-

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Journal of Vibroengineering

355. Analysis of mini submarine control based on mi@ interferometry

R. Rimasauskiene, R. P. Bansevicius

Kaunas University of Technology

Kestucio str. 27, LT-44312, Kaunas, Lithuania

M. Ragulskis

Kaunas University of Technology

Studentu str. 50, LT-51368, Kaunas, Lithuania
E-mail: ruta.mitruleviciute@ktu.lt ramutis.bansevicius@ktu.lt mi

(Received 2 April 2008; accepted 13 June 2008)

nvydas.ragul skis@ktu.lt

Abstract. The purpose of this work is to create a new reipatentrolled mini submarine used in robotics ortay

industry. To prepare the numerical and mathemativadels
raster discs, number of raster notches, and arestjaingle
simultaneously, the sailing direction of the minbsarine.

for identification of the most optimum catilfal/alfa2 of
of one disc tufpeta, for changing the flow direction and,
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Introduction

Mini submarines [1] or robots [2] with piezocerami
actuators [3, 4] are widely described in scientiéind
engineering sources. Our goal was to develop atype
of mini submarine, operation of which is based onirén
interference pattern [5, 6].

This article describes the new patented mini subrear
which is controlled due to the optical interfererefect,
based on the moiré interferometry.

Mini submarine examined in this article is composéd
housing and control unit with piezoceramic actuator
Ppropeller, which is connected to the motor, is edadzd
inside the cylinder body. Control device with pieamamic
actuator, comprised of two raster steel disksefaest with
fastening rings, is fixed on the other side of thedy.
Number of raster notches of one of the disks,iand the
same number for the other i:+l) and it has the
possibility to rotate in respect of the first diskine
fastening ring with raster steel disk is connedtewugh
the metal rods to the multilayer piezoceramic elatisie
which are interlinked with control unit and generat
Novelty of this mini submarine is that one of thertp of
its control device, i.e. membrane, is comprisedtveb
raster steel disks and the swimming direction & thini
robot is controlled by means of optical interfereraffect
generated between them.

Numerical and mathematical models of the effect of

moiré interference occurring in the mini submarimere
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investigated. The dependence of the membrane
permeability on the turn anglesta of one of the raster
steel disks is established and presented, as wetha
dependence of the permeability on the ratifal/alfa2.
These relationships allow determining and desigwoiintdpe
best possible control strategies for the mini suiimea

Original patented construction and the immatation
of control strategies of the mini submarine is oigect of
analysis of this article.

Construction of the mini submarine

Mini submarine presented in this article has fuomi
possibility to move in three-dimensional space @md
water) Mini submarine is comprised of: cylinder kot
with embedded propeller 2 that is connected tontloéor
3; control device, fixed on the other side of thedy 1,
with piezoceramic actuator, composed of two rasteel
disks 4, 5, which are fastened with fastening ri6g</;
number of raster notches of raster steel diskrd iimber
of raster notches of raster steel disk §nig1) and it has
the possibility to rotate in respect of the firsskg one
fastening ring with raster steel disk is connedtewugh
the metal rods 8, 9 to the multilayer piezoceraghiznents
10, 11, which are interlinked with control unit Ehd
generator 13.

The structural layout of the underwater mini subimer
is shown on Figure 1.
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Fig. 1.1 — Cylinder body, 2 — propeller, 3 — motor, 4, Easter disks, 6, 7 — fastening rings, 8, 9 — mei@s$, 10, 11 — multilayer
piezoceramic actuators, 12 — control unit, 13 -egator

After the motor 3 is started propeller 2 beginsdtate When proper ratio of number of raster notches ef th
and to pump the water from the outside creatinguthter  steel disks is chosen and only one interferenaegédriis
flow inside of the cylinder body 1. Then generat@ is obtained it is also necessary to choose propeo rmati
turned on remotely and passes the signal to thieadamit  angles of open and closed disk areHal/alfa2 (fig. 4)
12, stimulates static and quasistatic shifts in thand the flow would be allowed through only one sfléhe
piezoceramic elements 10, 11, that transmit ratatiomembrane and the other side would be fully closed.
motion through the metal rods 8, 9 to the rasteelsdisk
5, fastened in the fastening ring 7. Direction loé tvater
flow through the membrane (composed of two ragtsls
disks 4 and 5) is controlled by changing the tungla of
raster disk 5 in respect of raster disk 4.

Construction of control membrane

New structural elements (ratio of the rasteiches of e
steel diska/n+1, ratio of angles of open and closed disk
areas alfal/alfa?) allow achieving increased mini
submarine’s maneuverability in comparison with $mi

devices. Py %
The control membrane is made of two stedddisith /
raster notches. The number of raster notches ofafne \

ﬁ

these disks is and humber of notches for the othen+dl.
Such ratio is necessary in order to obtain a single
interference fringe.

By using ratic/n+2 we’ll get two interference fringes
(fig. 2). And by choosing ratio/n+3 we’'ll get the pattern
presented in figure 3, with three interferencedes, and

Fig. 4. Ratio alfal/alfa2 of open and closed areas of the disk
raster notches

the r_equired control of underwater mini robot weitit be After completing mathematical modeling relationship
feasible. % (beta) was determined. This dependence demonstrates
how the change dfeta, the turn angle of one of the raster
!‘/;" disks in respect to the other, influences the chaing
\\\\\\\\\\‘ ! % permeability at different membrane sides (left aight)
\\x e (fig. 5). If maximum permeability is achieved thgiuone

side, on the other side permeability is minimal. In
intermediate positions similar permeability on baides
can be obtained.

W N Permeability through the top and the bottom of
// \“\\ membrane was not examined, but we could supposé tha
should be similar to the results of performed mindgel
Fig. 2. Effect with two Fig. 3. Effect with three when the flow is allowed to pass through the sidés

interference fringes interference fringes membrane.
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Fig. 5. Relationship (beta)

When one raster steel disk is turned in respe¢héo There are also possible transitional positions of

other by Orad angle water flows through the right side of swimming direction.

membrane and mini submarine turns to the left. When For mathematical modeling ratamifal/alfa2 =0.3 was

angle is changed to 0.0&8d — water flows through the left
side only and the submarine turns to the rightwkssee
from the graph (fig. 5), cycles repeat if we furtary the

chosen because only in this case full closure at side
and sufficient total permeability can be obtain€his can
be seen from figure 6 where depende¥célfal/alfa?) is

angle. plotted in the bar graph.
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Fig. 6. Dependencés (alfal/alfa2)

As it was mentioned before, one of the raster disks
tightly fastened inside the housing of the roboad a
another is fastened to the precise piezoceramidraion

device and has the possibility to rotate in respethe first
disk.

membrane (Fig. 7). When the signal is generatedtaad
second disk turns at a required angle, the dinectid
membrane’s permeability, and the submarine swimming
direction are changed (Fig. 8). It is also possibigt the
top or the bottom part of membrane will be opengd b

While the control device does not receive any dignachanging turn angle and the robot will swim upwaods
the flow is passing just through the one side of thdownwards (Fig. 9, 10).
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Fig. 9. Flow through the bottom part Fig. 10 Flow through the top part
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