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A study on the Impact damages and residual strength of CFRP laminates
to impact under high temperature
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ABSTRACT

An experimental study on the effects of temperature change on the impact damages of CFRP aminates
was made through an observation of the interrelations between the impact energy vs. delamination area,
the impact energy vs. residual bending strength, and the delamination area vs. the decreasing of the
residual bending strength for CF/EPOXY and CF/PEEK composite laminates subjected to FOD

(Foreign Object Damage) under high temperatures.
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Table 2 Symbols of CFRP specimen

A(D,H,P) Specimen type

R(S,T,U,V) | Surface temp. of specimens

R { Room temp.

S I 70C(CF/PEEK)

T : 9T (CF/EPOXY)

U : 120C(CF/EPOXY)

(CF/PEEK)

V : 140C(CF/EPOXY)

150C(CF/PEEK)

- 1(2,3,N) Impact velocity
(Impact energy)

1 : 65m/sec(1.1])
2. 83.3m/sec(1.7])
3 :100m/sec(2.5])
N : Unimpacted
1(2,3) Specimen No.
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Table 3 Constant values m, b with the variation of
delamination area and surface temperature by
the least squars method

Specimen Impact energy m b
1701 3.7 588
A 250 ST 856
1.70)] -3.17 902
b 2.5 -3.16 1219
b 1700 -5.1 980
2.5(7] -7.705 1503

5.2 B0 XI2| Z7|2t SALDe] B

Joumal of KIIS Vol. 11, No. 3, September ‘%




m
|

Fig. 7& 357 g2z Adsst ge
CF/EPOXY #mol4d 134 A, DY 23}
of & FAIA e A7|o} AAute] WA 5
71€ YERY, Fig. 8& #3542 ARSF7 22
AEH2ZE M2 i Hmel Ay AY® D, P
Sestol] we FANUAY Av)e Awute
AA e 4718 debd Ae2A AlgH A, D, P
o= B S tal Hew e oe
AdHes F7bs e & 5 Aok

Fig. 7, 8914 AHL H o5 oz Plotgh
S BAM, AEA AY A4 deolM uTAXNE
227t 4ol wet wen o] Juxoz 7
289, 120C(Tg ol4)oldel HeldMe 714
717k 348 4% & 5 Ak AYH DY H
T A RETN e del wek FA A 9 k)
RS A}OMIL—- *‘Uw ﬂw} Ao Mg
A Aol A gk A9 Dol A=
71&717} 3] 4*6}92@

E#, Fig. 89 A19d Pl 4 A D
oot fAtgt A&E Yelln Qo) deo 4
T FAAUAZE 2(]) olde AfME 37
L7 Hrled ol

NEHE2 344 ¥l
2ol AA Fag vreju Ao Aldo] Y7l of
Zelth

r

[o

Bic)

SHo|UR| 3719 RFTZEI Al B

= - (o] - 176
A NRAL 2eHAR L ol gt A

T3 Flg 93 A1gH

A, DellX} oA e av)sh GFFgete
BAE Yl Aoz 370 A4S W H
°I®, Fig. 10& $74 90| ¢45& WE 7%9 3%

FYNYH Ashg vepa,

Fig. 99141 337 A989) 2%, 4557
& NYW AL A9 L1z wate] ma
AsHAGe Holx| grou} Asv) He
DSl A$-E Aol uaA o 33% e
Astaiaol uebgrh, o]gize ol
Wl Hgsvh He AlYW DM A5 W

-

Y

ool o oY
SR K e

T

>
7

srRLIgorMBts|X] HNH M3E ‘%t 9y

DRON FAS Y CFRP HENY FASMY XFLTO| st A7

1200
- O Room Temp.
“g o s Z
0

% 900} A 120 o

@ .

E White : Specimen D 4
c Black : Specimen A

o 6001

E [ ]
£ 300

[]

a

1] L LB T T T T

0.0 05 10 15 2.0 25 3.0
impact Energy(J)
Fig. 7 Relation between impact energy and

delamination area of specimens A, D by
specimen surface temperature

1500 White : Specimen D

3 Black : Specimen P

£ 1200 1 O Room Temp.

- u 70°c

o 1 O %

< 900 A 120%

1=

L

= 6001

£

£ 300

Q

o
0 4 ; . . r
0.0 0.5 1.0 1.5 2.0 25 3.0

impact Energy (J)

Fig. 8 Relation between impact energy and
delamination area of specimens D, P by
specimen surface temperature

HERRT) W el ZEA st el A vEhd A
o8 Aztdd

3 Fig. 9, 1022 BE & 4 U= u}
golutA AlEH A D RF 2EHO]
v A9k 2R ARe
Z

v o

o
rﬁ*.’
OL
o
L‘J
é
L
ul
ar ot
to ©
o
> r[F
AN
£ Ho
— o Lo o2
o o Jo 2 fr L
N o rir 2oy o e
N foox ROKL R O

= Mo
= N

s
oY
4

25
)
of
r2
o
jind
Ay
" ‘lo
12
e
ol
o
f
£
=2
o



(CF/EPOXY)7} 21, Ads 2 wjaulskoe] o
& Amolyy A18d D9} Ated AE¥ H
8 NEY exustd g FAduA 9 7%
14:‘@% 3o #AE vehd Aoz Fig 11

22 o] AL W 73 , Fig. 12& 224
°I 45g Be B89 3 ﬂ Aldg 2AE o
Epdich,

Fig. 11, 12258 7323 AgHe] AL Aw
oW ANEH DY A= 259 t.ﬂ:é} D FAE
doll g ZAx AstddL FH3] et oAt
S A EHE Hel B9 250 Wit 2 A&
ol AT ZE At A9 YERERA ¥ne
B FAWo] AL WA Y FHW] ¢SS
g AS 2% A9 "%k

Fig. 11, 128 %8 A& o & A%
AuolAd AZARTH= JAEHA AEA7Y,
T FAHEA0] AL Ae A T AFAR
the A wojurd A&7} PEHHo] FL AL
2 Aztdo.

Fig. 13, 14= AZ+(A2 1674) 2 H3ud
(Huodd HFaezgn 2 Ald)o] 21, 34
7t M2 9d& D(CF/EPOXY)% AN¥®H P
(CF/PEEK)9] Al¥H &x¥istd g 32
29 A71% #AFYSET BAE ek A
oz Fig. 13& Z490] A3 W= A%, Fig

45 FFWU| AHS W 399 3 FING
6& A7 5 Jepdch

Fig. 13, U225 € 732 A8H 29 A4
De AEHA Lx7t s wet Zx Astdy
2 F3]3] Jeh AIEE P A= AEE 2
=7t Asie B ASALE yehR g1 2
38 =t F7Hkdh

£ AJEH DollM e FEW] 45 B
7} FA W] A e B} FEAE Hiol
2A ey Alm% pPel A¢&
zwm!i ﬂrﬂol Ao e 73%7} ekl

5]

exusl °% A Asagel A YAk
%Eﬁﬂﬂ%

2 33 40 A

50

BUAEA N FA00] A4g wod AW By
U2 RELE &S wiE @ s o2&
a8 =% HH2 g4 diEelgtn 44d.
538, FAEE] E45 FF HeAZo A%
FH% A= Aatdgel vebgo.

EZ AIYA P AY 2xHsle] g $4¢
dol g JIFFILE Astdde] 2R Vet
A ¥ ofzME d7ta4 £A2 wE

CF/PEEKA @ #o] ng&¥97lclA FZAEZ
el 37l wEolet AzEct

w 20

[-X O Room Temp.
o a 90’}:

(4 A 120C

@ 15 i loxd o

7] A oq
2 fal

.E 1.0 é ® é »
2 ® A

s e
o

@ 05

k] White : Specimen D

g Black : Specimen A

« 00

05 00 05 10 15 20 25 30
Impact Energy(J)

Fig. 9 Relation between impact energy and fracture
bending stress of specimens A, D by surface
temperature (Impacted side tension)

T 20

o O Room Temp.

S Q s
120C

@ 15 3 &®

e

» A = A‘

=2} A

£ 1.0 oJ B

= [}

@

o 051

5 White : Specimen D

b Black : Specimen A

c 00 ————

v 0.5 0.0 05 10 15 20 25 3.0

Impact Energy(J)

Fig. 10 Relation between impact energy and fracture
bending stress of specimens A, D by surface
temperature (Impacted side comp. )

Joumal of KIIS Vol. 11, No. 3, September '%



E 20

O Room Temp.
% o o sec
g 1.5 & o A 120°¢
n oo
=] a
£ 10 x & 'R
<]

|

5 . AR g
[-¢]
I 0.5 1
::_:: White : Specimen D
‘.‘g‘ Black : Specimen H
r 0.0 T T T T r v
u o

05 00 05 10 15 20 25 3.0
Impact Energy(J})

Fig. 11 Relation between impact energy and fracture
bending stress of specimens D, H by surface
temperature (Impacted side tension)

= 25

o O Room Temp.

S N mge

@ 2.0 = 0 e0°c

i1 A 12¢°c

] 8 L)

@ 153 A e m g,

£ a R oo

B ] &

§ 10 ® Dy o

(3]

o ]

:’-‘3 0.5 White : Specimen D

3 Black : Specimen P

Sy

w 0.0 v v v v v —
L5 00 05 140 15 20 25 30

impact Energy(J)

Fig. 13 Relation between impact energy and fracture
bending stress of specimens D, P by surface
temperature (Impacted side tension)

6.d &8

1) o)A CF/EPOXY &
3]

2 Vhebsteh

N oo 2o o >
fied
4
o4
;2
}—.1
@)

]
~o
el
U
O
0;)' "< >'
;INy
==
_B

kI
L

5]
~—

ST MAINELSIX] ANA H3E %6t U

w4 CFRP #3&A #CF/PEEK A3

Fracture Bending Stress (GPa)

Fracture Bending Stress (GPa)

2204 328 L= CFRP MENS| $244T BREY 33 87

20
O Room Temp.
o O %0°c
1_5J & A 120°c
(o]
a e
1.0 g
| A" %
A A
0.5 1
White : Specimen D
Black : Specimen H
0.0 T T v T r T
05 00 05 10 15 20 25 3.0

impact Energy{J)

. 12 Relation between impact energy and fracture

bending stress of specimens D, H by surface
temperature (Impacted side comp. )

25 C.> };ga%m Temp.
201 A O ec’c
! n ° A 120°
8

1.5 é -0. m 0A
1.0 1 a Ag %A
0.51 White = Specimen D

Black : Specimen P

0.0 T T v T + v
05 00 05 10 15 20 25 3.0
Impact Energy (J)

. 14 Relation between impact energy and fracture

bending stress of specimens D, P by surface
temperature (Impacted side comp. )

AR ARA P £ AedMe waHe] 43
3 3Y 1208 ZFE CF/EPOXY d%4
A AEE D By vreade A debsth
T34 N9 A A3e 2 N8P A
T &9 g g Fx A3EYE Kol
A ot HEF7 A2 AEH D AL
HishA) oF 33% Hwe) Zm AEEgol vE
st

34 AP 3¢ Hu oy AEH De
=9 Wz 2 FASN WwE FE AR

51



52,0143, ¥0ly

e TS vehht A5 94 N8B Hel
A9E 2ol Ws 2 3AE40) o8 2=
Asdage 7o) e gsic

ge HA37ze A= 43457 we A
A A5 £4 Rl ANY AT
ZE Ast@ael 2A Yeen CF/E
POXY A3AE 34%o] ¢3¢ e 29,
CF/PEEK AFAE 374%o] 938 g 3
& FERsAAe] A vekyh.

[ EEe F2AAA A4 ASFAI7AH
) ZAUSEL 4717 RF FAAES AT
A A7 A o8 APIUS,

wn
~—

<3

<3

X T

Ho
ot

1) BIL75 25 o 7 HEHR - FIRFRPAFY, p.
8, 1987.

2) RESHLHEE | KEGHEOEIFS, ~
-= A v-it, p. 116, 1984,

3) J.LI. Goatan. “Proc. R. Soc.”, London,
Ser. A, 319, Vol. 45, No. 57, 1970.

4) C.C.M.MA, Y.H.HUANG, and M. J. CHA-
NG, “Hygrothermal Effect on the PEEK/CF
and PPS/CF under Impact Loading(1)”,
ANTEC, pp. 2092~2096, 1991.

5) REAEHE, HEAMEOERES -HE(]),
BAEAHERE, $115, 485 pp. 151~
161, 1985.

6) Poon.C., Benak, T. and Goule,R.,
“Assessment of Impact Damage Toughned
Resin Composites”, Theoretical and Applied
Tracture Mechanics, 13. 2. 1990.

7) Greszczuk L. B and Chao H., Impact Damage
in Graphite Fiber Reinforced Composite, pp.
389~408, 1977.

8) Chllenger K.D., “The Damage Tolerance of
Carbon Fiber Reinforced Composite”, A
Workshop Summary, Composite Structure,
6, pp. 295~318, 1986.

9) Ishai O. and shragi, “Effect of Impact of
Loading on Damage and Residual Compress-
ive Strength of CFRP Laminateed Beam”,
Composites Struct., Vol. 14, No. 4, pp. 319
~337, 1990.

10) #K Ez, “CFRPEBROEGHREZCHT
B, ERIFEKRRE, BRI, 1988.
11) /NI #8E, “SEbEfERoH L . ARRRE-
H-R R, THEME Vol 37, No. 1, Jan-

uary, 1989.

12) BE FHK, “NEFHES~ONFEHFIR L
Bik-S%oBLisL” AABMEBEIE, Vol
90, No. 821, April, 1987.

13) BIR 7%, “MEFERSE 5CFRPFIA
B, B2 A=, 5%, 1588, pp. 16~30,
1989.

14) AAMKEEEE  BE L, £EF, 19
89.

52

Joumal of KIS Vol. 11, No. 3, September ‘%



