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Optimization of a Carbon Fiber Composite
Monocoque Car Body for Formula Society of
Automotive Engineers

YU Haiyon , XU Hao, ZHOU Cheniao
(School of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract: A monocoque chassis for racing car was designed
with the carbon fiber and aluminum honeycomb as the main
materials. Different materials were studied and chosen. The
direction, sequence and thickness of each constituent layer
were sequently optimized with free-size optimization, size
optimization and shuffle optimization. The torsion strength
and bending stiffness of the monocoque car body were
mechanically and experimently checked. The results show
that the mass of the body is 24. 3 kg, which is 34% lower
than the orignal steel frame, and the torsional stiffness of the
designed carbon fiber monocoque car body can reach the same
degree with the reference steel frame body. With optimized
match of direction, the thickness and sequence of each layer,
and carbon fiber composites products can provide more
strength and stiffness than steel products.
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IWRGRERRT 18 ke, HNIFEHEET 22%.

PR aE SR — AL R A P HE S 1 2 S A
. XFRIA S5 RS 2R B 1 RIEE I RE
PERE, ZE Tk A =R B2 5 . S BaR
B2 B A i R i — R s A AL U R R AR
AR , SRS IS T B 454 L BRI Fe 40 A
RIMBREFAE ) SR = M A S TR &
MR, R AR R R A AR . R A E S MR
AT R D A /MR A B R
B 5B R % W R K P e R s

1 FSAE ZEEZEE TS

Bl 1 iR iRt e FSAE 844 51 k4
MRS R ES S G BN, B ERRH
IR . AR SCRORRF ST X S FE R A LR
% 5. kM OptiStruct B B B R R A
RAL AN IR T4 X B 2T 4 4R e 53 AR B 4 2 R
BE 7 ] BWT AT AR, » 261798 BE R A A,

1 AFEXEZES4EH
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HEMEI RS R H AT = DR E Tl
75 3 BRI B R, (B AR 4 )8 58 2 AN W Y
1 MERR A ST R AR £ BIME. A2 G m9ik it o7
PR o B A VORI R AT AR RO
{GER T U B B 2 B — I 5. X T LT &2 ¢
HEHRE RS 57 2@ i CAE 84 1
PR R il e . EE SR R SE PR A |, B
HE TR BETE TR = b B2 A B 48 7 ik
T G50 U0 A0 R A Bl Uk W] 2 A DX T A ) AL F
EFER LA X EERE SRS,
Hyperworks F1 ] OptiStruct #h X R T 2§ B

=A% BRsE S B RS RO A
KRR A SRR B AL 2 R0 R vk
EL&TE OptiStruct B 52 3 Iy AR 2 A 25 4 Ml B 7
. AR R S 2.

2 BUEZEEHRIERE

BAPRTE A B R FAR AT 42 I 4R S Es T A Y
e R G5, Bk HEAT BRI EF 4 22 20 1, FEAR I
TER R IR G L Jh s — A FAEN T
[ FANALE , MBS 4E X 5 bR 2 3808, IR RIE R A 41
FH 2 6] BT U758 . 5 TR % R T R R
i R S A BRI B R LA Ok B S e
YERBEAR. R ET Yk 22 AR 95 H ) 26 VB W] 43 AR Z 5%
%K. LLH AR AT A E), HA 7= BT 4k 22 F 8 oy
HESREREAF Y22 T R RSB ER AT 4E22 M
R, 7 R m W R AT 4 2 AR R, BAEE
PIXE LR I, A SCRE AR N T300 Bk £4F 4t 22 4 2 It
B, BREF YA SR AR AT S 22 TR AR R B . AR XS T e
0 » LA W HRAE 7 B BT R R 48 R & R 30 (R s
AIRIERE 2 X S HE, vt AR R AR
SEREFR 43 R U & AR 4 o] RS  Bf %
128 7 16 P I P A R . g A SR . 9 et
iR AR 8 BOE AR B AR B, o R e
SR LR M E AN E A R — R AR & B AR R
BUBCIN L 47 SO B2 4R M B8 /R SN il )2 B iR 1 e
OB AT SR T AR A B i B SR TR
EH AR e B, B BBOTA K 3
mm, {H7EEE 0. 04 mm.

3 BEREFESEMANL

3.1 fiLFE

LGk Al = N DN K R AN 7
BRI =A L TRH . £ —2, 8\ R k.
B SR C O R B SRR A Rk
RV TT I 4 R AR B AR A A5 B R A
FEH 2 IR BE 3. P IS R P R R 2R AL
BLE, A BA ARG 55 =, Rtk )&
T T AR A T A 4 1 b RO IR 2 R B R
6, X BRI AR B T B B JE X R A R R 2 AT
R AL 2V B2 Z R B B B A 25 =
2 ERIUP AL, 76 R USSR B 25 )8 T
ZHEX R I #EAT AL, IR AR T2



H1H R % P T BRI AR A B L 1731
BAERFHZINUT. 3.2.2 LFEMN
3.2 ARTEE FSAE SR A ML BE) EE B MR TR Z —JE 8
3.2.1 MEEX FRGH, WREMETESOAE. RS PR F h AR

AW EH AR T Altair A A
HyperWorks T #2#4F-&. HyperMesh #4194
WS &#F AL B HyperLaminate AXA] LA
TREMBEE, ET VAR R SRR 0L 8
1 4 RS HER IS TSR iR

DAL BB SR PR 424 A, dn el 1 Bz, Horh
BRSEL4 B R HI e BT AT R A R AR I R B
TPl R RBRRITTHWERR TR E N 8
mm, @ A% BT T BRI A Sh I I R
BB RO R X I R s 40 k. PR B A
J5 ZE 3058 i W BT [ R . B ARE i NI T
5 RRGE A B [ ER.

JE AR R TARRT X, B T -
JUART DA Bt 8 . 1 X 8 9 BRAACSE T L AT 8E A F
FEHITH I, £ Z 5 B B KA A B
Hypermesh HABRE R E S ot EE SR
¥#tE. HyperMesh ffi ] ply+stack W& &4 k2
AE X5 B E SO & S S AT R B R Y L, —
MR XN —A ply F 7, RI5 A stack R
R ply #HKIFEE RSB E AR

BARSEZE B BT R BRI ET 4 FIAR W BT R AT LS
Bk 1 pos. S5 28 B AR 5 5 R S5 H 4, JL
HA A& ] AR TR H vy R 0. 30 B & 2
210 GPa. %} 7 800 kg « m™°. BREF AP IET R
TIEAZ & M bt st 3 B B 4544 2 L XOY hoN
IR Z 1 R BEE M. ik 13 X f Y. 5350
R Ty I el i R Ga AR BR A D7, X A Y, S 51ATE 2
Ny R BR N 31, E, 1 E, ST N S,
PR s LRSI A BN 2R (HASCh L
B ERR P EC AR, G fl G, TSNSy YIS,
G, RN B IR, S Y YISR EE. SR A OptiStruct
WA & R EE SRR MATS.

£1 BRSEMBESHMBSH
Tab.1 Material parameters of carbon fiber
plate and honeycomb

" o/ X./ Y./ X./ Y./
P "™ (kgem?) MPa  MPa  MPa  MPa

HigEE 0.30 2700 6.5 6.5 3.2 3.2
WREHE  0.26 1500 1500 230 2000 70
- E./ Ey/ Gay/ G/ Gy./ s/
GPa GPa MPa MPa MPa MPa
g 1.2 1.2 400 71.3 400 2
Wer4E 140 120 5800 5400 5400 90
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Tab.2 Force in the case of shake around the pile

LR  FMEBR/N vy FWER/N =z 70 ER/N
MR EIRS BH 0 —2960. 0 —1600.0
AIERYERE 0 —2160 —2160.0
B P R 2% 5 112.8 314.7 150. 4
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I R RN 281. 7 518.6 0
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EREIRIERE  —800.0 1 600. 0 400. 0
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Ja DR RS 346.5 —667. 1 0
JE EEEREES 346.5 —774. 2 0
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e = -
1 BRETHE 0 1.0  F/hTF10%
2 WRETHE 45 1.0 A/ANF10%
3 WRETHE —45 1.0  FAF10%
4 TREHE 90 1.0  FAF10%
5 ANEEE 12.5 FNTF 7.5 mm
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Fig.3 Thickness of monocoque body and

plys after size optimzation
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Fig.4 Deformation and failure analysis of the

body after size optimization

3.5 HEIRFMRL

TR 2T 4 P 1 J2 01 3 ) 45 A B AR T —
ey , [ B0, 25 S A 7= i R A . SRR/ 8] B2 7 B R,
PRUEER /P BEEE SR AE U T PR AL IR B - O W M 256
BEARK TR, B 5P A <8 AH R A B
2 QINE N A5 I — 456 2 . i Tk E G
FEZE R oh M RE; ORI E 1R Je it 2 DAL 7
W EEIRZ s QAL H AR 2R & KA.

B 5 BRI A 78, B 2030 i da oAk
B2, M B SR 2 R B ARAL S 1% il 2 )
TR B 25 R R LG B B RS2
PR BRL 00 R G e y . 45°/— 45°/45°/— 45°/90°/
90°/45° /—45°/ 0°/0°/90°/90°/45°/—45°/ 0°/0° /48

SR, AT EEERITT R, EPREHE
REHREWES , W ESRHBXIBELRAES Bk
AR AR LIS BRI 5 A A B
BOR. HRERRERA L, Bt S E RS
(4 B e 22 B L I RE AR AU R R Rl AT R 34y
M, B 6 FRAA T . R RRMFEFH 0. 275,
Lo 2P AL R 0. 282 F B AR, 5 4h—F 1, 78
HRRATIMATREE GMESEN THRER,
BETZEEREERWHE LTI, X— 53T/
A PR R B

5 @WEIRFRLITETE
Fig.5 Illustration of the ply sequency
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Fig.6 Failure coefficient of the body after
ply optimization
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