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Damping characteristics of high efficiency direct-coupled propeller with 10MW class
Yang-Gon Kim' - Sang-Jae Hwang® - Ue-Kan Kim'
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Abstract: Recently constructed ships are equipped with high efficiency propeller for low fuel consumption and comfort-
able operation. Based on the torsional vibration analysis of the shaft system of the high efficiency propeller, using the
propeller damping method considering the characteristics of previous propeller designs, a considerable amount of analysis
errors are found to be generated. These errors are expected to increase as the development of high efficiency vibration
propellers continues.

In this paper, errors in torsional vibration analysis, in accordance with various propeller damping methods, are reviewed. In
addition, a propeller damping method suitable for use at present is suggested by reviewing the comparison results of analysis
and measurement values according to the propeller damping methods for vessels adopting the high efficiency direct-coupled
propeller with 10MW class.
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Table 1: Comparison of propeller damping methods
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Figure 1: Propeller damping coefficient in accordance with
each propeller damping method
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Figure 2: Propeller damping ratio (MDT Old vs. New)
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Table 2: Specifications of shafting system for each case

Classification Case 1 Case II Case III Case IV Case V Case VI Case VII
Kind of vessel 60K PT 74K PCT 74K COT 81K BC 57K BC 57.7K BC 57.7K BC
Type 7S50MC 7S50MC 6S60MC 7S50MC 6S50MC 6S50MC 6S50MC
kW 11,400 11,060 13,560 11,060 9,480 9,480 9,480
MCR
rpm 127 127 105 127 127 127 127
Cylinder bore (mm) 500 500 600 500 500 500 500
Stroke (mm) 2,000 2,000 2,400 2,000 2,000 2,000 2,000
con. rod length(mm) 2,050 2,050 2,460 2,050 2,050 2,050 2,050
Rec. mass (kg/cyl.) 2,721 2,721 5,003 2,721 2,721 2,721 2,721
Inter. shaft
. 410x9,621 | 410x8,206 | 465x9,311 410x6,253 420x6,006 400x6,151 400x6,151
(dia x length, mm)
Prop. shaft
. 500x7,425 | 494x7,407 | 565x7,600 500x6,680 510x6,505 470x6,165 470x6x165
(dia x length, mm)
Propeller type FPP FPP FPP FPP FPP FPP FPP
No. of blade 4 4 4 4 4 4 4
Propeller diameter (m) 6.3 6.3 7.2 6.15 6.0 6.0 6.3
Pitch (m) 4.10 4.19 5.00 4.13 3.91 3.88 4.09
Mean pitch ratio 0.651 0.670 0.700 0.670 0.650 0.650 0.680
Expanded area ratio 0.484 0.480 0.560 0.480 0.550 0.480 0.480
Pitch x area ratio 0.315 0.322 0.386 0.323 0.360 0.30 0.325091
Mean pitch ratio? 7,306.11 8,829.19 22,235.49 9,139.58 9,754.45 8,407.73 8,668.35
MOI of 11
101 of propeller 34,547 38,587 84,867 34,547 31,420 28,553 29,000
in water (kgm®)
Weight of propeller in | 50150 | 151600 | 277.600 174,500 163,470 148,500 150,700
air (kg)
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w3 A Aggel we mede gAAFE wag gol.
714 Case I 1% FAxA do A &3} |AFE,
gl A BARAG] v e pagel e e
Case I+ AAXAE F¥3 3AFE st ¢ 74
s AEST AT dxEe A3 Az o }
Algrelet. 747l A& fEstel Hi MDT New'd'=
BA0E AZS Y8 BE 30% ~ 40%2] A7 AAxAS _
Alelstare BE WSl AAZA BAglel AT
AL rhslel. <l714E A AAxAe] He Zw o e N
3 , 7t 5d3 AS & 4 9l o] MDT New'H o] Figure 2
A gHAFe TS HES] i AAxAE =9
o 4] moli= Hhsl o] $1g8) A} AH e A5 1}
I 3Ag7E Bl Ay S4Es mEs Aol el v o ] _ s
A AHe Aasen 50% olatql 7ol sl Hl#ste] S7hsks 47l
kel = [S1re] . _ _
B 7 . , THIE 4838131 7] wiZolth AR MDT New'd ™S A9
Figure 87} Figure 9= 717} AAXAH =93 3|d-5 . . .
Fohe HES dx AAzAC uke $d A A
ANz Hapdwel ZEe] A4l vlalste] YERA Zlo] o ° sl
W o] loma ALE A EAI7F fls Aew dddrn

oA AR Yoy ers] A A41@ A43(2017.5)




oy
(3
0,
i

10000

&
S

2
2

Engine power [KW]
g 2
5 5

&
e

4000

%0 05 100 105 110 115 120 125 130
Engine speed [rpm]
Figure 8: Engine load diagram with de-rating point

10000

' I I ' ' '
R O L L L L T T LTI T T TTT TP R TR PP TP P
' ' ' ' h h

! —Power curve ! ! e
8000 TV ® Casel |77 [ .
* Case2 1 1 :

2
2
T

&
2

By LR E T T BT, PR

Engine power [KW)]

2000

0 20 40 60 80 100 120 140
Engine speed [rpm]
Figure 9: Power curve with de-rating point

120

= —
= =
= =1

Damping coefficient [KINms/rad]
g

E 2 8 23 B8

AT A E HA MELAE A e EE 2
F el g2 Aguel me Y AsE v
CEEIELE DR

h RS |
o A% @ AAA AHgY HAT mzde) APy e

Fanld A Ao}y ea A A418 A43(2017.5)

Aol A g Bar

(1]

(2]

(3]

(4]

(3]

(6]

(7]

A3k

Ay ZAHWHES v HES A3, 1588 Fd2 =
2AHE FAse 4 A dib] SHR7F 30% ©]
Ao A0 = A0S 4 Uk el 188 =
2 Z A2t Muko] 2AS AAstaxt & A9l
+ Z2y RAFE 7S ] 20 ~ 30% WA H8
3l Woto] AHE3)) SR, o] o]#d e E
gAst FXEA o wpek Zpolrt & F Joernw g9l

@ Bast gk

dAxA ARl AT LT AL &
i =

Eob Aol SUYSl 9% WA 4AEA
et AlE 2l A8she=A
S AL g v iy

ZAol whet s FA A
& A s Aow ddE

m1o =
2 R
oo
i)
o

References
BICERA, Handbook of Torsional Vibration, Cambridge
University Press, 1958.
W. K. Wilson, Practical Solution of Torsional
Vibration Problems, vol. 1-5, Chapman & Hall,
London, 1942.
H. J. Jeon and D. C. Lee, Vibration of Propulsion
Shafting, Dasom publisher, 2003 (in Korean).
Wartsila Switzerland Ltd, Propeller damping for tor-
sional vibration calculation (DOC,11129), available at:
http:/www. wartsila.com, Accessed September 29, 2016.
S. Schuster, On the influence of the propeller and the
longitudinal and torsional vibrations in the waveguide,
ship and port, vol. 13, H. 6, p. 498, 1961 (in
German).
H. Schwankecke, Reflections on the hydrodynamic vi-
brations of the propeller and wall line, Yearbook, B.
57, p. 252, 1963 (in German).
Man Diesel & Turbo, Propeller damping for torsional
vibration calculation of MAN B&W 2-stroke engines,

314



DEE AAN 100F TEave) FA5He] B AT

available at: http://marine.man.ecu, Accessed September
21, 2016.

[8] Y. G. Kim, S, J. Hwang, J. S. Sun, S. G. Jung, and
U. K. Kim, “A study on the effect of torsional vi-
bration for propulsion shafting due to the character-
istics of fuel saving marine engine,” Proceedings of
the 39th KOSME Fall Conference, p. 186, 2015 (in
Korean).

[91 Y. G. Kim, S. J. Hwang, Y. H. Kim, S. W. Kim, K.
H. Cho, and U. K. Kim, “Control of torsional vi-
bration for propulsion shafting with delayed engine ac-
celeration by optimum design of a viscous-spring
damper,” Journal of the Korean Society of Marine
Engineering, vol. 40, no. 7, pp. 580-586, 2016 (in

Korean).

oA AR Yoy ers] A A41@ A43(2017.5)



	고효율 직결식 10MW급 프로펠러의 감쇠특성에 관한 연구
	요약
	Abstract 
	1. 서론
	2. 비틀림진동 해석을 위한 프로펠러 감쇠 적용 방법 비교
	3. 고효율 저진동 프로펠러 감쇠 특성 비교
	4. 엔진 정격조정에 따른 프로펠러 감쇠특성 비교
	5. 결론
	References


