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Abstract

The calculation of torsional vibration for marine diesel enginc propulsion shaiting s
normally carried out by equalizing exciting energy to damping energy, using the dy -

mic magnifier. But, with these methods, the vibration amplitudes are calculated only  fur
resonance points and vibration amplitudes of cther running speeds of engine wre determined

Ly the estimatien.

Recently. many enery-saving ships have been built and on these ships, iwo-

chiarged, super-long stroke diescl englnes w Eich bave a small number of cvliniors are usu-

these

the {irst order critical-torsional vibrations of

U5y

ally installed. In these ca
shaftines appear erdinarily near the MCER speed and the siress amplitudes of tely vibration

sification socicty.

shirts exceed the limit stress defined by the ra

the synthesizod vibration anpliud

To predict the above condition in the design

of all orders which are summed up according to thew phase angles must be calculated Lrom

the drawings of propulsion shaft systems.

In thi. study, a theorctical niethod to fuliill the abov: caleulation is derived and & com-

methed, Aond a shofting cvstem of

puter program is devcloped according 1o the derived

two-suroke, super-ieng stroke diesel engine which was installed in a buik carricr is analyzod

The measured values of this shalting are compared with those of

with this method.

caleulated results and they show a fairly good agreement.
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2. AACIUMMIEERTS] 58 hE B2 RS EED
ﬁ*g_itgl %ﬁls),lﬂ,lsnzo)

‘ fier l fu ; it f: Excitation torque
7 Bt @2 B 72 Bra O Angulor deflection
My /7 M, m,,, M Moment of inertia
K Torsional stitfress
K Ky Cs Structurai damping
— M%M’ Cy Viscous damping
= i
Cok-1 .9 Cek
Cuk-1 ] Cvk Cviat

Fig. 1. Forced torsional vibratien with c¢amping of the lumped mass system
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A8 REFF} BEAHES Rkelnd
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AL BEHEMES M9 (K] RHBIEY2q A9 Jacobizk(Jacobi rotation
method) & ¥] R3le] deislz] Ko o]F E 4 g}
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5. RAFICI RN HoEmFRol vl SRS SAIRMES TRV

(1) #ERCIMEERS R HEAH

T B ¥ WRES

i)

[
jr
~—

iii)

Particulars of main encine

Engine Type

acting,

raversibls, exna

Mumper of cyvlin

Cylinder bore

Stroke
Maximum ccniinuous outfut
Maximum contliauous ation
Mean indiczted
Crank jcurnal
Crank pin diam
Flywheel diame
Flywheel weigh
2

Particulars
Intermediate
Propeller shaft

Particulars of propeller
Propeller diameter

Number of propeller blades
Material

Weight

Moment of inertia
(Including water effect]
Class

Eyundai-Sulzexr 4RLASO
< o

two-stroke, single

i3 injection, direcc

4
3CC mm
1263 mm
12600 bhp
Q0 rem
i5.6 ¥g/cm”
790 mm
740 el
300% prosal
8350 Xy
247000 Kg.m2
S350 Kg
218970 X5 .m
1-3-2-4

68Cmmg x 670CmmL
70Crag x 68C0mmL

7000 mm
5 EA

Ni - Al - Br
23.2 Ton

634250 Kg.cm.sec2

DNV Ice Class "C"
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S HAKHE

REET S S Ak £

MOMENT OF INERTIA AND STIFFNESS

MOMENT OF IN=RTYA STIFFNESS
No. ITEM I:Kg.cm.secgq K: x10" "Kc.cm/Raé
1 OCW 4+ MB 95,531.5 2.3041
2 CYL - 4 158,688.0 1.5673
3 CcYL - 3 158,688.0 1.5673
4 CYL - 2 158,688.0 1.58673
5 CYL -1 177,5863.0 1.1628
6 HFW + MB 215,394.5 0.4842
7 Is 16,404.2 0.2859
8 PS 13,549.8 0.4194
9 PROP 634.250.0
oCA : Over Counter Weight
MB : Mechanical Balancer
HFW : Heavy Flywheel
Is : Intermediate Shaft
PsS ¢ Propeller Shaft
PROP : Propeller
:’\“ Flywheél 1Cyt. 2Cyl.Q 3Cyl. 40yl.
8 S > I
R ©0 . % ©
A =
‘:ﬂt: - -4
6800 6700 2600
Propeller shaft Intermediate S. ' Thrust S.' Crank .

Fig. 2, Skelton diagram of the propulsion shafting((Sulzer 4RLA90)
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97RPMe] A1 120RPM7t=] €]

7},

CRANK S./ INT.S.

- SYNTHESIZED TﬂP"IONﬂL
a7 0.

'FI‘ TOPQIONRL
TOPSIONI\L
() 1 "
7YNTHF~\I"ED TORSIONﬁL
20 15,83 13

SYNTHESTZED TORSICHAL
3 118.74 13.52

SJHTHESI"ED TORSIOHAL
2 14.03

S.

SYNTHES1ZED TOPSIOHAL
k] 122,78 15.94

SYNTHESTZED TORSIONAL
34 1@2.48 17.14

SYNTHEST L.El) TORS ] ONF\L

35 1ea.e2 17.78
SYNTHESIZED TORSIOHAL
a6 121.99 19.40
SYNTHESIZED TORSIONMAL
” 129.66 21.13
. ‘SYNTHES1ZED TORGIOHAL
'38 129.43 f2.01
SYNTHESTZEB TORSIOHAL
39 129.14 24,47

SYNTHESIZED TORSIOHAL
L1 135,88 29,91
SYNTHESIZED TORSIONAL
41 133.3@ 32.14
SVNTHESIZED

42 145.8

SVNTHESTZED TORSTONAL
43 164,32 55.74

SYNTRESIZED TORSTONAL
158.56 45,86

-SWHTHESTIIED TORSIONﬁg
45 156.02 .1

TORSTONAL
50.23

SVHTHES1'ED TORSIONAL

% 1e1.777 33.12
BYHTHESIRED TORSIONAL

47 15958 36,68
SVHTHES[ZED TORZIONAL

108,67 20.63

SYNTHMEGTZED TORSIONAL
49 J164.94 3239

SS‘:‘NTHESIZED TORSIONAL
Q

163,91 35.47
SYNTHIESIZED TORSIONAL
31 1re.24 40.E9

SYNTUESTZEL TORGIONAL
s2 - 168.83 41.49

SIONNL
42,00

NT'E.:!..ED TORCIONAL
176,70 45.30

SYNTHES1ZED TORSIONAL
55 175.01 49.26

SYNTHESTZED TOR
673 168.5%

/PROP.S.
STRES{S(KGICHZJ AT

STRESS(KG/CMB) AT
12.07

STRESS (KG/CM2) L AT
12,43

STRESS(KG/CIR) AT
STRESS(KG/CNE) AT
13.28
STRESS (KG/CKR) AT
13.79
STRESS(KG/CMR) AT
16.€8 ‘
STRESS(KC/CM2) AT
16.87
STRESS(KG/CMR) AT
17.51
STRESS(KG/CME) AT
19.11
STRESS(KG/CN2) AT
20,84
STRESS(KG CM2) AT
a‘ '74
STRESS(KG/CN2) AT
24,14
SYRESS(KG/CHA) AT
29,51
STRESS(KG/CM2) AT
37.62
STRESS(KG/CMR) AT
49.29
STRESS(KQ/CM2) AT
55,37
STRESS(KG/CMR) AT
45.28
STRESS(KG/CMRY AT
34.56
STRESS(KG/CHR) AT
32.4¢
STRESS (KG/CiHR) AT
30.02
STRESS(KG/CHR) AT
28,94
STRESS(KG/CNE) AT
31.75
STREGSIKO/CNR) AT
STRESS(KG/CHR) AT
3D, 90
STRESS (£G/,CHE) AT

46, 899
STI"E:?(KOICHE) AT

STRESSIKG/CHE) AT
44,64

STRESS (XG/CH2) AT
48.87

a7ren
28RPM
29RPM
30RPM
31RPH
J2RPH
33RPN
34RPM
asen
3cReN
I7RCN
35RPN
JORPH
ABRPN
41RPY
4BRPN
4ZRP1

44RPN

46RPM
47RP
48RPN
49RPN
SoRPM
S1RPM
sPRPM
53RPN
SARPH

SSRPM

WEBREAS KB RK BTR

CRANK S./ INT.

SYNTHESIZED TORSTONP«L
o8 181.35

(SYTHESIZED ToRSICNEL
N 307 “eg.28

SYNTHESIZED TORSIONAL
58 177.49 73.15
SYNTHESIRED TORSTOHAL
€? igs.28 B4.18
SV!WHESIZED TOP.SIgﬂﬁL
(-] 90.36 9G.42
SVNT"ESI ZED TORSI OHﬁl
17.32
SYNTHES !ZED TOR I ONAL
280.9' 46.94
qYHTHESI"ED TORS! ONAL
63 244,80 180.63

GeMTHESTZED TOR3TONAL
B4 251,83 i34

SYNTHE STZED TDRSIONRL
65 243,38 188,593

SYNTHESTZED ToRS1ONAL

66 437,59 167,37
SYNTHESTZER TORSIONAL
67  230.22 132.3

bYNT’HFS[ZED TOR510NF1L
63 232,82 111.22

SYNTHESTZEL TORSIONAL
69 E40.97 98,2

SYNTHESIZED TORSIONAL
70 p4e,be 86,73
swnwnc>xzco
266,63
SYNTHESIZED TORSIONAL
72 25i.10 71427

TORSIONAL
78.82

-SYNTHESIZED TORSLOMAL
73 B68.: 65.61

SYNTHFSIZED TORSIONAL
26%:981 69.57

75'?!11HES]ZED"TOR‘ SION I\L
' 1.9

e6%.

SYNTHES]ZED TORS]IDNAL
76 e7e.R 61.73

SYHTHESIZED TORSIONAL
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Fig.5. Additional stress due to torsional vibration(Inter. shaft)
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