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Operation Modal Analysis Method of Gear Grinding Machine Spindle
Operations under Complex Working Conditions
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Abstract: Aiming at the problems that the spindle vibrations in grinding machines were complex and
the modal characteristics were difficult to effectively identified under the service states. Based on adaptive
noise complete ensemble empirical mode decomposition and correlation analysis, a method was proposed.
The finite element modal analysis was used to define the frequency band range, and the wavelet threshold
classification method was used to retain the modal feature information. In order to identify and eliminate the
harmonic response generated by rotor, a method was used in signal cepstrum editing. Different noise reduc-
tion methods and 2-DOF examples show that the modal identification errors are reduced to 1. 3% after pro-
cessing by the proposed method, the fitting order is reduced 76.7% as the poles are stable, and the modal
characteristics of the rotating parts are accurately identified for the machine tool in service.

Key words: operational modal analysis; complete ensemble empirical mode decomposition with adap-
tive noise; wavelet threshold grading criterion; cepstrum editing; grinding machine; parameter identifica-

tion
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Fig.1 Cepstrum editing process
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Fig.2 Process of modal parameter identification for a

gear grinding machine spindle
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Fig.4 The first three order formation diagram of the

spindle mode
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Tab.2 The first three order modal parameters of gear

grinding machine spindle
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3 225.873 0.64
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Tab.3 The correlation coefficient of IMF components
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Ab RS A A0 e K AR XTI 25 4 1.31 %, FHJE L
RN R 2R 21.6% .
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Tab.6 The natural frequency and damping ratio

identified by different pre-processing signals

A7 45 % /Hz FHJE o
1By 2 3B 1B | 2B | 3B
EHERS | 45.86 | 132.01 | 196.51 | 2.51 | 0.12 | 0.21
LRI | 91.51 | 160.82 | 240.22 | 0.81 | 0.40 | 0.58
[ IR -8 B3 | 97.46 | 178.83 | 227.01 | 4.13 | 0.02 | 0.04

®7 TEHLEESRANHNRSESHEXBRRES
HHEIIRE
Tab.7 Relative errors between modal parameters from

differently processed signals and experimental results %

[& 45 471 % /Hz BHLJE
16 26 | 3B | 1B | 2B | 3K
ELHEU 52.31 | 26.52 | 13.00 | 4.13 | 0.02 | 0.04
{LREMEIRS] | 4.86 | 1048 | 6.34 | 2.51 | 0.12 | 0.21
[AmE - g5 | 1.31 | 0.46 | 0.68 | 0.81 | 0.40 | 0.58

PR A B A 5 I Bt AL M P R ] S0 1 38 D
S I TR 158 25 3K 5206 5 R 55 K 14 e A1 8 A
(45.86 Hz) 75 = & i X 3 119 430 2% 3 6l b o 4 &=
S FHOE LU FAR RS S8 A SOk R
F5U 002 TR A B4 B AL IR 75 7 A 0 3 0 o3 B L TR
F18g 1A 0 3R R R P o LB A0 G e S0 ok Aty
PN R AL 7 A R A 0 e s TR B AR S
SRE LRSS B IR ZERFEE1.3%.
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