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Paper

Evaluation of the Impact Behavior of Inline Disk Wheel Made of Carbon
Fiber Reinforced Composites

Hye-In Kwon*, Sang-Jin Lee*’, Kwang-Bok Shin**

ABSTRACT: In this paper, The concept of a wheel with carbon fiber composite is to replace the conventional material
used for a wheel hub, such as plastic, with a disk-type hub made of carbon fabric and epoxy resin. The impact load
from the ground under real conditions was considered; a low-velocity impact test was conducted to evaluate the
impact performance of the carbon wheel and compare it with that of a conventional plastic wheel. This study applied
a 70 ] impact load as a test condition. The impact energy was controlled in the test by adjustment of height and
weight of impactor. The use of a carbon disk wheel hub was confirmed to reduce weight and generate an excellent
repulsive force at low energy under conditions similar to real driving conditions. The results showed that the
maximum load increased proportionally depending on the impact load, but the growth of the maximum load was
reduced at a 20 J impact load and tended to decrease at a 45 ] impact load. The carbon wheel showed excellent
properties ; the level of rebounding was 35.3% and 19.1% of the total impact energy at impact loads of 5 J and 10 J,
respectively. On the other hand, the carbon disk wheel rebounded less than 5% of the total energy due to crack
generation of the thin carbon hub for impact loads of more than 20 J.

B Ago] A TRl il g BEA olekel Be SehaE qletel 8 slHe] /)& AUe g
%A A2 FAE 03 o] Hne dAsts ol Arezneel £ S5e adh 3
2 4% WM 910 A 5 A 8o] SARsla o) Selad glo] 5 vlaustol S5 g
d 2402 7019 34 53 AGIHAT. 34 oUAE B 29| kolot FAS 2Rste] 2
S 23 550l A4S AT AUS AA) 9 23k fAIR 2UY e FAq
e el Ao Galsislct 32 ogol ufet A se MAKew s A
2137 Sh5olA BAHAT, 5] 37 S5O N RE FETE Ao ATE Bolch BaAS
L1079] 37 sigolA A 4 o UR|e] 353, 19.1%7} 2luled Hi $odt S4S uolth v
% SHgoll USIAL G BraAg Bl Sl Zu AoE ols) AR ofuiAIel 5% olahe

—|

o
2
fh o

2
b

9 g @
10 rg :10

o

2 8 o
41

Jo o @ $0 o (o mn ph
Y
rr
>
]o
>~1

o2 oy 2z
o
ox

i)
=
o 2 2
I o u
i oo rlo

]_

Key Words: ¢12}2](Inline), T] A= 2 (Disk wheel), A <:% 2 (Low-velocity impact), ¥ (Repulsive force), BFAAd -7
733} E-514) (CFRP)

Received 3 January 2016, received in revised form 29 April 2016, accepted 29 April 2016

*Korea Textile Machinery Research Institute(KOTMI), Carbon Fiber Team
*Korea Textile Machinery Research Institute(KOTMI), Carbon Fiber Team, Corresponding author (E-mail: sjlee@kotmi.re.kr)
**Department of Mechanical Engineering, Hanbat University



74 Hye-In Kwon, Sang-Jin Lee, Kwang-Bok Shin

.M B
Sl g ek B $45 7 A A At A e
o YO G, WA REOR 38 o] o1
SH1L Mol AE b AR D A, WA 9 A
AA ADEE TG GrH23). A4 AE2 Hofz
B34 AP A A, Kim 5412 B4 BrpLe
% HA43t8 B3 54 shetulg el Lexy e 4%
&, A5 &N S Telste] AL EC] F3 AT v EY
48 Aol 213} SHe A4S AASAT. Leels]
e DEEERI ER AR S R

xﬂﬂ 5Bt Atk 7129 A 3
BE 74x) ulo]z o] A} =Ust =3
7o} Bt wto] 28 A 5tol, B oheld)
A 2 mm7} = =5 A AFsh ok A4 5
£ 71 71758 g el CrMo
FulE g vtolzet 7|44 e vaLs
st map slo|mis vl o SRl
S upo] 2o 4ufj o] o|u, W72 2uljol] FElT:. &
o] A9 A shol el 55%, vl T o] Lo
0%_4 AestE I3 4= 9)9lth. Cheong S[6]2 EhAA
(e o e e ’\ZHOﬂ UE EIZ ARZES] 7]A1H
AL AT} 4L 43 5l0] & @1 SFATH I AFZE
9] A, HEY 7_}-, 7, Kick point 5 47}#] A%
= YA AT Yl o] A= Al AAIE] el B2t
2 i3It a4 Ak 2% ool A A ATt F
At on], 2A40) 4H7IES 30~70°% Fhisto] B3 Ap

SLEO| 7|AE g ST ol2 4, T ARZE
it s A 7% 2 AR mE AFZE Al 7R

o
L)

.

rm A
E>
o

|o

fu
[kl o :lO r°
rlr _m

0.

‘
J

EL:.N:EE
A=)
[Zh=3

32 o % ol lo ok | o) o A 10 m ¥O off
=

) = r_>.i

E>

X o

:|o

4o

[o
O

E A] 0]

oJ5F 59 3101519t} Lessard S [7]& S-3tQ A4S &
3 Bt AdA ZH YO 7AH e A5t @l
Aofl= 220] Balay =] mdl, SHkA] Al Q 4 9] steel

Hd, S Y a4l A”/ARE HEE F 57HA] 0]
o} o] %, g3t Wl Tl halil AHT )
H& 5 SHFRANA ST AT, 7% 9] Hol 2
Ao e AUSKEk 239 it e Ye) 3o
iR B4 T e JA R E e AnE Aok of
20 42 B3 71 TR S5O J1AH B
$& 7He o be ARA Zde A 8 A o3 7]
e At

2 Aol 7120 Sekae HAY cletel Bt o
2] t)2=g 9] S g HAA A2 Aol 3t 4A 2
A7) 68 AR Bl 2 kel glo] 2
2705 7S 5o, o 3ol et A% 32 o
YA e 8 FF A7 BE 71E Beae 4] Pt

OEERE S

-IF

MY

2. AN 23R ClAS 8 M7 Y HE

2.1 Qlgfel cla3 & MA

/1% efeel A A el A9, 5 AL 91 1

HIE) 2 2] 8 (Ribjg O 2 vl 5

=
FUAY e

7]
£of e oloh Bl WA BUA U B HE Fg 17}

i

3 He] MEe Haseles

}_.

Bonding Area

o] A9 oFE TS E TS Ve E HYE = AA
Fapolth. =g FAS] SR e
Z5l o] Inner RetainerE A1)

_\-‘ﬁ

9] g Az

Carbon Disk Hub (half shape)

Fig. 1. Design of carbon disk wheel

(a) Lay-up and Curing

Bonded Areas

l

(b) Edge Trimming

S
(

ya

(©) Bonding of Carbon Disk Hub

G

Urethane Casting Mold

(e) Urethane casting

(d) Hole machining

(f) Carbon Disk Wheel

Fig. 2. Manufacturing process of carbon disk wheel



Evaluation of the Impact Behavior of Inline Disk Wheel Made of Carbon Fiber Reinforced Composites 75

2 W
X
=

ol7] $la &2 7153

Xorr

Seehte] Agee
7} AAsEs 4A

N
> N

)

Mo oftt

e
n
re

Cl23 & N

o whet 4% 39, 29 A7 Y
28t 2] Exlols

4 Fig. 2(2)9] 55 4 o%%“’ﬂ o|FAl A=
23}l Ring part, Upper parts X Yslo] 1
T 4 Aol 2] uhel ead B
357} Al2HE] 9ick. Fig. 200041 A3 2t
W (Trimming)d}37, 2 X 1ol A 271 9] BhAAd
9t Am HE HAAE el Gt
2(0)). Fig. 2(d)9} o] £RE Aleo] ehail$ BakA)
3 8 sHE S F2Ee wol7] 98 ¥ &
& hgeteth 44 4mm 279 & APRF o &
247W k5] Fig. 2(e)2} Zol, &v)d gadf 534 °
239 SBE FY] 49 DRI, SUGE 124
skof Fig. 2()9] g 54 ekl € SIS A%
ahgiet.

ox.

oftl
o
ez

da

T

el
2
iy

s
=2
fufr
_124, o4

A

)
Emé
i‘_l_.

lo O do e O [H o 1O ot
1>’ UQ _I}-]I mlm l>’
o W

3. EANQ SEM A 8 SHEN H}

S11 AR 8 34 AEAA
A e Badlg Be) Oad Uel 37 548
7% Behae AEETE) MBS 95 A% 25 SokA

BG STt g ALEE AR 3 ply H202 7

Zhe g AN G 23] t) A3 &, PC(polycarbonate)/PBT

(Polybutylen Terephthalate) Z§& 2] ZetAE Al& ot} g

A2A4E Bkl= 1A 29 CF3327(Hankuk Carbon Co.,

Korea)o]| of| ZA] =] 7} A-8-% e = 55 GPao] 1734,

N

1

Impactor

Fig. 3. Setup for impact test

549 MPa QA7) =, 546.5 MPa QF=7} %, 1.59] H]2S 714
W, ZatAE @ QAL 2.37 GPa2l 1474, 64.5 MPad
ORI, 1.2 9] H|ZE 7RI ARS-E A& AHH|: Instron
Dynatup 8250 =& & Fig. 3¢f Lel} Qi

2o T IR AF AT A Qlekel Teelat
8] s 5T A A8aisick 19 1902
29]9) SeEke] $4 7S B i mwony
Somie A 208 a8 458 4 2% 47
25 mme] 4B A Attt

Badg BEA U2 g 34 54S Brlstua,
37 8% 2702 5]~70 ] WlolA FFo] A=
7—;01: jul

]_
A
3 ol 2ol 33 JUAE 2HATt

3.2 5484 &4

32.1 BFE-HEA7 Aw

A2 B AT 4ol 5, 10, 20, 45, 70 ]9 FA
YAE 715 e B4 Fof] dZ2% 2EAA 544
stsdto = Jojdoh it 534 21 S22 2
9] atF-HEHAIE A== Fig. 49} Fig. 58} o} B4
EA O A s ASAIE A W& S0 A|
&1 5 J2k 10 JolA= ZEA /S UERHAIRE 20 ] 0]/

—— 10 Joule
<V Joule
----- 45 Joule
70 Joule

s,
R S
PR e

40 50 60 70
Contact time (msec)

Fig. 4. Load vs. contact time curves of carbon wheel

— 5 Joule
—— 10 Joule

<0 goule
-- 45 Joule
- 70 Joule

20 30 40 50 60 70
Contact time (msec)

Fig. 5. Load vs. contact time curves of plastic wheel



76

Hye-In Kwon, Sang-Jin Lee, Kwang-Bok Shin

Table 1. Maximum load and contact time of carbon wheel

Impact Energy (J) | Max. Load (kN) | Contact Time (msec)
5 1.91 11.74
10 3.66 9.44
20 3.90 18.22
45 3.26 52.34
70 3.61 63.75

Table 2. Maximum load and contact time of plastic wheel

Impact Energy (J) | Max. Load (kN) Contact Time (msec)
5 2.08 10.52
10 3.02 10.49
20 3.90 10.76
45 4.17 31.96
70 5.16 32.48
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Table 3. Energy results of carbon wheel

Impact Energy| Max. Energy | Repulsive | Absorbed Energy
) ) Energy (J) 0)
5 4.93 1.74 3.19
10 10.36 4.15 6.21
20 20.80 1.13 19.67
45 47.25 1.61 45.64
70 73 - 73
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Table 4. Energy results of plastic wheel

Impact Energy | Max. Energy Repulsive Absorbed
) ) Energy (J) Energy (J)
5 4.97 0.95 4.02
10 10.33 3.33 7.00
20 20.73 4.98 15.76
45 45.82 3.45 42.37
70 73 - 73
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