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Strength Analysis of Rear Upright Laminated with Carbon
Fiber Composite for Leisure Purposed Small Electric Car
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{Abstract)

Carbon fiber composite laminate has been widely used in the area of sports
applications such as race car, golf club, fishing rods, yacht. In this study, carbon fiber
composite laminate was used in the rear upright of leisure purposed small size
single-seat electric race car to reduce its unsprung mass of suspension system. The
focus of this research is to investigate in finding optimal stacking lay-up of rear
upright laminated with carbon fiber composite in the early design phase. Forces
transferred from circuit road to rear upright were estimated through MBD(Multi-Body
Dynamics)model of the rear suspension geometry. To evaluate the strength of the rear
upright laminated with carbon fiber composite which generally behaves in an
anisotropic or orthotropic manner, FEA(Finite Element Analysis) model suitable for
composite materials was built followed by its strength was evaluated depending on
different stacking lay-up. The result showed that Symmetric stacking lay-up
(45° /-45° /90° /0° |s for frontal area and symmetric stacking lay-up with Imm
aluminum core [45° /-45° /90° /Corels for rear area were most suitable of 16 lay-up
cases from the side of both strength based on Tasi-wu failure index and weight.

Keywords © Upright, Carbon fiber composite laminate, Stacking lay-up, Tsai-wu
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Fig. 1 Rear suspension & applied forces from road
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Table 1. Applied forces to upright

Foint Upper Joint(N) Front Lower Rear Lower Caliper Bracket
Direction pp Joint(N) Joint(N) Point(N)
FX 1,096 -2,885 -1,150 0
FY -1,395 -6,830 5,285 0
FZ -10 -3,230 -50 5,840
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Table 2. CFRP Laminate material properties

A

7

Rl B5e 1A

(Transverse)

Properties Symbol | Value | Unit
Young’s modulus
(Fiber directional) Ei 133 | Gpa
Young's modulus B, 53 Gpa

Shear modulus

Glzy G13 45 Gpa

Gas 3.5 Gpa

Tensile strength

(Transverse)

(Longitudinal) Xr 22 Gpa
Compressive strength
(Longitudinal) Xe 14 Gpa
Tensile strength
(Transverse) Y1 62 Mpa
Compressive strength Y 130 | Mpa

Shear strength

S127 513 70 Mpa

Sa3 40 Mpa

Poisson’s ratio

vig, vi3 | 0.28

V23 0.47
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Table 3. Front & hub lay-up cases

BL(0/0/0/C |s& A0t
EX5gel M 2 635802 Uehon], et

cssis | "l ey | g
CASE1 [0/0/0/0]s [0/0/0/C' s
CASE2 [0/45/45/45]5 [0/45/45/ Cls
CASE3 | [0/-45/-45/-45)s | [0/-45/-45/C 1
CASE4 [0/90/90/901s [0/90/90/ C'1s
CASE5 [45/0/45/-45]5 (45/0/45/C 1
CASE6 (45/45/0/90]s [45/45/0/ Cls
CASE7 [45/-45/90/0)s | [45/-45/90/ Cls
CASES (45/90/-45/45]s | [45/90/-45/ Cls
CASE9 [-45/0/-45/901s | [-45/0/-45/Cls
CASE10 | [-45/45/90/-45]s | [-45/45/90/Cls
CASE11 | [-45/-45/0/45)s | [-45/-45/0/C I
CASE12 | [-45/90/45/0)s | [-45/90/45/C I
CASE13 [90/0/90/45)s [90/0/90/ C'1s
CASE14 | [90/45/-45/0)s | [90/45/-45/C's
CASE15 | [90/-45/45/901s | [90/-45/45/Cls
CASE16 [90/90/0/-45]s [90/90/0/ Cls

'C': Core with Tmm Thick.
C Core with 2mm Thick
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Where
1 1 1 1 1
Fl=—0——, F, = , Fy=———
! 7 XC H XTXC : YT YC
1 1
F‘ = 5 F = —
22 YTYC 66 Sz

Xr: Tensile strength(Longitudinal)

Xc: Compressive strength(Longitudinal)
Yr: Tensile strength(Transverse)

Yc : Compressive strength(Transverse)
S : Shear strength(In-plane)

AT etolE ARRL [0/0/0/0s2 TH

CASElO] Tsai-Wu It

o|E HHF= [-45/90/45/0ls2 %= [-45/

90/45/C 152 A3t Casel27} 0.6200% Tsai-
Wu TEx|ge] 7Y ZRe Aoz Rt
Tsai-Wu IE2]57F dubd oz 1oL} 11 of4to]

W oukko] uepdtiyl dho] EHEE  CASE2,
CASE2, CASE3, CASE5, CASES, CASE9, CASE10,
CASE11, CASE15, CASE16& 1oAto|HZ wj
o] dojdral wtE|o] AHsHA] ot Tsai-Wu

aheA|47} 1ulgtolyl QHISThRL ghgo] Hh=v

CASE4, CASE6, CASE7, CASE12, CASE13, CASE
147} 1migo] st sisof ceA] qbHsietal
SIS m}am AT Z Tsai-Wualex]4
7b 1Rl 23golA 7P B2 g dEhileE
CASE127} ﬁ% 2% F 7P gl Wk
skt 47 Qleh ey AWRL [45/-45/
90/01s9} FHRE= [45/-45/90/ Cls2 233 CA
SE7% Tsai-Wu ZFE|A[57F 10[REO & UehgA]



KSa(c

278 cr=esEst

9k CASE12ET}

3 ==4 HM22d A3=

18

AZulE FoJ(Aluminum Core)

o] T ImmE kol AjEos At 7}
otk webd w47t uigte]HA FAZE

7 7He- CAS
A7gskSiet. Fig.

7S M AEE Azagos

3 7+ A¥ CASEE Tsai-Wu

k|4 AE b et

Table 4. Analysis results

CASES Failure Index
CASE1 6.358
CASE2 3.241
CASE3 3.294
CASE4 0.934
CASE5 1.271
CASE6 0.939
CASE7 0.785
CASES8 1.137
CASE9 1.474
CASE10 1.550
CASE11 1.210
CASE12 0.620
CASE13 0.628
CASE14 0.676
CASE15 1.587
CASE16 1.368

CASE16 —

Fialure Index
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Ply Failure Index - Elemental, Scalar, Ply 8 Mid
Min : -0.103, Max : 6.358, Units = Unitless

6.358
5.819

5.281

-

4.743
4.204

. 3.666
. 3.128
2.589

2.051

1513
0.974
0.436

m

Units = Unitles.

Fig. 4 Results : Tsai-Wu failure
index values of casel

Ply Failure Index - Elemental, Scalar, Ply 8 Mid
Min 1 -0.107, Max : 0.620, Units = Unitless

Units = Unitless

Fig. 5 Results : Tsai-Wu failure
index values of casel12
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