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Table 1 Thermal parameters of friction pair
Sample Densitz/ Elastic modulus/ Poiss.on’s Specific hfi&llt czil%)acity/ Coefﬁcient of El;err{llal Thermal ccztlldufltivity/
(kg'm™) GPa ratio Jkg "K) expansion/(10° K ™) (Wm K™)
Disc 7800 210 0.3 480 1.16 322
Pad 5250 52 0.28 550 1.15 30
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Fig. 2 Numerical simulation results of temperature ﬁeld on brake disc surface at different braking time: (a) 8 s; (b) 15 s; (c) 22 s;
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Fig. 3 Experimental results of temperature field on brake disc surface at different braking time: (a) 8 s; (b) 15 s; (c) 22's; (d) 29 s
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Fig.4 Comparison of radial temperature on brake disc surface between numerical simulation and experiment



o530 B4 4 0 m K & MRS HIEh AR R R 841

3.2 HERMAIXIENIRAHIEE fiR R LR

B 5 B SR AS AU AT 6 1) ) 2 A A 3 P58 1)
P 2 o B AE U (1 il Zh s 18] 73 31 38 s A1
36.6 s, PEAHXIMZEN 3.7%. 58 K] S I [R] B /N
THAERH, X A5 ) 3 1 vh BE R R i A2 Ak
A Ko EhREIZNRE T, TR AR, WA SIS
RN EFEREA WL =, MU S s, [, 3R
TR P AE — e Y B P B T e, R B v R A T (1 8%
H 1, I TR ER S S0 % DAt 1 ) o ) P (I
BT R (ILIEL 6), PRI, 6 v ) 0 i P ik P & AN
AR BB, HOF BRI, FHRBOEA
B R R E AN, AL Hh R ] Bl ) ik E O
AANAR o IR, B AR AU FR) Sl Bl B ] 5 o

W B FT L, BUE A R S R s S
AR IS IR A 0 A A W) & RAF . el

125 .
—2— Experiment

. —*— Simulation
T, 100

o

g

= 75+

3

&

& 50t

=

)

)

< 25

0 10 20 30 40

Time/s
5 B0 AN BRIy | S A5 A 3 P I TR) D th 2
Fig. 5§ Comparison of angular speed with time in

experimental and numerical simulations

0.5k

04r

0.3

02}

Friction coefficient

0.1+

0 20 40 60 80 160 150
Angular speed/(rad-s™")
Bl 6 HaIl 15 it BRI R 1 DRI 4
Fig. 6

Instantaneous friction coefficient measured by

experiment

FRy ] B S 100 A0 1 30 5 o P52 A A 5 A 2 2R 1l 24
RS MVEE A, X T AT T BT ST A RIS
PR FTEEM), AT LA DL O SERISRAT 7T P b4k 240
Xl B AR 3 (K52

4 HEAMRSHENEREDNERE
A

4.1 @\ ABKABXHIZEREZMEMRE DN

=210

Bl 7 B i R 5.2 GPa. #uE 3 REL
30 W/(m-K) e # 2K FR B0 B i il £ B 22 1) 3 8 2R T
BERMDAARIW . 770, MK 25T &
T Y M BLAE 2R 42 125 mm Ab, K R BN
0.5X107° K" 435I K #] 1.15X107° KAl 2.5X 107
K, SR me 139.3 CTHE#] 142.6 “CHI
151 'C, fE#2E42 110~140 mm [RFEHE, #HIRERE
i)y IR R B ORI s, EA R4S 90~110 mm
A1 140~160 mm i [, 45 [ i3 B i 1) R IIK S 40
B KT FEAR

150+

O 125+

)

E

£ 1001

[

=%

g

[ ——0.5X1075K"!

T5F —o—1.15X 105K
——25X107K!
50 ! I ! 1
80 100 120 140 160

Radius/mm

7 TP K SR B0 foe e T N 22 ) B 4 2R AR
JEE 53 A1 52
Fig. 7 Effect of thermal expansion coefficient on radial

temperature on brake disc surface at highest temperature

Kl 8 o i R 5.2 GPa. #uE 3 REL
30 W/(m-K) AN [F] ] FA 2K 28 250 e v ik B B 221 )
Fefil k770 FTL, TEBEREIX PR R ORI T e e i
FIX, FEfb S RO ) b R I ER IR ET AR N, BN
fil s g AR T BTN (R A AME RN AR AL) . BB
PR RBOIBER, bR 1M TSI, el
JESIBERE IR K. Ak REON 0.5X 107 K" 4%
KE 1.15X107° KA, 4P 8(a)fi(b)FTaR, [ EE
PETHT DR RF R I e fid, B B2 TR v 50 PO i T B AR K



842 hEA O RYR

2020 44 A

Disc rotation direction

Contact pressure/MPa

0.93 () > N b
0.86
E 0.80 /\
0.77
— 0.66

~ 0.60

0.53
0.46
0.40
0.33

0.26
0.20
0.13
0.06
-0

B8 A A AR R ECT i

e i I 221 4 i [

Fig. 8 Contact pressure at highest temperature under different thermal expansion coefficient: (a) 0.5X 10> K™'; (b) 1.15X 10 K ';

(€)2.5X107° K"

R BB Al BN . SRR REGE D
KEN2.5X10° K, B XA RA /N, WA L
NUAGIT IR S, Bl R L NE,
il & 713K F) 0.93 MPa(WLE 8(c)), RIUL, %)
XoF 1 Ak R B AR A B URK

] 7~8 WA, Bl iR v UK REURIG R, Hilzh
A8 TR AR R T 0 AT A A RE AR K . IX T I
Tk B s 7 R0 PEE V) 0 A LA R ARRE, b T A A
[F) AR A ek 1 22 57, S BSOBE RT3 R A3 A A
B5), Al e A AR ST RAR T, AT 5 S EE R TR
R DI A S, B OREE b 77 A B I
K R IX e W THAH E, ) R SR R A,
PARTEER,  Heful 7 v BEAR X e b . pl Tk
Nl BN 28 R R B P 5 A R B B, i 0 i
i RELIG, 0N BE A IX o (e Bl e 7 [X) P
TR0, TN O (R fl U 7 DO B RG>,
b, B4 2R T IR B R AR A . TR,
] A 22 B3 K 2 5 B0 2 28 3R T A% 1) S EE s
FERER, A Zh AR T AR KRR 7

42 WE#EMRENGINEREDMIEME DN

AL

K9 Fas i | #5250 30 W/(m K). #iEZik
FRB115X107° K A e ot o v U P )
il B0 B 3 T A% [ FE 20 A sl o m] AL, Ty s
BRI, WA M IRE AR E, &k
FE R BLERL 428 125 mm &b 8] 3R A 5.2 GPa
SR INE 50 GPa Al 200 GPa I, i M
142.6 CUIEINT 0.4 “CHI 0.5 Co T UL, =Fhafih s
TR, Hl )AL EE R X AR 1) R A A 2 AR .

150

125+

100

Temperature/'C

50

80 l(l)O 1I20 14110 1160
Radius/mm

B 9 i PR AR ke o v L S IR 220 ) ) A8 R T A )

Bagiiinp=Al

Fig. 9 Effect of elastic modulus on radial temperature on

brake disc surface at highest temperature

Kl 10 Fros i B #uvE S 22030 W/(m-K). #E2
fi 2280 115X 107 KA, A [ o) i A S e v
FERTZ0 I H i o RTL, B s A P 386K
PEVETH (W HEfub ) 3 AR TS — 3, s Rl I us
B, R RAERTE A 5.2 GPa I, O KEELE N
0.721 MPa, WLFE 10(a), 40w F gtk A5 5 ) 3 K 2
50 GPa fl1 200 GPa i, Wi 10(b)FI(c)Fi, HAHE
fili K 3 3 )60 E) 0.730 MPa A1 0.731 MPa. Fifi [ /3
PEBLRIG R, W BEHEIET bR 43 A 1 BE AR X A
o, ARG RN, I R T 46 K A X S o R
it

B 9~10 mI%n, Bl SRR E IR, H3)
8% F ey P AR ) 3 R DR B O e X2
T RN, W KU AR T R ST,



#3055 4 41 m K & MRS HIEh AR R R 843

Disc rotation direction

(@) /’/——-‘\* (b)

Contact pressure/MPa

0.70 ;
065 A
0.60

0.55

-~ 0.50
~ 0.45

0.40
0.35
0.30
0.25

0.20
0.15
0.10
0.05
=0

B 10 AN [y 98 AR A el LI 220 P T A Ak s 7

—
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Relationship of pad material parameters and brake disc
temperature field

GAO Fei, WU Bo-wen, YANG Jun-ying

(Engineering Research Center of Continuous Extrusion (Ministry of Education), Dalian Jiaotong University,

Dalian 116028, China)

Abstract: The material parameters of pad have important effects on the tribological properties of the friction pairs and
the brake disc temperature distribution. Based on ADINA software, a 3D thermo-mechanical coupling model for brake
disc and pad was established. The effect of thermal expansion coefficient, elastic modulus and thermal conductivity of
pad material on brake disc temperature distribution and contact pressure at the interface was investigated under the brake
conditions that the initial velocity was 100 km/h, brake pressure was 0.538 MPa and the inertia was 23 kg-m”. The results
show that when the thermal expansion coefficient of the pad increases from 0.5X 107 K ™' to 2.5X 1073 K/, the disc peak
temperature rises by 8.4%, the maximum contact pressure increases by 47% at the same time. With the increase of the
thermal expansion coefficient, the contact pressure distribution becomes more uneven, which makes the disc temperature
change significantly. The elastic modulus increases by 9 times, the distribution of contact pressure is not sensitive to the
elastic modulus of pad material, and the elastic modulus has little influence on the temperature of brake disc. The thermal
conductivity increases by 7 times, the peak temperature can be reduced by 4.3%, the increase of thermal conductivity
promotes the heat diffusion rate, which can reduce the disc peak temperature. The research results can provide references
for the development of high-speed train pad materials.

Key words: disc brake; temperature field; contact pressure; thermo-mechanical coupling
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