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A Study on the Developmenht of Thin — walled Metal Bearing
for the Large - sized Slow Speed Diesel Engines

Y. J. Kim - M. J. Cho

Key words : Thin ~ walled bearing(d} %% o] g), Crosshead pin(Z 223 = ), White
metal(3 o] E v]g), Crush(s ¥ %), Steel - backed(®2.7}3), Flashlay(FA =&
Z), Overlay(M|g2 EHA S 2 2), Oil film(-#2}), Friction coefficient(w} 2 A 4),
Hard contact(Z 47 H &

Abstract

Nowadays the thin — walled metal bearing, which is made seperately from the bearing hous-
ing and has the ratio of wall thickness/bearing diameter being less than 1/30, are used in
many newly developed large - sized slow speed diesel engines for the purpose of upgrading
lubrication performance and easy maintenance according to the trends of increasing output
per cylinder and lowering engine speed. The type of this bearing has been used generally in
many small - sized high speed engines applied for automobile, high speed craft and industrial
powear generation systems since 1950s. But the tranditional thick ~ walled bearings, whice are
linned white metal on the bearing housing directly, have been installed on the large and slow
speed engines until 1990s due to the easy manufacturing procedures.

In this study we have calculated optimum dimensions of the metal bearing, fabricated spe-
cial zigs for crush measurement, model test machine, 2 sets of specimens.(crosshead pin bear-
ing, $818 X552 x20mm) for B & W 6S70MC(20,940 x 88rpm), and evaluated metal contact
phenomena of white metal, its friction coefficient, temperature rise through the model test and
field performance test.
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Table 1 Specification of engine

Articles {
Engine Model " B & W 6S70MC, 2 Stroke
Rated output/speed | 20,940 PS/88 RPM
Combustion Press. L Pmax=102bar, Pme=15.02bar
Cyl. bore/stroke I 700/2,647Tmm
Length of Con. rod [ 3,066mm

Specification

Crosshead pin

- Material/Dia. SF60/f784mm

- Swing range +23.6°

Lublication oil SAE30

-- Viscosity 48.2¢p(55T),23.4cp(70T)
- Press./Temp. ( 4.5bar/55C
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Table 2 Specification of Sn - base white metal

Chemical component(Wt 9) Melt | Mechan. property

Metal Temp | s. g Application
Sn Sb Cu Pb Ni Cd © Hv | EL% |Ts N/mm?®
WJ2 Rem. | 8-10 | 5-6 380 | 7.27 27 8 83 Journal
WJ3 " 11- 12 3-5 370 | 7.33| 305 | 2 86.5 High speed
Wd4 /'77 11 - 13 3-5 380 | 7.70 1 287 | 1.2 84.6 Medium speed
HMO07 <88 174-7.8/28-32 <0.1]0.15-0.25 08-11| 39 | 7.3 30 3.6 89 Heavy duty
HMO02 1 82 -84 !0 ;171» }.5 -5.5] <15] <0.25 ‘ 1 | 400 | 7.4 29 4 86.7 i "
HOYT 11-Hi| 87 75 ;38 0.2 1 ‘I J 388 i 7.3 31 1 118 l 118 JT "

MAIN BEARING SHELL gm"“‘m‘ raen P20

Fig.1 Schematic diagram of crosshead pm bearing
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Fig. 2 Dimmension of bearing crush
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Table 3 Bearing assembly coefficient of various material
‘ ‘ By (cm¥kg)
Meterial Eytkg/em) Vi [
j : Dy/D=2 | DyD=15 i DyD=12
Steel C2ix10 08 o@dxior | 1asx10+ | 280
Cast iron ‘ 12x10° 0.3 1 1.64x10 " ; 2.4x10 * 5x10 ©
Aluminum L 76x100 . 03 32.6x10 : -
Magnesmm 4.5x 10° 0.3 4.4%x10°¢ i - -
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Table 4 Calculated dimensions of crosshead pin

bearing
Articles Symbol Dimmensions
Sommerfeld number S 0.028(po==22cp, 68.6C)

Film thickness(min.)
Bearing load(max.)
Radial clearance
Eccentricity ratio
Eccentrycity
Bearing thickness
Bearing outside Dia. |
Oil flow rate (
Oil supply pressure
Oil velosity

Oil groove radius l

Temperature rise
Differance of Dia.
Decreased height ‘
Diametral Shrinkage |
Compressed force
Maximum crush
Minimum crush
Load on oil film
Friction torque
Generated heat
Rememoved heat
Facing pressure

Resistered torque

0.04(mm)

2.02 x 10°kg)
0.784, 0.392(mm)
0.907

0.356(mm)
15.4(mm)
818(min)

: 1.761(U/sec)

3.9(kg/cm?)
3.60(m/sec)

3.3(mm)

13.6¢C

0.07(mm), DyD=1.2
0.021(mm)

1 0.38(mm)

2,920(kg), u=0.15
0.33(mm)
0.28(mm)

2.17x 10%kg)

| 682(Kg - m)

12.43(KJ/sec)
158(Kd/sec)
0.56(kg/mm?)
556(Kg - m)
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Fig. 3 Dimmensions of designed bearing

Table 5 Dimmensions of designed bearing
Articles i Dimmensions
Journal Dia.(actual) | 783.91 - 783.94mm

' 818 - 818.06mm
784.217 - 784.36Tmm(crown)
784.554 - 784.714mmijoint)
552 0.25mm
16.7+0.023(up), 17+0.06tlow)
- 0.027mm -0.02mm
Bearing clearance L 0.277 - 0.45Tmmicrown
0.614 - 0.804mm(joint)
1.1 0.25(up),1.4 0.25{low)
0.002 - 0.003mm, 100%Sn
0.02 - 0.03mm, 90%Pb+ 10%Sn
R3.2 X 552mm, 2ealup), 4eallow!
© W15 xt 1.10.251up), 2ea
W28 x"1.4 0.25(low), lea
Metal - backed thickness  15.5+0.274mm, SS41
i 0.295 - 0.32mm(both end,34,500N)

Housing Dia.i »}
Bearing Dia.(inside}

Bearing length
Bearing thickness

Whitemetal thickness
Flashiay thickness
Overlayer thickness

Axial groove
Ciculer groove

Bearing crush

4.2 MEHE ME

Wy o Wojd & A Fely] dejMe B
el 4F B A, VAN S AT nHA T,
T2 AEAES, BdH ST vge &
AelAld 5& Al zef of Pt
Al 2L & o] A 2HF 3 2 Fig. 40 Boly vls} &y
g EHAE Y3 AH_¥E =Y BlasbergAl
9] Flashlay ¢} Overlay =2 9] A}t Table 6
7} Table 73} 72+t}.

(]

u?)

Base metat Washing

Forming weasing Pickling
NmCO, + Water HC! 50% + H,S0, 10%  80°C
90°C ~ 100°C

Washing Dry
. off

et s ] e ]
ist 100% Sn, 350°C ZnCh + NH,OH

400°C ~ 450°C 2od 100% Sa, 290 ~ 300°C
30~35 min

Conmg | Watecsny [ ] [ vy ]
| A Cooting | - j Flashiay
Centrifugal Jowt, Oitway 90% P + 10%Sn, 20-30um
388 ~ 416°C Boring 100%Sn, 2~3 um

Fig.4 Manufacturing process of crosshead pin
bearing

Table 6 Specification of Sn plating liquid(flashlay)

Spemf”( ation

Articles

Sn lOOml +Alkyne ac1d 40g
‘ +brightner 40ml
Specific gravity ‘ 1.063
18 - 30, Ambient
2 - 4A/dm*
0.5 - InVmin
3A/dm*, 1.5um/min
20g/liter

Liquid composition

Temperature

Anode ampere density
Anode shift speed
Plating speed

Sn content

HEgHEH S =F3F THAAY & Surftest
301 FLEAHFXNZ FHT vl 1SO AA7 557
N6ojl 3} 28 0.8um oW o] 318 &lsrdct.

122 A2 g Al 2HE o] A 84148 H 73+ Table 8
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Table 7 Specification of Pb - Sn alloy plating liq-
uid(overlay)

Articles Specification

Liquid composition Sn 90ml+Pb 4.8ml+ Alkyne

acid 70g+ brightner 40ml

Specific gravity 1.056
Temperature 18 - 30T, Ambient
Anode ampere density | 2-4A/dm*

Anode shift speed 0.5 - Im/min
Plating speed 3A/dm?, 1.5 m/min
Sn - Pb content ratio 18/2g/ liter

Table 8 Test results of bearing metal property

i Items Test results

¢ Chem.component | C<0.2, P<0 05, S<0 05%
Steel : Yield point 262 - 281N/mm?*(235N/mm*)
-backed : Tens.strength 443 ~451N/mm®
(8841) | (402 - 501N/mm®)

Elongation 28.3%( >21%)
Bearing | Yield point 67 - 68N/mm2(64N/mm*)
metal Tens. strength 85 - 86N/mm2(90N/mm*)
C ): Elongation 7.4-8.0%(>7%)
standard | Hardness(30C) | HB30.5(29 - 33)

( Previou ) 7

». o 0

"~ L'&% ""'“
£ 4‘6

73.”

(Modified)

Fig. 5 Microstructure of whitemetal
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Driving Motor
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Coupls Actuator
Qil
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Fig. 6 Schematic disgram of model test machine

8ol ol vt} A} FEHF FH g 22

wlolgy stFo] F/AEFE 2 shFo] &
frgo e 2 At Wil BA3e A
ERfQlth ol 5 Al HAE x B2 FAH ¥
aitoAte] FAMAF A g R o} vl watd nhEA|
FARSIY 24
CEBEAAA T
I Hojde]
Alg fl=n%

7.]1]1 ol o o

o do o

[

-

o e

22 Q.
o 2

L4 o

of
-

1

e

18

Ay

T
AA T

i

Y

o

Wodo i 2opr 32 Ay rle g fr o

,
2
o

R
I
1
i

Y

U

2
d
=
i

o X rhr oo

1
i

o

Hr ¥

0
iy

2o

oft

N

~0

i

)

o g -FAgFo] Fuxla £Rdo s A}esH
ol of gt

= dsAd™

A2 E AZHEL] AFPAFHALA D} ZHzte) #
£22Q wWolg E 0.25mm, 54 +0.023~ -
0.02mm(AH), +0.06~ — 0.02mm( 3+, v &5
7l 0.25mm, Woid el EHEE +0.015~ ~
0.015mm, Mol dx} wojg Alole} v +0.277
~ 4+ 0.457mm(A3D), +0.614~ +0.804mm(E} -
191 ul o N A =2E =L e} o2 BRI
orf gdle) §4 AlS-dF No23 Hdd
o gaista] 30412 Hx WA E S 8EF AN

AALZ 3} Fig. 9ol Holw whelzlol No2 4

7
o

5.2 AlF}

T

AT el

0] OO

o

ook 2 38 o

Omm, Z o] 410mm, £%3k &9

Ho] Zlo] 35mm, ¥ 6mm¢!



70 R MR EES, B9 F4, 1995

2 -
* T
e =
= -7
: .~ Sl
= . . —
FEC TR AR o
- i o
1
o1 -
- +7 -
3 P
K e
R e
.- A
2.

S
eI
Tl e
2 o~ .
- ~e e
o .
S -
i .
5 S S
- -
» X e -
34 g N o
-z * -

[ e TR H )
Fig. 7 Temp. rise and friction according to oil flow
rate(liter/min)
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Fig. 9 Damaged bearing surface installed No.2
cylinder
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Table 9 Acceptable surface irregularities

Type ; Permis. size
Descriptions o —
defect ‘Low 240°‘ Up, 102°
Scattered surface deffect i
i - Max.dim.of single deffect, mm | 0.5 ' 0.5
- Max. no of defects per cm2 | 3 3
- Max, total defect area, cm9 [ 0 2xD ! 0 2 ><D
Blisters :
i —Max. size of single defect \
I : Dia. x depth, mm _901%0.5 | 91x0.5
’ - Min. dist. betw.defects, mmn |10 10
N - Max. total no ofdefects 0.1 XD r 0. 1xD
\ Prosities : . ‘\
i -Max. dim single defect TN
1 cluster, cm* | [
- Min.distribution between two ' 3 X max. \ 3 X max.
adjacent defects i defect ; defect
- Max total defect area, cmz .0 1>< D 0.1xD
I\/ i Eurface craLk§ : cracks \’ o | 0
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