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Pressure Analysis of Sterntube after Bush Bearing Considering Elastic
Deflection of Misaligned Journal and Partial Slope of Bearing Bush

Joonmo Choung'™ and Ickheung Choe*
Hyundai Heavy Industries Co., Ltd.”
Abstract

It is very important to estimate static squeezing pressure distributions for lining material
of sterntube after bearing at dry dock stage since the maximum squeezing pressure value
can be one of the significant characteristics representing coming navigation performances
of the propulsion system. Moderate oil film pressure between lining material and propulsion
shaft is also essential for safe ship service. In this paper, Hertz contact theory is explained
to derive static squeezing pressure. Reynolds equation simplified from Navier—Stokes
equation is centrally differentiated to numerically obtain dynamic oil film pressures. New
shaft alignment technology of nonlinear elastic multi-support bearing elements is also used
in order to obtain external forces acting on lining material of bearing. For 300K DWT class
VLCC with synthetic bush of sterntube after bearing, static squeezing pressures are
calculated using derived external forces and Hertz contact theory. Optimum partial slope of
the after bush is presented by parametric shaft alignment analyses. Dynamic oil film
pressures are comparatively evaluated for partially bored and unbored after bush. Finally it
is proved that the partial slope can drastically reduce oil film pressure during engine
running.

% Keywords: Elastic nonlinear multi-support bearing element(Hl&d& &A& CEXX HHH
2 4), Squeezing pressure(=eted), Qil film pressure(S &), Oil film thickness(S 2 S M),
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Hertz contact(al® & =), Reynolds equation(dl0l=sx Y& Al)
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Fig. 3 Geometry of misaligned journal and
partially sloped journal bearing

12w Hi+l,j - HH,J‘

3 _
H,' 24X (21)

Ag=-

+

CTAX: UL ) Az’

2 [2;&1]2 2 (22)
HAHES =g 242 =S Ny, 201
29 JH=+E N2 Z

|2 ot 242 20

0}
S
0

o o
W
- O

m
[l

AX=L az-L (23)
Ng Nz
SUAEHE %a | |15t Fig. 3 201 N

g 2ioldol ErRdEez 20l L 248 22 3M
T30 MOE0l HIHE
z TH)NM BEH

=
& AH(Partial slope boring) &l
LHE 299 &t chH(y-
(Misalignment) Tl A= ESR
C|

08!

HOZ 2 oo cHHIA 229
40| Hiolgel S4222RH e, , e, U3 HY
E 3R MOZ0l CHEt |2 2RA2 Al(24)2 &
Ch. HIOES S4S FB2Z 5t1) 6 &3 3| HE
XA ZLol HHAZ Al(25)0 2T

(y—ey)2+(z—ez)2:r2 (24)

z=tanOxy (25)

0x
Ja
ujo

4)0 CHeotod 2 Xkt

A(25)E (2 A
o SN MOE 2AZ0 Aol W

Hioig e



L

=3
o

I
[

lo-
A
J
0

un

[=1]

ul

=
o
80
B)
0
w)

670

t

5

N2 gEol &

o1 BIGIZ0l XIKI

ot=s2 AfEHet A ALEH

Ct.

AU
=l

(26)

<r

Xel AHels

H

HA B E
S
it g

o
=

2

0

I

o <
H& = Hertz 2

=

UL

0l

=G
==
A

.

2|

PN

N
Ak

X

[9)

=2

[

| &
i}

HIOtE 2l FAI2 MOE0l JIAHH &

3
0IZ20td XMOIED FAl ALOIOH

ol

Mot 2A1S 3

3

240t
IS

=

hr

3.1 HidE 84 UEXX HOE 242 &Y
2

I

—
[a—

W 2l(28) &
MetA 24t

=13
=

Ret

=

=

Ct.
R-,y’+z> for 0<0<m

b ENX2 el
Al(25)2RE Al(29)E €= = UCH

ni

{2(ey +¢, tan6)

i\/(72(ey +e, tanG))Z 74(6),2 Jrez2 7r2)(l+tan2 0)} (26)
h

/2(1+ tan’ 0)

o

X
o

y
Oleter M HIoiEol CH

N= Al@27)nt

w0

-
ok

@

condition) 2l

&2 hydrodynamic lubrication)

o
TT

Al ALOIOHl
HiotE LAl
XX BI04

=
e

(28)

Rl2

tanZ 0

+

1
1

2
RZ

z
R|2

+
=x1/

2

Yy
R2

E Ol ZUIA |2el SHe A(30)2 2L
R

3+

ol
i
H

i
w

O

ok

ol

o

(30)

CHEXIX HIoE 24 MO

EbA

b Olatst=l HIGEOl Fig. 4 28 €2 H

H& S

UL

h=R-yy?+z> for n<0<2n
Al(28)0 AUA HIOHZOl 0 ~ L' AOIOIA &

v

¢}

t

=)

t

&

o0

¢}

| 2&(Initial stiffness curve)2 20

ar
80
ol
i
ol
no
o)

)
0
OF
0

J

[S)

b0, A2 JAHE ALOIO

-
0 o 2&(Final stiffness curve)E S5

=
[=]

F

oo 2o 8= RN
ot

[u}

R-R x+R'
Ll

R'(x)

ol

180

wl

olet 20l &=
ol XiLl=

JHXI1
Hl&

=
=

(8) &x)2 012

olE(4

=
—/

282 Hertz &

=]
S

=
10

2007 4 12 €

s

300K = VLCC Oil At
3 =28 M44A M6

—

[a—

(hl}

Pl

3.2 &
Fig. 5
=

Oted
=/

k

=]
ef

{ X101 CH

o
2

2

FOI CHEZ X (Multigrid method) S
21olol HoiEe

o
Moigel IxIJt BIXI==0l

AI2121 2l
K==t =0



0x
A
fD
M

i}
Olon

4x10°
0]
—@— Final Stiffness Curve 0]
—— Initial Stiffness Curve f ®
2x10° | ®
X °
8 Offset Region
5 0x10°
w Tension Region
.0
-2x10° [ @o
[ 0]
Sé
-4x10° T T T
-2 -1 0 1 2

Displacement
Fig. 4 Artificial zero stiffness in offset and
tension regions of bearing elements

Propeller Intermediate hrust Crank
| shaft shaft

shatt shaft

/T aftel
bearing

/T forwa Intermediate
bearing shaft bearing

Fig. 5 Shafting plan of 300K VLCC

gine girde:
bearing

|
B

Fig. 6 Partially bored bush of sterntube after
bearing

k\'?f v )
0.333L

0 8Dl & dxloz 2SS Fig. 6 0 20!
Hiet 201 HIHE A 2012 1/3 0l 2H o
rad OHS ZAlSH ZRE 1D26HACH OIa AEH
AMEE S0 HOHES THES ZetHE 2oy
S&E Y (Filament winding forming)22 H&E &
H2X HSC=2A vt &= EtdH = (Radial
compressive elastic modulus) JF 22l 1%4==
0l 28t HSTHAOICE

Journal of SNAK, Vol. 44, No. 6, December 2007

671

Relative Deflection [mm]
»

0 10000 20000 30000
Bearing Distrance [mm]

Fig. 7 Relative hull deflections

400

Bearing Reaction Force [N/mm]

"] a=5.49x10rad

-100 T T T

0 400 800 1200 1600
Bearing Length [mm]

Fig. 8 Bearing reaction force distributions in
sterntube after bearing

st MABIES LEHE=H, S26tE0 &0 €43
(After peak tank) ot=0| CHE HeZ 2t36I0
TE3F ZDH0ICH.

3.3 gaiotad 21

Fig. 8 2 82 HARIO| H3L0| W2 W02 gt
20| 2UXZ LJEIUCE Fig. 8 22H JIE 2Sét
Breto| 2= 22 HA2H0| 7.84x107° rad
ARAS =0l & £ QUCH 0| 22 B §iia



Hioge S22 o

672 By @

0g
rn
>
=]
e
10
s
0>
\_—'\__J
=
=]
oy
Hr
>
10
Hr
AL
oY
>
]
[
o
ot
[
o
]
o
Hr

(@) a=0rad (a) Oil film thickness [mm]( o = 0 rad)

1764001
164+001
158+001

1.41+001

1284001

1172001

1.06+001

9404001
| 82200
. 7.05+00¢

587001

4.70400¢

352+00¢
2.35+001
117400
-1.67-00¢

(b) Oil film pressure [MPa](a = 0 rad)

(b) o =7.84x107°rad

() a=5.49x10"rad (c) il film thickness [mm] (o = 5.49 x 107" rad)
Fig. 9 Static squeezing pressure distributions Fig. 10 Dynamic oil film thickness and pressure
[MPa] distributions

o
o
e
x
o

3 =28 M43 M6z 2007 123



673

RW w4 Wl ToowE W

P~ | | |
» W oOFIF = 3 z 28 5z o
TR G RO —_— ol 5 . = - F Al o WS - =
Faw woW Sy Wy R _ = s WEowo
R0 = _ X = "5 ® X g S K o s RoOm gy w0 g
IH N ww ﬂnﬂ: Koow zr m0 B . S M” N YmL @y BHa
~ & 1+ wl Z w0 Pl " o o RO D o _ R~ -
R ) el = = S R w2 = W = oo <
° ol 7 =) o 5o KF 5 _ B g™ E®  Swz N
W K @0 - or = M ol 51 16 Ik El J = =0 S _ = ) X - =
rsdoe® o w2 w wrwdE Mo xi =h SR SWkggMH=E
O_Emowwm&e_ﬁw_ = 0w mﬁ_HﬁOT% mw TR S8k Pu Sy S°BERI A
Ko . 1" H = L X oo £ 0 = L Ry B o @
oWy s S v Os S . L5 . i %0 ) S o 2
aWwad s g ZESE Ssy A F.85y FTw alm EgcSEo s
g AWMy Sy - B¥ BT o STIsS8, S5 Tpu M Manie
BN wa sy ey sd g o W - oA B o 5 - 0 > - 2R
o D0 Ol = & Of - g0 U= oRrOR 010 oo M= og — W = K W = zg ool W0 °X g
1 R gD s g 0 <k or MM 55 o g DBor O m s or = 8w
= _ [ Uk 21 OS2 g o ol H o of © ¢ of g o of 0 o of § & o of H
AN, a% s 5 BapaFw MEZRmY LA ,ORMWS YR _ g oW
o N R mamS _ Tz A=< W T Taig . 8BS pw
ol S . R sHORE =¥ m @4 __%ng_E)OE&4ERL,2EI9”J_D._+__%
Wo23® X2 43" o Y DM TESHWBESK W R Te oS
S8 s0mwmEEBFT3IOTLET @ WSRO IRTIRWDMA R T IR T K D
I a 3 M oF K 0 o) 33 & RN S0 oW o . . . . o
S B0 KM S AR ﬂmu_.mmcho_E of Rl
S 5} - oAl RS RIS 336 & Uk o N =
— T e eere——— . O ) _ 7 R = o o N
$5:3 53535322 ¢2%236¢z3 < ____I___%m_.E._m_o_.m______lA_.FE | T D el <R c O
S EEEREEEEREREE I S — R0 I X0 K0G8 S gy i) 23_Fm® £ 8
T2 mamlae._wm___ﬂmﬁ M oW 1 x S o i o)
x - 1o OV . = %10 oFr =~ Ob OF < MWW oF ol = S T
< T — © < e
=, > o O g 2 R0 ot b H "0 i) of o o o
~. RUOW & = < m z ~ o Yook = & O]
O S oo '/, o By <F oy om = =
I g = ] P = Irm [ KO = = g T . :_v = @.M
s 2 Wl oI oS BEH &a%&mu o
— = i N o . = — [ — RRE o
250 = S M_ﬁ w_n > 00y 3 il WM_.GM X mw ol = m._ .l_.m _x_amuﬂ_
e O X ST o5 o o or © = u =
= o o1 I o_m ESIR H %_ Jij2 < I} Klo wﬁ RIS wﬁ o o il o o
oy HogsWomcMon _ix___:lm_xé__ﬂaMOT ES
L — o hradii ™ P _r
gz Moy X o_ g3 < Al i o_meIDmo 31
-— L = ol o =T — ¥ =~ - K
0 m) o o ! @_. s U ﬂ_\ ol .n.u.H_ 0l 2 or ol ol <| T N
= o WL RS gy o o 0Ok 2 oao & moS
— = T Tz W . Wi " o W RO
= Gt of oo E 2 o toflyg oSB}pI . o0
35 ol OF 2 ol SR X . o i Iy M AR ol < Z
= O F R0 3 RO BT RO OF & = 0U O O o DF &1 m U I Bl

Journal of SNAK, Vol. 44, No. 6, December 2007



674

gd HEE Holgal

o

AL HIOE RAIS

e Bureau Veritas, 1987, “Method of Calculations
of Contact Conditions of Secondary Elastic
Alignment of Line Shafting,” Appendix C.V..

e Hamrock, 1994, Fundamental of Fluid Film
Lubrication, McGraw—Hill

e Johnson, 1985, Contact Mechanics,
Cambridge University Press, pp. 90-104.

e Reason, B.R. and Siew, AH., 1982, “ A

Solution for the Design and

Performance evaluation of Journal Bearing with

Misalignment, ” Proc. Instrn. Mech. Engrs.,

C9/82., pp. 77-85.

Numerical

S22 A

un

nd

ro

&0|

(AL

]
o

S CEERE

AI
Hei

off A

e Smalley, A.J. and McCallion, H., 1966, “ Effect
of Journal Misalignment on the Performance of
a Journal Bearing under Steady Running
Conditions ,” Proc. Instrn. Mech. Engrs., Vol.
181, Part 3B, pp. 45-54.

e Stachowiak, 1993, Engineering Tribology,
Elsevier, 1993

]
v
A
M
10

Olon
Vv

et ELsts =27

H443 Mes 20074 128

i




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


