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Fig. 1. Schematic of experimental setup.
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Fig. 2. Schematic diagram of autoclave.
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Table 1. Fiber orientation of specimens.

o geae AT BN o4 2
A | [0°¢/90°6ls 24 37 | CF/epoxy
D [0° /90" ds 16 250 | CF/epoxy
P [0°/%0" s 16 220 | CF/PEEK

I
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Fig. 3. Interface of CFRP specimen.
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Delamination In Interface B

Delamination in Interface A

impact Point

I N
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Fig. 4. Cutting line of specimen.
3. 4l 2 @ Ta
3. 1. 2% 3Pl 54 &40 olxle dg

CFRP 3349 24 &4 93¢ )X & 34 87
o] & AgH oz 1A Hste] A/ EY7)d
A A7 5mme] A7E 3 E4& T 285 En
7Bl S Z3 vhe] X g pAste APHY] 2=
W37l 34 &4 mAe g3k #a mAsigoh
Table 2= A 8H ] 235 7Fo& vhelH, Table 3& #/
3L B8l A9 £4 &4 AY AHE el

Table 2. Symbols of CFRP specimen.
AD, P) LR, S,T) 1,23 )

Specimen kinds

Specimen temperature

L:-30TC

R: Room temperature

S: 90T (CF/epoxy)
70C (CF/PEEK)

T:120C

L Specimen No.

FAdY, AFL, AN

Fig. 50l A|8¥ A9 39 &=7} -30T, 20T, 90°C
R 120CAA A3 Smme T2 N 102m/sec(F
26D2 34L& 71 S o AEH ] 2 Wsle] whg v

S =RI P

(a) -30T 262 ] (b) 20T 260 )

> B

(c) 90T 255 J .(d) 120T 2.70 J

Fig. 5. Variation delamination area with respect to
specimen temperatures (specimen A).

2 A49 W3l BAAE, Fig. 6] A1FH Do 59 2
E7F-307TC, 20C, 90C 2 120CoA 274 5m 74+
2 oieF 102m/sec(2F 26D)2 £2& 719E o A1EHA
o] 2% Wizl w2 dhel HHe W3 AAE, Fig. 7
o A1EH P9 ¥d &%71 -30T, 20T, 70C ¥ 120C
A 27 5mme! ZT=2 ek 9Bm/sec(SF 22)E F
A& 710E v APHe) 2E HElo] wE wa WAy
9] ¥zl#AE YelWo Photo. 12 £7 £48 we
CFRP A|EHAS uiio] wAIE dE Al uha] P4t
£ 259 @ o2 3% 4948 vebdt) Photo.
1M M AW A &a] ¥dg Zae AW B
e P4 Ve

Fig. 5, 6, 7 2 Table 30258 & 4 &= 4}t
2°] CF/epoxy ¥ CF/PEEK A& 2% A|¥H &
E7b e ve] "Wye zolxig AFH L%
7t et v d@3e] ARE & ok F, F
W 2% ¥zt wat 24 &go] A WHSES
& F o). Bojk AFRE 2+ CF/epoxy A&AF
HEF7l 28 AEHE AE 537 &4o] 25 ¥}
aA #F¢HY A7t 4L A998 DeE 24 &4
o] 2% ®st A HLHA S & F AN
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Table 3. Results of delamination area measurement.

Specimens Impact test Specimens Impact test
Temp. Impact Impact Delamination Temp. Impact Impact Delamination
Type [l velocity energy areq Type [cl velocity energy area,
[m/s] [J) {mm’] [m/s] (1] [mm"]
ALl -30 63.80 1.017 369.78 AS1 90 81.30 1.652 228.96
AL2 -30 71.60 1.281 717.76 AS2 90 80.00 1.600 226.53
AL3 -30 75.76 1.435 858.48 AS3 90 87.70 1.923 298.82
AL4 -30 84.51 1.786 1130.2 AS4 90 101.0 2.530 549.57
AL5 -30 102.4 2.622 1319.5 AS5 90 100.0 2.500 449.86
AR1 20 50.00 0.625 18.71 AS6 90 104.0 2.704 597.80
AR2 20 82.64 1.707 477.01 AT1 120 84.75 1.796 154.48
AR3 20 82.64 1.707 483.60 AT2 120 86.20 1.858 142.32
AR4 20 82.00 1.681 477.07 AT3 120 84.75 1.796 135.35
AR5 20 95.24 2.267 632.08 AT4 120 104.0 2.704 344.78
ARG 20 102.0 2.601 818.31 ATS 120 105.3 2770 381.58
AR7 20 101.0 2.530 760.60 ATS6 120 97.09 2.356 238.88
ARS8 20 100.0 2.500 750.00 AT7 120 103.0 2652 522.45
DL1 -30 68.07 1.1538 460.70 DS1 90 86.18 1.855 664.82
DL2 -30 68.21 1.163 490.20 DS2 90 78.75 1.550 588.57
DL3 -30 83.13 1.728 787.02 DS3 90 92.64 2.146 923.21
DL4 -30 83.33 1.736 878.96 DS4 90 100.7 2540 931.40
DL5 -30 100.06 2.503 1052.3 DS5 90 103.0 2.654 1141.2
DL6 -30 100.13 2.507 1200.1 DT1 120 83.40 1.740 52820
DR1 20 85.70 1.836 706.09 DT2 120 78.30 1.533 499.11
DR2 20 85.80 1.840 802.49 DT3 120 104.3 2.720 1068.7
DR3 20 104.3 2.720 1153.9 DT4 120 93.60 2.190 829.40
DR4 20 102.3 2.616 1121.8 DT5 120 96.77 2.341 839.43
PL1 -30 71.83 1.290 775.02 PS3 70 75.76 1435 368.38
PL2 -30 75.99 1.444 1010.2 PS4 70 78.13 1526 495.29
PL3 -30 84.13 1.769 1454.2 PS5 70 74.63 1.390 349.32
PL4 -30 86.06 1.852 1597.7 pPS6 70 104.2 2710 1082.1
PL5 -30 93.14 2.169 1898.0 pPS7 70 93.46 2.180 850.00
PR1 20 60.09 0.930 321.05 PS8 70 94.34 2225 868.27
PR2 20 74.63 1.392 493.45 PS9 70 94.34 2225 868.30
PR3 20 64.50 1.040 371.24 PT1 120 65.79 1.082 151.46
PR4 20 84.03 1.765 738.75 PT2 120 66.67 1.110 171.06
PR5 20 84.03 1.765 937.17 PT3 120 83.30 1.730 270.60
PR6 20 100.0 2.500 1360.0 PT4 120 7241 1.310 221.41
PR7 20 93.81 2.200 998.00 PT5 . 120 .82.46 1.707 293.94
PR8 20 104.2 2.710 1387.5 PT6 120 95.24 2.268 450.89
PSl1 70 64.94 1.054 256.85 PT7 . 120 103.1 2.657 - 636.18
ps2 70 62.90 0.989 253.67 ’
ooz RE &k Wit & XM e HEF7H B ZellA *“ﬁ S Psta A Bt shsstele A
& AgTe bl AA LE wslel BE Be A4 ZEs. U8 O e eEadE A9 N8 D A8
AHE melslo} st BATO AT ¢ F A% o ofelE wEel & AYANE 0TANE BaA
E3|, 2x7}t 7438t epoxy, PEEK 3 25 3 Fig. 5, 6, 78 & - A2 e] ute] W& viwsleg
4EHHE B4ol A& ASE & ANSH HE RS A AAYAA 34 &40 B YPok

_5_



NEEERLEE

(a) -30T 2.507 J (b) 20T 25616 ]

20mm '
(c) 90T 2.65 ] (d) 120T 2.72 ]

¢ :Impact Point (D :Interface A []:Interface B

Fig. 6. Variation of delamination area with respect
to specimen temperatures (specimen D).

1 N

(a) -30T 2.17 ] (b) 20T 220 J

& A

(c) 70T 2.18 ] (d) 120C 227 ]
o Impact Point [ :Interface A [J:Interface B

Fig. 7. Variation of delamination area with respect
to specimen temperatures (specimen P).

Impactor Diameter : 5mm
Impact Velocity : 102m/scc
Impact Energy : 2.601 [])
Temperature : Room Temp.

Photo. 1. Delamination shapes of specimen A
(impact velocity : 102 m/sec).
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g. 8. Relation between impact energy and
delamination area by specimen surface
temperatures of specimen A.
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Fig. 9. Relation between impact energy and
delamination area by specimen surface
temperatures of specimen D.
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Fig. 10. Relation between impact energy and
delamination area by specimen surface
temperatures of specimen P.
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Fig. 11. Relation between temperature and critical
delamination energy (specimen A,D).
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Fig. 12. Relation between temperature and critical
delamination energy (specimen D,P).
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@ : Impact Point : Transvere Crack

A N

(a) Surface Temp. : -30T, Impact Energy : 262 J
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L\ %
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(a) Surface Temp. : 90T, Impact Energy : 255 J
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l__\
o
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Fig. 13. Relation between transverse crack and
specimen surface temperature of specimen
A subjected to impact damages.
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(a) Surface Temp. : 120C, Impact Energy : 2.27 J

Fig. 14. Relation between transverse crack and
specimen surface temperature of specimen
D subjected to impact damages.
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(a) Surface Temp. : 120T, Impact Energy : 2.72 ]

Fig. 15. Relation between transverse crack and
specimen surface temperature of specimen
P subjected to impact damages.
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Abstract In this paper, the effects of temperature change (low and high temperature) on the impact
damages of CFRP laminates was experimentally studied. Composite laminates used for this experiment
are CF/epoxy orthotropic laminated plates, which have two-interfaces [0%/90%]s and [0°/90°]s. And
CF/PEEK orthotropic laminated plates, which have two-interfaces [0°%/00°%ls. And, this study aims
experimentally to present the interrelations between the impact energy vs. impact damages (i.e.
delamination area and matrix crack) of CFRP laminates (CF/epoxy, CF/PEEK) subjected to FOD(foreign
object damage) under low and high temperatures. A steel ball launched by the air gun collides against

CFRP laminates to generate impact damages.
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