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Abstract

This paper is to study the energy absorption characteristics of CF/Epoxy(Carbon Fiber/Epoxy
Resin) laminated shell with the various curvatures subjected to transverse impact loadings
under the low impact velocity in consideration of design of structural members for use of
transportation machine, which are consisted of the characteristics of high stiffness, strength
and lightweight. The curvature radius are associated with the energy absorption characteristics
of CF/Epoxy laminated shell which is brittleness material. In all tests, maximum load of
CF/Epoxy laminated plate is higher than that of laminated shell with curvature, but maximum
deflection is lower. And then absorbed energy of laminated shell with curvature is higher than
laminated plate{curvature radius is unlimited). As curvature radius is increased, the absorbed
energy is increased in laminated shell with curvature.

Keyword : Energy Absorption Characteristics(N YA &E4+5A), CF/Epoxy(&
24 %/Epoxy %A), Lamiated Shell(3%4), Curvature(Z§),

Transverse Impact Loading (3 %3243 %)
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Az g AlgHo] FFSHo] LA YEE I Yo tolojEz S B
AEA D AHG7|(MICRACUT Precision cutter)E& ©]-43<9 100x100mm AAZE
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< Table 1 > Characteristics of CF/Epoxy prepreg sheet

Fiber Resin
(Carbon) (Epoxy #2500)
I[?E}i?], 1.83x10° 1.24x10°
;Iéelr;:]i]e Strength 489 0.08
fﬁéa;ﬁc Modulus 240 3.60
?;Saking Elong. 21 30
?Cl?ng Temp. - 130

Nylon vaccum bagging— £

Breather cloth
Sealant tape

Vaccum valve]

Steel mold

< Fig 1 > Steel mold for curing laminates
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< Table 2 > Specimen definition
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S : Static
D : Low velocity impact
The radius of curvature

10R : R=100mm

15R : R=150mm

20R : R=200mm

U ! R= (Unlimited)
Drop height

H06 : H=0.6m (v=3.43m/s)
HO8 : H=0.8m (v=3.96m/s)
H10 : H=1.0m (v=4.43m/s)
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st HE7 2AATLE ol d AE QAR2AIXE ojfdo &F
7‘]3]'—2‘ °]%"]Zl£i UFolE o2 ASstAt

B 2 JES Ze N¥HUY nAHYE Fig. 39 Yetdlth Fig. 3(a)9] J38 Al
A AFZd e 7]E A ZHYE o] LA HFA FHE WAL X1
A7] HEo AFH AP uwet WEAAHY JFS ¢A HH, o]§ B
Al A AFER HEFHFES 934X HZE ARSAT B ATNA AR
Hug 3HdE BOmme FHol Y& 180x180x10mme] IZA ALawE 20 A}
o, &3 B M AFHE 719 nA3A
g 188 142 Fig. 3(b)} ZL nAd(fixture) & ol &3Py, &
A FARAE BEATN7] 9 RE AFHY = 4F PR 1A AA(fixed)

, DFLEL A A (support) BAZRAE HEAVNEER AYH AIE

AostAth £ aJd= APgH] FENA -r”ﬂ o wet 2+ AAZRAE WFA]7]
& AFsUT. FES ZE HAFAdE A¥H 1AYE dHolx ZHoE, F U
A2 E 2y AASE 2709 fixture, LF ‘%ffoh‘li DR AAZRAL HEAT
25 AZd 2709 supporterst NEH ¥ B9 2 UdF HFo “L"QB‘P‘C T 7
ZE 4y HRADFZ FAAF 1oy, ANgHe ZFo) wel 2z 2719 supporter
g Ao, Fad B DT FAE 05mmEA F3A TAE SHYE & F
ol Fstd FAAY FHAUUXIE A2 AFAUARE EdHE AL AR
T o £ 34 A FFAC nA4YAd T4 AFA SR I3 E
IAYE A

o

F 2337

—

Bridge circuit

+ .
e ——

Dynamic strain Strain gauge

amplifier i

Transient digital Optical displacement !
analyzer transducer g

Laser recgm\si"} < Laser beam
Personal ]'—'C£'
I3—

computer

l Oscilloscope I
irpactioad e N —
Displacement Impact velocity |

< Fig 2 > Signal acquisition system
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(a) Jig for flat laminates

(b) Jig for laminates with curvatures

< Fig 3 > Fixture for supporting specimens
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A7t FEANEE B o @ l UrEM A A FE e 24
mEtA B AFdME JFENE w2 011L1 AETFEA
3 7t sF-¥Y AxE ’ﬂ-_ﬂs}@ dAe Adsde

oz} 44 3te] Table 3o vebWch,

ZgWsle WE FAFAFLS nHAsly] Y& Figs. 5, 69 TERA g A3}
Z 2 HYEYE Jeld Figs. 5, 62 A¥Bd JEWHo] Fr1g uegl AEHA
o] HstFS MM Frtete B, ¥ FEVFE 200mm AFAAAE F7}
stohzt Fedle] FENAEE 2 B i AFS B4

< Table 3 > Results for static test and FEM analysis

Max. Max.
Spec. load deflection Absor[bedl e]nerg y
[kN] [mm] Joule
S10R 1.14 10.3 5.88
S15R 141 12,6 6.65
S20R 1.64 154 7.59
SUR 2.50 7.2 795
3.0
S10R
2.5 b N S15R
i e S20R
2.0 r |

Load [kN]

i N 2 N X N N HE
0 2 4 6 8 10 12 14 16 18
Deflection [m m ]

< Fig 4 > Load-deflection curve of CF/Epoxy laminates by static test
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z : l} ® FEM
3 2 ;—l B-spline ‘
é 15 F e 2
5 !
E 1+ ©
>
3] |
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|
0 1 1 1 L 1
0 50 100 150 200 250 o0

Curvature radius [mm]

< Fig 5 > Effect of the radius of curvature on the maximum load

20
—_ i
£ .
E 15
: |
g | b |
8 10 ¢ e
ko ! : o
© || o Static test |
x 5 |
g :i ® FEM
i B-spiline
0 [ : ; . : .
0 50 100 150 200 250 e

Curvature radius [mm]

< Fig 6 > Effect of the radius .of curvature on the max. deflection
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Figs. 11, 12614 H06< 7} ZEut7Ao] @& Jalgo] 06me A$ Ao AgH e
&lrﬂs}% 4 &lrﬂﬂw olu)sly, HO6L 3lEo] 0.8m, HI0S YatEo] 1.0m9e 7
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H ZERSY wWE ANgHe BE Az g3 HAYsFe FAEA a4 &
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Load [kN]

0O aflection [m m )

< Fig 7 > Load-deflection curve by drop weight test(D10R)

Load [kN}

15

D o floction [m m |}

< Fig 8 > Load-deflection curve by drop weight test(D15R)



320

CF/EPOXY 5%tA 3349 3454

G5 - AT - QG - o1 FA

Z
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' s tiection [m m ) e
< Fig 9 > Load-deflection curve by drop weight test(D20R)
H
. D e flection (m m ]} b "
< Fig 10 > Load-deflection curve by drop weight test(DUR)
1.5
. ‘OHOG
z 1.2 r | Ho8 l;
L o u——/@/—/ﬂ/;
g 06 & N
é 03 r
0
0 50 100 150 200 250 o0
Curvature radius [mm]
< Fig 11 > Effect of the radius of curvature on the maximum load
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< Fig 12 > Effect of the radius of curvature on the max. deflection
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< Fig 13 > Maximum deflection vs. maximum load
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