fie & M & ¥ M

Chinese Journal of Scientific Instrument

Vol. 38 No. 1
Jan. 2017

38 % B
2017 4E 1 A

TSR NN ENX FEHMNE T ZHR

(R FHUMR TR ABe HPC 400044 )

i E SN R R R RZE TRl T AR AOR IR R SRR Sl 00 65t 28 458 10 2 P 0 T e S R 22 ff K
T AR R IR E AR T — bR TR 07 A 1 (R S 1 R R0 i Pk 3l , DT s EAR IR Bl PR UE R SR
JE ) Bl e T o WS T IZ07 IR ISEAS AR B ST T LR ) 2 R A 5 SR A BROT A B v ) B R AT
TBEFE, FEIrHT B B S D B R D RO 5 B S 4R T IR R AR TR SR o Sl - I R S AR T i e U ik
REAS AT AR oy ANt AR 19 3 -1 I RS 2

KRR LR ST 5 R Bl 5 B P-4 5 AN P

HESSES: TH6 XEARIRE: A ERRAEFR LR 460.40

Research of active dynamical balance measurement method
based on dynamic electromagnetic force

Wang Qiuxiao, Wu Zhaofu, Fu Xiaoyan, Wang Dequan

(College of Mechanical Engineering, Chongqing University, Chongqing 400044, China)

Abstract: When dynamical balance machine is used to measure the imbalance of the workpiece with large eccentric mass, due to the
large imbalance the vibration signal usually exceeds the linear range of both the dynamical balance machine and measurement system,
which results in grave error. In order to improve the accuracy of imbalance measurement, a method is proposed, which utilizes a
controllable electromagnet to generate controllable electromagnetic force for attenuating the unbalance vibration synchronously, so as to
avoid the vibration signal exceeding the liner range. The basic operation principle of the method is discussed, the equivalent magnetic
circuit model of the electromagnet is established, and the relationship between the coil current and dynamic electromagnetic force is
analyzed with finite element modeling. The influence of some factors, such as air gap and temperature on electromagnetic force is
analyzed. The control system and control strategy are also introduced. Dynamical balance test experiment was conducted, the test results
indicate that the proposed measurement method can effectively improve the dynamical balance test accuracy of the workpiece with large
eccentric mass.
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Fig.1 Working principle
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Fig.3  E-electromagnet
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Table 1 Basic parameters of the E-electromagnet

ZH Eidicl E 14 Bl
a/mm 37.00 l;/mm 18.50
b/mm 49.00 1,/mm 130.00
¢/mm 18.50 l;/mm 48.50
¢/mm) 28.00 8/mm 0.40
h/mm 30.00 N/ 1 830
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Fig.4 The magnetic circuit models of the E-electromagnet
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Fig.5 Finite element modeling of E-electromagnet
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Fig.6 Finite element analysis result
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Fig.7 The waveforms of exciting current and

electromagnetic force
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Fig.8 The influence of exciting current amplitude on

electromagnetic force
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Fig.9 The changing curve of electromagnetic force
amplitude vs. exciting current
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Fig. 10  The influence of air gap on electromagnetic force
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Fig. 11  The relationship of electromagnetic force peak

magnitude vs. current magnitude under different air gaps
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Fig. 12 The relationship of electromagnetic force vs.

current magnitude under different temperatures
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Fig. 14 The measurement result
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Fig. 15 The measurement result of electromagnetic

force amplitude under different currents
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Fig. 16  Vibration compensation control system
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Table 2 Experiment data

RE/ g 50 100 150 200 250 300 350 400
AL/ (°) 30 60 90 120 150 180 210 240
DI (F-ffir 4% R =100 mm)

F /N 23.06 50.82 76.83 105.21 134.95 164.17 192.58 221.42
F,../N 5.119 5.454 8.917 9.532 4.858 4.279 8.078 2.610
ML/ g 49.62 99.09 149.01 202. 04 247.93 296.61 353.32 394.48
R25/% 0.76 0.91 0.66 1.02 0.83 1.13 0.95 1.38
HME (F-#72-4% R =120 mm)

F /N 32.15 61.57 94.69 129.90 165.21 198. 86 232.95 263. 66
F,/N 2.068 6.33 6.69 7.612 3.034 7.102 2.806 5.096
Mt e/ g 50.21 99.63 148.76 201.78 246. 88 302.22 345.94 394.36
BR25/% 0.42 0.37 0.83 0.89 1.25 0.74 1.16 1.41
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