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Abstract

Recently, the excessive diesel engine torsional excitation of typical energy saving
ships has resulted in severe damages of the propeller shaft. Up to now the design and
torsional vibration analysis of the marine diesel shafting system has been performed on
the assumption that excitations are deterministic. But a diesel engine excitation varies
randomly from cylinder to cylinder and from cycle to cycle, due to the imperfect opera-
tion of the engine components or due to engine misfiring. Consequently, a more rational
analysis method for the propulsion shafting torsional vibration is required.
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In this paper probabilistic analysis method of the marine diesel engine shafting sys-
tem under torsional vibration is presented. First a response surface representing maxi-
mum shear stresses in a shafting system is built. Then Monte Carlo simulation with
subsequent approximation of the results by one of Pearson’s curves, is performed.

Some numerical results based on the proposed method are compared with some nu-
merical data available. They show acceptable agreements with the data.

1. M

29 v duxds =237 $jate tield
Z1gre] ti77 Ay & Qa’ﬁ A &3} ZAlel A7
o 8] 7]Agoe] A1 At} ol AFHE F3
ZAe YN FEHol X—l’%owﬂ slo] Mute] &
goff ARE Fe PJxol Tz AEAtnrt d
ojube a7t £& Aci1]. ol #AdA A vl EA
7)ol Bay deg g #EH (proba-
bilistic) HIEZX B Aol B 77} o] FHA R U
2.

A 274A wrerio|dr| e FHEA g A
2 U SN S YR 249 v E7| o] &3
# (deterministic) ol & 7} st Faslol gtk 74
HAFaAEe F2A dg v A/ &
£ Exger FYPs o AMgstn Ao wef
YA v ENNY elste AdE vENFRME
2o] AFolM FHE &I EE 2Hetx] g1 o
A Z2AE A Aoz FEE du 1y d8
P AgPapin g7 § 7l1RN&Ec] P9
e AV, AY F shivt A4 Aag A f
ol e 7|1AESAE 7t MG B Alo)FT
o] 2Fxe2 Wapy £3 dze) Tguld ue} ¥
gl zelm Zesdee NAELAR 7} Al &
FRA e g Wt} weld olohpEe A7 H 4 &
FAA dgoz Qlale] Fee A A
= AR o G HETEE "E}EP
gl 21HEA HAWAA FF Tt 3
Ao} Z71EAA B olgdgo] U= g}

7b2qr 7 Ay dgel FR gt o
(random variables) & 23t 853 &A%
Z9] B3 A AAual 8B pad 31349
EAE Yot o 22 dAAHN FEE A

[2]

Ao M e Bhgr]oj 7| fol thl 7hAgiE7)
’El@!%ﬂ BEUS45S nEste YolWFEA S
727 A N EX o i3t A2E FEH MY, &

_\

WE

T

~ r(rl
e B

i
9

m i
N Ny

EEE

1%

o

m
oH

AN EAY HEH nydy &
surface) ¥ Monte CarloAlF&lol4d
A st & A Al et

B ogaurde gga 435 8y Yy
Nikolaidis &{2]e) A4t dAe] 2 EA | thg ol
Bx)9} B sAuhyol o3k o] 2X| 95 ¥lu HES}
B 3y sjazd 2 s g
g A ashd ol 2154 7‘:-\—1 ‘Zﬂﬁl%
AeL AT A N8 5 g2 3
Rl AAdF Ego] E F 2U& Aolr},

o4 (response
ol o3 &&

2. RTEHC| LALHHBDSHN

1
HEAZHM L s REo2 pAHY uAE
8 AN 71280 vdgy g §
g3} s & g8 vy E SOl
5 i.Oﬂ Holzerd (313 QRE 2 F
E Jacobithd [4]% 2L EHAAZATPH] ALS
Ha, 73*“”]%76_% Aol A Holzer®d (5],

T
ofo
o
o
-1
o
o
m
X
uls
2
o
,
p m
o
E,
0&“
g'.,

_\2‘
S om
g

LY O ok
7 oo offt ki ooXx U
o
i
9
oo
_O‘L
2

Fig.le HX}TFEJ‘H’] EAUEAEAE EAIF
AA7)A BAAE S ) g9 dHe] dHeR 7
zgch Z zF Aeve fug Yok AT R
Ex AUviiES] A 9 SERE] ARl
EEZ Jepn 7 A3 #AEE ¢ 3YPA84
o} ] E74 2 Den Hartog [8]8] 45l 2l3dte] &)
e},

Fig.1o] EA18 Al $5934 2 dF
A& S ik

o2 ¥

1>

Transactions of SNAK, Vol 31, No. 4, November 19%4



01[\Q| 01{_\0: 6 O 6 O o..{.\o... On(\an
Jq W)Jz T)Js OJ: ?Jm Jn
Cy [ (4] Cia Ci
K k2 ky  Kis K ’

LLL L4

Fig. 1 Typical damped torsional system
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Table 1 Characteristics of low speed diesel vessel

Vessel type :

Deadweight :

Speed :

Engine :

Engine rating :

Number of cylinders :
Number of strokes per cycle :
Firing order :

Handy sized bulk carrier

37.000 tonnes

7.87 m/s(15.3 knots)

Sulzer 6RND76

8948kw(12000bhp)at 12.78 rad/sec(122rpm)
6

2

1-5-3-4-2-6
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Table 2 Properties of torsional mass-elastic system low-speed diesel for example

Mass No Mass Moment of Stiffness Diameter

i inertia, Ji ki Di Remark
Units (1bf - ft - s*/rad) (1bf - ft - s/rad) (in)

1 21,883 1.415x 10 23.22 propeller
2 317 6.794 x 1¢/ 19.29
3 251 1.065x10° 19.29
4 5,550 3.284 x 10" 23.62
5 3.191 5.652x10° 23.62 cylinder 1
6 3.815 5,652x 10 23.62 ” 2
7 3.815 5,652 x10° 23.62 ” 3
8 3.815 5.652x10° 23.62 " 4
9 3.815 5,652x10° 23.62 ” 5
10 3.815 1.142x10° 23.62 " 6
11 104

3.2 88 6l
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Table 3 Max. stresses at propeller shaft
Critical H.F.0.(e=-0.5) D.0.(x=0.5) | Mixtrue(a=0)
Case rpm Tmas (Psi) Tmax(Psi) Tmax (Psi) Remark

1 114 559.88(646) 550.04 554.95 all cylinder firing

2 92 113.52(115) 114.02 113.77 "

3 76 4223.15(4242) 4700.42 4461 .87 ”

4 114 3855.61(4821) 665.28 671.22 No.6 cylinder not firing

5 92 1976.52(1988) 137.85 137.55

6 76 4142.06(4160) 5625.49 5339.99
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Table 4 Results of calculation for reliability of shafting system
ord mean standard ABS No. of Reliab
Case Ifl o value deviation cov limit Pr cycle —i'lta remark
* | Mps) | olpsi) B(Psi) N Hy
0.200 7.621x10% . all cylinder
1 1-4 560.7 112.35 (14) 1849 (0.144) 0.67x10 1 firing, HLFO
24
2 1-5 1145 22.84 0.197 31291 7'(621(;01,,()) 0.67x10° 1
0.2000 0.78 | . p
3 1-6 42146 843.7 0.032) 3555.8 (=107 0.67x10 0
) =1.0 . No.6 cyclinder only
4 14 3498.6 368.7 0.105 1849 (=109 0.35x10 0 not firing, HLF.O
-10
5 1-5 1769.7 198.5 0.112 3129.1 1(5:15(39) 0.35x10° 1
0.75 i .
6 1-6 4253.3 1082.0 l 0.240 3555.8 (=0.9 0.35x10° 0

() :calculated by Nikolaidis

( *) : taken approximately from figures in the Paper by Nikolaidis
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Fig.2 PDF's of shear stress acting on seg-
ment no.2;all cylinders are firing
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Fig.3 PDF's of shear stress acting on seg-
ment no.2;cylinders no.6 is not firing
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