1Att. Ref. No. 609050W0 Title of the Invention G4 msg. Rabotsd9isowo
Travel | ing 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

i ntended to be understood as surfaces on which suction el enents
and/ or Teighretdfc thlecAomestionl d adhere. The geonetry of the adhesive
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consequently continually vary bet ween 50% and 100%
have small obstacles.

Prior Art

The use of automatic climbing devices that develop their holding
power via magnetism or via 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 periodic 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 consecuently

continually vary between 50% and 100%.



2Att. Ref. No. 609050W If the suction cups arg:foveds ahgad oonfowo
they follow up in pairs or individually, the novenent speed drops to
well under 3 m/ mn. The high level of control and nonitoring
conplexity for the individual nmovenents is |ikew se a di sadvant age.
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| acki ng capability in the base nechanismtd overcone small’ profil

secti o2 A sind Ugr 60b8PabPBSAIin vertical walls are drawbacks in the
known runni ng gear. Exanples of crawlers with suction elenents are in
DE 35 40 432 A, DE 197 27 421 C2, DE 101 40 990 Al, DE 296 22 167
U, EPRuBEgR0Ieas ackbeseq 1552@11@'-1 wazking7 gpegdg A0f WS o 497 m} 40 mAn.
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technol ogy is the_nost practical solution at present. 3Att. Ref. No.
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still have to be equi pped with adhesive el enents, however, and thus

suct|oﬁucuggb@p Fagaeggently varies between 80% and 100%. The low level
of control complexity is also advantageous, since the work cycles
can be run with positive control. The inadequate maneuverability,
such as a lateral displacement crosswise to the direction of
movement, and the lacking capability in the base mechanism to
overcome small profile sections or similar obstacles in vertical
walls are drawbacks in the known running gear. Examples of
crawlers with suction elements are in DE 35 40 432 Al, DE 197 27
421 C2, DE 101 40 990 Al, DE 296 22 167 Ul, EP 0 505 956 Al, EP
584 520 Bl, EP 1 792 673 A2, US 5 487 440 A and US 6 080 221 A,
and those with magnetic elements are in EP 0 248 659 a2, EP 0 716

006 A2, EP 0 812 758 Bl, EP 1 650 116 Al and WO 2007/025553 Al.

With regard to the running gear, the crawler technoclogy is the

most practical solution at present.



The principle is based on the fact that every athesiyer el @ENE09050W0
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
can be Th#8 cigeprlptdnc: redianestreckinn sachand spie enEheds €hadRs on
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el enents are trans Lted in the direction of travel in that position
and wi |1 i \?éﬂdg& Bfic 82554PH TP, AR ESpon they will be turned
towards t he adhesive surface agai n. The adhesive el enents are now
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travel over the olter s an aircraft in order to carry out
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upwards by 180°. The swiveled-around adhesive elements will
consequently point in the direction turned away £rom the adhesive
surface. The adhesive elements are transported in the direction
of travel in that position and will be swiveled once again by
180°, whexeupon they will be turned towards the adhesive surface
again. The adhesive elements are now switched "ON" and can secure
the running gear to the adhesive surface, Aftef the running gear
has gone past the adhesive elements that are switched "ON", they
will be switched "OFF" once again and swiveled. This process
continually repeats itself during travel for each individual

adhesive element.

A drawback of the crawler technology is the fact that it can
hardly overcome curved surfaces and profile sections. In
addition, only very small adjustment maneuvers can be carried
out. They also have a large overall height based on the design,

because the adhesive elements go back overhead.

A robot based on crawler technology is known from EP 0 710 188 Bl
with suction elements that go back overhead that is designed to

travel over the outer skin of an aircraft in order to carry out



5Att. Ref. No. 609050W0 Thus, the robgt |ikewse: hasea, wesy &b ohsowo
design, which interferes with its tipping-related stability in tilted
areas or vertical areas. A clinbing robot based on craw er technol ogy
is known fromDE 102 12 964 Al; its suction feet are nounted and

rout ed E6sdchitgh | @1lAaipgt 8#NES1EEhiMd REdxM.e i n such a way that
their suction surfaces are nearly aligned in parallel with the
surface. Details are not disclosed. Finally, an automatic clinbing
mechani sm for facades, especially glass facades, is described in EP 1
507 696 BlI, which was used to formthe preanble of the main clain it
| i kew se operates based on crawl er technol ogy, but its endl ess
traction nmechani sns equi pped with adhesive elenents circulate in the
travel plane, which is why the adhesive sides of the adhesive

el enents al ways point towards the adhesive surface. The nechanismis
very flat because of that. It can travel over tilted, vertical and
overhanging walls, [ift small |oads and clinb over facade profiles at
a low height. It has a pair of endless traction nmechani sns. The
adhesive el enents that support and nove the running gear are sw tched
"ON' and adhere to the adhesive surface; all of the others are lifted
and switched "OFF". The chain pairs are run in straight, |ongitudinal
sections that are parallel to one another and run back in an arc. The
hol di ng 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 | ength. The steering naneuvers are nore

conpl ex, because the running gear has to be rotated before the travel
can be continued for a 900 turn. Furthernore, the running gear is not
capabl e of traveling over curved surfaces, because the rigid, |ong
frame cannot follow the curving profile of a surface. 6Att. Ref. No.
609050W) Essence of the Invention The task of the invention is to
create a reasonably priced, operationally reliable, extrenely
maneuver abl e clinbing robot with | ow wei ght and small di nensions that
can travel in a renmote-controlled fashion on a tilted, vertical,

over hangi ng or even curved adhesive surface, rotate on the spot, turn
at a 90 angle without a rotary novenent and clinb over snal

obstacl es, that does not have to hang on cables or simlar securing
equi pnent and auxiliary resources and that can preferably be used for
i nspection, surface-treatnent and mai nt enance work. The cli nbing
robot shoul d distinguish itself for travel operations with mninma
control conplexity and energy use and, for exanple, also be able to
travel over the outer skins of aircraft, ship hulls and simlar
conplicated surfaces in addition to flat, polished stone surfaces or
netal surfaces and be able to overcone small obstacles in the
process.



The problemis solved in accordance with the inyenti®orVigst hgososowo
features specified in Caim1l. The dependent clains point out

advant ageous designs and further devel opnents. A small, especially
flat, relatively quick clinbing robot has been created with the
invention that can travel in a renote-controlled fashion on tilted,
vertical, overhangi ng and/or curve adhesive surfaces, overcone snall
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conpl exity and energy consunption and that does not have to hang on
cables ®¥e&fi-m | ar auxiliary resources. 7Att. Ref. No. 609050W) It is
particularly suited for inspection, cleaning, nmaintenance and repair

work on the outer skins of aircraft or ship hulls or otherw se on
cur ved durtiahigos grbPateb2eadt or AFBHISF Fechngdepgdiackere itap DE 102
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avoi ded. Exarrp es of the Invention e Inventron 1s to be expl al'ne

i N nor eclgeratdernoskerhprandiple eiranplads a way that their suction
surfaces are nearly aligned in parallel with the surface. Details

are not disclosed.

Finally, an automatic climbing mechanism for facades, especially
glass facades, is described in EP 1 507 696 Bl, which was used 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 verxry £lat
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 over curved surfaces, because the rigid,

long frame cannot follow the curving profile of a surface.



The follow ng are shown in the acconpagyi ng dray AgSre Fi One 1SHOWSS G0
first variant of a clinbing robot for surface treatnment in a
perspective view, Fig. 2shows a view of this clinbing robot fromthe
side, Fig. 3shows a view of this clinbing robot fromthe bottom Fig.
4shows a perspective view fromthe bottom Fig. 5shows the clinbing
robot with the cover renoved,
Essence of the Invention
The task of the invention is to create a reasonably priced,
operationally reliable, extremely maneuverable climbing robot
with low weight and small dimensions that can travel in a
remote-controllied fashion on a tilted, wvertical, overhanging or
even curved adhesive surface, rotate on the spot, turn at a 90°
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,
alsc be able to travel over the outer skins of aircraft, ship
hulls and similar complicated surfaces in addition to flat,

polished stone surfaces or metal surfaces and be able to

overcome small cbstacles in the process.

The problem is solved in accordance with the invention via the
features specified in Claim 1. The dependent claims point out

advantageous designs and further develcopments.

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

similar auxiliary resources.



Fig. 6shows a variant of a clinbing ropot wth gn i nspecty®On &Yoo &0
in a perspective view, Fig. 7shows a view of this clinbing robot from

the bottom Fig. 8shows a view fromthe bottomw th the cover
renoved, Fig. 9shows an individual adhesive foot with a suction cup
and Fig. 10 shows an individual adhesive foot with a swtching
magnet .

g It is particularly suited for inspection, cleaning,
maintenance and repair work on the outer skins of aircraft or
ship hulls or otherwise on curved building surfaces that can
only be traveled across with difficulty or that are not to be

accessed at all if it can be avoided.

Examples of the Invention
The invention is to be explained in more detail with the aid

of examples.

The following are shown in the accompanying drawings:

Fig. 1 shows a first variant of a climbing robot for

surface treatment in a perspective view,

Fig. 2 shows a view of this climbing robot from the side,

Fig. 3 shows a view of this climbing xrobot from the
bottom,

Fig. 4 shows a perspective view from the bottom,

Fig. 5 shows the climbing robot with the cover removed,

Fig. 6 shows a variant of a c¢limbing robot with an

inspection device in a perspective view,

Fig. 7 shows a view of this climbing rocbot from the bottom,

Fig. 8 shows a view from the bottom with the cover removed,

Fig. 9 shows an individual adhesive foot with a suction cup
and

Fig. 10 shows an individual adhesive foot with a

switching magnet.

Functionally equivalent components have been given the same

reference numeral in all of the figures.



Functional |y equi val ent conponents have been giyen ther sage. r&d €s snee
nunmeral in all of the figures. BAtt. Ref. No. 609050W) The cover of

a clinbing robot with an adapter 3 for a cleaning device 4 nounted on
its end 2 can be seen in Fig. 1. The clinbing robot travels with the
cl eani ng device 4 over an adhesive surface that is not shown in nore
detail, for instance the outer skin of an aircraft. The cl eaning
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design c clearly seen. 9Att.” Ref.
ground can be connected to the spray pipe 5.

Different cleaning systems can be connected to the adapter 3, for
instance a dry-ice cleaning device, as is known from DE 102 33

304 B4, an ultrasonic cleaning device or a laser cleaning device.

Fig. 2 shows the climbing robot with an installed cleaning device
4 from the side. The cover 1 can be seen with the adhesive
elements 15, concretely suction cups, projecting out. The adapter
3 with its pivot bolts 10 can be seen on the end. The spray pipe
5, the cleaning roller 7, the splash guard 8 and the adjustment
device 9 are visible on the cleaning device 4. The cleaning
device 4 can be swiveled upwards and lowered. The fact that the
cleaning robot has a very small and flat design can be clearly

seen.



Fig. 3 shows the clinbing robot in accgrdance w Fi ro

bottom The bottom of the cover 1 and 1the cl ea\r%ithg' e%?bbé'fgg%gf{\%%o
to the end 2 of the cover 1 by neans of the adapter 3 can be seen.
Furthernore, the pivot bolts 10 of the adapter 3 for the height

adj ustment 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 couwig.l ersblowseshehelthnbity mpbabdin arcbedaand wiath Bigl defrokhe
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two foot plates 13, on the other hand, which are suspended in a

car dani®®™ £&niS6F%-n the exanple, with details not otherw se shown, to
the ends 16 (Fig. 5) of the crossbar 12 in such a way that they are
in fact able to tilt,_but are fixed in a rotary sense with regard to
t he fodthecRver1d. etRLysSeaAnthRl I &PRREr BRNFAY 27 f ddp&ddase
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special guides 17 (Fig. 9) for the adhesive feet 21. Each foot plate
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J&even running surfaces because of that.

Each endless traction mechanism 14 is driven by a motor that is
not shown in more detail. As an example, a pintle chain is driven
via a sprocket or a toothed belt via a gear on the shaft of an
electrical or pneumatic gear motor. The motors are located
between the ends of the crossbar 12 and the foot plates 13 on the

latter.



The adhesive el enents 15 can be contraqll ed via gihei erélfihq@g)yeG@g@goﬁé
in such a way that they can be vertically raised and | owered on an

i ndi vidual basis relative to the guides 17 and therefore to the
adhesive surface, and thus the running surface; the adhesive el enents
15 are switched "ON' in the |owered state and "OFF" in the raised
state. The clinbing robot noves in accordance with the adhesive

el enent®hel Rdgeatrape pEwehedfeot mhate Had ha@R' spehdat omides Uil t(Faf.
the t m%tor% det E{lm nes %he jrection "FORWARD', "BACKWARDS', "TO
THE R GATEo= FOSTREPERET, ¢ CLOCKW SE" or " ROTATE
COUNTERCLOCKW SE". 11Att. Ref. No. 609050W I|f, as an exanple, the
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el ements viewed in the direction of travel run counterclockw se. All
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of the tion cups that are in the imaginary inner circle at the
nmonent tHAat
The adhesive elements 15 can be controlled via their adhesive
feet 21 in such a way that they can be vertically raised and
lowered on an individual basis relative to the guides 17 and
therefore to the adhesive surface, and thus the running surface;
the adhesive elements 15 are switched "ON" in the lowered state
and "OFF" in the raised state. The c¢limbing robot moves in
accordance with the adhesive elements 15 that are lowered and
switched "ON"; the control unit of the two motors determines the

direction "FORWARD", "BACKWARDS", "TO THE RIGHT", "TO THE LEFT",

"ROTATE CLOCKWISE" or "ROTATE COUNTERCLOCKWISE'.
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endl ess traction nmechanisns 14 rotate in the same rotary direction In
the process. Al of the other adhesive elenents 15 are lifted and
switched "OFF". The clinbing robot is show once again in a
perspective view fromthe bottomin Fig. 4. The two foot plates 13,
with their adhesive feet 21 with adhesive elenents 15 on the bottom
pul | ed 1, exsdlassextmpie| obheeclhianiisws rbbott hat sapposed pendedrd rtoa the
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the foot plates 13 can_be seen. The cleaning device 4 is coupled to
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view and In-a transparent formin Fi g A"S 'S nmounted on

t he supamteflabekd2sanNdATENST alHey et hahesitdceTavditsl . 1Burel t can
al so be attached to the cover 1 itself. A device arm23 with a canera
24 i nstldifited ardj pyifeled @RF'so as to be capable of rotary notion
and with a counterweight 25 at its rear end with an interface for the
caneras 24 is attached to the shaft 22. 13Att. Ref. No. 609050W) The
i nt er f dde theukdibbingwekdesiss coppesiedatoonovat erésewisartcothiecal

interf , bl i f i t . .Th haft itself
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11 of tphecmblngroot can clearly nmade out.
activated. That once again involves a total of eight suction cups
in Fig. 3 on two straight areas of the endless traction
mechanisms 14; the four right-hand adhesive elements 15 viewed in
the direction of travel now run clockwise around their foot
plates 13 and the four left-hand adhesive elements viewed in the

direction of travel run counterclockwise., All of the other

adhesive elements are lifted and switched "OFF".

The symmetrical, diagonal arrangement of the support plates 13
and therefore of the adhesive feet 21 makes it possible for the
longitudinal and crosswise movements of the climbing robot to

take place on an equal basis.

If the climbing robot is supposed to rotate by an angle, a total
of 14 suction cups will be activated, namely all of the suction

cups that are in the imaginary inner circle at the moment that
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renmoved. The arrows entered in Fig. 7 illustrate the
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adj ust alpge'ty of the canera 24. 18 adhesive feet 21 are attached to
and distributed over the I ength of each of the two endless traction
mechani snms 14 of the clinbing robot. Overall, therefore, the clinbing
robot OoRfY alBisbiingh r3Botdiesisvewl 8ake2ighint it 8XpERESecvANRRSK Vrom
foot 21 for suction cups as adhesive elenents 15 is shown in nore
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with its guide rollers 28. In addition, two supporting brackets 29,
bet weerpfptiheh colterehdirea sthe aadarhemsdchani sm 14 is routed, are
attached to the hol der 21 between the two guide plates 27. The

endl ess traction nmechanism 14 is, as an exanple, a pintle chain along
the |iMgr.of shbwsythe chibind hwkadhdsiore theotop 1in Fligmnaae fodmmibh
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of a piston cylinder unit; the height of its lifting cylinder 31 is
adj ust #@iggoAgarhel pEeteArh fPBGCand the ShierdcxFFeey i€ -afff§ched

to its pohtam %&Qstig{iﬁn@éﬂrﬁ@n&vlﬂnqﬂa HBELPe@Q; 261,00 dfae a%.lc'lC%ifon

s
cup 15 are pneumatical ly actuated; a control unit 32 provides the
managendritch the hihésihge cidetnddr Bih wirbbnit $he uedgean ofukhEd foark be

| owered _or raised vig air pressure on.the lifting cylinder 31 of_the
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carriage 33 integrated into the adhesive foot 20 and a carriage track
34 supported by the holder 20, additionally | eads the adhesive foot

to the ziygteaneybkNdes1 b in3Gobdk with an inspection device is shown
in a perspective view and in a transparent form in Fig. 6. A
shaft 22 is mounted on the support plate 12 and centrally
penetrates the cover 1. But it can also be attached to the cover
1 itself. A device arm 23 with a camera 24 installed at its front
end so as to be capable of rotary motion and with a counterweight
25 at its rear end with an interface for the cameras 24 is

attached to the shaft 22.
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adhesive el enents al so applies to switching nmagnets. I nstead of

havi ng an ejector to generate a vacuumfor a suction cup 15, the
switching nmagnet is electromagnetically excited. It is understood
that a ferromagneti c adhesive surface is required for nagnetic
adhesive el enents. An adhesive foot 21 with a switching nagnet as the
adhesi vEhee|ignimmfate coultoba & rwimele stetcapmmungcRigon 10ntdifaqgs stagn

rod 30 is fixed gnce again and the cylinder 31 is vabl e._.The
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adhesi ve foot 21 around the foot plate 13. instead of pneumatic
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be brought about el ectromagpeticall.l li ngar cylinder), wth_a
opi nat e B4 HnaSpTiRacHRBRn dvide el 83 BYoPPEFEdn s i, ana
chr onolgiclalageeaecerohnitie gedpiall & and a20haAsing sddtisas: @k t he
adhesive feet 21 in collaboration with sensors and pneunatic

act uat Fteal¥ &6R¢€r 8Ptel enents. 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.
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arm 23 and the inspection device 24. The motors for driving the
endless traction mechanisms 14 are beneath the ends of the
crossbar ends 16 (Fig. 5) on the foot plates 13 and are not
visible. A motor providing the rotary-movement capability of the
device arm 23 is on its axis of rotation, and a further motor
provides for the adjustability of the camera 24.
18 adhesive feet 21 are attached to and distributed over the
length of each of the two endless traction mechanisms 14 of the

climbing robot. Overall, therefore, the climbing robot cperates

with 36 adhesive feet 21 in the example.

An adhesive foot 21 for suction cups as adhesive elements 15 is
shown in more detail with a raised position of the suction cup in
Fig. 9. The holder 20 holds the adhesive foot 21 to the effect
that it can in fact run around its foot plate 13, pulled by the
traction mechanism, but it will not drop off. Upper and lowexr

guide plates 27 with guide rollers 28 extend out from it.
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The outer edge of the foot plate 13 has an upper projecting
edge and a lower projecting edge. The adhesive f£foot 21 is
guided along these edges with its guide rollers 28. In
addition, two supporting brackets 28, between which the endless
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 pintle 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 rod 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 320, 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 teo
release the suction cup 15 more quickly from the running surface.
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 20 and a
carriage track 34 supported by the heolder 20, additionally leads
the adhesive foot to the piston cylinder unit 30, 31.
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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 understocod 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. 10. 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. The
support fixture is not shown with the exception of the sliding
carriage 33. Reference can be made to the statements above for
Fig. 9 with regard to the routing and with regard to the

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

Instead of pneumatic actuation of the adhesive elements, the
raising and lowering can also be brought about
electromagnetically (linear cylinder), with a spindle or with a

rack and pinion.

A microcontroller 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 c¢ritical 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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Claims

1. Climbing robot for travelling over adhesive surfaces with
endless traction mechanisms (14) and, fastened to them at a
distance, controllable adhesive feet (21) that circulate with the
endless traction mechanisms (14) along guides ({(17) in the travel
plane, by means of which the adhesive sides of their adhesive
elements {15) always point towards the travel surface and
wherein the adhesive elements (15) that support and move the
climbing robot are switched "ON" and lowered onto the adhesive

| surface and all of the other adhesive elements (15) are switched
"OFF" and raised from the adhesive surface, wherein the climbing
robot has square running gear (ll) characterized in that
one foot plate (13) each with a guide (17) running around the
edges for a multitude of adhesive feet (21) driven by traction
mechanisms is arranged in two diagonally opposite corner areas
{18) of the running gear (11), wherein the foot plates (13) are
attached to a support bar (12) of the running gear (11} and the
adhesive feet (21) and therefore their adhesive elements (15) are
routed through the guide (17) in such a way that they run in each
case at a right angle around their corner area (18) of the square
running gear (11) and along an arc (19) connecting the ends of
this corner area (18), wherein both of the 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 bar (12} is designed as a crossbar with two
symmetrical ends (16) to which the foot plates (13) are linked
with the ability to tilt or in a fixed manner in such a way that
the center of the support bar (12) coincides with the center of

the imaginary inner circle.
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above clains, characterized in that, the support bar (12) carries a
cover (1) for the clinbing robot. 7. dinbing robot according to
Claim 6, characterized in that the cover (1) supports an adapter (3)
for an exchangeabl e work device (4). 8. Cdinbing robot according to
Claiml1l or Claim2 or Caim®6, characterized in that the support bar
(12) oﬁtﬁéi@@i@g qrm))om@p@cpt@iragvte:toin@alof tbeasbayge orldinedd shaft

(22) for Vi ce of an tic ins i on deV|ce 24

d i nbi é-ta}rgg réé‘&'grﬁ? é‘%% p 85e|?§?; ttchar ac% rel)rzé(]j%9
that, tde G¢hknbhAghke ofoyg@g_rl es a cI eam ng device (4) or an

i nspection device (24). 10. dinbing robot according to Claim9,

characterized in that the clinbing robot, the cleaning device (4) and

t he i nspect.i.on.devi 24 bl e X W inat
C i nbi ?8 rc}blg}%lglgc%ggf’%g %%g%ﬁle&gg]&a% r?gagboéé”gf'gf%ggé Jﬁiﬁ%clt ertih?ed by
its usenencoheroyt erssibest Ofamiadapaktr ¢B) shop dwldschangeable work

device (4).

8. Climbing robot according to Claim 1 or Claim 2 or Claim 6,
I

characterized in that the support bar (12) or the cover (1)

supports a vertical, rotating or fixed shaft (22) for a device

arm {(23) of arn optical inspection device (24).

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

device (4) or an inspection device (24).

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

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.



