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PARAMETRIC SYNTHESIS OF THE DIGITAL REGULATOR OF THE DIESEL
GENERATOR SET FOR INDUSTRIAL PURPOSE

Abstract. The object of research_is the dynamic processes of high-quality electric power generation by a diesel generator
set (DGS) with a digital fuel supply regulator. The subject of research_is the methodology of choosing varied parameters of
the digital fuel supply regulator, which ensure high stability of the frequency of the generated voltage in conditions of a wide
range of changes in the external load on the part of electric energy consumers. The results obtained. A mathematical model of
the disturbed motion of the diesel generator set was developed and varied parameters of the digital fuel supply regulator were
determined. With the application of the combined algorithmic optimization method, which is a combination of the Sobol grid
method and the Nelder-Mead method, in the plane of the varied parameters of the regulator, the values of these parameters
were found, which deliver a minimum to the integral quadratic functional, which is a quantitative indicator of the degree of
non-uniformity of the digital fuel supply regulator of the DGS. Conclusions. The use of a digital electronic fuel supply
regulator instead of a hydromechanical regulator in a diesel of DGS significantly improves the quality of generated electricity
relative to the stability of the three-phase voltage frequency at the output of the diesel generator set.
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of allowable values of varied parameters of regulator.

Introduction

Literary review and problem statement. The
widespread use of small energy in the economy of
various countries has led to the intensive production of
mini-power plants, among which diesel generator sets
(DGS) predominate Used in individual farms, rotational
camps, as well as in emergency situations when there is a
sudden cessation of power supply to populated areas and
social facilities due to natural disasters or military
operations, stationary and mobile mini-power plants
usually have a power ranging from 50 to 1000 kW. The
most widely represented on the world market are diesel
generator sets from Matari (Japan), DG and Wilson (UK),
Gummins Power and Caterpiller (USA), WFM (ltaly),
Benza (Spain), Kipor and Ming Powers (China), Dalga
Kiran and TEKSAN (Turkey). A wide range of diesel
generator sets is offered by the company Diesel System
(RF), which uses YaMZ, TMZ and MMZ transport diesel
engines with power from 12 to 600 kW in its diesel
generator sets. Ukraine is represented on the global diesel
generator market by the companies Darex Energy and
Centaur, which use Chinese-made Ricardo diesel engines
with a capacity from 12 to 1200 kW in their mini-power
plants, as well as by the State Enterprise "Malyshev
Plant", which produces stationary and mobile mini-power
plants DGU-200 and DGU- 315 based on deforced tank
diesel engines 5TDF and 6 TD-1, respectively [1].

The rated power of the 5TDF diesel engine is
515 kW, and the rated power of the 6TD-1 diesel engine
is 735 kW at an angular speed of the crankshaft of
293 s, The maximum angular velocity of the
crankshaft of both diesel engines is 314 s, which
corresponds to a rotation speed of 50 Hz. The difference
between the nominal and maximum angular speed of the

crankshaft is due to the use of a hydromechanical all-
mode fuel supply regulator with a centrifugal sensing
element on 5TDF and 6TD-1 diesel engines. Such a
regulator has a high degree of unevenness, determined
by the angle of inclination of the regulatory
characteristic of the serial 5TDF diesel engine (Fig. 1).
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Fig. 1. Characteristics of the serial 5TDF diesel engine:
1 — external power characteristic; 2 — external moment
characteristic; 3 — limiting regulatory characteristic;
4 — characteristic of idle speed

The nominal angular speed of the crankshaft
oy =293 rad -s~* corresponds to the point of
maximum power Ny =515 kW , and the maximum

permissible angular speed of the crankshaft, determined
by the setting of the all-mode fuel regulator, is

®max =314 rad 571

Then the degree of unevenness of the
hydromechanical fuel supply regulator, determined by
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the formula [2] §=max "N s 50,07
wN
This means that the frequency of the voltage
generated by the diesel generator set can decrease by an
amount of Af with increasing electrical load, and

Af =fy-5=35Hz.

One of the main requirements for the quality of
electrical energy is the stability of the frequency of the
generated alternating current voltage. It is clear that
serial tank diesel engines 5TDF and 6TD-1 with a
hydromechanical all-mode fuel supply regulator with a
high degree of unevenness cannot be used in special
diesel generator sets used to supply power to medical
institutions, where high quality electricity is required for
power of high-precision medical equipment, for power
supply to industrial facilities that use complex
technological equipment in the production process, or
social facilities with complex household appliances.

At the end of the last century, a prototype of an
analog electronic all-mode fuel supply regulator was
created at the Kharkov Engine Design Bureau for engines
of the TD family, which was installed on experimental
tank diesel engines 5TDF and 6 TD-1 [3]. Sea trials of the
T-80UD tank with the experimental 6 TD-1 diesel engine
showed a significant increase in the traction and fuel-
economic characteristics of the tank, the diesel engine of
which was equipped with an electronic fuel supply
regulator. This increase is primarily due to the fact that a
diesel engine with an electronic fuel supply regulator has
a very low degree of unevenness, the value of which is
6 =0,01 and even lower. This means that when using a

diesel generator set with an electronic fuel supply
regulator, an increase in the electrical load causes a
decrease in the frequency of the generated voltage to no
more than 49.5 Hz, which is quite acceptable.

In addition to the degree of unevenness of the fuel
supply regulator of diesel as part of a diesel generator
set, the quality of the generated electricity is influenced
by the magnitude of the delay between the time of the
start of an increase or decrease in the electrical load at the
output of the diesel generator set and the time of the start
of the corresponding change in the traction torque of the
diesel engine [4,5].

The service life of tank diesel engines 5TDF and
6TD-1 is 500-600 hours before major overhaul. This is
clearly not enough for use in diesel generator sets with a
long service life. In this regard, these engines are
deforced in terms of developed torque by 2.5 times,
which makes it possible to extend their service life to
1200-1500 hours before major overhaul. Thus, in the
DGU-200, the developed power of the deforced 5TDF
diesel engine is 200 kW, and in the DGU-315, the power
of the deforced 6TD-1 diesel engine is 315 kW. The
characteristics of the deforced 5TDF diesel engine with
electronic fuel supply regulator are shown in Fig. 2.

From the analysis of Fig. 2 it follows that the
regulatory characteristics of a diesel engine with an
electronic fuel supply regulator are almost vertical,
which means high accuracy in maintaining the nominal
angular velocity of the diesel crankshaft

oy =314 rad st

and, consequently, the frequency of the voltage
generated by the diesel generator set.
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Fig. 2. The characteristics of the deforced 5TDF diesel
engine with electronic fuel supply regulator: 1 — external
power characteristic; 2 — external moment characteristic;

3 - limiting regulatory characteristic; 4 — characteristic

of idle speed

The purpose of this article is to select the optimal
values of the varied parameters of the digital fuel supply
regulator, ensuring the minimum deviation of the
frequency of the generated voltage from its nominal
value under conditions of changes in the electrical load
at the output of the diesel generator set.

Main material

Functional diagram of the diesel generator set.
The functional diagram of the digitally controlled diesel
generator set is shown in Fig. 3. The control object is a
diesel generator set, which is a combination of diesel
engine 1 with a fuel pump rack 2 and a synchronous
generator 3, and the diesel crankshaft is rigidly fixed to the
generator rotor. Synchronous generator 3 contains the
winding of independent excitation 5. The automatic control
system of the diesel generator set is double-circuit,
containing internal and external control loops. The internal
circuit contains a voltage sensor 17 and a voltage regulator
4, designed to regulate the output voltage of the
synchronous generator 3 when the consumer's electrical
load changes by changing the current value in the
excitation winding 5. The external circuit contains a
position sensor 7 of the control handle 6, sensor 8 of
angular rotation speed of the crankshaft of diesel 1 and
rack position sensor 9 of fuel pump 2 of diesel 1, digital
control unit 10 and executive body of diesel generator set
11, which is a series connection of electromagnet 12 and a
hydraulic servomotor with hydraulic pump 13, spool valve
14 and hydraulic cylinder 15. Executive body of diesel
generator set 11 designed to stabilize the rotation speed of
the diesel crankshaft 1 by changing the position of the fuel
pump rack 2 when the load on the diesel crankshaft,
transmitted from the rotor of the synchronous generator 3,
changes when the consumer's electrical load changes. Both
control loops operate independently of each other.
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Fig. 3. Functional diagram of the digitally controlled diesel generator set: 1 — diesel 5TDF or 6TD-1;
— fuel pump rack; 3 — synchronous generator; 4 — voltage regulator; 5 — winding of excitation;
6 — fuel supply control lever; 7 —handle position sensor; 8 — crankshaft angular speed sensor;
9 — fuel pump rack position sensor; 10 — digital control unit of the diesel generator set;
11 — executive body; 12 — electromagnet; 13 — hydraulic pump; 14 — spool valve;
15 — hydraulic cylinder; 16 — fixing spring; 17 — voltage sensor

Mathematical model of perturbed motion of
closed-loop control system of diesel generator set.
The control object of the external loop is the diesel
engine, the mathematical model of which is considered
in works [6, 7] and is written in the form

d
w(t D[

where a)(t) is the angular speed of rotation of the

h(t=7)]-M_ (1), @)

crankshaft; h(t) — position of the fuel pump rack;
Mp[e(t),h(t-7)] - active torque developed by the
diesel engine; M (t) — load moment on the crankshaft;

I — moment of inertia of the moving parts of the diesel
engine and synchronous generator brought to the

crankshaft. Torque Mp [ e(t),h(t—7)] for each of the

is determined by the
following relations [8, 21]
D |:0) t T :l—
:—1,23-105[h t—7)-0,024]x )

engines under consideration

x[1+0,331020(t)-011-10 402 (1) |
Mp [(t)h(t-7)]=
:—1,76-105[h t—7)-0,024]x ®)

2(1)].

><|:l+ 0,33-10%0(t)-0,11-10 0

From the output of the code-to-analog converter
(CAC) of the digital control unit 10, the control signal

u(t) is supplied to the winding of the electromagnet 12.

In this case, the change in the electric current in the
winding 12 is determined by the differential equation

Ly

where L, and r, are the inductance and active

resistance of the electromagnet winding 12, respectively.
The disturbed movement of the armature of the
electromagnet 12 is described by the equation

d z
LN

dt
where z(t) — movement of the electromagnet armature;

divét(t) + iy (1) =u(t), (4)

dzd(t)+cz( )=kyiw(t), ()

m — mass of armature; f — coefficient of fluid friction
when moving the armature; ¢ — coefficient of rigidity of
the fixing spring 16; ky; — gain of the electromagnet.

The differential equation of the perturbed motion of
the fuel servomotor is written as [9]

) b 1)k (1), ©)

where ky and Tg are the gain and time constant of the
servomotor, respectively. In accordance with work [5],
we introduce into consideration a function AMp (t) that

satisfies the differential equation

Ts
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2
AMp (t AMp (t
r2d ZD()+21d D()+AMD(t)=
dt dt

J — derivative of functions (2) or (3),
0

()

where (aM—D

oh(t-17)
calculated at point wg = wy . Let us linearize the nonlinear
equation (1) in the vicinity of the point @ = wy :

d‘:_t(t):(ag"_;jo Ao (t)+ AMp (1)~ AM (1), (8)

where (8(I;/I_Dj — derivative of functions (2) or (3),
@ Jo

calculated at point @ =wy, h=hy. The value hy is
determined by the load moment M o on the diesel
crankshaft and is in the range 0,01<hy <0,024 for

5TDF and 6TD-1 diesel engines. It is in this interval
that the steady-state value of the variable h(t) is

located at a constant electrical load of the diesel
generator set. Thus, in the vicinity of the point @ = @y,

the mathematical model of the perturbed motion of the
continuous part of the DGS is described by linear
differential equations (4)-(8).

The discrete part of the diesel generator set control
system is the digital electronic control unit 10, which
processes signals from sensors 8 and 9, as well as
generating a control algorithm. Structural and logical
diagram of block 10 is shown in Fig. 4.
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Fig. 4. Structural and logical diagram of the digital
control unit of the diesel generator set

The control algorithm implemented by the digital
control unit in accordance with Fig. 4, we write it in the
form

u[nT]=k,@[nT]+kph [T ]+ Ky ma » (9)

where o,  — position of the control handle
corresponding to setting the fuel supply regulator to the
maximum (nominal) crankshaft rotation speed wy ; Kk, .
kn — varied parameters of the electronic control unit.

The output signals of sensors of the angular velocity
of the crankshaft 8 and the rack position of the fuel pump
9 are supplied to the inputs of the analog-to-code

converter (ACC), and then in the form of lattice functions
o[nT] and h[nT] are supplied to the inputs of digital

low-frequency Butterworth filters, where high-frequency
interference is filtered, and then control algorithm (9) is

formed, where @[nT] and ﬁ[nT] denotes the

corresponding functions filtered from high-frequency
interference caused by torsional vibrations of the
crankshaft and vibrations of the fuel pump [10].

The code-to-analog converter converts the lattice
control function (9) into a piecewise constant function in
accordance with the algorithm

for nT <t<(n+1)T;

u[nT]
= (10)
u[(n+1)T] for (n+1)T <t<(n+2)T,
where T is the quantization period of the digital
electronic unit.

Relations (9), (10) represent a mathematical model
of the discrete part of the diesel generator set, which,
together with differential equations (4)-(8), forms a
mathematical model of the closed-loop automatic control
system of the diesel generator set.

Solution of the problem of parametric synthesis
of the digital regulator of the diesel generator set. The
choice of varied parameters of the digital fuel supply
regulator will be made based on the condition of high
accuracy of maintaining the nominal value of the angular
velocity of the diesel crankshaft in the mode of its
nominal value. The operation of the fuel supply regulator
over the time interval (0, r) can be assessed quantitatively
by the value of the integral quadratic functional

r
| (ko kn ) = [A0? (t)dt, (11)
0
calculated on the solutions of the mathematical model of
the perturbed motion of the closed-loop fuel supply
system of the diesel generator set (4)-(10). The smaller
the value of the functional (11), the more stable the value
of the frequency of the generated voltage.

Let us formulate the problem of parametric
synthesis of a digital fuel supply regulator for a diesel
generator set as follows. It is required to find the
optimal values of the varied parameters of the digital
fuel supply regulator k, and kp, such that on the

solutions of the mathematical model of the closed-loop
fuel supply system of the diesel generator set (4)-(10)
the integral quadratic functional (11) reaches a
minimum.

To solve the problem, we will use the algorithmic
combined method of parametric synthesis of dynamic
systems, set out in works [11,12]. This method is a
sequential combination of two optimization methods — the
Sobol grids method [13] and the Nelder-Mead method
[14]. Well-known computational methods of optimization
make it possible to find the local minimum of the
optimality criterion closest to the starting point. The Sobol
grids method allows one to derive the starting point in the
vicinity of the global minimum point of the quality
functional. At the second stage of the computational
process of optimization, the starting point is selected at the
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Sobol grid node, where the value of the functional is the
smallest. This starting point is located near the global
minimum point and, when using the Nelder-Mead method,
tends along the trajectory of steepest descent [15, 16].

The main problem when using the algorithmic
combined method of parametric synthesis of dynamic
systems is the problem of finding a set of allowable
values Gy for the components of the vector of varied

parameters K : K e Gy .

In this case, if the controller of a dynamic object is
analog, then it is natural to take as the set Gy the
stability region of a closed-loop system in the space of
varied parameters of the controller. For a digital
controller, constructing a stability region in the space of
varied constants of the control algorithm is a rather
complex task. In work [13] it is shown that the stability
region of a dynamic object with a digital controller GK
is inside the stability region of the same object with an
analog controller G e G .

The quantization period of modern digital regulators
of technical objects is T =(0,01+0,001)s. As the
quantization period of the digital controller decreases, the
stability region of the closed-loop system indefinitely
approaches the stability region of the closed-loop system
with an analog controller. Therefore, the stability region
of a closed-loop analog system can be used as a set of
allowable values of varied parameters of a digital
controller. To construct the stability region of a closed-
loop automatic control system of a diesel generator set
with an analog fuel supply regulator, we assume that the
analog regulator implements the control law in the form

Au(t)=k,Aw(t)+kyAh(t) | (12)

where Ah(t) — deviation of the current position h(t) of

the fuel pump rack from the position hy corresponding to
the steady-state equilibrium mode

Ah(t)=h(t)-hy.

Depending on the magnitude of the electrical load of
the diesel generator set, the value hy can vary within
hy =(0,01+0,024) m. Linearization of the mathematical
model of the diesel generator set is carried out in the
vicinity of the point of steady-state equilibrium (wy,hg ).

If the value @y is constant, then each value

Noi » (i :1_m) has its own point of steady-state
equilibrium and, therefore, its own region of stability (its
own set of allowable values) Gy (hg;), (i =1,_m). The

intersection of these sets determines the set of allowable
values of varied parameters of the controller [17,18]

Gy =Gy (o1) NGk (hoz2) M- G (hom ) - (13)
For the 5TDF diesel engine we will build the set of

Gk . To do this, we substitute formula (12) into the right

side of equation (4), and solve system (4)-(8) with respect
to the highest derivatives

dAw(t) 1 (aM D
dt |

M, jo Ao(t)+

+%AMD(t)—%AML(t);

d®AMp (1) 2dAMp(t) 1
e Uk

oMp

+Ti2(ml Ah(t);

(14)

dAh(t
( ):—iAh(t)+k—5Az(t);
dt Tg Tq
d?Az(t)  fdaz(t) ¢ KM o
2 " m o _EAZ(t)JFFAIW(t)'

diy(t) ry .. 1 1
=——"Aiy (t)+—Kk,Aw(t)+-—KkyAh(t).
05 iy 0+ a0l gan()

Taking into account formula (2), we will find the
partial derivatives on the right sides of the first two
equations (14)

(aM—Dj =-1,23-10° [hy - 0,024] x
0

ow (15)
><[o,33-10‘2 ~0,22:10 oy };
(aM—DJ =-1,23-10° x
8h('[—r) 0 (16)

x[1+0,33~10_2a)N -011:100? }

The values of partial derivatives (15) and (16) are
given in Table 1.

The values of the constant parameters of the diesel
generator set are:

=82N-m-s?; 7=0,0155; T, =0,055; kg =1;
m=0,098 kg ; f=O,55N-m'1-s; c:100N~m'1;
ky =L5N-471; L, =0,00H; r, =30 Q.

Table 1 — Partial derivative values (15) and (16)

Coordinates of the (aMDJ NS oMp N
o oh(t-r) )y’

stabilized state point f6/0)
oy =314 s hy; =0,012 m 5,14 -2.4.10°
oy =314 s; hy, =0,017 m -3,10 -2,4-10°
on =314 s71; hy3 =0,022 m -0,89 -2,4-10°

Let us introduce the notation

] :(ag"_;jo, (i-12.3)

and substitute the above numerical values of the diesel
generator set parameters into system (14). As a result, we
obtain the mathematical model of the disturbed motion of
the diesel generator set in the vicinity of the i-th point of
the stabilized state:
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dAw(t diy, (¢
dAa(t) 0,0122- 3Aw(t) +0,0122- AMp (1); Ivc\;t( )_ 306,12 Aiy, (t)+100k , A (t) +100k, Ah(t);

2

AM AM
d p 2D (t) =—133,3'dd—?(t)—4444,4'AMD (t)—l,l?OS-lOgAh(t); (17)

t

Ah 2A A

d dt(t) —-20-Ah(t) +20- Az(t); d dzz(t) :—5,61dd;t(t)—1020,41~Az(t)+15,31~AiW(t).
t

Let us reduce the mathematical model (17) to the normal Cauchy form, for which we introduce into

consideration the state vector

X(t)=[Ao(t) AMp(t) AMp(t) Ah(t) Az(t) Az(t) Aiw(t)]T=[x1(t) X, (1)

As a result, we obtain
% (t)=0,0122-a;% (t)+0,0122-x, (t);

X () = X3 (t);

x ()]

%5 (1) = Xg (t);

X3 (t) =—4444,4.x, (1)-133,3-x3 (t)—1,1705-109x4 (t);  %g(t)=—20-%4(t)+20-x5(t); (18)
XG (t) = —1020, 41.- X5 (t) —5, 61- XG (t) +15,31 X7 (t), X7 (t) = —306,12 . X7 (t) +100kwxl (t) +100th4 (t)
The eigenmatrix of the system (18) is written in the form
[0,01228; 00122 0 0 0 0 o
0 0 1 0 0 0 0
0 -4444.4 -1333 -1170510° 0 0 0
A=| o 0 0 -20 20 0 0 (19)
0 0 0 0 0 1 0
0 0 0 0 -1020,41 561 1531
| 100k, 0 0 100ky, 0 0 -30612 |
The characteristic equation of the closed fuel supply K 1
system of the diesel generator set has the following form: ho'V ‘m
7
det[A-E-s]=0, (20) I M
where E is a square identity matrix of size 7 x 7. 50 —
Let's use the MatLab software package [19,20] and 40 ~
construct stability regions of a closed-loop automatic 30 \
control system of a diesel generator set with an analogue 20
fuel supply regulator for various values of the constant 10 //
value a;, (i =1,2,3) given in Table 1. These regions are 0 .
shown in Fig. 5 and are practically indistinguishable from -10
each other, which indicates a very weak influence of the -20
coefficient a; on the boundary of the stability regions. PN el
) 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Consequently, we can assume that the optimal values of kg, V -s

the varied parameters are the same for any of the points
of steady-state equilibrium of the diesel generator set,
relative to which the linearization of the mathematical
model (4)-(8) was carried out.

To solve the problem of parametric synthesis of the
digital regulator of the diesel generator set, we select the
region shown in Fig. 5 as the area of allowable values of
varied parameters of algorithm (9) Gk using the

algorithmic combined method of parametric synthesis of
dynamic systems. Let us apply the Sobol grid with nodes
marked with bold dots onto the area Gi and, using the
Sobol algorithm given in [13], we calculate the minimum
value of the integral quadratic functional (11), where

Ao(t)=o(t)-oy .

To do this, we add one more differential equation to
the mathematical model (4)-(9)

Fig. 5. Area of allowable values of varied parameters
of the algorithm (9)

i()=[o(t)-oy .

As a result of the joint solution of the mathematical
model (4)-(9) and equation (21), we obtain

I(Ky kn)=1(r).

For the problem under consideration, the functional
(11) takes its minimum value at the Sobol grid node with

coordinates k:, =0,2V:s; k; =10V -m~* and amounts

to 1(0,2;10) = 0,099744 s~1. At the second stage of the

(21)

optimization process, the resulting point (k;k;) is

selected as the starting point of the computational process

10
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of the Nelder-Mead method, as a result of which the point
of global minimum of the functional (11) is determined,

the coordinates of which are k, =0,198V -s;
k;* =7,85V-m~1. The value of functional (11) at this
point is I(k;k,k;k)zo,099526 st.n Fig. 6 shows the
process of deviation of the frequency of the generated
voltage o(t) from the nominal value wy =314 st
during a pulsed change in the electrical load at the output
of the generator.

Ao(t),s 7t

1

0.8

0.6

0.4

0.2

0 ﬂvﬂvl\v,\, AA t,s

-0.2

-0.4
0

Fig. 6. Deviation of the frequency of the generated
voltage from the nominal value during a pulsed change in
the electrical load at the generator output

The process is rapidly damping with a high damping
decrement and a duration not exceeding 1 s.

Conclusions and recommendations

In most industrialized countries of the world, serial
production of mini-power plants has been established,
mainly on the basis of diesel generator sets (DGS) for
power supply of equipment for geological exploration
expeditions, logging, remote farms, as well as for power
supply of industrial enterprises, medical institutions and

social facilities in the conditions of emergency
situations, natural disasters and military conflicts. The
main requirement for a diesel generator set is the quality
of the generated electricity, namely, the stability of the
amplitude and frequency of the generated voltage. The
stability of the amplitude of the output voltage of a
synchronous generator is ensured by a voltage regulator
by changing the excitation current of the generator
depending on the change in the electrical load at the
generator output. The stability of the frequency of the
generated voltage is ensured by the fuel supply regulator
of diesel of diesel generator set.

Domestic DGU-200 with a power of 200 kW and
DGU-315 with a power of 315 kW are built using tank
diesel engines 5TDF and 6TD-1, deforced in terms of
developed torque. Diesel generator sets are characterized
by high reliability and durability, but are equipped with
hydromechanical fuel supply regulators with a significant
degree of unevenness, which leads to significant deviations
of the generated voltage frequency from its nominal value.
To improve the quality of the generated voltage, it is
proposed: firstly, instead of the serial hydromechanical fuel
supply regulator with a centrifugal sensing element in
5TDF and 6TD-1 diesel engines, use an electronic fuel
supply regulator; secondly, to develop a mathematical
model of the perturbed motion of the closed-loop fuel
supply system of the diesel generator set, taking into
account all the dynamic properties of the control object and
the regulator, first of all, to take into account the delay
between the movement of the fuel pump rack of diesel and
the implementation of the corresponding change in the
active torque of the diesel engine; thirdly, to carry out the
targeted selection of optimal values of varied constants of
the control algorithm, ensuring the minimum deviation of
the current value of the frequency of the generated voltage
from its nominal value.

As a result of applying the algorithmic combined
method of parametric synthesis of dynamic systems,
previously developed by the authors, optimal values of
the varied parameters of the digital regulator of the
diesel generator set were obtained, ensuring high quality
of the generated electrical energy.
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IMapameTpuyHUii CHHTE3 HU(PPOBOrO PerysiTopa Iu3eb-TeHepaTOPHOi YCTAHOBKH MPOMHCI0BOT0 MPH3HAYEHHS
€. €. Anekcarnpos, T. €. Anekcannposa, I. B. Koctsauk, C. E. JIsmeBcbki

Anotanisi. O0’€KTOM OCTIIKEHb € JWHAMIYHI TPOIECH TeHepallii eNeKTPUYHOI SHEpPTil BUCOKOT SIKOCTI IH3eib-
reHepaTopHoto ycraHoBkoio (AI'Y) 3 mudpoBum peryistopom mnaiauBonoaaBanHs. IIpenMeToM HOCHiXKeHb € METOHOJIOTIsA
BHOOpY BapifioBaHUX MapaMeTpiB HUPPOBOTO PETYISATOpA MMAITUBOIONABAHHS, SKi 3a0€3MEUyI0Th BUCOKY CTAOUIBHICTh YaCTOTH
reHepyeMOi Halpyrd B yMOBaxX LIMPOKOTO [ialla30Hy 3MiHM 30BHIIIHBOIO HAaBaHTaXXEHHS 3 OOKY CIIOXKHBAdYiB EJIEKTPUYHOT
eneprii. OTpumani pesyasTaTn. Po3pobnena MaremariyHa Moaens 30ypenoro pyxy JAI'Y i Bu3zHadeHi BapiifoBaHi mapameTpu
(pPOBOrO pPEryysaTopa MaJMBOIOJAaBaHHA. [3 3aCTOCYBaHHSAM KOMOIHOBAaHOTO AITOPUTMIYHOTO METOXY ONTHMI3allii, SKHi
npencraBisie coboro koMOiHamito Metony citok Cobonst i merony Henpepa-Mina, B miomuHi BapiifioBaHMX IapameTpiB
perynsTopa 3HaiJeHi 3HaueHHs LUX MapaMeTpiB, sIKi JOCTaBISIFOTh MiHIMYM iHTErpajJbHOMY KBaJpaTUUHOMY (yHKIIOHATY, 1110 €
KIIbKICHUM TOKa3HUKOM CTYIIeHsI HepiBHOMIpHOCTI 11 poBoro peryisitopa nanuBonogasanns Y. BucHoBKH. 3acTocyBaHHs
(POBOTO EJIEKTPOHHOTO PEryisTopa MaJMBOIOJABAHHI 3aMicTh TigpoMmexaHiuHoro peryisropa B aumseni JAI'Y 3nauno
TIiIBUIITY€E SKICTh BUPOJISIEMOT €IeKTPOSHEPTii 00 CTa0IIBHOCTI YacTOTH Tphox(azHoi Hanpyry Ha Buxoxi JAI'Y.

KnwouyoBi ciaoBa: au3enb-reHepaTopHa YCTaHOBKA; LM(POBUH pErynsTop IaIMBOIOJABAHHA JAW3ENA; 4acToTa
Tphox(a3Hoi Hanpyry; citku CoOosist; MHOXKMHA JOITyCTUMHUX 3Ha4€Hb BapiiiOBaHUX MapaMeTpiB peryJsTopa.
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