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STUDY ON THE START-UP OF NOT SALIENT-POLE OF SYNCHRONOUS ENGINE

The start of synchronous electric machines (SEM) intended for the mechanisms with large inertia moment must
be carried out from the reduced voltage, with this aim start devices of different kinds and structures including on the
basis of semiconductor converters of electric power are used [4,5].

One of the basic objectives in the determination of the direction and strategy of study concerning development
and practical realization of energy efficient systems and laws of their control for synchronous electric machines SEM
start is a formulation of an adequate mathematical model of a machine in the different systems of coordinates and
analysis of transfer functions in different control actions.

In order to formulate the mathematical model the generalized system of differential equations of salient-pole
Park-Gorev SEM in the vectorial form of record was taken as a principle [2,3,6].

As a rule, mathematical models SEM are built in the different systems of coordinates taking into consideration
aims and convenience in problem-solving [1,3].

For the study it has been chosen the fixed (wx=0) coordinate system o and S, coordinates of variable is denoted
with indices — 4, B. (index s is referred to the parameters of a stator, index R is referred to the appropriate parameters
of rotor winding; index f — to the parameters of drive winding).

The obtained quotations (1) have been used for the study. The model is nonlinear at the expense of the presence
of cross couplings in the operating torque and counter-EMF rotation induced at the motor winding.
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The solution of equations (1) makes it possible to study the transient processes at salient-pole and nonsalient-pole
SEM with different laws of formations of phase voltage of motor, excitation current and load.

In order to solve the assigned task Fortran software has been used. For the solution of nonlinear multiply con-
nected differential equations the Runge-Kutta method of the 4" level has been used.

The model adequacy of the synchronous machine in the coordinates of the stator current - s ;s is confirmed with
the results of the calculation, presented in Fig. 1,2,3 —that coincide with the results published in technical literature.

Actually, steel magnetic saturation can be observed at SEM. The calculation of saturation effect should be carried
out by means of restriction of steel magnetic flow and rotor. The saturation effect can be obtained using the simple
algorithm:

_if Ws > Whasy then ws = wias 2
if YR > Wias, then yr = wias

In Fig. 4-6 the machine modeling of the transient processes at synchronous machine with steel saturation have
been shown. The steel saturation has been formulated by the system of equations (2).

The transient processes at the stator and rotor currents before synchronism input are analogue to the processes
without saturation. At synchronism input currents contain high-frequency components causing higher electric power
consumption.
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Fig. 1 The machine modelling of Fig. 2. The machine modelling Fig. 3. The machine modelling
transient processes at moment of transient processes at interlinkage  of transient processes at current of
M and rotation frequency « of of stator, rotor and excitation of stator, rotor of synchronous machine
synchronous machine at direct start motor at direct start at direct start
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Fig. 4. The machine modelling of Fig. 5. The machine modelling Fig. 6. The machine modelling
transient processes at moment of transient processes at interlinkage  of transient processes at current of
—M and rotation frequency m of  of stator, rotor, excitation and rota- stator and rotor of synchronous
synchronous machine at direct start tion frequency o of synchronous machine at direct start with steel
with steel saturation machine at direct start with steel saturation
saturation

It is possible to improve dynamic and energy indices at a start of synchronous machine by means of use of a soft
start — voltage and frequency varying linear during the time. The machine modelling of transient processes at current
of stator, rotor of synchronous machine at a soft start with steel saturation have been shown in Fig. 7.

The quality of the transient processes in currents at a soft start is improved to the moment of input of SEM in
synchronism. Furthermore, the character of the transient processes will be the same as with excitation, taking into
account the saturation.

Fig. 8. shows the curves of energy consumption for the cases under study.

According to the obtained results it can be noticed that at a linear start the energy consumption is 30-40 % lower
in comparison with a direct start.

Taking into consideration above-mentioned information it is possible to make a conclusion:

1. The suggested mathematical models of the synchronous machine adequately reflect the processes performed
in the real engine and can be used for the study concerning assessment of the effective use of different starting devices
and laws of their control for SEM.
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Fig .7. The machine modelling of transient process- Fig. 8. The machine modelling of energy consump-
es at current of stator, rotor of synchronous machine at a tion at a direct start E,, start with saturation Egnas
soft start with steel saturation and at a linear start Ej;,

2. The steel saturation of the synchronous machine lead to high-frequency generation, modulated by low-
frequency ones. The amplitude of peak current can achieve 40-90% of nominal values of the current.
3. The energy consumption at a linear start is 30 - 40% less than at a direct start.
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JUHAMUNYECKHUE U CTATUYECKHUE HAI'PY3KU B JIBYX/IBUTI'ATEJIBHBIX CUH-
XPOHHBIX ITPUBOJAX BAPABAHHBIX MEJIbHHI]

CHIKeHHe yIeNbHBIX 3aTpaT Ha U3MENbYCHHE ChIPhS WJIET TI0 MYTH CO3JaHHsl KPYITHOrabapuUTHBIX OapabaH-
HBIX MEIIbHUII OOJBIION €JMHUYHON MOIIHOCTH. B CBSI3M ¢ OrpaHMYeHHBIMU BO3MOXKHOCTSMH MEXaHHYECKUX
nepexad npu yBexmdeHnu MorrHocTH cBbime 4500-5000 kBT Bo3HIKIIa HEOOXOOMMOCTh B CO3TaHUU JBYXABU-
raTelibHbIX MPHUBOJOB, MO3BOJISIOIINX MEePeaaBaTh HEOOXOIUMYIO MOIIHOCTh K 0apabdaHy ABYMsI CHIIOBBIMH MO-
TOKaMu. B Hacrosiiee BpeMsi HAaHOOJNbIIIas MOIIHOCTh JBYX/IBUTATEIbHBIX TPHBOJOB, COAEPIKAIINX JIBE HpH-
BOJHBIC miecTepHH W 3yOuathiii BeHen, coctaBisier 15000 kBt [1]. OmbIT 3KCITyaTaiy JBYXIBUTATEIbHBIX
MIPUBOIOB C CHHXPOHHBIMH WM ACHHXPOHHBIMU JIBUTATEIISIMH, PA0OTAIOIIMMH B CHHXPOHHOM PEXHUMeE, TIOKa3all,
YTO CYHIECTBYeT MpoOJieMa BhIPABHUBAHWS HATPY3KH MEXIY JHHUSMH Tiepenad Kaxzioro asuratens. Kpome
TOrO, B JIBYXJBHI'ATEIbHBIX MPUBOAAX BOZHHUKAIOT JOMOJHUTENbHBIE (PAKTOPHI, BBI3BIBAIONINE B MEXaHHUUECKOM
CHCTEMe BBIHYXIEHHBIE KoeOaHus [2].

Heablo cTaThyl SABJISETCS OlCHKA (DAKTOPOB, BIMSIONMX HA (POPMHUPOBAHWE U PACIPECIICHUE HATPY3KH
MEX/y THHUSIMU TIepeiad B JBYXIBUTATEIBHBIX MPUBOIAX OapaOaHHBIX MEbHHUII.

HepaBHOMEpHOCTh pacrpeelieHus] Harpy3Ku OMPEeNsieTCs] «YIIIOM PaccoriiacoBaHus poTopoBy. [lox yr-
JIOM PaccOorIacOBaHUS POTOPOB A@ OyAeM MOHWMATh YTOJl, Ha KOTOPBIH HEOOXOIUMO MOBEPHYTH POTOP OJHOTO

JIBUTATEIs] OTHOCUTENBHO APYrOro, 4TOOBI HAarpy3Ka pacipeaemiach paBHOMEPHO.
PaznuyaroT MOCTOSHHYIO U TMIEPEMEHHYIO COCTABIIIONIYIO YIJIa PAaCcCOTJIACOBAHHS POTOPOB B CHHXPOHHOM

JBYXIBHUTaTEILHOM NpHBOJE. [locTOSHHAS BEMMUMHA YTJIa PACCOTIACOBAHUA AQQ COCTOUT M3 JIEKTPUIECKON U

MEXaHMYIECKON COCTaBIIIONMICH, T.¢€.
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