% 48 £ % 8 I Gk 2019 4 8 A
Vol.48 No.8 Infrared and Laser Engineering Aug.2019

BETFHEETHEMNKNREZENNHSERERAR
B oW LK M, BEA

(1. ?ﬁfui—alﬁk%@a\\ﬂ b K3t 2 X B AR AT AT, LK 100095
2. FERETESFRE ER 534 4,47 100072; 3. P EIF £/ R, L7 100072)

 E: AN ESEABRRERET RN R E E ARG R A, —F A RSO T & R a2 KA
R HENTERTEZREARE, EAERALBRKNRFZEDESES, ARMBHEZEDS
Bl BT IMNEEZENTRNRFHEGOEE , RENRDESEAGR D, AT HEZEES
JATAEHN IR FEA TR ERIE, AR ST BIR R, AR R B A R E L
EZEEAGEHNE AL HEIFHERBRRIET A THAETIMNEE DGR FER LT T 7%
XM EHNESENMETAT, FAHEEHGTAMNRI R KEEFEAAST L,

EgRE. NI, mAkTFdE; EREH; BRERE; FHENE

FE S ES: TBI3S XEEERS: A DOI: 10.3783/IRLA201948.0805003

Dynamic calibration technology for measuring sinusoidal pressure

of water medium based on laser interferometry
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Abstract: Aming at the dynamic pressure sensor calibration, the pressure can not be accurately traced, a
method of measuring refractive index of water medium by laser interferometry was used for sinusoidal
pressure calibration. The pressure chamber was filled with water medium and generated dynamic pressure.
Taking the periodic sinusoidal pressure as an example, the dynamic pressure of the medium was obtained
by measuring the change of refractive index of the water under the sinusoidal pressure by laser
interference. In order to measure sinusoidal pressure accurately, a mathematical model was established and
verified by experiments. A special demodulation system was developed to measure sinusoidal pressure
accurately through hardware and software cooperation. Through static and dynamic experiments, the
mathematical model of pressure measurement based on laser interferometry was validated. It is feasible to
measure dynamic pressure by laser interferometry, and the value of dynamic pressure can be traced back
to such basic quantities as time and length.
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Fig.1 Schematic diagram of the sinusoidal pressure measurement

by laser interferometry
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Fig.2 Schematic diagram of sinusoidal pressure tracing based

on laser interferometry measurement
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Tab.1 Physical properties of deionized water

Bulk modulus of

Density/kg - m™
ensity/kg - m elasticity/GPa

Refractive index
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Fig.3 Relationship between refractive index and pressure

of deionized water
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Fig.4 Schematic diagram of the actual measurement of the optical

path
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Fig.5 Heterodyne laser interferometer for sinusoidal pressure

measurement

B i 8 B AR R A0 22 206 T 3 AU 1R 1Y
Bragg $ii #% #h 4 5 5 1380 B 8 00 (5 45, T 28 0 VR T
B A\D B RFRRE RO AR TS B E
5o TR AT A S 10 F 5 G TET 6 T, o o AR P A
W, AR RNNEMNBES.

6 WO T 15 5 W URR 8 45 1 R 3 18
Fig.6 Schematic diagram of frequency reduction demodulation

for laser interference signals
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Fig.8 Flow diagram of static pressure experimental device
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Fig.10 Optical path change curve during pressure gradient change
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Fig.12 Output curve under sinusoidal excitation of 5 kHz
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Tab.2 Multiple measurement results under sinusoidal excitation of 5 kHz

Peak output of

Interferometer

Number Optical path/pm  Amplitude/MPa sensor/MPa Deviation phase/(%) Sensor phase/(°)  Deviation/(°)
1 2.408 96 1.033 8 1.029 2 0.45% -75.62 —-66.21 9.41
2 2.429 46 1.0426 1.037 2 0.52% —-143.25 —-133.88 9.37
3 2.433 66 1.044 4 1.038 4 0.58% 33.09 42.44 9.35
4 2.438 32 1.046 4 1.040 4 0.58% -30.72 -21.38 9.34
5 2.434 59 1.044 8 1.0396 0.50% 76.55 85.89 9.34
6 2.441 12 1.0476 1.041 6 0.58% 168.35 177.68 9.33
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