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Abstract

Aiming at the problems of excessive thermal deformation and even thermal fatigue cracks and

SCEF|I M K. TR EE SR A RIS SRS U D], RS, 2023, 12(2): 962-973.
DOI: 10.12677/mos.2023.122091


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.122091
https://doi.org/10.12677/mos.2023.122091
https://www.hanspub.org/

X1

abrasive shedding caused by uneven temperature distribution of disc brake during braking, the
thermal coupling model of SiCp/Al ceramic composite disc brake is established by using the ANSYS
Workbench platform, and the change laws of brake disc temperature, displacement and stress
under different braking forces and braking speeds are investigated, and the calculated results are
compared with those of traditional metal brake discs. The results show that at the rated speed,
with the equal increase of the brake pressure, the maximum values of temperature and stress in-
crease nonlinearly with the equal increase of the brake pressure, and the displacement first increases
and then decreases along the radial direction; With the increase of braking speed, the tempera-
ture difference increases significantly, and the maximum stress and displacement appear at the
contact of brake disc and friction plate; Compared with traditional brake discs, SiCp/Al ceramic
composite brake discs have more obvious braking effect and more stable braking performance.
The relevant results can provide technical reference for the safe operation and optimal design of
the disc brake.
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Table 1. Geometric parameters of brake disc and friction plate

=1 HHBESERERLUSH

Py 4% (mm) A (mm) JE & (mm)
il B AL 101 142 10
BEYE 104 138 10

Table 2. Brake disc and friction plate material properties

* 2. BIEhESERRMRIEME

i 2 4k FEYE P
ok SiCp/Al SEME

P EC AR B (N/mm?) 2.09e11 2.2e11
THRAEL 0.3 0.25
5% (Kg/m®) 7220 2343
HIZHK R H(K™) 12e-6 3e-5
PALERWmIK?Y 47.7 1.4
EE# (3 KgTK) 500 1400
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Figure 1. 3D simplified model of SiCp/Al ceramic
composite brake disc
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Figure 2. Element model of SiCp/Al ceramic
composite brake disc
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Figure 3. Temperature response curve of SiCp/Al ceramic composite brake disc under different braking forces
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Figure 4. Stress response curve of SiCp/Al ceramic composite brake disc under different braking forces
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Figure 5. Displacement distribution of SiCp/Al ceramic composite brake disc at 2.0 s
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Figure 6. Temperature response curve of SiCp/Al ceramic composite brake disc under different braking speeds
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Figure 7. Stress response curve of SiCp/Al ceramic composite brake disc under different braking speeds
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Figure 8. Displacement distribution of SiCp/Al ceramic composite brake disc at 2.1 s

8.2.1s B SiCo/Al lgEE &M RIHIZIR B 5T

TENIRE IR Z] 2.1 s, #1338 100 km/h B 1) SICHAL B 8E 5 A R ) 3 25 428 17 087 % 9 A 2= P a4
8(a)f7, = FhfBd B N H S EALR 20 A7 WA 8(b), FTLAE H: S KR8 X SR Hh BILAE JBE 45y 15 il B it
P A, FFrPIIEEL, B S RN, BB SO AN R S T VAR 1 T [ B K AL

DOI: 10.12677/m0s.2023.122091 969 R ()


https://doi.org/10.12677/mos.2023.122091

pUL

ZEEAEES Py S R S A AL IR B OK, IR 1 Bl B AL RS RS 1E B KRS AR A B IEEAH -
4.3. EESMRBIEIER IS ST

N T AR SICH/Al BB S A R Zh 8 1) R VERE, K SICHAl BB R A RIS B 5 1 Sipp kL i 50
AR RSB UL . LR BB A AR A ks BB AT X B, S5 2R R TR

NT11 NT11

(b) 2.0s

Figure 9. Temperature nephogram of traditional material brake disc at different times
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Figure 10. Temperature nephogram of SiCp/Al ceramic composite brake disc at different times
& 10. T EESZY SiCo/Al FREE &M HRIFIZNRIEE SE

K] 9 A 10 ARG Kkl it K SiCe/Al B & 52 &R kM 25 7E 0.5 s F1 2.0 s I 2 (18 BE AR L = 1A
M T LG Y, il 325 B8 5 P 70 AR AR T R R R ek R, o) 290 488 3R T 350 P Y A% i e 4 28] P9 328 T B A1
FE GBI ZHAEAE 0.5 s I ZI BEHE X fc KU A 36°C, 7E 2.0 I ZI BEHE X it KUy 185°C, 17 SiCp/Al
VR E ARSI BETE 0.5 s I 2 BE R X I KR o 54°C, 7 2.0 I 1 BRI X d KR N 204°C o Sl xd
AT DUARC I ER T SiCo/Al Wi B8 52 A A R %) P8 158 DR B30 oy, A [ R 2200 A B 8 IX 11 s A U P A B vy, X R A
FEAATRI IR 2247 2T 6] A R F SICe/Al B 88 2 -G AR B 5 e 084 BE 2 VR ZEBh R A Ak e, M 22 3)
RO TE B o (2 KR SICe/Al B B 2 -G ARLR 2 IR EE A TEAR 1) EAEAEROIRBERR L, it LA 23 0 fail &
P 7B T R i B 48 0 B 4%

] 11 AR g R Bk K SICo/Al B & B G M BHEIZNAEAE 0.5 s I ZI AL AR 2= I8, AR R LUK IR,
G B ZN S SICHAl P -G AR B0 5 7E 1| 3 i 2 T ol 20 4 2 Ak T 8 177 1) PR B A A AH 55
H = E e KA S5 IAE S Sh s A B AL . IX BB IR AR RIS RE i, i Bh A 5 A ARl 8 7Y
Tk,

DOI: 10.12677/m0s.2023.122091 970 e RSE TR


https://doi.org/10.12677/mos.2023.122091

pUL]

U, Magnitude U, Magnitude

BB UL LN TII0000
NRRNNWWWWWWWAS

() 0.5 s WAL GEM RIS F2 = & (b) 0.5 s I SiCp/Al B & &4 B Bh A1 7 = K

Figure 11. Temperature nephogram of SiCp/Al ceramic composite brake disc at different times
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Figure 12. Stress nephogram of traditional material brake disc at different times
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Figure 13. Stress nephogram of SiCp/Al ceramic composite brake disc at different times
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