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Design of Composite Laminate Bicycle Wheel considering Stacking Sequence

Jin-Ah Lee’, Hyoung-Taek Hong’, Kyoung-Tak Kang’, Heoung-Jae Chun™

ABSTRACT

The strength design for the lightweight bicycle wheel made of the Carbon/Epoxy composite laminates has
been discussed in this paper. For bicycle wheel design, lightness of the wheel is important. Also, it has to
satisfy the required strength under specific loading cases. Two testing methods for the bicycle wheel, i.e.
vertical and complex loadings, are adopted in this study. Because the strengths of composite wheel is different
in relation to the stacking sequence and the number of plies, it is important to decide an appropriate stacking
sequence and number of layers for the composite wheel. From the finite element analysis results, the most
stable sequence orientation and number of layers are determined. The stacking sequence [OJsn, [90]sn, [0/90]2ns,
[£45]2ns, [0/245/90]ss (n=1,2,3,4)are performed for finite element analysis. From results, [0/+45/90]s lay-up is a
good selection for the composite bicycle wheel. Also, the weakest point and layer are found in this study.

x B

—~

Lo A Tsai-Wu Th&o|22 #-85k0] Carbon/Epoxy E3H4 HZ=mtog o

Hgztol g ZEAA ] st ATtk BAARE AFpet HF7
A o5 20 HE R HAeriold Thio] Lol gEs 4

wheb fetaasA g olgste]l B A7 Hel RAEE 44, HysERd
3t
3t

hs °© -
et "é l x“lE]L A2 [O]Bm [90]8m [0/90]zns, [+45]2ns, [0/+45/90]n52§ Xﬁz £ WA fess)y
At

Key Words : 247 E(bicycle wheel), =317l & (composite materials), -3-3+2 A3} 4 (finite element analysis), Tsai-Wu 3k~
O] 2(Tsai-Wu failure index)

1A= S AT} Hsw AARARE 2 S EE udE 9
HlAo] 7% wol ol El Holuh dRulE Fof W

Mee BIARE A% F BT A BAel A% Ao vl 2A kn $4u MEEY 2 A58l 5o
3 Wgel A BARG 0P L olPHS Btk ol Am EAL AW, DS aTsls 93T, A5A 59
@ B4 BAR AR HA A RTEE FEet A Alld el AgEm Qrh[2] 53 HI Axz 8F

A4 20129 59 119, =% 20124 9¢ 21Y, A5l 2012 9¢Y 24¢
* A 7 A e 7 A ST ek
*+ AM|tfsta 7| A F-3+7}, Corresponding author(E-mail:hjchun@yonsei.ac.kr)



ARQlold Aol B Bl aTEE B, 37, A

A 5ol Hopld YRS A4 nF Ax2 §E AH

of A I Gtk Fulel Al 20009 wEE Agka

SRS g AHA 84 BAT G A Aol
T

A7 Aol A
ol WA AR 2 A4

ol 27 are mAE ARA el Aestel oigr Al
Figol $asn gtk Kol A% 2 o Al £
 CatbonfEpory HTARE olg A2 LA ot
) A A 2PALE ALY 242 7149 &
Aol el Ao HEshe zw W ol Qs o
£ 4 g 44 0%5; A, A 7o) Aol A
et 202 M gtk AAA B YRim), Ama

(Spoke), 3JE(Hub)Z +4¥ct 1 F HRIMPES FFol
23, F7] Aol nzst, AHAL &k 2 FFE v
Atk AHA RIS FEBE eololg AA|sta Heo|
a9 AT Aere sin, Az} Ho| 5% xge X5}
Fask 724 9P Frh w3k 29 Ao FA 74
FAT Aol Dol Wi AL 1wl
RBORA, 4% F4% UE BHYS Adol st
ojg] AZF(Spoke)E BAF 7lssfolst 45k
ZUSES WESHE FEE Aokt B AAA F
Soll B2 FEFE vAY] "ol oz AF7F AlEE
A _%_Aﬂi dzﬁﬂ}x] HiE dgels S A 29
aaHa ARE Saste] shEo] mE
HP A Oﬂ EHOM H3L F3ol gt A7t QIrh[4] E=sh
Salamon & §3Q A4S o]83slo] 7|E9] steel A& A}
W7o ~mA(Spoke) 47t WAL ARS wejstel el
As FHot 33 A He RIS AASHAk[5] ol
dhof] Eall2E o] g3st "ol L2 Kalyanasundaram 5
o] BgAlm BAS el txel AHsE Fslol Y(Rim)}
3B (Hub) Alolof Ql= A= (Spoke)ol Pushrime H2ksl=
Aol shEFa A wWao] b AA WAISHE dAAAS B
A SIS SAIT 1 97 el B el
xﬂqq olo:q i—&LxH iﬂg] x%é-_ﬂ HHodoﬂ \:H‘ gqi:’l_%

01‘

o nZ wfu i
fr
_1

o
o

30 o yd
%l

& LE%?* o?fh‘l
QL o5 Foto] &

o eelg Alstee

o 2

2. 7%

a4 4

21 AT &
ALl He] 2= Fig. 1€} Zro] "(Rim), 2327 (Spoke),
2 (Hub)2 o] oA glrh.

Flg 1 Components of the bicycle wheel.
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Fig. 2 Wheel geometry and 3D modeling.
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Fig. 3 Fiber orientations of the bicycle wheel.
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(b) Complex load
Fig. 4 Boundary condition and loading condition.
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Table 1 Material properties of Carbon/Epoxy

Property Symbol Carbon/Epoxy
Longitudinal modulus E; 141GPa
Transverse modulus E. 8.7GPa

In-plane shear modulus G12,G13 5.6GPa
Out-of-plane shear modulus G 3.7GPa
Poisson’s ratio Vi2 0.30
Longitudinal tensile strength Fa 1925MPa
Transverse tensile strength Fa 76MPa
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Table 2 Effect of ply count on the maximum Tsai-Wu failure index

under vertical loading condition

Stacking Sequence

Tsai-Wu failure index

n=1 n=2 n=3 n=4

[0]en 5.91 3.61 1.854 0.32
[90]sn, 7.025 5.1 3.03 1.39
[0/90]2ns 4.50 2.88 1.00 0.67
[+45]2ns 6.10 3.74 1.92 0.34
[0/£45/90]ns 4.37 2.07 0.84 0.76
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(b) [90]24 stacking sequence

N

(c) [0/90]es stacking sequence

(d) [ 45]ss stacking sequence

(e) [0/+45/90]ss stacking sequence
Fig. 5 Tsai-Wu failure index under vertical loading condition(at n=3).
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Table 3 Effect of ply count on Tsai-Wu failure index under complex
loading condition

Stacking Sequence Tsai-Wu failure index
[0]24 0.154
[90]24 0.263
[0/90]ss 0.101
[+45]6s 0.104
[0/+45/90] s 0.063

(b) [90]24 stacking sequence

(c) [0/90]es stacking sequence

e

(d) [145]es stacking sequence

(e) [0/=45/90]3s stacking sequence
Fig. 6 Tsai-Wu failure index under complex loading condition(at n=3).
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Fig. 7 Tsai-Wu failure index comparison between vertical loading case
and complex loading case(at n=3).

Table 4 Weights of the aluminum wheel and composite wheel

Aluminum bicycle wheel | Composite bicycle wheel

Weight(g) 825 668
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