- WD 2004/ 098984 1 PCT/ DE2004/ 000899 Automatic clinbing nmechani sm for
facades, especially glass facades Field of application of the invention The
ifaivent i on welmbemogagsan automati ¢ clinpi ng nechani smpayDE2c@Ediesngoespeci al |y
gl ass facades, with a drive conprising endless Iines of controllable vacuum
suction devices. The automatic clinbing nmechanismcan carry a gl ass cl eaning
robot for Awomiy cimtdhietechgnidon batfagadss, eepeatadlytotasaticadet i ¢ cl i nbi ng

mechani snms for inspection work, renovation and transport work to be carried
out on facades or simlar, oblique, perpendicular or overhangi ng snooth
surfaces. gl of afflicati oftth@uflehtiglp over perpendicul ar or inclined facades, in
particul ar glass facades, autonmatic clinbing devices are known whi ch use

el ectromagnetic force (DE 27 37 619 Al) or vacuum for adhesion, the term
"vacuunt re accurately signifying.low pressure ith regard.to the type of
movenent AJRCRIRGN FIHPYE fabiEteS e PRORDRE, o et Ens5Y bet woen

val ki ng mMpeRaficades, it aldrA¥bmpASingRAAEHI IMIE of ¥dHtNabie Raklth BRtbaken into
account in the follow ng. Currently wal king mechanisms only reach working
speeds of dgpicew The putomatic Thmbingunenhanismicgn gamry aglassicloaning diboafary wit h

st oppi ng br eakls. {hn or er,[.tor geiteve wgr k'i.n%. sgPee‘_gls of m mn.hal f of the
vacuum sucttoR edgwe&%%p frauops rgiafso aufonia & &, O e e aaﬁﬁlsi?fslﬂ&f’ql%? ward. After
this the sugkiRhowEivh ae®raispoht Wik eslbelriéEERIVATEEREs or finflat b¥liqudhe remai ni ng
suction devices have to be noved on using the sane procedure. (iln this way

t he avai | #sTrendisular ergeveshangingsmootusiriagest | uct uat es bet ween 50% and 100% | f
the suction devices are noved forward or follow on in pairs or individually,
the speed of travel drops to considerably below 1 mmn. A further

di sadvant &gieriast t he high cost of controlling and nonitoring the individual
novenents. An advantage of such devices is that they are easy to steer by

| ateral alignnment at right angles to the direction of novenent, and they are

abl e fromg e, DEGAI Bl PelpnBYALL S ReiMR! th&les, in particular glass facades,

automatic climbing devices are known which use electromagnetic force (DE 27 37

619 A1) or vacuum for adhesion, the term “vacuum” more accurately signifying low
pressure. With regard to the type of movement concemed a distinction is made in
vacuum technology between walking mechanisms and traversing mechanisms, which

should be taken into account in the following.

Currently walking mechanisms only reach working speeds of up to 1 m/min. The
movement is performed periodically with stopping breaks. In order to achieve
working speeds of | m/min half of the vacuum suction devices need to be released,
lified and pushed forward. After this the suction devices ar‘e lowered and reconnected.
Finally, the remaining suction devices have to be moved on using the same procedure.
In this way the available holding force continually fluctuates between 50% and 100%.
If the suction devices are moved forward or follow on in pairs or individually, the
speed of travel drops to considerably below 1m/min. A further disadvantage is the
high cost of controlling and monitoring the individual movements. An advantage of
such devices is that they are easy to steer by lateral alignment at right angles to the
direction of movement, and they are able from the beginning to overcome smaller
obstacles, such as glass fagade profiles. Walking devices are described in DE 198 35
038 C1, DE 199 07 437 Al, EP 0401 120 A1, US4 674 949 and US 5 551 525.



obstacl es, such as gl ass facade profiles. WAl king devices are described in DE
198 35 038C1, DE 19907437A1, EP0401 120 Al, US 4674949 and US 5 551 525. WO
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practical solution. However, the rotating driving neans, such as chains,
bands, calsidsas mrpaltm:ukasglavmfactdear'ﬁlet\mh@gémnmdwsmtpvamrdemﬁfemnt still
have to b rovid I on dev term"chain ed her e
oosel y ¢ geRieequriige #d S solfialy Smufiffe iy Sundcifind Shpae erp ERRE e

restricti @pherkifl tne@hHifns é'?@%e&"n‘b@&irplbﬁ 199 25aRe O MHH f% 3 Ard7 Bh‘aﬁP each
suction device secured to a chain runs in an endl éss [oop. The ‘suction

devi ces f &S0aP50Hel, IS ¥#¥h44Qaridlds 6419€ 8l essuri sed with vacuum and hol d the
mechani sm on the facade. Once the chains have been set in notion the
respective rear suction devices need to be aerated, so that said suction

devi ces cantteeastedfredieebidg MetHahRmd chyih give Wchﬂ@egyarwlu&mﬁasmah QSedCfdR pi vot
said suct Ia(icr)]ng time for armoured crawler vehicles and tracked vehicles, is currently the most

practical solution. However, the rotating driving means, such as chains, bands, cables

or belts, which are to perform the forward movement, still have to be provided with

suction devices. The term “chain” is used here loosely to refer to all suitable driving

means without implying any restriction to this alone.

The principle is based on the fact that each suction device secured to a chain runs in
an endless loop. The suction devices facing the driving surface are pressurised with
vacuum and hold the mechanism on the fagade. Once the chains have been set in
motion the respective rear suction devices need to be aerated, so that said suction
devices can be detached from the driving surface and the chains can pivot said suction
devices about 180°. The suction devices that have just been pivoted away thus point
away from the direction of the driving surface. In this position the suction devices are
transported in travelling direction and pivoted again by 180° so that the suction
devices again face the travelling surface. Then vacuum is applied and the suction
devices become active once more and can secure the mechanism to the driving
surface. Once the mechanism has moved forward by means of the suctioned suction
devices the latter are again aerated and pivoted. This procedure is continually repeated

during travel for each individual suction device.



devi ces about 180. The suction devices that have just been pivoted away thus
point away fromthe direction of the driving surface. In this position the

suction deypcRpamogogd ransported in travelling direcpigipgisofbiosd again by
180" so that the suction devices again face the travelling surface. Then

vacuum is applied and the suction devices becone active once nore and can
secure the nechanismto the driving surface. Once the nmechani sm has noved
forward by nmeans of the suctioned suctigon devi ces_the | atter are again

aerat ed aridhegnoupehainmichansme Eyfr@desdilighmostiiaenly in ey sheyplacearilifig t r avel
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travelling surface (DE 29 622 167 Ul), and in how the vacuumis supplied (EP
505 956 A]). A great disadvantage of the continually running nmechanisns is
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reliable amta%ramghﬁ{ahmdr@mgﬁﬁmleigimﬁémt%eafsﬁua% Structural hei ght
whi ch noves relatfvely fast and continually both forwards and backwards and

which travels by renote control very securely on inclined, perpendicul ar or
overhanglg% facad& Quer %Eeater di stances, overcones facade profiles of
mor e t han SPOLSH BAHETPTARE INYEON, o m'in  height, can be steered so effectively
that it can turn on the spot, is not suspended on cables or simlar neans,
can preferably be used for clinbing robots for cleaning glass facades, as
wel | as fd?hetqums'pe)ofthe irvgotien isd peavile ansipexpensive anit dpesattbnaldy reliahieni sed
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relatively fast and continually both forwards and backwards and which travels by
remote control very securely on inclined, perpendicular or overhanging fagades over
greater distances, overcomes fagade profiles of more than 1 cm up to at least 4 cm in
height, can be steered so effectively that it can turn on the spot, is not suspended on
cables or similar means, can preferably be used for climbing robots for cleaning glass
fagades, as well as for transport, renovation and inspection work and has minimised

control costs and energy consumption for its operation.

The objective of the invention is achieved according to the features of claim 1.

Preferred embodiments and further developments are described in the subclaims.

By means of the invention a continually and relatively fast automatic climbing
mechanism is created for robots, which independently climbs up an oblique,
perpendicular or even overhanging fagade, overcomes fagade profiles of at least 4cm
in height, can turn on the spot, requires comparatively low control and energy costs

and is not suspended on cables or similar means.

The automatic climbing mechanism according to the invention has two chain track
guides which unlike known chain drives do not run perpendicular to the driving

surface but parallel to the driving surface of the vehicle, i.e. are in a flat position,



Preferred enbodi nents and further devel opnents are described in the
subclains. By neans of the invention a continually and relatively fast

aut omat i cyedhgbi/pggogyechani smis creatged for robots, pphjisEdoadwipgosient |y
clinbs up an oblique, perpendicular or even overhanglng facade, overcones
facade profiles of at least 4cm in height, can turn on the spot, requires

conpar at i whksebl eivé sefibd dévieRdn@raningehstinin fikk hidRRbnEriale MEstaln cabl es or
simlar neans. The automatijc c¢l.inbing nechani.sm according to the invention
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wher eby t hdurshee dewslopinetit of theripventionklideg attaehingbadkwiardsals tigidudeien cont i nual |y

maintain their rall el 03|t to the dr|V|ng surface. The suction devices
thus poi nfie‘ee?ﬁneﬁfﬁampyrppe ieplar Ewe\r/m&gn% Blapiag of thesystion devicesoniiter her they are
active or g4 loagtsuefgc e dnfl peﬂ;ei‘a%mﬁrlﬂﬂlgﬁﬁh QRIENHg K thé Bfctio Yo es%fos{hhdes

at t achi ng sto suction “devi ces &erform per pendi cular | oweri ng
and pl aci sgrtofg gostioguThd didesidwi mamtmn atthealletland/congtastdistane: terdeqrethpendi cul ar

lifting and yeturni of.the s i devices into the, startin 05|t|on The
sl i desgt h{&C 1%1?3?413& driying sugc ?‘Rﬁintbﬁrﬁgi’ ﬁ?ﬁurﬁf@f%ﬂ%réd@é‘?%ecﬁ“? mechani sm

and the d%ﬂdv@ﬂ:oﬁh‘xﬁé&?s@acfégds&fi% B&ﬁcﬁﬂﬁ@éé’s ﬁ&h%efp?&ﬁlbied ground cl earance for
overcomi ng obstacles, such' in particulafr glass facade profiles. The slides
are gui ded along the Iength of the chain track guides and are connected

t oget her the chain r, fupctional alent driving neans. In this case
the torm The sidrsars ndsdAone e endiiet he SBhtn et Plidey il PG eEdmponent s 1 or
suction deyefRpby tl@@amls @$ ﬁﬁlfctl m?cyqaﬁlatem aﬁwﬁ@ﬁlehﬁwmlw&se fiRkQeimvention is
expl ained in nore detail exanpl es of "enbodi nents. In the attached
dr awi ngs: “#idg’ referstionld flalCtIDndb’ spitpblaguidyig Qﬂmmemﬁé@k&ugmfdé@l@s a mechani sm
in plan view, Fig. 2 shows a further variant of chain track guides of a
mechani smin plan view,

Examples of embodiments of the invention.

'.:'1

The invention is explained in more detail by way of examples of embodiments.

In the attached drawings:

Fig. 1 shows a first variant of chain track guides of a mechanism in plan view,

Fig. 2 shows a further variant of chain track guides of a mechanism in plan view,

Fig. 3 shows a further variant of chain track guides of a mechanism in plan view,

Fig. 4 shows a further variant of chain track guides of a mechanism in plan view,

Fig. 5 shows a further variant of chain track guides of a mechanism in plan view,

Fig. 6 shows the view according to Fig. 1 from a front side,

Fig. 7 shows the view according to Fig. 4 from a front side and



Fig. 3 shows a further variant of chain track guides of a nmechanismin plan
view, Fig. 4 shows a further variant of chain track guides of a nechanismin

pl an vi ewwoMog4/068sd¥0ows a further vargant of chain prgelsegeisiesngod a
mechanismin plan view, Fig. 6 shows the view according to Fig. | froma

front side, Fig. 7 shows the view according to Fig. 4 froma front side and

WO 2004/ 0 F88 Bhbwkthe Sile?de/oP@BRIYQ Fig. 8 shows the side view of a slide.
Functional |y equi val ent conponents are all ocated the sane reference nunbers
inall of the Figures. According to Figures 1 and 6 two chain track guides

1, 2 of amgag E%@n@ﬁ&ﬂ%@%mﬁ?&% a‘fiBEQi?%d tcT}@ sifle ?é%@:‘éhcé&frﬁﬁe%‘ guide 1 for
forvvards an ds novenent or up an own novenent on acade and an
exact parbofdierKigiras. guide 2 for rotating and turning on the spot. The two
part-circular guides 2 have such a radius and are spaced apart from one

another in such a way that an imaginary full circle can be conpleted wth

m ddl e pO'A&oMr?g’ t%‘F?gthQI anP@'EJvo ehdift 'tr%cg(r %ﬁﬁés"‘ﬁ‘é%t{aﬁﬁavéisi@' @0¢hafidhdes | and

the part-circular guides 2 there are wheel s or turning wheels 4
for drivi rach comaise ag esdchismaight gundt lgfnrdowgtrdlmmmnk\mardhmowhmem drripck gui des.

The drlvewhels 3a, 3b also act .as turning.wh he opposi,te side of
the purel " ?Wﬁ&vﬁﬂ&%ﬁ@%Fa@a‘%t@plaﬂﬁxﬂg\ﬂagg%m‘?ﬁr 5“‘98?&’%@@" : dfldes 6, 8 run
round wit Ii'urtnhm% doaé Eﬁ)tﬁhétu&ﬂa%-mmghﬁ@a DRSHSsuCR a TGS hill ZeShAREINT 1ine on

a facade perpéendicularly upwards or downwards, all slides 6 wthin the two
strai ght ggarmlérsmlomwdtmomtﬁsclnrad@y thas arrmmeglumy faﬂdlrclh@aabsoomale&d suct i ons

devices 7 ¢ vacu 0 es .7 are thus the only ones
to be suct"Yﬁ‘n‘Bgﬁ r}ﬁear%m oﬁlbpagﬁgfcg b & qeng}f%sgrralg}glg}"&&rl ‘g suction
devi ces 9paﬁfbulcmqa%@de§ DtHehtCark Atité aﬂheéwsa t3'be1‘¢ur§1hig$nl'i@%Ps”5fdrfaﬁRnn%he slides 8
are noved in and suction devices 9 are not under vacuum ITf the drive

wheel s 3a,r9tabn&¢1@uurﬁ aralrguading then mtmthp@balnérapbgmdcs; Tk deive sdetlsda( dri ve wheel
32l 0ok, 36,30 Al 5 WRES! o bhe Vb eI TRY plilfy (TEGRARL SR froves for var ds

in a
Suction devices 7, 9 secured to slides 6, 8 run round with the chains 5.

If the mechanism needs to move in a straight line on a fagade perpendicularly
upwards or downwards, all slides 6 within the two straight guides 1 need to be made
to move out and the associated suctions devices 7 charged with vacuum. Said suction
devices 7 are thus the only ones to be suctioned onto the driving surface. All other
slides 8 and suction devices 9 are located in the initial position, this means that the
slides 8 are moved in and their suction devices 9 are not under vacuum. If the drive
wheels 3a, 3b are driven evenly in opposite rotational direction (drive wheel 3a
clockwise and drive wheel 3b anticlockwise) the mechanism moves forwards in a
straight line, for example up a glass fagcade. However, if the drive wheel 3b is driven
clockwise and the drive wheel 3a anticlockwise the mechanism moves in opposite
direction without a turning manoeuvre, for example down a glass fagade. If one of the
slides 6, 8, which is moved along the two chain track guides 1,2 by the two chains 5,
reaches a straight guide end or a straight guide beginning, it is reversed. The part-
circular guides 2 exert no influence. This means for the slides 6 within the two
straight guides 1 on reaching the straight guide end: switch off vacuum production
and then move slides into the initial position. At the same time for the slides 8 outside
the two straight guides 1 on reaching the straight guide beginning it means: switch on

vacuum and then move out slides.



straight line, for exanple up a glass facade. However, if the drive wheel 3b
is driven clockwi se and the drive wheel 3a anticl ockw se the nechani sm noves

b N opposi twO ios@ogeN W t hout a turnigg nmanoeuvre, POT/BE2OG/600309Nn a gl ass
facade. if one of the slides 6, 8 which is noved along the two chain track

guides 1,2 by the two chains 5, reaches a straight guide end or a straight
gui de beginning, it is reversed. The part- circular guides 2 exert no

i nfluence. This neans for the slides 6 within the two straight guides 1 on
reachi ng t%swp_aidgwgeaml&%é%ﬁhadngwgtseﬁa@ﬂ? (B'&c&fmsmr%a@ﬁrra%%and then move
S11des TNtk ref 01 dah Mot thbliriVidg BN 15148 thil sald\cfibh deic out side

the two straight guides 1 onreaching the straight guide beginning it neans:
swi t ch on 7 supplirsra mopbrtibe of thevequangt heldingeforceND tRO uktiof 88 Gide & on

PCT/ DE2004/ 000899 ., I f. ,a_suctj on devi.ce 7. touches the drjving surface D (Fig.
oy it s greseaniteliigs By g poieRihie B s il beRs i BEd, Tt ng
surface D,adadiidingHsvending ofthe slidds 9RPE SRomAti GURPIH BF WayPthe BRchafim &f the
required hol ding force. If the suction device 7 on noving out its slide 6 on

a facade piigetively preyentef frain beingi pish¢dsoff a perpendicelabfacaden toadditidre theadvanci ng
novenment of the sljde 6 stagps automatically. In.this. nechanismis
ortecrt verpedivRat i pmdh AR RHSTIBIG anferned i dhafi Shiedisede o1
addi tion, strhight A8V etel stide Afow Side8N1s dEainTevérsed dndmékRMiif® tihe anger ned i s
deactivated. On | eaving the Stral?&%t%UIde 1 the slide, now slide 8, is
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agai n r ev@osiign.ahsicandhesden mxlggt htheils he slides §i 8 pothe chearangp obtheseen in Fig. 6
the lift of ct%orﬁede%ici d$S9 %’ths'n?tﬁ theitichggrratﬁcgri%f thr? C %yﬁtti a0 dset\fli ces 7, 91in
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P. In order to change the direction of travel and performturni ng nanoeuvres

the nechdhismis stopped and pivoted or turned whilst standing. For this the
slides 8 within the two part-circular guides 2 need to be noved out and the
associ ated suction devices 9 charged with vacuum so that they adhere to the
drivi ng sunbedeetdrhatpe shetdivection of travel and perform turning manoeuvres the

mechanism is stopped and pivoted or turned whilst standing. For this the slides 8
within the two part-circular guides 2 need to be moved out and the associated suction
devices 9 charged with vacuum so that they adhere to the driving surface D. Only then
are the suction devices 7 on the two straight guides 1 aerated and the slides 6 moved
into the initial position. Thus only the suction devices 9 of both part-circular guides 2
are adhered to the driving surface D, which within the two part-circular guides 2
describe the imaginary circle with the middle point M. All other slides 6 are located in
the initial position, that is, the slides 6 are moved in and their suction devices 7 are not

under vacuum pressure.

If both drive wheels 3a, 3b are driven uniformly in the same rotational direction
anticlockwise, then the entire mechanism pivots clockwise around the middle point of
the circle M, which is prescribed by the two part circular guides 2. If both drive
wheels 3a, 3b are rotated evenly in clockwise direction the driving mechanism pivots
anticlockwise about the middle point M. If one of the slides 6, 8, moved along the
chain track guides by the chains 5, reaches a curve guide end or a curve guide
beginning then it is reversed. The two straight guides 1 exert no influence. This means
for the slides 8 inside the two part-circular guides 2 on reaching the curve guide end:

switch off vacuum and then move the slides 8 into the initial position. For the slides 6



are the suction devices 7 on the two straight guides | aerated and the slides
6 noved into the initial position. Thus only the suction devices 9 of both

part-circwa@anrogyods®m42 are adhered toythe driving speTaseE2dd4/odoRedM Wit hin
the two part-circular guides 2 describe the imaginary circle wwth the mddle
point M All other slides 6 are located in the initial position, that is,
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the two part Circular guides 2. rive wheels 3a, 3b are rotated
evenl y i nthis$ wekwiid eudionalevico® geheratds ipait ofjthewedpardhwlding firse. ant i cl ockwi se
about the mddle point M If one of the slides 6, 8 noved along the chain
track guides by the chains 5, reaches a curve guide end or a curve guide

begi nni ng It diemotihg ot the ¥RASS the shbforf NRiR!Y iatsAacaliél jF68le P, PR jsn0 | nfl uence.
This nmeans for the slides 8 inside the two part-circular guides 2 on

reachi ng comtralied by seusod dhesdvanciggimoykment of\the slide Bagtopstautamativaldy,t he sl i des 8
into the initial. posi;tion.. For the.slides 6 2 /098984 7, ...
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curve gui ge (R6dikiBAioN gadumARS suctiSHAdbEBe 9 doAddtnedas Bebtiddted theRatBEe out
slides 6. If a suction device 9 touches the driving surface Dit is pressed

by envi r otfieeiirtagircalar ggide S<the slidei & isirgditegted and enqvad dntp the initial pesitiomy sai d
tion deyi t t;. , i | dj , f i
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control | eguddipnsievisey 7, A ifeaisel/positionthbavy tharimivingf sutface Bl defbemBnes tips
automatically, whereby the nmechanismis prevented fraom being pushed off the
facade. | fazHeymihgight of ohstagles (o ke eypreams; A€ uinmattisulas of &agade Brelidesh. ce 9
concerned is deactivated. On leaving the part-circular guide 2 the slide 8
is redirected and noved into the initial position. As can be seemfromFig.
6 the |if Thetwd bimistracieguibes & the mettanchear aopgeriedibghtlefdfand beightsfigrhe on devi ces
7, 9 in raised BOSi tion adbg_ve t he dr'}_rvi ng surface D determ nes the

section 10 or are formed directly by the frame Sections 10, whereby connecting

bridges 10 connect the two frame sections 10 securely together.

The slides 6, 8 on the frame side support slide guides 18 (Fig. 8) in a sliding or roller
design for secure guiding along the rotating chain track guides, as is explained in

more detail for Fig. 8.

The suction devices 7, 9 of both endless chains 5 need not, viewed in forwards and
backwards direction, as illustrated, run synchronously at one height, they can be offset
relative to one another which further improves their adhesion to the driving surface D
and overcoming of fagade profiles P or similar obstacles. A corresponding, greater or
lesser offset of the suction devices 7, 9 relative to both endless chains 5 is set

automatically according to operating conditions.

In Fig. 2 a further variant is shown, which also operates with two chain track guides 1,
2. Unlike the variant according to Fig. 1 the straight guides 1 run on the outside and
the part-circular guides 2 with their imaginary circle midpoint M are on the inside. In
this way the track width widens when driving straight on and the mechanism stands

more securely on the driving surface. This can be an advantage for a climbing robot



maxi mum hei ght of obstacles to be overcone, i.e. in particular of facade
profiles P. The two chain track guides of the nmechanism are supported by a

left and w@ 2ot/odgegge section 10 or gare fornmed di reCcT/DEIOM4t00e8dg ame
sections 10, whereby connecting bridges 10 connect the two frame sections 10

securely together. The slides 6, 8 on the frane side support slide guides 18
(Fig. 8) pafanmidg ghecificavork ohlacthigadd o wevek ahisaaatigeangit reljuirgs alasgg t he rotating
chain track guides,. as is explained ip.. nore detail for Fig. 8. The suction
devi ces 77Ul Sugtiondsyices & cand Ty sldisispal forne whestad Pheewpadhicds and
backwar dsqgdiibfadiedd mfhn tafg18¢ o the! é&i&%ﬁf%ﬁb’l%ﬂm atwd}9pehel ght, they

ht g
can be of?set relative %o ohe anhot her V\/I(EICh urther 1 nproves their adhesion
to the drraisedgregardieacef Whethera stragght oniotayy afovementdie tpbetartied o, dpasi i | ar

bst acl A di ng, t ] f f f th tion devi
09 el aEPRdFR ARG eedt ERixfhend in wSHE prifiRliia PeaRM§ ™ accor ding to
oper at i Ngd&enskd iAokl a'vaézﬁc&ord?rlljg;it(jo];I;ié.t h@[rdzmg.b 6?&%& forthaexan tiddiingl so

operates with two chain track g 1, . Unlike the variant according to
Fig. 1 thsequences gietnogdesgeibediagaumhase, t he outside and the part-circul ar gui des
2 with their imaginary circle mdpoint Mare on the inside. In this way the
track wi dth wi dens when driving straight on and the nmechani sm stands nore

securel y pBthtdngindrdckigflles Y 2 8C@e mddhsniGA Ard2RanNsupPodd BOSrifRrand oC! | Mbi ng
robot WD 2004/ 098984 "8 PCT/ DE2004/ 000899 perform ng specific work on a

facade. Hefidvame sechon 1 @whiohgeereommeeted s¢quesly togethegby commgntiag bradges U6t i on

devi ces 74, 9.and fQur .addi.tional .turni wheel s 4, ourse, .th suction
dovi ces 1 BHRAEERGIIY ek RBenedeHl RunSolEitaclortine DrI0d: Fik6™ vays be

rai sed, rpegagdl ess of whether a straight or rotary novenent is to be carried
out. Apart fromthis the driving sequences correspond in working principle
to the variant described in detail above according to Fig. 1 and Fig. 6, and

Lor, U1 PSSkl Fosb ey SERMSRSES B i ARSI, B
two chain track guides 1, 2 of the mechanism each comprise two parallel exact
straight guides 1 for forwards and backwards drive or lifting and lowering on a fagade
and each have two exact part-circular guides 2 connecting the straight guides 1 for
rotating and turning on the spot. The total of four part-circular guides 2 are spaced
apart from one another and designed to have a radius such that an imaginary full
circle can be drawn with a middle point M as rotational point for the mechanism.
Between the inner straight guides 1 and the connected part-circular guides 2 drive
wheels 3a, 3b or turning wheels 4 are attached, in order to drive and guide rotating
chains 5. In addition, further turning wheels 4 are arranged between the outer straight
guides 1 and the part-circular guides 2. The drive wheels 3a, 3b also serve as turning

wheels. Suction devices 7, 9 secured onto slides 6, 8 rotate with the endless chains 5.

For driving in a straight line either the suction devices 7 on the inner straight guides |
or the suction devices 7 on the outer straight guides 1 can be used depending on the
control used. By using the outer suction devices 7 on the outermost straight guides 1
the driving track widens and the mechanism stands more stably on the driving surface.
This can be an advantage for a climbing robot performing specific work. For

rotational movements the suction devices 9 on the part-circular guides 2 are used.



| eft frame section 10 which are connected securely together by connecting
bridges 10. The design of the slides 6, 8 is identical to the design

a_ccor-di NgWQO 2504;’09&98_4Fi g. 6 and_ Fi g. B. Fi g. 3 showgcz;/]jgzadqmoo\g_gcpi ant. It
differs fromthe variant according to Fig. 1 in that the two chain track

guides I, 2 of the nechanismeach conprise two parallel exact straight

gui des | Beoth {minidiuided 102 ok viermechdnismer®in tuid suppgrtedisly 4 eightdndg on a facade
and each he}\[lﬁ‘ t wo exact Rﬁrt-ci,r.cu ar gui des. 2 connect| ng)rrt he strai ght guides
| for rofetirame asrHon P yieh ¥R IiRed sepuiely tpretherdivafonaectinghridges {0.ci r cul ar

gui des 2 are spaced apart fromone another and designed to have a radius
such that an imaginary full <circle can be drawn with a mddle point M as

r ot at i onalThpdiiningfsequenbes qreebpmid smprin@pleve ¢he dftremiennienedsiariantgior gui des | and

th t-cjrcular guides 2 drive wheels 3a, 3b or turning wheels 4
ar'e ot { aHOEN BRron At En AeneP HOS T mghiontry ol BRARP chains 5. | n ddi 1o,

further turning wheels 4 are arranged between the outer straight guides 1
and the part-circular guides 2. The drive wheels 3a, 3b also serve as turning
wheel s. SleFigof andVig da variagt witl twechayntracksguidrsdl i6 straighbline is shéwh t he endl ess

hains 5. .F i.ving i traight |i i th h i on. devi 7 th
Cner st atigfar ot Snd oft Packh iV GaBe e PER Fndb BOREY Cutra gt
gui des | &pposae d%&ﬂmdﬁrpﬁt%ﬁiiﬂgr&lér t ehe HRINbE flur 4SAght dAided i dilly p&tiout er

suction devices 7 on the outernost straight guides 1 the driving track
wi dens ané fervardranchbackwardsmaveateentof thegnegbpyismnlntdrderdeiwiflergthe drivinge.  Thi s can

be an advant.age for clinbing robot. per.f orm speci f.i c wor k r

ot at | onat Aoyt eftagest s e 8RB AL B ghOP RSOt R Lo i des 2 are
used. WO 20040P§EM3¢ht Yulded | RER2OR4A/ HAGBORturBdE hhethah Nifikd aedfiotdediess 1, 2 of the
mechanismare in turn supported by a right and a left frame section 10 which

are j oi nethedaeupedryptraighiegtides lgresdashect i ng bri dges 10. The drivi ng sequences
correspond in principle to the aforenentioned variants for which reason a
detail ed description is unnecessary at this point. In Fig. 4 and Fig. 7 a
vari ant wFbhrdtmidnah@mechianiskisgusptaded ini dvodry fiaglet] 11vwihich Issomtabié¢lin the

plane relative to the mechanism, the supports of which are also provided with slides
12 and suction devices 13. In this way, the rotary frame 11 can be raised and lowered.
The rotary axis 14 for the mechanism and rotary frame 11 passes through the middle
point M of the rotary frame 11 and a central connecting bridge 10 which bridges the
two frame parts 10 of the mechanism. In the moved out position of the suction devices
13 the mechanism is raised relative to the rotary frame 11 and thus to the driving

surface D (Fig. 7) and can be steered by motor about the rotary axis 14.

A further variant of a mechanism is shown in Fig. 5, in a much schematicised view, as
with all other variants. Again two endless chains 5 with suction devices 7, 9 are used,
not with mirror-symmetrical or symmetrical chain track guides but with asymmetrical
chain track guides 1, 2. A first chain track runs in two straight guides 1 which at their
ends are only turned by a drive roller 3a and a turning roller 4. The chain 5 rotates
suitably narrowly. The second chain track is formed by a part-circular guide 2 and
further straight guide 1, whereby the part-circular diameter is greater than the length
of the three equally long straight guides 1. The part circle is thus flattened externally
and parallel to the two straight guides 1 of the first chain guide by the additional
straight guide 1. For driving in a straight line the inner straight guide 1 or the outer
straight guide 1 of the first chain track guide 1 and the straight guide 1 are used on the



which at their turning ends are turned by a reversing drive wheel 3a, 3b and
in opposite direction by a turning roller 4. The total of four straight

gui des | awbyYop£09sdg4 a forward and bagkward novenenpCeiDEIE4OROMI sm | n
order to widen the driving track in an advantageous manner for active

driving each outer suction device 7 of the two outer straight guides 1 are

used, andofuer track offthe Bgohd ehdimaack pfidet, 3 Fot ragtiohatie pas-cifculahguidew i nner
straight gyides 1 are usel(g. For rotation the nmechanismis suspended in a
rotary fr2hthesecapdichpinitiack guidedpp & ysed; whereby the gotatiengl poiat Mist he mechani sm

the. SUPPOGiyanAktrivh £Ad © Bk Bohuft MASRLcilsth, ThdESunal Ml Sifedr g devi ces

13. In this way, the rotary frame 11 can be raise ower ed. e rotary
axi s 14 f the vemeserechaheson afdie nechanisth taaméagide path sden tdnivonggitratghe omi ddl e
point Mof the rotary.frane 11 and entr al nnect.i ng bridge 10 which

bri dges. ¢ B TORHRg P iewshcton doures ho atearedt S Hhe MHOFCIrER posi ti on
of the sugfFgnidevices 13 the nechanismis raised relative to the rotary
frame 11 and thus to the driving surface D (Fig. 7) and can be steered by
notor about the rotary axis 14. A further variant of a nechanismis shown in

Fig. 5, i ch h ticjsed vi as,, With all other variants. Again two
endl ess Cﬁgﬁhﬁy@eﬁ%ﬁgﬁe}eﬁ lsc?éwt?gge ?‘}d@sﬁbﬁnﬁrg&l&ﬁ are Gonpnegged),

M nor - Sy Mggdufdl¢ edgefifer BY %mfewﬁg’a\tbridgﬁ@!1 0. TheAtide ki 88 deyfncl ihi spmyarTet ri cal
chain track guides 1, 2. Afirst chain track runs in two straight guides 1
whi ch at tagitp thegpveredimgevagianty. t urned by a drive roller 3a and a turning
roller 4. The chain 5 rotates suitably narrowy. The second chain track is
formed by a part-circular guide 2 and further straight guide 1, whereby the

part - ci r cqhadriding¥edihcdsScodieSRinglin pHadiplehs tHose ot the fiét vafignt!fbr fgicaqual I'y | ong
straight guides 1. The part circle is thus flattened externally and parall el

to the twéecasen adefatleddasereption ipnotprevided Berechai n gui de by the additi onal
straight guide 1. For driving in a straight line the inner straight guide 1
or the outer straight guide |I of the first chain track guide 1 and the
strai ght GuFigesla siides & adtable fohsll VBiaa004 h}H89Rdd 19a BempoieadrbupOR899  out er

track of the second chain track guide 1, 2. For rotation the part-circular

gui de 2  consists in this example of a pneurnatically operated piston cylinder unit. In order to
obtain an especially compact and yet stable structure of the slide, the piston rod 15 of
the slide is fixed and the cylinder 19 is guided by using its outer contours height-
displaceably in a prismatic cylinder guide 17, whereby a support 16 for the slide guide
18 and the piston rod 15, the piston rod 15 with the not shown piston and the cylinder
guide 17 form a cohesive, stable component group, and the cylinder 19 supports the
suction device 7, 9 at its lower end. Laterally acting forces are not absorbed by the
piston rod 15 but by the cylinder guide 17 and the cylinder housing. The slides 6, 8
are chain driven on their slide guides 18 along a rotating chain track guide 1, 2 which
are either formed by a frame section 10 or supported by the latter. In order to reduce

friction a roller guide can be provided.

On the upper side of the suction device 7, 9 control elements, not shown in more
detail, for the suction operation are arranged. Each suction device 7, 9 has an ejector
for producing adhesive force through low pressure which is supplied via a pressure
ring line to each chain track guide 1, 2. For rapid detachment from the driving surface
D compressed air is blown in to remove the vacuum in the suction devices 7, 9. A
microcontroller together with sensors and pneumatic control and regulating elements

controls the time sequence of the slide and suction states. In this way the retraction



of the second chain track guide 1, 2 is used, whereby the rotational point M
is asymmetrical relative to the centre of the nechani sm The advant age of

thi s vari agp 2094/00Regaery secure adhegijon of the meclp@r/PERO®Y/0ds@oade bot h
when driving straight on and rotating and fewer suction devices 7, 9 are
needed than in the variant according to Fig. 3. Both frames 10 of the
mechani s mfatck flort the siesmidh @esices g ioandrtAe kiktian forc®© ofhe aetivat&lestidtien Yevieget her by

connecting hridges 1Q. .The slides 6, 8 are designed in ? siﬂilar way to the
precedi ng v adl§ BRpenced advantaserryy derfndingan therstiasiRheath AT eisHes B1% t o t hose of

the first gkl wﬁé}élgfx\é"ﬂﬂg‘}ﬁ‘%tHe%ﬁPH}o@e@Sﬁ@ﬂolsﬁﬁn%?ﬁ%ﬁétRfrn! WRideY, 9@ Pr ovi ded

here. In Fig. 8"a sli suitable for all variants is highlighted as a

conponent the fullpuppart faromandsths fillhvachiim bexaodiced,gh oadepmeantad liGaig off teer at ed

pi ston cylinder. unit. In order t btain an especially ¢ act and yet
stabl e st ﬁ'?lﬁmd'f‘hleffjés%?{lﬁ'ég,er Pﬁsémg Ssﬁ-lc?HdP%gll clyis dg 8te§Iqude is fixed and
the cyli ngﬁéch&lﬂ_sﬁlsst(ﬂidiadf_%g'laﬁlalﬁsédalgwdifsq‘opéﬂ ﬁi’pr@ﬂﬁi@%ﬁ\?n@ﬁ{aﬁbéuwéﬁ spl aceably in

a prismatic cylinder guide 17,” whereby a support 16 for the slide guide 18
and t he piAdditmonally, inslrive logeratien s antinadlyihepkedhwhathar thérevasufiicemn and t he
cyl i nder ide 17 forma cohesive. stable .co nent qr and the cylinder
19 supportagﬂ‘fs?%e f’(L’E(‘Lﬁ’ct't"ip{)er’(eﬂtetgi3 ggcky?mgn &f’“\ t?glqggﬁgﬁhegmae.ﬁgﬂ'@r%ﬁ y acting
forces ar groahmaed AuRGH dMrdehSok siils St i® i g1 Bed Smdihsuffkienh Fofdahipiier gui de 17
and the cylinder housing. The slides 6, 8 are chain driven on their slide
gui des 18 bgFansgtameny sucting deviegsrare petoR cquiaetevith the dilingsurfaees (diiingr forned by
a frame sectjian r or. he ]. er. | rd t. . friction a
ol 1 o guttrek ikh ey oBURE A Al B, Winlitbledrye B Bilog BiebBRUGER ce 7' S
control eltRe®ipps; ofRimpsékevdail Br iMDfACuuml @haisuctidndevideant@tiglid)otheoper ati on are
arranged. Each suction device 7, 9 has an ejector for producing adhesive
force t hr cuRphamisHy SRS Sy@matigalich i s supplied via a pressure ring line to
each chain track guide 1, 2. For rapid detachnent fromthe driving surface D

conpressed air is blown in to renove the vacuumin the suction devices 7, 9.
A



m crocontrol l er together with sensors and pneumatic control and regul ating
el ements controls the tinme sequence of the slide and suction states. In this

way the reyoa0bi/on3049 2004/ 098984 1 1 1PCT/ DE2004/ 00088%/DE 2dgae0dogbot he
suction devices 7, 9 and the suction force of the activated suction devi ces

7, 9 is influenced advant ageously depending on the retraction path of the
slide 6, Refdrafre™ghteys whereby only in the fully noved out position of a
suction device 7, 9 can the full support force and the full vacuum be
produced, in order to avoid lifting off the nmechanismin the case of |arger
obstacles; 4f spghiaf ehgtacle is detected the nechanism stops automatically
and waits for an appropriate driving manoeuvre. Additionally, in drive
operationlit i straightgundedflachahetcdckgguidect her there is sufficient adhesive
force to prevent the lmschglni m.from fkal |'<iil ng off the facade. If the pre-
programred adh8&tFECHIaT gUds g chayytragk g4ide"ght  pecone i nsufficient, for
exanpl e hgcayggve GhEBEY suction devices are not in contact with the driving
surface, (driving track end, facade opening, facade bend, unsuitable drive
track quakMity, turningrwheglsi on in the supply of conpressed air or in vacuum on
a suction_devicg.inter alia), the mechanismstops automatically. WO
2004/ 0989§4 12¢ / DE2004/ 000899 Reference Nunbers 1, 2 chain track guide 1
strai ght gy despde 6f théaiebhdnisack guide 2 part-circular guide of a chain track
guide 3a, 3b drive wheels 4 turning wheels 5 chain 6,8 slide of the
nmechani smb6 s iskide, deiverviarn stipightdineai ght |line 8 slide, driven in a parti al
circle

8

slide, driven in a partial circle

7,9  suction devices

7 suction device, driven in a straight line

9 suction device, driven in a partial circle
10 right and left frame with connecting bridge
11 rotary frame

12 slide of the rotary frame

13 suction device of the rotary frame slide
14 rotary axis

15 piston rod

16 support

17 cylinder guide

18 slide guide

19 cylinder housing

M middle point of the part-circular guides 2
D driving surface (fagade)

P fagade profile



7,9 suction devices 7 suction device, driven in a straight line 9 suction
device, driven in a partial circle 10 right and left franme with connecti ng

bridge 1iyoooasyofssmime 12 slide of the rotary franept3/sgedédsaoseyi ce of the
rotary frame slide 14 rotary axis 15 piston rod 16 support 17 cylinder

guide 18 slide guide 19 cylinder housing M m ddl e point of the part-circular
guides 2 D driving surface (facade) P facade profile WO 2004/ 098984 13

PCT/ DE2004/ 000899 Cains 1. Automatic clinbing nmechanismfor facades,

especi al | @ﬂi“éss facades, with a drive conprising endless |ines of
control | abl e suction devices, characterised in that the suction devices (7,
9) rotate in the driving plane and their suction sides always point to the
driving sulk.faceAgtonatig climbhgnaedhanistlnifnbfangiesmpeaialmlass(fawﬂiemgwiﬂoa claim1,
characterised in.that the na( |y .act i v d suction de ce%? 9) of an
endl ess |ine redivedompLisings “‘?Lﬂff:%léo@ e SUACTLIRvICE 4 vat ed

suction devi cesin(ifat tifo s&floﬁlaeﬁml(?sﬁ rbtaffin thO§Nifig ﬁian@agd ﬁfeﬁ’%ﬁ@tlc{] Om the

driving surface (D), which is equa to or greater han t he hel ght
obstacl es (P) tad¢salwaxsrpomtdo the driving surface (D).

2. Automatic climbing mechanism according to claim 1, characterised in that the
currently activated suction devices (7, 9) of an endless line rest on the driving
surface (D) and currently inactivated suction devices (9, 7) of an endless line
rotate at a distance from the driving surface (D), which is equal to or greater

than the height of obstacles (P) to be overcome.

3. Automatic climbing mechanism according to claim 1 or 2, characterised in
that the suction devices (7, 9) of each endless line rotate in a track guide (1, 2)

and are connected together by a drive means (5).

4, Automatic climbing mechanism according to claim 2 and 3, characterised in
that the suction devices (7, 9) are secured to slides (6, 8), which are drawn

along the tracks guides (1, 2) of the mechanism by the drive means.

5. Automatic climbing mechanism according to claim 3 or 4, characterised in
that a chain-wheel driven chain (5) functions as the drive means for the

suction devices (7, 9).

6. Automatic climbing mechanism according to at least one of the preceding
claims, characterised in that at least two straight guides (1) driven in the same
direction and running parallel to one another in the mechanism are used for

driving the mechanism straight on (forwards drive, reverse drive).

7. Automatic climbing mechanism according to claim 6, characterised in that the
mechanism is suspended with its extendable suction devices (13) on a rotary

frame (11) which is rotatable in the drive plane relative to the mechanism.



3. Automatic clinbing mechani smaccording to claiml or 2, characterised in
that the suction devices (7, 9) of each endless line rotate in a track guide

(1, 2) angoaieseopdect ed together by g drive means @pIyDE20¥6REBYI C
clinmbing mechani smaccording to claim?2 and 3, characterised in that the

suction devices (7, 9) are secured to slides (6, 8), which are drawn al ong
the tracks guides (1, 2) of the nmechanismby the drive neans. 5. Autonatic
cl i mbi ng mechani sm according to claim3 or 4, characterised in that a

chai n-wheel driven chain (5) functions as the drive means for the suction

devices (7g 9). oni%'ﬁE%[fﬁl ngxﬁédh%s %c@&%ﬁ%%%?] ?&%% ?\Q\%i&{’l%s' east one of

t he precedl ng clalins teri se east rai ght guides (1)
driven in the sechueactatised ot tharthamdck guidés(d, Prarativédedtintosnaighnghides (1)n t he
mechani sm are used for, g i ving the mechani smstraight on (forwards drive,
reverse drive).anf paggi 881988 (i ng mechani sm accor di ng to claimsé,
characterised in that the nechanismis suspended with its extendabl e suction
devices (13) on a rotary frame (11) which is rotatable in the drive plane
relative t® theAnmhainicﬁnlbirmmaﬂﬂdi/sﬁh%%AingétoEtﬁrmlﬁﬁﬁonéhﬁ@ﬁeﬂs&d iB. Automatic

clinmbi ng mechanj sm according to. at . t one o |.ai s characterised
in that the trad® n%‘ﬁioﬂ@gn?ﬁ,%tr??h eﬁﬁ) Q{gé}sqdﬂ{%?igylpg'sgﬁlg b?ﬂ des (1) and

part-circular guides (2). 9. Automatic clinbing mechani smaccording to claim
6 or 8, characterised in that the outernost straight guides (1) are used for
driving sthi ghAutmmatiﬂ;@limAhtgcmeﬂliamsml dcntyidmg toetiarg, sharagensediimghat et cl ai m 8,

characterised in that at rt-circular quides (2) driven in the
same direction 6t ttt‘O(Bpf"fta?Eﬁu arg@f‘ Pess(z?% ‘2‘3“'5?@ W&o‘gfeﬂ‘o’? Bf%\’%‘?‘ﬁ@d‘t he mechani sm
(cl ockwi se, antgﬁh&qk%%?e)used?&rroﬁuhgmétm@chshﬂsﬁt(u%k%e%ﬁb@@k@gepr ding to
one of clainms 1°to 4, cCharacterised in that an ejector is arranged on every

suction device (7, 9) to
11, Automatic climbing mechanism according to one of claims 1 to 4,
characterised in that an ejector is arranged on every suction device (7, 9) to
generate holding force at low pressure, which is supplied via a pressing ring
line, and compressed air can be blown into each suction device (7, 9) to

equalise the low pressure.

12.  Automatic climbing mechanism according to claim 4, characterised in that a
slide (6, 8) comprises a pneumatically drivable piston cylinder unit (15, 19),
whereby the cylinder (19) can be moved vertically along a vertical cylinder
guide (17), which forms a compact subunit with the piston rod (15) and a
support (16) of the slide (6, 8) with the slide guide (18) secured thereon,
which subunit runs in the track guide (1, 2) of a frame section (10) of the
mechanism, and whereby the vertically guided cylinder (19) supports the

suction device (7, 9) underneath.

13. Automatic climbing mechanism according to one of claims 1 to 12,
characterised in that a drive control system monitors the adhesive force of the
mechanism on a fagade and stops the mechanism if the required degree of

adhesion is not reached.



generate holding force at |ow pressure, which is supplied via a pressing ring
| ine, and conpressed air can be blown into each suction device (7, 9) to
equal i se type dJewopgessure. 12. Automatjisc clinbing mephanhgib@resysdong to
claim4, characterised in that a slide (6, 8) conprises a pneumatically
drivabl e piston cylinder unit (15, 19), whereby the cylinder (19) can be
noved vertjgal | xunfifig cBmbaigl heécanisi 4cB6iing t86nel@f Cldits 2 Whixh forms a conpact
subunit with the piston rod (15) and a support (16) of the slide (6, 8) with
the slide gui dechar®yerised iy tbat & dravecemmntrol swsteshingigtesrthe loweniwgiand plasingr ack gui de
(1, 2) of a fra ' . nan| reb he vertically
gui ded cyl i nder gﬁ?t’fg?&"?&ggc%&t%ggqﬁé) &tslgg%el on"?f’é%’?@ge @?ar\gf)}%ﬁﬁ%é}&neat h. 13.
Automatic cli nbiengnmhaai@meame(ﬁbrga the irfiigl pekitiohai s 1 to 12,
characterised in that a drive control systemnonitors the adhesive force of
the mechanismon a facade and stops the nechanismif the required degree of
adhesi on i g not . 989 ; 4/, 14. Automatic
cl i mbi ng ngsc hanﬁgﬁo]%ga?:i ggp{#ﬁﬁ g‘%ﬁlgﬁo%é%qhg}gﬁs%%%(@% ,1 8’8@2&?0&4éri sed in that
a drive contr ol cysteived in thatothe sudtioa deoices (709) avdepdhcrdibgnagaiktic he suction
devices (7, 9) onto the driving surface (D) and raises and returns the
suction devi cesaqhgsivgplemsntshe i nitial position. 15. Automatic clinbing
mechani sm according to claims 1 to 10, 13 and 14, characterised in that the
suction devices (7, 9) are replaced by magneti c adhesive el enents.



