NObULAR DEVI CE FOR STARTI NG LOADI NG W TH AT LEAST THREE

DEGREES OF MOBILITY The pregent invention pertains refers to
a nodul'ar device for the putting into notion of |oads with at |east
three degrees of freedom 5 The French patent No. 2 745 656
descri bes a known conpact device for-the putting into notion of |oads
such as a sinulator cabin with three degrees of freedom This device is

noved by three electric notors enabl es the | oad to be noved al ong
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| ow- cost devi mmmdthecmmlmmn spadelrequiretnent of theflevice is Anthjér itddiod, for putting

a load into notion, r e t t eneshaft of
eac h\e-rfl ectric notor, er gepsﬁﬁ%ﬁh Sgﬁfgﬁ%maé &Eéuwecﬁere?ter %@plﬂ%&é’s of
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connecting it to the 0 prevent eat er arrpl h tud ea of anoqul ar
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devi ce being C owes
possi bl e 20 because of the use of hydraullc jacks and their control system (with power unit

and hydraulic circuits, the simuitaneous control of six axes etc.).
There is a known low-cost device, described in the document EP- _
A-0 373 029, for putiing a load into motion, using three electric motors. On
the driven shaft of each electric motor, there is mounted a crank, connected
25 by a suspended-rod type hihge to a corresponding tip or corner of a triangular
platform. This known device is satisfactory in certain applications that do not
require high amplitudes of angular motion (in terms of roll and/or pitch
motions) of the platform (they require amplitudes of less than about 13°). The
suspended-rod type hinge and the cardan joints connecting it to the platform
30 prevent greater amplitudes of angular motion from being communicated to
this platform.
An object of the present invention is a device for putting a load into
motion with at least the three above-mentioned degrees of freedom, this
device being compact, simple to make and control, having the lowest possible



2", s ~ cost price, and enabling the | oad to be given the nost realistic
not i ons possi ble, with anplitudes of 2angul ar notion, at |east in rol
and/ or pitch, that are rel atively great (up to about 25).

The device according to the invention conprises at |east three 5
actuators, each fixed to a supporting base plate at the vertices of a
substantially regul ar polygon, each of these actuators rotationally driving
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cor ner y bebyrgne Oﬂite?h@sltdomrféplﬁtjﬂirin% Wld-b‘amhd-tsotkeﬁyrieojoﬁ& ard chi)_hthe
correspondi ng [n t 0l at for cordi to one
onbdat ment . (PST SO0 18t Jeast B JRintR. opBbcted to sach other by g Ak B, o0 e
el ement wit h descedbg asirglelaboutan axis.f unct i on, havi ng one end connected by
a joint tqsthe center | t i r end
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connect ed ‘by anot her joint . e center 0 ravity t he atform
Accor di ng to 'aidoPHein @meaviiaarel tiangle Gﬁﬂﬂ%’(ﬁ%ﬁ’@n@?i 8 iopieal 3d\%npri ses
three such el sdvantageoasiy; e two lenag of te rd@?hiri&éﬁl shaft parallel & fRCbasee! y
connecti ng eaclh of . L h(;hcar r}§r s _of the nDl gtt QL mctn ttngtw G cn(&rsrb%lsrpondl ng
corner of t hepgﬁfpﬁt)ﬁ?? 3 B reaﬁ 83Q corinected 1o a crank, o cra g
fixed in the same angular position with respect to the rotary shaft, each of the
20 three connections having an appreciably triangular shape, the ends of its base
being connected by a rotary joint to the corresponding cranks, and its corner
being connected by a ball-and-socket type joint to the corresponding corner of
the platform. '
According to one embodiment, the load compensation device
, 25 comprises a single elongated element with an adjustable spring function,
p having one end connected by a joint to the center of the supporting base plate
and its other end connected by another joint to the center of gravity of the
platform.
According to another embodiment, the load oomperisation device
30 comprises three such elongated elements _hinged at each end and
respectively connecting each of the comers of the platform to the

corresponding corner of the supporting base plate.
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ANENDED PAGE ' 3

Accoriding to yet another enbodi nent, the |soad conpensation devi ce
conprises three groups of two el ongated el enents hinged at each end,

the two el ements of each group being connected at one their ends to the arm
and, at the other end, to the driven shaft of the actuator. 5

According to anot her enbodi nent of the invention, each hinged coupl i ng

conprises primarily a,pantograph with a nmediagn trapsversal armthat is
connected so as to beAﬁ?cﬁé'Ba @ny%ta?%'nﬂ?raﬁﬂ‘%aime"' the”foad COmpeNsateN ¢ he
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is a partial view in perspective of an enbodjnmen e evice o e
| pvent ton w t RoURIPa BofBRGEaTAY B paRfbafaptavin S Median trahsversal ATRLNSE o
sinmplified tojsconaected sblae talbe hinged bnfsaigioranii ; - figure 3
Is a partial side vie : e | ' Led to the
crank of the devi ce_ow %! tgh_%r%arﬂqéh'@gﬂg' ﬂ\%albéé"&og%ﬂ_rs%?ifaré&egﬁ%r&lﬂg&tgg%sart I al

and di agr amragt leastieithea calibpatad spring orenpraymatisiadls t he. device of figure 1,

W! th pant ogr aph- bas edThé "iﬂé’één?ﬁhveﬁﬁéfpb\ii'll‘ﬂé ;undBitddddore ﬁl%ah?ifﬂﬂ\ el ane
vi ew of a CO”P@C“ on ct)

figure 5 is a'Pyipeids %‘l?td\%%ﬁ}'{‘%’tfr‘:’%péfpieﬁfﬁfﬁ' lié{r}{?%lggr?eg\tg gi‘?e]é‘r by, way @f non-
enbodi ment of rdstriztive ekamples and tustpateéd by the appeadéd drawirgysainl which:not i ons wi t h
ST ed i ew of “an- ot b &) 8 F Bareragtve of ap emicHib bk o
bet ween act uadeviee elittie fivantian witlothreehdegrees offragidom; gure 1.
devi be Torputt i ng o s1qurf 216 BIsHApIGETeh WEly il debice o BRGRCE |07 hat i
i s not linmited to- figve 393 Patinbside Mrw of & load compepsationfeviest ed i n
ot her appl | catorinesteddo thderafk of thedenice @f figuirg 1t 0 obt ai n t he novenent of
among the moti one-of T ciuranh/ B % sarig; 866 e Bl el 3 SREPE I on The
i nvention is pambodinentrofy thed\devicegebuigure 1,wwith pantograpbibgsed t bingecke a
| ow-cost gt ga\,diRYe, the iRt ARSbéing &' Gihhe/ Glew Bf 4'tonnection of this kind in
unfolded form;
- figure 5 is a simplified view in perspective of an alternative
embodiment of the device according to the invention, enabling motions with
more than three degrees of freedom; and
25 - figure 6 shows a simplified view of an alternative embodiment of
[ the linking device between actuators and platform of the device of figure 1.
The present invention is described here below with reference to a
device for putting a simulator cabin into motion, but it is clear that it is not
limited to this application, and that it can be implemented in other applications
30 where it is necessary to obtain the movement of loads with at least one
degree of freedom, preferably selected from émong the motions of roll and/or
pitch and/or vertical translation. The invention is particularly advantageous
when it is sought to make a low-cost motion device that has a relatively high
amplitude of angular motion while at the same time being compact.



anpl i_tudé of angul ar notion while at the sanme tinme being conpact.

4 ) The notion device 14shown in figures 1 and 2 is
i nt ended to nove a simulator cabin weighing about 1 to 2 tons for
exanpl e. The notions produced by the device 1 are roll, pitch and
vertical notions or a conbination of such notions. The device of

figure 5, described hereinafter, can be used to 5 obtain other notions.
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triangle, the i e notors are then respective parallel to the
opposi te si dethednoton or identigg) vath this axis. Figure 1 shows.only ¢ Agtuataswstoy

![0| at f Olr m a/h iWhl'bhﬂ\etF;é‘rﬁﬁﬁs ﬁfand ﬁdrém_éi}.?For eachMc?fafdr@Me%rar\hmré{fﬁé@imL_ (ot
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Shown) of "t hethel FAmS el Fostio” B sbehect i Ba<it oL e grolah s cabi
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12, only  adteatgre 3,k §r avec pesitionedeat hes wetlices ot 14 Jrisngle 8 mhidh ine of
these joints didfdrably, equilateral (see figure 2). The shafts of the motors of these

actuators are respectively perpendicular to the bisectors of the angies of the
triangle 8 coming from the corresponding vertices. If the triangle 8 is an
25 isosceles triangle, the shafis of the motors are then respectively parallel to the
~. opposite sides of the triangle.

The drawing shows a platform 9, in the shape of a triangle,
preferably a equilateral triangle which may be either a specific element to
which the cabin (not shown) of the simulator is fixed or even the base itself of

30 this cabin. Three joints are fixed to the lower face of platform 9, close to each
of its corners. These joints may be, for example, ball-and-socket joints or,
preferably, double cardan joints. These joints are referenced 10 to 12, only
the one referenced 12 being shown in figure 1. Each one of these joints 10 to
12 is connected to the two cranks of the corresponding actuator by a



12 i s-connected to the two cranks of the correspondi ng actuator by a

5 : connection arm respectively B3 to 15. Each of these connection

arms has the shape of an isosceles triangle whose "upper" vertex or

corner (the one | ocated on the axis of symretry of the isosceles
~triangle) is attached to the - correspondi ng joint of the platform?9.
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to those of e¢enpeetedto dneenrds:eithatceanks B, i7Hy tadeintsutee 19 whose axes arfeer ences,
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5 and'of PhetAE Sy, FRERERENRY. einealoths and F¥ie bufbys 118, 104 11 0
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conprises  crahkd 69, W‘H‘tdrﬁ@l‘iﬁe fHe tHahdarcdrif 190 WHIES is\ébphecte@itd tife are fi xed
close to t hep_latform 9 by the joint 12V. Of course, the other two actuators (not shown)
are connected in the same way as the actuator 5AV to the platform 9.
. 25 A device 20 to compensate for the weight of the platform 9 and
~ the load resting on this platform is fixed between the platform 9 and the base
2. In the example shown in figure 1, this device comprises a pneumatic jack
21 that is connected to the platform and the base plate by a joint such as a
“ball-and-socket joint or, preferably, a double cardan joint, respectively 22, 23.
30 The fastenings of these joints are centered on the centers of gravity of the
platform 9 and of the triangle 8 respectively. As an alternative, the device 20
comprises a calibrated spring. In another alternative, the device 20 comprises -
three such jacks or calibrated springs whose joints are fixed close to the
corresponding vertices of the triangles 9 and 8. According to yet another



correspondlng vertices of the triangles 9 and 8. According to yet another
6 - alternative, shown in figure 36 a pneumatic jack or a calibrated
spring 24 connects the axis 5A of each crank to the correspondi ng side
of the arm (15 in figure 3) driven by this crank. O course, the jack
24 is supplied by a gas pressure source 25, just like the jack 21 of
figure 1. According to yet another 5 alternative, the notion device
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cranks (6,7) and of the motion ABAEES HeSéribed RéreCabdvemiaRés itSpddsible td 2.
Through the gneo\cectﬁe flo%rdscp?arg%nosnaéwl np?atForm (9) in motions of pitch and roll and in
vertical motions (the base plate 2 being assumed to be horizontal) through the
o 25 composition of the spatial positions of the joints 10 to 12, i.e. of the angular
~ positions of the cranks such as 6 and the 7. The other degrees of freedom
(yawing motions and displacements parallel to the plane of the base plate 2)
are not possible owing to the fact that the actuators 3 to 5 are attached to the
base plate 2 and that the ends of the extensions of the arms 13 to 15 (such as
30 the extensions 16, 17 of the arm 15) describe a fixed circle around the driven
“axis (5A) of the corresponding actuator (5). The maximum amplitudes of
these motions are a function of the lengths of the cranks (6,7) and of the
characteristics of the joints 10 to 12. Through the device for compensating for

the weight of the load, the energy of the actuators 3 to 5 is used only to



t he werght of the Ioad the energy of the actuators 3 to 5 is used only to

7 ~overcone the forces of friction7and the inertia values of the
nobi | e parts of the device of the invention. This entails |ow

expenditure in electric power. Figures 4 and 4A show an
alternative enbodi nent of the arns 13 to 15 of figure 1. Only one of

the three arnms, referenced 26, has been shown. 5 The other two arns are
identical to e 5.

el o bl BBl bl oo SRS P penie3 ARSI =
of appreci abl geviepefithe mvgntion. musemtalﬁlowfemmwre inelentnic PQW%.’pezm ds, 27,

conpr i ses two mit ual | gighasad bl 4Arsﬁ&ﬁ\éﬁra‘ﬂ%haﬁ0ér§mb38|nﬂéh@o§@te GRRNEEt ed by
two oblique ar t 12 1s fixed on ongﬁ he arm 29

and, 10- on tiee! %?faf'BPf% dQ"'yt‘{S‘ s theee ms, referanged QY"Fh 30 is
ext ended 0B The othehtwo dendareddertichiEetothierardR6. Sthis ahe zsehasrtlde gehéral r apezoi d

ﬁgl :‘ -St ?;nggi g{% ??o%{?@%@gﬁﬁﬁéﬁg@e?é%ngéﬁn"fsgvoamdt -trapez%:% ?a’ue ar s
36, 37 endi ng28 of sppreciablyoequal heighfis B#, fisd of thesadwy baif-trépezoBls, 8%t ensi ons
33, 34 on whighy, ﬁﬁh%éecwé'rﬁﬁmﬁﬁf Eafgﬂelft‘fﬁﬁb rs&f ér*?hé“i@' %‘3@' ﬂdhnectedg%hus t he

arm 30 constitutes the fo ezod

ext ended on elaobiigue agps dti 3hsThmicintd2 '%IXQQJ?'FI PRY sidede the am BRapdngs 42
43 fixed 19 tthepéuaéeto% obﬁ\btlbﬁihbymatfd?ﬁ: @' The Grmesele Giterided drivo hal f -

t d i d I
ooz ndi oot fag by af @ E'gks,?ﬁg*éd%eafﬁséﬁﬁ?w%'é@?t@n?@ﬁezs'sh'r@eé'soéht case,

only one dri vthassbxtbnslommmmh the crank 6' is fixed. A bearing 44 is

mounted on the arm 30Th|€ Hatd ‘b@z&&ws&ﬁgﬁ%% %Vtﬁaﬂgveq?alté}n{ ﬁi J}Fiﬁf\&dq

44.“aAtcording to the al ernatl act uat or
5 is r epPliigue asmsa3b, 27t ending inpslaeverer pearingsnis. @éa theeadegoan theoned
Crank 6 A 1%2?’3???"“5 g‘f 33“ “'*‘W“““*z?‘*ﬁ;;}“@ﬁ;%ﬁ“ﬁ@aﬁmﬁ"ﬂgd h A arm
29A, paral | eI hfa sgnstitiges the 59@' the trepezoid £fie

requir 1g'e.ment 2 ois elxtvemB dwtimt:ggwd; bé} @i(tehgens ua,en%{ Itl.:rﬂmg ?freelysmrmgggd 42Th4e13
wol | as the riSsed o dheyionsn Ha 2 JYethiply S Al PR B0 gk o 50
wel | as the r Q 8n% 0385, Y. cfhg s P89, 08! he 30
arm 26 are suttapezoigs ase figidly aopnedtedto éachatker ur n of the crank 6' makes the
arm 26,90 fromafﬁétc%n@&p "4 MRkl O Rolrpisdil f iAPeZ Ol ds

27 and 28 are copl anar) max| num i nflection ' (as_permtted

by the joint Spresentmsg,@rjgog@,gﬂmn ghatt tQ which the crank &' jaclixed. A bearing
sinmul ator). As4 jsmbiisted on the arm 30. A rod 45 connects the crank 6' to the bearing

44. According to the alternative shown in dashes in figure 4, the actuator 5' is
replaced by an actuator 5'A that is identical but positioned nearer to the center
25 of the base plate 2. The actuator 5'A drives a crank 6'A connected by a rod
O 45A to a bearing 44A mounted on an arm 29A, parallel to the arm 29 and
| close to it. Thus, the space requirement of the motion device of the invention
is reduced. The respective locations of the actuator §' and of the bearings 42,
43, as well as the respective dimensions of the crank 6', the rod 45 and the
30 arm 26 are such that a full rotation by one turn of the crank 6' makes the arm
26 go from a state of maximum extension (where the half-trapezoids 27 and
28 are coplanar) to a state of maximum inflection (as permitted by the joints
10 to 12 and/or sufficient for the needs of the simulator). As in the
embodiments described above, there is provided a compensation device to



enhodinénts.described above, there is provided a conpensation device to

8 s conpensdate for the weight of the |load of the platform9. This

devi ce may be | i ke the one of figure 1. Another enbodinent is shown in
figure 4. This conpensati on device conprises, for each arm such as the
arm 26, at |east one pneumatic jack or calibrated spring 46 positioned,

for exanple, between 5 an oblique armof a half-trapezoid and the
correspondi ng_obl i gu rm of 1 ot her..half-trapezaid of the arm In

D aur o ant i) eSmuaibafe R e el the Gl A Platior P T Peficn iy B4 L1
gr eat er bal anlike ther onéof digme 1t Anotpersembodiment is shqyosin figureahotThis | ack

betveen v SE8TpdRalH dbho Srdfeil 6/ Sl Ay s ot aRI26) el Uoe0

posi tioned bet o S > "transversal arns and 35.
The notion dePn@enaumalicuiask ion calibsated spring 46 \pesitioped, iforexamplechetween | ¢

possibl e & ObhblkquEkin? 66 atafapki shahE cBfResHontig dBlighdarraler e |
escri pe evl ce . ese. ons are_at -‘1,eqst, one .or .1 ne 0, oW, . .NQg.: aw n
ot one: 1 ony PeEA R he BRmaln idiire ¢ B jaPR R fositiaed pameghas; 72" "
notions 15 (amesv31aand' 36. Dd iobtaly) greater balance for the afime itdisvpassibie’ to

comprises, in [ 1] : .G, Qf | on plate 2
has been Shom@%ﬁ&%?@@p&@g&@?&%& :éfnytﬂfh]aé&gr%iv\\?#\cgl)‘aﬂ oé‘%a%ra"? %Ar%ﬂvgaﬁ'ﬁy

addi ti onal , sapejaclgisoused, pesitionedthetween thedrnidpeintsiof thejtransversel amanrg  of

addi ti onal jgoL,@88, desired. The enbodi nent described here bel ow 20

conprises two additional npbile base RI ates 48 and 49. The base ﬁl ates 2,
48 and 49 are plane plBe gwtion device 47 shown in gsimpjified way i ows S MAkes | s

squar e- shapeditf possibledt®| sbtain mofiows lotieesthah thbse gshinittedaby thé t atidve-

per pendi cul ar ,to . urf gc n%ﬁ L ntin wargds. Jhis shaft. 50 goes
Phr bugh an apdeeiripbd sbtibe 37 IS RalislgH ot eest'BHS oE e Plibiing Viing y e
center of themotiens, dngitadipal metibns(lopawn as PXiemobtions) phditransversap mgjionsans of a
bearing 525 € g v plate 2 to rotate freely around t he shaft
50 at a di stag@g%romt é’lﬂg_‘g@é plate 48 that is sufficient to house a
jack 53 between t heseThRd@vige 47 eamprisassin additiondo the devicet (Bwhiheonly de, by a
joint, to thetledsReldae2 Kk 5eef, shoWntil Ordek i@ sinfplifyethe Rivaviing), BAé o Bkd1t , t O
t he base 30 g‘ljél{.e , So.as to %I e for fghedl | md.t ed rﬁ'g ation of ,the base
plate 2 with addiignal superimpoper Mpblle Rase plates dependingonfhe, BUREERSl o st l |
in rotation. additional motions desiredi S Theweembadiment hdestribed pheree béfbovhas
casters enabl | Bt ot . Lt udj | A 4 |y, rds the
casters \CoL biffpldes'tio aqanBRUCrbBIIbhARE 46 4RPESZ bkl pdBY
' 48 and 49 are plane plates. _
The base plate 48, which is square-shaped for example,
comprises at its center a shaft 50 perpendicular fo its surface and pointing
upwards. This shaft 50 goes through an aperture 51, for example a circular
__ 25 aperture, made in the center of the base plate 2, and supports the base plate
— 2 by means of a bearing 52, enabling the base plate 2 to rotate freely around
the shaft 50 at a distance from the base plate 48 that is sufficient to house a
jack 53 between these base plates. This jack 53 is fixed, on one side, by a
joint, to the base plate 48 and, on the other side, by another joint, to the base
30 plate 2, so as to provide for the limited ro_tation of the base plate 2 with
respect to the base plate 48, the latter being held still in rotation.
On its lower face, the base plate 48 has casters enabling it to
move longitudinally (horizontally, towards the left and towards the right in the
drawing of figure 5) on rails 55 fixed to the base plate 49. This base plate 49



drawi ng.of figure 5) on rails 55 fixed to the base plate 49. This base
pl'ate 49 : 9 9 has an
el ongat ed rectangular shape, with a length sufficient to enable the

base plate 48, and with it the base plate 2, to be noved in | ongitudinal
noti ons of desired maxi num anplitude. To this end, a longitudinally
positioned jack 56 is fixed betmeen the base plate 49 and the base plate

48. 5 | |
face.  enltB? eephostee erkiiar hopCu) € HRLL RifeBRCT bt s | 20T
figure 5) onbase plaié 148, Shd( with jethei basenplate a,rte bemoyeesp bﬂ@@tﬂ“'\ab a base

59 fixed t 4 f
57 oA s, s T o ity 7,1

b
O cour so. "t Hestonad jatin s isTxed otasn e bavs BaeriS A ine base st ff,at or o
svery cass the cent ¢f urf)f tHehgésé alétélﬂglctfo‘inpﬁsés easters ontitst lower faceyer t i ces
of a pol ygon whj ra requl a
usi ngpm))r/g t ﬁvgbll“ﬁr'gé’ ﬁ‘evﬁgﬁa?@%ﬁ%(ﬂeg%’é@%@ﬁﬁw@gﬁ? pigﬁg osegﬂm ng t hr ee,
but they nakeailst58(pegpendicutan ta thennails 68} fixed<tplar base>60 ﬁx&ﬁ.ﬂo&lemlmms (i.e.
pure 15CL,rAIO :vlg're Bi&%ﬁﬁg‘ié ﬁgwﬁgtuh%ﬁ%:etaﬁtltwﬁfo W more ) jacks 60.fixed to

-10- nto |on with at |east
t hree dd@miﬂaﬂdﬁem@wpwl sing at |east three actuators (3,

4, 5 0r 59 each fixey E&J@eswcﬁdsé“ﬁlaﬁasze déha*s@p;{o&) nﬁ’éret tan threevertices
of a substantl ally regul ar pol y?hen each fQ uat OrtZl
rotational | yagiuatdrsg 18 eveanhkases the cgntersgoly hege/ aF&ators are datdheny a
hi nged coupl ivagicéd 8f a pblygdh whidh is peeferdbly & gegular polygon. The approaches
using more than three actuators are less economical than those using three,
but they make it possible to communicate « purer » angular motions (i.e. pure
15 roll or pure pitch motions) to the load.



at" | east” one connection elenent (13, 14, 15, 26) to a corre’sp'ond-i ng

corner of a platformto which the |oad isi0 fixed, the fixing pornts on
this platformform ng the vertices of a pol ygonmameag;aagépﬁ dat is
appreci ably honot hetical to that of the pol yg I ces
are occupied by the actuators, characteri zed mg"”']ﬁ%
connection el ement (13, 14, 15 or 27) is connected by' S ends
to the platformby a ball-and-socket type joint (10, 11, 12), and by
the other end to at |east two hinged joints (18, 19) which are
connected together by an arm (15, CLAMS. these joints describing a

circle centered on any g)éévﬁze for plﬁﬁr@a loadinto mg’non witheXt 188st tﬁt‘éﬁ(?fegl'é& to

claim 1, characteriz nprises _a wej %‘ t “conpensati ng

devi ce (20, 2bAreedam, sgmprisingat 'eaﬁeﬂx‘ﬁeeactﬂ%@@r@r fig® of &) eachimhed fo a

ggir agz er |2 % )edsuppﬂrtlng hise plite (2) at Wnne@oﬁalsm?étaﬁmaa%mhr palydenu ge (29,
vice.acc r ed in

that each eacgc? g}ege %cg%at?%'%é% ?'!;M %HY'P °£?F§‘f féT § aéeg’ch%r of which

t here i s noumondecied by @khifged dou.mlmgsms ) 15t26é to wccomespanglingf corner ofeach

act uat or _ bei ngpkiiftled Bk the BEE e AAR bbitE o hid platfornt RRARE. 10 Lhe

common axi s e driven shatt ection e nts (13,

14, 15) havi riBe ¥ertieppobai mﬂ{gyn havmgta isamﬂ‘@t l%a@mec-alplw@n'@ﬂwcal(tpe 17)
are connegjedhily ot the pdlygoA WwHoSé NVertidés drB) ocudidtt BPTthes Refidiorg cranks,

gggl_\ghc%:ém %@ptenzed in that each hinged coupling compnseslgt least one °°"Eﬁ?t'r?5r i s
connect ed by elerhent| (13114, skicere27)tcppregted by opé 2f its @nds to thehglatfomt bgpondi ng

~corner of the,jl BTt typ joint (BY 17513)C ARG By e 'other! dHld lolat leSltAWRC! o7 T 2ed

i n \tHat each
joints, connected to each other by an arm (15, 30), that describe a circle about

15 anaxis (5A, 35).
2. Device according to claim 1, characterized in that it comprises
a load compensation device (20, 20A, 24, 26).
3. Device according to claim 1 or 2', characterized in that each
actuator has two coaxial driven shafts, on each one of which there is mounted
20 a crank (6,7 or 6V, 7V), the two cranks of each actuator bejng fixed in the
same angular position with respect to the common axis of the driven shafts,
each of the connection elements (13, 14, 15) having an appreciably tr"iangu'lar
shape whose ends (16, 17) are connected by a rotary joint (18, 19) to the
corresponding cranks, and whose corner is connected by a ball-and-socket
25 type joint (12) to the corresponding corner of the platform.
— 4. Device according to claim 1, characterized in that each hmged
coupling comprises a pantograph (26) formed by two rigid half-trapezoids (27,
28) that are mutually hinged around a median transversal arm (30) that is
connected in a hinged way (44, 45) to the crank (6’), one of the two half-
30 frapezoids (27) constituting said connection element, and the other half-
trapezoid (28) being mounted on bearings (42, 43) fixed to the base plate.
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hi.nged ¢oupling conprises a pantograph (26) formed by two rigrd .
hal f-trapezoids (27, 28) that are nutddlly hi nged This Sheethlas Beai Replacedli an

transversal arm (30) that is connected in a hi nged to the
crank (6'), one of the two half- trapezoids (27) sai d
connection el enent, and the other half-trapezoid (28) belng nounted
on bearings (42, 43) fixed to the base pl ate. 6. Devi ce accordi ng

to one of the §opgged ﬁgcordlﬁ%% BRe of Cpe foféh'i‘i‘r%C&I%Hsz %ﬂar‘a@teﬁ%@& 1 an

conprises three actuators t bSLTI one _
equi | ateral tyihahd eompyises threecapivatgrs ﬁlaF @ identical a’\ﬂe‘?ﬁ’%@ﬂ&éc’ﬁr%ﬂ ng to one

of the clai nquﬁlateiaIQna (8)Config yUEStbN. in that the | oad ~conpensati on

devi ce conprises a sih ed e 1) n, adj ust abl e
spring function, 6. lcﬁ‘gac&ﬂréjl'pn@ 9@ B& ,,B§&21 af%ﬁ'f ‘95‘ t he
center of 5 that thedoad pprapensatjoh device tormnpriged)a anglelelmgatddeelement (th)mect ed by

anot her | oi nﬁlﬂ‘ ah & ﬂsHBfe ﬁ{ﬂlh%nc{ﬂm %&éig{yneoénot%%n F& fbyragéint (23) to Ig) ¢

Devi ce according to n that

the | oad conts@n@qmrmf fb@\ﬁU@EO@BQqhaﬁg late {Rand its oteeroensheennestednmnt s wi t h

an adj ust abl gndtRér jifit (zmﬁﬁe%ntarwg&wtyofthétpla%ﬁh (g)nd and respectively
connecting each of the _corners mto the correspondi ng

corner of the ﬂ' pHSVice Ageprding tBI%Hee"r} tth%'ms BdPi% characteriged ¥ t o one of
the cl ai o 3thadtHe Ioaﬂabmpteﬂsatibnchewce cdniprisbﬁ&hr’éb%ldr@afédcélmeﬁl%ahltmn devi ce

ggm’:}’gs?z 4; hér‘? gdﬂéﬁﬂﬁ spring fuﬁétloﬁmg%doart‘%ggh cejlng laﬁge e;st_psé |veliy conne?:‘m ystable
each of the corners of the platform to the correspondlng comer of the
U, supporting base plate.
8. Device according to one of the claims 2 to 5, characterized in
15 that the load compensation device comprises three groups of two elongated
elements with an adjustable spring (24) function hinged at each end, the two
elements of each group being connected at one their ends to the arm and, at
the other end, to the driven shaft (5A) of the actuator.
8. Device according to one of the claims 2 to 5, characterized in
20 that the load compensation device comprises, for each actuator, at least one
element (21A) with a spring function positioned between the base plate (2)
and the driven shaft of the actuator (5A).
10. Device according to claim 4 or 5, characterized in that the
load compensation device comprises, for each hinged coupling (26), at least
25 one elongated element with an adjustable spring function positioned between
N2 two arms (27, 28) of the pantograph.

' 11. Device according to one of the foregomg claims,
characterized in that it comprises a second base plate (48), positioned under
the first base plate (2) to which there is fixed a shaft (50) crossing the first one

30 at its center, which is rotationally mobile about this shaft, under the action of a
jack (63) connecting these two base plates.
12. Device according to claim 11', characterized in that the second
base plate is provided with casters (54) moving on first rails (55) fixed to a
third base plate (49).
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function hinged at each end, the two el enents of each group bei ng
connected at one their ends to the arm anfd, at th Ghify 8mﬂéthﬂmBel
driven shaft (5A) of the actuator. 10. Device accordlng

claims 3 to 6, characterized in that the | oad conpens

conprises, for each actuator, at |east one elenent (21A) wth a spring
function - positioned bet ween the base plate (2) and the driven shaft

of the actuator (5A)43 pbbice J&Figg@ t%C&QiFrp'tf'gcﬁaPa% el in Rt the third

characterized in that t he ensation device conprises, for each
hi nged coupl Pagg plate comnrises casters na\ipg op @sc@r%mjﬁt@ fupd feApedestl an
adj ust abl e  (59) afd perp@ndidiiaF tothe ARt rdilsoned between two arns (27, 28) of the

pant ogr aph. 12. Device according to one of t he f or egoi ng
cl ai s, characterized in that it conprises a second base plate (48),
positioned under the first base plate (2) to which there is fixed a
shaft (50) crossing the first one at its center, “which is rotationally
nobi | e about this shaft, under the action of a jack (53) connecting
t hese two base pl ates. 13. Device according to claim 12,
characterized in that the second base plate is provided with casters
(54) noving on first rails (55) fixed to a third base plate (49).
14. Device according to claim 13, <characterized in that the third
base plate conprises casters noving on second rails (58) fixed to. a
pedestal (59) and perpendicular to the first _ rails.

b.

* ¢ - L M S * -



