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In this study, we conducted impact tests and investigated the effects of projectile materials on impact
phenomena of CFRP by using three-dimensional (3D) measurement under high-velocity projectile
impact. The following two were mainly revealed: the first is that (1) the ballistic limit range was affected
by the kinetic energy of the projectile and this kinetic energy was proportional to the diameter of the
projectile. When projectile was deformed, its deformation energy was not negligible small. The second
is that (2) the main mechanism of energy absorption in CFRPs is their deformation. CFRPs, consisting
of high-strength carbon fiber having large-failure-strain and deformable resin, could absorb large kinetic
energy of a projectile.

We can find a large trend that highly energy dissipated resins tended to show lower thrust-forces.

Both of high resistivity against impact and easy-machining can be compatible in a CFRP.

SEATIRTERA
(BREHAT - 1)
[ERESE ik & @t
2010 £ 1, 800, 000 540, 000 2, 340, 000
2011 1,000, 000 300, 000 1, 300, 000
2012 B 600, 000 180, 000 780, 000
ik 3, 400, 000 1,020, 000 4,420, 000
W8« EEME

P& 053 - #1H - EHEE -

F—U— N MEHERRE S, T,

1. WFEERRESAIDE R

R CHIRE OE V) CFRP 13, 2724« 220
7k O B L AR O = R LX)
K\ BICKRESHBKT D Z ENFFFS L, K

S EEE A

A = AR O DA L L TAH R
SNTWD, ENTHRIER/NEREDY =
FME~DISHBE IS TWD, L, &
AR B ERE AT ZE R DO TRATHEE TH B



5 0 33 VN 3 B Jk 150 ~ 300m/s (500 ~ 1000
km/h : SR DTEZHEE 10%s LU L) TofEiE
Bppk L A BEME R B & OBIR OB L, EH
5 O —3# O fF ZE [Intl J. Impact Engng., 28
(2003) 627-642, 1045-1059, V-hk 20 4F & s
W o RY T A (2009) 7-12 ]2 BR T IE
EAERW, LIRS T, BB EREL
RS > TeM B 2T HO LERH Y . KM
WLZEH% B787 TILMRAGXE 372 Ty
ERIWTWD, Z#LTiE, CFRP OE:EMN
FoZiENE 72V, & 512, CFRP (38
WEZ AT 5720, BRREEZ L Z LT,
ZDOZ X, MEBRRED A 53, CFRP
OB THEIC BB L T D, B & RE
HAEN D IR DMENTH 0 223 5| B RRIEES
F o T ORAE, BEEHERTH DD
WZFEMNDED =0, — &2 T L2
ééiE@HE%mmIﬁ#ﬁ%éﬂfw
TR WBLIR S B B [0 2 1E, H20,H21 4F kI Y
%W&ﬁﬁfﬁi%%%&ﬁ]%%%li@
M iE, BHE - AR AFICERT 5, L
2L, HEBOIN TIZB99 % CFRP ORI 72 %
mﬁni HEEH DN T2 R 0 CIXENAME
WA STy,

2. MEDHEH

R 72 CFRP [, s s oo HLA )
2725 2 EIEREREOL R, s e TR
RE & 70 2 TR %ﬁk;@%WMIﬁm%
7o T B AL B 3 DB 2 R U B L7 1t
fE R BE %WWI%&%%?%CWP%@
HT 2 72D OB GHES 2 R - LT D
:&@\ﬁim%kiocmPfﬁﬁ%U%
KT DHANRREZTRERER2EEO—>
LB,

7 ZTAWZE TlE, CFRP O EEHE &
CFRP DOANTME, iMitEEEE: & OBk Z KT
L. WL - EetkZm ES Y 5468052155 2
EEEE LT,

3. MEDFIE
(1) fEZE5EER
O RAMEME
JBRIZARY 7 2 Rhi+Z23N L7 CF=&R
X 3 CFRP Sl bt 23kt & L THW
770 3B TE IR 70mmx70mmx1.5mm T 5,
AL, RV =F L (PE), T/ T,
74, RUTIFK (PAGG), T/LI=
T, BT AT H—A k (WC).,
GE (SUJ2) & W, TRIIARER 4mm~
6mm, ‘& & 0.089~0.88g,
@%%% VB0 A SE T 2 5 L,
I 350 mis F CIRFIIR A N S w7,
ﬁﬂ%@%&@,ﬁﬁ%@ﬁﬁﬁﬁmﬁbf

VATICEEE T AN AT R E Ll 2
1Tolz, Fiz, REZ2EET DRtk ORI
DOEBT RILXEND, REE E@mT 5D
MR I = VX 2 HH L7z, CFRP &k}
DOERZ AT D721, Ay 7 V&N
7o B 2 F W2 3 IRTTHET &2 B o T T -
77

© MERLESR

RFBWHEICIL, YSH-50A (HAZ T 7 74
F 77 A8—=) BEOT700S (GRL) %M
L72, YHS-50A & kg L-C T700S 1X5[9EI&
T EEWOT AR E < RIS,
Wmsm%%mﬁ WX L CTHOSed<, filier

IS WIRFEBHETH B,

ﬁLHEI IX=RF UBIEE HW -, ARBFSE T
VLA & LA OB A & 28 2 THRtIE A~D ©
A TEIEDORBE 2 ERL LTz, BiIE B 13k b 919E
BREE DN < EWTONT AN E W, SIS
JI§ CIE B BEFREE MM < VHERT OV A TR & 0,
7=, Kt D IZMHE A~C &Ll 5 & 519k
L S OV RS 3 s | A <, < R
ICIEWEIECTH B.

R DOEBEIZOW TR 27201z, Tk
il YSH-50A f#e 2 A F v F ) h T
AV T A EREZIC, NEEFEHR T
1000°C CELEL 45 Z & CTrrEMMEE m o
KERFE(—OH J£)7p Y O & BB REFL & i
SH, PA VU THIB L O EmREEREEY
WOEIEDLZLICk o CREMMEL B L
DHERHE MO LD, ZNZEID CFRP % |
“WE 4 - EHEL T4 T D, 22T T
fkHE &1L T700S & H W 7= flkHE CERED ),
ARD(As-Received)fi#t & 13 YSH-50A [ZxF L
TH A VU TRIBRELAEL L UVE D% O
WVER (DLRE, WiALER % B CEVLER L g R
93) Zirbd. mknEFOEE RV
HE (5 MR 1-f#k) . HTD(Heat- Treated)a‘ﬁf’éé:
REEEZIR TS50 21T -
t%ﬁ@&%%ﬁwﬁﬁhmﬁﬁﬁ%wm
WTLD CFRP & H1Z2 60% Th 5,

BB IT, — B 7 2 s E A
T @4mm O SUJ2 Bk Z Ik L CTHifZe S H7z,
CFRP #HELOER Z5HIT 572 DI2, Ay
7V ERN TR U 3 IRt & B
OETUTo 7=,

(2) ZRFLEBR

INIDR—RIZ, m— R ZHARIAL
EZHBABEXOBEZRY 1, e T A
hu— R —ERETRILEITV, £
DEEDE—RENMEZAT AL L
TEHAIL 72, @Smm R U /L HZHWT, [El
%4 850rpm, 3%V 0.6mm/s DT KU AT
AT o T2, AW 723EHE, A-ARD 35 L UYB-T1,



Kinetic energy [J]

i A-D TH D, S HIT, 1R B 2%k + 2
LEINF 2 A CTEINE %2 ) B S B 7R E I
ONTHERZIT- T,

4. WFFERE

(1) fEZ29EER
O MRAEME

X1z, SRR Z Bl L7 RpoiE
BT RN XERT, BIEH D VILMEE L2
AR OV TIL BI R CHEE L7z, 7=,
ERH 6mm & KX 72 SUJ2 Tk, BB/ E
MERNLEFRRKREL Lo TWND, /2. Al
BRI AF v JERTIL, WEHZE® A E &
F5ZEIETERNSTZ, 2D LT, HE
RRIZETE « i L2 WA T, 2 oME
Wb 5T, EiERR Z AR OER = v
FCHESTLHZLENTEDLIEEZRLTWY
Do

_ -
o N

o N A~ O ©

X1 £ LARWRAKOE BT R L X
X212, 3SRAEEO—HZ Ldbd, 3k

& DI LD K& RN BIE S D PAG
I, AEEEOCATE LI S vy SUJ2 L e
T, BB THEEBENRKE W LRI
7o IR DOEIELCMERIZ L - T, BN
OAHENDSHENT- - LHRSND, *
D=, RELEEE Lol EZ2BND,
© HERESR

X 312, %7 CFRP OELIZHLINT-=
FVF LR LR OER = kL X L
DIE R, KB BRERIC, TLiHEE
7= CFRP i) — /L X HOREED R < |
F72, REOBERIES SN R ALFH K
XN ERND, T2, TITE~ MY v
AR D ENPFF IR TS, DE~ LY
v 7 AL+ 75 CFRP O LXK X\
ZEMND, HEOW RS K E WV LT R L
XINEL R EHECH D EHEHEND, R
MREDEETHL, DE~ ) v 7 ALT 5
CFRP LA TlE, REHAEZ T Z &ick-
T, B x VN KEL polz, ZOZ L
B TRV & O ETE A 15T B
PRRKELSEBLTNDZ EZREBLTHY
%, DRHIE CHURT RALFENKREL B0

STEART, BEOBELTH R THLZ &
ZRBELTWD EEZ TS,

1.6
1.4
12
1
0.8
0.6
0.4
0.2
0
-0.2

Z-axis (mm)

B
-20 -10 0 10 20
X-axis (mm)

—— 1y sec
O 12y sec

x 4y sec
s 14y sec

o 8u sec
—— 15y sec
1.6

:::
1
0.8
0.6
0.4
0.2
:
-0.2 | |
-20 -10 0 10 20

X-axis (mm)

Z-axis (mm)

— 1y sec
A 54 sec

M2 REtOLREED

x 2U sec
—— 6 sec

o 34 sec
4 Ty sec

O 4p sec

[ Dissipated energy — deflection energy [J)
16 " EE Deflection energy [J]

Energy [J]
5]

685+0.7

625+0.7

-
o
+
o
(=]
7]

380+£4.2

A-ARD
B-ARD
C-ARD
D-ARD
A-T1
B-T1
C-T1

X3 HohT R ALXLELT LY

(2) ZILER
FPF.AXUDIC Y AN E 2T A K
TNZOWTHRFE LTz, EORER, iAo/
S TRENANKER RV ILIATAT A
FAMMEL . SERANKE < TR UNA/N
SRHATAT A M INREL 2 HHEE DR
Lz, LavL, SemmfankE < Thltinnfg
DINSWIZHE DT, FREDAT A K
NERT RUALAGH O INTEME (A5,
K HE) ORRLMHFANLETHD Z LN
DIhol, L, 2K W THREF E N
25 Z EIFRFHMIC B EEL W 2D iR
MO T ¢ — A & Sh T b aiibk &%
AT, ZHEREITHIZ L L LT,



WEHEN Z L 725 2 FEEHD CFRP (22T,
2FEHHDO RV L HAEHANTITo 2R 42X
42779, FUAFH B I2koT, A7
A N OB KRIEITZE D - TL 575, ARD il
Z Wi CFRP @ F 3, Tl #hi#t%a 7=
CFRP LV HE AT A MIINKEL Ipoiz,

ARD fiHEIZHMERNE L N EB X BN 5,

AR O EB S B2 SO -3z >\ T, &
BOMBRRETH D0, REMMEOH < &M
THEIZOW TR NV ETH D,

0 20000 40000 60000

Time / ms
X4 #WHEORRS CFRP oinIf: &
INTHECE 25 RY L HORE

0.8————— r
OBAA : 1
2 Wit
=0.418 : :
553 [ ] H s
o [] b4
- '3 °
o2k A 1B
0.8 o L
0 20000 40000 60000
Time / ms
X5 MHIBEMAEDO KU VIITEORT A
71

X512, Big A, B, D OIITED AT &
N %R, BHIR A TR B & bhlk L CobE
R/ EW, LrL, AT A RMDOEITIZEN
FEE 72V, [AERIC, B D O RO X
IR A B &L TEMNMI/NS WA, AT
A NADEZ, FRIEEIZIERELS 2N, &
1TV MR ASCEIIE B L0 X 28ILL B E
EL o TRY, MTHIENL TS Z &
DRI N5, £7-, #EB LHEA & %2t
L ChH, MMEEEICENZRKR A DR T A

NN T BT LTIEH LK, b0
Z bk, MR 2 o IR O TN
WZ EZRLTWND, D7 &b, MR
MZm b TCHLMIELbsEs 2 &
D72, CFRP Z/EBIF[RECTH D Z & & Sk
THZILENTET,

(3) £

MHE B R 2 E S A7201I21., &
E - S EAMHEE BV, 2R 2 LE
LAaWetiEZ~ b v 7 2 L9 2% CFRP % 1{E
WS HNBENH DL, ZOL X, BEO R
BHEHOETIEHR L 72D, HEBRSNT
FUEOFEMHIZ OV THRE TE TV W HIA
BELEFESTNBEMN, Vel &y, SREIAE
L7z~ NV » 7 AKHE T E e &0 T
E DML AEETH - 77,

THEFTHACFRP IZOWTEZNIE., =k
TCEEFEREE N K & < IETRZEL TRV, T8H
DR R VBHIE THAUE, MHEERME & Ak
MMIVEDE FOm ENRAD D EHEI N
%,

5. ERRRWXE
(WFFEAREKFE . AT 3 K O EERF 0 |
T T#HR)

UdERERm 30 (R4 1)

(DCFRP DA R EE R MR E LR GBI 2 5
25 HBEHE, (LAE, IWEIT,
VERRRGE, FEAREDL ; B AR SR FREE, 39
(2013) 16-23, i

QAR DFAE H3CFRP D AR AT ZEHL 512 -
2 5% IWHER, HS2EE, KHEEEK,
WHER], ERERGE ; A ARESHM B35S, 38
(2012) 144-151, 2

(®Impact Fracture Behavior of Ceramics and
PR-fiber-reinforced Mortars: Y. Tanabe, M.
Yamada, A. Sasoh, M. Kunieda, K. Sekine and T.
Kumazawa; Key  Engineering Materials
vol.484,75-81 Advanced Engineering Ceramics
and Composites IV (ISBN978-3-03785-181-4),
Trans Tech Pub. (2011) Invited, & #iA
@Three-dimensional Measurement of CFRP
Deformation under High-velocity Projectile
Impact: M. Yamada, Y. Tanabe, A. Yoshimura
and T. Ogasawara; The 29" Int’l Congress on
High-Speed Imaging and Photonics, (2010) (Proc.
ICHSIP-29, ISBN978-4-905149-01-9) , ##iA

(Fa%R) G5 1h)

Ok #EDE WS B2 RAKRE 221 L D
CFRP &8 3 WkocitHl : EHER], &
M MR, HBEE, BAHEL  EEMET
S URY 7 A (H24.10.18-19) 4B EHH
I SE PR B i

@CFRP ~O mil AR LB R DV I 2 b



—a vk 3 oAt O L - HREGE, L
H B, HBEE, ME Ak, NSRS
K, BHBAEMEBEZRESE Y VR YDA
(H24.10.18-19) 4 7 =1/ 2R Bl fE
QR ZZRDOMEZ2Z & 5 CFRP %880 =
WotllE - EMER, HZEE, FEER
INERRR, ERER  EAM e //T
U A (H24.10.18-19) 4 d R TTH /MR
B

@OFEFAE 2212 L 5 CFRP @ 3 R T TE %
B OFHA] - EBEE ; AR 58 5
%%ﬁ@ﬁ%&ﬁ%%%(mm&u&@*$
R
CmmPEEWKﬁﬁé%ﬁﬂﬂwﬁ%%@
BEFEB O « SRR, ILHER,/DNER
B HiZ S HAMEES Y U RY T A
(H23.10.20-21) HAL K%

(HE] G114
OREFAE & DFEZZIZHES CF R P OFEES
g R, IUH B, [CFRPOBHIE S =M

] b & ASREVERFAT ) | (BR) BT R = (2010)
333-345

(PE &R PEAE)
HECRTL (B O 1)
AP GEO )

(Z Dfth)

TU )T =T RFEE 3

CFRP D5 & 3 0 Wy~ )i Fi - FH 8055 1 s i
(b5 T2, No.268 (2010) 7-13

6. BFFTARRR

(OHFFERES
FHi% #5178 (TANABE YASUHIRO)
HIRREFE - REFERE T2 TER - #id%
geE 5« 70163607

(Wr7esrHE el

(3)HEHEMFIEE

M) 8% (UMEHAR NORITSUGU)
R RT - KRBT Larsest - Zoz
geE 5« 70203586

sz #8L (SASOH AKIHIRO)
R RT - KRBT Larsest - Zoz
WeE 5 40215752



