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Ouenka 3()peKTUBHOCTH JIEKTPOMEXaHUYECKOr0 Npeodpa3oBaHus B CHHXPOHHBIX
PEAKTHBHBIX MAIIMHAX

T'OPOXAHKUH A.H., KYILIHAPEB B.A., T'PBI3JIOB A.A.

BBITIOTHEHO CONOCTABJICHUE PA3JIMYHBIX CHHXPOHHBIX PEaKTUBHBIX MAIIWH 0 3G ()EeKTUBHOCTH
AIIEKTPOMEXAHUYIECKOTO Mpeodpa3oBanus. 3a kpurepun d3H(GEKTHBHOCTH MPUHSATHI YACTbHBIH
AJIEKTPOMATrHUTHBIA MOMEHT, TOTPEOIIsieMbIe aKTUBHAS U TIOJTHAS MOIITHOCTH, KO3 PHUIHECHT
MorrHocTd. [Ipenyioxkena 00001eHHass MaTeMaTHIecKas MOJielib, B OCHOBY KOTOPOM MOJIOKEH
MIPUHITUIT AJIEKTPOMEXaHUYECKOT0 MPeoOpa3oBaHms, Kak H3MEHEHUE MarHUTHON SHEPTUHU BCEX
00MOTOK B (PYHKIIMH yTJIa MOBOPOTA poTopa. JlomymeHuss Moaeu — 3JeKTprUIecKasi MallnHa He
HACBIIIIEHA, MATHATHAS TPOBOJMUMOCTh CTAIIM PaBHA OECKOHEUYHOCTH, OTCYTCTBYIOT IMTOTOKH
paccestHusi. Takas MOJieIb TIO3BOJIMIIA MOJIYUUTh TTOKa3zaTenu 3 (HEeKTUBHOCTH dNIEKTPHUECKUX
MAaIIMH C YCTaHOBJICHHOM MOTPEIIHOCTHIO MIPH JHOOBIX YIPABISIOMIUX BO3IEHCTBUSAX U IS
Pa3IUYHBIX KOH(UTYpAIMii MATHUTHBIX CUCTEM aKTUBHOW YacTH JJO HOMHUHAIBLHBIX 3HAYCHHMA
CKOpOCTeil 1 MOMEHTOB. BrImosiHeH pacuer nmokaszateneit 3 (HeKTHBHOCTH CHHXPOHHOM
PEaKTUBHOM MaIIMHBI C 3y0YaThIM POTOPOM B MPEANONIOKEHHH, YTO TOK CTATOPHOM 0OMOTKHU
pacrmpeziesieH BAO0Ib BO3AYIIHOTO 3a30pa M0 TapMOHUYECKOMY 3aKOHY, 3y04aToCTh CTaTopa HEe
YUUTBIBACTCSI, @ CPEAHSS TPOBOJIMMOCTD POTOpA MpUHATA equHnyHOM. [Tokazano uto
0e3peIyKTOPHBIN AIEKTPOTIPUBO/ IIETIECO00PA3HO BBHIMOJHATE HA 06a3¢ CHHXPOHHOW PEaKTHBHOU
MAIIMHBI C IBOIHON 3y0UaTOCTHIO, YTO OOYCIOBIEHO BBICOKUM yIETbHBIM MOMEHTOM, OJHAKO
JIMAIa30H PEryJINpPOBAHMS TAKOTO JIEKTPOIPUBOIA 0 CKOPOCTH BO BTOPOM 30HE OIPAHUYEH U3-
3a MaJIoro Kod(puimeHTa MOIHOCTH.

Knrouegvle cnosa:. CHHXpOHHBIC PEAKTUBHBIE MAIITMHBI, MTOKa3aTeIu 3((HEKTUBHOCTH,

MaTeMaTUYCCKOC MOACIINPOBAHUC.

The comparison of various synchronous reactive machines according to the efficiency of
electromechanical conversion is performed. The efficiency criteria are the specific
electromagnetic moment, the active and total power consumed, and the power factor. A
generalized mathematical model is proposed, which is based on the principle of
electromechanical transformation, as a change in the magnetic energy of all windings as a
function of the rotation angle of the rotor. Model assumptions — the electric machine is not
saturated, the magnetic conductivity of the steel is equal to infinity, there are no scattering
fluxes. This model made it possible to obtain performance indicators of electric machines with

an established error under any control actions and for various configurations of magnetic systems



of the active part up to the nominal values of speeds and torques. The calculation of the
efficiency indicators of a synchronous reactive machine with a toothed rotor is carried out under
the assumption that the current of the stator winding is distributed along the air gap according to
the harmonic law, the toothiness of the stator is not taken into account, and the average
conductivity of the rotor is assumed to be a single one. It is shown that it is advisable to perform
a gearless electric drive on the basis of a synchronous jet machine with a double gear, which is
due to the high specific moment, but the range of regulation of such an electric drive in terms of
speed in the second zone is limited due to the small power factor.

Key words: synchronous jet machines, performance indicators, mathematical modeling.
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CTpykTypHbIe cxeMbl TH(depeHIIHATBHBIX JIEKTPONPUBOIOB € YJIYUYIIEHHbIMH
MaccoradapuTHLIMHU MOKA3ATEIAMH

[VCBIHMH 10.CJ, CABOCTEEHKO H.B., TPUT'OPHEB M.A.

[TpuBeneHbl IpUMepsl peanu3alui OJHOABUTaTeNbHBIX U ABYXIBUTATEIbHBIX

g depeHIraIbHBIX AIEKTPOnpruBoI0B. O00CHOBAH BEIOOP MU (HepeHITnaTBEHOTO
AJIEKTPONPUBOAA JUIsl BHEIPEHUSI B COBPEMEHHBIX AIEKTPOTEXHUYECKUX KOMIUIEKCAX U CUCTEMAaxX
U BBIOOD IJTAHETAPHOTO PEYKTOPA C U3MEHsAEMON KNHEMaTUYeCKOI CXeMOM B KauecTBe
muddepenmanbHoro 3eHa. [lpuBeaeHsl QyHKIIMOHANIBHBIE 1 KHHEMAaTHUECKUE CXEMBbI

TG depeHIMATBHBIX JIEKTPOIIPUBO/IOB C MOAPOOHBIM OMKMCAHUEM MPUHIUIA PaOOTHI U
CHCTEMBI yIpaBiieHUs. PacCMOTpeHbl BapuaHThI CTapTep-TeHepaTopa Ha 0ase
JIBYXJIBUTaTEIbHOI'O M OJIHOJIBUTATEIBHOTO TU(HEepeHIINATBHBIX 2IEKTPOIPHUBOIOB U
KHHEMaTUYeCKHe CXeMBbl BKIIIOUEeHUs AU hepeHInaIbHBIX 3JEKTPONPUBOIOB, 00ECTIeUHBAIOIIIE
OCHOBHBIE PEKUMBI Pa0OTHI cTapTep-TeHepaTopa. [IpeiokeHo MaTeMaTH4eCKOe ONUCAaHUE
AIIEKTPONpPUBOAA ¢ AU PepeHInaTbHBIM IUIAHETaPHBIM PEAYKTOpPOM. J[aHO MaTeMaTu4eckoe
OIKCaHHE OCHOBHBIX 3BEHbEB AU (P PepeHIInanbHOro 3IEKTPONpUBoa (YpaBHEHUE CKOPOCTEH,
ypaBHEHHE MOMEHTOB, YPaBHEHHUE JIEKTPUUECKOr0 BUTATElNs, ypaBHeHue cBs3eit). [lokazaHo,
YTO paMKaxX MHOTOCBSI3HBIX CHCTEM YIpaBiieHUs Ha 0a3e nuddepeHanbHbIX 2JIEKTPOIPUBOIOB
11eJ1eCO00Pa3HO BBINOJIHATH TEHEPATOP U CTapTep MPOMBIIUIEHHOIO TPAHCIIOPTHOTO CPEACTBA B
OJTHOM 3JIEKTPOMEXAaHHMUECKOM ITpeoOpa3oBarelie, YTo MO3BOJSET CHU3UTh YPOBEHb (DOPCUPOBKHU
napaMeTpoB AEKTPHUUECKUX MAIIWH, UICTOYHUKOB MTUTAHUS WM MEXaHUYECKUX BETBEH
KOMILJIEKCA.

Knroueevie cnosa: muddepeHnanbHbINA AIEKTPONPUBOI, TU(hepeHITNATHHBIA ITaHETAPHBINA



pPEenyKTOp, MaTEMaTUYECKUE MOJIENH, CTPYKTYpPHBIE CXEMBbI, CTapTep-reHepaTop, OypoBas

YCTaHOBKA.

The examples of implementation of single— and double-engine differential electric drives are
given. The choice of a differential electric drive for inoculation in modern electrical complexes
and systems has been substantiated. The choice of a planetary gear with a variable kinematic
diagram as a differential section has been justified. The article contains functional and kinematic
diagrams of the differential electric drives implementation, with the detailed description of their
operating principle and control system. Variants of implementation of a starter-generator based
on single— and double-engine differential electric drives are given. Kinematic diagrams of
switching on the given variants of differential electric drivers, providing the basic modes of
operation of the starter-generator are considered. The mathematical description of the differential
planetary gear and of the main links of the differential electric drive are given (the equation of
speeds, the equation of moments, the equation of the electric motor, constraint equation). Shown
that within multiply connected control systems based on differential electric drives, it is
advisable to implement the generator and starter of an industrial vehicle in one of the
electromechanical converters, therefore there is no need to force the parameters of electrical
machines, power supplies or mechanical branches of the complex.

Key words: differential electric drive, differential planetary gear, the mathematical modeling,

functional diagram, a starter-generator, the drilling rig.
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Baunsinne napamMeTpoB Ha0JII01aTeN s MOTOKA CTATOPA ACHHXPOHHOI'O IBUraTe/Isl Ha
TOYHOCTH MO/IePKAHUSI IJTeKTPOMATHUTHOT0 MOMEHTA

XPHOKHWH 1.10., KOPXXABUH M.E., TPUT'OPLEB M.A.

Paccmotpeno BnusiHue ko3 puirienTa ycuaeHus B KOHTYpe OIIEHKHU MOTOKa HaOIroaaTens,
BBITIOJTHEHHOTO 10 ['-00pa3Hoil cxeMe 3aMelIeHns ACHHXPOHHOTO JBUTATEINS C
KOPOTKO3aMKHYTBIM POTOpOM. Mojiens HaOroqaTells ONMCaHa ypaBHEHUSIMU U CTPYKTYPHOU
CXeMoH. BrruuciieHne KpyTsmero MOMeHTa HalJIiojaTelieM OCHOBAHO Ha ONpeIeSICHUH TTOTOKA
cTaTopa B HEMOABIKHOM cucTeMe KoopAuHAT. J[Jis onpeneneHus MOTOKa CTaTopa U3MEPSUIHCh
JEeHCTBYIOIIEe HAMPSHKEHUE U TOK cTatopa. [I0TOK U TOK poTopa onpeaesiiuck KOCBEHHO IO

IIPUBEIEHHBIM YpaBHEHUSAM. PaccMoTpeHO BiusiHuE KOOPPUIIMEHTA YCUIIEHUS! KOHTYPa OLIEHKU



IOTOKA CTATOPA IIPU PA3HBIX YACTOTaX U KPYTSLIUX MOMEHTaX, B TOM 4YHcie B 0071aCTH HU3KUX
YacTOT M IBYKPAaTHOM KPYTSIILIEM MOMEHTE, Iie HaOII0Aal0TCs OCHOBHBIE ITPOOIEMBI
0e3/1aTYMKOBBIX CHCTEM yrpaBienus. MccnenoBanus BeimonHeHsl B cpene MATLAB Simulink
Ha 0a30BOI MOJIENT ACHHXPOHHOIO JABUraTelsl C KOPOTKO3aMKHYTBIM POTOPOM. AHalIU3
TEXHOJIOTUYECKOT0 MpolLecca I0Ka3all, YTO COBPEMEHHBIE CUCTEMBI 3JIEKTPOIPUBOIOB
NEPEMEHHOTO TOKa TPEOYIOT MOCTPOSHHSI CTPYKTYP, 00€CIIeUnBAIOIINX BHICOKHE TIOKA3aTEIH
TOYHOCTH PETYIUPOBAHMS YaCTOTHI BpallleHUs 0€3 yCTaHOBKH JaTYMKOB MOJIOKEHHSI POTOpA.
[Toka3zano, yTo 3Ta MpolIeMa MOXKET ObITh pellieHa TPUMEHEHEeM HalronaTenei
KOMIIEHCAI[HOHHOI'O THUIIA, B KOTOPBIX KOPPEKLUS OIIMOOYHOIO OIPEIesICHHS TapaMeTpOB
AIIEKTPOMEXAHUYECKOTO MPeodpa3oBaTessi MOKET OBITh PElIeHa 32 CYET MAaTEeMaTHIECKUX
oTepanuii COMOCTaBICHUS PACUETHHIX (OLIEHOYHBIX) M (PAKTUYECKUX 3HAUCHHUH EpEMEHHON
TOKa. Y CTaHOBJIEHO, YTO C YBEIMUYCHHEM MacIITaOUPYIOIIEro Ko3ppuireHTa KOMIeHCAH
TOYHOCTb pabOTHI HAONIOATENS YBEIUYMBAETCS, OJHAKO BEPXHsIs TPAHUIIA ITOIO

K03 uIeHTa OTpaHnYeHa YPOBHEM ITOMEX H3MEPSEMON TIEPEMEHHOM.

Knrwoueswvie cnosa: 6e31aTIMKOBOE YIIPABICHUE, ACHHXPOHHBIN 3JIEKTPOIPHUBO/I, HAOIIOAATEb

INOTOKa CTAaTOpa, YIIPaBJICHHUC KPYTAIIUM MOMCHTOM.

The influence of the gain factor in the observer flow estimation circuit made according to the L-
shaped substitution scheme of an asynchronous motor with a short-circuited rotor is considered.
The observer model is described by equations and a structural diagram. The observer's
calculation of the torque is based on the determination of the stator flow in a fixed coordinate
system. To determine the stator flow, the effective voltage and current of the stator were
measured. The flow and current of the rotor were determined indirectly by the above equations.
The influence of the gain of the stator flow estimation circuit at different frequencies and
torques, including in the low-frequency region and double-torque, where the main problems of
sensorless control systems are observed, is considered. The research was carried out in the
MATLAB Simulink environment on a basic model of an asynchronous motor with a closed-loop
rotor. The analysis of the technological process showed that modern systems of AC electric
drives require the construction of structures that provide high accuracy indicators without the
installation of rotor position sensors. It is shown that this problem can be solved by using
compensation-type observers, in which the correction of the erroneous determination of the
parameters of an electromechanical converter can be solved by mathematical operations of
comparing the calculated (estimated) and actual values of the current variable. It is found that

with an increase in the scale compensation coefficient, the accuracy of the observer's work



increases, but the upper limit of this coefficient is limited by the level of interference of the
measured variable.

Key words: sensorless control, asynchronous electric drive, stator flow observer, torque control.
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HNHHOBanMOHHBIE pellleHUs B 00JIACTH CeTeBbIX HAKONMTe el IHepruu

YVYIIMH C.A., OCTPOYXOB B.B., TPUTTOPBEB M.A., KYILIHAPEB B.A.

[Toka3zaHo, 4TO /IS pacueTa yCTaHOBJICHHON MOIIIHOCTH CETEBOTO HAKOIHUTEINS ISl OOBEKTOB
OYpOBBIX YCTAaHOBOK TpeOyeTcst MOCTPOCHHE TpaduKa Harpy3KH — 3aBUCUMOCTH HAITPSHKCHHUS
NUTAIONIEH ceTH B QYHKIIMHA BpeMEHHU. DTOT rpaduK NPesI0’KHO PACCYUTHIBATH HA OCHOBAaHUH
CTaTUCTHYECKUX JAHHBIX BO3MOXKHBIX M JIOIYCTUMBIX ITPOBAIIOB HANPSDKEHUS 110 BPEMEHH U
riyoune. [Ipemiaraemasi CTpyKTypa CETEBOr0 HAaKOIHMTENSI MOKET paboTaTh Kak B COCTaBE
JI3EITb-TEeHEPATOPHBIX, TAK U Ta30MOPIIHEBHIX YCTAaHOBOK. CTPYKTypa CETEBOTO HAKOHTEIIS
AIIEKTPUUYECKON YHEPTUH TMPEICTaBlICHA HA TIPUMeEpe, KOTOPBIN COAEPIKal CIETyIOIIHe
YKPYITHEHHBIC y3JIbL: IIKa(pbl C KOMMYTAIIHOHHOM armaparypoi, mKadbl ceTeBbIX GHILTPOB,
mKad MmoJIyrnpoBOJHUKOBBIX aKTHBHBIX BBITPSIMUTENICH, HAKOITUTEIH AJIEKTPHUECKON YHEPTUU HA
0ase CyNnepKOHICHCATOPOB U JINTHEBBIX aKKYMYJISTOPHBIX OaTapei, mKkagh) MUKPOIPOLIECCOPHOTO
ynpasieHus. [Ipemoxkena CTpyKkTypa CEeTeBbIX HAKOIUTENEH SHEPTHH, COAEpIKaIIas aKTUBHBIN
BBINIPSIMUTENb, B KOTOPOM MOSBISETCS BO3MOXKHOCTB PEryJIMPOBaTh KO3 (UIIMEHT MOLTHOCTH
CUCTEMBI ITyTeM BO3CHCTBUS 33JaI0IINX CUTHAIOB HA aKTUBHYIO M PEAKTUBHYIO COCTABJISIOIIHE
ToKOB. [l0Ka3aH0, 4TO MPeNI0KESHHBI HAKOTUTENb TIO3BOJISIET TIOJICP’KUBATH ITPOBAI
MUTAONIETO HANIPsDKEHHS B TeueHne 10 ¢ mpu ycmoBuH BEIOOpa YCTaHOBIEHHONW MOIIHOCTH
HAKOMUTEIs, paBHOM MOJOBUMHE CyMMapHOW MOIIIHOCTH YCTaHOBKH. Pa3zpaboTaHHas CTpyKTypa
MO>KET OBITh BKIIIOUEHA MapaljIeIbHO C BO3OOHOBISIEMBIMU UCTOUHUKAMHU SHEPTHH, a TAKKE
MOYKET MPUMEHSTHCS B Ka4eCTBE OBICTPBIX 3apSAHBIX CTAHIUH JUTSI SJIEKTPOMOOMIICH.
Knroueswvie cnosa: 6ypoBble yCTaHOBKH, CETEBbIE HAKOIUTEIH MIEKTPHUECKON YHEPTUH,

AKTUBHBIC BBIITPAMUTCIIN.

It is shown that to calculate the installed capacity of a network storage device for drilling rig
objects, it is necessary to build a load graph-the dependence of the supply network voltage as a

function of time. This graph can be calculated on the basis of statistical data of possible and



permissible voltage dips in time and depth. The proposed structure of the network drive can
work both as a part of diesel-generator and gas-piston installations. The structure of the network
storage of electric energy is presented on the example, which contained the following enlarged
nodes: cabinets with switching equipment, cabinets of network filters, a cabinet of
semiconductor active rectifiers, electric energy storage devices based on supercapacitors and
lithium batteries, a microprocessor control cabinet. The structure of network energy storage
devices containing an active rectifier is proposed, in which it becomes possible to adjust the
power factor of the system by influencing the control signals on the active and reactive
components of the currents. It is shown that the proposed drive allows you to maintain the supply
voltage failure for 10 seconds, provided that the installed power of the drive is selected, equal to
half of the total power of the installation. The developed structure can be turned on in parallel
with renewable energy sources, and can also be used as fast charging stations for electric
vehicles.

Key words: drilling rigs, network storage of electric energy, active rectifiers.
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IToBbIIeHHE HAEKHOCTH CHHXPOHHU3ALUHM AKTHBHBIX BBIIPSIMHUTEJICH € IUTAIOLIEH CeThIO
KYPHAEB A.B.,TABPUTYXUH I'.A., TPUT'OPBEB M.A.

PaccMoTtpen npuHLUI paboThl y371a CHHXPOHU3ALMK, OCHOBAaHHBIN Ha MpUHIUIE (pa30oBon
aBTOIOJCTPOMKH YacToThl. Kitaccudeckas MeToauKa N3MEPEHNSI HAIIPSKEHUSI TNTaHUS,
peann30BaHHas Ha OCHOBE (Da30BOi aBTOMOACTPOIKY YaCTOTHI, SIBIIsIETCS O0Jiee aKTyaabHOM 110
CPaBHEHMIO C METOJIOM CUMMETPHYHBIX COCTABIISAIONIINX — 00JI€€ CI0KHBIM B IPOEKTUPOBAHUH,
AKCIUTyaTalMu U Hanajake. MeTto ¢pa30Boil aBTOMOACTPONKH YaCTOTHI YCIIEIIHO IPUMEHSIETCS B
y3J1aX CHHXPOHM3AIMH JUIsl BEHTUJIbHBIX MpeoOpa3oBaTesiell 4acTOThI PU YCIOBUH, YTO
aMIIUTyAa o0paTHOM nocienoBarenbHOCTH (a3 coctabisieT Oonee 20 %. [Tomydena
3aBUCHUMOCTb BPEMEHH NIEPEXOIHOTO MPOLIEcCa U3MEPSAEMON IEPEMEHHON HAPSYKEHUS B
YCTPOMCTBE CHHXPOHU3ALMU OT YPOBHSI HECUMMETPHH MMUTAIOLIETO HAPSIKEHUSI, KOTOPOe
OILICHUBAJIOCH 110 aMIUIUTYJTHOMY 3HaY€HHIO COCTAaBJISIOIIEH HaNpsHDKeHUs 00paTHON
nocienoBarenbHOCTH ¢a3. Paciupenne 001acT NpUMEHEHHs CUCTEMBI ¢ (a30BOH
ABTOIOJICTPOMKON YaCTOTHI BO3MOXHO 32 CUET MPUMEHEHHs U30MpaTeIbHOro (QUIbTpa
bartepBopTa 1 KOPPEKTHOTO BHIOOpA €ro T0OPOTHOCTH.

Knrouesvie cnoea: akTMBHBIE BHIIPSIMUTENH, MUTAIOIIAS CETh, YCTPOUCTBO CUHXPOHU3AIINH,

(I)EBOB&H aBTOHOﬂCTpOﬁKH 4aCTOThI, HAACKHOCTD.



The principle of operation of the synchronization node, based on the principle of phase-locked
frequency, is considered. The classical method of measuring the supply voltage, implemented on
the basis of phase-locked frequency tuning, is more relevant than the method of symmetric
components — more complex in design, operation and commissioning. The phase-locked
frequency method is successfully used in synchronization nodes for gate frequency converters,
provided that the amplitude of the reverse phase sequence is more than 20 %. The dependence of
the time of the transient process of the measured voltage variable in the synchronization device
on the level of the supply voltage asymmetry, which was estimated from the amplitude value of
the voltage component of the reverse phase sequence, is obtained. Expanding the scope of the
system with phase-locked frequency is possible due to the use of the selective Butterworth filter
and the correct choice of its Q-factor.

Key words: active rectifiers, power supply network, synchronization device, phase-locked

frequency, reliability.
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OnTuMu3alusi CUCTEM YIIPABJIEHHS MOJIYIIPOBOIHUKOBBIMH IIPE00PAa30BaATEIAMH YACTOTHI
17151 00beKTOB IIBETHOI METAJLTYPrun

®E/ISIKOB B.B., KYIIIHAPEB B.A., TPUT'TOPLEB M.A.

PaccmoTpena onTHMH3AIINS CHCTEM YIIPABICHHS MOIYITPOBOIHUKOBBIMU MPEOOPA30BATEISIMH
YaCTOTHI I 00BEKTOB I[BETHON METAJLTYPrHH, & MMEHHO ONITHUMHU3AIHS [TOJICUCTEM H3MEPEHUS
BXOJIHBIX, BHYTPEHHHUX ¥ BBIXOJ/IHBIX HAIIPSDKEHUH B CHIIOBBIX MPEOOpa30BaTessiX Ha CHCTEMHOM
YPOBHE, TIO3BOJISFOIIAS CHU3UTh CTOMMOCTbD ITPe00pa3oBarTelis, ypoOCTHTh €r0 CUCTEMY
yIIpaBJICHUS M YIYUYIIATH METPOJIOTHUYCCKHE XapaKTEPUCTHKH YCTPONUCTB H3MEPEHHSL.
OnTuMHU3aIUs TOCTUTACTCS MMyTeM UHTETPAIlK JCTUTENICH HalTPsHKEHHsI, BXOAHBIX (DHUIIBTPOB,
aHaJIOro-IU(PPOBBIX MTPeoOpa3oBarTeell U CUCTEMBI Iepelaui U3MEPUTEIILHBIX TAHHBIX 0
ONTUYECKOM JIMHUU CBSI3U B OJIMH ()YHKIIMOHAIBHBIN y3€J1, KOTOPBIH YCTaHABIMBACTCS
HETOCPEACTBEHHO BOJIM3H TOYKH M3MEpEHHs HanpsokeHnid. CommocTaBIeHne JaHHbIX
MOJICITUPOBAHUS OJTHOKAHAJIHLHON ¥ MHOTOKAHAIBHON ONTHMU3HPOBAHHBIX MTOICUCTEM
U3MEPEHUs HAMIPSDKEHUS ¢ DKCTIEPUMEHTAIBHBIMU JJAHHBIMU TIOJTBEPANIIO PE3YJIbTaThI
ontumu3aiuu. [1oka3zaHo, YTO CTOMMOCTb CUCTEMbI YIIPABJICHUSI CHIKACTCS 33 CUET

YMCHBIICHUSA KOJIMYECTBA q)yHKI_[I/IOHaJ'II)HI)IX 6J'IOKOB, MEKOIIOUYHBIX COG)II/IHeHI/Iﬁ " YIIPOIICHUA



MOHTaka. Y IPOILIEHUE CUCTEMBI YIPABIEHUS JOCTUTAETCS YMEHBIICHHEM KOJIUYECTBa
AQHAJIOTOBBIX BXOJIOB, M CBS3aHHOTO C HUM CHIDKEHUS TPeOOBAHMI K SJIEMEHTHOM 0a3e CUCTEMBI
yIpaBiaeHUs. Y CTAaHOBJIEHO, YTO METPOJIOIMUECKUE XapaKTEPUCTUKHU MOJCUCTEMbI U3MEPEHUS
HANPSDKEHUH MOTYT OBITh YIyYIICHbI, €CJIM B OCHOBY BEIOOpa KOMIIOHEHTHOH 0a3bl Oyaer
MOJIO’KEH KPUTEPU MPUHATON MOJieNii IpeoOpa3oBaHus U3MEPsieMON TEPEMEHHOM.
Knrwoueswie cnosa: cucrema ynpasieHus IpeoOpa3oBaTeNs MU YaCTOTHI, IPe0Opa3oBaTeb

HaIIPsoKCHUA, CHJIOBOM HpCO6p330BaTCJIB, ONTHUYCCKad rnepeadya U3SMCPUTCIIbHBIX JaHHBIX.

This article presents the optimization of the elements of control systems for semiconductor
frequency converters for nonferrous metallurgy objects, namely, optimization of subsystems for
measuring input, internal and output voltages in power converters at the system level, which
allows at the same time: to reduce the cost of the converter, to simplify the converter control
system, and to improve metrological characteristics of the converter. Optimization is achieved by
integrating voltage sensors (voltage divider), input filters, analog-to-digital converters and a
measurement data transmission system via an optical communication line into one functional
unit, which is installed directly near the voltage measurement point. The description of single-
channel and multichannel classical subsystem of voltage measurement with indication of
disadvantages is given. A description of a single-channel and multichannel optimized voltage
measurement subsystem is given with simulation results and experimental data that successfully
confirm the results of this optimization. The cost is reduced by reducing the number of
functional blocks and inter-block connections, as well as by simplifying installation. The
converter control system is simplified by reducing the number of analog inputs, which reduces
the requirement for the element base of the control system. The metrological characteristics of
the voltage measurement subsystem are improved by replacing analog communication lines with
digital ones, as well as the choice of the component base for the required measurement accuracy
Is carried out in accordance with the conversion model, which eliminates the need for
calibration.

Key words: control system of frequency converters, voltage converter, power converter, optical

transmission of measurement data.
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IIpo6saemsbl u nyTH co3naHus 3¢ PeKTUBHBIX JIEKTPOIHEPreTHYECKUX YCTAHOBOK /LISl



HeOOMTaeMbIX NOABOJAHbBIX AINAPATOB HA OCHOBE XUMHYECKUX HCTOYHHKOB TOKA
HOBHKOB A.B., )KUJIEHKOB A.A., MAPKOBKNHA H.H., UIBAHOB A.U.

PaccmoTpena cxema 351eKTpOIHEepreTHIecKOi yCTaHOBKM HEOOUTAeMOr o MOABOAHOTO arapara
Ha 0a3e XMMUYECKOro HCTOYHHMKA TOKA TUIA AJFOMUHUN — BOJIA C LIEJIOYHBIM 3JIEKTPOJIUTOM.
[TpuBeneHbl MacCOOOBEMHBIE U HIHEPTETUUECKUE XapaKTEPUCTUKU UCTOUHUKOB SHEPIUH Ha
OCHOBE CHCTEMbI aJIIOMMHHUN — BOJIA C LIEJIOYHBIM 3JIEKTPOJIUTOM U XapaKTEPUCTUKU OCHOBHOU U
BCIIOMOTaTeNLHOM OaTapeil MCTOYHUKOB 3Heprun. [lokazaHo, 94To 1O 3amacaeMoi SHEPTur
YCTaHOBKH ¢ XMMMYECKHMHU UCTOYHUKAMHU TOKA CUCTEMBI aJJFOMUHUI — KMCIOPO. PABHOLIEHHBI
YCTaHOBKAM C HCTOYHUKAaMU TOKA AJIFOMUHUN — BOZA B IIEIOYHOM DJIEKTPOJIUTE, UMEIOT
IPUMEPHO B LIECTh pa3 OOJIBIIYIO YHEPTHUIO, UeM akkymysaTropHas Oatapest CI1-200 u B qBa pasza
0O0JIBIIIYIO, YEM YCTAHOBKM C UCTOYHUKAMU TOKa MarHuil — Mopckast Boja. [IpuBenénnsie
XapaKTEPUCTUKU SHEPIETUYECKUX YCTAHOBOK IIOKA3bIBAIOT, YTO TUAPOHHBIE XUMUYECKUE
UCTOYHUKHU TOKA Ha 0a3e aJlOMUHUS NIEPCIEKTUBHBI, UMEIOT KOHKYPEHTHBIE I0Ka3aTeNd, HO
TpeOyIOT OCBOEHUS POU3BO/ICTBA COOTBETCTBYIOIIMX MAaTEPUANIOB IS AJIEKTPO/IOB.

Knrwoueswie cnosa: neoONTaeMblid TIOJJBOTHBIBIN allllapar, HJIEKTPOIHEPTeTHUECKAs YCTaHOBKA,

XMMHYECKHI HCTOYHHK TOKa, THAPOHHBIC 6aTapeH.

The scheme of an electric power installation of an uninhabited underwater vehicle based on a
chemical current source of the aluminum — water type with an alkaline electrolyte is considered.
The mass — volume and energy characteristics of energy sources based on the aluminum-water
system with an alkaline electrolyte and the characteristics of the main and auxiliary batteries of
energy sources are given. It is shown that in terms of stored energy, installations with chemical
current sources of the aluminum — oxygen system are equivalent to installations with aluminum
— water current sources in an alkaline electrolyte, have about six times more energy than the SP-
200 battery and twice as much as installations with magnesium — seawater current sources. The
given characteristics of power plants show that hydronic chemical current sources based on
aluminum are promising, have competitive indicators, but require the development of the
production of appropriate materials for electrodes.

Key words: uninhabited underwater vehicle, electric power plant, chemical current source,

hydronic batteries.
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IlepcneKTHBBI COBEPIIEHCTBOBAHUS €IUHBIX IEKTPOIHEPTreTHUYECKUX CHCTEM C
nu(POBLIM YIPaBJE€HHEM HA CYAAX C IEKTPOJABUKEHHEM

CEHBKOB A.Il., HUKYIIEHKO A.B., KY3HELIOB B.1.

CynoBbie IBHKUTEIBHBIC YCTAHOBKH Ha OCHOBE CHUCTEM AIeKTpoaBIkeHus (CD/)
XapaKTEPU3YIOTCS BBICOKOM HAZEKHOCTHIO M MOBBIMIAIOT O€30MaCHOCTD TIAaBAHUS CY/I0B.
Opnnako C3 /1, MOITHOCTH KOTOPOW OJIM3Ka K MOITHOCTH CYJJOBOH 3JEKTPOCTAHIINH, TIOTPEOIIseT
TOKH, COJIEpKAIUe BBICIINE TAPMOHUKH U CO3/1aeT MCKAKEHUS HAIPsDKEHHsI Cy10Bo# cetu. [1o
TpeboBanusaM International Association of Classification Societies cymmapHbIif KO3 PHUITHIESHT
TapMOHUYECKHX COCTaBISIONINX KPUBOUM HAMPSKEHHsI CYI0BOM CETH HE IOJDKEH MPEBHIIIAThH 8
%. B mmpoxo npuMeHseMOi CTPYKType €IUHOMN 3JIEKTPOIHEPreTUYECKON CHCTEME Cy THa,
pa3pabotannoit pupmoit «Siemens AGy, TpedyeMoe KauecTBO HaMpPsHKEHUS TOCTUTAETCs MyTeM
BKIItoueHus B coctaB COJI TpancopmaropoB 60bIIONH MOITHOCTU. B cTaThe mokazaHo, Kak
MO>KHO 00ECIICUUTh TAKOE KE KAa4eCTBO HAMPSHKEHUS CYJOBON CETH 32 CUET MPUMEHEHHS B
CYZOBOH 2JI€KTPOCTAaHIIMKA MHOTO(a3HBIX TeHepaTopoB. B aToMm ciryuae TpanchopmaTops! u3
coctaBa COJ[ MOXKHO UCKJIIOYHTD, YTO TIO3BOJISIET CHU3UTH Maccy, rabapuThl U CTOUMOCTD
JIeKTPooOOpyI0BaHUs. MHOTO(A3HbIEC TeHEPATOPHI TAKKE JAIOT BO3MOXXHOCTh TPUMEHUTD B
cocTaBe rpeodpa3oBareseil 4acTOThl TPEXYPOBHEBbIE HMHBEPTOPHI M YMEHBIIUTH COJIEPIKAHHE
BBICIIIMX TAPMOHUK B (Pa3HBIX TOKAX TPEOHOTO JIEKTPOIBUTATEIIS, UTO MPUBEACT K CHUKCHUIO
NyJIbCAllM MOMEHTA U MOBBIIICHUIO KO3 PHUIIMEHTA TIOJIE3HOTO JICHCTBUS JIBUTATEIISL.
Knroueswie cnoea: cynopas equHasi SJIEKTPOIHEPreTHUECKas CUCTEMA, CUCTEMA
AIIEKTPOABIIKEHHSI CYIOB, TPe0Opa30BaTeNb YaCTOThI, KAYECTBO HANIPSHKEHHS, MHOTO(a3HbIe

TeHepaTopEbI.

Ship propulsion systems based on electric propulsion systems (EPS) are characterized by high
reliability and increase the safety of navigation of ships. However, the EPS, whose power is
close to the power of the ship's power plant, consumes currents containing higher harmonics and
creates distortions of the ship's network voltage. According to the requirements of the
International Association of Classification Societies, the total coefficient of harmonic
components of the voltage curve of the ship's network should not exceed 8 %. In the widely used
structure of the ship's unified electric power system, developed by Siemens AG, the required
voltage quality is achieved by including high-power transformers in the EPS. The article shows
how it is possible to ensure the same quality of the ship's network voltage by using multiphase
generators in a ship's power plant. In this case, transformers can be excluded from the EPS,



which reduces the weight, size and cost of electrical equipment. Multiphase generators also make
it possible to use three-level inverters as part of frequency converters and reduce the content of
higher harmonics in the phase currents of the propeller motor, which will lead to a decrease in
torque ripples and an increase in the efficiency of the engine.

Key words: ship unified electric power system, ship electric propulsion system, frequency

converter, voltage quality, multiphase generators.

Onexmpomexnuxa, 2021, Ne5, cmp. 47-52

®opMuUpOBaHUE BO3AYIIHOI0 3J1eKTPOCTATHYECKOI0 Pa3ps/ia U ero BJUsiHUe HA HudpoBoe
NPOMBIILIEHHOE 000pyA0BaHHNe

BOPHIEBCKHWH A.A., TPUIIIAKOB E.C., )KWJIEHKOB A_A.

OnekrpocraTudeckuii pazpsa (OCP) MoxkeT mpuBecTH K OO0 MITH J1aXKe K BBIXOY U3 CTPOS

11 (POBOro NPOMBINIIEHHOT0 00opynoBanus. s ouenku BiausiHus JCP BakHO 3HATH
CTaTHUCTUYECKUE XaPaKTEPUCTUKU [TapaMETPOB TOKA U HANPSYKEHUS Ha KOPILYCEe UCTIBITYEMOTO
obopynoBanus. [Ipennoxena yctaHOBKa, MO3BOJISIFOIIAS [TOJIYIUTh TaKUe TapaMeTphI.
DKCrepuMEHTAIbHBIE TaHHBIE NTapaMeTPOB ToKa U HanpspkeHUs: DCP n3mMepeHs! Mpy pa3IuvHbIX
3HAYCHUAX EMKOCTH KOpITyca 000PYJIOBaHUs, PA3IMYHBIX COTIPOTUBIICHUAX 3a3eMJICHUS TTPU
HanpspkeHusx ot 2 1o 25 kB. [lonydeHHble JaHHBIE O BpEMEHU HapacTaHUs HAIIPSKEHMUS,
MaKCHUMaJIbHOW U CPEJHEN CKOPOCTU U3MEHEHUS HANPSIKEHMSI, CKOPOCTU U3MEHEHUS TOKA IIPU
Bo3ayIIHOM DCP MOryT OBITH MCIIOJIB30BaHbI /IS TPOrHO3UpoBaHus BozaeiicTBus JCP Ha
000pyT0BaHUs.

Knrouegvle cnosa: >neKTpoCTaTHUECKUIN pa3psia, BO3AYIIHBIN pa3psl, IudpoBoe 000pyI0BaHHE,

SJICKTPOMArdauTHast COBMCCTUMOCTDL, UMITYJIbLCHBIC ITOMCXH.

Electrostatic discharge (ESD) can cause digital industrial equipment to failure or even damage.
To assess the impact of ESD, it is important to know the statistical characteristics of the current
and voltage parameters on the housing of the equipment under test. An installation is proposed
that allows you to get such parameters. Experimental data of the current and voltage parameters
of the ESD were measured at different values of the capacitance of the equipment housing,
different ground resistances at voltages from 2 to 25 kV. The obtained data on the time of
voltage rise, the maximum and average rate of voltage change, and the rate of current change

during air ESD can be used to predict the effect of ESD on the equipment.



Key words: electrostatic discharge, air discharge, digital equipment, electromagnetic

compatibility, pulse interference.
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O0ecneyeHne BbICOKOH MaHEeBPEHHOCTH M 0€30I1aCHOCTH JIBHMKEHHUS CY/10B JIeI0BOI0
KJIacca ¢ MPUMeHEeHHeM IPeOHbIX JJIEKTPUYECKHX YCTAHOBOK

KY3HEIIOB B.1., HUKYIIEHKO /.B., CEHBKOB A.Il.,, DPYMEH A.U.

I'pe6ubIe anexkTpruueckne yctaHoBKH (I'DY) «Asumnomy 061a1ar0T BHICOKON HAEKHOCTHIO,
MO3BOJIIIOT U3MEHSTh HallpaBJIEHUE TATU IPeOHOr0 BUHTA, IOIYCKAIOT YACThIE PEBEPCHI.
bnaronaps atum kauectBaM ' DY «A3umnon» npuMeHs0TCA Ha CyJax JEeI0BbIX KJIAaCCOB U
nenokoinax. Cyna, ocHameHHsle DY «A3unony, mo3BoJsOT NPOAJIUTh HABUTALUIO 110
CeBepHOMY MOPCKOMY ITYTH, YTO MOKET JaTh OOJbIION 3KOHOMUYeckuil a3 dexT. OnHako npu
IUIABaHUM CYJIOB B JIEJOBBIX YCIOBUSX OIOPA BPAIIEHUS JBUKHUTEILHOr0 Moayist IOV, ¢
MIOMOIIbI0 KOTOPOH MOJyJIb IPUCOEANHEH K KOPILYCY Cy/HA, [10/IBEPraeTcs BO3AEHCTBUIO
OOJBIINX HArPY30K, YTO MOKET MPUBECTH K moBpexaeHuto 'DY. Ha onopy BpaiieHus
JIBUKUTEILHOTO MOYJIs OOJbIINE MEXaHUYEeCKHE HArpy3KH IEHCTBYIOT Jaxe MPH IJIaBaHUU B
OTKPBITON BOJI€, TOCKOJIBKY UEPE3 3TY OIOPY K KOPITYCY Cy/HA MPUIIOKEHO TATOBOE YCUIIHE
rpebHoro BuHTA. [IpH M1aBaHUU Cy/IOB B JICJOBBIX YCIOBHUSIX Ha OMOPY BpaIICHUs OyIyT
JIOTIOTHUTEIFHO BO3/IEHCTBOBATH yIaphl JIbJIUH O IPeOHOM BUHT U JABMXKUTEIBHBINA MOTYJIb.
[IpuurHOI BBICOKMX Harpy3okK, J€HCTBYIOLIMX Ha ONOPY BpalleHUs, IBISAETCS KOHCOIbHBIN
Croco0 MPUCOSTUHEHHMSI IBHXKUTEIIBHOTO MOYJISl K KOPITYCY CyAHA — Ha OJTHOM OTope
BpallleHus1. 3HAYUTEIbHO CHU3UTh HAarpy3KU Ha OMOPY MOXHO, €CJIM 3aKPENUTh HUKHIOKO YacTh
JIBUKUTEILHOTO MOYJIS B IONOJHUTENBHOM OMope BpallleHus], ClIOCOOHOM paboTaTh B MOPCKOM
BOJIE M UMetoIIel O6oubioi pecypc. Takast onopa MokeT ObITh U3TOTOBJIEHA C UCIIOJIb30BaHUEM
YIJIEMIACTUKOB WM METAIIOPTOPOIIIACTOBBIX BKIIAIBIIIEH.

Knrouesvie cnosa: cyHO 1€10BOTO Kilacca, CUCTEMA IEKTPOBIKEHUS Cy10B, rpeOHast

9JICKTpHUYCCKAad YyCTaAaHOBKaA ((A3I/IHO,[[)).

The «Azipod» rowing electric installations have high reliability, allow changing the direction of
the propeller thrust, and allow frequent reversals. Thanks to these qualities, the Azipod GEU is
used on ice-class vessels and icebreakers. Vessels equipped with the «Azipod» GEU can extend

navigation along the Northern Sea Route, which can give a great economic effect. However,



when sailing ships in ice conditions, the rotation support of the propulsion module of the GEU,
with which the module is attached to the hull of the vessel, is exposed to heavy loads, which can
lead to damage to the GEU. Large mechanical loads act on the rotation support of the propulsion
module even when swimming in open water, since the propeller's traction force is applied to the
vessel's hull through this support. When sailing ships in ice conditions, the rotation support will
be additionally affected by the impact of ice floes on the propeller and propulsion module. The
reason for the high loads acting on the rotation support is the cantilever method of attaching the
propulsion module to the hull of the vessel-on one rotation support. It is possible to significantly
reduce the load on the support if you fix the lower part of the propulsion module in an additional
rotation support that can work in seawater and has a large resource. Such a support can be made
using carbon fiber or metal-fluoroplast inserts.

Key words: ice-class vessel, electric propulsion system of vessels, rowing electric installation

«Azipod».
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HNuTenniekTyajibHOE yIpaBjieHHe Ka4eCTBOM HEPTrUM B ABTOHOMHBIX
3J1eKTPOIHEPreTHYECKHX CHCTeMAX TPAHCIIOPTHBIX 00bEKTOB

KMJIEHKOB A.A., ABPAMKUHA K.B., EIM®AHIIEB W.P., YEPHbII C.T.

B ctaTthe npuBeeHbI pe3yabTaThl SKCIIEPUMEHTANIBHBIX UCCIIEI0OBAaHUI KauecTBa
AJIEKTPOIHEPTUHU HA CYJHE C DJIEKTPOABUKEHHUEM, IJI€ yIIpaBlieHUe IPeOHBIMH JIBUTATENIIMU
(I'S/1) mOCTOSIHHOTO TOKA OCYIIIECTBIISIETCS C IOMOIIBI0 THPUCTOPHBIX MpeodpazoBarenet
6omb110# MoltHOCTH. [loKa3aHo, 4TO 3P PeKTUBHOE yIpaBlIeHUE KAYECTBOM AIEKTPOIHEPTUHU B
TaKOM HEeCTallMOHAPHOI CUCTEME KaK CyJ0Bast AJIEKTPOIHEPreTHYEeCcKas CUCTEMA, BOZMOKHO C
MPUMEHEHUEM UHTEIIEKTYaIbHbIX CHCTEM MOAIEPKKH MPUHSATHSI PEIICHUN, OCYIIECTBISIONINX
MIOWCK PEUIeHUH 331a4l MHOTOKPUTEPHUATLHONW ONITUMH3AIHH.

Knroueswvie cnosa: aBTOHOMHBIE YHEPTOCUCTEMBI, KAY€CTBO AJIEKTPOIHEPTUU, HCKYCCTBEHHBIN

HUHTCIIJICKT, KOB(I)CI)I/II_II/ICHT MOIITHOCTH.

The article presents the results of experimental studies of the quality of electricity on a ship with
electric propulsion, where the control of DC rowing motors is carried out using high-power
thyristor converters. It is shown that effective management of the quality of electricity in such a

non-stationary system as the ship's electric power system is possible with the use of intelligent



decision support systems that search for solutions to the problem of multi-criteria optimization.

Key words: autonomous power systems, power quality, artificial intelligence, power factor.
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