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Abstract

A three-dimensional transient thermo-mechanical finite element model was developed to investi-
gate the temperature and stress responses of a ventilated brake disc for high-speed trains under
different initial braking speeds. The results show that both peak temperature and peak von Mises
stress increase with braking speed. At 160 km/h, they reach 239.8°C and 248.7 MPa, respectively,
with pronounced stress concentrations occurring at the cooling ribs and the inner transition region
of the friction ring. All three improved structures reduce the peak temperature and stress to varying
degrees. Under the structural parameters considered in this study, the radial recess structure shows
relatively better performance, reducing the peak surface temperature and peak rib stress by 30.6%
and 10.5%, respectively. The results provide a reference for brake-disc structural design and ther-
mal-fatigue prevention.
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Figure 1. Workflow for the indirect thermo-mechanical coupling analysis of the brake disc

1. FIEhREEB AT ERIZ

1) BT
1 RIS B BUA B R GE TR, 61D 40 FE B B T g B Ty P -

pc%x't):div[k-gradT(x,t)]+QV (1)
~[k-gradT (x,t)]-n=gq, (2
~[k-gradT (x,t)]-n=h,(T-T,) (3)
~[k-gradT (x,t)|-n=0 (4)

A ke ony Q. Tv g, RN IME S REL B R E . BER. FRERIRE DL B B, VIR
RN 20C; Q B RE R H R RHE, MRS AP T Z A A .
A REh, ARG R S0 RS h SRFA R, B(G). X (6) AR

h =eo(T?-T2)(T+T,) (5)
. L 0.8
o.osﬁpyul[“wj —23500]
y
h, = 6
¢ 2mnr ©)

DOI: 10.12677/m0s.2026.158125 88 e RSE TR


https://doi.org/10.12677/mos.2026.158125

HKIRTE 45

K o WBURZEZHEG c R EEG P OREERG: A RASHRE;, LRSI EAK: ¢ N3k
roNHIENE AR p, RS AEE .
2) PR A
B A R B FE P AR R Bl e K HER 0 PABE S T REE TR E RIS R, R EE A R
il XN AN, ARG REEIT B O R E S R E .
C1dqQ, Wn(v-v?)
WO=2g = aradt
AA: ANEEEETIRL t OARIBITE]; n ONEEER NG p NIOEC RS, EE nEL0.9; W ONHRE,
A TAE BSOS REImER, 7R RIE N AEEs), PREEARH AR M E

()

A
W —at
a, ()= el =2 ©
X v, NHIBIRAIREE:  a, Al ShEaE .
3) A
I P2 PR A TR 1 AT 5 20 TR AR AT S R e A R g B, 2 SR EVE R IR ) - AR RN
Mi+Cpu+Ku=F +F ©)

A MOAJREMRERE; C NFJERRE; K OANIERERE; o NINEERE; o NEERE; u ANBER
iy RO ONEEAR AT F AU o, AU IS N, RS AT

LT 5 AR N S THE R AR E, & XIREIK 2 QR AR —EE 5, s AR A8 & (K
J1. HitrE AN

o=aE(T-T,) (10)

KA o RARNT); a HEREIK RS E MRS, TONWIGIRE: T AEENZIRE.
3. HINBERTEREIRTREE
3.1 KIEhEEHSHEHXEH

AT VA B R B B N X %, MRS ARSI EE . 1A M RE S BV B K bs e (K
YRR (GBIT 9439-2023) i 5E [10]. b5 5 (7250 ka/m3) MIVARA ELEUH B, SPEmiE . HhIE . UK
RE NG RIREM RS RO E, BAAREE W= 1.

Table 1. High-temperature thermo-mechanical properties of HT300 cast iron

= 1 HT300 HH%MRIN SRR NFHEESH

IREEIC  BRVERRIGPa  VARALL B E/(kg/m®) HEIE/I(kg-K)) Bk ZE/x10-5C-1 #VFER/(WI(M-K))

20 122.5 0.26 7250 460 1.17 48
100 118 0.26 7250 460 1.17 475
200 114 0.26 7250 460 1.17 46
300 109 0.26 7250 535 1.30 45
400 105 0.26 7250 535 1.30 44
500 85 0.26 7250 535 1.25 43
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Table 2. Dimensions and related parameters of the brake disc
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Figure 2. Simplified geometric model of the brake disc
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Figure 3. Finite element mesh of the brake disc
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Table 3. Parameters for the different braking conditions
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Figure 4. Indirectly coupled thermo-mechanical model of the brake disc
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Figure 5. Surface temperature contours of the brake disc during braking
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Figure 6. Temperature histories under different braking conditions
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Figure 7. Surface von Mises stress contours of the brake disc during braking
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Figure 8. Time histories of von Mises stress at the cooling-rib root under different braking conditions
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Figure 9. Geometric models of the three structural improvement schemes

B 9. =ZMEEHift s R LIATRE

m

DOI: 10.12677/m0s.2026.158125 94 e RSE TR


https://doi.org/10.12677/mos.2026.158125

HKIRTE 45

TRERIE S mm. VIR E 20 mm f% 30°Jd AT ELIRIRG , AR LR G 25 8 IR Bl i BEEEIA ST . MR
RIEFL J A B S Kon AT se B R R Al B B AR S L. A SORIT RS B 4, A
PEAH R A5 RAUH F B A S5 M AR e ROk, AR B S HON R AR E

52. &RXMLES S

NI 0 BAT B AU S PEBE A G5 Dt 75 58 ARSI HN 120 km/h 55 Gl 3h oL/ R R 4E— Xt Le
Thbe B IHTR, ARS8 T ) S A 3 AR )3 AR AR — 2, Rl T % T
DL LLBAN R 5 K T S8 (R AR S 50 AR o 285 RS AR 1R YA M4 [ (1R 2 O o 30 i PO A RO BE R T A, R
FARAL ) SEPRA REE T AR FOR T SR B, DLORIE R S M AE | B e R op (0 S B AN — B [H
I, SRR RS 8. PRI, H123h TOUR A TR B IRAFANAS . fEUEIEAE [, DAL T A (B R
JERTHCE VA von Mises 2 F1 N VPN FE AR Xt SR A 45 Ka) B = 5k 5 ) 1R BT LR 5 o S E AT X LE - 465
WA 4.

Table 4. Comparison of peak temperature and peak von Mises stress among different structural configurations
= 4. T EIEEMTE RIFERE S51%1E von Mises R /1%3EE

Y AP S LTV (E IR E/C FHS B/ % HFR 5 I B /3 /MPa XS PR %
JRA G 152.1 — 191.2 —
KA 130.5 %) 14.2 180.1 5.8
e bl | 108.3 %) 28.8 173.6 9.2
A% [ U1 105.6 ) 30.6 171.1 105

THESEREREY, PR R B0 T OUAN AR AN ST A5 i TGS 85 A ) 1 e 03 P2 AT S04 3 Ve L1
B AR TR ai . SRR AT RECE T, SUBIARE DI 1 BEEIA Rl (A SR RE, AR 17 4 it
PRI N EANESE ;s AR SB[ AE RS NG ROBCN AR R, DR B T BSe BRI [ MR S,
AR THEY R TSR SN RAR RS . Bk, EARSCTRSECT, 10m MRS 251 2 I A
XRLUF I ZRE B BOR o BT A SCR XS W HEAT TH B, MR 75 A7 i o A e AV D T AN REAA 5 »
Ay ik — 2B o

SREHBTR, ARSI S BORGIZh THUR A3 15 MR S5 4 P Faels AT B ) ROR AR XL
WIAED Ja Rt DAL R T 5

6. &t

(1) ASSCE I S7 i 8 A R B AR S AN U S B, 48R T R i FE h e AR ik L IR
6 FE T S R IR IR OG 2R, FFIfE 1 i B 28 1 32 fa B X 3k

(2) HlBhA) 3 E T w2 R JEE AR T AR AR RN AR N ST FE AN I 5, A ECA AR 30 i 0 % B R R
PN I U X 3R S AN T o A B AT E RO AT, o5 R R R T S 0 42 ) 1) PR T AR, ) R SR B
B TEARSCHTRESEUR, A2 VRS 2546 3R I tH A U B 25 5030 s8R 48 T DA (L 3 P58 AR A A3 VR AL Y
53 BB 30.6%71 10.5%.

(3) AN HEE L5 M ZHN K S ) LT T HUE AT, MARFEE IR &8 3 K filiE T
SERNR. JREWESREREAITE. SRR E 3R, 35 50 oIk 25 1 BB Bk K s

57 AT AEYE

DOI: 10.12677/m0s.2026.158125 95 e RSE TR


https://doi.org/10.12677/mos.2026.158125

HKIRTE &5

SE

(1]
(2]

(3]
(4]

(5]

(6]
(7]

(8]

(9]

[10]

TRIkER, HER, ZEK, T S EAR SRR ] WA TR, 2022, 39(5): 349-357.

TRERBR, gk, Roukl, 5. FET R 77500 AEER SRR A BE A ZE R S B HURE G 0 A 0] AU A2 24,
2023, 59(3): 165-175.

BT, FIE, DA Rl B B I A ) B A ARG AT A T3], MU CAR SR, 2021, 57(22):
296-304.

Zheng, S.Z., Ding, J.X. and Zuo, J.Y. (2024) Research on Heat Dissipation of Brake Disc in the Semi-Enclosed Space

under High-Speed Train Based on Fluid-Solid-Thermal Coupling Method. Case Studies in Thermal Engineering, 56,
Article 1D: 104295. https://doi.org/10.1016/j.csite.2024.104295

Kukulski, J., Wolff, A. and Walczak, S. (2023) Selected Simulation and Experimental Studies of the Heat Transfer
Process in the Railway Disc Brake in High-Speed Trains. Energies, 16, Article No. 4514.
https://doi.org/10.3390/en16114514

H e, M7, BT BR o2 i e 51 i st B 5 i AR AL 3], B olkAk, 2021, 11(4): 253-256.
RUTEAR. T AU A 07 E RSB 8 SUG IR B TE AR B)IE 75 P [D]: [k i3], R =Rl
K2, 2025.

Giinay, M., Korkmaz, M.E. and Ozmen, R. (2020) An Investigation on Braking Systems Used in Railway Vehicles.

Engineering Science and Technology, an International Journal, 23, 421-431.
https://doi.org/10.1016/j.jestch.2020.01.009

Sha, Z., Lu, J., Hao, Q., Yin, J., Liu, Y. and Zhang, S. (2022) Numerical Simulation of Heat Production and Dissipation
of Ventilated Brake Disc for High-Speed Trains under the Action of the Flow Field. Applied Sciences, 12, Article No.

10739. https://doi.org/10.3390/app122110739
ExRMi SRR, BSR4, GBIT 9439-2023. REGEAE[S]. dbat: th Ehsvi R At, 2023.

DOI: 10.12677/m0s.2026.158125 96 e RSE TR


https://doi.org/10.12677/mos.2026.158125
https://doi.org/10.1016/j.csite.2024.104295
https://doi.org/10.3390/en16114514
https://doi.org/10.1016/j.jestch.2020.01.009
https://doi.org/10.3390/app122110739

	高速列车通风式制动盘热机耦合响应分析及结构改进
	摘  要
	关键词
	Thermomechanical Coupling Response Analysis and Structural Improvement of Ventilated Brake Discs for High-Speed Trains
	Abstract
	Keywords
	1. 引言
	2. 热机耦合分析理论
	3. 制动盘有限元模型建立及工况设置
	3.1. 制动盘结构与相关参数
	3.2. 制动盘工况设置

	4. 制动盘热机耦合特性分析
	5. 制动盘结构改进与对比分析
	5.1. 结构改进方案
	5.2. 结果对比与分析

	6. 结论
	参考文献

