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ABSTRACT

In this study, eight sets of numerical simulation analyses by using LS-DYNA were
performed to predict the performances of four different types of projectiles head
impacted against single and double circular target plates. The projectiles were
impacted in three angles of incidence ie. 0, 15 and 30 degrees relative to the
positive horizontal x-axis. To validate the simulations, experimental tests result
from a published paper was utilized, where the residual velocities of the projectile
after it penetrated the plate, and the deformation patterns failures of the target
plate were duly compared. In general, the numerical simulations analyses for all
eight sets of tests had managed to produce good agreement with respect to the
experimental tests data from a published paper with an overall average
percentage difference residual velocity of 16.14 % in predicting the residual
velocities of the projectiles upon exiting the target plate.

1.0 INTRODUCTION

Ballistic research in the areas of military applications, protective structures, aerospace structures are vast
and well documented in the open literatures [1-7]. Past studies in the areas of ballistics impact include
the different head of projectiles shapes, fracture criterion, ballistic resistance, various target plate
thicknesses, target plate boundary conditions, projectile velocities, parameters of the projectiles, ballistic
designs, effects of inclined angles, slenderness ratios, soft tissue damage, wound ballistic, protection gear
design, penetration dynamics, projectile density and projectile diameter [8-14]. Previous investigations
also showed that plug and petal types of failures were closely connected with ballistic impact various
nose geometries of projectiles against thin ductile targets [15]. When a projectile hits a thin ductile target
plate, among the critical factors that affect the successful failure of the target plate are the impact angle; ie
defined as the angle that is situated between the projectile longitudinal axis and the perpendicular
surface of the target plate, the actual physical condition where the target plate is fixed rigidly, the three
dimensional nose shape of the projectile and the type of substances by which the projectile and target
plate are made from [16].

The main objective of this present study is to create realistic simulation model by validating against
experimental test data of the ballistic impact phenomena of four different types of projectiles onto
aluminium 1100-H12 circular target plate [16]. Four different types of projectiles nose geometries will be
modelled, each of the projectiles will be given their respective velocities and will impact the circular
target plate at variable angles and finally the residual velocities as predicted by the numerical simulations
will be validated against the experimental results obtained from the published work [16].
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2.0 NUMERICAL SIMULATION METHODOLOGY

Experimental tests results from a published research paper [16] will be utilized to validate and measure
the accuracy of the numerical simulations predictions produced in this study. Three dimensional
numerical simulation studies were performed by utilizing LS-PREPOST and LS-DYNA to simulate the
experimental tests as reported in a published paper [16] i.e. all of the four different types of projectiles
impacted onto a circular plate target rigidly fixed around its circumferential perimeter (see Figure 1 and
Figure 2). The geometric modelling of the projectiles, the circular target plates, material assignments,
boundary conditions, velocity assignments and contact assignments were performed by using the
relevant keywords in LS-PREPOST while the completed numerical simulations programs were processed
by using LS-DYNA.

All of the projectiles were made from rigid type EN-24 steel bar and had the same mass and the
circular target plate was made from deformable type aluminium 1100-H12 [16]. Figure 2 shows the
general arrangements of the projectile and the circular target plate, whereby the projectile was located to
the left of the circular target plate with the target plate positioned in a perpendicular direction with
respect to the projectile. After the projectile had been assigned with the respective velocity, it will travel
to the right direction and will impact the central portion of the circular target plate. Among the variables
of the impact phenomenon of the projectile against the target plate that were modelled in the numerical
simulation studies include the different geometry shape of the projectiles, the angle of impact, velocity of
impact and the number of target plate.

Figure 1. The circular target plate fully fixed around its outer perimeter leaving a 255 mm in diameter
central exposed area [16]

Table 1 shows the complete list of a total number of eight numerical simulation analyses that were
performed in this validation study. Briefly, it could be observed that there were four main pairs of tests
that were utilized in the numerical simulation studies with only slight differences in the numerical and
alphabetical wordings as observed in the Test number. For example, the numerical number ‘1’ as shown
in ‘Test 1A’ represents the type of projectile used in the numerical simulation study i.e. ogive nosed (see
Figure 3); while ‘2’, ‘3’ and ‘4’ refers to the blunt, conical and hemispherical nosed shaped projectiles,
respectively (see Figure 4, Figure 5, Figure 6). Located next to the right side of the numerical number, the
alphabet ‘A’ refers to a single target plate of 2 mm in total thickness while the alphabet ‘B’ refers to a
double target plate of 2 unit’s x 1 mm, which would still give a total of 2 mm of thickness for the target
plate. All of these eight tests involved the projectile impacting the circular target plate at 0 degree, 15
degrees and 30 degrees with respect to the horizontal x-axis (see Figure 2).
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circular targel plate
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blunt nosed projectle
Figure 2. The angle of incidences where the projectile impacts the circular target plate (A=90 degrees,
B=15 degrees and C=30 degrees)

Table 1. The respective test numbers for the four different types of projectiles impacted against the target
plates as modelled in the numerical simulation studies

Test number Description

Test 1A Ogive nosed projectile impacted against 1 unit x 2 mm thickness of circular target
plate (single layered)

Test 1B Ogive nosed projectile impacted against 2 units x 1 mm thickness of circular target
plate (double layered)

Test 2A Blunt nosed projectile impacted against 1 unit x 2 mm thickness of circular target
plate (single layered)

Test 2B Blunt nosed projectile impacted against 2 units x 1 mm thickness of circular target
plate (double layered)

Test 3A Conical nosed projectile impacted against 1 unit x 2 mm thickness of circular target
plate (single layered)

Test 3B Conical nosed projectile impacted against 2 units x 1 mm thickness of circular target
plate (double layered)

Test 4A Hemispherical nosed projectile impacted against 1 unit x 2 mm thickness of circular
target plate (single layered)

Test 4B Hemispherical nosed projectile impacted against 2 units x 1 mm thickness of circular

target plate (double layered)
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Figure 4. The cross-sectional dimensions for a blunt nosed projectile for Tests 2A and 2B [16]
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Figure 5. The cross-sectional dimensions for a conical nosed projectile for Tests 3A and 3B [16]
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Figure 6. The cross-sectional dimensions for a hemispherical nosed projectile for Tests 4A and 4B [16]

Figure 7 shows the three-dimensional conical nosed shape projectile modelled by using 8,136 rigid
elements, while Figure 8 shows the three-dimensional circular target plate modelled by using 15,125
deformable elements in LS-PREPOST. The projectile was constructed by using rigid elements, where it
was assumed that the projectile will not undergo any kind of deformations i.e. *MAT_020_RIGID keyword
and its material properties are as shown in Table 2. The circular target plate was made from aluminium
1100-H12 with its assigned Johnson-Cook material properties i.e. *MAT_015_JOHNSON_COOK keyword
together with its corresponding equation of state (EOS) i.e. *EOS keyword (see Table 3 and Table 4).
Figure 1 and Figure 2 show the experimental test arrangements of the projectile that moved to the right
with the assigned velocity impacting the circular target plate that was fully constrained around its
perimeter; rigidly held in its vertical position by a combination of two pieces of circular rings, bolts, and
nuts. To simulate these scenarios, boundary conditions keywords will be utilized in the numerical
simulation analysis to replicate the event. The projectile will be fully constrained to move in all directions
except to the right ie. x-direction with an assigned amount of velocity i.e.
*INITIAL_VELOCITY_GENERATION keyword. Figure 9 shows the circular target plate three-dimensional
model where the nodes on its circumference and the nodes that were located along its thickness were
fully fixed in all directions i.e. *BOUNDARY_SPC_SET_ID keyword was utilized to replicate that it was
rigidly held as observed in the experimental test arrangements. *AUTOMATIC_SURFACE_TO_SURFACE
keyword was employed in the program to create the contact interactions between the projectile
(assigned as slave part) and the circular target plate (assigned as master part). Once the relevant
keywords had been fully utilized in constructing the numerical simulation analysis, the program was then
sent to LS-DYNA for processing and the results are presented in the next section.
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Figure 7. Three-dimensional ogive nosed shape projectile modelled in LS-PREPOST
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Figure 8. Three-dimensional circular plate target modelled in LS-PREPOST

Table 2. The material properties for the rigid projectile [16]

Material Properties Value
Mass Density, p (kg/m3) 7650
Young modulus, E (GPa) 100
Poisson’s ratio, v 0.3

Table 3. Johnson-Cook’s material properties for the target plate i.e. aluminium 1100-H12 [16]

Material Properties Value
Young modulus of elasticity, E (GPa) 65.76
Poisson’s ratio, v 0.3
Proof/Yield stress, A (MPa) 102.75
Strain hardening coefficient, B (MPa) 168.11
Strain hardening exponent, n 0.1012
Strain sensitivity coefficient, C 0.001
Thermal softening constant, m 0.859

Table 4. Gruneisen EOS parameters for the circular target plate i.e. aluminium 1100-H12 [17]

Parameters Value
C(m/s) 5240
S1 1.4
S2 0.0
S3 0.0
r 1.97
A 0.48
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Figure 9. The boundary conditions of the circular target plate where it was fully constrained
around its circumference

3.0 RESULTS AND DISCUSSION

All the eight numerical simulation analyses tests results of the four different types of projectiles impacted
against the circular target plate processed by LS-DYNA (see Table 1) are presented in this section. In
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general, the LS-DYNA validations results i.e. residual velocities and deformation patterns obtained in this
study are presented and compared with the data of the residual velocities obtained from the
experimental tests and numerical simulations analyses i.e ABAQUS of the published paper [16]. Each of
the numerical simulations tests results e.g. for Test 14, is presented in pairs on one complete A4 page
with a total of eight A4 pages to accommodate all of the eight tests results (see Table 1). For example, the
LS-DYNA results for Test 1A i.e. ogive nosed projectile impacted against 1 unit of 2 mm in thickness of the
circular target plate are presented in two parts (see Table 5 and Figure 10). The first part consists of a
table of data that compares the LS-DYNA results against the ABAQUS and experimental test data [16] for
three different angles at different velocities and the second part shows selected LS-DYNA deformations
patterns of the circular target plate for three different angles against the deformations patterns obtained
by ABAQUS and the experimental test data [16].

Residual velocities’ results for Test 1A i.e. ogive nosed projectile impacted against single circular plate
showed that the overall average percentage for all three angles of impact to be around 24.23 % (see Table
5) which are acceptable values and it could be observed that the deformations patterns for all three
angles of impact as produced by LS-DYNA (see Figure 10) closely resembled the deformations patterns
obtained from the actual experimental tests [16]. A very good agreement for both of the overall average
percentage for all three angles of impact against double circular target plate of 4.8 % (see Table 6) and
the deformations patterns as predicted by LS-DYNA (see Figure 11) can be observed for Test 1B results.

Total average residual velocities’ percentage differences of 19.4 % can be noticed for the impact of
blunt nosed projectile against single circular target plate for Test 2A residual velocities’ results (see Table
7). The deformation patterns as predicted by LS-DYNA for Test 2A were in very good agreement with the
failure patterns of the single target plate obtained from the experimental tests data (see Figure 12). A
circular shaped failure pattern, an almost ellipse petal like failure pattern and an oblong petal like failure
pattern can be recognized for 0, 15 and 30 degrees of angle of projectile impact, respectively (see Figure
12). A better total average percentage differences of 6 % can be seen for the LS-DYNA residual velocities
predictions for Test 2B against the experimental tests data for the impact of blunt nosed projectile against
double layered circular plate (see Table 8). The deformation patterns as predicted by LS-DYNA too were
very good in agreement with the experimental tests data where a circular shape failure pattern followed
by both oblong shape failure patterns could be observed for 0, 15 and 30 degrees of angle of projectile
impact, respectively (see Figure 13).

Table 9 shows an absolute average residual velocity percentage difference of 10 % produced by LS-
DYNA for Test 3A i.e. conical nosed projectile impacted against single circular target plate (see Table 9).
Figure 14 shows the deformation patterns for all of the three angles of impact (0, 15 and 30 degrees) as
predicted by LS-DYNA that were in good agreement with the experimental tests data and closely
resembled circular failure configurations that can be seen in the physical experimental tests results for
the single circular target plate (see Figure 14). Table 10 shows an overall average residual velocity
percentage difference of 13 % predicted by LS-DYNA for Test 3B i.e. conical nosed projectile impact
against double layered target plate. Figure 15 displays the deformation patterns of the double layered
plate, where good agreement of almost circular shape failure mode was predicted by LS-DYNA that was
like the result from the experimental test specifically for 0-degree angle. Unfortunately, LS-DYNA
predictions did not manage to give good predictions for 15-degree and 30-degrees angles for Test 3B,
where it predicted an almost circular shape failure mode as opposed to an oblong shape failure mode as
were observed in the experimental tests results.

Table 11 presents the overall average residual velocity percentage differences of 22 % produced by
LS-DYNA for Test 4A i.e. hemispherical nosed projectile impacted against single circular target plate (see
Table 11). Figure 16 displays the deformation patterns of the double layered circular target plate
produced by LS-DYNA, where it could be seen that for both of the 0 and 15 degrees of angle of projectile;
LS-DYNA had successfully predicted an almost circular shape type of failure but for the 30 degree of angle
of projectile; LS-DYNA predicted an almost circular shape type of failure whereas an oblong petal like
failure mode was observed in the experimental test data. Table 12 describes the comprehensive average
residual velocity percentage differences of 26 % produced by LS-DYNA for Test 4B i.e. hemispherical
nosed projectile impacted against double layered circular target plate. Figure 17 displays Test 4B tests
results i.e. the deformation patterns of circular shape like failure modes for all three angles of projectiles
i.e. 0, 15 and 30 degrees, produced by LS-DYNA which was in good agreement for 0 degree angle of
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projectile only but differed for the 15 and 30 degrees of angle of projectiles as shown in the experimental
tests data where both of these angle of projectiles experienced petal oblong shape like failure mode.

Some of the contributing factors that might influenced the large values of average residual velocity
percentage differences are discussed in this section. The exact values of coefficient of friction between the
projectile and circular target plate, specific heat, mass density, shear modulus and Gruneisen equation of
state parameters for aluminium 1100-H12 were not available from the published paper [16], thus these
values had to be obtained from the open literature and these may have significant effects on the accuracy
of the results. In the actual experimental test, originally the circular target plate had a diameter greater
than 255 mm. To rigidly hold the circular target plate in its vertical position, the outer circular target
plate’s circumference was clamped by two steel rings of 30 mm in width with 8 equally spaced bolts
around its circumference leaving an exposed circular surface of 255 mm in diameter (see Figure 1). In the
numerical simulation, to simplify the geometry and boundary conditions of the circular target plate, only
a circular plate of 255 mm in diameter was modelled. Its outer perimeter was fully fixed in the
translational %, y, and z directions so that it is rigidly fixed in the vertical position like its conditions in the
physical experimental scenario. These differences in the way the circular target plate’s geometry and the
way the setting up of the boundary conditions of the circular target plate in the numerical simulation may
have contributed to the discrepancies in the outcome of the predictions. The exact location where the
values of the initial velocity and the residual velocity of the projectile were not clearly defined in the
performed experimental tests [16], whereas in the numerical simulation analysis, the assigned initial
velocity of the projectile was located just before it hits the circular target plate and the residual velocity of
the projectile was taken just after it exited the circular target plate. Thus, the variations in determining
the exact location of the projectile in the experimental tests and numerical simulation may also influence
the final predictions by LS-DYNA.

Table 5. LS-DYNA validation results for Test 1A, ogive nosed projectile impacted against 1 unit x 2 mm
thickness of circular plate (single layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage

(m/s) ABAQUS Experimental LS-DYNA Difference (%) Differences (%)
0° 107.7 78.2 83.4 70.8 16.3 221
102.7 70.9 76.8 63.2 19.4
95.4 58.9 54.7 51.1 6.8
84.5 39.6 42.6 26.7 45.9
15° 134.7 111.5 116.4 104.0 11.3 20.0
124.5 98.8 108.5 89.2 19.5
113.5 84.2 94.2 74.5 234
92.3 50.5 57.4 74.5 25.9
30° 122.0 92.2 98.7 81.2 19.5 30.6
113.8 80.3 85.6 68.2 22.6
105.5 67.1 72.9 52.6 324
93.1 44.8 51.6 31.7 47.8
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Velocity of Projectile / ABAQUS Experimental LS-DYNA
Angle
00
[107.7 m/s]

15°
[134.7 m/s]

30°
[122.0 m/s]

unit x 2 mm thickness of circular target plate for the three different angles (single layered target plate)
[16]

Table 6. LS-DYNA validation results for Test 1B, ogive nosed projectile impacted against 2 units x 1 mm
thickness of circular target plate (double layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage
(m/s) ABAQUS Experimental LS-DYNA Difference (%) Differences (%)
0° 1125 88.4 89.7 87.3 2.7 4.4
105.8 79.8 78.0 76.6 1.8
103.8 76.6 78.7 75.1 4.7
97.3 67.0 70.8 65.1 8.4
15° 113.9 89.6 90.5 89.0 1.7 2.9
108.7 82.7 84.7 82.6 2.5
101.9 73.5 76.8 71.8 6.7
82.3 36.5 42.3 42.6 0.7
30° 131.7 109.5 110.8 109.0 1.6 7.1
126.0 102.3 105.6 100.0 5.4
116.3 89.9 94.5 88.3 6.8
111.3 83.2 90.2 81.4 10.3
79.6 25.6 30.5 27.2 11.4
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Velocity of Projectile / ABAQUS Experimental LS-DYNA
Angle
00
[112.5 m/s]

15°
[113.9 m/s]

30°
[131.7 m/s]

Figure 11. LS-DYNA deformation pattern results for Test B, dgive nosed projectile impacted ag:alinst 2
units x 1 mm thickness of circular target plate (double layered target plate) [16]

Table 7. LS-DYNA validation results for Test 24, blunt nosed projectile impacted against 1 unit x 2 mm
thickness of circular target plate (single layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage
(m/s) ABAQUS Experimental LS-DYNA Difference (%) Differences (%)
0° 120.2 90 92.5 77.1 18.2 221
113.7 80.3 84.8 67.0 23.5
110.1 73.6 78.3 61.2 24.5
90.3 27.8 32.6 * *
15° 106.0 66.8 69.6 64.5 7.6 20.5
103.3 62.9 65.1 61.2 6.2
95.6 51.9 59.2 48.4 20.1
85.1 253 29.6 18.1 48.2
30° 141.4 115.6 124.4 98.0 23.7 15.7
132.9 105.8 108.5 87.0 22.0
121.2 89.6 94.2 83.0 12.6
102.5 69.1 76.7 66.0 15.0
80.1 23.5 27.4 28.8 5.0
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Velocity of Projectile ABAQUS Experimental LS-DYNA

/ Angle

00
[120.2 m/s]

15°
[106.0 m/s]

30°
[141.4 m/s]

Figure 12. LS-DYNA deformation pattern results for Test 24, blunt nosed projectile impacted against 1
unit x 2 mm thickness of circular target plate (single layered target plate) [16]

Table 8. LS-DYNA validation results for Test 2B, blunt nosed projectile impacted against 2 units x 1 mm
thickness of circular target plate (double layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage
(m/s) ABAQUS Experimental LS-DYNA Difference (%) Differences (%)
0° 126.9 92.6 101.2 115.0 12.8 8.3
124.6 88.7 97.7 106.0 8.1
114.8 73.6 83.8 76.9 8.6
110.15 67.3 75.8 73.0 3.8
90.6 22.3 28.9 * *
15° 115.4 83.3 89.9 87.1 3.2 7.2
109.6 75.1 82.6 80.1 3.1
103.7 65.7 72.7 71.5 1.7
101.1 60.5 65.5 67.1 2.4
90.2 34.5 39.6 51.3 25.7
30° 119.2 87.6 94.5 94.1 0.4 5.24
118.3 85.7 92.6 91.2 1.5
112.8 80.5 87.8 87.1 0.8
106.3 71.8 79.6 79.3 0.4
85.3 33.5 38.6 48.7 23.1
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Velocity of Projectile ABAQUS Experimental LS-DYNA
/ Angle
00
[126.9 m/s]

15°
[115.4 m/s]

30°
[119.2 m/s]

V'

Figure 13. LS-DYNA deformation pattern results for Test 2B, blunt nosed projectile impacted against 2
units x 1 mm thickness of circular target plate (double layered target plate) [16]

Table 9. LS-DYNA validation results for Test 34, conical nosed projectile impacted against 1 unit x 2 mm
thickness of circular target plate (single layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage
(m/s) ABAQUS Experimental LS-DYNA Difference (%) Differences (%)
0° 132.7 108.7 110.0 112.0 1.8 5.76
116.3 87.9 90.4 94.3 4.2
113.9 84.4 87.3 91.3 4.5
108.7 77.2 83.4 84.4 1.2
85.3 35.9 41.3 49.0 171
15° 129.1 102.2 1111 108.0 2.8
124.0 95.6 101.7 98.4 3.3 13.36
1111 77.7 86.5 84.6 2.2
92.4 45.3 52.6 58.3 10.3
85.3 23.5 26.9 44.0 48.2
30° 120.6 85.0 90.7 91.8 1.2 16.0
116.1 78.2 85.2 92.9 8.6
108.3 65.0 70.8 70.8 0
102.1 52.6 57.8 63.8 9.9
90.1 19.3 23.5 439 60.5
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Velocity of Projectile / ABAQUS Experimental LS-DYNA
Angle
00
[132.7 m/s]

15°
[129.1 m/s]

30°
[120.6 m/s]

Figure 14. LS-DYNA deformation pattern results for Test 34, conical nosed i)rojectile impacted against 1
unit x 2 mm thickness of circular target plate (single layered target plate) [16]

Table 10. LS-DYNA validation results for Test 3B, conical nosed projectile impacted against 2 units x 1 mm
thickness of circular target plate (double layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage
(m/s) ABAQUS Experimental LS-DYNA  Difference (%) Differences (%)
0° 116.5 91.8 95.7 98.6 2.9 14.9
108.5 81.2 84.4 89.9 6.3
101.9 72.2 76.9 83.4 8.1
95.2 62.1 65.6 74.7 12.9
80.5 33.2 37.4 52.1 443
15° 133.7 112.4 114.7 119.0 3.7 12.5
123.3 99.7 100.9 108.0 6.8
92.3 57.0 61.3 70.2 13.5
85.6 42.7 47.6 61.9 26.1
30° 135.6 112.5 116.8 120.0 2.7 13.8
130.8 106.6 110.5 113.0 2.2
121.2 95.3 101.8 103.0 1.2
110.7 80.4 86.8 91.2 4.9
84.5 31.5 35.4 571 57.8
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Velocity of Projectile / ABAQUS Experimental LS-DYNA
Angle
00
[116.5 m/s]

15°
[133.7 m/s]

30°
[135.6 m/s]

Figure 15. LS-DYNA deformation pattern results for Test 3B, conical nosed projectile impcted/gainst 2
units x 1 mm thickness of circular target plate (double layered target plate) [16]

Table 11. LS-DYNA validation results for Test 4A, hemispherical nosed projectile impacted against 1 unit x
2 mm thickness of circular target plate (single layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Average Percentage
(m/s) ABAQUS  Experimental LS-DYNA  Difference (%) Differences (%)
0° 131.7 91.8 95.4 94.3 1.2 11.8
126.0 83.1 89.5 85.6 4.1
102.9 21.6 26.5 359 30.1
15° 124.0 82.5 89.9 80.7 10.8 8.1
117.7 71.3 77.9 69.4 11.5
110.6 56.9 61.2 57.0 7.1
102.5 33.8 39.8 41.0 2.9
30° 1225 64.5 68.6 71.3 3.9 45.0
111.2 29.8 31.3 54.2 53.6
108.5 18.6 21.4 48.4 77.4
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Velocity of Projectile /
Angle
00
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15°
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30°
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Figure 16. LS-DYNA deformation pattern results for Test 4A, hemispherical nosed projec

ABAQUS

Experimental

LS-DYNA

against 1 unit x 2 mm thickness of circular target plate (single layered target plate) [16]

tile impacted

Table 12. LS-DYNA validation results for Test 4B, hemispherical nosed projectile impacted against 2 units
x 1 mm thickness of circular target plate (double layered target plate) [16]

Angle Initial Velocity Residual Velocity (m/s) Percentage Ave.rage Percentage
(m/s) ABAQUS Experimental LS-DYNA Difference (%) Differences (%)
122.1 82.6 87.8 92.6 5.3
0° 120.1 79.1 83.6 91.4 8.9 8.2
113.5 68.1 74.5 81.6 9.1
105.0 49.2 56.9 62.6 9.5
130.4 90.6 95.9 111.0 14.6
150 121.2 75.5 73.9 96.2 26.2 327
115.4 64.3 70.8 87.9 21.6
102.7 31.5 33.6 68.4 68.2
119.2 66.3 70.3 89.8 24.4
. 114.2 56.5 61.5 81.5 279
30 111.3 48.6 52.3 76.4 37.5 38.4
105.8 30.5 35.6 68.9 63.7
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Velocity of Projectile / ABAQUS Experimental LS-DYNA
Angle
00
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15°
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30°
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Figure 17. LS-DYNA deformation pattern results for Test 4B, hemispherical nosed projectile impacted
against 2 units x 1 mm thickness of circular target plate (double layered target plate) [16]

4.0 CONCLUSIONS

This present study utilizes the numerical simulation analysis i.e. LS-DYNA as a validation tool to predict
and compare against previously conducted experimental tests data [16] of the impact performances of
four different types of projectiles against single and double layered circular target plate. Eight numerical
simulations analyses of four different types of projectiles impacted against single and double layered
circular target plate at 0, 15-degree and 30-degrees angle of projectile had been performed. Even though
some of the residual velocity average percentage differences predicted by LS-DYNA had large
discrepancies with respect to the experimental tests results, an overall residual velocity average
percentage differences for all the eight numerical simulation tests results amounted to 16.14 % which can
be considered to be a relatively good agreement validation result.
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