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On Pressure Distributions of Drum
Brakes
Based on the assumptions that there is perfect contact at the interface between the
drum and the lining plates, the friction coefficient is constant, the thermal effect is
glected, and the brake drum is a rigid body, the pressure distributions of drum br
were studied by using the boundary element method. The constant element is used
two-dimensional model of the drum brake for simplicity and economy. The friction f
versus the effective lift at the actuation edge and the location of the maximum pressu
compared and indicate a good correlation with existing data. The effects of the Yo
modulus of elasticity of the metal shoe, the arc lengths of the metal shoe and lining
the location, the thickness, the friction coefficient, the Young’s modulus of elasticity o
lining plate, and the angle of actuation force on the pressure distributions were
studied. By selecting proper values of these parameters, a drum brake can be desig
have a more uniform pressure distribution and a longer life.@DOI: 10.1115/1.1427694#
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Introduction

Drum brakes, which are an important device and are installe
vehicles and motor cycles, are used to reduce the speed a
assure the safety of the drivers and passengers on the road
schematic drawing of a drum brake is shown in Fig. 1. It primar
consists of a brake drum and brake shoes with lining plates. Qu
ties it should have include: good braking performance; unifo
braking on all wheels; good endurance without failure; and e
operation, inspection, adjustment and maintenance. Advant
offered by the drum brake are its capability from the se
energizing effect to reduce the required actuating force and
relatively lesser cost.

Day et al.@1# used the finite element method to analyze a tw
dimensional model of the drum brake. Thereafter, the thermal
pansion, imperfect contact, the decay of braking capability and
kinds of transient phenomena were analyzed by using the fi
element method@2–6#. Watson and Newcomb@7# argued that it is
more expensive to use the finite element program in the m
frame and that the pressure distribution on the lining plate d
not vary significantly along the axis of the brake. The measu
ment of the torque or the wear can be used to calculate the p
sure distribution@8#. Nevertheless, these methods are indir
methods. It is difficult to obtain directly the pressure distributi
from an experiment@2,5#. Recently, the applications of the boun
ary element method~BEM! have been increased and showed t
the BEM can reduce the time required to prepare numerical
and can provide good results in the linear problems@9–14#.

The purpose of this study is to analyze the effect of the effec
lift at the actuation end on the friction force, effects of the Youn
modulus of elasticity for metal shoes, the angles of the arc len
of metal shoes and lining plates, respectively, the leading loca
of the lining plates, the thickness of the lining plate, the fricti
coefficient, the Young’s modulus of elasticity for lining plates, a
the location of the actuating force of the drum brake on the p
sure distributions. A two-dimensional model of the drum brake
developed by using the BEM, and independent and less expen
software is generated for the personal computer to reduce the
for designing drum brakes. By selecting proper values of th
parameters, a drum brake can be designed to have a more un
pressure distribution and a longer life.

Contributed by the Design Automation Committee for publication in the JOUR-
NAL OF MECHANICAL DESIGN. Manuscript received Nov. 1999. Associate Edito
H. Lankarani.
Copyright © 2Journal of Mechanical Design

aded 03 Nov 2008 to 140.112.113.225. Redistribution subject to ASME 
in
d to
The

ily
ali-
rm
sy
ges

lf-
its

o-
ex-
all

nite

ain
oes
re-
res-
ct
n
-
at
ata

ive
’s
ths

tion
n
d

es-
is
sive
cost
se

form

Method of Approach
During the derivation of the boundary integration equations,

solution of an infinite domain subjected to a concentrated loa
any internal location is required. If a unit force acts on an inter
point M, determination of the effect of this force on any pointQ
must satisfy two requirements. The first one is that all of t
stresses must be zero when the distance between the pointsM and
Q becomes infinite. The second one is that the stress beco
infinite, or the pointM is a singular point when the distance b
tween the pointsM andQ becomes zero. Combining the differen
tial equation of the stress, the relationship of the stress and
strain and the relationship of the strain and the displacem
yields
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which is the Navier two-dimensional differential equations a
can be solved by using the complementary function and the
cial integration. If the displacements are expressed in terms of
Galerkin vector,
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]y2
1

]2Ḡx
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the Galerkin vector can be determined as

Ḡx5Ḡy5
1

8pGs
r 2 lnF1

r G (3)

and the displacement is

ui5Ui j ej (4)

Substituting Eq.~4! into the relationship of the stress and th
displacement yields the traction force

t i5Ti j ej (5)
r:
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To minimize the error of numerical approximation, the ba
solution of the displacement as a weighting factor is multiplied
every term and integrated to yield the Somigliana equation

ul
i1E

G
TlkukdG5E

G
UlktkdG1E

V
Ulk f kdV (6)

The displacement of any internal point can be determined if
displacements of the boundary points and the traction forces
determined. The Somigliana equation can also be applied to
boundary points and yields

clk
i uk

i 1E
G
TlkukdG5E

G
UlktkdG1E

V
Ulk f kdV (7)

Four variablesu1 , u2 , t1 and t2 exist for each nodal point in a
two-dimensional problem; therefore, there will be 4N variables
for N nodal points. If there is only one solution for an elas
problem, only two values of these four variables are known
each nodal point and 2N equations are required to solve the u
known variables.

The geometric configuration, the displacements and the trac
forces must be described. If there is a unit force acting on
point i and the effect of body force can be neglected, the t
integrated terms related to the nodal pointsi and j form the influ-
ence coefficients,Gi j andĤ i j . If

Hi j 5Ĥ i j iÞ j

Hi j 5Ĥ i j 1ci i 5 j
J (8)

Eq. ~7! becomes

(
j 5 l

N

Hi j uj5(
j 5 l

N

Gi j t j (9)

Applying to all boundary points and using local coordinates as
basis of the boundary value yields

HT8U5GT8P (10)

where the matricesH andG are 2N32N matrices. The values o
the displacement matrixU and the traction force matrixP are all
relative to global coordinates. The boundary condition should
given after calculation of all coefficients for the matricesH andG
in order to obtain the unique solution. Since it is not a symme
matrix, a direct method such as the Gaussian elimination me
can be used.

Model and Numerical Analysis
It is assumed that the variations of the pressure and the de

mation in the axial direction are negligible for simplicity, that n
deformation occurs during braking, that there is the perfect ini
contact between the contact surfaces of the lining plate and
circular profile of brake drum, that the friction coefficient of th
lining plate and the brake drum is constant, that the wear is n
ligible, that the thermal effect is neglected and that the brake d

Fig. 1 Schematic drawing of drum brake
116 Õ Vol. 124, MARCH 2002
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is a rigid body. The two-dimensional model of the brake shoe t
is used in this analysis can be divided into two parts based
materials, the metal shoe and the lining plate. They are divi
into 28 elements, respectively, due to the limited size of the co
puter memory. The displacement and the traction force at the
ter point in the constant element are used for the element to
plify the integration. Applying Eq.~10! to the metal shoe and th
lining plate, respectively, combining the points on the contact s
face of the lining plate and the metal shoe and the indepen
portion of the lining surface, and combining the points on t
contact surface of the metal shoe and the lining plate and
independent portion of the metal shoe with the traction equi
rium condition

PL
B5PS

C (11)

and the displacement compatibility condition

UL
B52US

C (12)

yields
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where the matricesH andG have been multiplied by the transfe
matrix, the superscriptB stands for the common portion of th
lining plate and the metal shoe and the superscriptA stands for the
independent portion of the lining plate, the superscript C sta
for the common part of the metal shoe and the lining plate and
superscriptD stands for the independent portion of the metal sh

In the local coordinates, four variables for each nodal point
the displacementsUn andUt in the normal direction and the tan
gential direction, respectively, and the traction forcesPn andPt in
the normal direction and the tangential direction, respectively. T
boundary conditions along the friction surface are

Un50

Pt52mPn
J (14)

Two variablesUt and Pn are unknown. Equation~13! can be
written

@ .. 2~Gn2mGt! Ht ..#3
.

.

Pn
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.

.
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.
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0

.

.

4 (15)

The boundary conditions for the fixed anchor are

Un50

Ut50 J (16)

The supporting portion for the sliding abutment can be rewritt

@ ..2Gn
i Ht

i2 Gn
i 11 Ht

i 11..#@ ..Pn
i Ut

i Pn
i 11 Ut

i 11..#T

5@ ..2Hn
i Gt

i 2Hn
i 11 Gt

i 11..#@ ..Un
i Pt

i Un
i 11 Pn

i 11..#T (17)
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where the superscript stands for the number of the nodal point
the subscript stands for the direction. Similarly, the support
portion for the fixed anchor can be rewritten

@ ..2Gn
i 2 Gt

i2 Gn
i 112 Gt

i 11..#@ ..Pn
i Pt

i Pn
i 11 Pt

i 11..#T

5@ ..2Hn
i 2Ht

i 2Hn
i 11 2Ht

i 11..#@ ..Un
i Ut

i Un
i 11 Ut

i 11..#T

(18)

After considering the boundary condition, the matrix can be
written

H8U85G8P8 (19)

where the matricesH8 andG8 are the matrices after arrangemen
and the matrixU8 is obtained from the unknown displaceme
and the traction force. The matrixP8 is obtained from all the
boundary conditions. After obtaining the traction forces and
displacements of nodes, the torque can be obtained from

Torque5(
n51

m

mPDA (20)

whereDA is the area of the element.

Result
The data of the first drum brake with the supporting end fix

by a pin as shown in Fig. 1 are listed in Table 1. The anglea is
measured from the line of the pin center and the brake d
center to the line of the brake drum center to near edge of
lining plate. The anglef is measured from the line of the actu
tion force to the normal vector of the surface at the load point. T
friction force versus the effective lift at the actuation edge tha
normal to the acting surface is shown in Fig. 2. The data obtai
from Day and Harding@15# by using the finite element method a
also shown for comparison.

The data of the second drum brake are shown in Table 2. If

Fig. 2 Friction force versus effective lift at actuation end

Table 1 Data of first drum brake.
Journal of Mechanical Design
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Table 2 Data of second drum brake.

Fig. 3 Pressure distribution with high Young’s modulus of
elasticity for rigid metal shoe

Fig. 4 Pressure distribution versus Young’s modulus of elas-
ticity of metal shoe

Fig. 5 Pressure distribution versus lining arc for various arc
lengths of metal shoe
MARCH 2002, Vol. 124 Õ 117
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Young’s modulus of elasticity increases, the material becom
stiffer. At first, the Young’s modulus of elasticity of the brake sh
in Table 2 is replaced by a value four times larger, 3.313106

N/mm2, and the result of the pressure distribution is compa
with the sinusoidal curve of the rigid brake obtained from Offn
@16# as shown in Fig. 3. Based on the data shown in Table 1
the displacement of the surface along the normal direction of
surface to be 0.1 mm, the pressure distributions versus the li
arc for various Young’s moduli of elasticity of metal shoes a
shown in Fig. 4. The effects of the arc lengths of the metal s
and the lining plate with the same center location on the pres

Fig. 6 Pressure distribution versus lining arc for various arc
lengths of lining plate

Fig. 7 Pressure distribution versus lining arc for various lead-
ing locations of lining plate

Fig. 8 Pressure distribution versus lining arc for various lin-
ing plate thicknesses
118 Õ Vol. 124, MARCH 2002
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distribution are shown in Figs. 5 and 6, respectively. Shifting
lining plate, the pressure distribution is shown in Fig. 7. The pr
sure distributions versus the lining arc for the thickness of
lining plate to be 3, 4 and 5 mm are shown in Fig. 8. It is w
known that the friction coefficient of material can affect the bra
ing performance. The effect of the friction coefficient of the linin
plate on the pressure distribution is shown in Fig. 9. Changing
Young’s modulus of elasticity of the lining plate, the pressu
distribution is shown in Fig. 10. If the ratio of the Young’s mod
lus of elasticity of the lining plate to the Young’s modulus
elasticity of the metal shoe remains constant and both Youn
moduli of elasticity of the lining plate and the metal shoe increa

Fig. 9 Pressure distribution versus lining arc for various fric-
tion coefficients of lining plate

Fig. 10 Pressure distribution versus lining arc for various
Young’s moduli of elasticity of lining plate

Fig. 11 Pressure distribution versus lining arc for various
Young’s moduli of elasticity of metal shoe and lining plate
Transactions of the ASME
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20% and decrease 20%, respectively, the pressure distribution
shown in Fig. 11. The effect of the angle measured from the
of the actuating force to the normal vector of the surface at
load point with the traction pressure 50 N/mm2 on the pressure
distribution is shown in Fig. 12.

Discussion
Watson and Newcomb@7# argued that it is more expensive t

use the finite element program in the main frame. This study u
the boundary element method in the personal computer. Neve
less, the computer running time is not available for comparis
Using the linear elements or the second order elements cre
discontinuous phenomena along the irregular boundary. The c
mon nodal point has the different normal vector and bound
conditions. It is necessary to have an extra equation to provid
unique solution for the final linear equation@12#. Therefore, these
elements are inappropriate to treat the corner problem. Using
constant element can get rid of this problem. In addition, si
there is no shape function and no need of the Jacobin coord
transform, integrating the equation is easier and writing a co
puter code is simpler for the constant element than the sec
order element. Watson and Newcomb@7# also argued that the
pressure distribution on the lining plate does not vary significan
along the axis of the brake. Therefore, two-dimensional mode
used in this analysis to reduce the computer time.

It is difficult to obtain directly the pressure distribution from a
experiment@2,5#. Day @17# studied two distinct brake operatin
conditions experimentally to investigate the effect of vehi
speed on the pressure distribution with time. However, the dim
sions of the brake are not specified completely, and the results
not appropriate for comparison with this study. The friction for
is proportional to the effective lift at the actuating edge as sho
in Fig. 2. The deviation of the calculated friction force from th
obtained by Day and Harding@15# increases when the effectiv
lift increases. It may come from the insufficient number of t
elements and the accumulative error from the numerical calc
tion, and it can be reduced if the number of the elements is
creased.

The maximum pressure on the lining plate that occurs at 60
Fig. 3 is located at 85° from the center of the pin. The conv
tional angular location of the maximum pressure from the s
porting point for the rigid drum brake is at 90°@16#. Figure 4
shows that the angular location of the maximum pressure sh
further from the supporting point when the Young’s modulus
elasticity of metal shoe increases. The location of the maxim
pressure should be close to 90° from the supporting point if
Young’s modulus of elasticity increases to simulate the ri
brake. Therefore, the mathematical model is feasible for the s
of the pressure distribution of lining plates. When the Youn
modulus of elasticity of the metal shoe decreases, the pressu

Fig. 12 Pressure distribution versus lining arc for various
angles of actuation force
Journal of Mechanical Design
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the center of the metal shoe decreases, but the pressure incr
toward the supporting point. This result may come from the bu
ling effect that the pressure at the center of the brake sho
lowered.

The pressure close to the supporting point decreases and
pressure distribution is more uniform if the arc length of the me
shoe increases as shown in Fig. 5. The similar result of a m
uniform pressure can be obtained if the arc length of the lin
plate increases as shown in Fig. 6. If the arc length of lining pl
decreases, a local high pressure may occur. Figure 7 shows
the maximum pressure decreases if the lining plate is shifted
ward the supporting point and the pressure distribution beco
more uniform. If the thickness of the lining plate increases,
maximum pressure decreases and a more uniform pressure d
bution can be obtained as shown in Fig. 8. Figure 9 shows tha
maximum pressure decreases and the pressure distribution
comes more uniform if the friction coefficient decreases. If t
Young’s modulus of elasticity of the lining plate decreases,
maximum pressure decreases and a more uniform pressure d
bution can be achieved as shown in Fig. 10. Figure 11 shows
the maximum pressure and the pressure distribution decrea
both Young’s moduli of elasticity of the metal shoe and the lini
plate decrease while their ratio remains the same. The shap
the pressure distribution remain the same. This result ident
that obtained by Wintle@4#. The maximum pressure decreases a
the pressure distribution becomes more uniform if the angle of
actuation force increases as shown in Fig. 12. Reducing the a
of the actuation force decreases the pressure at the actuation
and may result in the separation of the lining plate at the actua
end from the brake drum.

Frictional work in a brake is primarily converted into heat th
increases the temperature of shoes and lining plates of the b
and changes the properties, particularly in the thermal expans
The circumferential distribution of pressure along the brake lin
arc, that plays an important role in determining the torque gen
ated, depends upon the thermal expansion, flexural deflection
contact at the interface. Heat generated at the sliding inter
between the friction material and the mating surface of the br
is not uniformly distributed and leads to pronounced variation
high surface temperature and the high interface pressure@2#. Fric-
tion interface temperature in the brake is affected by the interf
pressure distribution, so that regions of local high interface pr
sure will also be regions of high surface temperature@6#. The
effects in the areas of frictional heat generation and dissipa
with thermal consideration on the distribution of pressure, tha
very important in minimizing brake thermal problems, is requir
in order to incorporate the non-linear characteristics of fricti
materials to obtain the uniform friction interface pressure.

The distribution of pressure is significantly affected by dru
flexibility, which relates to the Young’s modulus of elasticity. Th
pressure generated for the flexible drum is reduced because a
actuation displacement is absorbed by drum deflection ther
reducing both effective cam lift and actuation force.

Conclusion
Based on the similarity between the calculated results and

available data, the results suggest that the software developed
be used to predict the pressure distribution of the lining plate
the drum brake. If the deflections of the metal shoe and the lin
plate and the thermal effect are neglected, the pressure distribu
is a sinusoidal curve. If these deflections are considered in
analysis, the pressure distribution will be changed. In order
design a drum brake with a more uniform pressure acting on
lining plate and to prolong the life of the friction material the a
lengths of the brake shoe and the lining plate should be longer
MARCH 2002, Vol. 124 Õ 119
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location of the lining plate should be close to the supporting po
the lining plate should be thicker; the friction coefficient should
smaller; the Young’s modulus of elasticity for the material used
the brake shoe and the lining plate should be smaller; and
angle of the actuation force should be larger. However, it sho
be noted that the material with the small Young’s modulus
elasticity might wear easily and faster. Although the material w
a small friction coefficient can provide more uniform pressu
acting on the lining plate, it should not be too small. Otherwise
will lower the braking effect. The friction coefficient of materia
about 0.2 is a good selection for application. In addition, a lar
actuation force should be applied with the actuation angle of
to compensate and increase the braking effort.
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Nomenclature

A 5 area
e 5 unit vector inj direction
F 5 actuation force
f 5 body force in thei direction

Ḡ 5 Galerkin vector
Gi j ,Hi j 5 influence coefficient matrix regarding pointsi and j

GS 5 shear modulus
P 5 traction force matrix
r 5 distance between pointsM andQ
T 5 traction basis solution matrix or transverse matrix

T8 5 coordinate transform matrix
t 5 traction force basic solution

U 5 displacement matrix
u 5 displacement basic solution
n 5 Poisson’s ratio

x,y 5 coordinate
V 5 integration domain
m 5 friction coefficient
a 5 angle measured from line of centers of drum brake

and pin to line of center of drum brake and near ed
of lining plate

f 5 angle measured from the line of actuation force to
the normal vector of the surface at the load point

f 5 angle of arc length of lining plate
120 Õ Vol. 124, MARCH 2002
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G 5 boundary

Subscripts

ij 5 ith row andjth column in matrix
n 5 normal component
l 5 in l direction
t 5 tangential component

L 5 lining plate
S 5 metal shoe

x,y 5 direction

Superscripts

i 5 point i
ij 5 displacement vector ofQ in j direction with a unit

force acted on pointM in i direction
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