Advanced Engineering Letters Vol.2, No.2, 41-48 (2023) e-ISSN: 2812-9709

STUDY ON METHOD TO DETERMINE THE LIFE OF TESTING GUN THAT
FIRES 7.62x25mm AMMUNITION

UDC:623.44
Original scientific paper https://doi.org/10.46793/adeletters.2023.2.2.1
Nguyen Minh Phu'®, Vo Van Bien'"®, Nguyen Van Hung?

The Faculty of Special Equipments, Le Quy Don Technical University, Hanoi City, 100000, Vietham

ARTICLE HISTORY
Received: 6 March 2023
Revised: 7 June 2023
Accepted: 19 June 2023
Published: 30 June 2023

Abstract:

The article presents a method to determine the life of a testing gun that
fires 7.62x25mm ammunition. The scientific basis for determining the life
of the test barrel is based on the wear of the rifling lands corresponding to
the number of shots. The wear of the barrel is determined by the thermal
and mechanical effects of the bullet's driving band on the lands and the
grooves. The results show that: With the number of fires being 1000, 2000,
3000, 4000, 5000, and 6000 respectively, the barrel wear is 0.334mm,
0.668mm, 1.002mm, 1.337mm, 1.671mm, 2.005mm, and the muzzle
velocity is reduced respectively by 1.15%, 2.06%, 2.98%, 3.67%, 4.36%,
5.28%. The accuracy of the 7.62x25mm ammunition test results is reduced
due to this change. In addition, to ensure the accuracy of the
measurements, the barrel needs to be replaced when the number of shots
is more than 5000 shots. The paper is an important theoretical basis for
determining the gun life used to test infantry ammunition.
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1. INTRODUCTION published. Therefore, applied the technology of
designing and manufacturing this type of gun is very
The testing gun is a device with high accuracy difficult.
specifications, used to measure the characteristic
parameters of weapons during and after design and
manufacture, ensuring the level of accuracy and
safety for people and associated measuring
equipment. Many suppliers manufacture test
barrels for world-class infantry guns. Prototypea
company in Brno, Czech Republic is a world-famous
manufacturer of experimental gun barrels. The
caliber 5.56x45mm, 7.62x51mm, and other calibers
are all produced by this company, Fig. 1. In addition,
these experimental barrels are distributed by many

other companies such as Lothar Walther company

Fig. 1. Some experimental barrel styles

The process of testing ammunition after

located in the UK and Germany, Sydor Technologies
company based in the US, etc. The common feature
of the companies that manufacture and distribute
test barrels is that they only disseminate the
specifications and features of the products that are
of interest to users while the theoretical basis of
calculating the type design of this gun is not

manufacturing will inevitably face difficulties in
ensuring the working characteristics of the test gun,
especially in ensuring the long service life of the
barrel. It is clear that the types of tested
ammunition are ammunitions that humans have
not applied all the technical characteristics such as
combustion chamber pressure, belt cutting force,
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warhead hardness, etc. Therefore, these quantities
can increase or decrease abnormally, directly
affecting the life of the test gun. The muzzle bullet
velocity is one of the important factors in evaluating
the life of the barrel. Each barrel is made from
perfectly fine materials, which have the required
durability reserve and satisfy all structural and
technical requirements. The barrel is gradually worn
out after firing, leading to the muzzle bullet velocity
being reduced to a certain value, at which point the
test barrel will stop satisfying the initial allowable
technical requirements.

The study of the wear of guns and artillery
barrels has been studied by many authors.
However, barrel wear is mainly calculated using the
finite element method [1] or the experimental
method [2-10], and there have not been any in-
depth studies on the cause and origin affecting it. In
this paper, the author focuses on studying the
method of determining barrel wear; and then
combining the law of barrel wear with the system of
interior ballistic equations to establish the complete
interior ballistic. The muzzle velocity is obtained
when solving the complete interior ballistic
equations system. Besides, the paper used the
obtained result to evaluate the barrel's life.

2. MATERIALS AND METHODS

The content of the paper focused on establishing
the equation to determine the barrel wear
according to the number of shots. This equation is
solved simultaneously with the system of interior
ballistic equations to determine the parameters for
evaluating the barrel life. Numerical methods are
used to solve this system of equations. The
calculation program is programmed on MATLAB
software. The decrease in muzzle velocity with the
number of shots is used to evaluate barrel life. This
result is compared with the published data of the
manufacturer to verify the reliability of the
calculated model. The calculation is carried out on a
testing gun that fires 7.62x25mm ammunition.

3. ESTABLISH THE SYSTEM OF INTERIOR BALLISTIC
EQUATIONS

3.1 Determination of the temperature range of
the barrel

Some assumptions used to establish the
equation for determining the heat field of the barrel
are as follows:

- Consider only the linear heat transfer;

- At any cross-section of the barrel, the
temperature, pressure, velocity, and density of the
gas flow are assumed to be uniformly distributed;

- The barrel material is considered to be
homogeneous and isotropic.

We can assume that the parts are cylindrical
tubes, from the general shape of the barrel. The
system of differential equations for heat conduction
through the barrel wall is the system of differential
equations for the heat conduction of a cylinder tube
[11-13].

T =a(Z5+10), (1)

o arz  ror
The first condition:  T[0]=T,; r[0]=ry;
The boundary conditions:
- At the inner surface:

a
ap(To —T) = -2 (i) (2)
- At the outer surface:
(T — ta) = =2 (37). @)

Where: a= A /cp; A - the thermal conductivity of
the barrel material; T - the temperature of the
combustible gas; Aw - the coefficient of thermal
conductivity of the combustible gas; d — caliber; axs
- the coefficient of heat transfer from the
combustible gas to the barrel wall:

A
App = Nu% (4)

3.2 Determination of barrel wear

To determine barrel wear, several assumptions
are used:

- The coefficient of friction between the bullet
belt and the barrel is constant when there is barrel
wear;

- The assumptions when solving the interior
ballistic equations are used [11], [14-19].

Barrel wear is a very complex phenomenon, and
is caused by many factors. The complexity of barrel
wear stems from the characteristic of the very
extreme working environment in each shot. These
characteristics include pressure, temperature,
friction between the combustible gas and the barrel
lands, etc. These are also the main causes of barrel
wear. So, the level of barrel wear is determined by
the amount of gas energy used to destroy the
surface layer of the barrel, see Fig. 2.
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Fig. 2. The model is used to determine the barrel wear
The energy of the gas flow lost to destroy the
barrel metal is determined by Darcy's formula [3]:

1 2
Ap = fg—m;;kh- (5)

Where: £ - the drag coefficient of pipes with
roughness (the barrel can be considered as a rough
pipe due to the spiral grooves with a depth of t,).

3 (6)

1
T (L,74421g(d/2trx))2

The velocity of the gas flow:

. (7)

lbd+l.

Vkn =V

In this formula: yu, is the specific gravity of the
burning gas; Iy is the distance from the bottom of
the combustion chamber to the top of the rifle; /pg
is the length of the combustion chamber.

The differential equation for energy over time t:

— — LYkhvin
dE SAkahdt Sgd 29 dt. (8)

The differential equation for energy per unit
surface:

3
— = @thvghdt- (9)

The wear after 1 shot is determined according to
the relationship between the specific energy and
the wear resistance characteristics of the barrel
metal [3]:

aad) _ ksc§ ffd YknVindt (10)
dN 8g “tea pr

Where: k_is the coefficient that takes into

account the barrel wear in the final active period of
the combustible gas [3]; t4 is the time that the bullet
moves in the barrel; to is the time that the
combustible gas begins to affect the barrel; p, is a

characteristic of the wear resistance of the barrel
metal:

pr = ky[1 — tanh(k t,)]. (12)

k,,k, are the experimental coefficient [3];

tanh(k,t, ) is tang hyperbol function.

ekitn_g—kitn

tanh(kyt,) = (12)

ekitnye—kitn’

tn is the temperature of the inner surface of the
barrel; This value is determined by the problem of
barrel heat, presented in section 3.1.

Radial wear affects the parameters of the system
of interior ballistic equations through the following
three quantities, see Fig. 3:

- The elongation of the combustion chamber (64, );

- The distance crossed by the bullet from when
the bullet is fired to when the belt is cut into the
spiral groove (64, );

- The largest area through which the burning gas
flows (Ss ).

A
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Fig. 3. Determination diagram o04,,64,,5s in terms of
Ad [3]

The relationship between radial wear and the
above three quantities is determined as follows [3]:

81, = Ad-cot B (1 - Dz;“), (13)

81, = Ad-cot B, (14)

ss="nd[1-D=9). (15)
2 Ad

3.3 Establish the system of interior ballistic
equations taking into account the barrel wear

The relationship between barrel wear and the
bullet’s velocity is determined through the interior
ballistic problem. For gun barrels, the wear of the
barrel will directly affect the ejection pressure, and
the cutting of the belt at the spiral groove takes
place after the warhead has moved a certain
distance. So, the process of interior ballistic taking
into account barrel wear is divided into two stages:

- The first stage: When the bullet is fired to when
the centering belt is cut into the spiral groove.
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- The second stage: Bullets move after the
centering belt is cut into the spiral groove.

a. The first stage: When the bullet is fired to when
the centering belt is cut into the spiral groove.

The distance of the projectile in this period is J4, .

Because the land is worn, the bullet is not blocked
by the land. Therefore, it can be considered that the
bullet moves steadily faster due to the effect of the
pressure force of burning gas p-S. So, the velocity
when the bullet cuts the land is determined by the
formula [20-23]:

v = 2adh, = 2"’7“"6,12. (16)

The pressure when the bullet cuts the land is
determined by the formula [4]:

0,6
Po = 4fT§[3000 (01+11 %) + 550] W(ay,). (17)

Where:

W(a,,) = cosa [1 N Sin ., (sina,, — f cos arx)]
rx/ rX .

COS Ay — f SIN Upry

fr is the coefficient of friction between copper
and steel; H is the width of ammunition guide belts;
a is the angle of inclination of the helix groove; Do
is the diameter of the driving belt; dqis the diameter
of the bullet; d’ is medium barrel caliber:

d= |% (18)

T

b. The second stage: Bullets move after the
centering band is cut into the spiral groove.

At this stage, the interior ballistic equations are
established with some assumptions as follows [8]:

- The rule of the firing rate of the propellant is
determined by the formula u = u; p;

- The combustion temperature of the burning
gas is considered to be constant during the
combustion process;

- The second work is calculated through the
warhead's weight gain factor;

- Combustion product composition remains
unchanged, quantities fand « also do not change.

The equation of motion of the bullet in the barrel
[21-26]:

dt om’ (19)

The combustion equation of the propellant [8]:
* The law of fire rate of propellant:

dz _ p
i (20)
* The law of changing the rate of gas generation:

dwe
dat

=wx(1+222) 26 (21)

The equation of the free volume of the
combustion chamber [5]:

Wy _ (1) oty g &
dc (6 a) WG + Sn at’ (22)

The equation of burning gas pressure in the
barrel [5]:

w_ 1w kon—K e
dt_Ww(fwdt KTp Kpp dt Kp<GAd)- (23)

Where: K, is flow function; G, is the gas flow
through the gap between the belt and barrel:

Gyq = AS-A; [B>25, (24)
Wy

KT _ (k—l)‘A'Vl':T(Fk—”dl)’ (25)

v =1-"2 (26)

T

k is the adiabatic exponent; A is the
thermomechanical equivalent; Ty is the average
temperature of the inner surface of the barrel; o,

is heat transfer coefficient; Fi is the initial internal
surface area of the ammunition chamber; d is the
caliber of the barrel; /is the distance traveled by the
bullet in the barrel; R is gas constant.

Combining the differential equations (20), (21),
(22), (23), and (24), we get the system of interior
ballistic differential equations including barrel wear
as follows:

dv s
Fri $3 “omg P
dl
i $3v
dz P
= fz;
L= Gw(l+247)
_ 27
o _ &t 0 xo(l+212)-L+&sv 27)
dt 1) Ik
dp _ [plw  _ LAY
at [fdt 9 (kt+k dt)] w
T _ g (&1 10y
at or2  ror
dad) _ k

3
sc§ ftd YkhVip 4t
g

dN 8 teca  pr

The system of differential equations (27) is
solved simultaneously with equation (10) using the
initial conditions: v[1] = v,; I[1] = 64,; t[1] = t; p[1] =
po, Ad[1]=0, the radial wear Ad is determined,
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(according to Fig. 3). Matlab software is used to
solve the above system of equations according to
the algorithm diagram in Fig. 4.

’ Input parameters

v
Enter number of shotting N
i=2;n=1; Ad=0, t[1]=0; Ad[1]=0
[

;
’ p[1]= pO, v[1]=v,, I[1]= &%, h=00001 ‘

Solving the system of interior ballistic equations (24)

)
p[il. v[il, I[i], t[i]=h*i

Vi [i1=V[i]. by —, At =t[i]-t[i-1], Ad[i]:k—“.Mm
1, +1[i] 80 o

Notex False

i~ index

h- integral step

t[i]- time at ith integration step

pli] - pressure at i integration step

VI[i] - velocity at i*" integration step

1[i] - The distance traveled by the
bullet in the barrel at i" integration step

Ad[i] - barrel wear at integral step i""
n-n" shot

Table 1. Structural parameters of the test gun and the
7.62x25mm bullet [4]

Fig. 4. Algorithm used to solve the system of interior
ballistic equations with barrel wear

4. RESULTS AND DISCUSSION
4.1 Calculational results for new test barrel

The test gun was manufactured to test the
bullet's characteristics such as muzzle velocity, and
maximum pressure for 7.62x25mm bullets. So, the
reduction in muzzle bullet velocity due to barrel
wear has an important effect on the accuracy of the
test. The structure parameters of the 7.62x25mm
test gun is shown in Fig. 5 and Table 1.

Parameters Units Value
Th -sectional f
e cross-sectional area o m2 4.761.10°
barrel
Combustion chamber volume m3 0.93-10°
The length of the distance the
bullet travels in the original m 0.087
barrel
Weight of the warhead N 55.10°3
Initial ejection pressure MPa 11.77
-4t Weight of propellant N 49,05-10*
Powder force Nm/N 95000
Ad = Ad +Ad]i]
Density of propellant kg/m3 1600
The toFaI impetus of the Ns/m? 515025
burning gas pressure
True Adiabatic exponent - 1.2
Coefficient of secondary works i 1118
account
True The angle of_ inclination of the deg 6
Calculate po v, 972 (Eqs 17,16,14) | helix groove
Groove depth m 0.3-10°3
Diameter of driving belt m 7.82:103
Caliber of bullet 7.62-103
Distance from the bottom of
the combustion chamber to m 28.84-10°3
the top of the rifle
Width of bullet's driving belts m 5-103
Coefficient of friction between
- 0.25
copper and steel
The coefficient that takes into
account the barrel wear in the
. . . - 1.1
final active period of the
combustible gas

Bolt Carier

Firing pin Bolt

Fig. 5. Structure of the 7.62x25mm test gun

The results of solving the interior ballistic
problem and the problem of barrel heat for the test
gun when firing the first shot are shown in Figs. 6, 7,
and 8.

250 T 1450
200 - 350
-300
150 -

250

200

Pressure (MPa)
Velocity (m/s)
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- 100

- 50
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0 0.5 1 1.5 2 2.5 3 35 4 45 5

Time (s) %107

Fig. 6. Graph of pressure and velocity over time
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Table 2. Calculation results of barrel wear

Velocity (m/s)

4.2 Determination of barrel wear parameters
according to the number of firing

The barrel wear parameters on the 7.62x25mm
bullet test gun were determined with the number
of firing N being 1, 1000, 2000, 3000, 4000, 5000,
6000. This parameter is large enough to determine
the service life of the test gun after a period of
working.

The results are shown in Table 2. The results of
Table 2 show:

- Radial barrel wear Ad increases significantly
with a large number of firing. This barrel wear
directly affects the interior ballistic process and the
condition of the driving belt cutting. Table 2 shows
that the belt cutting pressure decreased by 5.7%
when firing the first 1000 rounds and decreased by
30.1% when firing 6000 rounds.

- Barrel wear creates distance A4, , which the
bullet crosses before cutting the belt. Therefore,
the velocity of the warhead is non-zero when
cutting the driving belt.

Barrel wear corresponds to N shots
1 1000 2000 3000 4000 5000 6000
Ad 103, (m) 0.00033 0.334 0.668 1.002 1.337 1.671 2.005
5/11 -103, (m) 0 0.201 0.702 1.204 1.705 2.207 2.708
(5}7 -103,m 0.00050 0.501 1.002 1.504 2.005 2.507 3.008
65 -10°%, (m?) 0 0.016 0.056 0.096 0.136 0.176 0.216
po, (MPa) 39.5 37.2 35.1 33.0 31.1 29.3 276

4.3 Investigate the effect of barrel wear on the
muzzle velocity of 7.62x25mm bullet

The results of solving the interior ballistic
problem with barrel wear are presented in Figs. 9 - 10
and Table 3.

250 T
—N=1
— N =1000
N =2000
— N =3000
— N =4000
N = 5000
— N =6000

200

150 -

100 -

Pressure (MPa)

50

0 0.5 1 1.5 2 2.5 3 35 4 4.5
Time (s) x10”

=
S T T S SR

Fig. 9. Graph of pressure corresponding to the time

450

400

350

250

200

Velocity (m/s)

150

100

50

0 L I 1 L L I I 1 J
0 0.5 1 1.5 2 2.5 3 35 4 4.5

Time (s) x107

Fig. 10. Graph of velocity corresponding to the time
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Table 3. Muzzle velocity of the bullet

Muzzle bullet
Numper of velocity Avg;—Avoq (%)
firing v, (m/s) Vo1
1 436 0

1000 431 1.15
2000 427 2.06
3000 423 2.98
4000 420 3.67
5000 417 4.36
6000 413 5.28

Fig. 9 shows that the interior ballistic pressure
over time has changed markedly with the increase
in the number of shots.

- The maximum pressure is reduced by 4.5%
when firing 1000 rounds and 17.69% when firing
6000 rounds.

- The time it takes for the propellant to run out
has been increased. This is also consistent with the
fact that the combustion pressure is reduced.

In fact, one of the most important factors when
assessing barrel life is muzzle bullet velocity. For
test guns, this quantity is of even greater interest.
Table 3 and Fig. 10 show: The muzzle bullet velocity
decreases significantly after a certain number of
fires. After firing with the number of fire of 1000,
2000, 3000, 4000, 5000, and 6000 respectively, the
muzzle bullet velocity decreases by 1.15%, 2.06%,
2.98%, 3.67%, 4.36%, and 5.28% respectively. So if
5% is taken as a comparison to evaluate the life of
the test gun, after 5000 fires, the barrel needs to be
replaced [26].

5. CONCLUSION

The purpose of the paper is to establish a system
of interior ballistic equations taking into account
the wear of the barrel when series firing by the
theoretical method. Based on the investigated
results, the following conclusions are drawn.

- The barrel wear is an important quantity that
determines the life of the gun barrel. Barrel wear
causes a change in the reaction force between the
driving belt and the barrel surface, which is the
cause of the reduction in the belt cutting pressure
po. According to Table 2, this value decreased from
39.5 MPa to 27.6 MPa after 6000 shots.

- Barrel wear increases the clearance between
the bullet belt and the barrel, and the air discharge
is increased. As a result, in Table 3, bullet velocity is
reduced by 5.28% after firing 6000 rounds [26].

- For test guns, the reduction in the velocity of
the warhead directly affects the measurement

results. So, before making a measurement, it is
necessary to carefully consider the number of shots
taken to evaluate the error accordingly.

Although it is possible for the conclusion to
contain the main points of the paper, do not repeat
the abstract as a conclusion. The conclusion may
emphasize the significance of the paper, its
application, and further research possibilities.
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