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A Study on the Calculation of Synthesized Torsional Vibration for
the Marine Diesel Engine Shafting by the Modal Analysis Method

K.B. Lee, H.J. Jeon, C.D. Nam

Abstract

The calculation of torsional vibration for marine diesel engine propulsion shafting is
normally carried out by equalizing exciting energy to damping energy, or using the dyna-
mic magnifier. But, with these methods, the vibration amplitudes are calculated only for
resonance points and vibration amplitudes of other running speeds of engine are determined
by the estimation.

Recently, many enery-saving ships have been built and on these ships, two-stroke, super-
charged, super-long stroke diesel engines which have a small number of cylinders are usu-
ally installed. In these cases, the first order critical-torsional vibrations of these engine
shaftings appear ordinarily near the MCR speed and the stress amplitudes of their vibration
skirts exceed the limit stress defined by the rules of classification society.

To predict the above condition in the design stage, the synthesized vibration amplitudes
of all orders which are summed up according to their phase angles must be calculated from
the drawings of propulsion shaft systems.

In this study, a theoretical method to fulfill the above calculation is derived and a com-
puter program is developed according to the derived method. And a shafting system of
two-stroke, super-long stroke diesel engine which was installed in a bulk carrier is analyzed
with this method. The measured values of this engine shafting are compared with those of
calculated results and they show a fairly good agreement.
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Fig. 1. Forced torsional vibration with damping
of the lumped mass system
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i) Particulars of main engine

Hyundai-Sulzer 4RLA90,
single act-

Engine type
two-stroke,
ing, crosshead, solid in-
jection, direct reversible,
exhaust turbo-charged
type marine diesel eng-
ine.

Number of cylinder 4

i)

iii)

Cylinder bore 900mm
Stroke 1,900mm
Maximum continuous output 13, 600bhp
Maximum continuous

revolution 90rpm
Mean indicated pressure 15.6kg/cm?
Crank journal diameter 790mm
Crank pin diameter 740mm
Flywheel diameter 3,009mm
Flywheel weight(heavy) 8, 150kg
GD? of heavy flywheel 47,000kg. m?
Over counter weight 5, 350kg

GD? of over counter weight
21,970kg. m?®

Firing order(ahead) 1-3-2-4
Particulars of shaft
Intermediate shaft

680mmg <6, 700mmL
Propeller shaft  700mm# X6, 800mmL
Particulars of propeller
Propeller diameter 7,000mm
Number of propeller blades Sea
Material Ni-Al-Br
Weight 23.2 ton

Moment of inertia 634, 250kg. cm. sec?
(including water effect)

Class DnV Ice.Class “C”

@ FHERH

Moment of inertia and stiffness

No.

(66)

© 0 3 D Ul A W b

Moment
of Stiffness

inertia K: X101
Ttem_ It kg.cm.sec?  kg.cm/rad
OCW+4MB 95,531.5 2.3041
Cyl—4 158, 688. 0 1.5673
Cyl—3 158,688.0 1.5673
Cyl—2 158, 688. 0 1. 5673
Cyl—1 177,563.0 1.1628
HFW+MB 215,394.5 0.4842
1S 16,404. 2 0. 2859
PS 13,549. 8 0.4194
Prop 634, 250.0 —
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SYNTHC’]ZED TOR’]ONHL
58 73.15
aVNTHFS]ZED TORSIOHAL
€9 1g5.88 B4.18
SYHTHESIZED TORSIgHﬁL
€0 190.36 9G.42

TDRSTOHﬁ[
117,02

TORSTONAL
146.94

TORS10OMNKL
180.63

dYNTHESIZED
61 205.21

SYNTHES IZED
62" 2280.97

qYNFHESI"ED
63 £44,80

EMTHESTZED
64 251,03 193,42

SVNTHECIZ ED TORSIOMAL
3

247,32 188,56

q*(HTngT 2ED TORGIONAL

qu,m) 67,37

SYNTHEETZED TORSIONAL
G 230.22 132,37

TORSIONAL
111.22

TORSTONAL
9B. 24

ToR3TOMAL

SYNTHESTZED
68 ¢yt,82
SYNTHER 12D
69 B40.97
SYNTHES IZED

243,02

SWHTHE&I&FD
71 260.69

TORSIONAL
26,283
TORSIONAL
Tg.82

SYHTHESIZED TORSTONAL
72 251.19 1187

SYNTHE i 1ZED TORSIOMNAL
RE&,36 69.61

SfHTHF TZED TORSIONAL
265891 $0.57

7‘VNTHE51?FD"WORIIONAL

1 26%.3 54,05

VNTHL“]ZFD
76 200,28

GYNTHES12ED
77 27¢.R3

SYNTHESIZED
78 268,77

TORSIONAL
51.73

TORSTONAL

49.12
TORSIONAL
48.55
SVNTHEQIZFD TORSIONAL
79 BRG.R 18.9
SYNTHESIZED TORSIONAL
80 26,99 49,35
cYNTHESIZED TORSIONAL

233.9 £1.47
SYNTHESIZED TORSIOGHAL
53 o, 74 52,57
SVHTHEEIZED
83 297,56

SYNTHISGIZED
84 307 4z

TORb;ﬂNﬁé

TORSTONAL
57 .50

STRESS(KG/CM2)
€4.47

STRESS(KG/CR2)
72,87 '
STRESS(KG-CM2)
€3.11
STRESS(KG.ACHMR)
94.89
STRESS(KG.GMa)
115.87
STRESS(KGACMR)
145,12
STRESS(XG/CNE)
177.33
STRESS(gg/CNE)
S
STRESS(KG-CHE)
L1gg. 00
STRESS (KO,CME)
162,87
STRESS(XG/CMeD
130.58
STRESS(G/CME)
103,95
STRESS(KG/CME)
$#6.,45
STRESS(KG/CM)
£5.19
STRESS(KQsCM2)
14
STRESG(KB/CNE)
72,88
STRESSCKGCME)
2,52
STRESS (KG,CUE)
EQ.02
oTPC' (VSICW 2)

STRF‘S(KG/CH:)

w‘ 1 J
STRESS(KG,CMR)
43,93
STRESS K/ OME)
STRESS(KG/CH2)

.42
STRESSIKGACNZ)
48,34
sTRESCI)gIP"E)
STREZS (KG/0H2)

vq
STRESS (KG/CH2)
54,59

STRESG(KG/CMRY

54,88

AT
AT
AT
AT
AT
AT
AT

AT

AT
AT
Al

ar

ar
AT

aT

)

GERPM
S7RPN
SBRPM
SGRPM
BORPN,
61RPN
GE2RPH
63RPM
&4RPM
BSRPM
66RPI
8TRPM
BRRPH
BIRPI
TOREN
TIRPR
TRRPH
TIARPH
TARE
TERP
7GRPH
2IRF
THRPN
2URPH
AORPH
81RPH
82RPI
B3RP

B4RPN
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CRANK S./.INT.S. /PROP.S.

SYNTHE STZEL TORﬁlﬂNnI STRESS (KG/CME) AT BIRPM
He Q95,43 4o 54.G2

SVNTHC:IVED.TORqLﬂan STRESS(KG/CM2) AT RERPI
9 2L 82,5 51.99 -

SYNTHESTZED TORSTONAL oTREou(kG/CME) AT B7RPM
87 309.20 54,64

SYNTHESIZED TORSIOMAL STRESS(KG/CM2) AT B2RP
€8 08, 30 52,08 51,09

SYNTHESIZED TORSTONNL STRESS(KG,Ch2) AT SIRPIM
89 308. 00 49.20 47,4

SYNTHESTZED TORSTONAL STRESS(KG/CM2Y AT 9eRPH
20 307,76 15.90 44,23

SYNTHESTZED TORSIONAL STRESS(KG/CM2) AT 91RPI
91 207, 04 42,94 41,42

SYNTHESIZED TORSIONAL STRESS(KG/CM2Y AT 92RPM
9 306, 14 46.53 34.89

SYHTUESTZED TORSIONAL STRESS (KG/CM2) AT 93IRPM
93 309,89 34,68 36.24

SYNTHESLZED TORSIONNI, STRESS(KG/CM2) AT 94RP1
2] 204,44 37.:18 36.94

SYNTHESIZED TORSIONGL STRESS(KG,CM2) AT 9ERPM
ug 29%.81 6.5 3G. 83

SYNTHESIZED TORSIONAL STRESS(KG,CM2) AT 9ERPH

96 094,50 6.7 35,72

SYNTHESIZED. TORSIONAL STRESS(KG/CH2) AT 9TRPU
97 anz.10 35,66 Iv.es

svnrurerzco TORSIONAL STRESS(KG/CMR) AT 9RRPH

ag ar3.27 37.64 37,34

SYNTHESIZED TORSIONAL STRESS(KG/CME) A OIRPM

99 av9.68 3w.ze. .2y !

SYHTHES ZED TORSIONAL STRESHIKG,CM2) AT 1 0ORP|
10 286,80 11,18 33,18 h "

(3) FrHERS LB

@ @Re Ml o2 #BRATHE
dol kgl He Pt.4

Aol el ==

Ch.2 Sec.6 D.202, 501« ¢]sle] E4RE HE

g R, PHBERS & 480mmo]s = 2w
HEEE ] 590mm=E = glvl. olE g @& A
\\—-
600+ “!\ Maximum _allowable stress

( kg/cm? )
o
s

Py Inter. shaft
$.00- --=~ Prop. shaft
U

2300

$

g

b~

< 2004

8

0 @

70 & 90
Main engine speed (rpm)

CRANK S./ INT.S.

SYMTHESFZED TORSIONAL STRESSIKG,CM2) AT 'LBIRPM
101 HEE!.GS ’ 42.6% ‘45.6t !
SYNTHESIZE D' TORSIOMAL STRESS(KG,CMBY AT 1 82RPN
102 372,94 43,55 41.70
SYNTHCSTZED TORSIOMAL STRESSC(KG,CM2) AT 193RPM
193 269.51 43,93 41,67
SYNTHESITED TORSTONAYL STRESS(KG..CMA) AT 104RPN
104 arlJde 43.08 49,53
SVNTrns ED ToRsIonnl STRESGIKRCM2) AT 105RPM
HE WS 14,9 3%.59
bYNTunsxvfh TORSIONN., STRESSKG/CM2) AT 106RPM
&G e 46.27 J6.08
aVNTHrqr.cn TORSIONAL STREGSC KG/CHE! AT 107HPH-
107 219,80 A4 kS
SYNTHESTZED TORSIONAL STRESSCKG/CME) AT.  108RFM
108 e RE R 2,3
SYNTHESTZUD TeaesSidtiv, © S5 000G ATM2) :
10 Bty | by ST AT seuken
3 stTHf:Ih!n Tonﬁgwqyr STRRE: S(VF/CHGJ AT 110RPH
smvnun;uqr..nnqrvn.t CTRESH(RA,CHR)Y AT 1LIRPNM
111 RRRETE 2l KPR
“\'lﬂ'"!' . WTRESS (KGeCNB) AT 2Fn
il : AL.e
SUNTHE SIS Y0R8 |30, STRES A ' ks
<,.,.3£' GRS JHIL, GTH ;‘m};i/ma: AT LLIFPN
SVUNTIC ST Y000 JOME, nTRISS Lo oD !
01 pieng ey \of4f/u‘“) AT reen
t;\'rrm CLIRIN TR TORAL STEISS O0G e2) AT 1ASRP
11y THOL WEedd .m. 1 1SReN
SYNTHLL 12T YORGTOUAL STRESS IKG/CMR) 0T
neaeain NS 39,78 b1ERen
1 WRE Riteled w EREEIS HEsl 2
R Fig. 3ol A £ 4= ol uhel zbo] MskiR
e BRHFAEHE 235 202 dehin
gheh
@ BLEXTE ZE MEF Bkl O 2 GFHEER
ool 48] FERENY oJ8isbx] EHRo] v}
MRS Bt W ERRIESDS HAEE B
el B #ER, Fig. 49 WRFEEIF ZH @yrst
o fiEe]l Hlglon o] @RS A% FlHs)
o FHE #RoE Fig. 5o M=o gleh.

/PROP.S,

V,%___A%{ﬁ. 3 ]
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._g.",__i

1370

1250

6800 6700 i
Shaft moterial - Forged steel ( or Forged alicy steel )
for intermediate shaft . 44 kg/cm?
for propeller shaft 71 kg/cm?

Fig.3. Torsional stress curve for the shaft
designed according to D,V rule

Fig.4. Propeller shaft and intermediate shaft
adopted finally
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(@) Inter. shaft : Dia. 680mm, Tensile strength 44kg/cm2 (——)
6001 (B) Prop. shaft : Dia. 700mm, Tensile strength 71kg/cm? (mm-—)
. A ——e—m~ - Actual measured value at seq trial

”~~
< 5001 \ B * Calculated value by synthesized method
N \\ C =e—e—e~ : Measured value after correction
2
~ 4004 @
‘ﬁ \-\.
L
K 300

Additional

1001

0 W 0 60 M @ 90 100 10
Main engine speed (rpm)

Fig.5. Additional stress duc to torsional vibration(Inter. shaft)
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