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The selection technique of diagnostic parameters for
the creation of fault detection system of autonomous
electric power sources based on gasoline and diesel
engines is given in the paper. An analysis of the de-
sign features for autonomous electric power sources
based on internal combustion engines, which are the
most common on the Ukrainian market, was carried
out. Thanks to this, a logical model of the research
object, which establishes the relation between the
main structural elements of the system and determines
the possible states of the system, was developed. The
effect of fault state initiation for each element on the
other system elements was analyzed. An informative
criterion — Shannon information entropy is proposed
to determine the finite number of diagnostic parame-
ters among the infinite number of possible combina-
tions for physical parameters that characterize the
system. The equal-probable cases of exit from opera-
tional state of each system elements are considered.
The residual entropies of the system at the fault state
for one of the autonomous power sources assembly
are determined, having applied the concept of Shan-
non information entropy. The residual entropy value
is the informative criterion. The application of this
criterion allowed to determine the system elements
that most effectively reduce the system uncertainty
degree. Based on the residual entropy values, the
system assemblies, the state of which should be pri-
marily monitored by diagnostic system, are selected.
The diagnostic parameters are determined for such
elements, and the ways to obtain them are given.

Keywords: diagnostic system, electric power source,
internal combustion engine, generator.

The modern stage of power-engineering development is characterized by wide application of alternative
and renewable power sources. However, the systems used to generate electricity are mostly complex in structure,
and the energy itself has a high specific cost. The availability of renewable power sources allows them to be used
as self-contained, but the efficiency and reliability are completely dependent on circadian rhythms and the sea-
son. In addition, the application possibility of alternative power supplies as reliable autonomous electric power
sources is significantly limited, precisely because of the specified features [1, 2]. The availability of a reliable
standby electric power source at a modern plant is a guarantee of safe and high-quality operation.

A solution that allows to ensure a backup power supply for enterprises is the use of rechargeable bat-
teries, in particular, based on Li-ion assemblies and generators based on internal combustion engines. The
use of the former is significantly limited due to the cost of the required capacity of the rechargeable batteries
to ensure enterprise operation. Power plants based on an internal combustion engine remain a simpler and
more capital-intensive solution for reserving power sources. We believe that the fact this equipment type is
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used to generate electrical power by military and ship power plants is evidence of its highest reliability and
safety among possible options for autonomous power supply [3-5].

Usage of the standby power source depends on the reliability of the main power supply system and
can vary from single starts on year to daily use. The equipment readiness is reduced appreciably, both in the
first case due to intensive wear, and in the second case due to intensive ageing of system polymer elements,
and deterioration of fuel and Iubricants, the consequences of which are deposits in the power supply channels
of the internal combustion engine, the rotor demagnetization, etc. These processes, which take place in
autonomous power sources based on internal combustion engines, require the constant monitoring to have
the possibility for this equipment to be used as the standby power source. The state of backup power supply,
in particular the generator motor [6, 7], is particularly important for preventing the occurrence of emergency
situations at nuclear power plants. This problem can be solved thanks to the development of a diagnostic sys-
tem of autonomous power sources based on internal combustion engines.

Let us add that when establishing the technical condition of autonomous energy sources based on inter-
nal combustion engines, researchers, depending on their field of activity, pay attention to the mechanical or elec-
tromechanical object part [8—10]. However, considering only the object part, possible states and diagnostic indi-
cators are identified, which, of course, can determine the state of only a single component. Thus, in order to find
out the object condition as a whole, it is necessary to conduct a whole set of checks for individual elements,
which significantly increases the time and cost of diagnosis. It is possible to minimize the costs of this process by
considering the object as a whole with the definition of its structure, possible states, and necessary checks.

Purpose and problems of the paper

The research purpose is to develop a new system of technical diagnostics from the determination of
the main diagnostic structural elements and states of autonomous power sources based on internal combus-
tion engines, taking into account the interaction of electromechanical and mechanical components.

For the goal attainment, the following problems were solved in the paper:

—to develop a structural scheme of power sources based on internal combustion engines taking into
account interaction features of electromechanical and mechanical components, that will allow to establish
reciprocal influences of various parts for research object on its state;

— to determine the possible states for autonomous power sources based on internal combustion engines;

— to establish the necessary checks to determine the state of autonomous power sources based on in-
ternal combustion engines.

Research results

A typical design that has found the greatest application on power plants and private households is con-
sidered in the development of structural scheme for the autonomous electric power source based on a diesel
engine. The prototype of most stations on the Ukrainian market are Honda gasoline generators with 2.5-5.0 kW
capacity, Hyundai and Forte diesel generators with 2.5-5.5 kW capacity. The line of gasoline generators uses a
four-stroke internal combustion engine with air cooling from 163 to 408 cm’. A feature of this engine type is
the lack of a pressure lubrication system — the lubrication is done by spraying. The P19 series float carburetor is
used in the fuel system. Most diesel generators have the «Common rail» fuel system. The gas-distribution sys-
tem includes the lateral two-valve control with lower camshaft and constant phases. A synchronous electric
generator with an automatic voltage regulator, which contains rotor and stator windings, is used as an alternator
in most generators. The rotor speed of the electric generator is maintained by a centrifugal speed regulator,
which connected to the carburetor. There are different variations in the layout of single assemblies. For exam-
ple, the engine design allows the conversion of the fuel system to a mixed system: fuel and gas. The engine
start system can also be different: manual, electric or combined start. An electronic circuit with the flywheel
magnet is used as the ignition system. It is possible to complete the automatic start unit, as the main purpose of
these autonomous sources is a standby electric power supply.

A logical model of gasoline and diesel generators, which was derived from the operation analysis of
autonomous electric power sources based on internal combustion engines, has been developed. Attention
should be paid to the mutual influence of the engine and alternating-current generator assemblies from
among the structures of logical models, which confirms the need to consider the system as a whole.
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So as to the diagnostic system to work with maximum efficiency, in each case it is necessary to solve
the problem of choosing the minimum sufficient number of diagnostic parameters [11]. An informative crite-
rion is one of the main criteria for choosing the diagnostic parameter of the system among the possible
physical parameters, that characterize the technical state. The diagnostic parameter selected by informative
criterion allows to determine the state of the object under research with the highest probability.

Gasoline generator model

To select the diagnostic parameters, we A S — e ,
use the block diagram of the gasoline generator | , 4 L | s o
(Fig. 1). The system under consideration consists ; .
of N=16 elements. For possible states, we take f | f ,
each element failure. We control the state of the 2 (< 8 |ii] 10 = 13 16 —
autonomous supply by the number of parameters I ) I
equal to the number of elements £=16. It should : P
be noted that in the general case, each of the ; > _)' o M
elements may have several diagnostic parame- L —— M} o —
ters. States table was created as a result of sys- s . a lih @ L
tem elements failures research (Table 1). : L
The probability of each element failures| { +«+ .
will be equal to
1 1 Fig. 1. Logical model of gasoline generator:
P(S)=—=—. (1) | I - Gasoline engine; IT — Alternating-current generator; 1 — tank;
N 16 2 — carburetor; 3 — ignition system; 4 — start-up system;
In this case, the system entropy with fi- 5 — gas-distribution system; 6 — engine lubrication system;
nite number of states is maximum. 7 — cylinder-piston group; 8 — speed regulator; 9 — rotor iron;
The initial system entropy is deter- | 10—rotor windings; 11 — contact rings; 12 — brush assembly;
mined by number of possible states 13 — main and additional stator windings; 14 — excitation
winding; 15 — automatic voltage regulator; 16 — conductors

< 1 1
H(S,)=) P(N,)log, P(N;,)=-16—1log, — =4[bit]. 2
(,>;(,)gz(,> - logy o= 4[bit] 2
We denote by m; the number of ones in each table row, m, the number of zeros in the same table
row. The residual uncertainty when performing control of each parameter in the first step is calculated by the
formula

Table 1. Gasoline generator states table

States
S A T Ay [ Ay [ A [ As [ Ag [ Ay [ As [ Ao | Aw [ Ay | Au [ Ap [ Ave | A [ Ay | T2
1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3.662
2 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 3.000
3 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 3.662
4 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 3.662
5 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
6 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 3.662
7 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
8 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
9 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.662
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.662
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.662
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.662
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.662
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.662
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Z,) N

The calculation results of the residual entropy are
given in the last column of Table 1. The system entropy
diagram is constructed on the basis of calculations (Fig. 2),
which sets the informative value of diagnostic parameter.

The system element with the lowest residual en-
tropy provides the most of information about its state. Z, will
be this parameter in the first step, that is, this number corre-
sponds to the carburetor, based on the structural diagram of
the alternative electric power source based on the internal
combustion engine (see Fig. 1). Zs, Z,, Zs, Zo are the follow-
ing elements that significantly affect the system entropy.
These numbers correspond to the gas-distribution system,
cylinder-piston group, speed regulator and rotor iron.

It is necessary to operate with physical quantities
(the value of system diagnostic parameters) for diagnostic
system operation. So, we note the following.

A
H(—] = ﬂlog2 m, nt%log2 my .

3)
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Fig. 2. Gasoline generator entropy diagram

The carburetor state can be determined by fuel presence in the cylinder and by exhausts on compres-
sor mode. The operation of the gas-distribution system and the cylinder-piston group can be assessed by
magnitude of the starter current when the engine is running on compressor mode. The operability of the
speed regulator can be assessed by analysis of the generated voltage curve. The main reason for the rotor iron
fault is its demagnetization. The diagnostic parameter of the lack or low value for the magnetic field strength

is the voltage low value on the stator windings.

Diesel generator model

We use a similar approach to determine
the diesel generator parameters (Fig.3). The
diesel generator system consists of N=16 ele-
ments. For possible states, we take each ele-
ment failure. We control the state of the
autonomous supply by the number of parame-
ters equal to the number of elements k=16. The
system states in case of each element failure are
summarized to Table 2.

The probability of each element failures
will be equal to

Fig. 3. Logical model of diesel generator:

1 1
P(S;) ITRETR “4)
In this case, the system entropy with fi-
nite number of states is maximum.
The initial system entropy is deter-

mined by number of possible states

L 1 1 .
H(S,) = Z}P(Ni)logz P(N,) = —16glog2 - 4[bit]

42

I — Diesel engine; I1 — Synchronous generator; 1 — tank;

2 — high-pressure pump; 3 — injector; 4 — connecting rod-piston
group with crankshaft; 5 — starter; 6 — engine lubrication system;
7 — gas-distribution system; 8 — speed regulator; 9 — rotor iron;
10 — rotor windings; 11 — contact rings; 12 — brush assembly;
13 — main and additional stator windings; 14 — excitation winding;
15 — automatic voltage regulator; 16 — conductors

)
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We denote by m; — the number of
ones in each table row, my — the number of
zeros in the same table row. The residual
uncertainty when performing control of
each parameter in the first step is calculated
by the formula (3).

The calculation results of the resid-
ual entropy are given in the last column of
Table 2. The system entropy diagram is
constructed on the basis of calculations A R A R T E ARG ET
(Fig. 4), which sets the informative value of 3,6633,0113,011[3,011/3,6633,6633,011/3,0113,011/3,046[3,663 3,663 3,663 3,663[3,663 3,663
diagnostic parameter.

Fig. 4. Diesel generator entropy diagram

In this case, the system element with the lowest residual entropy also provides the most information
about its state, and therefore it should be controlled first. Z;, will be this parameter in the first step. This
number corresponds to the rotor windings based on the structural diagram of the diesel generator (Fig. 3).
2>, 23, 24, 74, Z3, Zy are the following elements that significantly affect the system entropy. These numbers
correspond to the high-pressure pump, injector, connecting rod-piston group with crankshaft, gas-distribution
system, speed regulator and rotor iron.

It is necessary to operate with physical quantities (the value of system diagnostic parameters) for di-
agnostic system operation. So, we note the following.

The state of high-pressure fuel pump can be assessed by fuel pressure value in the mainline. The in-
jectors state can be assessed by correction factors value of the fuel supply through the injectors. The opera-
tion of the gas-distribution system and the connecting rod-piston group can be assessed by magnitude of the
starter current when the engine is running on compressor mode. The operability of the speed regulator can be
assessed by analysis of the generated voltage curve. The main reason for the rotor iron fault is its demagneti-
zation. The diagnostic parameter of the lack or low value for the magnetic field strength is the voltage low
value on the stator windings. The rotor windings state can be assessed by each section resistance.

Table 2. Diesel generator states table

States
S A [ A [ Ao | Aa [ As [ As [ Ay [ As | Ao | Aw [ Any [ A | Ap | Av [ Ay [ Ay | A%
1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3.663
2 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
3 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
4 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
5 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 3.663
6 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 3.663
7 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
8 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
9 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 3.011
10 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 3.046
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.663
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.663
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.663
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.663
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3.663
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.663
Conclusions

1. The structural schemes of typical constructions for autonomous electric power sources based on
internal combustion engines (gasoline and diesel generators) are developed in the paper.

2. The table of system possible states at one assembly fault is compiled. Assuming an equal-probable
initiation of system element failures, those that have the greatest effect on the system state uncertainty are
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identified. Their state should be determined primarily when the system of technical diagnostics is created.
For the gasoline generator these are the carburetor, gas-distribution system, cylinder-piston group, speed
regulator, rotor iron. The rotor windings, high-pressure pump, injector, connecting rod-piston group with
crankshaft, gas-distribution system, speed regulator and rotor iron are diesel generator elements. Yet the
number of such elements can be increased for unmanned diagnostics.

3. The diagnostic parameters and methods of their determination for the fault detection of above-

listed system elements are proposed.

4. For systems with feedback, the application of this method leads to uncertainty among the closed

elements, because the faulty element signal affects the other elements.
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' HamionanpHuii Texnidamii yHiBepcuteT Yipainu «KHIBChKHiT TOMITEXHIYHIIT IHCTHTYT
imeHi Iropst CikopchKoT0)
03056, Ykpaina, M. Kuis, nip. [Tepemoru, 37

* KuiBchbKHil HAIOHATBHMIN YHIBEPCHTET Oy/IiBHULTBA i apXiTeKTypH
03037, Ykpaina, M. Kuis, nip. [ToBiTpodurorchkuid, 31

3 HawiosanbHuit yHiBepcuTeT 6iopecypcis i HpUpOIOKOpHCTYBaHHS YKpaiHu
03041, Ykpaina, M. Kuis, Byn. ['epoiB O6oponwu, 15

Y pobomi npedcmasnerno memoouxy eubopy OiacHOCMUYHUX NaApamMempie Ojisk CMEOPEHHS. cucmemu OlaeHoOCmYy-
BAHHS ABMOHOMHUX Odicepe eneKmpuunol enepeii na 6asi 6eH3UH08020 Ui Ou3enbHo20 08ucyHis. Ilposedeno ananiz KoHc-
MPYKMUSHUX 0COONUBOCMET HAUNOWUPEHIWUX HA pUHKY YKpainu pesepeHux odxcepen erekmpudnoi enepeii Ha 6asi 0suey-
Hi8 GHYMPIUHBO020 320paHHs. 3A605KU YbOMY PO3POONEHO N02IUHY MOOETb 00 €KmMa OOCTIONCEH S, WO BCHIAHOBNIOE B3AC-
MO38 "SI30K MIdHC OCHOBHUMU CIPYKIYPHUMU eeMeHmamMy CUCIEMU, a MAKOIC 8UHAYAE MOMNCIUB] cmanu cucmemu. IIpo-
ananizo8aHo GNIUE BUHUKHEHHS HECHPABHO20 CIAHY KOJICHO20 elleMeHmy Ha peuimy eiemenmis cucmemu. Ceped HecKin-
YEHHOI KITbKOCMI MOJCIUBUX KOMOIHAYIL (PIi3uyHUX napamempis, wo XapaKmepuszyoms CUCIMeMY, 05l GUSHAYEHHS KiHye-
601 KimbKocmi OIAeHOCMUYHUX NAPAMempié 3anponoHOS8AHO IHGOPMAMUGHUN Kpumepii — IHGOpMayiiHy eHmponio
K. Hlennona. Posensinymo pigHo 8ipo2ioHi 6unaoku 6uxody 3 pobo4o2o cmamy KOWCHO20 3 eleMeHmis cucmemu. 3acmoco-
gyiouu nousimms ingpopmayiiunoi enmponii Lllennona, 6usHaueno 3aIUWKO8I eHMPONIi CUCmemMu npu HeCNpagHoMy CMAHi
00HO20 3 8Y37i8 ABMOHOMHO20 Odcepena dcusnenns. Kpumepiem inghopmamusnocmi € 6enuuuHa 3aaUmKo80i eHmponii.
Buxopucmanus oanozo kpumepito 00360auU10 CMAHOBUMU €EMEHIMU CUCMEMU, 5K 3 HAUOLIbULOI0 eqheKMUBHICMIO 3HU-
JACYIOMb CIYNIHbL HegusHayenocmi cucmemu. Ha ocnoei éenudun 3amumKkogoi enmponii 6ubpaui y3iu cucmemu, cmaw
SAKUX MAE NEPULOUEP20680 KOHMPOTIOBAMUCS CUCMEMOI0 OldeHOCMY8aHHs. /sl maKux elemMenmis usHaueHi OiaeHOCMuYHI
napamempu i HageoeHi cnocoou ix OMpUMAaHHs.

Knrouoei cnosa: cucmema diacnocmyseanms, 0vxicepeno erekmpudHoi enepeii, 08UsyH 6HYMpiuHb020 320PaAHHS,
2enepamop.
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