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Influence of variable section throttle on performance
of aerostatic bearings
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Abstract: To analyze the effect of a variable section throttle on the performance of aerostatic bearings,
an aerostatic bearing model with a variable section throttle was proposed. Furthermore, the dynamic
change in the shape of the throttle cavity cross section was realized by deformation of the elastic plate
of the bearing surface. First, the coupled partial differential equations of solid plate deformation and
gas lubrication were established. Then, they were discretized and solved by the high— precision finite
difference and over relaxation iteration methods. The results reveal that the shape of the throttle de-
termines the value of the nozzle coefficient in the numerical calculation. Furthermore, the stiffness of
aerostatic bearings with a variable section throttle is 15% higher than that of aerostatic bearings with
a rigid throttle, indicating that a variable section throttle allows aerostatic bearings to achieve a grea-
ter stiffness under high bearing capacity. The results of the theoretical analysis are in good agreement
with experimental results. Moreover, they indicate that a variable section throttle can effectively im-
prove the static characteristics of aerostatic bearings.
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Tab.1 Calculation parameters of aerostatic bearings

S8 Htu
L/mm 50
{/mm 20
B/mm 0.3
Co G =0. 85><(1*efx'2(“'“'>):9:
E/GPa 1.12
H/mm 15
d/mm 0.3
@/ (Pass) 1.883X107°
b 1.4
R 29. 27
T,/K 300
P./MPa 0.45
P,/MPa 0.1

Y./(kg +m *) 1.226




2450 b

K% TR

26 4

JIe 7R o H SCHRLO JRT R 5 A5 730 i A B9 25 0 s B
RIS 2K C S IRAR B TRIE hy FIRIEEE h
A5 T AR SO ST A R A T T I R Y
TS R A T MR A AR TR E o, I B A
TR JEE I B ] B2 P 22 i A2 A R W R 4 G

P4 AR AR R AR A ho

Fig. 4 Initial value of a variable cross-section throttle hy

0
15 20 25 30 35

() 1L A R L BRI (h=5 pm)

(a) Contour map of gas cavity depth(h=5 pm)
oM 510

35
10
30
25
20
1515 20 25 30 35 0

(o) T IAEEEELE (h=10 pm)
(c) Contour map of gas cavity depth(h=10 pm)

(=)

(=2

N

[\S)

AN A EAE B G T S B

Pl 5 2e7m SR AN TR] A REEIR B 19 30 4 14 O 3 46
EEE SR A o T S BT K s R R DRt
T 5 30 2% BB VR BE ho Cis ) [ oy o FOTT SR ALH
HA MR RAE pCis ) | o oFATIEEL, R
B h 55 F 5 pem B, A8 8T 0 29 A S KR B
19 g FEAS S TRl R A6 0 T T A Y R
TR ARl 7T B L 1 AR 1 B KRS 0. 41
MPa; S B B h 25 F 10 pm B, 28 300 1 57 4
A R TR BE A 11 pen, il AR 3T 300 L 1 A A B K
SEH 0.32 MPa; M B h 45T 15 pm B, 748
R T A I B KR R 3 e, SR T AL H
Ab e KSR 0. 24 MPas BRI b 25T 20
pe B A5 AT 9 90 2 1 B R R BE 0. 5 e, Bl 7K
AL AR B R 0. 21 MPa,

a

MP

50 0.4
40 0.35
20 0.25
0.2

10
0.15

0
0 10 20 30 40 50 01

(BJEJ1 345 (h=5 pm)
(b) Pressure distribution(h=5 pm)

50 MPa
03
40
0.25
30
20 02
0.15
% 10 20 30 40 so Ol

(DES A E (h=10 pm)
(d) Pressure distribution(h=10 pm)



55 10 4]

XIS e, 45 < 748 R T 1 O A8 0 2 T B 7 7R P B 1 52 ) 2451

X107

3
2.5
2,
1.5
0.5
0

15 20 25 30 35

—

()5 A R BE S (L (h=15 pm)
(e) Contour map of gas cavity depth(h=15 pm)

X 10

35

4
30

3
25 5
20 1

0
1515 20 25 30 35

(@) W I A L L (h=20 pm)
(g) Contour map of gas cavity depth(h=20 pm)

MPa

50
022
40
0.2
30 0.18
20 0.16
0.14
10
0.12
0 .
0 10 20 30 40 s0

(DFE S A E (h=15 pm)
(f) Pressure distribution(h=15 pm)

MPa

. |02
0 10 20 30 40 50 ’

(h) JE 3434 P Ch=20 pm)
(h) Pressure distribution(h=20 pm)

P 5 A [ MR ) BT A TR T L ke ) O R A P A i 2R T g 3 A

Fig.5 Contour map of depth deformation and bearing pressure distribution of a variable section throttle with different

gas film gaps

HI P 5 AT LA 49 I B4 i B Jah R 2% 1
49 1 3 43 A 123 B A AR Ta) B ) 38 Rt/ . 4
I TE) B A /0N B T 0 8 14 R T R A, B T AR
R S B Y G A B 3 RE 7 B il 2R R 2 3R 1 T
FE 340 A B S, Bt A 0 ) Bt 3 O, R 3T T )
Gy AU B AR AZ B0 0 R ) 25 0 K M AR
AT i Ah R AR AR R hy — AR B
ZIN S BV A i 8 AR B N oA R Y R
IV 55 il 7R R 2 T R T 43 A B 2 BRI

HWHSBRA R RS IR s 2 S R
B R R BRI AT B TR A
2 WP Y L 75 00 e 0 TR B A (B AN 2% T Ui
AT | PR ASCIBR 7 5 R (2) v R A AR I i 4 o O
5 & (O AT R At

H1 2 (6) A2 (7) T35 A8 A8 49 U s R TR Y
UL i 25 S il R % 7R AR T R B B 4 Sk
e 6 i,

H1 Pl 6 Ca) RN, B A ASCR6E [ B 0 388 o, a7
(AR B R B2 . AR R B SE T 5 pm B
U8 T Y A 1Y B R R ER I 397, 5 NG AR B Y
TR (0 B KR #R ) g 415, 8 N, 728 5 18 15 U 5 il
TR I 7R 2R 7 W /N T T A R R #R .
Pl 6 Cb) AT 1, B & R 1] Bt 1 388 O, il 78 7 M
1 R /1N 5 7% ATV I A B R Y e K I EE Ry
51.07 N/pm, 58 47 i 45 b 2K 19 e KNI EE Ry
44,16 N/ pm, A H A B 5 0 4% , 28 800 1 O A% 1
RN RS T 15.6% , FEAHR BRI F .4
R R 25 7E 180~320 N (L] PR h="7~
11 perm) B, 8 48 i 7R B4 B 32 R 1 6 O 05 O 24 1Y
RN MR B I HFT 275 N3 h=9 pm) I,
7S T Y U A 0 Tl R R R e K. g DT IR AR A
T Y A i A R A R AT 38 i 7R 2T 1 [R) ) i 6% AR A5
TR RIEE



2452 e K% TR % 26 %
E— i1

400F —a— Variable section throttle e RS
—e—Rigid throttle [ibez2

200 & HF
TREFE

€ 2000
AECE A
o k‘\‘\‘\‘*‘
%6 % 10 12 14 16 18 20 7 2 S R R R R 52 5
h/um

() 7R ST h 26

(a) Bearing capacity as a function of gas film gap

50k ——Variable section throttle
ﬁ—‘— Rigid throttle
40+
"= 30t
=
or \‘\‘
6% 70 12 14 16 18 20
h/um

(b R -5 it 2%
(b) Stiffness as a function of gas film gap
K6 R EREXT

Fig. 6 Comparison of bearing performance
KI5 R

T S PO AR Y I A B s R
At R P R 0 3 S 8 1 xR P R R A 0 4 T
TR SIS B W T T R il
2 S A% 0 R T TG T 1 1 32 300 8 i i 7
O b R ) TR B I B Rl A A T A B
o O T PR E R SRR 2 T AR T AP AT R
b 7R By R 2 T R B80T Y WF R RS JEE 4 A e
1 pm AR [ A 7R B0 75 30 8 1A BRI 1k #fi Bk
B A ERE S . i A A L S Y R AR
BRI A S IR R DI RE . 1 3 I M R T A RO T
MR- A7 IR A e G VS BN . e, 1l
1 2T R R 247 Ak B3 A A5 3 il A i 7
Fetk . U & B SR K5 R 10 5 000 N
(1A A AR 1 de /N R BE AR 0.1 pm, SEER TR )
P, 4 0.45 MPa,

Fig.7 Test platform for stiffness of aerostatic bearing

400f 2o ,
8 ----- Calculation-Model 1
S ---o-- Calculation-Model 2
N\ O, —a— Measurement-Model 1
300 ‘Y —e— Measurement-Model 2
4
X 200f
100
0 1 L 1 L L 1 L Il L
4 6 8 10 12 14 16 18 20
h/um

() 7R ST 26

(a) Bearing capacity as a function of gas film gap

S0F A
& . & Calculation-Model 1
P 3 o Calculation-Model 2
40 - \i —— Measurement-Model 1
a\y —e— Measurement-Model 2
= 30
=
<
10
04 6 8§ 10 12 14 16 18 20
h/um

(b RN B - it £
(b) Stiffness as a function of gas film gap
68 SEGHe Uk Hh £k

Fig. 8 Experimental curves

[ 8 Ay S 56 ) 3k 45 4 A0 EE e T R RR I X EE
Horp R T R 2 oy ) Sk A TS U A A R AR
TR T AR L 8 Ca) M A B ) R A
T 5 pemn B AR T R A 0 B KR R 365. 7
NLHETE 5 U #% 9 B KRR 2k ) o 347, 2 N,
P 8 () T JA « S 56 000 3 ) 725 46K T 4 37 4 il 7 11 e



55 10 4]

ARG T o S8 ¢ 78 AR TR 9 3L A 0 2 T Al R R 8 BE B ) 2453

KRB 46. 6 N/ pem s 558 5 3 45 Jil 2K 19 5 KW
FER 42,02 N/ pm, 248 8100 95 8 % A LA 9 i
TR HRNI RS T 10.9% ., MARKBHET
224 N(ESPER] PR h=8 pm) B, 728 % 16 715 U 2% 4l
AR e K, SO0 It gl S A ES T B H g s
) — B, BT Rl RO TR B RN SE 6 R 25 A N R
5 A Al R W = YN R e R e e N N R
FEAR — B A RO T BUE TR A e

5 # #®
7 S g e S A AR IR YU A A R I TR
SE 3k

(1] Ak, &k, RW. HAHLHE RGEE B AR
FEEBFSE[)]. #3557k &, 2007, 26(9):30-33.
ZHOU J B, MENG G, ZHANG W M. Character-
istics of micro gas journal bearing[J]. Jowrnal of
Vibration & Shock, 2007, 26(9):30-33. (in Chi-
nese)

(2] R, MRk, 200, YRR 28 SR R Al R SR 30

MISEIA LT, % 4% T42,2014,22(12); 3354
3359.
CHEN Q.CHEN B.CAI L. M. Effect of equalizing
groove on small vibration of aerostatic bearings[]].
Optics and Precision Engineering, 2014, 22 (12) .
3354 -3359. (in Chinese)

[3] RAPARELLI T. VIKTOROV V., COLOMBO F,
et al.. Aerostatic thrust bearings active compensa-
tion: Critical review [ J]. Precision Engineering,
2016, 44:1-12.

(4] BB, BRAE, KRR, F. Nanosys-1000 HLIK F

JE R R B R 37 00 A ML BOR BRRPELT ], S A
% T42,2013,21(1):144-150.
XIAY M, YANG T R, ZHANG G Q. et al..
Flow field distribution and bearing characteristics of
hydrostatic thrust bearing in Nanosys-1000 machine
[J]. Optics and Precision Engineering. 2013, 21
(1):144 -150. (in Chinese)

[5] GAOS, CHENG K, CHEN S, et al.. CFD based
investigation on influence of orifice chamber shapes
for the design of aerostatic thrust bearings at ultra-
high speed spindles[J]. Tribology International,
2015, 92:211 -221.

[6] LIY., YINY. YANG H, etal.. Modeling for op-

LT 1 300 280 2 R R AR PR T i
o B AN 2 0 BT A ) T AR A T 9
B R 2l R 3 BT R 80 L T W 9 0 5 A
5 U B B 45 7 4 VR B U B 4R 4 T
T, O U A G
T R T AL 2 R 1 7R 2 W F )
M O 28 TR IR PR R Ty . 7R 19 7R AR )
S R P 7 T S 2 AR L R 8
T ) il 7 U 5 90 75 T K 9 R0 EE L L B O 4 9
CHUE ) (B0 R 2 38 5 159, SO Bt 2 <
e PR 2 RO 7 B M A Y A 2
5 A PR B e O TR BRI B 7~ 11 pem,

timization of circular flat pad aerostatic bearing with
a single central orifice-type restrictor based on CFD
simulation [ ] .
109:206 -216.
[7] NISHIO U, SOMAYA K. YOSHIMOTO S. Nu-

Tribology International, 2017,

merical calculation and experimental verification of
static and dynamic characteristics of aerostatic
thrust bearings with small feedholes[ J]. Tribology
International, 2011, 44(12):1790-1795.

(8] F—"w.F &4, /ALY I ST R Bl 7R ) 4 1 ik

MR AERELT ], b5 A5 % T42.2017.25(2) 417
424,
LI YF, YINY H. Numerical modeling of mechani-
cal performances of aerostatic bearing with orifice-
type restrictor[ J]. Optics and Precision Engineer-
ing, 2017, 25(2):417-424. (in Chinese)

[9] BELFORTE G.RAPARELLI T. VIKTOROV V.
Discharge coefficients of orifice-type restrictor for
aerostatic bearings [ J]. Tribology International,
2007,40(3) :512 -521.

[10] E#A, SRk, KEH,F. L TFHEBBG /D

AL S R ROR I S SRR SE LT ). AUk
A2 F 4R, 2016, 52(9):116-121.

CUI H L. YUE X B, ZHANG L X, et al.. Static
and dynamic characteristics of aerostatic bearing
based on numerical simulation[J]. Journal of Me-
chanical Engineering, 2016,52(9):116-121. (in
Chinese)

C11] B, ik, E kL ARl BRI T T 20 <k
P R RE B E R LT ], AL = B A F 4R, 2016,
31(11).2773-2780.

FENG K, ZHANG J, WANG F Y. Influence of

radial clearance and processing technology on



2454

Pl

% TR

5 26 &

[12]

[13]

structural properties of gas foil bearing[J]. Jour-
nal of Aeronautical Power, 2016, 31(11).:2773 -
2780. (in Chinese)

ZHAO X L, ZHANG J A, DONG H, etal.. Nu-
merical simulation and experimental study on the
gas-solid coupling of the aerostatic thrust bearing
with elastic equalizing pressure groove[]J]. Shock
and Vibration,2017:1-11.

CHEN Y S, CHIU C C, CHENG Y D. Influences
of operational conditions and geometric parameters

on the stiffness of aerostatic journal bearings[]].

EE® N

BBE (1988—), B PRV =Y A, I
THF5E A, 2011 4F 2014 4E T 622 Tl
KRN FRAT 2+ 2, BB
FAT A ) 2 AR S Y B
5%, E-mail:403872309@163. com

[14]

[15]

Precision Engineering, 2010, 34(4):722 -734.
R, Eek, A, F DL R L
MR WAL DRSO ELT]. BEE S %,
2016, 41(12):37-40.

ZHAO X L, DONG H, FANG ZH, et al..

search on orifice exit flow field characteristics of

Re-

aerostatic bearings with small hole throttle [ J].
Lubrication Engineering, 2016, 41 (12):37-40.
(in Chinese)

NAGHDI P M. The theory of shells and plates
[J]. Mechanics of Solids,1973:425-640.

SR

KEL956 ), B . ¥4z, mt+4S
i YN R N e 2 o T R R VT
Pt % BF 9%, E-mail: zjal28 @ 163.

com



