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Design and optimization of carbon fiber rim structure of
Formula SAE racing car
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b. Hubei Collaborative Innovation Center for Automotive Components Technology,
Wuhan Unversity of Technology, Wuhan 430070, P. R. China)

Abstract: The lightweight design of the Formula SAE racing rim is important for reducing unsprung mass
and improving the performance of the car. In this paper, the finite element method is used to study the
lightweight design of carbon fiber rims of Formula SAE racing car. The spoke structure is explored to find
higher stiffness, and multi-step optimization of the laminates structure under multiple operating conditions is
implemented to reduce weight. The analysis shows that the rim with oblique spoke design have better stiffness than
the straight spoke rim. The optimization of carbon fiber laminate thickness is an effective method to achieve
lightweight, and the weight of the improved rim is reduced by 56 % compared with that of the original aluminum
alloy rim. The structural optimization of the rim can reduce the maximum stress and strain of the material, while
increasing the wheel stiffness by 35% and reducing the failure factor by 8.1%.
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Table 1 Material performance parameters
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Fig. 1 Some vehicle rim TRA standard (a) and simplified rim model design sketch (b)
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Table 2 Simulation loading

S B 1 /N

e BR % 25 B BIR o sk ko] 3 i 5 e A i
Zhn] 0 1 500 1250 0
1 [r] 1 800 0 1 550 0

T (A 1 600 1 000 1 500 2 200




% 8 FHER,F RF AR E B Yeit B 25 Mkt 5k 33

1.4 iR

I Bk £F 2 56 B T FSAE 38454 H1 L U IEAN O XM B0 F R 48 BELA Iir AN R) s 38 4 is 47 T A R Bh
FERT S BRI G #8184 38 LUE I BR Bt SR B Aw e AR B i 2 RS AR TR S BUE R E N 2
AR AL T R 0 21 B8 ZE 44 ) B o — AR T SR AR S T4 0 TR 2E L DR O B R T B D A LR i, HE P 4
A A8 o) 8 TS it T B K. WSO 0 28 A 19 O % PR 1 7 B o RN R BB T o 3 D OC B AR AR, g T an=(3)
Frs IR A S DGR T SR B b & B4 .

0 4 5 — UES L

TR TR < A (R (3

2 &gt

F T RS BRI 352 48 Pl 4 A e T 1 78 B Oy b e B AU 505 80k, AT ANSSYS Composite PrePost £
BR AR He A7 017 H 20 B, 1 shell1 81 BTG HEAT RA% 3] 23, WIAR 15 5B 80 20 333, BAICE K 19 8895 Ak H
R =R R RN R 2D /N T 1 U037 S5 A8 R B IR o AR AR OGBS R 1.3 1Y HR A A it n A
29 6070 [ 14 Jif Pl Je 3R T % 8 Bl 5 A8 3 1 3 I5C U7 UM Bonded 5 2 29 0 4 AN BRAR AL A PG AR 3R AL L OF BRI
e Pl v s PN ST PR ) 1T PR L 5 B T 2 B B A R BT ) B T SR S S IR S e AR T A L A SR AN T 2
B .

FI%E/N - m 421.80

Fiit/g 2 340.20
BB AS R /mm | 0.043 24
Rl 5 P 4.168 34

ik :
JikeizerfR A 44008, K,
PERE R

JI%/N + m 421.80

Fikt/g 1098.21
BiJEAE R/mm | 0.608 43
P PR % 0.631 26

iR -
AR g, AR ERA




TR XF FR % 42 %

F15E/N - m 42138
Bkt 1028.44
BB R /mm | 0.629 71

W B PRI 0.651 31
R

BB 4ES R, AR ER%,
rh S AR AL A £k s TEL RS in

FHE/N - m 421.8
Fikt/g 1 120.60
BEFIEAS R/mm | 0.497 18

W P % 0.757 08
g -

BT YRR, MRS,
Rk s TR S B AR AR

HHE/N + m 421.8
Fitk/g 932.15
BEFIEAS fmm | 0.523 25

I B B 3 0.864 79

HiliiR -
EARABRT AR, SRAHRR,

HR RS AT IR

J1%E/N « m 421.8
kg 958.32
BEFIEAS B mm | 0.551 70
lJERE 0.775 94
iRk :

Bk g R, ARAHRSR,
HAR PRI TR, AR
SR

2 REVBEASTERE

Fig. 2 Analysis of initial structure of rim
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Fig. 3 Cloud map of free size optimized layer thickness
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Table 3 Optimization result of rim partition layer thickness mm
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1 4.131 4.2 1.2 0.4 2.2 0.4
2 2.953 3.0 1.0 0.2 1.6 0.2
3 4.558 4.6 1.2 0.6 2.2 0.6
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Fig. 5 Thickness distribution of redesigned rim cross-section
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Fig. 6 Optimal sequence of rim fiber layup
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Table 4 Structural optimization parameter values for each stage
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Fig. 7 Structural optimization line chart of important parameters at each stage of cornering case
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