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STRUCTURAL ANALYSIS OF A KINETIC ENERGY
PROJECTILE FOR MEDIUM CALIBER GUN

KK Pathak and M Jha

Armament Research and Devel opment Establishment (A.R.D.E),
Dr. Homi Bhabha Road, Pashan, Pune—411 021, India

A 2D axisymmetric finite element analysis of a kinetic energy projectile for
medium caliber gun has been carried out to check its in-bore structural inte-
grity. The objective of structural analysis has been to obtain accurate stress
field in the penetrator and sabot by considering proper contact definition at the
threads. A high stress concentration with steep spatial gradient has been predic-
ted in the fillet region of rear thread of the penetrator. A high spatia rate of
change of the stress has a so been observed in the rear thread of the projectile.
Although, stresses are very high at the fillet of the rear thread, they reduce to
safelimit rapidly within 25 micron depth into the material of the penetrator.

INTRODUCTION

Firing akinetic energy ammunition from amedium caliber gun integrated with thein-
fantry combat vehicles has distinct advantages in respect of fire power and target engage-
ment capabilities of the vehicle. The design of medium caliber kinetic energy projectileis
however not an easy task. Since, the projectile is launched from a medium caliber and
small length barrel as compared to that of anormal tank barrel, avery high accolerationis
required to develop necessary muzzle velocity to cause desired effects on the target. The
kinetic energy projectile considered for study, experiences a pressure of 300 MPaand an
extremely high acceleration (75,000 g) which is ailmost double than that experienced in
the normal tank gun. Thus, ensuring in-bore structural integrity of the projectile under
such severeloading conditions becomes a difficult design task.

Drysdale[1] used the mechanics of materials approach to obtain aclosed form analyt-
ical solution of the simplified boundary value problem for kinetic energy projectile. The
load transfer between the sabot and the penetrator was considered through the shear trac-
tion between them and a safe design of the projectile was evolved which ensured in-bore
structural integrity. The effects of the load transfer through threads were not modelled in
the above study. Pflegl, et. al. [2] and Holis[3] have performed 2D axisymmetric structu-
ral analyses of the projectile with the help of finite element method. The above finite ele-
ment structural analyses of kinetic energy projectile were performed without contact defi-
nition at the threads. Such analysis approach may not predict accurate stresses at the stress
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concentration regions due to the absence of contact related phenomena occuring at the
threads.

Inthiswork, a2D axisymmetric finite element model with proper contact definition at
the threads between sabot and penetrator has been considered for performing structural
analysis. The objective of structural analysis has been first to obtain overal stress distri-
butionin the full projectile and then to predict accurate stressesin the penetrator and sabot
at the stress concentration locations by asubmodel analysis. Thefinite element model has
been prepared using 4-node quadrilateral solid and node-to-surface contact elements. The
finite element model has been generated using exact geometric details of parts, whichin-
cludesthe thread geometric detail s on penetrator and sabot.

STRUCTURAL ANALYSIS APPROACH

A 3D transient dynamic analysis with material hon-linearity and appropriate contact
interface at the threads between sabot and penetrator would be the most appropriate struc-
tural analysis for predicting realistic in-bore structural behavior of kinetic energy projec-
tile. But, this analysis requires large computational resources and is very costly. A fairly
reasonable estimate of stressfield, however, can be obtained by a 2D axisymmetric analy-
sis. In this work, a simplifled 2D axisymmetric finite element analysis has been perfor-
med to obtain stress distribution in the projectile. The linear elastic structural analysis
with non-linear contact boundary has been employed for the projectile in the following
two phases

Phase-l:  Finiteelement analysison acoarse model of full projectile

Phase-1l:  Advanced submodel finite element analysis of high stress concentration

region predicted by the Phase-l analysis.

The objectives of these analyses have been to first obtain overall stressdistribution in
the projectile from a coarse model and then, to predict accurate stresses in the penetrator
and sabot at high stress concentration region by using asubmodel analysis. Both analyses
have been carried out using commercial finite element analysisprogramn ANSY S.

FINITE ELEMENT MODELS

VIEW ‘A’ Finite Element Mesh

Gas Pressure X
Sabot/Penetrator Interface

=y £ 5, B, AN Y s
Axisymmetric Boundary Condition Acceleration

Y

Figurel.
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Finite Element Model for Phase-I Analysis

The axisymmetric model of the kinetic energy projectile with enforced boundary con-
ditionsisshownin Fig 1. Thisfinite element model has been prepared using exact geome-
tric features of parts, which include the thread details (excluding fillet radius) on the sabot
and penetrator. The projectile is discretized with 4-node quadrilateral solid elements. The
interface at the threads between sabot and penetrator is modelled using node-to-surface
contact elements to allow for realistic load transfer from the sabot to the penetrator. The
finite element model of the projectile consists of 35,603 nodes, 33,688 quadrilateral solid
elements and 3,696 node-to-surface contact elements. A mapped meshing technique has
been used to generate a good quality mesh. The quality of finite element mesh in the
threads of the projectile is shown in the enlarged View ‘A’ in Fig. 1. Base pressure of 300
M Paand body force corresponding to translational acceleration of 75,000 g are applied on
the projectile. Therollers along the central axis of the projectile display the axisymmetric
boundary condition and therollers at the bands show radial constraint imposed by the bar-
rel. The projectileis constrained in y-direction at its rear end to prevent rigid body motion
aswell asto account for the inertial load due to the tail-fin. The material properties taken
for structural analysisaregivenin Table 1.

Tablel
Material Density | Modulus of Elasticity | Poisson’s | Yield Strength
(kg/mm’) (MPa) Ratio (MPa)
Tungsten 17.0 E-06 0.31E06 0.31 1050
Alloy
Aluminium | 5 ¢ o6 0.6895 EOS 0.33 520
Alloy

Finite Element Model for Phase-IT Analysis

After careful study of Phase-l analysis results, it is found that very high von Mises
stress has been induced in the vicinity of rear thread of the projectile. Thus, it would be
appropriate to consider the two rearmost threads of the projectile for advanced submodel
analysis.
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Figure2. View ‘B’ Finite Element Mesh.

Fig. 2 shows the geometric shape and the enlarged view of finite element mesh for the
thread contact portion of the submodel. The geometry considered for the submodel aso
includes the fillet radius of the thread. An utmost care has been taken to create finite ele-
ment mesh of the submodel for obtaining accurate stressfield in high stress concentration
regions. The quality of finite element mesh developed for the submodel is depicted in the
enlarged View ‘B’ in Fig. 2. The submodel is also discretized using 4-node quadrilateral
solid and node-to-surface contact elements. The submodel consists of 35,669 4-node qua-
drilateral solid and 3,536 node-to-surface contact elements. The interpolated displace-
ment boundary conditions obtained on the cut boundary of the coarse model from pre-
vious analysis are applied on the submodel. The interpolated boundary conditions are
shown by arrows placed on dotted linein Fig. 2.

RESULTS AND DISCUSSION

The overal distribution of various stresses in the full projectile has been obtained by
performing Phase-1 linear static structural analysis with non-linear contact boundary. The
radial variation in axial, radial, hoop and von Mises stresses at the rear, middle and front
threads of the penetrator are presented in Figs. 3, 4 and 5 respectively. The variation in
axial and von Mises stresses along the centerline of the penetrator isshownin Fig. 6. The
material used for the penetrator and sabot are ductile in behavior and follow von Mises
failure criterion. Therefore, the magnitude of von Mises stress would speak about the pos-
sibility of material yielding under the applied loads. It isseen in Fig. 3 that the magnitudes
of al stress components are predicted to be very low and constant in the core of the pene-
trator. But the axial and von Mises stresses at the rear thread are quite high due to very
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high inertial load transfer and stress concentration. The radial, hoop and axial stressesare
found to betensile in the fillet region of the rear thread of the penetrator. The von Mises
stressin the fillet region of the rear thread of the penetrator is predicted to be approxima:
tely 1600 MPaasshowninFig. 3.
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Figs. 4 and 5 show the radia variation in axial and von Mises stresses in the middle
and front threads of the penetrator. The distribution of stresses are predicted to be identi-
cal in both cases. The axia stress at the cross-section in the middle and front threads are
found to be constant and compressive upto the thread root and then reduces to zero over
the thread thickness. Fig. 6 shows that the rear portion of the penetrator core (up to rear
thread) has been subjected to axial tensile stress due to pulling of the tail whereas the pe-
netrator core ahead to rear thread has been subjected to overall axial compressive stress
due to the pushing effect. It is also observed that the axial compressive stress in the core
of the penetrator increases upto middle of the penetrator and then starts decreasing to-
wardsthetip.
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Since, high stress concentration has been predicted in the fillet region of the rear
thread of the projectile, an advanced submodel analysis for the rear thread portion of the
projectile is performed in Phase-1l analysis to obtain accurate stress distribution. Two
cross-sections CS 1 and CS2 (see Fig. 2) located near contact and non-contact sides of the
rear thread are considered for displaying radial variation of al stress components in the
penetrator. The variations of radial, axial, hoop and von Mises stresses at two cross-sec-
tionsin therear thread of the penetrator are depicted in Figs. 7 and 8. In these figures, the
most important observation isthat thereisvery high spatial rate of change of the stressin
therear thread of the projectile. Although the stresses are very high at thefillet, they drop
off rapidly with depth into the material of the penetrator and remains constant in the core.
The maximum von Mises stressin the fillet region of the rear thread is predicted to be ap-
proximately 2600 MPa. The predicted value of the maximum von Mises stress is due to
the assumed material linearity. Nevertheless, it indicates that some plastic deformation
would take placein thefillet of the thread. Also, if some flaw is present at the rear thread
fillet, a catastrophic failure may occur. Hence, to avoid permanent deformation or any
catastrophic fallure, achangein the design of thread is envisaged.

CONCLUSIONS

The finite element structural analyses on coarse model of full projectile and refined
submodel of rear thread portion of the projectile have been performed. A 2D axisymme-
tric finite element model with proper contact definition at the threads between sabot and
penetrator has been employed for performing structural analysis. The structural analysis
has provided better understanding of overall distribution of radial, axial, hoop and von
Mises stresses in the projectile. A very high concentration of stress at the fillet of rear
thread of the penetrator has been predicted and the von Mises stress value is found to be
more than double the value of stress developed in the core of the penetrator. The radial,
hoop and axial stresses are found to be tensile in thefillet region of the rear thread of the
penetrator. Thisis an aarming situation for opening out of micro cracks and giving birth
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to fractureinitiation in the penetrator. High spatial gradient stressfield has been predicted
intherear thread portion of the penetrator. Although, the stressesare very highin thefillet
of the rear thread, they reduce rapidly to safe limit within 25 micron depth into the mate-
rial of the penetrator and remain constant in the core. The maximum von Mises stressin
thefillet region of the rear thread of the penetrator is predicted to bein the thread design.
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