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Analysis of Active Power and Reactive Power during Parallel Operation
of Synchronous Generators

Kenichi HATASAKO*

Synopsis: A parallel operation experiment was conducted with two synchronous generators. In
parallel operation, a cross current flows between the two generators due to the phase difference of the
induced electromotive force, and this cross current causes the active power to lag behind the generator
whose phase is advanced. A generator whose phase is delayed reduces active power and advances the
phase. Furthermore, it was found that if the magnitude of the induced electromotive force is different
during parallel operation, a cross current flows between the two generators, and the reactive power is
given from the generator with the large electromotive force to the generator with the small
electromotive force. This reactive current reduces the difference in electromotive force between
generators.

It was confirmed that the exchange of active power and reactive power works to maintain parallel

operation.
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Fig. 1 Power supply network using microgrid system.
(b) Photograph of LCR load equipment.
o, TERLEER Fig. 2 Photograph of the equipment used in the
experiment.
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Fig. 3 Circuit diagram of the equipment used in the
experiment, which is filled in only one phase of the

three-phase wiring.

Table 1 Motor and generator specifications.
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Fig. 4 Relationship between frequency and power
under fixed motor conditions.
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Fig. 5 Changes in power factor (a), frequency (b),
voltage (c), and power (d) when the field current of only

one generator is changed.

1
0.9
0.8
0.7
0.6
0.6
0.4
0.3
0.2
0.1

0

»Q
»Q
»0
>0

L
R AL

o254

1.35 1.4 1.45 1.55

154 REEiE (Al

1.2 1.25 1.3 15

(@ Change in power factor.

e PEEPANEHIR 236
202
200 @ |
198 @
196
< 194 @
192
+H =
IlEﬁ 190 @ ALSH
o254
188
@
186
184
@
182
1.2 1.25 13 1.35 14 1.45 1.5 1.55
158 FREER (A
(¢ Change in voltage.
1200
o)
1000 o) Q
o o)
[e]
_ 800
E
600
R N A A A A1
B A 4
400 025 H
200
0
12 125 13 135 14 145 15 155
154 FEE (Al

ALSH
0254

A¥%  [HZ

»

1.25 1.3 1.35 1.4 1.45 1.5 1.55

154 REER (Al

1.2

(b) Change in frequency.

-14 -

(d) Change in power.
Fig. 6 Changes in power factor (a), frequency (b),
voltage (c), and power (d) when the field currents of

both generators are changed.
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Fig. 7 Equivalent circuit of generators and load used

in the experiment.
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Fig. 8 Vector diagram when there is a phase difference
between E;and E,.
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