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THE ESTIMATION OF THE EXPERIMENTAL INVESTIGATION RESULTS
OF THE POWDER GAS PRESSURE SENSOR IN BARRELS OF SMALL ARMS

The need to develop methods of pressure sensor experimental investigation has been proved. The method of experi-
mental studies gauge pressure of powder gases in the barrel firearms, which allows checking the adequacy of the mathe-

matical model of pressure sensor, has been proposed.

Key words: techniques for experimental research, pressure sensor, ballistic device.

The problem setting

Technical characteristics of new small arms, small
arms are taken from the manufacturers, the technical
condition of small arms that are in operation or taken
from long-term storage by groups and units of the Inte-
rior Troops of Internal Affairs of MIA of Ukraine are
determined by measuring of the parameters internal
ballistic processes. These are the initial velocity and the
nature of change of the pressure in the barrel. For most
initial velocity measurements it is using foreign equip-
ment with known metrological characteristics that meet
government standards. But for specialized means of
pressure measurement government standards provide
only static characteristics definitions.

However, as mentioned in [1, 2], for more detail
information about internal ballistic processes it must
take into account the dynamic characteristics of the
pressure sensor. Internal ballistic processes can be in-
vestigated by mathematical modeling of the pressure
sensor in the barrel of small arm [3].

The confirmation of the results of the pressure sen-
sor mathematical modeling requires a series of experi-
mental investigations. During the investigation it is im-
portant to compare the results of the pressure curve
measurement in the small arm barrel with the results of
mathematical modeling.

So there is a need to systematize and to combine to
the method such processes as an experimental investiga-
tion of pressure measuring sensor, for gathering infor-
mation, sufficient to verify the adequacy of the theoreti-
cal calculations of pressure sensor dynamic characteris-
tics and statistical analysis of the results of experimental
measurement.

The most well-known analytical methods [1 — 3]
can help you find the variation of pressure with time,
most fully considered most important parameters in the
least number of assumptions in the method of prof. N.F.
Drozdov using mathematical tools, which underlies this

method can avoid the phase of construction and use of
special tables and get a mathematical model of the input
signal in an analytical form.

The purpose of the article is the development of the
methods for experimental investigation of the powder
gases pressure sensor in the barrel of small arms.

The main materials

The method for experimental investigation is di-
vided into the following periods:

1. The theoretical calculations of pressure for small
arms and ammunition with previously known sets of
parameters. The result of theoretical calculations is a set
of theoretical curves of the output pressure sensor signal
of the powder gases in the barrel obtained by the
mathematical modeling of the input signal and pressure
sensor for well-known sets of parameters of the small
arms, ammunition, physical and geometrical parameters
of the pressure sensor.

2. Preparation for obtaining experimental curves of
pressure during firing is including selecting the required
number and types of bullets, measuring their parame-
ters, preparation of the pressure sensor and other
equipment. Bullets parameters are bullet weight, powder
weight and type, shape of grains of gunpowder. Under
the preparation of the pressure sensor it is understood
fixing it on arm and measuring its geometric dimen-
sions. Preparation of the test equipment includes con-
nection a pressure sensor to computing device or an
analog-to-digital converter.

3. Getting an experimental curve of pressure while
firing. During the shooting by using small arm with
pressure sensor, analog-digital converter or computing
device fixes curve of pressure. Then the experiment is
repeated a number of times to eliminate the influence of
random factors.

4. Handling of en experimental data and theoretical
calculations of pressure curves for a given set of parame-
ters involves using the experimental data analysis methods
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to the experimentally obtained output signal, with the re-
sults of curve pressure mathematical modeling.

Let's review these periods more details. Each sam-
ple of small arms and ammunition is characterized by a
combination of physical and geometrical parameters.
Mathematical modeling of pressure curves base on the
famous mathematical model of pressure sensor input
signal [4] and the mathematical model of pressure sen-
sor [3].

As a basis it is taken the known construction of
pressure sensor [5], which consists of a body, cavity,
filled with heat-insulating liquid, in which it is placed
tensoresistive sensing element. In the body 1 it is made
a channel, throw which pressure is acting on the mem-
brane. Membrane is fixed to the body of pressure sensor
by clamping nut and provides pressure transmission
throw the heat-insulating liquid to the tensoresistive
sensing elements.

According to the well-known principles of the
pressure sensor [4] its construction can be represented
as a serial connection of several elementary transducers,
whose properties are determined by their transfer func-
tion W, (s) (pic. 1).
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Pic. 1. Structural diagram the pressure

On pic. 1 there are input variable of the elementary
transducer is pressure of powder gases p(t), output

p, (t) — is the pressure of gas layer that contact with

the membrane; W, (s) — membrane pressure sensor.
The output signal is the displacement of the center point
of the membrane x (t) is caused by the pressure of the

gas layer in contact with the membrane; W, (s) — heat-
insulating liquid that fills the sensor. Output signal is the
liquid pressure p, (t) at the gauges; W, (s) — tensore-
sistive sensing elements. Output signal is the relative
change of the electrical resistance dR (t) , caused by the
liquid pressure.

The mathematical model of the pressure sensor is a
sequence of elementary transducers, which are deter-
mined by physical and geometrical parameters of the
pressure sensor. Mathematical model of the pressure
sensor is the multiplication of the transfer functions of
the elementary converters.
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where 1, — delay time of pressure spreading in the first

elementary transducers, which depends on the geometric
sizes and the modulus of elasticity of the material of re-

ceiving channel and the characteristics of the gas sub-
stance that fills it; k , T,, &, — transfer coefficient,

time constant and damping parameter of the membrane,
which are determined by its geometrical size, weight,
hardness, modulus of elasticity, coefficient of internal
friction and Poisson's ratio of the material; k , T, § —

transfer coefficient, time constant and damping parameter
of the liquid, depending on its ability to compress, kine-
matic viscosity and density, and geometrical dimensions
cavity; K — tensoresistive coefficient of the sensing ele-
ments material.

Using the transfer function of the pressure sensor
with known parameters it is obtained the output signal
of pressure sensor based on the existing mathematical
model of the input signal — the pressure changes within
time in the barrel, taking into account bullets charging
and barrels parameters [4].

Model of input sensor is based on solving equations,
relating the pressure p(x) in the barrel, the time t since

the beginning of the bullet movement until it reached the x
coordinate within the barrel and velocity v(x) :

p(x)zn.f\u(x)—(B~9/2)~x2;
S l¢+x
V(%) = v 1= ((x +1)/(x+1,)) (1= ) @
Ly
v(x) Sv(y)

where n — mass of dust; f — dust force; s — cross sec-

t=

tional area of the barrel; y(x) — the relative amount of

powder that was burned; B — parameter Drozdova;
0 — gas constant; 1, —reduced free volume of chamber;

L, , LU —reduced and maximum speed balls; 1, — the

p >
length of the chamber; 1, —the length of the barrel.

The solution of system (2) in the form of depend-
ence of pressure in the barrel and the time since the be-
ginning bullet movement can be obtained as an analyti-
cally as numerically. Since the solution of (2) is subject
for the further integration, it is appropriate to represent
it as a polynomial:

p(t)=a,+a,-t+a,-t>+..+a, ,-t"", 3)
where n — the number of system solutions (2);
ag,a;,a,,..,a,1 — coefficients, are depended on the

parameters of bullet, powder and geometric parameters
of the barrels channel.

Theoretical pressure curve is calculated by mathe-
matical model of input signal and using data about the
small arm. Then it is obtained experimental data about
pressure curves in the barrel during measurement of
pressure sensor output signal. The theoretical pressure
curve for calculation with the experimental curves of
pressure is obtained using a mathematical model of
pressure sensor.
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Processing of experimental data is as follows. First

it is calculated the relative deviation & of each in-

exp
stantaneous value of the theoretical pressure curve p(i)
with the experimentally obtained pressure curve accord-
ing to the expression (4)
 Ppew®-p()
6exp (1) - 5
p(i)

where i — the point number.

Than it is calculated the average value of the rela-

-100%, 4)

tive deviation Sexp according to the expression

= 1
6exp = ﬁ Zl 6exp (1) . (5)

It is estimated average quadratic deviation O,
of the maximum relative deviation Bexp (i) in accor-

dance with the expression (6) [6].

R W =
oexp:\/ﬁ ; (Bexp(l) - 6exp )2 . (6)

On the pic. 2 there is curve that approximates all ex-
perimental pressure curves, B — theoretically calculated
pressure curve p(t) for a certain set of bullet parameters.
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Pic. 2. The result of the theoretical calculation
of the pressure curve p(t) for a certain set of parameters
in comparison with the experimental results

By changing types of ammunition that differ in
powder charge weight, weight of a cartridge and powder
type it is obtained an experimental pressure curves. As
an example, there are results of the experimental curves
comparison with the mathematical modeling of theoreti-
cal curves for five different sets of parameters for the
hunting ammunition of 12 caliber (pic. 2).

Maximum relative deviations of each instantane-
ous value in pressure curve for most typical sets of pa-
rameters are shown in pic. 3.

The average value of experimental pressure rela-
tive deviation is calculated according to the expression

(3) Bexp =1,59%.

Analysis of the results shows that for all combina-
tions of parameters the duration of transient processes

for experimentally obtained curves of pressure and theo-
retical curves are coincide up to 6%. For each pair of
pressure curves average value of maximum relative de-

viation of Sexp is up to 5.5%.
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Pic 3. The relative deviation ey,
of the experimental and theoretical pressure

For the problems of gunpowder dynamics discrep-
ancy of the experimental results to the results of
mathematical modeling of 15...10% is acceptable [6].

The conclusion

Presented method allows estimating conformity of
the results of pressure sensor experimental investiga-
tions to the results of its mathematical modeling. It also
allows you to analyze these results for sets of parame-
ters without performing multiple repetitions testing re-
sults for each set of parameters.
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OLIHIOBAHHA PE3YJIbTATIB EKCNEPUMEHTANBbHUX AOCNIMKEHDb OATYUKA TUCKY
NMOPOXOBUX IA3IB Y KAHANAX CTBOMIB CTPINELIbKOT 36POI

0O.A. Anexcannpos, C.O. ITiBoBapos, 1.B. Kocrenko

Ob6rpynmosarno nompeby po3poobnents MemoouKu eKCnepuUMeHmanbHo20 00CIIONCEHHs 0amyuKa MUcKy nopoxoeux 2asie y
Kauanax cmeonie cmpineybkoi 30poi. 3anpononosano Memoouxy npo6edeHHs eKCNEPUMEHMANbHUX 00CAIONCEHb 0amUUKa MUCKY
NOPOXOBUX 2A3I8 Y KAHALAX CMBOTIE CIPINeybKoi 30poi, wo 003805€ nepesipumu a0eK8amHicms MamemMamuyHoi mooeni oam-
YUKA MUCKY.

Knrouogi cnosa: memoou 05 excnepumenmanbHo2o 00CaAiONCeHH s, GRIUBOBULL OAMYUK, OATICMUYHUL RPUCTHDIL.

OLIEHKA PE3YNIbTATOB NMPOBEOEHUA 3KCNEPUMEHTAIbHbIX UCCINEOOBAHUNA OATYUKA OABIEHUA
NMOPOXOBbLIX TA30B B KAHAJITAX CTBOJIOB CTPEJIKOBOI'O OPYXUA

A.A. Anexcannpos, C.A. Ilusosapos, 11.B. Kocrenko

IIpogedena oyenra @usAHUs MeMnePanypbl NOPOXOBLIX 24308 U NEKMPUHECKO20 MOKA UCIOYHUKA NUMAHUA HA UCXOO5-
WUl CUSHAT MEH30PE3UCINOPHO20 OaMYUKa U3MePeHUs JaeleHUs 8 KAHAAx CMEOoNo8 Cmpenko6o2o opycus. Tlonyyena mame-
Mamuyeckas Mooenb meMnepamypHot nogpewnocmu. IIpeonodicen cnocod ymenvbuieHus 6MUAHUA MEeMREPAMYPHOU HOZPEUHO-
Cmu Ha pe3ynbmam uzmMepenust OagueHusl.

Kniouesvie cnosa: memoout 0ns IKCnepumMeHmanbHo2o Uccie008anusl, GIUsmMenb bl 0amuuK, dariucmuiecKoe ycmpou-
cmeo.

187



