o537 B 41
2024 44 H

® z T & F #

Journal of Vibration Engineering

BE-ZRXBERREHERAE FHIFREE
LI 5%
FEH AR, K RS D

(1. KAWL S 18 3k TR B, W1 K v0 4100825 2. v BT & W91 e 3l S LARCBIF Z2 BT, W B AR 412001)

FEE AR SCHTG T iy $5 3 AR 1) Bl R ORI B e O 0 Bl R AR B — B 45 -8 i s U R AR S IR BloR  TR] I B R 45
TR B IR RS TR R B T 508 il i 22 U T RO L SR RS T BT 4R R R MR Sl TR A R A R TR
P ST T TS A R SN I A X R T R T s )t R o R TSR A SRR U AR SC BT A A
Fe AR 1) 98 A B AR 9 2 T A% TR 24 7500 r/min, e KR T HE 290 220 Nemm . B - RE B SE 96 AT 9T 45 R 3R
W1, B 5 e T A B IE N B T AR T IXOB IR 5 e (L T 0 O L O e A R A OB Bl R 2R R 1 i
PR 5 B A 5% T 5 A B0, B T AR BT LXK 3l 52 B 50 IR TR/ ) A B OB IR S e (R A T 0 R 5 7 /) T
SEES IR RS e AR RN o NP b 5 A0 R A N AR A SE R 4 SR R ], Nl 5 AN AR A AR 2
VARS8 48 ) A 31 W B ) L B 2 3 P o0 T 9 K 5 9 LA S8R A 0 3l O T, A S k5 A0 R A 2 [ A7 7

Vol. 37 No. 4
Apr. 2024

A R E AR

XgR: T8 1,
hES%KS: 0347.6; TH133.35 XHkARERD: A
DOI:10.16385/].cnki.issn.1004-4523.2024.04.009

5l

i

6 SR B TR SRV R W sh il R i — B R
FEFT R4 HL KL SRR I L 25 SAE IR E
150 T A T AL o AR T T 4% G5 T Sl R A K I i T
R TR SRS Rl R A 2 S R S N
5 LA K TG Ak S 2 O B, DRI AE e R E 5 37 T AL
DA Ml v R ek a7 B F L D IR T A R A S S
FERITHTE R SRS AR R FE S [ L H AR
DL K R b DX A5 31 1 bR A

TE B W1 25 J7 1, Heshmat 5508 S fai 4k Ry
SRR A A BR 25 43 V5 A 2 i et A AT
WO R HEAT R A L IRAS T B R R AR 9 {5 B A
Dellacorte 85 B 45 t — A~ P A8 1 0 % 7 36 o L B4R
AR B 1) U 96 A B 9 R il ROR BB TR
3o VT BN, [ DY 1R 43 s FNATE 5 T 11 A G A
5% P BA A 36 §6 F SA 3h R il AR O R T — R BT
Feng %5 B X6 Uk 6 A1 80 F 48 R %l 7 42 Link-Spring
PIE R iR L7 R P U RS L U BV Y AV AN
RN SN S 5 bR e 2 18] ) oF- i 5 O
M 4 52 56 3iE 52 Link-Spring B %1 A8 K5 i 11 5 ik 9

5 B H#A: 2022-06-14; 1&1T B #3: 2022-11-21

MRIR ;8T s AR ShE R
X EH S 1004-4523(2024)04-0623-09

I FE G R R 1 Sl AR LA B X — R
Y = e 28l T A il R AR 1 T 5 SCHR (4] 26 8L 64 W
PEFF -G I TR T = X3 e 6 A R
(B AR IE o BRI AE R X S SR G R
AR 2y B 7, SR JFHT AL i AL 19648 45 8 25, o Al 7K PN 98 )
FE 3 3 A BEAT T A ORI SE . AR R AE TR A FROT
5 A BRZ AR W I BRI TR T
i3 O FLAr BT TS TR A e B il R R 3 B
S

TS5 BT 58 T T, &F AT 45 45 5E o 15 20 R Al
TR 56 5 08 BT B AR B R BEAT T PR RESE SR A5
PR TC A TR 28 5000 r/min, 7K 2K F1 208 154 N,
LA B IR T A SR X AR 1 SRR
A b 7R HE A 28 10 b R R S 86 L A T SR ik
TRAEAN [ 6 38T iR BRR 280007 o ok S 45 Tl i il
I T 9 R A 3l e il R SOR B9 2 TR LR &R R 3
FHAE T T AR S R AR 1 nT AT

IR, b6 N 3B LR A 2 i, % 9 <A 3l
R Bl 7 7 B AR B 8 SRt o e b, SRy T A
VR Bl T Al AR R OO BT DL S A iR 5 AR
FHTZH B ORS 25 3 1, oA AR s i R LR PE AR AR, AL
FI A A B E BIF 5T A b S8 5 R R Xt AN [R] 2 Y A [) )L

BB BRE S0 &R B H (2021 YFF0600208) .



624 w® oz T

S

%37 &

& 0 PR Bl R R N B 48 50RO BAT R T
Tk AR AT 9 S Bl Al R G847 i A PR 3 i R
HEo PRI, AR SCHE T 0T 5 DR v 5 TR 5T 25 0 Bl K
AL, B FE -3 i a0 R 3 e il R 1 1 fiE
RGBT I RS TR B Bl B TR RESC R B
I3 3 X6 A 28 G0t AN P18 A S S 2 A T R A
TS, LAt — P TR R R A Bl T i R S
TR 5 T R Gl 1S e I i S B A UE
S B RAE TR N E RS

1 SERSEZEMARES S

1.1 HASEHSEE

A ST A B £ 3-8 e A9 R R Bl TR Tl R 2
P95 2 AR 1] Al R L R & e e g B R e ] TG 5
B —E Rl . W LR A2 ) R e AR 1 TG
WG VB ET LA L Bl A R 4 g b R e A T TG
SCHE SRR LA KCTR] B o AR A 1) Al R S5 A
5 R A 1 TS AU 1 R 4 e, BIVRT — A A2 1) T )
Je 2T O AR IS — A AR 1) TG A i AR L OF
B N BIE W HE S ka5 Rk TE
B0 T b R P R T, HE— i A A g T — R o
BT I E A2 R A, o) — kb T A HRES

1.“

y

13 [ A 7

/A/ﬂf Pak: b
P i 3

[
Sus’
1 2 3 4 SﬁG/“\7

LZRME 2050 3.85%] 42RTHE
SHENTE 6. B 7. AR

BT BoR S5 H Y 52 P S A [

Fig.1 Physical and model diagram of the bearing structure
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Tab.1 Basic parameters of bearing
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Fig.3 Relationship between vertical bump foil deformation

and horizontal spring deformation
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Fig.4 Calculation results of dynamic parameters
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(a) Physical diagram of rotor experiment bench
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Fig. 6 Analytic model of rotor system dynamics
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Fig.7 Campbell figure of rotor system
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Fig. 8 Schematic diagram of the take-off experiment bench
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Fig.9 Friction torque versus rotational speed
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A rotor dynamics experimental study on lapped-laminated
gas foil bearing

GUAN Yu-kun', ZHU Peng-cheng', ZHANG Zhen*, FENG Kai'
(1.College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China;
2.AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412001, China)

Abstract: In this paper, a set of overlapped and laminated foil aerodynamic bearings was developed, which was composed of over-
lapped radial bearings and laminated thrust bearings. Meanwhile, a rotor test bench of the foil aerodynamic bearings was designed
and built. The take-off characteristics of the proposed foil aerodynamic bearings were studied by comparing the speed drop experi-
ments of multiple groups of rotors. The influence of rotor unbalance and external load on the rotor dynamics of the bearing-rotor
system was analyzed. The take-off test results show that the take-off speed of the radial foil pneumatic bearing developed in this pa-
per is about 7500 r/min, and the maximum take-off torque is about 220 N-mm. The experimental results show that with the in-
crease of rotor unbalance, the 1X frequency vibration amplitude increases gradually, the second critical speed decreases gradually,
and the frequency of secondary frequency vibration increases gradually. With the increase of rotor speed, 1X frequency vibration of
the rotor system firstly increases and then decreases, and the amplitude of secondary frequency vibration increases gradually. When
the center distance of the top foil structure is reduced, the stability of the rotor system increases. The experimental results show
that both the unbalance and the external load excite the secondary frequency vibration of the system, and the amplitude of the sec-
ondary frequency vibration increases with the increase of the rotational speed. Moreover, the unbalance and the external load have

obvious amplifying effect on each other in the excitation of secondary frequency.
Key words: rotor dynamics; gas bearing; rotor test bench; unbalance weigh; external load
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