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In studies on lubrication analyses, researchers have investigated mixed
lubrication as well as hydrodynamic lubrication. One of these published studies
concerns lubrication analysis by considering not only the surface roughness but
also the slope parameter of the friction surface; in the study, the relative slope of
the pad bearing surface was confirmed to influence the friction characteristics.
However, verification of whether the lubrication analysis values are comparable
to those of the friction tests is yet to be conducted. In this study, to experimentally
verify the results of this previous lubrication analysis, we developed an
experimental device to derive the slope parameter and analyzed the results. The
film thickness was calculated by analyzing the slope parameter obtained from the
friction tests and was then used as the input value for lubrication analysis.

x
HIJ

r

[
s i

alsh
zQ

o
oo fIF o
1%
=41
rg
el
Oﬁ
o,

Ho n
]
=
=

o Ll

ok
2]

d
=
iz
Ho
. Offl
o

e
oz
o)

oX.
o
ol
ol
r K
d
)
\)
B
2
)

B4
A
rlo
lo
o

)
Iz
N
Bl
=
ie)
3o
&
tA
x Mo

o,
rZ
lo
fru
ol
ol
rir
:oé
1%
fo L ol o

>
o2

K
reoxQ riong

2

Ho
N
X

1w

olr
o T
)

* Corresponding author. Tel.: +82-51-510-3129

E-mail address: dwoolee@pusan.ac.kr (Deug-Woo Lee).

378

AN

2740 A4S 9 2

SH|=
=51 9 59| oj2e] 72
o) A7) 2EsHA

2H(hydrodynamic lubrication)

coet EH

2700149) 8%

rS.L'

£

i\

|

rk
» Il

3T

9 0|2 7t} ) AE A
%L T TV FAL HolYe] 44 &
4g tpgoR olTolAl: B9

[o2a =1 T o

o}, ¥ 77| (surface roughness)e] FTFS 13t A A3}

F
;

EARITE RS A4S fAl 2 FAolM AZ7E 1A
L2 oj113] 2 HoA #Hols= W7 Al(Reynolds equation)S 7]
Hrog 3 Afo]o] F&A| 9] FatA| A58l tisl FA5k= A+t

]
ol ek 59 A0718 7

TWo g
T
=3 g% (mixed lubrication) ¥

b P st A B

AlaL low, 7IARES] e


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2020.29.5.378&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Journal of the Korean Society of Manufacturing Technology Engineers 29:5 (2020) 378~385

EA3}7] HH%OH 71%7191 &

¢

Patir & Cheng?]
of {49 s A
model)ﬁ Aottt
S=A 4 (flow factor)E= Ao
1% FHo AL 7hs3t Het o]
Equation)S §-&=31911>%, H 7:'1]0]
AFEo] AghEogrt, sz ]”
ofRt 5 FFT LI

/\]-—9-0]- o

o o
) om

o
fr

4o o

>,

N

L

ox

)

oo >
sk
2 0

o

ol
Ed
rlo

Y
e
o‘ﬁ
=2
=)

o

Jo
2
=)
1o
o
olX
ox
M
1
i
N
10
1% md

|

b
ae =

30

o
2 U
Eui )
R

Mo

T

=oll_«“

o2 W
ok it
ko
N
-= g
[

ol
i)
Q.

Ho
et

3l

&
o

2
-
e
%
T
rE o
2
g
S
=]
:r—!

-
gl
_0|L
H

deformation theory—J
& 7l ot =
A 2
G ot ot st slzete] A7 Bl %% 8
th2A] vehdtha olgskar ok =3k Khonsarit'*! e

= 7Hle ® o‘(bushlng) A wojgoll ARgsto] mhd A
SAlol] 98 S|4 42 Asel vlmsiglnt
He Adlol olat $A9) e, AR 7159 1% 9
T517] 945l Bair-Winer model, Johnson’s concept S ¢ 7}X

43t BUBE Hgolo] saEigion], SAja Aol Heshe
FEHY A& 02 pme] AA7|E F/oll A&AZi. v
o) AR A4 A &

At 7

i,
i)

Ir _131
o o o 2 rlf

X

=)

na,

Safista,

e 7HR

9 A7 FH AV} HSe noT s ’éﬁd 7&%94
QTS stglent, & F9 Atolof] TAs= A 718719 gl
tsiNE 23S sHAl oot Slrk. & #H Atololl F/Jle A
71271 S8 QAR A{E 4 Aok Al 712717 2 B¢
FR719] FFe A WAl HotA|aL &84 FTgol AXl=
R, A 71717 A2 A4S #9712 9FE A fAHo|
AR I HFoll ofgt FFo] AR ol W Aol HZo] o3t

379

shzst g2 o3
g o)t} E3
270l we} LEpt
@ 9| g5 2ol

olo] At 7la7l77}11 R
%ol ofspel,

I~N
r_\l_

=

2
e (o

e

Mo L mx
b
rOl'
-
re
%0,
R ) i

ik
1%
=2
N,
ol
ok
)

[
(Ol

o)
Ho
o
ol

>
10
ox.

il
ot L o

u
N
ko — m
-+
)
k
30
o

i

T
o
=

rir
X,

el
o3
i

M

ook
L
=
M
1%

=]

>
=

-
O oo ox Mo
fuoomol BLoglol G

haap 1o

UOV

7

127| ¢IXle| &
o] npE A2 Fig.
© T= Hojg 9
1% 7ro| FTaIshct
W, F)% &

End view 1?.1?_01]

2.1 ME TR A4S fIeH 2 siAnt
Leed] Agid o)M= AL71S
13} Zo] el Fig. 1
T 3| s ofydt
= ’3}%% %%7\1101] ofgt

ol —4°} SHS( W,
/\}O
% 5}‘—}4
%5}741]7} ol&a &0

T

=
ox
o

o
u
5
(¢]

HU
oL
o
38
H

AALEH slope parameter(h,,/S,,)
Ho] 7]87] S A8t zIsyst

R
b
o N of
O, ok

S
N rlo

olX nfkr

ok ol
=
lo,
o
=)
o

_o|lr‘



Mi-Ru Kim et al.

<End View>

<Side View> "

«—F ¢
—

v Contactskﬁi" ® °
. L J
L)X e o

[ e

<Top View>

Fig. 1 Schematic of the contacts of asperities in bearings!"”
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Table 1 Conditions of friction test

Motion 1 Cycle (One way)

SUJ2 (o = 0.412 pm),
Sapphire (Smooth surface)
Stroke (mm) 40

1, 2, 3 (Self weight = 1.17 N)
[Real input load = 2.17, 3.17, 4.17]

Friction materials

Input load (N)

Sliding velocity
(mm/s)

Contact area (mm?)

12

25 (SUJ2 surface = 5 x 5 (mm))
Distilled water @ RT

Lubricant

siMat HlaE 949t Ao, A7l kg WS Aok ot A4
Hlojg 7 floll AAZIE AlFsH7] sl ‘3‘1101‘%]735 5 x5 (mm)
712 deg ¢ 5 E2Y(polishing) A& & F UAF BAF
(AA)) 7t5o2 AR7ZIE T3Sl &9 71%_17]—4 742 v
= 321 39 ¥4 =7471(3D non-contact surface profiler,
nanoview)& ARE-5H3 O, O‘Z} BAF 7M. A 5H A= R
=0.021 pmo|3, AL 7Hg Foll= R, = 0412 pme] AH7|E
LRI

2.3 O/AE 2 7/27| 9IA Hlole =7
Slo} o] AAE nhE AlBS ALgstol T AW
o uhe 24 AlY 23S Table 10] LERIR]
3} Abstolof Rio] A4 SEOIN UERE 7 31552
AN T ARe AE 23

o
>

oN ox 2 o2
o

(=i

EI

ol

ok
o) ¥R

o
=
=,

ok

e

AR E
(distilled water)3] & AMHESIYITH B2 U2 237
SEAZN 2943} Bl wstE o iR R ek 2 I o
ERA| = 231A)9E L (pump)ol A Al (seal ring)o]Lt H]o]
72 Bzo| Bof| 93t g&o] o|RojA|= F9rt 2Apsiul 2
AolME A+ ﬁﬂ"*ﬂiﬂ H3E 93§49 4 4%
kS Z7IA1Z 4 Qe @ Hr}

il
o B 1Ir
it
EO

rlu

e

ll__; B | 2ua2 AA 22
pPtel S S04 3 st} el

o)~
i
)
I
"

HX]Z]“}, -Er% aﬁlﬁ,oﬂ
=2 3% Elojof 3.
ol & o] &2told S
9}11]/] B 49 YA U oS ol 9sf 71271
(Sm)7} g 0}\:]'. 0] 7]€7] JAE slope parameter(h,, /S, )=

we] 7187] %8 A8 AT

o
i i) Mo oX |
o
K=}

—r
o
=
o rd

oX.

g AL o 25 ke
iy
=

U(Sliding)!
Gap

sehsor

Base plate

Fig. 4 Surface profile measurement using gap sensor for analysis
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— Gap sensor signal on SUJ2 surface in friction test
— Gap sensor signal on SUJ2 surface for hoin slow moving test
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Table 2 Results of calculated h_ and S, by friction test

Slope
parameter

(/)

S

m

(pm)

h,

m

(pm)

Friction
Coefficient

Input
load

Z
o

0.399 2.61 6.54 0.338

I N 0.487 2.31 4.74 0.315

0.559 2.44 4.36 0.293

0.728 220 3.02 0.324

2N 0.816 2.39 2.93 0.293

0.776 2.36 3.04 0.386

1.145 1.92 1.68 0.282
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—— 1N - Gap sensor signal in friction test
—— 2N - Gap sensor signal in friction test

—— 3N - Gap sensor signal in friction test
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