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1. B IEEE Locking nut; 2. B0 M4 Centrifugal impeller; 3. %3 3
Sealing ring; 4. 1§44l Gear shaft;5. 4211 ¥ 24l /K Radial bearing;
6. 21 HfE ) 2 %W 2l 7K Radial thrust combined sliding bearing; 7. I
# 4k Adjusting pad.
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Fig. 1 Structure diagram of the rotor system
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Fig. 2 Simplified model of the ultra-high speed centrifugal impeller

rotor system

e T B R B AR A T s AR A B R R
PR 1 PR .
®1 EIEMEME
Tab.1 Materials for rotating parts

Jr 5 HFR ok
Serial number Name Material
I
1 e X 18CrNiMo7-620CrMnTi
Gear shaft
2 . ﬁﬁﬂ 45" 45%steel
Sealing ring
VEE S
3 45" 45%steel
Adjustment pad 1 45"stee
B [
4 AL 7075
Centrifugal impeller
TJ-il 15}
5 BB AR 40Cr
Lock nut

2.2 ERHASENESHERE

O MR R R B ) F R R A B
5RO 1 SR 0 SCEE NI S BEE X 3l ) 25y
PER M B

-5 SR A] (04 32 1 43 an &1 3 B e sl
AR B R )0 ) FRRYIIR 853 01 F B  F &
Ge A5 ) M FRRE P REs AT, FARNE, 53508

05l e,
F, = —f f pcos erdedz (1)
~0519 ¢,

05l o,
F,= —f f psin erdedz (2)
-051d o,

A, F o s g0 N F ol sl Heim D 1) g
N L SR B mm ;o Ry [BAE AL A5 2R 5 )8 J7 1]
vad ; o, K BN R AL UG AR B vad 5 0, o0 Bl R I B AR FA
BE  rad;r M SHACEAS  mm 2 A B A AR R E
], mm;p K SRR T, Pa.

MR B o 10 A R AR i B, B T AN R
A0 H A TR TR R Ansys IO 2%
AT R i e S i R A B IR AR R



44 Lo R

G 53 2025 4F

E3 BaHKEHTEE

Fig.3 Schematic diagram of sliding bearing structure
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Fig. 4 Oil film pressure distribution of tilting pad sliding bearing pads
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Fig.5 Calculation flow chart of the sliding bearing
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Tab. 2 Input parameters of sliding bearings

Fs SRR i

Serial number Parameter name Value
. Be1 Tt )3
Rotor mass/kg ’
i 4%
2 %%{\E& 20
Journal diameter/mm
T e
3 51 800
Maximum speed/(1/min)
4 82 A o 46"l
Lubricating medium 46" lubricating
VLo VE RE
5 o HHRE 40
Lubricating oil temperature/"C
6 - 2’#(5}?5&% . 0.0403
Lubricating oil viscosity/(Pa*s)
; Bl ZRAE X ] it 0.15
Bearing relative clearance/% ’
g MrRTEAR 0.8

Bearing width to diameter ratio
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Tab.3 Calculation parameters of sliding bearings
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Serial number Parameter name Bearing 1 Bearing 2 e s .
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K., 34170 60510 Tab. 4 Critical speed of the ultra-high speed centrifugal impeller
I
AR K, 0 0 rotor system
1 Bearing stiffness/ ’
(N/mm) K, 34170 60 510 i /i) I 555 okt
K, 0 0 Serial number Forward / Reverse precession  Critical speed/ (rad/s)
C. 8320 11650 1 JZ Reverse 1101.6
HiIZRBEJE Cc, 0 0 2 JZ Reverse 1655.1
2 Bearing damping/ ’
C 8320 11650 3 1E Forward 19374
(N+s/m) ¥y
C 0 0 4 JZ Reverse 4956.6
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Fig. 6 Campbell diagram of the ultra-high speed centrifugal impeller

rotor system

‘\m‘“ l

E7 BeEsE0HRETFRE—MiEREERE
Fig. 7 First critical speed vibration mode of the ultra-high speed

centrifugal impeller rotor system
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Fig. 8 Analysis model of the unbalance response
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Tab.5 Unbalance mass

7 AP

Unbalance grade

AN it

Serial number Unbalance mass/g

1 G0.4 0.004 2
2 Gl 0.0100
3 G2.5 0.026 2
4 G6.3 0.066 1

S/ IR R E IR LR B o I 5 AR
F+15% [5G 3 X B P, A 500 IR i P sh vz . 1 9
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1825.0
1.558 4
1.330 8
1.136 4
9.703 7
8.286 2

{8 Amplitude/ ( 107 m/s )

7.0757

&
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Fig. 9 Vibration velocity amplitude of GO0. 4 level unbalance

response analysis
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Tab. 6 Summary of response results for different unbalanced

incentives
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Serial Unbalance Unbalance ~ Response main ~ Amplitude/
number grade mass/g frequency/Hz (mm/s)
1 G0.4 0.004 2 320 1.82
2 Gl 0.0100 320 4.34
3 G2.5 0.026 2 320 11.38
4 G6.3 0.066 1 320 28.72
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Fig. 10 Dynamics characteristic test of the ultra-high speed
centrifugal impeller rotor system
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Fig. 12 Full speed vibration waveform and frequency spectrum of

the ultra-high speed centrifugal impeller rotor system
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Tab. 7 Data statistics of dynamic characteristic test
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i 0.85%critical Critical 1.15%*critical R
. ik
Remaining speed speed speed Not
ote
unbalance vibration vibration vibration
mass/g amplitude/ amplitude/ amplitude/
(mm/s) (mm/s) (mm/s)
0.67 1.86 1.34 It Vertical
0.008 0.78 1.23 0.94 him] Axial
0.83 1.96 1.67 IKF- Horizontal
1.63 4.83 2.76 TE 1 Vertical
0.011 1.57 3.59 1.74 1A Axial
1.78 5.07 2.83 7K Horizontal

R Xk LA RSP B4 JEE 19 2 74 s BB AR 0, i o
B EARS BEL T G2. SEARTE AL G 1 AGHE s B0
i RS R S AR B B (B 4. 83 mm/s, T
PR LR AE , EL7E BT I b s B K b o W (L, B85 0ot
i S ok i i sl (K S A 5 i R AR TR

VLA, H R 3l it ipk 0 Ak A 3 P mT g, 9 B g o
() 402 R 346. 4 Hz, iZI B AL 34~ J5 ] 3R s A
A R, PIE B S WA, 15 3o 32 I o s ik
ST IEH AR R O R T R A
SR — B il B g% 0, S PR T F 5 320 Hz AH 22
7. 62% , BRI RN T TR AR KNS E 5
SR T A RS R 50 UE 4 R AR A

4 #it

T e TS AR o R G TN A R ) B
A 7 S BURG , — EL Bl VRS BE SR AN TR B I
S PR 20 8 RE AT U R U K iR B e s 3 e
WK P AR S 2R

AT Ansys % 8l g 2 18 W 1 23 B A, BF
GC 1B E B O T RGN N, LSS
.



48 ML MO wE 2025 4
1) Xt 8 5 B O 5 e T R 50, sl Sk B [5] KUPPA S K,LAL M. Dual flexible rotor system with active magnetic
%:Fv& 'ﬁE:F G1 Qli ﬁxﬁ%%]?ﬁ]aﬁ?@f)\gﬂﬁﬁﬁﬁlﬂﬁl bearings for unbalance and coupling misalignment faults analysis
L , O A I SR R B R TR M, e Stdhant, 2019, 44(8) 155
[6] YADAV H K, UPADHYAY S H, HARSHA S P. Study of effect of
Gediw s RS R S OB o unbalanced forces for high speed rotor [J]. Procedia Engineering,
2) X v O AR T A B[R] Bl A 2013,64:593-602.
R BE SR, 85% I A T RSN EC A B 22 7] SEE. S P@R AL ATED]. L. L
S, AESERR TR, TS S I S T K, 2014:1-6.
gfb E/‘J:Hl:?fﬁj “ﬁﬁ , ﬂ‘ﬁﬁ,ﬂz@ﬁ%ﬁ“mé{ﬁﬁﬁﬁﬁ , %i‘” GUO Xiaxia. Study on some key techniques in dynamic balancing
A R R e TR BT 4 o T O R T measurement system [ D ]. Shanghai: Shanghai Jiao Tong University,
. o . 2014:1-6. (In Chinese)
RBER ST (8] RUE. BT Z W 2 WS sl EAT ik mrse (D] v . v
3)%%%%'[“ ﬂf%%?‘%é LE‘J*M”@%%E% Jb Tl k2%, 2015:55-70.
Y DL O I 38 G Sl R S A B B Bk 8 o = i YUE Cong. Research on multiorder and multiplane balancing of high
TR S IR BT HE N, 7085 2 02 1% - [a] 8] Bt 6 speed rotor [D]. Xi’ an: Northwestern Polytechnical University,
A 1 SR B 2015:55-70. (In Chinese)
4) FB S L MR T 2 55 ) 3 ) S o (9] sKRIEDH, &AW, EIFS R, 4. ZIRZ WG G 0y s R R %
B F o D12 A BAG B T O B (1] HLAR TR 2% 41, 2015, 51(5) -
It S RO Ay R 1 SR s T 01 S i iss
BT ARRK I, Al RO e AT BRI AL , 5 R K ZHANG Guoyuan, ZHAO Weigang, YAN Xiutian, et al. Axiomatic
B 5 R BT, i O — B A s 2 TAE X design method for the rotor dynamics of the multi-source information
B B DM R T R G 5L PRas AT, 35 56 M coupled high-speed turbopump [J]. Journal of Mechanical Engineer-
O XA N TR I O T R G S ing,2015,51(5) :47-55. (In Chinese)
W 7R S P T S a0 K AU, L 7 S
. = . . ALY ], WIm KR SRFHFERR) , :57-66.
il RS20 4 A7 4P 5 30 3 5 P 5 ZHANG Shuyue, LI Qing, WU Jihao. Dynamic analysis and experi-
TR AR o A SCRAT FR Y TR R 3 S A B T ments on cold compressor research of magnetic suspension rotor[ J].
PAGYERE HEES O AL A Journal of Hunan University (Natural Sciences) ,2021,48(10) ; 57-
5% 3 (References) 66. (In Chinese)
(1] BRI, OBCEL BRI BH , 25 . T T RS- 1k b 7 42 skt —
(1) PR R, T T SOREHE LR P B 2 i 5 PEFE T ARG ) SRR SRR R IR LD ). 58 154, 2021, 36
B[V, Jbst B T, 2004:3-10. (10):2126-2138.
WEN Bangchun, WU Xinhua, DING Qian. Theory and experiment of CHEN Shijin, SHUAI Qiqi, CHEN Xiaoyang, et al. Influence of rotor
nonlinear dynamics of faulty rotating machinery [M]. Beijing: Sci- unbalance on dynamic coupling characteristics of angular contact
ence Press. 2004:3-10. (In Chinese) ball bearing - rigid rotor system [J]. Journal of Aerospace Power,
[2) 7 TLLT AP I, 55 0 SRR R T R G5 ) A 2021,36(10):2126-2138. (In Chinese)
BRI, HUBRLE S8R ,2013,32(9) : 1254-1258. (12] BBl . S TR RS BROTEE KO8 e PERTSE LD .
DONG Weihong, Y1 Jianhui,ZHANG Fan et al. Integrated modeling B TR, 2013:33-37.
and application of high-speed turbopump rotor system[J]. Mechani- FEI Zhongxiu. Research on finite element modeling and dynamic
cal Science and Technology for Aerospace Engineering, 2013, 32 behaviors of complex multi-rotor coupled systems [D]. Hangzhou:
(9):1254-1258. (In Chinese) Zhejiang University,2013:33-37. (In Chinese)
(3] SBOERE,ZE 14w, m iy 45 . 4K Fo i 7w sl e i (1], [13] Bh—i5 flfiias, E1E. #rah i IM ] dbat  iEAe R W i,
Wiz s 12440, 2004, 19(4) :506-511. 1987:41-67.
DENG Wangqun, LI Shangfu, GAO Deping, et al. Method of high ZHONG Yi’ e, HE Yanzong, WANG Zheng. Rotor dynamics [M].
speed dynamic balance to balance a slender flexible rotor [J]. Beijing: Tsinghua University Press, 1987:41-67. (In Chinese)
Journal of Aerospace Power,2004,19(4):506-511. (In Chinese) [14] XIBLBH, 2282 . BT Fluent 1Y) 22 1 3l 2l 7 il 5 ) 1) 22

[4] TIWARI R, CHOUGALE A. Identification of bearing dynamic
parameters and unbalance states in a flexible rotor system fully
levitated on active magnetic bearings [J]. Mechatronics, 2014, 24

(3):274-286.

[J]. Ml 7 T2, 2021,41(9) : 102-107.
LIU Hanyang, LI Qinfeng. Simulation of oil film pressure of multi-oil
chamber bearing based on Fluent[J]. Ship Electronic Engineering,

2021,41(9):102-107. (In Chinese)



547 B 1 5B R RO R R T RGNS LA 5T 49

[15] 5K5 SKERAF , Ao, 45 . il i A0 L R XULEL T R 8 ) [16] HEAS, T, B A%, 5. g MR 7 R e 2 VAR sl i 13 AR 23

FAHTLI ] ABLEA ,2017,59(3) : 40-43. BELI L. Esiias i KA 224, 2018, 44(4) :653-661.

ZHANG Yong, ZHANG Yuechun, LI Rongman, et al. Rotor- HONG Jie, YU Huan, XIAO Sen, et al. Nonlinear vibration response
dynamics system analysis of centrifugal blowers with high speed and characteristics of high-speed flexible rotor system [J]. Journal of
efficiency[J]. Chinese Journal of Turbomachinery,2017,59(3) : 40- Beijing University of Aeronautics and Astronautics, 2018, 44 (4) :
43. (In Chinese) 653-661. (In Chinese)

Research on unbalanced response of ultra-high speed centrifugal impeller
rotor system

ZHANG Yong'’
(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
(2. Hunan Finehigh Intelligent Equipment Co., Ltd., Zhuzhou 412002, China)

Abstract: In order to avoid large vibration response and transcritical motion instability of ultra-high speed centrifugal
impeller rotor system caused by unbalanced excitation, the unbalanced excitation response of ultra-high speed centrifugal
impeller rotor system was analyzed by using Ansys rotor dynamics response analysis module and comprehensively considering
the stiffness and damping of sliding bearing, the dynamic response of ultra-high speed centrifugal impeller rotor system under
different unbalanced excitation was obtained. At the same time, DEWESoft vibration test system was used to track and record
the rotating frequency vibration value of ultra-high speed centrifugal impeller rotor system, and compared with the unbalanced
response analysis results, it was concluded that the dynamic balance accuracy level of the ultra-high speed centrifugal impeller
rotor system should be better than G1 level. The unbalanced excitation response analysis and control method has been well
verified by tests, which has important engineering application significance.

Key words: High speed centrifugal compressor; Ultra-high speed rotor system; Unbalanced excitation; Dynamic
response; Transcritical
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