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25 Fasl P A FREAN U@ FE FASS PANY, 15:FFUE TP
e BepolA we FoA Hn ddvh B Ayl MY JEe mgise] ARnEgd
Aol wal FAAS FE 2ol mek n&FA BFelNe] AAAFS ARG, FAA
FEEAe 94, S, 7459 3 7 2a¢ ddsgon, wEg AN 2a% Zely] sl
AgAPel ¥ FHY dEMAME EYsgt. 2A Wsel BE FEsxNy ARE Fso
FAEFAUALS 2YNGFS Adagon, oF wgon BARAWE FPRAT WA 2
A g FHE WHE S AU ARE B FAEFNUA BN FEEEA Y 2
GG o], 24R3Y BN FEAE} b 2 JBAE BrhET

Abstract: Structural impact problems are becoming increasingly important for a modern defense industry, high-speed
transportation, and other applications because of the weight reduction with high strength. In this study, a numerical
investigation on the impact fracture behavior of aluminum plates was performed under various projectile conditions
such as nose shapes, velocities, and incidence angles. In order to reduce the iterative numerical analysis, the Latin
Square Method was employed. The influence factor was then determined by an FE analysis according to the conditions.
The results were evaluated by means of a statistical significance interpretation using variance assessment. It was shown
that the velocity and incidence angle can be the most important influence factors representing the impact absorption
energy and plastic deformation, respectively.

-715dY - : 7= 7] 9 (hardening coefficient)
n . 7187 8} %] 9=(strain hardening exponent)
L= ERPN . .
Ay : ?_5‘74 # ?_5‘% = I=(m/s) m . & A 13} %] 9*(thermal softening exponent)
B, : TAA] TE75E(Deg.) Fea @ SAUA S5 4|
Co AR I Fpo, @ &4 WY 4]
A : G5 (yield stress) D : 2247 97 (damage parameter)
o, ¢ R 5 (effective stress)
§ o =i oA 2010 A= FA] 8=t 5] (2010. o 7+ 22 (mean stress)
11.3.-5, 1CC A F) EH e K - o _
T Corresponding Author, twkim@hanyang.ac.kr & Db Wy = (failure strain)
© 2011 The Korean Society of Mechanical Engineers T : At & (absolute temperature, K)
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1. ME
A&FAe o] melHE TEE AR
AA= AA sk AHe 2 MEE Sx
wE VA-AEE EA Wyt SukEn oaba
YE=AHL Qe AZse) gio] AZ A4 A

Ao ngEa gok®
olgl #edte] TxE Awo] o w&FAd
ME AR £3 X A3 A% EA Aoz

W AT7E A AAAA L
guldog =7A EAI
Jraﬂ?sL Atgrto A FAR] A A D) dol(L)Q
Hl(ratio) % 7131514  &/H(nose shape), =& A
A% EdolEphid 2%, FAde] FE
ST oE <l pelw
WA prol SaE L g1gol wa
7t ARE 4 FE FEFEA BF AT g
wjul g ot
S5 mE Ax I,
% k1= (effectiveness)©ll

NAE A

J9kgk E4HE A (analysis  of
variance)S B3 7+ & 54 3}
2] A (significance)S &3St} 3
ZARE= AAR HAsgon, dEnE g
BRAE 72 AT ARO w ARAFRS
23331t

2. ciEgAY

o1 A} (factor) 2}  Fi(level)Q]  Z3{rol  Oished
AEES sk 8wl W (factorial  design)<>
olx}zke]l  AE eI FE I (main  effect) S

speber 4 gl Aol ok, A 57 o

=2 T X
7k A e se Ade b vlaEedoR
SASIA Hol B Az wlgol W)
webd B Ao A meh aeE9 s4S 96
Q= /\1/\134/] olZL YA S A& sle] 7t

800 &l%Om@%-ﬂﬂ<4ﬂﬂq Tk 1A}
B, < TE4LEE 9nlstH, stEAF 1, 2, 3 2 90°,

60° 30° 2 UEHTH M Ro R ¢, & FAA

TE Y ds xdstar dow Fig. 1 o A
=2 dxel A7 A4S dF (cyhnder)
T Fe] ¥ (round cone) E U (sharp
cone)o. 2 RdHS 33T}
3. X5
3. EaE 2y
S I - SR B R
e F=<LE-F(Johnson-Cook  model)  EES o] &
3]_0:] ocq :rL/\-hﬂ—Z-]/ﬂ [®) E]’%‘T’JF %}:o] X3 §_:]- _/’,: 9}1\];}_(7)
o:{A+Bﬂ]U+CmﬂD—Tw] ()
. T-T
T — room
T melt 71r'oom

TR A HA F2 VE 2= H HIEE
+9-H1YEY BAE HERH, o714
T TERHEE, 4 & FE-SH(yield stress), B &

Table 1 Analysis design for Latin Square Method:
impact velocity(A,), incidence angle(B,), nose

shape(C,)

No. | Analysis Vfrlr?/zi)ty ;Irll;ligfél;; Nose shape
1 AB,C, 400 90° Cylinder
2 A,BC, 800 90° Round cone
3 A3B,Cs 1200 90° Sharp cone
4 | A3B,Cy 1200 60° Cylinder
5 AB,C, 400 60° Round cone
6 A,B,Cs 800 60° Sharp cone
7 | AB3C 800 30° Cylinder
8 A;B;C, 1200 30° Round cone
9 A B;Cs 400 30° Sharp cone

Fig. 1 The impactor’s nose shape: (a) Cylinder(C,), (b)
Round cone(C,), and (¢) Sharp cone(Cs)
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Table 2 Mechanical property of aluminum alloy plate
Stwengtn | Modulus | Soengan | FonEEton | Poses | A B o
o .
(MPa) (GPa) (MPa) (%) Ratio (MPa) (MPa)
Al2024-T4 413 79 594 18.2 0.33 440 504 0.015 0.166 1
Table 3 The failure parameters of aluminum alloy plate""”
Dl D2 D} D4 D5
Al2024-T4 0.310 0.045 -1.7 0.005 0
Ux=Uy=Uz=0 é\—’alﬁ]-?(damage_ parameter),-D 7F1 9 #E 712
TvTT Ty SR ST R B
> <
> a & D= As 3)
T > a3 o 5LO A=A
9 - 4 ":L 32 fFeteisiy
> -
T Gq i FEAEe A48T Y 20e E&-F wUS
Tz olgsto] wWHY fHEaidy ZRIA LS
>
52 4 DYNA & &d A4 ik fhass)y
> 4N jmpactor 2o oge aelete 1A wael 12 g4en
JC b sglon Fig 2 o ol AR 7 eae
AAANADN 8 el e e A59A e4m FAHH,
P AYATE wgo 0 Gy FF Edol=e
- * Ux=Uy=Uz=0 AR 100 x 200 x 15 mm ©]al, FAAE= A4 15
Iymmatry mm & YEIFS 7|EoR o dFuE TIT
» i Z=g BBl HArS WAL o 7F
Fig. 2 Finite element analysis model © =ohs el e WAl ool el A
A= A7S uAsta B2 s 241717
. . — o = o135l =ol= SIAl 7= HFHS =]§lod o SIES DA
7J = A1 47 (hardening coefficient)©] 31, n 2 7137 3}X] = SEl iﬂla “E?r ]i]u o u:_no 400};/\—}4, A Al
. . — — JEJ_ B ‘E— 7 = 2 o =)
(strain hardening exponent)E YERHTE + HA & A7 sk = A= 7S St
HEESE ga9s Uedle Zlo® ouf & = dFHE FEo FEAEE LHF A
$arNEE Smou, ¢ = ABAFold.  (elastoplsioFlolA, FA%e 1& FANES
obgel Al WAl e 2o QS mFe= AT fste] T4 AUA SF AW
202 m S A A3}X| 9 (thermal softening exponent)S FS SA4s9eH 2 @9} Fo] FEAyA 9
UEPACE? gk shd WE E(failure strain)> 2] )9k £, F T4 oluA F5FE Al
Z?I_—o] ‘21‘01 X]U:L 047] /\:1 X;i EH;SI‘H Z-io]'% %E"%jq' E.s‘z‘mcz‘ure — Eimpactor _Eimpactor (4)
]{H‘o %‘Q] %7‘—”%, EE:J__ J_:’:_ Eﬂaﬁ ‘;% /H] HJ_RH t-é]—% ai;sarption initial final
RYEEE R 2] JFg 77t omi, =3 i =V )
/ _ * * *
g —[D1+D26XpD3O' ][1+D41n5 ][1+D5T] (2) 5“@@@% %5]1 ZHJ;EJ_I_ @,2_;@] o 319] Eﬂf‘é?ﬂ%
FA Dui=l..5 £ 7 e Am geg 0=, Awe) ddddel Aol 18245 1 2
' L, T assgon, med @ gel 0 mr 2
uisie, o = HTeHS FETHOE U P e 6 = wrhaLod —_
@ TS Ea i TFoeZ Hus Mq- Tt
= = 2O O]l
Hl(o, /o,)e HEnY 4715 1ds A ZAR9} d2n)E T ZPolEY B AL
o 21 gd WMEES fFasd UPEE Adhoz, oA Aot LAWY S A FoR
zgoz Y  don wbA ged #Zol g 99 Hu AES A WEHoR Hosn.
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Table 2 = APAoxw SHF dFrw F=59 Table 7 & 224 W@ ol g EAHEA 37}
A% siA e AR&-¥ Johnson-Cook T Aot} FEHE(A)S B2 Feo < F(0.9)9]
YERN L 9lom, Table 3 & I3 #A-dste] 5 A3kE Aoy, TEAEB,) A F(0.9) < Fepp
2 digt Faxse] e ek gk < F0.95° ZAHE As. 5 24
Table 4 = FTA7e] @43 #d9 ALdS ved HYPFAA ] Fades FEAETE 90% ©]3]
o} ZRe BT 9o ARE Ea P Axe

FEEEE A4 WEP] FFo] rsiges
4, A1} 9 DE glstlar ob&el ofd W FEAET A
Ao oS ApiddS & AgH

A4 94, 35 5 4 Zxd na Sy Fig. 3 & % Z=st 24 W3z dAs

frebaneld Ade ved 2 Table 5 = et Fojx FE S dolM FE 2w}
o} & =dd wet F 9 JhA Aol Wi ISkl whel a4 WP uhE e 2l
=4 ouA FFEH A4 BHYEFES AT £ gk oy A4 WMIEFe 2E Lnur)
dvpelty. of A#g olgste] WAbTAME A, FE AR g AuAd FEYL 98 4§
240 FEHE BN oM, Table 6 & o5 gt}
g o w2 ALkE T4 Ay A Fake] gk 3t Fig4 = 54 olUA F533 £ #AE
Axs yetdt o714 AgEs AWAAR gERa gtk Table 6 oA 9 o]l A YA
FEo FE uEth EI F095E 95%S FEe F gl FE &url @S o 4
FaNE 7 W9 e 9nEh, F0.99)9] 7t ATk I FE &£% HUE Ze ofdFo|Aut
99%2]  FaEIE  Hriekr] 93 JFeR 2= Zun ou AL 27 Jyx gk
Sai) JFL RS sl

ANE B FEHFE(A)T F0.95) < Fpa < Fig. 5 © & & 45w 59 2A4WY
F(0.99), =52 =B, F0.9) < Fpa < F(0.99), GFAFS HolZTH Fig. 5(a)E A& A A 2=
A BRC) & FO9) < Fry < 0999 & @ge dehn glon, 53 34x0 259
g5adt. & FESET 9%l B TS (cylinder)&7dd 7% Plugging IS FHsH
Uetl, 5459 J2 90%el 3 dEs g 4 ok wE FAzLY] Filo] JIvlEe
gelsgity. olE nigem, = 2 dTelA T o]l wig HE 1T 5 UAATKFig
AR 3 847t T4 AUA FFEd BT 50b), 50). Fig. 5(d) & 2449 2E7E7) 300 o
IS "= AAE & 7 Ao, o5 F W dFrE des ¥HE skAl Xekal ErelA
FEEEA,) QA7 FA4% 2 @l s @r= dAge B S+ thkFie 5(d).
=4 duA FEEd By & 9SS vA=
e o3 4 9ot} Table 5 Impact analysis result

. . . Absorption Plastic
Table 4 Impactor design Analysis Im;:}} \)/el. Fn(ﬁ]l/ \;el. Energy | Deformation

s s (kJ) (mm)

Cylinder Round Sharp
cone cone AB\C, 400 290.22 6.74 51.53

52 ] (mm) 50 66.386 63.333
(Nose 19]) . . ABC, 800 686.27 15.04 54.42
22 (mm) 30 30 30 ABC; 1200 1108.80 18.74 53.56
AsB.C 1200 988.56 41.18 54.42

Z]lo

Nose 2] (mm) 20 6.77 20 AB:C 400 188.97 11.06 53.64
% o] (mm) 70.00 73.16 83.33 AB,Cs 800 689.50 14.65 54.77
AB:C, 800 480.77 36.39 79.68

-9 (mm’ 4.95E+04 4.95E+04 4.95E+04
AsBC, 1200 900.44 56.00 90.38
A% 1.78E-01 1.78E-01 1.78E-01 AiBsC; 400 204.04 10.53 70.24
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Table 6 Analysis of variance for impact energy absorbed

amount
Factor | AHF-%| Fga | F(0.9) | F(0.95) | F(0.99)
A, 2.00 | 48.50 | 9.00 27.44 99.00
B, 2.00 | 24.65 | 9.00 27.44 99.00
C, 2.00 | 1296 | 9.00 27.44 99.00

Factor | A= FeoL F(0.9) | F(0.95)
A, 2.00 1.00 9.00 27.44
B, 2.00 16.62 9.00 27.44
C, 2.00 0.37 9.00 27.44
100
u Oa1B1C1
80 A R
H A1B2C2
Eeo ] A1B3C3
75' @ (] AA2BIC2
£40 - Apdp2c3
2 ApzBIC]
207 OA3B1C2
(=™
0 Dazpzca
W 4383C2
0 30 60 90

Fig

Absorption Energy (k.Jy

Incidence angle(deg)

Fig.3 Relationship between plastic deformation and
incidence angle (Initial vel. :400m/s, A :800m/s,

m:1200m/s)
50
a O A1BICL
50 | ® /0B1C2
10 | A A3B1C3
o Ap1B202
30 1 AAZR2C3
20 4 A a3p201
a Oa1B3C3
10 ] OA2RaC
0 A2BC1
o . Bazpac2
0 400 £00 1200
Initial Velocity (m/s)
.4 Relationship between absorption energy and
initial velocity(Incidence angle, eo: 90° ,

A:60°",m:307).

(a) (b)

(© (d)

Fig.5 Fracture shapes obtained from finite element
analysis; (a) A;B;C; (400m/s, 90°, cylinder), (b)
A,B,C; (800m/s, 60°, Sharp cone), (¢) AB;C,
(1200m/s, 30°, Round cone), (d) A;B,C; (400m/s,
309, Sharp cone)
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