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INFLUENCE OF FORCE CHARACTERISTICS OF COMBAT-WHEELED VEHICLES’
SYSTEM OF SPRINKLING ON SHOOTING EFFICIENCY ON MOVE

The experience of peacekeeping and other military operations shows the growing role of the combat-wheeled
vehicles. However, the combat-wheeled vehicles suspension for the base for which a chassis of a serial wheeled
vehicle was selected with the armored corps in it does not fully protect the personnel from dynamic overloads while
driving with significant irregularities or cross-country terrain. The armored corps causes a significant increase in
the weight of the sprinkled part and so a static deformation of elastic shock absorbers, and also a number of
operational features. In order to overcome the above-mentioned disadvantages we modernize the system of
sprinkling using the shock absorbers with nonlinear (progressive or regressive) characteristics for such combat-
wheeled vehicles. However, the influence of the nonlinear force characteristics of the combat-wheeled vehicles’
system of sprinkling on the shooting efficiency on the move from stationary mounted small arms are not investigated
due to a number of reasons. They relate to the construction and investigation of the solutions to the nonlinear
differential equations, which are the mathematical models of the combat-wheeled vehicles’ motion.

In this paper, we investigate the influence of the power characteristics of the system of sprinkling of combat-
wheeled vehicles on the transverse oscillations of the sprinkled part, and on the shooting efficiency on move from
the stationary mounted small arms. The basis for the determining of these characteristics serve the differential
equation of the sprinkled part’s perturbed motion. We use the Van der Pol method, adapted to strongly nonlinear
differential equations for its integration.

It is shown that the magnitude of the dispersion caused by the indicated oscillations of the sprinkled part
increases, and in the case of the progressive power characteristic of elastic shock absorbers during the motion
along the path with single irregularities the value of the scattering region is greater than that of the regressive one.

Keywords: system of sprinkling, combat-wheeled vehicle, amplitude, frequency of oscillations.

Statement of the problem In order to overcome the above-mentioned
disadvantages we modernize the system of sprinkling
using the shock absorbers with nonlinear (progressive or
regressive) characteristics for such combat-wheeled
vehicles. These shock absorbers significantly more
effectively protect the combat-wheeled vehicles from
such an undesirable phenomenon as breakdown, reduce
the dynamic loads that act on the driver and the crew
while moving cross-country terrain to almost 30%,
which is especially important during the transportation
of the injured people.

The experience of peacekeeping and other military
operations shows the growing role of the combat-
wheeled vehicles. They are characterized by a high
degree of protection of the personnel from the defeat,
maneuverability, and others. However, the combat-
wheeled vehicles suspension does not fully protect the
personnel from dynamic overloads while driving with
significant irregularities or cross-country terrain, and
greatly affects on shooting efficiency on move from
stationary mounted small arms. This primarily concerns
to the combat-wheeled vehicles for the base for which a
chassis of a serial wheeled vehicle was selected with the
armored corps in it. The latter causes not only a signi-

However, the influence of the nonlinear force
characteristics of the combat-wheeled vehicles’ system
of sprinkling on the shooting efficiency on the move

ficant increase in the weight of the sprinkled part and so
a static deformation of elastic shock absorbers, but also
a number of operational features. This is primarily the
overload of the driver and the crew in difficult traffic
conditions, loss of stability, lowering of the shooting effi-
ciency on the move, and hence, the failure of the fulfill task.

from stationary mounted small arms are not investigated
due to a number of reasons. They relate to the
construction and investigation of the solutions to the
nonlinear differential equations, which are the
mathematical models of the combat-wheeled vehicles’
motion.
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We assume that, it is necessary to investigate the
influence of the main force characteristics of the
combat-wheeled vehicles” system of sprinkling and the
sprinkled part’s kinematic parameters on the shooting
efficiency on the move from stationary mounted small
arms. Namely combat-wheeled vehicles with spring
shock absorbers’ nonlinear-elastic characteristic move
at a velocity v along a straight line section of the path
with irregularities.

Our assumptions about the physical model are the
following:

- sprinkled and unsprinkled parts are completely
solid bodies that interact with each other by the system
of sprinkling;

- the mass of the unsprinkled part is much smaller
than the mass of the sprinkled part and we neglected it
in the work;

- the force characteristics of shock absorbers are
described by their nonlinear deformation functions A ,
and deformation rate of damper devices A . Elastic force
of shock-absorbers is equal to F, =cA", strength of

resistance of damper devices is equal to R, =aA®"
where ¢, v, a, s are the known constants;

- the deformation of the pneumatic wheels is much
less than the deformation of elastic shock absor-bers
while the combat-wheeled vehicles move along the path
with the irregularities. This means that the pneumatic
shaft are considered as the absolutely solid bodies, and
the sprinkled part, due to perturbations from single
irregularities, carries the transverse angular oscillations
around the longitudinal horizontal axis. This axis passes
through the sprinkled part’s center of the weight.

Our aim is to determine the sprinkled part’s basic
characteristics of transverse angular oscillations, which
are caused by the combat wheeled vehicles” motion
along the path with the system of single irregularities,
and, on the other hand, the influence of the indicated
oscillations on the dispersion of projectiles departed
from stationary mounted on it small arms.

Analysis of basic research and publications

Note that in the papers [1-8], which relate to the
dynamics of the combat-wheeled vehicles system of
sprinkling with the nonlinear power characteristic, the
focus is on ergonomic indicators, motion stability,
resonance, and others. However, the questions related to
the influence of the sprinkled part dynamics on the
shooting efficiency on the move from the stationary
mounted small arms did not considered in these works.

Purpose of the article
d?9(t) 4l 1

()" =
dt? |O( ) Iy
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The aim of this paper is to investigate the influence
of the combat-wheeled vehicles’ longitudinal-angular
oscillations on the shooting efficiency on the move from
the stationary mounted small arms, which implies its
relevance.

Method of solving

The basis for the determining of the transverse
angular oscillations’ main characteristics will serve the
differential equation of the sprinkled part’s perturbed
motion, which, taking into account the above, can be
represented as

I dzjz(t) _— [sl —;z(t)jM—al[ d‘q(t)_dzjm.

dt dt
(€
In the formula (1) we denote by 1, the sprinkled

part’s moment of inertia relative to the horizontal
longitudinal axis, passing through the sprinkled part’s
center of the weight. Moreover, we denote by ¢ the
sprinkled part’s angle of rotation around the indicated
axis, by A, static deformation of elastic shock absorbers,

by I the half of the distance between points of fixation
of elastic shock absorbers (dampers) and the sprinkled
part and by z(t) the function that describes the irregularities.

We assume that this function for the case of single
irregular-rities has the form

. 26 27IVL .
h, sin®® Vi x <x<x +d,
_ d. i i
2(t)= j @)
0,if x; +d; <t<x;,, j=123,.,
where h; denotes the height of the j irregularity, d;is her
lengths and s; is the constant which describes her form.

We denote by X;, X;,, the coordinates of the beginning of

j+l
j and j +1irregularities respectively, by V the combat-
wheeled vehicles’ speed of movement.

We will assume below that:

- the system of sprinkling’s force characteristics of
the right and left sides are identical, and the sprinkled
part’s oscillations are due to only the right side wheel
rudder to the irregularity;

- the height of the irregularities is small in
comparison with the static deformation of elastic shock
absorbers (4A,).

Thus, to solve to the problem above we have to
construct a solution of the nonlinear differential
equation (1), with the function z(t) determined by the
relation (2).

Neglecting the highest order of smallness, we can
rewrite the equation (1) in the form

dt  2dt

[2c| (v +1)(9I)Vz(t)—4al( d‘g(t)—ldzrw. ©)
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The maximum value of the right-hand side of the
differential equation (3) is small in comparison with the

. . Acl
maximum value of the relatlonl—(f}l)”l, and
o

therefore, we can use, for example, the Van der Pol
method, adapted to strongly nonlinear differential equations
for its integration. Accordingly to its main idea [9], we
describe sprinkled part’s transverse angular oscillations
of the combat-wheeled vehicles by dependence

I(t)=a,(t)ca(v+1Ly),
y =a(a,)t+0(t) 4)
where a(t) is a amplitude of the transverse

angular oscillations. As a function of time it is
determined by the right side of the differential equation
(3), the eigen frequencyw as the function of the
amplitude takes value
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o(a)= 20" (v+2)/ 1,82,
v =ow(a,)t+0(t)

denotes their phase of oscillations.

Without the method of determining of the main
parameters of sprinkled part’s transverse angular
oscillations of the combat-wheeled vehiclei, we give
only the resulting dependences for the case of the
irregularities of insignificant lengths. For these irregularities,
we suppose that the time of the move r along them is
small in comparison with the sprinkled part’s period of
the internal oscillations. Thus, the amplitude of the
sprinkled part’s oscillations changes accordingly to the
differential equation (5).

We give the values of the amplitude of transverse
angular oscillations in the Table 1. The results in it are
based on the numerical simulation of the equation (5).

where

2s+1
: d
20(v+1)|”*lavsinzsj’l—ZHVt—a I.9(t)—h.4s.sinzsj’l—ZﬂVtcos—ZHVt ,if ot <t<t +—,
da__ 1 i b i d, : : 5)
dt 60(3-)|0 IR dj dj+1
—4a(19(t)) it +y SESha
Table 1

The value of the amplitude of the vertical oscillations of the combat-wheeled vehicles’ sprinkled part at the moment of the
output of the lone irregularity for different values of the speed and parameters of the force characteristic of the shock

absorbers
d.m | A,,m| Vv V,m/s | hm | arad | d,m (A, m|V V,m/s | hm | arad
0.3 0.25 0 5 0.2 0.2784 0.2 0.15 -2/5 5 0.2 0.1723
0.3 0.2 0 5 0.2 0.2618 0.2 0.15 -2/5 10 0.2 0.0634
0.3 0.15 0 5 0.2 0.2483 0.2 0.15 -2/5 15 0.2 0.0391
0.4 0.15 0 5 0.2 0.3279 0.2 0.25 217 5 0.2 0.1684
0.4 0.15 0 10 0.2 0.1583 0.2 0.25 217 10 0.2 0.0823
0.4 0.15 0 15 0.2 0.1132 0.2 0.25 217 15 0.2 0.0531
0.2 0.25 -2/5 5 0.2 0.1578 0.3 0.25 =217 5 0.2 0.2584
0.2 0.25 -2/5 10 0.2 0.0743 0.3 0.25 -217 10 0.2 0.1269
0.2 0.25 -2/5 15 0.2 0.0453 0.3 0.25 217 15 0.2 0.0814
0.4 0.25 4/7 5 0.2 0.4231 0.4 0.25 -417 5 0.2 0.3365
0.4 0.25 4/7 10 0.2 0.2302 0.4 0.25 -417 10 0.2 0.1483
04 0.25 0 10 0.2 0.1893 04 0.25 0 15 0.2 0.1003
0.4 0.25 4[7 15 0.2 0.1701 0.4 0.25 -417 15 0.2 0.0884
0.4 0.15 217 5 0.2 0.3182 0.2 0.2 2/5 5 0.2 0.2014
0.4 0.15 217 10 0.2 0.1465 0.2 0.2 2/5 10 0.2 0.1142
0.4 0.15 217 15 0.2 0.0948 0.2 0.2 215 15 0.2 0.0843
0.3 0.25 0 10 0.2 0.1483 0.3 0.25 217 10 0.2 0.1673
0.3 0.25 0 10 0.15 0.1271 0.3 0.25 207 10 0.15 0.1394
0.3 0.25 0 10 0.1 0.0853 0.3 0.25 217 10 0.1 0.1051
0.3 0.25 =217 10 0.15 0.0972 0.3 0.25 217 10 0.1 0.0685

We conclude from the results of the table 1 that
during the combat-wheeled vehicles” motion along the

path with irregularities, the sprinkled part’s amplitude of
the transverse angular oscillations is lower in the cases:
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- the smaller lengths of the irregularities (for the
same speeds of motion);

- the higher speeds (for identical profiles of the
irregularities);

-the sprinkled part’s regressive force
characteristics (for identical static deformations of
elastic shock absorbers);

- the sprinkled part with a lower value of static
deformation of elastic shock absorbers.

The obtained dependencies are simultaneously the
basis of the estimation of the influence of the sprinkled
part’s oscillations of the combat-wheeled vehicles on
the shooting efficiency on the move from stationary
mounted small arms. Let the coordinates of the point D,
which coincides with the small arms’ center of the muz-
zle cut in the reference frame C¢&nd constantly
connected to the sprinkled part’s center of masses, are
D(Ep.np.&p) - We assume that the axis Cr coincides
with the longitudinal axis. Then the coordinates of a
given point at an arbitrary moment of the time, due to
the sprinkled part’s rotation at an angle 8 , will be:

(Vei + &8 cos(B +9)mo 5 + 5 sin(p + 9))
o

Je+¢t

These arguments allow us to find the horizontal
Héand vertical H, components of the movement of a

with B8 = arcsin

point that coincides with the center of the muzzle cut

He =& +Ch cos(B+9)-&p,
He = &d + ¢ sin(p+9) - Cp.

If the sprinkled part’s angle of rotation is limited to
its maximum value, we obtain the maximum horizontal
H, and vertical H, displacement of the point D :

H. = Jéd + ¢33 cos(B +a)-¢&,,
M, = el +casin(p+a)-¢o.

These parameters are basic for the estimation of
the influence of the transverse angular oscillations on
the shooting efficiency on the move from stationary
mounted small arms. Taking into account that the law of
dispersion of the projectiles is normal [10], we establish
the relationship between the magnitude of the deviation
of the projectile from the center of dispersion and the
probability of this deviation. Scale of dispersion of the
projectiles allows us to specify the percentage of hit of
the projectile at a certain interval. So the percentage of
hit in the interval (-1o, +1 o), the center of which is the
point C (the center of dispersion of projectiles), where
denotes the median deviation in range, is 50%, and in
(+1 o, +26) - 16%, in (+2 o, +30) - 7% and in
(+30, +4 o) - 2% of the projectiles. If a projectile is
released from a point with coordinates (0; £, ) with an

initial velocity v, and at an angle a to the horizon, than
the point of its fall C is determined by the coordinates

(6)
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in2 -
X, = VoSin2a v, cosa '—vozsmz 01290, Yo =0,
29 g

In the given dependence, we do not take into
account the forces of the resistance to the motion of the
projectiles. If the abscissa of the landing of the
projectile (the center of the fall) x.is a random variable,
then, accordingly to the normal dispersion law [11], the
probability that the absolute value of the deviation
| . —m|will be less than the positive number k is equal to

P(I% —m<k)= 2c1><§>, @)

t2

X
1 2 .
where @(x) = 7.[(; dt is a Laplace function.
V2mn
0

In the consequence of the sprinkled part’s
oscillations of the combat-wheeled vehicles the departure
height £, of the projectile will change to a positive

number HC, and therefore the projectile will land at the
point with the coordinates

A(vo sin2a: , v, Cosx
29 g
If this projectile landed in the interval (-1 o, +1 0),

then accordingly to (7) and the value of the Laplace
function [11], the number H_ must belong to the interval

2
A Ezlg[()’%gj o 68691/V025in2a+29% <H, <

Wwoosa )\, 008

1(0'6809] O o200, =,

29\ v,008¢r ) v, 00800

\/voz sin® o +29(¢, + Hg),O].

(8)

Similarly, we find values Hcfor which the point A

belongs to the intervals (+1 o, +2 o), (+20, +3 o),
(+3 0, +4 0):

1(0,680g)
29\ v,coSx

2
L L3509 | 13500 frGnT, agc,,
29 | v, cosa Vo COSa

0,68049 7 2 T
+ vV,°sin“a + 2 <H
VOCOSa\/O 960 <M.

2
ASEl[LSSagj G 13590 [ Gint a2z, <A,
29\ v, cosa V, COScx
2
1 [20600 ), 20000 fzGz i or g =a,,
29| v, cosax V, Cos

2
1(2’06ng + 2,0609 \/vozsinza +24,0 < I—Té
29\ v,cosa V, COS

2
1
L 509 N
29\ v, cosa
The maximum values of the muzzle cut D center’s
displacement, which in the reference frame Cé&n¢ has

50 2 ;2
V,“SIN“a +2 =A..
vocowz\/0 cod °
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coordinates, D(0.3,0,1.2) are given in the Table 2.
The results in it are obtained while the combat-wheeled

vehicles move with the speed 10m / s along the path with
single irregularities of 0.3 m in length and 0.2 m in height.
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The values of the change of the numbers ':'4 for the

tank machine gun are given in the Table 3. To obtain
these values we use the shooting table [12] for the
7,62 mm projectiles of the tank machine gun.

Maximum values of displacements of the point of departure of the projectile for different values of the paramete-rra{?le i
v=0 v=2I7 v==-2117
a, rad 0,1483 0,1673 0,1269
H.,m 0.1847 0.2091 0.1573
H oM 0.0820 0.0859 0.0771

Table 3

The values of the deviation Hg from the center of dispersion of projectiles for the different angles of departure of the

projectile () and the median deviations in range (¢ )

(04 o <o Vo A Ay As Ay As
8,5 40 2,8 855 -4,06497 4,071792 8,093622 12,3663 30,17647
9,6 40 2,8 855 -4,59935 4,606591 9,155416 13,98662 34,11027
12,5 40 2,8 855 -6,02642 6,034734 11,9909 18,31368 44,61607
30 40 2,8 855 -15,6917 15,70218 31,18637 47,609 115,766
6,5 35 2,8 855 -2,7144 2,718387 5,40432 8,258757 20,1678
10 35 2,8 855 -4,19577 4,201128 8,348133 12,75102 31,07352
18 35 2,8 855 -7,72804 7,734727 15,36392 23,45748 57,06905
21 35 2,8 855 -9,12976 9,136679 18,14752 27,70554 67,38493
6,5 30 2,8 855 -2,3271 2,329575 4,630418 7,074613 17,26122
7.4 30 2,8 855 -2,65132 2,654191 5,274899 8,058077 19,64861
13 30 2,8 855 -4,70791 4,712052 9,360557 14,29281 34,78469
16,5 30 2,8 855 -6,03954 6,044059 12,00517 18,3286 44,58333

General conclusions

The system of sprinkling with a progressive or
regressive characteristic of elastic shock absorbers gives
the high-quality new properties to the sprinkled part’s
oscillations of the combat-wheeled vehicles namely the
period or the eigen frequency of the sprinkled part’s
oscillations of the combat-wheeled vehicles depends on
the amplitudes.

We conclude that the magnitude of the amplitude
of the transverse angular oscillations is smaller in the
combat wheeled vehicle’s motion along the path with
the single small value irregularities for higher velocities
of the combat wheeled vehicles and the milder
characteristics of elastic shock absorbers (a lower value
of the parameter v ). At the speeds of 10 m /s, the
amplitude of transverse angular oscillations of the output of
a single irregularity for the progressive characteristics of
the elastic shock absorbers can be up to 25% higher than
for its linear analogue, at the same time for regressive
t0 22% less.

The magnitude of the dispersion, which is
predetermined sprinkled part’s oscillations of the combat-
wheeled vehicles increases, moreover for the combat-
wheeled vehicles with the regressive force characteristics of
the elastic shock absorbers during the motion along the
path with single irregularities the size of the dispersion
region is less than for the progressive ones.

Therefore, we can state that the performance of the
main functional assignments of the combat-wheeled
vehicles’ sprinkled part must be adaptive to the static
deformation of the elastic shock absorbers

0.15<A,; <0.3m and the nonlinearity parameter
-4/7<v<4/5.
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BILIAB CHJIOBUX XAPAKTEPUCTHK CUCTEMM IIIJIPECOPIOBAHHSI BOMOBHUX KOJICHUX MAIIIMH
HA E®OEKTUBHICTb BEJJEHHS BOTHIO 3 XO4Y

A.L Anppyxis, H.M. I'y3uk, P.A. Haniscekuit, M.b. Cokin

Po3pobneno memoouxy 00CnioxHceHHs 6nau8y CUNOBUX XAPAKMEPUCTNUK CUCMeEMU NIOpecopiosaHis 0O0U08UX KOMICHUX

MAwuH Ha Nonepeuni KOAUBaHHs NIOpecopeHol wacmunu, a 8i0max — epekmusHiCmb 8e0eHHs 802HIO 3 X00Y 13 CIAYioOHapHO

6cmanogienol cmpineyskoi 30poi.

HOKLZS’GHO, wo eeiuduna pOSCiIO@ClHHﬂ 3YMO86JeHa 6KA3AHUMU KOJIUBAHHAMU nidpecopenoi' uacmurnu spocmae, npudomy

07151 BUNAOKY NPOSPECUBHOT CUNLOBOT XAPAKMEPUCTIUKU NPYHCHUX AMOPMUZATOPIE NIO 4AC PYXY 83008MHC WIAXY i3 NOOOUHOKUMU

HepI6HOCMAMU eUYUHA 0ONIACMI PO3CII08ANHSL € OLIBULOIO, HIJIC OISl PEPECUBHON.

Kniouosi cnosa: cucmema niopecopiogantsi, 601i06a KONiCHA MAWUHA, AMAIIMYOd, YACMOMA KOIUBAHb.

BJMSTHUE CUJIOBBIX XAPAKTEPUCTHK CUCTEMBI TOJAPECCOPUBAHMS BOEBBIX KOJIECHBIX
MAIIH HA 9®PEKTUBHOCTDH BEJEHUS OI'HS C XO4Y

AN. Aunpyxus, H.H. I'y3p1k, P.A. Harnnscknii, M.B. Cokmn

Pa3pa60mana MemoouKa uUcCie008aHUst GIUSHUS CULOBLIX Xapakmepucmuk cucmemaosl nodpeccopueanwz 60eBbIX KOJIeCHbIX

MAWIUH Ha NONnepeyHvle KOIebaHus NoOPecCoOPEHHO Yacmu, mo ecmo — 3QPGeKmusHOCHb 8e0eHUS O2HSL C X0OY CO CMAYUOHAPHO

YCMAHOBIEHHO20 CMPENK0B8020 OPYIHCUAL.

HOKLISCIHO, umo eeiluduHa pacceusaHus oﬁywzo&/zeﬂa VKAa3aHHbIMU KonebanuaMu nodpeccopeHHozi yacmu eospacmaent,

npuuem O CAyHaAs NPOSPECCUBHOU CUNOBOU XApAKMepUCmuKu Ynpyeux amopmuzamopos npu OBUICEHUU 60016 NYMu ¢

COUHUYHBIMU HEPOBHOCTAMU 8EIUUUHA 0OJIACTNU PACCeAHUA A6TIsemcs OonvuLell, yem Oisl pecpecCUBHOLL.

Knrouesuvie cnoesa: cucmema noopeccopuganus, 60edasn KoieCHAA MAWUHA, AMIIUMYOA, 4acmoma Koiebanuil.
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