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Abstract

This paper presents a new saturation modeling
technique of synchronous generators using the
operating data. With the stator voltages, currents and
the field current directly measured on the field
winding at different steady state operating conditions,
it can estimate the saturated stator mutual
inductances, stator resistance and the field-stator
equivalent turns ratio. Effects of the measurement
noises on the estimated parameters are also
investigated.

1. M8

7 ¢As1e) HE R FAdele) £ a3 4T
A Aolg AAA LAV FARAE s nd
¥ 4 9t 24 BeHE e o] WA
VAHAL & F A FALAYE MY 24
g ez JYLoE ¥T78T, $F deuy Haw
0e Aol 2 AL dEdT Yed ok ¥AY
@ A2ZAE 2948 St At

SRS NBYEHE ARNE FRE olfE A
JERAAe] A% ey Fy4d BoLAse 5
3 dzde A7) TRWYo) nad we] RFWCh
ol7e EUNE 1AY TUL oAFY Be AP
o) thyo) Slo} gonl, TRUAE BAHE P A
9o o2} oz Yeje 2de] AEHATHIIST. X
7ole d%, o2& FYT T4z BARYOW, g
Ze) ETREA d33 th2os Aol waPezA
27 e 2GSz el wwel A Mg
5,71

¥ epe A4 egdolgaiy ¥y T
A7le) nebdlEE 2Ase Mze wEe Adw.
ol Wye WES NUE +£9 ¥ B HAY
AR &4 dolEtE o858 NaAYEE XS + Uut
£ 3¢ 7K Ak AHHE o4 ABANY &
SUEHE Agstel £ Wile BRAE naRT 2
ool &% Aoy 2 Jge EARYL

** Seoul National University

2. S7I1uEI SII5E X HAMEHLHY

durr oz FrLA7|e FHEALE Jehie d&F
a%9 S22 ofle) 1y 1 B 29 3}

a9 1 d% 3=

R, L, L;
+ M X0
1,

R:,
b,
| Ry j ™'
ke
Ly

29 2. q% $HE 2

s

Ad oM 71222 ZE damper winding
Fo} n¥to] go] FjnZ olfe} HL 4L A&
2tk

-

Vd =_RJ4+ (LM+L’)1‘I (1)
Vq=—Ra'Iq_(Lad+Ll)Id+LadI/d (2)

QYA ZE WEFES nAAROE BMARSE
A LI, V, Ve A3 33 Assht ARAF Le
A3 24 4 9z, ARV AW 34E 5+ 3
= A% L5 234z 848 A% I, Ao gg

-106 —



3 Z& @A Aydrh
=% a; ®)
AT g

4714 e AAS DALl FRANE
WTHE) of WAAS YNoz AW e Bk

R

MEEEEPA @
v, -1, -1, 0 _2_1« L,
3 aL 4

3. Z32Y

B E=EAME Kundur®ld] Atd ¥I3ndg ALE
a4l o] RHoNE FAAEE T3 4F§& v
AR Fa, FEAS ¥ Q8 A FsQdEA
Ly R LRl 48 ¥ Aog 1A &drh o9
T MRS 23RS g ol TAE,

Laa' = I{m’Ladu (5)
Loy = KyLuu 6

It

RN Loy, Loz E88A G2 ool L, ® L,
o golm, Ku K. 474 d o%9 IIARE e
We a3 Afolth drlda AxNE LR DL ofg
o] oy e 2 Ao zRE A

Voltage or

flux linkage Slope = L
Ve adu
L
v B Liner
1

VY by L. L

A ‘ratio LM

iy or MMF

ag 3 w3z ¥3IA

L)

a9 39 YRR RPN EASE TIMY
25 249 AA ¥,0 gol o8 e gol B
o.

s

__III.L‘_ wat
Ka =g = 53 @

ESAR wel ¥ e Adden Yo, 7 99
oAl olefo} e oz FHHA.

v, =0 (94D
= Ay el (491 @
=¥ Q+Lmhh(v’nl—w12)_wat (%g HI)

714 Ay Buis EHAEC @t ARs s daol
o ¥8gde 33 AL ¥, 0 oge AAHE of
e agidAs 3344 E 22 o 2 @7

4g ge
Ea =El+(Ra+jXI)It (9)

o714 Epjs @xash, RE A7A A%, X A7

A yFAgdds L A7A4 AFE vedrh
4. LSM Estimation algorithm.

‘ET :\E'E"'oﬂk‘"f }:’](4)9‘ SY]-E}““E“ Rm Ldn Lal aLd
£ ZA3}7] ¢35t Least Square Method (LSM)& A}
43tgich wek Aladlo] of2fe} e Aoz HHSW

y(B) =AR) -0 +e(k) (10)

o] AFe] #ozA AeHe FAYsE A0NH 2
of 43Y + sk

L 3 (v (B-AW - 017 [va(H—AM - 01} QD)
=L ST ew)

71 et FALEE v,
LSM$ o] §3te} 348 wetde He Biat B
845 423 Ao 2RE thElge] oA}

busu ;
=[5 Z AT - AR - [ 2 AT - ya(B)

b=
(12)
A9 Ag TALAsI AAFAEAA AW vl
3

A=["d 0 I, 0 ] a3)
fd

-1, -I; 0 %1]

Ra

Ld

Lq
alad

6= (14)

St

—-107 -



¥ & 9tk oVl AE £348 4H, 6t 7
stetol e HE, ye A2 238 Jehdch

5. AFE3

Ageld EzaPeda FrTAsE WYTIE %
& A% dAs= dn, ARAEHEA dkn A
stk ofwl L., Lo EZ3tel @& Asr #As8 d
% 9 q3e X5 E olaist Fo] UYLt

¥, = 0.0003 e 2).0259(¥ ,~0.9)

¥, =0.003¢ 18.8069(¥ ,—0.8) (16)
g - .

Seie 248 A8 2eE W L1, V.V, L
£ 88 2A¥ 9T €9 2ASAN 0048
o5, Zeasedl = EJHES Wxe 20-3074e] deol
HE T@ AR T8 Agdold Helgel A=t o
2 24282 use el Ay FYol MAE
J& BAJAT V1A ALY 2FREE EFBA
P 27 1%, 3%, 5% AFEL HeE Agstach
Ngdol oA e AAe) dolgE el E 13}
2},

£ 1 A g0 A RA7] sty

o2l &
&

Ra
0.01

L,
0.2

L adu
1.66

Lmu a
1.44 10

29 4 ~ 3" 7& SRSl 4% 0%, 1%, 3%, 5%
2 W air-gap AY¢ E,& uiasz AA@gS 234
L, L& verdeh o)A 4de A4 speegt
ol i, ¥ FAR gelrh o] aPBAN L, LA F
- A9 HddYEe FAFE 0%, 1% A 1%,
1.7%°18 Aol 3%, 5% 3¢ 22 72%, 89%
oltt. ¥ 28 ¥ 3t vebiEl 23S el o}
&3 ¥ 4% R,8 al,® 38 && poled, R,
o] A A&l 0%, 1% W 15%R 2%°]
dielw FArSo] 3%, 5% A+ Azt 3%R 11.9%
ojuelct, G al,ol AFE FAMHE FAFE
0%, 1% 217t 2.6%, 3%ohlels, ZA3E0] 3%,
5% A% oltle 77 61%, 135%°lUde ¢ F
ek olde AsEYE WY AL WFE 3%0|
el o2 &Y & Ackd HAeioe FH47) o
%0l Eolod Fe & # e, A9 33 7
£2 vRol ¥ o Add PYez A9 FHY %
goelg F:3% F V5 & F Utk

5. @&

2 =Ee thgd A4 9z L8y

a8 4 FEo) Y=

a9

[

Ld, Lq {PerUnit}

13

—_—
[ —
e

1 "'\u\,\ La

1 105 11 115

Ea [Per Unit}

12

Estimated Ld Lq Parameter Saturation curve (Noise 1%)
1

»*
Le\’\

¥

: N\

E

2 e e o
N W ko

-
-

Lo

1 105 1 115

1
Ea [Per Lit)

5. 1% #A@eA 49 L, RL, £374
i Ld Lq ion Curve {Noise 3%)

17

T —

—~—_
16 T
LR
15 *
14
*
13 . Lo
T
1 % T X
—
2 =

1 L\-. Lq

09

195

12 125

4 239 L, 2L, £HFA

A
£43

a9 6 3% 33FeA 48 L, RL, ¥4

29 7. 5% 2AREA 2H9 L, 2L, £3

— 108 —

LJ La 1Zurve {Nuise §%)
(i —y
sel I
b £
15 = \\
> - .
14 e
A Sl w
. ¥
1.2 [l
““““““ -
1.9 - T — - -
T v,
] —
——— ta

125

4



E 2 747 vheadeAyg

A Lt 549 @
case ai;—i‘mp A 549 Ldipu}

y noeise neise noise | noise
No- | ptpud] AP0l To0c | 1o | 39 | 506
case 110211 |L6539 |L6635 |L6814 11.6980 |1.6690
case 210409 |1.6322 [1.6307 |L6299 [1.6370 |1.6234
case 3 |LOB07 116198 |L6198 [16198 15777 115128
case 4110661 [L6011 116012 (L5816 11,5122 11,4593
case 510924 |15632 |1.5632 |L5750 115737 |1.5376
case 61,1249 |1.5136 [15137 |L5354 15414 |1.4952
case 7111381 114891 (14891 (L5156 |L5261 |1.4755
case 811152 |L4680 |14681 |LAY75 |1.5385 115227
case 911171 114296 |1.429 [1.4133 |1.3512 |1.4261
casel0 L1911 11,3883 |1.3884 [1.3705 |1.2844 [1.3516
casell [1.2063 11.3563 113663 [1.3832 |1.2728 113758

E 3 77 geEx

Aol e A L atst 49 3k
air-gap

Zaxl g

;i‘je Ak EZ’; ﬂu) noise i(juj l:(?)fg:] noise

| Bafpul] TP 00s | 106 | 3% | 5%
case 11.0211 [1.1432 11.1431 {1.1267 |1.1116 |1.1172
case 2110409 1.1269 11,1270 |1.1346 }1.1607 [1.1989
case 3{1.0507 |1.1191 11,1191 [1.1349 [1.1727 |1.2166
case 411.0661 11,1048 11,1049 11,1235 |1,1754 [1.2424
case 511,0924 11,0833 11.0833 11.0898 11.1090 11.1362
case 611.1249 11.0344 1.0544 )1.0566 {1.0688 11.0918
case 71,1381 11.0448 [1.0423 [1.0382 11.0353 |1.0406
case 811.152 11,0303 }1.0301 {1.0321 |1.0410 j1.0581
case 911171 110119 11.0124 [1.0175 11.0319 {1.0508
casel0 1.1911 10.9940 10.9940 [0.9973 11.0096 11.0260
icasell {1.2063 10.9735 [0.9755 |0.9957 [1.0467 {1.1016

E 4 Ue za0449 238 R, ol i

case |noise 08 inoise 1% Inoise 3% |noise 5%

No. R, |aLad R, |alad R, |aLagR, |alad
casel 10.01 |14.53 [0.008 |14.63 10.023/14.7810.011 114.90
case2 {0.01 {14.31 10.020 [14.36 0.010{14.3110.092 14.41
case3 10.01 114,19 10.024 [14.34 0.010114.1910,099 114.79
cased 10.009114.00 [0.024 |14.01 10.009114.0010.119 113,78
caseb 10.011113.63 10.015 [13.74 {0.028]13.8510.04Y 113.82
casch 10.010113.13 10.011113.27 0.017|13.3810.029 113.26
lcase7 10.009]12.89 10.008|13.06 {0.009/13.18/0.013 {13.01
case8 [0.010{12.67 |0.011]13.00 10.016/13.4910.025 [13.65
cased 10.010112.29 10.012112.25 10.017111.95/0.025 111,43
casel00.010{11.89 [0.011]11.83 |0.016]11.33{0.022 [10.65
casell 0.009111.86 10.015]11.81 [0.032{11.20]0.050 110.27

AA Ak o] e WRe Alge] maglel
o 239 &8dojels o gsle xstd melug s
g F Avke AL AR ek of g nAAAY
, R OAAL RAA FERAN aE FAE 9 9
LB ApdAe Aot e Fqd v HE
5}:% AR 3% EFHRE 10 24 7S
Eqggetn 28 steEE o 7%9 o) oy
FAY + AUt

Y TrEEs)e selEE 24 A2e

W m%o m;o

=

w.ﬁ.oﬁ._‘;‘.

#aogd

[1] Seung-Il Moon, “Synchronous machine time
domain parameter estimation including the saturation
effects,” Master's Thesis, The Ohio State University,
Columbus, OH, USA, 1989,

[2] T. Sugiyama, T. Nishiwaki, S. Takeda and S.
Abe, "Measurement of synchronous machine
parameters under operating condition,” IEEE Trans,
on Power Apparatus and Systems, Vol. PAS-101, No.
4 April 1982, pp. 895-504.

3] M, Namba, J Hosoda, S. Doi and M. Udo,
"Development  for measurement of  operating
parameters of synchronous generator and control
systems”, IEEE Trans. on Power Apparatus and
Systems, Vol. PAS-100, No. 2 Aprl 1981, pp
618-628,

{41 P. Kundur, Power System Stability and Control,
McGraw-Hill, New York, 1994,

[51 G. Shackshaft and P, B. Henser, " Model of
generator saturation for use in power system studies,”
Proc. IEE, 1979, Vol. 119, pp.175-188.

[6] Paul -C. Krause, Analysis of Electric Machinery,
McGraw-Hill, New York, 1986

[71 S. H. Minnich, R. P. Schulz, D. H. Baker, R. G.
Farmer, DXK. Sharma, and JH. Fish, “Saturation
functions for synchronous generators from finite
elements,” IEEE Transactions on Energy Conversion
Vol. EC-2, No. 4 pp.680-692, December 1987.

—-109-



