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Fig.1 System layout of differential two-wave mixing interferometer
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Fig.2 Schematic diagram of two—wave mixing interference in photorefractive crystal
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Table 1 Physical parameters of photorefractive crystal BSO

Parameter Value
Thickness 5 mm
Refractive index 2.53
Electro—optic coefficient 5X107" em/V
Absorption coefficient 2.3cm™!
Dark conductivity 1.6X107"Q 'em ™!
Photo conductivity 1.6X107"Q 'em '+7.3X10°1,Q 'em ™!
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Fig.4 Influence of voltage applied to BSO crystal on phase shift in simulation
248 0 3 O SR R B, HOR R SR 2 000 Hz, R E R 10 nm, 20 (4) 7] #5322 8h B0 IR A -+ #5430 i
M AE 5, Hh 250 515 5 OG5 tom 85858 1, B0 16D R 8 R 207.7 mW, 2% 6515 560
Je SR 9% IRl S Fr R, R it AF S AT A R4S 4 DU AE S A 3R 5 OB AE B TE AR 0% R A S AR
25 o FEIT O, DT 45 i 10 {5 5 X R S 45 5 19 R R S B, 0k AR S 1R ME S IR S A5 S PR AR B T A
P R R BT IR AH O Y R AR FR U T A5 22 sl OBUE R R RS
H4 UL i ) F R AR 5 A2 A3 A 3 AT A5 22 Bl XOBUBIR G T VB AR 25 43 H L SRy 4 BT iR Bl e G 22 43 s
55 IR KO R I E A IE 5% 4R s A 5 A S (4) IR T A S O R A, T A 45 SR an & 6 BT R, 7E IR 3l iR
{75 [ 0 nm % 40 nm, 25 434 o 55 4 20 (R0 AL Gt ¢ 3R | Bl & 9k 2l (B 09 38 K, i A 5 e 5 iR
SR H B E ARG o PRI, 78 P H BSO f A it fin A [ B P i e o Fe AT 31045 22 2l OB i o, H e 7 310 iy 22
3 A 5 AT B R A D R B A S B R LR R R AE B

0612002-4



KA, 45 22 S XGRS T W RUNMR SR R 5

0.8
U=2500 V
----- U=-2500 V

% 0.6
ks
2
5
g
[+
204}
=
o

02 1 1 1 1

0 0.2 0.4 0.6 0.8 1.0
Time/ms

BS  fF A b 25 XN B4l = 5 iR A

Fig.5 Time domain diagram of dual-path differential output signal in simulation
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Fig.7 Measurement result of vibration with noise in simulation
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Differential Two—wave Mixing Interferometer for
Micro-vibration Detection

ZHU Dongxu', GONG Yuting', LIU Wei', KONG Ming', WANG Daodang’
(1 College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)
(2 College of Optical Sciences, University of Arizona, Tucson 85721, USA)

Abstract: With the development of modern manufacturing and testing technology, micro—vibration
detection technology for rough metal surface plays an important role in many fields, including material
analysis, nondestructive testing, and mechanical system dynamic analysis. The piezoelectric transducer has
been widely used in detecting the micro—vibration on rough metal surface, but it is not available to be used
on hot or corrosive surface, and hardly to achieve in—line detection for the limited working distance. Several
interferometers have been developed for distant detection of micro—vibration, which work well on mirror
surface in the laboratory, however, those interferometers can hardly be used to detect micro—vibration of
rough metal surface due to the environmental noise and wavefront mismatch.

A micro—vibration detection system based on differential two—wave mixing interference is proposed to
meet the requirements of non-contact measurement for micro—vibration on rough metal surface. It provides
a simple and elegant solution to these problems arising in the above interferometers, which results from the
replacement of a conventional beam splitter with a dynamic holographic grating continuously recorded in a
photorefractive crystal. The dynamic holographic grating is modulated by the interference fringe and
presents the same distribution, but the change of dynamic holographic grating is available only when the
time constant of photorefractive crystal is larger than the change frequency of the interference pattern,
which contributes to the fact that the proposed system has the ability of low—frequency noise suppression in
non-laboratory environment. The dynamic holographic grating in the photorefractive crystal adapts the
reference wavefront to the signal beam, which enables the vibration measurement on rough surface of
metal. To reduce the fluctuation of the beam intensity, electric noise, and single measurement error, the
proposed system adopts two nonlinear Bi,SiO,, (BSO) photorefractive crystals to demodulate the
vibration signals in the system. Two BSO photorefractive crystals are applied with high voltage of opposite

0612002-9



P/ R 4

polarity to obtain the dual-path signals with opposite polarity, by adopting differential processing to the
dual-path signals, the noise insensitive to voltage polarity can be suppressed and the sensitivity to vibration
can be improved. Simulation analysis is carried out to verify the feasibility of the proposed detection
system, the simulation results show that the dynamic holographic grating is non—shifted or shifted by half of
the grating period with respect to the interference fringes when the two BSO photorefractive crystals are
applied with high voltage of positive or negative respectively, which contributes to the dual-path output
beam intensity with an opposite polarity. By comparing the time domain diagram of vibration signal and
output beam intensity in simulation, the capability of the proposed system to measure micro-vibration is
affirmed. By calculating the amplitude of the output beam intensity corresponding to vibration signals of
different amplitudes, the relationship between them can be achieved, from which an approximate linear
relationship between the output beam intensity amplitude and the vibration signals amplitude can be known.
To evaluate the noise suppression capability of the proposed system, Gaussian noise and high frequency
noise is added to the laser intensity, the simulation result shows the added noise is effectively suppressed by
the proposed system. A prototype has been built to further validate the feasibility of the proposed system.
The vibration measurement experiment of a copper sheet connected to the piezoelectric transducer is carried
out, and the measurement result of the proposed system is compared with the voltage applied to the
piezoelectric transducer and the commercial laser vibrometer, the time domain diagram of them has an
excellent consistency. Compared with the traditional single-path system, the sensitivity of the proposed
system is doubled, the noise is suppressed, and the signal-to—noise ratio is increased from 27.47 dB to
30.83 dB. The relationship between the output voltage amplitude of the proposed system and the measured
vibration amplitude can be obtained by applying various voltage amplitude to the piezoelectric transducer,
which indicates that the proposed system has an exceptional linearity (the nonlinear error is 2.41% when
the vibration amplitude is smaller than 40 nm). The vibration measurement with a frequency of 200 kHz is
carried out to evaluate the capability of the proposed system for detecting the high frequency vibration,
which is better than the maximum measuring frequency of commercial laser vibrometer (20 kHz). To
verify the stability of the system proposed in this paper, the repeatability experiment was conducted, in
which the copper sheet was measured 20 times and the measurement interval was 5 min, the relative
residual error of each measured amplitude and average amplitude is calculated, the result of experiment
shows that the peak to peak value and RMS value of the relative residual error in the proposed system are
4.11% and 1.42% respectively, which is better than the 8.69% and 3.07% in the traditional single-path
system. The proposed detection system has high bandwidth and sensitivity with strong noise suppression
ability, which provides an effective and feasible method for micro-vibration measurement of rough metal
surface in an industrial environment.

Key words: Two-wave mixing interferometer; Differential structure; Micro—vibration detection; Noise
suppression; Bi1,,S10,, crystal
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