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Table 3
Properties of candidate materials for brake disc [11, 13]
Properties 1 2 3 4 5
Compre | Frictio | Wear rate | Specifi | Specific
ssive n (x10° c heat, | gravity
Strengt | coeffic | mm’/N/m Cp (Mg/m*)
Materigl h (MPa) ient )

4.42
4 68

2463

0.34
0.31

Ti-6Al-4V
T™MC 1300 8.19
AMC | 406 0.35 3.25 0.98

£ : Material Selection Method in Design of Automotive Brake Disc
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Properties Brake pad (friction materials)

Nonasbestos organic aramid (Kevlar29)

Thermal conductivity (W/mK) 0.25
Density (kg/m’) 1440
Emissivity 0.82
Specific heat capacity (J/kgK) 1400
Compressive strength (MPa)

Friction coefficient

Modulus of elasticity (GPa) 70.5

EHZ : A Computational Study on the Use of an Aluminium Metal Matrix
Composite and Aramid as Alternative Brake Disc and Brake Pad Material
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Disc 31| TlelH
AL AtS At 2009 Sonatal| S0{7F Disc #42= &4

C=MIN

= E 3
THICKNES 1' 3
Solid | F D
Vented|  Disc / Drum E'Ti“"' — 3 — i
Manufacturer & Model Engine Size Year Drum Part Number A B c D E F
3.3i V6 3342cc 05 > F-V NBD 1544 3000 | 280 | 26.0 | 47.0 | 69.0 | 5+2
All Models Fitted 262mm Rear Disc 05 -> R-S NBD 1502 262.01 10.0 8.5 61.0 76.0 | 4+3
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Equation

Heat
0= uP(z.u.t)v(2)
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X . A Computational Study on the Use of an Aluminium Metal Matrix
Composite and Aramid as Alternative Brake Disc and Brake Pad Material
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cg - 9232 ¥|d(Jkg-K)
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ke 239 ¥ H=&(W/m-K)
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& X : Study for Characteristic of Frictional Heat
Transfer in Rotating Brake System
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% w-disc_GCI

X% structure parameter

m_weh=1800; % mass_vehicle
n_disc=7.35; % mass_disc
R_tire=17+0.0254; % inch+0, 0254=meter
M=m_veh+n_disc+4;

JMeR_tire"2;

D_pad=0.26: d_pad=0.16:;
h_pad=pi/6+(D_pad~2-d_pad~2)/4;

D_disc=0.33; d_disc=0.14;

P=2eB; % 2MPa uniform

%F=0. deB; % braking force[N]
mu=0.4; % mu of disc and pad
thetal=pi/3; % pad range

r_h1=0,004; % radius of hole
R_h1=0.2; % location of hole
R_h2=0.225;

R-h3=0.25;

R_h4=0.275;

R-h5=0.3;

H1=0; % num of holes
&_h=N1+pi+r_h1"2+5; % hrea of holes
reff=2/3+(D_disc™3-d_disc™2)/(D_disc"2-d_disc™2);

rho_pad=2500;
C_pad=1060;
k_pad=4;

1/01+({rho_pad+C_pad+k_pad)/{rho_disc+C_disc+k_disc)1"0.5)

% w-disc_tMCZ

¥X structure parameter

n_veh=1800; % mass_wvehicle
n_disc="T.35+(2700/7200) ; % mass_disc
R_tire=17+0,0254; % inch+0,0254=neter
W=n_veh+m_disc+4;

JM+R_tire"2;

D_pad=0.26; d_pad=0.16;

h_pad=pi /6+(D_pad~2-d_pad~2)/4;

D_disc=0.28; d_disc=0.14;

P=2eE; % 2MPa uniform

%F=0. def; % braking forcelN]
nu=0,4; #mu of disc and pad
thetal=pi/3; % pad range

r_h1=0.004; % radius of hole
R_h1=0.2: % location of hole
R_h2=0.225;

R-h3=0.25;

F_h4=0.275;

R-h5=0.3;

N1=0; # num of holes
A_h=HT+pisr_h1"2+5; % hrea of holes
reff=2/3+(D_disc"F-d_disc"2) /(D _disc"2-d_disc"2);

A=pi+(D digc"P-d disc™2i-4 h;: contact area

rho_pad=2500;
C_pad=1060;
k_pad=4;

ganma=1/{1+{{rho_pad+C_pad+k_pad]}/{rho_disc+C_discek_discl)~0.5)
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Energy calculator

Displacement[m)

v [km/h]

\2]

acc_veh [rad/s"2]
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Solid-Disc V - Disc

Point Graph: Temperature (K) o Point Graph: Temperature (K) o

Temperature (K)
Temperature (K)

0 0.5 1 149 2 2T5 :I') . 3T5( . lll 455 SI 5?5 (IS 6.[5 7I_ 0 0.5 X 1.5 2I 2:5 CI! 3:5( ; :1 4.I5 5‘: STS é 6.]5 ;-
ime (s Time (s
Mesh = 219227}, average element quality 0.7103, DOF =5267 Mesh = 192667H, average element quality 0.6421, DOF =4913

V DISCT| SolidDisc £TF 2 100Kk &2 MHo=2 Hol A2 a st
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Solid-Disc V - Disc

o o
Point Graph: Temperature (K) Point Graph: Temperature (K) 8

Temperature (K)
Temperature (K)

1 1 & 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Time (s)

1 1 1 1 1 1 1 1
6.5 7 0 0.5 1 1.5 2 2.5 3 3.5 4
Time (s)

Mesh = 193577}, average element quality 0.6429, DOF =4934

1 1 1 1 ! 1
4.5 5 S70) 6 6.5 74

Mesh = 224147}, average element quality 0.7134, DOF =5342
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Solid-Disc V - Disc

Surface: Total displacement (mm)

Surface: Total displacement (mm)

¥ 6.33x107 X~—I

¥ 3.31x10°

Mesh = 1375457}, average element quality 0.7267, DOF =636498 Mesh = 546427}, average element quality 0.6807, DOF =258543

SolidDisc1t V-Disc2Tt H % o] &1 Ert.
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cenent -

Solid-Disc V - Disc

Surface: Total displacement (mm) Surface: Total displacement (mm)

A 6.64x107°

A 2.65x10™
x107

%107

¥ 9.39x107 W ‘—l

v 3.72x107°

Mesh = 1360307, average element quality 0.7283, DOF =629859 Mesh = 546927}, average element quality 0.6796, DOF =258678

SolidDisc1t V-Disc2Tt H % o] &1 Ert.
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Dispacenment
Solid-Disc V - Disc

Max : (0.248mm Max : (0.113mm

Surface: Total displacement (m) Surface: Total displacement (m)
T

T T T
A 2.48x10™ A 1.13x10™
.4 0.05 |- )
0.06 L %10 %10

0.04 -

0.03

0.02 -

0.011

-0.011

-0.02

-0.03

-0.04 -

-0.05

-0.06

I I I I I I I I
-0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0

I I I I I I I I
-0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0

o139 Taist ¥ VDisclb SoidDisc 8TF B %o &Y E ).
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Dispacenment
Solid-Disc V - Disc

Max : 0.752mm Max : 0.311mm
i ]

Surface: Total displacement (m) Surface: Total displacernent (m)
T T T

0.04 F —
A 3.11x10™*
0.03 1 x107%
_
0.02| 3
0.01}
2.5
O .
001} 2
002}
1.5
0.03|
0.04] 1
0.05}
0.5
0.06}
0.07| 0
| | | | | | | |
014 012 01 008 006 -004  -0.02 0

I I I I I I I I
-0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0

o139 Taist ¥ VDisclb SoidDisc 8TF B %o &Y E ).
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EZ . A Computational Study on the Use of an Aluminium Metal Matrix
Composite and Aramid as Alternative Brake Disc and Brake Pad Material
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1 ' Young's modulus 125e9 180e9
Eox— (543 &9 P, &2 disc 7))
€ - ey 97km/h 100km/h
180 AL 2
0.606 < ﬁ: 0.875 7"-_',-_'|:_ —5.89m/S
IjE = A2t 4.578s

500°C
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-0.03

Hn

-0.05
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A2l [IFE Disc®l M4
GCI
| solidDisc__| __ VDisc___| _ Compare
Max heat 493K 388K V-Disc
Max displacement 39.7nm 179nm Solid-disc
Heat displacement 0.248mm 0.113mm V-Disc
AMC-2
| solidDisc__ | VDisc___| _ Compare
Max heat 582K 413K V-Disc
Max displacement 66.4nm 265nm Solid-disc

Heat displacement 0.752mm 0.311Tmm V-Disc

24



Hu
@)
)
—
B &S

nnnnnn

bl T

=4

V-DiscTt Solid-Disc0l HIoIH ZHITt 1.500 &< 4 LITEAIEE
MISEC] Z10l= Hel 2l S0l [HE ¥s0l 2M S+

Discll 21t =28 Thermal judderZ/4f 01 28 olH HISHO0| HA

dt2tAl V-Discll Braking &S0l £

25

0

# Thermal Judder Si¢f : 230 WHO| =& J0| Er=E 0| M HaA| E2l= oy



iF—E o @ D II= EE:::tEtiunal

0" bk

A Computational Study on the Use of an Aluminium Metal Matrix Conposite and Aramid as Altemative Brake
Disc and Brake Pad Material

* A Study on Themml Amalysis in Ventilated Disk Brake by FEM

* Themml Stress Amalysis of Ventilated Disc Brake

* Study for Characteristic of Frictional Heat Transfer in Rotating Brake System

* Coupled Themmo-Mechanical Arnalysis of Brake Discs Considering Nonlinear Coefficient of Friction

* Numerical Simulation of Themmelastic Contact Problem of Disc Brake with Frictional Heat Generation

* Themml Amalysis of Disc Brake Using Comsol
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