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Design of Seismic Wave Detection System
Based on Double-Ended Mach-Zehnder
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Abstract: Aiming at the problems of low sensitivity, poor signal-to-noise ratio, complex installation,
and the need for additional power supply of the traditional power grid dance detector in the face of
electromagnetic interference and continuous power supply, we proposed a new double-ended Mach-
Zehnder (M-Z) fibre optic seismic detection system. The system adopted double-ended fibre optic
M-Z optical path structure, which could achieve long-distance, large-scale, multi-dimensional on-line
monitoring and structural safety warning to locate the position of the dance in real time. The
geophone mechanical unit of this system adopted the push-pull structure of silicone elastomer and
brass mass block, and after parametric modelling and finite element analysis by ANSYS software, its
intrinsic frequency was determined to be 106. 77 Hz, with the relative error of only 1. 65% compared
to the experimental data. The experimental results show that the relative sensitivity of the detector in
the range of 0—140 Hz is 41. 25-—66. 78 dB(rad/Pa), which confirms its ability to detect the high
sensitivity of the dance signal.
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Fig. 1 Principle of M-Z interferometer
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Fig.2 Basic composition model of detector
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Table 1 Standard communication single-mode fiber parameters
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Fig. 4 Strain distribution of vibration source pair sensitization model
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Fig.5 Schematic diagram of double-ended M-Z fiber geophone system

A% AR GER M M RE L SR /N R B B S AL 65 LAR AL B8R 20, K RO Bl oK T ik A AR
U b A BT B — A v R R B I S R gl 65 A I R L R R EIOR 2 AG T A Y
FABL IR BB A, SRS G 7 A B0 BE 0 B Rk o EATIC S, S5 6 Fan, H R AR AR S B 5l
WA, YA BR RIS R, A6 T UL, 7R — GE YR SRR R P R A A AR X R U I R T T
— AR R £, BEAE B BT SR A R TG R, SRS 20 105 Haz I, AR iR 7 R A
JE B3R H W 66. 78 dB(rad/Pa) , Z 5 Fifl i 48 B3 Sy 450 3 14 15 DR 30 0L 2 1 1 £ eI A1 OGS, I8 45 1) 1
AN 105 Hz, SESE 106. 77 Hz {UA 20 1. 65 %0 AT R 22,

R B8 UE A I g Xof A [) 930 3830 B R Sl A5 5 A 2 A RE 0, 8 HABAR C SR AR AR B I 26 1 X LAY
AN TR B 3 E 5L AR 5 BTl SR ROR 22 PR 0 L S 3, S5 INIE 7 . R 7 a) DL, R I R T T R
G AN R385 5 72 AN (6] I 220 608 o 7 2 738 Ak, DR IHG 32 Ay T8 i B I 43 BEOS [R) R AR B AR S
AE ).
80
75 b
70
65
60
55 F
50

45 -

40 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140

JHz

FAXF RAFE /(rad - Pa™)

7 E—0RE T & 505 R 57 m R R E

Fig.7 Waveform diagram of high frequency and low

B 6 iR 248 X R 8 R i 2k

Fig. 6 Relative sensitivity test curve of detector
frequency responses at same amplitude

ik, ACBOHIHER T —E TWEDLL R4 B N RS, ZARGAI M-Z T3, a2z 3
RO R E B AEOR , I X R GRS OB AT 1A RO b = R . g A RO
I AT B 2 AR B B [ AR S BT A R ARAT . ELAE SR e P R BUIR SR TE 0~ 140 Hz I
RGREOR B AR X AR, i SR A S SR AT L, X R BRI S W AR E . B AR R T AT
A B DR MR T T U 27 A B i R AT v 2 2 sl s D0 B AT T3 4 R R

2 % X W

(1] BXEAL R kB S Mmah R BiA (1], W ER AR, 2004(2): 57-59. (ZHAO Z L. Galloping of Conductor of
Transmission Line and Precaution [J]. High Voltage Engineering, 2004(2): 57-59.)



55 K2, %, HT Wi Mach-Zehnder 4 H 45 85 3 W I 2 48 31 1253

[2]

[3]

[4]

[5]

[6]

L7]

[8]

[9]

[10]

(11]

(12]

[13]

SRAL A RIEA. A A BB K SR S KCE LA RS [T, M S S IR 2012, 28(9): 13-19. (ZHANG L C.,
ZHU K J. Research on the Law of Disasters Caused by Transmission Line Galloping [J]. Power System and
Clean Energy, 2012, 28(9): 13-19.)

Wrzsse. Wz R A SESh LR S0 AT (1], SRR BT, 2020, 37(3): 60-61. (CHEN Y L. Analysis
of Galloping Phenomenon and Countermeasures for Overhead Transmission Lines [J]. Applications of 1C, 2020,
37(3): 60-61.)

FiE, R, BRI, L IR ARG R ERME S IR &M (] TRAE, 2019, 37(6): 1021-1027.
(WANG J. FAN J H., ZHAO Z B, et al. Galloping Characteristics of Transmission Line in Northern Hebei
Province and Meteorological Elements Analysis [J]. Journal of Arid Meteorology, 2019, 37(6): 1021-1027.)
USHER M J, GURALP C, BURCH R F. The Design of Miniature Wideband Seismometers [J]. Geophysical
Journal International, 1978, 55(3): 605-613.

USHER M J, BURCH R F, GURALP C. Wide-Band Feedback Seismometers [J]. Physics of the Earth and
Planetar Interiors, 1979, 18(2) . 38-50.

KAMENEV O T, KULCHIN Y N, PETROV Y S, et al. Fiber-Optic Seismometer on the Basis of Mach-Zehnder
Interferometer [J]. Sensors and Actuators A: Physical, 2016, 244 . 133-137.

F#, T&R, EAG. TWARDGHLEADH 78R [M]. Jbat: B lihat, 2012: 55-67. (WANG W,
DING D F, XIA J L. Interfering Optical Fiber Sensing with Optoelectronic Device Technology [ M]. Beijing:
Science Press, 2012: 55-67.)

AL-HAYALI S K, SALMAN A M, AL-JANABI A H. High Sensitivity Balloon-Like Interferometric Optical
Fiber Humidity Sensor Based on Tuning Gold Nanoparticles Coating Thickness [J]. Measurement, 2021, 170
108703-1-108703-10.

JABE. ST Hu PR U 4 AR & Rk B R B[], B RGBT, 2020(3): 15-16. (ZHOU R. Development
Status and Outlook of Fiber Optic Seismic Wave Detection Technology [J]. Science and Technology Innovation,
2020(3): 15-16.)

GERGES A S, NEWSON T P, JONES J D C, et al. High-Sensitivity Fiber Optic Accelerometer [J]. Applied
Optics, 1990(4) . 27-28.

TiHil. HT FPGA IR M-Z o0 i SO RECR BT S [D]. KA. KFB TR, 2017, (WEL'Y D. Research
on Dual M-Z Distributed Fiber Optic Sensing Technology Based on FPGA [D]. Changchun: Changchun University
of Science and Technology, 2017.)

XISl RAKLL, X8, 5. BT 6L T W J5 3 09 e UL WS DU 91 3 4% 8% 4% 501 [T, & AR OR 2 2 i (LA D
2021, 59(5): 1272-1277. (LIU Z L., SONG J H., LIU H J. et al. Design of Vibration Sensor for Rotor
Monitoring Based on Fiber Optic Interference Principle [J]. Journal of Jilin University (Science Edition), 2021,

59(5): 1272-1277.)
GriesmE. £ 40



