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Study on the Improvement of Output Fluctuation from Generator Driven
by Large Size-Low Speed Diesel Engine

Y.J. Kim - H.]. Jeon-D.C. Lee - C.G. Lee

Abstract

Since world-wide oil shock on 1970s, many large size-low speed diesel engines, instead of
steam turbines, are used for the industrial electric power genearating plants due to their
economic advantage of low specific fuel consumption. But it is very important to control their
electric power fluctuaiion problems for the purpose of smooth parallel operation with
existing power plants.

In this paper the fluctuation problem of KEPCO Nam-cheju No. 1 generator driven by
diesel engine (B & W 7K 60MC, 13931BHP x 138.5RPM) s investigated with analysis of
torsional vibration of which 4th harmonic component is related to its power fluctuation.

The problem can be improved by modification of cylinder arrangement and flywheel
position in reverse sequence, equalizing the combustion gas pressure of all cylinder and
installation of torsional vibration damper enlarged 30% (Je="7287 Kg.m2) and high quality
balancing of generator rotor.
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Table 1.1 Speed fluctuation ratio of various

machineries

Kind of machinery Speed ratio(d)
AC generator-Direct coupled 0. 003~0, 005
AC generator-Belt drive 0. 006~0, 008
AC generator-Direct coupled 0,005~0, 010
Machining tool, drives, paper 0. 025~0, 030
maching M,/C
Pumps, Press 0.030~0, 050
Air compressor 0.015~0, 030
Marine main engine 0, 030~0. 065
Automobile engine 0.05~0.10
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Table 1.2 Energy fluctuation ratio of various type of
diesel engine

T ¢ . Energy fluctuation
ype of engine ratio (&)
No. of Cylinder 1 0.1~1,5
1 i 2 0.6~0.8
cyeie 4 0,06~0, 25
6 0.02~0, 05
No. of Cylinder 1 0,94
2 0,20
2
2 cycle 4 0,09
6 0,02
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Fig. 2.1 Dimension of the electric power generating plant (B&W 6K 60MCS engine driven)
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Fig. 2.2 Variance curve of generator output
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Table 3.1 Calculation results of torque harmonic compenents in various operating condition

. - Cyl. Mep Torque, Mn Phase, ¢
Operting condition No. (bar) Order (KN (Deg.)
1 4,17 1 167.72 211.1
- ers 2 13.9 2 158. 60 181.4
1 Gyl . . .
No. 1 Cyl. misfiring 3 13.9 3 114, 68 169, 6
Output : 8340KW ) .
- 4 13.9 4 84.0 161.6
Mo =575, 0KNm ) _ L -
Mep : Balanced B 13.9 B 58,59 147.8
b 6 13.9 6 37.08 138.5
7 13.9 7 286, 88 322.1
1 15,3 1 48,77 21,0
2 5,0 A 9 PIse
Ful loxd : s ; 0 e
QOutput : 10420KW ) o ) e o !
~ 4 15.3 4 8,97 156. 8
Mo =718, 4KNm . - ” =
Men: Unbalanced 5 15.3 5 3.94 323.5
P 6 15.3 6 8.73 313.4
7 15,3 7 324,97 320.3
1 15,3 1 17.41 201, 0
2 14,3 2 50,51 355.0
Full load ' . : t
Output : 10420KW 3 14.3 3 9.00 344, 7
_ 4 15,3 El 6. 20 336.8
Mo =718, 4KNm ; _ _
Mep - Unbalanced 5 15,3 5 15.94 323.5
b 6 14.3 6 3.11 133.4
7 14,3 7 324,97 3203
1 14.8 1 0., 0008 190, 0
s |z | vme |
Output : 10420KW o ) : o
Mo =718, 4KNm 4 14, 8 4 0, 0016 140, 2
Mep - Bz;lanced 5 14.8 5} 0. 0008 103.0
b 6 14. 8 6 0. 0028 339, 7
7 14. 8 7 325, 9944 320, 2
Table 3.2 Calculation results of torque harmonic compenents in actual condition
. .. Cyl. Mep Torque, Mn Phase
Operting condition No. (bar) Order (KN.m) (Deg.)
1 13.95 1 9,62 85,73
2 14.76 2 32,30 182, 32
Output : 10420Kw 3 14,76 3 17.43 147,21
(Full load) 4 14,29 4 12, 06 174.70
Mo =718, 4KNm 5 14. 43 5 10, 25 156. 53
6 14,76 6 1,75 246,73
7 15, 20 7 322.99 320,39
1 7.27 1 7.85 90. 2
2 8.08 2 20,51 134.9
Output : 5210Kw 3 8.08 3 11,84 151.0
(50% load) 4 7.61 4 .70 179.7
Mo =359.2KNm 5 7.75 5 7.56 162.8
6 8.08 6 1. 80 261,8
7 8.52 7 191,17 326.6
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Fig. 3.1 Calculation model of torsional vibration
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Table 3.3 Torque variance of generator shaft due to the modified firing order and the shifted flywheel (100%

load)
{(Unit: KNm)
Harmonic Firing order Firing order firing order Shifted FW
component 1-7-2-5-4-3-6 1-4-7-2-3-5-6 1-4-7-3-2-6-5 at gen. coupling
1 2.5 1.1 1.7 2.3
2 1.8 16.5 17.6 1.6
3 18,6 7.5 2.6 15,7
4 241.9 92,8 30.9 186, 3
5 129, 7 1235, 5 1336. 3 69, 4
6 32.1 14.2 29,0 56.2
7 174, 4 174, 4 174, 4 290, 1
8 3.3 3.9 5.5 6.9
9 2.7 41,9 44,3 3.0
Synthesized torque 500, 8 1473.0 1604, 1 509. 6
Resonance (RPM) 708 708 708 748
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Table 3.4 Calculated torsional amplitude of generator shaft according to various operation condition

(Unit: Deg.)
o t diti Major harmonic amplitude of gen. shaft Resonance
erating condition

P & 4th 5th 7th (RPM)
1. Original 0,017 0, 006 0. 004 708
2. Shifted FW 0,013 0, 003 0, 006 749.5
3. Shifted FW 0,012 0. 003 0. 004 714.9
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Fig. 3.2 Torsional vibration response at generater coupling in normal operation condition
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Load Tarque fluctuation
(N/md ) (KNm)
25%
4.1 244
50% 5.1 304
5% 6.6 393
100% 10.6 632
Fig. 3.3 Torque variance curve of generator shaft in variable load
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Fig. 3.4 Calculation model of axial vibration
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