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A Study on the Calculation of Forced Torsional Vipbration with Damping
for the Marine Diesel Engine Shafting by the Mechanical
Impedance Method

J.Y. Kim, H.J. Jeon

Abstract

Nowadays, the natural freguencies and their relative amplitudes of torsional vibration for
the marine diesel engine shafting are usually calculated by the Holzer method and also its
resonant amplitudes are estimated by the energy method, that is, by equating the exciting
energy to the damping one.

Therefore, the forced vibration amplitudes out of the resonant points can not be calculated
by the above-mentioned method. And so, the reasonable barred-ranges of torsional vibra-
tion can not be set and also the flank of resonant point which locates near the calculation
limit can not be estimated.

For such problems, the equation of forced vibration with damping must be solved directly
and these results can be utilized to derive the synthesized torsional vibration of the marine
diesel engine propulsion shafting.

In this study, the equation of forced vibration with damping for the marine diesel engine
propulsion shafting is derived and its steady-state vibration is calculated by the mechanical
impedance method. For numerical caculation of the actual propulsion shafting a computer
program is developed. In order to prove the reliability of this program, an actual ship’s
propulsion shafting whose torsional vibration was measured is analyzed and the caculated
results are compared with the measured ones. And also, they are compared with the calc-
ulated results which were obtained by the modal analysis.
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f: Excitation torque
0: Angular displacement
M:Moment of inertia
k:Spring constant
Cv.Viscous damping
CwHysteresis damping

Fig. 1, The modeling of the forced torsional vibration with damping
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() NATURAL FREGUENCY

NODE OMEGAw#2 OMEGA RAD/SEC

1 0.3113578E 04 55,80
2 0.4961105E 05 222.74
3 0.1648135E 06 405,97
4 0.3105806E 06  557.30
5 0.4947090E 06  703.36
6 0.6936776E 06 832,87
7 0.8454188E 06  919.47

(2) VIBRATION MODE

1 NODE VIBRATION MODE
0.1000000E 01 0.9857394E 00
0.8630083E 00 0.,7973329E 09

2 NODE VIBRATION MODE
0.1000000E 01 0,7727795E 00
-0,5612976E 00 =~0.8947152E 00

3 NODE VIBRATION MODE
0,1000000E 01 0,2451471E 00
-0.7315962€ 00 0.1909793E 00

4 NODE VIBRATION MODE
0.1000000E 01 -0,4224679E 00
0.1036560E 01 0.1008973E 01

5 NODE VIBRAT]ON MODE
0.1000000E 01 =-0.1265783E 01
0.4800146E 00 =0.1505440E 01

6 NODE VIBRATION MODE
0.1000000E 01 =-0,2177063E 01
=0.2130010E 01 0.1563144E 01

7 NODE VIBRATION MODE
0.,1000000E 01 =0,2872072E 01
0.32722308 01 =-0.1554621E 01

(2) RAlfE=t

@ EARBE} HiRE

VIB,PER SEC V

0.9578657E 00
0.6708179E 00

0.3755165E 00
-0.1108418E 01

-0.6885087F 00
0.1469239E 01

~0.1262986E 01
-0.,1392878E 01

~0.7542270F 0O
0.8348716F 00

0.1343922€ 01
-0.5265131E 00

0.4025192F 01
0.4029818E 00
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IB.PER MIN
532,85
2126.97
3876475
5321.80
6716.55
7953.36

8780.27

0.9167669E 00
0.7976352E 00

-0,1043733¢ 00
0.3911944E-01

-0,1119382F 01
~0.1523282E-01

~0.3637300E 00
0.7626247E=-02

0.1412234F 01
=0.2863923E-02

0.7301235F 00
0.1286811E-02

-0.4170727F 01
~0.8077614E-03

FHERERIES Bk



wgey dolelzikel % M S B HEERRY RHRE ¢ EYEPY HHE 2 HE 313

@ BEIRERE RIE, W 2L HINRED

HAMEE #ishy] da3 o Sk A
Bedd F—8Ms FAEsI e iy K
o] Hlv Hllfiv HREER T RIEE
+ 6% kel o8 AL et A2 A
o]l o] el iRiFe] A ZA VYEbdE 14
6K EfElrEge #ERE BB HEHMSR
£ Fig.2, Fig.3, Fig.4¢] ®qlt}. Fig.2& BB
HERES BiE 2 HEEE 2452 glod
B delgl ks o=@k o BR
T2 o WRERMEIT ABE AR AR LT 3t
Ak ZRE deld on  weld bR Fke
A% #HRE Bes —HITT & 5

BAMBE 4xxd RPIRE-S 87TRPMd A
1.05°, 9ORPMdA] 0.62° 2] 87414 90 RPM

Aolo] ffEEel 998 & 4 g3 AMHE
o8] K# 88RPMEE = #iwzth. =¥ iR

WIE-S 1°p9% 2 ¥qleh. & HEARREES 4
3= 87RPMel 4] 0.99°, 90RPMeil A 1.095° ¢4
oh ol AR dF  IREMMRE #Estd B4 gk
B2 89RPM Mol FAIRIRME-S 1. 1°P35bst
2 Zics #edet. M, FHAEME BHAES

SLIEMEE 1 1 RPM, I8 0.1°
Aoz nel A EfET A

ERE
o] ERE Hol
L2 Ag7by v

Fig. 3 1ffi 6%k JhiRE: 3291 90RPMei A
o] RS WIE Y AMHE R Fn glon
BRESS #HEe FAfgsial mEERY
180° RiEZS} A e e HAF AL
2 3ol & ¥yt g& Ao AgzEh

Fig. 4= =% afh, ik, =<0 A
T BERZRZ L EHR 1 AHAE R
HHRE S, 28] diaAe 29 ZHELE B
Fa glom JLiRER| A S StEgRkst
FoRE sk MEs T —BE 2453 9l
T},

6. Hmay LoBAZI RS
fEA RS He#

B QslH ks 2o @R 9% &
BT h#shy] s 2L BES Br @ =
2ode] % FUMARE WED HKE A 2
o] VEbtem o JAS bl 2ok

15
----- :Calculated value (Tnode Gorder)
——:Measured value( Inode Gorder)
QO
TS 10
£
g
T
IS
B
Q 051
0

80 100 o 120 130 140
Engine RPM

Fig. 2. Amplitude of torsional vibration at crankshaft fore-end(6RND58)

(55)



314 HEMTHEEEE Fo% F48k 1985

15 15
=10 -
§’ —— 10
> 051 L 05
3
30 0
3-0.5 E 05
<101 L-10
15 | L15
NOTCYL. NQ2NO3NOG NO5 NOB— Flywhee!, Propeller
180 180
S 120 120
&
@ 597 - 60
g o 0
z%—60- r-60
~1201 - 1220
-180- ~-180

Fig. 2. Calculated values of amplitude and phase angle(6RND68, 1 node 6 order. 90 rpm>

kg/(;rr',2

8

1200

1000

g

6001

Additional stress(I-node Inter. shaft,II node Crank shaft)
&
S

S
S

N

1/ I/15

0 PN R -+ v :
30 40 50 60 70 80 90 100 110 120

) X ) i ) 130 ) M‘OEng/’ne RPM
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 (%)

Fig. 4. Calculated values of additional stress due to torsional vibration(6RND68}

(565



B o slel & kel
M E®E

WFE #E AEE A=zl LT e
Ak MG Jebbem FobA HEke T e
FERE T T

o3t #iAl

(2 AHEE #HE

TR Ak BT 2R BRE ANk 2
FERE JebiEE BERMY #HEs F-—
=

L.
[N

OELY

FACOM U-300¢] ©1& 8 33 o #REY
EVRlol B =fifikel A e # 13540 FiEs g
om Qe 2%k # 1650 FrEs gl 23
Vool A WAz EW ] SE o) ol 'l &k

AR EHEMS BEAEYE JRE fHHEsges
2 o] © vkol FESglel. weli] EWHR

BubE T STl gleiA ] EHARME o
s|rl&ke] BT HifE Zog AAdrh

@) HEREE

STERRTY Sl vhAIR 2 wE REA
FEARBE} LRES T3l BE dads
o R IDE T oT@EFEg w8 2% &

Aol Bk Sl RRED 3 RNEH
B HESE HElE o T ve
wite] 21 E Aoz A

(O - i
B T BB MRS B BYE
BHERS MR Q5 Rk s BBE
w9 ERENS HEss BEE=aaS B

gela MY RODETIEY o9 #iRe W
Efgadess o] fms durh

(D BFEY Rom@iikd vl BHEREER
M 5 HnEee fJrﬁ“ii t%i‘%o% 1= R
RN A Bl EFISHA E 2 oleh,

(2) & wrgzel A BREESE %ﬁ‘iz W 217
7] OMAEC R BEERd RS mu

ol A HEREERY] RHIRE
Holzer Tablefke] »dte w EHRBMEE T
o=

=1

3 aERel
FLIRES DAt
Lrme HgRAM EER S

EYRES HE iy gz 315

ol we Ego] @ Aoz s g
HMBIERRS Besizo]

MR E R BES

A gEsa
T F 3
vYehd =

FERIEE  RIHEMAA #ET 4 2A 2
i o
99 FREA K PR HIBG EHss

e
=l
==

(57)

2 MaEErel =gl & A

o volzt ARRERIE S

. Schuster S.,

. Geiger J.,

L2 EkE
Kbzl e EWIRE
Y S BETHARBAR 4=
Hrel BSsA SRR el WTREY A
FERERRo

Z X R

W

Uber den Einfluss des Propellers

und die Léngs - und Drehschwingungen in der

Wellenleitung, Schiff und Hafen, Jahrgang
13,H.6, S.488,1961.
. Schwanecke H., Gedanken zur Frage der

Schwingungen des
Propellers und Wellenleitung, STG Jahrbuch,
B.57, S.252, 1963.

hydrodynamischerregten

. Spaetgens, T.W., Holzer method for forced-

damped torsional vibrations, J. Applied Me-
chanics, pp. 59, 1950/3.
Mechanical vibrations and their

measurement, Springer-Verlag, Berlin, 1927,

. Carter B.C., An empirical formula for cra-

nkshaft stiffness in torsion,
pp. 36.1928/7.
Ker Wilson W.,
onal vibration problems, Vol.
Hall, London, 1942.
Timoshenko S.,

Engineering,

Practical solution of torsi-

I, Chapman

Vibration problems in eng-
ineering, D. Van Nostrand Co., 1954.

Francis S. Tse, Mechanical Vibrations, The-
ory and Applications, 2nd Ed., Allyn and

Bacon, Inc., 1978.

Thomson W.T., Theory of Vibration with
Application, 2nd Ed., Prentice-Hall, Inc.,
1981.



316

10.

11.

12.
13.

14.

15.

Hatter D.]J., Matrix Computer Methods of
Vibration Analysis 1st Ed., London Butter-
worths, 1978.

Lazan B.J., Damping of materials and me-
mbers in structural mechanics, Pergamon
Press, 1968.

2FH, BRI, 1L, AWM, 1982.
£FEH, FADARRERY BERy 9=
dRBENY 2% PR, SENARNEs
8, 4% 288, pp.4, 1980

FEA. RAXBWO LU oED w3,
1966.

AWE—, F 1 —EAEBORE DR,
HA, g, 1961

HE

REAARMESE, Fo% F48, 1085

(58)

17.

18.

19.

20.

. EFHE,

EHEA— MATERAREHSRN
Uy E hiRE > BERavEN,. 04AHH8
RREEEE, 4143% TH, pp. 401, 1969/9
SFE, MATEREE Rar v BEH
HEROBROMET, BX SMARMS9%,
$55%:3%%, pp. 217, 1970/3.
HAMABRESMANEZAY, 7o 7 H
L F 7 DENBRRL VRBC B &g
TESE, MEST MRZREHE, No.es,
1976/10.

Hilfs, HBRERO QU YVERLEARS,
AARRE, = w4, 1965

FIEA, BEREREKC L 5IEEEF,
x Ak, BAREIE. 1975.

+ 1



