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this work, the orthogonal experimental method was applied to optimize the design of the pressure phase sensitivity
Key words

Pressure phase sensitivity is one of the most important performance indexes for the fiber-optic
hydrophone. Maximizing the pressure phase sensitivity is a basic principle in the fiber-optic hydrophone design. In

of the fiber-optic air-backed mandrel hydrophone. A general three-dimensional (3D) theoretical model was created,
and nine fiber-optic hydrophones were designed and made for orthogonal experiment. Several factors which affect the
sensitivity were analyzed in the experiments, and the results validate the theory. The optimized designs are also
gained by the analysis of the results to maximize the pressure phase sensitivity.
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Fig. 3 Theory model of the air-backed
mandrel hydrophone
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Table 1 Choices of factors and levels in L, (3*)

Factors Levels

A (material of the elastic tube) Al Polymerl

A2 Aluminum alloy

A3 Polymer2
B (material of the mandrel) Bl Aluminum alloy
B2 Stainless steel
C (length of the sensing fiber)  C1 2.6 m
C2 5.2 m
C3 5.2 m (two layers)
D (thickness of the elastic tube) DI 1. 25 mm
D2 1 mm
D3 0.75 mm

F2 L3 ERXE
Table 2 L, (3") orthogonal table

Factors

Experimental number A B C D
1 2 3 4
Al Bl C3 D2
A2 Bl C1 D1
A3 Bl C2 D3
Al B2 C2 D1
A2 B2 C3 D3
A3 B2 C1 D2
Al B2 C1 D3
A2 B2 C2 D2
A3 B2 C3 D1
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Fig. 6 Measurement setup of the sensitivity of the

fiber-optic mandrel hydrophones
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Fig. 7 Sensitivity responses of the fiber-optic
hydrophones between 0~1800 Hz
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Table 3 Comparison of the theoretical results and experimental results

Factors
. - Pressure phase sensitivity (dB re rad/pPa)
Experimental number A B C D
1 2 3 4 Theoretical results Experimental results Difference
1 Al Bl C3 D2 —151. 344 —152. 397 1. 053092
2 A2 Bl C1 D1 —173. 666 —170. 893 —2.77284
3 A3 Bl C2 D3 —143.97 —144. 187 0.216747
4 Al B2 C2 D1 —151. 4187 —152.593 1.1
5 A2 B2 C3 D3 —165. 447 —161. 884 —3.56262
6 A3 B2 C1 D2 —150. 982 —151. 27 0.287891
7 Al B2 C1 D3 —154. 233 —155.113 0.879915
8 A2 B2 C2 D2 —166. 108 —162.928 —3.1801
9 A3 B2 C3 D1 —147. 391 —149. 474 2.083099
F 4 IEACWITIGEF K UT 2R K AR 22 43
Table 4 Range analysis of fiber-optic hydrophones in orthogonal design
Unit A (material of B (material of C (length of D (thickness of
(dB re rad/pPa) elastic tube) mandrel) the sensing fiber) elastic tube)
K, — 460. 103 — 467,477 — 477,276 —472. 96
K, — 495. 705 — 933. 262 —459. 708 — 466. 595
K; — 444,931 — —463. 755 —461. 184
k) — 153. 368 — 155. 826 — 159.092 — 157,653
ks, — 165. 235 — 155. 544 — 153. 236 — 155.532
ks —148. 31 — —154.585 —153.728
Range 16. 92467 0. 282 5. 856 3.925333
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