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YUCJIEHHO-IIOJIEBAS OHEHKA D9®@PEKTUBHOCTH YKOPOUYEHMUSA
OBMOTKHU CTATOPA TYPBOI'EHEPATOPA

Ha ocnoee uucnennvix pacuenos epawmiaouiezoca MazHUNMHOZ0 NOAA NPOGeOeHA OYeHKA Mypoozenepamopa 6 cayuaax yKopo-
YeHHOU U OuamempanvHol 00momku cmamopa. CpasHUGAEMbIMU RAPAMEMPAMU AGIAIOMCA POPMA U 2APMOHUYECKUTL COCMAE
IIC smoii 06MOmMKU, NEPEMERHAA COCMAGTAIOUAA MAZHUMHO20 NOIA HA NOBEPXHOCHIU POMOPA, NYbCAUUU INEKMPOMAZHIM-

HO20 MOMeHma.

Ha ocnosi uucenvnux po3paxynkie MazHimnozo nois, w0 00epmacmscs, npoeedeHa oyinka mypoozenepamopa y 6UnadKkax yKo-
pouenoi i oiamempanvhnoi 0omomku cmamopa. Ilopieniosanumu napamempamu € popma i capmoninunuit cknad EPC yiei oomo-
mKU, 3MIHHA CK1A0084 MACHIMHO20 NOIA HA NOGEPXHI POMOPA, NYIbCAUIl e1eKMPOMAZHIMHO20 MOMEH Y.

BBeaenne. B anexrpuueckux mamuHax (OM) mepe-
MEHHOTO TOKa J(PQEKTHBHBIM CPEICTBOM YIyUIICHUSI
¢dopmbl  koopaunatHoit (ynkumu MJIC u BpemeHHOU
¢bynkpn 3JIC 0OMOTKH CTaTOpa SIBIISIETCS €€ pacipee-
nenne u ykopodernue [1]. Kmaccumueckn omenka kadecTBa
Pa3HbIX CXEM O6MOTOK IMPOBOAUTCA Ha OCHOBE I'apMOHU-
YeCKOro aHajIM3a yKa3aHHbIX (DYHKLUH, IOCTPOSHHOTO Ha
psijie Cepbe3HBIX AOIYIIEHUH, B TOM YHCIIe, Ha UCHOJIb30-
BaHMM cTyneHdaToil ¢yHkumm pacnpexnenenus MJIC B
3a3ope. OnHaKo, Kak MNoka3zaHo B [2], TpaaULIMOHHBINA
CIoco0 rapMOHHMYECKOro aHain3a B OM He maeT ajek-
BaTHBIX YHCIIOBBIX PE3yIbTATOB — 3TO IMPOBEPEHO Ha OC-
HOBE YHCIIEHHO-TIOJIEBBIX PAaCcYeTOB BPAIIAIONINXCS Mar-
HuTHBIX monei (MIT). ITocnenHee MO3BONISIET OLICHUTDH H
JIpyTHE COIyTCTBYIOIIWE SBJICHUS, KOTOPHIE BIUSAIOT Ha
KadecTBO paboThl OM U M3MEHSIOTCS ¢ U3MEHEHUEM CXe-
MBI OOMOTKH. DTO OCOOEHHO Ba)XKHO VISl TAKMX OTBETCT-
BeHHbIX OM, kak KkpymnHele TypOoreHeparopsl (TI), n
CTAaHOBUTCA aKTyaJIbHBIM B CBSA3U C IMOINBITKAMH OTKa3aTb-
csl OT yKOpoueHHs1 Tpex(a3Hoii 0OMOTKHM craropa Io co-
00pakEHHSIM TEXHOJIOTUH U 3JIEKTPOOE30MIaCHOCTH.

Hear padorsl. [JanHas paboTa mocBsIieHa OLCHKE
3¢ (EeKTUBHOCTH YKOPOUCHUSI OOMOTKH CTaTOpPa MOIIIHOTO
TypOoreHepaTopa Ha OCHOBE UHCIICHHO-TIOJIEBBIX pacue-
TOB BPALIAIOIIUXCS MATHUTHBIX TOJNEH. DTO MPOBOAUTCS
nocpenctBoM BpemeHHbIX QyHkuuid DJIC oOMoTku cra-
TOpa, IEPEMEHHOW COCTABJISIONIEd MArHUTHOTO TOJIA
(IICMII) Ha mMOBEpPXHOCTH BpaIIAIOIIErocs pOTOpa M
MyJIbCALUI 3JI€KTPOMarHuTHOro MoMeHTa (OMM).

C pa3BUTHEM YHCIEHHBIX MeETOM0B pacuera MII
[3, 4] npoOseMa TOCTATOYHO TOYHOTO OMPEACICHUS yKa-
3aHHBIX BEJIMYHMH CTaHOBHTCS B 3HAUNTEIBHOW Mepe pe-
LIEHHOH, T.K. IPH 3TOM Y)K€ HET OTrpaHWYCHUH Ha y4er
peabHBIX KOHCTPYKTHBHEIX ()OPM MAIIHH B IEJIOM U HX
9JIEMEHTOB, Ha Y4YeT HACHIIIEHHUs MarHUTOIIPOBOIA.

OO0bekT ucciegoBanus. JJeMoHcTpalys pacueTHBIX
pe3ynbpTaToB mpoBoxuTcs Ha Tpexdaznom TI [5], cpas-
HUBaeMbI€ BapUaHTHI 3JIEKTPOMAarHUTHON CHCTEMBI KOTO-
poro manbl Ha puc. 1. OH UMeeT HOMUHAIbHBIE: MOIII-
HocTh Pp=340 MBT; daszusic namnpsokenue Upn=11547 B
u  ToKk InN=11547 A; xo3pduiIUEeHT MOUTHOCTH
cos@y= 0,85; acrory £;=50 I'u. Ero uncno nap mnosocos
p=1; aktuBHas ;mHa [,=5,308 M; HEMarHUTHBIA 33a30p —
77,5 mm; paguyc potopa — 0,56 M; ducia BUTKOB €ro
¢azHoit oOMoTKHM — 10, 0OMOTKH poTopa — 126. CpaBHH-
BaeMble pPAacCUeTHbIE MOJENU OTIMYAIOTCS OOMOTKON

cTaTopa: Ha pHC. 1,a OHa UMEET OTHOCHTEIBHOE YKOpOoYe-
nue B,=0,8 (Bapmant TI-1), Ha puc. 1,0 — BbINONHEHA
JMaMeTpaibHoOi, T.e. B=1 (Bapuant TI'-2).

Puc. 1. Pacuernsie Mozenu TypboreHeparopa

Ha puc. 1 ¢asubie 30HBI 00MOTKHM cTatopa A—A’,
B—B’ u C—C’ BblzeneHsl pa3HbIM 3aTeMHeHueM. Hamnpas-
JIeHUs KOoopAuHAT (¥, O) TOJSIPHOW CHCTEMBI, YIJIOBOI
CKOpPOCTH POTOpa M MarHUTHBIX mNojed (), TOKOB B 00-
MOTKax OMpEAENsIoTCS MO CHUCTeMe, BBEIEHHOW B [6].
3/ech HampapieHUs] TOKOB COOTBETCTBYIOT PEXHUMY Ha-
I'PY3KH B HayaJIbHBI MOMEHT BPEMEHH f, C KOTOPOTO pac-
CMaTpHBaIOTCS MCKOMBIE M TIPEJICTaBIIsIEMble aajiee Bpe-
MEHHBIC (PYHKITUH.
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Teopernyeckne OCHOBBI PpacdeTa 3JIEKTPOMAr-
HUTHBIX BeJWYWH. 3HAYCHUS 3asBJICHHBIX BEIMYMH
SJC, IICMIT u ODMM mnonyyaroTcd Ha OCHOBE pacueTa
MII TT, a ux BpeMeHHbIe (QYHKIUU — MHOTOIIO3HILIMOH-
HbIMH TakuMu pacuetamu MII [2, 4, 7] nyst 3anaBaeMoro
¢ 1aroM A¢ BpeMEHHOI'O psizia

t=At(k-1); k=1, 2, ..., K, (1)
C BpallleHHEM pOTOpa MOCPEACTBOM €ro YCTaHOBKU B YT-
JIOBBIE MO3ULIMU
a=Aa (k-1); =1, 2, ..., K, 2)
U C CHHXPOHHBIM BpamenueM MII nmonst cratopa BblYMC-
JICHHEM CHMMETPUYHOW cuCTeMbl (Da3HBIX TOKOB B
CTEpPIKHSAX €r0 OOMOTKH B MOMEHTHI BpeMeHH #; (1):

iy =1I,co8(wt; +P); ig =1,cos(wt; —%n+B) ;
ic =1,cos(ot;, + %n+ﬁ) s 3)

rae K — 9uClio TO3WIHiA, MO3BOJIIOmEe cPopMUPOBATH
KOHKpETHBIE BpEMEHHbIE (DYHKIIMH Ha UX TEPHOJIE H3Me-
HeHUsI, Ao=Q-Af — yIJIOBOW IIar BpaIIeHHS POTOPA;
®=27f; — yraoBas 4actota; (Q=w@/p — yrioBas CKOPOCTE;

1, = x/EIS — aMIUIMTyAa U [ — AeCTBYIOLIEE 3HAUCHUE

(a3HOro TOKa; 3 — yIJIOBOE CMEIIEHHE OCH, 10 KOTOPOH
nericteyer MJIC Tpexda3Hoil 0OMOTKH cTaTopa, MO OT-
HOIIICHHUIO K MPOJI0JIBHOM ocu poTopa d [6].

DnexTpoMarHuTHBIE Tporeccel B TI' paccmaTpuBa-
I0TCSl B peKiMe HOMHHaNbHO# Harpy3ku (HH) mpu ¢as-
HBIX TOKax cTaropa /. Tok Bo3Oyxaenus [=3151,4 A u
yroa f=—160,47° nonyuenst Mmeronom u3 [8]. B 6a3zoBom
Bapuante TI (puc. 1,a) 5TH 3HaUEHUS MOCIIEe pacueTa Mar-
HUTHOI'O I10JIA OGCCHC‘II/IBaIOT 3aJlaHHbIC HOMUHAJIBHBIC
HarpspKeHUe U KOAQQUIEHT MOLTHOCTH.

Jliist MccnenoBaHus 3J€KTPOMAarHUTHBIX TPOLIECCOB B
axktuBHOU yactu TI" MII paccunTsIBanoch B IByXMEpHOU
IMOCTAaHOBKE B ero momepeyHoMm cedeHun (puc. 1). ITome
ONKCHIBACTCS  OOMIEM3BECTHBHIM I QepeHInaATEHBIM
ypaBHeHHEM [3, 4] depe3 BEKTOPHBIH MarHUTHBIN ITOTEH-
LAl ¥ PACCUMTBIBACTCS YUCIEHHBIM METOAOM KOHEUHBIX
JJIEMEHTOB C Y4YETOM HACBILIICHUs] MarHUTONPOBOAA MO
obmenoctynHoi nporpamme FEMM [9]. Kaptunst MII B
pexume HH B ncxonHblii MOMEHT BPEMEHHU IIPE/CTaBIIE-
HBbI Ha pucC. 1 cHIIOBBIMH JTUHUSIMH.

Hckomble BpeMeHHbIE (DYHKIMU Pa3HBIX BEUYUH HA
nx nepuoaax GopmMHpoBaiich B npouecce Bpamenus MIT
cornacHo (1) — (3), kak aTo mpezacrasieHo B [2, 4, 7]. Bee
oreparuu npu pabdore nporpammel FEMM BeimosnHsiich
YOPaBISIOLIEH IPOrpaMMOM, HATMCAHHOM Ha aJlrOPUTMHU-
geckoM s3bike Lua [9].

B wurore BpemeHHbIE (QYHKIHH 3IEKTPOMArHUTHBIX
BEIMYMH TPEICTaBIUIACh JUCKPETHBIMH YHCJIOBBIMHU
maccuBamu tuna ['(%); k~=1,2,...,K, T/ie moKa HCIoJIb30BaH
HEeKui abCTpakTHBIN cuMBoI [

MaruutHoe noroxkocuemsienue u IJAC da3unoii 06-
MOTKH cTaTopa. Kak yxe nmpeactaBmsuiocs B [4], OCHOBOM
it DJIC aBnsiercst BpeMeHHast (yHKIIUSI MarHUTHOTO TO-
tokocuerienust (MIIC) ¢a3noii odmoTku cratopa. s
9TOro, B IpoLecce yxe OOBSICHEHHBIX 37IeCh PacyeTOB
Bpamtarorierocsi MII (yron moBopora potopa Ao cocTas-
msur 1°), Obuta chopMUpOBaHA IMCKPETHAs BpPEMCHHAsS
¢byukiust MIIC W(zy), £=1,2,...,K. OHa uMeeT TOT ke Iie-
puoxn T, uto u TokH (3), U chopMHpOBaHa 1O YKCITY TOYEK

K=360. [Nonyuenne 3nauennii MIIC mocie pacuera MII ne
MPEJCTaBIsIET TPyAa M OCYILECTBIISIETCS ITOCPEACTBOM
cIelManbHOM ONLMHU, UMeroLelics B nporpamme FEMM.

Oynkuus V(#,) packiagpBaeTcss aHAJIOTHYHO [2, 4]
10 U3BECTHBIM IIPaBWJIaM B FapMOHUYECKHUU psif U3 He-
YETHBIX T'apMOHUK BIUIOTH 10 HOMEpa Ng:

Né’
Y, = Z‘Pm,vcos(vmt+yv) R @)
v=1,3,5...

YTO MTO3BOJIET, HA OCHOBAaHUH 3aKOHA JIEKTPOMAarHUTHON
nHnykuuu, nepeit k 3/1C da3Hoit 0OMOTKH:

d¥y e
e =——2= Y vo¥, sin(vor+y,), 6)
dt v=L,3,5... ’

OTKy/1a NOJIy4arTCsa aMIUIMTYAbl TapMOHUK E,, ,=vo'¥,, ,.

Ha puc. 2 mpexncraBieHsl HaiiiecHHBIC BpPEMEHHBIC
¢byukuun DJIC (5) mis nByx BapuantoB TI', nzo0paxeH-
HBIX Ha puc. 1.

€s
KB

10

Puc. 2. Bpemennsie ¢pynkimn ¢aznoit 9/1C

OueBunHo, uto rpadguk DJIC mns Bapmanta TI-1,
Osaroapst yKOpOUCHHIO 0OMOTKH, UMEET OoJiee OJIU3KYIO
K cuHycouze ¢popMmy. DTO ke MOATBEPIKIACT TapMOHHYEC-
ckuii cocraB ¢ynkmmu DJC (5), mpencTaBieHHBIA B
tabn.1 mis BapuantoB TI-1 u TI'-2. 3mech Makcumym
OJC Ej 4, M aMIUTUTYAA NIEPBON FapMOHUKU E,, | TaHBI B
a0COIFOTHOM HM3MEPEHHH, a aMIUIUTYABI BBICIIAX TapMo-
HHK — B OTHOCUTEIBbHOU opme E,,\+ = E, / E, ;.

Tabnuua 1
I"apmonnyeckuii cocraB 9JIC oOMOTKH cTaTopa
E e XB | E, 1, kB E, 3% E, 5
TT-1 17,07 16,87 0,065 0,005
TI-2 17,48 17,03 0,105 0,036
TT-3 17,30 16,86 0,101 0,040
E,7x E,ox E, 1% d st
TT-1 0,008 0,007 0,003 0,998
1T-2 0,033 0,007 0,005 0,993
TT-3 0,030 0,006 0,004 0,994

Jnsa TT'-2 6e3 ykopodeHuss 0OMOTKH cTaTtopa (popma
kpuBoii DJIC W rapMOHHMYECKHH COCTaB CYIIECTBEHHO
XyXe, TaK KaK TOBBIIIACTCS YIACTbHBIN BeC BBICIINX Tap-
MOHMK (HauMHas ¢ TpeTbedl U pganee). COOTBETCTBEHHO
yMeHbIIaeTcst ¥ KodpQUIMEeHT NCKaKeHUsI

E

Nl
ddist = = > (©)

KOTOPBIH JIsl "9rCTOR" CHHYCOUIBI PABEH €MHHUIIE.
T.e. mpu nTuameTpanbHON OOMOTKE OCHOBHAs (PyHK-
uus TI' — reHepupoOBaHKE FNEKTPOIHEPTHH, YXYALLIAETCSI.
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W3BectHO [1], uto B TT" mpm coemuHeHNH OOMOTKH
II0 CXEME 3Be€3a B JIMHEHHBIX HANPSKCHUSIX HCUE3AI0T
rapmonuku JJIC, xpaTHble TpeM. Hackonbko mpu 3TOM
uzMenuTcs: popma BpemeHHbIX ¢yHkuumii /IC, wutocT-
pupyet puc. 3. BusyanbHO MOXXHO 3aMETHTh, YTO (opma
kpuBbIXx OJIC 1O CpaBHEHHIO C PUC. 2 HECKOJIBKO yIIyd-
mmtack 1t obonx Bapuantos TT. [Ipuyem amst 6azoBoro
BapuaHTa C YKOpoueHHeM 0OMOTKH craropa rpapux 3C
JOCTaTOYHO ONM30K K CHHYCOHWZE, a BOT AJS BapHaHTa
6e3 ykopoueHus rpadyk SBHO OTIINYACTCS OT CHHYCOHIBI.

Es
I e =
KBy TT-2 /
10} TT-1 f{/
-
. N\ J |7
0,25 \\ 0,5 0,75 / 1.0
X
N,
-10
N
e
-20

Puc. 3. Bpemennsie ¢pynkimn ¢assoit /IC 0e3 rapMOHUK,
KpaTHBIX TPEM

IlepemMeHHasi cOCTABAAIOIIAS MATHUTHOW WHAYK-
IHM Ha TMOBEPXHOCTH BPAalalOLIerocss poropa. OTa
BEJIMYMHA WHTEPECYEeT MPOEKTHUPOBIMUKOB TI' B CBS3U C
TEM, YTO OHA TPHUBOIHUT K BUXPEBBIM TOKaM, JOTIOJHH-
TEJNBHBIM MOTEPSIM MOITHOCTH U HArpeBy MOBEPXHOCTHO-
ro ciost poropa [11]. ICMU 3aBHCHT OT CTPYKTypHI 00-
MOTKH CTaTopa, MO3TOMY OHa 3/1€Ch M IIPUHSATA K aHAIIN3Y.

KOHerTHO, JJIA TOYCK, CBA3aHHBIX C BpallatouMCs
pOTOpOM, B IIpOLIECCE YK€ OOBSICHEHHBIX 3[IECh PAaCYETOB
Bpamaromerocss MII, Obuta chopMupoBaHa TUCKpETHAS
BpeMeHHas (YHKIUS PaIUaIbHOW COCTaBJISFOIICH Mar-
HUTHOW MHAYKIMHK B.(t), k=1,2,....K. B Takux ¢yHkumsax
MPUCYTCTBYIOT KaK TOCTOSHHAS, TaK U TEPEMEHHAs CO-
CTaBIISIOMINE.

W3 nonneix 3nadenuii B, Beigensercs IICMU u mo-
JMy4aeTcsi B BHJE YHCIOBOTO MAaCCHBA COOTBETCTBYIOIIAs
ee TUCKpeTHasi BpeMEeHHAas! (QYHKITUS:

Brt(tk) = Br(tk) - Bmv; ]F1>2a--~sl<5 (7)
rae cpenHee nojaHoe 3HadeHrne MU (MOCTOssHHAsE COCTaB-
JIAOMIAs) UII KOHKPETHO PacCMaTpHBAaeMOW TOYKH IIO-

K
1
BEPXHOCTH poTtopa: B,,, = EZB,J( .
k=1

I'paduku Gyukiun [ICMU st Toukd, HaXOASIICH-
csl mocpenuHe OoiblIoro 3yba poTopa Ha pacCTOSHHUU
4MM OT €ro MoBEpPXHOCTH, JaHbl JJIsI JBYX BapHaHTOB
obomotku ctaropa TT Ha puc. 4. 3nech Taxke naH ¢par-
MeHT pHuc. | B 30He 0OJBIIOrO 3y0a poTOpa — Ha3BaHHAs
Touka mMeeT obo3HaueHue T2. [lepwox M3MeHEHHUs Bpe-
MenHbIX ¢yaknuit [ICMU, xak mokazano B [10], cocras-
et 7~0,5-T/my, vie my — ancio pa3 0OMOTKH CTaTOpA.

OdYeBHIHO, YTO TPHU OTCYTCTBHM YKOPOYEHHS 00-
Motku craropa IICMU nocturaer cymiecTBeHHO 00Jb-
mux 3HadeHuil. Conocrasnenue 3HayeHui [ICMMU nano
TarKke B TaOJ. 2 JUIsl TpEX TOYEK y IIOBEPXHOCTH OOJIBIIO-
ro 3yba poropa, KoTopble 0003Hau€HHI Ha pHC. 4.

Jnst yka3aHHBIX TOYEK JaHbl CpeIHHUE 3HAYCHUs Mar-
HUTHOM MHIYKUMU B,,, n Makcumymsl [ICMU B,, ... Sc-
HO, 9TO B, ,0x B TT' 6e3 ykopodeHuss oOMOTKH B 2,4 — 4,8
pa3a 0oJpIIe, YeM MpH HOPMAIEHO YKOPOUYCHHOW OOMOTKE,

a MOTepH MOIIHOCTH OT COOTBETCTBYIOIIMX BHUXPEBBIX TO-
KOB, Kak m3BecTHO [1, 11], mpomopimoHanbHBI KBaapary
MarHUTHOM WHAYKIWH, T.C. BBIBOJA OUCBUICH.

Puc. 4. Bpemennsie Gpynxuun [ICMU Ha ux nByx nepuopax 7,
B TOYKE T2 Ha IIOBEPXHOCTH BPAIIAIOIIETOCs pOTOpa

Tab6numa 2
MarauTHast FHAYKIHS B TOYKaX Ha IIOBEPXHOCTH
BpAIAIIET0Cs pOTopa

MarnauTtHas B, Tn B, wTn
HWHIYKIHS
Touku Tl T2 T3 Tl T2 T3
TI-1 1,57 | 0,93 | 1,05 | 30,6 | 46,1 | 40,1
Tr-2 1,54 | 0,86 | 097 | 744 | 1743 | 191,5
TI-3 1,54 | 0,88 [ 1,02 | 76,8 | 174,1 | 185,4

DJIeKTPOMATHUTHBINI MOMEHT, JelCTBYIOIIMIA Ha
poTop, u ero myJascanuu. OT cTpyKTypsl OOMOTKH CTa-
TOpa 3aBUCAT IyJibcaud OMM, KOTOpBIE MOTYT BBI3BI-
BaTh 1IyM U BuOpauuu TI" B mpouecce ero paboThl.

Hna onpenenenuss MM B nporpamme FEMM [9]
IIpeIyCMOTpEeHa MpoLeaAypa, KOTopas B KOJNBLEBOM CIIOE
3a30pa (OPMHUPYET COBOKYITHOCTH KOHTYpOB, 1 OMM
ONpesemsieTcss uepe3 YINIOBYI0 COCTaBIISIOLIYI0 TEH30pa
MAarHUTHOT'O HaTskKeHus [12] fra:u0'1~(B,-Ba) , HA?, xax
[IOBEPXHOCTHBIM MHTErpall mno miomaau Ss NoNepeyHoro
CEUYEeHMsI TaKOro CJOs, PaclpOCTPaHSIOUIErocsi Ha aKCH-
anbpHy0 ey T

/
M, = “ Ir'fToc'dSZ
(rs _rr)S
S
. L®
la

:ﬁj J.F.B}’.BOL r-dr-do
MO rS r}" 0r

;
rAe 7, U 1y — pauychl WIMHIPUYECKUX MMOBEPXHOCTEH,
OTrpaHUYMBAIOIINE TUIOLIAAb S5 CEYEHHsI 3a30pa CO CTOPOH
poropa u cratopa; p=4-1-107 TH/M — MarHuTHAs MOCTO-
siHHas; B,, B, — panuanbHas W yrjioBas KOOpAMHATHbBIC
COCTABJIAIOIINE MATHUTHON UHTYKIUH.

Pacuers1, mpoBeneHHBIE B 3aJaHHBIE MOMEHTHI Bpe-
MeHn (1), manm AHMCKPETHYI0 BPEMEHHYIO (YHKIIHIO
OMM M,,(t), k=1,2,..., K. B TT »sTa ¢pyHKIHS nOCTaTO4-
HO cTaOWIIbHA C ONPEACIISIONIEi POJIBI0 CPEIHETO 3HAYe-

1 K

—ZM em.k » KOTOPOE JUIsl CPaBHUBAEMBIX
k=1

BapuanToB TI'-1 u TI'-2 nano B Tabm. 3.

DTO 3HaUEHUE MPOBEPEHO Uepe3 INEKTPOMATHUTHYIO
MOWHOCTE P,,=M,,, ,~Q. Ona cocrasuna 341 MBt mis
TI-1, uro BechMa ONM3KO K HOMHHAIBLHOW MOIIHOCTH
paccmatpuBaemoro TI', u 364 MBT nns TT'-2. IMoBslie-

HUA M

emayv —
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Hre OMM u MoutHoCcTH Ha 6,7 % MOKET OBITh IOJIOXKH-
TENbHBIM SBJICHHEM, HO OHO OTSTOWIECHO IyJIbCALUIMHI
OMM - ero nepeMeHHOM COCTaBIISIONIEH.

Tabmwuma 3
3uavenuss OMM, kH-m
Mopens TT' TT-1 TT-2 TI-3
M 1085 1158 1088
AdM .y max 8,2 31,4 31,4
AM e i -8,0 28,4 27,9
AM,,, 16,2 59,8 58,3

BpemeHHy0 QYHKINIO IMEpeMEHHON COCTaBIISIONIE-
eit OMM Briaenuny u3 QyHKIUH M., (#;):
AM oy (1) = M o (1) = M ey k=12,.., K, (9)

KOTOpasi UMEET MepUo]| MOBTOPEHUsSI T4, COCTABIISIOLIUN
HIECTYIO YacTh OT T00anbHoro nepuona 7.

Yucno K mis ¢yaknuu (9) Ha ee nepuon T cocTa-
Buio 60, ee Hecylas 4acToTa fys = 6-f;.

I'paduk dyukimm (9) naH Ha puc. 5 Ha TPOTHKCHUN
11ecTH nepuoaos 7.

S VY VA
AT maml)
0 \ 0,25\ (\35 \= 0,75 \ IOT
YR RyETRYEY

30 v

Puc. 5. Ilepemennas cocrasistromas OMM

B tabm. 3 mis nepemenHo# cocrariiitomieii SMM (9)
NPE/ICTABICHBI MAKCUMYM dM,,, o 1 MAHUMYM dM.,, 1ins
a TaKKe pasmax KoseOanuit AM.,,=dM ., yu—AdM e min-

3uauenus AM,,, coctasisior 1,5 % or M,,,,, nis Ba-
puanra TI'-1, a BoT ms TT'-2 ysenuuuBatotes B 3,5 pasa,
jpocturas 5,2 %, 4To y»e MOXKET CO3/aBaTh yrpo3y A0JI-
roBpemeHHo# padote TI" u3-3a ero BuOparmu.

CpaBHenne BapuanToB TT npu ogMHaKOBBIX HO-
MMHAJIbHBIX MNapamMeTpax. PaccMOTpeHHbIH BapuaHT
TI'-2 6e3 ykopoueHHst 0OMOTKH CTaTOpa Jal yYBEIHMUCHHE
mepBoit rapmorukn DJIC Ha 0,95 % (Tadn. 3), a Takxke
Ha3BaHHOE yke moBbimeHne OMM (tabn. 3) u amekTpo-
MarHUTHON MOIIHOCTH, IO CPABHEHMIO C 0a30BBIM Bapu-
antoM TT'-1. OHaKo B pealibHBIX YCIOBHSIX — IPU paboTe
Ha ceTh OECKOHEYHOW MOUIHOCTH — JJOJDKHO OBITH obec-
rneyeHo Ha 3axuMax TI' HOMUHaIbHOE HaNpsSKEHUE U
Ipoure HOMHHAJIBHBIE NapameTpsl. [lostomy ObLT pac-
cMoTpeH emie BapuaHt TI-3 omsaTh 06e3 yKopodeHHus 00-
MOTKHU CTaTOpa, HO C BBIXOJOM Ha 3aJaHHble HOMHUHAJIb-
Hble BeIMYUHbI Uy, Iy U COS Py, @ 3HAYUT U HA Py.

Metonom, npencraBneHabiM B [8], g TI-3 Obum
onpejieneHsl ToK Bo30yxkaeHus [=3205 A u yron cisura
B=-162,14°. Kak Hu CTpaHHO, TOK I; Aake 4yTh IOBEI-
CHIICSI, HECMOTpsI Ha HekoTopoe monmkenne DJIC u Ha-
NpsDKEHUsT 10 cpaBHEHHMIO ¢ BapuaHToM TI-2. Ho 3tO
OOBSICHACTCS TEM, UTO C yBEIUYEHHEM yriia 3 (B BapuaH-
te TI'-2 610 —160,47°) yBenuuuiach NpopoJbHAS pa3-
MarHuuMBamomas cocrasisitomas MIT peakuuu  sikops,
HO03TOMY Iy ¥ YBENIUYMIICS 171 €€ KOMIIEHCALIMH.

Hna Bapmanta TI'-3 pesynpTaThl pacdyeToB OaHBI B
TeX ke Tabn. 1-3 U OHM CBUACTENBCTBYIOT, UTO, B IIEJIOM,
OTPULATENBHBIE SIBICHUS — YXyJIICHHBINA FAPMOHUIECKO-
ro cocraBa JJIC, yBennuennole 3Hauenus [ICMU Ha
OoJbIIoM 3y0e poTopa U myJiscanud DMM coxXpaHUIHCh
IIPUMEPHO TaKUMHU K€, Kak U AJs BapuanTta T1-2.

Jliist HoATBEpKASHHUS 3TOTO Ha pHc. 6 JaHbl rpapuKu
BpemeHHbIX ¢yHKimiA JJC mnst Bapmanta TI-3. 3neck
KpoMme rpadMKoB /ISl TOJTHOTO FAPMOHUYECKOTO COCTaBa
(xpuBas 1) 1 TaKkoro Xe cocTaBa, HO 0e3 TapMOHUK, KpaT-
HBIX TpeM (KpuBas 2), JaH rpaduk ams mepBoil rapMoHU-
ku (kpuBasg 3). 3mech OUYEBHAHO OTIIMYHME MEPBBIX JBYX
rpaduKoB OT "9UCTON" CHHYCOUIBI.

€x
KBl

10

Puc. 6. Bpemennsie ¢pynkiun ¢azsoit 9/1C mns mogenn TI'-3:
1 — nonHas GyHKIUS; — 2 — 6€3 TapMOHUK, KPaTHBIX TPEM;
3 — mepBasi rapMOHHUKaA

Ha puc. 7 nansl rpaduxu IICMU ans Bapuanta TT-3
— YK€ JUTA TpeX TOYeK Ha MMOBEPXHOCTU POTOpPa, YKA3aHHBIX
Ha puc. 4. OueBuaHO, 9yTO rpaduKH I TOUKU T2 st TI-2
(puc. 4) u TT'-3 (puc. 7) npakTUUECKU COBIAAIOT.

120
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Puc. 7. Bpemennsie Gpynkuun [ICMU s moxmenu TT-3
JUISL TPEX TOYEK Ha IOBEPXHOCTHU OOJBIIOr0 3y06a poTopa

To, 9T0 KacaeTcs MepeMeHHOH cocTaBirtomei MM,
1o mia TI-3 rpaduk MpakTUYECKH TaKOW JKe, Kak W Ha
puc. 5 mst TI'-2, 9To MOATBEPKAAIOT KOHKPETHBIE 3HAUE-
Hust OMM B Tabn. 3, HO BOT 3HaueHue M., B BapHaHTE
TI'-3 BepHYIOCH, KaK M 337aBaI0Ch, HA HOMUHAJIBHBIA yPO-
BEHb, KOTOPBIN ObLT XapakTepeH Juisi Bapuanta TI-1.

BoiBoabl. 1. UucneHHbI pacdeT Bpallarolerocs
MII siBnsiercs 3 eKkTHBHOM OCHOBOM /115t OTIpEeICHUs U
aHaJIM3a NIMPOKOTO CIIEKTPa AJIEKTPOMAarHUTHBIX SIBICHUN
B OM, B TOM uucne, s uccieayemoro TI' — BpeMeHHbIX
(GYHKIMHA SJIEKTPOMAarHUTHBIX BEJIMYUH, HAa KOTOpBIE
BIIMSET YKOPOUCHNE OOMOTKH CTaTopa.

2. Ilpu mepexone OT HOPMAIBHO YKOPOYEHHOW 00-
MOTKH CTaTopa K JHaMETPaIbHOW 0OMOTKE CYIIIECTBEHHO
yxyamaercs Gopma u rapmonudeckuii cocraB 3/C 00-
MOTKH CTaTOpa, 3HAYUTEIBHO YBEJIMYMBACTCS IEpPEMEH-
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Hasl COCTABIIAIONIas MAarHUTHON MHIYKIMK Ha ITOBEPXHO-
CTH BpAILAIOMIETOCs POTOPA, a TAK)KE CHIIBHO MOBBIIIAIOT-
Cia myJibCallur 3JICKTPOMArHuTHOIO MOMEHTA, MOCPEACT-
BOM KOTOpPOIO B3aMMOJIEUCTBYIOT poTop U crartop. [a
€le B CiIydac COXpaHCHHSA HOMHHAJIBHBIX BbIXOAHBIX
nmaHHbIX TT' Tok BO30YXIEHUS HE TOJNEKO HE CHHU3HIICS, a
JlaXkKe 4yThb BO3POC.

3. OrTMeueHHbIE B MpPEIbIAYLIEM IIyHKTE SBJICHUS
AMCIOT OJJHO3HAYHO HETaTUBHBIA XapaKTep U JOJDKHBI yUIH-
TBIBATHCS TIPH BEIOOPE CXEMBI OOMOTKH CTaTopa — B TIPOTH-
BOBEC BO3MOXKHBIM JPYTUM IOJOKUTENEHBIM (PaKTOpaM.
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Numerical field estimation of turbogenerator stator winding
shortening efficiency.

On the basis of numerical calculations of rotating magnetic
field, a turbogenerator is evaluated for cases of a shortened sta-
tor winding and a diametric one. The parameters compared are
the shape and harmonic composition of the winding EMF, the
alternating component of the magnetic field on the rotor surface,
and the electromagnetic torque ripple.

Key words — numerical-field method, turbogenerator, stator
winding, shortening, time functions, electromotive force,
alternating magnetic field on the rotor surface, electromag-
netic torque ripple.
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