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OF AS5TDF ENGINE MOTOR RESOURCE CONSUMPTION
UNDER DIFFERENT OPERATING MODES OF THE MACHINE

Abstract. The subject matter of the article is accounting for the motor resource of the 5TDF tank engine under
different operating modes. The goal of the study is to development of a methodology for estimating the consumption
of a motor resource of a 5TDF engine under different operating modes of the machine. The tasks to be solved are:
based on the analysis of data on the operating modes of the 5TDF engine, to determine a set of parameters that give
empirical and analytical estimates of the consumption of the motor resource of the machine; to request analytical
estimates of the consumption of the 5TDF engine motor resource in terms of the number of years’ service in different
machine operating modes; to propose a mechanism for the processing of numerical values, depending on the results
of the statistical processing of these machine operation data. General scientific and special methods of scientific
knowledge are used. The following results were obtained: A continuous functional dependence of the actual number of
hours spent by the engine on the values of the meter per hours at different speeds, allow more careful accounting of engine
consumption, but will involve the development of special devices based on modern elements has been determined.
Conclusions. It is possible to make a conclusion about the nonlinear nature of the dependence of the engine life on time
with different engine operation at different load modes. Engine operating modes, which are determined by load resistance,
are characterized by the number of revolutions of the engine crankshaft and the amount of power developed by the engine,
largely determine its energy and economic performance of the engine and engine consumption. The testing ground for the
consumption of the motor resource of the machine, depending on the readings of the engine hours counter, can be formed
on the basis of the data obtained from the results of the operation of the machine in different conditions. The analysis of the
results of the research carried out that finding dependence of a 5tdf engine motor resource can be presented as the sum of
two regressions — linear and hyperbolic. The readings of the engine hours counter will be recorded and further processed
when the 5TDF engine is running in 1-V and VI, VII gears, respectively. Such realization will make it possible to use the
regression equation directly for the car crew.
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for tank hours counters.

Formulation of the problem
and research tasks

A tank diesel engine is a complex multi-
component unit with a service life set by the
manufacturer. The concept of diesel engine life means a
certain number of hours that a new power unit of this
type must be guaranteed to work. Under the end of the
diesel life should be understood that further operation of
the engine becomes impossible without overhaul of the
power plant.

The service life of a tank engine depends on the
quality of diesel engine oil, timely maintenance,
serviceability of the diesel engine fuel system and other
internal combustion engine systems. Diesel units are
also extremely sensitive to overheating, which requires
constant monitoring of the cooling system.

The engine life of an internal combustion engine
depends on its design features, as well as individual
operating conditions.

In the near future, the 5TDF tank engine and its
modifications will remain widely used on AMWE
models of the Armed Forces, therefore, the development
of methods for more careful accounting of engine life is
an urgent scientific and technical task [1].

Analysis of recent research and publications.
The issue of accounting for motor resources was indeed
one of the “sickest” for the Soviet tank troops. The idea
to create a device that can accurately consider the

different types of load on the tank engine was proposed
by the famous Kalashnikov shortly before World War
Il, but due to objective reasons, was not implemented.
The development of the element base, SAD-tools, tools
for collecting data on the state of the engine makes it
possible not only to improve the performance of the
machine, but also to more accurately assess the
consumption of its engine life [2].

Traditionally, the consumption of motor resources
is planned for the list number of machines and power
units, but not more than the amount provided by the
regular purpose, and within the established norms,
subject to uniform (stepped) output of machines for
repair during the year. At the same time one hour of
work of the car (power unit) is equated to run (the
specified norm at writing off of fuel and oils is not
applied).

The methodology for accounting for the operation
of a power plant under more severe operating conditions
(for example, when working with a minesweeper, in
rough terrain, severe climatic conditions, etc.) is also
not complete enough.

The need for such an account was considered by
the designers of the T-72 tank. In particular, two hours
counters were installed on the T-72M Ural tank.
However, the ideology of using unlimited resources and
simplifying technology at the end of the Soviet Union,
the collapse of the latter and the lack of funding for
independence, buried this idea.
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Thus, the development of methods for accounting
for the engine life of the tank 5TDF engine in different
modes of operation is relevant.

The goal of the study is to develop a method for
estimating the consumption of engine life 5TDF engine
in different modes of operation of the machine.

This goal defined the following research tasks:

—on the basis of the 5TDF engine data on operating
modes analysis to define set of the parameters giving
empirical and analytical estimations of an expense of a
motor resource of the car.

—to offer analytical dependences of an estimation
of an expense of a motor resource of the 5TDF engine
on quantity of the fulfilled motor-hours at different
modes of operation of cars

— to offer the mechanism of calculation of
numerical values, proceeding from results of their
statistical processing of data of operation of the vehicle.

— to analyze the constructive possibilities of
practical implementation of the developed technique in
view of the available control and measuring devices
installed on the sample T-64B.

Main material

1. Relationship between the operating modes of
the 5TDF engine and parameters give empirical and
analytical estimates of the consumption of the
machine motor resource. To assess the performance of
engines when operating at different load modes, it is
customary to use the following parameters: effective
power; torque, average effective pressure.

Dependences of the basic indicators of work of the
engine on turns of a cranked shaft are accepted to name
speed characteristics.

The external characteristic of the engine, being the
main, allows to estimate:

- limit values of power and torque in all range of
change of turns;

- characteristic speed modes;

- the area of the most economical speed modes;

- traction (dynamic) qualities of the engine.

For example, at idle, the specific indicator fuel
consumption is about twice as high as at higher loads.

These indicators are indirect in relation to the
consumption of the motor resource of the engine,
however, based on their analysis, conclusions can be
drawn:

There is a direct dependence of the ICE resource
on the wear of the cylinder-piston group.

Constant driving at extreme loads or other difficult
conditions can reduce the declared engine life by up to
2-3 times. Maintaining the operating temperature of the
internal combustion engine is extremely important so
that the loaded parts are effectively cooled in order to
prevent rapid wear and damage to the mechanism parts,
in particular, jamming of the pistons in the cylinders.

In addition, it is possible to make a platoon about
the nonlinear nature of the dependence of the engine life
on time with different engine operation at different load
modes.

Engine operating modes, which are determined by
load resistance, are characterized by the number of

revolutions of the engine crankshaft and the amount of
power developed by the engine, largely determine its
energy and economic performance of the engine and
engine consumption [3].

2. Analytical dependences of an estimation of an
expense of a motor resource of the 5TDF engine on
quantity of the fulfilled motor-hours at different
modes of operation of cars. We’ll assume that
accounting for the actual consumption of a motor
resource depending on the number of hours worked by
the engine, in the simplest case, can be carried out
according to the general expression:

MR(m) = XX | ap,imy;. (1)
where a,; — load factor having a positive value; k —
the number of intervals the engine speed range can be
divided [NminiNmax]: Mpi — the number of engine
hours according to the meter readings when the engine
is running at speed in the i-th interval n; & [Niin i Nmax | -

Traditionally, the range [Npmin;Nmax | determines

the intervals corresponding to the engine idling speed,
operating speed and speed at which the machine
operates in difficult conditions at full load. So, we
accept k =3.

So, for the 5TDF engine the full range can be
assigned as [800,3000] .

To continue the operation of the 5TDF, it is
necessary to designate the intervals for changing the
wraps, as to allow the idling of the robotic engine, the
robotic operation in the normal operating mode, and in
the case of robotic navigation:

[nmin' Tlis], [nosl’ nosz]a [nl’ nmax]! (2)

In the simplest wversion for practical
implementation, it can be assumed that the value of the
load factor is constant over the entire i-th interval

apj =const, 3)
then expression (1) can be written:
MR = aymys + a,m,s + azmy, 4

where m;,—the number of hours worked by the engine
according to the meter at idle speed in a certain interval;
m,,— the number of hours worked by the engine
according to the meter at operating speed in a certain
interval; m;,—the number of hours worked by the engine
according to the meter at speeds corresponding to the
operation of the engine under load in difficult conditions
in a certain interval; a;, a2, az — are positive numerical
coefficients.

Let’s note that the use of expression (1) in practice
is not a complicated procedure for the crew of the
machine, although it requires minimal design
refinement.

The accuracy of the obtained results can be
increased by reducing the sampling step over the entire
range of engine revolutions [1,,4., Mminl-

Undoubtedly, the introduction of a continuous
functional dependence of the actual number of motor
hours worked by the engine on the values of the motor-
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hour counter indicator at different revolutions will
enable a more thorough accounting of motor resource
consumption, but will be associated with the
development of special devices based on a modern
element base.
In this case, expression (1) will have the form:
MR(m) = f:ma"a(m) dn.

min (5)

Since the dependence M(m) is non-linear, it is
appropriate to consider its derivative as its qualitative
characteristic ?—mR . ‘;—7:, based on the fact that the reading

of the engine hours counter is a function of the engine
revolutions. That is,

JdMR 0Jm

a(m) = ——=-——. (6)

Provided that the assumption (3) is made, it is

possible to accept the expression in a close examination

AMR
o = T

AMR = MRye; — MRyy; @)

Am = Mpeg — Mgip,

mye,— the value of the engine hours counter
indicator at the beginning of the i-th interval;

mg;,— the value of the engine hours counter
indicator at the end of the i-th interval.

Expression (7) can be transformed as follows:

_ MRKinu - MRnov _
am)=————=
Myiny — Myoy
MR.. MR.. )]
Kiny MR,wl, Kiny 4
— MRnou MRnov — MRnov
mkim; _ m, mkinu -1 ’
m m m

noyd nod nod

The relation follows from expression (8)

P _q =a(m)(w—1).

MRH(]‘{ mn(]l{ (9)
To simplify the procedure of statistical processing
of operating data, we accept

MR ginisp Mfinish
Drrinish . a(m) (f_)
MRstart Mstart

(10)
and, taking into account the energy and economic
indicators of the engine, we will assume

MRr n 82 051 0 o g(m) 22,
MR Gfy Sz Uy mq

(11)

where MR — engine resource consumption, engine
hours; Gf — hourly fuel consumption kg/h; S — range,
km; v — vehicle speed, km/h; espectively at revolutions
niand ny, (N2 > ny).

Expression (10) is the most suitable for processing
statistical data obtained during machine operation.

The relationship between MR, Gm, v and S values
is determined based on the design of the machine's
power plant and accepted standards of its operation.

So, based on the values of Gm, v and S obtained
during the operation of the car in different road
conditions and under different loads, the values of MR
are calculated, which we will consider as the starting
point for finding the coefficients a, b, ¢ of the regression
equation (4). When collecting statistical data, it is
suggested to keep track of the selected gear in which

gear the car is moving: p = 1, P, P — the number of
gears the car moves.

Thus, the testing ground for the consumption of
the motor resource of the machine, depending on the
readings of the engine hours counter, can be formed on
the basis of the data obtained from the results of the
operation of the machine in different conditions
(table 1). The value of MR (column 6) is calculated
based on the data of columns (2)-(5) under different
operating conditions of the machine.

Table 1 — Statistical data on motor resource consumption based on the results of machine operation

in various operating conditions

The crankshaft . Engine The number The value of
A Hourly fuel Vehicle 8
Measurement winding - Range resource of the selected | engine hours
- consumption, speed v, ;
number, i frequency, n, S, km consumption gear the car counter
4 Gf, kg/h km/h X o
turns/min MR, hours; moves, p indicator, m
1 2 3 4 5 6 7 8
i nmin Nmin Ghmin S nmin V nmin MRnamin Pnmin Mnmin
in1 N1 Gn1 Sn Von1 MRn1 Ppn1 Mn1
in2 n2 Gn2 Sn2 V n2 MRn2 Pn2 Mn2
i nmax Nmax Grmax S nmax V nmax MRnmax Pnmax Mnmax
3. The regression coefficients calculation. To my; My My,
find the regression coefficients ai, a,, as of the equation M= My My Mym
(4) by the method of least squares, statistical data were ol
obtained according to the table. 1: Myr Moy Mym (12)
It is proposed to calculate the regression a, e MR,
coefficients in a matrix manner. a, e, MR,
Let's present the simulation data and regression A= " E=|"| MR=[""7|
coefficients in matrix form a, e, MR,
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where MR — an n-dimension column of the independent
variable; X —an n x m -dimension matrix of the tank
engine hours counter indicators; A —an n-dimension
column vector of the regression equation coefficients;
E — is a n-dimension column vector of deviations of the
dependent variable y; from similar values obtained by
the regression equation:

MRi =am; + am;, + .- +aimin. (13)

In the matrix view we obtain:
e=Y-MA. (14)

By the least square’s method
?:1 eiz = eTe = (15)

= (MR — MA)" (MR — MA) - min.

It can be shown that the front of the mind is
concatenated, as if the Vector

A= MTM)"*MTMR. (16)
After solving equation (15) we obtain the values of
the coefficients of the regression equation A*.

The coefficients of equation (10) can be found as
follows:

A= (4T, (16)

Thus, based on the obtained values the regression
equation (1) and the known M={mi, m; ,...,mn} values
of the tank's engine hours counter, it is possible to
calculate the consumption of the machine's motor
resource, taking into account the peculiarities of its
operation in different conditions [4-7].

3. Calculation of numerical values, proceeding
from results of their statistical processing of data of
operation of the vehicle. Statistical data on operation in
various conditions were subject to research are as
follows:

- movement of the machine on concrete,

- operating with attached equipment of the mine
trawl, etc.

The analysis of the results of the research carried
out according to formulas (11)-(16) showed that when
finding MR as a dependence of MR=f (Gm, v, S) under
different operating conditions, expression (9) can be
presented as the sum of two regressions — linear and

hyperbolic:
% = MR, (Z—:) + MR, (Z—:) 17)
where
MR, (%) = by + b, (%) - (18)

linear regression;
MR, () = by + b, (22) = bs + b, (ﬁ) -~ (19)
mp

hyperbolic regression

Note that when reduced to a common
denominator, expression (17) can be defined as a
polynomial regression equation.

By setting different values of my and me, it is
possible to study the motor resource consumption under
different loads and engine operating modes. As an

example, the dependence graph is given %

In this case, the range of speed changes was in the
interval [0,2v,,4,; 0,8V,,4,] COrresponds to the machine
speed movement of the on the terrain during military
operation. As m,, the value of the engine hour counter
indicators when the car is moving on a paved concrete
road is taken.

The obtained results qualitatively coincide with
those obtained during stand and natural tests (Fig. 1).
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Fig. 1. Motor resource consumption under different loads and engine operating modes

Based on the results of solving equations (12)-(16)
the expression is obtained

Ziig =1,125 — 0,625 (:—:) +0,3 (:—:)

(20)

Here bi+bs;=1,125;
b, =-0,625; (21)
b4 = 0,3.
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Next, the coefficients of the equation (4) were
obtained as follows:

A* = (1,001;1,125; 1,73333) (22)

4. Constructive possibilities of practical
implementation of the developed technique in view
of the available control and measuring devices
installed on the sample T-64B. The standard

equipment of the T-64 tank is equipped with one 228 -
110 engine hour meter.

As a prototype, it is proposed to consider the
organization of accounting in the T-72M sample.
According to the operation of the machine's electrical
equipment, the operation of the engine hours counter
“under load” is based on an electrical signal from the
neutral selector sensor (Fig. 2 a, b).

/
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Lwpr20n53LW7
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The gear selector
neutral sensor
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N N\

N N\
\
From the gear

i
selector neutral R T § 3 3 g
© g o o © 5

Under load

engine hours counter
General

Fig. 2. Electrical diagrams for connecting the neutral sensor
of the gear selector of the T-72 tank and the engine hour counters

Unlike the T-72M sample, the T-64B does not
have a neutral selector sensor. Without additional
installation of such a sensor, the necessary signal can be
obtained from the block of switching of the stage

(Fig. 3), which is identical for both machines. In this
case, the readings of the engine hours counter will be
recorded and further processed when the engine is
running in I-V and VI, VII gears, respectively.
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Design of obtaining information about the
operation of the engine on the model of the T-64 tank is
similar to the T-72.

So, the electrical signal from the T-72 neutral
selector sensor to the engine hour meter “under load”
passes through circuit 0145-0141-078 and “general”
hour meter through circuit 025-25-289 (Fig. 2).

By analogy, in the model of the T-64 tank, data on
the operation of the engine “under load” is proposed to
be obtained from the circuit of the EM-30 123
electromagnet or from the corresponding circuits of the
D-20 sensors (Fig. 3).
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Fig. 3. Electrical diagram
of the T-64 and T-72 tank rocker switch unit

The obtained values of coefficients a;=1.00001;
a;=1.125; a3=1.7333 provide accounting of engine
operation at idling speed, normal operating speed and
when working under load.

To differentiate the operation of the engine at
idling speed, it is proposed to generate a fuel
consumption signal. Such a signal can be, for example,
an electrical signal from a fuel gauge sensor. In this
case, it will be possible the “logical” combination of
values using the rules of Boolean algebra and the
installation of additional microprocessor equipment on
the machine.

According to the authors, this will allow more
accurate accounting of the machine's motor resource,
avoiding “engine tarnishing”, etc.

In the simplified case, taking into account the
possible option a;=1.00001; accounting for m; (general)
and ms (under load) is proposed.

MR(m) = 1.125mgen + 1.7333mund€r load* (23)

Such realization will make it possible to use the
regression equation (18) directly for the car crew [8, 9].

Conclusions

1.1t is possible to make a conclusion about the
nonlinear nature of the dependence of the engine life on
time with different engine operation at different load
modes.

Engine operating modes, which are determined by
load resistance, are characterized by the number of
revolutions of the engine crankshaft and the amount of
power developed by the engine, largely determine its
energy and economic performance of the engine and
engine consumption.

2. the testing ground for the consumption of the
motor resource of the machine, depending on the
readings of the engine hours counter, can be formed on
the basis of the data obtained from the results of the
operation of the machine in different conditions

3. The analysis of the results of the research
carried out that finding dependence of a 5tdf engine
motor resource can be presented as the sum of two
regressions — linear and hyperbolic:

4. The readings of the engine hours counter will be
recorded and further processed when the 5TDF engine
is running in I-V and VI, VII gears, respectively.

Such realization will make it possible to use the
regression equation directly for the car crew..
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Po3podka Meroauku omiHKH BUTPaTH MoTopecypey ABuryHa ST/I® 3a pizHux pe:kuMax podoTH MAIIUHU
O. A. Makoros, B. C. Cipour, C. M. I'y6a, O. O. JlaBpyT, C. M. 3arpe0ensuuii, A. B. Pyanii

Anoranisi. Ilpeqverom BUBYeHHsI B cTaTTi € 00K MoTOpecypey Auryna Tanka ST/I® Ha pi3HUX pexumax poOoTu.
Mertoro craTTi € po3poOka METOIMKH OLIHKM BHUTpaT moropecypcy asuryHa STHA® npu pisHHX pekumax eKCIUTyaTarii
MallMHU. 3aBJaHHSI JOCTIIKEHHsI: Ha OCHOBI aHali3y [aHUX Mpo pexumu podotn asuryHa S5T/D BuzHauuTu Oe3nmiu
napameTpiB, 1O AIOTh MIIPHYHI Ta AHAIITHYHI OLIHKM BHTPAaT MOTOPECYPCY MAIMHH; 3alpOIOHYBAaTH aHAJITHYHI OLHKU
BUTpar moropecypcy apuryHa STJID Bix KiIbKOCTI BiANpanbOBaHUX MOTOIOIMH MPHU PI3HUX PEXKHUMAX EKCIUTyaTalil MalluHH;
3aMpOINOHYBATH MEXaHi3M PO3PaxyHKY YHCIOBHX 3HAYeHb, BUXOIIYM 3 PE3YNbTAaTiB iX CTaTHCTHYHOI OOPOOKH IaHHX
eKCIUTyaTallii MalliHK; POaHai3yBaTi KOHCTPYKTHUBHI MOXITUBOCTI MPaKTHYHOI peai3amii po3po0ieHoi MEeTOMKHY 3 OISy Ha
HasIBHI KOHTPOJIbHO-BUMIPIOBAJIbHI MU, BCTAHOBICHI Ha 3pa3ky T-64B. MeTomosoridHO OCHOBOIO JOCHIDKSHHS CTallH
3araJbHOHAYKOBI Ta CreliaibHi METOAM HayKoBOro mi3HaHHs. OTpHUMaHi HAacTymHi pe3yjbraTu: Busnauena OesmepepBHa
(GyHKIIOHAIPHA 3aJeKHICTh (DAKTHYHOI KiNBKOCTI TOAMH POOOTH [BUI'YHA BiJ 3HAUCHb JIUWIBHHAKA 33 TOJAMHY HA Pi3HUX
LIBUAKOCTSIX, IO JO3BOJHMTH OUIBII PETENbHO BECTH OOJIK BUTpaTH [IBUTYHA, aje mepeadadatume po3poOKy cremiaabHUX
MPUJIA/IIB HA OCHOBI CydYacHOI ejeMeHTHOI 6a3u. BucHoBKkH. MosxHA 3p0OMTH BUCHOBOK MPO HENIHIMHHUN XapakTep 3aJeHOCT1
pecypcy ABUTYHA Bij yacy HpH poOOTi IBUIYHA Ha Pi3HUX peMMax HaBaHTakeHHs. Pexumu podotu [IBC, mo BU3HAYAIOTHCS
OMOPOM HABaHTAXKEHb, XAPAKTEPHU3YIOThCSA YHCIOM OOEpPTIB KONMIHYACTOrO Baly I BEIMYMHOIO MOTY>KHOCTI, IO PO3BHUBAETHCS
JBUT'YHOM, 3HAYHOIO MipOI0 BU3HAYAIOTh SHEPreTHYHI Ta EKOHOMIYHI MOKAa3HUKH IBUT'YHA Ta BUTPATy Horo pecypcy. Ilomiron
3HAYeHb IS JOCHI/DKSHHS BUTPATH MOTOPECYpPCY MAIMHH B 3aJI€KHOCTI BiJl MOKa3aHb JIYMIbHHKA MOTOTOJMH MOXe OyTH
chopMoBaHMI Ha OCHOBI [aHHX, OTPUMAaHHMX 3a pe3ysbTaTaMHd POOOTH MAIIMHK B PI3HUX yMOBaX. AHai3 pe3yJbTariB
MPOBEACHUX JOCIIDKEHB TOKa3aB, 0 3HAXiIHY 3aIeKHICTh MOoTOpecypcy ABuryHa 5TDF MO)KHA IIPECTABUTH y BUIIISIl CYMH
JIBOX perpeciii — miHilHOl Ta rimepOoriuHoi. [loka3aHHS NiYMIBHAKA MOTOTOIHH OYAyTh 3amMCyBaTHCS i 0OpOOISTHCS, KOIH
nuryH STDF mpaigroe Ha I-V i VI, VII nepenayax Bigmosigno. Taka peaniszaiiisi 1acTh MOXKITHUBICTh BUKOPHCTOBYBATH PiBHSIHHS
perpecii 6e3nocepeHbO ISl eKiMaxy TaHKa.

KawuoBi cioBa: Burpara Moropecypcy apuryna STI®; piBHsSHHS perpecii; MeToa HaWMEHIIMX KBaapaTiB; OOIIK
MMOKAa3HHKIB JTIYMIFHAKA MOTOTO/IMH B TAHKY.
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