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EACRIAT A 7 25 78 1 SRR A B S A fe G
WM&, Banga S APV RN T —FHIET 3D 4
- TR o s AP 22 X 28 SR ) YR E o ) 7 v T
T 3D F ML, Rawat F1 Shen' ™ $ 4 FH A A%
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F = mwdbP =47273 N (1)
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REEEZ A AGE .,
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BREME F, FRE R0 r, A TR
LR Y T R S B, an=(17) FR
AR HTICR @ gk o R, R B R 8 7, B o
P (18) HATEH

p = (17)

N
DI
i=1

T, =7, +0.0la

a==x1 (18)
— 1007 —



EHEOREIN 2024 4E9 H 5534 4 559 1

X P, FORTCE | WEEM:, F, FRPICTE N E
PreREUE 7, R Y HTICER BIRE R, 7, RRTT
ENIOEIR G F%ﬁa—I%TW%émm?ﬁL$
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S(CB) N S(GB)
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FERS BN PSS M BRI HASREEAR 4 i 8
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et B, RBU SR 0.5 B AR sUFE s i
WAEA—ERNIPIRSE  ERA R BT,
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(b) KBH B SIMP /LT %, £=0.45 (¢) 2% Uit SIMP /LK%, =045 (d) Z%BiESIMP LT %, 1=0.5

B8 NERBREMAR

TESE PR i b, A B s8R R L
TR B LR WL, HAL W Z R B R BT
AR 33K FR T AT RICRS i A e TR BB UL TR AL
TR, D AN AR B 22 S R B AT 2% e s IO PR R
2, P, ASCUAE 9 7R 1 5 LR A 8 ok il i 47
BT, ARS8k 1 PR,

FEE 9 H i R A s b B R [R) S R B —E
B, Zmg i3 Ae fL 7. BBl 380 mm x
380 mm , B HUL N 380 x 380 /U Y i PU K HoT,
AR E A 206 GPa, JAFA L =0. 3, H R B
B B M0, 45, 2 it SIMP Fl 3 Ak 2 2] T 345 3 Y

[ i
(a) SEFr RSB
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B9 FHIEBBSEIZITHFR

BT IIE 10 Bz, W LUE IERA A S %
BRI OL T R SR R A B L 45, AN RE S
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@) RINASH VA oy %

(b) INAZZ B SIMP /L A BT %

RSy

(¢) IMANZH it RL R AN BT %

E10 HZERBERAR

A F W R BEE T INA S I AT
e R B AT O AR A A A E B A 4k, B 7
A AR T INBRES S BHA BATRA R L, (H2
SIMP Jrik s HOR /& 2Z AL, BN T T % BEAE ST
SRT=A: T R R WA 2 A M S BT B B
WIT A G HE T — @ e S

SIMP J5 12 55 Ak 2% > 45 6 15 31 19 22 B AR
Mgk, W 11 s, T AR SIMP 7 3017 5
UGEAAR TR BRI, SR B M & S 0 BT
AT LU Y, SIMP Jy k34X 14 il 42 58 4 3847 19 7% R
JEEHE 7 5 0] Ao P38, RL i 2 s S BE i O HL
HEA W B IE(E, b I MR R IR, RA
SIMP J7 kA0 L RL FRE B RS H 2 B /N (3
& RL SR Z S 22 BEAE AL T LA AZ . SIMP J7 i
5 RLEEWRRE %, M TS EME
PERY BT 206, 97 T 3T 7 ZE 4R s - 3 B
#% U T O BESO RISk 2% 2] 454 Jr ik A iE H
TRIGIT B

1400 -

— SIMP
™= = RL
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(=]
oS O
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0 10 20 30 40 50 60 70

IEACIREL
B11 EEEEKHE
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4 Bif 5 H7

4.1 BHEELLE

ST JEA TR 8 B = 4R BROC A B AR R
K 12(a) B, BRI EAEHI AR Q345 X H:
K ANSYS H &R 5 (B T 458 451 52 2,
k] 43R DU T AR B IT) |, A% RSE 4 0,003 m, 55
BN 968 768, FICTEE A ER 558 634, R hh
R RAIE AR RN I 12.(b) 12 (e) IR,

(a) “4ERETY 1 (b) BIEAZ 1

B: Copy of Static Structural
Equival ress

18534 Min

) M=K 1
E12 HERBREREN

Fic BESIMP J5 12:45 2 1 D0k 285 SR i vr e o — 2k
RREAY St XF S AN AR DX I, 25 358 40 4 Rk S0 B 4
TIPSR WA 13 (a) ik HT7R X158 5 7 1 DXk
PIFS A0 o B0 5L 13 e A R B 5 DX, R BRI
JER 2 mm FEEE R 51 mm 5RO LB IX
SRR BRI ) | AR e 3807 22 10 BT 7428 F



pas

T RAL S ST AR M AR A R BB S B0 7 B A

F1mE 13(b) #1113 (e) i,

A: Static Structural
Total Deformation
Typ

tal Deformation

Uni
Time: 1
2022/9/4 15:31

0.00019605 Max
000017605
0.00015404
000013203
000011003
8.8023¢-5
6.6017e-5
4401165
22006e-5

0 Min

(b) BIEAZ 2

(a) —HEfEA 2

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1
2022/9/4 15:38

2.2106e8 Max
1.965e8
1.7193¢8
147378
1.2281e8
9.824%¢7
7.3688e7
4.9126e7
245647
1943 Min

) N1=K 2

E13 RiERBREEMRLEE
4.2 SH5ITR

LA A BRIT A3 BT 110 285 50 T D0 0 48 1) I
KA Rl K F143 524 0. 173 86 mm Fl1 178 MPa,
T 7 58 A2 1Y) B 88 e K78 08 il d oK 0 g 43 00
0. 190 50 mm A1 210 MPa, % J1 48 K T 17. 7% ,184]
A5 B 8 A T R i 8 SR TG 6 4 B A FR D 46 1Y
24.5 kg NFEN24.0 kg, HEWAD T 2.0% . T4
BB 2 4P Bt o T = 4ERR Y
BT BAARE 2B IR Bt a2 s Bk, X
ARSI R Z AL

5 % %

AN T HET SIMP 7 iR VR R B 2
FMEALAE Y 42 JEF SIMP 5 ik Fsi b 2: 2 45 &
MR BB S BT Ik IR T softmax MK
RN AR BA —E TRIEES H 15
A BRI T 58, X A= iU 2 ML B J7 S it AT
ANSYS A FRICHER SR BEXT L o3BT, S ik Fr 45 231 J7
FRYTTAETE , ASCHS SIMP J5 i Fs ALy > 45 5 1Y
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Abstract

In view of the fact that the current conceptual design of automobile wheel hub focuses on theoretical research,

there are subjectivity and limitations when verifying the validity of the theory, and the generated design scheme has

few options or does not consider the engineering performance, a method of generating conceptual design scheme of

automobile hub based on reinforcement learning ( RL) and topology optimization is proposed to generate multiple

feasible conceptual design schemes during the design of automobile wheel hub structure. Firstly, topology optimiza-

tion analysis model for automobile wheel hub is established using topology optimization theory. Secondly, the gener-

ating process of conceptual design scheme combining solid isotropic material with penalization ( SIMP) and Monte

Carlo algorithm is studied. Softmax algorithm is used to improve the searching ability when exploring the design

space, so that the design model could generate multiple conceptual design schemes that met the engineering per-

formance index. Finally, the mechanical properties of the conceptual scheme after detailed design are verified by

the finite element analysis tool. An example of lightweight two-dimensional design of automobile wheel hub is taken

to verify the effectiveness of the method.

Key words: conceptual design, reinforcement learning ( RL) , topology optimization, automobile wheel hub
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