[HoI'XA‘|o|'_<2|

==7%! Research Paper elSSN:2287-7355, Vol, 62, No, 1, pp. 9-16, February 2025

https://doi.org/10.3744/SNAK 2025 62.1.9

Journal of the Society of Naval Architects of Korea

M) Check for updates

e EME s=2toj2e] tot? Sgof 2et
Alo-lxl-Hl JHH I- | I7=-II§

QS
_I_

Development and Verification of Test Equipment for Wear Resistance
of Water—Lubricated Bearing of Naval Vessel
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Recent trends have shown an increase in premature excessive wear, abnormal noise, and abnormal vibrations in
water—lubricated bearings used in naval vessels, Despite this, there is no established standard or testing procedure to verify the
wear resistance performance of these bearings, This paper addresses this gap by developing experimental equipment that
simulates the actual operating environment of water—lubricated bearings in naval vessels and conducting tests to evaluate their
wear resistance performance, The test results successfully replicated the phenomena observed in actual naval vessels,
Additionally, differences in wear resistance performance were identified based on the materials of the water—lubricated bearings,
To cross—validate these results, reciprocating wear tests and taber abrasion tests were performed, confirming the consistency of
the test trends, This study aims to improve the quality of water—lubricated bearings used in naval vessels and prevent premature
excessive wear and related issues,

Keywords : Water—lubricated bearing(~&2r H|H{Z), LHO2A[S(Wear resistance test), OFEEIS(Friction vibration), £1&(Vibration)
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Fig. 2 Equipment conceptual diagram of wear resistance
test of water Iubrication bearing

Fig. 3 Equipment of wear resistance test of water lubrication

bearing
T Alolel Hets FAMSIRICE of MefoilM S| 5N,
HX|E ol TRE|o{Ho| nizEl= SRS 78610 Lotz
Sdg =olske galez FMsINICE

2.2 Unf=AIHE 2t =2

YItsP| fleiMes et ol

1 RE|ofE

TEEHoge| nrSye
LHOIZAIHEEIE o851 Algidtle| sIH=

Alole| DIESAIS Risistodof St L) od70]| =T Fig. 42t
2 AEgjodl ZM(stribeck curve)ol| w2t FAT7E IHE! AlEl
oM dUi2SS sk & Hel & AElE FHRE, 228,
A EEZE FE51L QICH (Han et al., 2021). =220

2olA 2st= nfRo| A, SAMo=Z g| 27} Z7Vsk uf of
J'él-ﬁlfl\_jl. ZF 3|_ 04040| 7dj;|||:||.7cl- EEi _c%_aHj’.fél- (é(;do{lA1 I:iEI-
Slct, ek ofEto] LR ZalZECt 34 2 42 S Ala

A7} =|0f 2pst Z1S0| LS| (Han et al., 2023).

2

o
O‘:l
HE2 =

10

stz Msts|=2% X 623 Miis 20254 2¢



- Boundary Mixed i Hydrodynamic E
& Lubrication Lubrication Lubrication
b
S L .
3 Negative slop jof speetl-friction |
c Coefficlent cur
2
ke
i
Shaft Speed
Fig. 4 Stribeck curve (Han et al., 2021)

R SeEofz UnleAlE RIS Sof ZAol we
SBI0IES BGtD, S AlAElS ZoRIAE HASP| Sl
42801z LD|2AIHTNIS ol83l0] DRSS AHMs
Olofl AFSBI= BRISE HARICH DS BIl= Al (1)2 &
il HakCh

ny=20+50X% (N—
(N=1,2,...)
Tn—1Ty= Nd(t)}%FN

1) (N=1,2...)

wa(t) :TRU (1)

017|IM n,2 SF(rpm)olH, 7,2 Fl=ZolMe] HEEST
(NmjolZ, 7,= % 3F ZofMel HEEI(Nm)OIEL 1, (1) =
OEAISO|n, £ 2 Mol AEsk= SIE(N)oICE

EE(rpm)E TREHo{R el nEASe| Wl EsiH, 5=
FEHode] nj2= F2 MEZTO| SENETZIAM wAS
Ct (Han et al., 2023). 2 T22|0{> LokzZAIY 2|2
& Zdo| eommlS ZekictH, Al = 2Zo| 400mme! &
o= 46rpmoll siY=l= X[l ESF FMEER] ME2
0.94m/s 0|, 0|2} S5t ﬁﬁ—.‘-o st | 2lsh A%%H:Hl !
Liot2A|EEH oM Fo| s|M4E

TR LokzA IR Eof IA'I AlEE 2lst §9| SMTE

TE M
Aol AU 22 o]

AN Chg, REH o LHUF aelE R

2ol Zol&E Atksp| fls, 220>t AlFET|e| XS
Zie| HetAlel Al (2)E ol &3,

c=F/A )

07| o2 H2HMPa), F= HIOE XIX[SEE(N), A= HIO{H &
QHE(=Dx L)(mm2), D= Hoid & (mm), L2 HoE &
Ol(mm)E 2lofgict SAMMoZ e 0@ T2
HMZfALel 22| of7 (Thordon Engineering Manual, 2006)od|

400
1 CYCLE

0 50 100 150

Time[s]

Fig. 5 Graph for test cycle of wear resistance of water—
lubricated bearing

2t Meks 0.55MPaZ AXMsI%iend, ofof k2| Hjof=le| 2o
(L)= 120mm=z M™3I%ct

S| o1 '—HDPEAI34"FH|01IA1 oA AAGlo] &1

Aol

F9| le’ﬁ’\E MMsHl, TREH i LHokRAIEE o Al

2 TRaEdo>e] Heke MY 3._ I— A|°4 Alo|2E MYsIQICt,
ddiMo=z SHYo| MEZZolAM F=Re|ojgel of=rt SHist
of, Fo| 7|5 ¥ MX| Al 3|H 3I— o} Hloj3e| ofEt=z ol
F=ot LS w2lA Fig. 52k 20| eat|odel otz
Az SIME 2 =712 1 cycleS 7IE5-NERM-HX|
2 7MEI9on 1 cycle2 60XE MASIHCE

Ui, =201 LHoIZA[EEH |2 £=2&|0j3le| Liojz
EMg slols| Qlst AlgZ=42 Table 12 Zo| Ha|5I%ch

o= aLti-=

[m]

_I

Table 1 Test condition of wear resistance test of water
lubrication bearing

Classification Test conditions
(D Run : 40 sec.
1 Cycle (@ Run — Stop : 10 sec.
@ Stop — Sun : 10 sec.

Shaft rotational speed 0 rom — 300 rom — 0 rpm

Applied surface pressure of

water—lubricated bearings 0.55 MPa
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Table 2 Test environment of wear resistance test of water
lubrication bearing

Test environment Test environmental conditions

Fluid temperature 19C ~ 22°C

Flow tate 110 ~ 120 liter/min

Pressure inside fluid supply

tank 0.3 MPa
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(a) Torsional vibration of the shaft
as rotation—deceleration—pause—increase—rotation
(Purple area : decelerate, rreen area : stop,
yellow area : increase speed)

Natural Frequency

(b) FFT contour of the shaft
as rotation—deceleration—pause

“

(c) FFT contour of the water—lubricated bearing
as rotation—deceleration—pause

(d) Vibration DEMON contour of the water—lubricated bearing as
rotation—deceleration—pause
Fig. 6 Commissioning results of wear resistance test of water
lubrication bearing

Fig. 7 Wear condition on bottom side after commissioning
of wear resistance test of water Iubrication bearing
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Fig. 8 Vibration characteristic of a naval vessel
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(b) Sample B

(c) Sample C
Fig. 10 Picture of worn side of test sample after test
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Fig. 11 Results of wear resistance test of water Iubrication
bearing (Applied Surface Pressure : 0.55 MPa)
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Fig. 12 Results of wear resistance test of water lubrication
bearing (Applied Surface Pressure : 0.95 MPa)

Fig. 13 Picture of worn side of test sample before test
(Main image)
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Fig. 16 Result of taber abrasion test

(a) Test sample A (left : before test/ right : after test)

(b) Test sample B (left : before test / right : after test)
Fig. 17 Picture comparison of contact angles(main image)
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Table 3 Contact angle measurement conditions

Classification Measurement conditions
Number of 5

measurements

Meastrement (23+2)°C, (45+5) %RH.
environment

Drop volume 0.003 ~ 0.004 mi

Test solution Distilled water

Table 4 Comparison of contact angle differences

Average contact Contact
Test -
Classification angle over 5 angle
sample '
runs difference
Test before 102.8
A 15.3
Test after 87.5
Test before 85.3
B 2.4
Test after 82.9

(a) Test sample A (left : before test / right : after test)

(b) Test sample B (left : before test / right : after test)
Fig. 18 Visual comparison of taber abrasion test
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