5549 B 4
2021 4% 4 H

A B K “F 2 4 CH A B R0
JOURNAL OF TONGJT UNIVERSITY (NATURAL SCIENCE)

Vol. 49 No. 4
Apr. 2021

NEHS: 0253-374X(2021)04-0561-08

DOI: 10. 11908/j. issn. 0253-374x. 20152

HRAZEXRKEEZNEREN S REFIRENE N

MNEF, T O, THERS
(1. P EG R TS SRR (5 B TR S SE0 %S, Y108 RN 22111652, RIEERTINZBEA PR |, Kt 300381 ;
3. YR HBREL2A 5 TR ERE, YT M 211100)

TR X sk A R A SR ok B AR MR ShAG
R, DA m iR sh BRI IR T 45 B oA S 5 L T 2 K ik
250 B A s, IR L T IWR 443 R R & T 2Kk
TR R G H LI T IR E 5 RAE S5 I kb 3 — A4k
o n R R R G TR T 50 £ Ml R AT 3 M B 32m 7 32
AR S 48 N Sh A e B T S AR i . S5 IR R,
T SCS R A A AR B — 2k A R T A 4
BT PRSI R, BB B L AR Bl FE A 2 2
VIS ENe BT — SO S T SR T ) A TRR
3 B ARG 00 A7 S 5 ) R R B A %) ) B 001 T 22 oK R
TR AR BRI A RS P A R

SRR R (T SR R R IR R IR B A
s BhASHEE
FES XS P228 XHMRERS: A

Vibration Detection of High-speed
Railway Bridge Using Millimeter Wave
Radar Measurement System

LIU Zhiping', LUO Xiang"*, HE Xiufeng’

(1. Key Laboratory for Resources and Environment Information
Engineering of Jiangsu Province, China University of Mining and
Technology, Xuzhou 221116,
Surveying and Mapping Co. Ltd. Tianjin 300381, China; 3. School

China; 2. Tianjin Institute of

of Earth Science and Engineering, Hohai University, Nanjing
211100, China,)

Abstract: To meet the real-time, high-precision and non-
contact vibration detection requirements of high-speed
railway bridge, this paper investigates the theory of
vertical vibration model of bridge and the precise ranging
algorithm of millimeter wave radar. Based on the IWR1443
millimeter wave radar chip, a millimeter wave radar

measurement system is developed to realize the

integration of vibration signal measurement, acquisition,

decoding and processing. Then the vibration detection
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experiment of 32m simply supported bridges in Xuzhou
section of SUIHE super large bridge on Beijing-Shanghai
line is carried out with this measurement system, and the
data are analyzed by time-frequency analysis method.
Analysis results show that the three-dimensional spectrum
array, which is extracted by the generalized S-transform
and the standard time-frequency transform, reveals the
bridge vibration process under the dynamic load of the
high-speed train. The dynamic vertical deflection, the
deflection span ratio, the main frequencies and vibration
type of bridge are determined, which are consistent with
the theoretical analysis, and the performance of bridge
structure is better than current design limit value of high
speed railway. This indicates the SUIHE bridge structure
is in good health and verifies the accuracy and
effectiveness of millimeter wave radar measurement

system.

Key words: high-speed railway; simply-supported

girder bridge; millimeter wave radar measurement

system; vibration detection; dynamic deflection
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Fig. 1 The interface of RadarSPA software
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Fig.3 Location of measuring points and scene of vibration detection
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Fig.4 Ranging time curve of point No.6 by millimeter wave radar
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Tab.1 Dynamic deflection and deflection span ratio
W % Zﬁ%&%ﬁ(ﬁiﬁ:mm) g bt(%{ﬁ: 10%)
min max mean max min mean
1 0.32 0.81 0.58 9. 86 3.95 5.03
Pl 2 0.37  0.95 0.69 8. 67 3.35 4.64
3 0.21 0.83 0. 56 15.0 3. 84 5.67
4 0.44 0.99 0.71 7.20 3.25 4.53
1 0.47 0.8  0.67 6.78 3.71 4.75
P2 2 0.31 0.74 0.52 10.2 4.30 6.16
3 0.44 0.88 0.68 7.29 3.65 4.70
1 0.13 0.89 0.51 25.4 3. 58 6.29
P3 2 0.31 1.07 0.72 10. 3 2.98 4.45
3 0.14 0.83 0.49 22.4 3.85 6. 57
4 0.29 1.18 0.70 11.0 2.72 4.59
1 0.37  1.01 0.72 8. 64 3.18 4.43
P4 2 0.34 0.92 0.60 9.38 3.40 5.31
3 0.45 0.97 0.68 7.16 3.29 4.73
4 0.22 0.79 0.52 14.5 4.04 6.16
P5 1 0.28 0.54 0.41 11.5 5.93 7.81
2 0.26 0.55 0.40 12.3 5.83 7.96
1 0.31 0.67 0.53 10.2 4.78 6. 04
. 2 0.29 0.63 0.52 11.2 5.08 6.15
P 3 0.32 0.65 0.56 10. 3 4.92 5.71
4 0.30  0.66 0.51 10.8 4.85 6. 28
1 0.31 0.59 0.46 10.4 5.39 6.99
P7 2 0.34 0.60 0.47 9.39 5. 36 6.81
3 0.36  0.59 0.47 8.98 5.44 6.79
4 0.30 0.51 0. 40 10.6 6. 31 8.07
1 0.33 0.80 0.57 9.71 3.99 5.58
s 2 0.29 0.78 0.52 11.2 4.11 6. 14
3 0.35 0.8 0.59 9.06 3.83 5.39
4 0.37 0.79 0.57 8.68 4.07 5.65
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Tab.2 Main frequency of deflection by Millimeter Wave Radar Hz
D FEIEEDO Tk P1 P2 P3 P4 P5 P6 P7 P8

0.940. 1 0.640.1 0.640.3 0.7+0.1 0.8+0.2 0.940.2 0.840.2 0.8+0.2
GST 2.74+0.1 3.1£0.2 3.240.2 3.240.1 2.440.3 2.740.3 2.340.2 3.240.3
1 6.240.5 6.6+0.2 6.340.2 8.34+0.4 7.5+0.5 7.310.6 6.5+0.6 6.0+0.3
0.940.1 0.540.1 0.7+0.3 0.7+0.2 0.8+0.1 1.0+0.1 0.9+0.1 0.9+0.1
NTET 2.840.4 3.040.2 3.140.2 3.7+0.3 2.4+0.2 2.610.2 2.140.2 3.2+0.3
6.040.5 6.440.6 6.440.4 8.040.5 7.5+0.4 7.970.6 6.6+0.5 6.1+0.5
0.6+0.4/ 0.740.1 0.740.1 0.740.2 0.840.2 0.5%0.1 0.840. 1 0.840.2
GST 3.240.2/ 2.240.4 3.1+0.3 3.7+0.2 2.14+0.4 3.4+0.4 2.4+0.3 3.3+0.3
9 6.740.3 7.040.2 6.6+0.5 8.1+0.7 6.6+0.7 7.240.6 6.3+0.7 6.3+0.4
0.840. 1 0.940.1 1.0+£0.1 0.640.2 0.840.2 0.840.1 0.740.1 0.940.1
NTFT 3.0£0.2 2.2£0.2 3.240.2 3.240.3 2.2%+0.2 3.640.3 2.440.2 3.0£0.1
6.640.4 7.0+0.5 6.540.3 8.0+0.6 6.6+0.5 7.3+0.4 6.5+0.4 6.2+0.4
0.6=+0.2/ 0.9£0. 1 0.840.1 0.740.1 0.840.3 0.840.1 0.840.1
GST 3.3+0.1/ 3.2£0.7 3.340.3 3.440.5 — 2.510.2 2.740.2 3.440.4
3 6.5£0.4 6.5£0.5 6.640.5 8.040.4 7.2£0.6 6.840.6 6.840.7
0.840.1 0.840.1 0.940.2 0.740.1 0.8+0.1 0.840.2 0.840.1
NTFT 3.340.3 3.1£0.2 3.240.3 3.5£0.3 — 2.4+0.2 2.440.2 3.6£0.2
6.440.4 6.5+0.5 6.540.5 8.340.6 7.34+0.5 6.9+0.6 6.5+0.4
0.74+0.1/ 0.940.1 0.84+0.2 0.840.1 0.8+0.1 0.84+0.1
GST 3.240.2/ — 3.240.3 2.640.4 — 2.340.3 3.240.2 2.840.2
i 6.540.1 6.940.5 8.140.5 7.0£0.4 6.7£0.4 6.0£0.6
0.8+0.1 0.8+0.1 0.7£0.3 0.840.1 0.7+0.1 0.9+0.1
NTFT 3.24+0.3 — 3.14+0.2 2.7+0.3 — 2.34+0.3 3.24+0.2 2.940.1
6.640.4 6.340.3 7.8420.6 7.240.5 7.040.2 6.0+0.4
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