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Abstract : In this paper, we discuss the optimal operation condition for parallel operating of
marine diesel generators. When multiple diesel generators are synchronized, if the generators are
synchronized while the output frequency and voltage of the generators are greatly different, the
large difference in frequency and voltage can have a serious adverse effect on the electrical
device and power system during this process. Therefore, optimized settings must be properly
performed before the synchronization. However, in the actual field, it is highly dependent on the
operator’s experience and senses. In this paper, for the optimal performance in parallel operating,
we discuss how to set the speed droop and voltage droop of each generator to maximize the
efficiency without adverse effects on the power system based on experimental results through

independent operation in the field.
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Table 1 Experiment environment

Generator Active power Voltage Generator Governor AVR
Generator 1 . .
- Military Diesel L.
. Digital-
A Generator 3 1,650kW 450V Engine ROK Electri Analog
- ectric
Navy 16V4000
Generator 4
Generator 1 Medium Speed o
. Digital- .
B — 330 kW 6,600V Marine AUX Electri Digital
T
Generator 2 7L 32/40 ecte
Generator 1 Medium Speed .
. Mechanical- .
C — 2,495kW 450V Marine AUX Hvdrauli Digital
Generator 3 8L 27/38 ydradie

Table 2 Frequency change in load resistance
LOAD

3,300kW 6,600V

Active power Voltage Frequency
3,301kW 6,069V 60.10Hz
3,301kW 6,569V 60.55Hz

O A% 9E fAA A% $EE H 5ol

45 3% AHAdA F3+E 05[Hzl s
AHeE fEdEe MaeA gt Ag
Table 25 Sl & 4 vt

Table 3 Frequency change in load impedance

1,650kW, 450V

Active power Voltage Frequency
1,650kW 450V 60.00Hz
1,192kW 454V 60.50Hz

734kW 458V 61.00Hz

32 T & =+

5 B4 AF(K,) o1&l AT & vk
=

£ =245 (Droop) 3%, 60[Hz]l, 4=, 1,650
(kW] <1, td 277 d&EA Sl JEHEA=S
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Far7t A7) 605[Hz]= st
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Table 4 Parallel operation test result of 4%
Voltage Droop

Active
450V 2,495kW Voltage Frequency
Loa power
Droop 4% \% Hz
kW
1 Ger! 2,505 4487 59.5
100%%
3 Gen’ 2,489 4479 59.5
1 Gen’ 1,873 449.0 60.0
75%
3 Gen’ 1,868 448.2 60.0
1 Gen’ 1,252 449.2 60.5
50%
3 Gen’ 1,223 4485 60.5

100% LOAD

Droop : 4%

Voltage : 447.9[V]
Frequency : 59.4[Hz]

NO.3 ENGINE

Fig. 1 Parallel operation test re

NO1

100% LOAD

Droop : 4%

Voltage : 448.7[V]
Frequency : 59.4[Hz]

sult of 4%

Voltage Droop

Table 5 Parallel operation test result when

voltage droop is different

Active
450V Voltage Frequency
Load power
2,495kW Hz
1Gen’ 2% d° 2,480 448.8 59.4
100%
3Gen’ 4% 4 2,491 448.0 59.4
1Gen’ 2% d° 1,875 449.2 60.0
75%
3Gen’ 4% d 1,876 448.4 60.0
1Gen’ 2% d° 1.251 449.5 60.5
50%
3Gen’ 4% 4 1,223 448.7 60.5

N =

NO3

100% LOAD

Droop : 4%

Voltage : 448[V]
Frequency : 59.4[Hz]

NO1

100% LOAD

Droop : 2%

Voltage : 448.8[V]
Frequency : 59.4[Hz]

NO.1 ENGINE

Vi

Fig. 2 Parallel operation test result when

voltage droop is different
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Table 6 Result of voltage droop 1.11% difference
Reactive

450V Active Reactive
Load 1,650kW power power
08[P.FI kW kvar

Voltage power load
v difference

kvar %
3 Gen’
Serog g 15T 1285
. (¢}
1000620726 ¢ 450 37 29%
D 1650 1322
3.78% d
S Gen o 1001
5% 267% d ’
076 ¢ 453 8 08%
D 1240 993
3.78% d
3 Gen’
Vg B8 6
509% 2467ng, 456 13 21%
.82 645
3.78% d
£ oAz AsEs waelA an s A
tzAES 378%(17V)E AAs 39 WA
o] ZAES 1.11%(BV) A A3 el
A9& A4 2 Ak FAANE A8
Holx A w F3 HAHLS FHA 08%A ~
A 29% Hol: AL Table 62 Za & 4
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Table 7 Parallel operation test results of 3%
Speed Droop

6600V, Active Active power
Frequency

Load 3,300kW  power - load difference
z
Droop 3% kKW kW %

1 Gen’ 3,334 59.6
100% 34 1%
2 Gen’ 3,300 59.6

1 Gen’ 2,492 60.0 17

75% 41 o
2 Gen’ 2,451 60.0 0

1 Gen’ 1,645 60.6
50% 11 1.4%
2 Gen’ 1,665 60.6

NO2

Droop : 3% nDroop 3%

No / Active power :1,665[kW] | p ctive power :1,645[kW]
|| Frequency : 60.6[Hz]

Frequency 60.6[Hz]

Flg 3 Parallel operatlon test results of 3%
Speed Droop

Table 8 Parallel operation test results in other
cases of Speed Droop

Active Active power
6600V, Frequency .
Load power load difference
3300kW Hz W o
LGen' oo 508
[ ’ :
100% DYZO%’G f,/" 576 21%
Droop 1% 3314 598
LGen' o5 600
[} ’ :
75% Dg"%)e fﬁ 64 27%
Droop 1% 2469 600
LGem o5 604
509 DTZO%’-’G f,% 1284 2465%
521 604
Droop 1%

1
[y
(3)]

1
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NO2
50% LOAD
Droop : 1%

0.} ENGIN

Droop : 3%

"= nctive power : 521[kW] |Active power :1,805[kW]
: requency : 60.4[Hz]

Fig. 4 Parallel operation test results in
other cases of Speed Droop
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Table 9 Result of speed droop 0.17% difference

Active power 1

450V Active

Frequenc p
Load 1,650kW  power d ¥ oad difference
z
0.8 P.F kW kW %
3 Gen’
, 1657
100 2.83% d
- 60.0 7 0.4%
% 4 Gen
, 1,650
3% d
3 Gen’
. 1,250
2.83% d
75% - 60.4 10 0.8%
4 Gen
, 1,240
3% d
3 Gen’
, 843
2.83% d
50% - 60.7 11 1.4%
4 Gen
, 832
3% d
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Table 10 Result of voltage droop 0.22% difference

Active  Reactive

450V Active Reactive
power load power load

Load 1,650kW power power
08 PF kW kvar

difference difference

% kvar %

1 Gen’
. 1,678 1,205
4% d

100% 1 Gon 53 33% 96 8.0%
en
, 1,625 1,301
3.78% d

1 Gen’
5% 4% d 1,282 1,026
47 38% 37 3.8%

1,235 989

1 Gen’
5096 4% 860 644
4 Gen’

. 821 6%
3.78% d

39 48% 8 1.3%
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