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Abstract—For excluding the effect of machining error such as perpendicularity, conical and spheri-
cal bearing has been used. In this paper, dynamic characteristics of the externally pressurized
conical gas bearing for untraprecision main spindle is carried out based on the direct numerical
method with assumption of point source. As a result of theoretical analysis, it is verified that
coupled stiffness and damping exist and new design parameters for optimal condition of conical
gas bearing are presented in dimensionless form.
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Fig. 1. System configuration of conical bearing
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Fig. 2. Coordinate system for dynamic analysis
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Fig. 4. Configuration of a feeding hole

3. 2/FTId 258 37| HojREe
Fig. 204 Bl woj=jAle] &3 EAQE Fa1 e
2 Jeide o g
H,=1—¢ cos(0—¢) (10)

o714 o A Aol & FAY A 2ot 7
A F8 A7 AR 2 PALEH A A
A9 & EAE HFA B4 @(mean-step thick-

ness function) 2] 7} el 2] FeFTH 7], o)== B9

@ Agozi ol Ewe] 2Fnsl 2o B4
M3te] galo] o wWols $8% 4 slch

7] st a4 Foll 2Hgahe A XA wolE

upzl e wlojal T w4 WA sl Haal
HES welay ol AAo] HAA HBsle] bt
AT vk Bats B4 9 ¥ PoE 22 #iglol oje
Xy, 28%% 4:‘% P°4 Tekgdeh olE Fa He=
ZAstd ohgat z
.+ C
Yum B k=12
p.{ri+r,)L
Cpi * C
_ : k=3 11
p.n(r,?—r') an
Dy - oC
Bum— - k=12
p.(t;+r,)L
Cu + C
= - - k=3 12
pan(rt—r?) 12
4. A @ o og
2 AT A WA r/r, =045, woigl Zoln] L/
r,=L115, $71FE dF% e} Ao 12749 24
712 ssich e A A wlAdF AL wkE A
58 gloll v ubES ARS-StE e )l Wbl Al g
Ashe T wheko g 57bA 7270, & Wik g 744



slislet 438 37 Welds) $E4e A A7 81

~ 2
<o+ g A=2
S 0.16 cemeA =5
< —=A=10 -,
rr X
"oo0az i R
NS i (i "Qi
2 7
-G 0.()8 './' —-/
: et 4
- 0.04 | Truhad ../
5 ’_____,_,—ﬂ’
0 B i H
10° 102 10" 10° 10’

Feeding Parameter T
Fig. 5. Feeding parameter vs. dimensionless radial load
capacity

[
oo

,-,3

£
ﬁl”(l:
o~

2l 4N By

o [ L

0.6 i S ,/

Z

B ot

) L : i
10° 102 10! 10° 10'
Feeding Parameter [

Load capacity
X

Fig. 6. Feeding parameter vs. dimensionless thrust load
capacity

—f‘%*é l’*° wols] Hoi ubA el A 2]
° & wlite} sl A F7]AH gl

uhek ahEx =] wWstE
l 0.1e]3 F7]8ke] 673+
Lol A oF = lRo] H 9
7] %) g2 »}a} E %717%7} zHEe ¢
ek g FAARTE e AAeldE HEEAS)
A7)} A FA A okl we FFL vlA Fo1ASsH
AG%E 1 o] Aolyg oF & Yok ol F7IA
471 AL EqF Eucks AR A0
wgolat 4zheict

Fig. 6& F71A59} & et sh5a] =] &-ef3te] IAE
Uehd e o), & whakel dFA|A¥L vbY W
e g FrlAgel wep Fokeh 2 & g
5122 kA AIS 9] dES ALl whR] k=t o)+
A AE doyg e 799} upi AR Fef 3 A%

300
% L 280 A e
=T 200 /
]
. | /
£ 5 /
2 T 4 7 E
| e
0 i s st . i
10° 10? 10" 10° 10'

Feeding Parameter I
Fig. 7. Feeding parameter vs. dimensionless flow rate

—t

i

w2

=]

‘a

g

< 15

°

1=}

<

@ 1

: :
= -
ﬁ L .
= R 2
R oo &

E- — gt N
2 0

& 10° 10? 10" 10° 10'
G.J

S Feeding Parameter [

Fig. 8. Feeding parameter vs. dynamic coefficients in
radial direction

Couette §-%2] ubajo] o} w|43}7) wFolatn Azt
Heh g3 o]9] &g A% o B2 ATt olFe
ok gk P} ol 7| A FEE 7)o ukdd Y3
welejo] b 7 7hg-elv, vlFH 7}A-1+ o] & wrg
sl vlad =z wWstsle A9l 7] FEHoR
AL A & ubake] slEuishe o] &gl W&t
HA By wIE s ol wtid WEke B4
Wale s1deT upebd] ubAg ubskel YA HE o)
W skElclk: ol

Fig. 72 #7145} @& Fa) 28 F7|eke) w3
g vehd glelch g Fr)eke FA 5ol e} x5
FeHer F7ae o 5 ok

Fig. 8& F71A 42 3}l rqg_ why wgF & RE
AAF v, Bul HEE el A
& FIIASe} hEA AT W}E} ‘?} 4 whakel F-x)
&5 A| %) g-gke] wste} AR A Belg o

3

Vol 8 No.1, 1992



®©
b

=
o
2
oy

[ap]

c:o 0 . =',,.:..,f'_=:::::§“\

£ o =ERET Rl
‘S i \\\ N

—g '0.2 e i - \‘,_\‘7\7 E

< \

% -03 ¥ \‘\

e \! ’I Y
E -04 7 (- I
9] N/

B .05 ¥

2 \ i

2 : ! R R
2 06 — - - : l
= 10 10 10 10 10
S

:O)) Feeding Parameter I

Fig. 9. Feeding parameter vs. dynamic coefficients in
thrust direction

9 A7 B¢ zee Aol e
8 R Hh 7R A an_ *6‘74]
aw} St e QAL i 3
: wA, wame
WAl e AR BE A Ve o

Fig 9% Fig 83 22 2704 % whg 445
vush AHAAF Byl WshE FoAFe Wste] whel
vepdl Zoleh AlgEe] FE5E ABY BT ()0
ok & g FEAASE A W F54AT o)
FrbAl HEge B J% & sl

Fig 103 Fig. 11 34745 A7) 230 2% %

FEAASE 2 %’oﬂ aheb vlebdl Zlelek. Fig 10&
ARAGRES debd Aoz A4 pATE F A
Aol wla F33) e e AEch T BAE
bl e} 2 2

on AR T AL el Hlal b A
HES bl W2 QAT sk S

o o 4 3lEd ol el F ol7hize] 27
o 2f= Eztelr] @] WA WE wole)
o wishe] odapol 7lol ZA L vl
oba A7bsch e BAlEe) 03 o el el
AGsl F A% Aol Aolrh Folzid), Y
744 B 7ha)e] edAdsto] AR|m ulolale] oFA] Ao
498 AR slgdes BalEe] A A
spata) st

0

a7

pas

J
I~

a

fos

o L ofo 2 Mg gt 12 ax A
o

e Mg fuoox © 2

7

)
[«

5.4 £

SNsls B7) dWolele) WH R 5 B4e P

Journal of the KSLF

Yo
_\
5
g
% 0.5 |- A=2
" .
Vi Y Yo Y
0.5 l =
0 0.1 0.2 0.3 0.4 0.5

Fccentricity €
Fig. 10. Eccentricity vs. stiffness coefficients

0.2

4] B2

g 0.1 A=2 //
i

Bd

g

a

=

~

(=]

0 0.1 0.2 0.3 0.4 0.5
Fcceentricity €
Fig. 11. Eccentricity vs. damping coefficients

1 wols
Aze Ak

D si¥sler 958 7] doldel 4 3 4 5
HeEe Ag7) ARsel AH FAAYe Ao

3) FAY ShFA A Sakel Aehgke vkl F714)
F7h W ol ANSE 2qstel e 4 alvk

) FA HAe) HAdsk 8 FAA} 2 st
ot MAMEE 2gstel P& F glow, o] e x

Aol AL B e i 235} A2 o

sich Hehe] AA 442 FAlel 27 Ebsah,
5) 958 7] Mojale] 49 W w9 & e



o

P9 a7t M2 4He] dehve, B8l e
F9 A% BAEe] 03 olAelNE AT F A
Sol Holzk A7) agel Weld) Aol £4 Ea
A%E WBE 34 Aol e weron A5 o}
ek,

0

NOMENCLATURE
C . Clearance
C; : Discharge coefficient
e . eccentricity
F, : Resultant of pressure for x direction
F,  : Resultant of pressure for y direction
F. : Resultant of pressure for z direction
h : Film thickness function
H ! Dimensionless film thickness function
P . Film pressure
P : Dimensionless film pressure
p. . Ambient pressure
Ps . Dimensionless supplied pressure
Q . Dimensionless mass flow supplied throught fee-
ding hole
r; > Minimum radius of bearing
r, . Maximum radius of bearing
I, . Radius of feeding hole
R . Gas constant
T : Temperature of supplied gas
€ . Eccentricity ratio
K . Adiabatic number
I's : Feeding parameter
A(z) . Local compressibility number
A, . Compressibility number at maximum radius
Yw . Dimensionless stiffness coefficient
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A,
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: Dimensionless damping coefficient
> Viscosity

> Density

. Angular velocity of journal

. D. Faddy, “The Effect of Flow on the Journal and

Thrust Performance of Statically Loaded Opposed
Conical Bearings”, Proc. Gas Bearing Symposium,
Univ. of Southampton, pp. 32, April, (1969).

. Xia Hueg Qing, Hua Shao Jie, Fang Xiao Li, Yu Yan

Ping, “The Analysis of Static and Dynamic Charac-
teristics in a Hybrid Conical Sliding Bearing with
Shallow Pocket”, Proc. of the International Confere-
nce on Hydrodynamic Bearing-Rotor System Dyna-
mics, September, 1990.

. Majumdar, B.C., “On the General Solution of Exter-

nally Pressurized Gas Journal Bearings”, J. Lub.
Tech., Trans. ASME, Vol.94(4), 291-296(1972).

. Elrod, H.G. and Glanfield, G.A., “Computer Proce-

dures for the Design of Flexibly Mounted, Externa-
lly Pressuized, Gas Lubricated Journal Bearings”,
Proc. of 5th Gas Bearing Symposium, Univ. of Sou-
thampton, pp. 22, 1971.

. Castelli, V. and Pirvics, ], “Review of Numerical

Methods in Gas Bearing Film Analysis”, J. Lub.
Tech., Trans. ASME, Vol.90(4), 777-792(1968).

. Sharpiro, A.H., “"Compressibility Fluid Flow”, Vol.1,

The Ronald Press Company, New York, 1953.

. Reizo, Kaneko, “Discretization Method for Numeri-

cal Solution on Hydrodynamic Lubrication”, &%&,
Vol.29(9), pp.633-638(1984).
2] Wejzle) &

Aol el o1+, gha4-3HehE] =], Vol 7(1), (199D).

A, AL G5, sk 2] slelale] &

HEA ol gk s A7, #8281 3] =], Vol 7(2), (1991).

Vol 8 No. 1, 1992



