96bg9gM g 0o
ENERGY

L9gE0o: ,9696M39GH030L M8bSTgOMHMZ9 3OMdYTGOO > B0
50©3(43900b 3bgdo”

SERIES: “MODERN PROBLEMS OF POWER ENGINEERING
AND WAYS OF SLOVING THEM”

3(107)/2023

bsfoero I
Part

966500 ©9530656LgdM0s 3L ,,dMbESs X MOHK 05 -b JogH

The magazine was funded by LTD "Montage Georgia”

odogolo-Thilisi



ISSN 1512-0120

£ de B
s,

e T
BATUMI STATE
MARITIME ACADEMY

J9Hb5¢» 9690805 U 09050 359m390s ,969M8IH030L 025658900639
368909960 ©5 500 353FY2IHOU 3 Bb0 “ ©35%0b656bs TSb 0BGy XK 05

000535600 GYEsJBHMMO - FgMsd wmOmJonsbody
000535600 GYEsJBHMOOL ImsE0my - Torgzs 253mdodg

LomGsbobsgom 3mdodgd ol dbhgybowordo:
5300 2696009, 932960 Lem3MEo (1365065), Bobgow Bogo®Mb0s30 (v)30M50b6s), obsowwm dombimgo

(19365065), 39HM5B ©93597, 3E5EOTIM 309303030 (493050b5), B50ME FMbsdz0¢0, Fs0s Gwmdo

Lom®asbobsgom 3mdoGgdo:

6926 3gMH0dg, 903D godMg39w 58300, ses EMB3MZs (1365065), GMTsb BooEg30
(993650b5), ™36 Bogb035dY, 356 09650830000, 30m Jobosbo 40y sdobgodzowo, g3Gobo
05353500560, 09690% d1Lgeosbo, d03mes 3Mbs (930M506s), 04MmO MOHEM3L30 (3 Mbymo), sMBow
159505830¢00, 3589935 JMdsW0s, 3gMS F5850M06S (49305065), gbs Bo@530d30¢0, 93BG Bsbbosbo,
5¢0gdbgo Bgdbo (19365065), 96396 BoBws, 0gbyoD X 033500560, 355 30bEdg

79665¢00l 3mIBsgdsdo dmbsfoemgmds doomgl:
065 009560830035 (BHgduBHoL MH9odGH0MFDS), oMo Bsddsb0dga, d500w0bs dv® Fmesdgd (BgduGob
3030993 OMWOo S{ymds)

LTD "Montage Georgia” sponsored the thematic issue of the magazine “Energy”
“Modern problems of energy and ways of their solution”

The editor -in-chief — Merab Lortkipanidze
Deputy of the editor -in-chief — Shalva Gagoshidze

Presidium of the Organizing Committee:
David Gurgenidze, Evgeni Sokol (Ukraine), Mykhaylo Zagirnyak (Ukraine), Mykhaylo Miusov (Ukraine),
Murtaz Devadze, Vladimir Klepikov (Ukraine), Badur Tchunashvili, Maia Tughushi.

Organizing Committee:

Nugzar Beridze, Tiumuraz Gamrekelashvili, Alla Drankova (Ukraine), Roman Zaitsev (Ukraine), Omar
Zivzivadze, Levan Imnaishvili, Davd Kakhiani, Giga Mamiseishvili, Evtikhy Matchavariani, Tengiz Museliani,
Mykola Mukha (Ukraine), Igor Orlovsky (Poland), Archil Samadashvili, Mamuka Kobalia, Vira Shamardina
(Ukraine), Lena Shatakishvili, Emzar Chachkhiani, Oleksii Chornyi (Ukraine), Enver Chichua, Tengiz Jishkariani
Paata Tsintsadze.

In the preparation of the journal took part:
Ina Tumanishvili (Text editing), Eteri Zambakhidze, Babilina Burchuladze (Computer assembly of text)




LI®RI3N — CONTENTS

929dAOMIBIORIG032M0 LoLiGdgdo ©s 3ma3ergdugdo,
993 G®M39gds603mM0 LoliEgdgdo, dserm®mo gegd@d®mmbozs
Electric power systems and complexes, Electromechanical systems and Power electronics

V.Klepikov, O.Bieliaiev. Determination of weight coefficients of a quasi-neuroregulator for a two-mass
electromechanical system with a nonlinear frictional load. .. ........ ... ... ... ... ... . ... . ... ... ......
0O.Nazarova, O.Rusiak. Fuzzy logic technologies in the diagnostic system of electromechanical processes of
the cold rolling Mill. . ... e e
V. Kotlyarov, Y.Anischenko. An approach to automated selection of servos for mobile robots. . ............
M.Mukha, A.Drankova. An implementation example the monitoring energy parameters of the vessel electric
POWET SYSTBIM. & o o oottt ettt et
V.Tityuk, A.Chorniy, P.Kurliak. Dynamic identification of synchronous motor stator's resistance by starting
CharaCtBriStICS. . . .. .
8.39b5830¢70, 8.5mB85¢m0s, 0.3506939cm5830¢m0, b.60239¢75d9. JIJBHOMBMBM3g00L Jugerol 35 33
35330l 153dgm  bsHgddo dodEobstry gwgd@HMBsboGHMMHO  3MMEILIOOL  FITM3IZWYIS
©505690900L JoBYBIOOL OGBS - . o o
8.379b5830¢m0, 8.4mBsemos, 0.350(3939¢n5830¢m0, b.6G039¢sdg. IBOL BMEHMIWgGHOHMLIEYOHIdOL
9096 99dEH®™IMBsMog900L Jugado Fomdmddbowo gugdBH®mMIsabod o 3GmEgligdol yodm3zzerg3s
5 9099 BHOMT2b0GHWMO 053Lgd5MBOL MBOMBIGEIYMRBS.. ..

o.079bgemosbo, 8. x0b6339cmg0030em0. g BHOMIbgMyool  ©sTsaMmM3gdgdol  godmyggbgdol
9306m309MH0 98aJGHMOMDs GoIMAMBOLEHTN00.. . . o
A.6a9080, ¢n.bobsGryerody, 8.8080H0dg R.85(s60dg, 8.armB0os.  3g00L  gurgd@BMmgbgtaool
botolbols s 9egdBHmmabacmgg@ozveo LolEgdob Mm3@GodoBogool gBJoo. . ...
0.8339e5830¢0, 8.8539es830¢m0, ©.HI0dgersdg, b.33065830¢10. Bl ,,009w0slol” 53sbsfowrgdgero
Jugaobsmzgol 9egdEmHmgbgtaool 3gdbozmMmo sbs3sMygodol LEGHMmWIGHHOL BMMIoMmYds s Jolo

M.Kvrivishvili, G.Shavelashvili, N. Lashkhauri, N.Kvrivishvili. Analysis of the effectiveness of neutral
resistive grounding in the network 6-10 kV and elaboration of measurestoraiseit. ......................
8-x535b0d30¢m0, 5.@0IBXI0d). 31HO® HHg30m0 JEgIBHOMTsAboEHMMO 30d3MIGMMOL Idsmdols

. 0365083000, 8. 89c00690330¢10, 03.0029S, 3.956MmFg0em0. JbgyMMbIstmgdol dgbgxdgbEoL
JOT BOUE)GOS.. « o vttt e e et e e e e e e e e e e
3. 8mB0o35830¢m0, b.5BIs0%5(kBs830¢m0, 8.0796hx0369¢m0, 0.0m@JBsd9. LobJOHMBOBsGOOl
300099900 JugawyHo 0633MGMMIOOL ogIRBIMGOOLSL.. . .
3. 8mB035830¢0, b.5YFs0R5(kGs030¢m0, 8. X 06900, M.HM05(5d). JugIHo 0b39MGHMMIdOL
399mygbgdol 0530L9dMEMd60 8030M s Fobo 30MHMYMWYJEHOMLOEYMMHGITO. . ...
b. 0sgg0¢mo0, 9.¢m9385(30, 0.20335¢P0. 35BOL YBJIGHMOJOOL LogMHPTMOOLM LM EOR0EOMJdOL
3MBOGOMBOL TYBODGD.. . . oo oo
b.05890¢m0, b.c2a(oar30, 3. 539930. 35V0L 395Mmb30L ©IGIIBHMMIOOL BHguBHOMmIOOL
50MMSGMO0ME0 IGEGHOHMEMY0YHO BEIBOL oTMTOZIOS. . . o vt
6.589¢v583000. 05O 5GHMM0505dMMHOLO JodmMEEOL LogzmbGHMMEM bodmTdol dmIBswgds
9696M293030L LEGOML 53090FEHIOWO LHZSTMEFPM SBMOSBHMMOJOOLIMZOL.. . .. oot
8.0930mksdy, . Gbsdy, 8.b5serobyzodzoemo. 369 4osdmmzegdol dmmbmgbgdol
MBOHMB39wYMmRs 0bZMOs30mE BgIbmEMY0gTo.. ..
3-9580dg, b.5(55800y, U.006000530¢m0. LodsOm3zgwml 9696039303990 MLsgdmbmgdol obogduo. .
b. Jazbodz0¢emo, 0.3008350%0560, b.x7530565830¢w0. 9bxORMIBgIGHMOO B9d0L MBgErgdol EsByMA30L
BEAOGIR00 LOJOMOZIIOMTO.. . . o o

93

10
16

21

26

30

37

42

46

52

58

64

68

73

77

80

84

88

92
98

p.






IV bsghomsdmeobe bsdgabogmem-Ggdbogzndo 306639696300 9bgMHagE030L 365890MM3g 3G:Md9dgdo
5 35000 35¢0055y39G0L aBgodo", MdoElO, Logs@mgzgmm, 2023 ferols 20-22 bmgddgmo
IVtinternational Scientific and Technological Conference "*Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, November 20-22, 2023

9299 BHOMbyM9GH03MM0 LoliBgdgdo s 3MmI3egdligdo, gergddmmdgdsbozm®o boliégdgdo,

dsemo gegd@®mbogzs
Electric power systems and complexes, Electromechanical systems and Power electronics

Determination of weight coefficients of a quasi-neuroregulator for a two-mass electromechanical
system with a nonlinear frictional load
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Annotation. A method for synthesizing a new type of regulator that provides specified parameters for regulating electric
drives of a wide class of machines and mechanisms in which frictional self-oscillations (AKF) occur under normal or
abnormal conditions is outlined. In its structure, the regulator looks like a simplified neural network (without middle
layers), which explains the name given to it by the authors - “quasi-neuroregulator”. The quasi-neuroregulator has an
advantage over other methods: subordinate regulation - applicability for systems with elastic connections; modal control
- eliminates the need to measure a number of phase coordinates, including difficult-to-measure ones, such as elastic
moment; neural network method - eliminates the need for repeated iterative calculations of a large number of weight
coefficients. The quasi-neuroregulator allows to determine the value of the weighting coefficients from the analytical
expressions derived in the article and use only one output coordinate for feedback. The universality of the method is
achieved by using a modified system of generalized dimensionless parameters and linearization in characteristic areas of

the friction load.

Keywords. Neuroregulator, neural network, frictional load, quasi-neuroregulator, electromechanical system

AKEF problem. The task of an electric drive (ED) of a wide
class of machines and mechanisms is to ensure optimal
movement of machine working parts in accordance with
the requirements of the technological process. Some of the
electric drives have a “friction pair” type load with a
nonlinear characteristic [1-4]. Its linearized graphical
representation for characteristic areas is shown in figure 1.

M,

w,

Fig. 1. Linearized characteristic of the friction load

In Fig. 1: I - section of elastic sliding; Il - falling section;
Il - Mr = const; IV - weakly ascending section.

When slipping (skidding or sliding), such a characteristic
contains a “falling” section II, in which an increase in the
slip speed wq leads to a decrease in the moment of resistance
M; [5]. Due to the nonlinearity of this characteristic,
frictional self-oscillations (AKF) may occur. In foreign
literature, stalled frictional oscillations (stick-slip) are
widely known [5-7, 9, 10], but the self-oscillatory mode
may not contain stops (non-relaxation AKF [11, 12]).

AKF, as a rule, worsen the performance of the
technological process of machines and mechanisms. In
particular, the accuracy of material processing may
deteriorate; wear of sliding surfaces increases, excessive
elastic moments occur, up to breakage of kinematic links

[7]. In addition, unwanted vibrations and noise occur, and
energy losses increase. Static and dynamic control
indicators are deteriorating.

Quasi-neuroregulator. An electric drive, as a source of
mechanical energy, can eliminate AKF through the
synthesis of an effective automatic control system [13-15].
In 2006, at the Department of Automated
Electromechanical Systems, a new regulator was proposed
and patented, which allows eliminating the AKF and
providing the required regulation parameters. In its
structure, with a linear approximation of the nonlinear load
characteristic, it is similar to a neural network, which
determined the name given to it by the authors - quasi-
neuroregulator (QNR), presented in figure 2 [8].

Object

BCS of regulation

Fig. 2. Functional diagram of the quasi-neuroregulator

In Figure 2:

n — the number of output neurons equal to the number of
linearized sections of the load characteristic;

m - the number of input signals, depending on the order of
the characteristic polynomial of the system;

LB - a logical block that connects the output neuron to the
control object, corresponding to the linearized load section
where the operating point of the system is currently
located,;
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BCS - Block of control signal and feedback signals of the
controlled coordinate with delays;

Ui - Un - input signals of the QNR, representing the
current value of the output coordinate and its discrete
previous values;

Wi ... Wma - analytically calculated weight coefficients.

Unlike traditional neural networks, in QNR the weight
coefficients are calculated using analytical relationships,
the method for determining which is described in this
article. The values of the QNR input signals are multiplied
by the calculated weight coefficients and transmitted to the
output neurons 1..n directly, without the presence of
hidden layer neurons, as is the case in traditional neural
networks. Signals arriving at the output neurons can be
transformed by the activation function, as is done in neural
networks, and transmitted to the control object as a control
signal Ug.

For linear systems, one output neuron is usually sufficient,
but when working with nonlinear systems, their
nonlinearity is approximated by linear sections, the
number of which is determined by the required
approximation accuracy.

Unlike modal controllers, the QNR does not require
information about a significant number of phase
coordinates, the parameters of which can be difficult to
measure, such as the elastic moment, and there is no need
to construct state observers that increase the order of the
characteristic polynomial [16]. Since the QNR is created
on a microprocessor basis, its use also provides their well-
known advantages, including the ability to implement
logical operations required by the technological process.
Modified block diagram. The block diagram of the
system under consideration is presented in Fig. 3. This
article explores an electromechanical system with a QNR,
the regulation object of which is a two-mass
electromechanical system with an elastic kinematic
connection and the dependence of the load on the slip
speed according to the friction characteristic. The diagram
is drawn up under the assumption that the
electromechanical energy conversion link is a first-order
aperiodic link and the influence of internal viscous friction
of the elastic kinematic connection is not taken into
account.

Fig. 3. Structural diagram of EMS
with frictional load

A dimensionless generalized representation of the system
parameters was used [13], which makes it possible to
significantly reduce the number of physical parameters
taken into account during the synthesis and makes the
obtained results more universal. In contrast to the
generalized parameters presented in the above source, in
this article their modified combination is used by using the
parameter m, which is the ratio of the electromechanical to

electromagnetic time constants mzi—M [17].
E

The dimensionless generalized parameters used in the
diagram in Fig. 3 are also:
_ Jitla.

'’
the ratio of squared frequencies of undamped mechanical
and electromechanical resonances

the mass ratio coefficient  y

2
_ 0.
=2

QM

the ratio of the friction load mechanical characteristic
stiffness to the stiffness modulus of the electric drive

characteristic b = %.

The differentiation operator in dimensionless form is also
used p, = pTg.

This set of relative and dimensionless parameters
characterizes the dynamic properties not of one specific
system, but of a class of systems with different physical
parameters. The advantage of such a mathematical
description of systems compared to a description in
physical parameters is the possibility of obtaining, for
example, control laws for a wide class of objects in the
field of electric drives.

Purpose of the article. Obtain analytical equations for
calculating the values of the weight coefficients of the
quasi-neuroregulator in the modified generalized
parameters of a two-mass electromechanical system with
elastic kinematic connection and nonlinear frictional load,
using external feedback along one coordinate - the speed
of the second mass.

Theoretical part and calculations. In connection with the
linearization of nonlinearity over characteristic sections, the
obtained analytical expressions for the ratio coefficients are
universal, i.e. are also valid for any other linear section.The
task of the regulator is to prevent frictional self-oscillations
and ensure the required dynamic control parameters.

Let the object of regulation be the ED. The open-loop
electromechanical system of the electric drive has a
characteristic polynomial in normalized form Do(p):

Do) =p" + apip" P4t aptt ot aptag. 1)

The coefficients a are determined by the values of the
parameters of the control object. The monograph [1]
shows that for EMS with a nonlinear frictional load for
each section of the mechanical characteristic (Fig. 1) in a
system with a common adder, the characteristic
polynomial of the closed-loop system D¢(p) is equal to the
sum of the open-loop polynomial Do(p) and the
complementary polynomial Dcom(p) each component of
which depends on the feedback value of the corresponding
coordinate

Dc(p) = Do(p) + Deom(P)- (2)

Compared to the coefficients of the open-loop system,
each of the coefficients of the closed system changes by
the value Aaj, i.e.

D.(p) = p™ + (ap_1 + Ady_)p™ 1 + - +
+(a; + Aa)p' + -+ (ar + Aay)p + ag + Aag. (3)

The control parameters are determined by the values of the
roots of the characteristic polynomial of the closed system,
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which in turn depend on the values of its coefficients. If, due
to feedback, we ensure that the coefficients Dc(p) are the
same as those of some desired polynomial Dqy(p) with the
necessary roots:

Dg(p) = p™ + a'poyp™ Tt ek a/pt e+ dyp + &)
that is, fulfill the condition:
D.(p) = Dq(p), )

then the necessary regulatory parameters will be achieved.
To satisfy condition (5), it is necessary that each of the
coefficients of the polynomial Dc(p) receives an addition
from the feedback action:

Aai = a'i—ai = bi' (6)

From which it follows that the addition to the polynomial
of the open-loop system (taking into account that the
coefficients of both polynomials at the highest degree are
the same and equal to one), the complementary polynomial
from the action of feedback is equal to

Dcom(p) = bn_lpn_l + + bl-pi + + blp +
by. ()

In particular, one of the standard polynomials, the values of
the roots of which are known, can be chosen as desired. For
the system under consideration, the complementary
polynomial has the form:

Deom(p) = b3P*3 + bzp*z +bip. + by (8)

To obtain the values of bs-bg taking into account the values
of the generalized parameters of the system, we find the
coefficients values of the polynomials of the open-loop
system through the values of the dimensionless
generalized parameters of the circuit, using the Mason
formula.

PiA;

P
W (p) = 2=, ©)
where

Pi - the i-th path from the input signal (or disturbance) to the
coordinate of interest. It is the product of the transfer
functions of all its constituent links;

g — number of paths;

A — determinant of the system, calculated as the product
4 =l (1 - L7, (10)

where

L - the transmission of the k-th circuit, representing the
product of the transfer functions of the links included in it
(in this case, the transfer function of the negative feedback
is taken into account with a “minus” sign);

m — circuit number.

Substitution of generalized parameters into the Mason
formula and the corresponding transformations led to the
following relations for the coefficients of the open-loop
system:

a;=1- (11)

m(y—1)

_1 v(1+(y-1)) b
a = a1+ — + —(y_l)) (12)
_ vmy-D(1+@-1))+by-1)+y)
r m2y(y—1) (13)
v(b+1)
0= mzy (14)

The idea of quasi-neuroregulation is to generate, according
to the structure of the output neuron, a signal that
implements relation (7) and supply this signal to the input
of the control object. Because the numerical values of the
coefficients a'j of the polynomial Dy(p) are known, and the
coefficients of the open-loop system Do(p) are determined
by its parameters, then the numerical values of b are found
from relation (6). To calculate the derivatives p; included
in the terms of relation (7), it is proposed to use the finite
difference method [14].

The essence of this method is illustrated in Figure 4 and
relationships (15)-(17). In the figure: y, is the current value
of the adjustable coordinate y, and y», ys,... are its previous
values with a delay of time At.

v
v,
Y,
bE

Vv,

At

/ : t

Fig. 4. Finite difference method

For small values of At, it is obviously true that at time t;:

dy Vi _y1i-Y2,
at At at ' (15)

d?y Vi _ "V _ (1-y2)-(2—y3) —

~

a2 T oz . @anz (at)?

— Y172Y21Ys .

=0 (16)
_ v}-vi _ U1-2y2+y3)-(ya—2ys+ya) _

dat3 ~ a3 T (43 at)3

_ Y1—3y2+3y3—Y4,
=== @an

This system, as an object of regulation, has a fourth-order
characteristic polynomial Do(p).

D,(p) = p.* + azp.® + ayp.? + a;p. + ao. (18)

Coefficients ap-az are determined by the values of the
parameters of the regulated object. Let us establish that to
solve the problem posed, only one output coordinate will be
used - the speed of the second mass w,. To ensure the
required control indicators, it is necessary to calculate the
additions bo-bs to each of the coefficients of the polynomial
(18).
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As desired, we choose the standard fourth-order
Butterworth polynomial:

D4(p) = Dg(p).
Dp(p) = p." + a1 wop ™ + @', wo*p TP +
+o.+d 0" p, + d gwe™, (19)

where o - the main parameter of the distribution of roots equal
to the geometric mean root, and if a;=1, then

Wy = nx/ P1D2 ---Pn-1Pn (20)

In the literature, standard polynomials are usually
specified with a dimensionless differentiation operator
p~=p/wo. When obtaining relations, it is necessary that the
dimensionless differentiation operators in the expression
for the open polynomial (18) and the standard polynomial
be the same. Obviously, this will be achieved if wo in the
standard polynomial is taken to be the same as the base
value for the dimensionless open-loop operator.
Physically, this means that the unit of time is the
electromagnetic constant of the electromechanical system.
In this case, the Butterworth polynomial has the form:

Dp(p) = p* +2,6p> +3,4p* +2,6p + 1. (21)

The required numerical values of the coefficients by, b, by,
bz are found as the difference between the Butterworth
polynomial and the open-loop polynomial at the same
powers of derivatives pi. Substituting (11)-(14) and (21)
into (6) we get:

b3=2.6_a3;

b2=3.4‘_a2;

b1=2.6_a1;
b0=1—a0.

Let pass in expression (8) to derivatives in finite
differences. As input signals we use the current values
w2(t) equal to y;, and the previous values Y, Ys, Ya
corresponding to the values w2(t-At),
w2(t-2At), w2(t-3At). Then

3 Y173Y2+3Y3—Vs Y1—2Y2+Y3
Dcom(p) ~ b3 At3 + bZ At2 +

+by P22+ by (22)
The structure of the QNR, which implements the analytical
relationships for the linearized section of the friction

characteristic, is presented in Figure 5.

u

] W,

OBJECT

Fig. 5. Neural network structure of the
guasi-neuroregulator

By grouping the terms of relation (22) with respect to each
of the signals yi, Y2, Vs, Vs, we find the weighting

coefficients W1, W,, W3, W, that provide the required
control signal:

Wy =242+ 22+ by (23)
w,=-22422, 0, (24)
Wy =224 22 (25)

Wy =% (26)

The resulting expressions for calculating the weight
coefficients are valid for each of the linearized sections of
the load characteristic. The numerical values of the weight
coefficients will be determined by the rigidity of the
mechanical characteristics of these sections. If it is
necessary to consider a transient process in which the
operating point passes through all sections, the structure of
the QNR looks like in Fig. 2, where the number of output
neurons will be equal to four.

Conclusions. Analytical relations are derived for
calculating the weight coefficients of a quasi-
neuroregulator using the structure of a simplified neural
network. The values of the weight coefficients calculated
from these relationships ensure the elimination of
frictional self-oscillations and the specified values of the
dynamic parameters of the electromechanical system. In
contrast to the synthesis of a neural network of traditional
neuroregulators, the need for repeated up to 10° iteration
calculations of weight coefficients using a computer is
eliminated.

References (Literature)

1. Knenukos B. b. Jlunamuka 37eKTpOMEXaHUYECKUX CHUCTEM C
HeJMHEeWHBIM TpeHueM : MoHorpadus / B. b. Knermmkos. X. :
Wzn-Bo «Iligpyunux HTY “XTIII”». 2014. — 408 c.

2. Upanuenko @.K., Kpacuomanka B.A. JluHamuka mertan-
nyprudeckux MammH. M.: Meramnyprus. 1983. — 294 c.

3. MunoB /I.K. TToBbIlIeHHE TATOBBIX CBOHCTB 3JIEKTPOBO30B U
TEIUIOBO30B C AJIEKTpuueckoil nepepaueil. M.:Tpancmoprt.
1965. — 267 c.

4. Armstrong - Helouvry B. Control of Machines with Friction. -
Kluwer Academic Publishers. - Boston / Dordrecht / London.
1991. - 173 p.

5. Enextporexnika 3aripusk M.B., KienikoB B.b., Kosbaca
C.M., Muxanbscekuii B.M., [Tepecaga C.M., Canooii O.B.,
IanoBan [.A. "EneproedexkTuBHi eneKTpoMeXaHiuHi
CHCTEMH IIUPOKOTO TEXHOJOTiYHOTO mpu3HaueHHs" Kwuis,
TactutyT enexkrponunamikn HAH Ykpaiau. 2018. — 310 c.

6. Kato S., Yamaguchi K., Matsubayashi T. On the dynamic
behaviour of machine tool slideway. Characteristics of static
friction in stick-slip motion // Bulletin of the JSME. 1970.
Vol. 13. Ne 35. P. 170-179.

7. Tlpy4uHbBI MOJIOMOK OCEH PYAHHUYHBIX 3JIEKTPOBO30B [A.A.
Penresuy, I1.C. llaxraps, K.II. Bononsko, A.W. FOuienko,
M.K. l'anymko, b.A. Ky3neuos, I'. 5. Kynens, M.K. Mexena,
0.X. Oxpumuyk // Bonpocsr pyaauuHoro tpaucmnopral/Co.
Crareit/Tlon pen. H.C. TlomsikoBa. M.:T'ocroprexusmar.
1962. Bsim 6. . 192-203.

8. Jexnapariitauit MATeHT Ykpainu 12362.
KBazuneitpoperynarop s eIeKTpOMEXaHiyHOI CHCTEMH /
B.b. Kinemnikos, B.I. Komotimo, I.C. Ilonsuceka, A.B.
Pynenko (Ykpaina). 2006. bros. Ne7.



IV bsghomsdmeobe bsdgabogmem-Ggdbogzndo 306639696300 9bgMHagE030L 365890MM3g 3G:Md9dgdo
5 35000 35¢0055y39G0L aBgodo", MdoElO, Logs@mgzgmm, 2023 ferols 20-22 bmgddgmo
IVtinternational Scientific and Technological Conference "*Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, November 20-22, 2023

9. Mohammed A. A. Y. and Rahim I. "Investigate Stick-Slip
Intervals with One Equation of Motion and Analyse the
Effect Of The Friction Noise," International Journal Of
Scientific & Technology Research. pp. 96-117, 2013.

10. Derbal, Massinissa, et al. “Fractional-Order Controllers for
Stick-Slip Vibration Mitigation in Oil Well Drill-Strings.”
Journal of Low Frequency Noise, Vibration and Active
Control, vol. 40, no. 3, Sept. 2021, pp. 1571-1584

11. TonockokoB E.I'., ®wmummo A.Il. Hecranmonapusie

KonebaHus MexaHnueckux cucreM. Kues: HaykoBa mymka.
1986. — 336 c.

12. Knemumko B.B. OcoOeHHOCTH IWUHAMHUKH 3ICKTPO-
MEXaHHYECKUX CHUCTEM C OTPHLATENbHBIM BSI3KHM TPEHHEM
/| TexHiuHa eJeKkTpoaWHaMika. — TeM. BHUIL «[IpoGiemu
cyyacHoi enektporexHikuy. K.2000. Y.1. c. 40-45

13. Kimoues B.M. Teopus smexrpornpuBoga. M.:DHepro-
aromusaar. 2001, — 704 c.

14, 3paxeBcekuii [.M., gricenbHi METOAM B 33a4aX MEXaHIKH.
Yactuana 1. Teopermyna Ta TpHKIagHa MexaHika//
Hasuansao MeTonnunnii mociouauk. Kuis. 2020. c. 28-31.

15. Tonouko O.U., Kouery6 I1.X., ®enopsk P.B. Ananusz u
CHHTE3 MOJIAJIbHBIX CUCTEM, 3aMKHYTHIX uepe3 HaOro1aTelb
COCTOSIHUSI TIOTHOTO Topsiaka// COOpPHUK HAYYHBIX TPYIOB
JHoul'TY. Cepus: DnekTpoTeXHUKa U dHEpreTuka. Buim.4.
JNonenk: Toul'TY. 1999. c.46-51.

16. Klepikov V.B., Bieliaiev O.S. Neuroregulator with a
Simplified Structure for Electric Drive with Frictional Load
/I Abstracts of conference «2022 IEEE 3rd KhPl Week on
Advanced Technology». pp.527-530.

17. O6pyu U.B., Xoper A.B.//«HoBas Mozens IByXMaccOBO#
3IEKTPOMEXaHUIECKON CHCTEMBI B 0000IIEHHBIX
nmapametpax»/ Bectauk Harr. texs. yu-ta "XITN"//C6. nay4.
tp. Temar. BB IMpobneMsl  aBTOMAaTHU3HPOBAHHOTO
anekTponpuBona. Teopuss u mnpaktuka. XapbkoB:HTY
"XTIN". 2015. Ne 12 (1121). c. 160-163.

References (Transliterated)

1. Klepikov V. B. Dynamika elektromekhanichnykh system z
neliniinym tertiam: monohrafiia / Kh.: Vyd-vo «Pidruchnyk
NTU “KhPI”», 2014. — 408 s.

2. lvanchenko F.K., Krasnoshapka V.O. Dynamika
metalurhiinykh mashyn. M.: Metalurhiia, 1983. - 294 s.

3. Minov D.K. Pidvyshchennia tiahovykh vlastyvostei
elektrovoziv ta teplovoziv z elektrychnoiu peredacheiu. - M.:
Transport, 1965. - 267 s

4. Armstrong - Helouvry B. Control of Machines with Friction. -
Kluwer Academic Publishers. - Boston / Dordrecht / London,
1991. p. 173,

5 Elektrotekhnika Zahirniak M.V., Klepikov V.B., Kovbasa
S.M., Mykhalskyi V.M., Peresada S.M., Sadovoi O.V.,
Shapoval 1.A.  "Enerhoefektyvni  elektromekhanichni
systemy shyrokoho tekhnolohichnoho pryznachennia” Kyiv,
Instytut elektrodynamiky NAN Ukrainy, 2018. — 310 s.

6. Kato S., Yamaguchi K., Matsubayashi T. On the dynamic
behavior of machine tool slideway. Characteristics of static
friction in stick-slip motion // Bulletin of the JSME. 1970.
Vol. 13. No. 35. - pp. 170-179.

7. Prychyny polamok osei rudnychnykh elektrovoziv/A.A.
Renhevych, P.S. Shakhtar, K.P. Volodko, A.l. Yushchenko,
M.K. Halushko, B.A. Kuznietsov, H.la. Kudelia, M.K.
Mekheda, O.Kh. Okhrimchuk // Pytannia rudnychnoho
transportu: zb. statei; za red. N.S. Poliakova. - M.:
Hoshortekhizdat, 1962. Vyp 6. S. 192-203.

8. DekKlaratsiinyi patent Ukrainy 12362. Kvazyneirorehuliator
dlia elektromekhanichnoi systemy / V.B. Klepikov, V.I.
Kolotilo, I.S. Polianska, A.V. Rudenko (Ukraina). 2006,
Biul. Ne7.

9. A. A. Y. Mohammed and I. Rahim, "Investigate Stick-Slip
Intervals with One Equation of Motion and Analyze the
Effect of the Friction Noise,” International Journal of
Scientific & Technology Research, pp. 96-117, 2013.

10.. Derbal, Massinissa, et al. "Fractional-Order Controllers for
Stick-Slip Vibration Mitigation in Oil Well Drill-Strings."
Journal of Low Frequency Noise, Vibration and Active
Control, vol. 40, no. 3, September 2021, pp. 1571-1584

11. Holoskokov Ye.H., Filippov A.P. Nestatsionarni kolyvannia
mekhanichnykh system. Kyiv:Naukova dumka.1986. - 336 s.

12.  Klepikov V.B. Osoblyvosti dynamiky elektro-
mekhanichnykh system z nehatyvnym viazkym tertiam //
Tekhnichna elektrodynamika. - Tym. vip. "Problemy
suchasnoi elektrotekhniky". K. 2000. Ch.1 —S. 40-45

13. Kliuchiev V.I. Teoriia elektropryvodu. M.: Vyshcha shkola.
2001. - 704 s.

14. Zrazhevskyi H.M., chyselni metody v zadachakh mekhaniky.
Chastyna I. Teoretychna ta prykladna mekhanika//
Navchalno metodychnyi posibnyk. Kyiv. 2020. s. 28-31.

15. Tolochko O.l., Kotsehub P.Kh., Fedoriak R.V. Analiz ta
syntez modalnykh system, zamknutykh cherez sposterihach
stanu povnoho poriadku// Zbirnyk naukovykh prats
DonDTU. Seriia: Elektrotekhnika ta enerhetyka. Vyp.4.
Donetsk: DonDTU. 1999. s.46-51.

16. Klepikov V.B., Bieliaiev O.S. Neuroregulator with a
Simplified Structure for Electric Drive with Frictional Load
/I Abstracts of conference «2022 IEEE 3rd KhPI Week on
Advanced Technology». pp.527-530.

17. 1. V. Obruch, A. V. Khoreva // Vestnyk Nats. tekhn. un-ta
"KhPY":sb. nauch. tr. Temat. vsIp.:Problemsr avtomaty-
zyrovannoho slektropryvoda. Teoryia y praktyka. Kharkov :
NTU "KhPY". 2015. Ne 12 (1121). S. 160-163.



IV bsghomsdmeobe bsdgabogmem-Ggdbogzndo 306639696300 9bgMHagE030L 365890MM3g 3G:Md9dgdo
5 35000 35¢055y39G0L 30", ®doEOLO, Logs@mgzgmm, 2023 ferols 20-22 bmgddgmo
IVtinternational Scientific and Technological Conference "*Modern problem of power engineering
and ways of solving them", Thbilisi, Georgia, November 20-22, 2023

Fuzzy logic technologies in the diagnostic system of electromechanical processes of the cold rolling mill
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Annotation. The article is devoted to the issue of increasing the efficiency of the diagnostic system of electromechanical
processes of the cold rolling mill by supplementing the decision-making system with elements of fuzzy logic. The object
of improvement of the existing information and measurement diagnostic complex is the section of the unwinding
mechanism and rolling stand. The main goal is the development of a diagnostic system that will warn about the pre-
emergency condition regarding the break of the rolling metal strip. The conducted computer simulation of the fuzzy
decision-making system showed that the system works correctly, according to the established requirements, as well as to
the developed base of fuzzy rules, and can be used to diagnose the pre-emergency condition associated with the break of

the rolling metal strip.

Keywords: fuzzy logic, diagnostic system, electromechanics, electric drive, cold rolling, simulation.

Introduction. Currently, the use of microprocessor
technology has contributed to the "intellectualization™ of
industrial equipment. A vivid example of this is electric
drives, which are systems capable of self-adjustment
and adaptation. Such systems are becoming increasingly
widespread as drive technology for high-performance
lines.

One of the most important modern trends in the
development of information technologies is the use of
fuzzy logic in the development of automated
information processing and management systems. The
advantages of using fuzzy logic are the simplification of
modeling of complex systems, the creation of flexible
decision support algorithms based on human-
understandable sets of rules, the possibility of
processing imprecise and incomplete information [1]. In
[2], the direction of creation of intelligent support
systems for engineering solutions for complex non-
linear electric power facilities with the use of
mathematical apparatus of artificial intelligence is
considered. The development of software for the
automated monitoring of the residual resource of
mechanical equipment of rolling mills was carried out

[3].

The development of systems for continuous
monitoring and diagnostics of the technical condition of
the electrical equipment of a metallurgical enterprise is
the main direction of the intelligent information systems
design for industrial enterprises [4]. This work presents
a method of diagnosing equipment based on changes in
motor current. In this document [5] a method is proposed
that analyzes the load torque and motor speed variation
in rough and finished drive cages (stands) according to
the steel to be rolled. The results can be used as part of
an expert system for automatic estimation of power
consumption at the hot rolling condition.

So, the parameters for monitoring and diagnostics
of rolling equipment can be conditionally divided into
mechanical and electrical, but in most cases they are
quite strongly interrelated with each other. Considering
the sources discussed above, it can be concluded that
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when developing monitoring and diagnostic systems,
the main electromechanical parameters should include
the rolling force, current and voltage of the motor,
rotation frequency, load moment. Quite often, certain
mathematical and computer models of equipment are
used to check the functionality of the proposed
diagnostic and monitoring systems [6-8]. Prospective
areas of development of these systems are the use of
databases of monitoring systems and expert knowledge
in decision-making systems for service personnel, as
well as elements of artificial intelligence for systems of
automatic control of the technological process.

The aim of the work — development of elements
of the decision-making system based on fuzzy logic for
the cold rolling mill diagnostic system, which will
increase the effectiveness of the diagnosis results of the
existing system.

Description of the existing diagnostic complex.

To solve the task of researching the
electromechanical parameters of the training single-
stand cold rolling mill of the cold rolling shop No. 1 of
Zaporizhstal OJSC, a multi-channel complex is used,
which is designed for monitoring and archiving the
received data [6].

A strip of rolling metal
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Fig. 1. Layout of rolling mill equipment
The layout of the equipment is shown in Figure 1,
where U is the unwinder (unwinding device); C — cage
(stand) with pressure devices; W — winder (winding
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device); RD — reducers of motors of unwinding and
winding mechanisms, cages; D - motors of the electric
drives of the unwinding mechanism, the cage and the
winding mechanism; o1, ®2 — angular speeds of the
unwinder and winder; V1, V2 - linear speeds of the strip
at the entrance and exit of the cage. The complex uses
information obtained from speed, current and voltage
sensors. The following coordinates are monitored for

Ne1-1ox awopa pasmstuiearen 1 1P(0 N

each of the four electric drives [7]: motor voltage,
excitation current, armature current, as well as the cage
speed, which is taken taking into account the calibration
coefficient proportional to the tachogenerator voltage.
Thus, a fairly thorough database of the rolling of
each roll is created every day, which is available both in
graphical display and in tabular form, which expands the
possibilities of using and analyzing the data obtained.

10P0) N1

Fig.2 Graphs of electromechanical processes during normal roll rolling
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Fig. 3. Graphs of electromechanical processes during emergency rolling - lane break

Figure 2 shows the electromechanical processes
(1 - cage voltage, 2 - winder voltage, 3 - unwinder
armature current, 4 - unwinder voltage, 5 - cage current,
6 - cage speed) during strip rolling in normal mode.
Figure 3 shows similar curves for the case of an accident
- a lane break. The results of the development and
analysis of the obtained monitoring results showed the
directions of research, in which the following main
stages can be distinguished: analysis of technological
equipment; detection of "problematic" modes; research
of rolling modes and their improvement. With the help
of this monitoring, it is possible to optimize the settings
of the control systems, both for individual control
channels and for the multi-parameter system in general.

For the most part, electromechanical, electro-
technical and electric power facilities are non-linear and
interconnected  systems, which determines the
complexity of regulating the processes that occur in
them. The problems of effective management of the
specified objects are becoming more and more urgent,
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they are among the fundamental scientific and technical
problems. It is known that classical control methods are
effective for a limited number of objects, or for objects
to which certain simplifications are applied in the
mathematical description of this object [2]. Among the
most common problems of using traditional control
methods, the following can be highlighted: the use of
linear regulators for objects with unstable states, loads,
nonlinearities, disturbances; fixity of regulator
parameters; work in extreme conditions; parametric
uncertainty of the electric power system, etc. Most of
these problems can be solved by applying synergistic
control algorithms, fuzzy neural networks and fuzzy
logic methods.

The relevance of using the principles of artificial
intelligence in electric power systems is to ensure the
necessary level of information exchange between the
constituent elements of the system based on intelligent
methods. Currently, one of the ways to solve the
problem of building an effective automatic control
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system or making a decision is the use of intelligent
methods based on the mathematical apparatus of fuzzy
logic, which implement control based on expert
information and do not require a mathematical
description of the system's behavior [2]. Fuzzy logic
makes it possible to widely use expert knowledge in the
construction of decision-making systems and automatic
control systems due to the presence of quantitatively
fuzzy parameters. Therefore, when developing
management systems for objects that are difficult to
formalize, it is advisable to use models and methods
based on the principles of fuzzy logic [8]. Such
situations occur in the presence of the participation of
operators in the functioning of the technological object
or in the absence of accurate knowledge about this
control object. The object of improvement of the
existing information and measurement diagnostic
complex is the section of the unwinding mechanism -
rolling cage (stand). The main task of the improvement
is the development of a diagnostic system that will warn
about the pre-emergency condition regarding the break
of the rolling metal strip. Other defects and sections of
the rolling condition are not considered.

Development of a fuzzy decision-making
system.

Thus, to build an element of improvement of the
diagnostic system, it is suggested to use the principles of
fuzzy logic. The following values were set at the input
of this fuzzy system for making a decision about the
diagnostic object: voltage of the armature circuit of the
motor of the unwinding mechanism; current of the
armature circuit of the motor of the unwinding
mechanism; the tension of the strip of rolled metal in the
area between the unwinder and the rolling cage. At the
output, the general state of the system is obtained, which
directly depends on the values of the input data [8].
Figure 4 shows the general view of the developed fuzzy
system.

Next, belonging functions are created for each of
the input variables, as well as for the output. For the
inputs and outputs, the "trimf" type functions were
chosen, because it allows you to visually show the
change of values quite easily. Next, the limits of values
in which fluctuations of input and output data are
expected are set [8].

According to the technological instructions, the
nominal current of the armature circuit is 1100 A, the
nominal voltage of the armature circuit is 600 V, the
maximum tension force is 1500 N. The angular speed of
the electric drive of the unwinding mechanism can be
adjusted in two zones: the first zone - by increasing the
voltage of the armature circuit to the nominal value, the
second zone - weakening of the magnetic flux. At the
nominal load, the electric drive must reach the nominal
voltage values. Reduced voltage values cannot be
attributed to incorrect operation of the electric drive,
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Fig. 4. General view of the developed fuzzy system

because rolling can be carried out at a reduced speed
when feeding the metal strip into the rolls of adjacent
electric drives, as well as increasing the speed to the
working speed with subsequent braking and tightening
of the strip. Similarly, the current values of the armature
circuit of the unwinding mechanism vary. Values from
zero to the nominal value of the current are considered
acceptable during the operation of the electric drive,
however, during acceleration and braking, the dynamic
component must be taken into account, which is
acceptable within about 1.5-2 times of the nominal
value.

The maximum allowable value of the current is
determined by a two-fold excess of the nominal value
and is calculated when choosing protective equipment
against exceeding the starting currents. The tension
force is regulated by the tension diagram of the rolled
metal strip. This chart has several sections.

The first section has a linear character and is called
the elastic zone, here the strip of metal is subject to
Hooke's law. The second section is a small horizontal
line, called the zone of general fluidity, here there is a
significant change in the length of the strip without a
significant increase in the load. The third zone is the
strengthening zone, here the elongation of the strip is
accompanied by an increase in load, but more slowly
than in the elastic area.

The highest point of the curve of this diagram is the
ratio of the maximum force that the strip of metal can
withstand to its initial cross-sectional area, called the
strength limit. The last part of the curve corresponds to
the destruction of the properties of the metal and the
destruction of the metal band, which corresponds to the
band gap.

Having analyzed the electromechanical processes
of two interconnected electric drives of the unwinding
mechanism and the drive cage, limits were assigned for
the inputs, namely for the voltage of the unwinding
mechanism (Ur) from 0°V to 600°V:

- less than 200°V - the voltage is low;

- from 200°V to 620°V - normal voltage;

- from 620°V to 700V - the voltage is above the
norm.
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For the current of the armature circuit of the
unwinding mechanism from 0 A to 2200 A:

- from 0 A to 1100 A is a normal current;

- from 1100 A to 1600 A - the current is increased;

- from 1600 A to 2200 A - the current is high.

For the tension of the rolled metal strip from 0 N
to 1500 N:

- from O N to 1200 N - the tension is less than
normal;

- from 1200 N to 1500 N - normal tension;

- from 1500 N - the tension exceeds the norm.

A scale from 0 to 1 was conventionally set for the
general state of the system:

- from 0 to 0.3 - excellent condition (excellent);

- from 0.3 to 0.8 is a normal state (normal);

- from 0.8 to 1 - pre-emergency state (bad).

The belonging functions of voltage, current,
tension, as well as the final state of the system are shown
in Figures 7-8, respectively.
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A base of fuzzy rules was developed with the use
of given belonging functions. To build this base of rules,
an "if-then" type model is used, with the help of which
connections are established between input and output
parameters of the system.

The main purpose of the base of fuzzy rules is to
convey in a formal form the knowledge of experts or the
results of experiments obtained empirically in a certain
problem area.

To confirm the correctness of the created fuzzy
system, a data table with simulation results is presented
(Table 1), using a graphical representation of the fuzzy
output of the decision-making model regarding the state
of two interconnected electric drives (uncoiling
mechanism and rolling cage) of the cold rolling mill.
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Fig. 10. A graphic representation of the fuzzy output of
the decision-making model regarding the state of two
interconnected electric drives (the unwinding
mechanism and the rolling cage) of the cold rolling

state
Table 1
Input values Buximme
3HAUYCHHSA
Armature A Metal System
Lo rmature .
circuit current strl_p _status
voltage (N, A tension | (diagnos),
(Un), Vv ' (F), N c.u.
100 500 1570 0.928
660 1400 1570 0.857
600 1400 1400 0.653
500 1000 1500 0.523
600 1100 1400 0.289
200 1100 1400 0.587
300 1100 1200 0.551
600 2000 1400 0.839
600 2290 1400 0.812
670 2290 1400 0.847
690 2290 1580 0.858
650 2000 1500 0.935
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So, as a result of the verification of the decision-
making element based on the fuzzy logic of the
improved automated system for monitoring and
diagnosing the electromechanical processes of the cold
rolling mill, various situations with input and output data
were simulated and it was concluded that the system
works correctly, in accordance with the established
requirements, and also to the developed base of fuzzy
rules.

Conclusions

1. The system for diagnosing the electro-
mechanical processes of the state of cold rolling has
been improved by supplementing it with a fuzzy system
for making a decision about the diagnosis object based
on the database of electromechanical processes of two
interconnected  electric  drives:  the unwinding
mechanism and the rolling cage. At the input of this
system, the voltage of the armature circuit of the motor
of the unwinding mechanism, the current of the armature
circuit of the motor of the unwinding mechanism, the
tension of the rolled metal strip in the area between the
unwinder and the rolling cage are set. At the output, the
general state of the system is obtained, which directly
depends on the values of the input data.

2. Data from current and voltage sensors, which
are already installed on the industrial equipment of the
cold rolling shop No. 1 of Zaporizhstal PJSC, are used
to obtain measurement information about diagnostic
parameters. Information about the value of the tension
force of the rolling metal strip can be obtained both by
installing additional measuring devices and indirectly,
using mathematical models of the current radius of the
roll and the linear speed of the metal strip.

3. The simulation of the system for making
decisions about the state of the diagnostic object based
on fuzzy logic, taking into account various situations
with input and output data, showed that the system
works correctly, in accordance with the established
requirements, as well as the developed base of fuzzy
rules and can be used for pre-emergency diagnostics the
state associated with the breaking of the rolling metal
strip.
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An approach to automated selection of servos for mobile robots
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Annotation. The study is aimed at solving the problem of a large space of possible design solutions in the conceptual
design of electric drives for robots. In the implemented computer-aided design process, clustering of servo drive
parameters is used, the resulting clusters are used in the design rules of the expert system knowledge base. Examples of
design rules are given and an expert system software architecture is proposed.

Keywords: Servomotors, design process, expert system,clustering, system requirements, semantic networks

Introduction.  Electric servos (servo actuators,
servomotors) are the basic elements of many
electromechanical devices and systems. Often it is
servos that implement most important functional
requirements and largely determine system properties
and characteristics, such as the robots operational and
energy efficiency. Low-power servo drives are widely
used in industrial and service wheeled and walking
mobile robots [1-6], in mobile manipulators, performing
a number of functions in different operating modes. For
example, in [1] Dynamixel MX-106R and Dynamixel
PRO H-42-20-S300 types servos were used to drive the
limbs of walking robots. Servo drives may account for
more than 90% of the electricity consumed in such robot
.Therefore, optimization of energy consumption by
robot devices is achieved, among other things, by
choosing the types of servos used. The procedure for
such a choice involves the analysis of a large space of
technical solution options, characterized by a significant
variety of technical characteristics and design features.

The characteristics of servo drives in robots during
their design are largely determined by the purpose and
type of robot, the design of its mechanisms, by system
requirements for the robot as a whole and technical
requirements for its individual subsystems. Moreover,
the influence of different requirements on the design
process and its results can be both consistent and
contradictory. It is known, for example, that the
indicators of cost and reliability of design solutions,
manifested in particular in the choice of materials for the
servo drive mechanism, are significantly contradictory.
Required control accuracy can influence not only the
choice of parametric characteristics of the servo drive,
but also its functional features: the presence or absence
of a built-in encoder and other sensors, the availability
of internal zero position correction and a type of
modulation of the control signal, sometimes even up to
the choice of control algorithm in electric drive
firmware. The large number and variety of such factors
and the complexity of their relationships largely
determine the difficulty of selection a specific servo
drive model when designing an electromechanical
system.

The servo drive itself includes several closely
interconnected subsystems - a mechanical transmission

with a gearbox and bearings, an electric motor, a
controlled power electrical converter (motor driver) and
an information subsystem, including regulators, sensors
and signal converters. The electrical, mechanical and
thermal interaction of these subsystems, the specific
technical requirements for them, and the design layout
also significantly influence the complexity of designing
servo drives. In the practice of designing electric drives
for robots, in the simplest cases, the requirements for the
nominal characteristics of the servo drive are first
determined based on an analysis of the operating modes
of the movement mechanism. And then, based on the
reference data, a suitable servo drive model with the
required moving speed and torque is selected. The
process of such selection can be described by the
mathematical apparatus of relational algebra and
automated by means of database management systems
and the SQL programming language, as in the eDrive
CAD system [7].

But by initially choosing a servo drive only
according to its main technical characteristics, as a result
of this choice we also receive a set of its many other
characteristics, which may or may not be satisfactory.
Next, the motion control system is synthesized and its
microprocessor implementation is designed. At the same
time, additional factors begin to be taken into account,
for example, the type of servo control signal, the need to
correct the zero position, which depends on temperature,
and others. The type of control signal, in turn, is
associated both with the complexity of the
implementation of the microprocessor platform
(presence of PWM, DAC, etc.) and with the quality of
control, which is influenced by the width of the dead
zone, dynamic processes in the power part of the system,
delays in processing control signal. The rate of rise of
motor current with digital control is usually greater than
with analog control, and additional current limiting via
soft starting may be required [8].

As aresult, the algorithm for such a design is three-
stage and iterative: 1) determining the basic
requirements for the power part of the electric drive, 2)
selecting a servo model based on reference data, 3)
analyzing the obtained servo properties. The third stage
distributed over almost all subsequent stages of
designing the entire robot. The number of design
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iterations is not known in advance and this greatly
affects the design time. Such initial choice of servo may
turns out to be not the best possible. The reason is the
lack of a systematic approach.

However, another approach is also possible, when
at the first stage we determine most of the necessary
system properties that affect the technical characteristics
of the servo drive. And then, at the second stage of
design, the search space for technical solutions
immediately turns out to be significantly limited by
these properties. System requirements in this case have
a two-level structure (design goals and corresponding
technical system requirements). The latter depend on the
former in complex ways, and are determined by
numerous well-known design rules. This is the so-called
rule-based design [9].For example, if high operational
efficiency and mobility of a walking robot are required,
then it must be ensured by a stable gait, which in turn
depends on the delay in the processing of movements by
servos, and these delays must be limited when choosing
the type of servo. In addition, the degree of autonomy of
the robot is determined by its energy efficiency, which
also depends on the properties of the servo.

Making design decisions in this case no longer
requires relational algebra, but a more complex
mathematical apparatus, which can be borrowed from
various theories of artificial intelligence. The knowledge
model for choosing an electric drive can be a product
system, decision trees, Petri nets and other knowledge
models. To implement such models, appropriate
artificial intelligence software will be required.

Purpose of the work. This research is aimed at
developing a methodology for selecting servo drives
based on system requirements for robots and their
subsystems. Such a methodology will include a
description of the servo drive design process and
software tools software tools needed to automate it.
Similar methodologies are known for other elements of
electric drives, for example, mechanical transmissions.
Research results. The creation of a methodology for
selecting servomotors began with the compilation of
conceptual graphs (semantic networks) describing the
space of design solutions options. Diagrams in the
SysML language [10] were chosen as a form of
representation of such graphs. An example of such
diagrams is shown in Fig. 1 and Fig.2.

A feature of the presented knowledge model is that
servos with similar properties are combined into
clusters. This allows for decision-making to determine
missing design data by analogy. If needed data are
absent in the solution under consideration, but are
known for other servos from the same cluster.

A typical case is the use of friction characteristics
in a mechanism of one type of servo to simulate another
type, similar in purpose and main characteristics of the
mechanism. For example, viscous damping and static
friction values proposed for an AX-12A servo in may be
used for all alternative variants of servos; because there

is no other rigorous analysis of such data. In Fig. 1 such
a logical conclusion is represented by the “property
inference” link. An example of clusters obtained from
the analysis of design data for various servos is shown
in Fig. 2.

Thus, to automate servo selection, it is necessary to
solve the following problems:
1) Identify system requirements for robots that influence
the choice of functions and parameters of the servo
drives of their mechanisms;
2) Present explicit and implicit logical connections
between the requirements of different levels and the
corresponding design variants and their known
properties;
3) Provide the derivation of implicit connections
between elements of the design model, including
through logical inferences by analogy, based on the
proximity of technical solutions;
4) Perform clustering of known design solutions to
identify the degree of their proximity and determine
typical ranges of changes in the parameters of close
solutions. Clustering known servo reference data makes
it possible to replace all elements of a cluster with its
representative closest to the cluster center, or the center
itself. First identifying suitable clusters and further
considering only their elements when designing allows
us to limit the space for further search for solutions.
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Fig. 1. An example of describing design options
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Weight

Fig. 3. Example of clustering of servo parameters

In particular, Fig.3 shows the parametric space of
two servo parameters - nominal speed and weight. The
graph shows the nominal values of these parameters for
many known types of servos on these axes. All values
shown are derived from manufacturers' reference data.
In the created generalized database, we have collected
information about several dozen types of servos.

Pairs of parameters (weight, speed) are not located
randomly on the plane, but form several well-defined
groups - clusters. Depending on the design tasks and the
desired degree of detail in the consideration of
parameters during conceptual design, a different number
of such clusters can be identified, and the boundaries
between them can also be drawn in different ways.

In this case, to design a first approximation, it was
enough to select only two clusters - servos with “low
weight” and servos with “heavy weight”. Further, each
such cluster can be considered in a simplified manner at
the early stages of design. Specific values of the
parameters of the servomotors included in the cluster
can be replaced in the design rules by their generalized
average value, taken, for example, from the center of the
cluster.

In Fig. 4 it can be seen that this approach is also
applicable to other parameters, for example, to the width
of the servo drive structure, highlighting the “small size”

and “large size” of the servo drive. Such linguistic
meanings make it possible to formulate general rules for
the design of electric drives that underlie design
decisions. Let us obtain a possible structure of such a
design process by presenting it graphically.

The traditional process of selecting servos is shown
in Fig. 5. The constructed diagram is essentially a design
data flow diagram. Sources of design information can
be: a) the designer or customer, b) design documents and
existing variants of design solutions, c) applied design
methods and tools. The design results are also the
adopted design decisions and desigh documents. Project
stages and procedures act as converters of design
information. Symbols meanings for all listed diagram
elements are shown in Fig. 6. The connections between
them show the use of design data.
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Fig. 4. Clusters of mass and dimensional parameters
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Fig. 6. Meanings of symbols in the diagram
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In design automation, the parameters of servo
motor options are stored in a database and retrieved from
it by generating and issuing queries in SQL, as
implemented, for example, in the eDrive CAD system
[7]. The initial requirements in this case are also
technical and parametric. The designer determines their
connection with the system requirements independently.
A typical requirement is, in particular, that the rated
torque of the servomotor exceeds the required torque
value. And only after preliminary selection of the
servomotor according to the main nominal parameters,
its analysis begins for compliance with other system
characteristics - reliability, cost, weight and size
indicators and others.

The use of clustering makes it possible to apply an
analysis of system requirements for servomotors
immediately, even before selecting them based on their
nominal parameters. System requirements in this case
act as restrictions that set acceptable ranges of
parameters in the further search for servo motor options,

as shown in Fig. 7:
System
requirements

logic
inference

Farameter

/equnements

Selecting
systemn
requirements
options

Serva
Performance
Classes

Rule-hase
design

Selecting
SENOS

Q

k-means
method

Serva
design
solution

parameters
database

Fig. 7. Clustering in the design process

Design rules in this case can take the form of
logical production rules, the left side of which indicates
the system requirements, and the right side is the result
of logical inference and includes restrictions on the
servo parameters that meet the system requirements. For
example, a rule might look like this:

requirement(reliability)->motor(bldc).

This means that if high reliability is required, then
only servos based on the BLDC motor will be selected
from the database. In this case, the names of parameter
ranges selected during clustering can be used on the left
side:

requirement(weight, small)->weight (C1).

The belonging of the servomotors to the cluster C1
will in turn be further verified when retrieving the servo
parameters from the database. It can be seen that design

data with this approach is stored in two forms - in a
conventional relational database and in a product
knowledge base. This design process was implemented
in the form of a distributed computer expert system,
accessed by a number of modern information
technologies. Its architecture is shown in Fig. 8.

Conclusions. The main result of the work is the
proposed structure of the process of selecting
servomotors, taking into account system requirements,
and the architecture of the software of the expert system,
which provides support for making design decisions in
the process of selecting servomotors. This process
includes a servo parameter clustering stage and an
artificial intelligence inference procedure.
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Fig. 8. Expert system architecture
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Abstract. The paper proposes an approach and principle of technical implementation monitoring parameters for generators
and the most powerful consumers of electricity (bow thrusters and refrigerated containers) using the example of high-
voltage systems equipped with HIMAP / SYMAP type automatic control and protection devices. It is about the use of the
ship's Rina Cube System and Modbas RTU communication network to transmit monitoring results from the ship to the
shore computer center for their further processing and presentation for use by the ship and the company's shore department

and services.
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Introduction

Reducing operating costs, reducing energy costs per
unit of transported cargo, reducing emissions into the
atmosphere are among the priorities of the shipping
industry today.

An overall picture of energy consumption and energy
savings, as well as an understanding of the energy balance
of ships, is needed to solve the problems of managing the
main consumers of ships, identifying ways to reduce
energy consumption and more detailed calculation of the
savings potential.

The energy balance can be calculated from the ship's
design documentation and verified using onboard
measurements and monitoring of key energy consumption
parameters. An onboard energy estimate will allow each
source of energy consumption to be calculated with
sufficient accuracy to be used in a ship's energy balance
diagram.

Energy efficiency as defined by the IMO The Ship
Energy Efficiency Management Plan (SEEMP) [1] is a
possible approach to monitoring ship and fleet performance
over time. This is also an option to consider when looking
to optimize ship performance. The goal of SEEMP is to
provide a mechanism by which a company and/or a ship
can improve the energy efficiency of ship operation. A
ship-specific SEEMP should be linked to the broader
corporate energy management policy for the company that
owns, operates or controls the ship. The goal of SEEMP is
to increase energy efficiency, reduce overall fuel costs and,
consequently, reduce emissions into the atmosphere.
Energy assessment (energy audit) is the necessary
knowledge when making investment decisions. Fuel
savings and emission reductions, investment costs and
payback times should be analysed. The report on these
analyses provides a sound basis for evaluating relevant
benefits and making investment decisions.

I. SHIP ENERGY EFFICIENCY IMPROVING WAYS

There are some ways to improve energy efficiency. One
of these ways to increase the ships energy efficiency and
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reduce energy consumption is managing the flow of
electric energy. It's this part of the energy from the total
ship energy flow (Fig. 1) is considered by the authors in
this paper.

Generators Utiiization Actual

demand

Engines

vouanpoxt Apupora

vorsianuo0 sowed ayweukpousauy

‘Wiasted energy due fo:
- Equipment tear and wear

- Inadequate maintenance
- Non-optimal operation

Energy flow

Lost or unused energy

Fig. 1. Ship’s Energy Flow [1]

Undesirable losses occur during the production,
distribution, conversion, and use of electricity in the ship’s
autonomous electrical system. In addition, ship electricity
consumers mainly have an active inductive load, that is, the
total current of generators, transformers and cable lines
should be increased relative to the required active load by
a value that is inversely proportional to the value of the
power factor, which is proportional to the increase in the
number of electricity consumers. Therefore, generating
plants must provide additional reactive power, which, in
turn, reduces their efficiency due to the increased fuel
consumption of primary engines (diesel engines).

Thus, one of the ways to increase an energy efficiency
of the ship's operation and reduce a power consumption
along with improving the operation modes of the ship's
propulsion and optimizing the operation of an auxiliary
equipment and mechanisms is an implementation of the
methods managing flows electric energy.

In our opinion, there are two ways or two areas to solve
this problem: 1) optimal control of the electrical energy
flow at the stage of generation and distribution; 2)
optimization of energy flows at the consumption stage, i.e.,
at the stage of electro-mechanical electricity conversion
(ship electric drives).
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In the first area we can offer a proven solution [2,3] that
can be used to improve the energy efficiency of ship
autonomous power systems by dynamic compensation of
reactive power in load circuits depending on changes in the
reactive conductivity of loads, which will increase the
speed, accuracy of the reactive power compensation
process in transient switching modes of loads and voltage
stability of the autonomous ship electrical system, and
thereby reduce energy costs and carbon dioxide emissions
into the atmosphere by sea vessels. In addition, on ships
equipped with modern excitation systems for synchronous
generators, which make it possible to organize an
additional channel for controlling the power factor, it is
possible to increase the efficiency of electricity production
in this way.

The second direction of solving the energy efficiency
problem relates to the reasonable introduction of
frequency-controlled electric drives (VFD) for different
ship mechanisms [1,4], for example, for turbo mechanisms,
cargo complex mechanisms, anchor-mooring mechanisms.

A typical ship's situation and example. Ships’ pumps
and fans applications are typically over-dimensioned for
the actual needs in question. Over dimensioning results
from design criteria set to meet a vessel’s extreme
operating conditions. However, such conditions rarely
meet in everyday operation. As a rule, pumps and fans
constantly run at full speed and the flow is controlled by
valves and dampers. Such control methods are wasted
energy. By equipping these mechanisms with frequency
converters (VFD), significant energy savings can be made,
and as a result, lower energy consumption reduces CO2
emissions [1,2, 4].

Il. SHIP ENERGY PARAMETERS MONITORING SYSTEM

The energy parameters monitoring process of the ship's
propulsion plant (the main engine and its systems), ship's
generator sets, and the main consumers of electricity -
thrusters and reefer containers - is provided and transmitted
to shore using the Rina Cube Optimum system, which is
installed on each company ship. The basic layout of the
Rina Cube System (hardware Kit installation): ENZA PC,
signal converter, switch, Serial to Ethernet converter,
power supply is shown in Fig. 2.

In addition to the indicated ship energy-converting
facilities for monitoring, the Rina Cube System is
connected to Exhaust Gas Scrubbers, which provides
cleaning of the ship's exhaust gases, as well as to the ship's
navigation system and the marine radio communication
and telecommunications system.

The functional diagram of the Monitoring System (MS)
for the ship’s equipment main parameters is shown in
Fig. 3.

The main goals of creating an MS for monitoring the
regime parameters of ship power plants are:

1. Optimization of ship's equipment energy
consumption and the ship, i.e., reduction of energy
consumption per unit of transported cargo by increasing the
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energy efficiency of ships, which, on the one hand, will
reduce the shipping cost, and on the other, will help reduce
air pollution from ships and help reduce of the green-house
gases marine emissions.

2. Obtaining quantitative estimates of the energy
consumption by the company's ships to develop a strategy
and methods for energy efficient and energy save
management.

Fig. 2. Rina Cube System
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Fig. 3. Functional diagram of the Monitoring System

What are the main indicators and criteria for that
optimization and improvement of the ship equipment
performance?

In our opinion, this can be, for example, the efficiency,
the power factor of ship's power electrical installations and
systems, the operational parameters (characteristics), for
example, of ship main and auxiliary power plants, bow
thrusters, reefer containers, as well a specific measured
parameter that directly or indirectly determines energy
consumption, for example, fuel consumption (VAF fuel
meters), exhaust gas utilization (Scrubbers System).

As noted, one of the possible ways to improve the
energy efficiency of ship operation and reduce energy
consumption is the following: optimizing the operation of
ship auxiliary equipment, i.e., development of rational
methods for managing electric energy flows in the ship
electric power plant in general.
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This paper discusses approaches and principles for
obtaining the necessary information about the ship's
generators electrical parameters and the most powerful load
of a ship power plant - thrusters and refrigerated containers
(which is 70-80% of the ship's consumers power on board).
In this context, as an example, the proposed variant of
monitoring the generators electrical values of vessel high-
voltage systems, which are equipped with such generator
automation and protection devices as SYMAP and
HIMAP, is considered.

When determining the rational configuration of the
system for monitoring the generating sets parameters, it
should be noted that for high-voltage vessel electrical
systems, the control of electrical quantities is possible only
with the help of the indicated electronic devices SYMAP,
HIMAP, using installed (standard) high-voltage current
transformers.

As the practical implementation of such systems shows,
when choosing a rational structure (connection method,
communication interface, communication network, etc.),
one should also consider the processing and presenting
method of received data (software, PC tools).

A possibility option for connecting all input signals of
the main board, as well as digital outputs of SYMAP-BCG
automation devices (using their RS-485 interface and
terminals 26-27) of each of the ship's generators to the Rina
Cube system (through a free port of the Moxa Server) via
the Modbus RTU network [5] and using the straight-line
topology is shown in Fig. 4.

The corresponding settings for this connection option
can be obtained by entering the SYMAP-BCG system
settings. The implementation of the above links will allow
selecting (or developing additionally) appropriate software
and PC tools for processing and using monitoring results in
future both for the ship and for the company's departments
and services.

With the analogous inputs for measurement (Fig. 4), the
following values can be measured and displayed [5,6]:

3 phase-to-phase and line voltages of feeder and
BUS1 and BUS2?;

3 phase feeders current (average/max. value);

3 phase differential current (max. value);
Frequencies of all systems (min./max. value);
Ground current and voltage (max. value);

Active and reactive power of each phase;

Active and reactive ground power;

Power factor of each phase;

Active and reactive power counter (reverse and
forward, constant, and temporary);

Operating hours;

Breaker cycles (lifetime);

Harmonic waves of feeder current and voltage
(up to 5th harmonic wave).
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Connection of main board

The wiring of the SYMAP RS422/485 communication
ports of generator sets (diesel generator DG, shaft generator
SG) with the master system - Rina Cube is shown in Fig.5.
After transmission of each message SYMAP set the
communication lines into high impedance state. Thus, the
communication lines (TxD-A, TxD-B, RxD-A and RxD-B)
can be connected in parallel of all SYMAP devices. The
master system selects the SYMAP slave according to its
slave address.

The receive lines of the SYMAP slave with the longest
distance to the master system should be terminated with a
120 Ohm resistor. The same resistor will be required for the
receive lines of the master system.

=1~ i|
8. T
[26 T 27T 28728 Jromy

T 1%
12877729 | teueg

o
a: B

T e
= |

'” ] 1) 1} ] U

Connection diagram for RS 485 communication
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The RS422/485 communication parameter [0300] to
[0303] serve the adjustment of the RS422/485
communication port and protocol.

The adjustment possibilities for the communication are
shown in Tabl.

Parameter settings of the communication [5]
Table

Para- Function Selection [range]
meter
[0300] Port Selection of physical
selection communication
standard.
RS485: physical standard of
RS485 active.
[0301] Slave This parameter defines the
address slave address of the device
(SYMAP RS422/485
communication ports of
generator sets). 1-255:
Possible address selection.
[0302] | Baudrate of | Baudrate for the
commu- communication.
nication 9600...57600 Possible baud
rate selection.
[0303] Protocol This parameter defines the
selection protocol standard:
PC-Tools: reserved for all
PC applications.
MODBUS: activates the
MODBUS protocol.
fixed | Transmission | RTM mode: SYMAP
mode allows only the Remote
Terminal Mode and thus a 8
bit coding system and a
CRC 16 error checking.
fixed Start bit 1
fixed Stop bits 1 or 2 (depends on parameter
[0054])
fixed Parity None

Briefly about the opportunities that the company office
and the ship receive based on computer processing and
analysis of monitoring data [7,8]:

- Monitoring of values such as voltage levels, harmonic
distortion, voltage unbalance, residual current (measures
the leakage current flowing in the network), dips and swells
(measures and captures the waveform in case of voltage
dips and surges in the network).

- Ensuring the correct operation and maintenance of
ship electrical networks and equipment.

- Basic power quality control: to prevent adverse events
such as heating of transformers, capacitors, motors,
generators and failure of electronic equipment and
protective devices.

- Alarm: notification of any abnormal behavior in the
electrical network at present.

- Cost management: assessment of the cost of electricity
for various ship consumers of electricity.

The implementation of these functions is possible with
the help of service software.

An example implementation of the MS capability for a
ship:

1) MS can be used to control load currents of the ship's
generators during parallel operation, and if the difference
in load current readings exceeds the allowable (critical)
value, then the ship should turn on an alarm that will
facilitate timely actions of the crew;

2) with the help of appropriate software, it is possible,
for example, to diagnose the state of the electric motor by
the instantaneous values of the power consumption of the
electric motor, and when using neural networks to predict
emergency modes.

Conclusions

The approaches and principles for the technical
implementation of remote monitoring of the parameters of
ship power supply systems which are proposed, considered
on the example of ship high-voltage systems with their
automation and protection devices of the SIMAP/HIMAP
types with using the network communication technologies,
make it possible to obtain the necessary electrical quantities
for a quantitative assessment of the company's ships energy
consumption.

After receiving the data, the choice of which is
determined by the objective function of optimizing the
energy consumption of the company's ships, the onshore
computer centre, using the appropriate software and PC
tools, will processes and presents the monitoring results for
using separately by the ship and by the company's onshore
departments and services.
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Annotation. An expression is substantiated for determining the resistance of the stator phase of a synchronous motor as
the ratio of the average value of the integral voltage function to the average value of the integral current function when
integrating currents and voltages from the start of the start to the steady state of operation. The possibility of using this
method for identifying the resistance of the SD stator during direct asynchronous starting of the SD, as well as in the
mode of synchronizing the SD with the supply network during acceleration startup, is substantiated.
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Introduction. The task of identification of synchronous
motor parameters has an important practical significance
for realization of control tasks both by the synchronous
motor itself and by technological equipment [1]. Problems
of identification of parameters of DC and asynchronous
electric drives are considered in a significant number of
scientific works.

Analysis of the state of the problem and previous
studies. Various methods for determining the AD
parameters have been proposed in known works: using the
current and voltage components of the stator winding and
rotor angular velocity [2], using the energy method for
determining the AD parameters [3]. The extended Kalman
filter is applied in [4]. In [5], the frequency response
method is used to solve the identification problem. The
theory of adaptive systems with a setting model is applied
in [6]. In [7-9], a method of identification of the active
resistance of the stator of an AC motor by its starting
characteristics is proposed.

Process control can be significantly improved by
using data on the current utilization level of process
equipment. This task can be successfully solved by
determining the instantaneous value of the drive torque. To
solve the problem of determining the electromagnetic
torque of the drive, it is sufficient to determine only one
parameter- stator active resistance, Rs, [7].

The method of determining the stator active
resistance based on the starting characteristics of SMs
proposed in [7] was developed in [8]. In [8], experimental
studies of this method of Rs determination were carried
out, which confirmed the possibility of its practical
application.

However, the problem of identifying the parameters
of the substitution scheme of SMs in the modern scientific
and technical literature is not sufficiently covered.

Problem statement. The purpose of the present work
is to study the possibility of application of the method
proposed in [7,8] for determining the active resistance of
the stator of the AD motor by its starting characteristics to
solve the problem of identification of the active resistance
of the SM stator.

Method for determining the active resistance of the
stator of the SM. According to [10], the equation of
electrical equilibrium of the stator winding can be
represented in the form of

dy .
d_ts —ls 'Rs; (1)

Assuming that the SM is demagnetized at the moment

of start-up, under zero initial conditions we obtain

:uS

Vs :J-(us (t)_is (t)'Rs)dt; 2

Since after completion of start-up in the steady-state
mode of operation of SM, the voltages, currents and
current-circuit of SM are sinusoidal quantities, then for
any two moments of time related by the relation t, = t; +
T/2, where T is the period of the line voltage, the identity
will be fulfilled.

Vs (t1)+Ws ('[2) =0 3)

Taking into account (3), the active resistance of the
stator phase can be calculated by the expression

R U (0)+its (t).
AAGE @

where
iug (t) = [ us (0);iis (©) = [ig (1) (5)

ius (1), iis (t) - integral functions of phase voltage and stator
current.

Formula (4) can be significantly simplified by
considering that the integral functions of phase voltages
and currents in steady-state operation can be represented
as the sum of a constant component and a sinusoidal
component with the frequency of the supply voltage.

For example, for the stator voltage at zero initial
conditions, we obtain
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t
iug (t) = IUO sin(ot + @)dt = U—O:COS@—U—O:COS(wt +9¢)
0

(6)
Thus, the constant component of the function ius (t)
depends on the initial phase of the supply voltage.
Attention should be paid to the special case corresponding
to the condition ¢ = n/2 + 2N, when the constant
component of ius (t) becomes identically equal to zero.
The mechanism of occurrence of the constant
component of the stator current integral function is much
more complicated and is related to the action of the
aperiodic component of the stator stator inrush current.
Substituting the expressions for the integral functions
of the supply voltage and stator current, presented in the
form (6), into equation (4), and considering that the sum
of the periodic components shifted by half a period is equal
to zero, we obtain the following expression for
determining the active resistance of the stator phase:

iUg_
R1=-_S_; (7)
ilg_

where iUs-, ils- are, respectively, constant components of
integral functions of stator voltage and current of the
stator, which can be calculated as the average value of
these functions in the steady-state operation mode.

This approach significantly simplifies the practical
implementation of measurement procedures and
contributes to the increase of their accuracy, reduces the
influence of measurement noise, provided that their
average value is equal to zero.

Mathematical model of SR. From all variety of
known mathematical models of SR, for modeling of
processes of asynchronous starting of SR it is enough to
use well known, approved system of SR equations in
orthogonal coordinate system d, q, 0, stationary relative to
the rotor (Park-Gorev equations). The system of
differential equations of electrical equilibrium of stator
and rotor windings in the orthogonal coordinate system d,
g, 0 for instantaneous values of voltages, currents and flux-
currents has the form:

dy : . dy
dtd:Ud_Rd'|d+w'qu’ quuq‘Rq'iq_“’"Pd;
T‘E‘j:—Red‘led: dteq =~Req ieq:

dy . do  Te-T.L.

g CUrRel TR

dy - 3 . S
Pkt Te:?(‘}'d"q“*’q"d)'

Ug=U maxSin(wc-t—7),
(8)
where - Wy, W, - stator flux-coupling of the stator of the
SM along the d and g axes, respectively; Ws - flux-coupling
of the excitation winding of the SM; Weq , Weq - flux-
coupling of the damping windings of the SM along the d

Ud :Umaxcos(wc't_y);

and q axes, respectively; uq , Uq , Us - components of the
stator supply voltage along the d and g axes, respectively,
and the excitation voltage of the SM; o, . - rotor angular
velocity and synchronous velocity respectively; Te, Ty -
electromagnetic moment of SM and working machine
resistance moment respectively; p - number of pole pairs
of SM; y - rotation angle of SM rotor; Ry, Rq, R, Red, Reg
— active resistances of stator windings in d and q axes,
excitation winding and damping windings in d and q axes
respectively.

These equations were implemented as a subsystem in
MATLAB/Simulink.

The stator phase currents can be determined through
the orthogonal components of the currents by applying the
inverse Park-Goreff transform.

Fig. 1 shows the realization of the mathematical
model of SR according to equations (10), (12) in
Matlab/Simulink program.

C/A,: CTM-3500-2,
- Pyow=3500 kBT, -

Ur=6kB,

Mo = 3000 06/muH
[UA]
[UB] < .

Jab [“rus |
ey b pfuabe L
M

(WA >—»fv

dega R definer

SM0

Fig. 1. Structural diagram of the mathematical model of
SM in Matlab/Simulink

Determination of the active resistance on the
mathematical model. As an experimental motor was
selected SM type STM-3500-2 with power 3500 kW and
speed 3000 rpm, with the following parameters: stator
active resistance Ry =0.069112; Ry =0.069112; active
resistance of the field winding Rf =0.010591; active
resistance of damping circuits = Req=0.074429;
Req=0.048766; stator winding dissipation inductance
0,0011309 Gn; magnetizing circuit inductance 0, 067499
Gn.

Fig. 2. shows the structural scheme of the subsystem
for calculating the active resistance for the stator phase of
SM in accordance with expression (7), realized in the form
of the subsystem R definer shown in Fig.1.

X
4

Mean il

; [

X
Divide

Y nm

I

Mean iU

Fig. 2. St ructural diagram of the subsystem for
calculating the active resistance for the stator phase of the
SM stator
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The main methods of SM start-up are direct
asynchronous start-up with discharge resistance in the
field winding circuit, as well as acceleration start-up with
the help of auxiliary motor and subsequent
synchronization with the network.

On the proposed mathematical model in order to
verify the proposed method of identification of the active
resistance of the stator phase of the SR stator, a cycle of
experimental studies was carried out to determine the
active resistance of the SR stator phase in other significant
operating modes.

Fig. 3 shows the time diagrams of electromechanical
processes at direct asynchronous start of SM, as well as
determining the active resistance of SM stator phase
during start-up.

The given diagrams confirm the correctness of the
developed model and the possibility of studying the
operation of the SM with its help. The value of the active
resistance obtained during the experiment coincides
exactly with the value given in the technical specifications
of the SM

< 4000 i i 1
= N
0 ‘ ‘ i T
0 1 2 3 4 5 6 7 8
t,c
o
— 200 1
3
0 T ‘ | | | ‘
0 1 2 3 4 5 6 7 8
t, ¢
% 10*
2 N __...»»'NV
5 0 - -
0 | 2 3 4 5 6 7 8
t,c
S o1k X 6.729
= Y 0.06911
o
0.05 . .
0 1 2 3 4 5 6 7 8
Offset=0 t,c

Fig. 3. Time diagrams of the electromechanical processes
of SM start-up and the process of determining the active
resistance of the stator phase at direct asynchronous
SM start-up

Fig. 4 shows the time diagrams of electromechanical
processes during the acceleration start of the SM, as well
as determining the active resistance of the stator phase of
the SM during the start-up process.

The value of the active resistance obtained during the
experiment exactly coincides with the value given in the
technical specifications of the SM.

4000

<
— 2000
0

w, l/c

Te, Hm
oo e

1 X 1.877
Y 0.06911

Offset=0 t,c

Fig. 4. Time diagrams of the electromechanical processes
of the SM start-up and the process of determining the
active resistance of the stator phase during the
accelerated start-up of an SM

Conclusions

The method for determining the stator active
resistance based on the analysis of starting characteristics
of a synchronous motor has been improved. It is shown for
the first time that the active resistance of the stator phase
winding can be determined as the ratio of average values
of integral functions of voltage and current of the
synchronous motor phase determined from the moment of
start-up. The possibility of using this method for direct
asynchronous start and accelerating start of a synchronous
motor is considered
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Investilnvestigation of the electromagnetic processes taking place in the 35 kV cable lines of the power supply
network and determination of the causes of damage
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Annotation. To investigate the causes of damage to the cable line 'K/s Navtlughi - Airport,' equipped with 35-voltage
single-core cables in the Thilisi electricity supply network, an examination of the electromagnetic processes under various
grounding conditions of the screen was conducted. It has been demonstrated that cold-laying roofs pose a high risk of
damage, as nearly all incidents on the line are initiated and developed by roof damage. Proposed measures aim to enhance
cable reliability and prevent accidents. Specifically, an assessment will be made regarding the anticipated deterioration
of cable stability resulting from 'double-grounded' and 'transposed' schemes of the cable line screen. The existing technical
condition of the line will be evaluated, and the necessity of repairs will be determined. Upon a positive examination
conclusion of the cables, a phased replacement of existing cold-laying cores with high-quality, sustainable cores is
recommended. For networks equipped with single-core cables, it is advisable to employ the 'one-way grounded' scheme
for short lines, the 'middle ground' scheme for medium-length lines, and the 'sectioned and middle grounded' scheme for
long lines.

Key words: Key words: single core, cable line, screen grounding, electromagnetic processes, obstacles, damage.
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Investigation of electromagnetic processes generated by solar photovoltaic plants in the power supply
network and ensuring electromagnetic compatibility

Badur Tchunashvili, Doctor of Science, Professor,

Georgian Technical University, Thilisi, Georgia, E-mail: b.chunashvili@gtu.ge;

Mamuka Kobalia, Candidate of Science, Professor,

Georgian Technical University, Thilisi, Georgia, E-mail: mamuka.kobalia@yahoo.com;
Teimuraz Gamrekelashvili, PhD, Associate Professor,

Georgian Technical University, Thilisi, Georgia, E-mail: temo.gamrekelashvili@gmail.com:;
Natia Rtveladze, PhD, Associate Professor,

Georgian Technical University, Thilisi, Georgia, E-mail: natia.rtveladze@gmail.com.

Annotation. The study of static and dynamic electromagnetic processes developed in the distribution devices of the power
supply network as a result of the operational modes of solar photovoltaic power plants has been carried out. The character
and power of the electromagnetic disturbances generated by the solar power plant and distributed in the network have
been determined. It is justified that the 3rd, 5th, and 7th harmonics of the odd order stand out among the obstacles.

It is established and substantiated that solar power plants are highly sensitive to electromagnetic disturbances caused
by other aggressive electro-technological factors in the network. Furthermore, it is found that the stability of the
photovoltaic plant's operation is particularly acutely affected by the failure of the network voltage. Specifically, a voltage
drop renders the inverter operation mode uncontrollable, affecting the frequency of the generated voltage, the angle of
shift between the power plant and network voltage vectors (in parallel operation conditions), and the stability of the power
plant's operation. As a consequence, the power plant may become disconnected from the network.

Keywords: Solar power plant, electromagnetic processes, harmonics, voltage drop, stability of operation, emergency
shutdown.
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Economic efficiency of the use of electricity accumulators in the power system
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Annotation. It is determined that the use of battery energy storage system to solve the applied tasks of balancing load
schedules in the power system can be one of the most effective incentives for the further development of electricity
collector technologies. An assessment of the economically feasible value of capital investments in the technical system of
electricity accumulation has been carried out, the purpose of which is to solve the problem of adjusting the daily load
schedule for the given value indicators of generation. The comparison of the obtained value of production of the
accumulator with the cost of the known technologies on the basis of the known technologies confirms the perspective of
the given direction of scientific-applied research.
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Ways to optimize the quality of the ship's electricity and the power system
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Annotation: Produsing of Electricity is related to the occurrence of a number of environmentélgms. Therefore, its
optimalconsumption will gynificantly reduce the wesirableeffed. Today, all the measurés at solving the ecological

problem are very important. In this regard, it is important to reduce emissions. The world fleet is numerous and therefore
the volume of emissions obtained for the production of electriciyamh ship is large. Reducing losses in the electrical
system is onef theway to reduce emissions. This can be achieved by optimizing the modes of the electric power system
according to the reactive power.
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