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Multi longitudinal mode beat frequency fiber laser
displacement sensor based on substrate

Yu Tao, Guo Yu, Ni Yi
(School of Internet of Things Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: A kind of optical fiber laser displacement sensor with multi longitudinal mode beat frequency
was proposed and designed. The sensor could be realized by using the beat frequency signal between
different modes in the resonator to monitor the small displacement of the object. The sensor used a strain
sensing substrate structure to effectively protect the optical fiber and buffer the deformation caused by
stretching and compression, and increase the sensitivity of the sensor. At the same time, the original multi
longitudinal mode beat fiber laser was improved, which made the system get higher signal-to—noise ratio.
The measuring principle of multi longitudinal mode beat sensor was described, and strain gage was
designed and built. In the experiment, four different beat frequency signals were selected as sensing
signals. The experimental data show that the frequency shift is basically linear in the range of 0 to 30 mm,
and the highest linear fitting degree can reach 0.999 4, which is in agreement with the theoretical results.
Because the precision of the stretching platform is limited, the measuring accuracy of the sensor is 1x
10~ mm. Repeated experiments show that the sensor has good stability.
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Fig.1 Basic structure of multi longitudinal mode beat fiber laser sensor
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Fig.2 Schematic diagram of beat signals between different

longitudinal modes in resonant cavity
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Fig.3 Experimental structure diagram of multi longitudinal mode

beat frequency fiber laser

LU P 2B R Z HTY 2 BRI R I AT T
UHE IR I — i 1 FBG e il T4 R B, A AL
HsBESR T P FBG HRO I AN DT L A (Y g7 | 2
1 1 R IR A BE LA AR S A5 R

AT REBE R IR M A AR A B AE AR b, I RE
RE AR MOCET XL AR HEAT ORI, SOt —Fif
B ARG WAL L R, AP 4 B o AR b e T Al
1] F) TUTAE P of 81 52 G 2T, [ g PAY R om0 e JE
JCEF HEAT PR (ER AN E MDA # b ) BLARAZ T, Y
AR v ] PR XCPATE P T 56588 23544 BE A 288 i o AT
PRt R R AL 4 1 Il 1 A B P A 1 T AR
I, R B4R Sl e e 8 S 2 328 0] 4 g P ES 9
b, AR B R R PR A5 R L 8 AP RSP AR A A
NS A B AR 45 H RSB E Iha fi

B 4 Sl 2T R AR A I 7R IR

Fig.4 Schematic diagram of optical fiber strain sensing substrate
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Fig.7 Stability diagram of beat frequency signal
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