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of adhesion will lead to unavoidable time to failure
decreasing induced by internal action of
electrocorrosion, ponderomotive forces and low-
strength of these permanent connections.
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The urge for individual mobility has led to the
development of airplanes, trains and cars, which are
much faster locomotion systems than human legs.
Nevertheless, pedal locomotion systems and
humanoid robots are main focal points of worldwide
research in  Dbiologically inspired robotics.
Biomimetical robots are developed by engineers and
scientists in the life sciences by joint integrative
analysis (i.e.,combining different analytical layers)
of the construction and functionality of animal
locomotion systems and the transfer of the
construction principles to technical fields.

Currently, the development of “walking
machines,” i.e., pedal locomotion, dominates the
research of biologically inspired locomotion
systems. The known solutions for “walking
machines” range from uniquies for fundamental
research to series manufacturing of commercial
products for the entertainment industry. From
bipedal to octopedal constructions, almost all
biological prototypes have been constructed by
engineers. Due to the dedication of BERNS of the
University of Kaiserslautern, the walking machines
catalogue (www.walking-machines.org) has given
an excellent overview of available walking machines
worldwide for many years. The motivation for this
research direction is of very different nature [1].

In the literature several methods of techniques
finding technical solutions, sets of software products
supporting the process of technical systems design
and a selection of technologies to be implemented
are described. Nevertheless, having well developed
tools of the analysis, these methods frequently have
no effective solving tools for problems.

A new approach of special problem-solving
methods at the initial design stages is presented. The
methods are based on analysis and the combination
of technical or biological objects and a legged robot.
Described techniques allow us to create several new
legged robots. A new class of micro robots and a
new class of legged mechanisms is chosen to present
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the possibilities of the method. Merging the
kinematics of a salamander with the kinematics of
an octoped allows us to develop a new eight legged
robot with only three actuators. Combining a flying
insect and a piezotransducer with extremities
supplies a new object - the piezomicrorobot. For
movement of multi-legged robot through a pipe we
use the trawling wave of the Holothouria.

Biological objects as prototypes are used
preferably due to the fact that during millions of
years of evolution their principles of motion have
been developed contemplating minimal energy
wasting. [1]

The essential design stage, which is discovering
ideas for new functional principles of technical
systems, is almost entirely based on the know-how
of the engineer[2, 3]

The subject of our work is the development of
new functional principles of legged robots.

By using a principle of work and kinematics of
biological prototypes it is possible to develop new
ideas for a moving robots improvement. Some
biological objects use unusual ways of moving of
the extremities to obtain the necessary trajectory.
They change form and sizes of the body to create the
necessary movement of legs.

By applying the introduced method new robots
can be created. It is based on the combination of
biological and technical objects. The developed
method is based on the well-known principle known
as the combination of alternative systems. It enables
the transfer of characteristics and structure from one
object (i.e. its kinematics) to another object leading
to new desirable characteristics or optimisations of
existing technical objects[4].

Multy-legged mobile systems classification is
represented .In our opinion, there exist only 4-5
main principles of functioning of biologic objects for
providing the necessary trajectory of the legs
movement. The suggested classification and the
analysis of biological prototypes have allowed us to
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create some new mobile robots. In known walking
robots the several actuators for moving each leg are
used. Our robots principle difference allow to use
each actuator for moving several legs. Thus, we
managed to minimize number of actuators at the
robot. It opens the new possibilities of the
considerable miniaturization of mobile robots in
future.

Thus, the ability to develop new functional
principles of legged robots (i.e. new motion
principles, new kinematics etc.) is provided. The
analysis is used to realize the transition from known
(in biological objects) to new (for legged robots)
forms of motion.

Minimization of number of actuators multi-
legged robots can be reached through [6 7 8 9]:

e use of periodical changing the shape of the
body of the robot in horizontal dimension
(salamander, lizard)

e use of periodical changing the size of the body
of the robot in vertical dimension (flying insects)

e use of anisotropy of friction (snake)

euse of periodical character or feature of
trawling wave (holothouria)

e use of multidimensional resonance swinging of
elastic extremities (mosquito)

e reducing of number of bearing legs (kangaroo,
basilisk, birds)

For micro robots it is possible to use a principle
of movement as at Polichetac . In this biologic
object the legs have no actuators and no degrees of
freedom relative to a body. They are rigidly attached
perpendicularly to a surface of a body, so they move
and incline together with deformation of this
surface. To create necessary trajectory of a distal end
of a leg, Polichetae and Holothouria uses
deformation of the case as trawling wave. The
number of legs-needles is not limited, but number of
the actuators enabling deformation of the case, is
minimal. It is possible to create tiny robot with a
plenty of legs and with low number of small-sized
actuators. We have developed the moving robot-
probe with 100 legs and with only four actuators -
"Holothourobot. It can be used in medicine for
minimal invasive surgeries.

The salamander bends its body in a horizontal
plane and due to this, moves the body relative to the
points of support (Fig.3). By using deformation of a
robot body in a horizontal plane it is possible to
provide it’s moving due to a minimum number of
actuators. The actuators are not connected to legs
and they are necessary only for deformation of a
robot body. Having as few as three actuators it is
possible to provide moving of the robot with eight
legs “Eightleggedrobot”.

Some flying insects create resonant oscillations
of the wings due to periodic change of the form and
the sizes of the rigid body (Fig.4). These insects’
muscles are connected not to the wings, but to the

walls of a rigid body and deform it. Deformation of
body turns into swinging of wings. It is possible to
create the moving robot at which the case vibrates,
and legs have no actuators. The necessary trajectory
of distal part of a leg is formed due to excitation of
the high-frequency swinging in proximal part of an
elastic curvilinear leg and due to mechanical
transformation of these swinging in low-frequency.
We have developed essentially new tiny moving
system "Minchrobot". As the case and as the
actuators the, piezo-bimorph-plate is used. It can
cover 1 meter per 1 second.

Summary

The analyses of biological objects and alternative
technical systems offer new opportunities for the
engineers. That analysis is an indistinct provisional
approach of solving a technical problem. In further
stages of the design process the engineer formulates
precisely this solution and verifies it by means of
mathematical modeling and calculation.

The described technique does not supply
convertible constructive drawings immediately,
however, it provides new solutions with new ideas.
Furthermore, it is possible to develop essential new
legged robots with minimal number of actuators.
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CBOMCTBA KOMIIO3UTA HA OCHOBE CBEPXBBICOKOMOJIEKYJISIPHOI'O
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Beenenne

BonokHa 13 cBEpXBBICOKOMOJIEKYJISIPHOTO MOJIU-
stunena (CBMIID) o0nanaroT o4eHb BHICOKOW YC-
TOHYHUBOCTHIO K Y® — U3yYEHUIO, XUMUYECKIM BO3-
JIEHCTBUSIM M MOTOAHBIM ycioBusaM [1-3]. Y nenbHast
miotHocth CBMIID cocraBnser npumepno 0,98
r/em®, momynb FOmra 1o 200 I'ITa. CoueraHue >THX
CBOWCTB, PUIAET BOJOKHAM XapaKTEPHCTHKH, Ipe-
BOCXOJISIIAE MOAOOHBIE TapamMeTpsl IS CTAIbHBIX
BOJIOKOH. TakmM 0Opa3oM, BCe 3TO JeaeT KOMIIO-
3unuoOHHBIe Matepuansl u3 CBMIID He3ameHu-
MBIMA B KOHCTPYKIHSAX CO CTaTHUECKOW M AWHAMHU-
yeckoil Harpyskoi. Monekynst CBMIID cocrosT u3
JUTMHHBIX JTMHEHHBIX IETI0YEK MOJIMATHIICHA C OTHO-
CUTEIIBHO CIIA0BIMH MEXKMOJICKYJISIPHBIME CBSI3SIMH
(10-20 x[Ix/monb). [Ipy Mpou3BOACTBE TAKUX Mate-
pHUATIOB MPUMEHSIOTCS MOIUGDUIIMPOBAHHBIC TEXHO-
JIOTUYECKHUE TMPOLIECCHl ¢ UCIOJIB30BAHUEM COIOJIU-
MepoB [3-5].

PerynupoBanne MoyIeKyJISpHON MacChl MPOAYKTA
OCYIIECTBIISIETCSI M3MEHEHHEM COOTHOIICHUS KOM-
ITOHEHTOB KaTajn3aTopa, W WX KOHICHTpanueil B
mporiecce CuHTe3a. B pabore mcciemyercss KOMIIO-
3UT U3 CBEPXMOJIEKYJISPHOTO MOJUATUIIEHA U CBS-
3yIOLEero OJOK-COMOJIMMEP CTHPOJI — H30IPOICH —
CTHPOIL.

Ienbto naHHOM PabOTHI SBJISIMCH HCCIICOBAHUS
Mop¢omorun kommo3uta Ha ocHoBe CBMIID wu
MarHUTHOTO pPE30HaHCa, a TaKKe YCTAHOBJICHHE
BO3MOKHOCTH TPWMEHEHHS JaHHOTO KOMIIO3WTa B
PaAno3IeKTPOHUKE.

MeTtoanka u pe3ybTaThl IKCIIEPUMEHTA

UccrenoBanmst Mopgomoruu 00pas3oB IpPOBO-
UIACH C TTOMOIIBI0 CKAHUPYIOMIETO JIEKTPOHHOTO
MuKpockoma ¢upmsl «Bruker». Mzmeperus mposo-
JIWINCH TPU 3HAYEHUSX YCKOPSIOUIEr0 HampsKEHUs
ot 6,4 no 30 xB.

HccrnenoBanusi MarHUTHOTO PE30HAHCAa IPOBO-
JWINCh Ha CHENHATU3UPOBAHHOM MaJIora0apuTHOM
aHanuzatope OIIP «MuHck 22» mpu KOMHAaTHOM
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Temnepatype. Pabouas niumHa BoHEI — 3 cM. Mak-
CUMaJIbHOC 3HAYCHUEC HWHIAYKIUHM MArHUTHOI'O IIOJIA
— 450 mTn, vacrora moxymsiuu - 30 k[, Jns
KaTMOPOBKM MHTEHCHUBHOCTH CUTHAJIOB OT OOBEKTOB
HCCJIEIOBAHMSI KCHOJIBb30BaJICST 00pasel] U3 MOHO-
kpuctanma pyouna (Al,05:Cr’”. B mporecce m3me-
PEHUI JTOTIOTHUTEIBHBIH KOHTPOJIb CTAOMIBHOCTH
paboTHI CIIEKTPOMETPa OCYIIECTBILUICS ITyTeM H3-
MEepeHus] KaIuOpOBOYHOTO MaTephaja - IBYXBa-
nentHoro mapramuma (MgO:Mn®").

Ha pucynxke 1 mpeacraBieHo CTpoeHHE
KOMIIO3HTA.
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