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A Study on the Transient Torsional Vibrations of Four Stroke
Marine Diesel Engines
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ABSTRACT

Theoretical analysis on the transient torsional vibration was started from early 1960°’s for high power
synchronous motor application. As for marine engineering, simulation and measuring techniques of transient torsional
vibration have heen steadily studied by manufacturer of flexible coupling and designer of four stroke marine diesel
engine. In this paper, the simulation method of transient torsional vibration for four stroke marine diesel engine
application using Newmark method is introduced.
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Table 1 Specification of 9L.27/28 generalor engine
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= e :eldlel Alzrddelols 2t dzicivlg o; e Power at MCR (3535 bhpx 720 mpm
Hg59- H‘A?] Za3A4 o;})«) r7) 3sle] & 7k Pmi at full load |24.8 bar
Eafigel & A4 vl¥ 4 gAY, ¥l Shon Recipro. mass | 122.2 ka/eyl
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gger el ARE dejedM WAy ividelal Dia. of crank shaft | 250 mm
‘Short circuit’ B4 e 1S 4*,-‘-3}93.‘—} 4 Conn. rvatio{r/l) |0.226
& FoAME oHg Aol T s glow, T MOJen. total) | 7546 kg - '’ (63.4 %)
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Table 2 Natural frequencies and major node
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Ist 1674.47 Cylinder No. 2 g °‘I‘f \; | \i{ | \ Vot \, l \f
Znd 307457 Cam_drive %'m' f l‘; ‘\ 1 NIy
3rd 433053 Cylinder No. 5 £.m0- ’ \] J \ I \/
4th 6712.35 Cylinder No. 7 -
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Fig. 1 Engine speed variation during starting of
91.27/38 engine
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Fig. 5 Cyl. No.1 exciting torques of 9127/38 engine
5 at 720 rpm and full load condition
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2 Simulated vibratory torques of crank shaft
during starting of 91.27/38 engine
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Fig. 6 Exciting torques of generalor rotor during
short circuit with full load
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Fig. 3 Simulated vibratory torques of generator shaft

during starting of 91.27/38 engine
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Fig. 7 Simulated vibratory torques of crank shaft
during short cirouit with full load
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8 Simulated vibratory torgues of gen. shaft

during short circuit with full load
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. 9 Simulated engine speed variation during
short circuit with full load
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Table 3 Specification of 16PA6V280 propuision engine

Tvpe 16PAGVR)
Cyvlborexstroke 2800 x 290 mm
Power at MCR 6.400 bhpx 1000 rmpm
Pmi at MCR 23.6 bar
Recipro. mass 73.1 ka/evi
Engine Firing order 1"15’" 7-3-8-4-2-6
- (A, 3 bank) with bank. angle 60°
Conn. ratio(r/1) 0.254
MOlen, total) | 4269 kg - m" (562 %)
Min. speed 30 rom
Nominal torque 1436 kN-m
Weight 410 ton
- Maker Hanjung
Reduction 1y uction ratio_| 50301000 - 190 rom)
gear Perm. torgue 25 % of Nominal torgue
Gen. maker Hyundai
PTO Powerx_speed 1500 kW x 1200 rpm
Flex. coupling RATO 2321
M.OJEquivalent) | 209 kg - 0r(275 %)
Maker Geislinger BC63/125
Flexible | Nominal torque |45 kKN-m
coupling | Permissible V.T. |11.2 kN-m
Weight 300 ke
Dia. 6,000 mm
Dia of shaft 200/126 mm
MOlGn water) | 81249 kg -
Propeller | OxEquivaleny) | 1237 kg - mP163 %)
No. of blades 4 ea
Weight 25 ton

Table 4 Natural frequencies for 16PAGV280 propulsion engine

Node ‘Natural frequency E\?am}'al frequency ‘

{PTO engaged * epm) | (PTO disengaged © cpm)
1st 214.76 231714
Zndd 274.33 104153
3rd 103477 1590.64
4th 159833 2261.68
3th 2260.15 3MB.27
6th 31501 3667.28
Tth 3666,89 6522.02
8th 35781 1356

20029 E DIN2E &S HBAEXY (B=A8X53EE

48

a) Generator engaged
Gengrotor RATO 2321
flexible Step-vp gear

- - wZ
© ® Q..
- [ "
: £ s
£ w3

- - —Q
g 2 2
”

€ € Be
3 a @y

Propeller

b) Generotor disengoged

X voriable
Step-up geor

Throw No.8
Throw No.1
Fiex.coupiing

BC83/12.5/5%

. Damper inner

. Dompar outer

Bl

Engine speed(rpm) during engine starting
L

1]

12 Engine speed variation of 16PA6V280

propulsion engine

Fig.



AN & HE Y 20028 S JIHBE &80 ASAMIZXY (B2ASXUSES3E #)
g e
s 4 -
3 24k } H
el (Tree— 5
s Juf 5
L oo §if 2
2 4 l s "1
] F1
5 2] g 204
£ 3 g
z 43 s
E 5 s
g i
g j- v -30 T T T T T T
£ 6 vz 3 4 5 & 7 8 5 0 5 10 & » % » »
Time{sec) X axis title
Fig. 13 Simulated vibratory torques of BATO 2321 Fig. 16 Simulated vibratory torques of propeller shaft

Vibratory torque(kN-m) of crank shaft(throw 4)

Fig.

Vibratory torgy

Fig.

coupling with PTO engaged

14 Simulated vibralory torques of crank shaft
with PTO engaged

15 Simulated vibratory torques of Geislinger
coupling with PTO engaged
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with PTO engaged

Vibratory torque(kN-m) of RATO 2321 rubber flexible coupling
o
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17 Simulated vibratory lorques of RATO 2321
coupling with PTO disengaged

-
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Vibratory torque(kN-m) of crankshaft(throw 4)

Fig. 18 Simulated vibratory torques of crank shaft
with PTO disengaged
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Fig. 20 Simulated vibratory torques of propeller shaft
with PTO engaged
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