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A Study on the Forced Fitting Method of Stern Tube Bearing for Propulsion
Shafting in Ships

Kwon-Hae Chot - Jae-Hyun Lee! - Yang-Gon Kim®
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Abstract: The stern tube bearing is installed to the stern tube and stern boss casting by
using the method of the force pressured fitting. The adequate value of the interference
between the stern tube bearing and casting should be considered owing to the slip. In
this study, to review and compare the fitting force and the contact pressure, the theory
of thick walled cylinder is considered to clarify the formula which received from the
maker. Also the fitting force and contact pressure are calculated by using the standard
value of interference, Young’'s modulus, Poisson’s ratio and friction coefficient.

Key words: Stern tube, Forced pressure fitting, Interference value, Cylinder theory
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P : W4 (internal pressure)

r © 3 WA & (mean radius)
t : %7 (thickness)

HA "k 22 (tangential stress)
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Figure 1: Thin walled cylinder
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Figure 2: Thick walled cylinder
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2.1.3 34 439 JEYE 4 49" D, : Outer diameter of outer bushing
Auj wolg S Ao FA dT A9l (mm)
Sd % b d; ' Inner diameter of inner bushing (mm]
d, : Outer diameter of inner bushing (mm)]
E, : Young’s modulus of inner bushing
E, : Young’s modulus of outer bushing
F : Fitting force (N
I : Interference on diameter [(mm)
L : Fitting length (mm]
P : Pressure on contact surface [N/mm®)
U : Coefficient of friction
v; © Poisson’s ratio of inner bushing
v, @ Poisson’s ratio of outer bushing
do di
olEl gt HF St osiA wlolR A} MY o= D i~
WHo] st AT W] a9
5 o A 2 2ol WME ormyo 1ak 2= o)
H/H q’u é1 (3)-"} ZEO] ;éié J‘Qe ?‘?:—_- T 9;1\ 222 J/\]-Q] 76—]_0’_[8]
HH3-6) (i) %99 (pressing-in force)
, S PRI
¢ H(i) H(i) (ii) d%94 ¢¥ (contact pressure)
1 Ty 1 T. v, v;
Eo T E PSR A} 1
1—(—L) 1—(71) P= % (5)
o ¢ 2 1 (R 1 (R
Bt 7 (e
T, o ol r, AEH OA
G o e o o 71A,
. A~ 1= Q
T, s NER A P 3% o E, *Young’s modulus of back metal
5 Y E, A" FaASF (FC300)
E; Doy ZEA S Ep :Young's modulus of stern tube
v, o WMole molgl v, ¢ Al ad Eejd) (SC410) _
F : Pres. fit force of bearing [N]
o L : Length of pres. fit part of bearing
22 YA mg ghdAlol Hl
2.2.1 KAYEl A7) o)
'( : : OLCQE:]("T in force) P : Pressure on contact surface (N/mm?]
') R Sipressingtn foree R, : Inside radius of back metal (mm)
F=nPUd,L . .
- N R, : Outside radius of back metal (mm]
(ii) #=4 o= (contact pressure) }
t;  Thickness of back metal (mm)
P= (T[ o 1+}(f . . 4) t, : Thickness of stern tube (mm)

E0-£K) EQ-K) mE  mE u ° Friction coefficient

v, * Poisson’s ratio of back metal
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vy © Poisson’s ratio of stern tube

o Interference on diameter (mm)

2.2.3 BAF A $-(9]
(i) ¥4 (pressing-in force)

m E 2
=" [1—(% x U (6)
1

D, : Outside diameter of the stern tube
bush (mm)

d : Inside diameter of the stern tube
bush (mm)

E, : Young's modulus of bearing

F : Fitting force (NJ

L, : Total length of the carrying outside

diameter of the stern tube bush
(mm)
U : Interference on diameter (mm)

i * Friction coefficient

23 Mol w2 ZEHMAS o Zolsu| u|m
Table 12 141 }%HOWE ol el A

dol| 747k th2r, d6) WE YEE 2

VT

Zobg )

Table 1: Young's modulus and Poisson's ratio according
to materials

Material E [MPa] v Maker Supplies
FC20 105,912 0.25
FC25 117,680 0.25 K
FC30 132,390 0.3 J
FCD40 151,022 0.27
Inside

FCD45 157,887 0.27 bush
BC 83,367 0.34
GG20 100,000~ 0.3 B
(EN-GJL-200) 120,000 :
GGG-40 170,000 0.3
SC410 210,843 0.3 J

outside
SC42 205,940 0.3 bush
SS400 205940 0.3 K

SRR

i

24 Aol vlojzl YA oS 2 2HiE 8D

Table 2& @A+ 2HFS JAWE 2%
e ghol eS¢ 4 Qow, B3 Brel 3%
A= TE FA s el ¥ FL B
F glet,

Table 2: Comparision on friction coefficient and
interference

Maker cgsfifcitciizlgt Interference
K 0.14 ~ 0.2 0.01 ~ 0.03
J 0.1~ 0.2 0.02 ~ 0.05
B 0.16 ~ 0.2 0.04 ~ 0.06
Builder Blopm 1Yoss 1 0.01 ~ 0.05

AlE ol Z1f a2 D&k
e 14,000 TEU Ad ol YAE 7]
A ASE w3 ARG 4 ¥asty
ol An @ woly dAWE A
AXT BEYANE o]Late AL
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==
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Table 3: Specification of 14,000 TEU containership

Specification
Class GL
%ﬁgit)h Overall approx. 365.5 m
Length Between
Perpendiculars 349.5 m
(LBP)
Designed draft 14.0 m

133,000 M/T at designed draft

Deadweight approx. 165,000 M/T at
scantling draft
MAN B&W 12K98MC-CT x 1set
M/E MCR : 72,240 kW x 104.0 rpm
NCR : 65,020 kW x 100.4 rpm
deal & bearing Blohm + Voss

Propeller shaft 2990 mm x 14,160 mm

No.1 intermediate 2815 mm x 9.200 mm
shaft
No.2 intermediate 2815 mm x 10.115 mm
shaft
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14,000 TEU ZI" o] dnk 852 Table
3 3} 2}, o] Aute] <l MAN B&W 12K98
MC-C7e1™, MCR< 104 rpmolA 72,240 kW
ojth, Ry %] F7HL 990mm, A& Ho
g 9 Uy g AMEE FA= oo A F29
BAF A Folth. Ault wojgde] HAfoles HAuF
S 4902 To] A lon, HFEEHL 2o
2 o] FAE At} ol F=d FUFS ¥
Ask7] flske] FHe wRolh,

Table 4+ 7471 A9e  AYHA (pre-
erection) @AA EFo] AXH 2w A
T MAYE A FFE ZAY AA AFE vE
W Zlolth Table 4 ¥ Figure 4, Figure 5=
14,000 TEU Zelo]Y Ao dujd wlojgdE 7]9]

22w AA AN AR/ AF Asletoln 24y
s @A AEolt %4 Ael ol%A (push

up distance)ell LE}E e Wiyl AFAHL 7
A2 Nw= Qow, dA Id 9
A e BE ZML éﬁ] A A AdbE 4

Table 4: Inspection data for stern tube bearing

FWD S/T L
Bearing Aft S/T bearing
Used hyd. jack 20 ton x 4 ea 20 ton x 4 ea
, 33.16 x 4 =3316x4 =132.64
Jack load’s area 132,64 am? m?
Design force 22.8 ~ 34.2 ton |60.0 ~ 90.0 ton
Actual. fitting 220 kgf/cm? 620 kgf/cm?
pressure
Actual fitting | 220 x 132.64 = |620 x 132.64 =
force 29.1 ton 82.2 ton
FWDS/T BRG
] 250
& .
= 200
S
_E:c“t 150 »
T .
S 100
@
= 50
B 1]
4] 50 100 150 200 250

Push up distance —

Figure 4: Inspection result of fwd stern tube bearing
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Figure 5: Inspection result of aft stern tube bearing

Table 5= A
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Helo,
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Table 5: Input data for simulation

manufacturer

K J B
interference S.V. 0.01~0.03 | 0.02~0.05 | 0.04~0.06
Coferfifcitciioe‘;t s.v. |[0.14~0.02 | 0.1~0.2 | 0.16~0.2
| bearing | 117,60 | 132,300 1102%%%

Young's casting | 205,940 210,843 -

modulus -

bearing || 117,680 132,390 120,000

av casting | 205,940 210,843 -

bearing 0.25 0.3 0.3

Poisson' v casting 0.3 0.3 -

s ratio bearing 0.25 0.3 0.3

av casting 0.3 0.3 -

s.v: standard value, a.v: application value
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% 10° Fuwd stem tube bearing (Kobelco)
|
—&—: 0.02 Interference | | e
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[ | | | |
P et e e e
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3 | | | r
B e e A i
2 | A5 | | |
g P ] | ! Actual forcé : 29.1ton |

e e S A —

1 1
0.15 0.16 0.17 0.18 0.19 0.2
Friction coefficient

x10° Aft stem tube bearing (Kobelco)

—5—: 0.01 Interference ! ! ! 4

—2—: 0,02 Interference ! ! —
161 : e
—6&—: 0,03 Interference
] ! P

1 1
0.15 0.16 0.17 0.18 0.19 0.2
Friction coefficient

Figure 6: Fitting force of stern tube bearing(K)
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x10° Fwd stem tube bearing (JMT)

R e s A et s Hlnd el iy Mt |
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Friction coefficient

x10° Aft stem tube bearing (JMT)

1 i 7
:0.02 Inlerference
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0703
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o1 005 Interference | |
I |
I I

Fitting force (Kgf)

1 1 1 1 1 1 1 1 1 1
01 011 012 013 014 015 016 017 018 019 0.2
Friction coefficient

Figure 7: Fitting force of stern tube bearing(J)

x10° Fwd stem tube bearing 1B\uhm¢Vuss)

—E—: 0.04 interference
—4—: 0,05 interference
—6—: 0.06 interference

-

Fitting force (Kgf)
2
¥
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T
|
|
T
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|

1
165 047 0475 018 0185 019 0.195 0.2
Friction coefficient

X 10° Aft stem tube bearing (Blohm+Voss)

L it ITTAT T IT ST T T T o9
457 0.04 Interference | | | |
—£—:0.05 Interference | - |

|
g
x
s
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L
= | |1 | | | | |
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[ e e i e e e |
| |
| |
4 S [ T |
| |
i | |
6 | I | I | ]
0.16 0.165 0.17 0.175 0.18 0.185 0.19 0.195 0.2
Friction coefficient
Figure 8: Fitting force of stern tube bearing(B)
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Figure 9: Fitting force of stern tube bearing
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