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Abstract: In this study, high velocity impact tests along with modeling of material behavior and numerical
analyses were conducted to predict the dispersion behavior of the debris resulting from a high velocity impact
fracture. For the impact tests, two different materials were employed for both the projectile and the target plate
- the first setup employed aluminum alloy while the second employed steel. The projectile impacts the target
plate with a velocity of approximately 1 km/s were enforced to generate the impact damages in the aluminum
witness plate through the fracture debris. It was confirmed that, depending on the material employed, the debris
dispersion behavior as well as the dispersion radii on the witness plate varied. A numerical analysis was
conducted for the same impact test conditions. The smoothed particle hydrodynamics (SPH)-finite element (FE)
coupled technique was then applied to model the fracture and damage upon the debris. The experimental and
numerical results for the diameters of the perforation holes in the target plate and the debris dispersion radii on
the witness plate were in agreement within a 5% error. In addition, the impact test using steel was found to be
more threatening as proven by the larger debris dispersion radius.
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Table 1 Classification of impact velocity ranges"’ Table 2 High velocity impact test case

_ Classification Velocity range c Projectile Target plate Wiltntess
A& Subordnance 25~500 m/s ase material material prate
Ord 500~1300 m/ material
as Ui d nznce 13003000 /S Case 1 | Aluminium | Aluminium | Aluminium
e traordnance = mrs Case 2 | Aluminium Steel Aluminium
== 1 ~
£t Hypervelocity 3000 m/s Case 3 Steel Aluminium Aluminium
Case 4 Steel Steel Aluminium
5 mm 200 mm 5 mm
" H
W)
19 mm §
-
Approx® =
20mm T[] | kn/s %
o 8
Projectile E Fig. 3 Shape of target and witness plate coupled
structure: (a) front view, and (b) top view
(chamfer) 7F&3Fsitt. 1@ A9 A LA ZA
N Ao s AdE dRuE FFS 6061-T6
Target plate Witness plate - ) o o
=, U= ZHE S45C(AISI 1045)2 72zt Ab
Fig. 1 Schematic of high velocity impact test 2319tk Fig 2= AFo] AleH 9FAS Ve
et
2 mm ol HHRFS] fusE E4E BEH) 9
g ol Fig 33 2 EAW L BEW A7 T2
2 2o FASYY. BRI} BER BT T
5mm, 300x300 mme] =75 Zti HPoE A
stlom, pEwe TATe] 200mm Hl 917
AA 4] A s Fskd AAssih v

H TER A3 45 &olstA AHstr] flst
o F=TF 2AEZE AYEY 6061-T6 LF1]H
S AFESFSITE Table 29 #o] F 47149
AdzAs AAson od wa fFA 4
AT A Zold upE AFuy 54 19
uhE sl HAbAEE v, sk

Fig. 2 Shape of the projectile: (a) dimension, (b) )
real shape(side view), and (c) real shape 3. IS G| A
(front view)
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Table 3 Material properties, failure parameters anc

constants of state equation for
Al6061-T6” and S45C*"
Material properties
Parameter Al6061-T6 S45C
Density, p (g/cc) 2.703 7.0
Shear modulus, G (GPa) 26 80
Yield stress, A (GPa) 0.324 0.553
Hardening constant, B (GPa) 0.114 0.6
Hardening exponent, n 0.42 0.234
Strain rate constant, C' 0.002 0.0134
Thermal exponent, m 1.34 1
Melting temperature, 7., (K) 925 1733
Reference temperature, Trcf (K) 300 300
Failure parameters
Parameter Al6061-T6 S45C
D, -0.77 0.05
D, 1.45 4.22
Ds -0.47 -2.73
D, 0 0.0018
Ds 1.6 0.55
Constants of state equation
Constant Al6061-T6 S45C
Bulk sound speed, C' (m/s) 5240 3980
Pamclecz}é%c_lléi g/Ilet{O%Ey slope 14 158
Particle-shock velocity slope 0 0
coefficient, .5,
Particle-shock velocity slope
coefficient, S 0 0
Gruneisen gamma, 7, 1.97 1.6
Specific heat capacity, C
p (J/kg.K‘; Yo S 885 450
First order volume correction
coefficient, a 0 0
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Geometry generation |
2y 1T
Element mesh generation ‘ ‘ SPH particles generation

v ¥

Shape function generation Shape function generation
based on predefined elements based on particles

]

System equation for elements ‘ ‘ System equation for particles
N .
| Contact condition |

¥

| Global matrix assembly |

v

| Displacement solution |

]

|C0mpu1aii0n of stress and strain|

v

| Result |

FE | SPH

Fig. 7 The flowchart for SPH-FE coupled analysism)

Table 4 Comparison between experimental and prediction results

Result comparison
Impact | Target plate perforation | Debris dispersion radius | Projectile length after | Projectile diameter after
Case |velocity| hole diameter (mm) on witness plate (mm) impact (mm) impact (mm)
(m/s) - Error . .| Error . .| Error . .| Error
Test | Prediction (%) Test [Prediction| (%) Test [Prediction| (%) Test [Prediction| (%)
Case 1| 923 27.3 27.1 0.1 25 26 3.5 14.3 14.6 0.4 25.9 24.5 5
N N Not Not
Case 2 835 27.0 26.6 3 penet(r);tion penet?:tion - colle(;ted 10.6 - colle(éted 25.1 -
Case 3| 995 | 222 | 23.1 4 97 92 50| ot | 169 - | ona | 225 -
Case 4| 1002 | 25.6 26.7 119 113 5 15.6 15.8 1.2 26.8 25.7 4




(d) case 4

Fig. 8 Shape and diameter of perforation hole in

the target plate(left: experimental, right:
prediction): (a) Case 1, (b) Case 2, (c) Case
3, and (d) Case 4

Aol PdH HEH AEH #S5w] FA4H
e EAbE ada 25 3 A" 93FA
°of Hdl AEF % HolE FA3lo] Table 40
BRI ofg# ZF A3E Caseol tidt A
e F4 2 AES Fig 8o YERNA L
5 A8 49, 5 84 A, Fig 9dl= #

3o FAE &4 ddy o3| 2abE e
R ATh&S - A A3, 5 s A9,

1071

(a) case 1

(b) case 2

Test
(c) case 3

(d) case 4

Fig. 9 Damage pattern and debris dispersion radius
on the witness plate(left: experimental, right:
prediction): (a) Case 1, (b) Case 2, (c) Case
3, and (d) Case 4
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43 A5HS #ES AFA= Hol7t 143 mm,
Ao AFol 259mmz WHE o, aHe
2 d=5 AFA del9 Hu AEF E=T 146
mm, 24.5mm=A A3 A FAES F<l
shlth. dFulE @A AE mdwe] FE
St Case 2& ¥4 AEFTH AEo] 27.0mml =
SA A3 [Fig. 8(b)], o wWe A= 26.6
mm=Z YEHTH fdAe 5AH3S #5319

|\

HEEden, 4SSkl d=d AFA

AN
W= Case 404 714 sl Al LhE a5 5l
BEE wgd An 2ol 198 Aew A
B0 S RN mo AAeA 7
239t} A Table 4941 X 7])3F Not collected
= A3 T8 F AE 5H BV AEHde 9
) e}
42 EHE HEF 24

3}
AGAt wAwo FE
= %

71;(]0(:)]. 7IEH

™

e

=

Compressive stress

Compressive stress

7 R :
TR
"t o

(2) ()

Fig. 10 The direction of projectile deformation: (a)
Case 1 and (b) Case 4

&
1
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Ay

3L

sssenss

(2) )

Fig. 11 Numerically determined projectile shape after
impact: (a) slightly deformed steel projectile
as Case 3, (b) severely deformed and
fractured aluminium projectile as Case 2
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