a2t HI3W
Vol.42 No.3

2012 46 H
Jun. 2012

T VNI S S SRS S ')
JOURNAL OF SHANDONG UNIVERSITY (ENGINEERING SCIENCE)

XEHE:1672-3961(2012)03-0133-05

DOI:10. 6040/j. issn. 1672-3961.2012. 03. 022

R F A ERE TP AR RS

Tk, xR A, s
(LR A TR, IR VRRS 250061 5 2. 1l R IV R0 1 0L TRLZ , R i 250200)

TEE B 2RI R AT B AR B R L E A e TAE G Woh B R B RS AR B G 0 R B AR TR A
B R S e F R R -6 M U F A 4 G H R EEAT T AL R, BT AR R AT A R o R e, R BUR
s 5 WA, 2 AT R ILAAIRILF A 0 45T MR R F-H0A R AT 3 Sk LR 5l ALY /ﬁ'hﬁ?g‘f%ﬁn?t%i#rb
FBALER GG ATk b B R AR R0 R RRA Y T3 A4, A A xT b xR I R AT A0 )
AR ROKE F AR B R AR T T4 R AR AATE

KGR s R T R 0 L4 NI AT e

hE 4 %S THI33.3; TP13 XHERAREED A

Analysis of beat vibration phenomenon in the AMB spindle
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Abstract: In order to reduce the effect of the beat vibration phenomenon on the machining accuracy of the high-speed
precision grinder active magnetic bearing spindle, its own sensor and digital signal processing components of the mag-
netic bearing were used to observe and measure the beat vibration without other equipment being attached. Time domain
analysis, frequency domain analysis and wavelet transform were applied to extract the characteristics of the vibration sig-
nal. The analysis showed that the beat vibration phenomenon was caused by rotor mechanical imbalance and the rotor
dynamic eccentricity. Based on the mechanism analysis of the beat vibration in the magnetic bearing electric spindle, the
active control could be used to adjust the spindle dynamic characteristics, and therefore to realize the suppression of beat

vibration phenomenon, the stability and precision of the magnetic levitation high-speed precision grinder spindle system

could be effectively improved.
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Fig.1 The diagram of beat vibrations
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Fig.2 Structure of high-speed precision grinding AMB spindle
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Fig.3 Diagram of active magnetic bearing system
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Fig.4 Output waveform of the displacement sensor in 333 Hz
rotation
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3 WMIRI R KRB K K oA

3.1 HIRIK KL H i

5L ERIAT G IR SRR 2 553y 2 Fifr: — Rl
A RARR g HUBRC R, — ol AR O HL B TR
h T E R R R R A R AR R R R, AR ST
BT 2 5280 ook TR 50 8% ARSI 15 ]
TR RR R N B AR AT AME R

KU 1 Bl AL T SRR 5 R AE
AL . PSR AR AR (R R ), WA R
AL, HIHTSCR A BT AT AL, AR G0 2 AR
A IR S B T A, PR B R AR AR X 2 >
SRR TR IR o IR 3 R i i AL St
B AR A AL o 10 5% B % T4k sl i dls O
PEAT FET 34, SR IBOFE &5 AR IR I 2 AR
R {E, Frigai R 1 fis.,
1 BRI AR m) S 2K PO 1) B 2RS4 S AR R
Table 1 Frequency components of radial horizontal displace-

ment signal when speed changes

ARRAE AR f IR R f IRE

Wi%/Hz  /Hz /mV /Hz /mV K/
200 199.7  17.2 200 153.0 0.9985
250 249.6  27.0 250 96.3 0.9984
300 299.5  19.8 300 69.8 0.9985
350 349.5  28.6 350 42.3  0.9984
400 399.4  28.3 400 42.0 0.9985
450 449, 3 32 450 36.3  0.9984
500 499.2 28 500 38.9  0.9984
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displacement signal when speed changes

B /mV




136 R OK ¥ ¥

e (L % WO A2 5

K2 fEEFE AR, A R AL I A
T BCE A 333 Hz, B TR E Be% r I 00 T S AT
SHHLAL IR, MEHAIRAE 1L, R B IR S 55 I &1 7
(a) fizno WTLAE i, FEHT 15 s oy, 5 5 P77
TAPRBLG  AEER 15 s s Pl R s, fAR LR
SRR o

X E Bl AL R 5O P TR IR 31 55 AT FFT 73
Hr, 7ER 7 (o) B9 HE I Ll LUE Y, B 915 5
fi A BRI A AEAR R B AL, EATT 5 B T 4R AR
B 7 () BXHIRBIE 5 2EAT I/ N A s At 1], AP
AT U L FERT 1S s o ARSI S i b f A
fo AEAFAEVEAE s P L B MLHL RS L £, (333 Hz) LY
WSy R 2%, Bl I IX — AR 5 B s L A A G, Je T
CHLEET BRI SR RS o i MR ) AR BhAL
KA G TRRAFAE , FUR IR R A 33l 1 iy
NREM 332. 5 Hz JHR iz SRR, B f, SRSl
VRGOSR, J& T HLAK™ J5L R 5 D Y9 300 it

44
> gl
m I
= -5
& -5
FCy
& I
S& o
& -6.0r
) e Y S YT S TR T
0 5 10 1520 25 30 35 40 45 50
A8l /s
() BT HRINEBES
2500
S 2000} |
o ‘
= 1500f ‘
g 1000
500}
o—L 1 |~
331 332 333 334 335
R /Hz

(b) HBIHLR RS AT FFT 24T

B Mz
(c) /NEESTRT A A

P 7 AL IR O PR AR A 1) i i K P D5 i AR RS A 52 1
Fig.7 The front radial horizontal displacement signal changes
as the electrical power was turned off
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Table 2 Common “mechanical” problems and that caused
vibration types
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Fig.8 Schematic diagram of the spindle motor
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