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Abstract: This paper investigates the mesh independence of wheel fatigue life simulations. To address issues
such as long fatigue assessment cycles, high testing costs, and the strong influence of mesh size on the finite
element simulation accuracy, fatigue life predictions were carried out using both the nominal stress method
and the local stress-strain method. The mesh independence of the simulation results was verified based on

the grid convergence index (GCI) theory, leading to the recommendation of an optimal mesh configuration
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for fatigue life simulation. A fatigue life simulation method is proposed with high-quality meshing and low

error range, which provides a theoretical foundation for establishing mesh independence in fatigue life

prediction. Taking an aluminum alloy wheel as the research object, the wheel was meshed with different grid

sizes according to the GCI theory. Radial and bending static simulations of the wheel, as well as fatigue life

prediction simulations, were then conducted. The simulation results under different grid sizes were analyzed

and a criterion was proposed to assess the rationality of tetrahedral meshing for aluminum alloy passenger

car wheel hubs. Corresponding verification analysis was conducted. The results show that the GCI can

effectively supports the mesh independence analysis and validation in wheel fatigue life simulations. The

results in this paper provide a reliable basis for evaluating the suitability of tetrahedral mesh sizes in such

applications.
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e-N M4k 5 I UEA7 AH R Hb % 1 o 3% F Brown-Miller
SEEATIE 57 A5 e oM, IR Morrow 5 X -1
B HEATAE T, L 2.5 mm RS A5 3 1Y 9% 55 55 A
B, i 9c-1 iR,
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S, Mises

(Avg: 100%)
+1.602¢+02
+1.468e+02
+1.335¢+02
+1.201e+02
+1.068e+02
+9.343¢+01
+8.009e+01
+6.674e+01

+2.670e+01
+1.335e+01
+1.724e-04
Max: +1.602e+02
Node: PUTONGZUHE-7-1.742411

(a-1) 2.5 mmiERIR H = &

U, Magnitude
+4.228e-01
+3.876e-01
+3.523e-01
+3.171e-01
+2.819¢-01
+2.466e-01
+2.114e-01
+1.762e-01
+1.409e-01
+1.057e-01
+7.047e-02

Max: +4.228e-01
Node: PUTONGZUHE-7-1.1050

(b-1) 2.5 mmiRE RS =

LOGLife-Repeats
+8.000e+00
+7.7. 00
+7.5

00
+5.030e+00
Min: +5.030e+00
Elem: PUTONGZUHE-7-1.117239
Node: 54695

(c-1) 2.5 mmiBEIE 65 = E

S, Mises

(Avg: 100%)
+1.599¢+02
+1.466e+02
+1.333e+02
+1.200e+02
+1.066e+02
+9.330e+01
+7.997e+01
+6.664e+01

+1.333e+01

+1.756e-04

Max: +1.599¢+02
Node: PUTONGZUHE-7-1.34739

(a-2) 3.0 mmiERI T ) =

U, Magnitude

+2.818e-01
+2.466¢-01
+2.114e-01
+1.761e-01
+1.409-01
+1.057e-01
+7.045¢-02
+3.523¢-02
+0.000e+00
Max: +4.227¢-01

Node: PUTONGZUHE-7-1.1050

(b-2) 3.0 mmAE RS = E

LOGLife-Repeats

Min: +5.057e+00

+8.000e+00
+7.755e+00
+7.510e+00
- +7.264e+00
- +7.019e+00
+6.774e+00
+6.529e+00
+6.283e+00
+6.038e+00
+5.793e+00
+5.548e+00
+5.302¢+00
+5.057¢+00

Elem: PUTONGZUHE-7-1.59036
Node: 43396

(c-2) 3.0 mmiEEIEGH = E

B9 M#ER~FTH25mm (a-1, b-1, c-1), 3.0mm (a-2, b-2, c-2) HHEHMHEEER

& 9c-1 I, Famd/IMEZY R 107, i R 1
DR, BRI, R e R 007 B A 6 4 e £
DI R AR AR AR A AL, X B B LI W T A B b
BERIERAL

TERR )b, SR R T (7 B A S8 4% FL I
T, YRR R 5T A i fE R X . b TR
MR, SRR LR By 1A FeE
(9 1A A8 DX 1 A4S 22 4 DX sl R O 2 A N 5 a5 1Y
VARt A U S (O O W E A VA et f A 2
A X SN T I AR, HAORRRRRE ; 1B
SN IR NAAR RO =T (SRS (8 TSN AR W i
b, HARUIREEBN S MR T N IR, B
FEARFER IR o #E—2DUEI] T S5 R 9 55 W AL i) 3
B RAZ A AT, AGE A #R HRAR I S
XA TFUMNIRE 55 453 3 J2 AN TER 1
23 GCIarth

AR TCR A ) Do s RS 1) 7 3 4 ) P s

—— REREL
—— R4
—— REERL

KN
o

0 5 10 15 20 25 30 35 40
WEL

10 RBEZRIMLEAEREFARIGES (FAE) LWL

G TE WA RS X Mises B . (B8 R 95 754
E AT

I EAR 5 BT ) LR e KA AITE R
WA A e RE A GG B, W3, rRAH
RKS ROSF R B T L A0 8% LA K T il B4 2 n 14T 11
IR
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®3 HEBELCEE

5 EA R 4= RS RSf /mm AR T A W EEITA i J1/MPa {iA% /mm /I
1 2.5 284.88 420.36 97.2 1.347 165.40
2 3.0 181.45 271.28 97.0 1.347 167.09
A 1) {7 AR AR 3 4.0 88.40 134.89 95.5 1.344 174.43
4 5.0 50.40 86.30 89.6 1.344 183.72
5 7.0 27.41 44.05 102.9 1.341 124.77
1 25 272.05 400.49 160.2 0.423 12.00
2 3.0 175.04 261.69 159.9 0.423 12.40
25 i {5 AR 3 4.0 88.34 134.25 153.9 0.423 16.20
4 5.0 52.08 81.34 140.4 0.422 20.10
5 7.0 23.14 37.46 136.9 0.421 23.30
) I ———— bl R HI & 12 A1, AR X s S AR A foe AN R
[ F1.34
e e RE I, 557 75 v FUAG RS As (e B se . o4
1024 TN N \
e E R, FEASBEL T, 7 mm 22 A7 0 P SR < T
S 98+ 160R[ 131 € . - X ) N
Egﬁ' 155% 1'30§ S0l B2 A RS i, EEARAS ORI T
2 o5 | 15010] 4 Hq R .
£ %] DUV by 4 mm A2 AT R L T B R 9 2 A
88 - —— BREH (40 [128
86 1 BB 115 Ly M52 3 mm A2 A5 ) RO A%
84 130
1.26
o I o by SR MO ED TR A ek,
75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 2.0 ' N N A
B R /mm NEJT . A A AR AR ) O B ME S AE
Al EmGRAE Wif;”’* R B Fw TSSO HT I, LA I — 2 85 AR
A EI

I 11 AT, 787 mm 2245 WA RSP, )
IR RE, o7 A i s/ MA, 525 N1
9% 57 F A 0B AN TE . anE 12 fR, Tl
ISR R A RS sk A, AT 1AL IR R 56 s 1) g 1
AR BE R 22, W BB A6 B s ik N B i 4544
T TFLAL B R 1 Sy AR rh 3 % 57 F i
WAL

S, Mises
(Avg: 100%)
+1.029¢+02
+1.010e+02
+9.909¢+01
+9.718e+01
+9.527e+01
+9.336e+01

+1.390¢-08
Max: +1.029¢+02
Node: DAIKAC]

B12 MER~TAHTmmbE, SITALEAST

TITEA R RS R T R RIS, =R
1AL RO 4 8 2 10 Ak ) 7 i A DA R L7 A ] PR A
BN ISR H A, k3. A
P K T A T L R A LR T i 4 il A A A 13
IR

162 40 0.430
160 4 38
158 1 36
0.425
156 - 34
154 1 32
s 1524 F 30%- 0.420 c
2 150- I ;2“3 §
148 0.415
% 1464 —e— Misespify [ 24 E
2 1441 —— BREM [ i
s e BRfrEs 20 0410
142 L 18
140 A L 16
138 [ 14 [0405
136 1 12
34 T T T T T T T T T T 10 0.400
75 70 65 6.0 55 50 45 40 35 30 25 20
R4 R~F/mm
E13 THHEEASMEBRIINNA, BT, Fiy
EAnFYIRES
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HE 13 AT AL, WIAPAGGE, FEAREIAIY, 7 mm
24T B RS R hnT IAR B T 232 RS M, B4R
T 0 K B0 B O D A S 4 mm A2 AT Y DA,
A5 ARG B 0998 57 7 1 U 5 22 3 mm 2247 Y A

SRy IR B8 b 3 Ay RS WSt TR 315 3
MEE AT GCL AT, B Z TRl A, (iF%
Xof A RO R R 2%, B AE A R AR RE 1Y
100 W BT BV HER 0, Bt AXHALRS iR
GCL4rHT o FR T 2R FH DU THAAR P A% S 43 B, i AAR
MECRTIE O A% [B] BE U AE A i 8, PRI, 52 A6
WS p 7 AR B — A PRI K 2 AR A e o
Sk (1, 2, 3), (2, 3, 4), (3, 4, 5) 3/
FO2H o W 2 LAY ) | 9% 97 75 A 45 R AT GCI
SIS, WLk 4.

M HEATAR ) ) A ELABTADL , 3E A X L 3 X
LU 2H R B A, REAUEE 3 A%, RIE M, A

., ANA] % RICHARDSON M Al iR 25 . 45
HERE, MRS A4, 3, 2.5 mmif, M IEL
TR E/N T 2%, RO RSF/NT 4 mm D)
Ja, BUEALG R S A% R JE e By [RBE, #21n)
P55 5 BT, RIAR RST 30 2.5 mm iy, RA%
SR BN T 2%, RIS A R SF/NF 3 mm DL
J& . BUERRL AR 5 RS R e

AT MR O BRI AR A
—RAEELMEAT R, P, WSRO, A X)
LU 3% LA B a e ol o, BEAUEE 3ZH RS, RIEKT
1, Ht, AA % H RICHARDSON 4 i A 4515
%o GARFEE, MRS 4, 30 2.5 mmAf, M
RESAE BN T 2%, R YA R H/NF 4 mm D
J&, BUERH AR S A% R JEG; [, Al
S BRI, A% ST R 3. 2.5 mm i, AR L
SHRBUNT 2%, RIPEMAEE RSN T 3 mm DUE
BE B A% 5 P RT T

R4 BTHA., BEFEEHHGCIFHMER

L& €t H5 e e? T o P GCI*'/% GCTI*/% R
1, 2, 3 0.002 0.015 1.16 1.26 7.87 0.116 0.374 0.13

He 1) {5 ELN ) 2, 3, 4 0.015 0.062 1.26 1.19 8.49 0.316 2.285 0.25
3, 4,5 0.062 0.148 1.19 1.25 3.91 7.940 13.260 -0.44

1, 2, 3 0.013 0.044 1.16 1.26 5.22 1.091 2.344 0.28

Tl ()5 EL% 55 i 2, 3, 4 0.044 0.056 1.26 1.19 2.60 6.673 12.164 0.79
3, 4,5 0.056 0.321 1.19 1.25 8.57 2.030 6.950 -0.16

1, 2, 3 0.002 0.039 1.24 1.40 8.56 0.044 0.290 0.05

Tty 2, 3, 4 0.039 0.088 1.40 1.28 3.96 1.684 6.634 0.44
3, 4,5 0.088 0.025 1.28 1.47 12.77 0.490 0.023 3.86

1, 2, 3 0.033 0.306 1.24 1.40 1.503 1.620 5.479 0.11

25 75 BB 57 2, 3, 4 0.306 0.241 1.40 1.28 1.16 80.158 118.464 0.97
3, 4,5 0.241 0.159 1.28 1.47 3.93 18.389 5.614 1.22

VEPERTA BT B2 12 A%, e BT I 4 41
MR AL S Bl N Z I, SR N7 A i S o
{EL, EAF R 95% WSS A il LA B Lo PR L de
e B AR RO il B AR X R 22, B BRI AR,
WS,

LR LA B, RS RS R R I 55 75 i
WA AR, T WSO B RS, PRk,

RS BHIMEERBINRESR

GCI”  Hixfist

iz Po  SURHER R

8 GCT*' 2/%
RIFAPE 9729 97.09~97.31  0.13  1.003 1.84
RIMPESFT A 163.96 163.60~167.20 028  0.990 1.91
i 160.26 160.13~160.27  0.05 1.046  3.97
SRRSO 11.85  11.82~12.18 0.1 0966  4.64
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THERf AL RS 6 3 T 2 LU T B3 o 0 150 8 BEORS 40 1) XA
TR 25 543 iy DO e AR08 — > 23 JT S P g 0 722 )
AT RAS, PRI, SO 9 5 i L
TR ARG 14 17 g 17 A5 S JITAR 240 7 P A%
24 ERGEESHR

R PR A RSTAGE TR A AR
B, AN 2R X SR FH DU T B Ak ) A A 4 R
MR 1A RN R, DY K Bk
14 3 13

DARETR fy A ROSF 558 88 i 44 AR LU (EAE
Rz IC AR, A A /NI PR A R
SR IS IR BB 1 55 FF A TR . BAK
= (25) FR.

3
_ ' _ Nipe
M= =N~
coarse

A Mo Rk R SR8 i 44 SCEAR B HL A,

(25)

v IR WAR RSE s d iR 4 SCEAR

CEAAISCREE R, T RIS BIAR SO g 9 1 B
BRI M,k 0.005 9, 251 557 07 FAR Y M, 4 0.005 9,
AT LATA S A SRR G o B8 A e R 4 T P
I A 1) 9 55 (7 B RY M, s S il g O 15 B M,
AINFAZAA, BRI MRS R R A3 8]0 45 R 02 1%
R AR USSR L T 255, S T SR 2, SR 1E 4
Y, LZREITT —FRIVRG SRR B 5 5
0L I SR FH A 48 28 4S80 0 190 s R 22 T A G R
W6 0,

M6 M, FEERAMERNANT, Hi
e B A 019 57 1 FUASTIRD M, 1S i 5% 55 5 ECASE Y
MK F0.005 9, XABIAE T A< 305 B 42 1] 9%
55 0 B M, S i 55 07 FLARAY M, vl LAGE T
SR FH DU TR B85 A P 08 5 4 2 T R AR B

Fo TRBRBRAFEHFELEER

i srimm OO IR R e O b, 25 S 7R M,
B 508.0 3 3 0.005 9 0.005 9
a2 457.2 10 0.0219

a3 482.6 8 0.016 6

a4 508.0 6 0.0118
S 406.4 4 4 0.009 8 0.009 8

B\ &t

AT A4 BT G, B9 T 05 3
B RS K o3 X R P RE A S A m) A g 5 R
FEREROBIA . 456 GCIRIEAMHT, R0 T 44 )
D5 EURE S5 05 EATR 0 FUR JE AR A6 0 4858 T
K RSP XPRIRS T DL 35 5 A R RIS L
3 7 5 o TN 1 190 T S G M R 2 S, L
REEBIT

1) R R 1A R BRIV ) e e
ST, H R R R %, Bk BRTE
TR R S AL 5 A e T R
B Pk = AR, ST M IO T . R BRI )
TERTLIE . FLUCRACH i, (R thBAE
WA~ 4 P

2) P A A v (1 AR AR O L, K
TR R 57 100 ) e e A R A L XA B 5
SR DI, 93 55 A B DX el Y B 8 A % 1 AN e o
TR RRRALR I, AR, LR
DX S AR

3) MG O7 EAE AR GCT IS 73 A, Bk T
GCTHIE nI 4y M 45 5 - 50 02 57 A7 iy 00 45358 1 44
RS, R B RS XA ) 7 B2 R 52
P O DO VA 2= AU0E 2 NP0 VA A I N
XRS5 A A AR R . AR mER TR, WA R
WIS Nt £ 4 mm DL A2 i 57 0 FRSAUT RS
Bt 07 LA RO 576 3 mm LA 5 25l g 05 5L
R0 A7 EL AR RO 572 4 mm LAY 5 25 i 57 07 1
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RREALUE, R 07 EL RS NS5 A 3 mm EAIAL

4) MG XS 2 T AE BBOIE 55 75 A B 45 LA SR
Br, SEth TR Y A B B AR S e TR A R e d
PR RS B R G, IFREAT TR, 4
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