quite consistent. Only when the temperature goes above 
3200 

Celsius, the pad-wear increases significantly. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Temperature vs. average weight loss 
 
Above  graph  shows  test  results  of  average  pad  wear 
against  temperature  for  different  initial  velocities.  At 
normal operating temperatures (below 320oC) it can be 
concluded  that  the  pad  wear  is  related  to  the  total 
energy absorbed by the brakes. Therefore, the pad wear 
per  unit  energy  absorbed  can  be  considered  only  a 
function of contact pressure and temperature.
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Initial temperature of 290  C has been set for the Ansys 
software analysis and the surface convection condition 
is applied to all surfaces of the disc and the convection 
coefficient (h) of 5 W/m2°C is applied at the surface of 
the two pads. The braking time of 3 sec is considered, 
For  this  time  sufficient  high  temperature  is  
generated 3410C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Model of Disk 
 
 

 
 

Figure 3: Temperature Distribution 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Heat Flux 
 
This temperature has a great effect on binding material 
of  the  friction  pads.  The  brake  pad  when  exposed  
to longer  frictional  contact;  fades  faster  due  to  
constant heating  and  friction.  It  is  seen  that  
temperature  is decreasing   from   the   surface   of   pad   
touching   disk towards  outside.  This  situation  
demonstrates  that  the life of pad detonates linearly and 
rapidly depending on the rise of temperature. Friction of 
brake pads is one of the factor affecting automobile 
performances with disk brake, heat energy contributes 
largely. This heat energy causes brake pads to expose to 
excessive temperature. For   this   reason,   the   braking   
action   of   the   pads decreases in time. 
 
Conclusion 
High  power  vehicles  needs  hard  braking  leads  in  to 
high  temperature  generation.  This  high  temperature 
generates micro thermal cracks on rotor and affects on 
the   friction   between   rotor   and   pads   leads   in   to 
excessive wear of pads. 
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