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Design and Optimization of Electric Vehicle Disc Brake
Based on Finite Element Method
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Abstract

With the rapid development of electric vehicles, the safety and braking performance requirements of the braking system are
increasing day by day. As the core component of the braking system, the performance of the electric vehicle disc brake directly affects
the braking effect and safety of the whole vehicle. This paper studies the disc brake of an electric vehicle based on the structure and
working principle of the disc brake. Firstly, determine the calculation of the vehicle parameters and the main parameters and establish
the 3 D geometry model, using the 3 D modeling software, conduct modal simulation analysis of the brake disc and static simulation
analysis of the friction block, and obtain the simulation analysis results. In this paper, the material characteristics of the brake disc and
the friction block and the dynamic behavior are considered. The results show that with the increase of the autovibration frequency, the
maximum deformation also occurs, which reduces the service life of the brake disc, and the low autovibration frequency will increase
the probability of resonance. During braking, the contact surface of the block produces great stress, and the stress concentration
occurs at the position along the center line of the block and is symmetrically distributed.

Keywords
disc brake; finite element; mode analysis

ETHRTHEINSEZRF /LT SML
R DSE L U
FBHEERE, FE - (7R 2842 217000

m E

RSB FHAFHRREIE, LN RAANZ BRI RRERZ R BREG ., WHAFEXFHEFEADNF R L0
f, ERAE AR B EEGF AR LN, AXAXEHAFHEXBNBRAMAT S, AELZZRAREXS S
BHEMRIAERERITT, Bk, ATEFSK, AXHHEMXSUN T T EXFHEZRSMGHT, HR =tk
AR A 3T X 3 25 0948 K SRR S = S JUATRERL 5 AR UG A TR A FRL 20 AT KA 3] 3 S AT B 540 2 20 A e 3 R4 AT
SRRATH ST AT, W BGASIAER. EadirEl, AXEGHIET HHESL BEATOMRFE, Flahid
RPN AFAAAFTEE, ALERRAMAE ARMENG S, ARXEVLEIL A, BIRT 3 &6 RAKF 4, $K
8 A RIREM 2o RE A BRAME, ARSI, B ZETRRGES, EAZTRELRTIP &L
BA, SRR RS,

ES a0
HXHFE; ARAL; BEI

182 R AR S TR RO AL, T
b B B T ey, TR AR T S AT Sl e T
TR E SO A AR fEt iy e FIAT, RIS ERA AT, R
Tl Bl Foge o g TEPRICBINTAOBEN, MRS

RESEEHEr % O, M SR R ER T e KRR RO SIRRE, PISRRE .
PR SRR R gy (T ) BOURISHE, SURISHS TR A
FEEIREE, HERRAE b SRR T, FlEh 75
TSR, Fil, EREE A, SRSEEE
[E£4TH] RS 2023 FERNIELEN Vi BHEk. A, BTRARMEstEN2E, 1EHE97H
SO BT W B A BN R, AR T e
T . 2 BRI, RN EN
UEEEAD KR (1991-), &2, PEREEA, W oo mmmn Smimhrze i, Wi 2isi0mes ),
T, WD, MSHURT RIS, (HEEEEHTRIREE, Rt , s R
17




B STRE -

$01% - 5054 -2024 £ 10 A

SEHFREEEEEER, XN TR BEAh, TR
BRRERAIR, —HK Uﬁ*&f@ﬁ i mER S PN RV
BHOE X —PREEDK AR E B AN SN R 5
TR, MImFRZELEAEC A ARR Y B e B RS s

2 I F=RIERESH

SR, (R R B LY
ey, HAY . ST TR e EATE Y,

RIE LIRS, fNHshasrT LA =28 BRI IS
e RS #NHlsR e Szl Eink

—HbilEh, HIsh SRRl B SRS e Z AR
SEMOR SIS . MR TR, AT Doy A e
OB (BPEIE R | BA R s (BNl ) DA —T5
FIRAFE (—A) PFp B, s R i NIl IR A LA AL
BEHIADE . BIAhE . BEE R . D RANRE SIS M. Hish
FRHIADER RSy, RS HlshEH WA
SiERSGAEE, BTHEINRIS D, BRI MR A AR )
MO, © 5 HIAh A Rk = A BE R DA S I3k
Fy DRNEREARSFNEERY, NoeEdEhirE
LB EHIshE - P,

PRSP TS R R 2250 TR AIBE DAY S ZE 01 3% T Y
BT 5E, WSHEE AT 0 > 0 (9%, TERIBII R DR
St AR

T, —Fyur,=0 (1)
F, < F¢=Fz(p (2)
IRE RIS K S A e R R R D Fy, |, By,
GapiI)
Fy, :%(Lz +h f;:]
N (3)
F zg(l‘l __gd_u]
L g dt

YRFME R B L HIEh, BEER#esE, Wk
AN

F,, =E(L2 +ph, )
L
G (4)
F,,= Z(Ll _(Phg)
PEIN— S HIHE A IRENHE 1) F AR EE AT RN B,
P B TERRSEN R 2% 1-1 B, MRS 2501 0.7,

®1-1 FHESH

R Bl (FAr)
TR 2195 (kg)
JOU VAL R R S AR 1.35(m)
O E S R T 1.40(m)
s TIENEAS 270(mm)
R 200 (km/h)

18

_fzﬁ
F, 1p (5)
G
T/'lmax - Zlgpr :I(L +§0hg)¢7re (6)
1-5
T/'Zmax = ﬂ Tflmax ( 7 )

Fp+F,=Fy +Fy, =0G
Fpy[Fpy=Fy [ Fyy =( L+(phg)/(L1—(phg)} (8)

Hrp: T—HIshasE s e, hbeEslshes
EERE R, TSR TR, BADEN - m;

Fo ——HOTEVE R T30 77,

ke, BATE m.

SF =15 Seh g HHENEHED, RGN, H
Seshilsh N E R EASEETRE, RIBRTHIsE0
R SRS, SIshas R B R =2, IF
LI EN O A AN AN A =

gh4 (1) - (2) R, ASCRERREBEANRE. 1£0.7
(IMTE R B EHIZ), Hshes REr=A=RTFE A RIS AR
2217N * m, JeEAHISIIIHERN 820N + m,

PRAEFIEIRZAE 70%~79% YOI $IshEL, & HIaEr
Eé*ﬁtb?ﬁﬁﬁﬁ’]%w@@k =T LGN S8 1 B 3808

. MY N T HISIEHISERE ), W0 IN TR BT
ﬁlzﬂfﬁfmﬁo ifnHlsl A BN A B ) B AR TRE . 1R
P -1, BN ERRA D =300mm . HIZh5 0=
XIS RE M An A T PR A TR 5 . ZERIIE IS
REREARSTK, Hah RN IZEE 5, Hshan
EEMAREARN, DU OB R . SIS
alifEHAR, BRI DURTERISS ) s b — MBS RIS H]
B BRI E R AT LRI 10~20mm,  Hl5h#
AIDLER 20~50mm, R L2 102 20~30mm, AL bid it
Hlshis R ABRELET, B h=12mm , JEHIEHE R AL
ST, Bh=15mm . HEEEESILINER R, SR
RIGHEARKRT 1.5 BHLEBR, TIERNEEERERIMNE S
INZ B R EEARZEBOR, BRSNS, Heflrm sy N,
RASFEH N HEEME K, RSP IR, =145mm
R, =103mm

3 #XFIFNEREE

BT E—TRAHIE SR RS 28, HEHshdE
T CATIA BREAS HA AT, (RS el — i,
IR E SR 360mm, E—NNEL 25, (HERAE
£ 28mm. FEERZ I BRI —AINE, HEERE L
T BRI L, IRUGENZ Bl =R | Hshi =4
R ST | BlSef =4 N IR 2.1 .




RFGFETR - 5£01%5 - F 058 - 2024 £ 10 A

(c) (d)

(b) Hilzh (c) 3228 (d) =T
2.1 SRR

(a) HllsEE

4 BRTH

BT E—T=4eR, S AZ] ANSYS 5eaiNiE Y
Ry, AR IR AN 3.1 foR. Fiib PSS SOLID187
BT RA, T X HISh AR . AR, B
ANSYS SR A T TR\ R8T, 53R
IRH RS EEIL 0697002 2K, ML, BE
E A EIRIERIRS, HlAE At 3,
X—INR HEAE T B A . AT BRI
RS, AHEEARENERIEZELAELZ, X
— EFRIIRAR, REEE TS T A TR S NI
Vaniib o

3.1 HBhE AR IT MR EE

HUGEBR T AR KIGEVEAE RO BM R, HEs
& EH 7.8%10.6 T o0 / 32 75 AR BB, 64102 (158 14 45
FH10.33 (UIARALL. K CATIA A7 75 modle, #AJ5
TFEHBRTHM APDL15.0, i File> Import>CATIA, 1%
Rk A SR T S, I 18 3% Plottrls>Style>Solid Mode

Facets>Fine, #X/51%£H Plot>Volumes, JIfiF 5B =52 >
AbFRES > TTREH > RN/ 4e%E / MR, DATRE SOLID187
HI7E XA, FRIM R B 2 SR > TR > MPEE R > #7
B, AR ABREEIRECY 600, JAFALLA 033 ZEE
77 7.8000e-06.

FEN 0 2 2 S B0 > [RIR > 5 LB > N > 7 FF
> O3 > DX AR BRI, e T 2R a5 5,
RUxr w0 5 fe s & R #7522 R, SRS 7E DOF K
fifg, TR DEE 3.2 Brr, ZERREISH S EE)
SRS IOR, J10 AT . IR 32 RIDIE N, 7EEIEhS S e
BRI T OMIE, 774 TIRKWATE, H B 29T
FROHIRFE, HA R E 2R E] 0.729547mm.

ANSYS

R15.0

E 32 Mh=E

5 &g

A R SR E R ARSI BT E R T, B
SRR ES = 4EiE . eI EATE BRIT T T
HlshELR) F S IS AT PR IR T BF5Y
LERRINEE BIRIR S, R R 24,
KT RIS AR Aoy, TR BRI WIS & A= 1k
FIRE, RITEESHEHIRS RS EIRIE, §8E 8Lk
ISR Ay . Rk, SO 8 HIahas i B e Hdt
IR AT, BERRIERIS AR, W pyREplm 4T
RKRBIN ST, IR R LR AT &L, JEHE
FTFR YA
S 3k
[1]  WRZER, T XE, & TR EA L TR IO HISh A FA A BRIG 4>

B[] AR 5 S5 24 T FE,2023,61 (04 ) :182-184.

[2]  ZET5%, ZHSF JETANSYS workbenchi 2 Hil5h 22205 1A

FRTE AT 0ME THE,2017,36 (08) :91-93.

[3] Fr8k 4 AR A flAhes e A PR s T [ WU %

7),2016,40 (05) :139-144.

[4] a5 NS, 22, 5 B T HyperMesh 95 =l sh 22 A TR e 4y

ARl 55 4,2014,33 (04 ) :583-587.

[5]1 ERLEEIEE I G BRI D] KD A2,2013.

19



