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SIMULATION MODELING OF BARREL BORE WEAR UNDER

DYNAMIC PRESSURE LOAD

Wear is one of the major forms of material deterioration, often limiting both the life and the performance of the industrial components

and requiring frequent replacement of the components. Wear is a very complex process and occurs by combination of several factors, such as

the type of lubrication, loading speed, temperature materials, surface finishing and hardness. To simulate wear as a whole is very difficult, in

many cases even not possible. The simulation by using the finite element method (FEM) is becoming increasingly popular and accessible. The

FEM can also be used by solving mechanical wear, where it is critical to know the right way and method for arriving to the correct results. The

method for obtaining additions of wear in the paper is developed on the base of previous practice, which used the combination of finite-element

models and external algorithm for calculating wear. A FEM program ABAQUS has been used in this paper. The additions of degradation were

obtained from an own developed script from MATLAB software, which is used to calculate selected equations and specific outputs in ABAQUS.
Keywords: Gun barrel bore dynamics, wear of materials, finite element method, pressure load.

1. Introduction

The presence of wear has been known for several millennia.
Wear is one of the major forms of material deterioration,
often limiting both life and performance of the industrial
components. This phenomenon has not been fully explained
till today. This is an unavoidable effect. Wear is affected
by a variety of conditions, such us the type of lubrication,
loading, speed, temperature, materials, surface finish and
hardness. For example, nitrided steels are widely used due
to their superior hardness and attractive surface hardness,
fatigue life and tribological properties [1]. The prediction of
wear is therefore an important part in mechanical engineering.
The degradation of surfaces is not always an undesirable
factor. Sometimes surface degradation is desired, for example
a pencil drawing on paper, where the soft graphite is damaged.
It is also desired by processing of materials, because without
abrasion it is not possible to polish steel to the required surface
roughness. Nevertheless, if the process of wear is known for
a long time, the scientific studies of wear are relatively new.
Consequently there are a few theories about wear not always
the same.

Because of the complexity of the wear process, there are
still lacks to fully understand the wear behavior. It is very

difficult directly to observe wear in contact of two moving
bodies. Experiments must rely on the results and observations
made after individual tests and then causes of wear can be
considered.

There are two methods for grading of wear. The first
are the conditions under which the wear occurs. It is, for
example, the presence of lubricant, or solid abrasive particles.
The second method is to choose one of the four operating
mechanisms which were developed by Lim and Ashby [2].
These are seizing, melting, oxidation and plasticity. Plasticity
is classified as the mechanical wear area.

The finite element method is known to be an effective
numerical tool for the solution of boundary value problems
on complex domains [3, 4 and 5]. Today, FEM methods are
used for the analysis of every major engineering design and
probably in every branch of scientific studies. The method is
now used primarily through the application of commercial
finite element programs ABAQUS, ANSYS, AUTODYN, etc.
These programs are used on mainframes, workstations and
PCs and are employed to solve very complex problems.

The main task of the FEM in the wear calculations is to
compute the fields of contact stresses [6 and 7]. The elements
of different type and shape with complex loads and boundary
conditions can be used simultaneously. The method for
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obtaining additions of wear in this paper is developed on the
base of previous practice, which used the combination of finite-
element models and external algorithm for calculating wear.
These practices were mainly from the works of Berabdallah
and Olender [8].

The additions of degradation were obtained from an own
developed script from MATLAB software, which is used to
calculate selected equations from Lim and Ashby and specific
outputs in FEM software ABAQUS.

2. The current state of modeling of shot dynamics

In modern times we get to the forefront of simulating of
various processes in a wide spectrum of disciplines. Studying
the dynamics of weapons is no exception. Experiments are
often replaced by simulations to simplify and accelerate the
acquisition of required results for research and customers.
Every problem can have unmistakable properties, different
initial and boundary conditions, various material properties,
types or the load application. Making experiments in tasks
with high number of variations is very expensive and time-
consuming, which is in these times unfavorable for anyone.
The FEM models allow assembling parametric tasks where it
is possible to fast and effectively change the geometry, material
properties, boundary conditions and loading, while the only
cost is the computing time of numerical solution. Simulations
of shooting are very complex; where it is often needed to take
into account many simplifications. Therefore, it is necessary
to compare the results of simulations with the results of
experimental measurements. The FEM is using either modal
or direct integration techniques. Given the complexity of the
task, the way of direct integration with explicit numerical
schemes is recommended [9].

Wear is divided into six types: adhesion, fatigue, abrasive,
vibration, cavity and erosive. The mechanism of wear can be
understood as a dynamic action, which is dependent on many
parameters and on the prediction of the problem, defined as
the initial value of the problem. Wear in general can be defined
in the form of equation as:
dh _ . . .
ds f (load, velocity, temperature, material properties,

lubrication, etc.) (1)

where h represents the depth of wear and s represents the length
of traveled path. Many wear models exist; their mathematic
expressions differ from simple empiric relationship to difficult
equation dependent on physical definition [10]. Parameters
and coefficients are usable only for one solved task in many
cases. Only few of them can be used to verify wear in practice.
The most widely used model for linear wear is defined by an
equation where the rate of wear is proportional to normal load

O=Kp )

where Q is the rate of wear, K the coefficient of wear and
D is the normalized pressure. This equation is described in
literature as the Archard law of wear, despite its basic form was
published by Holm [11] expressed as

V_ Fr
=K 3)

where represents the volume of wear, F, normal force and
H is the hardness of material. The wear coefficient K was
introduced to better represent the agreement of simulation
and experiment. According to Holm, it expresses the number
of abraded atoms in mutual contact. According to Archard,
it’s the probability, that by mutual interaction of surface
roughness particles of wear are created. The value of this
coefficient should be obtained by an experiment and it is
always lower than /.

The depth of wear - s has a deeper meaning for
engineering practice. Archard subtracted the contact surface
A and obtained the equation

V._h_
As s —kp )

where k is dimensional wear coefficient (Pa') and p is the
normal contact pressure (Pa). For linear wear of delamination
we can write the expression

dh _
ds —kp ©)

Expanding eq. (2) by adding the influence of temperature
we obtain [12]

Q _ (de/ - ﬂ])H
melt = Y‘iLm()llﬁ{/

where T is the melting temperature, T is the ambient
temperature, 7% represents the equivalent to melting
temperature for steel, /. is the friction coefficient, o, and
represent constants, L, is latent heat of steel melting and is

the normalized speed.

B

(thfmf?ﬁm) (6)

It

2.1 Requirements on the model

Simulating shot dynamics by using parametrical models
should be closest to reality, so the results can give good insight
for different types of ammunition (displacement, velocity etc.).
The current research is considered with these conditions [13]:

Precise geometry of the model: the weapon is composed
of many parts, which are in contact with each other. Friction
is also included in the model.
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Shaped contact: is between projectile and segment created
by notches. The segment carries motion through shaped
contact on the projectile due to pressure of flue gases.

Explosion: is replaced with pressure load, which is applied
to the barrel bore, segments, the grenade and on the tail fins.
The area where the pressure load is applied is changing with
time. Depending on the phase it is increasing or decreasing.

The damping mechanism depending on the weapon type
is either a spring or hydraulic. Using the hydraulic concept
the simulation is extended by the prescribed recoil force. For
springs the recoil force function is the immediate recoil force.

The cylindricity of the barrel: the model must contain
disorders because the barrel is not perfectly direct.

3. The models of weapon wear

An internal ballistics environment of weapon causes
complications in experimental analysis. Therefore, the FEM
is used to analyze the problem. The wear of the barrel bore is
a complex task, therefore the analytical modeling is aimed on
particular problems on a smaller scale. The approaches that
can predict wear are empirical and computational [12 and 14].

The flowchart of the wear module is shown in Fig. 1.

Creating FEM model, writing .inp file

[l

Starting static analysis through .inp file

Calculating increases of wear

Extraction of contact pressures

Overwriting .inp file, displacement of
contact nodes, remeshing the model

Checking: Passed pin the desired path?

END the module

Fig. 1 Flowchart of the wear module

The script was made in the mathematical software
MATLAB. In the first step the script starts the analysis in
ABAQUS through background MATLAB on the base of the
input file (*.inp) which was created to model the assembly.

COMMINICIONS

For the solution of wear we need the contact pressures in
selected nodes from the results. The script subsequently waits
for the completion of the analysis. In the second step an
output data file is processed so that it can be overwritten. In
the third step the script calculates the corresponding increases
of wear on the base of the selected equation of wear by Lim
and Ashby. The values of increases assigns to the positions in
the Y axis. The whole model is fitted from the contact area,
therefore it needs to be re-meshed to the original contact
position. The last step represents the cycle, which either starts
the next simulation, or, depending on the total distance, ends
the simulation process. During the computational process the
computed increments of wear are displayed.

4. Transient analysis the dynamics of shot

For modeling the whole assembly of shooting from
a barrel, all functional parts must be created and added to
the simulation, in our case it is the housing with complete
damping mechanism (hydraulic or spring), barrel inlayed to
housing, bullet formed penetrator overlaid segments of the
guide ring, wherein the segments are associated with a sealing
ring. For our calculations it is sufficient to make a simplified
2D axis-symmetric assembly model consisting of 125mm
smooth tank barrel T-72, guide ring and of anti-tank warhead
APFDS BM-15 penetrator.

4.1 Mesh

In areas where high pressures are anticipated there are
smooth elements which are increased in the outward direction
to save computational memory. The smallest elements have the
size of 1x1 mm and they consist of regular bilinear elements.
The transient areas were made up of triangles; they were used
to increase magnification with elements through two layers of
the size 4x4 mm. FEM model of the assembly is described in
Fig. 2 and detailed view of the mesh is shown in Fig. 3.

Fig. 2 FEM model of the assembly
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4.2 Materials

All the considered materials behave as elastoplastic
materials. The barrel material is similar to steel STN 16 540
and it is stronger compared with the material of the guiding
ring, which is similar to steel STN 16 240. The mechanical
properties of used material are given in Table 1.

Material properties of used materials Table 1
E [MPa] | u[-] | p [kg.mm?] R [MPa] [ R [MPa]
Barrel 210000 0.3 7.84.10° 1185 1488
Segment | 210000 0.3 7.84.10° 600 894

4.3 Boundary conditions and loading

By real shot from a tank the barrel is present during the
process in several mutual contact areas. These are the teeth
penetrators with segments, the segments with guiding ring
and tank barrel. The single parts were necessary to simplify
and therefore only the contact between the segment and
barrel bore was ultimately considered. The friction coefficient
between steels is 0.8. The boundary conditions for the

idealized case and referred to as direct loading are shown in
Fig. 4.

4.4 Results of the wear barrel bore module

In view of the amount of data the computational times of
each cycle were different. For each area the complete analysis
time was 30 cycles. One cycle was considered as one shot. The
development of wear in the first examined area is described
in Fig. 5. The graph in Fig. 6 shows details of history of the
first shot.
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Fig. 5 Evaluation of wear in the contact surface during shots (area
behind the transition cone)
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Fig. 6 Detail of wear in the contact surface after first shot

Fig. 4 Boundary conditions applied on the surface of the barrel
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The value of maximal wear after 30 shots is around 0.13
um. From the graph it is clear that the wear grows faster in the
contact are with the leading edge. The maximal deviations of
the barrel bore wear are actually on its end, therefore the load
applied on the leading edge should be disregarded.
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Fig. 7 Evaluation of wear on the contact surface in the field P
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Fig. 8 Evaluation of wear on the contact surface in the field V.

Figures 7 and 8 describe increases of wearin P, and V,

fields. From these graphs it is clear that the more shots are
fired from the chamber the less wear is on the barrel.
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On the base of the obtained results the module was
made which simulated the wear on examined areas by using
a simplified FEM model of T- 72tank barrel bore. The module
of calculation of wear used the equation (6). The minimal
wear for areas 1, 2 and 3 amounted after 30 cycles the values
130, 80 and 18 um as it is shown in the previous figures.

5. Conclusion

In this paper an algorithm for wear calculation is
presented. The algorithm uses simple equation based on
the delamination wear formulation with the combination
with commercial FE code ABAQUS. The paper has
shown on an example that it is possible to simulate wear
of materials using interface coupling of a MATLAB code
and commercial software to calculate the stresses needed
as input data for the wear module. The main objective of
this work was to extend the possibilities of the ABAQUS
program and to include the possibility of modeling wear
in dynamical analysis by including also some factors as
temperature. This will increase the possibility of modeling
of wear processes using ABAQUS or a similar FE software.

A two dimensional FE model of a barrel bore consisting
of the barrel and a shot segment was modeled. The model was
used to show wear depth through time at various distances, in
this case the distance was considered in shot times. The results
show the decreasing of wear depth with the time steps (shots).
The contours have a good agreement with results presented in
literature, and can be also verified experimentally.
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