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Abstract

Under the strategic goals of “carbon peak” and “carbon neutrality,” lightweight technology for new en-
ergy vehicles has emerged as a critical development direction. As a core component of unsprung mass,
the lightweight design of brake discs holds significant importance for enhancing overall vehicle perfor-
mance. This study aims to develop a high-performance, lightweight brake disc structure based on sili-
con carbide particle-reinforced aluminum matrix (SiCp/A356) composites. Using the Star CCM+ simu-
lation platform, a flow field model of the brake disc was established to analyze the influence of six dif-
ferent cooling rib structures on the flow behavior of the braking system, with comparisons made on
parameters such as flow field distribution patterns and surface heat transfer coefficients. After select-
ing the optimal cooling rib configuration, a multi-physics-coupled numerical analysis framework was
constructed on the ANSYS APDL platform, integrating heat transfer, fluid dynamics, and structural me-
chanics models to perform full-scenario simulations and iterative optimization of the brake disc struc-
ture. The research demonstrates that the geometric configuration of cooling ribs significantly impacts
the thermal dissipation performance of the brake disc, with the optimized structure exhibiting supe-
rior flow field distribution and heat transfer efficiency. The multi-physics-coupled analysis further ver-
ifies the reliability of this structure in terms of thermodynamic performance and mechanical strength.
The finalized lightweight brake disc design meets practical application requirements, balancing simu-
lation efficiency and engineering feasibility, thereby contributing to the further enhancement of brak-
ing system performance in new energy vehicles. This translation maintains an academic tone suitable
for journal publications, ensuring technical accuracy while adhering to formal scientific writing con-
ventions.
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Figure 1. Simplified simulation model
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Figure 2. Rotating air domain model
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Figure 3. Computational domain model
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Figure 4. Intermediate plane meshing diagram
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Figure 5. Rib structure: (a) Plate-column; (b) Spiral stirrups; (c) Plate; (d) Long and short plate; (e) Long and short arc; (f)
Columnar
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Figure 6. Velocity cloud diagrams for six distinct cooling fin configurations at 120 km/h: (a) Plate-column; (b) Spiral stirrups;
(c) Plate; (d) Long and short plate; (e) Long and short arc; (f) Columnar
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Figure 7. Contour plot of convective heat transfer coefficient distribution: (a) Plate-column; (b) Spiral stirrups; (c) Plate; (d)
Long and short plate; (e) Long and short arc; (f) Columnar
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Figure 8. HTC-v point-line diagrams for cooling fin surfaces: (a) Plate-column; (b) Spiral stirrups; (c) Plate; (d) Long and
short plate; (e) Long and short arc; (f) Columnar
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Figure 9. Velocity cloud diagrams for six distinct cooling fin configurations at 120 km/h
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Figure 10. Brake disc inertia test bench
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Figure 11. Synthetic brake plate
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Figure 12. Thermocouple location diagram
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Table 1. Bench test results
#= 1 ARARER

75 T3 (km/h) TS R R B il st [R] () YIEIRE(C) B FHEE(C)
IR 3 100 0.422 6.73 100 148
IR B 100 0.443 6.73 147 199
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Figure 13. Node temperature curve
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Figure 14. Active disc model
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Figure 15. Corner symmetric model meshing
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Table 2. Working conditions
F=2 ITR&EH
il BT 3E Z (km/h) i = (kg) il B A E E (km/h) il 3 ke (m/s?) VIR (C)
T 100 908.8 5 3.92 100

IR 5 T 13905 EORS BE M BN B AU oM 2 2, T K9S HT250 AR ARZR R iR AR R 1 2
B 3)BEAT Vg, LARAEE Iy 24 VE RE B UL E (R AR R AR AL e

Table 3. HT250 material parameters
= 3. HT250 #MRI &%

BE(C) 20 100 200 300
PN (GPa) 105 95 90 90
2K F=%(10°6/°C) 4.39 11.65 12.84 13.58
L F(WI(m-K)) 42.38 43.06 44.23 4355
EE#4(J/(kg-K)) 503 530 563 611

2B (kg/m3) 7220
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Figure 16. Convective heat transfer coefficient-velocity diagram
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Figure 17. Comparison of simulation and bench temperature rise data
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AUA B TIARTE 6 28R 5 FrivfE SAE J2522-2014 %78, R BURIFRE T 1 6.7 T HHT Bk I5h5
B, BARTHSEIE 4.

Table 4. Working conditions
F4 TRENH

i B 4]38 JEE (km/h) il # (kg) #1301 A 38 BE (km/h) ] Bl R (m/s?) WA ('C)
T 175 908.8 97.5 5.89 28.8

3.3.2. fHESHER

EEXE T ARRY S A R sh At b 4, AT 3.2 Wi fh, SEEUHIBIAL N 18 AT BT 5,
SIS EEAR LR B f . B IR S R MR RIER S 3.2 R, AR

ARG LR B s — Rt eE, B AR A SiCp/A356 B &Mk, BARMRI S L 5.

Table 5. SiCp/A356 material parameters
52 5. SiCp/A356 HHlI &8

HEE(C) 20 50 100 150 200 250 300 350
PVERIR(GPa)  94.2 - - 82.5 - - 721
LIk ZH@0%C) - - - 1.63 - - 1.92

#uft F(W/mK) 143 - - 134 - 135 - 142

EL (0 (kg-K)) - 861 - 907 - 997 - 1130
PriusmEE(MPa) 300 - 265 - 220 - 133

2 ¥ (Kg/m3) 2790
HER YN = 0.3

K 3.2 IR IAT RIRE AT, AR 3.2 8L, REAETR.

3.3.3. REH. MAOFHXEES

SRR 23 b T 07 38 H RIARORE IR SCR 5 ) B i S R AT IR A R 3 (A B, D B4 B ] 18
Fim .

T EULE AT LA, AR AU IR e 5 5 R U FEE A o 0 A R R T ) 5 R O LIRS,
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HEEFE F

Hotpe il 9 185.506°C s ML Jydpth, 3#7 52 il Sh AL f Sl R v 58 — 8 g, sk g
FERLNE S BRI E AL, BIFSSHUERRAL, HORN 7179 164 Mpa.

Figure 18. Contour plots of temperature and stress fields of plate-column heat dissipation rib brake disc structure
[E 18. HABREAE I ZBEWRRED RN NI A E

M T AU FURTR I SiCp/A356 HHXT TS HIF Bk R T R T . AL RE S 08, (HR HH
FAR, EMFZMET, SiCp/A356 B AL /N T8k, BIHSTABE RS, N TR, &
FHEATMRE L RSTIR26 1 T 8K SiCp/A356 25t i S AL MR AR CLARIE T GE J)5 BRILZ AN, O T B%
R B EREIUX B RN Fy, $R b B AL AR, FERG S AN DI 5 F 3K — S5 440, TIN5 A5 i F 1
BN Y N1 i B 19 .

Figure 19. Contour plots of temperature and stress fields of the brake disc after adding reinforcement ribs

B 19. e ESIEREREIA RN DAL E

MAT RS R AT LA I, fERIR 4 )5, iRk gy 184.771°C, BAMREH i T
0.735°C; i mii /14 154 Mpa, (HISHE5H FI%E 1 10 Mpa. &5 SRR, s i 45 f A AR 451 3 3 e Kk
JS2FTWLE N B, SRS i NS AT R B, S 1 B A 56 AT R e

Rtz 4, T SiCp/A356 il B A AL Sk A i IR, DRILBE Sy e sl . O 7 AEAN AR A
ZNEIAMPERERI 2K, (A5 2h & B At L B OB, RO T ORI B AR R R A, PRI
s K L OUE R iR m iR s, X T R Sh B R A e U A MR . R A % 2 T A AT Ab 2
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Figure 20. Contour plots of temperature and stress fields: a) Rectangular groove structure; b) Regular hexagonal groove struc-

ture; c) Circular groove structure
B 20. BESRMIGEE: o) FERMELZER; b) EOFMELZER; ¢ BERMELSNE

i A B FER AT DR Y, =R IR Sl A 22 A5 ) Sl 48 0 00 ) e i L B M A P, X2 DA

+

Vil
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MRS LSRR T 1 Zh i 5 2 SRR A, RIS ZERI A, MR T DR s SR . Ty AR
BRSO SN 3R T, (ERRR TR IR f S A4k, (B R [MIRS A IE 7N 32 T U 1 31 £
P T UL (R KN 12945 B BRAR - X2 R DAy ] sl 8 2 A (U S B0 A ) AR 17 T 3 B 1
b AUk, MRESSARESIN T DAL T L-P AN R m il Sl i i S ) 26 fF R HE S, Bk, i =
AR RE B BCHEFF . BTEINIRE > IENILTR MR > FETRMIAE, KibR&EFNIEL . &5
HoA LR N P 21 BT

@ (b)

Figure 21. Lightweight brake disc final construction
21. BREEEREEH

4, gEip

RICLAHTBRIEIR B BB SN R, 1B F SICp/A356 Akt JFRE T3 Js 3N A 45 M B THi 7t . 3@
it Star CCM-+H X A Al U SRR R il Zh BT e T3tz 70 #, DLiketh 1 Zr s PEREDE 57 AREE IR B 93 5
ZJE#T ANSYS APDL & 7 ZWH M EEUE MR R, SRR G Zh B4 it AT & T oL K
I, B2 it iR AL B B A5 A B A ) B B L 49.1%, LA Zh i THIK T Bl sh £,
JS2 A3 KPR T RPRER B N IVF IR T, stk s AL I sh B 25 M BT At 1 BRSO
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