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A study on verification of bonding strength of white metal
bearing applicable to large sized slow speed diesel engine

Byung - Hee Moon

Department of marine system engineering graduate
school of maritime industrial study,

Korea Maritime National University Busan, Korea

( supervisor : Prof. Kwon — Hae CHO )
Abstract

Recently domestic heavy industries, shipbuilding companies become to be

interested in a developing long life cycle for the vessel and marine
structures with effective maintenance rate and endurance properly.
Especially, bearing requires special bonding strength control because they
tend to be exposed to extreme harsh environment during engine
operation. Most of the main bearing are bonded with white metal through
centrifugal casting method so far for optimized a mechanical and
chemical property and condition for engine operation.

However, bearing manufacturers have to improve their manufacturing
process of white metal bearing satisfying customer’s delivery requirement
and also more economical way. Currently welding method for matching
those requirements is underdeveloped and it can make shorter process
steps of manufacturing white metal bearing; however, as a special

character of welding method, the soundness of bonding layer between
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white metal and base metal needs to be verified by specific testing and
inspection methods.

In this study, mainly the improvement of testing and inspection
methods which has not been applied to engine makers’ requirement yet
are focused. In addition, this study intends to give a direction of
optimized testing method to improve the detecting level of internal
indications as void and crack.

At first, Charmel test according to IS0O4386-2 is chosen to check
bonding strength of white metal lining. Additionally, micro structure,
metallic composition are implemented to refine the characteristic of
internal condition of the layer of white metal and base metal. Finally Non
Destructive Testing, Ultrasonic Testing is conducted with additional
testing method as Dual beam testing method to detect sub-surface
indiction in the white metal which is difficult to be found by straight
beam itself.

Based on above mentioned test results, additional testing method of

Dual beam i1s applied as desirable method.
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Fig. 1.2 Example taken from a main bearing
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Table 2.2 Chemical composition of oil lite bearing
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Fig. 2.6 Linear flaw on bearing surface[n]

Fig. 2.7 Surface flaw by improper lubrication[m
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Fig. 2.8 Cavitation marks[ll]

Fig. 2.9 Damaged by embedded foreign particle[m
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Fig. 3.9 Equilibrium diagram of welding diffusion
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- - - - 2
Table 3.2 Basic formula for ultrasonic pr1nc1ple[ ]
Wavelength | Reflection Near Field Acoustic
Coefficient Impedance
A : Wavelength Z, : Acoustic N : Near Field Z : Acoustic
V : Velocity Impedance D : Transducer Impedance
F : Frequency of Medium 1 Diameter P : Density
Z5: Acoustic A Wavelength V 1 Velocity
Impedance V : Velocity
of Medium 2

Fig. 3.13014 Adgste nmie} #Zo] &

2 5499 (near
field)9& HAALE I}E‘rﬂ Sl AEHHol A wol AAbel| gk 2zdo] 4
o AP % A9 ts 28y go] Ay ol I o AAk
o] Zt}
D%y
N=="—
4\
N, A8 4949
D; 212} =27
A; whe] Ao

4) AWrEQl sto|E e wlojY o] sto]E |k

=

(¢]
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N = naar field langth
T = angle of dvergence

N ; near field

feu fiald

a

|
acoustical axdc
{central beam)

Fig. 3.13 Near field zonem
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A48 HAA A3 9 aF
41 st 214 A%

ool A Ardst slul HAFQl Charmel test® AMA Fig 4.1, 4.29F Zo] A ¥
H g Fx AFHES s &3 AR 2dES A4PE 5
of vl 5% ow A= Table 4.13 2t}

Chalmer's testE %
ol T Ao &

ANHeZ AF53 2FEL dA4Y Fx WAy FEs UE AY|E Jdor H
]%rl_

]
7F Fdek AR REH oz AfFHE A A I A %
[e]

Table 4.1 Bonding strength of casting and welding

e o 5t= = af il e
= (1) (Mpa) (Mpal = =
= o - - » TEMPa
1 g,451 43.1 g1.2
T 3 2 8,341 41.5 78.2
3 7,713 38.4 723
IS0 4386/2

1 7,864 39,2 102.8
= 2 8,448 42,2 110.2
3 7,756 38.8 101.2
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Fig. 4.2 Test specimen (after)
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Az 5 =38 5 &d 7}

o O o ¥ Wyt oML O

Fig.4.3-Fig. 4.132 7} Al#Ad gt uA+2E F435t 24 @i dlg
A4S &3t Y. Fig 4.5-13004 Mol nlel o] 3lolE wE Y Fo =
olog= 3tolo] Fmi} AR E=A3 = 7] FH vA TF9(crack) & K

o}

Fig. 455 2ol fol= g 3o AS /lgse de 2oz 499
5ol o} Fig. 4.115h o] Shol= wek Hlojele] HeFrel A wo
AAGE #D 5 2% F ATl BAR Aol Anw o 27 oA
WAlel A E2A Z(process) A% 2 AF AA Bo2 wdel EA o )

ojo} ghr},

Fig. 4.15%= SEM(Scanning Electron Microscopy)l.2 X5 E2lda
EDS(Energy Dispersive X-ray Spectroscopy)® H-$¢1¥ &4 &2 A3
Ela=
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Fig. 434+ 3

Fig. 4.3 Test specimen

( left: sampling position, right: specimen)

Fig. 44014 slo]= uge] 848 A@ue 248 Axe7] a4 &3
o] ¥ Awel A vl 922 Ag

Test Zone: Cross Sectional, Transversal direction

with welding direction

Fig. 4.4 General view of “"A-2"" microstructure, magnification 50X
(left: un—etched, right: etched condition)
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1D pm

Fig. 4.5 Cross—sectional view of “"A-2"" microstructure, magnification
50X (left: un—etched, right: etched condition)
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Fig. 4.6 General view of "A-2” microstructure, magnification 50X
(left: un—etched, right: etched condition)
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Fig. 4.7 Cross—sectional of “"B-2"" microstructure, magnification 50X

(left: un—etched, right: etched condition)
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Fig. 4.8 Microstructure of "B-2”
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Fig. 4.9 Microstructure of "A-2"
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Fig. 4.10 Microstructure of "B-2”
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Fig. 4.11 Microstructure of "B-2”
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Fig. 4.12 Microstructure of A-3
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Fig. 4132 FAHA 2% 7]ge] F4S Hol F

Fig. 4.13 Microstructure of B-3
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Fig. 4.14%= SEM¥ EDSE #d3 252 = Fig. 4.109% Fig. 4.120]4 93
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Fig. 4.14 SEM image and EDS analysis of “B-2”
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Echo perspex - outer surface of bearing
Transducer echo (matching)
Echo of junction bearing metal - basic matarial
2. echo of the junction bearing metal - basic material
Transducer echo (of perspex)
Back wall of piece
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Fig. 4.15 Mechanized UT testing (good bonding)
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Fig. 4.16 Mechanized UT testing (bad bonding)
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+AY 533} 53 dead zoneo|# & initial echo el A = ¥W
st Al YEtE A5 HdEe] dEW AAoR Ao Fig. 4.17%
A

Fig. 4.18°1 4 Hol& w#ad¥ o] sfolE wWe ol dAA ZA3
straight beam . =X = AFo| Ao Er7}% 3t

= [$)

0.2 mm
| —

Fig. 4.17 Sectional views showing a large crack formed just
above the bond layer

Fig. 4.18 Sectional views showing a large
the white Metal layer

crack formed above
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AA I wo} ALl WAL B MALS] gholE e Ao gk A= (spec.),
"White Metal Lining Testing Specification”o| W& HFo == 2-4AMHzo
straight beam AHE 3= Ho] glou slolE HEoA yYetvs 232
AAZ A7) HHoEE folA  ArEgh vy 2ol | olgth o] AS=
el ob#f Fig. 419014 = 2 Ao AMgE 5 KA USM35 o] ARE
Aoy Fig. 4.200049 2o 4MHze F354E 717 probe & Straight
beam3} Dual beam probeZ 7}7z} 1|39t}
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OO

Fig. 4.19 UT apparatus USM 35

Fig. 4.20 Probes, MB4S(Straight) and MSEB4(Dual)
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obzf Fig. 4.22& xWH Asle] AFol| Al Straight beamo 2 FA} Al
F Bo Al beam©| initial echoo] #3& H.o]x| ¢romn nletoA HlAL I o]
2. back echo%ro] Fig. 4.21°4] Mol o522 o] HU A7 Foj=

Fig. 4.21 Reflected echo of straight beam from bottom

Fig. 4.22 Decreased echo by small defect
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ojol thak theto®E dual probeE A sle] THA Y #dS HE3e AlE
S A8 3o, Fig. 4.239F o] wtdo] gli= AlHAA E}A eEsrd
| 527} Fig. 4.24°1 4% Kol nk9p 729] dual probe] Al&o2 A2 &
g ol B0l mu4st et tid echo’t A AT}

=)

Fig. 4.23 Reflected echo by dual probe

Fig. 4.24 2mm crack found by dual probe
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