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Travel ling Over Adhesive Surfaces Field of Use of the Invention The
I nvention relates to a clinbing robot for travelling over adhesive
surfaces of nearly any desired geonetry. Adhesive surfaces are
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and/ or magnetic elenents could adhere. The geonetry of the adhesive
sur f aceSlnkdnty [FobHedt okl dravetltng \exker iAdhesdiveé Exréadesn a fl at,
tilted or vertical fashion and could have snall obstacles. Prior Art
The use of automatic clinbing devices that devel op their hol ding
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or tilted adhesive surfaces; the term "vacuum stands, strictly
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it coé?g extend in a flat, tilted or wvertical fashion and could

have small obstacles.

Prior Art
The use of automatic climbing devices that develop their holding

power via magnetism or wvia a vacuum is known for movement on
vertical or tilted adhesive surfaces; the term "vacuum" stands,
strictly speaking, for underpressure. With regard to the type of
movement, a distinction is made between walking gear and running

gear. Both are especially designed for flat adhesive surfaces.

Walking gear only achieves working speeds of up to 3 m / min. at
present. The movement takes place on a pericdic basis with stops.
Half of the suction cups have to be released, raised and moved
ahead to achieve working speeds of 3 m / min. After that, these
suction cups are lowered and the suction is applied.
Subsequently, the remaining suction cups have to follow up with
the same procedure. The available holding power will consequently
continually vary between 50% and 100%. If the suction cups are
moved ahead or if they follow up in pairs or individually, the
movement speed drops to well under 3 m / min. The high level of
control and meonitoring complexity for the individual movements is

likewise a disadvantage.



Subsequently, the renmaining suction @ups haveito Refl aw .upososkzwohe
same procedure. The avail abl e hol ding power will consequently
continually vary between 50% and 100% |f the suction cups are noved
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crawlers with suction elements are in DE 35 40 432 Al, DE 197 27
421 C2, DE 101 40 %90 Al, DE 296 22 167 Ul, EpP 0 505 956 Al, EP
584 520 Bl, EP 1 792 673 A2, US 5 487 440 A and US 6 090 221 A,
and those with magnetic elements are in EP 0 248 659 A2, EP 0 716
006 A2, EP 0 812 758 B1l, EP 1 650 116 Al and WO 2007/025553 Al.

With regard to the running gear, the crawler technology is the
most practical sclution at present. The circulating endless
traction mechanisms, such as chains, bands, cables or belts, that
are in place to realize the movement, still have to be equipped
with adhesive elements, however, and thus suction cups or

magnets.



The principle is based on the fact that everyxtadhessvei®l esus2wo
attached to an endl ess traction nechani smruns through an endl ess

| oop. The adhesive el enents turned towards the running surface are
actuated, and they hold the running gear to the adhesive surface. I|f
the endl ess traction nechani sns are put into notion, the rear

adhesive el enents have to be switched "OFF" in each case so that they
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5Att. Ref. No. 609052W) Essence of the Invengiton RIhe Masksasfosoe
invention is to create a reasonably priced, operationally reliable,
extrenely maneuverabl e clinbing robot with | ow wei ght and smal |

di rensions that can travel in a renote-controlled fashion on a
tilted, vertical, overhanging or even curved adhesive surface, rotate

on the ot turn at a_90 angle without a _rotary novenent and clinb
over s ot RSt Likeviseshast 2 nRayY tbd'q]i‘aﬁés&ﬁnc aphésh pintgrfigrgs

securl NG €6 Ui BRI pARG -2uX hkbal ¥tiBSDUEF 6% and tbhahre88 pEef&eraiian be
used for inspection, surface-treatnent and mai nt enance work. The

cli mbi iF®®Hbot should distinguish itself for travel operations with
m ni mal control conplexity and energy use and, for exanple, also be
able to travel over _the outer skins of alrcraft ship hulls, silo
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obstacles in the process. The prob emi1s solved as per the i1nventio
accor di #e trtatte}mwfswtrupesnoip& aimm suchllze weiep&hdent:heial fBcipiomt out

advanta o s designs an ther devel o nts. . ecially .
e AR e PeBly| AbH 0T T PR Lo o IR WA TArq e tails
i nvent i ore thnd Gakibeadel in a renpte-controlled fashion on tilted,

vertical, overhanging and/or curve adhesive surfaces, overcone smal |
obstacles, turn on the spot and make a 90 change in direction wthout

a turnifchdMAREUNE aukBAhtl80L] {lSirdy Wchamn¥ Yy rbeWeA8Re0S , A sfiitangly
conplexity and energy consunption and that does not have to hang on

cabl es ®¥2sf facadesuxifi deycrdeedirice EP 16RO, 6REf B NowhBaDosm/\mised to

form the preamble of the main claim; it likewise operates based
on crawler technology, but its endless traction mechanisms
equipped with adhesive elements circulate in the travel plane,
which is why the adhesive sides of the adhesive elements always
point towards the adhesive surface, The mechanism is very flat
because of that, It can travel over tilted, vertical and
overhanging walls, lift small loads and climb over facade
profiles at a low height. It has a pair of endless traction
mechanisms., The adhesive elements that support and move the
running gear are switched "ON" and adhere to the adhesive
surface; all of the others are lifted and switched "OFF". The
chain pairs are run in straight, longitudinal sections that are
parallel to one another and run back in an arc. The holding power
during the work of a robot that is used is consequently dependent
upon the length of the running gear. The running gear has to have
an appropriate length. The steering maneuvers are more complex,
because the running gear has to be rotated before the travel can
be continued for a 90° turn. Furthermore, the running gear is not
capable of traveling owver curved surfaces, because the rigid,

long frame cannot follow the curving profile of a surface.



It is particularly suited for inspectsi on, claaninBef el eFGaTEewand
repair work on the outer skins of aircraft or ship hulls or otherw se
on curved building surfaces that can only be travel ed across with
difficulty or that are not to be accessed at all if it can be

avoi ded. Exanpl es of the Invention The invention is to be explai ned

i N nor eessdredd i tthet havahdieh exanpl es. The follow ng are shown in

t he acc nyi.n rawi ngs: FiLg. 1 shows a first variant of a clinbing:
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perspective view fromthe bottom Fig. 4 shows the clinbing robot
with teldoiaw medehédangd| gmabl sdimensionsy ithat ghnateavediin 7 obot

wi th ar!rén%%:%q-gcjn(y}oqgghc%ajsﬂign pc%{ Sap Q:C:i:[llt\é ,VLr%\.{:vtical, overhanging or
even curved adhesive surface, rotate on the spot, turn at a 80°
angle without a rotary movement and climb over small obstacles,
that does not have to hang on cables or similar securing
equipment and auxiliary resources and that can preferably be
used for inspection, surface-treatment and maintenance work. The
climbing robot should distinguish itself for travel operations
with minimal control complexity and energy use and, for example,
also be able to travel over the outer skins of aircraft, ship
hulls, silo walls and similar complicated surfaces in addition
to flat, polished stone surfaces or metal surfaces and be able

to overcome small obstacles in the process.

The problem is solved as per the invention according to the
features of Claim 1. The dependent claims point out advantageous

designs and further developments.

A small, especially flat, relatively quick climbing robot has
been created with the invention that can travel in a remote-
contreclled fashien on tilted, wvertical, overhanging and/ocr curve
adhesive surfaces, overcome small obstacles, turn on the spot
and make a 90° change in direction without a turning maneuver,
that regquires a relatively low amount of control complexity and
energy consumption and that does not have to hang on cables or

similar auxiliary resources.



Fig. 6 shows a perspective view fromé he topaAwntt hRéhe CoVeF0 I0EONEd,
Fig. 7 shows an individual adhesive foot wth a suction cup and Fig.
8 shows an individual adhesive foot with a switching nagnet.
Functional Iy equi val ent conponents have been given the sane reference
nuneral in all of the figures. The cover of a clinbing robot with an
adapter_3 for a cleaning device 4 nounted gn its_end 2 can be seen in
Fig. 1.T5He &35 aF&goF“i-'F% ef ¥ it Paatd o8 e SAPARLRS Y B DERARC N
adhesi Vgn$ WdGe Woek bl BRE SHeww didDIE detairheel OF i8S ange d e
outer skin of an aircraft. 7Att. Ref. No. 609052W The cl eani ng
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guard 8. These main parts can be adjusted vis-a-vis one another by
means okt grmdjeusveddeddevi ce 9. Furthernore, the cleaning device 4
can be set in terns of height by nmeans of two pivot bolts 10 in the
adapter 3. The cover 1 can carry a tank with cleaning fluid that is
not shdwrmrles ofpphe Boventien the cleaning fluid is punped through

from the Or04d+530 28 E9NECLEN 10 dNE SRLAYL BLPEi P with the aid of
examples,

The following are shown in the accompanying drawings:

Fig. 1 shows a first variant of a c¢limbing robot for

surface treatment in a perspective view,

Fig. 2 shows a view of this climbing robot from the bottom,
Fig. 3 shows a perspective view from the bottom,

Fig. 4 shows the climbing robot with the cover removed,

Fig. 5 shows a variant of a climbing robot with an inspection

device in a perspective view,

Fig. 6 shows a perspective view from the top with the cover
removed,

Fig. 7 shows an individual adhesive foot with a suction cup
and

Fig. 8 shows an individual adhesive foot with a switching

magnet.

Functionally equivalent components have been given the same

reference numeral in all of the figures.

The cover of a climbing xobot with an adapter 3 for a cleaning

device 4 mounted on its end 2 can be seen in Fig. 1. The climbing
robot travels with the cleaning device 4 over an adhesive surface
that is not shown in more detail, for instance the outer skin of

an aircraft.



D fferent cl eaning systens can be cofinect ed Rott hieefidapt.ers (@0 52e10
instance a dry-ice cleaning device, as is knowmn from DE 102 33 304
B4, an ultrasonic cleaning device or a | aser cleaning device. Fig. 2
shows the clinbing robot in accordance with Fig. 1 fromthe bottom
The bottom of the cover 1 and the cleaning device 4 fastened to the

end 2 of. the cover by nmeans of the adapter 3 can be, seen.
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nozzles 6, the cleaning roller 7 and the splash guard 8 can be seen.
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essenti has a support plate 12 that Is symmetrical around its
cent er Bundthepmrorepotthgl gleanily adewinyed icart be setnén terzes of Hdight

square., A nunber _of adhesi f eet . Whi.ch _are_ descrihed in nore
Goal T e A e B BRSO £l sBaB s E0 ST B AP g,
mechani caibryl 4, Hank shieHNdlédeiegofFBuini dHd HeOonbeokhinmit&s al Fupdlsy
actual adhesive elenents 15 are on the bottom of the adhesive feet

21. 8At?se Rt e 68683299 THRIL WithaBScatbrevak of FoR sthe @rsnet

1, on the e decarBE Egetlfngugpgﬂ?tpj@éat_r,qs 13, on the other hand,
whi ch are suspended in a cardanic fashion in the exanple, with

details not otherw se shown, to four holding lugs 16 extending out in

a star shena-dom g SYPRPEtert Afh b iddntdehea ¥BYthdaladd N & € £l

fact capable of tilting, but are fixed in a rotary sense with regard
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becaus ha S i hani 4 is driven
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sprocket or a toothed belt via a gear on the shaft of an electrical
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the bottom. The bottom of the cover 1 and the cleaning device 4
fastened to the end 2 of the cover 1 by means of the adapter 3
can be seen. Furthermore, the pivot bolts 10 of the adapter 3 for
the height adjustment of the cleaning device 4, the spray pipe 5
with its nozzles 6, the cleaning roller 7 and the splash guard 8

can be seen.

The cover 1 encloses the climbing robot on top and on the sides.
The core of the climbing robot is its square running gear 11. It
essentially has a support plate 12 that is symmetrical around its
center and four foot plates 13 arranged in the corner areas of
the square. A number of adhesive feet 21, which are described in
more detail with regard to Fig. 7 and which are pulled by endless
traction mechanisms 14, run around the edges of the two foot
plates 13. The actual adhesive elements 15 are on the bottom of

the adhesive feet 21.



Each foot plate 13 and therefore each gui de A7tf oRef hevadrEsionewheet
21 is arranged and shaped on the edge in such a way that the adhesive
feet 21 and therefore their adhesive elenents 15 run at a right angle
around one corner 18 each of the square running gear 11 and back,
closing an inner arc 19; the arcs 19 are all in an imaginary inner
circle that is encl gsed Eé t he square that is nade up of the square

r
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run around the borders of the external edges of "t he foot pl ates 13
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adhesi \c/gehcg{frf}cetfgggaﬂggahﬁ ﬁl %’%gfghmoﬁu?hiégr unni ng%‘e%\J 11
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of that 09052V® ddition, small obsta}:(i]d q
agai nst®% é&ﬁé’s‘?v o she sl’Té \ﬂ'BuFdrSFﬁﬁV\f%’és% FE9RG
sw vel ithg Wfbetopeaeenml rHdiatcatlhdaphe tadbnstree ﬁirﬁ{m SulkFacas
be controlled via their adhesive feet 21 in such a way that they can
be ver 8859y P4 £Ba*and | owered on an individual basis relative to
the guides 17 and therefore to the adhesive surface, and thus the

runni nqg surface; the adhesive elenments 15 are switched "ON' in the
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and switched "ON"; the control unit of the individual notors
deterrnungthpﬁebeiteciaon d¢GRWARDhe SBACKVWRDS! , elé&lﬁﬂﬂéﬂ%G@%T "TO
THE LEET" "ROT OqngSE" or "ROTATE COUNTERCLOCKW SE". |f, as an
exanpl EPVHETEF ﬁ%laﬁgm?o%ot is supposed to move to the left in the
direction of the arrow (Fig. 2), and thus with its cl eaning device 4
infro e adhesive_elements 1 ha e ali 0 udi

Lhe df Abis, SBReCR ERE.BF I chtints PhaGRod” PRL. PRRCIAR SR adc (Fids
at the ayomegt ayerast tvatLtheshihal cedvobyes a total of twelve adhesive
elenments 15 in Fig. 2 on four outer, parallel endless traction
mechani sm sections; the six right-hand adhesive elenents 15 in the

di r ect maRnokobka %ﬁétéu.’m e ket rarauBdchhghiad 00 RlAlee hanandvthe
six left-hand adhesive elements 15 in the direction of travel run

count efeledcRbi 38. aprangsd tand @Hﬁ'@ﬁdaehe§h9ee‘ég%n¥ht%1c15 agmayl thatd
and swibehed, e . edde 1€ Gld Tl %@f @ROLy L $, SURROSK ‘1 15
crosswi se to the cleaning device For exanple, 1nt [ rectsl on of
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with the cleaning roller_ 7, the adhesive el enents 15 that are ali 8ned
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activated a1l in an imaginary inner circle that is enclosed by the

square that is made up of the square running gear 11. The center
of the support plate 12 coincides with the center of the
imaginary inner circle. Thus, the adhesive feet 21 run around
the borders of the external edges of the foot plates 13 oriented
towards the travel plane and not overhead. The adhesive areas of
all of the adhesive elements 15 always point towards the
adhesive surface because of that. The height of the running gear
11 and therefore of the climbing robot can be decisively reduced

because of that.



10Att. Ref. No. 609052W That once agai n i nvatvesrart olql aufootswaiove
suction cups in Fig. 2 on four outer, parallel areas of the endl ess
traction nmechani sns 14; the six right-hand adhesive el enents 15
viewed in the direction of travel now run clockw se around their foot
plates 13 and the six | eft-hand adhesive elenments 15 viewed in the
direction of travel run_counterclockw se. Al of the other adhesive

el enent® #¥YGPPed SBAGL sFPFEMRLR S Ggrinshs whichsthe wh%%f'e‘f%ﬁmmts
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travel of the clinbing robot and therefore no conplex steering
maneuvéf@¥vhen there is a 900 change in direction. If the clinbing
robot is supposed to turn by an angle, a total of 16 suction cups

will be activated, nanmely all of the cups that are in the inner
circl e e Adesige ehemedbt bY s bes contrrdladneht BhRLY Rdhesdve i n
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suspended in a cardanic fashion to the four holding lugs 16 of the
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runnin%_around it is attached in the four corner areas 18 of the
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If, as an example, the climbing robot is supposed to move to the
left in the direction of the arrow (Fig. 2), and thus with its
cleaning device 4 in front, the adhesive elements 15 that are
aligned longitudinally in the direction of travel in their
endless traction mechanism sections at the moment are activated.
That involves a total of twelve adhesive elements 15 in Fig. 2 on
four outer, parallel endless traction mechanism sections; the six
right~hand adhesive elements 15 in the direction of travel run
clockwise around their foot plates 13 and the six left-hand
adhesive elements 15 in the direction of travel run
counterclockwise. All of the other adhesive elements 15 are

lifted and switched "OFF".

If the climbing robot is supposed to move crosswise to the
cleaning device 4, for example, in the direction of the arrow
with the dashed line and therefore "upwards" in parallel with the
cleaning roller 7, the adhesive elements 15 that are aligned in
parallel with the cleaning roller 7 at the moment will be

activated.
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whi ch the adhesive feet 21 run around the edges of the foot plates 13
can be seen. The cleaning device 4 is coupled to the adapter 3. The
outer edges of the foot plates 13 are in a square; the inner edges of
the foot plates 13 are in a circle that is enclosed by the square and
that has a center cainciding wth the center of the support plate 12.
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plate 12 and centrally penetrates the cover ut 1t can also
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of the camera 24. Other inspection devices such as a canctorder or a
heat image canera can also be installed on the device arm 23, of

cour se.adhe it aid thbabykdetiPdirgede bhrobrt hershidheigs f GireLan
be clearly made out. The variant according to Fig. 5 is shown once
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hol ding lugs 16 on the foot plates 13. A notor for the rotary
novenent capability of the device arm23 is on its axis of rotation,
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adhesive foot 21 to the effect that it can in fact run around its
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W th it%ﬁﬁfide rollers 28. In addition, two supporting brackets 29,
bet weerF*HicERY% RBFENdl ess traction mechanism 14 is routed, are
attached to the holder 21 between the two guide plates 27. The

endl ess traction nechanism 14 is, as an exanple, a pintle chain along
the |i & GLimbApgyEPROENLT Shomengghadrie 1iBot RArsrRevilivesied Rrem
good teRyl kR+EbheRFiRi 0 $hemehal oMb 0¢8P 8 1HAL, G968, he
supporting bracket Zglgnd?aaﬁusﬁinSM%? f%g paésed-throud%agﬁﬁgﬁgg
chai n. fEe¢ RA| déith28diseimiror tesleaneinitsed b ver thedboptet pulled 3Y ehdless
pi ston cylinder unjt;.the ight of its lifting cylinder 31 is .

D st HPE CAPBBeCREAHTET o 1 has0 S5RISERRSHEY | T % (RIS TS Teehtnac
to its totthaneshdenoTiendi BigH 1@V IeNd8E Yiabhos0, pBltaN® (e BUCEhON1y
cup 15 are pneumatical ly actuated; a control unit 32 provides the
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| ower e r ised-via alr_pressure.on t ifting cylinder 31 of the
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the suction cup [AOT e qui C
the cover 1 removed, A foot plate 13 with adhesive feet 21

running around it is attached in the four corner areas 18 of the
running gear 11 to each holding lug 16 of the support plate 12

that is symmetrical around its center.
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| owered and provided with suction or vented and |lifted by neans of a
hi gher -1 evel managenent systemin this way. A prismatic guide,
consisting of a sliding carriage 33 integrated into the adhesive foot
21 and a carriage track 34 supported by the holder 20, additionally

| eads t he adhesive foot to the piston cylinder unit 30, 31. Ten
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adhesi veerpt e tha istppbeWnpiacgoi®, detail in Fig. 8. The piston rod
30 is fixed once again and the cylinder 31 is novable. The sw tching

magnet is raised and | owered via the piston cylinder unit 30, 31. The
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at its rear end with an interface for the cameras 24 is attached
to the shaft 22. The interface could be a wireless communication
intexrface, an optical interface or a cable coupling, for
instance. The shaft 22 itself can be attached in a fixed or
rotating manner. The outer skin of an aircraft can be
investigated for anomalies, for example, with the aid of the
camera 24. Other inspection devices such as a camcorder or a heat
image camera can also be installed on the device arm 23, of

course. The small and flat running gear 11 of the climbing robot

can be clearly made out.

The variant according to Fig. 5 is shown once again in Fig. 6
with the cover 1 removed., The drawn-in arrows illustrate the
motor—-controllable maneuverability of the running gear, the
device arm 23 and the inspection device 24. The motors 26 for
driving the endless traction mechanisms 14 are beneath the
holding lugs 16 on the foot plates 13. A motor for the rotary
movement capability of the device arm 23 is on its axis of
rotation, and further motors take on the adjustability of the

device arm 23 and the camera 24.
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sequence of the actuation and adhesi on statuses of the adhesive feet
21 in collaboration with sensors and pneumatic actuators and control
el enents. In addition, a check is continually done in operation as to
whet her a sufficiently strong adhesive force exists to prevent a

crash of theg robot on critical running surfaces, If a risk of falling
short of® aarF?ﬁﬂ%é’ﬁ Feotoftet Bt SYNEIRE TR AE RAPRSLHR PHIHRRET a &fs,

for i nsf{iiae REGRIESE dBRAl PR Hh ST A Vedd PosAUABR" off tRINGSEMEon cup in
el ements 15 are not meki ng contact with the running surface (edge,
unsui t @e th.avble bolfate2€omelds o evdhesdwef Greti 8h) to t Hee rafifidaty

gear SRELeRly 5 8Fay st bl i oot RIS SLEIGE by ene
traction mechanism, but it will not drop off. Upper and a lower
guide plates 27 with guide rollers 28 extend out from it. The
outer edge of the foot plate 13 has an upper edge and a lower
edge. The adhesive foot 21 is guided along these edges with its
guide rollers 28. In addition, two supporting brackets 29,
between which the éndless traction mechanism 14 is routed, are
attached to the holder 21 between the two guide plates 27. The
endless traction mechanism 14 is, as an example, a pintle chain
along the lines of a bicycle chain. The adhesive foot 21 is
connected with good tensile strength to the chain with a pin that

goes through the supporting bracket 29 and a bushing of the

passed-through pintle chain.

The holder 20 supports a fixed, vertical piston rod 30 of a
piston cylinder unit; the height of its lifting cylinder 31 is
adjustaBle along the piston reod 30 and the suction cup 15 is
attached to its bottom side. The piston cylinder unit 30, 31 and
the suction cup 15 are pneumatically actuated; a control unit 32

provides the management,

The lifting cylinder 31 with its suction cup 15 can be lowered or
raised via air pressure on the lifting cylinder 31 of the piston
cylinder unit 30, 31. The piston rod 30 is fixed in place. Either
a vacuum is generated in the suction cup 15 for the adherence
function or, on the other hand, compressed air is blown in to

release the suction cup 15 more quickly from the running surface.
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Each adhesive foot 21 can be individually lowered and provided
with suction or vented and lifted by means of a higher-level
management system in this way. A prismatic guide, consisting of
a sliding carriage 33 integrated into the adhesive foot 21 and
a carriage track 34 supported by the holder 20, additionally

leads the adhesive foot to the piston cylinder unit 30, 31.

Ten adhesive feet 21 are attached teo and distributed over the
length of each of the four endless traction mechanisms 14 of
the climbing robot. Overall, therefore, the climbing robot

operates with 40 adhesive feet 21 in the example.

What applies above to suction cups 15 as adhesive elements also
applies to switching magnets. Instead of having an ejector to
generate a vacuum for a suction cup 15, the switching magnet is
electromagnetically excited. It is understood that a
ferromagnetic adhesive surface is required for magnetic

adhesive elements.

An adhesive foot 21 with a switching magnet as the adhesive
element 15 is shown in more detail in Fig. 8. The piston rod
30 is fixed once again and the cylinder 31 is movable. The
switching magnet is raised and lowered via the piston cylinder
unit 30, 31. The lowered position of the adhesive element 15 is

shown.

Instead of pneumatic actuation, the raising and lowering of the
adhesive feet can also be brought about electromagnetically
{(linear cylinder), with a spindle or with a rack and pinion.
The support fixture is not shown with the exception of the
sliding carriage 33. Reference can be made to the statements
for Fig. 7 with regard to the routing and with regard to the

circulation of the adhesive foot 21 around the foot plate 13.



12Support plate 13Foot plate 14Endl edd tract hon. neshamsmeaochaicmo
toot hed belt) 15Adhesive el enent (suction cup, sw tching magnet)

16Hol di ng lug 17Cui de around the foot plate 18Corner area of the

square runni ng gear 19Arc

A microcentroller controls the chronological sequence of the
actuation and adhesion statuses of the adhesive feet 21 in
collaboration with sensors and pneumatic actuators and control
elements. In addition, a check is continually done in operation
as to whether a sufficiently strong adhesive force exists to
prevent a crash of the robot on critical running surfaces. If a
risk of falling short of an adhesive force set in accordance
with the program exists, for instance because an impermissibly
high number of adhesive elements 15 are not making contact with
|

the running surface (edge, unsuitable travel surface conditions

or a malfunction), the running gear automatically stops.
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Reference Numerals
Cover

End of the cover
Adapter

Cleaning device
Spray pipe
Nozzles

Cleaning roller

W -~y s W N

Splash gquard

9 Adjustment device
10 Pivot bolt

11 Running gear

12 Support plate

13 Foot plate

14 Endless traction mechanism (chain, toothed belt)
15 Adhesive element (suction cup, switching magnet)
ie Holding lug

17 Guide around the foct plate

18 Corner area of the square running gear

19 Arc

20 Holder

21 Adhesive foot
22 Shaft

23 Device arm

24 Camera

25 Counterweight

26 Motor

27 Guide plate

28 Supporting bracket
29 Guide roller

30 Piston rod

31 Lifting cylinder
32 Control unit
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33 Sliding carriage

34 Carriage track
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1. dinbing robot for travelling over adhesive surfaces wth endl ess
traction nechanisns (14) and, fastened to them at a di stance,
control%fbl e adhesive feet (21) that circulate with the endl ess
tracti on frE€hani sms (14) al ong guides (17) in the travel plane, by
means oif.whichbihe asthesifte sirdeslofinghevsr aditess e eheirerts (ibh

al ways point towards the travel surface and wherein the adhesive

el enent SP¢A%IS A Y eppBrchaRgsTHBVE thetd i fsiShgrrEbEP BRE s thed

"ON' ang; Loyered onfoihenadheshye: surfane @ng %h&%ﬁ@&m&@er
adhesive el enents (15) are swtched "OFF" and raised fromthe

adhesi vl gurflac esndiiesseitmatheon| medhargl stebdtl dhas lsgqgageidemni iy gear
(11), characterized in _that, a foot plate .(13) ,with a guide, (17)

r unni ngl%r%h%éﬁwgqeé’gggef ofY v i?ﬁd@]lﬁﬁg‘l §8ﬁe§gbgs?‘éﬁtsié‘iﬁ Hriven
by tracthen: neihavenel1exksts (D5 pagivdfs e ntoubweeaBetBe (18veaf the

running gear (11), that the foot plates (13) are attached to a
suppor tSpiace @) wierene EQAnrAe e LEMENARd (Hhat That SMPRYE
adhesi v e[ e adhesi ve el enapfs )+ Al ut ed

t hr oughgrtl%g%vuel( gtén)e( %;gm%gﬁéu%ﬁégt way t v}gtct egly %In é%gal(?fééﬁcpangl e
ar ound ames dotenerdhaiseéac( i8yfeachamd 4lHe ofquiare okuani aghgeave (11) and
along an arc (19) .connecting the ends of this corner area (18),
wher ei 1 HUFSSUr a7 08 P18} BPRSTn GhT | EY TERFERe BRI BRed by { he
squar e hddied wrirlgegedhefdd) - thd. c1GHiyIRIgNG HBROL  8CEQELINT t O
Claiml, characterized in that the support plate (12) iS symetri cal

ar ound IheEligentdearandlhaschavrctryidiady inudbatl1e) fext epbityy GUt) in a
Z.E)ﬂl ts 1§, tao gtmid%h.(tll?g %89&:&19' aggcﬁlr{dlsc)rlea% g%:[st ggpe %’L\{IJJI[ hittuh e
y to til*tor in IXe nher 1 n such”’a way tha e center of
the suppbrddhplsdtve €22y colncitdbsemidh triaetdent Rechini fies | dvaigidary
' nner (qg(g;%h of the four corners (18} of the running gear (11),
that the foot piates (13) are atitached to a suppcort plate
(12) of the running gear (11} and that all of the adhesive
feet (21) and therefore adhesive elements (15) are routed
through the guide (17) in such a way that they run at a
right angle around one ‘corner area (18) each of the sguare
running gear (11) and along an arc {(19) connecting the ends
of this corner area (18), wherein all four arcs (19) are on

an inner circle enclosed by the square of the running gear

(11) .

2. Climbing robot according to Claim 1, characterized in
that the support plate (12} is symmetrical around the center
and has four holding lugs (16) extending out in a star shape
to which the foot plates (13) are attached with the ability
to tilt or in a fixed manner in such a way that the center
of the support plate (12) coincides with the center of the

imaginary inner circle.



18Att. Ref. No. 609052W0 3. dinbi ngsrobot aeeorgdéng ®. Gogwalyoor
Claim 2, characterized in that all of the adhesive el enents (15)

| ocated in the sections of the guides (17) with the sane direction as
the direction of travel are switched "ON' and |l owered for forward and
backward travel of the clinbing robot and the endl ess traction

mechani sms_(14) nove the adhesive elenents (15) in the sane direction
(FORWARDS & 1BACINARBS), aézppréf-ngh@a@lﬁam\ﬂe@ &fenns 2¢ 15) | ocated in

the | nNatalded: 200 500RRA01 o 1 D16, pUiles, &n,g)ﬂv%fs%aga‘eﬁ%@ef%"m and
| oner ed arotary TovVensnt cld and 2 endl ess
tracti OIDCEEBIZEI’CB.mnSme( ﬂsé):tlirbﬂe @ﬁetlamlh;emdee; &Ilemenﬁsh(ﬁ&) $dind he sane

direction (CLOCKW SE. or RCLOCKW SE). and all of the adheswe
el emantcgL 1o o Egt LA Hlfﬁ‘ét%%‘&t?%r%rad‘fe]t REegaryeshed 7Y0Mt ando

angl e tddedifCEbenaeh Sﬁévﬁéc@ﬁaﬁré‘%ﬂa%@dof%ea@ﬁr{]&% ed for a
travel to the right or to the left and the endl ess traction

mechani =z { B r&bﬂeenﬁéeaah*esw@cm aremies 1605) (iLA) tthevsarhee di recti on

R GHT of, LEFT hot ding to b
Cl i e, SSESR 6050 Pn (ERAL R hEE U6 -BLhRL L VA8 S S suet i on

cups oermrmsmg amgnefsm@dammea@l@&wesek@Bﬁnlo&éée)dllsn at the
end of a lifting cylinder (31) of a piston cylinder unit (30, 31) of
an adhddi’&/ &Gat ey et Ratttams 1t rtdint SdieRFoUGH) aah%l%jfé?tc(fz-’(@ ar ound

the footopl atg (L3br-aRdrbhal L& A e %tatbxftgﬁ e@f’i ract' on

mechani sm (14). 5. d i nbing robot accor ng to ai m racterlzed
i n thatrdabve pinst checyghdhdes tradsiqBGecBEniand aﬁmiesmmee e:lrmments (15)

are pney ti.caII and/ or ect romagnetical.ly actuated and controlled
by o hier 6y ELBBAFF of T 17 ThrOReme. AurboREOH ol Sig o

Qi mbi rpuNabeCLacRATGENdak® L1 K tHhe sabevevE! @i dhencharapteri zed in
that the support plate (12) carries a cover (1) for the clinbing

robot . 1oFated ABi Rfer opotliae ordithy t%lléﬁél 8] 2har atderdngdd in t hat

(4 COUY chl) a2vRBeibe 8 AMAREST Pk hREnRR PURRANGPAR R device
for a travel to the right or to the left and the endless
traction mechanisms (14) move the adhesive elements (15) in

the same direction (RIGHT or LEFT).

4. Climbing robot accordiﬁg to one of the above claims,
characterized in that the adhesive elements (15) are
suction cups or switching magnets and every adhesive
element (15) is at the end of a lifting cylinder (31} of a
piston cylinder unit (30, 31) of an adhesive foot (21) that
can be routed through a holder (20) around the foot plate
(13) and that can be driven by the endless traction

mechanism (14).

5. Climbing robot according to Claim 4, characterized in
that the piston cylinder units (30, 31) and adhesive
elements (15) are pneumatically and/or electromagnetically

actuated and contrclled by a higher-level control unit.



8. Cinbing robot according to Cl aiml® or C atm Reaf. Gl MOB052WO
characterized in that the support plate (12) or the cover (1)
supports a vertical, rotating or fixed shaft (22) for a device arm
(23) of an optical inspection device (24). 9. Cinbing robot

accor digg toimsingpfraive abavedthai 68, ocharaaier abedel 8labas, t he

clinbing robot carries a cleaning device (4) and/or an inspection
devi ce Pacterdzed iRpFhgtr bbot SHRGTdiPAG Ho (EFAI Y- 1%hdt act eri zed

in that.d:hs clhiymRg+HQbEY i b clgani ng device (4) and the
i nspection device (24) are capable of renpte control. 11. dinbing
robot according to one of the above clains, characterized by its use

on the'PPtéiiﬁﬂgA§;£%£o%lggégiéigé é@'éﬁ;&ﬂ'é} characterized in
that the cover (1) supports an adapter (3) for an

exchangeable work device {(4).

8. Climbing robot according to Claim 1 or Claim 2 or Claim
6, characterized in that the support plate (12) or the

f
cover (1) supports a vertical, rotating or fixed shaft (22)

for a device arm (23) of an optical inspection device (24).

9. Climbing robot according to one of the above claims,
characterized in that the climbing robot carries a cleaning

device (4) and/or an inspection device (24}.

10. Climbing robot according to Claim 9, characterized in
that the climbing robot, the cleaning device (4) and the

inspecticon device (24) are capable of remote control.

11. Climbing robot according to one of the above claims,
characterized by its use on the outer skins of aircraft or

ship hulls.



