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Analysis of Wind Driven Self-excited
Induction Generators.

-~ Comparison of Nodal and Loop Method -

Chong-Keun Jwa

ABSTRACT

Two methods for the steady state analysis of wind driven self-excited induction generators are
investigated in this paper. In this analysis, the T-type equivalent circuit neglected the core loss
is used to predict the steady state performance under the resistance load. Computed results for
the loop impedance and the nodal admittance method show very good agreement between the
two. To maintain a constant terminal voltage and frequency, a simple method for determining the

parameters speed, terminal capacitance, and exciting reactance is also introduced.
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Fig. 1 Equivalent circuit of the induction gen-
erator with resistance load

ol ¥z ¥A+F R Xt %7 Ay
dedgzoln vV, Ex  ©RAGT  FIAULY
o, I= AFd. X, X &= Asde s @
SAAANE Y SRl AR 20D a0 T
Z g9y FA4Y stk HA 120 & 7
Z A TRAE02 B4 HAA, 28
33te gg ojvlwo

& AvldA wAse AAH HAE
1% Murthy et al¥ o F$T gmd2ys
Quazen and McPherson”9] H#oj=nRiAy
o og sjAzgolnt.

22 2923 QEHAY
Fig. 1914 AF 1 o di@
e 2o,

20
T

= ggye

(1)

+ (x| 25 + i)



Ah Wb acCRE EBINMS| RiF

o]t}

A7) Z2A8ANME L =002 (1))
N z=0,% 79 A+39 9595 47 O
ol Solo} #g ofu @k

PSR

(0 +1Xwa* + (53 + 0. X 00"
+ (506X +1:X X )a 3)
(X AP X Xn)b = 0

olx, 84%

rir

(0 +@X +0:X X+, X)d
+ (25426 X A0 X XmtasXDba+ g X, = 0
4)
o},
(3), (DA e A
2 (i=1,2,..., 9, ¢:(i=1,2,....9 R4
2}
343} WA X, % e FAHY 9y
L2 g7 A g e 27 3oz
X = X (W E31%])

(5)
a=b

wEael 27HE JRE 74A A¥BY. o)
A a9 X,9 e A9 dave BuHoz
BEEILS

23 FHO=o|EAY
FETEHY BE ooz P
Fig.1el Al M7= oj=ujelAgte] ofo] 5o
of #r}= Ao|t},
W+Y,+Y,=0 (6)

471 Y& SAAAAELd HEQ R
Az nAHAIA, Y, At Ay AstA),
g Y, HAAGAY o=rgiolr)

SAARA R A0 WA YR oy
Ze = Ro-iX 2t 39 R X, & OgH 2
=3

RX}
R= R X7 M
X = —ﬁu X (8)
L™ (aR¥+ X,

©)40] Folzhs Re A5t 843 7
% 992 guistez A4ps

L
2
(&+R,_) +(X,—X)?
a
R,
+ a-b =9 9
BT
a—b 2
oz, HrPE
S X,Z—X,_
X R
(= +R:) +a-x07
__R—th— = 0 (10)
2 2
( a_b) + X,

ol
94 & g2

Q@’+Qua' +Qud* + Qua* +Qa+ Qs = 0 (11)
of g1, 9714 AF Q,(i=1,2,..., 6= ¥=
o ®elt}

ADAANA HJAZQ 8 Fad (10)4d)
gddsty X, & F34

Xy = (o) [ aR—Zb)2+ X7
T (B)o-xo-x(Z 4Ry

(12)

121



352

o] B

24 3y

2 el 8 ¥ X,%aE A8 T
2ALE PR SASEAYAA & G8
2e 72 AYRAANA FECL

£ _k-kx, (13)

o] 2aAFeT thgAd ostel AU
o) 7HAn AFL WAL VAHOE T¥ &
1t

wsh

R+ X,*

. (B Ry +06-Xp?

aE (14)

AANGAAFHFE $H37] A dag
AAF GAARAN-E L, 22jn AR AL
1 g5} olst AR LA

an4, 124, zaz (14948 dd3oq 2
£ AEE (1) TP FFAAYEE X9
Moz gA% (13)AE A48 5 AT 7
pA8E Hol ojH T utde] AT K%
K,9 gtol g& ZAAE ALg3td Eojof dt&
WAZLo) glovg i curve fitting2 2

E=Ey+EXn+E; X' +E; X2 +E, X'
(15)

s ol shie Aoz Hdstel o)4g (194
o sl e T

. RAMRY &

2ouys el fHAHRE vusr] §
& Quazen and Mcpherson”'o] AM&# A
9 Chan®el AFE ALAR olREL
z} Table 13} Table 29 Bth

Table 19 EAE Ag9 F2A77 @zt
of C=239 [«#] & AHANHI HSE

2500 [RPM] <A 3400 [RPM) 7}Al 100 [RPM]
RAoz WYY TPl o4F HEFAE
Table 39 2|t

Table 29 fFELAANY X =1 [pu] 9
ANAE 7L Glo] A b= 1 [p] 9
&g AYd MPRIE 0.8 (pd A
2.6 [pul 71X 0.2 [pu] A2 WAL
o] ANE Tabled.ol Bt

ol ZAdolA B nlst ol FajA gl
£ E@AY Aole gAY HMARE 227

Table 1 Quazen and Mcpherson’s circuit parameters of induction generator

Specifications Circuit parameters
3¢, 2pole Rl=0.148 [-Q] R2=0.144 [.Q]
voltage 208 [V] 0 , 23.540< X,
—11.564X,,+392.553 , 21.179<X,.=23.540
output 10 [HP] —6.404 X, +283.270 , 19.442¢(X,=21.179
E = —3.861 X,+233.829 , 17.085¢ X,=19.442 [V]
star connected ! -2.563 X,+211.653 , 14.718¢X,=17.085
~1.648 X,+198.187 , 12.877< X,.<14.718
squirrel cage -1.181 X ,+192.173 , 12.021< X ,=12.877

122



A» St BChE BBRIWM| R

Table 2 Chan's circuit parameters of induction generator

Specifications

Circuit parameters [pul

3¢, 4pole
frequency 50 [Hz]
30 (V]

2 [KW

voitage
output
star connected

squirrel cage

Rl =0.0982
X,=0.1120

El=

Rz =0.0621
X,=0.0952

—0.1649X,,+1.2054 , X.w<1.400

—0.2830X,.+1.3710 , 1.400=X,<1.861

—0.6087X,+1.9773 , 1.861=X,<2.193

—0.8086X,,+2.4155 , 2.1935X,<2.987
0 , 2.81=X,,

Table 3 Comparison of the loop method and
the nodal method using Quazen and
Mcphersob’s data

Loop method Nodal method
Speed Phase Frequency Phase Frequency
[RPM] voltage [Hz] voltage Hz |

v] vl
2500 90.68038| 41.58044 | 90.68039| 41.58044
2600 108.87468| 43.24308 [108.87468 | 43.24308
2700 120.86773 | 44.90566 [1120.86773 | 44.90556
2800 129.94231| 46.56816 [1129.94231 | 46.56816
2900 138.54310] 48.23058 (1138.54310( 48.23058
3000 146.04189| 49.89292 (1146.04189! 49.89252
3100 153.47943| 51.55517 [[153.47943 | 51.55517
3200 160.12386] 53.21734 [160.12377( 53.21734
3300 166.76131 | 54.87941 166.76129| 54.87941
3400 173.06432 | 56.54139 [173.06432| 56.54139
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Table 4 Comparision of the loop method and
the nodal method using Chan’s data

Loop method Nodal method
Load
R Phase Phase
Resistance Frequency Frequency
(pul vohage (pu] voliage {pu]
P [pul {pu}
0.8 0.40088 | 0.92180 || 0.40743 | 0.92122
1.0 0.78699 | 0.93333 || 0.78976 | 0.93265
12 0.88043 | 0.9416] || 0.88344 | 0.94095
14 093862 | 0.94785 || 0.94011 | 0.94724
1.6 0.96898 | 0.95273 | 0.97048 | 0.95217
1.8 0.99196 | 0.95664 || 0.99346 | 0.95614
20 1.01004 | 0.95986 | 1.01153 | 0.95940
22 1.02470 | 0.96254 | 1.02616 | 0.96213
24 1.03683 | 0.96482 || 1.03826 | 0.96444
26 1.04705 | 0.96677 | 1.04846 | 0.96642
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