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Optical fiber Fizeau cavity ultrafast explosive shock wave pressure sensor

He Da,Wang Junjie,Zhu Yakai, Xiong Junjie, Liu Teng

( National Engineering Research Center for Optical Fiber Sensing Technology and Networks, Wuhan 430070, China)

Abstract: To address the problems that traditional electromechanical and piezoelectric/piezoresistive sensors are susceptible to
interference in extreme electromagnetic environments such as explosive shock waves, exhibit response lag, and have difficulty capturing
the rising edge, this paper proposes and fabricates an all-silica Fizeau-cavity optical fiber miniature dynamic pressure sensor based on the
Fabry-Pérot (F-P) interference principle. The sensor integrates the characteristics of high sensitivity, high frequency response, and high
spatial resolution. Its sensing unit is formed by fusion splicing a 125 pwm single-mode fiber, a silica capillary tube, and a coreless fiber.
By length-limited grinding and 40% HF chemical etching, the thickness of the coreless-fiber pressure-sensitive diaphragm is precisely
controlled to 2~3 pm, achieving an approximately ideal two-beam sinusoidal interference output. To enable high-precision inversion of
transient pressure, a three-wavelength light source excitation scheme and a passive homodyne demodulation technique with arbitrary
deterministic phase spacing are adopted to extract, in real time, the interferometric phase shift induced by cavity length variations under
shock loading. In combination with three-channel voltage normalization and a phase-jump compensation algorithm, the influence of
insertion-loss differences and quantization noise on measurement accuracy is effectively suppressed. Static calibration experiments show
that the sensor operates within the elastic regime over the entire measurement range; within 0 ~ 60 MPa, the full-scale nonlinearity
reaches 2. 23% , the repeatability is better than 2% , and the hysteresis error is less than 0. 1% . Shock-tube dynamic test results indicate
that when the resonance frequency of the high-speed photodetector is set to 20 MHz and the response time is 8 ns, the dynamic response
time of the sensor system is less than 50 ns, which allows for the accurate reconstruction of the shock-wave pressure-time waveform. With

the merits of microscale sensing and high-frequency response, the sensor is suitable for transient pressure measurements under extreme
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conditions such as explosive impacts and intense laser-induced near-field plasma shocks, and it can maintain stable output under strong

electromagnetic and high-shock conditions, thus exhibiting considerable engineering application value.
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0 3l

i3

FERRAE i I 00 20 A8 R T 45, o A U £ T
Betu SR R R R e ReRs Y AT
LR A ML R 45 (micro electrom-echanical system,
MEMS) J& J) %I, HoAi % s ik 222. 8 kHz, [ FHEH ]2
920 s, HAH R AL B RN B e b AR . EEEM
LI T — Rl s A L 2R A R A,
B B THE R 46 40 2 10.45 s, SR, 3 2 AL 2% A7 A
PRSI [R) 0 . 1) TC 7R 55 B R S5 PR 55 A i v, 1 37 154
A TR 52) % B 8O 5 0 TR 7= A 3 3 4
BRI, H TR RI <50 ns, XE LA S BR TR N
FHH I 7 oK

JCEF AL R 0 A OGAF 5 AR i, 32 A I T K
A Bgs BT R RE T A I R R R
B RSN R BET e AR B A ) B B M R
FIIC KRS, e 08 18 N 6 8% 0 ol o 0k 4 R 0K 3R 58
M, Guo 5T T — Fh A1 55 B 404 o 0 45 A
300 nm FRREIE U2 i 04 O £ A% IR | G i e R 50 RE 3k
1.6 nm/kPa, iM% 1. 44 MHz, Chu & R T
— P T A -3 ( Fabry-Perot, F-P) i i) Y6 4T 92 iy
Tl 780 o I e ) A R A A S S Bh AR IR AL IR
FHTE 1 MPa JE J7 906 B 9 B 2 1 B | 55 2 M R i R
Bk 4.33% 1. 9% F1 2. 8% , RN H ik 8. 97 MHz,
FLAS R B L B2 RN A M 3l T b i
T, B AESENY A T —Fh T MEMS BR 64T
F-P RIS AL A8 16 0~ 10 MPa JE J1 3 Fil N 5
PRGSO, 6 e AR AR R MR 22400 0. 41% , 1R
iR 0.37% AR IR 8.5 ws, B AR AL
il 25 B8 1, A8 b T o Ry AT A 4 s e X B 5
VR T SR UK £F A BRSO M ( fiber Bragg
grating , FBG) REYE LM, R REE & &k
197. 4 pm/MPa, P # il FEAMEBL ], LM AH B R 4 5
T AR AR BE A I By 25 o) 1 T30, g LA G 2
WIS 35 R 7 £

BEXF BRI, A SCHE S IE I T — T P T
PR PR 2 A JEET Fizeau B IREH SR 1L S . i@
RHPERIVE L2 B e 45 K i Ak 07 T 1) R Ge Ak, 45
B BRICH; E H AR g MR 8 sh A, ) 1% B
REHEAT T IR VP4 | LASS T HAE A 0 3 28 R ) R Yy
i I

[ 0%  i

1.1 E£BHZTENL Fizeau FEAKRHIE

BATYEICET Fizeau OGS 5 T¥5 LA 1 B
TNo G F B RIGET (single-mode fiber, SMF) . JC
WYGCEF (coreless fiber, CLF) J A4 T4 3 38 & 4 4% ( silica
capillary tube, SCT) ZH Ji , He b Jo.t G 2F 78 24 He ) U
AT ERMANE Sy, RGP AEAE 3 IR EE RSP ok
FI SMF 3 04 556906 1, J5E R R TR Y UG 1, BisE
AMRT R 1

SMF i R

\

1 2&ATENE Fizeau G TR

Fig. 1 Light reflection principle of all-quartz fiber Fizeau cavity
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Static pressure calibration results of each sensor
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Table 1 Static calibration data of each sensor

WR/MPa REME/%  EEMW/% KME/% REUEL
0~0.5 2.36 2.76 1.09 0.997
0~1.4 1.75 3.12 0. 47 0.991
0-~2.1 2.53 1.25 0.75 0.983
0~7.0 2.91 2.93 0.32 0. 996
0 ~24.0 3.15 2.45 1.55 0. 987
0 ~60.0 0.24 1.19 2.23 0.948
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Table 2 Sensor dynamic performance indicators

R/ MPa REUE/(nm-MPa™)  WRARA/MHz IR TR/ wm

0~0.5 2 005. 57 3.89 1.26
0~7.0 245.65 7.79 2.56
0~24.0 33.29 15.49 4.79
0 ~60.0 7.835 24.35 8.25

x3 MHEREAZG=IE

Table 3 Comparison of performance and application

scenarios
IR B/ MPa R M/ wm iR A
A 0~1.00 1.59 pm/MPa 145 KAE
B 0 ~0.20 2.91 nm/kPa 30 PRI nt
C 0 ~0.05 18.5 nm/kPa 4 By7
D 0 ~0.04 154 nm/kPa 5~20 BEyy
7.835~

1.257~8.25 B¥erhik

AL 0~60 R
2 005. 57 nm/kPa
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