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Effects of Propeller Forces on the Propeller Shaft Bearing during

Going Straight and Turning of Ship
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In the beginning of the 1990° s, numerous shaft bearing damages, especially in aft stern tube bearing, were reported, The main
reasons of bearing damages were estimated that hull deflections have been increased by more flexible hulls and propeller dynamic
loads have not been considered in shaift alignment, After that time, studies to take into account hull deflections in shaft alignment have
been actively carried out, but for the latter leave much to be desired, In this study, the effects of the propeller forces on the propeller
shaft bearing have been investigated by estimating thrust eccentricity as reasonable as possible although some assumptions to simulate
turning of ship were introduced, Three dimensional nominal wake to estimate thrust eccentricity have been calculated by using CFD
analysis and model test in the towing tank, This study presents the procedure to estimate the propeller eccentric forces and their
influence on the stern tube bearing for a container carrier, As a result, it has been found that the lateral propeller forces in turning
condition should be considered in shaft alignment to prevent shaft bearing damages,

Keywords : Stern tube bearing(A0]2t HIO{Z!), Hull deflection(AMX| X&), Shaft alignment(Z| A=), Thrust eccentricity(Z2 A,
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Table 1 Thrust eccentricity calculation (design draft)
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RPM
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Equivalent drift

angle 0° 257
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Table 3 Forces generated by thrust eccentricity

Relative hull deflection{mmy)
N

=5 Hjojdel Mo|Z En AR AH B /XE 7IEM Going straight Turning
(baseline) 22 LIERHRICE, Force Full load | Ballast | Full load | Ballast
Fy (kN) 235 104 729 285
My (kNm)| 1,814 1,241 3,664 1,959
Fz (kM) 144 22 -920 -676
Mz (kNm)| 896 307 -3,446 | -3,353
AR Aot 3| Al FAol| o|x|= gle| wek2 Fig. 1201 LiE}
LHQICE. O|2FE M3 Al z Wake| & ME Fz7t ozl Wake
2 Agoln, ZHE ME Wk HEHEsoZ 225101 FA4(0
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Fig. 10 Relative hull deflections
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Fig. 11 Shaft model
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Fig. 12 Directions of propeller forces
4.4 £ U3 A=
Mg FAH 2 HES floll AE JHs =Z(main engine

running condition)oflA] 2K El=Alelje| Z28lz{ F2F 89,7ton
by 25k ZHE 1 712kNmE HESH MElflollM SUsH 2=A

Aekdol FAGHN ZHIOME 2] drsto| HoEnts ME
3l QloLt 2 HAFoiME g dheko| Mo FII5i%ch (offset)2 XMast Zol O FEE M ZnE DNV
o= Mut ZAl A| Z2ER{0f X85k= 4F uisF 50| $&| gt Nauticus Z2IHOZ ALet Zujet H|m X HESIFCE
gk Slofl sl o Zol O Hsks FAIE = oL M3] Ao
= 34 gkel| o|x|= gt ZHE 1Pt 2AISP| of@cin Table 4 Bearing reactions calculated by two methods
molsli7 | mh2olct Bearing Bearing reaction(AN) Error
S Mozt 25 Ho{&le| X|X| FnE Foish| Lol ot Nauticus |This study| rate(%)
2 2RE & 30709 HIME TN AE HiX|AIFCE 5k M Aft stern tube 1,440 1,439 0.1
0|2t M2 HjojZ2le| ARoll= 5HF 47, ZHRS0l 22t M & Forward stern tube 263 261 0.8
12702] HIME 2N @42 FsIRICt Aft intermediate shaft| 336 336 0
Forward intermediate
43 Zema siE shaft 372 371 0.3
No.1 main engine 233 232 0.4
Tt ulet Zo| 7 A2 EIB PEOZ BT Z2o| No.2 man engine | 342 344 0.8
sl SBIAC ok aisloll XBEt sl 5 wak ME(Sy No.3 main engine | 469 il 0.4
& =241} EQ3)2 H|Q|5t 471K 51E AE o=z 0]2] T7|9} No.4 main engine 486 482 0.8
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Bearing reaction(AN)
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shaft 2 oA AR Sl LERNRIC
No.1 main engine 239 239 0
No.2 main engine 330 330 0 Table 6 Comparison of bearing reactions (going straight)
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Table 7 Comparison of mean pressure (going straight)

Table 8 Comparison of local pressure (going straight)

Mean pressure(bar)
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Aft stern tube 5.9 6.8 8
Forward stern tube 3.0 1.9 8
Aft intermediate shaft 6.9 6.5 15
Forward intermediate 79 75 15
shaft

b

i
and Choe (2004)2| o370l =&l Hertzian H& =4S M &st
0f Z5 AAS AlAlst ZIIE Table 8ol LIEHRICE 0o|2FE
T olEx 25 512 2424(100bar) (Kim & Kim, 2005)2 25
DIEstl UASS 2RIE 4= UCt ESE Mol =5 HjofFe
=

E|C =5 2f=40] F sHE=ZiolA 22 2H54.90ar)0l2k= AR

DH SEfolAl= Aoj2h =5 HOR o, BRAE dejof
Ol= 2h AEf7} WRIAE &

Mz FFel =5 2ol =24

BEct Z2EHe|S ST £ BAO| 2P| mh2olct
Aple] Zmzee| Kzl Mol S 1A Al 5 Watel g

, Local pressure(bar)
Bearing
Full load Ballast
Aft stern tube
(aft end) 39.9 54.9
Aft stern tube
(forward end) 54.9 50.7
Forward stern tube
(aft end) 34.1 23.1
Forward stern tube
(forward end) 30.9 28.9

4.6 M3 Al A i

Al Bzl AlECH AE watoz EM 2 0| WP
| 2 Wkl glg PABINE of Eict

=4 kol 22 Tsio] 3] Al Ty dEfet Way
o

Eljoll CHall =7 s S USIRCE 2T Alef 22 HH

WA ot A HES 2T Defsict
5| Al ob) Alefolldel ZHlo| SIS HE HAIS Fig
160il LIEIHRICH 0|2e] Ao|ak 5 o2l 9IxlolAf A3

defauit_Deformation
Max 1.19+001 @NG 315

Fig. 16 Shaft deflection under full load condition
(turning)

Propeller side Engine side

—@— Full load condition
\\ —«&— Ballast condition

Positive: Port region

0 \‘\H—o—o—r

7

SA
/

8
&

Contact posltion (deg)

=20
0 400 800 1200 1600 2000 2400
Bearing position {mm})

Fig. 17 Shaft contact position (turning)

JSNAK; Vol. 52, No. 1, February 2015

67



Mete| 2xnt M3 Ale| Z2HR 5150| Z2H = H|oFol| 0|l gk

Mozt =2 Hod ollM 0| Hodn MEske ZEE Table 11 Comparison of local pressure (turning)
Fig. 170l LIERAA=H] Ho{Ze| STt TR MEfolA Ry Local pressure(bar)
AE Aefof vl - gatoz glo| XN 2SS Hely Bearing
Full load Ballast
4= ULk
3| Al 2t BIEFZ0N CfEt EA) siAl ZTE Table 9o L} A“(;tfjn;jbe 101.0 91.9
ERHSACE
et | me | s
Table 9 Comparison of bearing reactions (turning)
Bearing reaction(AN) Forward stern tube 72.3 64.0
Bearing (aft end)
Full load Ballast
Forward stern tube 459 378
Aft stern tube 3,018 2,525 (forward end) ' ’
Forward stern tube 593 448
Aft intermediate shaft 394 378 AD|o| ZulzRE] HjofE Bl Al T Mo|z T2 Hojd &2
. ' CHEel MEQ 5 o7t SIS0 wed Ay} YRSl
Forward intermediate shaft 406 419 chrel I3 sich ot o S ol = =
: : M3 Aol 2 &lo| 7RiTl HeZ FHe 4= QUchn EEsic
No.1 main engine 8 s 3, 7| ol 48] A| SI85Hs T F2i2 vicA Do)
No.2 main engine 330 338 slof Sickn BES) OIS ISliAE M3| Al 283 Z2H
No.3 main engine 465 468 2 stEo| Mgk AlAt ghHof Chs F71H o7y} Hesicin
No.4 main engine 482 482 A= Bl
Ap|o| Az RE A7 Alo}u|mslod F7|2 HlojZel uk . Z E
2 Xol7F Hel glil, B2H5 Hlojde| B2 =7 Sk A
— = — = o = o [T Y e | = o
[ ael| Sk Xl = HH E A
BIE T AL R T A v ja*ﬁ—t o‘z”ftn*f Jfoks w2 HIAISIT, ZiElOIiSEHIS tHAtoR A 3 A
I Seioh dolet =57 Hoge] € PEACE OIS B g wejo) 24 siatz Satsiet ol Al Al Al

Mefoil TRHRIE FHRE UolFE Fy H20| o 37, Fz
N2 wal, TRURE ol of I UoiFY| wRolct

A E71s5101 Mojgt 25 oo
5150| 2tZeh = QUoh w2bM, 2|

el

Alofl s[5 &24 Elo] 3
e 2

. EXE XN U= 2 S A
o o == a1 s o I = =M= [ —l 7 o [ [
T SUR OIS 2F 518 g RS, MO FT ) sejo) 24 siamt ol Deiet 54 mol Besichn
Hlolg2 T SISzl ol 27 o1& 2iS Zafolnd Mol molsict sk, ME =2 4 shM g flsiMe M3 Al =2
— _ - Y, oL T R = TI — ! _
M5 oS ey Alefold 518 g eS| Rl AS e Sime EAAle e Lo Tl skl ol
2 slol|sk 4= QUct doiof Jkixls otsS FHol= M =2 Lot giHof| CHel
=Tee T 01727} Aeh=lofo Bt AL B}
Table 10 Comparison of mean pressure (turning)
. Mean pressure(bar) References
Bearing
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. ) pp.512-520.
Forward intermediate ) ) )
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