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remai ni ng suct’i on devi ces on usi the sane’ procedure. In
this way t hependiculaiirevhdhging sihoothesudacesi nual |y fl uct uates bet ween 50% and
100% |If the suction devices are noved forward or follow on in pairs or
i ndividually, the speed of travel drops to considerably below ImMmn. A
further di pgdvaptage is the high cost of controlling and nonitoring the
I ndi vi dual novenents. An advantage of such devices is that they are easy to
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and they aFGr at?\;eﬁiégro%ré} {)gr%erpcﬁalilaprnoirqgchingd 9%%&&5?{}? pa%lllal,regrlass facades,
automatic climbing devices are known which use electromagnetic force (DE 27 37
619 Al) or vacuum for adhesion, the term “vacuum” more accurately signifying low
pressure. With regard to the type of movement concerned 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 1 m/min half of the vacuum suction devices need to be released,
lifted and pushed forward. After this the suction devices are 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 Im/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 facade profiles. Walking devices are described in DE 198 35
038 C1, DE 199 07 437 Al, EP 0 401 120 A1, US 4 674 949 and US 5 551 525.
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a long 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
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vacuum is applied and the suction devices becone active once nore and can
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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 facade, 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
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di stance b &H& i : I VAl ce and thereby ensure

t he requirgﬁwgggan éﬁg@g%ﬁg@ r 8%@?8%%$§%ﬂg%§#§@%es, such in particular
gl ass facade profiles. The slides are guided along the length of the chain

track guid nd are connecte t oget her by the chains or functionally-
equi val ent%ﬁ?ﬁkﬁeﬁ@m@a«%@:amtﬂﬁ@ dbe Fhey Epce gui Siaaé-a_rermﬁt‘swfo al |
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enbodi nents o I nvention. ntion I's explained in nore detail by
way of exafgbide’sredérs emtdbflinaiortadly suitable peidmigtcaaipederds fosisngsn deviges.1 shows a
first variant of chain track guides of a nechanismin plan view, Fig. 2

shows a further variant of chain track guides of a nmechanismin plan view,

Examples of embodiments of the invention.

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 gui des of a nechanism
in plan vi @k 2004/008984shows a further gariant of chaipCcTt/ERbosaness of a
mechanismin plan view, Fig. 6 shows the view according to Fig. 1 froma
front side, Fig. 7 shows the view according to Fig. 4 froma front side and
WO 2004/ 098288 sikovRGE. Eid2 004 AODERe. 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 a pyR¥ehadlyulBARRIRPBneRRGRe ﬂ%@(eﬂ%ﬁe BheG¥RTince hiAbeRGn gl de | for

forvvards and backwards novenent or up and down novenent on a facade and an
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part-circular guides 2 have such a radius and are spaced apart from one
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Suction dev1ces 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 fagade. 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 3 a anticlockw se the nmechani sm
nmoves in oWYEb20a4é098884 ecti on wit hout a6t urni ng nanoe ROBDER2004/600899 e down 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 guide beginning, it is reversed. The part- circular guides 2 exert
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concerned is, deactivated. On_] eavi t rai ght guide 1 the slide, now
slide 8, iROSH{P; Sméwéanaﬁ&s-MPE@@S@&@ﬁ,giqriﬂaﬂcleamqetq%bﬁ As can be
seen in Fi : i b t; | ki suction
devi ces 7,ﬁ5tlﬁlaﬁceési h?t“?{ahe %gg | dusgﬁﬁé’\%’}&te %elvggfs\?%gé‘%?r@ acgief)tﬂ%gt erm nes
t he nmaxi nmaximanghdiglifof obstheled that dande ovarcoine, o én patieylar fagadeiprofiles t i cul ar
facade p:rgéli les P. In order to change the direction of travel and perform
t ur ni ng oeuvres the nechanismis stopped and pivoted or turned whil st
standing. For this the slides 8 wthin the two part-circular guides 2 need

to be noved out and the associated suction devices 9 charged with vacuum so
t hat they ldirderdo changhehaidirectiny ofuavehard perfapm ypringmanoeuvres 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 positton. 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 gnides 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 1 aerated and the
slides 6 noved into the initial position. Thus only the suction devices 9
of both paWVO 20040098884 gui des 2 are adhered to the dPCI/DE2004/060899D, whi ch
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is redirected and noved into the initial position. As can be seemfromFig.
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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 fagade
profiles P, The two chain track guides of the nmechanism are su&ported by a

left and aVA #9888  section 10 or 8re forned di r #GT/PEZY04/A089P e

sections 10, whereby connecting bridges 10 connect the two franme sections
10 securel oget her...The slides 6, on the frame side support slide guides
18 (Fig. #"{OH%%SGPP%%W? on 6?49_@36- vghrﬁ%frr%megt ’&El‘r“ﬂ‘_?sr?gla‘éﬂebng the
rotating Gh@dper bf @fcliof HeHES 7, 9%l S aBlRbAAGuinhg WRESs 408 durdeCtheFl 9- 8. The
suction devices 7, 9 of both endless chains 5 need not, viewed in forwvards
and backveaeien dhviess rynng atgight hngles tatthaidiraction of travel onsualivaysibe one hei ght ,
they can be. offset . rel.atiwe to _one anot her which.further.inproyes their
adhesi on '8t Segpraleys 58éttr5gﬁta%r 0%\%?‘837?}1 111 e rHS‘\"o%?%s P or
simlar olypdraehiSthe divMY JegadRBSIL A BespEHdEIAtWRITkRAE prinEipieio tRE Y&fint Of the suction
devices 7, 9 relative to both endl ess chains IS set automatically

accor di ng descrdsdim detalh abowediceording, toFig. Riagd Fig. £, and fondhis veasomthe driginghown,

whi ch al so_ogperate ith t chai,n track guides 1, 2. Unlike the variant
accordi ng ﬁeguq.glcgs_arﬁn%%esgqt\}’\%a&ﬁ{ntg:aer.des 1 run on the outside and the
part-circular guides 2 with their imaginary circle mdpoint Mare on the
inside. In this way the track width w dens when driving straight on and the
mechani smBethhan tigpk guidecl Zofithe meehpnisgt argiagginsuppasted by pHiight eéahabe an

advant age I clLii 4

perform n&gggré%}efﬁe%t%\%o@w%@ﬁg{ef (gé@g%%gf%g‘?v\%ggtro ggtp Erlq;g %E%g‘%g{gorpg%%&rg]e%w res a

| ar ger  nuDieadesigh of et slides 6led/is ¢dmtidal t9 tiRndésighutcardidigith Oiall, Figr 6ang) Wheel s 4.
O course,_the suction devices running at right angles to the direction of
travel rruslflg-aif-ways be raised, regardl 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
accor di ng Fig. Filpwsla fartHerRragiant6 It diffels fiom theivarisreascordingao Fig. \liin that gequences
are not descri bed agai n Qﬁre. oth chain track guides 1, lgl of the mechani sm

are again Wtw lgymg ,iibﬂf thg 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 1
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
accordi ng WO HY/OBIBE g 6 and Fig. 8. Fig. 3 showPGI/DE2OPEPORRIS ant. It

differs fromthe variant according to Fig. | in that the two chain track
gui des 1, f.t.he mechani each conpri se two parallel exac st rai ght

gui des | f%‘?tgfcg?‘ﬂé‘?aﬁnggﬁﬁﬁs E?c‘?f\%g? gec .%MSr‘nF‘f"B.ls'r‘l?R?”&ﬁéPylad'\‘é‘F .F‘Pé)aon a
facade andnemete fash i()’“ﬂht%ﬁ_%?éjoﬁféﬂ%e&ﬂrél?%g%ih&ﬁk@@ﬁne%tiﬁ@ﬂﬂ&‘éérs'1@9 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 radjus,such that an inmagipary.full ircle can be draw.with a mddle
poi nt M as lieoqrgftl?%?ﬁfwlﬂ%? ﬁ?”ffngnc[]Wé};WE%%m éw&%gq%&g«?ygg%& strai ght
gui des 1 agHich As6PR aQGllQPddarftionl i GiRbssay A¥Ss goif | ve  wheel s 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

st rai ght l.des_1 .and.the.partscircul.ar ides 2. The drive eels 3a, 3b
al so ser yeﬂ §g't4tsﬁnﬁl|}ﬁ6'd7 Mg‘éﬂ?‘g‘“%&%’?i" ?‘nm&re‘\%_gg e_%?“é“?é%‘ﬂﬂ‘é‘& P8 s1 i des 6, 8
rotate w twhichat e heshgthas f8 thrned bk rélersihd 8rivdwhect Bh23H4Nd thi ne ei ther the
suction devices 7 on the inner strai g_ht guides 1 or the suction devices 7
on the out@posite direghion by pdeaing reler dhasetal of dparraight guideh b only@etmidl used.
By using t er ' ' A . outer i .guides 1 the
driving tr%@t{&%ﬁtd gﬁ?ﬁ%\i&ﬁp @%ﬁp%ﬁé%ﬁtggn&é?%ﬂa}ﬁ%%ﬂnlgp {éﬂ%ﬁoa%?c{'?géﬁ%rﬁghl riving
surface. tFivkdin aAadBetgeosiaiien 8a akfive @ivihg sdvhnatdrab@ionniiicermamee speci fic
wor k. For rotational npvenents the suction devices 9 on the part-circular

gui des 2 dMe® eigiraight ggdey bysgse, onpior/resemiee thesgulotedsyetion daiestr ack
gui des 1, @Ae%aw\%h&ga%%hﬁf&?rfeﬁﬁdt“m supported by a right and a Ileft

frame section e J oi ned securely together by connecting bridges
10. The driving sequences correspond in principle to the aforenentioned
variants for which reason a .detail .description_is unnecessary at this
poi nt. | n F9Tgotason g mecpanismys yispe A FHADUEATRA] FHGdE otggblgds the i n
straight |}iag fefiti%BMhe 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 3 a, 3 b
and in opposite direction by a turning roller 4. The total of four straight
gui des 1 dﬁ«§2?Qﬁmﬁ8984a forward and ba&kmard novenentPOFDEIROHEEPRAR sm In
order to widen the driving track in an advantageous manner for active
driving each out vice 7 two .outer straight guides 1 are

ti t
used, and $%f" tf‘aéglrﬂ’f ﬁ}%r%‘g:‘l“?o é‘%g'ﬁ‘etﬁcf(igflio‘%c}’ gﬁgqrirgﬁtl%med@g—e;rc HEU i nner

strai ght OMitAegechnd®Efrin &8k %.E@é 1,r2)ifs%éc9'avhfe&%ﬁﬁ&m10mﬂcﬁmw%pended in a
rotary frame 11 which is rotatable in the plane relati've to the nmechani sm

t he supporasgmgfetigal cdlativedo thesesnpe of theankeohanismsThelatyantage afhisvacianios devi ces
13. In thig way, the rotary frame 11. can be raised and. l.owered.. The rotary
axi s 14 1 oPeVRY SRR afbesingtans Dechmpisrt Gralale patbwhen AR vE ATYRlS 9R dal

poi nt M of ardhfotat féw@ Rctldn deviked 7CS Bid itled SOIMRNE i the Yakirt d6gdrdidg Whi ch
bridges the two frame parts 10 of the mechanism In the noved ou% position

of the suctildg 3devices 13 the nmechanismis 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, inBghftaatesIORAHRSmedlagdmivigNthedndledd ¢Hairdrickebhedonvadtednt s. Again two
endl ess chains 5 with suction devices 7, 9 are used, not with

ni r r or - sy niteerelyctagetber byyqonpedting drideesal h The shidesdu B dessdasignedin dsimilgrmret r i cal

chain trac i . -first chain track runs in two straight guides 1
whi ch at tﬁ%ﬁg{fbtﬂgﬁréﬂg% V%ﬁqn;klsr‘turned 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 cullg drivingreqauences coirespend in prancinie o thesegfithe Bist varant fersghiglyual | y | ong

strai ght g}égﬁ?sd detailti Qe Ras ioﬁﬁi:ffd&%r&?déd%? flattened externally and

parallel to e two stralight gu S of the first chain guide by the
additional straight guide 1. For driving in a straight |line the inner

i gh [ i.ght . gui 1 of the fi hai k
ui de"1 anth iR  fhda & Rsole e A bRsTns sthatatiel o SPINRR 10
PCT! DE2004L 90R8SR iUt bR bn@ingh e S5R0RE BRI a8 Ui rade o2 For

rotation the part-circu
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 rolier 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 1s 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 asymetrical relative to the centre of the mechani sm The advant age of
this vari a0 2@04/498884ery secure adhesilon of the necHsHi/BHE2084/808898ade bot h
when driving straight on and rotating and fewer suction devices 7, 9 are
needed than in the variant, accordin to Fig. 3. Both frames 10 of the

mechani smiRreerfos the sestionglevices, 4j hand the guctign (fOf@@) phthepstvatedsugtion gevierset her by
connect i ngy ik i rg way to the
precedi ng v?r I ggftﬁgnée?h d@%ﬁ %0%9?3%&& s“e‘é‘g?‘“?%?ggﬁﬁét? r?fl]tol%l Sﬁg{3 g’l e to those

of the fi r(ebstacie), wherebp nnlyhnd:tte fuile asmoed auﬂp:tsmdnenf ackastion gaviaer?, 9sanot

provi ded here.. In Fiqg. 85wt for all variants ]
R anl 1 ght o B4t sipear Soneate Sedtbvachem Reprofued. ipradite auid ibing o e
pneumat i C%é&hafﬁ@ﬁrlﬁttﬁéica% 8F Rzer Bbithd& 1840tk an ?Hsttﬁdgéiﬁrdegé&te&ﬁé arn an

especially conpact and yet stable structure o the piston rod 15
of the slmehanismfstogsciutomhtichlly and waithefor mapmogdatdddva mesioagvret s out er

t hei ght - , di b wher eb
Cupport - 105ifon. e Seaien Ribedis e el Rhrb B TrERGed o od 15
with the %heﬁ@@ﬁﬂ?cé’ﬂo%%n@ﬁ@ niddBariith 'ﬁ%?falhr@%ﬁ'ﬂle]fhd(dgrmﬂ?e hesive, stable

conponent group, and the cylinder 19 supports the suction device 7, 9 at
its |ower mngrampzdadhedive ﬁn:ttﬂ lngks‘asnf:e:r,nlghtdaenmeatssﬁ’rduem, foyexdmple pi ston rod
15 but by the cxl i nder ﬁq 17 and éhe c%/ ﬂ usin sI ides 6, 8
are chain HFRPERC BRDY fegtion “885 Yalgee o8 aﬁ ¥ 5 Yk P‘ﬁ‘ Brack guide
1, 2 whi chyackiead SabdiRlopbAingEfcddé bend, niEEtabRCArivrakR qRklityU ﬂéi*fdpﬁgnhv the
latter. In order to reduce  friction a roller guide can be provi ded. On the
upper si dethosuppheoSenmpressed aiy ot in acugmewr sugtioredesesinter aliak thehown in nore
detail, for the. 0 on are arranged. Each suction device 7, 9 has
an ej ectorme?hgplsg‘r g%‘ff‘cquﬁod&glc‘fﬁ ive force through | ow pressure which is
supplied via a pressure ring line to each chain track guide 1, 2. For rapid
detachnment fromthe driving surface D conpressed air is blown in to renove
the vacuumin the suction devices 7, 9. A
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m crocontroller together with sensors and pneumatic control and regul ating
elenments controls the tinme sequence of the slide and suction states. In

this way t r L, on WO 2004/ 098984 ,11 PCT/ DE2004/ for the
suction de |c%@4@%gk‘£nd t he suction ﬁrce of the ac?&&g@ﬁ%‘{ﬁ@@@%g devi ces
7, 9 is influenced advant ageously depending on the retraction path of the

slide 6, whereby only in the fully noved out position of a
suction dgl\{/?fétgn%ﬁg&ggrﬁ the full support force and the full vacuum be

produced, in order to avoid lifting off the nmechanismin the case of |arger
obstacl es._ If quﬁgh an obstacle is detected the nechani sm stops
aut omat i ca]I’Izy 1 k&S, an appropriate driving manoeuvre. Additionally,

in drive operatd @t buils o£9BhdiAHALY Yyighecked whether there is sufficient
adhesive force tlg%pr vlen? thelrrecha |lsmfromfal ling off the facade. If the

pre- programmecdaadtiesia guiderof e chooksclaguidé it ni ght becone insufficient, for
exanpl e b%;:%s .to maEy suction devices are not in contact wwth the driving
surface, (drrvi B’e"i’}}eﬁ k end, facade opening, facade bend, unsuitable drive
track qualdty, i wHelld on in the supply of conpressed air or in vacuum on
a suction device inter alia), the mechanismstops automatically. W

2004/ 09898% 12 ¢h@ly DE2004/ 000899 Reference Nunbers 1, 2 chain track guide 1
st rai ght géj'%de f afa}k%ai n,track guide 2 part-circular guide of a chain track
guide  3a,%3b V6L HTIRSLanSE  ni'ng wheels 5 chain 6,8 slide of the
mechani smé@ sl igige, d}f‘jeﬁgpais@aighﬁk{eai ght line 8 slide, driven in a partial

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 (facade)
P facade 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 1Iwipe@Eo4yodsoase 12 slide of thg rotary franme PCSI/BBEZO0400CE 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 (fagade) P fagade profile WO
2004/ 09898é 13 PCT/ DE2004/ 000899 d ains 1. Automatic clinmbing nmechani smfor
facades, € ]ﬁﬁ’&% ally glass 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
drivi ng sulface AuBymat®. climhingraechanisn fasifagdes espenialyngbass tacadasgwitbacl ai m 1,

h terised in.that th tl tivated ti devj 7, 9 f
cndl ess 11 ne.r eBrvSfomdng PG nedo REl SR aiiSh aPRers Fyitatehvat ca
suction devi cesid fhat the sétioAeORE €59) 1dtA€ in Ihe'dAVRIgHlart MdIhNGRIEA OM t he

driving surface (D), which is equal to or greater ~‘than the height of
obstacl es (P) t sideealiags peintto 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 endiess 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 mechanismaccording to claiml1l or 2, characterised in
that the suction devices (7, 9) of each endless line rotate in a track guide
(1, 2) anWre4r9sdted together by ® drive neans (BQT/DE2004000880i 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. Autonmatic
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 neans for the suction

devices (78.9). MtohtiOimbifg ﬁiehﬁ@ﬁﬁnﬂﬁ&ﬁ&iﬁ?i&iﬂl@:ﬁﬁ@ﬁéﬂéﬂﬂam@ 138b ¢ east one of
the preceding clains, characterised in that at |east two strai ght guides

(1) driven in t ebargetatiseddn that thegrackignides thi2n grephivided bito stoaighiguides{her in t he

mechani sm are used for. drivi.n e mechani sm straight on (forwards drive,
reverse drive). a’?&ipﬂg'tcgﬁ‘gﬁ %ul‘%?%i(zgi ng nmechani sm according to claim®6,

characterised in that the nechanismis suspended with its extendabl e
suction devices (13) on a rotary frame (11) which is rotatable in the drive
pl ane rel afi ve toitemetinelinhing mechansny eardingasdaims pch drpottisgbmgoo 8.

char act er sed | AR O RES SARSE sRBECH frétseh R RRE I GRS i gt

guides (1) and part-circular guides (2). 9. Automatic clinbing nmechani sm
according to claim6 or 8, characterised in that the outernpst straight
gui des (1) 18re yydemptyy climbing mechanisn aerording toj Jaimpdy veactesised inthatrig

mechani sm accor g I , C ] i Wo
part-circul ar gg‘%’%gts&o?li#'gt@%ﬁu ﬁéggﬁe&gglrlmﬁ?%ﬂsg%l% :ag'%ct% (%flmtgg'? %agl%:k gui des
(1,2) are used fgaides (1,2} aragsddfor raathgths metkdndek isckwiss) antidlodkkisede) .  11.
Aut omati c clinbing nmechani smaccording to one of clains 1 to 4,
characterised 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 line, and conpressed air can be blown into each suction device (7, 9)
to equal i 3012004/008984r essure. 12. Aut dfmtic cli nbi ngPGEMEIIRIN0882Dr ding 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
moved vertilkdal | yAwooatjc alimbinginechawyhiancledinggaioteof daims 2dei I3h forns a
conpact subunit with the, piston, rod (15) and .a..su rt (.16 f. the slide
(675 with-t he Saradtstife Bab Byt Esoboal it Buntes i busttebndPeciEng | 't ne
track guide (1, @th@éucﬁoﬁaemesqep%)mﬂé%vﬁ{g dubfce (PCdrathisés andnd Wher eby
the vertically guided cylinder (1 supports the suction device (7, 9)
under neat h. 13. 1ArEmthe sectionidepices(7nBLliedhe mitial pesition.ng to one of claims 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 mdhesA@dmatic BRhbingasdvhanisMRceiidhe03R84s 1% RETIRRR4AAQ4/ 000899  14.
Aut omati c clinbing nechanjsn1accordin% to one of clainms 2 to 13,

charact eri sed i reheragterigedyinthat thesactien devisesdrh Phare replased by enagaslis i ng and

pl acing of the .l jces (7, 9) onto the driving surface (D) and

rai ses and retdﬁﬁ§§% @egﬁﬁsion devices (7, 9) to the initial position. 15.
Aut omati c clinmbing nechani smaccording to clains 1 to 10, 13 and 14,
characterised in that the suction devices (7, 9) are replaced by magnetic
adhesi ve el enents.



