W41 4 (O I - SO Vol. 41 No. 4
202044 A Chinese Journal of Scientific Instrument Apr. 2020

DOI: 10. 19650/j.cnki.cjsi.J1905940

ET2HEAREEEN TR EH
AN EF R BN KI8T

ORI HEE LRI R T
(LYEMIEES AU TREFBE VR 110168; 2R R £ A RCH I T4 46 5 BRI ST TRESC S BB 110168)

O BB UR AR OB, PR AN 17 A B IR 3™ SR A BILAR AN RS B o o S A S U 3 04T A5 2L
0 SRR T EERR PR IR SR SRR . A T R R HCE R G BN F AR S ARAE , SRR S I (BRI AL, 42 2 T A Ao
PR L I 48 1) 2 AN P R SR A AR O 12, AL DR L A A T ) B BT A 2 BB S B 5 A 52 FIR i 14
HERPEI . 73038 1 015 15 SE I 77 FORF % 0T 55 A 3 b7k BEAT AR S R 4 HOGE G, 2 AR {37 18 L ok 2 8 SR B 50 W i
ARSE A S RIS P S, SR I PR IR S AR S M T 3k 979% , T BB HEAT Sl ~F- i B Sl i ) S 36, ik 9l 4k R e 65, 21% , i —
AUGIE 70T R AR

KR T IRNGES s FRAEREG SARAE DU A AR e A

HESES: THII3. 1 THIIS XEARIRES: A ERREFR LN 460. 20

Unbalanced feature extraction and experiment of spindle
based on the all phase fast Fourier transform method

Wang Zhan', Du Siyuan', He Wenzhi', Zhang Ke’

(1.School of Mechanical Engineering, Shenyang Jianzhu University, Shenyang 110168, China; 2.National Engineering Laboratory of
High-grade Stone Material Numerical Control Machining Equipment and Technology, Shenyang 110168, China)

Abstract : The spindle is the core component of the numerical control machine tool. The vibration caused by the mass imbalance seriously
affects the machining accuracy of the machine tool. To suppress the spindle unbalanced vibration, it needs to accurately extract feature of
the vibration signal. To identify the unbalanced vibration amplitude and phase of the spindle system, a feature extraction method based on
the all-phase fast Fourier transform is proposed. The all phase fast Fourier transform can accurately extract the phase and amplitude of the
signal by using spectrum analysis function. This method is compared with other three methods to extract the vibration feature of the signal
collected by simulation and experiment. Results show that the all-phase Fourier transform can achieve better vibration amplitude and
phase accuracy and stability. The accuracy of the vibration phase after extraction can reach 97% , and the dynamic balance vibration
suppression experiment can be reduced by 65.21% after extraction. The effectiveness of the method is further verified.
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Fig.1 Flow chart of all-phase data preprocessing
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Table 1 Full-cycle comparison

Jrik
S8
FFT 3 HAHXSHE BIPRE: APFFT
AR/ wm 4.7 4.88 4.95 4.7
MOIRRME/ () 31.22 31. 69 32.34 30
MR/ ME/(°)  29.75 28.63 28.12 28.96
LA/ (°) 1.47 3.06 4.22 1.04
%2 FEEHML
Table 2 Non-full-cycle comparison
ik
E 2
FFT 35 HMSE HEIPRE APFFT
E A/ wm 4. 64 4.72 4.91 4,68
MR ERAR/(°) 3314 33.87 34.77 30
MG/ ME/(°)  28.61 28.11 27.63 28.45
ZAE/(°) 4.53 5.76 7.41 1.55
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Table 3 Full-cycle comparison

Ik
S8
FFT 3% HAXSE  BIPRE: APFFT
EAL/ wm 5.35 5.61 5.72 5.42
MM ERAKRE/(°)  31.46 31.86 32.45 30
MR/ ME/(°)  29.24 28. 62 28.15 28.76
ZAH/(°) 2.22 3.24 4.3 1.24
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Table 4 Non-full-cycle comparison
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24
FFT 3% HAHKSE  BIPRE: APFFT
EAL/ wm 5.54 5.62 5.45 5.45
MM ERAKRME/(°) 34.32 34. 88 30. 25 30. 25
MpiE/ME/(°)  27.65 27.29 28.63 28.63
ZAE/(°) 6. 67 7.59 1.62 1.62
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Fig.2 Experimental platform
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Table 5 Experiment data of spindle balancing

EIREIE S i APFFT AT
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RN E 10 g£210° 10 g£265°
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KIERCE 11.9 g£230° 15.1 g/ 345°
WA/ (um/(gomm))  0.016 1.2337° 0. 014 £ 260°
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