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Abstract This study experimentally and theoretically examines the response characteristic of twisting the second-
azimuthal-order few-mode long-period fiber grating (FM-LPFG). The theoretical analysis shows that the twisting
responsivity of the coupled resonant wavelength of the high-order FM-LPFG is closely related to the azimuthal order
of the grating, i.e., the twisting responsivity of the resonant wavelength of the second-azimuthal-order FM-LPFG
is almost two times larger than that of the first-azimuthal-order FM-LPFG; the twisting-induced phase mismatching
leads to an almost linear decay of the intensity of the resonant peak in the transmission spectrum of the grating with
the increase of grating twisting rate in a relatively small twisting-rate domain. This decay rate is inversely related to
the value of the phase mismatch. Further, the experimental results show that the twisting responsivity of the
resonant wavelength of the second-azimuthal-order FM-LPFG is approximately 1.5 times larger than that of the
first-azimuthal-order FM-LPFG, which reaches 0.72 nme«(radem ') ! and 0.82 nm=*(rad*m ') ! in the cases of
clockwise and counter-clockwise twisting, respectively. The intensity of the resonant peak varies linearly with the
increase of the twisting-rate in the small twisting-rate domain, and the linear sensitivities are 0. 81 dBe(radem ') '
and 0.72 dBe (rad*m ') ! in the cases of clockwise and counter-clockwise twisting, respectively; however, the
corresponding intensity of resonant peak has the characteristics of small variation amplitude and fluctuation in the
large twisting-rate domain, indicating that experimental results are generally in agreement with the theoretical

analysis. These twisting response characteristics of the wavelength and intensity of the resonant peak of the second-
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in the same monitoring twisting-rate domain.

bl
azimuthal-order FM-LPFG have potential applications in high-precision sensing of twisting mechanical parameters
characteristic; resonant peak
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(such as twisting capacity, twisting speed, and acceleration) and simultaneous measurement of multiple parameters

Key words optical communications; second-azimuthal-order few-mode long-period fiber grating; twisting; response
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Table 1
propagation modes with lowest order at different

wavelengths in COMSOL simulation

Wavelength /  First-order dispersion /(psenm ' +km ')

nm LPq LPy LP, LP,

1250 5.824250  5.820407  5.815476  5.813929
1350 4.993056  4.989323  4.984572  4.983146
1410 4.576987 4.573320 4.568679 4.567334
1450 4.327838  4.324215  4.319649  4.318363
1510 3.990585  3.987027  3.982576  3.981387
1550 3.787179  3.783665  3.779292  3.778175
1610 3.510027  3.506579  3.502327 3.501332
1650 3.341819  3.338413  3.334245  3.333345
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Table 2 Twisting sensitivity of central wavelength or intensity of resonant peak of different types of LPFG

Twisting sensitivity of central

wavelength of the loss tip /
[nme(radem™') ']

Mode type and order

Twisting sensitivity of ]
) Linear response
depth of the loss tip /

range /(merad ')
[dBes(radem~ ') ']

LP,, core mode!'? 0.53
LP., core mode-'™ 0.21
LP,, cladding mode!**’

LP, core mode (this paper) 0.72

Weak (—100, 100)
(—40, 40)
1.07 (—6,6)
(—100,—20) U (20,100)
0.81
or (—20,20)
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