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ONMPEQENEHUE YINMOBOW XAPAKTEPUCTUKK
HEABHOMOJMIOCHOIO CUHXPOHHOI'O FrEHEPATOPA

YrnoBasi xapakTepucTka CUHXPOHHOIO reHepaTopa UMeeT GonblUoe 3Ha4YeHue Ansi OLEHKU CTa-
TUYECKOW YCTOMYMBOCTU U NEPErpy304HON CrOCOBHOCTM MaLlmWHbI. 1o cTaTuyYecKol YCTOMUYMBOCTBIO CUH-
XPOHHOIO reHepaTopa MoHUMAaeTCst ee CMoCOBHOCTb COXPaHATb CUHXPOHHOE BpallieHue npyu U3MEHEeHWUN
BHELLHEro BpallaloLLero MOMEHTa, MPUIIOXKEHHOrO K ero Bany. py 3KcnepuMeHTansHoOM uccnefoBaHum
CMHXPOHHBIX reHepaTopoB Havbornee CroXHbIM SBMSETCA MOCTPOEHWE YITOBOW XapaKTepWUCTMKKM, Y4TO
obycrnoBneHo npobnemamu ¢ onpeaerneHnemM yrna Mexay BEKTOpamu HanpsikeHUst U 3NeKTPOaBUXKYLLE
cunbl. Takum obpasoM, B JaHHOW paboTe paccmaTpuvBaeTCsi MPOCTOV BapuaHT OMnpeferneHns YrioBow
XapaKTepUCTUKN HESIBHOMOMKCHOIO CUMHXPOHHOIO reHepaTopa Npu akTUBHOW Harpyske. [pu akTvBHOM
Harpyske reHepaTopa TOYHOCTb onpeaeneHus yrna 6, ConpoTUBIEHUS X, Y MOLLHOCTM P MOXHO MOBbICUTb
3a CYET y4yeTa BNUSHUS COMPOTUBIEHUIA 0BMOTKM sikopsi. PaccmaTtprBaeMblil BapyaHT NO3BONMSIET MO 3KC-
nepuMeHTanbHbIM AaHHbIM PaccyuTaTh M NMOCTPOUTL YITIOBYIO XapakTepUCTUKY CUHXPOHHOIO reHepaTopa.
[aHHaa paboTa oTnMYaeTCst NPOCTOTOM U MOXET YCMELHO UCNonb3oBaThCs B y4ebHbIX nabopatopusix
3MEeKTpUYecKUX MalluH. B paccmaTtpvBaeMom 3KcnepyMEHTE ABuraTerb NocTosiHHoro Toka M/1-072 Bpa-
LaeT pOTOpP acUHXPOHHOro Auratens ¢ dasHbiM potopom IMM71B4Y3, B 06MOTKy poTopa nopaeTcs
MOCTOSIHHBIW TOK, U K Tpexda3Hol 0B6MOTKe cTaTopa NOAKMHYATCS aKTUBHbIE COMpOTUBEHUS. [Mpy 3Tom
aCWHXPOHHBIN [ABUraTenb NepeBoaUTCS B PEXUM paboTbl HESBHOMOMIOCHOTO CUHXPOHHOrO reHepaTtopa
C aKTMBHOM Harpy3kon. [NonyyeHHas XapakTepucTuka OTNIMYaeTCa OT KIacCUYECKOW, TakK Kak MakCUMym
MOLLHOCTM gocTuraetcs npu yrme 8 = 45°, OTnmyme oByCrnoBreHO TeM, YTO KIaccuieckast XapakTepucTu-
Ka cHUMaeTcst npu U = const, a B HALLEM OMbITE HAMNPsPKEHWNE U3MEHSINOCH B LUMPOKUX Npeaenax. dkcne-
pVMeHTanbHasa NpoBepKa U3NOXXeHHOro MeTofa NpoBoAMnach Ha nabopaTopHOM CTeHe.

KnioueBble cnoBa: HESBHOMOMKCHBIA CUHXPOHHBIA reHepaTop, SKCMEPUMEHT, akTWBHasi Ha-
rpy3ka, yrnoBas xapakTepucTuka, BeKTopHasi Auarpamma, y4ebHas nabopatopus.
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COMPUTATION OF AN ANGULAR CHARACTERISTIC OF A NOT
EXPLICITLY POLE SYNCHRONIC GENERATOR

An angular characteristic of a synchronic generator has a great importance for an estimating a static
stability and overloading ability of a machine. The static stability of a synchronic generator it is understood as
its ability to save a synchronic rotation under the changing of the outer torque applied to its shaft. While an
experimental research of synchronic generators the most difficult is the constructing of an angular characteris-
tic that it is due to the problems of defining an angular between the vectors of an electromoving force. So, in
this paper it is considered a simple variant of defining an angular characteristic of the not explicitly pole syn-
chronic generator under an active loading. Having an active loading of the generator it is possible to raise the
precision of defining the angular, resistance x, and power P with the help of influence of resistance of winding
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of an anchor. According to the experimental data the considering variant lets calculate and construct an angu-
lar characteristic of the synchronic generator. This paper differs by its simplicity and can be successfully used
in the training laboratories of electrical machines. In our experiment the engine of a direct current PL-072 ro-
tates the rotor of an asynchronic engine with a phased rotor IMM71B4Y3, the direct current is applied to the
winding of a rotor, and an active resistance is applied to the three-phased winding of a stator. By this an
asynchronic engine is tuned to the regime of the work of the not explicitly pole synchronic generator with an
active loading. Characteristic which was got differs from the classical one as a maximum power is reached
under the angle equaled to 45 degrees. This difference is provided that the classical characteristic is meas-
ured when U equals const, and in our experiment voltage changed in a wide range. An experimental examina-
tion of the used method was held on a training rig.

Keywords: a not explicitly pole synchronic generator, an experiment, an active loading, an an-
gular characteristic, vector diagram, a training laboratory.

[Tpu >KCHEepUMEHTATBHOM HCCIIEOBAHUU CHHXPOHHBIX T'€HEPaTOPOB
HanboJiee CIOXKHBIM SIBISIETCS TIOCTPOCHUE YITIOBOM XapaKTEPUCTHUKH, UTO
00yCIIOBJIEHO IpOOJIEMaMU C ONPENEICHUEM YyIJla MEXAYy BEKTOpaMH Ha-
MPSKEHUS U YJIEKTPOABIKYIIEH crilbl. MccenyeMblil reHepaTop OTHOCUTCS
K KJIACCY HESIBHOIOJIOCHBIX, YIPOLICHHAs: BEKTOpHAas JuarpaMma KOTOPbIX
noka3zaHa Ha puc. 1.Ilonpo6GHoe onucaHne BEKTOPHBIX JUAarpaMM CHHXPOH-
HBIX TE€HEPaTOpPOB Jaercs B (pyHmaMeHTaabHBIX Tpyaax [1-6]. Ha puc. 1

HOPUHATHL caenyromue ooo3Hadenus: E, —3JIC oT 0CHOBHOrO MarHUTHOTO
MOTOKA, CO37]aBa€MOr0 TOKOM BO30yxnaeHus; U — HampsikeHne oOMOTKH
akops; | — Tok AKops; X, —MHAYKTUBHOE CONPOTUBIICHUE PEAKLUU KOS,
© — yron mexny Bektopamu U u E,; W — yrom mexnay Bekropamu 31C

1 TOKa, q) — yroj ¢aBura TOKa OTHOCHUTCIIbHO HAIPSAXKCHUSA.

0

Puc. 1. YnpormenHas auarpaMma HeSIBHOIIOJIFOCHOTO CHHXPOHHOTO
TeHepaTopa Ipu aKTHBHO-WHIYKTHBHOM Harpy3Ke
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Ha stoii nmarpamme mnpsimas ad HepneHAMKYIspHAa BEKTOPY TOKa,
a 0Tpe30K gc nepneHauKyasapeH Bekropy J/C. Yron Mexay oTpe3kamu 6c¢

u 6d paBeH yrimy Mexny Bektopamu E, m |, Tak Kak CTOpPOHBI 3THX YIJIOB

B3aMMHO IEPIEHAUKYIISPHEL.
3nauenus U, E;, | u ¢ nerxo ompenenstorcst B mporecce 3KCIEpHU-

MmeHTa. M3 muarpammel (cM. puc. 1) cienyer paBeHCTBO:
oa=U cosp = E, cos. (2)
I[Tpu usBectHbix 3Hauenusix U, E;, u ¢ u3 paBencrsa (1) MoxHO on-

penenuts yroa Y:

cosy = Y cosf, (2
EO
P =ardcosy). 3)
[ocne onpenenenus yrna Y no puc.l maxogum yrom 0,
0=y-9¢. 4)(
ITo nuarpamme (cMm. puc. 1) MOXKHO 3amucaTh PaBEeHCTBO
bc=U sinB = Ix, cosy. (5)

IMpu usBectHbIX 3HaueHusx U, 0, | u Y u3 pasencrsa (5) Haxoaum
COITPOTHUBIICHUE PEAKIMH STKOPS:

U sin®

Xy =——. (6)
| cosy

MOIIHOCTh CHHXPOHHOTO IeHepaTopa pacCUYUTHIBACTCS MO0 U3BECTHOU
dbopmyre:
E, .

P= VE, sin®. @)

Xa

VYrnosast xapakrepuctika P = F(8) paccunrtsiBaercs no (7) npu u3BecT-
ueix 3Hauenus U, E; u X, . Cinexyer ormeruts, uro dopmyist (1)—(7) sBis-
I0TCSl TPUOVKCHHBIMHY, TaK KaK B HUX HE YYHUTHIBACTCS BIMSHHUE aKTHBHOTO
Y MHIYKTUBHOTO CONPOTHBIICHUS PAacCeSTHHUSI OOMOTKH SKOPSI TeHepaTopa.

[Tpu akTHBHOW Harpy3Ke reHepaTopa TOYHOCThH ONpeeNeHus yria o,
CONPOTHUBIIEHUS X, U MOIIHOCTH P MOXXHO MOBBICUTH 33 CUET ydeTa BIIHS-
HHSI CONTPOTUBIICHUI OOMOTKH SIKOPSI.

BekropHas quarpaMma reHeparopa MpH aKTHBHOM Harpyske rmokasa-
Ha Ha puc. 2. [Ipu aKTHBHOI Harpyske BEKTOp TOKa | coBHagaeT 1o
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HAIPaBJIEHUIO C BEeKTOpoM HampspkeHuss U. BekTop mameHus: HanmpspKeHUs
Ha aKTHBHOM conpoTuBieHHu |R, coBmajgaeT mo HampaBICHHUIO C BEKTO-

pom Hanpspkenus U. BekTop nmazeHus HanpspKeHHUsI HA HHIYKTUBHOM CO-
MPOTUBJICHUH jl X, IepneHIuKyIsIpeH Kk Bektopam | u U.

Puc. 2. BekTopHas nuarpamMMa HESIBHOIIOFOCHOTO
CHHXPOHHOTO TeHepaTopa Mpy aKTHBHOI Harpy3Ke

Wcxons u3 auarpammbl (CM. puc. 2), MOKHO 3alMcaTh J1Ba PaBEHCTBA:
E,cos0=U +IR,, (8)

E,sin@=Ix,. 9)
[Tpu m3BectHbIX 3HaueHusix Ey, U, | u R, u3 pasencrsa (8) naxonsr-

cst oSO u yron 0:

cosh = ﬂ, (10)
EO
0 = arc(co§). (11)

[Tpu u3BecTHBIX 3HaueHUsX E,, O u | u3 paBencrsa (9) onpexnensem

COIIPOTHUBIICHUE X, .
_ E,sin6
==
MorHocTh CHUHXPOHHOI'0O T€HEpATOPa paCCUNTHIBACTCA 110 (1)OpMy.]'Ie (7)

:‘)KCHepI/IMCHTaJ'IBHaH IMPOBCPKA H3JIOKCHHOI'O MCTOJa IMPOBOANJIACH
Ha J'Ia60paTOpHOM CTCHJC. Ha sTtom CTCHAC UMCCTCs I[BYXMaH_II/IHHHﬁ arpe-

(12)
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rat, COCTOSIIIUN U3 IBUTATENs MOCTOSTHHOTO ToKa [1JI-072 1 acuHXpOHHOTO
nsuratens ¢ ¢gasasiM potropoM IMM71B4Y3. Banbl 5THX MamuH MeXaHH-
YEeCKH COCTUHEHBI MEXTy COOOM.

[Ipu sKkcrepuMeHTe IBUTATENh MOCTOSHHOTO TOKAa BpallaeT POTOP
acuaxponHoro apurarens IMM71B4Y3, B 0OMOTKy poTopa momaercs Io-
CTOSIHHBIH TOK, a K Tpex$a3zHoil 0OMOTKe cTaTopa MOAKIIOYAIOTCS aKTUBHBIE
conpotuBiieHus. [Ipu 3TOM aCMHXPOHHBIN IBHTaTellb C (a3HBIM POTOPOM
MEPEBOIUTCS B PEIKUM paOOTHI HESIBHOIIOJIFOCHOTO CHHXPOHHOTO I€HEpaTo-
pa ¢ akTUBHOHM Harpy3koil. OmbIT TPOBOAUIICS MPHU MOCTOSIHHOM TOKE BO3-
OyxaeHust U yactore BpamieHus Ny = 150006/mun. [lpu yBenuueHun Ha-
IPy3KH HampspKeHHUE FeHepaTopa CHUXKaeTcs, a yrou 0 Bospacraer. Pe3yib-
TaThI KCIIEPUMEHTA MTPUBE/ICHEI B TA0JIHIIC.

Paboune xapakrepuctuku reaeparopa IMM71B4Y3

U, B 145 118 92 72 58 32 | Tlpumcuanue
I, A 0 0,3 0,47 0,5 0,53 0,64
! ! ! . . . R,=190
P, Br 0 106 130 113 92 61 a M
E, =145B
cos 0 1 0,85 0,7 0,58 0,47 0,304 cosg =1
9° 0 310 450 550 620 720

B Tabmune 3nauenus U, E,, | momyyensr sxcnepumentansao. Mom-

HOCTh CHHXPOHHOTO F€HepaTopa pacCuuThiBacTCs mpu Cosh =1.
P = 3Ul. 13]
o dopmymam (10)u (11) maxomsrest co® u yron 0°. ITonyueHnbie 3Ha-
gernst cod u yria 0° 3anocsTes B Tabuuiy. [1o KaHHBIM TaGIHIBI TOCTPOCHA
YIJIOBast XapaKTEePUCTHKA CHHXPOHHOT'O FeHEpaTopa, MoKa3aHHas Ha puc. 3.
P, Bt

140

120 PanN
100 / \

B0 / \
60 / \‘, Y

TJIOBast

40 / _.-XapaKTepI/ICTI/IKa
20 /
N A—

a 20 40 60 EQ
eo

Puc. 3. Yrimosas xapakrepuctuka CI
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OTa XapakTEepUCTUKA OTIMYAETCS OT KJIACCUYECKOM, TaK KaK MaKCH-
MYM MOIIHOCTH jJocTHraeTcs npu yriae 0 = 45°. Otinune o0yclioBiIeHO TeM,
YTO KJacCH4ecKas xapakTepucTHka cHuMaercs npu U = const,a B Hamiem
OTIBITE HANPSKEHHE U3MEHSUIOCH B IIMPOKUX IIPEeIIax.

N3510KeHHBI METOJ NOCTPOCHUS YIJIOBOM XapaKTEPUCTUKH MOXKET
OBITh MCII0JIb30BaH B y4eOHOM IpOLECcce MPH 3KCIEPUMEHTAIbHOM HCCIIe-
JOBaHUHU CHHXPOHHBIX MariuH [7—10].
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