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Abstract: Because the difference between the acceleration curve of traditional projectile structure and the measured accelera-
tion curve is large, refining projectile structure is proposed. After setting up multi-storey concrete target board penetrated by
the projectiles with different structures, the simulations with traditional projectile structure and refining projectile structure
are conducted using ANSYS/LS-DYNA, and two acceleration curves are obtained, respectively. And then the target experi-
ment that the projectile penetrates eight-storey concrete board is conducted and the measured acceleration curves are ob-
tained. By comparing the simulation acceleration curves with the measured acceleration curves, it can be concluded that the
acceleration curve with refined projectile structure is closer to the measured curve. Therefore, the simulation curve with re-
fined projectile structure is of higher reference value for simulation research.
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The deformation, broken and rupture of materi-
als make the analysis of penetration process compli-
cated, especially for the projectile penetration in
the field of solid dynamics with high impact. At pr-
esent, the analysis of penetration process is mainly
made by domestic scholars according to a large num-
ber of penetration tests. Although some achieve-
ments are obtained, it is still not enough. In addit-
ion, the cost of prototype test is very high but poor
repeatability. Therefore numerical simulation can
be used for study of penetration process to sum up
some rules to supplement the experimental
research’™. Nowadays the research report about
numerical simulation of projectile structure refine-
ment is still rare.

This paper uses ANSYS/LS-DYNA, a finite ele-
ment analysis software, to establish two kinds of
projectile body structures for numerical simulation
experiment and obtains the corresponding accelera-
tion curves. The test plan is designed to obtain the
measured acceleration curve. By comparing the sim-
ulating curves and measured curve, the effect of
projectile structure on the acceleration curve is em-
phatically defined and studied.

1 Finite element model

1.1 Structural design of projectile body

Traditional projectile structure is generally de-
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signed to have oval head and the whole body is sim-
plified to one material (see Fig.1(a)). Taking pro-
jectile body acceleration curve as the penetration re-
search object, this paper refines projectile struc-
ture, and puts it in crash pad and testing module
which is the simplification of sensor and record
module. To be convenient for calculation, the crash
pad is surrounded around the test module
(Fig.1(b)). The two kinds of projectile structures
are shown in Fig. 1.

Projectile body

(a) Traditional projectile structure

Projectile body. Crash pad Testing model

(b) Refined projectile structure

Fig.1 Projectile with different structures

1.2 Basic assumptions of calculation

A coordinate system is established. It uses 3D en-
tity unit solid164 for meshing through Lagrange al-
gorithms, which makes the grid cell adhere to the
materials and generates deformation of the unit
along with flow of materials.
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When geometric models of projectile and struc-
ture of concrete target board are established, the
projectile and the target board have the following
assumptions in the process of simulation:

1) Projectile and target board are considered to be
uniform and continuous. The projectile is taken as a
rigid body, and the concrete target board is regard-
ed as infinite domain which has no initial stress and
boundary effect.

2) Projectile vertically penetrates concrete target
board, which means the angle of penetration is zero
and gravity is disregarded.

3) The penetration process is adiabatic regardless
of the air resistance and the impact from projectile
vibration.

2 Simulation

2.1 Material model and parameters

In numerical simulations, the influence of the
choice of material model on simulation results is im-
portant. The projectile and test modules in this pa-
per both choose the common nonlinear plasticity
model PLASTIC _ KINEMATIC"™'. In this model,
the parameters are simple and easy to be deter-
mined. Its failure law is relatively flexible, so it can
suit for a variety of engineering metal materials.
The model parameters depend on the Cowper-Sy-
monds expressions

o = 1+ (é)l/p}(a(] t ). (1)

where 8 is the plastic kinematic hardening model,
which is adjustable. When 8 = 1, it is the isotropic
kinematic hardening model. o, is the initial yield
strength, C and P are the material constants, ¢ is
the strain rate, e.; is the effective plastic strain, and
E; is the plastic hardening modulus. The expression
is

_EE,
“E-E/

E, (2)
where E is Young’s modulus, and E, is the stope of
the bilinear stress strain.

The material of projectile selects 45# steel and
the parameters are shown in Table 1.

Table 1 Material parameters of steel

Parameter o (kg'm °) E (GPa) PR SIGY (GPa)

Value 7 850 206.9 0.30 0.4

The concrete target board adopts Johnson-
Holmquist-Concrete (J-H-C) damage accumulation
model considering high pressure, high strain and

large deformation. The material model, J-H-C'*', is
constitutive equation of concrete damage with com-
pression. Because this model only considers the de-
struction of the material in the case of compression,
concrete unit will produce distortion but not failure,
which seriously does not accord with the actual phe-
nomenon. Only by adding MAT _ADD _
EROSION''  material model, setting the tensile
strength and adding tensile failure criteria, the con-
crete target board will produce hole and avalanche
phenomena due to the formation of micro crack’s
extension and cut-through to be consistent with ac-
tual results.

The material of concrete target board and the pa-
rameters are shown in Table 2.

Table 2 Material parameters of concrete

Parameter Value
o (kgrm™?) 2 440
G(GPa) 14.68
K1(MPa) 85
K2(MPa) - 171
K3(MPa) 208
N 0.61
FC(MPa) 29.6
T(MPa) 3.4
EPSO (MPa) 0.1
EFMIN 0.01
SFMAX 7.0
PC(GPa) 0.016
uc 0.001
PL(GPa) 0.8
UL 0.1
D1 0.04
D2 1.0
A 0.79
B 1.6
C 0.007
FS —0.01

MAT _ MOONEY-RIVLIN - RUBBER™ is cho-
sen as the rubber model of crash pad. The material
parameters are shown in Table 3.

Table 3 Material parameters of rubber

Parameter Value
p(kg-m’3) 1.103
E(GPa) 1.040
PR 0.499

2.2 Simulation

The size of simulation model is as follows: the
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projectile is @ 10 cm X 50.5 cm (diameter X length).
The target plate has 8 storeys. Among them, the
size of the first level storey is 100 cm X 100 cm X
15 ecm (length X width X thickness), and the others
are all 100 cm X 100 cm X 8 cm (length X width X
thickness). The distance between each storey is
120 cm and their initial velocities of penetration are
all 0.691 cm/ps.

The measurement unit system cm-g-ps is used. In
order to reduce the amount of calculation, with the
symmetry of structure and load, 1/4 target projectile
of finite element models is established. In order to
reduce the influence of grid on penetration, mesh-
ing method can be adopted according to Ref.[4], in
which warhead and the target body center mesh us-

ing fine grid method, and the ratio of radii of the
projectile and the grid side is about 6.0.

Between the projectile body and concrete target
board, all the modules in the internal projectile
adopt contact algorithm of plane-plane erosion. Be-
tween the projectile and target, plane-plane contact
erosion algorithm is also adopted in each module of
the internal projectile. When the plastic strain of
steel board reaches failure value, the units are delet-
ed to vividly simulate the fracture of target board as
well as the interactive extrusion deformation be-
tween the projectile and target board. The time
length of calculation is 1 600 ps and the step length is
set at 16 ps. The 3D model of projectile penetrating
concrete target board is shown in Fig.2.

LS-DYNA user input
Time = 0

Fig.2

Fig.3 shows the penetration images of projectile
the typical time of each stage: (a) is the early

NN

3D model of projectile penetrating concrete target board

stage of opening hole; (b), for steady penetration
phase; (c¢), for through phase; and (d) is complete-
ly passing through phase. It can be seen that the
physical images given by numerical calculation are
consistent with the theoretical analysis, which de-
clares the simulation method in this paper is correct
and it can reproduce the evolution processes of the

(a) =0 ms (b) t=0.2 ms
penetration.
’ 2.3 Curve analysis
The traditional simulation acceleration curve 1 of
projectile is simplified as one which is shown in
(c) t=0.48 ms (d) 1=0.98 ms Fig.4. The simulation acceleration curve 2 of re-
fined projectile is shown in Fig. 5.
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Fig.4 Acceleration curve of simplified projectile
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Fig.5 Acceleration curve of refined projectile

3 Actual test experiment

In test experiment, the measured projectile mate-
rial is 45# steel and the target board is concrete.
Furthermore, the projectile size, target board size
and distance between each target borad are the same
as those of the simulation. After the test experiment
is completed, the record module is taken out from
the projectile body, getting the actual measured ac-
celeration curve, as shown in Fig.6.
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Fig.6 Measured acceleration-time curve

The acceleration peaks of the test curve and the
simulation curve are compared, as shown in Fig.7.
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Comparation of simulation curve and measured

By comparing the peaks, it can be known that the
simulation curve 2 from the refined model is much

closer to the peak of the actual curve. Therefore, in
the later simulation research, the establishment of a
projectile can refine the model and the data and
have more reference value.

4 Conclusion

By combining the numerical simulation experim-
ents of using ANSYS/LS-DYNA software for projec-
tile penetration eight concrete targets with actual
test of projectile, it uses acceleration curve from
projectiles of two kinds of structure respectively to
compare with the measured acceleration curve. The
results of the test indicates that the acceleration
curve of projectile with refined structure is more
close to the measured acceleration. As a result, the
acceleration curve got by refining structure of pro-
jectile has higher reference value in the simulation
experiment.

In order to make the simulation closer to the
pracitce, the further research is needed in material
selection and parameters optimization.
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