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A Study on Elastic Shaft Alignment Using Nonlinéar Bearing Elements
Joonmo Choung'*, Ickheung Choe* and Sanghoon Shin*
Hyundai Maritime Research Institute, Hyundai Heavy Industries Co., Ltd.”
Abstract

The effects of hull flexibility on shaft alignment are growing as ship sizes are increased
mainly for container carrier and LNG carrier. In order to consider hull flexibility on a
propulsion shafting system, standardization of ship service conditions is necessary
because hull deformation is continuously variable according to ship service conditions.
How to summarize ship service conditions is suggested based on practically applicable
four viewpoints : hull, engine, loading and sea status. Effects of the external forces acting
on a ship propulsion shafting system are generally commented. Several design criteria
regulated by classification societies are pointed at issue which seems to have insufficient
technical background. A qualitative verification is carried out to point out the invalidity of
the assumption of effective supporting position. In this work, .an elastic nonlinear multi-
supporting bearing system is introduced as a key concept of the elastic shaft alignment.
Hertz contact theory is proved to be more proper one than projected area method in
calculation of the nonlinear elastic stiffness of the bearing. The squeezing and oil film
pressure calculations in the long journal bearing like an after stern tube bearing are
recognized as a necessary process for elastic shaft alignment design.

#Keywords:  Hull deformation(8 XM B &), Service condition(88xH),

Elastic shaft
alignment(Et& =2 & &), Nonlinear elastic multi support bearing system(HI &% &4 CHE X

A #Hio” AAH), Squeezing pressure(2 & 28), Oil film pressure(Sa &)
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Table 1 Shaft deflections with variation of
effective supporting points

 After S/T

Bush Bearing After Fore
Center |
Most Most

Fwd. | After Most 1.71 4.18 7.75

S/T | Fore Most 1.77 4.41 8.23

o
3.0x10 [_] Aft. most - Aft. most
I Center - Aft. most
{1 Fore most - Aft. most
[ /7 Aft. most - Fore most
(NN Center - Fore most
[___] Fore most - Fore most

2.0x10°

1.0x10°

Reaction Force

0.0x10° —

-1.0x10°
Aft. ST Fwd. S/T Noilnt. No2lInt. No3.int NoiEng. No2 Eng.No3 Eng.

Fig. 4 Reaction forces with variation of effective
supporting points

Q
on
lo
i)
I
AL
H

2
=]
e

h =

N

=3

=

o o

Y

10

e

Y

10

AT

H

jT @

=
!
1o

Je
2
i3]
ol

o
e
1
I
o
koo 9o e

Y
e M &
o T

1
=

40 A
AT
Hel
=R

re
rx o

1o
9
g
0

> o

i

o
M
v gor
> Mo
1 4 1o

£
o
=

Ja
0z
&2
Q
e
[T
HO
ol
o HI
on
B
e
©
Biv
o
H
4N fr

o

=}

2 ro

0o
ron
x
©
i
1o
-
-

0 12 g
=
2
o

%
HH
w)

10 >
-
Pl
_Ol
&

0 ro
1A

oo
1
=)
>

P MHEED

2 px

M1 0g g
oo

-

Hu
1A
re tn

= Mo
o

o o [0 WY

=

il

— =
A
¥
@
o

oY HR
10 1ir
L
\J
S
0z
0%
© (o - ¥
0
-y

Ju
o
g

b

8~ N 2 09 on

M2 o

1o

2
0N
1=t}
I Y]
_LO [ﬂo_,_
=3 <
Q M OEl 8 oy 2

e oo

w JU oo
2 Y At
2 K H

|

51}

w 1o 1o
=
0

go fl0
o

&
J

m_l.
ol
=

PO N
w
o 12
»
W o
o I

I Ae
Hd

ol
fir

FE Olge 350 &
orad R I(Static  squeezing
s FAHI 4F0 s

pressure

f
£ g3g £+ A=t W=shs FT00] 2010

0

Fi
1
b
10
o
>
0z
o

= HOHEM T2EASHO AU
S HDIIF0

Fn
2

o
_Oi
3
=
S
<
W
o
w2
= =
on
T 2
=

N
2
Ar

e
AL
el
o

e Ho
0n
g 30

12 1o
L o
by
o
u = H oo rr 2 © M@

A #Eg = UL BV = &
100 bar @£ HIAIGtD RUCH
ol= YYLZA Hertz & K018
H85t0 Al (1) ~ (5)2 2ICh Fig. 5

OlE5H0 AHlete HIOE 23 ¢

FEFHCE.

10
mo
o 10
1
0
=

ne
o8
14
[0

bl

(SR

=

S

o

o
M o ®

2 o oy
) o
als H =
L

OH
=

ve: HIOE Z
Pu: HIGRO

3
Es: HINE &d
Ot
7_2'}

[e]] [ u]

of

Dnp -D
R(XI2HI) B S (1)
Dp -Dg
1 2 1 2
-V -V
A 2HI) B S )
Ep Eg

Contact pressure (kgf/mm®)

Fig. 5 An example of static squeezing pressure
distribution

Journal of SNAK. Vol. 42. No. 3. June 2005



=
HOE el OE2 2Asetn FEE S &
QFECH ZZEIL FHGHI| AETIH ZZEY
= HOE HIE AN HES E=J |
(Oil fim)ol "&Z1D 2IH%  H=(Boundary
lubrication)0l Otdl |AME  &=(Hydrodynamic

lubrication) AEHD} EICH. 012{8t RESE AEH
282 oA ZLTOIC

S & Al(Continuity  equation)225EH CHE1
S8 IHgIEAS TE5ICHHamrock
1994). O HHAZ dolsZx YAHA(Reynolds
equation)0i2tD &t04 Equation ()2 20} LIEHH
&L Ol Aol X=EES Poisellle &0Ictot1,

= H &2 MIIgH(Physical wedge term), =
EW 82 24&E(Squeeze term)Olet SHH HIS
=24, 84 2Y, M 3ASHES JtFs A0ICH

0 o) d IS oh oh
Sl [ g B P =6nU — + 12n— (6)
oxX oX 9z oZ X ot

QANA X L Z = HOES BHO2 Mot
AS B HlolYe fF wEr U 20| wE HT
0ID p= RUQ 2 h= US| S}, n= &
oo M Us MOED WIS 2z=grsr A
£, t= AIZIS 20istct

Al(p)2 PBtal 2! HIEL BS Hozez
OlAtBHBI BN BiE PE 2 UCH 2+2o 3

=

£ Infinitely wide—journal-bearing solution %
Short wide—journal—-bearing solution 0{et? &tCh.
HXel L XE O Z0ldl(Diameter-to width
ratio)2t 0.5 2Ot &2 #R0l |KREOCH XNE U
Z0olHle HAHY(®)a X828 Hogel 2oz

Lk &= 20isthh g2 32 =2 40

o
el
P
x
o
1ol
ri
Ao
e
=
S
no
r
=
w
fob
Ny
o
(e}
(8]
in
(o]
Lo

z 265
1.8 ECH= HOE oo s g & A
HE E(Half Sommerfeld) Z2HE24E 0ot 2
ol Fig. 6 2+ &C}.

Fig. 6 & S8 HAHZ HoIEol CHaHH B4
E(Eccentricity ratio)2 ZJI0l 2t XA Kt

Nel 2 Xl (Attitude angle)@l HiglE 200, 1
ol A3Sdte o= s2(Load carrying
QUCH Ol JHEE S6H)

s
>

WOt A0 =5 ot& XX s5380| H&= 0l
Ch 8 HiE GI0IeE =Xdi&ds Sotx
Ol Jei=Zek HIWE st SIHS 24 AHOIO
fIXIE HOIH HE HINE 40 2EE A=
=FELL

diol== YHAZE EI| S HAUKFAUEE
(CFD)NIM= =& XtE¥S B0l Atgst UK
o 2eltls RERAHS 018N B2 g
o S oI St JHL 220 20l
=YIUAE SR SEHLT YRELE T
8 = 0l0) DGl EtE B8 didES 6] [
S0 H2E 200M I 82 Ottt &
CtEICH ool 2 M0 Hoy HEMOo| &
A HE6t 012 25t &3l Xt ZetXlD|
ZO0ICH Fig. 7 2 BAE MHE HHEH st
S HES SOt K2 2 2ELE oS G0l

o

i
~*@7~ Short Bearing

+ Long Bearing

Attitude Angle [Deg]
Fig. 6 Locus of shaft center for short and long

bearing solution



!

o Tl R It ﬂow SF B T 5 N = 2 4 4 o E ¢ 4 2
20 A0 _ 6 R R —w =% = s 5 2 2 §F g £ g =
5 WO % Y= mam SEn 2k owd W 2 &5 5 3 . 5 5 5
) ey gd OF o o K __a__az.am Mg OUs = = S5 S5 =
S e MKm Mzod g 5 ° O I 222 @
o o = w g <H K R 2 R 5 w© S c . 2 - 2 2
or w T B ol 1 =2 = 3 P o Il c 5 O 5 — o I @ e}
° <k xr w) 1o oo™ %) KF R ~ O = _- T = = = O - % c =
i m_._mo A_Wm = ol — 17_._ao_x_v T3 Sa © [} 15 (@] «©
. s ¥a = B _ mue YR T g g 252 £ & 3 £d4F% 3
o mEm MM = B okpmey®dzEwm Mw 5§75 g § 592 ¢
W oz R0 = 2 M= <Qw v TR =258 § & £ _©37a7

%0 = =R =@ = 01 - = ., Q m.o_é‘um._ 2 ® g O S S am,mwaw.nnu
T %3 La ay mewag>m ' g WA 552 o 35 ELTLIosa
R oL A A B %E_EAI_&x_.ﬂE%__}a.E_% T4 T O 232925789
Rs I mE Mg w VETHWBEBPg TRy 8525g.%° 87§03
g0 W W RO o oW By - ¥ e 28308 Foizlod
70 = K Kez T dmgied -0 T ,2P888 88273 %
2= wo Pag W mR R S VB s @@ — 2 2F 2o
5 X FRE TR Wy 3p RS 82888T -8 5.8 .88
H o 0 M W@MW ﬂ@%amcg_ﬂmmonw?_‘l_0%&h%.n.24%uwm®&h2
O o, Wm™© vl P QT w28 NEE85288258°C
w e ar i X B I - N =N SN2 ERCE 2R gD
WSS 5 W M mmw” “rRaION 23 0z< 85555 -t 3
W e Lyp= M. SHHIBmIoBIR ELITFEEES LTI >3EES
Mol < KO3 wl < . . . o o . . . . . . . .
o &M%ﬂ&ﬁ%%ﬁﬂ%%%ﬂ sSKMm w3 B
2 _ = 3T s E = T Bl B
3 s g aE anancdalsg ROWB o Rg=
DL EMNS2° RSy sy o1 o o 5 R
= S o L O T KR W - s A K B 3 =
o7 u mEwmHEgyss WR | .. ® ~r gy ¥
= ol ol _: = U B o= @0 T AN [=] = = = 10
5 AW A®ssrpD Ko Som Eg BMW=
- T SRS asnoo, Ma g o5 ot T R -
W Mo 32 W ol My md NN
o _u_wEﬂaATme_mmimew_mm L5 e -

a K B RIGFERZ M Z TR = RT
g T W o B a o S5 7@ E > LUITY RU o0 fi
X ol & = o <o W o ] o 3F o ®V R&r = R0
o W o Of W&aoaéwffu_wmgom A oY __amml.,.

= = 2= | o K’

Z T gaWsd R gusgs —ww Mg 5
= ER 2N masawrmERoO G s 0 W S % R0 Uz 8=
S wWW¥wVsprRrawn W . WIHN g BH=D . TR
~ 3 Cpmm U~ . S WaEa WS SN s S W
..m 4 |Mro = _xIx _xI. R mwu 5 gt wo) Il N — .__._ o —~ K0 ﬂw — X0
9 o = e ToMoBRIY W ZTRM=<Izzxlw

& T o XS W 00T WS H e RR o R ® W3 F

Journal of SNAK, Vol. 42, No. 3. June 2005



o

HidE Hod @48 018

t]

ey

I
™
W
x
04
ng
2

Classification of Ships, Part5, Chapter8,
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