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A study on the fracture behavior of Ti/Al laminates under high velocity impact

Se-Won Sohn, Doo-Sung Lee and Sung-Hee Hong

Key Words :  Face material(%] ¥ #)]), Protection ballistic limit(* & ¥+ %= 3+ 7]), Resistance to

penetration(¥+5 #] &-4J), penetration mode(¥& 5 =)

Abstract

In order to investigate the effect of face material on Ti/Al alloy laminates under high velocity impact, a
ballistic testing was conducted. Ballistic resistance of these materials was measured by protection ballistic
limit(Vs), a statistical velocity with 50% probability penetration. Fracture behaviors and ballistic tolerance,
described by penetration modes, were respectfully observed, by Vs test and Projectile Through Plates (PTP)
test at velocities greater than Vs, PTP tests were conducted with 0° obliquity at room temperature using
5.56mm ball projectile. Vs, tests with 0° obliquity were also done with projectiles that were able to achieve
near or complete penetration during PTP tests. Resistance to penetration, and penetration modes which face
material was Titanium alloy, were compared to those which face material was anodized Al alloy after cold-
rolling.

T4 gApe} o] BEAol Hold Pzl o
7MY A= Bl dd AXsHe] FA8] FFastko]
e . P, e g sS 7gsy & Bt B
Vso o B34 (Protection Ballistic Limits) o e o Teler ]«Oiaq—v— s inﬁ}
b 99 (petalling) olel AeE FAUAE dAH oz oA A
- Uryg(petalling - -
: _ A A =AY FAS WEATE A=
D AAF+H & (Ductile Hole Growth) A o Fol @4 ) o ]_]
e . = AdWAQ R ALgsta, g HdE S22
R ¢ WA 9 (Radial Fracture) R I o s
ALAQ dEel At s ¢+ ARE
L M= ARgste], o] F AEE AIAA 27H= HE
545 wHAYE geAse] sido] FE 2
SRR FAAGH ] G n4E e THL ATEeIst
738l BaAas oxal® ABxp, AEE A % =wdAes Hebw ged dFvE dee
mul ol wrelge} e Z4Alelew olgy RWASAUG ¥ HTore] @RI AC o W
T 9o, gy daRdAae] A9 Jxo v  SHEIANS AFsn, AU be 7
A o] o WEAse SfaAw, ms 7] BE AuAY xuAE Aeld me EAd
e At
T asgea Angzzey > HjZHo|=
E-mail : sohn@konkuk.ac.kr
TEL : (02)450-3468  FAX : (02)447-5886
5} 2=ty
o IR O AR FFH vekr ¥R wUARE ©

A=yosta 7] A A A sk} o skl

267



2003

7¥A717] ) B Aol = dFuE g7 F
S ¥WASYH T J7kkA(cold rolling) ‘?-l

i=]
(anodizing) S AFE3FS

¥ 45} oy . Eleh
el A9 AP AR itriding S AH3te]
RUBEE S7HAZT

2.1 2=thEhu]| 2H (anodizing)

TN FHES dafAGoA FFo= star d
71E€ F3sto] Y=ol wAsh= AbAed osA &
nlg o] AbslEo] WA do]l A1 dids] gk Ak
stdFrjyg gdto] AAGH TAHAS A7 &
ZAst e S dubg o w7 ALRETE. FQ ok
Abstujub o 2 = el FRe wel SAEE,
S, Ao R ek, B AFdAE
s Aoz ARESE SRS AFEste] &
Frlu de9 1mUs AsAFa, Faatsiyet
A4 L& Fig. 13 7},

’ Al alloy ‘

’ Cutting ‘

’ Sealing ‘

’ Pretreatment ‘ i

l ’ Rince ‘

’ Rince ‘

’ Hot-Rince ‘

’ Anodizing ‘

[ A | | Ardy

— !
’ Anodized Al alloy ‘
Fig. 1 Anodizing process of Al alloy
22 A543 (nitriding)

T EUAER S, R A4S I
A7) A A BAAFAYYoR: 4
43} H (carburizing), ZA3}4E 3 (nitriding),
a3 WA 73 (induct ion hardemng) st 7
3} (flame hardening)%o] ¢

268

chemical vapor deposition) A
(PVD, physical vapor deposition)
=, o EYSAYPLS ol
plating), <2 (evaporation),
(sputtering)59 37} HIHo] 9o
YA (atom by atom) FFOE o] F 5o
st e SREY FxRY 54,
Eaxi oz %4 01_7] 019:1

=1

o600 ol gsl weAeld we
4ol 2 ol Hest =1
| /\}*Q“H—’ ATk,

2 AT E =S T
plating) W& ARSI

==
3

( Om

}1_‘
Mo

oy “Q

o

=
L.

=
(<)

}_
=

a-

o 1o 2 b w
of ot

IEE::N:D‘J
e g o

o o2

-
=2+

2

g o to o

[e]

§

°Q

o] Zdlol® (ion

23  SZAXX(impact velocity) ¥ &2 E
(penetration mode)
TA4% %= AA A% (low, <30m/sec), L&
(high, 30-240m/sec), ®%(ballistic, 240m/sec

o|4}), Z11Z(hypervelocity, <15,000m/sec) =
ALEo] HZEA] WHeR R, FHAEE
240mfs OV‘LQ] ioﬂ’ﬂ HAbe U 22 Ass
xEehe &

Ebx}2]
Aol
sk g E
XHJE'J_E

& 5

R

i

o Lo
2 o

T
o
AN

A

ox. ol
o
(o]

e rlo 1

1

i Y

e,
L —

i

5
=
=
=
K3

[e)

Sian

4
o

AL

o
[ ot
oY o i Ed

=

) offl

o

(PP, partial penetration), <

(CP, complete penetration), &<
FAA=R7E s e Ao THA =

°

N
30 2 Jo Jo ot B &

ME
+

-

e
'~ [‘_>\i

oft
o>

e

b o

N- ]

9}¥] (radial
-L}J*H(spal), e I
(scabbing), &¢vlZ(plug), EA¥e] AW +H
oA It (petalling), AT &L (ductile
hole enlargement) % FHAAE] 75 2y}
= AdaH (fragmentation) = 3H7| WA},

R

fracture),

=13
=



2003

%////////////\/I ///////////////% P72 222720 277777

s
(b) Radial fracture
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Fig. 2 Typical failure(penetration) modes of impacted
plates
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Table 1 Chemical composition of Titanium alloy

N C H Fe o Ti

wt(%) 0.03 | 0.10 | 0.015 | 0.30 | 0.25 | bal.

Table 2 Chemical composition of Al 5083 alloy

Si | Fe | Cu|Mn|Mg| Cr | Zn | Ti | Al

wt(%) 04 |04 |01 | 1.0 |49 ]|025]|0.25]0.15| bal.

Table 3 Mechanical properties of Ti and Al alloys

Tensile Yield Young's Elongation
Alloy | Strength Strength Modulus %)
(WPa) (MPa) (GPa)
Ti 345 300 110 10
Al 300 190 70.3 16

30 Z4E Al 2 5 S 5H
HAEAFL ey @, PV s HEelg 3,
Q7 reds dRulE g, At F P
o MgAed AT)E Gl EUAE W3

g =43p] 9Aste] vl AR wolA 2 AEA-
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v

Fig. 37 Experimental setup for high velocity impact test
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Fig. 4 Experimental setup for high velocity impact test
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Table 4 Surface hardness of specimen

(a) Anodized }3;1 alloy (b) Nitrified Ti alloy
Fig. 5 Microphotograph of surface hardening treated
specimens using video microscope
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“ rial Surface hardness , Ttablte.: SC Eall.istic test results of Specimens
. materia .
(Hv, 1000g) (Protection Criteria)
1 Titanium alloy 140.73 No Material Ply | Vo (m) Penetration Mode
face back
2 Ti(+TiCN) 15| 692.68 P P
3 Al alloy 92.33 3 | RolledAlalloy | 15| 384.1 P P,D
Anodized Al
4 Cold-Rolled Al alloy 180.36 4 alloy 15 | 4480 P R
Anodized Al alloy after after cold-rolling
5 : 455.65 5 | Ti/Anodized Al | 15 | 519.42 P R
cold-rolling
Anodized Al/Ti 15| 614.61 P P,D
P : Petalling, D : Ductile Hole Enlargement, R: Radial Fracture
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Fig. 7 Vs, velocity vs. Target materials in Ti alloy
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Fig. 9 PTP result of front face in Ti(8plies)/Anodized
Al(7plies) laminates

Fig. 10 PTP result of back face in Ti(8plies)/Anodized
Al(7plies) laminates
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