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Fracture Mechanism of Ceramic/Glass-fiber-reinforced-composites Laminate
' by High Velocity Impact

Woo Kyun Jung*, Sung Hoon Ahn* , Woo Il Lee*, Hee Jae Kim** and Jeong Won Kwon***

ABSTRACT

Multi-layered laminate made of ceramic/composite have been developed to prevent penetration by high velocity
impact. In this study, three-layered plates consisted of 1) cover layer (glass fiber reinforced polymer), 2) Al,O; ceramic
plate, and 3) backing plate (glass fiber reinforced polymer) were fabricated with various conditions and tested for their
ballistic protection characteristic. The ceramic composite laminates, with thin backing plate, were completely penetrated
by armor piercing projectile. The plate with inserted rubber between ceramic and backing plate showed excellent
ballistic protection, though completely penetrated by the second shoot.
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h; = thickness of forward layer
h, = thickness of backing layer
D, = density of forward layer
D, = density of backing layer
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Fig. 1 Penetration mechanism of ceramic composite laminate
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Table 1 Specimens fabrication conditions

. Thickness of specimens

No. Condition .
(Ceramic / GFRP, mm)

#1 Epoxy adhesive 10.1/6.4
#2 Prepreg bonding 10.2/16.5
#3 Epoxy adhesive 10.15/14.5
#4 Prepreg bonding 10.1/71
#5 Rubber & Epoxy 10.12/16
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Fig. 2 Fabricated specimens for ballistic protection test

172



AT A4E - 019 - FEA - Y FIALTHEA ABY A

€ A9 BEXE gAM AFT vis} Zo| Ael
9 B¢ H5¥Y giAFY W nFojng
3 x4 SAYPE AHEEUey 49 dAS
o die zk A|He] #EALE FAsed B
< 5ok

AEL 762mm FH9 HFPHL AFIg o,
Fopel & s Y9 FALE =& 74
d3ck EHE B& AP FFEF F o8
(Yaw)o] 23 $=ESHFR Y B FFARE
AUt Yaw = @29 HEtA TG AAHE
242 AYY AEE YA NEA BAEH
ghck V7 ghAbe] Yaw @Ao] oldelee Fld
AR ARE Ay EF HEFE AW
TP D ZH AT 1 e 2 28 AHFE
Hads e gEHAC AY 2oe #54%
T Fgarzid wet YHa g HrhEd
. Fig. 3 & £57|8 £34$ o]&a SeEAd
Ao NFzolt.

[ osaaital o F-—frime recordeq

RUIR N

1
T I

4

4m:

!
i 1 et 1m--1;
1

Fig. 3 Set-up of ballistic protection test
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Fig. 4 Results of ballistic protection test
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Table 2 Evaluation of tests results for ballistic protection

Release: Spalling
Specimens | Insertion |  crack size Evaluation
(mm) Results
No. (mm) (Rank)
Max, [Min.|Avg.
#1 215 |915(82.3|86.9| CP 6
#2 21.1 |59.7|58.1{589| PP 3
#3 234 [49.1)|48.8|489| PP 2
#4 228 |732172.8{73.0| CP 5
1| 232 |458]408[433] PP | 1
#5 !
21 234 |63.2(52.1|576| CP 4
(CP : Complete Penetration, PP : Partial Penetration)



AT AHE - oY -

284 - AR Y

FZAUFTEIR A 23D AS5E

oz A% Fuwe Iipes ¢4 %
Ag3te JiEd oA SHB/EH FER
TESG o]F Ztziel aF WA wiHF
f7sl BiAe FHe Gy 7E9E wIE
718 ¥Udtd tA FEE E/FIAC
Aeld 2HE Bt Ay d FAL A
o Af7s ERAz AFdE AEe BZ4ot
FAg FAZ ydHAoY olRt g wWuHE
g A AMET Hold WEEAE BYE ¢
F Atk ol ©@xet APWo| FEAA LAY
Ho|HAo M FAL wjHFol B &3
859 AaE AJAL Aoz dud
= MEgel $AAT 9 2
3} %a ayHog wsdcla
H, FEEEE #2,3, 59 AH tHff} alac)
g gge AuEd, Ay S 44 5} —‘i%i%
A% J-—‘r’—’é—.% YT AN MY FE
g Weaso]l FAHPOHHS), dFAE A8l
o FAg AlH#3)o) x| ag ol gstd FF
3 AHE)ET 433 JEEAS Hols Ao
godd.

T

=2
L

A oox

o
o

_;_.) =
_.'

2~
T

5. 4

d¥e Folo] RYHR ABREZAS ¢F0
oAty d9A, fFIdRdE 53R Fdxz
THE 3 5% Ay 5 AFRY FIJAFI
thate] mZapgich

2 A4¥e 89 #dE W8e ot Zol
e + Ao

FARH3 saE Ay s
g57) deiel AW UG 2
5e zAHoR S99

@ B#7s EFAEE Ay 5FHTH
FAAZ AR A2 voHs, FEAAY FA

B85 WdEE, 27 WEds T& nso
HAstA AA S oF et

@) olZAEY HFoz TAY WHHY 47
A AR 2ad aske 7)) dE § A9 HF
o #¥ FEolg T £ e, & dFAME F

AAL HRds EFA A" oEFA F9 7

175

Ag WFAHYs ALgsleE o) ¥5F ARE
B9
4 AAAY EFUHH Alold] R F F& A4d

o2y gale FE2 U 428Y Fo Ao
€ addez AT £ Y& Aot
AuAse] WEEAH U Iu dAFE
FHHgdTLd AR F9 ¢ #¥ o
77183 4F PAAAE FAHLE F9 HA &
e d7d3s 543 I HA gn ow,
U Uz digtelv AFAe W AR g
ATE 438 vlFEY Aot ofd AP
A& BAolete FAH ZR®e ohlg e
%‘)ﬂ el & e WUBAAdA Y WA of
¢ 7= 2T7ER @ £ o Rl el
B A die dez 8] g4 o

I8 AEE BF Mgty #ysle AL
fad T2aW 58 oj43l

@

o0

E7bsdtt. o]l
o 2dg :r‘**OP"’ olg AFde A& T
= € AAT & A& Holth

% 7|

£ AFE AU BK21 % FdIATFL, &
(27199} 05M012)9] A Qe g3 FRHAL
o old ZAIEYYTH Eg, WeHAdg e ToFaAl

ST L B3y A, HEgdoA
2A=ud.

H#IEH
1. Ahn, S. H, Jung, W. K. and Kim, H. ],

"Development Trends of Ceramic Composite Armors
for Combat Vehicles," Journal of the Korean Society
of Precision Engineering, Vol. 22, No. 7, pp. 7-18,
2005.

2. Grace, F. I. and Rupert, N. L., "Analysis of Long
Rods Impacting Ceramic Targets at High Velocity,"
International Journal of Impact Engineering, Vol. 20,
pp. 281-292, 1997.

3. Sharma, M. M. and Amateau, M. F., "Processing of
laminated hybrid ceramic composites," Composites
Part B, Vol. 29, pp. 189-194, 1998.

4. Lundberg, P, Renstrom, R. and Lundberg, B.

s



AF - FHYE 014U - HAA - FAY : FIFLIHYA ABH A5 E

10.

11.

2.

13.

"Impact of metallic projectiles on ceramic targets:
transition between interface defeat and penetration,”
International Journal of Impact Engineering, Vol. 24,
pp- 259-275, 2000. »

Weber, K., Holmquist, T. J. and Templetion, D. W,
"The Response of Layered Aluminum Nitride Targets
Subjected to Hypervelocity Impact," International
Journal of Impact Engineering, Vol. 26, pp. 831-841,
200t.

Simha, C. H. M,, Blessa, S. J. and Bedford, A,
"Computational modeling of the penetration response
of a high-purity ceramic,” International Journal of
Impact Engineering, Vol. 27, pp. 65-86, 2002.

Bao, Y., Su, S., Yang, J. and Fan, Q., "Prestressed
ceramics and improvement of impact resistance,”
Materials Letters, Vol. 57, pp. 518-524, 2002.
Forquin, P, Denoual, C., Cottenot, C. E. and Kild, F.,
"Experiments and modelling of the compressive
behaviour of two SiC ceramics," Mechanics of
Materials, Vol. 35, pp. 987-1002, 2003.

Lee, M. and Yoo, Y. H,, "Analysis of ceramic/metal
armour systems,” International Joumal of Impact
Engineering, Vol. 25, pp. 819-829, 2001.

Lynch, N. J., Bless, S. J.,, Brissenden, C., Berry, D.
and Pedersen, B., "Novel Penetrator Performance
Against a Steel-Ceramic-Steel Target at 0 Over The
Velocity Range 1800 to 2900 m/s," International
Journal of Impact Engineering, Vol. 26, pp. 475-486,
2001.

Fritz, L., "Carbon, polyethylene and PBO hybrid fiber
composites fot structural lightweight armor,"
Composites Part A, Vol. 33, pp. 211-231, 2002.

Yadav, S. and Ravichandran, G, "Penetration
resistance of laminated ceramic/polymer structures,”
International Journal of Impact Engineering, Vol. 28,
pp. 557-574, 2003.

Fawaz, Z., Zheng, W. and Behdinan, K., "Numerical
simulation of normal and oblique ballistic impact on
ceramic composite armours," Composite Structures,
Vol. 63, pp. 387-395, 2004.

. Mahdi, S., Gamaa, B. A., Yarlagadda, S. and Gillespie,

J. W., "Effect of the manufacturing process on the
interfacial properties and structural performance of
multi-functional composite structures,” Composites

176

15.

16.

17.

Part A, Vol. 34, pp. 635-647, 2003.

Mahfuz, H., Zhu, Y., Haque, A., Abutalib, A., Vaidya,
U., Jeelani, S., Gama, B., Gillespie, J. and Fink, B.,
"Investigation of high-velocity impact on integral
armor using finite element method,” International
Journal of Impact Engineering, Vol. 24, pp. 203-217,
2000.

Kim, H. J., “Ballistic Protection Engineering,”
Cheong Moon Gak Publishers, pp. 161-163, 2004.
Yoo, Y. H.,, "Numerical Simulation of High-Velocity
Oblique Impacts of Yawed Long Rod Projectile
Against Thin-Plate,” Journal of the Korean Society
of Mechanical Engineering, Vol. 26, No. 7, pp. 1426-
1437, 2002.



