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ABSTRACT

The development of new concepts of liner is of great importance to effectively neutralize the enemy's attack
power concealed in the protective structure or armored vehicles. A double layer liner has a combination of two
different materials, one for penetration of target and the other for explosion after penetration. Therefore, it is of
great importance to understand the temperature distribution before impact which should be lower than the explosive
temperature of pure explosive material of the liner used. In this study, two different liner materials were obtained
using cold spray coating and these material properties were characterized by DSC experiments. Numerical
computations were done and the effect of temperature distribution and changes over time at each point of the
explosive material depending on the layer types of the liner were discussed and analysed in the jet state.

Key Words : Double-Layer Liner(¢]%% 2Fo|4), Explosive Material(Z%4 ] &), Numerical Analysis(5=3]34),
Temperature Distribution(+>%. -3F)
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Aoz ZKexplosive)2] 5 B 242 A - HA
AA. gelds FuE FEE AREssler, &
k8- Composite BE AHE-313 3L, Alo]AE Al2024T351
AEE AM2315ITE A/B, AB/A EIY olFZ gloly:
42 AAE ARSI, AB BT AB/A BEY ©lF

glol= e Aol Fof dFujF QRS A}

Material Location

VOID

AL2024T351

COMP B

COPPER

ALUMINUM _.\ ______

Detonation

Fig. 1. Numerical simulation model of the A/B type
liner

Material Location

VoD
AL2024T351
covp B
COPPER
ALUMINUM —R\ ——————————————
Detonation Axisymmetric

Fig. 2. Numerical simulation model of the A/B/A type
liner

+ Composite BE AF&3}51 S
o AQarde JWL(Jones—Wilkins—Lee)% AHE3F 3L

— w —RV E
e +B(1 W)e + 7 (1)

o714 V& H]A| A (specific volume), e 57 WF
of| L] 2| (specific internal energy), 4, B, C, Rl, R2, w
= 974 7 A(constant parameter)©] T}
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e 2l (equation of state)< shock =S A3}
Qor WAAe 4 s 2.

P=Py+1Iple—ep) 2
714 I'= Gruneisen "I7H®¥ 4 (parameter), p= =

E(density), et= UWF-olUX|(internal energy)©]T}. 1]
I P9t ey e A 33 A @9 2k

2
e+ p)
"I ©
_ 1Py L)

7= 9 (strength model)> 547 3} 22 <l Johnson
Cook RS AMEEIlom, 2 (5 #Th

RO =

o] AolA A+ & SH(yield stress), B W
73} “45(strain hardening index), C'T ‘?i?‘é s
’J9(strain rate index), miT @ A3} ArP(thermal
softening index)°lt). T+ A5
temperature), 7, 7] (reference temperature),

[+ (o)

J‘(material

= A=Y &§F(melting point temperature)©] T}, ep%
2% WHE (test strain rate), ¢, = 7% WEE &
I=(reference strain rate)©] T},

Table 1> 2 (1)ol|A] AR Fofe] w7 3hs
Bo]Fa1 gtk Table 2= 2 (2)0 AFEg7g Aol A AL
&5 M7AS g BoFaL 9lom, Table 3% 24
ol AREE Armrde] mps ke HAFa
Uth Table 3004 &FulgE Ame] m/HEFES
= *‘?ﬂﬁrxqo 3l CME‘r A& AL TH (kinetic

= e Xﬂﬁi AN olw) dFvlE AATE
A e Ak=oz o3 uheS E}X] e 2
Aol FAAAE Aken] AT ARE WS
dFnE HF A HE SHPB(split hopkmson pressure
bay AU Bol SU-WPE FH dolHE Ao
W, o] A% HolEE 4] (5)°] U= Johnson Cook X

8=
ol F|ste] wWiAFES =& SHAlH.
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Table 1. JWL ECS of HE

(zf:fr‘ig) 0.1717E-02 Ri 420
A (MPa) | 0.524E+06 R2 1.10
B (MPa) | 0.767E+04 w 0.34
Ve (m/s) | 0.798E+04 | Pcy (MPa) | 0.295E+05

Table 2. Shock EOS parameters of three different

materials
Case Liner
. Al2024 .
Material T351 Copper | Aluminum
DERsiy 0.278E-02 | 0.893E-02 | 0.271E-02
(g/mm?®)

r 2.00 1.99 2.10
C1 (m/s) 0.532E+04 | 0.394E+04 | 0.538E+04
St 1.338 1.489 1.337
7. (K) 300.0 300.0 300.0

Specific heat

(U/kgK) 875.0 401.0 910.0

Table 3. Johnson—Cook models parameters for three
different materials

Case Liner
. Al2024 .
Material T351 Copper | Aluminum
Shear modulus | 7¢e.05 | 0.460E+05 | 0.233E-+05
(MPa)
A (MPa) 0.265E+03 | 0.900E+02 | 0.221E+03
B (MPa) 0.426E+03 | 0.292E+03 | 0.798E+02
n 0.340 0.310 0.1953
0.015 0.025 0.0073
m 1.000 1.090 1.000
T,, (K) 775.0 1356.0 9335
Ref. strain rate 1.000 1.000 1900
(1/s)

Fig. 4. Aluminum specimen generated by
kinetic spray coating methods!®’
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Fig. 6. Temperature distribution of aluminum material
in the A/B type at 48 us
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Fig. 7. Temperature distribution of aluminum material
in the A/B/A type at 48 us

206 / A e 7| El 3] 2] Al198 A2E (20161 49)

5 AHE B8 42 DSC ¥ 2% 645 COO18 K) K
v woma EXE BF A Fio] o]FojxA] ¢S
Ao JdTFTk AE Y F dFE ARnes £
o] FEo= o]FelA Huh &3 FE9 AsE
&9 xfol7t A9 §lar U WP EC] W A
glolth, &8 il e ¢FvE Als 2EE &
A Wgo] ol vtom ol X AR IRl T F

AN

3.2 AlZH dojof| mt2 ARolE B 2cHE

glolYo A AEZ YAs= AN ArE
%Eﬂhl tﬂ@% Ao 7|A k. 1A Azt 7—1J,].o]
= T wAe] dasith Fig 82 A/
E}"]ﬁoﬂ’ﬂ 2 “‘—T"—Ul# Age] A7 AT e &
312 WolF1 9o Fig 6 16, 43, 78S H|oJE
ZX:IX]X‘] o7 /\]_Q_o]_oa;]_ A/B E]rm E]_O]LJ]OHH o=
g Az Al A3 2EREE o 2ok 4
A BT ZAsb o3 L&t FASH )\Léo].
), F5EE(flow velocity)”} ZASIAA X+
a3 AAAEE Ay 27}
AR 16, 43S Sl H
Ui 5 A fAEE A
A 78HE &aae) AE wg] Aol
T 5 dAsH FAHE
AE SHAAA 16, 43
= A frAH
kel 18k W

A fFAEE AE

w
gL
__rEmeﬁrlo

ER =

1

O]

—OL

X
 rlo

HE—EF

o9

a_nw

k1 _@
le

eI A s BN o
o
il
o,

2 o 4 o> b 10_

f
o,
M
4

oxl

N
)
Y
P
ol
o

A
o

J—lrE
oflt
£y
eI
RN
1rf
mQ-'

i o

o I\
ot
N,
>y
~J
o0
o
Y
Loy
Mo

o,
o,
mi
T
g
to rlo
Iy
N
> |
o L
Lot
(o,
o
_0|L

1o
o
H
2
off

QL=

-

A FZAH AIZRS 13.50 usoluﬂ 611.71 KoJ
ot A HAZ 2527 =4 JeEhd g3 de Fig 9
oA stee] E=A vehte AAelth
Aope]d A ghojuel & oR 58 Flo] 4%3}
Ak oo +#3HEQl o Q3| AMre] HIPE
L JAsH st Hm o= Q1] 2%7F 4
stk 7 AR 227 B4 vehd 934
Fig. 103} 7Fo] A %] X (stagnation point)S X1}l
S oty AAXHE-L Fig 11914 HoF= A &

2ok
30 flo oy sy 3



%% Toluie Fu Aw Lx

o] f& HX=(v; @ flow velocity)oll oA A5 gk
o7 A7t HolHA wASHA Hr) gholy Alsrt
BAEE AHom RolHA S5 o] MAsHA & aL
3l F2 Brot A4S Al €k o]l ¥
i olo]1¥& —E“'H °] "H
]

oo [

ox 2 b1 oA pd M X oy o X
R
N
)
o3l
riu
L=
JE
o
H
il
N
)
.

oy B 3
N
ox
__>?I_',,
B
o
HE
i
s}
2,
i
.2
o do
o
=

) o

—— Gage #16
Gage #43
—— Gage #78

650 4

600 4

5504
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450 +
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Temperature (K)
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300+
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g. 8. Temperature variation of aluminum material in
terms of time in the A/B type liner

Pressure (kPa)

4.00 E+07
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3.10 E+07
2.65 E+07
2.20 E+07
1.75 E+07
1.30 E+07
8.50 E+06
4.00 E+06
-5.00 E+05
-5.00 E+06

Fig. 9. Pressure countor of the A/B type liner after
explosion at 8 us
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Fig. 10. Pressure countor of the A/B type liner after
explosion at 14 us
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Fig. 11. Flow diagram of liner materiall”!
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Fig. 12. Temperature variation of aluminum material
in terms of time in the A/B/A type liner
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Fig. 13. Pressure variation of aluminum material in
terms of time in the A/B type liner
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+ Fig. 8, 12 HoJE|e} o] 7k SAHX A HF2E
#He 24 71020 mm, 025 mm, 0.33 mm)ol w}
A vEeld Zeolth glar ZF SAHAA vlolEE Y
ygsle] A& dit 252 HolFa 9k AB B
ghoUoll A FAHAA 16W-2 84 A7]7F 033 mmY
= S5 482.82 KolH, 025 mm¥ W& 49392 K,
020 mm¥ = 509.67 Kot} afjAle] ARgE Q4
A7)7F Fol A R&7F FUtstE AEdS Bl E

@ ZAAH 43, BE 2 IS

T [e]

Hu A/B/A EFY FoluE S3AH 589 2ol 0.20
mme} 025 mme &EE vlustd 84 A7V AL
L 2EE HolE A9t vk XA 589 A
2 ~ 3 K& 59 #Haprt AX] ghol dAg goz
FHs JeSs & 5 Utk 74 SHAAHNA 2=
2ol 30 K oJUl& %9 A7t 34 gtk 17
U A8 78 Ao} 2437 033 mm 279 3po]
= 9F 80 KolH 8.4 Fv|d metA HApF & e
£ 4 9t} Table 49} #o] IHS T3 42 2%
HolEl7} Fig. 5914 7|50 2 3 vhe- £ 918 K W
o wong gy 25 Aol oI Az #d

=8

Table 4. Mesh size study focusing on the calculated
temperature of aluminum material in the A/B
and A/B/A type liner

Temperature (K)
Mesh Size
) Gage #16 | Gage #43 |Gage #78
A/B 0.20 509.67 | 54519 | 611.71
type
: 0.25 493.92 521.15 597.08
liner
(80us) | 083 | 48282 | 51671 | 594.87
Linear | 5,753 | 58069 | 63244
fitting
Mesh Size
Tl Gage #13 | Gage #40 | Gage #58
AB/A | 0.20 505.67 | 57319 | 725.56
type
) 0.25 510.90 566.62 728.99
liner
(1oous)| 0.83 | 49397 | 557.64 | 727.06
Linear | 5673 | 59674 | 72507
fitting
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