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High-Speed Impact Characteristic of CFRPs at Low temperatures

Ryo KUBOTA, Akira SHIMAMOTO, Meguru TEZUKA, Daiju NUMATA,
Masayuki ANYOIJI and Kazuyoshi TAKAYAMA

Because Carbon Fiber Reinforced Plastic (CFRP) composite materials have exquisite mechanical properties,

they become a substitute for aluminum alloys in various fields.

antiplane due to their strong anisotropic characteristics.

However, they are fragile to external force from

To clarify the effect of inserted fiber direction on the fracture

behavior of CFRPs, high-speed impact experiments under cryogenic temperature were conducted on this research. As
a result, it was confirmed that variables such as temperature, impact velocity, and the fiber direction have influence on

the fracture behavior of CFRPs.
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Fig. 1 Temperature and Pressure cycles to manufacture CFRPs.

R20 154
—E__| D e
) — — . 11=
” | Jgy S—
X
Y 200

(a) Tensile test specimen. (¢ =2.0 mm)

110
<20 >
[ o o

110
90

/Ly B 0 """ M

(b) Impact test specimen. (£ = 2.0 mm)

Fig. 2 Dimensions and shape of specimen. Unit : mm.
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Fig. 3  Static tensile stress-strain curves for two different CFRPs.
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Specification

Pump tube - internal diameter : 51 mm, length : 3.4 m
Launch tube - internal diameter 15 mm, length : 3 m
Test section - internal diameter 1.66 m, length : 12 m

Fig. 4 Schematic diagram of Ballistic range
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Fig. 5 Cryogenic Chamber

Projectile
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Fig. 6 Projectile of aluminum sphere and

four-piece sabot of polycarbonate.
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Fig. 7 Shadowgraph optical arrangement.
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Fig. 8 Relationship between the penetration hole area and
impact speed v;.
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Fig. 9 CFRP [0°/90°]¢ plate after impingement at impact
speeds of 0.5 km/s, 1.0 km/s and 1.7 km/s.
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Fig. 10 CFRP[0°/45°]s plate after impingement at impact
speeds of 0.5 km/s, 1.0 km/s and 1.7 km/s.
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Fig. 11 Failure image around penetration hole.

UL, iR 153 K FOGEIE, RIBMMEREIC LY &
LT O M HBEER D BT, [0°/90°) sk & [FIAE
WCIREIC L D HBEZT D 2 LD D, Bzl
FEOIBGEIRIL, [0°/90°] sER OEEFEKIC L, K&
o TNWD I ERMEND BN, ZDZ L1%, CFRP #
HEMELOGE, FRATROER = 1L ¥ =23, ikt L
ONHE OEITIZ L R &4, B@O»MET 52 &k
LHb0LEZLND.

YL EOFER G, CFRP 3BT O misif22ic L 5k
BEBLZRIE, AW L0 bEIENNHSICE N2 AT S
LA OWIEFEE T, MERILE A B O B@rF o X I =X
LDMED DTz, Fo, BEfLOmEIL, HIEE LR
JER L OREMMEORB R L DA%, Bl
TEOEBEERES LOHECE LWEE L2 B LIF+ 2 & i
D BT,

—113—



114

AR, BA, T, HH, LEST,

3. 2 MITHREEBFOARIELE

AT IR OB IRIEERBE T C, 3R [0°/90°]s, [0°/45°]6 \Z1Hf
%8 - Bl L= REOEEBIG 2 W E RIS LY A b L7,
ZDRERDO—HI[0°/45°] BRI %, Fig.12, 13(a)(b)IZR"d
Z 2T, Fig. 12, 1313, fZ%#EE 1.0 km/s, 1.7km/s (ZF31)
HIATIREZERF O PR TH 5.

Fig. 12, 13@)b)2>Hon b X 912, H25EE 1.0 km/s 33
F OV 1.7 km/s TlE, #BRARISIC 214' I EFTY, %
FIT 7V 7 70 ROEEBHEIO DR, 20T 7Y
777 RiX, BATERAS NS U TRl s L, iz
HE OB & b 7e o CORBEBAA IR L, IREOIRTIC
EboTT TV I T 7 Rt LTSk R OMAIES
RO LI, EEEERBIWNBEIZLIEEEZITH I EN
ol TT VT ROBEEZRITIROEZEEE Chr
L 7o s e (vav) i, 2SR ITIREE 3709 £ 720, 10%
BREORENRZET DI DM LT,

(a) Temperature of 298 K
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Fig. 12 Sequential photographs of the impact process of
[0°/45°]¢ plate at 1.0 km/s, where the framing rate

is 54 us. Projectiles are shown traveling from

the left to right in the photographs.

Fig. 13 Sequential photographs of the impact process of
[0°/45°] plate at 1.7 km/s, where the framing rate
is 12 ps..  Projectiles are shown traveling from
the left to right in the photographs.
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Fig. 14  Photos of the main wall at 0.5 km/s, 1.0 km/s and
1.7 km/s. Bumper material is CFRP [0°/90°],.
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Fig. 15 Photos of the main wall at 0.5 km/s, 1.0 km/s and
1.7 km/s. Bumper material is CFRP [0°/45°]¢
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