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Abstract. The importance of brake systems in automobiles cannot be overemphasized. Brakes are used in speed
control of vehicles and do so by the conversion of kinetic energy into thermal energy. Better stopping performance
has favored the disc brake system over the drum brake system and has found wide application in high-performance
vehicles. Brake fade, caused by thermal overload has placed a limit on the permissible temperature at which braking
systems can function, and it is the task of designers to ensure that this is avoided. However, even with a good design,
panic braking at high speeds could lead to high-temperature values. This study is thus undertaken to numerically
investigate the effect of selected braking patterns on temperature growth which could lead to brake fade in a disc
brake system for a 2 200 kg car moving at a velocity of 40 m/s whose velocity is expected to be reduced to 4 m/s after
five seconds with two matches of the brake for a seconds’ interval. The peak temperature attained in the system
during braking was observed to be different for the different braking patterns, and the best-suited pattern was the 1s-

1s-3s with peak temperature values below 600 K.
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1 Introduction

Brakes are mechanical devices that restrain motion and
does so by the absorption of energy from a moving
system which is achieved by friction, pumping on
electromagnetic means.

The importance of brakes in automobiles cannot be
over-emphasized; it is used for its stoppage and speed
control. Automobiles generally use the friction type of
braking system which consists of a group of mechanical,
hydraulic and electronic activated components.

2 Literature Review

Brakes are basically devices used in the conversion of
kinetic energy to thermal energy [1, 2]. Automobiles
generally use the friction type of braking system which
consists of a group of mechanical, hydraulic and
electronic activated components. The automobile friction
type braking system is either the disc or the drum system
[3], and the choice of one is dependent on the purpose it
is required to fulfill. The all-disc braking system is made
use of in high-performance vehicles, and rarely will one
see the drum braking system used at the front wheels of
modern vehicles except on the rear wheels.

Automotive disc brakes are usually made of grey iron
[2, 4, 5], and uses calipers to squeeze a pair of pads
against a moving/rotating disc thereby causing its

retardation as a result of friction. The disc brake is
favored over the drum brake system because of its better
stopping performance attributable to its better heat
dissipation rate, and its better recovery from immersion
into liquid [6]. For better heat tolerance, disc brakes can
also be manufactured from ceramic composites.
However, the impact of cost has limited its use to exotic
cars.

Brake fade is caused by overheating of the brake
system and results in a temporary reduction or complete
loss of brake power, and it is to be avoided [8]. The heat
storage and dissipation capacity of the brake system are
of upmost importance in the prevention of brake fade
which is caused by thermal overload especially during a
single stop or repeated stops from a high speed and/or
high load condition [4, 6, 8—12].

The impact of the vehicle speed and duration of
braking have been undertaken, and it has been reported
that it is imperative that the heat generated must be
adequately dissipated to ensure the proper functioning of
the system [13—17]. The relatively low temperature at
which materials could fade has been a major reason for
consideration in the choice of materials for disc braking
systems, because of the very high temperature which is
obtainable during braking. Fading is one of the reasons
why aluminum, despite being a good thermal conductor
and lightweight is not used in its pure form for disc
braking system because of its low operating temperature
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[2, 13, 18, 19]. To ensure fast cooling through forced
convection, brake discs are usually also ventilated
[16, 20], however, ventilation of the brake disc can result
into the induction of an uneven temperature distribution
field in the disc [21], and by extension Judder effect
[21, 22].

Generally, brake pads could be effective up to a
temperature of about 600 K [11, 14, 22], while for racing
vehicles, the effective operating temperature of the brake
pads without fading can be as high as 900 K [14].
Repeated thermal stresses caused by high temperature
usually results into the development of hot spots [24, 25]
which subsequently can result into heat cracks on the
brake disc surface [16, 19, 26, 27].

Asides the vehicle weight, velocity, and time required
to bring the vehicle to a halt or reduced velocity, the
braking pattern also contributes to the inception of brake
fade. This study is thus focused on the impact of braking
pattern on brake system fade using six different scenarios.

3 Research Methodology

The thermal distribution of a disc braking system was
determined numerically by modeling a brake assembly
fitted to a vehicle of total mass 2 200 kg (mass of vehicle
plus payload) moving at a velocity of 40 m/s (144 km/hr).
The vehicle is to be brought to a speed of 4 m/s in 5's
after the first march of the brake pedals, which is
expected to be twice with a time lapse of 1 s in-between
the marches.

The model as developed by COMSOL Multiphysics
for a disc brake system geometry and material properties
was made. The heat transfer module was employed in the
numerical solution.

It was assumed that there is no skidding, and all the
kinetic energy at the surface of the disc brake is
transferred to thermal energy in the brake system, and
also the pressure distribution generated by the brake pad
on the disc brake surface is uniform. The designed disc
brake system is shown in Figure 1.
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Figure 1 — The designed disc brake dimension

The deceleration power of the brakes while neglecting
drag and any other losses outside the brakes is the
negative value of the time derivative of the vehicle’s
kinetic energy.

_ _ & i""‘“uv1
Pa = r:.!t( 2 ) (1)
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where Py is the deceleration power; m,, is the vehicle
mass; V is the vehicle velocity.
The total frictional heat source of the brakes is
equivalent to the brake deceleration power, that is
Pfricrion = Pri (3
And since a standard car fitted with an all-disc brake

system has eight brake pads, the frictional heat source at
each of the brake pads is given by

_ Prriction _ 1 d¥
Pfricrion;przd - 2 - _Emavz “

The frictional heat source per unit area is related to the
contact pressure between the pad and disc according to
the equation:

Pfr[cr[nn_gaa’ (5)

r= v

The thermal energy generated at the boundary between
the brake pad and the disc is dissipated by convection and
radiation, and for this study, the rotation of the disc is
modeled as convection in the disc, and the local disc
velocity vector is given as

Vdisc = E(_}F!xj (6)

The thermal properties of the disc brake system used
for this study are shown in Table 1, and the geometry
dimension is as stated in Table 2.

The disc brake was meshed using the free triangular 1,
and the parameters are stated in Table 3.

The temperature distribution in the disc brake system
were then determined numerically for braking patterns of
first march interval, release period, and second march
interval as follows, s: 0.5-1.0-3.5, 1.0-1.0-3.0, 1.5-1.0—
2.5,2.0-1.0-2.0, 2.5-1.0-1.5, and 3.0-1.0-1.0.

The ambient temperature was taken to be 300 K, total
braking time of four seconds, and the deceleration was
assumed to be of an average value of 9 m/s”.
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Table 1 — Thermal properties of brake system

. . 3 Heat capacity Thermal conductivity, Surface
Material | Density (kg/m”) | at constant pressure, Wim-K) emissivity
J/(kg-K)
Disc 7870 449 82 0.28
Pad 2 000 935 8.7 0.80
Air 1.170 1100 0.026 —

Table 2 — Brake system dimensions, m

Part Radius | Thickness
Disc 0.140 0.013
Wheel bearing 0.080 0.010

4 Results and Discussion

The surface temperature was seen to vary with time
and position on the disc and brake pad, leading to a
temperature distribution and this is evident from the
surface distribution plot for the selected braking patterns
after a time period of two seconds of the brake
application depicted in Figure 2.

The peak temperature value was observed to be at the
tip of the brake pad during the period of the brake
application.

These temperature values at the tip of the brake pad
are plotted against time for each of the investigated
braking patterns and depicted as shown in Figure 3.

The different braking patterns result in different
temperature values. The peak temperature values for the
different patterns were observed to be the same for the
first 0.3 s of the brake application, and this was so
because an average retardation value was assumed
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Table 3 — Disc brake mesh parameters

Element size (max) 0.00980
Element size (min) 0.00042
Maximum element growth rate 1.35
Factor of curvature 0.30
Narrow region resolution 0.85

throughout the braking period, and the minimum first
match period was 0.5 s.

The peak temperature values for each of the different
braking patterns were also observed to occur before the
brake is unmatched, and is a function of the time of a
match. With the notion of brake fade set in at a
temperature above 600 K [9, 14], the best fit braking
pattern to avoid brake fade was observed to be as
follows, s: 1.0-1.0-3.0, and this is closely followed by
the braking pattern 0.5—1.0-3.5.

The temperature of the brake pad two seconds after the
braking and attainment of the required velocity; 4 m/s, is
also a function of the braking pattern as depicted in
Figure 3, while it is highest for 1.0-1.0-3.0s, it is least
for 3.0-1.0-1.0 s. This is attributable to the fact that after
the attainment of the peak temperature during the braking
pattern 3.0-1.0—1.0 s, the remainder of the braking match
period was used in the cooling of the brake pad as against
for the other patterns with two separate peak values.
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Figure 2 — Brake system surface temperature distribution for the following patterns, s:
a—0.5-1.0-3.5;b-1.0-1.0-3.0; ¢ — 1.5-1.0-2.5; d — 2.0-1.0-2.0; e — 2.5-1.0-1.5; f — 3.0-1.0-1.0
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Figure 3 — Brake pad tip temperature

5 Conclusions

The thermal energy generated during braking and the
subsequent temperature rise and distribution on the disc
brake system have been shown to be dependent on the
braking pattern. If need be, for repeated quick braking,

the interval should be such that the first match does not
lead to excessive heat generation.

The braking pattern “1.0-1.0-3.0 s” was found to be
the most suitable to avoid brake fade of the investigated

braking patterns, with peak temperature values below
600 K.
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YK 629.017

BB cxemu rajbMyBaHHA HA e)eKTHBHICTH raJbMiBHOI CHCTEMH aBTOMOOLIA
Toomxy O. A.

VYuiBepcuret Aneneke, P.M.B. 250, nusix Ene-Ocor6o, M. Ene, mrar OcyH, Hirepis

AHoTamisi. BaxiuBiCTH TanbMIBHMX CHCTEM B aBTOMOOUIIX He Moxe OyTH TIepeolliHeHa. [ampma
BHUKOPHCTOBYIOTBCS JUISl PETYIIOBAHHS MIBHAKOCTI TPAHCIOPTHUX 3ac00iB 1 NMPAIIOIOTH 32 PaXyHOK MEPETBOPEHHS
KiHeTH4yHO1 eHeprii y TemioBy. Kpamia 3ynmHsAIO9a Iisi CHUCTEMH AWCKOBHX TajbM IOPIBHSAHO 3 OapaGaHHUMHU
ragbMaMy IpHU3BeJa J0 iX MIMPOKOTO 3aCTOCYBAaHHS y BUCOKOSIKICHUX TPAHCIIOPTHUX 3aco0ax. 3HWKEHHS rajJbMiBHOT
3[JATHOCTI, BUKJIMKAHE TCIUIOBHM IIEPCHABAHTAXXCHHAM CHCTEMH, HAKJIaJjae OOMEKEHHS Ha JIOIyCTUMY TeMIIeparypy,
3a Kol Moke eeKTHBHO (YHKIIOHYBaTH rajbMiBHA cHcTeMa. TOMY aKTyalbHOIO € ImpoOJieMa YHHUKHEHHS I[bOTO
HeratuBHOro edekry. OmHak, HaBiTP NPH JOCTAaTHHO TapHIH KOHCTPYKIIi, YacTe raJbMyBaHHS Ha BHCOKHX
IIBUAKOCTSIX MOJKE IIPU3BECTH JI0 TIOSIBH BHCOKUX TeMIEpaTyp. TakuM YHHOM, I CTaTTs CHPsIMOBAaHA Ha BUKOHAHHS
YUCIIOBOTO JIOCII/PKEHHS BIUIMBY OOpaHUX CXEM TajbMyBaHHS Ha 3POCTAHHS TEMIIEPATYPH Y CHCTEMi, IO MOXe
MPU3BECTH IO 3HIKEHHA 11 epeKTUBHOCTI. JlOoCHiKEeHHS MPOBOAATHCS A aBTOMOOUI Macoro 2 200 kr, 1o
3YNHUHSAETBCS 3a 5 ¢, MOYMHAIOYM 3 TIpaHW4yHoi mBHakocTi 140 km/rox i1 3aBepmyroun 15 km/ron. Haiibinmpma
TeMIIepaTypa, TOCSATHYTa CHCTEMOIO TIPH TalbMyBaHHI, BIIPI3HSIETHCS VIS Pi3HUX cXeM ranbMyBaHHs. [Ipu npomy sk
HalKpaIy cxeMmy oopaHo Mozenb «1 ¢ — 1 ¢ — 3 ¢» 3 rpaHMYHUM 3Ha4eHHAM TeMnepatypu 327 °C.

KorouoBi ciioBa: aBTOMOOiIb, rajbMiBHA 3/1aTHICTh, AUCKOBI rajbMa, PO3IOJILI TEMIIEPATYPH.
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