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Abstract: Conventional distributed acoustic sensing (DAS) technology takes advantage of the sensitivity of optical fibers to axial
strain to carry out single-component signal acquisition. When carrying out three-component vibration signal acquisition,a helical
winding arrangement of the optical fiber is usually required. However, when different angles are used for winding, the axial position

of the optical fiber is bound to be different, which leads to different sensitivities of the optical fiber to vibration signals in the three
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directions (X ,Y,Z).In view of this issue,a mathematical model of a helically winding optical fiber was established to determine
the factors affecting the axial strain of the fiber,and the mathematical mapping relationship between the axial strain of the helical
optical fiber and the true strain in the three directions at the location of the optical fiber was derived. Then. the influence of the
three-component vibration signal on the axial strain of the optical fiber was quantitatively analyzed under the conditions of different
winding angles and rotation angles,and the equivalent signal received by the axial strain of the spiral optical fiber was verified by
the three-component digital signal simulated by the wave equation. The results of the analysis showed that the strength of the
three-component signal collected in the axial direction of the helical optical fiber depends on the actual strength of the X ,Y,and Z
three-component signals,the winding angle.and the relative spatial position of the fiber during the winding process.As the winding
angle increases,the sensitivity of the helical optical fiber to the seismic wave signal along the winding axis increases,and the sensi-
tivity to the signal perpendicular to the winding axis decreases. The two-component seismic wave signals perpendicular to the wind-

ing axis appear numerically cyclical and complementary, providing a theoretical basis for the acquisition of the three-component vi-

bration signal of a distributed acoustic sensor by using a helically winding optical fiber.

Keywords: distributed acoustic sensing,three-component vibration signal, helical winding optical fiber,axial strain,winding angle
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