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Fig. 1 The flow chart of the modulation separation method
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Fig.2 The amplitude spectrum of simulation signal

al(t):A |: 1+ A1 COS(ZT['f;,h.Z+ gﬁl)+
A, cos(4nfit + @)+ Ay cos(2nfnt + ¢;)] (19)

L 20

S A 10\

g 0

2 0 10 20

4 4,

) . . i o

0 20 40 60 80 100

. / Hz

3 S5 i IR S e (R

Fig. 3 The amplitude spectrum of squared signal

K3 A IE G B IR A0 3 2 B JF e a3k 1,

LA AR AR
AZ 3 AZ
hy= 2(1+ ; zk) —17.24
A? )
h, = 5 {[A A, cos(@,— @)+ 2A, cosp, ] +

1
[AA,sin(@, — @)+ 2A, sing, J'}? — 4.464

AZ
2

A ’
[] cos (2¢,)+ 2A scos goz} +

2

2\ 2
A2 2
{ ~sin (2¢,)+ 2Azsin¢2” — 2.056

2
AZ
h._l:?AlAZ_O.?)G].
A* A
hy= "2 —0.
5 5 7 0.09
hs=A"A,;— 3.203
AT A
h, = 5 7 0.162

he="Ya(t)—H,(1)|
(20)

F2 FABEERAKSKERNEE

Tab.2 The corrected amplitudes of squared spectrum

g p, RIS ey, BIERRGE
(m+s ?) (m-s ?)
0 17.24 41, 0.09
3 4.464 £ 3.203
2, 2.056 of, 0.162
3, 0.361

IS FH 5 /I 3 DI A SR 1 SR D R 2 I 5k A
S 4 PR RS WE FoR SRR I R
TR LR A5 3, SR RS B0 45 78 22 4% 00 1R 1 B
Bow 2, W SICH B2 Btg o BT LR/ SR AL TR R
fift 2 Bt B AT B WS SOPE RS SO JEE o SR A A 9
i 2 Boun 2 3 BT 7R 1% 07 U5 SR il 1 R IR 2 80 46 8
{EAR FE iR 22 AR/, BEWTIZ 5 1 RE A A0 B R R A5



384 b

034 %

x3 KRBOBREAHSH
Tab.3 The solved AM parameters

¥ A/ A/ Ag/l A,/
(m*s %) (m+s? (m+s? (m-s?
YhEMH 4 0.3 0.15 0.2
B R R 4.001  0.301  0.150 0.2
WIE G MR 22/%  0.025  0.333 0 0
KA E T FAE 4.004  0.3002 0.1494 0.1995
KL IEFART R 2/ % 0.1 0.07 0.4 0.25
S8 0/C) @) e/()
M 120 45 60
MIE 5 il 120.14  45.23  59.891
M 1 Ji 46 X i 22 0.14 0.23  0.109
R EIHAE 117.233 41.167 57.76
AL I L %] 1% 2 2767  3.833 224
§15‘
§1o
B —
0 10 20 30 40
RIS /R

4 AR21E 51 2 B AR EOE &
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Tab.5 The solved AM parameters

A/ A,/ A,/ A,/

ZH (m+s %) (m-s %) (m+s?) (m+s?
45 B (H 4 0.3 0.15 0.2
FE 4 O A 4.139  0.3028 0.1454 0.1807
FrAR T MR 22/ % 3.475  0.933  3.267  9.65
Tk 2 Al 4.157  0.243  0.141  0.219
Jrik 2 ARR 2/ Y 3.925 19 6 9.5
Ik 3 A 4.061 0.2825 0.1197 0.207
Fik AR IR 22/ % 1.525 5.8333  20.2 3.5
S /) @/ @/ )
9 e 120 45 60
JE 4 O R 115.8  43.671 58.2
FTHE T I A iR 2 4.2 1.329 1.8
Tk 2 Al 123.89 73.42  64.58
07 i 2 i 22 3.89 2842 458
Ik 3 A 111.76 71.156  63.93
07k 34Xt 22 824 26.156 3.93




55 2 ) /NG LG5 A R EORER B 5 IR IR TR S 00 88 U ik 385

F6 KMBMEFHSH
Tab.6 The solved FM parameters

Bl/ Bz/ Bx/

£ (m*s %) (m:s? (m+s?
4 EfH 1 0 0.6
JT 4 g R 0.990  0.003 0.6314
PR TR IR 22/ % 1 - 5.233
Tk 2 A 1.43 - 3.961
Tk 2 X IR 25/ Y 43 - 560.17
J5 vk 3 AAE 1.6652 - 3.5484
J7 ¥k 3HIRFR 2/ % 66.52 - 491.4
S8 ¢,/ 0/C)  0/()  0./()
4 EfH 36 45 0 45
Jr 4 g R 34.154 44.393 76.621 43.3
T T R A i 2 1.846  0.607 76.621 1.7
5k 2 AAE - 148.7 - 126.3
J7 i 2 46 % iR 2% - 103.7 - 81.3
J5 vk 3T A - 309.91 - 317.4
J7 1 34 %F iR 2% - 261.91 - 272.4
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VA7 A R R S R M S o I SR . T i 25K i
V149 IR W R A S A R AR A R KR 22 43 I R
19%,28.42°,560.17 % F1103.7°; 75 1 3 3R fifk i I8 ek
FIVE AT 5 10 T (B RN AR A7 B KR35 25 40 3l R 20.2%%
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Fig. 6 The test block diagram of gearbox
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caused by the slight misalignment + broken-tooth
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Fig. 11 The spectrum of residual signal caused by the slight
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Tab.7 Amplitude comparison of measurement and recon-

struction signal

Wi Hy M %%TE{E/ Ez’r@%%?ﬁﬁ/ HiXt 22
(m-s”) (m-s?) 16/ %

Lo 0.1576 0.1551 1.586
St f 0.0207 0.0084 59.42
S 0.0065 0.01 53.85
St 0.034 0.028 17.65
St 0.06117 0.0553 9.596

PR I3 AN A A 3 (1) B G 5 3 1 £ 5 B Y, DA
5 5 4y P A R il S X e A 1 G 5 9 R
PRI L R 2R R o I IAT R 7 A ) 4R 8 )
S T [T A B3R A B W LA, T DA G 5 1 4 34 04
ST A A B, 438 (R R R AR S DR 28 R

3.2 BRI A EE (R BE 2)

SR %7 B Ak B 8 7E HCRE 26 50 T B PR 30 1F
5, DI G 4 25 B ST 43 2 A A A LU S A 0 R R A
SRS S 43 AR
a,.(1)=0.2868 [ 1+ 0.0266c0s(2nf,.t + 0.6546 )+
0.1712cos(4nf,. ¢ + 2.482)+ 0.1629c0s(2nf, ¢ +
0.44)+ 0.1305¢c08 (4nf,,.t + 0.6937)]  (24)
b(1)=0.2726c0s(2nf, t + 4.367)+
0.0145cos(4nf,. .t + 2.73)+
0.1923cos(6nf, . ¢ + 4.056)+
0.2377cos(2nf,, ¢ + 4.408)+
0.1923cos(4nf, t + 3.47)+
0.1974cos(6nf,,z + 1.763) (25)
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Tab.8 Amplitude comparison of measurement and recon-

struction signal

Wi % /Ha W %%ﬁlﬁﬁ/ Hi %%ﬂlﬁﬁ/ AH X 22

(m-s %) (m-s 7 i/ %

s 0.257 0.269 4.669

It 0.043 0.041 4.651

S 0.032 0.037 15.625
Tt S 0.05 0.046 8

IS 0.026 0.028 7.692
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A separation method of faulty gear vibration AM-FM signal

YANG Xiao~qing, DING Kang, HE Guo-lin
(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The vibration signal of faulty gears simultaneously includes amplitude modulation (AM) and frequency modulation
(FM) components. Based on the mathematic modulation model of fault gears, square amplitude demodulation and the frequency
demodulation according to the relation of FM with the Bessel function of the first kind are respectively used to establish system of
nonlinear equations about AM and FM parameters. Least-square optimization algorithm is then applied to solve these parameters.
An accurate separation method of AM and FM is proposed, where discrete spectrum correction technique is employed to improve
the correctness. Simulation results show that this method possesses high accuracy and strong immunity from interference, and is su-
perior to Hilbert demodulation and the demodulation based on the energy operator in accuracy. Experimental analyses demonstrate
modulation signals separated from different gear faults have obvious features and differences, which provides a diagnosis method

for fault gearbox.

Key words: fault diagnosis; squared amplitude demodulation; frequency demodulation; discrete spectrum correction; modulation
separation
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