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Abstract. Researches of dynamic and functional charactesigtiay important part of knowledge
about behaviour of mechanical systems includingt®bAll basic platforms of wall climbing robots
are working in dynamic conditions so quality of dtional processes depends essentially on
influences of driving robot masses motion. Funalarharacteristics present dependency on time of
such mechanical parameters like velocity, acceateratposition of pneumatical drives of wall
climbing robots. External disturbances may be anfdrm of step function or harmonic function, so
response times of moving parts characterize thgiaohic behavior. Suggested pneumatic scheme
includes vacuum generators of ejector type, pneigntatves for main transport motion of two
platforms, vacuum contact devices drives, rotatimmtion drives, electro-pneumatic valves, sensors
and transducers. Control systems based on micnmti@ntand information-measuring feedback
loop. Two types of pneumatic wall climbing robotsthwvacuum contact devices are under
consideration - with payload capacity 50 kg anck80Time-velocity and time-acceleration curves
were obtained for piston’s move out and pull in lf@th of robots with payload capacity 30 kg and
50 kg. The same characteristics were obtained datral and external platforms of wall climbing
robots.
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AnHortanus. VccrnenoBanus TUHAMUYECKUX W (DYHKIIMOHAIBHBIX XapaKTEPUCTHK HIPAIOT BAXKHYIO
pOJb TPU HU3YYCHUHM pAOOTHI MEXaHUYCCKUX CHUCTEM, B TOM YHCJIEC POOOTOB BEPTUKAIBLHOTO
nepemenieHus. Kondurypanum 0a30Bbix maatGopM poOOTOB BEPTHKAIBHOIO MEPEMEICHHS,
KOTOpBIE pabOoTalOT B JAWHAMHYECKHM W3MEHSEMBIX Cpelax, 3aBHCAT OT BBINOJHACMBIX
TEXHOJIOTHYECKHAX OIEepamdii W OT TOJEe3HOH Harpy3Kd, KOTOPYIO MOTYT HECTH pPOOOTEHI.
OyHKIIMOHAIFHBIE BO3MOKHOCTH POOOTOB 3aBUCAT OT TAKMX TEXHHUYECKUX XapaKTEPHCTHK, Kak
CKOpPOCTb, YCKOpPEHHE, IIOJIO)KEHHE ITHEeBMATHYECKHX TPHBOIOB Ha Kopiryce poOoToB. BHemrnme
BO3MYIICHHUS MOTYT OBITH NPENCTAaBICHBI B BHIE CTYNMEHYATOH (YHKIMHM I TapMOHHYECKOW
(YHKOWH, TOITOMY BpeMsS OTKIMKA IBIDKYIIUXCS YacTed XapakTepu3yeT HX JWHAMHYECKOe
noeeneHue. [Ipemiaraemas MHEBMAaTHYeCKas CXeMma BKJIIOYACT B ce0s BaKyyMHBIC T'CHEPAaTOPHI
KEKTOPHOTO THUIA, T[HEBMATHYECKUE NPHUBOABI IS [OCTYNATENIbHOTO JBIDKEHUS JABYX
TPAHCHIOPTHBIX IUIATGOPM, MPHUBOABI BaKyYMHBIX KOHTAKTHBIX YCTPOMCTB, MPUBOJBI BpAIICHUS,
BaKyyMHBIC  KOHTAKTHBIC  YCTPOWCTBA, JJCKTPOIIHCBMATHYCCKHE  KJAMAHBI, JAaTYMKH W
npeoOpa3oBaTeny. YIpaBlieHHE pPOOOTOB OBbUIO IIOCTPOCHO Ha OCHOBE MMKPOKOHTpOJUIEpa W
HH(POPMAIMOHHO-U3MEPUTEIILHOW CHCTEMBI C OOpaTHBIMH CBSI3IMHU. PaccMaTpHBAaIOTCS JBa THIIA
ITHEBMATHYECKUX pOOOTOB BEPTHUKANBHOTO TIEPEMEIICHHS C BAKyyMHBIMH KOHTAKTHBIMH
ycrpoiictBamu, rpy3omnogbeMHocTeio 50 kr u 30 kr. Beuin mosydeHsl rpadukd 3aBUCHMOCTH
CKOPOCTH OT BpPEMEHH, a TaKKe YCKOPEHHS OT BPEMEHH HEOOXOOMMBIX IS BBIABIDKCHUS H
BTATHBAHUS TIOPIIHA IMHEBMATHYECKOTO INMIIMHAPA OCYIIECTBIISIONIETO MEepeMENIeHre POOOTOB C
rpy3onoabeMHocThi0 30 kr u 50 kr. Te ke XapakTepUCTUKH ObLIH MOJYYEHBI Il THEBMATUYECKUX
UINHAPOB TPUBOJOB BaKYYMHBIX KOHTAKTHBIX YCTPOHCTB HCIIONB3YEMBIX Ha MEHTPAIBFHOH H
BHEIIHEH Im1aTpopme poOOTOB.
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1. Design of the wall climbing robot

The use of robotic complexes for performing inspegttechnological task on
a vertical surface in machinery, nuclear, oil amg ghdustry or maintenance of a
high-rise building is gaining increasing developmédRobotic complexes with an
ability for the vertical movement are consideredaamechatronic technological
system designed to perform tasks in hard-to-redatep that are characterized by
high temperature, gas contamination, radiation, leskyeness, insufficient
information about the environment and objects. mbed to perform work at high
altitudes, underground and underwater conditioreken appropriate requirements
on the robot. These requirements include an ineckasobility, maneuverability,
reliability and the maximum possible autonomy oftimo [1-3].

The developed wall climbing robot (Fig. 1) is index for repair and
maintenance of a vertical and horizontal surfaddse robot delivers technical
equipment to the working area and performs th@¥ahg technological operations:
welding, machining, cleaning, grinding, milling,sjmection, flaw detection. The
robots of such a type can be used to operate deralit types of tanks, hulls of
ships, power complex and objects of nuclear povantp and on other structures
with large continuous surfaces.

Fig. 1. General view of wall climbing robot

The drive system of the developed wall climbingabmcludes a movable
platform rigidly attached to the pneumatic cylinglgiston rod, which is connected
to the pneumatic cylinders of the drive mechanisinthe external gripper group
(suction cups). These clamps are attached to thposis connected to the piston
rods of the pneumatic cylinders of the extensionthaf platform grippers. The
pneumatic cylinders of the central group of grigpevhich also hold the platform
on a vertical and horizontal surface, are attadioethe movable platform. These
clamps are fastened to the supports connectecetpisiion rods of the pneumatic
cylinders of the grippers of the central groupled platform. Each leg of the robot
is equipped with two types of pneumatic cylindeFkis leg design provides an
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ability to change the length of the rod to overcavbstacles with different heights.
During the movement on a vertical wall robot usesdctuators with a small stroke
of the rod, since there is a predominantly flafae with a small obstacles. The
horizontal surfaces may involve the need to overdngh obstacles, to handle
them two types of drives are used at once. Theamatf the robot consists of
successive fixation on the surface of the central the external group of the
gripping devices. The grippers provide adhesionth® vertical and horizontal

surfaces, both in the air environment and in theem@nvironment. Fixation on the
surface is carried out by creating a sufficienelesf vacuum in the gripper (suction
cup). Each rotation movement of the robot is limhite a constant discrete value
due to the pneumatic construction of the turningendrotation is possible in two
directions: clockwise or counterclockwise.

The control algorithm determines the operating mimdehe drive system of
the transport module. This algorithm implementsiations of the drivers, gripper
drive system and the platforms.

The pneumatic scheme of the robot (Figure 2) costahe following
elements.

1. The vacuum generators that creates vacuum inuvagrippers designed
to fix external and central platforms of the robata vertical or horizontal surfaces.

2. The pneumatic actuators for the extension ofjtigping devices that carry
out the motion of the vacuum grips of the centdakfprm during the movement
along the vertical surfaces.

3. The pneumatic actuators for the extension ofjtigping devices that carry
out the motion of the vacuum grips of the outertfptan during the movement
along the vertical surfaces.

4. The pneumatic actuators for the extension ofjtigping devices that carry
out the motion of the vacuum grips of the centdatfprm during the movement
along the horizontal surfaces.

5. The pneumatic drives for the extension of thppgng devices that carry
out the motion of the vacuum grippers of the oplatform during the movement
along horizontal surfaces.

6. The pneumatic motion drives that move the eslgrtatform relative to the
position of the central platform and vice versa.

7. The pneumatic drives of the turning unit thatfgrens the rotational
movements of the outer platform relative to thet@@mplatform and vice versa.

8. The electro-pneumatic valve delivers compressetb the corresponding
cavities of the pneumatic motion drives.

9. The vacuum grippers that fix the external anmutre¢ parts of the robot on
vertical or horizontal surfaces

10. The air preparation unit contains a filter-deidifier, a pressure reducing
valve to maintain a given level of pressure atahget of the air preparation device,
and a pressure gauge to monitor the pressure tdviie robot as well as an
electronic pressure sensor to monitor the presiwe in the operator control
systems.
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Fig. 2. Pneumatic scheme of the robot

2. Experimental studies of the wall climbing robotdrives

The introduced robot samples with pneumatic driaes high-performance
technical devices. Obviously, the problem to inseedhe velocity of the wall
climbing robot is inextricably linked with the opgion speed of the pneumatic
drives. However, the authors' experience in thagdesf high-speed pneumatic
actuators indicates that the increase in the dperaipeed of the pneumatic
cylinders by the increase in the capacity of thettles on the exhaust is ineffective
[4-7]. One reason for this is a significant masstlué control object (moving
platform). The mass of the robot is 100kg. The hsgleed requirement for the
movement leads to the need to search for an eféectiethods of braking the
control object at the end of the stroke of the pnatic cylinder. Braking system
will limit the velocity of the piston near the cytier cover to the safe value.
Otherwise, the significant impacts occur, which ooty shorten the life of the
pneumatic actuators, but also cause the robottackldrom the surface under the
influence of the dynamic loads. For the same reagds necessary to limit the
resulting accelerations of the robot in order tduee the dynamic loads that arise
during the transportation of the platform to a dafel.

Typical examples of the speed and accelerationrikgees on time of the
piston motion in a pneumatic cylinder with a diaemedf 63 mm with a stroke of
250 mm, the passing rod with the use of built-iakimg system and the control
object with mass of 50 kg are shown in Fig. 3.

From the consideration of the graphs presentedgn3; it follows that the
piston travel time does not exceed 1 sec, howéweiirtertial loads acting on the
robot reach 2000 N.
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Fig. 3. Graph of the dependence of the speed arelesation of the piston on time

when retracting the rod

An example processes of moving the horizontal ptatfwith a mass of 50 kg
in the horizontal direction and moving an extenplatform having a mass of 30 kg
by means of cylinders with a diameter of 50 mm wttenrobot is positioned on a

vertical
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surface during a two-stage braking arenshim Fig. 4 and 5 respectively.
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It is important to note that during the operatidrihe robot the direction of its
movement changes, therefore, the orientation aoQkle axis of the pneumatic
cylinders with respect to the horizon changes. Thads to the fact that the
numerical value of the projection of the gravitycigr on the cylinder axis changes
and, consequently, the external force acting orpthgiorm from gravity.

Based on the results of the conducted studiesfollmving conclusions are
drawn: an inertial load of less than 500 N is achide when cylinders have
diameter more than 50 mm. Thus, the diameter ofciflimders of longitudinal
motion drives should be selected not only by takirig account the weight of the
moving platform of the robot, but by also takingoiraccount the requirements for
the dynamic properties of the motion process ofasive objects.
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Conclusion

Wall Climbing Robot with pneumatic control, drivingystems and two
platforms is presented. Such type of robot is idéehfor extreme conditions of
application including nuclear power stations. Tiiaming transient characteristics
permitted to estimate response times of everygiais for all practical cases and to
analyses vibrations. The receiving transient charetics permitted to estimate
response times for all interesting cases and ttysesvibrations.

The experimental results show that response tim@énmease 1 sec for piston
maximum motion per one cycle. Overshooting of aaedion not increase 0,05%
on maximum value.
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