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1. INTRODUCTION

Existing methods for calculating the braking torque of drum brakes, including the determination
of braking torque, produce torque values that differ significantly from actual values, even when
real friction coefficients are used. Current formulas for drum brake calculations are based on the
conventional assumption of pressure distribution. At present, four pressure distribution laws at
the drum-shoe interface are assumed a priori: uniform, sinusoidal, cosine, and square-sine. The
results obtained from these approaches vary considerably. If the actual pressure on the contact
surface is known, the braking force (tangential force) can be determined.

The real pressure distribution in a drum brake is typically determined experimentally. However,
this process is time-consuming and costly, and accounting for the wide range of factors
influencing these values is practically unfeasible.

The determination of elastic and thermoelastic deformations of the shoe and drum also requires
further investigation. Existing methods for calculating the stiffness and strength of the brake
drum are based on the assumption that the drum behaves as a tube or cylindrical shell subjected
to uniform internal pressure. The shoe is commonly modeled either as a beam supported at its
edges and loaded with a concentrated normal force or as a flat circular beam hinged at both
ends.
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In graphical analyses, all forces acting on the brake shoe are plotted according to a selected scale.
In analytical approaches, the braking torque generated by the shoe is sometimes assumed to be
infinitely large, causing the denominator in the formula to approach zero (Sakovich, N. Ye,, et al.,
2020). Solutions obtained under such assumptions fail to accurately reflect the real stress—strain
state of the brake drum and shoes.

Any discrepancy between calculated and actual brake parameter values, regardless of direction,
leads to unsatisfactory results. Therefore, the development of reliable and experimentally
validated methods for drum brake calculation should be regarded as a critical issue, given its
importance in the design of drum brake mechanisms.

A previously published study assumed that only elastic forces act on the contact surface
(Namazov, B. F., 2024). This article extends that approach by also considering the influence of
thermoelastic deformations caused by temperature increases on the friction surfaces.

2. MAIN PART

At the initial stage of calculating drum brake mechanisms, to determine the contact pressure on
the drum-shoe interface, we considered the solution of an elastic problem without taking into
account the temperature factor.

Since high-temperature heating and deformation occur on the friction surface of the drum and
brake shoe during braking, it is crucial to study the influence of thermoelastic deformations on
this contact surface in addition to elastic deformations (Chichinadze, A. V., et al., 1988). From this
perspective, in the second stage of solving the problem, we study thermoelastic deformations.

To simplify the problem, we will assume that during braking we are dealing with a steady-state
heat flow. Then, as is known, the temperature satisfies the equation of heat conduction theory

T 1T 1 07T
or? r or r? 06° @)

under the following boundary conditions

;Lg:—q(ﬁ) at g, <|g|<q, r=r;

or
/188—:+051(T —T*)=0 at |¢9|S6’0 and 6, §|0|g7[, r=r, ()

or
ﬁ'§+a2(T —TO):O atr=R.
Here o, — heat transfer coefficient from the inner cylindrical surface of the brake drum with
temperature T,; a, — heat transfer coefficient from the outer cylindrical surface of the brake
drum; T (r, 0) — temperature function. When solving the problem of heat conduction theory, it is

assumed that heat exchange occurs on the outer surface of the brake drum with the external
environment, which has a temperature T, . On the inner surface of the drum, on the contact area

with the friction lining 6, < |t9| < 6, there is a surface heat source with intensity q (6’) , caused by
external friction. On the rest of the drum surface |6?| <@, and g < |¢9| < 7 heat exchange occurs

with the environment having a temperature T, (fig. 1).
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The thermal conductivity coefficients of a material in the axial, circumferential, and radial
directions are considered to be the same and independent of coordinates and temperature. The
general solution to equation (1) is represented as

T(r.0)=2ReF,(z), 3
where

F(z)=Alnz+f,(z);
fl(z):kiwbkzk,

analytic function in a ring r; < |z| <R; A -real constant.

4)

Fig. 1. Calculation diagram of the brake mechanism with fixed centers of rotation of the pads
For the function f; (z) we have boundary conditions
i ’ a = ()
2Re[e”F(2)] :72[T0 ~R(2)-R(2)]atr=R; @)
2Re[e”F/(2)]= %[T ~R(2)-FR(2)]at[o|< g, and g <[e| <7, 1 =1,;(6)

2Re[e"F/(2)]= —%q(@) at 9, <|6|< 8, r=r;.()

In the case where the heat transfer coefficients «; and «, large, unknown function g (9) laid
out on the inner contour r =r; in a Fourier series (8), (Namazov, B. F., 2024) can be replaced by

the condition of constant temperature on the corresponding surfaces of the drum

f,(t)+ f,(t)+ Alntt =T, at t =Re"; (8)

f,(t)+ f,(t)+ Antt=T, at t=r, e, |6|<6, and 6, <|0|<7; (9)

ARe eig|:fl’(2)+§:|}=—q(9) at g, <|0| <@, z=re". (10)

Let on the contour I =TI; (t = I’5€i9 ) function q (49) =a,;, Vig (6’) expands into a complex Fourier

series
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9(0)= > Ae™. (11)
k=—o0

In the designs of drum brakes of trucks, the actual conditions of heat exchange on the surface
r=r;, |9| <6, and 6, S|¢9| < rgenerally speaking, they are difficult, which is why the heat

transfer coefficient is low. To simplify the problem, it can be assumed to be zero, ie., it is
assumed that on the inner surface of the drum r =rj, |49| <@, and g, < |9| < rrthere is no heat

flow.

Based on the boundary conditions and relation (11) for determining f; (Z) in the region occupied

by the drum material, we have the following boundary conditions

f,(t)+f,(t)+2AINR=T,, t=Re"” (12)

ARe {e“g [ fl'(r)+é}} =—a,, Vf i Ae", =1’ |0<6, and 6, <|0|< 7. (13)
T —0

A Re{e“g { fl'(r)+§}} =0, r=re", 6,<|6|<6. (14

Let us remember that the coefficients A are unknown to us at this time.

Substituting (5) into the boundary conditions (12 — 14) on the inner and outer surfaces of the
drum and applying the procedure of the power series method, we find

2AINR+b, +b, =T,; (15)
bR*+b R =0, k=0;

AA ,
P _aTH.1VfAb;

5

%Eblrs +|’éj =—a,, VIA; (16)

S5

%kbkr;‘l =—a;,; VIA, (k=%2, £3,..).

To obtain a solution to the thermoelasticity problem for a drum cross-section, we will use N.I.
Muskhelishvili's dislocation analogy.

According to this analogy, the solution will consist of the solution to an "auxiliary problem," as if
the body were not subjected to heating, but were subjected to a dislocation with the
corresponding characteristics defined below, and a solution for the drum under the assumption
of single-valued displacements. Let's consider the auxiliary problem. In our case, according to
formula, we have

k=—0

0 k+1
u +iv’ =2IF1(z)dz =2{Azlnz—Az+bllnz+ > b, E—J 17)
+

The prime at the sum sign indicates that the index is excluded when summingk =—1.
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In the case under consideration, the dislocation characteristics have the form

E=— 27zle; a, +if =2b_;
/L+,ul (18)
0 A * 0 A *
oy = : =—1 ¢.
1 /’L-I'-I[,Llﬂl ﬂl ﬂ*'f‘/ul 1

Here A. and g — Lame constants of the material. Complex “auxiliary problems” have the form

(Muskhelishvili, N. I, 1977):

q)*(z):BInz+a0+alz+%;

a, a,a (19)
v, -1 ;2;3,
(1) -2 Ee
HE
B=——~+——;
7(1+ 1)

me(RPINR=rZInty)

8y =5 -
27(L+ 1) w(l+4)(R-17)
4/1151 . 2pib,
= X a_ =—,
T )(eR) T Al a) @0
2ib 2u,er?R? R
a, = L, a,= e In—;
N 7(1+ 1) 2 7[(1+;{1)(R2—I’;) s
. Auib, R}

(1 ;(1). R*+r2’
Here y, =3-4v,, v,—Poisson's ratio of the material.

The solution to the problem for a drum with single-valued displacements was found earlier
(Namazov, B. F., 2024).

For displacements in Cartesian coordinates in the case of a temperature difference, we have
(Muskhelishvili, N. I., 1977):

u:u’+vl—u*; v:v’+vl—v*.( )
2(A+m) 2( At )

Components u’, v” are found from the solution of the auxiliary problem (18)

u+iv’=i[;{l@(z)—zqh(z)—yg(z)} (22)
(/)*(z):_[cl)*(z)dz; V/*(Z)ZJ.‘P*(Z)dZ.

Using relations (17), (18), (21), (22) after performing elementary, although somewhat
cumbersome calculations, the radial displacement v, we find it in the following form:

' Vrvr* .
V., =V, + ———;
2( A+ ) (23)

v/ =2i(co +¢,cos@+csind),

r
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’

coz(;gl—l)BrInr+a0r+%;

) 2B Inr nhmr’ VA
Cl_Zl(aO—B)lnr+ 7r(1+)(1) _ﬂ(1+l1)(r§2+R2)_”(1+7(1)+ (24)
2ur’f, Fnr PR
(20 4R) #(es) w(ez)r (R
. A Y L T
(l+7) (7 +R?) 72(l+n) 7(1+x)
2% o Inr R oy

— + ’
ﬂ(l+;{1)(r§+R2) 7(1+ 1) 7z(1+;(1)(R2+r;)r2

v, = Ar Inr—Ar+%afInrcos«9—%,b’fln rsing+

(25)

0 k
+k§‘ rk :11(0:k coskd - B, sinkd);

b, =, +if,.
3. CONCLUSIONS AND DISCUSSIONS

The conducted research makes it possible to formulate the main findings as follows. Existing
methods for calculating drum brakes, which rely on established laws of contact pressure
distribution, do not accurately reflect real operating conditions and produce varying results.
Therefore, a new approach has been proposed and substantiated that more closely corresponds
to the physical nature of the actual loads occurring during braking.

Solving the elastic contact problem between the shoe and drum in the brake mechanism
constituted the initial stage of the analysis. In this study, thermoelastic problems were
subsequently addressed. To obtain a solution to the thermoelasticity problem for a drum cross-
section, N. I. Muskhelishvili’s dislocation analogy was employed, and formulas for calculating
radial displacements were derived.

Using the obtained radial displacement values, the elastic deformation results can be refined,
making it possible to determine the actual braking torque for drum-shoe brake mechanisms in
heavy-duty vehicles.

REFERENCES

. Chichinadze, A. V., Levshit, A. L., Borodulin, M. M., & Zinoviev, E. V. (1988). Polymers in friction units of machines
and devices: Handbook. Mashinostroenie.

° Chininade, A. V., Belousov, V. Ya., & Bogatchuk, I. M. (1989). Wear resistance of friction polymeric materials. LSU.

. Khairnar, H. P., Phalle, V. M., & Mantha, S. S. (2015). Estimation of automotive brake drum-shoe interface friction
coefficient under varying conditions of longitudinal forces using Simulink. Friction, 3(3), 214-227.

o Muskhelishvili, N. I. (1977). Some basic problems of the mathematical theory of elasticity. Springer Science.

e Namazov, B. F. (1997). Determination of contact pressure in drum shoe brakes. Collection of Scientific Papers on
Mechanics, (7), 252-255. Baku: AzUAC.

e Namazov, B. F. (2024). On the calculation of braking torques in drum shoe brake mechanisms. Journal of Baku
Engineering University — Mechanical and Industrial Engineering, 8(2), 116-123.

. Petrik, A. A., Volchenko, A. I, Volchenko, N. A, & Volchenko, D. A. (2006). Barabanno-kolodochnyye
tormoznyye ustroystva [Drum-shoe braking devices]. Krasnodar: Kuban State Technological University, 264 p. (in
Russian).

. Sadd, M. H. (2014). Elasticity: Theory, applications, and numerics (4th ed.). Elsevier Butterworth-Heinemann.

° Sakovich, N. Ye., Potsepai, S. N., & Vas'kina, T. I. (2020). Brake calculation. Bulletin of the Bryansk State Agricultural
Agency, (6), 60-66. https://cyberleninka.ru/article/n/raschet-tormozov

44



