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Abstract. The paper proposes a novel laser beam light irtersintrol system, which
functionality is based on piezoelectric actuatard apecial membrane that is comprised from
two gratings. Geometrical adjustment between adjggeres in both plates results in zero light
intensity through the membrane when no controlaighactivated. Displacement of one of the
control membrane plates with micro pores generefiests which are exploited for laser beam
flow power control.
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Introduction

In this era of new technologies many requiremergsraised for precision equipment such
as small size, versatility, reliability, efficiencwide operating temperature range and speed,
abilities to function in vacuum and radiation eoviment. It is well known that piezoelectric
actuators [1-3] satisfy most of the requirementduiding wide temperature range in which they
can operate, impassibility for electric, magnetiod aradiation fields, high speed, low
electromagnetic interference, high power at lowesise self blocking, high power and weight
ratio. Piezoelectric actuators are characterized bgry simple design, small size and relatively
low cost, suitable for use in precision positiongygtems [4-6]. Therefore, this type of actuator
was chosen for the design of laser beam power aodivice. Laser beam transmission
membrane consists of two plates with micro porasa@re of the plates depending on the type
of actuators may carry out the linear motion inefat x or y directions. Light intensity
transmission parameters depend on any movemehné ahémbrane plates with micro pores.

An accurate and relatively inexpensive laser beamep control device was developed by
adjusting the possibilities of positioning of pietectric actuators as well as positions of micro
pores that result on the membrane. The device rsayb® designed of different size because
the variety of actuator dimensions is very largeerefore it can be widely adapted to both high
and low intensity laser beam control.

Construction of the laser beam flow power control gstem

The article analyzes light intensity transmissigstem, which might be used for power
control of the laser beam (Fig. 1). Flowing throubé cylindrical lens, laser beam is expanded
and passes through membrane, which is structuoed found, hexagonal or other form micro
pores located in nods of rectangular regular arsleded grating. One or two piezoelectrically-
controlled grating plates are able to perform ti@n motion in laterak ory directions. In the
case micro pores match, we obtain maximum lighensity, whose value depends on
transmission parameters of the micro pores. Wheolile plate moves ir ory direction, the
light intensity of the laser beam is varied fromxmaum to minimum (closed, opened or
transitional variants obtained).
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Fig. 1. The laser beam light intensity control system

niy

When micro pore of one plate match closed areaanother plate, the light intensity
transmission is completely closed. When the menmblaser beam passes through a second lens
it is focused onto photodiode for the further aselyDue to piezoelectric actuation, such a laser
beam transmission system is characterized by &sftonse time and precise control of laser
beam light intensity.

Choosing piezoceramic actuator for laser beam lighihtensity control equipment

The article analyses laser beam light intensitytrabnequipment, which makes linear
motions, and thus requires choosing such typeexfaalectric control that would correspond to
set conditions and theoretically and experimentafiglyze their work parameters.

Such world-known companies as Noliac A/S, FerropdPiezoceramics A/S, Physik
Instrumente GmbH & Co (PI), Cedrat Group, Piezoraedh GmbH, and others offer large
range of piezoceramic actuators that are able tfonpe linear motions, but the supply of
actuators making at least 100 pm movement is lanite

Output
Input

Fig. 2. Piezoactuator with elastic displacement amplifisalink: 1 - frame 2 - piezoelement, 3 - elastic
joints, 4 - solid element, 5 - plate, 6 - elastipport

In order to obtain a complete control of light imséty, i.e. closing and opening, suitable
piezoelectric actuator, able to generate at le®@& [Im translation motion is necessary.
Literature analysis disclosed that such work caadmmplished using bending [7, 8] and stack
actuators as well as those with elastic displacénmanplification link [9-11]. Further
experimental research was performed using an actudéveloped at Kaunas University of
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Technology, which corresponds to the required dan, i.e. ability to perform at least 100
pm translational motion.

The piezoelectric laser beam device (applicatiomier 2009 090, Authors: R. Banséus,

A. Bubulis, V. dirénas and etc.) has been developed and patenteduata&adJniversity of
Technology. Its control mechanism (onward refeteds actuators) may be utilized and for the
design of the considered light intensity controlide.

Since the actuator had kinematic displacement diggtion link, the initial displacement
motion of piezoelectric element was amplified ud @30 times.

Piezoelectric actuators with kinematic displacenmamplification link usually involve lever
mechanisms. Displacement motion may be intenstbeglven higher extent by using multilevel
lever systems. But due to additional inertia of hatc units and performance characteristics of
joints and levers, dynamic characteristics of sachtrol (maximum work frequency, power
generated) are worth than those of piezoelememnt fgseits actuation. Piezoactuators of such
type may be used in structures of the analyzed iigansity control equipment too (Fig. 2).

In order to increase the maximum modulation fregyesf the membrane plate with micro
pores control, it is necessary to minimize thetiaenf the moving units without reducing the
amplification coefficient of displacement, i.e.reduce the weight of the elastic chain. For this
purpose was proposed and built experimental moldéieoactuators according to the diagram
given in Fig. 2, which is used for design of thghtiintensity control device.

Experimental study of dynamic characteristics of atuators with elastic displacement
amplification link

Testing and manufacturing of the most of piezocéraamstuators is relatively expensive,
thus preliminary simulation and testing of its campnts is extremely important. In order to
use all piezoelectric possibilities of the rightsjtimning of steel plates, precise selection of
suitable actuator and analysis of its performamsceell as work characteristics is necessary.

The article analyzes the developed piezoactuatthn elastic displacement amplification
link for linear motion, patented at Kaunas Universif Technology (patent application no.
2009 090 R. Bansatius, A. Bubulis, V. drénas authors, etc.) (Fig. 3).

e 0 o o o
o 0 0 o

® e i

Fig. 3. Linear motion actuator with a piezoelement 1 drelelastic displacement amplification link 2

Elastic link of actuators in this model (Fig. 3)shiaeen made from narrow and thin long
strips (strip size 50x5x0,6 mm), which were maderfrepoxy resin impregnated carbon fiber
50 mm. Elastic link was stimulated by piezomultdayactuator PSt/4/20 VS9 (Piezomechanik
GmbH, Germany).

To achieve this aim the experiments were carrigdabthe KTU Mechatronics Centre for
Research, Studies and Information. Equipment uséldei experiment is shown in Fig. 4. It was
composed of programmable signal generator (Ali@3a20, 20 MHz), voltage amplifier EPA
104, laser Doppler vibrometer Polytec(Vmax=10 rfisguency bandwidth 0.5 Hz - 1.5 MHz,
resolution from 0.1 to 2.5 (mm/s}iz)), photo diode OP905, analog data acquisitioartho
(National Instruments PCI 5102, 20 MS/s) and a agempwith installed LabView software.
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Fig. 4. An experimental setup for investigation of dynawtiaracteristics of the piezoactuator (performing
a linear motion)

A specific program was designed for the measurerdatd to be stored and processed in
environment of LabView graphical programming, allogv determination of amplitude-
frequency characteristics for the experimental otiipk (elastic link).

The experiments allowed to determine the displacémé the piezoactuator output link
(elastic link) by changing the excitation voltades. it is known, ferroelectric material, which is
used in actuators, has typical hysteresis of digphent, voltage and force. In addition to
hysteresis of the piezoelement, it can also beeaszd by additional kinematic chains (levers,
hinges, rails), which are a part of the piezoactuat
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Fig. 5. Displacement of mobile plate of the membrane \eegplied voltage to the piezoactuator (static
characteristic of hysteresis loop)

The dependence presented in Fig. 5 demonstratedeteemined hysteresis loop. It can be
observed that increase of the excitation voltagemfr0 V to 60 V leads to increase of
displacements (curve 1), while reduction of thetaged brings the displacements back to zero
(curve 2). The maximum hysteresis of the testedqaietuator reached 30 %. Thus, in order to
increase positioning accuracy of this piezoactudts necessary to determine the feedback in
accordance to displacement.
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The same experimental setup (Fig. 4) was usedtablesh the dependence of displacement
of the mobile plate as a function of excitationgitency by maintaining a constant voltage
supply (70 V) of the piezoactuator. The dependefitig. 6) reveals that the maximum
displacement of piezoelectric actuators (peak @kpEmplitude of vibration) will reach up to
250 um, when it moves at the resonant frequency of 581Rdrther increase of the frequency
of the vibration leads to significant decrease hef tisplacement and above 800 Hz it drops
below the resonant level, i.e. 100 um.

It should be mentioned that the use of this pieaidt actuator cannot provide high
permeability but the light intensity through the mimane can be controlled to a sufficient
extent. Working across our entire analyzed frequeange a 100 um displacement is achieved,
which is needed to perform full light intensity d¢aoi, i.e. full opening and closing of the
membrane.

300
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Displacement, pm

U
o

0] 200 400 600 800 1000

Frequency, Hz
Fig. 6. Displacement of mobile plate of the membrane amation of excitation frequency

Numerical and experimental study of light flow perneability through the membrane,
composed of plates with hexagonal micro pores loat in shifted rectangular array of
nodes

The publication analyzes membranes, when bothgpkaein the same dimensional position
and mobile plate performs linear motions in tweediions k andy axis-wise) (Fig. 7).
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Fig. 7. Membrane diagram when plates are in theig. 8. Structure of plates where hexagonal
same dimensional position: 1 — mobile plate, 2 micro pores are located in shifted rectangular
steady plate array of nodes

Plates of suitable geometric parameters are negessarder to develop a membrane for
linear motion light intensity control equipment @Fi7) that would enable complete light
intensity control (close, open and intermediateitfposs). Naturally, the distancds< and Lys
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(Fig. 8) in hexagonal pores of plates, presenbisrof rectangular regular or translated grating,
should be at least of double size that the diagkra the hexagon. This is the only way to
completely close the light intensity translating filates horizontally in respect to each other.

The research was performed with a membrane thatisted of plates whose hexagonal
micro pores were set in rectangular form in noddrafislated grating. Numerical simulation
was performed using certain parameters of platies 8. The results obtained were compared
with experimental ones. Simulation was started win&ro pores did not match and membrane
appeared in closed position. Then, the mobile pleds translated every 0.02 mm xnaxis
direction (Fig. 10). After reaching maximum lighténsity, the plate was translated by 0.03 mm
in y axis direction and returned back every 0.02 xemis-wise up to the complete closing.

. 125pm
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O O = e
O O O O Oi-:)ﬂprr . - T r. :-H_;I _‘rgoum
O O O [F Lighting min 20umLighting max
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Fig. 9. The plate design Fig. 10. The plate movement trajectory

Four steps iry axis direction were performed in analogous waye Thagram in Fig. 11
shows that membrane permeability parameters dirgteand the fourth steps performgaxis-
wise matched. The same effect was noticed duriagécond and the third steps.

Permeability , %o

0] 0,02 0,04 0,06 0,08 0,1 0,12 0,14

Displacement, mm
== First step by y axis == Second step by y axis

Third step by v axis

Fourth step by vy axis

Fig. 11.Membrane permeability dependence on plate displané

In order to check the obtained results, the authpedormed analogous experimental
research. Before the experimental studies of memeblight flow throughput, it was necessary
to determine the dependence of photodiode elettrisaluctivity on the illumination level.

The experiment was carried out on a stand, whictsists of a light source and its control
unit, photodiode OP905, multimeter Mastech 8218 artbvice for measuring environmental
parameters (Velleman DVM 401 EnviromentMeter, illoation: the scale 20, 200, 2000,
20000 Lux, Resolution 0.1 Lux).

The experiment was performed in order to deterrtiimeughput of light intensity through
the membrane when one of the plates performs lineation in x andy axes. The setup
illustrated in Fig. 12 was used. It consists oftoolfed intensity light source, the membrane (the
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two steel plates with pores of 100 pm diameter Bygucated), OP905 photodiode,
multimeter.

During the experiment, one of the two membraneeglatere tightly fixed, the other - a
mobile plate is mounted on a micrometric displaceinaetuators, which can provide a linear
movement of the mobile plate in directionxdindy axes.

The experiment was started by finding the point nehte lighting is minimal (photodiode
meter at that point recorded the lowest voltagag of the plates has been moved in steps by
following a path which is shown in Fig. 10 every 2® in x axis and going up to the highest
point of enlightenment.

Light Source

5

100 -
4y
v 80 1
g
2 1 G 60 -
—> &
AX = ]
. 5 40
S ap ~
Photodiode
0 ‘oo
v 004116222834 4 46525864 7
Multimeter Voltage, V

Fig. 12. Experimental stand of theFig. 13.Dependence of lighting on photodiode voltage
luminous  flux  measurement: a)

membrane consist of the plates having

many hexagonal micro pores are located

in shifted rectangular array of nodes: 1 -

mobile plate, 2 - stationary plate

After founding the highest point of lighting theap# was moved in direction gfaxis of 30
um and the experiment was repeated (four times). &meriment was conducted at two
different levels of lighting and the obtained réswlere similar.

The dependence in Fig. 14 indicates that the ilhatidn of the first and the fourth stepyat
axis is received the same, therefore can be saidthie illuminance was measured in all the
intermediate positions between the plates andnetuto a position, which corresponds to the
original. In these dependences illumination is esped in Lux from using the photodiode
calibration dependence (Fig. 13).

The comparison of measured and simulated depernsleaceals that the results are similar.
Then, the simulation produced a maximum througlgptihe membrane; the experiment reveals
the maximum light throughput. However, the discregahas been observed and the simulation
of a complete closure of the membrane to the ogewias carried out in 7 steps of 0.02 mm,
while the experimental maximum illuminance reacbedr nine steps. This can be explained by
the fact that the experiment did not exactly firte tlowest initial membrane flux flow
throughput point. It is also necessary to take iatwount the manufacturing technology
inaccuracies of plates.

Light flow intensity characteristics were measuiredddition when the mobile plate is fixed
to elastic link of piezoelectric actuators (Fig. Byjuipment used in the experiment is shown in
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Fig. 4. The measurement data collected and prodes#té LabView using the developed
specific program allows to establish the experiraklght intensity characteristics throughput
through the membrane.

(V%]
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Lighting, Lux
[}
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Step by x axis
b= First step by y axiz == Second step by y axis

Third step by v axis Fourth step by v axis

Fig. 14.Lighting dependence on the steps iaxis, when the maximum level of illuminance — 2L

In this experiment, by changing the excitation érexgcy of piezoactuator was received the
lighting by photodiode light level meter for theefuency range from 0 to 900 Hz, and
maintaining a constant supply voltage of 70 V. Ehebaracteristics were recorded with a
program built in LabView. Photodiode calibrationpgaedence (Fig. 13) was used to obtain the
dependence of lighting versus the excitation fregyenf the piezoactuator (Fig. 15).

12
10

Lighting, Lux

O N B O 0

0 200 400 600 800 1000
Frequency, Hz

Fig. 15. Dependence of lighting versus the excitation festpy of the piezoactuator

In the lighting dependence (Fig. 15) significaghlilevel changes were obtained in resonant
frequency zone of the piezoactuator (Fig. 6), whicdgers by the large shift of a mobile plate,
and it exceeds 2 to 2.5 times the diameter of pard® plate, which is equal to 100 um.

Conclusions

1. The design of fast response time and precise doofrtaser beam light intensity control
equipment with piezoelectric actuator and spedgthtl transmission membrane with micro
pores was developed and presented.

2. The analysis of industrial piezoelectric actuatavas performed and revealed that
controlled-buckle type translation amplification chanism is mostly suitable for the
performance of linear positioning motion of the niame plates with micro pores for the light
intensity control equipment.

3. A dynamic characteristic of piezoelectric actuatith controlled-buckle type displacement
amplification mechanism was defined. The researditates that such actuator is suitable since
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they are sufficiently fast in performance, are atilemodulate light intensity in a range of

frequencies of 0-700 Hz, and generate at leastutfiQranslation motions, which is necessary
in order to ensure complete light blocking and graission.

4. By means of empirical simulation, the author idéedi the effusion of 0-32 percent in a

membrane of laser beam light intensity control pmént during a linear motion of a plate with

micro holes.

5. The results of light transmission through the meambrconfirmed theoretical analysis. It

was determined that such positions of a membrargentime simulation identified maximal and

minimal transmission, experimentally indicated nmaaxi and minimal transmission of a light

intensity.
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