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Abstract:- Finite element simulation of projectile impact on Aluminum plate is considered. The
circular target plate is assumed to be fixed circumferentially in all directions. An elasto-viscoplastic
material model presented by Johnson and Cook was used to describe the flow and fracture behavior of
the target material during numerical simulation of the perforation phenomenon. The flow stress
expression of the model incorporated the effect of yielding, plastic flow, isotropic strain hardening,
strain-rate hardening, softening due to adiabatic heating and damage. The fracture strain expression of
the model incorporated the effect of stress triaxiality, strain rate, and temperature.

Numerical analysis of the problem was carried out using finite element code ABAQUS. Different
modules of the code were used to create a geometric model. Material properties were assigned to the
target specimen. Contact between the target and projectile was defined. Mesh was generated after
selecting appropriate elements. Analysis of the problem was carried out using explicit solution scheme
of the code. Adaptive meshing was used to deal with the numerical problems associated with the
excessive distortion of the elements and consequent termination of the analysis.

Influence of different parameters on energy absorption of the plate during perforation of the projectile
and ballistic limit of the plate by varying the velocity of the projectile, thickness of the plate, and the
angle of obliquity of the projectile is studied.

Keywords:- Johnson and Cook, Adaptive meshing, Ballistic limit, Energy absorption,Perforation.

l. INTRODUCTION

Impact is a daily phenomenon. It happens whenever two bodies collide. It could be a situation of
hammering a nail, bird hitting an aeroplane, projectile impact on an armour, debris impact on space shuttle’s,
explosions in nuclear plants, collision of vehicles as in the case of accidents, explosions in under water. The
risk of damage to the life and property is high in impact events. There is need for designing safer structures
which may absorb the impact energy and have good resistance to penetration and perforation.

In earlier days the impact problems were primarily confined to the military. As the civilian technology
has grown in sophistication, more studies are being carried out to understand the behavior of materials subjected
to short duration of loading. The field of impact dynamics is of interest to engineers concerned with the design
of light weight armour, safety of nuclear reactor containment vessels subjected to missile or aircraft impact,
protection of spacecraft from meteoroid impact and safe transportation of hazardous materials.

These structures are designed by using different materials available in nature. While designing any
structures we should have to consider safety, weight and cost of structures. In most of the cases these structures
are designed by using steel and aluminum alloys. By considering above three factors aluminum alloys are
mostly preferable than steel. The reason for this is aluminum alloys have low density, high specific strength,
high specific energy absorption capacity, good corrosion resistance and good thermal conductivity. The latter
indicates that aluminum is less sensitive to adiabatic shear banding and thermoplastic instability than most steels.

1. OBJECTIVE
To study the numerical analysis of the energy absorbed during penetration and perforation of aluminum
plates impacted by the ogival nosed projectile by varying following parameters:
i Effect of target thickness,
ii. Effect of projectile velocity,
iii. Effect of change in obliquity angle.




FEM Analysis of Ogive Nose Projectile Impact on Aluminum Plates

1. EXPERIMENTAL LAYOUT
h
DIGITAL STORAGE
COUNTER TIMER- GOUNTER TIMER-I OSCILLOSCORE
|
D.C.
AMPLIFIER
ALUMINUM
FOILS
PHOTO DIODES [
RELEASE BAREL
VALVE
PRESSURE —F / FROJECTILE
GHAMBER ' 7 i CATCHER
PROJECTILE
CHAMBER
8 INFRA-RED L
™. REGULATOR EMMITTERS
TARGET PLATE | 7277
T
PRESSURE
SOURGE

V. EXPERIMENTAL DATA RECEIVED FROM TECHNICAL LITERATURE
Table
B Obcrve d vallisen of npuect vekoaity ¥, maadusd vekocity ¥, veloclly drop V., enpact encrd £, sosidual cmeagy K, aned absorbod cner gy £, fon ogive nosed peojectiies inpackd oe plalel®
of varicas 1kicLecees
Tarped (bickess 8. No. Rt vellocty ¥, Readua] veloaty ¥, Weloaty drop lmpoct energy Rendeal energy Absorbed cecrgy
femem) (=) (e [ {Jouk) {Borke) {Bouke)
s 1 17,41 LT g3 T 1594795 5,95
H e BT 9168 LS4 20682 o
A V248 1,78 0ET i |55 .45
4 LEEL sRAT 15455 [EER 2 122w 1.7
H 41 |2 JENT] 158 BR9ET K11
& TS o 5% 12198 BT 1653
7 s24m R0 7565 10287 T8 205
] s 168 %47 AT 24 6.9
] 4146 17,15 w0 50,1468 ™ 1423
18 #0665 it 257 414081 165 an:
1" 114 o 118 MRS 0 0,40
an 1 11495 1aL T 12 AT 2434 54,377
H 111,061 48 157 ] 159,796 54,585
3 Jr e 1258 LR 146 .85
] s ELIM 150 BLN4 182513 o
5 BEIH R k342 TR 12852 .21
& 718 Ly B4 131487 615 5.
- 7 bR RS LT [JE"H ETat T34 =
] 51340 1958 31561 A4S 10671 W4T
@ st L BN SLAI0E 18 0.5
10 s o WA Wi 0 U
Lo 1 1218 w112 15513 11T 257454 .
3 nre I8 1896 i 1604 0.8
] 8297 162 2381 1309 FET4 Bl
] B 810 nn 176131 BRI n.n
H T3 i 100! 141065 HR | 384
§ Badm T ®IH [JETS M w821
7 Fphc i3 1467 WAK #1382 (R .8
] SLYm 78 Q55 CO83 19 .06
] 4508 o FRn SLEEY ' 0,486
Ls 1 12 .03 1408 I a4 LAt
1 1 1916 O HLa? 202803 L 505
] 106,247 & T 6101 T T
4 a2 75714 M A 11 150480 e
5 91% .97 %L1 Hi%E 120533 Hiamy
& RET4E SR1M win HE M1 REALS 17
] a6 WAz Wiz 148 2% e 105,388
] faid 4 WAl 1 14485 Bl
Lm n »




FEM Analysis of Ogive Nose Projectile Impact on Aluminum Plates

L ] Lo % ) 1 M TN 1] TIAEY

I 1 136,504 LR Wik A o Jndsd
2 Hnem 4B nH 14158 15735 M2
] 110328 (LA LT I L 1262 190024
4 3% 3] spam 1% H0ER a4 244
] "un 445208 LLT S K 60 | 3kR
L] gisn AT A1 s Hsk (L]
1 E1182 i SR LI VT ) [ 11837

1 X1 | 1 aan M 31,136 o 103,543
¥ 17,845 Tha Hil4 I M5 183495 i P
] 110,44 S50 205 I5EE 2717 | ®WE3R
4 HIL 1% §105 ®OEl I A58 193 698
¥ WM 4037 LA L | LER. ] M
] M ] Wasl e [} [

i I Nn&m T16% HAE 60 13357 AR
] nxaz s 243 3w 578 18003
] LR E W L] bR LR ] 197433
4 e [ ¥ 1] TR JE1ES Juilin ] i
§ 09 e wAY 6.4 i 13153
] foTity ] WA I4E ] 146%

V. WORK CARRIED OUT
1. PROBLEM DESCRIPTION:

The present study is a numerical investigation on the behavior of thin aluminum plates of 2 mm, 4 mm
thickness subjected to impact by ogival nosed projectile. Projectile was impacted on the targets with varying the
projectile velocities. Impact and residual velocities have been predicted and energy absorbed by the target plates
has been predicted. Residual velocity and velocity drop of the projectiles have been related to the impact
velocity and plate thickness.

Projectile used in numerical analysis had Mass, length, and diameter 55grams, 49.6mm, 15mm
respectively. The above projectile parameters were kept constant while the thickness of the target plate made of
1100-H12 aluminum was varied. Target plates were circular having a span diameter of 205 mm.

Finite element simulation of the impact situation was carried out by using explicit finite element code
ABAQUS. Adaptive meshing was used to deal with numerical problems associated with excessive distortion of
the elements and consequent termination of the analysis. Mesh density was found to be a significant parameter
affecting the accuracy of the computational results.

2. MODEL DESCRIPTION:
The proposed model is shown in the Figure. A circular aluminum plate of diameter‘d’ and thicknesses
‘h’ is considered. The ogival rigid projectile of diameter ‘D’ and total length ‘L’ is considered in this model.
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Figure 1: 3-D modeling of projectile and plate

VI. COMPUTATIONAL RESULTS AND DISCUSSION
1. INPUT DATA:

A number of different models were developed in the present study to analyze the perforation process to
focus attention on different ranges of impact velocity. Following are the geometrical data taken to study the
perforation of projectile into targets.

Geometric Data:
Target: d=205 mm, h=2 mm and 4 mm.
Projectile: D=15 mm, L=49.6 mm, I= 19.6 mm.

Material Data: Table 2
Material parameters for the targets: Aluminum (1100-H12)

Modulus of Elasticity E (N/mm2) 65.762 E 3
Poison’s ratio 0.3
Density (kg/m3) 2700
Yield stress A (N/mm2) 148.361
B (N/mm2) 345.513
N 0.183
C 0.001
Reference strain rate  (1/s) 1.0
M 0.859
Tmelt (oK) 893
TO (oK) 293
Specific heat, Cp (J/kg K) 920
Inelastic heat fraction, n 0.9
D1 0.071
D2 1.248
D3 -1.142
D4 0.147
D5 0.0

Projectile mass (m): 55grams.

2. VALIDATION OF THE PROPOSED MODEL.:

The proposed model was verified with the help of an example solved in is taken as given in the
literature [14]. The projectile of diameter 19 mm and length 50.8 mm is impacted on the aluminum plate of
thickness 2 mm. The projectile is modeled as rigid body and plate as deformable body.

The results of residual velocity, residual energy, and energy absorption during perforation with respect
to the impact velocity obtained from the proposed model were compared with result available in Ref [14].
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Figure 2: Impact Velocity V/S Residual Velocity

1.3 RESULTS:

Numerical results of the ogival nosed projectile normally impacted on the 2mm and 4 mm thick target
plates are presented in the table 3. The effect of impact velocity on the residual velocity, velocity drop, impact
energy, residual energy of the projectile as well as energy absorbed by the target plate is presented in the table 3

Table 3: Predicted values of Impact Velocity, Residual Velocity, Velocity Drop, Impact Energy, Residual
Energy, And Absorbed Energy for 2 mm thick.

Impact Residual Velocity Impact Residual Absorbed

S.NO | Velocity(m/sec) Velocity(m/sec) Drop(m/sec) Energy(J) | Energy(J) | Energy(J)
1 65 0 65 116.188 0 116.188

2 70 0 70 134.75 0 134.75

3 75 0 75 154.688 0 154.688

4 85 0 85 198.688 0 198.688

5 90 0 90 222.75 0 222.75

6 95 33.91 61.09 216.56 31.622 216.566

7 98 42.21 55.79 215.12 48.990 215.12

8 110 68 42 205.59 127.16 205.59

1.3.1 Variation of the Projectile Velocity With Respect To Time:

When the projectile comes in contact with the plate there was a drop in the velocity as the time
increasing, the velocity becomes zero when the projectile completely penetrated in to the plate. This process was
observed below the ballistic limit, but above the ballistic limit there was no change in the velocity of the
projectile after particular time.
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Figure 3: Projectile Velocity With respect To Time (below ballistic limit)
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Figure 4: Projectile Velocity With respect To Time (at ballistic limit)\

VII. CONCLUSIONS
The present study was carried out for analyzing the effect of some of the important factors that affect

perforation of a target plate by an ogival rigid projectile. The parameters investigated include thickness of the
plate, angle of obliquity, and initial velocity of the impactor. The projectile was normally and obliquely
impacted on the target plates at varying velocities in simulation.

1.
2.

3.

oo

Impact and residual velocities of the projectiles was computed.

Deformation pattern and Energy absorption of the target plates during the perforation of the ogive rigid
projectile was studied.

The total energy of the projectile was completely absorbed by the plate during the perforation at lower
velocities, above the ballistic limit there was some residual energy, the remaining energy was absorbed
by the plate only.

Effect of the projectile impact velocity on the plastic deformation of the target plates was studied. It was
found that for lower velocities the deformation of the target plates is increased, and after that the
deformation of the plate is decreased.

As the angle of obliquity increases the ballistic limit, and energy absorption of the plate was decreased.
The ballistic limit increases as the thickness of the plate increases.

The impact velocity decreases with time after impact and gradually comes to zero below the ballistic limit
and for above the ballistic limit there is some residual velocity, it is constant after perforation of the plate.
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