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ABSTRACT

The thickness of adsorbed molecular layers is the most critical factor in studying thin-film lubrication, and
it is the most essential parameter that distinguishes thin-film from thick-film lubrication analysis. The thin
film between the shaft and bearing surface within a very narrow gap was considered. The general Reynolds
equation has been derived for calculating thin-film lubrication parameters affecting the performance of the
circular journal bearing. Investigation of the load-carrying capacity and pressure distribution for the journal
bearing considering the adsorbed layer thickness has been carried out. A Reynolds equation appropriate for
the journal bearing is used in this paper for the analysis, and it is discussed using the finite difference
method of the central difference scheme. The parameters, such as eccentricity and attitude angle, are used for
discussing the load-carrying capacity of the journal bearing. The results reported in this paper should be
applied to analysis of the journal bearing with different lubrication factors. The steady-state analysis of the
journal bearing is conducted using the Reynolds model under thin-film lubrication conditions. For a journal
bearing, several parameters, such as a pressure, load capacity, and pressure components of the bearing can be
obtained, and these results can be stored in a sequential data file for later analysis. Finally, their distribution
can be displayed and analyzed easily by using the MATLAB GUI technique. The load-carrying capability of
the journal bearing is observed for the specified operating conditions. This work could be helpful for the
understanding and research of the mechanism of thin-film lubrication.
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7| = AE-l I:Ic=>| R; : Journal bearing radius (mm)
R, : Shaft radius (mm)

¢ : Radial clearance of journal bearing (= R;-R>) P : Non-dimensional pressure
B : Bearing width (mm) U : Velocity (mm/sec)
€ : Eccentricity
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Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons. org/licenses/by-nc/3.0) which permits urvestricted non-commercial use, distrioution, and reproduction in any medium, provided the original work is properly cited.



o
ofN
i
oo
1o
Ml
o
i
)

d  AF7ATLEEE A, 21144, AS5E

A HEE B Aold woigol thate] B
& B AT Hol HTH. Ao HlofY o
NeH 4ge 3A FAA, 3, A4 B
ol A3k ol stel gtk AAl Sgol
014 gre ot aETe) T oA 72
= Z
2
o]

(o]
\IF
i
g
N

AA AR wWolFG A& = YA Hrh ol

SFe F S2adel digk A7E VxR A

g Wojyg o] FZado] thste AAF A S
stejol & Favt Jokar & o Uk L Bt A
old Hojdel] gk AF7} Wol F3Eo ou
AARE Aol d  woge] Fa AR AAZT
(attitude angle)® HAIE (eccentricity)7} | o152
“+Za ] wXE Aol gk FAsta FAAH
Ade 2HHA ool olastr|rt Ea& AUt
2o HAZ BE Aod g Azt wet
O& oo thgk #AF A7 BashA Helow
olo it Bt AT FAAQ A#rE Festth
a1 g U Aod WolH g dTE
1980 Athol @Wol =ellA FP=7] AlAtstlar
J.S. Kim # K. W. Kim"5°] #% ZA =
o] &(tilted pad journal bearing)dll THst ATLE
39t Hwang?s2 &71€% HEEZ d= wof
do AA g FHEALES FHHAYHeE A0
W EAT Kim 3 Lee’= AFE 28T 2E o
&3] A dwlof P2 rotor 5 Y ¥ 1
AH}E Ko FHUG EF Chin 7 Yoon'"= Ad
Holg o 7zg & F e Sgholr Hoj™H Y
AAE ME $8 aHE AFSAT o8 AR
AAEZE 7V & E& T v A e FFe] ATt
A HHo Az HAE AASAT. 1
U AFVNME Ad wojFo] gk AF
SIAIL ol AT S AAAH HAE
g A AFoletr] R 2 =245 W
Elute 7] Woj"olvt Aold Hojy AF7IH
ojvf OFHIt e BT Pl diete &2
2F Aotk oHdEd ATE FHAE FAE U
Aold w8 7 7EAH] F8 fFxd9Y
AR AA 2 JHA S wE ezl o
w2 B3gEes AMEA Ase dotrR7|d =

i ol ofn

O

A7 glof ol AAS BAHSILA S
3) AA 2t BT o WA Y RES B3}
ol PR FFS AAS BelHal st ol

sl Aol AFEE WHOoEE F3AHEWH (finite
difference method) ¥ SOR (successive over
relaxation) &'V AL&3le] B8 3t} o] &4
A% wy 98 £2EHE BT B
UEE v EgY(matlab) GUI 7]5S AR&3te] 22

ofs mlo
i oo Ifm

¢

aYe g 2 2hAe] Aojd Hojge
HREAS A7 B 5 Ao

2.0

ol

2 o x4

2.1 &Eo|E

Fig. 1 &% Aold #lojgd e 7&40 =
AME BT Q) Fig 2 £ BAEL zkAZto]
SA He= Aold wlojgelA = Fig 19 F

o2

AgR 70 Fubs BAA YR fEEA
EE HolFa Qlth Fig 2() & 3 AF9HOR
DE=AZS UeRA Aol Fig 2(b) = WoH F

me Y oE do M K

o o
Fo 34 W FUEAS Adstel vheha
SuEAZ Aow Uehw e

(M

Fig. 1 Pressure and geometry of journal
bearing



HWold AAES} AAZel mE Aojd wWojge &Zan  x7AVEEIA, A4, ASE

A71A o(=R;-R;) & RPAWES] Aojd wjoj= 9
ST A4S YEdT e & F T Aod
ol FA Aglolal = & FHo HLFAE
el A d & e = ek & YEW I 6 &
FOZHE A A WFoRE
tHFig. 1). Fig. 2(a)9} 7S Aolyd u
FAZE b wWojHoll A 1k Alele] &
2ola e Wt gl vIskEAAA
gekd dolaz WS WS o]

@9 2k

o714, R, & Aolde HkE, R, + F9 WHY, ¢
= 9 @EE 7k = Ri-Ry)o|vk I Fakd A
i
p=L gl o2 y_ 2 € 3)
. c R R c
B ., . 6uUR
ki(QﬂR) 7/1* pac2

Aold wojg o] HdH s
-1?__

ot U U E
He

B/2 P+7
P, =—2R / / pcosfdidy (@)
0 P+0

B/2 po+n
P,=2R / / Ynbdldy %)
0 $+0

Film thickness distribution

=
2

P
a5 S

Normalized film thickness

)
gz

300 240 180 120 0 0
Degree

(@

=
=)
@

—c =1 mm, ¢=elc=0.01

-
=
]

—

Normalized film thickness
=}

<@
©

o!.D

100 200 300
Degree

(b)
Fig. 2 Film thickness of journal bearing

Pi,j+1
Hij+1/2
Hi-1/2,j i
Pi-1,j Rl HiJ Pi+1,j
Pij Hi+1/2,]
Hij-1/2
Pi,j-1

Fig. 3 Discretization of bearing
surface

22 Hold Hlojd EHolA SEAEY
58

Hgg Aoluoly HEulel fEAEHE
g3l £ANNS ] sl E dolFn
AAZzAC] FolAlok s} B AFAAEL Hof
Fwo) e d7Igke 289 P = 12 dhe] 54
A4 S AAZH )T BAE(e)el ohE g
GEE D R58F 5o AFFNT BARAL

d

A



o
ofN
i
oo
1o
Ml
Mo
i
)

D= T7IAVFE S A, A4, ASE

& A Bolth dolmx Anl WAL
Hgatol 4L TH) AN fH ARG WA
Hg Qlojof dhel x 8 y W MATEL Ax (=

[e]

=
RAG) % AyE o] &3t T ARE'H(central
difference scheme)© Z ©]Al3} (Discretization)d}o]
¥A1E & 9t} Fig 33 Po] AFE "¥ashd F

A eolm= WA () o A4 I

0 0Py 1 3 Pi+1‘j_Pi‘j_
69( 89) AO (]:Ier%] AO 6)
P .—P. .
3 1,] i—1,j
Hi—%,j AO )

O (pdly_ 1 (g P =P,

ey Ay, Ay - O
3 Pi‘j_Pi‘jfl)
i-+i AY
H+l __H 1
oH  't3J  'Tad
200 AO ®)

o] Ht o HES velste] of
o~ o)
T N
Pz:j =agtap; ;0D 1 ;T agp; ;4 tadp, ;1 (9)

ANA ayanarazars & F USEE Fig 3l
A g AAGEHANAS 4 P

dEo=z 2 9y Po] BHAHI x, y WEFORE
NS Mol 2zt Qe A 2 ARelA As %
A H BEE ARHA A& 95 7 o A7
NNl Asbg 2ol fFEsar o] A4
2 W5 (iterative method)oll 9J&}e] & 4= St}
WS Ak @7 FolX0 gk exvt Aot wizk

A Al wEse £9 B 7T F 9
gei oAt Aske AL 1% gl o=
Fo 1 7)Fe e g

N

N, N,

EZ |Pil‘cj_Pil‘cj71|

T <e (10)

71N ke WERST faARgel Bas
WHAS SOR WM Abgetel P 4 gl

o He
Pil‘c]ﬂ :Pfj"'w(%+a117f+1,j+a2pff1,j (11)

k i
+a’3pi—1.j+a4p¢,j—1)

A7NA, w & ©]¢7lF(relaxation factor)o]™ K
T 0<w<2 ol FHL w27 = HE3 A
glo] & 9 3}}[5-9]

=20 mm ¢ = R; - R;, e =
0.01 mm 1 3o 4HFEEE 73 dfolth
olgie] &&H HAE p = 7x107(poise)E Tt

Arkd Aold wlolg el 2RAIZH(w) 2t
AAEe)el WE 2 A9 s 78 F A%
AR &4 Ass

o
i
rE
i
i

HS Teto] R Aotk Aold
o] o] b EXE F3to] FHHe] HA w2
dd By dAS Bo F3 Q) AA Z(attitude
angle)©] y = 30°Q1 A= oF 180° F-FellA
grelo]l vERbaL Sl o] #xe TN 4
S uEld Zo] Fig. 4(b) ©]th. Fig. 4(b)olld Ho)

—91 —



wWoly WAEel Azl BE Aod wof ol

&ZE5  AFTAVFE S A, A144, ASE

Pressure distribution

W:=ec=06

Normalized pressure

360 240 Degree

(a) Pressure distribution of plain bearing

N
i}

—ec=elc=06

N
S

Normalized pressure
o I

o

i L i
) 120 T80 240 300 360
Degree

(b) Center line pressure

e=elc=0.6

(c) Polar pressure distribution

| [e=elc=06

- component

R

Width(mm) 55
0 360 240 pegree

(d) Pressure distribution Px into x direction

100

R - component

750
Width(mm)

Degree 120 o ©

(e) Pressure distribution Px into y direction

Fig. 4 Pressure distribution representation of
circular journal bearing (¥=30° & =0.6)

Fgo] 180° F-FollA YEl= RS A &
T o HiEe wet g A7V thEA
Uetues As 82 & = AAh Fig 4b)= ©
HAET} ¢ = 069 A$E A 93 ¢de ¢
08¢ W YEREoY o] AHe HagHe 23]
A oz WA o] ol A YERGI AAZHe
z70) Wl g = 0.5 ~ 078 HHYNA H) 73}
£ Uz JJth ol miAE H
Table 1 9 H-3h-gaFo] EAo)A T 5
Fig. 4(c)= Fig. 40)2 FHEZ Ygd A
Fig. 4(d),(e)= 2(Ht A(5E &3t x,
o gEEEXE YERA Zoltt o] AF
T4go] Yehd A2 HAET}E ¢F 0.
ojal o] FHRT I FAYHEEXE 7
M= ZastA "ok o Hul
FANAZ AAMzo]l Wshgte| et
Ha Ao Falg&e] A dYR
I 2 Azl wEl 1ogkel gE JeA "ok

=

|

fr
O 0 By
Moy 2oz 252
4z o ol o2t & £ fo

Xk 2
o
ro
£

30 HAES A&
Fig. 5(a) ~ Fig. 5(d)= HA
ol ot BxE IHA g

e m
2
)
S
HH
1f
2,
L



o
o
Il
oo
e
Ml
o
i
R

D= T7IAVFE S A, A4, ASE

Pressure distribution

o
21 M = e/c=0.01]
g : 1
Q.
-] 1‘ "
2
N
E 1
s
= 0.
80
=
=%
2 40
2
o T T T T T L
360 300 240Degre1e80 120 60
(a) € = 0.01
Pressure distribution
o T
3 M c=eic=0.1
& ' i
2 !
=
-
(53
N
s
£
o
=
80

() UIPIA
£y
o

ot 1 1 T T T 1
360 300 240D 180 120 60 0
egree

(b) £ = 0.1

Pressure distribution

o I
Z M:=e/c=03
8
5
=
X
©
£
5
Zg
=
=
=
2
ot T T T T T 1
120 60 [}
360 300 240 Degr1e g0
() e =03

Pressure distribution

20,

Normalized pressure
&

=
% 4
3
2 T T )
N 3
. 360 2300 240Degr‘leseﬂ 120 60
d €= 0.6

>
R

pry - [
=) > S

123

Normalized pressure distribution

L L
180 240 300 360
Degree

(e) Center line pressure distribution

Fig. 5 Pressure distribution of the journal bearing
according to eccentricity, w=30°
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Table 1 Maximum load carrying according to
attitude angle and eccentricity

(U=26m/min)

AAZ($) | BAE(e) ) 55187
$=10° e =0.71 175 N
$=20° e=0.7 192 N
$=30° € =0.66 20.5 N
$=40° ¢ =0.64 214 N
$=50° € =0.62 215 N
$=60° € =0.56 214 N
$=70° €=0.5 203 N
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