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Abstract: To investigate a new method to suppress the self-excited vibration of gas bearing, the vibration
of the disk aerostatic thrust bearing with single orifice compensation was studied. Based on the gas flow equation
between two parallel discs, the static and dynamic characteristics analysis models of gas bearing were estab-
lished. By method of numerical analysis, the effects of gas supply pressure and film thickness were studied and
summarized, which included static capacity, static gas mass flow rate, static and dynamic stiffness and dynamic
damping of air bearing. By calculating, a series of curves of static and dynamic characteristics of air bearing are
obtained. A nonlinear energy sink (NES) was introduced to deal with the self—excited vibration of bearing system
which caused by negative damping. The results show that the static characteristic of gas bearings can be effective-
ly improved by increasing the supply pressure. The self—excited vibration of gas bearings is mainly due to the neg-
ative damping characteristics of gas squeezing. And the vibration of the system can be effectively suppressed
when the damping of NES exceeds the critical damping.
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aerostatic thrust bearing
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Fig.2 Models of the air bearing

(a) Mechanical model

PRSP AT 18 8% ] 8 AR 30 T B
woman
Ao g, AR X S T L p A B X
G3AT A IEHEAR AR R SRR B 2 SRR
ROEE R s Y AR B, T o0y 23 S0 4 0 I




403 Hol

SR He 1k SR h 25 M B8 PR s 2093

B 5 IR TR) B PN o 9 5 0 3 /N FL A IR A
[l J5 3 ot & i B A6 Bernoulli 77 2, B

A
¢ = Ci——b(p..pu) (2)
R.T
K
qb(Pstu)
2 Ll
2 ((1) (1)) 2 )
P e it —=
k= 1|\ p, p. P k+ 1
L o K
2k )2 2 Kol .~ P 2 w1
P if <
k+1 k+ 1 p. k+1
(3)

A C /NI & R B, A = 2mR b /N LEY
T AR e R S S B (4 I Ik R %) pth%/ﬁﬁg
HEABE A B A FS B B8 TR M

AR E TR B, 2 K AR TR IR, TR
Mopy, ETEE o MR PR 2 i T K ER 2 1Y

Ps ~ Pi

K=—"" (4)
p _plh
FESCHR 18T i T B it Bl Re S5 1 K Z [0 1Y
UG R X PO RS [ 19 ] P gk A .
1<=0.2+o.5(1 —e‘;&j) (5)
A iR Eoh T A e
4.
Re = R (6)

HABOT ¢, = 0.h = hyo XD B IEAR
ARFGAE =R I p = piir = R, p=p,. WIHR

po= | who'lpa’ ) (7)
12R Tuln )
K g, HERS TSR BT i, b HERS T Y
SRR . 4#3(7)4&/\3(1),_[15}
ln(Rz)
Po = o ! (pi"2 —pa2) (8)

o po M ER ST AU DAY S g o0 A o RS2 K
(2),(4),(5),(7), K8 p, (h,r), FHHACA
(8),158%] p,(h,r)o

Bt po (b, r) 72 18 % 11 4 il 7 2 T AR 23, 5 AR Bl

UNCEOR USSP

F,=2w Jf? pordr (9)
LG I ST AR Y i 25 R R )
W,=F, - mp,(R: - R}) (10)
ST R A 1 2SN
aw,
S, = o (11)
MR SRR 1 %2 01 F- i
Mg =W, (12)

A DA 38 Bl 7R S 2 110 2 44 T M (R)
22 ZhiSHEs

A BT, SR IX R A 5
B, B

T P AR 2 4

q4u =40 + ¢ (13)
0 g, A AR X I B R RN 7 AR Y R A
Hoag /N F AR ®E S S A KB {1 TR

q, = ep(r)w(R2 - R?)h (14)
Xh e Rp/NEbRIS . AR ARIRES - p = pR.T,

p
=— 15
P RT (15)

7 HT T 28 GE AR V- A st B 30T 9 3l , TR SO p
AN 2SN B SR, I

R,
In—
2 4 r 2 2
b (o)
lnR
Po 1
PP =y RT (16)

BrX(7),(13),(14), (16e)fR A (1), I gk =X
(2),(4),(5),K@E2p, (h,r)o

¥ po (b, r) 76 TR SR il 7K 2% T Ry, 19 31 <04k
R S AR CFE T
Fo=2m [ pyrdr (17)
16 FH AR AR e A, T LTS 3
Mh=W,=F, - F, (18)
Hila = h — hy W RBRIR S, H 5 #E

R R o, T AT
h=hy+x,h=sxh=3%
nE 2(b) BEAS FT 7R 6 2 (18) (1 BH e 0 2 17
Taylor J& FF , I 4 25 & A9 @5 YR 3L, LB WK 43 ok R
Gy B0 & B JE 00, 5 OR & & BRI T, f ek 5K
(18) b, I AT 2 30 [ SR R G R 3 o /2



2094 ot

2019 4

Mi + C(x)% + S(x)x =0 (19)
23 NESE N RAMRER Z 1T

o T AR RG24 A MRS T S B RS
KA, BT AR Sl Oy AR 2. H AT, il
NES $1 %} A& #2248 47 30 1l i) WF 52 i 4570

W 3 07 B NES BEim 21 <0l R 57 el B R
A b H R /N T R T, N EE AR L ST
T RIEE B e AL PR e o ik E Ik 1 1 Ik 3 0 F%
N x, NES WIIR BI85 Ny, HAE S 89P0 A il BE AR 30 07
e

(M =m)i+c(i-7)+s(x=-y) =W,

3

mjf‘+c(y’—aé)+s(y—x)‘ =0
K MR HE T B B3R 3T & NES /9 5 K 5T
i, m N NESHR 7 B &, s iy NES BRI , ¢y NES 1Y
BELJE . W, Sk sk R e i 46 2 J5 BT 7 AR 1 8l A R
#1.

(20)

7
Fig. 3 Models of the air bearing with NES
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Fig. 4 Static characteristics of the air bearing
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Fig. 6 Dynamic characteristics of the air bearing
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