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PO3PAXYHOK BUXIQHUX NAPAMETPIB MATEMATUYHOI MOLEI
CUHXPOHHOI'O TEHEPATOPA B ®A3HUX KOOPOAUHATAX

B cmammi posensinymo po3paxyHox 6UXiOHux napamempie mMamemamuyHoi Mooeni CUHXPOHHO20 2eHepamopa 3
demn@eprHumu 0OMOMKAMU 8 PAZHUX KOOPOUHAMAX.
Kniouogi cnosa: mamemamuuna mooensv, CUHXpOHHUIL 2eHepamop, hazni Koopounamu.

IHocranoBka mpodJemu. s mOCHIIKEHHS IMPOLECIB B EIEKTPUYHUX CHCTEMax IEPIIOYEpProBOI0 3aJadeio €
CTBOPEHHST MAaTeMaTHYHHX MoOAeNnell eneMeHTiB cucteMu. llIMpoke pO3MOBCIO[KEHHS OTPUMAI0O MaTeMaTH4HE
MOJICIOBaHHS TPU(A3HUX EIEMEHTIB 3 PYXOMHMH BiIHOCHO OJWH OJHOTO MAarHIiTO3B'S3aHUMHM JaHIforaMud B dq0
KOOPJMHATAX, a IPU aHaJli31 HECUMETPUYHUX PEXKUMIB — BUKOPUCTAHHS METOJIa CHUMETPUYHHX CKJIaZ0BUX. | 0JI0OBHOIO
nepeBarol0 MojientoBaHHs B dg0) KoopauMHAaTax € BIACYTHICTh TEPIOAMYHO 3MIHHHMX Koe]illieHTIB B cUcCTeMi
IudepeHIiHHUX PiBHAHP Ta 3MEHIIeHHs ii mopsaaka. CydacHi KOMITIOTEPHI TEXHOJIOTil IO3BOJSIOTH peali3oByBaTH
CKJIQ/IHI aJTOPUTMH pillieHHsI cucTeM AudepeHliiHuX PiBHSHb. Y 3B'A3Ky 3 IIMM OCTaHHIM 4acoM HaOyBae HIMPOKe
PO3IOBCIO/KEHHSI MOJICNIOBAaHHs B (asHuX koopauHarax [1, 2]. Jlocii[pkeHHs eNeKTPOMarHiTHUX —Ta
€JIEKTPOMEXaHIYHUX MpOLECiB B (ha3HUX KOOpJIMHATaX Mae€ 3HAYHI MepeBaru, a came 3 pPo3paxyHKy MOXKHa O/pasy
0aunTH peasibHi 3HaYCHHS MapaMeTpiB PeXHMY B TPhOX (ha3ax, THM CaMHUM BiIMOBHTHCS BiJI METOJA CUMETPUYHHX
CKJIQJIOBHX Ta MiABUIINUTH TOYHICTH PO3PaXyHKY.

UrcenpHEe MOJETIOBAaHHA IIPOLIECIB B CHHXPOHHOMY T€HEparopi B (a3sHHX KOOpAWHATAX MOTpeOye HACTYITHHX
BHUXIIHUX TIIapaMeTpiB: BJIaCHA IHAYKTHBHICTh, B3a€MOIHAYKTHBHICTh Ta aKTHBHHUI omip ¢a3 oOMOTOK craTopa
reaeparopa (L4, Lp, Lc, Myp, Myc, Mpc, 7y); BIacHA IHIYKTHBHICTE, B3a€MOIHYIKTUBHICTh, aKTHBHHI OITip Ta HAMIpyTa
obmoTku 30ymkenHs (L, My , M, My, ¥r,Up); BIacHa iHOYKTUBHICTb, B3a€MOIHAYKTHBHICTb Ta aKTMBHMH OHIp
aemndepHux 00MOTOK (Lig, Lig, Myaa, Miag, Miac, Migas Mg, Migc, 14, ¥14); IOCTIMHA yacy reneparopa (7). binpmicts
1apaMeTpiB MOJIEJI FeHepaTopa He HaBeAEHi B JOBIIHUKOBUX JaHUX: L4, L, Lc, Myp, Myc , Mpc, Ly, My , M, My,
Migay Mg, Miae, Miga, Migs, Mige, 11 714, 714, Ty . OTXKe, aKTyalbHOIO 337auel0 € MepepaxyHOK JOBiIHMKOBHX
napameTpiB 10 HapaMeTpiB MOJIelli, HaBeJIeHUX 10 OOMOTKH CTaTropa.

AHaJi3 ocTaHHIX JocCJHiKeHb Ta my6Jikamiii. MaremaTuyHa Mojellb CHHXPOHHOI'O TreHepaTopa B (a3HuX
KOOpJHMHATAX PO3IJISHYTa B JiTeparypi [2, 3, 4]. [InTanHio BU3HAUEHHS TapaMeTPiB MaTeMaTHYHOT MOJIETi CHHXPOHHHUX
MaIlWH NPHUIUISETECS yBara B poboTax [2, 5-7], ane aBTopam HeBigomi poOoTH, e 6 mizicHO 0YyJI0 BUCBITIIEHO BHpa3n
JUISl BU3HAUEHHS BUXIJIHUX ITapaMeTpiB MOJENi CHHXPOHHOI'O TeHeparopa B (ha3HUX KOOpAWHATaX.

Mera crarti. BusHaunTi BHpasw AN pO3paxyHKY BHXINHUX MapaMeTpiB MaTeMaTHYHOI MOJAETI CHHXPOHHOTO
resepaTopa B ()a3HUX KOOPJIMHATAX I10 JOBIIHUKOBUM JAHHM.

OcHoBHi MaTepiaau aocaigxedb. Po3paxyHOK mapaMeTpiB MOJIENi CHHXPOHHOTO TeHepaTopa 3aJeKUTh BiJf TOTO, B
AKUX OIWHUILIX BUMipy Oy/ie 31iHCHIOBATHCH MOJEIIOBaHHS — B BiIHOCHUX YH IMEHOBAHHX.

[Ipu MoziemoBaHHI B BITHOCHUX OIMHUIAX MPH HOMIHAJTBHUX YMOBaX FeHEpaTopa po3paxyHOK MapaMeTpiB MOAET,
HaBEeJICHUX JI0 OOMOTKH CTAaTOpPa, 3/1IHCHIOETHCSI HACTYITHUM YHHOM.

BrnacHa iHIyKTHBHICTh Ta B3a€EMOIHAYKTHUBHICTH (ha3 00MOTOK cTaTopa 0e3 BpaXyBaHHS I'APMOHIK BHIIE IPYTOro
nopsiika J0piBHIOE [3]

Ly =l +1,cos(2y +a),s ={4,B,C} { . 2n}
Mss =my +my COS(2Y+0€)’SS = {BC,AB,AC} ’ 7 3 ’ 3 ’

ae l,, m, — NocrTiiiHi ckJIaJ0Bi BIANOBIHUX IHAYKTUBHOCTEH; [, , m, — aMILITYu APYTUX TapMOHIK THX XK€ 1HIyK-

M

THBHOCTEH; Yy — KyT MK MarHiTHOIO occio (hasu A Ta IpOJONILHOI OCCro d, ¥ = Wyl +7Y o (®, — CHHXPOHHA KyTOBa

IIBUJIKICTh 0OEpPTaHHS M0JIA CTaTopa, paj/cex), /, Ta m,, [, Ta m, BU3HAYAIOTHCS 5K [1]

1 1 1 Ly + Lyxy
ZO*H = _(Ld*H + Lq*H + LO*H) 5 ZZ*H = mz*H = _(Ld*H - Lq*H) 5 mO*H = LO*H - |» (2)
3 3 3 2
ne Ly, Lq*H, L+, — iHOyKTHBHOCTI reHepaTopa B dg(0 KOOpaWHATaX, IO BU3HAYAIOTHCS HACTYITHUM YHHOM [3]
Ld*H = Xd*H’ Lq*H = Xq*H’ LO*H = XO*H y (3)
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e X jxy, X, C/l*ﬂ , X C//*H — IHlyKTUBHUI CUHXPOHHHH, TIEPEXIIHUNA Ta CBEPXIIEPEXiIHUIA OIip TeHepaTopa Mo MpoaoJib-

oo y . N o
. ¢ g*n — IHAYKTHBHUI CHHXPOHHHIi Ta CBEPXIIEPEX1THUIL OIp IeHepaTopa Mo MONepeyHii oci; Xy —

Hii oci; X p
IHIYKTUBHMHI OIip reHepaTopa HyJIbOBOI ITOCHIJOBHOCTI (JIOBIqHUKOBI AaHi [8]).
BracHa iHAYKTUBHICTE OOMOTKH 30YPKEHHSI Ta IeMII(PEPHIX OOMOTOK PO3PaxOBYEThCS SIK 7]

Lf*H = Xf*H > L]d*l—l = de*H > qu*H = qu*H > (4)

2
X
_ ad*n _ _
ae X/*H_KHaBX X/ 5 de*H_Xad*H+X61d*H’ qu*H_Xaq*H+XGIq*H’ (5)
d*n — “d*n

2 2
Z Xad*HIﬁ(x

HOM

® ~ BK3*X .S

HOM

ne K, — koedillieHT HaBeJIeHHs MapaMeTpiB poTopa 1o 00MOTKH cTatopa, K

U2
ne Zyow — HOMiH&IbHHMIT MOBHMI omip rexeparopa, Z,, =——+ (U, — HOMiHaIbHa Hanpyra reseparopa, kB,

HOM

om — HOMIHAIIbHA MOTY)KHICTH reHeparopa, MBA), 1, — ctpym 30y/oKeHHs pu poOOTi reHepatopa Ha XOJI0CTOMY

S

xozi, kA, BK3 — BinHOmeHHs KopoTKOro 3amMukanus (10BinHukoBi aHi [8]); Xojguy, Xoigmy

H
— IHOYKTUBHUI OIIip

po3ciroBanHs AeMIipepHUX 0OMOTOK 10 OCi d Ta ¢ BiJITIOBIHO, 1[0 PO3PaXOBYIOThCS 32 (opmyiamu [6]

KHaB KHaB
sk — 5 6
I 1 1 e I 0 (©)
// /] h
Xd*H - Xcdst*H Xﬂd*H X(Yf*H Xq*H - X(sqst*H X“Q*H
X

ogst*H

X, old*n —

ne X, odst*u >
[6]

Xcsdst*H =Xd*H _Xad*H’ X

ogst*H

— IHIYKTHUBHUH OIip PO3CIFOBAHHS OOMOTKH CTATOPA IO BiJIOBITHUM OCSIM, II[0 BU3HAYAETHCS K

=X

g*n

X g - (7)
B3aeMoOiHAYKTHBHICTh 0OMOTKH 30y /KCHHS Ta AeMII)epHUX 0OMOTOK 110 OCi d Ta ¢ PO3PaxOBYETHC sIK [3]

M iy = M sy = M ga; cOS(y + @), 5 = {4, B,C,1d |

21 2w
MS]d*H leds*H EMd*H COS("{+G),S={A,B,C} 5 OL={0,——,—}, (8)
M =M, yxy :Mq*ﬂsin(y+a),5={A,B,C}

slg*u
ne M ;s M g*n — B3a€EMHa IHIYKTUBHICTD OY/b-SIKOi AP OOMOTOK IO BiJIMOBITHUM OCSIM, IO BHPAXKAETHCS Yepe3
B3a€MHUH IHAYKTUBHHM O11ip 110 ocsiM d 1a g [6]

M gy = X ygn » Mq*H = Xaq*H R 9
2o X = Kaw = X (X g = X i) o (X o = X o) o

/ /N2 - /1 ’
2(Xd*H_Xd*H)_(Xd*H_Xd*H) (Xq*H_Xq*H)
AKTUBHMIA omip cTaTopa Moxe OyTH po3paxoBaHuii npu pobouiit Temneparypi (7,=75°C) 3a ozHi€ro 3 ABOX oMy

[7]

Foprn =

7. X2*
—L 460 Ty :—g)’ (11
a

HOM
. .. . . . 3 .
ne X,x, — IHIyKTHBHHMH OIip 3BOPOTHO{ MOCHiZOBHOCTI reHeparopa, 7, a( ) _ nocriitna 4acy OOMOTKH CTaTopa mpu

tpudaznomy K3 Ha iforo muHax, cek. (1o0BiaHUKOBI AaHi [8]).
AKTHBHI ormopH aeMrdepHux 00MOTOK 10 0¢Ci d Ta ¢ BU3HAYAIOTHCS SIK [6]

2 / _x?2
(de*HXd*H_Xad*H)Xd Ry = qu*HXq*H Xaq*H
I i > Mg*n HaB
00 X gru X grnTa

(12)

Hgwn = KHaB /]
*y (DOX q*HT;]*H
neT a{/ ,T q/ (. CBEpXIIEPEeXiHI MOCTIHHI Yacy MO MPOJOJBHINA Ta MOMEPEeYHid Oci MpH 3aMKHYTIH HAKOPOTKO OOMOTII

cTaTopa, ceK. (IOBiTHUKOBI AaHi [8]).
AKTUBHUI omip npu poOouUiii TemmepaTypi 00MOTKH 30Y/DKEHHS PO3PaX0OBYIOTh 3a OJHI€I0 3 HaBeACHUX (opmyt [7]

X rx

H

K U K
60 Fpwy =1y —-ab0 1y = i (13)

rf*H = KHaB
‘ (DOTdo HOM 1 Jfiom ZHOM
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ne Ty, — mocriiiHa yacy 0OMOTKM 30Y/KeHHs TIpH PO3IMKHEHil oOMoTIi craTopa, cek.; U, — HOMiHajbHA Hampyra

firom

0OMOTKH 30ymKeHHs, B; [, — HOMiHaIBHUI CTpyM OOMOTKHM 30y UKeHHS, A (110BiqHHMKOBI naHi [8]).

froM
VY BHUNaAKY, SKIIO aKTUBHHI OMip OyAb-sKOi OOMOTKHM Yy JNOBIAHWUKY HaBEJCHHWIl MpH TeMIieparypi, BiAMiHHIH Bij
pobouoi, HEOOXiTHO HOTo MepepaxyBatH 3a GopmyJior [7]
235+1,
RT = RTO —_—,
p 235+1,

ne T, — TeMnepatypa, NpH sKiil HaBeJieHo omip 0OMOTKH, T, — poboya TemMIepaTypa.

(14)

1 XX X ad*n

Hampyra oOMoTKE poTopa, BusHavaeThes sk [3] U = U fitom
HOM

2 %103
] Joyg *10 . . . . .
1T i 4 Tisy, =———— J i, T*M’ 8
ocTiifHa yacy reHepaTopa [4] = , e J — MoMeHT iHepii, T*M" (1oBinHUKOBI HaHi [8]).
HOM

BaxuiBoo 00CTaBUHOIO € Te, 10 IPU MOJEIIOBaHHI B BIIHOCHUX OJUHHUILIX MPU HOMIHAJBHUX YMOBax Uit OTPH-
MaHHS [IPOLECy B pealbHOMY 4aci, 4ac IIOBUHEH OYT BUPAXKEHUI B CEKYHIAX, OTKE fx, = 0 *1 .

IIpu MoteNrOBaHHI B IMEHOBaHUX OJMHUISIX PO3PAaXYHOK MAapaMeTPiB MOJIEI 3MIHCHIOETHCS HACTYITHAM YHHOM.

Bupasu ms Bu3HaYCHHS iHIYKTUBHOCTEH Ta B3a€MOIHAYKTUBHOCTeH 00MOTOK (3,4, 9) 3aMiHATHCS BiIMOBiTHO Ha

BUpa3H

X X X, X X X X X
Ldz_d,Lq:_q’Loz_O,sz_f,lez_1d,L1q=_1q,Md= ad,qu aq
@9 ®g M9 ®g ®9 ™9 Mg Mg

Hanpyra oGmoTku poTopa, o HaeaeHa 10 06MOTKH ctatopa, BusHauaeThCst K [3] Uy =U 4,0 X gy -
Jwy ¥107°
S .

HOM
IepepaxyHOK IHJAYKTUBHOTO OMOPY OyIb-KOi OOMOTKHM 3 BiIHOCHHX OJMHHIIb JO IMCHOBAHUX MAa€ BHUIJIS[
X =X, Z, o\ - OOunCIeHHs BCiX IHIIMX IapaMeTpiB 3MiHCHIOEThCS 3rifHo 3 dopmyn (1, 2, 5, 6, 7, 8, 10 -14), 3a ymo-

[MocriitHa yacy renepaTopa B CEKyHIaX po3paxyeThes 3a popmynoro TJ =

BH, 10 BCl BEJIMYMHU B HUX Oy/IyTh BUPKEHI B IMCHOBAHHX OJMHUILISAX, 8 KOS(Ili€HT HABEJCHHS pO3paxyeThes 3a (o-

2
X
pmynoo K, =g
BK3*X ;s
BucnoBku. TakuM 4YHHOM, 3a JONOMOIOI HaBeJEGHHX (OPMyJ  MOXHA pO3paxyBaTH BHUXiJHI HapameTpu
MaTreMaTU4HOI MOJENI CHHXPOHHOTO reHeparopa B ()a3HMX KOOpJIMHATAaX, a B MOAAIBLIOMY OTPUMATH BHPa3H IS
PO3paxyHKy BHUXIJHHX JJaHAX MaTeMaTHYHUX MoJieJel B (Da3HUX KOOpAMHATAX BCIX €IEMEHTIB eIEKTPUYHOI CHCTEMH 3

PYXOMHMH MarHiTo3B'sI3aHUMH JIaHIIFOTaAMH.
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H.B.PYJEBUY, M.®.ITMCKYPEB
TocymapcTBeHHOE BBICIIICE YUeOHOE 3aBEICHHC
HauunoHanbHbIM TEXHUUECKUI YHUBEPCUTET «XapbKOBCKUN MOJUTEXHUYECKUN HHCTUTYT)

Pacuer MCXOAHBIX JAHHBIX NAPaAMETPOB MATEMATHYECKOHl MOJeJHM CHHXPOHHOIO TeHepaTopa B (ha3sHbIX
KOOpAMHATaX. B craTbe paccCMOTpeH pacdyeT HWCXOAHBIX IapaMeTpoB MAaTeMATHYECKOH MOJIENH CHHXPOHHOTO
reseparopa c aemrdepHpIME 00MOTKaMH B (Pa3HBIX KOOPAWHATAX.

Kniouesvle cnosa: mamemamuueckas mooens, CHHXPOHHbLIL 2eHepamop, (asnvie KOOPOUHambl.

N. RUDEVICH, M. PISKUREV
State Institution of Higher Education National Technical University ‘“Kharkov Polytechnic Institute”

Calculation of Initial Parameters of Mathematical Model of Synchronous Generator in Phase Coordinates. The
article is devoted to calculation of initial parameters of mathematical model of the salient pole synchronous generator
with damping windings in phase coordinates. Initial parameters of mathematical model of the synchronous generator
are revealed. The parameters of mathematical model, which are absent in help data, are called. Expressions for
determination of own inductance and mutual inductance of phases of windings of a stator of mathematical model
according to help data of the synchronous generator are given. Formulas for calculation of own inductance and mutual
inductance of a winding of excitement of the mathematical model given to a stator winding are defined. Settlement
expressions of own inductance and mutual inductance of damping windings on a cross and longitudinal axis of the
mathematical model given to a stator winding are given. Expressions for calculation of active resistance of a winding of
excitement of mathematical model are considered at a working temperature and the stator given to a winding. Formulas
for determination of active resistance of a winding of a stator of mathematical model are written down at a working
temperature. Settlement formulas of active resistance of damping windings are determined by a longitudinal and cross
axis of mathematical model at a working temperature. Expression for calculation of constant inertia of the synchronous
generator, and also voltage of a winding of excitement of mathematical model is written down. The formula of
recalculation of active resistance to working temperature is given. The expressions considered in article for
determination of initial parameters of mathematical model of the salient pole synchronous generator with damping
windings are given in phase coordinates for cases when modeling is carried out in called units or in relative units under
nominal conditions of the generator.

Keywords: mathematical model, synchronous generator, phase coordinate.
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