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Summary

This paper presents an analysis of steady state characteristics of
induction generator that has no neutral connection, under unbalanced
nonsinusiodal grid line voltage condition. For this analysis, we propose
determining method of T-type equivalent circuit parameters. By the
conventional determining method of Sen and Sarma, parameters are
determined from open secondary circuit at no-load test and parallel
circuit of exciting reactance and secondary impedance at blocked-rotor
test. In the proposed method, parameters can be determined by four
simultaneous  equations obtained from T-type equivalent circuit
conditions by using the results of no-load and blocked-rotor tests. Initial
values for solving these equations are evaluated from simplified
equivalent circuit and parameters are determined using iterative
computation. The performance characteristics are computed by not only
parameters of the test and the design data of a manufacturer but also
proposed parameters. Symmetrical component and double revolving field
theory are applied for unbalanced voltage analysis, and harmonic
analysis is used for nonsinusoidal analysis. The analysis is restricted

under unbalance grid voltage condition, but it is considered that this



analysis can be applied under unbalanced nonsinusoidal grid voltage
condition, because results computed by proposed parameters are good
agreement with measured results. Therefore, we will be able to expect
good results in steady state analysis of induction generators by using

proposed method of analysis and determining method of parameters.
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TEEATIS SA4HE At APl AHERE 717]19) AA%L Table 13}
rig=y
Table 1 Specifications of Prime mover and Generator
Pole |Power(kW)| Voltage(V)| Amper(A) | Frequency(Hz) | RPM
Prime mover| 4P 15 220 6.0 60 1720
;’;i‘;i;‘&r; | 075 220 35 60 1710

1. 3259 47

FTESA7 R AFEFA, FrRAE a8z FEAYY dy

(]

Table 29 A2 st

Table 2 Test results

a) Measured DC voltage and current in stator winding

Vip(V) Vi (V) Va(V) I,(A) I,(A) I(A)

116 116 11.8 2.36 2.34 2.3

b) Measured values in case of no-load test applying rated voltage

VeV) | V(W) | V(W) | LA | L) | LA P, N

219.7 2206 2174 2.27 2.43 2.32 138 1798




c) Measured values in case of blocked-rotor test applying rated current

VW) | VaV) | Vo) | LA | L) | LA P(W)
50.2 49.95 49.58 3.43 3.49 3.33 157
Table 29

Agy dF7 BEgddolmg o5 34 HEXE ALY
Sen¥ Sarma®] W AAd Wo) oo AND HZAHFY g

Table 3o 2.t}

Table 3 Calculated circuit parameters

Parameter

(Q) R, X, R, X R, Xom

Methods

Sen's & Sarma’s
method

750147 | 1065261 | 6.82475 | 10.65261 | 17.70125 |149.65324

Proposed method | 7.50147 | 11.18111 | 6.77866 | 10.65261 | 14.07944 {149.91131

Table 39 32AHFE ol &3t AMste M9} wwste] Table 49|
Bolx 3.

Table 4 Compared results between Sen’s & Sarma’s and Proposed method

Computed values
ethods Measured
Sen’s & Sarma’s Proposed values
method error(p.u) method error(p.u)

Vo(V) 218.76483 0.00214 | 219.23333 0 219.2
Py(W) 52.49787 0.14125 | 45.99999 0 46
V(V) 48.85388 0.01702 49.70001 0 49.7
P.(W) 52.53956 0.00394 52.33335 0 52.3

_26_
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44 0gAHE ATAGel WY v AARd AAAF AAL
Aee FERAsle SYRNe B3PS 430 stel At o

of A =A<, Azs|Ate] A28 E o] &std ALE 3
2l

Table 5 Parameters

Parameters
(2) R R2 X Xo Rm Xm
Methods

Proposed method | 750147 | 6.77866 | 11.18111 | 10.65261 | 14.07944 [149.91131

Manufacturer’s
data (125C) 6.87 8.78223 1-8.14073 |-8.01891 | 18.26186 {136.40514

Manufacturer's | g gnaa6 | 680418 | 828325 | 802510 | 16.08444 | 136.3301
data (757C)

Design $at8 | 797850 | 751903 | 823572 | 802350 | 16:89975 |136.34949
Dej;gsﬂc‘;ata 9702 | 7701 | 9986 | 998 |17.50143 |137.57566

21 EFPALS A7 AE o

ol NEAHFE olgstd AN ATV A WSt e 34 Y
Y 2HY 293 FadY a2n AHFY g A5F A} wudEs)
7] #1858t} Table 6-103% Fig. 13-17¢] 2%t}

A7l He] A BEF AFAYel F@velmz BHYAAY A
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o] A7tH = A¥-=2 AU

o9 Table?} Fig.o| Z+zte] gr5& vt 2o

Computed Value 1

Computed Value 2 :

Computed Value 3 :

Computed Value 4

Computed Value 5 :

. by proposed parameters

by manufacturer’s parameters ( at 12.57)

by manufacturer’s parameters ( at 75C)

. by design data (at 20C)

by design data (at 757C)
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Table 6 Output power

Output
Voltage(V) power
(W) Measured | Computed | Computed | Computed | Computed | Computed
Value Value 1 Value 2 | Value 3 Value 4 | Value 5
Vab | Vhc | Vca |[Speed
(rpm)
218 | 215 | 217 1804.7 459 68.73 127.92 114.68 120.27 129.376
219 | 214 | 219 1812.4 34.8 7.37 68.55 37.89 50.85 63.82
220 | 216 | 218 1833.4 264 220.41 99.76 179.44 145.71 122.73
219 | 216 | 219 1852.0 479 409.49 250.12 374.19 321.62 289.63
220 | 216 | 219 1869.2 599 585.24 390.81 526.96 486.56 44571
220 | 216 | 219 1888.7 775 780.90 550.11 763.64 673.00 621.60
Output Power
800 .........
700 §asencesorsrecstirscrrcstesserecsrrsrarsnnence
600 +
= 500
E 400 +
3
n‘ 300 foseocone
200 devrarersecarvosesaronie
100 [ PP Gdan,. T TTILTITIIIITONN ,
0 - . 5
1804.7 1812.4 1833.4 1852.0 | 1869.2 | 1888.7 !
Speed(rpm)

=+ Measured

- Computed Value 1

-~ Computed Value 2

-~ Computed Value 3

Fig. 13 Output Power
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Table 7 Reactive power

Reactive
Voltage(V) ower
Var) Measured | Computed | Computed | Computed | Computed | Computed
ar Value Value 1 Value 2 | Value 3 | Value 4 Value 5
Vab | Vbe | Vca [Speed
(rpm)
218 | 215 | 217 1804.7 280.00 863.22 949.15 951.81 950.68 928.16
219 | 214 | 219 18124 870.00 877.79 961.77 968.48 965.60 943.85
220 | 216 | 218 1833.4 941.00 916.92 988.07 1009.91 1000.42 982.60
219 | 216 | 219 1852.0 1030.00 | 961.29 1010.00 | 1053.13 | 103553 | 1022.61
220 | 216 | 219 1869.2 1080.00 | 1017.80 | 1050.00 | 1110.00 | 107953 | 1072.26
220 | 216 | 219 1888.7 1270.00 | 10925 1084.38 | 117573 | 1135.10 | 1135.74
Reactive Power
1300
1200
__ 1100
g 1000
& 900
2 800
o
o 700
2
§ 600
o 500
~
400 4ecesvcaccccsscinfranans
300
200

1804.7

1812.4

-+ Measured
-~ Computed Value l
-~ Computed Value 2

Fig. 14 Reactive Power
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Speed(rpm)
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Table 8 Line current I

. B Current
Voltage(V)
(A) |Measured | Computed | Computed | Computed | Computed | Computed
Spee Value Value 1 Value 2 | Value 3 | Value 4 Value 5
Vab | Vbc | Vca
(rpm)
218 | 215 | 217 | 1804.7 2.38 2.41 2.66 2.66 2.66 2.59
219 | 214 | 219 | 18124 2.43 255 2.82 2.82 2.82 2.73
220 | 216 | 218 | 18334 2.67 2.56 271 277 274 2.68
219 | 216 | 219 | 1852.0 3.03 2.86 2.89 3.06 298 291
220 | 216 | 219 | 1869.2 3.34 3.17 3.03 3.33 3.20 3.13
220 | 216 | 219 | 18887 3.74 3.60 3.28 3.74 353 3.47
Current I1
4 T S ‘ _
| ‘
3.5 -

Current(A)
w

2.5 + ‘
‘ |
1804.7 1812.4 1833.4 1852.0 1869.2  1888.7
Speed(rpm)
-+~ Measured - Computed Value2 -= Computed Value 4

-~ Computed Valuel - Computed Value3 - Computed Value S

Fig. 15 Line current [;
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Table 9 Line current I»

B Current
Voltage(V)
(A) |Measured | Computed | Computed | Computed | Computed | Computed
Spee Value Value 1 | Value 2 | Value 3 | Value 4 | Value 5
Vab | Vbc | Vca
(rpm)
218 | 215 | 217 | 1804.7 2.17 2.33 2.60 261 2.60 253
219 | 214 | 219 | 18124 2.20 2.33 2.58 261 2.60 2.52
220 | 216 | 218 | 1833.4 2.48 261 277 2.87 2.82 2.74
219 | 216 | 219 | 18520 2.89 2.82 2.82 3.04 294 2.87
220 | 216 | 219 | 1869.2 3.15 3.22 3.09 3.43 3.28 3.19
220 | 216 | 219 | 1888.7 3.60 3.68 3.37 3.88 3.66 3.55
Current I2
4 - -
35
g |
Fe ]
[
=
O
2.5 -
|
2 | + ; .

1804.7 1812.4 T 1833.4

-+ Measured

- Computed Value 1l
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1852.0
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- Computed Value 2

-~ Computed Value 3

1869.2
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- Computed Value 4
-~ Computed Value 5

Fig. 16 Line current I»
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Table 10 Line current Iz

Current
Voltage(V) (A) ||Measured | Computed | Computed | Computed | Computed | Computed
Spee Value Value 1 Value 2 | Value 3 | Value 4 | Value 5
Vab | Vbc | Veca (rpm)
218 | 215 | 217 | 1804.7 2.30 2.18 2.40 2.40 2.40 237
219 | 214 | 219 | 18124 2.34 2.13 2.30 2.31 2.31 2.30
220 | 216 | 218 18334 2.62 2.33 2.42 252 248 2.45
219 | 216 | 219 1852.0 3.05 2.62 2.59 2.78 2.69 267
220 | 216 | 219 1869.2 3.34 293 2.73 3.07 292 290
220 | 216 | 219 | 18887 3.78 3.38 3.00 3.51 3.29 3.25
Current I3
4 - e -
i
!
3.5 :
=
2 ‘
2
=
(3}
2.5 -

1804.7 = 18124

-+ Measured

1833.4

Speed(rpm)

-+ Computed Value 2

=~ Computed Valuel -= Computed Value 3

Fig 17 Line current I3

_34_

' 1852.0

1869.2

1888.7

-= Computed Value 4

- Computed Value S




Table 63 Fig. 13914 HXo] Zgo] vtu 3d47t =

oL
d
2
X
rlr

>

=29} A Alole] 247F A3 FEo] 1 AT wWE H oA
¥ 27} Zt} Table 7% Fig. 1404 Fadge & AHgS nolx 9l
Aut AAAFRG AAE o7 AT Uk B¥HE HAAF I, L, L

T Table 8-103 Fig. 15-1761A 2= ups} o] A=x7 s)A Anpet 2

QAT YL ¢ & Utk 2R ALY AZAFE AR AR 2

22 949 A%

G e] Aol dAR #AE A FJ2AFA st AR EH

il

Table 113 Fig. 18] E %t}

Table 11 Line current I

Current

Voltage (A) [Measured| Computed | Computed | Computed | Computed | Computed

(V) Speed Value | Value 1 | Value 2 | Value 3 | Value 4 | Value 5
(rpm)

220 1804.4 345 357 4.01 4.01 4.01 3.85
218 1812.1 352 3.57 399 4.00 4.00 3.83
218 18345 3.99 3.87 413 4.28 4,22 4.04
217 1858.5 471 4.44 4.44 4.85 467 447
218 1870.1 5.24 4.83 4.69 5.24 5.00 478
218 1889.3 6.08 550 513 5.94 5.58 5.34
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