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SUMMARY

This paper analyzes the operation characteristics of a self-excited
induction generator with Steinmetz connection. For this analysis, the
symmetrical components analysis is used to obtain the related expressions
and the excitation capacitance and the magnetizing reactance are
determined in turn by the condition of self excitation which includes the
input impedance of the generator as viewed across load terminals. Two
simultaneous equations of the condition of self excitation itself are solved
by using the real and imaginary function in an application software. This
method 1s applied to simulate the operation characteristics when the
generator i1s driven at rated speed and the specified excitation capacitor
1s connected across the lagging phase. The results show that better
operation characteristics except generated frequency are obtained by

using relatively large excitation capacitance and resistive load.
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Fig. 1 Self-excited induction generator with Steinmetz connection

0%7]}\‘15 VE‘ %X}ﬁ?ﬂl" IL% EAE} Tr: Va, Vb; VCL 71‘7—} }6]-7&?:1]‘, Ia, Ib’ ICJ\:—-;
Z

b2t AT, LE CIAAAE AR, Vi e AANNY A, 2w 2.8 et

Fig. 1¢] 3= diste] A, AFHIE A= Al o= 2, 2), ),
(4)9 2t}



V, +V,+V, =0

A4 ANAE ] A ]El o],

-
ci

1714 Z

A SFA]

=
) .

73] =

tlo

o}, meA

|

i)
0

4

o= Aol

)

< AE

a—Db

awg — bwg

Wy —w



olm, R A £ st @) 2.

w,—w w,tw, awgtbwy a+b

S j—

“a Xy iXy
° A5 22N
+ +
L
R2
\% . _-
?1 X E, a-b
a) Positive equivalent circuit
Rl
“a Xy iXy
o SRR SRR
+ -4
I
R2
\% . _-
;2 X atb

(o]

b) Negative equivalent circuit

Fig. 2 Per phase equivalent circuits



aL7g Aot

g

So)sl2g o8

Fig. 29l

1
R

213 QR A= 7,

F 9k

sk
=

bl 29k 10z

S

> =

~ =
\nn/A VAZ \|n/4 VA2
| [ el
o & . i
— o o it
(a + (\a IT
g < g m-_m
<=L R

- -

sl A

+ +

| = o | =

I 1

N N

(11)

.21

Aol AR o

(D (B)= A Wt

* ol

-
T

2 Folxth o71A «

Al
&

F A (12)ek (13)2 2k

A Vo&i 3

al

(12)

V3V

N o~
Zl Zl
N N

S|+
| ~
3 o Zc
SAIN

_ +

— —
N N

© [3)
N N

Il
—
>



2
«

L2+ ——1\7,

(8] (8]
— 3V (13)
Vv 7.7+ 7700+ 77, V3

21(12)¢F (13)ollA Vi, V& Axtsle] A(14)= FH AdEHFE(VUF; voltage

unbalance factor)S T+ 4 9t}

v
VUF = :VQ: (14)
1
AR AF LI 935 A/ Le
%
P (15)
1
v
L= (16)
2

olm, A(15)¢} (16)4A I, LE AXlet] 2172 FH AFEHHE(CUF; current

unbalance factor)= 7+ 4 At}

= 18

I ; (I, +1,) (18)
1 2

Ibz—\/?j (o Il—l—aIQ) (19)



I =——=/(al, +0’l,) (20)

Fahglol A B wdrle] dHAME A 7,8 Fad QDT gk

Zin = 37+ 7, +7, =Ry FiX, (21)

TR Hel7k AEEHA AT HHT|2 52 o Felef WAy 3] 29
st Bl ot dFdxFst= A(22)9F £t

(7)1, =0 (22)

LAZI7E Ao Fate] d¥s eud W Rk L2 d(zero)ol 2

glov e z7jojatel] o3 WHzAAL

Ziy+Z, =0 (24)

o, (24 ANt s A 2(25)9 (26)°] Hr.

R, (Z,+2,)=0 (25)

I,(Z, +7,)=0 (26)



o] A2 WAV TR AgEo] FoAL Fo|X] Fallu et W] o
G & o] diste] AstE|AE A Xy, ARATAIE O] &4 BlE s X, 1E]aL
a9 etk WA ArletE 93 Ha AGAEAE F7)E
T FFHAY Endt Xnd #AANA mESA X E 483} (259 (26)=
SEARZTES Y Ao dFgrrlss AFEAA ast XuE T3 XaFE

ARz o] ele] X8 A4 F, o ALgad B A25)9 (26094 91t

ol ash Xu& AAEEHS) B3t X, #ANORRE B2 P, 43R
SRR R V&

a‘Em RL
L Hix,
a

RL R’l) .
(?"‘ - Xy +X))

2 Asha, JADRHE VE 23 4030 VE delstel Vg At
415)% 1614 13} LE T3 2 AR A@WERE Fahd Rt
P e BadE S AR T S A

2



B owge] BAd L8R 34 FE7E w9 43, 44 A 220V, AU

1.8559—0.4187X  for X < 1.4599

m

E, =12.3432—0.7522X  for 1.4599 <X <1.7458 (29)

4.1676 —1.7959X  for X, = 1.7458
Xn¢l T7HE kel 7 AP AAA Ko} Enol BAE o2 byt
E, =8-9X)+6X, —7X; (30)

m

ojar, &71M B, v, §, 7& TSHH

3= 1.71352
v =—0.92556
5= 0.90931 (81)
7 =—0.25929

olt}. webd B3 B3 A5 A X, Aol o w1

E, = 1.71352—0.92556X? +0.90931X | — 0.25929X (32)

m m

o= FAF SE AL 14 BHAG R PRE X,

A= 7 SAasE B A PR RoF g HEl A XoE Table 19



Table 1 Equivalent circuit parameters in per unit

Ri[pul Xi[pul Xm[pul Rolpul Xz[pul
0.09175 0.2112 equation (32) 0.06354 0.2110
Wi 7) o] Felwiste] mE A 5AS B8]0 dA AXAHIAIE L] A A
H2s b7 fste] Td7]e £% b=lpu® FAstal Fedad2=E 1pu,
83 FE9E 0.82 AHeA oxje]HEl~e] H|ZE A X.=1.7458pusS ALkl

I~

A(25)%F (26)14 AAE o] 834 A Xeob Forad] 27 #hs A7
Ipuot 0.98pus #-&3ato] A4k A3t C=60.8706uF 2 a=0.97864pus E AT
2 =elMT olE VIRE sto] AXARAE L] ARANEAE o= C=65uF 2}

C=100puF& AF&3t 790 gt wx7]e] EAS w43517] flste] &H 7|7 44

SRR At JHgstar FelegEe] A2 19 0.8 W Fafwste] wE A
=4 A,
Table 2 Variation of unbalance factors with load impedance
VUF [pu] CUF [pu]
Load pf=1 pf=0.8 pf=1 pf=0.8
impedance
[pu] || C=100LF 1|C=65L,uk 1| C=100L 1] |C=65( w1} C=100L '] [C=65L ' 1| C=100L k' 1| C=65 L uF ]
0.30 0.22849 0.45584
0.60 0.23736 [0.13699 0.46886 [0.41023
0.80 0.28495 [0.14930| 0.38360 |0.25719] 0.56287 [0.45370| 0.81582 |0.93262
0.90 0.30425 [0.15996| 0.39026 |0.25638| 0.60113 [0.48827| 0.82468 |0.91887
1 0.32066 [0.17043| 0.39674 |0.25692| 0.63367 [0.52199| 0.83392 |0.91153
3 0.43664 ]0.26174| 0.45810 |0.28647| 0.86468 [0.81467| 0.92842 |0.94092
5 0.46300 ]0.28418| 0.47524 10.29830] 0.91735 [0.88627| 0.95504 |0.96140
7 0.47460 ]0.29420| 0.48318 |0.30402| 0.94054 [0.91819| 0.96740 |0.97157
9 0.48108 ]0.29976| 0.48772 |0.30739| 0.95348 [0.93587| 0.97445 |0.97762
11 0.48524 10.30336| 0.49060 |0.30952| 0.96178 [0.94730| 0.97885 |0.98131
13 0.48818 0.30594 | 0.49267 |0.31108| 0.96767 [0.95552| 0.98206 |0.98416
15 0.49034 10.30774| 0.49422 10.31220] 0.97203 [0.96121| 0.98446 |0.98610
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Fig. 3 Variation of voltage unbalance factor with load impedance
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Fig. 4 Variation of current unbalance factor with load impedance
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Table 3 Variation of terminal voltage with load impedance

Terminal voltage [pul
Load pf=1 pf=0.8
impedance
o] C=100[pF] C=65[uF] C=100[pF] C=65[pF]
0.30 0.34626
0.60 0.60155 0.42317
0.80 0.68273 0.54610 0.58072 0.40175
0.90 0.71121 0.57771 0.61209 0.44961
1 0.73450 0.60174 0.63870 0.48423
3 0.88004 0.73694 0.83168 0.68313
5 0.90979 0.76272 0.87834 0.72774
7 0.92253 0.77359 0.89928 0.74772
9 0.92962 0.77957 0.91117 0.75906
11 0.93413 0.78336 0.91886 0.76636
13 0.93723 0.78597 0.92420 0.77147
15 0.93950 0.78787 0.92815 0.77523
—e— (pf=1) ---m-- (pf=1) -+ - (pf=0.8) —x— (pf=0.8)
(C=100[xF D) (C=65[ur]) (C=100[wF D) (C=65[ur])
1.20
é 1.00
gg 0.80
S 060
g 0.40
g
S 0.20
0.00 y > ! ! ! ! ! ! ! ! ; : ; !

0 1 ' 3ead S5 6 7 8 9 @0 11aW*=I8 14 15
Load impedance[pul

Fig. 5 Variation of terminal voltage with load impedance
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Table 4 Variation of generated frequency with load impedance

Generated frequency[pul
Load pf=1 pf=0.8
impedance
o] C=100[pF ] C=65[uF ] C=100[uF ] C=65[uF]
0.30 0.93127
0.60 0.93870 0.96200
0.80 0.94252 0.96689 0.95139 0.97503
0.90 0.94404 0.96876 0.95208 0.97606
1 0.94534 0.97034 0.95269 0.97695
3 0.95505 0.98167 0.95763 0.98379
5 0.95740 0.98430 0.95894 0.98554
7 0.95845 0.98547 0.95955 0.98634
9 0.95904 0.98612 0.95990 0.98680
11 0.95942 0.98654 0.96012 0.98709
13 0.95969 0.98684 0.96028 0.98730
15 0.95989 0.98705 0.96040 0.98745
—e— (pf=1) ---m-- (pf=1) -+ - (pf=0.8) —x— (pf=0.8)
(C=100[¢F D) (C=65[F 1) (C=100[gFD (C=65[4F 1)
1.02
=)
2 1.00
>
S
o 0.98
=
Ol
£ 09
o
2 094
o
S 092
(]
@)
0.90 1 1 1 1 1 1 1 1 1 1 1 1 1 1

6 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15

Load impedancelpu]

Fig. 6 Variation of generated frequency with load impedance
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Table 5 Variation of load current with load impedance

Load current[pu]
Load pf=1 pf=0.8
impedance
o] C=100[uF] C=65[pF] C=100[pF] C=65[pF]
0.30 1.15419
0.60 1.00259 0.70528
0.80 0.85341 0.68263 0.72590 0.50218
0.90 0.79024 0.64190 0.68010 0.49956
1 0.73450 0.60174 0.63870 0.48423
3 0929835 0.24565 0.27723 0.22771
5 0.18196 0.15254 0.17567 0.14555
7 0.13179 0.11051 0.12847 0.10682
9 0.10329 0.08662 0.10124 0.08434
11 0.08492 0.07121 0.08353 0.06967
13 0.07209 0.06046 0.07109 0.05934
15 0.06263 0.05252 0.06188 0.05168
—— (pf=1) ---m-- (pf=1) -+ - (pf=0.8) —x— (pf=0.8)
(C=100[¢F D) (C=65[F 1) (C=100[gFD (C=65[4F])
1.40
1.20 %
A 1.00
5 0.80
&
3 0.60
o
S 040
A
0.20
0.00

0 1 gr 3 4 5 6 7 & 9 10 11 12 13 14 15
Load impedance[pu]

Fig. 7 Variation of load current with load impedance
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Table 6 Variation of winding currents with load impedance

L[pul Iy[pul ILc[pul

Load pf=1 pf=0.8 pf=1 pf=0.8 pf=1 pf=0.8
impedance

o] C=100[pF] | C=65[pF] | C=100[pF] | C=65[pF]1 | C=100[pxF] | C=65[pF] | C=100[xF] | C=65[pF ]| C=100[pF] | C=65[pF] | C=100[pxF ] | C=65[1F]

0.30 0.40416 0.59650 0.82498

0.60 0.52728 | 0.25326 1.21943 | 0.45358 0.98390 | 0.53616

0.80 0.62144 | 0.27211 | 0.37623 | 0.03206 | 1.45297 | 0.65206 | 1.39366 | 0.55279 | 1.01663 | 0.60948 | 1.04994 | 0.52929

0.90 0.66251 | 0.28175 | 0.43524 | 0.06904 | 1.53914 | 0.71388 | 1.47147 | 0.62714 | 1.02848 | 0.61757 | 1.06418 | 0.56465

1 0.69939 | 0.29426 | 0.48689 | 0.10459 [ 1.61100 | 0.76376 | 1.53823 | 0.68319 || 1.03840 | 0.62145 | 1.07563 | 0.58448

3 0.99345 | 0.47948 | 0.89795 | 0.40987 | 2.09717 | 1.08963 | 2.03976 | 1.03996 | 1.12032 | 0.62761 | 1.14612 | 0.63165

5 1.06715 | 0.53763 | 1.00549 | 0.49297 || 2.20504 | 1.16069 | 2.16508 | 1.12630 || 1.14404 | 0.62944 | 1.16132 | 0.63400

7 1.10016 | 0.56435 | 1.05465 | 053135 | 225225 | 1.19174 | 2.22196 | 1.16559 || 1.15526 | 0.63065 | 1.16823 | 0.63460

9 1.11891 | 0.57953 | 1.08279 | 055347 || 227867 | 1.20898 | 2.25439 | 1.18808 || 1.16171 | 0.63144 | 1.17216 | 0.63484

10 1.12551 | 0.58492 | 1.09282 | 056130 || 228798 | 1.21505 | 2.26582 | 1.19601 || 1.16405 | 0.63175 | 1.17347 | 0.63490

11 1.13095 | 0.58937 | 1.10107 | 056773 || 2.29558 | 1.22003 | 2.27525 | 1.20251 || 1.16593 | 0.63201 | 1.17457 | 0.63494

13 1.13933 | 0.59633 | 1.11383 | 057783 || 2.30739 | 1.22781 | 2.28991 | 1.21272 || 1.16900 | 0.63244 | 1.17635 | 0.63501

15 1.14548 | 0.60134 | 1.12328 | 058524 || 231608 | 1.23337 | 2.30077 | 1.22019 || 1.17131 | 0.63275 | 1.17770 | 0.63504
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Fig. 8 Variation of winding currents with load impedance

Table 7 Variation of output power with load impedance

Output power [pu]
Load izl pf=0.8
impedance

[pul C=100[uF ] C=65[uF ] C=100[pF] C=65[uF]

0.30 0.39965

0.60 0.60311 0.29845

0.80 0.58265 0.37278 0.33724 0.16140

0.85 0.57272 0.37306 0.33551 0.17231

0.90 0.56203 0.37083 0.33303 0.17969
1 0.53948 0.36209 0.32635 0.18759
3 0.25816 0.18103 0.18445 0.12444
5 0.16554 0.11635 0.12344 0.08474
7 0.12158 0.08549 0.09242 0.06390
9 0.09602 0.06753 0.07380 0.05122
10 0.08688 0.06110 0.06704 0.04658
11 0.07933 0.05579 0.06140 0.04271
13 0.06757 0.04752 0.05256 0.03663
15 0.05884 0.04138 0.04594 0.03205




—e— (pf=1) —-m - (pf=1) -+ - (pf=0.8) —x— (pf=0.8)
(C=100[¢FD) (C=65[4F 1) (C=100[gFD (C=65[4F 1)

0.70

060 Tﬁ
& 050
g 0.40 I
5 0.30 R \
‘5‘ . = <
h §
£ 020 I
(@) T )
0.10
0.00 b—+—

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Load impedance[pul
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