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Abstract: With the continuing demand for lightweight bicycles, carbon fiber composite materials have been widely
used in manufacturing bicycle frames and components. Unlike general isotropic materials, the structural characteristics
of composite materials are strongly influenced by the staking directions and sequences of composite laminates. Thus, to
verify the design process of bicycles manufactured using composites, structural analysis is considered essential. In this
study, a carbon-fiber-reinforced plastic (CFRP) bicycle frame was designed and its structural behavior was investigated
using finite element analysis (FEA). By measuring the failure indices of the fiber and matrix under various stacking
sequences and loading conditions, the effect of the stacking condition of composite laminates on the strength of the
bicycle structure was examined. In addition, the structural safety of the bicycle frame can be enhanced by reinforcing
weak regions prone to failure using additional composite laminates.

- 715 E . Y, 0 90° A&7 (90° tensile strength)
f . 3= A (failure index) Y. 0 90° =7 (90° compressive strength)
X, 0° AF7E (0° tensile strength) S : A= (shear strength)
X, 0° =7 (0° compressive strength) o1 1 0° 1S3 (0° tensile stress)
o, 0 90° 917482 (90° tensile stress))
i : AH-S2 (shear stress)

i

§ o] =t 2012 A= ErIAIsE] ALk B Al Et
AU E](2012. 6.26.-27., NRZAMAANE) FE =7, .M B

T Corresponding Author, hongseok@soeultech.ac.kr ’

© 2013 The Korean Society of Mechanical Engineers A7o] w3t FAlo] ZolAHA] AAFHAS o] &




122 o84 - ANE - AATE -

ato] oo o AAA B2E FHlE A
Zo| wo} A ‘ﬂ-ﬂt«l$ﬂ 44 EEF
aL 7 A Aol ofol] SEAl A o] A o
A RS 29 ADE G e 2
ey mtadlgs o83 AdA ZeEds A
Absta gl s}x]UP olg]dl AHAA ZHdE=

Ovhlﬁ“7Pu4ﬂﬁw4J%ulfﬂ%‘M

ol 87149 £ gadle WAt dE
o2 FAFH QGO mea HE BA AFE
@ HgAR 9% 498 ZAY B NE A
Ztell ] AREH AL S
Gadf AgAEE ¥

KX
7HA AL, v zgre] An, &4 kA

_l

Abg] ool A de] ARgE L ik, O S|

AntA 9l FHMA (isotropic) Al & 9= ‘?:bj/] A3

o] Wk A Aol U:}E]r 1 FZ2AR 540
ol =)

%&cﬁﬂt%r%ﬁﬂﬂ.

A AAEA, FHassrS &8st

2. AMAH =2

0o
Hd
I[N

2.1CAD 223

Fig. 1 o yepd AAF 2AdA =zl G4
3D 2222l Pro-E & AM&3ste] RdE o)
&= ¥ H(head tube), Al E FH(seat tube), B FH
(top tube) T FH(down tube), H ¥ He7
(bottom bracket), A E Z~H] ] (seat stay) Al
2~ o](chain stay) & % 7 /Ne T8 H i
TFAEAIL, & C{j/\lﬂ(shock absorber) ]
sto] ool A Al Al Vet A4S
St Al sFSITh ek o 2 Ele Fig 2 Oﬂ/ﬂ

Head tube
Seat tube

Seat stay

Down tube

Chain stay
Bottom braket

Fig. 1 CAD model for the CFRP bicycle frame
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Table 1 Material properties of Carbon UD (SK Chemical

USN 200 Carbor/Epoxy)
Property Symbol Value
Elastic modulus
in fiber direction E, 131 GPa
Elastic modulus
in transverse direction E, 8.2 GPa
Shear modulus in
1-2 and 1-3 plane Gy, Gi3 4.5GPa
Shear modulus in Gy 1 5GPa
2-3 plane
Poisson's ratio Vi2, Vi3 0.281
V3 0.470
Tensile strength
in fiber direction X 2000MPa
Compressive strength
in fiber direction Xe 1400MPa
Tensile strength v 6 IMPa
in transverse direction t
Compressive strength
in transverse direction Ye 130MPa
Shear strength in
1-2 and 1-3 plane Si2, Si3 70MPa
Shear strength in
2-3 plane So3 40MPa

Table 2 Properties of the foam material for the chain stay

Property Symbol Value
Elastic modulus E 3.1 GPa
Shear modulus G 1.1GPa
Poisson's ratio \ 0.36
Tensile strength F 36MPa
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Fig. 3 Pedal loading (Pedaling force) test
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Table 3 Stacking directions of 8 composite layers

layer
No. 4

1 2 3 4 5 6 7 8

0 0 0 0 0 0 0

45 | 45 | 45 | 45 | 45 | 45 | 45

0
0 45 45 45 45 45 45 45
0
0

90 90 90 90 90 90 90

45 45 -45 | -45 90

45 45 45 0 0 90 90 | 45

O | 0| Q[N | N |[W| N~
&
o
o

10 -45 | 45 0 90 | 45 | 45 0 90
11 -45 | -45 | 90 0 45 | 45 | 90 0
12 -45 | 90 | -45 | 45 0 90 | 45 | 45

13 90 0 45 90 | 45 | 45 | 90 45

16 90 90 | -45 45 45 0 -45
17 0 0 90 0 90 45 | 45 | 45
18 45 | 45 | 45 | -45 0 90 0

19 -45 | 45 | 45 | 45 90 0 90
20 90 0 90 0 -45 | 45 | -45
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Table 4 Failure index values obtained from the front load
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analysis
-600N 600N
No.
Fiber Matrix Fiber Matrix
1 2.61 8.01 3.05 7.49
2 2.4 4.47 1.98 3.81
3 2.43 4.34 2.04 3.86
4 1.4 4.44 1.52 3.03
5 1.55 2.7 1.49 2.8
6 1.83 3.43 1.94 3.57
7 1.53 2.77 1.52 2.25
8 1.62 3.53 1.41 2.81
9 1.4 1.86 1.26 2.03
10 1.05 1.62 1.19 1.71
11 1.06 1.91 1.38 2.34
12 1.43 1.92 1.58 2.97
13 1.56 2.37 1.05 1.86
14 1.09 1.88 1.05 1.87
15 1.2 2.26 1.29 3.47
16 1.63 2.36 1.29 2.7
17 1.86 2.27 1.86 2.65
18 1.23 2.54 1.18 2.56
19 1.12 2.21 1.07 2.23
20 1.72 2.15 1.55 1.78
21 1.27 2.2 1.07 2.13
22 1.32 2.12 1.09 2.09
23 1.27 2.59 1.37 2.05
24 1.37 2.48 1.36 2.06
25 1.36 2.48 1.43 3.45
26 1.69 2.62 1.69 2.46
27 1.66 2.98 1.78 3.13
28 1.24 3.12 1.5 2.44
29 1.14 2.09 1.13 1.7
30 1.62 2.46 1.32 2.71
31 1.71 2.5 1.24 2.48
32 1.23 2.82 1.16 291
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(b) Rear direction (-600N)

Fig. 6 Locations of weak region in the front loading
analysis

Fig. 7 Locations of weak region in the seat loading
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Fig. 8 Locations of weak region in the pedal loading
analysis
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Fig. 9 Comparison of failure index values before and
after the reinforcement in the case of front
loading condition
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