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Regression Analysison Vibration Characteristics of Supergravity
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(System Engineering Institution, China Academy of Engineering Physics, Sichuan Mianyang 621000, China)

ABSTRACT: The work aims to investigate the change law of vibration on the bearing housing and the shaft of centrifuges with
operation conditions and achieve better prediction of centrifuge vibration under various operation conditions. The vibration data
on the bearing housing and the shaft of a centrifuge under various operation conditions were obtained through experiments. The
one-degree mathematical model for the centrifuge was established and regression analysis on vibration acceleration and shaft
vibration displacement of the centrifuge was conducted based on the proposed model. The experiment results indicated that the
fundamental harmonic component of bearing housing vibration rose with the increase of the unbalance and rotating speed. The
determination coefficients between the proposed model and the obtained experimental data of bearing housing and pedestal were
above 0.9. The determination coefficients of the shaft deflection measured at upper bearing and middle bearing were around 0.7
while it was below 0.1 for the shaft deflection measured at lower bearing. It can be concluded that the proposed regression

model provide good explanations and predictions for the vibration of the bearing housing and pedestal and proper approxima-
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tions for the deflection of the shaft under various operation condition. The analysis results provide references for the design of

the vibration monitor system and the vibration prediction of the large experimental centrifuges.

KEY WORDS: geotechnical centrifuge; regression analysis; correlation analysis; parameter identification
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Tab.1 Main geometrical parameters of arm rotor system of centrifuge
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Tab.5 Regression analysis result of vibration acceleration
amplitude of pedestal to unbalance

RE D% R* |[H/MN-m™") /(10 ms™)
A, 9.7  0.977 0.834 2.44
4, 119  0.963 1.27 4.97
A, 137 0.941 6.37 8.81
Aoy 772 0.982 0.780 6.75
Ay, 574 0.991 1.22 8.09
A, 829  0.969 11.8 2.19
As, 778 0.982 1.05 2.85
As, 533 0.991 1.65 2.99
As, 9.93  0.966 5.46 2.34
Ay 936 0.975 1.60 1.14
A, 943 0974 2.83 0.484
ym 9.61  0.973 2.87 1.08
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Fig.4 Shaft deflection-unbalance curve at different positions
of main shaft: a) upper bearing pedestal; b) middle bearing
pedestal; lower bearing pedestal
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Tab.6 Regression analysis results of the shaft deflec-
tion-unbalance

A D% R? H/(108N-m™) b/pm

X1 27.6 0.686 6.84 53.5
Y1 245 0.576 7.62 65.5
X, 22.6 0.749 7.70 35.7
2 24.9 0.726 7.48 34.6
X3 14.5 0.026 72.1 48.2
V3 14.9 0.057 37.4 58.4
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Tab.7 Regression analysis results of pedestal vibration accel-

eration-rotating speed

A Dy/% R*  al(rad-s™h) b c/(10*m-s™?)
4, 923 0.979 146 0.450 2.19
A,  9.65 0977 185 0.161 1.40
A, 11.09 0.965 320 0.482 19.3
Ay, 938 0.979 140 0.185 3.95
Ay, 9.68 0978 170 0.147 1.39
A, 9.02  0.980 465 0.138 1.89
Ay, 9.58  0.979 167 0.146 7.09
A3, 931 0979 197 0.159 4.62
A5,  8.83  0.980 370 0.148 6.66
Ay 9.07  0.980 205 0.223 -2.58
Ay 915 0.980 264 0.221 -3.28
A, 8.61 0.980 270 0.191 -1.63
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Fig.6 Shaft deflection-rotating speed curve: a) upper bearing

pedestal; b) middle bearing pedestal; c¢) lower
bearing pedestal
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Tab.8 Regression analysis results of shaft
deflection-rotating speed
£ Dy/% R* a/(rad-s™") ¢/pm
X 14.6 0.821 495 42.7
yi 13.8 0.760 533 56.0
x> 14.6 0.796 611 29.4
2 17.1 0.781 612 29.2
X3 13.6 0.383 1099 43.6
V3 13.7 0.311 1058 55.1

SR IRl H P RECEEACH 0.31 Fil 0.38, RKHUIH
Jo AR TP AN R S W S 4R 0 8% B % G AR 1
M
4 #ig
ARSCHET A P Bl 7 2R AR, SR RS A
J5 5T T AN [R) 5 3 LA R A [ S S T B B0 AL
R AR LA, 153 T LIT 458

1) 3 /Nl B8 LA B AL % sl i s 2 i (-5 R
M A TE B E R R R, 5N R I IR
FRY O 1L i 2 AN A o o R 2R MR K, Bl
R IR T v N

2) B F AR A 45l AR R LA B AL B s
TR RE B 0 T P RAOTE 0.94 LU L, FRIF I
U] DAAR By b A o8 A0 03000 A R A DA R WL R B0 i
JEE It 25 2 TR S o P AR AL R

3) b5 oAb R S RS 3 5 AN
PR IEAN G, S K S Ab R sh AL 1 [ )5
HERECH 0.76~0.82, FW EHARNM 5 A H
JEE R R A5 R B AR 4 22, TG 1 v B b B PR ST Aty
o N SAb FRIR S0 B 5 A - 1 [l R BN
T 0.1, R T A 4R sh (8 5 A - i B 10 A 5%
PR BN, BRI AL 325l 3 67 B 32 A1 Al g 5 i
BN,

SE M-

TRALE, HE A, BET. SHEOHIER L TR AL
N ). AL TS, 2020(33): 162-163.

ZHANG Cheng-ji, CUI Fu-zhong, ZHAO Bao-ning. Ap-
plication of Three-Phase Centrifuge in Waste Residue

(1]

Treatment of Coal Chemical Industry[J]. Chemical Enter-
prise Management, 2020(33): 162-163.

ABRAHAM PUNNOOSE J, HAYDEN A, ZHOU
Li-feng, et al. Wi-Fi Live-Streaming Centrifuge Force
Microscope for Benchtop Single-Molecule Experi-
ments[J]. Biophysical Journal, 2020, 119(11): 2231-2239.
BIGME, VYrovtE, B, BheEil s e oL R LR iR
[J]. 245 FREE T AR, 2015, 12(5): 1-10.

[13]

LI Qi-sheng, XU Yuan-heng, LUO Long. Review on De-
velopment of Centrifuge for Scientific Tests[J]. Equip-
ment Environmental Engineering, 2015, 12(5): 1-10.
ST, HmeRs, mid, F. FEARCKET RSP iR
AR I T 2 (0], TR CKH HOR, 2016, 39(6):
751-754.

ZHANG Xiang-yu, GAN Xiao-song, GAO Bo, et al.
Rocket Sled Acceleration Experiment Method of SRM[J].
Journal of Solid Rocket Technology, 2016, 39(6):
751-754.

ZHU Bin, YING Pan-pan, ZHU Zhou-jie, et al. Centri-
fuge Modelling of Lateral Cyclic Behaviour of a Tetrapod
Piled Jacket in Soft Clay[J]. Proceedings of the Institution
of Civil Engineers-Geotechnical Engineering, 2021,
174(1): 44-57.

KA, XIEH, fFE, 55 MIMU onsEE2a e
DU EAMEEARBETE ). LR SR SE, 2021,
40(10): 36-39.

ZHANG Rui-zhe, LIU Yu-xian, HE Chun-hua, et al. Re-
search on Centrifuge Calibration and Compensation
Technology of Accelerometer Group in MIMU[J]. Trans-
ducer and Microsystem Technologies, 2021, 40(10):
36-39.

BURTON R R, MEEKER L J, RADDIN J H. Centrifuges
for Studying the Effects of Sustained Acceleration on
Human Physiology[J]. IEEE Engineering in Medicine and
Biology Magazine, 1991, 10(1): 56-65.

T, ZEFNE, RO, AF. SRR EON B O HLHERIRL
MU ARSI, iR EFSES TR, 2010, 23(6):
425-430.

XU Yan, LI Bao-hui, ZHANG Li-hui, et al. Research on
Simulation of Push-Pull Effect with High Performance
Human Centrifuge[J]. Space Medicine & Medical Engi-
neering, 2010, 23(6): 425-430.

GE L, BAO Yu, NI C K, et al. Seismic Centrifuge Model-
ling of Earth Dams[J]. Geomechanics and Geoengineer-
ing, 2010, 5(4): 247-257.

ZHENG Gang, SUN lJi-bin, ZHANG Tian-qi, et al. Cen-
triftuge Model Testing to Ascertain Vertical Displacements
of a Pile under Cyclic Lateral Loads[J]. Journal of Zheji-
ang University-Science A, 2021, 22(9): 760-766.

PR RS AR B B0 PIE 5k
M. dest: R Tl e, 2013.

JIA Pu-zhao. Steady-State Acceleration Simulation Test
Equipment[M]. Beijing: National Defense Industry Press,
2013.

Tk, TSR, Tifg, % RE - TE.OPLEER S
B RHEBOR ). HUREHIESE, 2020, 43(3): 592-600.

WANG Yong-zhi, WANG Ti-qiang, WANG Hai, et al.
Geotechnical Centrifuge Progress and Key Technologies
in China[J]. Journal of Seismological Research, 2020,
43(3): 592-600.

FRAGHE, PRAEFH, R, % RAEAE T LT RO
FEPHLELR I A T (0], 25 A B TR, 2020, 17(3):



F20% 1M

ERpk, A EE B RO MR SRR A 1813 2 B <111 -

[16]

(19]

84-88.

ZHENG Chuan-xiang, CHEN Jian-yang, JIANG lJian-
qun, et al. Experiment of Heat Generation Mechanism of
Geotechnical Centrifuge under Low Vacuum Degrees[J].
Equipment Environmental Engineering, 2020, 17(3):
84-88.

HE 2, BIRR, R4, & BO UV YRR ST
R B IR, FUME: 5HOR, 2002, 213):
370-372.

TIAN Chang-hui, LEI Hu-min, ZHU Chang-chun, et al.
The Vibration of the Centrifuge Arm and Its Effect on the
Shaking Table[J]. Mechanical Science and Technology,
2002, 21(3): 370-372.

FiE. TR ORI HAR R T O S [D].
M IRIEE: Ho E b RE R TR ) S4B 5T T, 2019.

WANG Hai. Research on Several Crucial Problems of
Modeling  Techniques[D].
Harbin: Institute of Engineering Mechanics, China Earth-

Geotechnical  Centrifuge

quake Administration, 2019.

A R B OIS RS I 5 iz W
WHFE[D]. Brrg: AR, 2020.

DONG Fang-xi. Application Research on Operation Con-
dition Monitoring and Fault Diagnosis of Large Centrifu-
gal Unit[D]. Jinan: Shandong University, 2020.

VLA, AT, B ALl ) R o b R B BOR D).
TR AR, 2006, 13(3): 150-153.

SHEN Run-jie, HE Wen. Analysis on Dynamic Charac-
teristics and Design of Centrifuge[J]. Journal of Engi-
neering Design, 2006, 13(3): 150-153.

SOMRBREH, AR5R, EE%E, F RS-EOEE TR TE
OHLE TARBEZS I M (0] 3 & 308 TR, 2019,
16(10): 105-109.

E L, DU Qiang, WANG Yu-jun, et al. Operational Modal
Test of Geotechnical Centrifuge Combined with Accel-
eration and Vibration[J]. Equipment Environmental En-
gineering, 2019, 16(10): 105-109.

TBFI, FrEsiE, TR, 4. FET CFD M TELLHUXH
LRt BT ()], A BREE TRE, 2018, 15(2): 52-56.
HAO Yu, YIN Yi-hui, WAN Qiang, et al. Wind Resistance
and Flow Field Characteristic Analysis of Geotechnical
Centrifuges Based on CFD[J]. Equipment Environmental
Engineering, 2018, 15(2): 52-56.

TP, ) B O DL M IR SRt 2 (D). b
AR TR, 2020.

HAO Ze-rui. Analysis of Structural Vibration Characteris-
tics of High-Gravity Centrifuge[D]. Beijing: Beijing Uni-

[21]

[22]

[28]

versity of Chemical Technology, 2020.
WRAAHI, DRJRMS, FhoR, S LA TN ) SR SR
TLI500 £ T BB AHTI]. 243 TR, 2021,
18(7): 79-83.
CHEN Xue-qian, SHEN Zhan-peng, DU Qiang, et al. The
Modal Analysis on the TLJ500 Centrifuge with the
Pre-Stress and Gyroscopic Effect[J]. Equipment Envi-
ronmental Engineering, 2021, 18(7): 79-83.
WRAEFH. R84 TR OLIE T Rl AT S [D]. M-
HIT R, 2020.
CHEN lJian-yang. Experimental Research on Temperature
Rise Control of Large Geotechnical Centrifuge[D].
Hangzhou: Zhejiang University, 2020.
AR, MR, AR, . SEF ZIU400 + T B0
B CFD 47 ik[]. 25438 T/, 2020, 17(11):
85-89.
GUO Yi-nan, YANG Yi, WANG Ya-lin, et al. CFD Simu-
lation Method Based on ZJU400 Geotechnical Centri-
fuge[J]. Equipment Environmental Engineering, 2020,
17(11): 85-89.
ALEKSANDROV O E. The Upper Limit of the Separa-
tion Efficiency of a Gas Centrifuge[J]. Separation Science
and Technology, 2013, 48(6): 833-839.
KVRGIC V M, VIDAKOVIC J Z, LUTOVAC M M, et
al. A Control Algorithm for a Centrifuge Motion Simula-
tor[J]. Robotics and Computer-Integrated Manufacturing,
2014, 30(4): 399-412.
MOHAIJER N, NAHAVANDI D, WATSON M, et al. Mo-
tion and Dynamic Analyses of a Human Centrifuge Sys-
tem with an Efficient Design Configuration[J]. Aerospace
Science and Technology, 2021, 117: 106972.
LEE A S. Design Analysis to Enhance Rotordynamic
Stability of High-Speed Lightweight Centrifugal Com-
pressor—Part I: Effects of Bearing Designs[J]. Journal of
the Korean Society of Tribologists and Lubrication Engi-
neers, 2013, 29(6): 386-391.
X%, RFRMK. TRRSMNIAEAR M. Jbat: HLK
Tolk A, 2016.
LIU Xi-jun, ZHANG Su-xia. Engineering Vibration Test-
ing Technology[M]. Beijing: China Machine Press, 2016.
SR, BRI, JRENESALEEM]. JEst BT Tk
Hi A, 2017.
SHENG Mei-ping, YANG Hong-hui. Vibration Signal
Processing[M]. Beijing: Publishing House of Electronics
Industry, 2017.

AL XIS



