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SUMMARY

This paper presents a straightforward analytical method to determine both
the series compensation and parallel excitation capacitances for phase balance
operation required for single—phase self-excited Steinmetz connection induction
generator with series compensation capacitor. For this analysis, the method of
symmetrical coordinate is used to derive the related expressions.

Four nonlinear simultaneous equations, which are set up by the condition of
self-excitation and condition of voltage balance without complicated algebraic
manipulation, are solved for the values of two capacitances, the per unit
frequency, and the exciting reactance by the application software. The wvalidity
of this proposed method is investigated by substituting the solved results for
the voltage unbalance factor and equations of phase current, and it is found
that the phase balance of this generator can be obtained.

Moreover, the performance characteristics of Steinmetz connection induction
generator which is connected with and without series compensation capacitor
are analyzed. The analyzed results show that generator with series

compensation capacitor caries better performance.
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Fig. 1 Single-phase self-excited Steinmetz connection induction generator

with series compensation capacitor
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Table 1 Equivalent circuit parameters of three phase induction machine in per unit

Equivalent circuit parameters
R, = 0.0844 X, = 0112
. = 0.0621 R,, = 0.0981
Xl 1 R. = 22

G o FAR At Rl A X, 3 a9k BAROl S BHA=

1.345—0.203X,, X, <1.728
1.901 —0.525X,, 1.728< X, < 2.295

3.156 —1.08X,,, 2.259< X, < 2.446 (29)
| 37.49—15.12X,,, 2.446< X < 2.48
0 N 2.48 <4 s

A 2 =Tl ALkl AFRE S& A EY o (Math cad)el A& THede £
Abs7] Slake] A7z Ao Al 2eelul=d ] ] 8] Chandt Laie] i€
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Table 2 Comparison of computed results between Chan and Lai’s and proposed method

7o Chan and Lai Proposed Percentage error
a([pul X,,[pul alpul X,,[pul a (%) X, (%)

5 0.9880 1.6447 0.9881 1.6537 0.010 0.547

2 0.9823 1.6715 0.9824 1.6800 0.010 0.509
1.2 0.9764 1.6862 0.9765 1.6938 0.010 0.481
0.5 0.9635 1.6609 0.9591 1.6333 -0.457 -1.662

at7]91Rk A E AvfAE 29 Fukgr, Aste] el o] AL A3tE Table 39

Table 3 Computed results of a, X,,, C, and C, for phase balance

pflpul Z[pul alpu] X, [pul C,[uF] C,[uF]
1 0.9799 2.4570 69.399 138.8

0.8 0.9750 2.0004 87.183 174.37

! 0.5 0.9592 1.3326 141.8 283.99
0.3 0.9274 0.9367 244.43 488.86

1 0.9750 2.0004 87.183 76.929

08 0.8 0.9686 1.6400 109.7 97.152
lag 05 0.9477 1.1234 179.39 160.81

0.3 0.9059 0.8541 312.79 287.39

Table 36141 Mol 38l As]@ssh gobd 5% ash X, & HobA A% 499
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Table 4 Computed results of C,/C,, VUF, and phase currents by proposed analytical method

] Phase currents|pul

ot | it | T Chntaif gy | e comnsll
1 0.5 05 7.4124x10° 0.1707 0.1709 0.1707
) 0.8 0.5 0.5 2.4776x10™" 0.6317 0.56322 0.6332
0.5 0.5 0.5 2.3145x10™* 1.0748 1.0767 1.0754
0.3 0.5 0.5 2.9485x10™* 1.8894 1.8919 1.8910
1 1.1333 1.1495 7.6606x10°° 0.5479 0.5479 0.5479
0.8 0.8 1.1292 1.1495 4.3549x10° 0.8199 0.8195 0.8198
lag 0.5 1.11565 1.1495 2.8655%10° 1.4683 1.4681 1.4682
0.3 1.0884 1.1495 3.0674x10™* 2.5916 2.5944 2.5940

7 FAFE Ao 22 e 7H AEE 287k
Table 5= Table 39141 X<l A4LE C,9 0,9 Fhol dddo=z HA H4d4
7 foeur dAr ARSE = ghe AREske
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Table 5 Absolute errors of VUF and phase current by computed and practical

values of C, and C,, for phase balance

foul | Z.pul Practical Absolute errors
10
piipul | <0 C,[pul C.[pul VUFIpul 1, I, I,
70 140 »
08 | 40395()) 175 2552x10° | 0022 | 0039 | 0028
1 140 280 3 3
240 490 3
1 ( 40395()) (30%950) 3692x10° | 22x10° | 83x10° | 0,021
. 10}}?()0) 100 3556x10° | 0011 | 0018 | 7.7%10°
lag 180 160 3 3 3

310 290 -3 -3

olwf Atz b=1Z i C,¢ €9 & Table 58] HAH®E FA 27
oz a = 097pu, X, = 2.48puz 39k

BAANAE S Fe HEsy] st AVl AERivz=dd ddr) e
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o 54¢ woln Yrkh TN uEo] RE RafolA FeUTELI AR
Wl PAFAEE AAE AL & 5 Ao

Table 6 Variation of generated frequency with load impedance

Generated frequencylpul
pf=1 pf=0.8
Z;[pul C, = 125[uF] & C, = 120[uF] &
C, = 125[uF ’ C, = 125[uF ’
b = LBWEL o ooy |0 % TIBRWE G s
04 0.9533 0.9577 - 0.9609
05 0.9593 0.9618 - 0.9597
0.625 0.9647 0.9661 - 0.9608
0.8 0.9699 0.9705 - 0.9648
1 0.9738 0.9741 0.9785 0.9695
i 1) 09771 0.9773 0.9809 0.9743
e 0.9824 0.9825 0.9847 0.9818
2.5 0.9843 0.9843 0.9861 0.9842
5 0.9881 0.9881 0.9890 0.9885
10 0.9901 0.9902 0.9905 0.9904
12.5 0.9905 = 0.9908 0.9907
20 0.9911 3 0.9913 0.9913
25 0.9913 0.9913 0.9914 0.9914
k- R(Cp & Cs) —%— RiCp)
0,995
— 099 e =1  — —— .
== 0,985 =
= 098 ¥
Z 0,975 —;
= no7
£ 0,965 —{l
= 0,95
‘D p,955 4
0,95 . . .
o 10 15 20 25

Load impedancelpul

Fig. 2 Variation of generated frequency with load impedance

(power factor=1, b=1, ¢,=120uF, C,=250uF)
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T RL(CP & Cs) el 51 2L D)

0,995
0.99 — — - = — =

-
0,985 =3
| m &
0,98 e

0.975 =
0.97 -

0.965 |4

noas ek

0.955

Generated freguencylpu]

0,95

o 5 10 15 20 75
Load impedance [pul

Fig. 3 Variation of generated frequency with load impedance

(power factor=0.8 lag, b=1, ¢,=120uF, C,=120uF)

Table 7 Variation of load terminal voltage with load impedance

Terminal voltagelpul
pf=1 pf=0.8
Zeul o os q)q- :12255%15%]& C, = 125[uF] q)q- :1212[5115%]&
04 - 0.8836 - 09785
05 04131 09258 - 11105
0625 07494 09289 - 11958
08 08633 09852 : 1.2174
1 09382 09977 . 11433
1.2 09925 1.0150 06714 1.0931
2 1.0628 1.0455 0.8843 1.0896
25 1.0683 1.0616 09400 1.0997
5 1.0916 1.079 1.0467 11295
10 1.0822 11181 1.0913 11228
125 L0777 - 11006 11447
20 1.0643 - 1.0876 1.0846
25 1.0555 1.0458 11406 11388
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A RICE & Cs) ™ ROCp)

1.4
1.2
T
4% =
C s I'
_‘E 0.4 -
s
02
o '
a 5 10 15 20 25
Load impedancelpul
Fig. 4 Variation of load terminal voltage with load impedance
(power factor=1, b=1, C,=120uF, C,=250uF)
TR RLICE & Cs) — = RL{Cp)
1.4
1.2 -
il .i:u‘h.*a.. —== o ‘:_“__ =l i = ia e S o
= Tk — i
Ea 0.2 -
C os s
_‘E 0.4
il
02
o )
a 5 10 15 20 25
Load impedance [pul
Fig. 5 Variation of load terminal voltage with load impedance
(power factor=0.8 lag, b=1, C,=120uF, C,=120uF)
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Table 8 Variation of output power with load impedance

Output Powerl[pul
pf=1 pf=0.8
Z[pul C, = 125[pF] & C, = 125[uF] &
Co = 1BET T osonr | @ T B s

04 - 1.8692 - 1.8923
05 0.3275 1.6486 — 1.949
0.625 0.8668 1.3338 . 1.8087
0.8 0.9046 1.1744 . 1.4664

1 0.8571 0.9697 - 1.0362
1.25 0.7700 0.8095 0.2869 0.7589

2 0.5548 0.6370 0.3114 0.4724
2.5 0.4493 0.4437 0.2816 0.3852

5 0.2395 0.2301 0.1747 0.2035

10 0.1160 0.1125 0.0950 0.1006
12.5 0.0920 = 0.0773 0.0836

20 0.0561 = 0.0472 0.0469

25 0.0442 0.0434 0.0415 0.0414

AT RCP & Cs) ™ RiCp)
—
1a %

e p

2 &

Ll S

S o, |[uSE =

0'20 — e s s s = =8 S S—
a 5 10 15 20 25

Load impedance[pul

Fig. 6 Variation of output power with load impedance

(power factor=1, b=1, ¢,=120uF, C,=250uF)
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A RILOCp & Cs) "R (Cp)

Y

MR DD

0.6
0.4 -
0.z =SS —

Output power [pu)

Load impedancelpul

Fig. 7 Variation of output power with load impedance
(power factor=0.8 lag, b=1, ¢,=120uF, C,=120uF)

Table 93 Fig. 83 9& Table 6% 73 2& o= A3 of Tdrje 3

e wola gtk aHA & F YRl FEA

o
i

=]
9
Mzgd AL pe BEelA o F B @ F 9 ¢ & ok

o

Table 9 Variation of efficiency with load impedance

Efficiencylpul
el bf=0.8
Z,[pul C, = 125[uF] & C, = 125[1F] &
G = 1B ogoru | G TIBHE L onn
0.4 - 0.4695 - 0.4286
05 0.5095 0.4254 — 0.4739
0.625 0.4303 0.3602 - 0.4781
0.8 0.3467 0.3126 - 0.4244
1 0.2852 0.2606 . 0.3537
125 0.2331 02153 0.1714 0.2766
2 0.1493 0.1405 0.1141 0.1591
25 0.1188 0.1149 0.0925 0.1217
5 0.0602 0.0586 0.0476 0.0552
10 0.0292 0.0283 0.0244 0.0258
125 0.0231 - 0.0197 0.0213
20 0.0140 - 0.0119 0.0118
% 0.0110 0.0108 0.0104 0.0104
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5 b
]
L)
= o0z
o | T
TE—
a : B o e — — - B
i} 5 10 15 20 25

Load impedancelpul

Fig. 8 Variation of efficiency with load impedance

(power factor=1, b=1, ¢,=120uF, C,=250uF)
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Load impedance[pul

Fig. 9 Variation of efficiency with load impedance

(power factor=0.8 lag, b=1, ¢,=120uF, C,=120uF)
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