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Effect of Optical Cable Structures on the Performance of Mach-Zehnder
Distributed Optical Fiber Vibration Sensing System

Sha Zhou, GuilJie, Feng Hao, Rui Xiaobo

(School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Optical cables play a crucial role in the performance of the Mach-Zehnder distributed optical fiber vibration
sensing system, as their structural characteristics greatly affect the system’s sensing capabilities. This study examined
four common optical cable types: glass fiber-reinforced polymer (GFRP) single-core optical cable, spiral-armored
optical cable, steel wire-armored optical cable, and layer-twisted composite optical cable. Nine combinations of
these optical cable structures were designed. The response characteristics of these optical cable combinations to single-
frequency steady-state and wide-frequency transient vibrations were investigated. The trends in how the system’s sig-
nal-to-noise ratio varies with the frequency and amplitude of vibration were analyzed, and the response differences
among various optical cable structure combinations under the same vibration signals were compared. Using numerical
simulations, models for each optical cable type were developed to calculate the stress distribution across the cable
cross-sections and track stress variations within the fibers under external signals. The results showed that combinations
of different optical cable structures are more sensitive than those with identical structures. Although no significant
differences were found in the frequency response of vibration signals across all combinations, the signal-to-noise
ratio remained consistently high. For amplitude response, the double steel wire-armored optical cable combination
demonstrated a strong linear relationship with the vibration amplitude. The double GFRP single-core optical cable

combination and the double layer-twisted composite optical cable tightly sheathed with fiber combination were less
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effective, whereas other combinations showed no clear linear relationship. Additionally, the study revealed that opti-

cal fibers with gel can attenuate high-frequency signals, providing a filtering effect. However, spiral-armored optical

cables tended to generate noise when exposed to large amplitude signals. These insights provide valuable guidance for

selecting suitable optical cables for engineering applications of Mach-Zehnder distributed optical fiber vibration sens-

ing systems.

Keywords: optical fiber sensing; optical cable structure; Mach-Zehnder interferometer; vibration
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Tab.5 Material parameters
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Fig.7 Stress distribution in cross-section of optical cables
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Fig.14 Spectra of combinations 4 —6 response when vi-
bration signal frequency is 220 Hz and the peak-to-
peak valueis 1V
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Fig.15 Spectra of combinations 7—9 response when vi-
bration signal frequency is 220 Hz and the peak-to-
peak valueis 1V
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Fig.17 Time-domain waveforms of lead break signal of optical cable combinations 1—3
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Tab.8 Average V), of the lead break signal for each com-

bination
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