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Simulation and automatization
of measurements process in laser
interferometry
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Mathematical simulation of mechanical vibration amplitude measuring processes by
laser interferometry has been considered. A software has been developed to obtain the time
dependence of the interferometer output signal at various parameters of vibration and of
the measuring unit and to automatize amplitude determination.

PaccmorpeHo mMaTeMaTHyecKoe MOXEIMPOBAHME IIPOIECCA H3MEPEHUU aMILIUTYX MEeXaHU-
yeCcKHX KoJuebaHMil ¢ HOMOIIbIO JasepHoli mHTepdepomerpuu. Paspaborana mporpamma, Ko-
TOpas MO3BOJIAET IIOJYUUTDH 3aBUCUMOCTY 3HAUEHUS BBIXOJHOIO CUTHAJIa WHTepdepomMeTpa OT
BPEeMEHU IIPU PASIMYHBIX 3HAUEHUHAX IIapaMeTPOB KOJNe0aHWU U M3MEPUTEILHON YCTAHOBKH,
a TakKe aBTOMATHU3HPOBATDH IIPOIECC ONPeAeJeHUsT aMILIUTYIbI.

Laser interferometry is used to measure
parameters of mechanical vibrations of dif-
fuse-reflecting objects. It provides the real-
time remote amplitude determination for
normal and tangential vibrations in a wide
frequency range (1 to 10° Hz) at a high
accuracy [1]. Fig. 1 displays the optical
train of a laser interferometer for measur-
ing amplitudes of normal mechanical vibra-
tions of objects with rough surface.

The laser measuring unit is a modified
Michaelson’s interferometer. Lens 1 and
light divider 4 focus the emission of he-
lium-neon laser HNL on the surface of an
object 2 under study and the reference sur-
face 3. As a result of adding two coherent
waves reflected from two rough surfaces,
namely, that under study and the immobile
reference one, an interference speckle pat-
tern is produced in the recording space of
photomultiplier tube PMT. In the course of
time, as the intensity of the interference
changes, it is recorded by PMT, the output
signal thereof is sent to a digital recording
oscillograph C9-8.

To study the vibration amplitude distri-
bution along the sample surface, the object
under study is moved in two mutually or-
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thogonal directions perpendicularly to the
optical axis of the interferometer. Piezo-
electric acoustic ceramic transducers of hy-
droacoustic antennas are used as objects
under study. The qualitative pattern of am-
plitude distribution over the transducer sur-
face was obtained preliminarily by time-aver-
aging holographic interferometry (Fig. 2).
The use of laser electron interferometry
facilitates measurements to a considerable
extent, since it does not require the holo-
gram or interferention pattern recording on
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Fig. 1. Laser interferometer optical train to
measure amplitudes of normal vibrations: I,
lens; 2, the object under study; 3, reference
surface; 4, light divider.

117



N.V.Morozov / Simulation and automatization of ...

Fig. 2. Holographic interference patterns of vi-
bration amplitude distribution over the surface
of a hydroacoustic transducer: a) f; = 31.74 kHz;
b) {5 = 49.05 kHz.

a photographic plate or another photosensi-
tive carrier. Nor should the record be fur-
ther decoded or interpreted. It makes
possible the computer-aided determina-
tion of vibration parameters. Mechanical
vibrations of a piezoelectric acoustic ce-
ramic transducer are excited using of a
generator of sound signals SG-109. A point
on the surface of the sample under study
produces normal, mechanical harmonious
oscillations:

S =a - sin2nft + @), (1)

where a is amplitude; f, frequency and o,
the initial phase of mechanical vibrations.
As a result, the optical difference A between
the waves which go from the reference sur-
face and the object in the recording space.
The electric signal value at the photore-
ceiver output depends upon time as (Fig. 3):

Ui)=U, - cos 47% -a - sin(2nft + o) + (p},(z)

where A =0.6328 um is the helium-neon
laser (HNL) wavelength; ¢ = 2nAy/A, the in-
itial phase difference between the interfer-
ing optical waves.

In order to obtain a symmetric signal
from the PMT output, one needs to adjust
the optical pattern to gray interference band,
where the initial phase difference of interfer-
ing waves equals ¢; =m/2 (Fig. 3 and 4).
This is provided by shifting the reference
surface 3. When the initial phase ¢ is
changed, the U(¢) signal form changes con-
siderably (Fig. 5).

The signal waveform U(t) from laser in-
terferometer output was simulated mathe-
matically using a personal computer, thus
allowing to study the signal dependence
upon the parameters of the measuring unit
(A, @) and parameters of mechanical vibra-
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Fig. 3. Oscilogram of the output signal of
laser interferometer (picture taken from the
screen of C 9-8): a, = 0.14 um; ¢ = 90°.
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Fig. 4. The output signal U(z) of the laser
interferometer: a, = 0.14 um; ¢ = 90°.
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Fig. 5. Signal form U(t) at the interferometer
output, where a, = 0.14 um; ¢ = 45°.

tions (a, f, a) and then to develop an algo-
rithm for solution of the inverse problem of
the vibration amplitude determination when
the waveform is known from the photode-
tector. A software was developed to obtain
the signal image on the PC display and
print out the U(¢) plot (Fig. 4 and 5). To
that end, the vibration period T is subdi-
vided into discrete time intervals with a
constant step At =T/N, .. (N, =1200)
and the value U(¢) is calculated for the pre-
set parameters a and @. The detailed analy-
sis of this signal form and its dependence
on the amplitude of normal mechanical vi-
brations and the initial phase of interfering
waves allowed to propose a simplified algo-
rithm to solve the inverse problem of find-
ing a mechanical vibration amplitude a
using an analog-to-digital converter ADC and
a PC. First, the initial phase ¢ is calculated
from the known signal value of Uy, t =0

(g = arccos Uy/U,,. 3)

Next, for the case 0 < @ <m, where the
signal is reduced, the ¢; value at which the
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signal value is minimum is determined by
iterative comparisons. Then the condition is
met:

- 4)
0y ) sin2noy = 1.
Hence, the amplitude of oscillations is:
(T — P (5)
Qg=—"T"-TfT—.
4 . 2ty
m - sin—

The relative error is also determined for the
proposed calculation algorithm of the vibra-
tion amplitude:

las, — a (6)
q = T -100%.

The values of ¢, amplitude a5 and rela-
tive error ¢ are also shown on the computer

display (Fig. 4, 5). The computer-aided
mathematical simulation results have shown
that the developed algorithm and the soft-
ware for the determination of vibration pa-
rameters using laser interferometry may be
applied in the amplitude range A/8 < a < 2\
(0.08 um < @ < 1.3 um) at the relative error
not exceeding 4 %.

Thus, the laser interferometry enables
accurate remote real-time measuring of me-
chanic vibration parameters for objects with
rough surface in a wide range of amplitudes
and frequencies. Mathematical simulation
of the interferometer signal form makes it
possible to develop a software for computer-
aided measuring and processing of experi-
mental results.
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MoaenoBaHHA i aBTOMATH3allisd NMpPoOIECY BUMipIOBaAaHHS
y Ja3epHii uHTepdepomeTpii

M.B.Mopo3sos

Posraanyro maremaTuuHe MOIENIOBAHHS IIPOIECiB BUMipOBAHHA aAMILIITYJ MeXaHIUHUX
KOJIMBaHB y JasdepHili wmuTepdepomerpii. Pospobieno mnporpamy, IO J03BOJSAE OTPHMATU
3aJIeMKHICTh BEJIMYMHHN CUTHAJY 3 BUXOAY iHTepdepomMerpa Bix yacy mjisg pisHuX mapamerpie
KOJMBAHb 1 BUMIipHOBaJbHOI yCTAaHOBKHN, & TAKOX AaBTOMATHU3YBAaTHU IIPOIEC BUIHAUEHHS

AMILIITYIH.
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