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Reconstruction of Cooling Tower Vibration Signals and Its

Time-Frequency Analysis

Yi Ding, Long Yonghong, Long Xiaowei, Jiang Shan, Jiang Yuanyuan
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Abstract : According to the characteristics of the cooling tower vibration signals in the " harmonious" power
locomotive, designs the vibration test platform. By means of programming technology of LabVIEW, realizes the PC software
and real-time display of the vibration signals. Applies the method of empirical mode decomposition to reconstruction filter
and time-frequency analysis of the vibration signals, and provides the basis for cooling tower faults judgment. By compar-
ing the proposed method with Butterworth filter, proves the method’ s advantages. The experiment results show that the
proposed method can accurately judge the cooling tower vibration condition, improves the supervision quality and pro-
vides a guarantee for the normal operation of power locomotive.
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The structural diagram for system hardware
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Fig. 2 The display of three channels of vibration velocity signals
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Fig. 4 The time-frequency diagram for 10 IMF components

HIEL 4RI, £, £ foo for S PRI B RAELAR 5/
ATLCR SRR, TRE £, £, £, £ £ ARG
AERSIHEE x BFEAL, B £ S AR A
B YL ey, A SCRHERR, f)n /i £, 7.,
fﬁ,ﬁﬂ?ﬂiﬁﬁi, BT IO F) S S Csy Cgr Cp0 b
XA 4 T EASEES ', Bl

X ()= (5)

2 EfSRSr R

2.1 ERBESREENESHER
RBels5 = x SEMES ' IIFEFIU 2 4~J5 T
HATHCEL, WA 5 Fs .

2.0

1.0
oo
= -1.0
-2.0
-3.0

)
0.5
@0
=05
10
-13

0

SRR (mm - )

400 800 1200 1 600 2 000
1sH{E)/ms
a) WPk EL A
0.25
0.20
4 015

& 410
0.0 l
0 . A

0.25
0.20
3]?‘ 0.15

= 010
i

0 100

WREhHE (mm - s7)

2000 300 400 500 600 700 800 900 1000
B H
b) A LR
5 IRENFEEES 5 BLRE
Fig. 5 The time-frequency comparison chart of
vibration speed signal x and x'

M 5 ATRL, S5 S A A — S S B IR P 5 e
ME G SR TS, %05 5 MBS RS
T
2.2 EMD 5 Butterworth & il 85 bb 8

ZIKS'CHEJ LabVIEW A 4mesc Bl 1 Butterworth 1233

L HARRIE B EES x ST, REE S X,
Wp.vx 25 EMD BRI S X, 4% ENTHATI



$o 4 by T, WHIEEIRSNE S I E R S L A 97

B, ImE Butterworth eI A R AR AR R 45 Hz ,
KSR 2 000 Hz, 2 DK BB AR SE G 25
XFHCANE 6 s o

1.0
0.5
s o
05
-1.0
~1.5

0.6

04:
02
]
-0.2
—() 4

~0.6

YRENEIE (mm - s )

L

{n TX

0 400 860 1200 1600 2060
W) /ms

a ) B3 L

0.25

% 0.20
Jaiad

ML‘.O 15
0.10

005 A N

0.10
0.08
0.06
0.04
0.02

. S—I)

PBEE (mm

{G '

O 10 20 30 40 50 60 70 80 90 100
iz He

b) S A
6 EMD &l 5 Butterworth i i B 851 bk 55 &
Fig. 6 The time-frequency comparison chart of EMD and
Butterworth filter

& 6 S8 Fbas SR, fEAC PR SRR IR S
S0, Butterworth TEI A XHE 5 x 43 TEUFIIY AL
EMD HEAYUE I AR B SR SR IR S5 5 x o

3 HhiE

WA 8h I ML ZE A HE PR shRe i, 3R H TR
BT %, I LabVIEW eS8l 7%
W5, FIF EMD Sk ik ah (s 5 i A T E 1
AU HHE AT AR 3 A, S A5 R KB T EMD R A
PR R R S5 S A B RICR,  H Butterworth 1€
Pt BB, LA EORS B ) T VA B R s R £
SERFHE, AR T R E I T

% 3k

[1] JAE, T, R T LabviEW I RS 53

B [, AR, 2002, 23 (HETI3) @ 741-743.
Zhou Fuchao> Wang Zhiyong, Ju Zipei. The Virtual
Spectrum Analysis Instrument Based on LabVIEW[J].
Chinese Journal of Scientific Instrument> 2002, 23(S3) :
741-743-

Mastorakis N E, Swamy M N S. Spectral Transformations
for Two-Dimensional Filters via FFT[J]. IEEE Transactions
on Circuits and Systems I: Fundamental Theory and
Applications> 2002, 49(6) : 827-831-

Tae Hyun Yoon, Eon Kyeong Joo. Butterworth Window
for Power Spectral Density Estimation[J]. ETRI Journal,
2009, 31(3): 292-297-

B, RS, WIRE FERUARFRIRSE S
AT L), IR3h 5 ik, 2010, 29(2) @ 42-45.
Xiang Ling> Tang Guiji- Hu Aijun. Vibration Signal’ s
Time-Frequency Analysis and Comparison for a Rotating
Machinery[J]- Journal of Vibration and Shock, 2010, 29
(2) : 42-45.

WSS, Wittss, SRR, 5 TR R E
SENUBRIR AN BB AR TIIE 1), SR8 . Wik 5205,
2003, 23(2) : 96-98-

Hu Jingsong> Yang Shixi» Wu Zhaotong, et al- The Study
of EMD-Based Filtering Technique for Vibration Singals in
Rotating Machinery[J]. Journal of Vibration, Measurement
& Diagnosis> 2003, 23(2) : 96-98.

Cheng Junsheng> Yu Dejie» Yang Yu. A Fault Diagnosis
Approach for Roller Bearings Based on EMD Method and
AR Model[J]. Mechanical Systems and Signal Processing
2006, 20(2) : 350-362.

Wu Zhaohua, Huang Norden E. A Study of the
Characteristics of White Noise Using the Empirical Mode
Decomposition Method[J]. The Royal Society, 2004, 460
(2046) : 1597-1611

Flandrin P, Rilling G> Goncalves P. Empirical Mode
Decomposition As a Filter Bank[J]. IEEE Signal Processing
Letters> 2004, 11(2): 112-114-

WESC, FWA, W5V Hilbert-Huang 22 e 1 I8 M Ry
P BRI, FRR 2224 ASRBEERR, 2004, 27
2): 9-12.

Tan Shanwen,> Qin Shuren> Tang Baoping. The Filtering
Character of Hilbert-Huang Transform and Its Application
[J]. Journal of Chongqing University: Natural Science
Edition, 2004, 27(2) : 9-12.

(FAEREE: A )



