510 15 20 25 30 , WD 01/38217 1 Force bal ancing device for a hoist with
two traction cables and hoist fitted with such device PCT/ CHOO 00576 The

*presenpoigiysriron concerns a bal ancing device for traclséﬂt]]jl@(%@ssm _
specifically intended for a hoist, that is supposed to Sinultaneously w nd

or unwind two or nore traction cables, as well as a hoist fitted with such
a device and a gondol a equi pped with at |east one hoist as hﬁlrel nabove.

Such hoists, particularly those conprising a twin w nding or_gl mmmummmme
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druns or traction sheaves where each of said organs carries
find nunmerous applications. Particularly in certain configurati onssisethey
are enployed for lifts or norEomgeebalancind detie gondol as engaged in the
cl eani ng and/ or upkeep of the facades of hj %h-ri se bujldings. Such a
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cabl es being arranged at the second short si ge of the gondol a. Easmbopair
of>cables is wound/ unwound from a hoi st equipped with two druns, with each

; g ' |l ed independently of the oth
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cables is unwound or wound with the sane sEeed and the gondola wll renain
hori zont al Unp#id twe arwporabiastionfcalles, \asnwehias, athoisthfittecb mithasysh ai nce

their W nge)@eYndPYbRILBLRAGRY With GPAsPLhE hoRY 28 rirOfLEono! st or by

j ust one

10 Such hoists, particularly those comprising a twin winding organ,
traction drums or traction sheaves where each of said organs carries its
own cable, find numerous applications. Particularly in certain configurations
they are employed for lifts or more specifically for gondolas engaged in the
cleaning and/or upkeep of the fagades of high-rise buildings. Such a

15 gondola usually is held by four cables, a first pair of cables being arranged
at a first short side of the gondola and the second pair of cables being
arranged at the second short side of the gondola. Each pair of cables is
wound/unwound from a hoist equipped with two drums, with each hoist
having its own motor that is controlled independently of the other motor.

20 Thus, the speed of winding/unwinding of each hoist is so adjusted by known
mechanical, electric, or electronic means that each pair of cables is
unwound or wound with the same speed and the gondola will remain
horizontal. For the two cables of a given pair, to the contrary, since their
winding or unwinding speed is controlled by a single hoist or by just one

25 motor, said means cannot be employed to preserve their balance. An
unbalance between the two cables of a pair may arise, for instance, when
the winding of one of the cables on its drum is irregular and causes
subsequent windings to be wound with a larger diameter than that of the
windings of the other cable. In this case the cable being wound up on a

30 larger diameter will tend to assume the full traction force, which may lead to



notor, said means cannot be enployed to preserve their balance. An
unbal ance between the two cables of a pair may arise, for instance, when

“the wiypgi one of the cables on,its drumis irreg es
subsequent %v%a%i ngs to be wound wi th a lar ger di anet e%ﬁﬁ&q{gﬁ% t he
wi ndi ngs of the other cable. In this case the cable being wound up on a

| arger dianmeter will tend to assune the full traction force, which may | ead
to . WD 01/38217 2 PCT/ CHOO 00576 an unbal ance of the gondola or, by
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tensil e st rigksortthe weorkersatding étls hondolae two cabl es of a given pair, even in
a situation where one of the cables is poorly wound, consists of bringing
the two cabl es together on one sheave. Such a device may be dangerous in
the instance of rupture of one of the cables, since the other cable then
becones free, Arfitst mechgoicdbhweans that biogeranhieledtibyl tensiestrods td@et Wo

cabl es. Accordin 0 0ot her ns, .the two cables. are attached to the two
ends of apé%sreé%%%&owﬁﬁn@’ot‘l[%’? SRf 893N PAIrse\RR Enasituatiomwhese ons t he
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drawback nentioned earlier, but now the difference in |engt can be
adnitted BBt eFVE. CHShEhBeWEE MY beideagemustinghe érsjamcedf tupturepr eader .

I'n the two JpeaRs rl il a i evice - .sheay spi der or
center of tohe sproga erclaB%gs%a \éaE: eegﬂ{% %%;ggéggra&e&oﬁ?essH%Seﬁggowe beamin
a singl e pgontolaisinoHongert theld biyrethea bfithestne ¢ablget ri mental to the

gondol a's balance. It wll thus be a first objective of the invention to

propose a force balancing device for a hoist intended for at |east one
pair of traction cables

According to other means, the two cables are attached to the two ends
10 of a spreader while the center of this spreader is hinged to the suspension
beam or to the gondola. This device will not encounter the drawback
mentioned earlier, but now the difference in lengths that can be admitted
between the two cables is limited by the length of the spreader.

In the two means described above, the balancing device — sheave
15 spider or center of the spreader — is attached to the gondola or suspension
beam in a single point, which in the final analysis is detrimental to the

gondola’s balance.

It will thus be a first objective of the invention to propose a force
balancing device for a hoist intended for at least one pair of traction cables

20 that will allow the drawbacks mentioned earlier to be avoided.

It is a further objective of the invention to propose a hoist that is
intended for at least one pair of traction cables and is fitted with at least one
force balancing device that is capable of ensuring at all times the safety of
the object suspended on the cables.



that will allow the drawbacks nentioned earlier to be avoided. It is a
further objective of the invention to propose a hoist that is intended for

et anAgTHBPTC" a1 < capabl ¢ of Sensuring at all LRIy of

t he obj ect suspended on the cables. ,W 01/38217 3 PCT/CHOO’00576 It is yet
anot her objective of the invention to propose a gondola for facade upkeep
that is fitted with at | east one hoist equipped with a force bal ancing

devi ce. These i in nci ng devi ce |st and a
5 gondol a havi 'g% % rac‘?%lgéi\{% 8@%’%’4?@3@863 npﬁoﬁgs?rﬂjgﬁgﬂaﬁnf cl ai s,
whil e specfa‘gadeanmmd;pnmt gs ditted awitta it Seguteorie Belst Redi (fﬁédt Weh depsradent

cl ai ns. Th eI wafﬁ)/ scription describes several enbodinents of a device

accor di ng atnﬁ@gl #®i on, and should be read in conjunction with the 10
attached drawi ng conprising the figures where Figure 1 is an elevation of
part of an installation for facade cl eaning, Fi gure 2 is an end view of

part of the in aIIalonofthe rec ure3|s view in
| ongi t udi nal i%?sl’%lq §etives |a|r§tat%‘ﬂﬁfgg*e%tb Eﬂr%éf‘g 99‘”8 | 8nPiRly EHE\/Pce
acsor di ng gendda hwﬁ@tth@rbha‘?ae@hend& h’f‘erﬁioﬁéatthth%eﬁmHeaéﬁ@eﬁtrQﬂfmé" ew of
the device of the preceding igure, Figure 5i1s avie I 'ongl t udi nal

section of “dﬂllgewlceﬁbmdmﬁﬂtsobra/armt%m¢ ripsdeibied einatheoddpeandent t he

i nvention, %ngl gure 6 is a partly sectioned front view of the device of

t he precedl figure, and , WD 01/38217 4 PCT/ CHOO' 00576 Figure 7 is a
schemati c represent ation of the operation of part of the device of Figures
5 and 6.

The below description describes several embodiments of a device
according to the invention, and should be read in conjunction with the

10 attached drawing comprising the figures where

Figure 1 is an elevation of part of an installation for fagade cleaning,

Figure 2 is an end view of part of the installation of the preceding
figure,

Figure 3 is a view in longitudinal section of a first embodiment of a
15 balancing device according to the invention,

Figure 4 is a partly sectioned front view of the device of the preceding
figure,

Figure 5 is a view in longitudinal section of a second embodiment of a
balancing device according to the invention,

20 Figure 6 is a partly sectioned front view of the device of the preceding
figure, and



5 10 15 20 In Figures 1 and 2, one has a building | wth a vertical facade
10 and a roof 11, here represented as being a flat roof. Building 1 is

‘equip ' n installation 2 for cleaning/ upkeep 10
corrpr'?g(lgr?y:’tg%?ndol a 20 suspended {lr oma first pair ﬁct@i@&gﬁand a
second pair of cables 22, wth two support beans 23 and 24 fixed on a

frame 25 that preferably can nove on the roof 11 so that the gondola 20
will be able to reach all of the fagade 10. The gondola 20 that is shown

here conpri sesg; rii : f 20A and 20B each, carrying a
hoi st 3 al |l ow ﬂge {{gggoénééth’%rﬂ%é’tr%ﬁf\%%ﬁ@gpgZbg'iﬁ? QP&@%OgPaﬁg&BHE f agade
10. The fi deticbof Figuses®mnd 6es nore particularly a first notor 30,
preferably an electric nmotor, a first reduction gear 31, as well as two
druns 32 and 33 nounted coaxially at the wall 20A, while the second hoi st
conprises a second notor 34, a second reduction gear 35, and two further

druns 36 and 3Ih figurasetiand@2xioaklhasad bifngvdlwith 28BrticBhéagade 1 amda32 and 33

of the first hai st each take one cable 210 or .211, respectively, of the
first pair r%qfqéai’?é%r%em Fd a8 '@Q\B?lﬂt fiPRy- éé"éﬁa 1 '§7e°2’é9ﬁ?dt‘é(%aane cabl e
229 or 221insternientl 8l dearfha/LBReSSEP | 1 i qgﬁa ee ends
of cables ‘210 anld 211 ofe&}t hegf_lbrs??paf'% ﬁ%?bg?gO%ﬁgﬂﬁi%%f%oq e Egam 23,
pr ef er abl y sHepengesbfrom atirsiepaineffoabéesedisandf a semondspdieof aable?222, ar e

attached i Qi n t be 24, contr ol t 38 supplies and
controls eg'&t{tu‘ t&‘% %ﬁpéﬁ‘s% ﬁﬂ@r?&.'xeféo ﬁrmﬁlﬁ&%@rﬁ%ﬁ%ﬂ)ﬂicﬁa on the
conf i gur at infgvel btthé Sofel FebaRat Ble ddrRiolARONRII B BbRORIRRN oGO
conprise two additional units showmn™ schematically at 39 which are suitable

for perforfdgrgecs of nore of the follow ng functions: changeover of the
cabl es 210, 211 and 220, 221 5

10 The gondola 20 that is shown here comprises more particularly two
end faces 20A and 20B each carrying a hoist 3 aliowing the gondola 20 to
be raised or lowered along the fagade 10. The first hoist 3 comprises more
particularly a first motor 30, preferably an electric motor, a first reduction
gear 31, as well as two drums 32 and 33 mounted coaxially at the wall 20A,

15 while the second hoist comprises a second motor 34, a second reduction
gear 35, and two further drums 36 and 37 mounted coaxially at the wall
20B. The two drums 32 and 33 of the first hoist each take one cable 210 or
211, respectively, of the first pair of cables 21 while the two drums 36 and
37 each take one cable 220 or 221, respectively, of the second pair of

20 cables 22. The free ends of cables 210 and 211 of the first pair 21 are
attached to the beam 23, preferably detachably, while the free ends of
cables 220 and 221 are attached in like manner to the beam 24.

A control unit 38 supplies and controls each of the motors 30 and 34.

Optionally and depending on the configuration that is selected for the

25 drums, the gondola may also comprise two additional units shown
schematically at 39 which are suitable for performing one of more of the

following functions: changeover of the cables 210, 211 and 220, 221



10 15 20 . WO (11/38217 5 PCT/ CHOQO 00576 distributed along an axis parallel
to the axis of rotation of the druns, as shown in Figure 1 in the space

*bet we nms and the units 39, _.to a configurati cabl e
pair 'iaérbgl'??’asgyejd wi thin a plane pe? pendi cul ar to the%m&@ﬁ&%gned axi s,
as shown in Figure 2, or, in another enbodi nent of the gondola that is not

represented in the figures, to a plane parallel to said axis, in the
section situated between the unit 39 and the beam 24, |evel w nding of

each cabl e ol dru and .saf ety ,brake hlocking.the_cable or cabl es when

a cabl e ruﬂ@ﬁf’b&t@% a&%’fraeépeﬁ’f's'ﬁ?ég%el i We?)@ﬂt&n’é’é%?r‘apfe?%@wmﬁnaﬁ he art

and wi || henewn netFigeredese thdedatd befibén 86 ArdmB e thr@nurhi]§5r t@ﬂ,u{ogé wi ndi ng
e

of one or several of the above cables on one or several o runs
ment i oned REYNIGUation owherenkacancabiey pak liva@ranpedr ivsthin o@ belameen t he

cables 210 ] r 0 - ola 20
t hat correg% ngg@éé}atr?zg%gapg\r’gs ?rﬁ}ggjgtg g%gueg%wgﬁﬁéﬂérﬁageggi s of
rof| R or anothegenmtrodirheppeitbeajomdold that is actsrepresentekIrstheffigurés;toT, or to
a conbi natigﬂr] of thaisle twa sli paﬁg In the enbodi nent represented,

IQ iy

sl i ppage aBdIENg paralel © saigd %‘?ﬁt'o@aﬂt%ée_ BaiasrEihed My 3%8hfng on the
rel ative sppedaapf 2hhféxﬁe\ﬂ'@xgnaﬁ§p%§e§& 286e38n 5 HRfH, ngé“éggr&?t?@ﬁ&or

autonati c detection of sai i ppage or manually via unit 38.
Si nce the blaskihguthe 3ablendr3Gabiés twieerf iar shbleoingptuny ¢ hietbaeddriese36 and
37 of the ond hai st are control] ed sjingl e motor 30 or, 34,

respect i veﬁfyfer Bt MeangarsoiqWi dn e @(F%Bas‘ﬁ'ﬂle 158 payaed IbeAdNaxi s R by
the neans huskt geiditheveed. 25 It is proposed to this effect according to the
invention to instal a

An irregular winding of one or several of the above cables on one or
several of the drums mentioned may lead to an unbalance in the load
distribution between the cables 210 and 211 or 220 and 221, or to an
unbalance of the gondola 20 that corresponds to an angular slippage about

15 the longitudinal axis of roll R or an angular slippage about the transverse
axis of pitch T, or to a combination of these two slippages.

In the embodiment represented, slippage about the axis T when
present can be compensated by acting on the relative speeds of the two
motors 30 and 34, either by an organ for automatic detection of said

20 slippage or manually via the control unit 38.

Since the two drums 32 and 33 of the first hoist or the two drums 36
and 37 of the second hoist are controlled by a single motor 30 or 34,
respectively, it is not possible to compensate slippage about the axis R by
the means just mentioned.

25 It is proposed to this effect according to the invention to instal a
mechanical balancing device between the two drums, 32 and 33 or 36 and
37, respectively, of each hoist.



mechani cal bal anci ng devi ce between the two druns, 32 and 33 or 36 and 37,
respectively, of each hoist. 5 10 15 20 25 30 . WO Q1/38217 6 PCT/ CHOO 00576

"Accor ¢ first enmbodi nent, thg bal anci ng device FOP ' a
rrechaigqlmgglly%lz ?er ential reduction ggar with three axl es, /Esﬁ‘}@?d)slfmstance

the planetary gears 4 as shown in Figures 3 and 4. The device 4 conprises
an input shaft 40 that is driven directly by the notor 30 or 34 or by the
reduction gear 31 or 35, as needed. A sun gear 41 is solidly nounted on

sun gear 41 arterangcl B Est RIRRPERE dhe SAEMIA Yok BS%FRNST Bt ornal
teeth. Themenhen#3l differérmtial rbeuctionyédr With Ierechakles SaP @it ingfandelthét i ng

mechani sm Fach of the planet gears 42 is pivoted on an axle 420, while
sai d ax| esPEEENY ISR G a%shewn Ahhoules Brind 4+ Bee depicedt eomptises ahe end of
shaft 40. A : r r ) ' Fi . our and
assum ng tﬁlﬁﬁ]ﬁﬁgf {Ha'}lg%&rljﬂgeung dggbatrﬁsf% tﬁr n@ggll%od;%vrm%édé,drmm ﬁgébl ocki ng
t he drum 3redictien gaartdfeor 86e ag3jeededs pesun \gelay 4 loisesatidly swantdtabnt he

fl 44 [ the d 3 37 I turns cl ockw se f to the
coﬁtn?gr y o a%?%@rég! ﬁsﬁlg %[?ﬁﬁ}{eg%]pg«?m%;gq?{s ﬁ%eesf?qagéﬁg_z oe h?%@iﬁ@@tt}‘gel y, one
can see 1 hglnidear driuahd DromeS6trier Mafid W BCERbARIIAEE AR hlagngnalt 40

turns clockw se. Thus, in order to obtain a si aneous ascending or
descendi ngtefihi dieofagend 3geadisisathec doundi 33 or @6t Heatdisr patti of aofiftingt at i on of

the shaft, | 1| ary that the.two. cahles of one_pair be wound
up in oppogﬁcg\gh!slr%g%%ﬁgfﬁ? BYa[r}% 95R6S g?u‘ﬁso,'vmﬁ Qrén ':‘Pﬁie #@umﬂﬁ.
10 said axles are fastened to a flange 44 that freely pivots about the end of
shaft 40. Flange 44 carries the drum 33 or 37.

Looking at Figure 4 and assuming that the shaft 40 or sun gear 41

turns clockwise, while blocking the drum 32 or 36 or the race 43,
respectively, one can see that the flange 44 that carries the drum 33 or 37

15 also turns clockwise. If to the contrary one blocks the drum 33 or 37 or the
flange 44, respectively, one can see that the drum 32 or 36 turns
counterclockwise while the shaft 40 turns clockwise. Thus, in order to obtain

a simultaneous ascending or descending motion of the gondola according

to the direction of rotation of the shaft, it will be necessary that the two

20 cables of one pair be wound up in opposite directions onto the two drums,
as seen in Figure 4.

The balancing device 4 for the traction forces functions as follows, in
the situation where the two cables of one pair exert the same traction force
on the two drums or identical torques are exerted, respectively, the two

25 drums are rotated in opposite directions when the shaft 40 is rotated, and
thus cause the gondola to ascend or descend, depending on the direction
of rotation of shaft 40. In a situation where one of the cables is wound up
with a diameter that is different from that of the other cable, which causes
the force exerted on one of the cables to be more important than that

30 exerted on the other cable, then the drum holding the more highly taut cable



The.bal anci ng device 4 for the traction forces functions as follows, in
the situation where the two cables of one pair exert the sane traction

‘force wo druns or identical, torques are exert ijvely, the
t wo '&ﬁm&tdayriyrot ated in opposite Zi recti ons when theﬁgﬂé‘?ﬁ‘?@g&?@ rot at ed,
and thus cause the gondola to ascend or descend, depending on the

direction of rotation of shaft 40. In a situation where one of the cabl es
is wound up wth a dianmeter that is different fromthat of the other

bl e, whigh t he f t f ot bles to.b
vt ant LERERSEna EQfsd e UL bEdaRReCRE, 86 ¢her SRR, SArRGET ne ¢ he
mor e hi ghl yintintile ditfbfenice IMBoRbs38 24dde UBGEHCHROIPESY Exavitdd oRltAEkwand cause

the notion perforned by the other drumto continue wuntil the difference in
forces is fapEs@se ANgeimererassealalbxdentierlon the two cables are once nore
essentially identical. 5 10 15 20 25 One thus has a differential bal ancing
devi ce between the two drunms which acts so that, when one cable is nore

highly taut than the other, fhe  torque created on the drumby this taut
cabl e causes tﬁé‘er@(’:'éohﬁs ?I%{&ﬁ@m'abﬁé@@ﬁmgt ge‘{'@ﬁ Sehvern the bue dHEMS fi xed
poknt of t R ke S ' ehi ,;efér% rne=ace, as
wel |l as the zli%fgggsn?o B%M@%hmé;%%khtg hrﬁéﬂédlﬁllgﬁ | rengtéhali{ﬁgglleg’n’fheno mat t er
whet her t hdorgrieveresteaf onitheddriune byothimteut cabte aagbes he rdewicrefldanye t wo

bl of a pair, of cable re th al.wa , ject, to essentjal]
?gente ;Scal taidgac'einégoiﬂaﬁ Hfsn &/gﬁcqmugt%hx§%§85§qu#tﬁ?cqe&iqeoiﬁu%ﬁh?‘ﬂ@)étwo dr uns
are not i demé ogdr-eléehglangedraase Ohs Wellasdhel &faddiatdrdid foehake p t he one

just described can be enviSaged. For instance, the size ratios of the
di fferent dRigdifigrears in tengiomms matteewhethss the dilivefshalins drivemasiat. has been

dggeribed &frough this device the two cables of a pair of cables are thus always
subject to essentially identical traction forces, even if the speeds of rotation
of the two drums are not identical.

Design versions of this device that differ from the one just described

can be envisaged. For instance, the size ratios of the different gear wheels

15 that are present may be different from what has been described or
represented, just like known design variations of triaxial planet reduction

gears, for instance, a number of planetary gears that is different from the

number shown here, or another way of meshing of the gear wheels.

A second embodiment of a balancing device according to the invention

20 is represented in Figures 5 and 6. This device, which is again a mechanical
differential reduction gear with three axles, essentially corresponds to a

trochoidal (cycloidal) reduction gear such as that known by the name of

“Cyclo” (registered trade mark), a specific embodiment of which is
described in EP 0 291 052.

25 This device 5 comprises an input shaft 50 that, like the shaft 40 of the
preceding device, comes directly from the drive motor or from an

intermediate reduction gear. The shaft 50 comprises an eccentric



represented, just |ike known design variations of triaxial planet reduction
,gears, for instance, a nunber of planetary gears that is different fromthe

nunbe or another way of, neshing of the g @psecond
errbod:wrrg%y% QZ baI anci ng devi ce actgor ding to the i nvﬁ?é@s%@% resented
in Figures 5 and 6. This device, which is again a nechanical differential

reduction gear with three axles, essentially corresponds to a trochoi dal
(cycl oidal) reduction gear such as that known by the nanme of "Cyclo"
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40 of the bpaangdurfgcde:auses ecoamsic tofatiohl of 4 tcuthéd yhdiel B2 tHRf RAs @ from an
i nt ernmedi ate reductlon gear. The shaft 50 conprises an eccentric 5 10 15 20

25 30 V\oofP@@él?V‘@dﬁeﬁ/ @@oﬁé@s%eeywalemﬁn@ws fryafatatipns maunted B0 t hat i s

f d t be a C e ntri c

ot ati on of e, StBchiric BEACSNiRLE o P RBhbR JEh ES1 (BRRRNTESPHRS 520, or

eqbi val ent enmmméot wilbbetdesoribaliin goaber ?}%thg betwenas M@MbtwadlpWaﬁtgr Lace 51,
I 21 ich f 0 e described in

ortor oo STl oo e s i S5l Sl b

regul arly wpAGadb&eohZD anditdNRé eseth s, IT?neC@ﬁnbé% dditidial %Pﬁﬁr?é bore 520

and to the teeth 521. The device 5 additionally conprises external race
53 with inBer@dernaéeace §3ovitlt inigrnahtegtls 586i dfi whiehisospersfi emhzoldimarhtso be

ceser) Peo ) 8k 85 el bBCRLhSIERE%E s Cubl Bl s R B b5,
oftOpr ot r udiofithe Meeﬁﬂ@ A flanfe 64 i¢ eBICHVERINSHHEh05@ aRATsBipPéAs a
plurality of protruding rods 540, each of them corresponding to a bore 522
of the wheel 52. it can be seen in the figure that the bores 522 have a larger
diameter than the rods 540; this device of bores and rods actually serves to
transpose the eccentric rotary motion of the wheel 52 to a concentric rotary
15 motion of the flange 54 about the shaft 50. To this effect the diameter of a
bore 522 is equal to the diameter of a rod 540 plus the amount of
eccentricity of the wheel 52. One may have one or more sets of bores and
rods for the transmission of this motion, and it is also feasible that one or
several bores are arranged on the flange 54 while the corresponding rod or
20 rods are attached to the wheel 52. The external race carries the drum 32 or
36 which holds the cable 210 or 220, respectively, while the flange 54
carries the drum 33 or 37 which holds the cable 211 or 221, respectively.

Figure 7 shows a preferred embodiment of part of the device just

described, showing the engagement of wheel 52 in the race 53. The race

25 53 has a plurality of semicylindrical bearings 531 each holding a roller 532
freely turning in said bearing 531. In the example represented, the race 53

comprises twenty bearings 531 and as many rollers 532. The eccentric

wheel 32 has a plurality of semicylindrical bearings 523 on its periphery, the

number of said cylindrical bearings here being one less than that of the

30 rollers 532. One will thus understand that, when the race 53 is blocked, one

has one revolution of the eccentric wheel 52 for any nineteen revolutions of



of the wheel 52. It can be seen in the figure that the bores 522 have a
| arger dianmeter than the rods 540; this device of bores and rods actually

‘serve spose the eccentric gotary notion of t
concéﬁﬁ):bc %’{)?Zry notion of the flgnge 54 about the zlﬁgméﬂ/g&%-}@ hi s

effect the dianeter of a bore 522 is equal to the dianeter of a rod 540
plus the amount of eccentricity of the wheel 52. One may have one or nore
sets of bores and rods for the transmission of this notion, and it is also

f ble t S [ es ranged o he flange 54_whil e the
cg?ﬂaspond:aﬁ% ﬁgﬁ éH of g’i% %{olgg éﬁéﬁ f%ggphgfmecgj tth§2druf‘?1 %eQ'E é?na! race
carries t heupipomecSBthls fRfhgehifehons relrollifish 6RMeesiRP 501 V@?éh bro%ﬁllﬁgc'f ively,

whil e the flaage 54 carries the drum 33 or 37 which holds the cable 211 or

221, respetl§ Y@nge 34 guthe #ryRods oa 37k & dheadheetni r@énecfmelspetotthef t he

The race. - S3REYS Engiites (Y RLIABRIAHETRER o e 2 8061l i ng

rofl er 532suppered by thinirace,irespadtivelye for orge @¥dlution dfm@eehamsb.e repr esent ed,
the race 53 conprises twenty bearings 531 and as nmany rollers 532. The

eccentric wheel 32 has a plurality of semcylindrical bearings 523 on its
peri phery, the nunber of said cylindrical bearings here being one | ess
than that of tHeis ran |athantage dne wdifférential trovtieidal abalahbiay, debize t he race

3 bl I f th wheel 52 for any
et eon s eoseislftEin IE 805 Bbagibant mre%péé‘é%% &w&%@@e@@gya the
shaft 50, @cc@na@ngwmemﬁspemodtrhemfa@mmeé4tr9.ﬂ nﬁ] oféb’%%o&:”%{e &L ocki ng

supported by this flange, for one revol ution of
t he fl ange dsd4mgtoithe speathof the drigs shett is distinathelarger, soethpbuthecehyes to the

he d 32 or 36
ceptrary. QRgsRs Ll Yrddaalt bglré%c%fg tdréelcrea%%cgr?c’imogr Q" i s siond
embodiment to omit placing a speed reduction gear 31 or 35 between the
motor and the input shaft 50 of the balancing device.

Different design variants of a differential trochoidal balancing device

can be envisaged; for instance, one can have a difference between the

15 number of rollers 532 and the number of bearings 523 on the wheel 52 that
is larger than one, for instance two or three. Likewise, the external teeth

521 of the wheel 52 and the internal teeth 530 of the race 53 may differ

from those described here, that is, one may have conventional teeth 521

and 530 where one or several teeth are engaged simultaneously. The

20 differential trochoidal balancing device may also be designed like that
described in the document EP 0,291,052, that is, comprising several wheels

52 in parallel, and eccentrically offset so as to distribute the forces in a
softer and more regular way.

Other types of reduction gear can also be provided to function as a

25 balancing device. For instance, a reduction gear of the registered trade
mark Harmonic Drive, or more generally a differential mechanical reduction

gear of the kind found in a car could very well perform the desired function

of balancing the traction forces. Generally, any differential mechanical



supported by this race, respectively, for one revolution of the shaft 50.
Jt is an advantage of a differential trochoidal balancing device according

“to thi enbodi ment descri bed,  over the pl anetar i ce according
to thg§9ﬁﬁ2§ﬁgﬁbodinent descri bed, y%at the ratio of s%€i§§h§@@9535 dr uns
to the speed of the drive shaft is distinctly larger, so that it becones
possible with a trochoi dal bal anci ng device according to this second

enbodi ment to omt placing a speed reduction gear 31 or 35 between the

notor and the input shaft 50 .0f the bal ancing device. D fferent design
variants of° “CAPBf Qﬁahtﬂ“aﬁlmﬁﬁoﬁﬂ*&r% %H&’ﬁ’c%ﬁ‘ﬂ“ﬂe%@@ be avsask asndi saged:;

for instanealareity efshariza\meferdbllf 8bes¢ 8o HMeE Nt diisa fridghl €rs 532
and the nunber of bearings 523 f’)ln t he wheel 52 that Cti S Iar’gée)rtrl )ﬁéolln one,

for instandedycliongeariyibbe usedewi se, the external teeth 521 of the wheel
52 and the internal teeth 530 of the race 53 may differ fromthose

descri bed here, that is, one may have conventional teeth 521 and 530 where
one or several ,teeth are, engaged sjnultaneously. The differential

trochoi dal bal AnRAIABCIAEARVESBGCAAIG toeonRear Hiroather i6é thegmbasidentsbed i n
the dOCU”E'EnVEBg@d?c%h%%a&é"ﬁioré%on@?&@rt?fégéﬁngeé’gfs%nx\%& °meafs. 1
SO as 1o diIsrtri the

paral l el, and eCcentrically offset ute orces’in a
sof t er and febinetanegld atchwamichQuiieallotwiaeie ahwirtting of the gatsles fram tHewo be

provi ded to, function as a | anci devjce. Faor instance, a reduction gear
of the regi%?@?e\yh??a@@ gﬂﬂ‘?‘aaHér ﬂggwﬁ»i%,ore@r i@ rattagbnthem tp the
differenti @Jungﬁg]gﬁibtéghqs(educti on gear of the kind found in a car could
very well performthe desired function of balancing the traction forces.

CGenerally, any differential nmechanical WO 01/38217 10 PCT/ CHOO 00576 5 10
15 20 25 reduction gear nounted between the two druns could be used as a

A balancing device according to one or the other of the embodiments
10 envisaged can also be employed in a hoist fitted with two traction sheaves,
rather than two drums; preferably, the traction sheaves will then be fitted
with known means helping to make the cable adhere to a segment of the
sheave'’s periphery.

The gondola described above, and shown in the figures, is conceived
15 with the four cables, each fastened at one corner of the gondola, but other
configurations for attachment of the cables can also be envisaged, for
instance with the four cables aligned in a plane holding the longitudinal axis
of the gondola.

Also, the gondola has been described with the hoists 3 mounted on

20 board; but one could just as well have an installation where the two hoists 3
are arranged outside of the gondola, for instance on the structure 25

supporting the beams 23 and 24 or directly on these beams. In this
embodiment one could even have a single hoist driven by just one motor,

with the axle of the motor holding two sets of drums and each set of drums

25 comprising a balancing device according to one or other of the

embodiments described. Thus, a single hoist or a single motor shaft may



bal anci ng neans. Preferably, so as to have a conpact device, a triaxial
Jeduction gear will be used. A balancing device according to one or the

‘ot her odi nents envi saged, can be nade nore c | et e by adding a
discdaﬁg%:pﬁgﬁzgans, for instance éflatch which will E&@ﬁﬂp@@ﬁﬁgs

unwi ndi ng of the cables fromtheir druns when the gondola is at ground, on
order to attach themto the suspension beans. A bal ancing devi ce according
to one or the other of the enbodinments envisaged can also be enployed in a

hoi st fitt i raction sheaves, . rather than two druns; preferably,
the tracti S’%fméﬁﬁ%ﬁ%ﬁg m%?lrsﬁesr?v%a?ﬁa{r?é)é driging ﬁ“ﬁ?&f%%ﬁﬁg‘?ﬁg&ﬁ to make
the cabl e q@vewith it ownseamelhg @devicee sheave' s periphery. The gondol a
descri bed above, and shown in the figures, is conceived wth the four

cabl es, each fastened at one corner of the gondola, but other
configurations for attachnent of the cables can al so be envisaged, for

instance with fThe balancingllerdceabtgreihg to aneldanethbpldithng hittodipeats udi nal

axis of tgﬁagonq$l?. ﬁ%so t he gondol a has been described with the hoists
3 nount ed SPSCHBES ke thephaist id\ing aicha@ \Ralanding, edeyice, nkave Ikasnon wher e

thg two hoi i | gﬂgﬂg rod e on the
structure Zﬁégﬁ%%gpteirﬁgfe?’%g%gegyn%mfg&yﬂngﬁ%o I r%az?rl tbgouréktg'%égog eans. In
this enbodagade obmebuittingt kutehothathe balanocigheddvices tandr theehoibly canidde one
notor, wt x| f the notor holding two sets of drunms and each set
of druns é%ﬂ@??%?Hbﬁﬁﬁﬁéﬁ%ﬁkﬁm@maEQW%e according to one or other of the
enbodi nents descri bed. Thus, a single hoist or a single notor shaft nmay WO
01/38217 11 PCT/ CHOO 00576 very generally conprise several pairs of druns
and/ or traction wheels, each pair with its own bal ancing device. The

bal anci ng devi ce according to one or other of the enbodi nents described,

| i ke the hoi st having such a bal anci ng devi ce, have been 5 descri bed and
represented as enployed with a gondola for the upkeep of a



facade of a building; but both the balancing device and the hoist can be
enpl oyed I n many ot ger applications. WD 01/38217 in It-,T/ 12 HOO/ 00576

"Cl ai s . Bal ancing device for traction forces exerted by two cables (210,
211; 220"'02021332671 two neans of winding (32, 33; 36, 37) pcw/ararb/dus578

common notori zed neans (30; 34), 5 chalr?acterlzed inthat it conprises a
differential mechanical reduction gear (4; 5) 2. Device according to claim
1, characterized in that said differential nechanical reduction gear is a
triaxial reduction gear (4; 5). 10 3. Device according to claim 2, _
characterized in that the two neans €laimsdi ng (32, 33; 36, 37) turn in

od n wWn unwi ndi ng notion of two
cabl 5 (210, 2111 220, BIERHNG] aByicB iy Eactanolore g eBorhy diot ables ecedi ng
claims, cha(2ad, @titze0] P21) @ m@méarfsf&nﬁ.ﬂair@ (3228 a@fkff?@ rﬁf'éw&;byf ol

S a | anetary reduction gear (4 Devi ce "accor one " of
l:l ai m;pl to §° oM QY metrizeddneans ( 3t4hat t he di fferentlal nechani cal

5 vi ce according to
Clai'm 4. char act SreRSRERR iR Ihat R UMM E Hirerbitle) Mpglinicsldeducio)
bearing a sugegel 5§41), at | east one planet gear (42) attached to and

: . . . i d
rotating with a flange (44) freely turning about an axle coaxial to sai
I nput sﬁaft, an external race (43) with internal teeth, said planet gear(s)

(42) engaging orp.one hpReicH LBcd@fge 48 Rith 4% haracterized in that said

differential mechanical reduction gear is a triaxial reduction gear (4; 5).
10 _
3. Device according to claim 2, characterized in that the two
“means of winding (32, 33; 36, 37) turn in opposite directions to produce a
common winding or unwinding motion of two cables (210, 211; 220, 221).

15 4. Device according to one of the preceding claims,
characterized in that the differential mechanical reduction gear is a .
planetary reduction gear (4).

5. Device according to one of the claims 1 to 3, characterized in
20 that the differential mechanical reduction gear is a trochoidal reduction gear

(9).

6. Device according to claim 4, characterized in that is
comprises:

25 an input shaft (40) bearing a sun gear (41),
at least one planet gear (42) attached to and rotating with a flange (44)
freely turning about an axle coaxial to said input shaft,
an external race (43) with internal teeth,
said planet gear(s) (42) engaging on one hand with the sun gear (41)
30 and on the other hand with the external race (43),
the flange (44) supporting one means of winding (33, 37) and the
external race supporting the other means of winding (32, 36).



30 and on the other hand with the external race (43), the flange (44)
supporting one neans of winding (33, 37) and the external race supporting
"t he ot her, neans of wi nding (32, 36). WO 01/38217 PCT/ CHOO 00576 13 7.

Devi ce WOMAEA7t0 claim5, characterized in that it ROPGEEE00sIE | nput
shaft (50) fitted with at |east one ecr®ntric cylindrical bearing surface
(51), 5 at | east one toothed wheel (52) conprising external teeth (521)
freely turning on said eccentric cylindrical bearing surface as well as at
| east one neans_(522) for transposing an eccentric circular force to a
concentric circdlar f&evise accordingndd chim (53)charadiefizéderinalthhaeeith (530)
engagi ng V“.”&oﬁgbgisé eth 10 (520) of said toothed wheel (52), a flange (54)
freely turning out’ an axle coaxial to said input shaft and rotated by

sai d means (522, as4fputashaftr (505 ARed WitnaleasNoRs EBBERHHE cyfihdridal Béa?%fe to a
concentric ci r{cful ar éorce, the flange (54) supporting one neans oTJ ndi ng
(33, 37), andUt'age (51 »external race supporting the other neans of w nding

(32,536). B. DovirRa3r6As ddtfich MSH(5DY co BALAL AGRY) Idboh pas ey nt er nal

teeth (530) of the external race con
seni cyl i ndri &4ningean isagse¢sdirc cyimdnichbbeingy surfadd as weHa af keasi dnd ur ni ng

in 20 said fi b | the external teeth (520) of the wheel (52)
consi sting o %”%%%MFHS&P%‘PQSQEOWWW ﬁHPP')@élfoffé‘aFQ g SONEETBIic
engagi ng wit kirtdiar foreés of the rollers (522) not contained in said first

bearings. 9. Device according to claim38, characterized in that the first
25 nunber of firaf extespaigee (63)yith sntermaideethntB30) kagagingrwith tHeesettef

thatlthe di (32D 3et oo R BoR T “hinber of first bearings (531 and
t he second a flange (54) freely turning about an axle coaxial to said input shaft
and rotated by said means (522, 540) of transposition of an eccentric
circular force to a concentric circular force,
the flange (54) supporting one means of winding (33, 37) and the
15 external race supporting the other means of winding (32, 36).

8. Device according to claim 7, charaterized in that the internal
teeth (530) of the external race consist of a first number of first
semicylindrical bearings (531), each holding a roller (532) freely turning in

20 said first bearing, the external teeth (520) of the wheel (52) consisting of a
second number of second cylindrical bearings (523) engaging with the parts
of the rollers (522) not contained in said first bearings.

9. Device according to claim 8, characterized in that the first

25 number of first bearings (531) is higher than the second number of second
bearings (523).

10. Device according to claim 9, characterized in that the
difference between the first number of first bearings (531) and the second
30 number of second bearings (523) is at least one.



30 nunber of second bearings (523) is at |east one. WO 01/38217

PCT/ CHOO 00576 14 11. Device according to one of the clains 7 to 10,
"characterized in that said neans of transposition of an eccentric circular
force t3YQ@O1B$RE2ntric circular force conprises at | eastPGHEHWN05560)
parallel to the input- shaft (50) an&‘booperati ng with a circular bore
(522) the internal 5 dianmeter of which anbunts to at |east the external

di aneter of the rod plus the excentricity of said eccentric cylindrical
beari ng surface ;151). 12. Device according to claim1l, characterized in
that at |east ohk of Bavigedocouding thonesf (B222ims7 &6 nongestacerizBe it oot hed

wheel (52) |4 €anikO | eagt, one of. said rods (54Q) i s fastened to said
flange (54). I _Sﬂévpﬁéeangc%irﬁ?tﬁsgoo[sgio& é’?n?'il‘?cq,eﬁ‘é'i'éc@'@t“il%reépmﬁ tha at

| east one otoseendricicirculanfolRer €6mpfisey ANy ' ile at
| east one of s i%cli,@rﬁg@)i S ?asteneg ?o sai d todc})it%hg%d 3\%&@?5?%&')@@1&%1]4

Devi ce accor HIRYy ofNq (OopeEtingi Wilhca siresllar borer 4522)r theeithtemal hat i t

i s made nor edp@igtbebewRicheaHb0Ststto! R JLid: i3 gting,on the

i nput shaft §40; 50). 20 15. De\??geaqaccortﬁélr?gf‘etqéa‘o(glé;"@ftgr?#et%&r&g’d‘i"%g
claims, chafhecexaentigityiof seftbecdenticcylindeicaiearingryuiriice (5y).a gui de

mechani sm (39) fit to cause the cables (210, 211; 220, 221) to change from
a first arrangenent where said cables are spaced along an axis parallel to

the axis of rotgion Dévkaead&?dlﬁg% Ahinglifg cﬁw%?%ctg 2ot tidt) af Ralt second

position 25 in which said cables are arranged 1n ane per pendi ar to
said axis, af@e ofpaid ciksuiarbores (32)iis arranged dinrthe ttoothied wifed! BSZ)QhﬁiiéYB lto

(3o)F Tt o BLEERt ofb ot ade Sy sliRed 368 Baioe Vi change from a 11 st

arrangenment where said cables are spaced along an axis parallel to the
axis of rotation of the neans WO 01/38217 PCT/ CHOO 00576
13. Device according to claim 11, characterized in that at least

one of said circular bores is arranged on said flange (54) while at least one
of said rods is fastened to said toothed wheel (52).
15
14. Device according to one of the preceding claims,
characterized in that it is made more complete by adding a reduction gear
(31; 35) acting on the input shaft (40; 50).

20 15. Device according to one of the preceding claims,
characterized in that it is made more complete by a guide mechanism (39)
fit to cause the cables (210, 211: 220, 221) to change from a first
arrangement where said cables are spaced along an axis parallel to the
axis of rotation of the means of winding (32, 33; 36, 37) to a second position

25 in which said cables are arranged in a plane perpendicular to said axis, and
vice versa.

16. Device according to one of the claims 1 to 14, characterized in
that it is made more complete by a guide mechanism (39) fit to cause the
30 cables (210, 211; 220, 221) to change from a first arrangement where said

cables are spaced along an axis parallel to the axis of rotation of the means



15 of wnding (32, 33; 36, 37) to a second position in which said cables
are arranged in a plane parallel to said axis, and vice versa. 17. Device
‘according to one of the preceding clainms, 5 characterized in that it is
made ‘nmoM¥OMAETe by a level wind guide (39) fit to di POT/oHE/EETE cabl e
(210, 211; 220, 221) in a regular way1en its neans of w nding (32, 33; 36,
37) while said cable is wound up on said neans of w nding. 10 18. Device
according to one of the preceding clains, characterized in that it is nade
nmore conpl ete by an errergency brake nechanism (39) fit when said nechani sm
detects a rupf wirding (383e33a86237pto hl sedondhsositidrein adidresaidScalies Hpb st (3)

conprising a . 0 air_o ans, of. wi nding (32, 33; 36, 37) for the
si mul taneousg\r/\rngﬁgfé&nbn %?'WW&F‘%@E&P'%X'P V'Sgé’efﬁ%r of cables (210,
211; 220, 221) driven by a unique notorized neans (30; 34), characterized

in that it is eqﬁ7i pped wth at |east one bal ancing device (4, 5) according
to one of the prktedi nfevicgi n@ccardingo. tatoiose aefcoths ngrecedingi roldighs,

chargcteri zedps I i I e i r of. mean f .wi ndi ng
cons?sti ng o?h?%fégraé%ﬁ @%Wpééﬁﬁggn%rgﬁ;ﬁég%y gﬁ%‘f%ltw"&%%l‘fﬁ &8)?&) claim
19, charact efa distiibute each cablec(@iy 29¢522@t22 Hdata RYBIP Ay 66 it8RABENS

w ndi ng consi st 0 t jon .sheaves. 22. Gondola (20) for the upkeep
of a facade ?ﬁ%%?%&r#é%h%'@ﬁ cablg is weundppPsaid means gt one
hoi st accor diiigling one of the claims 19 30 to 21.

10 18. Device according to one of the preceding claims,
characterized in that it is made more complete by an emergency brake
mechanism (39) fit when said mechanism detects a rupture in one cable to
block the other cable.

15 19. Hoist (3) comprising at least one pair of means of winding (32,
33; 36, 37) for the simultaneous winding or unwinding of at least one pair of
cables (210, 211; 220, 221) driven by a unique motorized means (30; 34),

characterized in that it is equipped with at least one balancing device (4; 5)
according to one of the preceding claims.

20
20. Hoist according to claim 19, characterized in that it comprises
at least one pair of means of winding consisting of two drums (32, 33; 36,
37).
25 21. Hoist according to claim 19, characterized in that it comprises

at least one pair of means of winding consisting of two traction sheaves.

22, Gondola (20) for the upkeep of a fagade (10), characterized in

that it is equipped with at least one hoist according to one of the claims 19
30 to 21.



