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Abstract: Numerical study for effects of lubrication gas and foil material properties on bump—type foil aero-
dynamic bearing dynamic characteristics was performed by taking the gas bearing of Hydresil type as the research
object. A gas flow control equation and the bump foil elastic deformation model were set up. The finite difference
method was used to solve the model for obtaining the dynamic characteristics of gas foil bearings. With reference
to the actual situation, the lubrication gas viscosity ranges from 4.2X107° to 4.46X107°Pa+s, bump foil material
Poisson’ s ratio ranges from 0.15 to 0.45 and the modulus of elasticity ranges from 70 to 340GPa. Results show
that under the same eccentricity and rotation speed, with the increase of viscosity, dynamic stiffness coeffi-
cients increase gradually, and the main stiffness coefficient increase most obviously and it can be more than
50%. The dynamic damping coefficients increase too, and the values at x direction increase most obviously, the
maximum is 60% . Along with the increase of bearing foil material elastic modulus, dynamic stiffiness coeffi-
cients increase, dynamic damping coefficients at y direction gradually increase and at x direction it gradually de-

crease.Poisson’s ratio of bearing foil material has little influence on coefficients of dynamic characteristics.
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Fig. 1 Hydresil gas journal bearing structure

Table 1  Structure parameters of the bearing model

Radius of the bearing R/mm 50

Length of the bearing L/mm 75
Top foil thickness ¢,/ um 76.2
Bump foil thickness ¢, / jJum 76.2
Unit length of bump foil s/mm 4.064
Ripple length of bump foil 2//mm 3.434

Atmospheric pressure p, /Pa 1.01325%10°

Radius clearance C/ jum 100
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Table 2 Working conditions

w/(rad/s) u/(Pa-s) E/GPa v
4.21x107°~4.46X
4x10°~7x10" 10° 70~340 0.15~0.45
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Fig. 2 Load of radial gas bearing

- Q=( pH.)z =0, +2£,0,+22,0,0,+2&,0,+
2¢,6,0,
X Qy=(poHy) 5 Q =poHy(p,H, +pycos@) ;
Q> =poHy(pHy+pysing) 5 Qs=p,p:Hy* 5 Q,=pypy-
H} .
WU B XRABE TR (DG, &, Fl g0, Ji 17
SE/ RS )

7O, 70\ _ 1 [oH, A |00,
06 0z H,| 26 J@ a6

A [STH, A Q0 _
HO(Z 9" 20, 90 0=

(7)

(8)

[ 800, 90,
2Ho(cosﬁ - +sin @ 20 +2cos60Q, |+

1 (,9H,
Ho[z 02" O

aHo an _ cos 0 8200
0z 0z 2 97



¥356 el

T SR L R AR SR Sl TR AR SRR e 20 1119

8202+6202 _L 8H0+A an_
00> o7 H,| 06 Jo, 00

L[, Hy A 90,
12 - 2 02:
H 06> 20, 90

L[ Q0 30
2H0(Sln0(~)02 cos O 20 +2sin0Q, |+

1(2 82[-]“(2 + 0H, 30, _sinf GZQOJ
2

(9)

H,\\ ™~ a7 0z 0z 2 97
&, 1l 2,6, 97 11 694 577 8

O, 70\ _ 1 [0H, A |90s
00> 97 H,| 00 10, 96

i azHo_ A aQo — 10
Ho(z 9" 20, 90 JQV (10

1 ( IH,

H, 9z

Q3+6H0803]+2)\A 1 Ql

dz 0z H, \/@

PQ., #0.\_ 1[oH, A a0, _
90> 97 H,| 00 10, 06

i azHo _ A aQo — 11
HO[Z 802 2003/2 80 JQ:;- ( )

1(262[{0

H,

Ho 92 ‘Q4 +

32 BREHE
COFE R A B P, B 2=0 Flz=1, p,=p,=0;
(2)XFFRAL =102, Q. J2: 2 O 18 bR &, B

00y _ 90, _00:_ 0 o -
b or ar %m0

33 FFERETE

AT ZE RS L R I SRS T 5K R
BN B AT A5 SR T A3 A AR R B A AT (E .
W SR T 43 500 ¥ o0 7 1) DA S 558 L A Y )
AT GBS Z X NS F, , F, FEds w
HEXmT

aHO 804 +2/\A 1 QZ
dz 0z HO@

F z
Fﬁ} S I A TE (12)
AT A
W= [F+F) (13)

WS BE &, 8,0, R &, 2,6, 7 I
Taylor & T, I {4 B £ PE 30T, [ 15
Fg} _ {Fs” +Ks£81 +K€98001 +D£6£‘] +D598091
0

. (14)
F F, +K,e +K,e,0,+D, & +D,e0,

U T30t b O 2 RS 1 S BOPR S R I RE AR R
X il o R Y S O O OB RELJE R B 3R T
A7 [, 3R AV RS e R A T 1

oF, _OF, _dF,
Kse_aigl ’Keﬂ_goaelO’K&e—aiglo’
oF, oF oF
K | D, =—=| s D,,=—=
06 80601 \ &g 881 S & e 801
0 o
oF, oF
D, =—2"; =0
O agl 00 e 801
0 0
XF L3l IR ) BROr AT SR A SR R AR
Knﬂ 16,
K;ﬁ} == [\ pices Ohraone (15)
Ksﬂ __le'Hl cos 0 d6dz (16)
K, 0 P2lsing f"
Dag __J'lfaz cos 0 dedz (17)
D, | 0 P3\sing )"
Daal =1 [ p feos 0 apu (18)
D,,|~ i Palsing "V

o8 3 AT, (8,0 ) A2 AR R L (x, y) A8 BR 25 8 i
— A 7 B G, y) T 18] A AR

K., K,| [sinf, cos6,|[K, K,|sin6, cos6,
ny K},}, - cos@, -sinb||K, K,|cosf, -sinf,
(19)
4 FEEITGE
SRy 56 UE B Y (%) ] S P, AR SCEE X Heshmat HY''f)
SCEY T AL, S AR AR Oy SR R sh R R
BIOF SRS R . WE 3 FioR, LRI

PR, BB A O SR e, N BT DU TR
RGILREE T B — B RGBT

7 T
6r S anaann
N S - K.
4 — K“
£=0.8 —— K
< — K,
3r ©=30kr/min  -= f
2k - h—— . - K
Fo << e ___ . v K,
1 — == -
0 60 80 100 120 140 160 180 200
O (rad/s)
(a)



1120 e o# o HOAR 20144F
- . ' g:'o.s._ 20 SN ' ;
_-y=-;::"\(4):30kr/mm 15t e 4‘90](r/-mm :ﬁ ]
1of k]
w5 aa s a——*
ol |
_s| \\\ |
-10f
T T T ! 0 1.0X10°2.0x107 3.0x10° 4010~ 5.0x10°
60 80 100 E?rajg 160 180 200 /(Pa-s)
(a)
(b) 16 . i
Fig. 3 Calculation results compared with ot e=0.8 .
the experimental results gl @=70ki/min i’lf ]
& 41 A—A—é——h—"é"/_v_g“ |
5 ERAH o} tﬁ\f\k._gr&%s !
_4— 4
5.1 SEEHE R R N
Vel 4 o il 7 ff 0 % £=0.8 , 3 31 LA =0.2 6 - 0 LOXIO72 00 3 B107 401075, 0007
43 51 H w=40kr/min , w=70kr/min B}, Bl 74 1) 30 25 K1) (b)
JE B JE Z BORE i W AR B IR A ey i 2. 2.0
4(a), (b) 53 5 K e F ¥ 1 N 0 =40kr/min il w=70kr/ 1.6f
min SR SIEWEREK, , K, , K, , K, ZHHAE ol 08 D
(B0 5 25 SC BRESH 5 00 WA U Jr AR ) o AT I s w=40ki/min 75
AT LAF Bl I iSO Bl TR B T R RS ol |
Wik, ot KL K, L K, BT R I 50%, K, 1 0'0 //;//off—/—:
KL 10%- HTijJJ'J*&i i ) Ay G e 5 0 LOXI0°2.0x10° 3,010 4.0x10 *5.0x10°
K AEAE B TR BE R, B RACE BN T, T .
Il B R BRI 1 S 7 BE A #5128 4 5 76 3 D7 Rl B 2.0 . . . .
BARKT il 5 2y i il 42 SR I BB 0 3855, B R AR AN Lol ]
TN WG 1 7 ) A i e [ S T ' ._ ]
Ao AT JUR E RN, U ) AR R, ST 2 e0s o
W TR 45 i B A kR g 978 B PR R | o, |
AW K. B 4Ce), (d) 53 51 e 5 3 0 =40kr/ 04r /m 1
min fllw=70k/min R HEHERE D, . D, . D,, . O L0x10°2.010°3.0x10°4.0x10°5.0x10°
D, AL KA . MR AT DL L 7R M ) 3 R ““:’;;S)
L BE}E’?%ID Hﬁﬁj{ D D ﬁlj\;%% Fig. 4 Viscosity’s influence on the dynamic characteristic

3 J3 kG BE S Bﬂ)ﬁ%éﬂliﬁk HD E’J A e
L MR AT A 60% o Kl 3l 1R BE 5 OR B 8 B )
KifE e # %D, . D, ,D, ZAV%, D, A
o lﬁE%@fﬁEﬁmﬁFﬁL A2 1L 3 BE R B
TRt RE SN, SR Bl T SR B B PR X il HIE Sl i AE
R AE A S TR A R B D Bk B B 5
W55 SO A Bl B T 1A K

coefficients

52 SER MRS AR R0

K5, 65307 T i 0 e=0.8, 5% T o=
40kr/min Flw=70kr/min B P 6 K B4 REA # Lo A0 5 v
R Xl 7 Bl R A e IR AR . AL 5 AT LU L B
WEIE R BOBHA AL b B 35 R, il 7R 1 2l 285 W RE R 3l 25
SN 3 €2 i N A P N E T A S S A R R W N DA



¥356 el

T SR L R AR SR Sl TR AR SRR e 20 1121

R 0 S5 A O, 98 R EEAR W HL — o H R i 9
VR ) ) AR TR AR N, BT TG Ve YA B L el A5 4k
X Bl 7 1) 21 25 W EE R RH e AR AL A B I

MEL6Ca), (b) AT, il 7K i 3l 25 W EE 2 550 B %
R R PERR B OR T O, B K, K, R A8
BT, 53 I3 K 30% ,50% o FR T il 7 gl R 1 o T
NN RN v S B A DR N RS R
[ [ DI O 7 7 N I W PO S B 5 A R4
ARKZA . MR i s s a3 K T
S5 R NI DT 3G R T e 2 R AR Bh 1 R
il 2 25 W EE R B0 K

ME 6(e), ()T RS AMIE R D, , D, Ul
WK, D, , D, BUEEN ;s B U5E A AR e
(34, BHLJE 2L D, B W/ /N2 10% 1 D,
B R K4 10%, D, , D, BV, X2
PRI Sy 58 P R ) 6 o 8 o5l 7 25 R X B0 1
A, A S T = B T A A B i R R T, AT
s ARH e 2 R AL . AR A AL b e A
AW RIS i NN SN EILURS R i
HREE FA) N XEFRYE (T R 22 8] B4 A B AR FH 3 DDA G

12 :
10f *— K]

8t £=0.8 --K,

6k w=40kr/min tlé ]
e 4

2

ol

2 e > v v v
-4

—6— L L L L L L
0.15 0.20 0.25 0.30 0.35 0.40 0.45

. > .
Poisson s ratio v

(a)

1.8

1.6F & " N A A A AT

14} _ .

1.2¢ £=0.8 D,
Ql.O* w=40kr/min :g ]

0.8F D,

0.6

0.4}

0.2_ & & .4 b4 P4 b4 -4 ]

0.0 T " " " . -
0.15 0.20 0.25 0.30 0.35 0.40 0.45

Poisson’s ratio v
(b)
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