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Fatigue Strength Analysis of Propulsion Shafting System with Two
Stroke Low Speed Diesel Engine by Torsional Vibration in Frequency
Domain
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ABSTRACT

Prime movers in most large merchant ships adapt two stroke low speed diesel engine which has higher efficiency,
mobility and durability. However, severe torsional vibration in these diesel engines may be induced by higher
fluctuation of combustion pressures. Consequently, it may lead sometimes to propulsion shafting failure due to the
accumulated fatigue stresses. Shaft fatigue strength analysis had been done traditionally in time domain but this
method is complicated and difficult in analysing bi-modal vibration system such as the case of cylinder misfiring
condition. In this paper authors introduce an assessment method of fatigue strength estimation for propulsion shafting
system with two stroke low speed diesel engine in the frequency domain.

2l s Mdd
= NSy hyl = i 2=
bt A e A S,(=-57) 1 Ny SIZ AelZellA sz 13
E(P) 922 714 Sy ¢ ApelF 1004 A gk
G(f) : ¥k olM PSD gk p(s) FELE I

my, my, my,my - PSDOl TIZH0, 1, 2, 459 W4 L= 7 : X7Hsec)
N(s) : 58 99 sl gt Afo)Z<) 5

=2
Ny Sy Sy - oA Apo]E 4 1. ME
. S| D2 lyi Z=m Alo]= 2=

N N5 By g2l 42 78 Aol 0% Aol F2 A8en Qi A% 204 0Ad
Sos S tal, a4 9 F o Ag ey 7)%Ae] Hojuth el dlxorE WMEo s
A3 YA WS Yo 77| g TR
A FRFA ] HEHRE, FNE B xle F2IF]
ToAe, %E%H%*ﬂ%ig@ﬂﬂ@% dold 4= Atk 53] HERAES FAFAY P A
E-mail : okldcvib@mmu.ac.kr A5 W ool ol WAElE EgHEy 2gWES A
el : (0B1) 240-7089, Fax : (062) 240-7282 e AT A
Aol AdHo] AFTE X3 AAES dod 4 gl

« Rk shar r}, (-2



b 39 Y3 JACS (International Association of
EgeE FX5A
o] HEHAEE dA A 1A At} FAlel
AZE SaA 5‘01 akal S E]r. 1311/} OV—]E SHAEARL
@971 % dojym ¢ G2AA] Bk Adate]
A olelgt Abare] Aks wHA|sH] flste] HlEHZlEL
A Fo| v|2gmd oigt Jate 57 Hﬂaom A
2 1Az TR0
Quick-passing?] ¥ ZFA <

Classification Societies)”= 3 A&

RN

e up olek e Hube] FrHo R AN EE A%
237 OANRE Zhe FAEA A DAA(ALA A
e agos Qsh AR AR S 9lE g A
A Zspdva el AR A ARS8l
A T o) Ake] AbE = 27) ool FERETL EAd)
dojuAl k. olelet A F9 92 AEE o Al

el Brshe )
Aol @oj 7] e,

rlr
2
A%
o
o
e
o
Sk
o
i
Ach
o2l
ot

2 Aol el vae was] dstel A
FA57 54 A Fageld Fo AR
g S Ak WEe Ausad Bk ol W v
EYNFIAY A% NG B5E FArgYe) G5
EYLPSD)S) Fez Bt} FFUE P 5y
9 AYPFE FAT 5 9o, oF of¢ FzrAs
W Caaae) ANl we el AzeEe 93,
<] ]— Iy . 0

2
c‘ﬂ_]gl R = =
e APAHRNYY Qe 2 ke o8] Frs
ol oF WnAEs Hrleel FRPEE A7Hg
Ao} ) HladEsT .
2. Fu% Foo|M TRLE I Wy
2.1 Ful% dolo|M Azt deo=m wist
AFH N2 sy e A5 shsAE )2
SHeEe AgloA e FHE Aole The
gate M2 $9E A d5ar
] 234 371011% %ﬁ%—? ogos.o:z FdE e Ee

gkato] Ak el A 9= oﬂ*—*.é ngfﬂ'q a

o dolE= AR gl PSDol7] whiTell Al
o= Ao W3 & 4 gl dHo] k. o] &
Asty] st UtEE WESES o221y
Gaussian HHIF o2 78, o AW g 947t

o WRsth 7Y & 4 om s ek
ol WEe Fue 9o HA delEE AL

1

waeln AEAQ W= AAREE AT S glofd A
9L glout, IFTE o] gale] wad dolee] o] A
A3 52 S Agke] dojAe Balel gtk oldl BAS
neks7] slete] Fig. 25t dol 734 ool ol
AR o w;:c& ) 5 99 P 43 3

Stress

Inverse
Fourier
Transform

Fourier
Transform

ﬁ\

Frequency

FFT Stress A W
=
3
a

Frequency Domain

Figure 1. Fourier transformation between the
time and frequency domains

Load Spectra
Frequency Domain :

2
Load Spectra
Direct Time Dl;min
Methods (

Rainflow
Analysis

Stress Range PDF

uys

Fatigue damage accumulation
(Miner rule)

iy

Fatigue life prediction
(D=Dy)

Figure 2. Flow-chart procedure used to evaluate the
fatigue life in the frequency domain methods.



2.2 PSDERE AF AL

T A 9= S s & b2 W Fig. 3
7 o] PSDESF-H A4 74]*}0}% o). o] W %7
°ﬂ Hdie Astsol diste] 2-&apalont, Fi Ads)

zoll tiste] exp7k ol Hell= vt 4 W Eol Al
°PH 9lom, 1% 1985 Dirlikell o] A|ote Ho] T
ATAEEFE VLS AT glon fiEe] v =)
A8 TRl A A gatal gl
100 101 102

Frequency (Hz)

Figure 3. Power spectral density function

2.2.1 oo = st=ofl of

19649 Bendatv= P W T3
ETH 'L]i‘l‘ oa 74]}1\1‘6]"—\:‘ Ho}%%
< PODEFE AY HZ2FHE dS5she 7ol E st
RS LR SO EY
(Probability density function)”} Rayleigh %
el FHataL, Jo e 93] RE 9 11 A7)
Hhd) 9] 3.7}h ‘37 tha 7 esict e A9 913
FAANA = F2 G Farel BE 5 o] X]Zéﬁ
o] 93 9] Range-mean histogram®= Rayleigh =X & W=

OBL =2 Hil

A se], 732w H 558 ek AR (1)3) 2.
;]
3 -
o
2
5
‘EU Gu(f)
5f —f |— \_/k
frequency

Figure 4. Power spectrum density moments

52
o S e my
N(S) = E[P| X Tx [—4 - e ) (1

My, My, m, ol D3 WA BHEE 2(2)9} a1, myE A
Absl7] 984 Fig. 4914 PSD 41 9] o}efjZ WS s}
),

_}L

(

I

m,= [ G dr @
0

2] (Dol A 23 49] 2] Rayleigh #¥2 Yeha oot

o] WS Fuj ol Ag3 o= F= TS YT
7 A58k Aol Atk o3 Bendat7h 915 9] 9 A=
HEE ohgel] 71 A7)el| A-g-he W] =7 2vhal 7Hg et
Q71 wiel Fjdell A= A8o] 7hsstAR, Bl A=
A stz Ui & 2ol 5 Helt)

2.2.2 BUY ¥4 a5l A A2HE H}

Monte Carlo”| S ©]-83}e] HFH AlEH oA S Fe4saL
B Aol = @ﬁol 7Fee A3 2] o] 1985 Dirlikel
ofato] AFE ATt o] WY FAFEHE o]&3dto] Foixl Al
HHlold A7 oln, o] 2431 wjA o] F-=sto] AREshA] It
stth7k 1988 Bishopell ©]ate] o] &2 0.7 FF = UTh

o] 2o] §EIETTA p(s)T o8 PSD ZHH dojA|+=
HA RAERl my, my,my, R my 4 7S] WFETo R AL
o] 7ls@ttt. Dirlik®] WS I 2alAE flste] the vl

S ERTHE R Be EobellA A8 & 5 i, A%

o] 45t UIEE AYE IR Z2 e H85 o
ARk gtk
Dirlike] #4245 2] (3),(4)°] Bt}
N(S) = E[P] x Txp(S) 3
D, -%Z Dz - -Z
—Le Q—|——22 e % + Dy Ze 2
p(s) = -4 R (4)
24/m,
_ 20, =) - 1—~y— D+ D¢
! 1++% 7 2 1—-R
S
Dy=1=D= Dy 2=
R— ’Y_.%'m_Df — mZ €T ml m2
D, 7 mgm, my y my
Basquin E}Ye I& FH(S— V)AL 259 2o
u, AYEIES 183 $£AHE Goodman? 212 2l(6)¢+ 7
o] BAIE & itk F9] JHE AEH, =X, U4, I 5

o ueh 53
B A7 2o,
5,=52 =5 (N) (5)



S S 1
“pmo2 (6)
Sﬂ u n
K5 K,
Lo Brd 1 @
Sfl *SYu

n, n, N,
= + + 1(orD) 8
2N, TN T,

2.2.3 FE a4
AFHA = S H o2 HE PSDE Do 92 FH & o Sah=
ol thishe] dobr gk, < e o] Al 2 A& et
wehA] 3 vhpek R e R Q1Ste] FE A S §
&9
A1

tjo

AAtelaL o] 2 o]-g PSDE P& W o) At

37} G717be] ARE BaA AEE 1 R e D9 7
B e £ sloj ] dekol vk st el
J Jﬂr7} ﬂ/\q o] mqﬂ% o] H]—lﬂ]j'% xéz]-x% o] ]

=

E
Kok

Q.LmZnMJ
Of

A
&

_O’_
il
A A

N
~
AU ﬂllo

=y

A oY AN 2did fRdeR dX9 g
Table 1o HIth 22]aL o] ko] nlEHzsA|<l
-eHd7= Fig. 5ol Ho|M w =
o Fig. 63} #o] ~EH]SI Ao =
th HEEE ofg HEgES Wrlslr] flste] 1
2ke] FRAA28rpm)Q! FHFATY FHA(104%7h
Sk Ak o] HlER3E #hS Fig. 7o HERlth ol
NAow Basd 0.125 Hz& Fak 24138 4392 Fig.
5] e 148 A5l <3 v WF

O
Soltk, Auhg TIANAE AREA
A

ob o e

i)
B oo 32 A ok rlo

ooé

> 1o
rO
R
o |
Ho
of
2

Fig. 9°] EOID% & Qe g
o] dojuAk ofefahse] o] Biwlol grk

Table 1. Specification of 8RTA84T-D propulsion

engine
Type 8RTA84T-D
Cyl.boreXstroke | 840 X 3,150 mm
Power at MCR | 45,720 bhpX 76 rpm
Pmi at MCR 20.3 bar
) Recipro. mass 12,628 kg/cyl
Engine —
Firing order 1-8-3-4-7-2-5-6
Conn. ratio(r/) | 0.488
M.O.I(en. total) | 206,865 kgm® (55 %)
Minimum speed |20 rpm
Weight 555 ton
Type Fixed pitch propeller
Dia 10.3 m
Propeller Dia of shaft 845 mm
P No. of blade 4 ea
M.O.I(in water) [510,523 kgm®
Weight 80 ton
1284 #—y—8 FLANGE
4015 | Djout/in) : 980/500
45024 @ ° CYLINDERE
3012 | Diout/in} - 9&0/500
45024 @ s CYLINDERT
3012 | Diout/in} - 9&0/500
45284 @& 2 CYLINDERS
3012 | Diout/in} - 9&0/500
5102% ® 2 CYLINDERS
2321 | Diout/in} - 980/500
51000 g Y CYLIMDER4
3012 | Diout/in} - 9&0/500
45234 @ ° CYLINDERZ
3012 | Diout/in} - 980/500
45024 @ e CYLINDER2
3012 | Diout/in} - 980/500
45024 @ . CYLINDER1
45455 | Diout/in) : 2B0/500
2708 e—t—=e CAMDRIVE
6944.4 | Diout/in) : 2B0/300
121502 el FLYWHEEL
203.8 | D{out/in) : #B5/0
2908 Qi FLANGE
458.8 | Djoutiin) : 245/0
510523 -
' . PROPELLER

Fig. 5 Mass—elastic system for test model
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Fig. 6 Telemetering system at intermediate shaft
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Fig. 7 Torsional vibration stress in time domain
during quick passing of barred range

Fig. 8 Torsional vibration stress in frequency
domain during quick passing of barred range
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Fig. 9 Torsional vibration stress in time domain
at 66 rpm with Cyl No.3 misfiring condition
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Fig. 10 Torsional vibration stress in frequency
domain at 66 rpm with Cyl No.3 misfiring condition
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Fig. 11 Power spectrum density of torsional vibration
stress during quick passing of barred range
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Fig. 12 Power spectrum density of torsional vibration
stress at 66 rpm with Cyl No.3 misfiring condition
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Table 2 Assessment for total fatigue damage
()t relative comparison

Test condition | Total fatigue damage value(D)
and weighting Dirlik's Bendat's | Steady state
factor(WF) method method condition
Daiif;g?lgznigc) 0.28E-3 | 0.46E-3 | 1.12E-3
withont. W/ (25) (41) (100)
“f;jlgggr;;??t}‘]f? 1.41E-3 | 5.24E-3 | 1.11E-4
without W/F (1270) | (4719) | (100)
l\fﬁlgggr;;?f“}g 1.69E-4 | 6.45E-4 | 1.11E-4
with WP (153) | (581 | (100)
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