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INPEANCJIOBUE

INTRODUCTION

Bricokuit ypoBeHb IIpodeccrOoHATbHON KOMIIETEHIIMM COBpE-
MEHHOTO CITeIIMAINCTa XapaKTepU3yeTCsI HAJIMYMEM Y HETO OIlpeie-
JIeHHOro Habopa mpodeccruoHaJbHbIX YMEHUI 1 HaBbIKOB. MHOs-
3bIYHBIE YMEHUSI W HaBBIKU, 3apuKcupoBaHHBIe [ocymapcTBEeHHBIM
00pa3oBaTeIbHBIM CTAaHAAPTOM BBICIIETO ITPOQECCUOHAIBHOIO 00-
pa30oBaHUsl, SIBJSIOTCS 4YacThlo IMPO(eCCUOHATbHON KOMIMETEHIIMU
BBIITYCKHMKA By3a. DTU YMEHMSI M HaBBIKU YCIIEIIHO PEaM3YIOTCS,
€CJIA OHU KOPPEeUpYyIoT ¢ npodeccuoHaabHbIMU. [1o3TOMY aBTOPHI
MOCOOMST COWIM BO3MOXHBIM IapajljieIbHO 00yYaTh CTYJAEHTOB CIIe-
LIMAJIbHOCTU 1 aHIJIMMCKOMY SI3BIKY.

Ilenb yueoHoro nocodust «<AC Electrical Machines» — pa3Butue
npoheCCUOHATbHON KOMMIETEHIIUU MPU OCBOEHUU CIELUATbHOCTU
OIHOBPEMEHHO Ha PYCCKOM M aHIJIMICKOM SI3bIKaX. 3amadya — Iep-
BUYHOE 3HAKOMCTBO U JaJIbHElIIIee 3aKpeIieHre (COBEpIICHCTBOBA-
HUe) nMpoheCCUOHATbHON TEPMUHOJIOTUU Ha JBYX S3bIKaX, a TaKXKe
pa3BuTHE MPO(GECCUOHAIBHOIO MBIIIUICHUSI CTYASHTOB 110 Mepe pa-
0OTBI C MaTepyraIaMHM JICKLINI Ha PyCCKOM SI3bIKE 1 BHITTOJTHEHUS T€C-
TOB ¥ KOHTPOJIbHBIX 33JaHUI — HA QaHTJIMCKOM S3bIKE.

ITocobue mpemHa3HavYeHO TSI CTYIEHTOB BTOPOTO Kypca CIIeIN-
aJIbHOCTEN 3JIeKTPOTEXHNIECKOTO HAIIPABICHUSI.

YuyebHoe mocodue COCTOUT M3 ABYX CBSI3aHHBIX MEXKIy cO00i1 pa3-
neoB. IlepBeIil — KOHCIIEKT JICKIIM IT0 OOIIMM BOIIPOCAM TEOPUU
3JIEKTPUUYECKMX MAIIIMH IIePEMEHHOTO TOKa, BTOPOM — TECThI M KOH-
TPOJIbHBIE 3aaHus Ik moBTOpeHus. ClipaBOYHbIe MaTepHrasbl pa3-
MEIIEHBI B IIPUIOXCHUSIX.

B coBpemMeHHOM MUpe BBICOKOKBAIIM(MUIIMPOBAHHOMY CIIeIa-
JINCTY HEOOXOIMMO 3HATh M Ha3bIBaThb OJHU U T€ X€ MPEeIMEThI, sIB-
JICHUSI Y TIOHSITUSI Ha pa3HBIX SI3bIKaX, TaK KaK 00BbeM MOCTYITaIOIei
B HaIlI THA WHOSI3BIYHON MH(GOPMAaIIUK ITOCTOSIHHO pacTeT. [TosTo-
MY IIPM CO3IaHUM KOHCIIeKTa JIEKIIMI aBTOPbI MBITAIMCh COSAUHUTh
eI 00y4eHMSI MHOCTPAHHOMY SI3BIKY CIIEIIMAINCTa TEXHUYECKOTO
By3a C TeM MHUPOM, B KOTOPOM OH (DOpMUpYeTCs. DTO MUpP ero Oy-
nyuiei nmpodeccun. I[lcuxomornyeckrue 3aKOHOMEPHOCTU YCBOEHUS



sI3bIKa HATOJIKHYJIM Ha MBIC/Ib TIOCTPOUTh CUHOHUMUYECKYIO CUCTEMY
00yYeHMSI CIIeLIUaIbHOCTA M MHOCTPAaHHOMY $I3bIKY. B KauecTBe cu-
HOHMMOB aBTOPHI PEIIMJIN MCIOIb30BaTh 0003HAYCHUS IIPEIMETOB,
SIBJICHUI, TOHSITUM U MPO(ECCUOHATBHBIX TEPMMHOB Ha PYCCKOM
W aHTJNHCKOM SI3bIKaX (JArTCS B CKOOKaxX B KaUeCTBE MOACKA3KM).
ABTOpBI ITOCUNTAIM TaKOM IMOIX0A K OCBOSHHUIO IPOdeCCHOHATBHOMI
TEPMUHOJIOTMH BITOJIHE MTPUEMJIEMbIM, TaK KaK OH MO3BOJISIET COCpe-
JMIOTOYUTh BHUMaHUE CTYIEHTOB Ha pelIeHUU MMEHHO Mpodeccro-
HaJIbHOM 3a1a49 ¥ OMHOBPEMEHHO IIOMOTaeT PaCIINPUTD CIIOBAaPHBIA
3arac 1o CrhenuaJbHOCTH Ha MHOCTPAHHOM $I3bIKE, YTO NMPUBOIUT
K €ro MOTMBMPOBAHHOMY YCBOSHUIO U MPEOI0JIEHUI0 BO3HUKAIOIIIMX
JIEKCMYECKUX TpydHocTeil. Jleknuu, maHHBIE TOJHOCTHIO Ha aHT-
JIUICKOM $I13bIKE, CO3[AlOT ONpeleieHHbIe TPYAHOCTU B OCBOCHUU
npodeccuoHaabHO HAIpaBJIeHHOTO Yy4yeOHoro marepuana. MHO-
TOKpPaTHOE MCIIOJb30BaHNE WMHOS3BIYHBIX TEPMHHOB, ITOCTOSIHHO
BCTpEYAIOLIMXCS B JIEKIUSIX, CTIOCOOCTBYET UX MTPOYHOMY YCBOESHUIO
U 3aKpeIUICHUIO U B NaJibHENIIEM ITOCAYKUT OCHOBOM YCIIEIITHOTO
y4acTus CIIEIUAINCTa B CUTYalsIX IIpo¢heCCUOHAIBHOIO OOIICHMS,
TPEOYIOLINX MCMOJb30BaHMS MHOCTPAHHOTO SI3bIKA.

Bropoii pasgen cogepXKUT TeCTbl HA aHTJIMICKOM $I3bIKE, KOHT-
pONMpPYIONIYE YCBOCHUE CTyIeHTAMM Kypca JICKIINiA, 1 KOHTPOJIbHBIC
BOMPOCHI HA aHTJIMICKOM sI3bIKE JIs1 TOBTOPEHUsI MaTepraa rmepBo-
ro pasnena.

B mpumioxeHUsIX pa3MellIeHbl CIIpaBOYHBIE MaTePHUAJIbl: PYCCKO-
AQHTJIMICKUM CJIOBaph 2JIEKTPOTEXHUYECKUX TEPMMHOB (252 enu-
HUIIBI); PYCCKO-aHIVIMACKUI CI0Baph MaTeMaTUMYECKUX TEPMMHOB
(49 emuHMIT); KpaTKUI CIIMCOK IJIaroJioB ¢ ux popmamu (50 equHUII);
CIMCOK PYCCKO-aHTIMUCKMUX COKpallleHUI, UCITOJIb30BaHHBIX B IMO-
cobuu (9 enuHMII); KpaTKUi rpaMMaTUIECKUI CIIPaBOYHUK, BKJIIO-
YarIInuii GopMbI 00pa30BaHMs IACCUBHOTO 3aJiora B TPeX OCHOBHBIX
BUIOBPEMEHHBIX (hopMaxX aHIIMHACKOTO Tjaroja v MpaBujia YTEHUS
MareMatuyeckux hopmys; TeKCThbl ISl TOMOJHUTEbHOTO YTeHUS,
3aIMCTBOBAHHEBIE ¢ HEKOTOPBIMU COKPAIIEHUSIMUA 13 OPUTMHAIBHOMN
JIUTEPATYPhI 110 CIIEUATBHOCTH (7 eAUHULL).

CrpyKTypa y4eOHOIro MocoOust OTpaxkaeT IOMBITKY aBTOPOB Ha-
MPaBUTh YYCOHYIO OEATEIIBHOCTH O0y4aeMOTO Ha COBEPIICHCTBO-
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BaHMe MPOoheCCUOHAIBLHOM KOMIIETEHIINM, a TaKKe ITO3BOJISICT Ha-
METUTh UYETKYIO TpaeKTOpHio (popMHUpOBaHUS TPpodeCCUOHAIBHOM
MHOSI3BIYHON KOMITETEHLIMU CTYIEHTOB TEXHUYECKOTO By3a.

ITocobue mo3BosisieT 00y4YaroLIUMMCSI CaMOCTOSITeIbHO KOHTPO-
JINPOBATh CTEIEHb MOHUMAHMWS W YCBOEHUSI MaTepuaja, MOCKOJIbKY
JIEKIIMY Ha PYCCKOM SI3BIKE JAIOT BO3MOXKHOCTH OIIEHUTH MPaBUIIb-
HOCTb BBITTOJTHEHMST KOHTPOJIBHbBIX 3aJaHUI 1 TECTOB.

YyebHoe mocodbue «AC electrical machines» MoxeT OBITh MOJIE3-
HBIM CTyJI€HTaM MarucTpaTypbl IPU HAITMCAHUH KYPCOBBIX U TUCCEP-
TAllMOHHBIX padOT, aclIMpaHTaM, TOTOBSIIUMCS K claye KaHIuaaTC-
KHMX 9K3aMEHOB M M3YYEHMIO HaydyHbIX paboT 3apyOeKHbIX aBTOPOB,
a TaKKe TeM, KTO M3yJaeT aHTININCKUIA SI3BIK CaMOCTOSITETbHO W WH-
TepecyeTcs TaHHO TeMaTHKOM WX PellI ITOBBICUThL CBOU YPOBEHbD
npodecCUOHaTbHOIO BJIaJcHUSI aHIVIMACKUM SI3BIKOM.

ABTOPHBI BEIpAXKaloT MCKPEHHIOIO OJTarogapHOCTh acnupaHTy To-
JIBITTUHCKOT'O TOCYIapCTBEHHOTO YHMBepcuTeTa Ajlekcanapy 2Kyko-
BY 3a TOMOII[b B (POPMUPOBAHUHU IJEKTPOHHOI BEpCUU TTOCOOMUSI.



Paznen I. OBIHIUE BOITPOCBI TEOPUN MANIWH
INHEPEMEHHOI'O TOKA

Chapter I. GENERAL PROBLEMS OF ALTERNATING
CURRENT MACHINE THEORY

VYpoBenb xu3Hu (living standards) oOGluecTBa BO MHOIOM OIl-
penensercsa (are defined by) kommyecTBoM BbIpabaThiBaeMoit (of
produced) u motrpebasiemMoil (consumed) 3JEKTPUUECKONA BHEPTUU
(electric energy). be3 anekTpuuecTBa COBpeMEHHBII TTPOrpece B JI0-
6011 orpaciu (in any branch) mpoMbITIZIeHHOCTH, B OBITY (in everyday
life), Hayke, 9KOHOMMKE HEBO3MOXKeH (is impossible).

MaiuuHbl nepeMeHHoro Toka (alternating current machines) ur-
paroT OTPOMHYIO poib B co3gaHnu (in producing), mpeodpa3oBaHUN
(converting) 1 moTpedAEHUHM (Consuming) 3J1eKTPUYECKON SHEPTUM.

IIpakTruecku Bcsl 2JIEKTpUUYECKasl SHEepPrus B MUpE BbIpadaThi-
Baetca (is produced) CHMHXPOHHBIMU 3JEKTPUUYECKUMM MaIIHA-
mu (by synchronous electrical machines) Ha TertoBbIX (at the heat),
rugpasianyeckux (hydraulic), aromHbIX (atomic), BeTpsiHbIX (wind)
alleKTpocTaHuMAX (power stations). B Poccum BeIpabatbiBaetcst (is
produced) 20000 kBt/4ac (per hour) 371eKTpo3Heprun Ha yejoBeKa
B rog (per capita annually), a B 5KOHOMWYECKHU Pa3BUTHIX CTpaHax (in
economically developed countries) — 5000 kBt/4ac.

OcHoBHYI0 H0J10 (a great deal of) aeKTpUUecKO SHEPTUM TOT-
pebnsioT (is consumed by) acuHxpoHHbIe aBurateau (by induction
motors) — 40...70% (per cent), mpeodpa3ys ee (converting it) B Mexa-
HUYECKYIO.

AcuHxpoHHble apuratenu (induction motors), nmorpedsiionire
CyllIeCTBEHHYyI0 noato (considerable part) 37eKTpUYeCKOi 3HeEp-
ruu, IIpuMeHsTIoTcsd B (are applied in) cucremax perymupyemoro (of
regulated) u Heperymupyemoro (non-regulated) siaekTpompuBoaa
(motor drive) 1 KaK cocTaBHasI 4YaCTb aBTOMaTU3MPOBAHHOTO ITPUBO-
na (automatic motor drive).



1.1. KoncrpykTupHbie (basic) cxeMbl HCIIOJTHEHUS ACHHXPOHHBIX
MammH (of induction motors)

ACVHXPOHHBIN ABUTaTeNb (induction motor) COCTOUT U3 (consists
of) IByX OCHOBHBIX 4acTeil, pa3neneHHbIX (divided by) Bo3myliHbBIM
3a30poM (air clearance): HeMOIBMKHOTO cTaTopa (stationary stator),
KOTOPBIN SIBJISIETCS B OCHOBHOM (mainly) nHaykTopoMm (an inductor),
M Bpalatoiierocsi poropa (revolving rotor). CtaTop U poTOp COCTO-
gt u3 (consist of) cepmeynuka (core) — MarHUTONIpPOBOAa (magnetic
circuit) ¢ mazamu (slots) 1 06MOTOK (coils).

K 0cHOBHBIM KOHCTPYKTHUBHBIM y31aM (basic units) acCHHXpOHHO-
ro gsurateisa (induction motor), ImpeacTaBIeHHOTO Ha puc. 1, MOX-
HO OTHECTM IIMXTOBaHHBIA MarHutomnpoBoj (laminated magnetic
circuit) ctraTtopa c 0OMOTKOI IMepeMeHHOro Toka (armature alternating
current coil), 3ampeccoBanHbil (pressed) B ctaHuHy (engine bed);
IIMXTOBaHHLIA MarHutomnpoBo (laminated magnetic circuit) poto-
pa ¢ ooMoTKoit (winding), ycTaHOBJIGHHBIN Ha BpallalolIuiics Ball
(mounted on a rotating shaft), mepemaroInii 3J1eKTpOMarHUTHBII
MOMeHT (magnetic torque) Harpy3ke (load); mOAIIUITHUKOBBIE Y3JIbI
(bearing sub-assemblies); mogImMITHUKOBBIE IIUTHI (bearing brackets);
BeHTUIIATOP (fan); KopoOKy BEIBOTOB (terminals’ box); ycTpoiicTBO
kperuteHus (fasten construction) x ¢ynmamenty (foundation) wim
ocHoBaHMU1O (basis).

CylIecTBYIOT IBa OCHOBHBIX THIA ACMHXPOHHBIX IBUTaTeNleit
(induction motors): ABUrateJb C KOPOTKO3aMKHYTBIM POTOPOM
(squirrel-cage rotor) u gBUraTeab ¢ pa3HbIM poTopoM (phase-wound
rotor). O0a gBUraTesss MMEIOT OOMHAKOBYIO (Similar) KOHCTPYKIIMIO
cratopa u oranyarorcs (differ) ToJbKO KOHCTpYKIMEN poTOpa.

ITo crmocoby moHTaxka (by wiring) HamboJbllIee pacrpocTpaHe-
Hue (are most widely used) moydmim MCIIOIHEHUs (constructions)
IM1 — IM4.

Cpeau MalyH Majioit MoiHocTH (small power) pacripocTpaHeHbl
ucroaHeHus IMS u IM9, koTopbie IIPUMEHSTIOT B OBITOBBIX YCTPOIC-
TBax (every day devices) M 2JeKTpU(PULUPOBAHHOM WHCTPYMEHTE
(electric instrument).

ITo creneHu 3a1uThl (protection range) OT BO3AeHCTBUSI OKpYXKa-
oueit cpensl (environmental influence) a1 MalvH Majloit MOLIIHOC-
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T pacripocTpaHeHo ucnojHeHue 1P44 u IP54 co cnocobom oxjax-
neHus (cooling) IC041, a qy1st MalIMH cpeaHel M 00IbIION MOIITHOCTHA
(medium and high) — takxe ucnonnenue P23 co cnocobom oxnax-
nenus 1CO1.

MarunuTomnpoBog (magnetic circuit) cepaedHnka cratopa (stator
core) mMXTYIOT (is laminated) mucramu (sheets) 3JIeKTPOTEXHNIESCKOM
ctanu (electrical-sheet steel) TonmuHoit 0,35—0,5 MM.

CepneyHUK cTaTopa (stator core) acMHXPOHHOTO JIBUTATENS
(induction motor) ¢ BbicoTOI oceit A < 250 MM Habupaetcss u3 (is
constructed with) IIMXTOBaHHBIX JIMCTOB DJIEKTPOTEXHUUECKOM CTaIU
(laminated electrical-sheet steel) ¢ 6a3upoBaHNeM IO BHYTpEeHHEMY
(inner) nuametpy u uuMIaM nasos (slots splines). Eciu mpumensi-
eTcsl cTtajib Mapku 2013, IMCTHI MOCAe WTaMITIOBKU (stamping) mpo-
XOIAT TepMHUUYecKylo oopaboTKy (heat treatment) ¢ mociaeayOIINM
okcumupoBaHMeM (oxidation) B medyax ¢ aBTOMATUYECKUM pEKU-
MoM (automatic operation furnaces). HabpaHHBII cepaedHuK (core)
crpeccoBbIBalOT Tof, maBieHuneM (is pressured under) ~1,5 mlla n
ckperurstioT (bolted) craabHBEIMU cKOOaMu (clumps), KOTOPBIE pacIio-
naratotcs (are rested) 1Mo Hapy>kKHOI MOBEPXHOCTHU cepaeuHUKa (core
outer surface).

Puc. 1. Cepoeynnk MarHUTOIpOBOIA (magnetic circuit core) cratopa
6e3 00MoTKM (Winding)



Cepneunuk nuratens (drive core) of 2 = 50—90 MM cBapuBaioT
(is welded) mo BHemHe# moBepxHocTH (on outer surface). Od6MoTaH-
HBIC U TIPOIMTAaHHBIC CepACIYHNKN cTaTopa (stator cores) ABUTaTeseit
BIIPECCOBBIBAIOT B CTAHUHBKI (engine bed).

HMHuorpa nuctel MarHUTONpoOBOIa (magnetic circuit sheets) ycra-
HaBJIMBAIOT (are mounted) HEITOCPEACTBEHHO B CTAHMHY 1 B IIpOIIecce
onpeccoBku (moulding) 3akperuistioT (fasten) KoabLieBbIMU LIMOHKA-
MU (ring keys) nu6o HabupatoT (collect) Ha LIEHTPUPYIOLIYIO OIpPaB-
Ky (on mondrel centering) BHe CTAaHWHBI U CKPEIUISIOT CTAJTbHBIMU
miaHkamu (steel plate), pacnonoxeHHbiMU (located) B HeryoOKMX
MPSIMOYTOJIBHBIX KaHaBKax (rectangular slots), TipuBapuBaeMbIMU
(welded) x HaxXKMMHBIM Imaiioam (washers) m yactuaHo (partially) —
K CIIMHKe cepaeuHuka (core back).

dopma nazoB cepueuHuka (core slots’ form) B 0CHOBHOM Tparie-
neuganabHas (trapezium) moxy3akpbiTas (semi-closed); psIMOYTOIb-
Hasl OTKphITas (rectangular open).

Konctpykuuu cranunbl  (bed) acMHXPOHHOTO JBUTATENS
(induction motor) mo crenenu 3amutsl 1P44 u 1P23 mpuHummm-
anpHO pasnuuHbl (differ). Cranuna nBuratens (engine bed) 1P44
¢ h <355 MM BeITIONTHSIeTCd (is made) B hopme LMIUHApPA C TIPOIOTb-
HbiMU pedpamu (longitudinal ribs) Ha BHellHe moBepXxHOCTH (external
surface) (puc. 2) 1ub0 ¢ TpyoOKamMu Bo3ayxooxjaaauTess (air—cooling
tubes) y nBurareneii ¢ 4 > 400 mm.

Y nBurareneii ¢ 4 < 63 mm cranuHbI (beds) TUTBIEe U3 ATIOMUHUS
(aluminum castings).

ITpu 4 = 71-100 MM mpuMeHsIeTCI KOMOMHUPOBAHHAS KOHCTPYK-
Ousl: CTAaHWHBI U3 aIFOMMHMEBOro civiaBa (aluminum alloy beds),
TMOJIIMITHUKOBBIEC IIMTHI U3 uyryHa (bracket of cast iron).

Meton BeimonHeHUs1 cTaHuH (beds) 13 monoro npoduins (hollow
profile), mojrygaeMoro myTéM 3KCTPYy3UM (extrusion way) U3 aJroMM-
HUEBOTO CIlJIaBa B BUae TpyOsl (aluminum alloy tube), HaxoauT Bcé
bonee mmpokoe mpuMeHeHue (are wider and wider used).

AcuHXpoHHbIe nBurareau (induction motors) ¢ JUTBIMUA YyTyH-
HBIMU 00osioukaMu (casting iron beds) (ctanuHamu) g0 A < 280 Mm
MONYYUJIM HauOoJblllee pacripocTpaHeHue (are widespread) B Mu-



pOBOIi MpakTUKe dJieKTpomalunmHocTpoeHus: (in the world electo-

machine engineering).
JBuraTtenu ¢ A > 280 MM BEITIOJTHSIIOTCS CO CBAPHBIMM CTAHUHAMU

(welded beds) u3 ctanbHoro mpokara (steel plates).

Puc. 2. Cranuna (bed) A/l B ucrionnenuu 1P44

Ilo KOHCTpYKIIMM POTOp acMHXpOHHOro asurareis (induction
motors’ rotor) BBIMOJHSETCS KOPOTKO3aMKHYTBIM THUMA «OeIudbs
KJeTKa» (squirrel-cage) (puc. 3) 1160 dazHbIM (phase), B mma3ax Ko-
TOPOro pasmMelaeTcs oOMOTKa repeMeHHOoro Toka (alternating coil),
MMelolas cToJabKo a3 1 roJtocoB (phases and poles), CKOJIBKO 1 00-
MOTKa ctaropa (armature coil).

Puc. 3. KopoTK03aMKHYTBII pOTOP
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Potop cocrout u3 (consists of) MMXTOBAHHOTO MarHUTOIIPOBOIA
(laminated magnetic circuit) ¥ KOpOTKO3aMKHYTO OOMOTKM THIIA
«bennubs KeTKa» (squirrel-cage winding) (puc. 4).

Puc. 4. KoHcTpyKiinst MarHUTOMpoOBO/1a 1 OOMOTKM KOPOTKO3aMKHYTOTO
poTopa (squirrel-cage rotor)

Potop ¢ odbmotkoii (winding) HampeccoBbiBaeTcs (is pressed) Ha
Baut gBuTatess (onto the engine shift).

IlITamnoBka JUCTOB cepAeyHUKa poTopa (sheets’ core rotor
stamping) TpOM3BOAUTCSI OTHOBPEMEHHO CO IINTAMIIOBKOM JIMCTOB
craropa (sheets’ core stator stamping).

Jluctel poTopa y nBurarens (engine rotor sheets) 2 < 250 MM u3-
rotaBiauBaioTcs u3 craau 2013 1 HabupaloTcs Ha ompaBKy (taken to
holder), npeccytoTcs u 6e3 cHATUS naBieHus (pressure release) 3a-
Kpernsiorcs Ha oripaBke (are fitted on the holder). B TakoM Buze cep-
JEYHUK poTopa (rotor core) 3anuBaetcs (is poured) aTlOMUHUEM.

CepaeyHMKU KOPOTKO3aMKHYTBIX pOTOPOB (squirrel-cage rotor cores)
MocJie 3aIMBKU aTlOMMHMEM HaIlpEeCCOBLIBAIOT Ha Baj (onto shaft).

IIpu 3amuBke amomuHueM (when aluminum pouring) OmHO-
BPEMEHHO IIPOMUCXOIUT (OPMHUPOBAHME KOPOTKO3aMKHYTHIX KO-
nen (formation of squirrel-cage rings) 1 BEeHTUJISLIMOHHBIX JIOTIATOK
(ventilation bladings).

®aznb1ii potop (phase rotor) (puc. 5) COCTOUT M3 cepaecYHHUKa
MarHuToIpoBoga (magnetic circuit core) U oOMOTKM MNepeMEHHO-
ro Toka (alternating winding), ¢a3bl KOTOpOIl COCIMHEHBI B 3BE3Iy
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(into star), pexe — B TpeyroJibHUK (into triangle), u UMEIOT TPpU BBIBO-
Ja (terminals), KOTOpbIe TTOACOEANHSIOTCS K KOHTAKTHBIM KOJIbLIaM
(contact rings), pacmoJI0XXeHHBIM BHYTpU Kopiryca (body) wim Ha BbI-
cTynarlleM KoHle Baia (overhanging shaft end).

EoHTaKTHEE
KOJIBILA

MarHMToONpoBEOO
cepasyYyHMKa poTopa

Puc. 5. ®@asuslii potop AJl 6e3 o6MoTKM (Winding)

i
Eam
7
A
ct
é g Lmamar é é [mamay
ne
7 ’/ £x pomag Gazesi gamey
Lo pmasmpss §gas88
-~
-
JATKMIGIEENEF CXOHT JEUHK SRS ket
FREZ AmETE & RIS IR T IR B W
SOmAT I

Ticxndog
FETCam

FAORWONYSCKTE CYONT AroRkgogsg sy flocamons ©
QaTsE FOm ISy

Puc. 6. Dnekrpuueckas cxema (scheme) AJl ¢ KOPOTKO3aMKHYTBIM
1 (a3HBIM POTOPOM

12



[Mpuneratomne K KOHTAaKTHBIM KOJblaM (contact rings) mieT-
ku (adjoining brushes) coeamnHeHBI C MYCKOBLIM peocTaToM (starter
rheostat), ITO3BOJISIOIINM U3MEHSTh TOMOJHUATEIbHOE aKTUBHOE CO-
MNpoTUBJIEHKE B OOMOTKe poTopa (rotor resistance) Bo BpeMsl ITycKa.
ITpu HOMUHANIBHOM pexkuMe eTKH (brushes) 3aMKHYTHI HAKOPOTKO
(are short circuit) (puc. 6).

1.2. KoncrpykrusHbie (basic) cxeMbl HCIOJTHEHHSI CAHXPOHHBIX MAIIHH
(SM) (synchronous machines)

IMpunuun geiictBust MHOrodasHbIX (polyphase) CMHXpPOHHBIX Ma-
ILIITH OCHOBAH Ha IT0JTyYeHMHU BPALIAOIIEerocss MAarHUTHOTO IOJIS (rotating
magnetic field). B cunxponHbix MammHax (CM) (SM) (synchronous
machines) potop Bpamaercsa (rotates) cuHxpoHHO (in synchronism)
C BpalllalOIIMMCSI MATHUTHBIM TT0JIeM (rotating magnetic field).

OcHoBHbIe MpeumMyliecTBa (advantages) CM:

a) mocTostHHas (constant) CKOpOCTh BpallleHUs poTopa (rotor rotating)
He3zaBucuMo ot (in independent of) Harpy3ku Ha Baiy (shaft load)
n=n, = const;

0) BO3MOXXHOCTH (possibility) padotsl CM ¢ cosp = 1 u 1axe c onepe-
xatotum (with advancing of) ¢ (¢ <0).

K ocobeHHocTaM (peculiarities) CM ciieayeT OTHECTH CIeayroLIe:
l)He3aBucumMo oT pexuMa pabotel CM (however synchronous

machine might operate) (reHepaTop WK ABUTATEIb) pOTOP Bpallia-
€TCS1 CO CKOPOCTBIO, PABHOI CKOPOCTH MAarHUTHOTO ToJ1s (magnetic
field speed) 1 B Ty ke cTopoHy (in the same direction);

2)yactota DJIC (electromotive force frequency), MHIYKTUpPyeMOI
B OOMOTKE TMEpeMEHHOro TOKa cTaTopa, MpoIopivoHaibHa (is
proportional to) cKopocTu BpallieHusI poTopa (rotating rotor speed);

3)B oomoTKe portopa (rotor winding) DAC He WMHOYKTUpYyeTCs, a
MarHuTHoe nosie cosaaercs (is produced by) MOCTOSIHHBIM TOKOM
(continuous current) oT MOCTOPOHHETO MCTOYHMKA (side source)
WJIM TIOCTOSTHHBIMU MarHUTaMHM (permanent magnets);

4) CM (synchronous machines) — 3T0 MallWHbI ABOHHOIO MUTAHUS
(double energized sources). fSIkopb (armature) monkirodaercs (is
powered with) K ceTm MHOroa3HOro IepeMEHHOIO HaIIPSKeHMS
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(polyphase alternating voltage), a unaykrop (inductor) — K ucTou-
HUKY TTOCTOSTHHOTO HanpsikeHus (direct voltage), eciiu Bo30yxKe-
HUeE 3JIEKTpOMarHuTHoe (magnetization), a He (but not) MarHuTO-
3JIEKTPUYECKOE.

CM (synchronous machines — SM) nmpuMeHSIIOTCSI B KauecTBe (are
applied both as) reHepaTopoB u nBUrateseii 6onpiroi MorrHocT (high
power), a TaKXKe MUKPOJBUTATENIei B CCTEMaX aBTOMaTUYECKOTO yII-
paBneHus (automatically operated systems) u B ObITY (everyday life).

Paccmorpum  (let’s consider) ycrpoiictBo CM (the general
arrangement of SM) GoIbIIOIF MOLITHOCTH.

Axops (armature) — crarop. Muaykrop — potop. JdaHHoe moct-
poeHue (given model) umeet npeumyiecTsa. MoIIHOCTbL BO30yXe-
Hua (magnetization power) HeBenuka — 0,3...2% OT MOILIHOCTHU SIKO-
psa. CnegoBaTenbHO, TTOABOJ TTOCTOSTHHOTO TOKa (alternating current
brushing) xk ooMoTKe Bo30ykaeHwusI (field coil) Ha poTope ¢ MTOMOIIBIO
JIByX KOHTAKTHBIX KOJIe1] HE BbI3bIBAET 3aTPYAHEHUIA.

CM (synchronous machines SM) HeGonbII0if MOIIHOCTH (small
power) mHOrma BHIMOMHSIOT (are produced) oOpaTHOM KOHCTPYK-
uuu (converse construction): craTop — WHIYKTOP, POTOP — SIKOPb
(armature).

B CM ¢ HenoaBuxXHBIM sIKOpeM (stationary armature) (Kjaccu-
yecKast KOHCTPYKIIUS ) KOHCTPYKIIMSI CTaTopa aHAJIOTMYHa KOHCTPYK-
LIMM CTaTOpa aCUHXPOHHBIX MAIllMH, a POTOP MMEET JIBE Pa3HOBU/I-
HocTH (variations):

1) sBHOMOIIOCHAST KOHCTPYKILMs (obviously poled-construction) ¢ s1B-
HOBBIpaXK€HHBIMU TOJIIOCAMU;

2) HeSIBHOIIOJIIOCHASIKOHCTPYKIIUsI (non-obviouslypoled construction)
C HESIBHOBBIPAXKCHHBIMU MOJIOCAMMU.

SABHomomocHBIN poTop (obviously poled rotor) mpumeHsieTcs B
CM ¢ 2p > 4 (puc. 7). Obmotka Bo30yxkxaeHwusI (field coil) cocpenoTo-
YeHHas, B BUIe HUIMHAPUIECKUX KaTyliek (cylindrical bobbin form),
KoTopble pasmemaiorcs (that located) Ha cepaeyHMKAaX TOJIOCOB
(pole cores) u 3akperuisitores (fastened) MoOMIOCHBIMY HAKOHEYHUKA-
mu (pole pieces). CepaeuHuku (pole cores) 1 HAKOHEYHUKU TTOTIOCOB
(pole arcs) BBIMOTHSIOTCS ITMXTOBAHHBIMU U3 3JIEKTPOTEXHUYECKOMN
ctanu (laminated electrical-sheet steel).
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Puc. 7. KoHCcTpyKIIMS SBHOMOJIIOCHOTO poTopa (obviously poled rotor
construction) CM (2p = 4): 1 — octoB potopa (skeleton) (6ouka,
KpecToBrHA) (cage, spider); 2 — cepaedHUK Tomoca (pole core);

3 — HaKOHEYHUK TToJtoca (pole arc); 4 — ooMoTKa Bo3oyxkneHus (field coil);
5 — 1ok Bo30y:xaeHus (field current); 6 — myckosast (CJI) (starting winding)
yerokoutenbHast (CIN) k.3. oomoTka (short-circuit winding damper);

7 — K.3. Kombua(squirrel-cage ring); d — mpomobHasI OCh poTopa (rotor
axis); ¢ — MmorepevHast OCh poTopa (rotor cross axis)

SIBHOMOMIOCHAsT KOHCTPYyKIUs poTopa (obviously poled rotor
construction) mpumeHnsiercs B CM 2p > 4. B ocHoBHOM (mainly) aTo
MOIIHbIE TUXOXOAHBIE (slow moving) ruaporeHepaTopsl (hydraulic-
turbine generators).

CepneyHnuku notocos (pole cores) ¢ OB kpensitcs (are mounted)
K ocToBy potopa (skeleton). Kperyienue (connection) BBITIOJHSETCS
M0 pa3IMYHBIM BapuaHTaM: 0oJToBoe coeanmHeHue (bolt), «1acTou-
KWH XBOCT» («dovetail») u T. 1.

HessHonomtocHbI poTop (non-obviouslypoledrotorconstruction)
(puc. 8) mpumensierca B CM Ha 6onbpinme ckopoctu (at high speed):
2p = 2,4. KoHCTpyK1Lus poTopa obecrieuuBaeT (provides) Heobxomu-
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MYIO Mpo4yHOCTh (necessary strength). CooTHoleHue aiuHbI (length
ratio) K IMaMeTpy HEsSBHOITOJIOCHOTO poTopa (non-obviously poled
rotor diameter) L 6, SIBHOITOJIIOCHOTO potopa (obviously poled

A
rotor) ﬁ =0,15...0,2
B ocHOBHOM 3TO OBICTPOXOIHBIE TypOOreHepaTophl (speed turbo

generators), mpuMeHsieMble Ha TeTTOBBIX (thermal) 1 aTOMHBIX 2J1eK-
TPOCTAaHIIMIX (power stations).

Puc. 8. KoHCcTpyKILIMs HESIBHOIOIIOCHOTO poTopa (non-obviously poled
rotor construction) CM (2p = 2): 1 — octoB (skeleton) poropa (1okoBKa);
2 — pacrpeaenéHHasi 0OMOoTKa Bo30ykaeHus (stator winding)

OcTtoB poTtopa (skeleton) BBIMOMHSIETCS U3 MACCUBHOM CTaJbHOM
MOoKOBKM (massive steel sheet) ¢ BbICOKOII MarHUTHOI MpOHUIIAC-
mocThio (high magnetic permeability). KoHlleHTprueckue KaTyIi-
kM (concentric windings) pacnpeaeaeHHOI OOMOTKM BO30YKACHUS
(stator winding) pa3melnarorcs B mazax poropa (rotor slots). ITpu-
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. 1
Onu3uTeNnbHO (approximately) g‘l: HE MMeEET Ia30B — 3TO 0OoJbllIue

3yO116I (teeth), KOTOpbIE CITOCOOCTBYIOT CO3JAHUIO CMHYCOUIAIbHO-
ro pacmpeneneHus (sinusoid distribution) MarHMTHOroO IOTOKa BO3-
oyxneHus (magnetic flux) B BozaymHom 3a3ope CM (air-gap length
synchronous machines).

1.3. IIpuHIMN BbINOJHEHHSI 0OMOTKH MIEPEMEHHOTO TOKA
(alternating current coil producing)

CoBpeMeHHas1 Gu3MuecKast KOHLETINS ITPUHIIUIIA IeACTBUS Ma-
ILIMH ITIEPEeMEHHOI0 TOKa OCHOBaHA Ha MOJIYYeHUHU U UCITOJIb30BaHUU
Bpalatonierocs (rotating) B mpoCTpaHCTBE MAaIlMHBI (B BO3MYIITHOM
3a3ope length) MarnutTHoro noJjs (magnetic field).

B nmocnennee BpemMs B aneKTporpuBoaax (electric circuit) mmpoxo
HAYMHAIOT IPUMEHSITHCS peaKTUBHbBIC, MHAYKTOPHEIE U IPYTHE 3JICK-
Tpuyeckue MaiuuHbl (electric machine), mpeacrasisionme coboit
pa3IMyHbIe BAPMAHTHI UCIIOJHEHMS KJIACCUUYECKUX MAllIMH ITepeMeH -
HOTO TOKa, IIPUHIIUIT ASHCTBUSI KOTOPHIX OCHOBAaH HAa BO3HUKHOBE-
HUM peaKTMBHOIO MOMeHTa (reactive moment). [TprunHO# peakTUB-
HOT'O MOMEHTAa SIBJISIIOTCS 2JIEKTPOMAarHUTHBIE CUIIBI (electromagnetic
forces), IIMTEIbHOCTD, BeIMYMHA 1 (hOpMa KOTOPBIX (POPMUPYIOTCSI
3JIEKTPOHHOM CXeMOW MMUTaHMSI 3JIEKTPONPUBOIA (magnetic circuit) u
KOHCTPYKIIME MAarHUTHOM CUCTEMBI 3JIEKTPUUYECKON MAIIIMHBI.

PaccMoTpuM ycmoBusI M1 KOHCTPYKTUBHBIC PEIICHMS MTOIyICHUS
Bpallfaloerocs MarHuTHOro nouis (rotating magnetic field) B amekT-
puyeckoit MairHe repeMeHHoro Toka (MIIT).

Bpamaroreecsi KpyroBoe MarHMTHOe mojie (rotating magnetic
circuit) MOXHO MOJYYUTh C MTOMOILBIO OOMOTKH MEPEMEHHOIO TOKa
(OIIT) (current variable winding), mo BUTKaM KOTOpOI IpoTeKa-
€T CMHYCOMIAJIBHBIN IIepeMEHHBIN TOK m-(pa3Holi cucTteMbl (phase
system), rae m — uucio da3z OIIT.
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1.4. OcHoBHble ycaoBus (conditions) moyrydeHus: Bpamaomerocs
MATHHUTHOTO IOJIS

[MpuHLMT OeCTBUS JIESKTPUUSCKUX MAIIMH IIEPEMEHHOTO TOKa
MIIT (alternating current machine) ocHOBaH Ha CO3JaHUM Bpalllaio-
ILIETOCS MAaTHUTHOTO MOJISI B 9JIEKTPOMEXaHNIECKOM IIpeo0pa3oBaTe-
Jie (converter) SHEPTUM.

HeobGxonuMble ¥ TO0CTaTOYHbBIC YCIOBMS MOJIyYeHUS Bpalllalolie-
rocsI MarHUTHOTO moJis (rotating magnetic circuit) mpuBeIeHBI HILKE.

1. Yucno ooMotok ((pa3) mepemeHHOTO ToKa (alternating current
winding) momkHO OBITH m > 2. Haubomblliee pacrpocTpaHeHHUe T10-
ayarm MIIT (alternating current machine) ¢ m = 3, pexe (rarely)
MPUMEHSIOTCS m = 2.

2. I[To oOMOTKaM TpoTeKaloT IepeMeHHbIE CUHYCOMIAJIbHbIE TOKU
OIHOI YacTOThI, CMeIIEHHEIe I10 (pade (out of phase) mpyr oTHOCH-
TeJLHO JIpyra Ha ONMHAKOBBIN yro ¢ (B rpamycax):

m=2,¢=90°%
m=3,0=120°%
m=6,¢p=060".

Ecnu oomoTku (winding) ommHakKoBBIe (Hanubojee pacIpocTpa-
HEHHBbIH cyJaitl), To aMIJIUTYAbl TOKOB (current amplitude) paBHBI.
3. Ammutyasl MJC Bcex ooMoTok (da3) paBHBI. Hampumep,
npum=73
F =F,=F.
4. Ocu Bcex 00MOTOK (ha3 cMeleHbl BpoctpaHcTBe MITT Ha onuH
U TOT Xe yroJ y (B ajieKTpuiyeckux rpamycax) (electrical degree):

m=2,y=90°am.;
m=3,y=120°2n.;
m=26,y=060° o,
TIe Y — aaeKTpuyeckuii yroa (electrical angle) mexnay ocsimu a3 00-
MOTKHU.
Ocp ooMotku (winding axle) (puc.9) coBmamaer ¢ reoMeTpu-

YECKOU OChlo, MPOXOMAMIIE B LIEHTPE IJIOCKOCTA 3TOU OOMOTKU
(winding). HanpaBnenue (direction) ocu coBnagaer (coincides) ¢ Ha-
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npapieHueM MIC oOMOTKM, co3aarolleiicss TOKOM, IpoTeKaloluM
B TTOJIOXKUTEJIbHOM HarpaBieHnu (positive direction) ot KoH1a 00-
MOTKH K €€ Hayay.

A ocb obmoTKmM
\ ’ 1 0oCb 06MOTKU

A

Puc. 9. Ipocreiiiias (simplest) cocpenoToueHHas Kartyiika (concentrated)
(obmoTka, ¢paza) MIIT

Dnekrpuueckuit yroa (electrical angle) mexay ocsimu a3:
360° p
Y=—">»
m
IIe p — YKCIIO Iap MoJitocoB (pair pole number) MATHUTHOTO MOJIS;

m — yucio ¢a3 (phase number) unu da3HbIX 30H; Y — (ha3Has 30Ha,
n3MepsieTcs B DIIeKTpUUYecKux rpagycax (electrical degree).

1.5. OaHodasnas cocpe0TOYEHHAS OTHOCIOHHAS 00MOTKA
nepeMeHHOro Toka (one-phase concentrated one-layer
alternating current winding)

OnHodazHble cocpeoTOYeHHbIE OAHOCIOMHbIE OOMOTKU Tiepe-
MeHHOoro Toka (one-phase concentrated one-layer alternating current
winding) co3mar0T TOTBLKO MyIbCUPYIOIIee MAaTHUTHOE roste (pulsating
magnetic field) (puc. 10).

ITomocHoe nenenue (pole pitch) MITT:

— nDa

2p

b
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IIe T — 3TO 4YacTh OKPYXHOCTM cTaTopa /poTopa (stator /rotor
circumference), npuxonsiiascs Ha IOJIOC OIpeAeJeHHON MoJsp-
Hoctu (defined polarity).

Pacnpedenenue MJIC no 3azopy

Puc. 10. Kaptunaa cunoBbIx TUHUIM (power lines) MAarHUTHOTO TIOJIST
npocreiinreit cocpegoroueHHoit OIIT 2p = 2

Bcest okpykHOCTB IKOps (armature) (craTopa WM pOTOpa) COCTaB-
nset 360p — saexTpuueckux rpaaycos (electrical degree) (360p° 211.).

ITontocHoe neneHue (pole pitch) Bcerna 3aHMMaeT MPOCTPAHCTBO
53907 _ 1800 o

2p

IMonyyeHnne yucia p > 1 BO3MOXHO MPU YBEJWYEHUU YUCIA Ka-
Tymek (winding) ¢a3sl (0OMOTKM), paBHOMEPHO paclipeae/IeHHBIX
o okpyxHocTu (along the circumference) sikopst (ctaTopa, poTopa).
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Hanpumep, npu 2p =4 (p = 2) Bcst OKpyKHOCTS (circumference) cra-
TOpa WM poTopa OymeT BKJIouaTh B cebst 360p = 720° ai1.

B manHoOM ciydae miist (popMUPOBaHMS YETHIPEX ITOMFOCHBIX e
Huii (pole pitch) T = 180° 3;1. HEOOXOAUMBI IBE KaTyIIEUHbIE TPYITIIHI
(coil group) dasbl, cMellEHHbIE IPYT OTHOCUTENBHO Apyra Ha 360° aJ1.

B atoMm ciygae marautHOe mtosie MIIT mynbecupyromniee (pulsing).

B F i reprag rapsionaga MITCH

Puc. 11. IIpocreitmasg (simplest) cocpemoToueHHast 0OMoTKa (ha3za)
(concentrated winding) OIIT npu 2p =4
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PaccMoTpyM BO3MOXKHOCTBH TTOJIYYEHMSI COCPEIOTOYEHHOU 00-
MoTKH (concentrated winding) ¢ OOJBIIMM KOTWYECTBOM TIOJIIOCOB,
Hanpumep 2p =4 (puc. 11). OueBUIHO, B 3TOM Cily4yae HEOOXOIUMO
YBEJIMYUTh YMCIIO KaTyllek (coil), ooMoTok (winding) naHHOI ¢a3bl
B IIPOCTPAaHCTBE MaIIMHBI (machine space).

1.6. PacnpenesienHas oHOC/I0iHAA 0OMOTKA
nepeMeHHoro Toka 2p = 2 (distributed one-layer alternating
current winding)

Pacnipenenenue (distribution) oomMoTKM mo mazam (slot) mpuBo-
JIUT K yay4dineHuo ¢popmbl KpuBoii moust u D C oomotkm (winding
electromotive force). Unes pacripeneneHuss 0OMOTKM TT0 TTOBEPXHOC-
TH sKops (armature surface) COCTOUT B TOM, UTO BUTKM MTPOBOJIA Ka-
TYIIKA pa3MellaloT He B IBYX Ia3ax (slot), a paBHOMEpPHO pacripe-
IEeJISTIOT («pa3Ma3bIBaloT») Ha 3HAYMTEIHbHOM TUIOIIAAN IIOBEPXHOCTH
skops (armature surface).

OOBIYHO  OJHY  COCPEHOTOYEHHYI0O  OOMOTKY  (KaTyIlKy)
(concentrated winding) mexsIT Ha ¢ OOMHAKOBBIX KaTylleK (coil),
pasMelaeMbIX B 2¢g maszax sikopsl (armature slot) ¢ 4MCJIOM BUTKOB
(winding) ogHoI1 aIeMeHTapHOI KaTyku (coil):

Bce g anemenTapHbIx KaTyiiek (coil) cMelIeHbl o MOBepPXHOCTH
gKops (armature surface) Apyr OTHOCUTENIBHO APyra Ha OQMHAKOBBIIA
yroJ a: .

o= 360" p ,
Z
rae Z — yucio na3os (slot) cratopa (poropa).

VYroj, KOTopblii 3aHMMAaeT KaTylieyHas rpymnmna (coil group), co-
crosiiast u3 g Katyuiek (coil), Ha3pIBatoT (pa3Hoii 30HOI (phase-zone)
WJIX YTJIOM KaTyIIeYHOM IPYIIIbL:

Y=o - q (371. rpan), (electrical degree).
Yucno karyuiek (coil) B KaTylleuHOI TpyIine oInpeacasercs 1o
dopmyne
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7= 2pm

JlaHHOe 4YMCJI0 OOBIYHO HA3bIBAIOT YMCJIOM Ma30B Ha IOJIOC U
(dazy (slot number to pole/to phase) win 4MCIOM KaTyllleK B KaTy-
IIEYHOM TpyIIIIE.

PacnpeneneHue MarHUTHOro 1oJjisi B ogHoda3zHoil (one-phase)
OIHOCJIONHOI (one-layer) pacrnpeneleHHON OOMOTKE IMEepEeMEHHOTO
toka (distributed alternating current winding) 2p = 2 npeacraBieHO
Ha puc. 12.

.
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Puc. 12. MAC pacnipenenénnoit oomotku (hasbr) (distributed winding)

Kax BugHO 13 Hero, ¢hpopMa MarHUTHOTO 110151 (magnetic field) 60-
Jiee mpubJMKeHa K cuHycounanbHoi (sinusoidal form). OnHako pac-
npenenéHHas oomotka (distributed winding) co3maéTt B mpocTpaHCTBe
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MalldHbBI BCETO JIMIIb IyJbCUpPYIOIee MarHUTHOE Toje (pulsating
magnetic field), mycTs naxe ynydineHHONH ()OPMBI.

OIIT sxops (armature) MIIT, co3maromias Bpalaromeecs Mar-
HUTHOe noJie (rotating magnetic field), BbITOMHSIETCS B OCHOBHOM
JBYX BUIOB: Tpex30HHas (three-zone winding) u 1ecTusoHHas (Six-
zone winding).

1.7. Bemoanenue Tpexdasnoii (three-phase) rpexzonnoii (three-zone)
00MOTKH nmepeMeHHOro Toka (alternating current winding)

Ilpu pomymeHun Z-—oo (4uciao ma3oB sIKops (slot armature)
cTpeMuTcss K OeckoHedHocTH (to infinity) BekTopHast auarpamma
(vector diagram) BJ1C oomoTku (winding electromotive force) sikops
(armature winding) MaIIMHBI TTOCTOSTHHOTO TOKAa IMPEACTaBIIsIeT CO-
00i1 OKpYyKHOCTb (circumference), TOYKM Ha KOTOPO M300paxKaloT
BJICKTPUYECKMI TTOTEHIINAT.

Hns nonydenust TpexdasHoit OIIT (m = 3) «pa3pezaem» uaeaib-
Hylo BekTopHyo muarpammy DI C (winding electromotive force) Ha
Tpu paBHble yacTu: A, B u C (puc. 13, 14).

Puc. 13. Bexropnas nuarpamma 31 C tpéxzonnoit OITT
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A B
\A/

Puc. 14. BekropHas quarpamma DJ1C onHO# (ha3HO 30HbBI
(R — paguyc nuarpaMmbl)

Kaxmas oomoTrka (¢asza) (winding) 3aHMMaeT B MPOCTPAHCTBE

yroji (¢a3Hyio 30HY) y:zj =120°31. U mpeacTaBisieT co0oit co-
m

BOKYITHOCTh IIOCJ€A0BaTEIbHO COEIMHEHHBIX (series connection)
Karymek (coil) (cexmuii), pacmpeneiaeHHBIX MO OKPYKHOCTU SKOPS
(armature circumference). DHhEeKTUBHOCTb UCIIOIB30BaHUS pacipe-
JneneHHoi oomoTku (distributed winding) mpu Z—»00 MOXHO OLIEHUTD
K03 PULIMEHTOM pacIipeAe/IeHNs, IIPeACTABISIOIINM CO00# OTHOIIIC-
HUE XOP/bI IyTH (Span) BEKTOPHOM AMarpaMMbl K JJIMHE 3TOM TyTu:

_xopoa AB i _siny/2
b udB T y/2

[Tpu daszHoii 30He vy = 120° (omHOC0lHAas (single-layer) pacmnipe-
neneHHas (distributed) TpexdaszHas Tpex3oHHass 0OMOTKa MepeMeH-
Horo Toka (alternating current winding) ripu Z—»oo:

k =10,827.

oo
TpexzonHas (three-zone winding) omHocioiiHas (single-layer)
OIIT mMoxXeT OBITH COeAMHEHA B CXEMY «3Be3[a» (Star) MJIN «TPeyroJib-
HUK» (triangle) (puc. 15).
MaxkcumanabHOe YUCI0 TMapalieibHbIX BETBE B TPEX30HHON 00-
MoTkKe (three-zone winding) cocrabisger a_ = p.
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Puc. 15. BekropHas nuarpamma B/1C TpéxdaszHoii (three-phase)
Tpé€x30HHOI (three-zone winding) OIIT

1.8. BeimosiHeHne mecTH30HHOI (Six-zone) Tpexda3Hoii 00MOTKH
nepeMeHHOro Toka (alternating current winding)

J171s1 MallIMH TIepeMEeHHOTO TOKa CpeaHeil 1 OOJIbIION MOITHOCTH
npuMeHsieTcst TpexdasHas aByxciioiiHas mectu3onHass OINT, koHc-
TPYKLIMSI KOTOPOM MpHU3HaHA HauboJiee SKOHOMMYHOI C TOYKM 3pe-
aus monydenus D/ C (electromotive force).

BekropHas auarpamma DIC 1meCTU30HHOU OOMOTKM (Six-zone
winding) ipu Z—oo u 2p = 2 TpeAcTaBisieT co00i paBHOCTOPOHHUIA
LLIECTUYTOJIbHUK, BITMCAHHbIN B OKPYKHOCTB (circumference) (puc. 16).

®daznHasg 3oHa (phase-zone) IIECTU30HHONW OOMOTKM (SiX-zone
winding):

v="=605m.
m

Kaxnasa ¢aza Tpexda3Hoil 1IeCTU30HHOW OOMOTKM (Six-zone
winding) cOCTOUT 13 IBYX BCTPEYHOBKJIIOUEHHBIX (Opposite) momydas,
PACITOJIOKEHHBIX IPYT OTHOCUTEIBHO Jpyra Ha paccTossHnr 180° 1.
(AuX, BuY, CuZ). KoadduuueHnt pacnpeaeieHus (distributing
coefficient) mectuzoHHoi (six-zone winding) 0OMOTKH BEILIE, YEM Y
Tpex30HHOM (three-zone winding): kpm =0,955.
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C. a=1

Y c

<+ <
¢k A HH x KGCs

Puc. 17. Bextopnas nnarpamma D1 C Tpéxdasnoit mectrnzonHoit OIIT
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TpexdaszHas mectu3zoHHas AByxcioiiHas (double-layer) OITT mo-
JKET OBITh COeAMHEHA B TPEYTOJIbHUK MJIU B 3Be31Y (star) ¢ pa3mnyHoOi
KOMOUMHaIMe napauienbHbIx BeTBeit (brush) (puc. 17).

MaxkcumanabHOe YHCIIO MapajlieJibHbIX BeTBell (brush) B mectu-
30HHOI ABYXCJI0iiHO# TpexdasHoit OINT cocrapnsier: a = 2p

M3006pa3um cxemy asbl cocpeoToOueHHOI (concentrated) nByX-
cioiiHol (double-layer) (11ecTU30HHOIT) OOMOTKH (Six-zone winding)
npu 2p = 4 (puc. 18).

Puc. 18. KoHcTpykTrBHOE McnioiHeHUe (ha3bl ectuzoHHoi OIIT 2p =4

®aza J0KHA COCTOSTh M3 YeThIpeX KaTylledHbIX rpym (coil
group), Kaxuiasi U3 KOTOPbIX COCTOUT U3 OXHOM Karyiuku: Al -Al,,
X1,-X1, A2,-A2,, X2,-X2, (puc. 19).

Karymeunsie rpynmbl (Katymku) (windings) cMemeHsl Apyr OT-
HocUuTeabHO apyra Ha 180° a51.
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s2t A1 NIT\ X1, _Jsf“

Toae myALCHPYOLIEE

Puc. 19. PacrionoxkeHure KaTyeaHbIx CTOPoH (coil side) mrecTu3oHHOM
nsyxcioitnoit OIT B mazax

Boteoowt (conclusions)

1. Tak Kak peajbHast ooMoTKa (winding) BBIMTOJHSIETCS C KOHEY-
HBIM YMCJIOM 1a30B Z (slot), To 1151 BHINMOJTHEHUS YCIOBUS €€ CUMMET-
PUYHOCTH HEOOXOAMMO, 4TOOBI Bee Torydassl ((ha3HbIe 30HBI) OBUTH
OJVMHAKOBBI U COCTOSIM M3 OAMHAKOBOIO YyuMcia Katyiuek (coil) nnu
YTOOBI YMCJIO T1a30B (slot) Ha moJtoc U a3y ObLIO LIEABIM YHCIOM:

q= Z _ nenoe umcno (integral number),
2pm

IlIe ¢ — YMCJIO0 I1a30B Ha IOJII0C 1 a3y WM YMCIO KaTylIeK B KaTy-
1IevYHo rpymre (rmoaydase uin pa3Hoil 30He).

2. Kaxpgas ¢da3zHas 30Ha COCTOUT U3 ¢ KaTyIlIeK, COeAUHEHHBIX
CTPOTO MOoCJea0BaTeIbLHO (seriously).

3. B ¢azy BkioyaroTcsl KaTylleuyHble IPYIIbl (¢a3Hble 30HbI),
cMeleHHbIe Ha 360° 3J1. B OAHOCIOMHBIX TpeX(pa3HbIX OOMOTKAX U Ha
180° 5J1. B ABYXCJTOMHBIX IIECTU30HHBIX.

4. Yucao KaTylweyHbIX TPYM B OJHOCIOMHOIR TPEX30HHOU 00-
MOTKE — p, B IBYXCJIOMHOI 1IECTU30HHOI 0OMOTKE — 2p.

Karymeunsle rpymmsl (coil groups) B ogHOM (a3e MOTYT COeIM-
HSTBCS MOCAEA0BaTEbHO, Mapa/uleJIbHO WM TOC/Ie0BaTeIbHO-Ma-
paJlJIeIbHO, TIPU 3TOM CXe€Ma COEAMHEHMsI KaTYIIEUHBIX TPyl BO
Bcex (azax JoirkHaA OBITh OMMHAKOBOM. MakcnmMallbHOE YMCIIO T1a-
paJlIeIbHBIX BETBEW B OAHOCIOMHONM OOMOTKE a_ = p, B IBYXCJIOM-
HoWa_ = 2p.

ax
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1.9. Ilpumepsl BbINOIHEHHS 0OMOTOK IIEPEMEHHOTO TOKA
(alternating current winding)

Oonocaoiinas konuenmpuyeckas oomomxa (concentric winding)

WUcxonnbie nanHbie (initial data): z =24, m = 3, 2p = 4.

OmnpeneauTb OCHOBHBIE MapaMeTphl OTHOCIONHON TPEX30HHOM
KOHLIEHTPpUYECKOl 00MOTKM (concentric winding) U MOCTPOUTh ee
BJIEKTPUYECKYI0 cxeMy (circuit diagram) (puc. 20).

Pewenue
1. Yucno KaTyluek B KaTylIeYHOH! IpyIie Win YUcio ma3oB (slot) Ha
z 24
nomoc u dpasy: g = =——=2
2pm 4.3
2. DnekTpudecKuii yrou (angle) mexxay coceaHMMU Ma3amMu (neighbour
slots): o= 360p _360-2 _ 309 om.
z 24

3. [TomocHoe aenenue (division): T= 2i =6.
p

4 N
N\ 7 ! 4
s

1| 2| 3] 4] 5| 6] 7| 8] 9fi0] 11}12|13) 14|15 16]17| 18] 19)20] 21|22] 23| 2

Y A \_ J
—1/ \> J N ) RS

-
7, {ok I, (ol B . (ok @gca JCs

Puc. 20. Onexrpuueckas cxema (circuit diagram) coeaunenuiit OITT
13 KOHLIEHTPUYECKUX KaTylleK (concentric coils), a = 1

Yrobbl M30eXkaTh IepeKpelurBaHus (crossing), J1000BbIe 4ac-
™1 (frontal part) 60JbIIMX U MaJbIX KaTyIIEK BBIMOJHSIOT B pa3HbIX
TUTOCKOCTSIX — IBYXIuiockocTHas (double plane) oOMoTKa (BBITIOTHSI-
eTcs IPU YCIOBUM, UTO p — YeTHoe) (even number).
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B ciyuae, xorna p — HeuetHoe (odd), cxema MOXeT ObITh COCTaB-
JIeHa, €CJIM OJHA KaTyllleuyHas IpyIIa OyJeT COCTOSITh M3 KaTyIleK
C OOHON JIMHHOM M OJHOM KOPOTKOW cTopoHaMM. JlaHHas1 KaTy-
ILIeYHas IpyIIa Ha3bIBaeTCcsl «KpUBoOIii» (curve). PaccMorpuM nipumep
TMIOCTPOEHUST OMHOCOMHOM (single-layer) KOHLIEHTPUYECKO OOMOT-
KW C «KpPUBOI» KaTyIIeuHOM TrpyTmoi (puc. 21).

o T & o ~N ™
H"“‘-.."—" - 1 /—\\\
J (—\\

[~ i ' - 1
1] 2| 3| 4| 5| 8| 7| 8| #ro|11j12)13}1 15161?13)19 1|2 2326|252$2?' 9hop1p2E3p4pspe
= ] . 1 k. T =T
:/ | l ._lf/
he : / : By A : F L//

B &4

PacnonoxeHwne no6osoi yactu ONT

Puc. 21. Dnextpuueckas cxema (circuit diagram) coeaMuHeHUA
OJTHOCJIOMHOM KOHLIEHTPUYECKOI 00MOTKH (concentric winding)
C «KpUBOW» KAaTYyILLIEYHOU IpyNITOi

Hcxonnbie nanuble (initial data): z =36, m =3, 2p =6 (p = 3 He-
yeTHOe) (0odd).
OcHosnuie napamempsl 0o momxu (winding)

1. Yuco Katylek B KaTylIeYHOH IpyIie Win YUCio ma3oB (slot) Ha
36
=2

nomoc u dpasy: g =——-
basy: g 2pm  6-3
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2. DNeKTpUIECKU yToa MeXIy COCeAHUMM Na3amMu (neighbour slot):
o= 360p _360-3
z 36

=30° 7.

z
3. [lomocHoe AeneHne: T=—=6.
2p
3adanue 045 camocmosmenvHoll pabomol. N300pa3UTh «KPUBYIO»
KaTyIlIeuYHYIo Ipymiry ga3bl A — BTOPYIO 10 CYETY OT Hayajla OOMOTKH
MPOU3BOJILHO.

Illabaonnas (pattern) oonocaoiinas oomomxka (single-layer winding)

B nanHoit oomoTke (winding) Bce KaTywku (coil) MMeIoT oarHa-
KOBBIE pa3Mepbl U U3TOTaBIMBAIOTCS MO 11a010Hy. KoHCTpyKIius 00-
MOTKM HECKOJIBKO YIIPOIIAeT TEXHOJOIMI0 U3TOTOBJICHMS KaTyIeK,
HO 3aTpyaHseT ¢opMOBKY (shaping) u pacrnpeaeneHue J000BbIX Yac-
Telt (0OMOTKa MOXKeT OBITh BHIITOJIHEHA U Bpa3BaJiKy (wobbled), uTo
YMEHBIIIAeT YMCJI0 Pa3HbIX KATYIIEK).

WcxonHble naHHbIe (starting data): z=24, m =3, 2p =4.

OnpeneauTb OCHOBHbBIE MapaMeTpbl OAHOCIOMHONR KOHLIEHTPU-
yecKolt oomoTkH; (single-layer concentric winding) # mmocTpouTh ee
BJIEKTPUYECKYIO cXxeMy (circuit diagram) (puc. 22).

D
N\ )
\

A\

8| 9110|111 12|13141516171319202122 24

/ G \

6| 7
R
@1 &C

Puc. 22. Dnexrpuueckas cxema (circuit diagram) coeAMHEHUI 111a0JTOHHOMN
OHOCJIOHOI 06MOTKM (pattern single-layer winding), a = 1

~
X

N
e

/i
/
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/
/i
/i
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Pewienue (solution)
1. YUncro kaTylllek B KaTylIeuHOM rpyrre (coil group) uin 4ucio na-
z 24
2 pm 4.3
2. OnexTpudeckuii yrou (electrical angle) MexXay COCeTHUMU ITa3aMU
0c=360p =360-2
z 24

308 (slot) Ha montoc (pole) u dasy (phase): g =

=30 5.

3. ITontocHoe penenue (pole division): T= '
2p
Hedocmamku odnocaoiinsix oomomok (single-layer winding)

1. IToBBIIEHHBIN pacxod Meau (copper) m3-3a OONBIINX BBIJICTOB
(overhang) no6oBbIx yacteii (frontal part).

2. HeBo3MoxxHOCTB yKOpoueHus 1mara (short pitch) u, kak ciaeacTsue,
yxXyameHue (opMbI TIONII B BO3AYITHOM 3a3ope (air-length single-
layer winding).

TIpexpasnas (three-phase winding) mpexnaockocmuas oomomka
(oomomka epa3zeaaxy) (wobbled winding)

IIpumensiercs ripu g — yetHoM (even). CpeaHMii mmar 3Toil 00-
MoTku (winding pitch mean) MeHblIe, YeM IBYXIIJIOCKOCTHOM (two-
string winding), moaTomy njinHa J000BBIX yacTeii (frontal part) MeHb-
mre. IlpumeHsieTcst B 3apyOeXXHBIX ABUTATE/IsIX M TeHepaTropax IIpu
2p =2 (puc. 23).

HMcxonnble naHHbie (starting data): z =48, m = 3, 2p = 4. OcHOB-
HbIE IapaMeTpbl OOMOTKHM CJICAYIOIINE.

1. Yucno kartyiiek (winding) B karywmeyHoii rpymnre (coil group) niu
z 48

=——=4- yeTHoe
2pm 4.8

yucio nas3oB (slot) Ha mostoc U dazy g =
YUCJIO.

2. Dnexkrpudeckuii yroa (electrical angle) Mexny coceqHUMU MazaMu
=200 3002 5.,
z 48

e VA
3. [lontocHoe neneHue (pole division) T=-—=12; MO3BOJSIET U3-

. p
0exaTh «KpHBOIi» (curve) IpyImbl, OOHAKO COMPOTUBJIeHUE a3
(phase resistance) OyaeT pa3TMIHBIM.
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PacnonoxeHune no6oBoMA
vactn ONT

Puc. 23. Dnexrpuueckas cxema (circuit diagram) coeqmHeHUI
OTHOCJIOMHOM 0OMOTKM «Bpa3BaJIKy» (wobbled winding),
WY TPEXTIJIOCKOCTHOM

Jleyxcaoiinas oomomra (double-layer winding) MIIT
(alternating current machine)

Ilpeumywecmea dsyxcaoiinoix oomomox (double-layer winding)
1. YKopoueHue 1mara Ha Jiro0oe 4uciIo 3yOLIOBBIX AefieHuit (teeth
devision).
2. Bo3aMOXHOCTb cO31aHus OOJIBIIOTO YKCa COBEPIIEHHO PaBHO-
LIeHHBIX (equivalent) mapamienbHbIX BeTBel (branches).
3. IIpocToTa M3TOTOBIEHMS C MPUMEHEHeM I1a0JIOHOB (pattern).
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Hedocmamku deyxcaoiinbix oomomok (double-layer winding)

1. TpyaHOCTb YKJIAAKK TTOCAEAHUX CTOPOH KaTyIlIeK.

2. HeBO3MOXXHOCTD BEITIOJHUTD CTATOP pa3beMHBIM (joint stator).

3. [Ipu moBpeXAeHNN HUKHE CTOPOHBI KATYIIKY HEOOXOIUM ITOIb-
€M 1IEJIOTO I11ara OOMOTKH.

IIpu mpoextupoBanum OIIT (alternating current winding) mis
MIIT (alternating current machine) NpUMEHSIIOT CJEAYIOLINE YCIOB-
HbIE BUIBI:

1) pa3BepHyTast 3ieKTpudeckas cxema (circuit diagram) OIIT wmnu
cratop (poTop), cxema BJeKTpUYecKMX coeauMHeHuit (electrical
connection);

2) cxema coenrHeHUs (connection diagram) KaTyIIeIHbBIX TPYIIIL,

3) Topuenas cxema (facing diagram).

OcHosHble N0A0JCCHUS

1. AByxcnoitHas (double-layer winding) OIIT BbImonHsIeTCsT U3 MHO-
TOBUATKOBBIX KaTyineK (multiturned coil).

2. JIsyxcnoitHast OIIT cocTouT U3 KaTyleuHbIX rpyIin ((ha3HbIX 30H),
PaCIOI0XEHHbIX Ha TOBEPXHOCTH SIKOPsI (CTaTopa) Ha pacCTOSIHUU
180° 2.

3. Kaxnas katymeuHast rpynna (¢pa3Hasi 30Ha) COCTOUT U3 ¢ KaTy-
IIeK, COeAMHEHHBIX CTPOTO MOCIea0BaTeILHO (in series).

4. Yucno kaTyleyHbIX IPynm B Kaxaou ¢daze 2p. DTU IPynibl MO-
I'YT COEMHSTHCS MOCIeI0BaTeIbHO, MapauieJJbHO WM CMEIIaHHO
(series-parallel connection). IIpu aTom o0 = 2p.

O6momka mpexghasnas osyxcaoiinas nemaeeas (lap winding)
¢ OUAMEempalbHbIM WA20M U UeAbIM g

Hcxonnbie nanHble (starting data): y=t,m =3, 2p =4,z = 36.

OmnpenenuM OCHOBHBIE MapaMeTphl JBYXCJIOMHONW TMeTeBoi
(double-layer lap winding) OIIT.
1. Yuciio KaTyiieK B KaTylIeqHOM TPYITIE WJIM YMCJIO ITa30B Ha IOJII0C

u ¢asy:
z

= =3.
7 2pm
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2. DnekTpuyeckuii yroi (angle) Mexxay coceTIHUMU Ma3aMu:

0=3997 _ 5000

Z
3. IlonrocHoe AeneHue:
Z
y =T=—-= 9
2p
dazHas 30Ha, dazHan 30Ha, hazHas 30Ha, ®dazHan 30Ha,
nonydasa X2 nonydaza X nonycaza A2

Puc. 24. DnexTpuueckas cxema (circuit diagram) ¢a3bl A IBYXCJIOMHOIM
TpexdasHoii neteBoi (lap winding) ooMoTkuy =rt,¢=3,a=1

Ha pwuc. 24 nmoka3zaHa sjekTpuyeckasi cxeMa (circuit diagram)
(dassr TpexdasHoii (three-phase) 1ByXCi10iiHO 0OMOTKHU, Y KOTOPOI
KatyueyHas rpymnma (¢asHas 3oHa, noaydasa (semi-phase) cocTouT
3 g = 3 KaTyleK, COeIMHEHHBIX TToceaoBaTeIbHO (in series).

Ecau nepBas kaTylieuHast TpyIia HAYMHAeTCs ¢ IIepBOro mnasa, To
Bce mocJenytoire nouydassl (semi-phase) cMeleHbl OTHOCUTETBHO

npenwiayiieit Ha 180°am., T. €. Ha @:9 na3oB (X1 ¢ 10 ma3a, A2
0]

¢ 19 maza u X2 ¢ 28 naza).
KommyecTBo nmapasuienbHbIX BeTBel (branches) B 1aHHOM (paze MOXeT
OBITE co3nano: 4, 2, 1. Ha pucynke nokaszaHna a3za, y Kotopoii a = 1.
®azei B 1 C  uMeoT abCOMIOTHO OJMHAKOBOE CTpPOEHUE
(construction). Tombko cMelleHbl APYr OTHOCUTEIBHO Jpyra Ha
120° 1. (6 ma3oB): ¢haza B HaumHaercsa ¢ 7 masa (slot), a ¢aza C —
¢ 13 maza (slot).
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Tpexchaznas oeyxcaoiinas éoanosas oomomra (wave winding)
C ueavim q

B ocHoBHOM nByxcnoriHble (double-layer) Bo1HOBBIE OOMOTKM (Wave
winding) TpuMeHSIOT B (pa3HOM POTOPE ACUHXPOHHBIX JIBUTATEIICH.

ITpu P > 70...80 kBT 0OMOTKM CTep>KHEBHIE.

WUcxonnble ganubie: z =24, m = 3, 2p = 4.

OmnpenenuM OCHOBHBIE MapaMeTpbl OOMOTKM M IIOCTPOMM €€
AJIEKTPUYECKYIO cXeMy (puc. 25).

Mepemebiuka

C1

Puc. 25. Potop. Dnexktpuueckas cxeMa (electrical diagram) coeaquHeHuit

Peuwienue
1. UYncno xaTyliek B KaTyIIeYHOH TpyIre WIM YMclio Ta3oB (slot

numbers) Ha noJioc U ¢asy:
q = al = ﬁ = 2
2pm 4.3
2. DIEeKTpUYECKUI YTOT MEXIY COCETHUMM TTa3aMu:
o= 360p _ 360-2
z 24

=30

zZ
3. [NomocHoe neneHune: 7=—=26.
2p
ITocire repBoro 00OXoma IIar MOXXHO MCKYCCTBEHHO YKOPOTHUTH
WJIM VIUTMHUTD Ha equHuIly. Yalie ykopaunBamoT (SKOHOMUTCSI MEIb
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W HET nepekpeluBanus) (crossing). [1peamnosoxum, 4To Npu MpoeK-
TUPOBAHUU BOJTHOBOI 0OMOTKM (Wave winding) HEOOXOAUMBIM YCIIO-
BUEM SIBJIIETCSl YKOPOUEHME 111ara Katyiiku (coil step):

5
=5 ...,B==".
y § ‘
B aTom ciyuae 1iesiecooOpa3HbIM SBIsETCS M300paXkeHre Toplie-
Boit cxeMbl (facing diagram) OIIT (puc. 26).

121314/ 15 16 17/18(19|20/21/22|123|24/ 1| 2 | 3| 4| 5| 6| 7| 8| 9/10/11| HoMep nasa
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(o]]e] XX
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X|O|O|s |« |X
[e]e] X
Hanpaenenne

TOKa BHW3Y

= = = = KaTyweyHada rpynna cassl A
OO0 OO0 kaywedyHasa mynna dazbl B
X X X X KaTyweyHas rpynna cassl C

1-e MCKYCCTBEHHOE
YKOpOUEHIe Lara 2-e UckyccTBeHHoe
XO  yanurehie wara
MCKYCCTBEHHDIIA
NEpeXon Ha
oGpaTHYIO BONHY

Puc. 26. Dnexkrpuueckas cxema (electrical diagram) ¢asbl A ABYXCIOMHOM
00MOTKM TIepeMeHHOTro ToKa (alternating current) cg =1m.9. ny <t

TIpexpasnoie dsyxcaoitinvie (two-layer) wecmuszonnsie
(six-zone winding) oomomxku c opoonvim (fractional number)
YUCAOM NA306 HA NOAIOC UL a3y
ITpu HeGosbiioM ¢ (¢ = 1, 2, 3) B MOIIIHBIX (POWET) CUHXPOHHBIX
reHepatopax B OIIT mHayuupyroTcs 3yOLIOBbIe TapMOHUKM (teeth
harmonics). OCHOBHBIMM MepaMu 0OpBHOBI ¢ 3yOIIOBBIMU TapMOHM-
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KaMU SBJISII0TCS cKoc ma3oB (slot chamfer) u apodHsbIe ¢ (fractional) —
YUCJIO0 MAa30B Ha ToJItoc 1 (asy.

IIpy npoOHOM g 37eMEeHTHI OOMOTKM, MpHHAIJICKAIINe HaHHOM
(haze, HaXOATCS MO pa3HBIMM ITOJTIOCAMU B HEOMMHAKOBBIX YCIOBHSIX.

OOMOTKHM ¢ APOOHBIM ¢ UMEIOT B (pa3HBIX 30HAX YMCJIO T1a30B, OT-
JINYaronieecs Ha eAUHUILY.

ITpu sTOM TpynIibl KaTyiiek (da3Hble 30HbI) KaxkA0# (a3bl C OT-
JIMYAIOIIUMCS Ha €IMHUILY YMCJIOM ITa30B I0JKHBI ObITh pacrpenesie-
HBI CHMMETPHUYHO TT0 OKPY:KHOCTH (along circumference) MalImHEI.

Heobxo0umvle ycaosus evinoanenus 00Momku
1. AMmutynasie  (amplitude) (meiictBytomme) 3HaueHus ODIC
(electromotive force) 0OMOTOK OAMHAKOBEIE:

‘EAQD‘ = ‘EBd)‘ = ‘Eap‘ .

2. Yron mexny dasasimu D C paBeH:

2
o =—=const.
m
Hna mocTpoeHusT ajieKTpudeckoil cxembl (electrical diagram)

OIIT ¢ npobHbIM g (puc. 27) HEOOXOAUMO COCTABUTH YUCIOBOM psif
(number series), cocrodmmii u3 oudp a, b, c:

b ac+b
q =a+—= .
C C
HpaBI/U[O COCTaBJICHM S YMCIIOBOTO psiaa.

a, b, c — uenwie (even) yucia;
b/c — mpaBubHas npoOk (proper faction);
¢ — aenauTtenb unciaa (number divisor) map IMoJilocoB p;
¢ He paBHO k3 (He kpaTHoe 3) (multiple three);
Z/2m — nenoe (integer) 4nCio.
I1pu aTOM ecnu ¢t — genutesb Z 1 p, TO 0OMOTKA MO3BOJISIET 0Opa-
30BaTh ! MapajjeabHbIX BeTBeil (branch).
Ecmu Z — geTtHoe (even) m > 1, TO 0OMOTKA TTO3BOJISIET BBITION-
HUTH 2f TTapaljieJIbHBIX BETBE.
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IIpumep

IToctpouts amekTpuueckyo cxemy (electrical diagram) coemu-
HeHuii 1etiaeBoii oomMoTku (lap winding) ¢ mpoOHBIM ¢ (fractional
number) u cieayoimmMu napamerpamu: z = 30, 2p =8, m = 3.

Ilocmpoenue oomomru
HaubGonwsmmii oo1muit nenutens (divisor) Zu p t = 2. Yucao na3on
Ha noJjtoc U dasy:

g=—2 —1toii ez b=, =9,
2pm 4 4

OnexkTpuyeckuii yroi (electrical angle) Mexxay coceAHUMU Ta3aMu:

2 360°p _360°p _180° _60° _ C60°

z 2pmqg  mq m ac+b’
o= 00" _ 48° a1
1
1—
4

DNEKTPUYECKUI YrojJ MEXIY COCeIHMMM BEKTOpaMH 3Be3Jbl
(star) mazoBrIx (slot) B C:

t360° 2-360°
o= =

=24
z 30
Iar o6MoTtku (winding pitch) y < 1:
1= 2230 395 -3,
2p 8

YkopoueHue mara (shorten pitch) oomortku: § = 0,8.

Tlpunyun cocmaenenus uucaosoeo psada (number series)

W3 xaxnwix ¢ (¢ = 4) KarymeyHsIX Tpynir b (b = 1) rpyrm nMeioT
no a + 1 (2) karyuiex, a (¢ — b) (3) rpynm umerot no a (1) KaTyiek.
To ectb yncnoBoit psaag umeet Bua: 2111.

CocTaBUM TaOJMIy pacIpeae/ieHUs] KaTyIIeK B KaTyIIeYHBIX
rpynmnax OITT.

BonnoBas ooMoTka (wave winding) ¢ IpoOHBIM ¢ CTPOUTCSI Ha OC-
HOBE YMCJIOBOTO Psiia, KOTOPBIA COCTABIISICTCS 110 TOMY XK€ TTPaBILLY.
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a=t=2 (Bo3moxHo a=1)

Puc. 27. Dnexrpuueckas cxema coenruHeHmnit hasbl A OIIT ¢ apoOHBIM ¢

Jleyxcaotinvie (two-layer) oomomrxu cmamopoe MIIT
0451 MEXAHU3UPOGAHHOI YKAAOKU

TexHomornueckue cxemnl (technology diagram) paGoTel 0OMO-
TOYHBIX CTaHKOB (Winding machine) Haubosiee MpOCTHI A5 YKIAAKKU
OTHOCJIONHBIX 00MOTOK cTtaTopoB MIIT, Tak Kak B JTaHHOM ciydyae
He Tpebyercs mombeM (lifting) BTOpPBIX CTOPOH KaTyIlIeK IIpU UX Ha-
MOTKe (turn).

OnpHoCoMHBIE OOMOTKM MPUMEHUMBI ToubKo st MITT Morr-
HOCTBIO 12—15 KBT.

Ilpu p > 15 kBT npuMEHSIIOT NBYXCIOWHYIO OOMOTKY, KOTOpast
MO3BOJISIET YKOPAUMBaTh 111ar, YTO yIy4IllaeT XapaKTePUCTUKU.

CerogHs1 pa3pabOTaHBl HOBBIE CUMMETPUUIHBIC CXeMBI (scheme)
0OMOTOK CTaTOPOB, KOTOPbIEC YKJIAAbIBAIOTCS B Ma3bl MPU MEXaHU3M-
poBaHHOI HaMOTKe 0e3 moabeMa (lifting) 1mrara, Kak omHOCJIOMHBIE,
¥ KOTOPBIEC MMO3BOJISIIOT YKOPAUMBAaTh IIIaT, KaK IBYXCIOHbIE.

HaubGonee pacrpocTpaHEHHBIMU TUTIAMU TaKUX OOMOTOK SIBJIsI-
J0TCSI:

1) omHO-IBYXCIOMHBIE 0OMOTKH (single-double winding);
2) ABYXCJIOHBIE KOHIIEeHTpUYeckue (concentric winding).
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O0HO-08yXCA0IHASA KOHUEHMPU1ECKAsT 00MOMKA

IMpumenserca g MIIT P=15...100 kBt u ¢ <6. OgHo-ABYX-
CJI0iHasI KOHIICHTpHYecKasi 0OMOTKA IIPEACTaBIISIET CO0OI codeTa-
HUE OOHOCIIOMHON M ABYXCIOWMHOWM, IIAr KaTylleK KOTOPOU MMEET
ompezaeseHHoe 3HaueHue: y ~ 0,87, p = (0,83...0,89).

HpI/I2p=2mq>6,y:§T.

Cmpykmypa 00H0-08YXCAOLUHOU KOHUCHMPUUHECKOU 00MOMKU

1. Kaxnas daza cocTouT u3 2p KaTyIIEYHBIX IPYIIIT (IMCI0 MaJIBIX
1 OOJIBIIMX KaTyIIeK B KaXXI0H ha3e ofMHaKOBOE, YTO O0eCcIeurBaeT
cummetpuaHocTh OINT (AC winding) n onnHaKoOBBIE COMPOTUBJIE-
Hus (phase resistance) Bcex ¢a3s).

2. Kaxnas karylieyHasl rpyria COCTOUT M3 OAHOW OOJbIION 1
(g — 2) manwix katymek (small coil). bonbirag karyiika 3aHuMaeT
Bech 11a3 (slot), a manas — Toabko noxoBuHy (half of) masa.

IToctpoenue Bo3mMoxHo Tipu g > 2. Ilpu g <2 odMOTKa TipeBpa-
1aeTcsl B oqHapHyo. OOMOTKa BBITOJHSETCS KOHLIEHTPUYECKUMU
KaTymkamMu 0e3 moabeMa Inara. MakCUMalIbHBIN IIar UMeeT OOJIb-
1asl KaTyuika:

ys=3q—1.

Ilar MaJpIX KaTyIIeK, PacIIOI0XXeHHBIX KOHIICHTPUIECKI BHYTPU
OOJIBIIIONM, OTIPENEIISAETCS YACTAMU PANA: Y, 3 Y, ) .. Voigry = s —2);
0y = 4) . [0, — 2)(g = D)1.

IIpakTuueckmii mpumep: z =48, 2p =4, m = 3.

OcHosHble napamempbl 00HO-08YXCAOUHO
KOHUeHMpPU4eckoi 00MomKu
1. Yucro KaTyliek B KaTyledHol rpymie (coil group) win yuncio na-
30B Ha TT0JIIoC 1 (pasy:

z
7= 2pm =4
2. [lomocHoe nenenue (pole division):
T=2 =12,
2p
3. Iar 6oab10i KaTyiiku (big coil):
ys=3q—1=1L
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4. Yucno Manbix KaTyiek (small coil):
qg—2=2.

5. Ilar maneix Karymiek (small coil step):

Y=V —2=9;

y,=y,—2=T.
6. DiekTpudecKuii yrou (angle) MeXay COCETHUMU MTa3aMU:
_360p
-z

o =15 5.
180° a;1. — 3aHMMaeT 12 ma3os;

120° 1. — 3aHMMAaeT § MMa30B;

240° 51. — 3aHUMaeT 16 1ma3oB.

Ha puc. 28 mpusenensl aBe TopiieBbie (facing diagram) cxemsr OITT:
TopIIeBasi cxeMa 1 — OOBITHOI (KJIIaCCMUYECKOI ) IBYXCIIOMHOI OOMOTKM
U TOpLIEBas cxema 2 — OHO-ABYXCIOMHOIN KOHLEHTPUYECKOIA.

CpaBHeHUE ABYX TOPLIEBBIX CXE€M IO3BOJISIET IMOHSTh MPUHLIMII
nosrydeHus: ogHo-aByxcioitHoi OIIT mis mMexaHM3MpPOBaHHON YK-
Jmanku (mechanized packing).

Vknagka (packing) onpHo-mByxcnoiiHoit OIIT mnpousBogutcs
B HECKOJIBKO OIlepalnii-nepexonoB. YMciio KaTyIeYHbIX TPYIIL, YK-
JabIBaeMbIX 32 OJIMH TepPeX0j, OrpaHUYMBAETCSI HEOOXOIMMOCTbIO
YCTAaHOBKU M3OJISILIMOHHBIX TIpoKJagok (insulating liner) B ma3ax u
JI000BBIX YacTsx (frontal part).

Ha puc. 29 npuBeneHa cxema pacnojioXXeH s KaTylIeUHbIX TPy
OIHOI1 (ha3bl 0JHO-IBYXcIOHOM KoHeHTpruueckoit OIIT (8 — 6011b-
mras karymka, M — mamasg karymka). CoemMHEHHE KaTyIIeUHBIX
rpyImmn B a3y 3aBUCUT OT HEOOXOAMMOTO YMCJia Iapajule/IbHBIX BET-
Betia (1,2, 4).
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a)
b)

c)
d)

e)

a)

b)

c)
d)

e)

Paznen II. TECTbI

Chapter I1. TESTS

Test 1. Chose the correct variant

1. The basic units of a squirrel-cage motor is

an engine bed, a stator, an AC winding, a rotor, a shaft and brackets;
a stator magnetic circuit with AC winding and a rotor magnetic
circuit with squirrel-cage coil;

a stator, a rotor, a bed with a bearing sub-assemblies;

a shaft, a rotor, a bed, a stator, an AC winding, a squirrel-cage
winding;

a stator, a rotor, brackets, bracket covers.

2. A asynchronous machine stator is:

a stator magnetic circuit on which the basic magnetic flux becomes
isolated;

a basic motor unit which is motionless in space and consists of
laminated magnet and AC winding;

a laminated magnet with slots on an inner surface pressured in bed;
abed with a laminated magnet on an inner surface in slots of which
there is a AC winding;

a laminated magnet with an AC winding.

3 A stator magnetic circuit is laminated from an electrical - sheet

steel plates for:

a)
b)
c)
d)

e)

a)
b)
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providing assemblage and design conveniences of technology;
reducing of power losses on a magnetic reversal (hysteresis);
reducing of power losses on circuital currents;

reducing of power losses in a steel (on circuital currents and
magnetic hysteresis);

simple changing of a stator axial length.

4. For a stator core producing is used a:
hot-rolled isotropic electrical - sheet steel;
Roll-fed cold-rolled anisotropic electrical - sheet steel;



¢) Roll-fed cold-rolled isotropic electrical - sheet steel;

d) an electrical - sheet steel with a high magnetic induction of
saturation from strips or moulding;

e) any of the listed electrical - sheet steel.

5. An electrical - sheet steel for a magnetic circuit stator contains
a silicon for:
a) a durability increasing of a thin steel sheet;
b) a durability increasing of a magnetic circuit;
¢) reducing of power losses on circuital currents;
d) reducing of power losses on magnetic hysteresis);
e) increasing a magnetic permeability of an electrical - sheet steel.

6. The following techniques are used for improving basic
characteristics of a magnetic circuit:
a) toreduce athickness of a roll-fed electrical - sheet steel;
b) toisolate sheet sides with an oxide layer and a varnish;
¢) to add asilicon to the composition of an electrical - sheet steel;
d) to apply an isotropic electrical - sheet steel;
e) to apply an anisotropic electrical - sheet steel.

7. Asynchronous machine beds are made as:
a) casted from an aluminium;
b) pressed from a plastic;
¢) aunit from an aluminium pipe with an extrusion technology;
d) aunit from a cast iron;
e) aunit from a rolled iron.

Test 2 . Choose the correct variant

1. The basic units of a synchronous machine design are:

a) a stator, a rotor and a feed system;

b) a stator, a rotor, a bed with a bearing sub-assemblies;

¢) a stator magnetic circuit with an AC winding, a rotor magnetic
circuit with a magnetized field winding, a brush assembly, a bed with
brackets;

d) a salient-pole or implicit-pole rotor, a stator;

e) a bed with brackets, a rotor with a shaft, a feed system.
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2. The main advantage of a synchronous machine is:

a) a high reloading ability;

b)a constant rotation speed that is independent of a shaft load or a
power;

¢) a high starting torque;

d)a possibility of work with cos ¢ = 1,0 and even with an advancing ¢
(9 <0).

e) a simplicity of connection for a parallel operation with a network.

3. The peculiar feature of a synchronous machine is that:

a) a synchronous machine assumes a double-fed even if the constant
magnets are applied on a rotor;

b) an electromotive force is not induced in a rotor winding;

¢) aninduced e.m.f. frequency in a stator winding is proportional to a
rotor rotation speed;

d) a load-independent synchronous machine rotor rotates with a
constant speed in an engine and generator mode;

€) anarmature is connected to a polyphase alternating current network
but an inductor do it to a direct current source of energy.

4. A synchronous machine armature is:

a) a stator consisting of a magnetic circuit and an AC winding;

b) a device consisting of a laminated magnet where there is an AC
winding in the slots;

¢) alaminated magnet with a polyphase AC winding where there is a
power transformation;

d) arotor with a direct current winding;

e) a rotor consisting of a magnetic circuit, a polyphase alternating
current winding powered through contact rings.

5. A synchronous machine inductor is:

a) a stator consisting of electromagnets or constant magnets that
create an exciting magnetic flux;

b) a rotor consisting of a magnetic circuit and windings powered with
a direct current source through contact rings and brushes;

¢) a magnetic circuit where there is an AC winding in the slots;

d) adevicecreatinganexcitingmagneticfieldinanair-gap synchronous
machine length;

e) adevice rotating in a machine space with a synchronous speed.
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a)
b)
c)
d)
e)

a)
b)
c)
d)
e)

Test 3. Choose the correct variant

1. The basic unit of a synchronous machine salient-pole rotor is:
a rotor skeleton (a cage, a field spider);

a field coil;

a starting or a damper squirrel-cage winding;

a salient-pole or implicit-pole rotor, a stator;

a distributed field coil.

2. A salient-pole rotor is used in the following synchronous machines:
high-speed;

low-speed;

with magnetization;

with electromagnetic excitation;

any machines.

3. An implicit-pole rotor is used in the following synchronous

machines:

a)
b)
c)
d)
e)

a)
b)
c)
d)
e)

high-speed,;

low-speed;

with magnetization;

with electromagnetic excitation;
any machines.

4. The basic unit of a synchronous machine implicit-pole rotor is:
a rotor skeleton laminated from an electrical-sheet steel;

a rotor skeleton in a forging shape;

a concentrated field coil;

a distributed field coil;

a shaft with contact rings that is made of a high-alloy steel.

5. A starting or a damper winding of a synchronous machine is used

to provide:

a)

b)

a synchronous engine starting. It is mounted in stator slots and is
made of a rectangular section copper wire;

asynchronous engine starting. It is mounted in slots of the rotor pole
pieces and is made of a conducting material of a raised resistance
(brass, bronze, etc.);
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¢) a synchronous engine starting. It is mounted in slots of the rotor
pole pieces and is made of a conducting material of a high-electric
conductivity (tough-pitch copper);

d) afluctuation rotorelimination while working. It is made ofa conducting
material of high-electric conductivity (a tough-pitch copper);

e) a fluctuation rotor elimination while working. It is made of a
conducting material of a raised resistance (brass, bronze, etc.).

Test 4. Choose the correct variant

1. An elementary part of an AC winding is:
a) asection;
b) a phase winding;
¢) acoil group;
d) a multiturned coil;
e) one turn of a wire.

2. For getting a rotating circular magnetic field a number of
elementary windings (phases) in AC winding must be

a) m=1;
b) m=2;
c) m=3;
d) m=6;
e) m=2.

3. For getting a rotating circular magnetic field a magnetomotive
force amplitudes of all phases (windings):
a) are equal;
b) are different;
c) are optional;
d) depend on a phases numbers;
e) depend on a field speed.

4. For getting a rotating circular magnetic field the phase axes
(windings) are displaced in a machine space on:
a) on 90
b) on 120
c) on an angle of 2np/m;
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d) on an angle of /2 electrical degrees;
e) on 360° p/m electrical degrees.

5. Forgettingarotating circular magnetic field a phase displacement
of currents in phases of a three-phased machine are:
a) 90°;
b) 120°;
¢) 2m/m electrical degrees;
d) 2m/m:;
e) 360°p/m.

6. When flowing along a single-phase winding in a DC machine
length a sinusoidal alternating current creates
a) arotating magnetic field;
b) a rotating circular magnetic field;
¢) arotating magnetic field in an ellipse form;
d) a pulsing magnetic field in a machine space;
e) a constant magnetic flux.

7. A pole pitch is:

a) astator surface (a rotor) to a pole of one polarity;

b) t=n-D /2 p;

¢) an arch length of an inner stator surface corresponding to a pole
width of a magnetic field;

0
d) o= 360"2 .

VA
e) 180 electrical degrees.

Test 5. Choose the correct variant

1. Phase axes of a three-phase winding at 2p = 4 are displaced on:
a) 90°;
b) 180°;
c) 120°;
d) 120 electrical degrees;
e) 60°.

2. A phase winding zone is:
a) an electric angle occupied with all coil phase groups;
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b)
c)

d)
e)

a)
b)

c)
d)

e)

d)
e)

a)
b)

d)
e)

a)
b)
c)
d)
e)
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an electric angle occupied with one coil phase group;

coils in the coil phase groups distributed on a stator surface in
serious;

a whole phase winding;

one coil of any phase.

3. A three-zone winding is:

a winding where a phase zone is 120°;

a winding where a phase zone is 120° electrical degrees;

a single-layer winding;

a winding with coil group phases displaced in a space on 180°;

a winding with coil group phases displaced in a space on 360°
electrical degrees.

4. A six-zone winding is:

a winding with coil group phases displaced in a space on 180°
electrical degrees;

a winding with an electric angle of one coil group on 60° electrical
degrees;

a winding with coil group phases displaced in a space on 60°
electrical degrees;

a double-layer winding;

a winding with the nearby semiphases.

5. A number of slots on a pole and a phase are always equal to q:

g=1;
0=1;

— ZSJl.
9= 2pm>

a coil number in a coil group;
depends on a winding type.

6. A maximum number of parallel branches in a two-layer winding is:
=1;

>1;

=D

= 2p;

depends on a machine capacity.



7. A maximum number of parallel branches in a single-layered

winding a___ is:
max

a)
b)
c)
d)
e)

>1;

=D,

= 2p;

depends on a machine capacity.

Test 6. Choose the correct variant

1. A phase of a single-layer three-zone alternating current winding

consists of:

a)

b)

c)
d)

e)

a)
b)
c)
d)
e)

2p-coil-groups that connected in series, parallel or series-multiple
for a-parallel branches forming;

p-coils that connected strictly in series;

p-coils that connected strictly parallel;

p-coil-groups that connected in series, parallel or series-multiple
for a-parallel branches forming;

coils that connected with each other according to a winding
electrical scheme.

2. A coil group of one phase consists of:
coils that connected in a specified way;
q-coils that connected strictly parallel;
one coil;

q-coils that connected strictly in series;
q-coils that connected in any way.

3. A phase of a double-layer six-zone alternating current winding

consists of:

a)
b)
c)
d)

e)

2p-coil-groups that connected in series, parallel or series-multiple
for a-parallel branches forming;

p-coils that connected strictly in series;

p-coils that connected strictly parallel;

p-coil-groups that connected in series, parallel or series-multiple
for a-parallel branches forming;

coils that connected with each other according to a winding
electrical scheme.
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5. A distributive coefficient of
a two-layer six-zone alternating
current winding for a first field
harmonic is:

4. A distributive coefficient
of a one-layer three-zone
alternating current winding for a
first field harmonic is:

. Pr
a) kp1 = s1n7;
E
b) kpl = al 5
qE
. T
s1n2—
c) k) = —= "; :
sin——
1 2mgq
Y
s1n2—
sin
7 2mgq
. T
sin—
gsin—
mq

a) k, :sinB—n;
E
9En
. T
sin——
sin
7 2mgq
Y
s1n2—
D kpy=—=
sin
1 2mq
LT
sin—
©) kp = . mn
gsin——
mq

Test 7. Choose the correct variant

1. The alternating current winding distribution on the stator (rotor)

slots is applied for

a) reducing a winding wire consumption;

b)improving a magnetic field form in a machine air length;

¢) reducing a share of higher harmonics;

d) reducing a value of a first magnetic field harmonic;

e) reducing a yoke height of a stator (a rotor) magnetic circuit.

2. An alternating current winding step shorten is applied for
a) reducing a winding wire consumption;
b) improving a magnetic field form in a machine air length;
c¢) reducing a share of higher harmonics;
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d) reducing a value of a first magnetic field harmonic;
e) destructing one of a higher field harmonics.

3. A step shorting coefficient 4. A step shorting coefficient
of an AC winding for a first field |of an AC winding for the highest
harmonic is: field harmonic is:

a) kyl :sinan; a) kyv:sinﬁj;
E E
b) ky1: gl ; b) kyV:iql;
qE qE
sin ) k= sian—n;
¢) ky=—2;
gsin sin T
2mq d) ky=—2m .
. VI d T
sin— gsin
AR . VI
gsin- sin —
mq e) k Y= L
LT . A%
sin— qsm %
9 k="
gsin—
mq

5. A slot chamfer in an alternating current machine is done for:
a) a noise reducing;
b) destructing the higher magnetic field harmonics;
c¢) destructing a teeth magnetic field harmonics;
d) a magnetic circuit assemblage technology improving;
e) an alternating current winding active material increasing.

6. A slot chamfer of a magnetic circuit is done on:
a) a chamfer value of a teeth harmonic degree;
b)a teeth step value;
¢) a polar pitch value.
d)an AC winding coil step value;
e) 0.1 part of a rotor diameter.
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Test 8. Choose the correct variant

1. The basic assumptions at the mathematical equation derivations
that characterize a magnetic field distribution in an alternating current
machine slot:

a) an air-length is uniform for salient-pole synchronous machines;

b)a machine magnetic circuit is not sated;

¢) a magnetic field is homogeneous;

d)an alternating current winding is mounted in an air- length on a
stator surface in the form of an infinite thin tape;

e) an alternating current winding is located in a stator slots.

2. A coordinate quotation in a machine air-length is:
a) o=x;

b) OL=E;
T
c) 0c=2—m;
Z
o
d) 0c=360 p;
V4
e) o=z

3. A magnetomotive force of a coil group with a full step for a first
magnetic field harmonic can be defined as
a)F, =2qF k;

k1" p12
b) Fq1 = qulkp1 ky1§
c) Fql = qulkp];

d)Fq1 =qF ok o >
e) F,1 = Fjycosot.
4. The basic characteristics of a phase magnetomotive force for the
& harmonic are:
a) a DC machine creates a rotating magnetic field in a machine space;
b)a DC machine creates a pulsing magnetic field in a machine space;
c) a DC phase machine is directly proportional to winding coefficient
and is inversely proportional to a harmonic order;
d)a distribution and a shortening of a winding reduces considerably a
share of higher harmonics and increases a share of a first harmonic;
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e) a reduction of a first magnetic field harmonic at a distribution and a
shortening of an alternating current winding.

5. For a DC resultant of a three-phase alternating current winding

the following conclusions can be done

a) direct harmonics in a direct wave and backward harmonics in a
return wave become three times more;

b) backward harmonics sums are equal to 0 in a DC machine magnetic
field for direct harmonics;

¢) direct harmonics sums are equal to 0 in a DC machine magnetic
field for direct harmonics;

d)a basic harmonic $= 1 is a straight line and rotates in a direction of
a phase alternation;

e) athree-phase DC machine winding under symmetrical load contains
a three-fold harmonics.
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KoHTpoJibHbIe BONPOCHI /I/151 IOBTOPEHUS

Questions for revising students’ knowledge

. Write down an equation for defining slots’ numbers on a pole and a
g-phase.

. Define an electric angle o between neighbour slot of a stator (a
rotor). Illustrate your answer with an equation.

. How is a pole pitch defined if we know a number of slots on a Z
stator and a number of poles (2p)? Write down an equation.

. In what case is a three-phase one-layer concentric winding called as
a biplanar winding? Illustrate your answer with an example .

. When is there a necessity of a winding group “curve” in a three-
phase one-layer concentric winding? Give an example.

. What is the difference between a three-phase one-layer winding
and a three-phase one-layer winding of concentric coils? Numerate
advantages and disadvantages of them all.

. In what conditions should be a three-phase three-planar winding
made? Give an example.

. Mention the basic properties of a three-phase two-layer lap winding
with a diametric and shorten pitch and a full g. Illustrate your answer
with a special example.

9. What are the basic differences of a three-phase two-layer wave

winding with a full g and a three-phase two-layer winding with a full

g ? Advantages and disadvantages of a three-phase two-layer wave

winding.

10. Tree-phase two-layer six-band windings with fractional q. A rule of

drawing up of a numerical series, a construction, a definition of a

number of parallel branches, advantages and disadvantages.

11. An assignment and embodiment of one- or two-layer concentric

winding of an alternating current. Compare it with a two-layer

winding using the provided butt schemes according to some definite
example.
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ITpunoxenue 1

Appendix 1

Pyccko-aneauiickuii ca06aps raeKkmpomexnuiecKux mepmuno8

Russian-English electrotechnical terms

A

AKTUBHBIC CTOPOHBI KaTyYIIKHN
AKTUBHOC MMaJACHMUE HAIIPAKCHU A
aMILIUTyada TOKa

ACMHXPOHHBIN IBUTATEIb

active coil sides
resistance drop
current amplitude
induction motor

BEHTWISIIMOHHbIE JIOTIATKK1
BHMXPEBOE T10J1e

BHYTPEHHUII TUaMeTpP
BO30YXIeHeE

BO3IYIIHBIN 3a30p
Bpalllalolieecss MarHUTHOE T0JIe
BpeMs ITycKa
BBICOKOJIETHPOBAHHAS CTaIb

b
Oeryliiee MarHUTHOE TT0Jie traveling field
OeTMubs KJIeTKa squirrel-cage
oonT bolt
OGouka cage
B
BaJl shaft
BekTop BIC electromotive force vector
BEKTOpHas [rarpaMmma vector diagram
BEHTUWISITOD fan

ventilation blading
circuital field

inside diameter
magnetization, excitation
air-gap length

rotating magnetic field
starting time

high-alloy steel

JUDJICKTPOMAarduTHas Cujaa

r
rapMOHMKA MAarHUTHOTO TOJIST magnetic field harmonic
reHepaTop generator
TUAPOTeHEPATOP hydraulic-turbine generator
[JIABHBIN ITOJTIOC main pole

il
JIBUTATE]Ib motor
JIBYXTIOJTIOCHBIN MHIYKTOP bipolar field
IEJTUTEIIb YUCIIa divisor number
IvaMeTpabHBIN 1Iar diameter pitch
nmrarpamma DJC electromotive force diagram

force of conductor
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JIJTHA TTPOBOTHMKA
JIPOOHOE YUCIIO

conductor slot length
fractional number

3
3a30p length
3aJIMBKa sealing
3y0lI0Basi rapMOHMKA tooth harmonic
n

M30JISIIMOHHAs MTPOKJIaaKa
WHIYKTUBHOE TMaJleH1e HaIPSKEHUST
WHIYKTOP

WHIYKIIMOHHAsI TaApMOHUKA
WHIYKIMSI MAaTHUTHOTO TTOJISI
WHITYKIIMS

MHCTPYMEHT 3JIEKTPOTEXHUYECKUIA

insulating pad

inductive drop

inductor

induce harmonic
magnetic field induction
induction

electro-driven tool

K
KaHaBKa slot
KaTylieyHas rpyrra coil group
KaTylika ¢ JJJUHHOI CTOPOHOIT length side coil
KaTyllKa ¢ KOpOTKOM CTOpOHOI short side coil
KaTylka majas small coil
KaTylIka MHOTOBUTKOBAas multi-turn coil
Kartyuika (pacrnpeneieHHas) winding
KOJUIEKTOP commutator
KOHCTPYKTUBHAs cxeMa circuit structurally
KOHCTPYKIIMS construction
KOHTaKTHOE KOJIbLIO slip-ring
KOpOOKa BBIBOJIOB terminal box

KOPOTKO3aMKHYTasi 0OMOTKa
KOPOTKO3aMKHYTOE KOJIbLIO
KOPOTKO3aMKHYTBII

KOpIyc

KO2(ULIMEHT pacripeaeaeHus
KperieHue

KpECTOBHMHA pOTOpa

KpuBas

KpHUBasi UHIYKIIUU

KpHBasi MoJist

KpyroBoe Bpaniatonieecst (MarHut-
Hoe) 1moJe

squirrel-cage ring
squirrel-cage
body

propagation factor
fasten

field spider

curve

induction curve
field curve
circular field

squirrel-cage rotor winding
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JI

JJACTOYKMH XBOCT dovetail
JINCT pOTOpa/cTaTopa rotor/stator sheet
JI0OOBast 4YacTh frontal part

M

MarHUTHAasi UHIYKIIUS
MarHuTHasi OCh

MarHWTHasi MPOHUIIAEMOCTh
MarHUTHOE ToJie

MarHUTHBIN MTOTOK paccesiHus
MarHUTOIPOBOI

MarHUTOIPOBOI IIUXTOBOM
MarHMTOAJIEKTPHUUECKOe BO30yXIe-
HUe

MalIuHa MOCTOSTHHOTO TOKa
MallliHa MaJioii/cpenHeii/00bIoi
MOIIIHOCTH

MeXaHU3UPOBaHHAsE HAMOTKaA

magnetic induction
magnetic axes
magnetic permeability
magnetic field
magnetic flux
magnetic circuit
Laminated magnet
magnetization

(direct) constant-current machine
Low-/average-/high power machine

mechanized reeling

MeXaHU3UpOBaHHAs YKJIaaKa mechanized packing
MTHOBeHHoe 3HaueHue DJ1C momentary electromotive force value
MHOTroMa3Hblii MOMEHT polyphase torque
MOHTax wiring
MOIIHOCTb BO30YKIIEHUS power field
H

HaBeJeHHOe (MHIYLUPOBAHHOE)
MarHuTHOE I10Jie

Harpyska

HaKOHEYHMK MoJtoca
HETOJABUXKHBIN SIKOPb
HECHHYCOMIAIbHOE pacrpeaesieHue
oSt

HESIBHOIOJIIOCHOU

HeyeTHasl rapMOHUKa
HOMUWHAJIbHBIN PeXKUM

conductor field

load

pole arc

stationary armature
non-sinusoidal field distribution

implicit-pole (non-salient)
odd harmonic
design condition

00MOTKA ABYXITOJIOCHAS

00OMOTKa ABYXCIOMHAs

00OMOTKA C TMAaroHaJIbHBIM IIaTOM
00MOTKA KOHIIEHTpUYECKast

(0]
00MOTKa BOJIHOBAsI wave winding
00MOTKa Bpa3BajKy wobbled winding

two-string winding

double-layer (two-layer) winding
diagonal pitch winding
concentric winding
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00MOTKa OTHOCIOHAS
OOMOTKM OT BBICIINX TAPMOHUK
TTOJIST

00MOTKa TIeTIeBast

00MOTKa ITepeMEHHOTO TOKa
00MOTKa COCpeIOTOYCHHAS
00MOTKa TpeX30HHas1 (1IeCTU30H-
Has)

OOMOTOYHBIN KO3(PPUIINEHT
OOMOTOYHBIIN CTAHOK

00MOTKa BO30YKIASHUS
0o0MoTKa craropa (pacrnpeaesieHHas )
00MOTKa CTepXKHEeBast
OKpyXarolas cpeaa
OKPY>XXHOCTb

OKCUIVpPOBaHNE

oIepekeHNE

OITpaBKa

OITpecCcoBKa

OCTaTOYHBII MarHETU3M

OCTOB poTOpa

single-layer (one-layer) winding
higher harmonics windings

Lap winding

current variable winding
(concentrated winding) coil
three-zone (six-zone) winding

winding coefficient
winding machine

field coil

stator distributed winding
armature coil (winding)
environment
circumference
oxidation

advance

holder

moulding

residual magnetism
rotor skeleton

OTBEpCTHE opening

I1
najieHUue HampsLKeHUST voltage drop
nas slot

napa3uTHbIE 3yO1I0BbIe FTAPMOHUKU
napaijieJibHOe COeIMHEHNE
napaijieJIbHO-TI0CJIe1I0BAaTEIbHOE
COeIMHEHUE

napaMeTpbl BHEIIHUX TAPMOHUK
MOJIOCHOE JIeJIEHNE MaIluH
MOJIFOCHOM 11ar
nocJjea0BaTe/IbHOE COEAUHEHUE
MepekpelBaHme

nepeMeHHOoe HaIpsKeHre
TepeMEeHHBbIN TOK

MeYb ¢ aBTOMATUYECKUM PEXMMOM
TJIOCKOCTh

MOBEPXHOCTh BHYTPEHHSIS

MOABOJ, TOKA

MOAIIUITHUKOBBIE Y3JIbI

parasitic tooth harmonics
parallel connection
parallel-series connection

external harmonic parameters
pole pitch machine

pole pitch

series connection

crossing

alternating voltage
alternating current
automatic operation furnace
plane

internal surface

brushes

bearing sub-assembly
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TTOIITATTHUKOBBIC IITATHI
TOIBEM

ITOJTHOE BO30YKICHHE

TTOJTIOC

TTOJIOXKUTEIFHOE HATIpaBJICHIE
TTOJTIOCHOI HAKOHEUYHUK
ITOJTIOCHOE JIeICHIE

MTOJITPHOCTD

MTOJIBII TPODUIIb

ToTrepevHast och

IIOTIEpEeYHOE TI0JIe

ITOCTOSTHHOE HaIpsDKeHNe
ITOCTOSTHHBIN MarHUT
ITOCTOSTHHBIN TOK

IIpaBUJIbHAS IPOOH

IIPOBOTHHUK

MIPOIOJIbHAS OCh

MIPOAOJbHOE (MATHUTHOE) TT0JIE
npoekTupoBanne OIIT
IIPOMEXXYTOYHOE 3HAUCHNE YKOPO-
YeHUS IMPOYHOCTU
ITyJIbCUPYIOIIIee MAaTHUTHOE TI0JIe
ITyCKOBOI peocTaT

ITyCKOBast KOPOTKO3aMKHYTasI 00-
MOTKa

bracket

lifting

full field

pole

positive direction

pole piece

pole pitch

polarity

quill profile

Cross axis

cross field

direct voltage

permanent magnet

direct current

proper faction

conductor

Longitudinal axis

axial field

alternating current winding project
auxiliary value shortening
strength

pulsating magnetic field
starter rheostat

starting short-circuit winding

P

pacripeaeaeHHast 0OMOTKa
pacripe/ie/ieHHas KaTyleyHasi TpyIa
peXum paboThl

peocrtar

poTop

pOTOp, BpalllAIOLIMIICs B KOpITyce
POTOP KOPOTKO3aMKHYTHIN

poTtop da3oBbIi

distributed winding

coil group distribution

duty

rheostat

rotor

casing rotor

short-circuited rotor (cage rotor)
phase-wound rotor

CUMMETpHrYECcKasl cxema
CUHYCOMIAJIbHBIN 3aKOH

C
CEPACYHUK core
CEPACYHMK ITOJII0Ca pole core
CUMMETPUYHOCTD symmetry

symmetrical circuit
sinusoidal law
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CHHYCOMIAIBHOE pacTpenecHIe
CHHYCOMTAIBHBIN TOK
cHHycouaanbHas popma
CMHXpPOHHAas MallliHa
CHHXPOHHBII TeHepaTop

ckoba

CKOPOCTh BpaIlleHUS

CKOC T1a30B

crnoxenue DJ1C

CMeIIaHHOE COeTMHEHUE
CMEIIeHHBIN 110 (aze
coeTMHEeHNEe OOJITOBOE
CcoeTMHEeHUE 3Be3M0M
COeIMHEHNE TPEYTOTbHUKOM
COIIPOTHUBIIEHNE OOMOTKHU POTOpa
COIIpOTHUBIIeHHUE (a3

CITI0CO0 OXJTAXKICHUS

sinusoidal distribution
sinusoidal current
sinusoidal waveform
synchronous machine
synchronous generator
clump

rotating speed

slot chamber
electromotive force composition
series-parallel

out of phase

bolted connection

star connection

delta connection

rotor resistance

phase resistance
cooling method

CpeIHMIi Imar 0OMOTKM middle pitch winding
cTajbHas TIaHKa steel strep
CTaHWHA ABUTATEIS engine bed
cTaTop stator
CTaTOp pa3beMHbIN joint stator
T

TepMuyecKasi oopaboTka
TEXHOJIOTMYECKasl CXeMa

TOK BO30YKIECHUS

TOpIIEBAs CXeMa

TPeX30HHAsI 0OMOTKA
TpexdazHass o0OMOTKa

TpyOa

TpyOKa BO3AYXOOXJIaTUTEIS
TypOoreHepaTop ObICTPOXOAHBIN

heat treatment
technological diagram
exciting current
facing diagram
three-zone winding
three-phase winding
tube

air-cooler tube

speed turbo generator

y

y3el
YIOJI KaTyLIEYHOM IPYIIIbI
yroJj ¢ha3oBoit 30HbI
YKOPOYEHHBIN 11ar
YIpOYHEHHasi 0OMOTKa
YCIIOKOUTEJIbHAsl 00MOTKa

unit, assembly
coil group angle
phase zone angle
short pitch
short-step winding
damper winding
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o

daza phase
(haznas 30Ha phase zone
dasHbIl poTOp phase rotor
dopmoBka shaping
X
Xopza ayru |span
0
LIeJTO€ YKUCIIO integer
LIEHTpUpYIOIlasl onpaBKa mondrel centering
LUJIWHAP C MPOAOJIBHBIM peOpoM ribbed cylinder
LWIMHIpUYECKasl KaTyIlKa cylindrical coil (bobbin)
9
yacTora frequency
yactora BJ1C electromotive force frequency
YKCJI0 Ma30B Ha noJitoc (Pazy) slot number to pole (phase)
YUCJIO0 Map MOJI0COB pair pole number
YUCJIO KaTYIIEK coil number
YHCJIO HATYPaJIbHOTO psifia natural number
YHCJIOBOM psif number series
yucio da3 phase number
11
11ab10H pattern
1rar 0OMOTKU winding pitch
aiida washer
11aitba HaxKMMHast V-ring washer
nrectudasHasg oOMOTKa six-phase winding
LIECTU30HHAasI 0OMOTKa six-zone winding
IIIKaJIa PacroJIOKEeHUSI TOUeK YKOpOo-|points coil pitch arrangement section
YEeHUS 11aroB KaTYIIKU scale
LIUTALL spline
IITIOHKA key
IIUXTOBOI JIUCT laminated sheet
LITaMITIOBKA stamping
IIeTKa brush
IIAT shield
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C)

DKCTPY3Ust
DJIEKTpUYECKAs CXeMa
DJIEKTPUYECKUI Tpaayc
DJIEKTPUYECKUI YTOJI
DJIEKTpUYECKas MalllHA IIEpPeMeH-
HOTO TOKa

9JIEKTPOMArHUTHOE BO30YXICHME
9JIEKTPOMATHUTHBI MOMEHT
DJIEKTPOMEXAaHUYECKUI TTpeodpa3o-
BaTe/Ib SHEPrUun

BJ1C 0OMOTKI

9JIEKTPOCTAHIIMSI AaTOMHASI
2JIEKTPOCTAHIIUS TEIUIOBASI
DJIEKTPOTEXHUYECKAs CTaJIb

extrusion

circuit diagram

electrical degree
electrical angle
alternating current motor

electromagnetic force
electromagnetic moment
electromechanical energy tranducer

electromotive force winding
atomic power plant

thermal power station
electrical-sheet steel

A
SIBHOITOJIFOCHOT salient-pole
AKOPb armature
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Appendix 2

Pyccko-aneautickuil caosapb mamemamuueckux mepmuHos

Russian- English mathematical terms

A
akcuoma axiom
aJITOPUTM algorism
B
BIIBOE twice as
BeJIMYMHA value
BbIUMTaEMOE subtrahend
BBIUMTATD subtract
i\
neJeHne division
eTNMOe dividend
EJINTEND divisor
JIeJINTD divide
NpOOHOE YNCITUTEIBHOE fractional numeral
3
3arnsras comma
3HaMeHaTesb denominator
3HaUYeHUE value
3HaK sign, symbol
K
(B) xBagpare squared
KOJIUYECTBO number
M
MHOTOKPaTHO over and over
MHOXHMMOE multiplicand
H
HOJb Zero
O
o0OpaTHbIi inverse
0CTaTOK remainder
OTHOIIIEHNE relation
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I1

MEePEYNCIISITh
TUTOIIAb

TOJCYET, BEIYMCIICHUE
npocTas Apoob
MOCTIeIOBATEIbHOCTD
MPOLIeCcC MPUBEACHMS

number

rate

calculate

common traction
sequence

the process of bringing

P

pPa3HOCTh difference
peleHue solution

C
CUMBOJI numeral, symbol
CKJIaIbIBaTh add
cllaraemMoe addend, summand
CIIOXEHUe addition
COBMECTUMBII compatible
COMHOXMUTENb factor
COKpallleHue a1poou reducing a fraction
COOTBETCTBEHHO accordingly
CpemHsIsl BeJIMYrMHa mean
cymMMma (CBOIUTH K CyMME) sum, amount

T
TOUKa point

y
YMEHBIIIaeMO¢e minuend
ypaBHEHUE equation

11
1IeJ10€ YUCIIO integer
udpa numeral, digit

9
YacTHOe quotient
YHUCIINTENTh numerator
YHCIIO number, numeral
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Appendix 3

Cnucok pyccko-aneauiicKux cokpawjenuil, ucnoab308aHHbIX 6 NOCOOUU
Russian- English abbriviations

. AJl — acMHXpOHHBII ABUTaTe]b — asynchronous motor — AM.
. MIC — marauToaBM:KyIas cuia — magnitormotive force — MF
. MIIT — mammHa IepeMeHHOTOo ToKa — alternating current machine —

ACM.

. OIIT — oOMoOTKa mepeMeHHOro ToKa — current variable winding —CVW.

CT' — cunxponHbIii TeHepaTop — synchronous generator — SG.
CJ1 — cuHXpOHHBII ABUTaTeNb — synchronous motor — SD.
CM — cuHxpoHHas MalnnHa — synchronous machine — SM.
OC — anexkTponBuxKyias cuia — electromotive force — EME

.OMIID® — ojekTpoMexaHUYECKUII TIpeodpa3oBaTeb SHEPrUuu —

electromechanical energy converter — EMEC.
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Appendix 4

Kpamkuii cnucox ucnoav3yemoix eaazoaoé (¢ popmamu)
A short list of necessary verbs (with forms)

Russian verb | infinitive | past indefinite |past participle (V3)
B
BKJTIOUATH switch switched switched
BBITIOJTHSITD make made made
BpalllaTh rotate rotated rotated
BbIpaOaThIBATh produce produced produced
A
NEJIUTh divide |divided divided
3
3aBHUCETH OT depend depended depended
3aKperuIsiTh fix fixed fixed
3aHUMATh occupy occupied occupied
3aTPYIHATD make difficult |made difficult |made difficult
"
n30erath avoid avoided avoided
N3MEHSITh change changed changed
U30JIUPOBAThH isolate isolated isolated
WHAYKTUPOBATh induct inducted inducted
H
Ha3bIBaTh call called called
HaYMHATh start started started
(0]
OTPaHUYNBATH limit limited limited
OMnpeaessiTh define defined defined
OTJINYATh differ, vary differed, varied |differed, varied
I1
MOJIKJTIOYATh switch switched switched
IoJy4yarhb get got got
MOKAa3bIBaTh show showed showed
MOCTPOUTH (cxeMy) |make made made
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Russian verb infinitive past indefinite |past participle (V3)
npeoOpa3oBbIBaTh |convert converted converted
MPeaCTaBSATh present presented presented
npeccoBaTh press pressed pressed
MPUMEHSTh apply applied applied
MPUCOCIUHSITh connect connected connected
Npu3HaBaTh recognize recognized recognized
TMPOU3BOJIUTH produce produced produced

P
pa3nensaTh divide divided divided
pasnuyaThb differ differed differed
pacnonaraTh, pa3- |locate located located
MeIlaTh
pacripeaesaTh distribute distributed distributed
paccMaTpuBaTh, consider considered considered
CUNTATh

C
cBapuBaTh weld welded welded
cMmeniaTh shift, displace  |shifted, shifted, displaced

displaced

COCIUHSTD connect connected connected
co3/1aBaTh create created created
COBMAAATh coincide coincided coincided
COCTOSITh U3 consist consisted consisted
CIOCcOOCTBOBATH encourage encouraged encouraged

T
Te4b, IIPOTEKATh flow flowed flowed

v
YBEJIUYUBATh increase increased increased
YIJIUHSITD lengthen lengthened lengthened
yKOpauuBaTh shorten shortened shortened
yCTaHaBJIMBATh mount mounted mounted
dopMuUpoBaTh form formed formed

L
IINXTOBATh burden burdened burdened
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Appendix 5

Ipammamuuecxue samemru (Grammar notes)

Tenses in passive voice

ITaccuBHBIIf 3a710T 0Opa3yeTcs ¢ TOMOIIIbIO Ty1arosa to be
B COOTBETCTBYIOILIEH BpeMEHHOM (hopMe 1 MTPUIACTUST

OCHOBHOTO riarosia V3

Tenses in
Passive Voice
BunoBpemeH-
Hble (opMBbI (O3%310111] Structures Examples
IJIaroJIOB B
cTpamartesib-
HOM 3aJjIoTe
BripakaeT oObIu- .
Present HOC. DEIVISIDHO Inventions are made
Simple HOB’T(I)) gomieca am/is/are |in different countries.
(Indefinite) . p +V3 (M300peTeHust co3naroT-
NECTBUE B HACTOSI-
Tense CsI B pa3HbIX CTpaHax)
1IIeM BpeMeHU
BeipaxaeT neiic- . .
P a Look! An experiment is
Present TBUE, KOTOPOE HAXO- .
. . being made here. (IToc-
Progressive  |muTcs B pa3BUTHUM B |am/is/are
. . . MoTpu! 31ech MPOBOAUT-
(Continuous) |onpeneneHHbI Mo- |being + V3 .
¢S KaKOM-TO BKCIIEPH-
Tense MEHT B HACTOSIIIIEM
MEHT)
BpeMeHU
BrIpaxkaeT 00bI4- Dynamite was discovered
Past Simple  |Hoe, peryasapHO was/were by Alfred Nobel in 1867.
(Indefinite)  |moBTOpSIOIICECS +V3 (JImHaMUT OBUT OTKPBIT
Tense JeJiCTBUE B MPOLLIE/- Anbbpenom Hobenem B

€M BpEMCHHU

1867 romy)

73



Tenses in

HU, B KOTOPBLIA OHO
MPOU30LLIO0, EIIE HE
3aKOHYMJIICS

Passive Voice
BunospemeH-
Hble (opMBI (O2%314111] Structures Examples
[JIaroJIOB B
cTpamartesib-
HOM 3aJjIoTe
While T. Edison was
experimenting with his
Past BripaxkaeT aeiic- apparatus he 'was peing
. TBHUE, KOTOpoe Haxo- |was/were |watched by his assistants.
Progressive .
(Continuous) JINJIOCH B pa3BI/1TUI/H/I being (B To Bpems kak T. Dau-
Tense B OIIpeICICHHBIN +V3 COH 2KCIIePUMEHTHUPOBAI
MOMEHT B IIPOIILJIOM CO CBOHMM amIiapaToM, ero
ACCUCTEHTHI HAOJIIOmaIn
33 HUM)
BripakaeT 3aBep-
IIIEHHOE IEMICTBUE,
HO HE YTOUHSIETCS, A lot of inventions have
Present KOTIJIa OHO Mpo- Has/have |been made in the XX
WU30IILJIO, WIIH, eclin  |been century. (MHoro
Perfect Tense o
MPOMEKYTOK Bpeme- |+ V3 M300pETeHUI clieIaHO

B XX Beke)

Past Perfect
Tense

BripakaeT npo-
LIeaIIee AeCTBUE,
KOTOPOE MPOU30LII-
JIO paHblIIE APYTrOro
OpPOIIEAIIEeTO Aeiic-
TBUSI

Had been
+V3

The first gas stove had
been made long before
the first electric stove
appeared. (ITepsas razo-
Bas TUIUTA ObLJIA cO3JaHa
3aJI0JITO 10 TIOSTBIICHUS
SJIEKTPOTUTUTHI)
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Appendix 6

Kax npouumamo chopmyavt u ypasnenus
(How to read formulas, symbols and equations)

* _ multiply, times by

. — divide, divided by

+ — add, sum up, plus

— — subtract, minus

= — equals, is equal, makes

+ — plus or minus

~ — approximately equals

() — round brackets or parentheses
[ ] — square brackets

{} — braces

> — greater than

< —less than

Y. — sigma, summation of
a=b—aequal b

a>b — aisequal to or greater than b
Z—w — Z approaches infinity

1:2 — the ratio of one to two

— one half or a half
— one fifths

— three sevens

[N L= o

73 — seven and three-fourths

4
0.1 — o point one or nought point one
.1 — zero point one or point one
0.01 — o point 0 one, nought point nought one, zero point zero one
.01 — point nought one, point zero one
0.25 — nought point two five
.25 — point two five
2.35 — two point three five
45.67 — four five point six seven or forty-five point six seven
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(2%) — two to the second power, two squared, the square of two,
the second power of two

(2%) — two cubed, two to the third power, the cube of two

1 - 23— one multiplied by two to the third power

\/E — the square root of a
3+/b — the cube root of b

5\/2 — the fifth root of ¢

A, — a first

A,—asecond

am — a m-th, a sub m

R —rm-th, Rsubm

Y= f(x) — yis a function of x mpu 2p = 4when two p is equal four

% — twenty four divided by four times three
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Appendix 7

Texcmot 0451 00NOAHUMEABHO20 YIMEHU
(Supplementary reading)

Text 1. Motors with permanent-magnet excitation

With the improvements in permanent-magnet materials, these motors are
becoming more popular. Their efficiency is relatively high since there is no
field power-loss, the penalty being the absence of field control. These motors
are especially competitive in the low-speed, high-torque range where the
machine be physically quite large even though the power is affected by power-
electronic circuits.

Permanent-magnet construction is also used on low and very-low power
ratings. The may be low-inertia motors having requirements which might
mean several hundred stop\start cycles per second as on computer tape and
printer drives. Low inertia is sometimes achieved by employing thin, ironless
armatures of disc or cup shape, rotating in a double-sided air gap between fixed
outer and inner iron circuits. The disc-type armature can have either wound
coils or printed-circuit windings, etched on the two sides of copper-covered
insulated disc. Brushes then bear directly on the «windings». Brushless designs
are also used, in general accord with the different principles. The switching
periods, however, are usually 60 or even 30 (3-phase or 6-phase windings),
to reduce the torque ripple. Much valuable information on these topics is
contained in a recent I.LE.E. (International European Electronic) conference
on Small Electrical Machines.

Text 2. Generators and motors of normal construction

With the advent of controlled rectifiers of various kinds, the importance of
d.c. generators has subsided somewhat since it is cheaper to convert a.c. to d.c.
with a transformer and rectifier rather than with an a.c. motor and d.c. generator.
The rectifier performance is inferior in terms of power factor, simplicity of
control, regenerative and reversing ability and harmonic generation, but scores
on cost (in most cases), space, noise and maintenance; the latter considerations
weighing more heavily in a modern age. D.C. generators will continue to be
made for their virtues but will lose certain traditional fields of application. Thy
are invaluable for use as dynamometers to control and measure the output (or
input), when coupled mechanically to engines and motors of various kinds
including the «rolling roads» used for vehicle testing. Generators are also useful
for imparting special characteristics to a load in a simple manner, e.g. automatic
current limitation for d.c. welding generators utilizing series windings and
exaggerating armature reaction demagnetizing effects.
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As far as motors are concerned, there are continual attempts to obtain
infinitely variable-speed motors which can be directly connected to the a.c.
mains and thus dispense with the intermediate a.c./d.c. conversion apparatus.
Some success has been achieved with these various methods but there are
always disadvantages and it seems likely that the demand for d.c. motors will
continue for many years to come. The availability of compact, variable-voltage
thyristor d.c. supplies, having built-in provision for closed-loop speed control,
has greatly improved the economic viability of the rectifier/d.c.-motor drive.
Shunt-, compound- and separately-excited motors are used for drives which
have to operate over a wide range of constant speeds and in automatic control
systems. Series motors are used when heavy starting torques and overloads are
characteristic automatically limits the speed and power demand and gives a
high torque per ampere on overload.

A very popular application for d.c. motors is on battery-powered vehicles.
The problem here is the size and weight of the battery which limits the
operating range and it is desirable therefore that any control-circuit losses
should be kept to a minimum. The armature voltage must be reduced for
starting and speed control, and if this is done by series resistance, there will be
appreciable power losses. A few discrete speeds can be obtained economically
by switching the battery cells into series, series-parallel or parallel groups,
but intermediate speeds still pose problems. Considerable saving in losses
is affected by employing switching control which continually interrupts the
battery circuit several times per second, reducing the average applied voltage in
direct proportion to the ON/OFF (mark/space) ratio. The motor inductance
smoothes out the current waveform and the circuit can be arranged with a
by-pass diode to maintain the motor current flow during the OFF period.
This «chopping» action is usually performed by a series thyristor, and to vary
the average voltage the durations of the ON or OFF periods, or the chopping
frequency itself, are all possible variables. This system has also been applied
to railway traction.

Text 3. Starters for D.C. motors

There is a simplified diagram of a shunt-motor starter for manual control
and it includes the usual two protective devices. When the starter handle is
moved from the “off” position, connection is made to the starting resistors
causing the armature to be energized through the overload coil; the field being
energized through the “no volt” coil and any external regulating resistance.
The “no volt” magnet is sufficiently strong to hold the starting handle against
the force of the return spring, provided the field current is not lower than
the designed minimum. Should the supply fail, the handle will be released,
so ensuring that full voltage is not applied directly to the armature when the
supply is restored. This device also affords some protection against field failure
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and the consequent rise of speed. For motors with a wide range of field control,
the “no-volt” coil is excited directly across the supply. The second protective
device is the overload relay carrying the line current and arranged to short out
the “no-volt” coil if the load becomes excessive. The causes the starter to be
tripped as soon as the “no-volt” magnet becomes weak enough.

A series-motor starter is similar but there are fewer steps and the “no-
volt” coil is connected across the supply. The overload protection must then
be arranged to open circuit the “no-volt” coil. Automatic starting for either
motor can be arranged for push-button control. This initiates a sequence of
switching operations, shorting out the starting resistors in turn at pre-arranged
time intervals or in accordance with specified speed or current values.

Text 4. Winding Factors for Commutator Winding

The induced voltagesin acommutator winding are alternating and between
any two points the resultant is obtained by vectorial summation. The winding
factors apply as just derived but usually the slot angle is small and is used for
the distribution factor. Consider, for example, two diametral tappings ona 2-
pole winding. The vectorial summation assuming a sinusoidal distribution is
proportional to the diameter and the arithmetic summaration is proportional
to the half periphery.

The a.c. voltage picked up at the tappings and through them to the slip
rings, if fitted, would be passing through its maximum value, the r.m.s. value
of the slip ring voltage being 0.707 times this. As far as the commutator voltage
is concerned, diametral brushes in quadrature with the stationary poles
would pick up this maximum voltage as a substantially constant value, there
being a small superimposed high-frequency pulsation or ripple, due to the
commutator bars and slots.

For a d.s. machine, a sinusoidal flux waveform is of no value.In order to
get the maximum output voltage, the flux density is arranged to be as high as
possible over the pole pitch, bearing in mind other design considerations such
as commutation performance. This leads to a field from which approaches a
rectangular shape. A vector summation, though feasible when the brushes are
symmetrically disposed about the pole, is rather complicated in view of the
large number of space harmonics, so a simpler method is used. Since only an
average value, i. e. the d. s. voltage, is required, the e. m. f. calculation is based
on the average flux density B, which gives the average voltage per conductor.
The number of conductors in senes z_which is equal to Z/2 for a wave winding
and Z/2p for a lap winding, is multlphed by the average voltage per conductor
to find the total d. c. brush voltage. Except in special cases, the chording on d.c.
machines is too small to have any noticeable effect on the output voltage.

The voltage at the brushes will be alternating if there is continuous relative
movement between poles and brushes, as will be explained in Chapter 9. In
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this case the fundamental-frequency r.m.s. voltage appearing between brushes
separated by an angle 0, will be equal to the arithmetic sum of the conductor
r.m.s. voltages in series between the brushes multiplied by the distribution
factor (sin0/2/(0/2), 0 being measured in electrical radians. the chording
factor may be neglected in the chording angle is small.

Text 5. Winding factors

A winding circuit consist of many conductors in series, for which the
e.m.f.s, in general, are not all phase. This phase displacement occurs for two
reasons:

(i) distribution of the winding in several slots,
(ii) coil pitch not equal to a pole pitch on the average; two-layer windings
only.

Since the sum of these conductor e.m.f.s. must be carried out vectorially,
both effect reduce the machine voltage but this is not an overall disadvantage.
The time variation of e. m. f. for a single conductor correspond to the spatial
variation of air gap flux density. This is not purely sinusoidal, being often
particularly rich in lower- order harmonics. By suitable winding design, the
percentage reduction of the fundamental. Consequently, the waveform of
the circuit voltage approaches more nearly to a pure sine shape. The winding
factors express mathematically the per- unit reduction of fundamental and of
each harmonic which fakes place as a result of distribution and chording. In
practice the fundamental is rarely reduced by as 10%, whereas the harmonics
are often reduced to negligible proportions. The same winding factors apply to
the space distribution of m.m.f. and so reduce the m.m.f. space harmonics.

Text 6. Fractional- slot Windings

These are an advanced form of winding in which the number of slots per
pole per phase, q, is not an integer. If the number of slots had been 30 say, then
q on the average would have been 2.5. In practice this would mean that in one
pole pair, 360 electrical, the phase groups would be alternately 3 and 2 slots
giving 5 slots per pole pair per phase. The bottom- layer sequence must of
course be the same, but would start from a point determined by the coil pitch.
Single — layer windings can be used but they impose many more restrictions
than two- layer windings. It will be noticed that the pattern is repeated every
two poles. If there had been 27 slots, q would have been 27/(3-4) = 9/4 and
the pattern would have required for a complete pattern and the numerator
determines the number of slots that each phase takes up in this distance.

This type of winding permits the use of standard slotting arrangements
over a wide range of pole numbers. It is necessary for three balanced phases
that the total number of slots is divisible by 3, but it is no longer necessary
that it should be divisible by the number of poles as well though there are
some restrictions when the number of poles is itself a multiple of 3. Another
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advantage is that the phase angle between the various conductor e.m.f. is
reduced. Aswill be seen later, this in turn reduces the higher order harmonics in
both e.m.f. and m.m.f. waveforms. For the case of 30 slots and poles? The slot
angle is 720/30 = 24°. The five conductor e.m.f.s in one layer of a completed
phase section are displaced in time phase. When they are series connected
with the necessary and natural reversal of A and A, the phase angle between
the successive e.m.f. phases is effectively 12°, since A and A are intermediate
between A,A and A.

Text 7. Cylindrical rotor construction

The term “cylindrical rotor” has a special meaning when applied to
synchronous machines. It implies not only that the air gap is uniform but
that the rotor m.m.f. may be taken to be distributed sinusoidally in space.
It can therefore be combined vectorially with the stator m.m.f. as on the
asynchronous machine, to give a sinusoidally distributed resultant m.m.f.
which applied to the air gap, produces a sinusoidally distributed mutual flux.
Such a rotor has a suitably distributed and chorded 3-phase winding and is
excited with a direct current, usually with one phase carrying the full value and
the other two, half negative value each. Thus both rotor and stator appear like
those of an induction motor, though on all but the smaller sizes, open slots and
two-layer windings are used for preference and the radial air gap is longer.

Reactive current is not required to magnetize the air gap of synchronous
machines, so there is no restriction on the radial-gap length from this
point of view as in the case of the synchronous machines. Apart from field
heating limitations, the balance between the field-winding m.m.f. and full-
load armature-winding m.m.f. (which determines the control exerted by
each of them), is the deciding factor in fixing the radial-gap dimension as
for the d.c. machine. For the largest turbo-alternators envisaged, it may be
longer thanl5 cm but apart from these very high-power units, air gaps are
usually a good deal less than 2—5 cm, decreasing with the physical size of the
machine.
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