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EXPERIMENTAL
DETERMINATION OF THE
ARTILLERY GUN BREAKING
PARTS OF THE BRAKE BASIC
PARAMETERS AFFECTING
ITS CHARACTERISTICS

Approach proposing in the article allow the
authors to carry out an experimental complex
advancement of the hydrodynamic working
process of the brake of separate parts with
one-hour warning of changes in dynamic and
cinematic characteristics to the center of the mass
of visible parts. There are two ways of controlling
the characteristics of the brake — the change of the
total effective passive overflow of the calibrating
jets, the slot in the moderator’s valve, or the power
of the pulse. On the basis of the method of small
ones, the authors proposed the experimental
idea of the boundary permissible views of the
characteristics of the brake formation, as well as
the refinement of the approach to updating the
characteristics of the brake of the visible parts.

Keywords: internal chamber processes of
artillery systems, hydraulic brake, breaking part.

STATEMENT OF THE PROBLEM

The need for experimental research in the study of the
main parameters of the brake of the recoil parts of an
artillery gun was dictated, first of all, by the need to confirm
the reliability of the new results obtained in theoretical
studies. Note that all mathematical models of workflows
given by the authors use experimental coefficients [1, 2] of
multiparameter relationships, which cannot be distinguished

separately. For example Xy f,, where g is the efflux

coefficient, which depends on the pressure, shape and
dimensions of the section f;. In the course of theoretical

studies, the values were selected according to well-known
literary sources [1 — 3]. The results of theoretical studies of

the working process of the brake of the recoiling parts of the
tool give grounds to formulate the requirements for the
developed general experimental technique.

Requirements for the general methodology for
experimental research on the brakes of the recoiling parts
of the tool (spindle type).

Experimental studies of the brakes of the recoiling parts
of the tool should provide for the solution of the following
tasks: the development of a general methodology, the
development of a circuit of measuring circuits with sensitive
elements, the choice of instrumentation and recording
equipment, a methodology for processing experimental
data and evaluating errors. When constructing a general
methodology, all measured parameters should be classified
into groups [4, 5], namely:

- mechanical parameters: movement,
acceleration of the brake piston,
compensator piston (9 parameters);

- hydrodynamic parameters: pressure and rate of
pressure change in the brake volumes of the retractable
parts (5 volumes — 10 parameters);

- heat engineering parameters: temperature of the inner
and outer surfaces of the cylinder, ambient temperature
(3 parameters);

- consumption characteristics: the flow rate of liquid
through the calibration sections and the integral flow rate
of the liquid through the calibration sections in one cycle —
along the spindle section and along the cylinder slots
(4 parameters).

The general methodology should provide for taking into
account changes in the thermophysical parameters of the
liquid depending on the rate of fire. Separate registration of

speed and
moderator valve,

changes f, v, p, Z isnotprovided, since they are included

in the equations of mathematical models in small deviations.

The characteristic features of the general test procedure
should be the following: reproduction of single firing cycles
by means of a squib; reproduction of continuous firing
cycles — through the operation of a diesel-compressor,
the piston stroke of which is equal to the stroke of the
brake piston and the gun knob; in terms of power, a diesel
compressor (by regulating the consumption of diesel fuel)

38

4(28)/2020 - WEAPONS AND MILITARY EQUIPMENT



ISSN 2414-0651 (apyk)

ApTunepincbke Ta cTpineybke 036pOEHHS

should provide an imitation of the action of gun charges;
the force transmitted to the carriage must be recorded with
a dynamometer and recorded with an oscilloscope; the
variable mass of the recoil parts should allow expanding the
range of tested designs of weapons samples. On the basis of
the requirements put forward, the authors have developed
a diagram of an experimental setup for measuring the
parameters and functions of the brake of the sliding parts

(Fig. 1).

Fig. 1. Diagram of the experimental setup with control
and recording equipment of the parameters of the brake
of the recoiling parts of the tool: 1 — diesel compressor;
2 — fuel equipment; 3 — nozzle; 4 — squib; 5 — control
relay-regulator: 6 — brake of sliding parts; 7 — the mass
of the retractable parts; 8 — knurler; 9 — amplifier unit
YTC 1-BT-12; 10 — power supply unit; 11 — magneto-
electric multichannel oscilloscope H-700; 12 — sensors of
registered parameters; 13 — rotary device in horizontal and
vertical planes; 14 — compensator; 15 — differentiating and
integrating circuits; 16 — dynamometer; 17 — guide skids
of the center of mass of the retractable parts;
18 — coordinate scales; 19 — timer (sound generator);
20 — air compressor.

A brief description of the experimental setup and
the features of recording the brake parameters of the
recoiling parts of the gun

A specially designed diesel compressor (1) with fuel
equipment (2), a nozzle (3) for continuous reproduction of
firing cycles and a squib (4) for a single firing cycle is used
in the setup diagram for experimental research (Fig. 1). The
compressor power, simulating a charge, is controlled by a
relay-regulator (5), i.e. the amount of fuel injected into the
cylinder of the diesel-compressor. The brake of the recoil
parts (6), the mass of the recoil parts (7), the reel (8) perform
the same functions as when firing. The rotary device (13),
skids (17) act as standard units of the tool. Compressor (20)
is used to purge and clean the diesel compressor cylinder
at the end of the test. Coordinate scales (18) are associated
with a stationary coordinate system for assessing the
motionlessness of the tool [6, 7].

The peculiarities of the registration of parameters should
include the fact that the experiment is aimed not at obtaining
the values of the main functions, but their derivatives and
integrals of the flow rate of the working fluid through the
calibration sections. The first and second derivatives in the
experiment were obtained by introducing differentiating
and integrating circuits into the measuring circuit, designed
specifically for low-frequency processes (1 ... 10 Hertz). The
integration operation is carried out by a current amplifier,
the input voltage is supplied from the sensitive element
(sensors) (Fig. 1). At the input of the circuit, an active
resistance R, is set, and in the feedback C — a capacitance,
then the output will be the integral of the output voltage:

Vo= [V,

ent.

(1

where V. — output voltage, J/, ~— input voltage, 7 —
hour.

The calibration characteristic of this measuring circuit
was obtained both on a constant pressure test bench and on
an impulse test bench (diesel-compressor fuel equipment).
The maximum jump was created of the same order as the
pressure jump in the volume of the recoil brake (it was set
by the preliminary tightening of the fuel pump spring). The
measuring circuit (Fig. 2) worked according to the
registration principle 4, =f(x). P, and P~ pressure

values before entering the section and after the section, the

input voltage is proportional to the pressure, the flow rate of
the working fluid is:

0=7,.= | {ﬂf—(X),/lz)-\/E—Pz]dT- @)

Fig. 2. Measuring circuit of the liquid flow rate through the
calibration sections: 1, 2 — liquid pressure sensors;
3 — spindle; 4 — cone of movement along the spindle;
5 — amplifier; 6 — integrating circuit; 7 — oscilloscope;
8 — power supply unit; 9 — volumetric capacity (0.01)
for small movements

The hydrodynamic and mechanical parameters are
measured in a similar way, with the only difference that
instead of an integrating circuit, differentiating cells are
included in the measuring and calibration circuit. An active
resistance R was set at the amplifier in the feedback, and a
capacitance C was set at the input. To register the mechanical
parameters of the moderator valve displacement, at which

the lower limit (4f), =0 at x, = 0 and the upper free

coordinate at X, <X, -(4f), =max, an induction

O3BEPOEHHA TA BINCbKOBA TEXHIKA + 4(28)/2020

39



Artillery weapons & small arms

ISSN 2663-5550 (online)

sensor (Fig. 3) designed by V. Anisimov, described in [8] for
small displacements, was used.

Fig. 3. Diagram of a small displacement induction
sensor: a — sensor; b — calibration characteristic (curve 1)

and change (/j)k = f(x) (curve 2); 1 — case;

2 — dielectric; 3 — coils; 4 — plug connector; 5 — a needle

with a pathogen; 6 — sealed cover; 7 — moderator valve;
8 —saddle

In the case of large displacements (brake rod travel),
such a sensor has a non-linear calibration characteristic. In
fig. 4 a diagram for measuring the movement of the piston
of the brake rod of the sliding parts is shown.

ZR.m

Fig. 4. Scheme for measuring large displacements by a
chain of active resistances:
1 — scale; 2 — rod piston; 3 — calibration curve by x(7);

4 — speed (frequency) calibration curve (ZXJ
T

The principle of operation of the measuring cell is as
follows. Active resistances are included in the accumulator
by the movement of the piston (2), and the marks on the
scale (1) duplicate the position. Then, the relative
displacements, proportional to the additional average

resistances AX = AR by average AX , give the curve (3).

As you can see, it is linear in X and, therefore, easily

differentiable
In order to coordinate the kinematic characteristics in
time on the scale 7, according to the known frequency

parameters, an artificial label was imposed with specified

frequencies fl (curves 4) for such a range of speeds that

occur in real processes, which corresponds to the first

dX
derivative of the displacement speed (dr} .
f=const

To eliminate errors in calibration and processing of
oscillograms, special attention was paid to the frequency
characteristics of the control and measurement and
recording equipment.

Control, measuring and recording equipment

When developing measuring and recording circuits,
special attention was paid to the analysis of losses in
electrical ~ circuits and their amplitude-frequency
characteristics. Let’s consider the most general registration
scheme, for example, acceleration of the compensator
piston movement. It is required to know the parameters:
m,,F,, f [11], on which, in accordance with the

displacements and time, the values 5k,135,2—X,x(r) depend.
T

Then the measuring and calibration circuits can be
represented by the diagram shown in Fig. 5.
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Fig. 5. Measuring and calibration circuits for recording
the parameters of the compensator a):
1 — compensator cylinder; 2 — spring; 3 — piston;
4 — inductive sensor for piston displacement;
5 — strain gauge fluid pressure sensor; 6 — amplifier
TCB — 12; 7, 8 — differentiating circuits;
9 — magneto-electric oscilloscope; 10 — power supply
unit; 11 — micrometric movement screw;
12 — dynamometer; 13 — exemplary pressure gauge;
14 — cables; 15 — sound generator,
b) — characteristic of the spring (1); ¢) 2 — displacement
of the piston from pressure;
3 — change in piston speed from pressure
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When calibrating the piston movement (carried out by a
micrometric screw (11)), the pressure is recorded with a
model manometer (13), while the oscilloscope (9) registers
the deviation according to the function (6) or according to
its derivatives (7, 8). The constant components of the
connecting cables (capacitance and resistance) are not taken
into account, since they do not change when measured
0,,P.,X,, and their derivatives. The same technique

excludes errors in measuring the geometric dimensions of
parts f5

The frequency characteristics of the oscilloscope loops,
as a rule, are selected two or more orders of magnitude
higher than the frequency of the recorded parameters (even
the lowest frequency ones), therefore, no oscilloscope loop
distortion is observed.

Similarly, circuits for measuring other groups of
parameters are formed, with the exception of measuring
and calibration circuits for measuring the temperatures of
the liquid and the outer surface of the brake cylinder of the
sliding parts.

Fig. 6 shows the calibration and measuring circuits,
which include thermocouples as a temperature sensor, the
thermal conductivity of which is close to the material of the
brake cylinder of the sliding parts.

Fig. 6. Calibration measuring circuit for recording
the temperatures of the working fluid and the surfaces
of the brake cylinder of the sliding parts: 1 — cylinder;

2 — thermocouples in slots; 3 — EPP-09 multipoint
potentiometer; 4 — cold junction of thermocouple;

5 — exemplary thermometer; 6 — environmental

thermometer; 7 — thermostat; 8§ — thermocouples on the
surface of the cylinder

Thermocouples inside the cylinder are installed in
throttling sections so that the junction does not affect
the size of the calibration hole, and on the surface of the
cylinder they are fixed by springs so that the clamp does not
affect the heat exchange screen with the environment. The
total heat transfer coefficient was determined by calculation
using the Pomerantsev criterion [9] only for the cylindrical
part of the brake.

For a comprehensive analysis of changes in the
parameters and functions of the brake of the recoil parts of
the tool, the general method provides for the simultaneous
registration of 12 processes (12 differential equations in

mathematical models [11]), of which: 3 movements of the
brake piston (center of mass of the recoil parts, compensator
piston, moderator valve); pressure in five volumes [11]

( P~ })5), there are also four parameters: 2 speed

characteristics of the liquid along the spindle and grooves of
the cylinder, 2 integral values of these flows. Thermal
parameters are recorded by measuring chains from five
external and five internal thermocouples. The derivatives of
the registered functions and the second derivatives of the
three kinematic characteristics are removed by differentiating
contours, as shown in Fig. 5.

The procedure for processing the results of experimental
measurements of any of the parameters for comparison with
their calculated values must meet the following requirements:
rounding of the initial data, reference scales, zero lines,
calibration value scales must have the same number of
significant digits after the decimal point as the tabular data
of international units of measurement, used in calculations;
the scaling factor in amplitude and in time for all processes
should be the same for the main derivatives of the second
derivatives of functions, integrals and calibration pulses.

Errors in the experimental determination of the
parameters of the brake of the recoiling parts of the gun

Taking into account the requirements of the general
methodology for organizing the experiment, the peculiarities
of recording functions and parameters, the class of control
and measuring and recording equipment, the authors
analyzed the errors of the measuring circuits for individual
groups of parameters.

The relative measurement error of any group, taking
into account the instrument error and oscillogram scaling, is
determined by the equation [11]:

3)

1
_ a0 N

Where §, :((a a) +@-a) +..+(@-a, j
is the mean square error of the results for n — cycles; 517 —

relative registration error; g = % ta,+..ta, _

n

arithmetic mean for 2 cycles; 5y — error of distortion

along the axes X and Y with increasing oscillograms.

The errors of indirect measurements of parameters were
determined by the formula [11]:

S, =(57-5,), @)

where &, are the errors in measuring geometric

dimensions; O, ~ Measurement errors during calibration.
The values of the errors of direct measurements by groups
of parameters are summarized in tabl. 1, and indirect
measurements, respectively, in tabl. 2.
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The total relative registration error [11] was determined
by the equation:

0, =0, +0)+ 0, +0,, + 04, (5)

amp

where 5 is the error of the galvanometer; 50 -

g
calibration error; &' — error in processing oscillograms;
> 0 p g g ;

§amp —amplifier error; 5dc — the error of the differentiating

cell.
The values 50 and 5(; were determined by the equations:

3 =0,+03,,+0,, (6)
Oy =0,+0y+0,, + O, (7)

where 5a is the error in the middle of the calibration

’
schedule; O g class of an exemplary pressure gauge; O e
scaling error; 5(:0 — error in measuring the ordinate of the

oscillogram; 50:1_ error of verticals of oscillograms on

paper; O M the error of increasing the oscillograms.

The obtained error values meet the requirements for the
accuracy of measurements of mechanical displacements,
hydrodynamic measurements, and thermal engineering
experiment.

The main results of experimental research on the
brakes of the retractable parts of the 2A65 artillery gun

In order to compare the results of theoretical and
experimental studies Fig. 7 shows the corresponding

Table 1. Error of direct measurements

characteristics of the brake of the sliding parts and shows
their parameters. Note that it is impossible to consider as
real in the ideal (curve 2), as it was constructed on the basis
of experimental data for calculation by the equations [11]:

po ™ 1

Y LAC I 70
Z-B-V(x)

P AC

Loph o W
Z-B-Vy(%)

and this is the result of indirect measurements. In addition,

the pulse density and the pressure value are taken constant,

i.e. equal to the average values in the range of change for
rollback and roll forward.

(&) PP
4
3
w 1
o w Ap, |
S| £ > P
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Fig. 7. Parameters of the characteristics of the brake
of the sliding parts in terms of density change «Steol-M»:
1 — calculated; 2 — experimental; characteristic parameters at
Z = 0,3-107 [N-s/m’], P,=83-10°[N/m*], Ap, is the ensity
of the liquid at the beginning of boiling; Ap,— the density

No Parameter name Relative instrumental Relative
error, taking into measurement error,
account the increase, %
%
Mechanical X, () +0,5 +0,8
parameters X,(7) +0,7 +0,75
X, (7) +0,7 +0,75
dx, ) +1,4 +0,96
T
dt
Hydrodynamic P(7) +2.2 +2.5
parameters AP 4.0 4.0
L (z') ’ ’
dt
Consumable av, +2.4 +2,4
o ()
characteristics dr
Heat engineering teo(7) +2,5 +2,5
parameters 10(7) 124 124
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Table 2. Errors of indirect measurements

No Parameter name Parameter determination equation Relative error,
%
1 geometric formulas for determining
v, +1,5
the volume of complex shapes
2 annular effective section, groove
(x . ’ +
Hi () section 2,0
X, linear length +1,0
4 D.
d ; — +1,0
4
5 Y. — function coordinate Y- i, , where u; — calibration scale
with respect to the £1,5
independent variable

of the liquid at the beginning of crystallization; p, — the &(X,), u

measurement error is 0; ACU— maximum divergence
of characteristics; Aa, ,a,,a,— rate of change of brake
characteristics depending on fluid density

Apositive fact should be recognized as close coincidence
a,and a,at Ap = (54...90)-10°[N-s*/m*] and a change CU in
the range from 1.32 to 3.5 units. The brake characteristic in
this range (curve 1) is practically linear and similar to the
characteristic of the spring.

The range of variation of critical values Ap, and Ap,
does not contradict the physics of phenomena in the
«Steol-M» liquid. It is impractical to include them in the
working range of changes due to a sharp change in the
pulse density, at /,g‘ = const. Considering that the

Y. uf tendsto (X- gf'), . parameter “time — section”, it

can sharply increase and turn the characteristic (CU)  values

to infinity. Such a missing reserve of braking energy is not
advisable, since it will lead to an increase in the rollback
time, and if Z decreases, to the occurrence of a shock at the
final stages of rollback and rollback.

(X)), u
Rk
0,5 200
0.4 J 160
0.3 i { 120
032 5} } 80
0,1 % ‘ 4 40
]

A { 2

0,02 01 02 03 wH-clu
+130 +60 0 “30 2Lc

Fig. 8. Moving the center of gravity of the 2A65 tool
depending on the change in the density of the brake
working fluid:

1- === 5(x,); 2 - = R; 3- = theoretical

RiH

0.6 4
0,5 4 200

04 160

0.3 4 120

02 80

0,1 40

9;1 05 p 100 H-2fn
Fig. 9. Displacement of the center of gravity of the
2A65 tool depending on the change in the dynamic
viscosity of the working fluid of the brake

The above analysis of the parameters of the
characteristics of the brake of the rolling parts gives the
right to assert that theoretical studies reliably reproduce the
working process. The theory of small deviations, taking
into account the design features and the parameters of the
working fluid, the operating conditions of the tool, makes it
possible to find the maximum permissible deviations of the
parameters with a reliability that meets the requirements of
the assigned research tasks.

One of the main tasks of experimental research was the
task of establishing the nature of the relationship between
the parameters of the brake of the gun and its immobility.
Fig. 8 — 13 shows the results of such an experimental
evaluation.

Analysis of the experimental results shows that the
displacement of the center of gravity of the tool depending
on the change in the density of the working fluid (Fig. 8,
curve 1) can be divided into three phases, similar to the
behavior of the brake characteristics of the recoil parts
(Fig. 7, curve 2). This is confirmed by the experimentally
removed reaction of the support R (Fig. 8, curve 2); points
A and B, where the value R rises sharply. Therefore, the
change Ap cannot go beyond the specified ranges for the
brake characteristic C = f(p) (Fig. 7).
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Since p = f,(T), then or 6(x,)= f;(T), then the

authors carried out an experiment to establish the working
range in magnitude Au (Fig. 9, curve 1). It should be noted
that the rigidity of the stand support made it possible to
remove the maximum permissible values of the parameters
only at positive temperatures, at negative temperatures the
experiment was provided only by the ambient temperature.

One of the tasks of the experiment was to establish the
degree of dependence of the displacements of the center of
gravity of the tool on the compressibility of the working
fluid. Fig. 10 clearly demonstrates the nature of the change
0(x,)=f(B(p), which basically coincides with

0(x,) = f(ut) (Fig. 9). The compressibility practically

does not affect the value of the reaction of the supports during
rollback and rolling in the range (0,26...0,84)-107[m?/N].

Changing the parameters of the brake characteristic
of the sliding parts has a greater effect than changing the
density and compressibility of the working fluid, since
the displacement of the center of gravity decreases with
increasing (Fig. 11, curve 1).

Of particular interest are also experimental data on the
displacements of the center of gravity depending on the
pulse density, which determines the characteristics of the
brake for which the parameter «time — section» and the
values Z have a mutually opposite effect on the change CU.
For this purpose, the dependence 7 = f(Z) was

superimposed on the graph of functions §(x0) = f(Z2),

where 7 is the time (final) rollback period and the first
rollback period with a continuous rate of cycles (Fig. 12.)
Analysis of these data shows that for any Z with an increase
in the number of cycles, the center of gravity of the tool
decreases.

Lo ARY R,
0.5+ 1200
0,4+ + 160
03+ i +120

{ !
02+ % | T80
| |
0,11 ! | T40
L, . . !
0,1 ,3 0,5 0,7 0,9 By 107 1]

Fig. 10. Moving the center of gravity of the tool 2A65
depending on the compressibility of the working fluid

Fig. 11. Moving the center of gravity of the 2A65 gun
depending on the change in the brake characteristics of the
retractable parts

Fig. 12. Changes in the kinematic and dynamic
functions of the brake of the sliding parts of the 2A65
implement depending on the change in the brake
characteristics (CU),;: - theoretical data; ------ calculated
data; e-e-+- experimental data

This is due to the fact that the density of the working fluid
decreases with increasing temperature. Parameters o, and a,
(Fig. 7) also decrease, an equivalent effect of quantities Z
and t X-uf on the process of absorption of kinetic energy
occurs, while the final periods decrease with an increase in
the number of cycles (Fig. 5, curves 6 — 10).

Due to the fact that the ambient temperature varies
within the range from -35 °C to + 40 °C, it is possible to
keep discrete values of the parameters of the brake
characteristic only by artificially changing the conditions
of heat exchange between the cylinder and the
environment, or by changing the geometric parameters

44
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Cf oy T= (fl_{) Then the immobility of the

artillery piece can be kept within the permissible deviations.
At the same time, the problem of restoring the brake
characteristic, formulated in this way, is not adequately
solved for rollback and ordering processes. During rollback,
part of the kinetic energy is taken in parallel with the brake
and compressed gas in the reel, the energy reserve must be
spent on the roll-off, according to the specified parameters,
and a part is absorbed by the roll-off brake. It is possible to
establish these relations of kinetic energy only by a
numerical solution to analyze the working process of the
brake, by analyzing the results of a numerical solution of the
mathematical model of the working process of an artillery
gun as an irreversible thermohydraulic machine. For
example, by choosing discrete parameters of the brake

characteristics (Fig. 7): 0 = 90-10° N -s* /m* ;
“m[d:a1+a2—25+41:33 :
2 2 meter - degree
ACU =3,2..3,5; (CU), ., =3,35and having solved

the system of equations of the mathematical model of the

volt

working processes of the hydraulic brake of the sliding parts
[11] for the cases of the brake with the standard moderator
valve and the proposed design, it is possible to establish the

%:f(ACU)H (Fig. 12).
T

dependence

dx,
L and
dr

Analysis of the calculated and experimental data (Fig. 1)
shows a significant decrease in the dynamic and kinematic

functions of the rollback brake, provided that the value
(Z4f'), changes smoothly. The stability of the tool along

the axis is increased. Therefore, the equation with the value
(Zyf), or (Zuf'),; canbe one of the ways to restore the

brake performance of the sliding parts. A characteristic
feature here should be noted that a decrease in the value CU
from 3.0 to 1.8 ... 1.2 with a decrease in the density of the
working fluid leads to the fact that the deviation of the
center of mass of the moving parts and the center of gravity
of the tool decrease by 10 %. This process is confirmed by
experiment.

Using the results of experimental studies of the working
processes of hydraulic brakes of sliding parts, let us
consider the degree of influence of the parameters on the
characteristics of the brake.

Let us use the equations for CU 0, CU, > presenting

them as small deviations of the parameters on which they

depend and the influence of which is experimentally
(Fig. 7-11) and theoretically determined (Fig. 13):

1 1
CU,=——+—F—; CU
¢ 1_ (Zluf)OT "

Z-B-AV,

T G
Z-B-AV,

where 6(Z, f,(Z ) o H) —accepted as small deviations.

The denominators in the presented equations differ only
in indices (O, H, 1, 2) which, in small deviations, can be
represented as:

Gyt _[Cu)e ) -2 (Cu)-r-9
Z-B-AV  Z-B-AV BNV Z-BAV

Then the rollback brake characteristic is represented as
follows:

s(CU), ={

| Beale cuy e cucal” o
Z-B-AV, Z*-B-AV, Z-BAV, |

and the characteristics of the roll-over brake will be
written in the same way:

S(CU), = {1 ewl: cuycoz @ 5/;}1.
Z-B-AV, VARY RV.VA Z-B*-AV,
(10)
Finally
5(CU)O=1—kl~[5(z;¢)]+ki(32+iaﬁ
1 ? ; (11)
1 1 1.0
=1-—-{s5 — -
s5(CU), 3 [5( yf)]+k5(32+k6 5B
Where:
W LAV BNV Z A
o TR T e | gy
r :Z-ﬂAVz'k :ZQ-ﬁAVz. :Z-,BZ-AVz :
o T e T )T

Fig. 13. Relative changes in the characteristics of the
brake of the sliding parts depending on the change in the
defining parameters

Having constructed the deviations for

o(CU)
unknown small deviations 6(Z, #,(Zf)) from the system

of'equations (11), we find that the most influencing argument
is the pulse density 0Z . Compressibility B does not affect
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the brake performance, the average degree of influence is
characterized by the total effective flow area of the
calibration jets, slots and the moderator valve X4 .

Thus, two ways of controlling the brake characteristic
are obvious — by changing the total effective flow area of

the calibration nozzles, slots and the moderator valve Y, ng‘

or ¢/ pulse density. Technically this can be achieved by:

using a stepless moderator valve; using a variable spindle
profile and passage sections of the grooves; using a variable

controlled section of a compensator V; with a volume V,.
Comprehensive studies of the indicated ways to preserve

the characteristics of the brake of the retractable parts are a

separate scientific task that is not considered in the article.
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Anamenko B.I., Ilerymkos B.B., Maijictpenko O.A.

EKCIHHIEPUMEHTAJIBHE BUBHAYEHHSA
OCHOBHUX ITAPAMETPIB TOPMO3Y
BIIKATHUX YACTHH APTUJLIEPIVCBKOI
TAPMATH, 11O BILIUBAIOTH HA HOT'O
XAPAKTEPUCTUKHA

3anpononosanuii 6 cmammi nioxio 003601U8 A8MOPAM
nposecmu eKCNepUMEHMAbHe KOMNIEKCHe OO0CHIONCEeHHS
2I0POOUHAMIYHO20 POOOU020 Npoyecy 2aibMa GIOKOMHUX
YACMUH 3 OOHOYACHUM CROCMEPEINCEHHAM 3MIH OUHAMIYHUX
i KIHeMAMUYHUX XaAPAKMEPUCUK YEeHMPY MAC 8IOKOMHUX
yacmun. Iliomeepooiceni 06a wiiAXU YNPAGLIHHA Xa-
PAKMEPUCMUKOIO 2A1bMA 3MIHOI CYMAPHO20 eheKmusHo20
npoxioHo20 nepemuny KaniOpy8anbHUX OJICUKIEPI8, NA3i8
i KIanamy mooepamopa abo WinbHOCMI IMRYIbCY.
Ha ocnosi memody manux eioxunenv agmopamu 3anpo-
NOHOBAHUL eKCNEPUMEHMANbHUL NIOXIO 3 OOIPYHIMYGAHHSL
2PAHUYHO — OONYCMUMUX — GIOXUNEHb  XAPAKMEPUCTHUK
2anbMa, a MAKoNC YMOUHEHi NiOXo0u 00 GiOHOGNIEHHS
Xapakmepucmux 2anvma GiOKomuux uacmun. Heobxio-
HICMb eKCNePUMEHMAIbHUX 00CTIONCEHb NPU OOCTIONCEHHE
OCHOBHUX — NApAMempié  2anbMd  GIOKOMHUX — YACMUH
apmunepiiicbkoi eapmamu  OUKMy6andcs, nepui 3a éce,
HeOOXIOHICMIO NIOMEePOINCeHHsT OOCMOGIPHOCMI  HOBUX
pesyiomamis, WO OMPUMAHI NI YAC MEOPEeMUUHUX
docnioxcenv. 3ayeanicumo, wo 6ci MamemamuiHi Mooeii
pobouux npoyecis, Hagedeni asMopamu, BUKOPUCOBYIOMb
eKcnepumMenmanvhi Koepiyichmu 6a2amonapamempuyHux
63A€MO038 "A3Ki6, GUOLTUMU SIKI OKPEMO He NPeOCMAasIsAEmMbCs
Mooicnueum. 3 mMemolo  nepesipku  a0eK8amHocmi
pe3yiomamie meopemudHux O00CH0MNCeHb 13 CMIUKOCMI
ma HepyxomMocmi apmuuepiicbkoi zsapmamu agmopamu
pospobneni  3a2anbHa U NPUBAMHA  MEMOOUKU
EeKCNepUMEeHmMaibHux — 00CAIOdCeHb  pobouoeo  npoyecy
2anbMa 8iOKOMHUX YACTUH, eKCNePUMEHMATbHA YCIMAHOBKA
0151 QOCTIONCEHHT Napamempie 2anibmMa GiOKOMHUX Ydc-
mun.  Pesynomamu  excnepumenmanvuux — 00cniodiceHb
niomeepoNCYIomb  SCMAHOGNICHUL MeOPemUYHUL 38 30K
HEPYXoMOCmi ma Cmitikocmi eapmamu 8i0 8eUYUHU 3MIHU
napamempis po6ouoi piounu 2arbma GiOKOMHUX YACMUH
(xapaxmepucmuru 2anivma) i KOHCMPYKYii 600CKOHANEHO2O
modepamopa.  IIposedeni  00CHiOdNCEHHS — NOKA3AIU
adeKeamuicms ~ mMeopemuyHux U  eKCHepUMEHMANbHUX
pe3ynvmamis, ompumanux asmopamu. Excnepumenmansno
6CMAHOBNICHO  30LIbUIeHHsT — napamempié — CMIUKOCMI
ma Hepyxomocmi apmunepiicokoi capmamu Ha 13 —
15% npu peanizayii 3anponono8aro2o asmopamu cnocooy
CcmyneHnesol sMiHU nepemikanHs poboyoi piounu i 3acmocy-
8aHMH5L YOOCKOHALEHO20 MOOEPaAmopa.

Knouosi  cnosa:  enympiwmnvoxamepui  npoyecu
apmuaepilicbKux cucmem, 2IOpasiiuHi 2anbma, GiOKOMHA
yacmuna.
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