WO 03/071158 PCT/ 1 EO03/00027 1 An Actuator This invention relates to an
actuator. 5 According to the present invention there is provided an

act uat or wormpnrasg a series of el enments each rotatable relracovmor7o t he
next, a housing acconmodating at |east part of the series of elenents with
one end of the series projecting freely beyond an exit of the housing, the

10 el enents bein uided to follow a non-linear path to the exit, neans
for drivéﬂgéﬁgﬁ@gégies of elements relative to the housing to vary the

total length of elenents projecting beyond the exit, and neans for

mai ntaining the projecting elements in |inear allgnnent ina 15

subst ant T8RSy invgng logerelatisfotei #§ @SEUREOTene application of the
invention is in the construction of adjustable-height beds. If four such
actuators were |ocated at or near the four corners of the bed, with the 20
|i nea? | y ARICOERE@ I Slouhe DFepeditednvegtipanthescaisapgeyidedr ecal |y and

serving aechied:etnlikiaghalsctien BY odbhuig Lhey! etatebscol el ements

in synchronismthe b may be raised or |owere eS|re Al'ternatively,
by dr|vﬁﬁéa¢ﬁgeaépu$&@r§e6ﬁhyaahOPﬁénﬁeaécémmpdéﬁl@g Bite lsagt25 the latter

may be tijlted3s (gesid QQesAb§oelER% 2l Lty oﬂ% Lha gkqugt%e%geEOIIOMIa

non-linear path means that those elenments not formn art of a leg of the
bed at @ﬁ?]@ﬁ¢é@gtﬁﬁ@edanbEQOQdc@nwﬁaate@thbezb@véhng,atbﬁg the frame of

the bed @fhianany Labier (A5L5eRt @ F %qug%fgdh 9 ﬁﬁnéglcggtﬁpQSMEﬁéa"ab'e-

However, the 1 nventio |s not imte tion. 3/ 071158
PCT/IEO3E@@®27means for driving the series of elements relative

to the housing to vary the total length of elements
projecting beyond the exit, and means for maintaining the
projecting elements in linear alignment in a

15 substantially rigid, self-supporting column.

One application of the invention is in the construction
of adjustable-height beds. If four such actuators were
located at or near the four corners of the bed, with the
20 linearly aligned columns of projecting elements arranged
vertically and serving as the legs of the bed, then by
driving the four sets of elements in synchronism the bed
may be raised or lowered as desired. Alternatively, by
driving the actuators only at the head or foot of the bed
25 the latter may be tilted as desired. Also, the ability
of the elements to follow a non-linear path means that
those elements not forming part of a leg of the bed at
any given time can be accommodated horizontally along the
frame of the bed or in any other orientation depending on
30 the space available. However, the invention is not

limited to that application.



2 Enbodi nents of the invention will now be described, by way of exanple,
with reference to the acconpanying drawings, in which: 5 Fig. 1is a

parti al | ywouwsaways per specti ve view of a first enbodi nent Pefi/IEéB20D2WVeNt i on;
Fig. 2 is a side view of a second enbddi nent of the invention with certain
conponents renoved to reveal the 10 underlying structure; Fig. 3(a) is a

di agram showi_.ng the principle of operation of_ the driv chani sm of the
second eﬁﬂgﬂgﬁgﬁPFslngFgg 3pKsRELOY ﬁéhgp88Wi98 a?ﬁﬁFbgeggr Yof the drive
mechani sifhyFo#- e4ainplan @itar pakepenspeebi ¥BeVheBoRbahiendri ve housing of
Fig. 2; 20 Fi,g. 5 is a_perspective view of the inside of one half of the
drive hoBEPHgRIBmelBt WBECRAIf being a mirror image of that shown; 25 Fig.
6 is a perspective view of one of the |inked elenents of the enbodi nent of
Fig. 2; Fig. 7 is a perspective view of the rotatable input guide of the
enbodi meFiJef 1FiLg. @2PagkdaddyYFrysavwayapersrsctfvenghevhetadt géFEF of Fig. 2
W th thegnbBRYhedd ¢ $68k ahv¥athgys angles. WO 03/071158 PCT/ | EO3/ 00027 3
Fig. 9is a side view of a third enbodi ment of the invention with certain
conponents renoved to reveal the underlying structure;

Fig. 2 is a side view of a second embodiment of the
invention with certain components removed to reveal the

10 underlying structure;

Fig. 3(a) is a diagram showing the principle of operation

of the drive mechanism of the second embodiment;

15 Fig. 3(b) is a perspective view of part of the drive

mechanism;

Fig. 4 is an external perspective view of the drive
housing of Fig. 2;

20
Fig. 5 is a perspective view of the inside of one half of
the drive housing, the other half being a mirror image of

that shown;

25 Fig. 6 is a perspective view of one of the linked

elements of the embodiment of Fig. 2;

Fig. 7 is a perspective view of the rotatable input guide
of the embodiment of Fig. 2; and

30
Figs. 8(a) to 8(c) show the actuator of Fig. 2 with the

input guide set ét various angles.



5 1n the follow ng description the use of expressions of orientation such
as top, bottom vertical, etc., refer to the orientation of the
enbodi mrerwe 0a®788en i n drawi ngs and do not constrain thelPCTAEIOOZEL | Oon i N
use. 10 Referring to Fig. 1, an actuaBor conprises a rigid guide 10 having
a pair of opposite substantially parallel inner and outer sidewalls 12A,

12B resp ctlv (the,i,nner, i dewal | ,12A i hown partially cut away), a
bott om §4¥F Pn?ﬁ&etNéeWbﬁgrae%bégéo?mgﬂgl?FBEwaFl ngA 12B and 15 a
top wal | mnehtsbnv\mthot:@trlaglhheomppﬁénedgeamafreaheo gedewal tRel2A, 12B.
The QUIde %Q h thergforg a tunnel - |ike housing of substantially constant
rect anguliBASELES89 SEEELEHT®The guide 10 has a relatively |ong |inear input

section 16 and a nmuch shorter exit section 18, and curves 20 through 90

betmeﬁn thenb rles of. simlar rigid elenents, in the formof generally
rect angufr t ?eéP bPYLRE descziptpepdths uFghPL PERrEEELPRE @hgagenent by a

t ensi onedrikbaxbbienstaeh 38 %bblpb%%t&ﬁleekﬁlébledee& onecead £g the end
bl ock 20A. and at the other gp03|te end bl ock 20B. Between

t hese twdh §n8r5F65E§lQGA°fZGBetﬁ@b§@#mﬁn $ passesn ipedrawiRgdugh al i gned

vertical askohs gét'thQ%rahﬂt%hggg'ékﬁeﬁkgﬁkénzgn Likew || be understood
that 30 certain of the blocks 20 are omtted fromFig. 1 in order to show

the underlying structure nore clearly. In reality, except at the bend in

t he id o] 0 e n h t e
engﬁggneﬁf¥gfraeé>g%/%%?lS% P%%/F%g%?%ggzggm Pé g 5 Eg&ggrguigg by the

tensi on il PREiBgrpppPaficchL P§§95@§ea5ébﬁbﬁé§$ﬁ¢éYfBﬁéélﬁglth@nﬁrocks
and outer sidewalls 12A, 12B respectively (the inner

sidewall 12A is shown partially cut away), a bottom wall

14 joining the lower edges of the sidewalls 12A, 12B and
15 a top wall (not shown) joining the upper edges of the

sidewalls 12A, 12B. The guide 10 is therefore a tunnel-

like housing of substantially constant rectangular cross-

section. The guide 10 has a relatively long linear input

section 16 and a‘much shorter exit section 18, and curves
20 through 90° between them.

A series of similar rigid elements, in the form of
generally rectangular steel blocks 20, are held in tight
registering engagement by a tensioned flexible steel

25 strip 22 which is fixed at one end to the end block 20A
and at the other end to the opposite end block 20B.
Between these two end blocks 20A, 20B the strip 22 passes
freely through aligned vertical slots 24 in the
intermediate blocks 20. It will be understood that

30 certain of the blocks 20 are omitted from Fig. 1 in order
to show the underlying structure more clearly. 1In
reality, except at the bend in the guide 10, the blocks

20 are maintained in tight face-to-face engagement all



As seen, the series of blocks 20, held together by the 5 tensioned strip
22, are accommodated in the guide 10 such that the end block 20A is

| ocat ed wohiBn7tibe rel atively long linear input section PETAR/hE end

bl ock 20B is outside the guide, beyoad the exit section 18. The
cross-section of each block 20, taken in a vertical plane 10 normal to the

| ongi tudi nal_direction of, .the rip 22,, is.just slightly spmaller than the
i nternal i PhThS TR e bé’u%@ e R I%ﬁﬁe sﬁ‘lrg& Bove smoothly
to and f rimpattonga tdwengdsda vel FoAMdNad tthd WlRickedge each bl ock 20 has a

forward-facing vertical rib 26A (the forward direction is taken to be the
direction towards the end bl ock 20B) and a rearward-facing vertical groove

26B. Theses hmden, cig|FERIAOE BloKE W0 ,f 3ea% Tuefethlat Yyhene b 26A of 20
each plock 20 engages the groove 26B of the next adjacent block. This
al | ow8 t ﬁeerb?lldiﬂ&é &R f%e Shfoncprmodaded, dn $henguddet Hér s¥EM hey pass

around t kehR0 thandnd Bblidek Qwrde s10.0csitReE vﬁﬂ:@x‘ﬁ@ld thide reangd itRa ydi stance

along the outer sidewall 12B is |onger than di stance al ong 25 the

t he
i nner si d&RE 1R G DE SEIFE-i6m 6 edgedher ende Plickc RIB2dshave to
separ at e Afe il M YuidRS RGN tHd Bxit AQon! 0. nqﬁ?eedges of the

slots 24 can be radi'used to I'essen the friction between bl ocks 20 and
t he striFBsmRiidahehereh plogk gli.deaken i3 al vextiicaje pdeingent t hat

|f the entblncke 2GAd 9dh3hed s neanalide iR rCHs! £HECkka 18,0 sEhe guide 10
there wil] be a greater nunber.of blocks projecting beygh t he out put
secti on, JMfr edsigiftlivhemedd e ddlem2dAs dnpeirned siaensioms\Wof03he71158

PCT/|E03@RQQ%]1O to allow the blocks to move smoothly to and fro
along the guide.

15 Along its inner edge each block 20 has a forward-facing
vertical rib 26A (the forward direction is taken to be
the direction towards the end block 20B) and a
rearward-facing vertical groove 26B. These have
complementary curved surfaces such that the rib 26A of

20 each block 20 engages the groove 26B of the next adjacent
block. This allows the blocks to rotate smoothly
relative to one another as they pass around the 90° bend
in the guide 10, since around the bend the distance along
the outer sidewall 12B is longer than the distance along

25 the inner sidewall 12A so that the outer edges of the
blocks 20 have to separate at that point, as seen in
Fig. 1. Also, the inner edges of the slots 24 can be

- radiused to lessen the friction between the blocks 20 and

the strip 22 around the bend in the guide 10.

30
It will be evident that if the end block 20A is pushed
towards the exit section 18 of the guide 10 there will be
a greater number.of blocks projecting beyond the output

section, whereas if the end block 20A is pulled away from



5 the exit section 18 there will be a | esser nunber of bl ocks thus
projecting. Thus the total length of the blocks 20 projecting beyond the
exit sectworn3@®iied the guide 10 is determ ned by the posipCiraroafooirhe bl ock
20A5in the relatively long linear ifAput section 16. Adjustnment of the
position of the block 20A in the input section 16 is effected by a linear

actuator .conpri.sin n __electric notor 28 which rotates a | ead screw 30.
The 10 méﬁ%‘%ﬁ% |§%ﬁ%ﬁﬁ e&%o %Fﬁg Wﬁg&t End SESERE &HP%&rlﬁ%and the | ead
screw 30laskes thxisalhry jalcriggt.ne Thast theotothe lehgtth sEcthen 16. Each
bl ock 20,except .the end hl.ock,K 20A h% a central hole 52 %f ﬁufficient

B‘& gghoft t

di amet er X8°KS A PFEIGCEIR I LEERPEo thEs 8* A e EPFHLRP Bowever, the

end 15 bljadke?QA iis devcgidtedsby RUE, pdRithah b itheSelewk tbaeadedly
engaggd Ry the | ead screw 30. Thys, depending wupon the direction of

rot at? on 5 Hife TR WEIEW 1989 LABCAENINBHECRESBACR LP-ei t her be driven
towards or away from the exit section 18 of the guide, thereby varying the
20 total length of the blocks 20Q projectin% beyond the exit section 18.
Due to t REIUSIERSH of the Posilyion RéephagPlrREkHROBKdN2Bhet 1gREEY up

agai nst @@@t@@@th%ri@n@fE@%t%agegiag1&hEar2Qétuaéoéneoﬂbe@ggﬁ 2R on
adj acent Dbl ocks, the length of the blocks 20 projectin beyong the exit

section P3SCAXAGt MOtexd2Py Whicht reEarefateleat 6rreucdlt o- Fhee engagenent .

ThEY1@remb@%&eb@rﬁs”%bﬁh%%@i@n|Eﬂéaﬁh§u€|Eﬁaegfi?h@ gayRst apthakly rigid

sel f-supporting col um. second enbodi nent of thé invention is shown in

Figs. 2 the deathissrewhddi passeconpirddy alappvehBogshhgesof the
input section 16. Each block 20 except the end block 20A

has a central hole 32 of sufficient diameter to allow the
lead screw to pass freely through it. However, the end

15 block 20A is designed as a nut, so that it is screw-
threadedly engaged by the lead screw 30. Thus, depending
upon the direction of rotation of the lead screw 30, the
end block 20A will either be driven towards or away from
the exit section 18 of the guide, thereby varying the

20 total length of the blocks 20 projecting beyond the exit
section 18. -

Due to the tension in the strip 22 keeping the blocks 20
tightly up against one another and the engaging ribs 26A
25 and grooves 26B on adjacent blocks, the length of the
blocks 20 projecting beyond the exit section 18 cannot
readily twist or rotate out of face-to-face engagement.
They are therefore maintained linearly aligned in a
substantially rigid self-supporting column.
30 |
A second embodiment of the invention is shown in Figs. 2
to 8. This embodiment comprises a drive housing 400
(Figs. 2, 4 and 5) which comprises two opposite halves
400A, 400B of which the inside structure of the housing



(Figs. 2, 4 and 5) which conprises two opposite halves 400A, 400B of which
the inside structure of the housing WO 03/071158 PCT/ I E03/ 00027 6 half
400A i s swown/ofns%i g. 5. The housing half 400B is a mrr@CTIR&Sy®f t he
housi ng hal f 400A, and the two hal ves6 are secured together along their
edges 400C (Fig. 5) to formthe conpl ete housing seen in Fig. 4. The drive
5 housin 0, an e rance 40 one_si e and an | 404 at the
bot t om %h%l)gr%r@ d’ 133" ?FH;Q m)lTIh&e OUSIH Qaﬁﬁ HOPR d° B asti cs
mat eri al ,mmrdzashnalg’e sfealhe hASGANMY MG IO 4ol dlamien&ih@n&w@matl%sl nt ended
| oadi ng. 10 A holl ow, tunnel-like input guide "406 %}1@ and 7) is

e,

mount ed AF§ REWHET HRARGNSF &inshddedan edgrs 49 5t)h($°gw de 406

has a tramsmense @OnplEte Houdie S whi ¢h4.S sengaged dtiﬁ.v% hol | ow
cylindrical shaft 410 extendi ng between the opposite major walls of the 15

dri ve?hoRG4it o4 00 hars G eartaansie d02t pa eme sddguia@d ad0@¥dffout the axis
of the shﬁo‘z; ALAHFipt B, Thee mwéw@loﬁ%qngomogl He?ab%r R iegns 412 to
be described |later. 20 A series of simlar rigi | ow el enents 414,

moul ded ﬁ?%‘%nad-luﬁsﬂlé@ P rliagitics Matewiedy e@It ¢agive lanstieed , al ong one
edge 416 é?:fcdrl'&ﬁ.ngert'oe%t%f ErRAchs Ahd ‘Eth@t ﬂ'ﬁen@lléamlo%‘dq ntially
paral |l el axes 41 To this end the front of each el ement 44 has a short
pair of arms 420 25 which enbrace a flange 422, Fig. 3(b), on the rear of
the 1preqedidid ok, e¥RRhe 1118 1@ 15, '%d gl ?@gﬂo'@axhﬂv\% 52 '29'3?1‘31 7holigs 424

t hr ough whi ch passes a steel piv t pitn These pi vot pins all ow
each el eMMNtERY ato thepdariaer dogsiing entrhaceet02el edant such that the

particular, the guide 406 has a transverse cylindrical

bore 408 which is engaged by a hollow cylindrical shaft
410 extending between the opposite major walls of the
15 drive housing 400 to allow rotation of the entire guide
406 about the axis of the shaft 410 (Fig. 8). The
housing 400 contains a drive means 412 to be described

later.

20 A series of similar rigid hollow elements 414, moulded
from plastics material, are connected to one another
along one edge 416 of the series of elements for rotation
about substantially parallel axes 418. To this end the
front of each element 414 has a short pair of arms 420

25 which embrace a flange 422, Fig. 3(b), on the rear of the
preceding element, the arms and flange having aligned
holes 424 through which passes a steel pivot pin (not
shown). These pivot pins allow each element 414 to
rotate relative to the next element such that the

30 elements may assume a linearly aligned configuration
wherein each element is in registering engagement with
the next across its full width, as seen for the elements
at the top right and bottom of Fig. 2, or may separate

from its neighbours at its outer edges to allow the



30 elenments may assune a linearly aligned configuration wherein each
elenment is in registering engagenent with the next across its full w dth,
as seen fwp oBleiies enents at the top right and bottom of PCFIE®/00027 may
separate fromits neighbours at its @duter edges to allow the WD 03/071158
PCT/ 1 EO3/ 00027 7 elenents to change direction through the housing 400 as
wi |l be descri

erst d t hat ain nents are
omtted from tJ?:(j’ t? cih(?flggxgrlfﬁfag tlﬁél Ef?lu 3‘ Ii-rgllef ﬁ?blﬁéngng]a@oﬁﬁ’ of the
el enent s wil4, ben dersderibed .t 0 Ishewlilh®es ihdetrgt-@odoiaat! eélrit)unThe pivotally
connected series of el enen 14 are o dated in_the drive housing 400
such t hatCoBRE ERFS SFetﬁ@lgzﬁé %rP? F&@éténn%PFhFﬁapﬁee % gui de 4069and
10 t he otHarisiekd hefl ff 2@ 0BekindS sbheOWifSithe Ehemdausi 8g440Qn oQH@h:‘eCti ng
beyong the exit 404. Between these two ends the series of elenents 414
curves t FPof§Rva SAENEtULRGMOTEe FdRGEHY con the angul ar position of the
| nput guide 406. 15 In order to naintain the elenments 414 which project

beyond the exit 404 linearly aligned in a substantially rigid
sel f - suppg&@ Py otSidin cenpeciked éi?FE‘rleé ofsgdemgntralid pEel astlc t oot hed

bel t 426 dcoiim@daded: i40thBi 8rARY Q%ugéﬂ% QbotBﬁcﬁa%ﬁa%BbﬁéléhdaS is used
for timng belts in mytor vehicles. belt 426 is fixed by staking or

wel di ng ©F ithe éﬁﬁ%ﬂseﬁénﬂoﬁﬁﬁﬁdaWéthﬂ§ taet Anpurgguigagé0éoprEspondi ng

teetfy 43Qne Br@er 30R) o2Ndnl sekeees3gdoliRkadehenedasasehqt 190e! ements 414
along the 25 opposite edges of the elements to the pivots~418. The
projecting beyond the exit 404. Between these two ends

the series of elements 414 curves through a variable
angle dependent on the angular position of the input
guide 406.

15
In order to maintain the elements 414 which project
beyond the exit 404 linearly aligned in a substantially
rigid self-supporting column 440, a flexible,
substantially inelastic toothed belt 426 is provided.

20 This may be made of the same material as is used for
timing belts in motor vehicles. The belt 426 is fixed by
staking or welding to the end element 414A and its teeth
428 engage corresponding teeth 430 - Figs. 3(b) and 6 -
recessed into the edges of the elements 414 along the

25 opposite edges of the elements to the pivots 418. The
belt 426 is maintained in engagement with the elements
414 throughout the length of the projecting column by a
roller assembly 432 mounted in the housing 400 and which
comprises two rollers 434 (Fig. 3) which press the belt

30 426 into proper engagement with the elements 414. The
engagement of the belt teeth 428 with the element teeth
430 all along the length of the projecting column of
elements prevents these from pivoting relative to one

another and maintains them tight up against one another.



belt 426 is maintained in engagenent with the elenents 414 throughout the
| ength of the projecting colum by a roller assenbly 432 nounted in the
housi ng W0 oandi1dhi ch conprises two rollers 434 (Fig. 3) PERNE/(IESS t he
belt 30 426 into proper engagenent wi 8h the elenents 414. The engagenent
of the belt teeth 428 with the elenent teeth 430 all along the |l ength of
the projecting colum of elenents prevents these frompivoting relative to
one another and maintains themtight up agai nst one another. WD 03/071158
PCT/ | E03/E®@012k1e&1elﬁaucmm éregnta 41b41ms.l§74te1|rietballédyﬁdﬁeean$dwlh@rs% 436 whose

axi s, en .t he t isin Ilnear aI| ment_wi th ot her, el enents in
t he proj eé<t| rfgwgl&ngﬁnql 4féen}e§1 cdaxit A g\ﬁalrhatlﬂ'@ §1}@h ds in the
col um 44@ictho flenmanits Qﬂntﬂhwm:ﬂée}tllﬁ:@ cdoliigad 4alognd f ke asaatlre of the
colu ' r|ve ns conpri,se wor.m r 438 dlsposed at the
freerrgnd d‘fhl‘% q’efr?aﬁuc u» C\ﬁ‘?@sénr%lhﬁ %a% 49 Yo 1ogaRal with that
of the b(a:roeﬁummmﬂme hedliedl 44reathalbdgWeh® geak 3% MBskesoMinh . at | east
one eIe t 414 |n the colum 44Q at any one tine such that rotation of

t he worm h&eglr WP JEEDS iy Compresesné ¥P&He FESTo 4t SodisResrEusitng 400,

or draws thize Frict @nidh®heusirdiged@harithenebynoRer eatiatd odh1dggrigasi ng the
| ength of, the cql umm 440,. 15 according to the direction of rotation of the

wor m gearS CPREIfd| tikde thipi OF 5ResEerest isf thee c@duwa ¥ddsi nghse0o
through gohel @edd8 4Gl thesPles M%tﬁCSQ”ﬁEQ%Ee@n%neﬁeh%%% 4R 4 igoghe444 whi ch

I s biased by a coil spring (not shown) 20 for rotation in a direction which
mai nt ai nSOLHENLHE¥0 26 anyn@de $imghsuchnshet aetatdoeds ofothenworiie belt on

the spogkaraprbldesali¢eihy drhigear LAY bRelbdtsZoufS o€ he housing
400, or draws them into the housing 400, thereby
increasing or decreasing the length of the column 440,

15 according to the direction of rotation of the worm gear.

The belt 426, which passes out of the drive housing 400
through a hole 448 (Fig. 5), is accommodated on a take-up
spool 444 which is biased by a coil spring (not shown)

20 for rotation in a direction which maintains the belt 426
under slight tension and tends to wind the belt on the
spool, as indicated by the arrow in Fig. 2. As the
projecting columﬁ 440 increases in length the belt 426 is
pressed by the roller assembly 432 progressively into

25 engagement with consecutive elements 414 as they emerge
from the housing exit 404, against the bias of the coil
spring. When the column 440 is decreasing in length the
belt 426 progressively disengages the elements 414 and is
wound onto the spool 444 by the coil spring. A fin-like

30 element 446 in the housing 400 ensures that the belt 426

separates cleanly from the elements 414.

Within the housing 400 the elements 414 follow a non-
linear path between the entrance 402 to the exit 404.



projecting colum 440 increases in length the belt 426 is pressed by the
roll er assenbly 432 progressively into 25 engagenent with consecutive

el enent s WoOd3az1ishey energe fromthe housing exit 404, a@arnee3/awohx bi as of
the coil spring. Wen the colum 4409is decreasing in length the belt 426
progressively disengages the elenents 414 and is wound onto the spool 444

by the cqjl. spring.. Afin-li 30 elenent 446 ,in the housing 400 ensures
that the BT B lsseﬁ{fét“@éi %Yefnl LBSomsStre tahdneides FAL WA n t he
housi ng 4{¥a# hsheeleyTRNUD 24 Wh ffcl] iV orGRuouisN @R hPaL seInegen the entrance

402 to the exit, 404. WD 03/071158 PCT/ 1 EO3/ 00027 9 This path is defined by
a first, RATEGGRCYEIEITH 50 4vdavhose SentreoRTvMGuaY 3t t&orei guous

With a seqeidial RAR GNCWRFOWIde (i hid22 pahesRIcG@HIF dhadurvature is
coamgl wth the shaft 410 (it will be understood that 5 due to the mrror

i mage> cofdts (& itde S HlRgeh Fonshnred 1ogo R Tafdr 4 dPYSERG gui de rail s

450, 452 rhomds i490aFiathd 2 0WEL 1P| JuaRieL 3500 s 18 o, NSisde sHdRfaGe of the
opposite housing half so as to forma pair of guide rails in each case).

Each el el Padirg gipdicatmed frofdeedarwite eygdsicee ofi ddeand these are
engaged ighddig fouRA PNk & IUWAG LR lastp%éq %@dgﬁ%et ediysect the

el enrent al'ong the desired path between the entrance 402 and exit 404. The

pair of sty #aght cgFicde r HaAch 45@mesdi Has vharreve G4 wBdiomge swedduced on
the ghe dtlid Dy jtde flgﬂr PrISY 438 eé%g%%daint (E}Ll%g%g)ﬁ%?&@ Qlogmegt 414

strai ght the belt 4 engages or gages. ow“each eFenment 414
to join dhd amigle kaidsl ddd MG 452 rtot siirectr chet elementt kdomext el enent

as it fOMH@Mﬁesired path between the entrance 402 and exit 404.
The pair of straight guide rails 450 resists the turning

torque produced on the element 414 by the worm gear 438

15 so as to keep each element 414 straight as the belt 426

engages or disengages.

To allow each element 414 to join or leave the column 440
by rotation relative to the next element as it follows

20 the pair of curved guide rails 452, each element 414 has
a side opening 456 for passage of the drive shaft 442,
see especially Fig. 3(b). The width of the opening 456
is preferably such as to leave at least 80% of the
circumference of the threaded bore 436.

25
The input guide 406 also has a pair of guide rails 458
extending continuously through the length of the guide.
In the main body of the guide 406 the guide rails are
straight, as indicated by the dashed line in Fig. 7, but

30 the portions 458A at the front of the guide are part-
circular and concentric with the axis of the shaft 410.
The radius of the portions 458A is slightly less than
that of the guides 452 so that the latter ride over the

former as seen in Fig. 2, the degree of overlap depending



20 the pair of curved guide rails 452, each element 414 has a side opening
456 for passage of the drive shaft 442, see especially Fig. 3(b). The

wi dt h of wbesopass ng 456 is preferably such as to | eave &CTIE@H0080% of
the circunference of the threaded bor® 436. 25 The input gui de 406 al so
has a pair of guide rails 458 extending continuously through the |ength of

t he guide,. .hn the i dy .of the i d 06 the.quide rails are

strai ght ?Dnasi:}}%n(?i ge%’tneg r}fb&?’t%elnggghg&qﬁengoi nrlgltlél%l e %ﬁt t%@ t%iﬁé'vﬁorti ons
458A at thwaisfimgnt4 0af. t Ithuguittie @ad rEacE- otiides as0gndseoagdnisisc with the
axis of t shaft 410. The r.adi of .t he _portion 58A is slightly less

t han truﬁg%§ %l%?nlﬁQﬁ8¥s4§?l?8 &%ﬁitpﬁeQ%ﬁﬁg sr%&g %€8W FE@ former as
seen in [mg.ve? housd megxde abdover ke dependndg ofO:Bd/ @ApL%8 gREHe! E03/ 00027
10 on.th gle of the input guide 406 relative to the drive housing 400.
Thus ?he%ﬁ 1'rs of guides 450, 452 and 458 forma continuous guide for the
el ements 414 fromthe drive housing exit 404 to the rear end of the input

guide 5_406., In_Fig. 2 the shaft 442 is shown being driven by an electric
mot or 463N ifd% &e&&ﬁbfh@éf,468tlénthWﬁePel§6i955V@nabyaﬁ§enent may be

used. Foklexailce motesr Asdf kik0ad42mRHxDL6DN I YaR BXyaokBkl As nentioned
previously, the input guide 406 is rotatable relative to the drive housing

400 to p&htePlfe XkGnRgeentt ReYi keulisgdi-deFes BEaFalredthel ahpds to the

col unm 44Q2 Iy Bet HrSverbedi geRL1the angl e can be varied between about 60
and 180 degrees, as seen in Fig. 8. Fig. 8 also shows

As mentioned previously, the input guide 406 is rotatable
relative to the drive housing 400 to permit the angle of
the input guide to be varied relative to the column 440.

15 1In this embodiment the angle can be varied between about
60 and 180 degrees, as seen in Fig. 8. Fig. 8 also shows
a variation of the embodiment shown in Fig. 2 where the
toothed belt 426 is not attached to a take-up spool but
is instead fed round loosely in the drive housing 400 to

20 re-engage the elements 414 where they emerge from the
input guide 406 into the housing. From that point the
belt extends along and in engagement with all the
elements 414 in the guide 406 and beyond the free end of
the guide 406 to-the end element 414B, Fig. 8(a), to

25 which the belt is fixed. This ensures that the elements
are maintained in linear alignment prior to entering the
guide 406.

A third embodiment of the invention is shown in Fig. 9.
30 This embodiment comprises a sprocket wheel 470 with
rounded teeth 471 positioned in the housing 400, coaxial
with the shaft 410 (not shown). The teeth 471 of the
sprocket wheel engage with curved edge sections 472 of

the elements 414. The sprocket wheel 470 is thus



a variation of the enbodi nent shown in Fig. 2 where the toothed belt 426
is not attached to a take-up spool but is instead fed round | oosely in the
drive houwDrg/oa088t o 20 re-engage the el enents 414 where PoegES®@nzye from
the 1input guide 406 into the housingll Fromthat point the belt extends
along and in engagenent with all the elenents 414 in the guide 406 and
beyond the free end of the gujde 406 to-the_end, elenent_414B, Fig. 8(a),
to 25 whiBAIFRELHE| Ari¥eni REJEeHYRTRERREs? 3 haV L2 hENEI BhERRR S ar e

mai nt ai ned4i nThengproakb@NWRBELPAERE 6 RALErt8guébeth@uidecydn A third
enbodi mrent of the invention is shown in Fig, 9. 30 This enbodi nent
conpri seBehWepRotRet ehApBENtE761¢i #Rd Fhenddédeckrhla 73N pbR%ti oned in the

housi ng #B80Qsiggaxhal anW thet hepshagtiddO(hHOt sB ) -byhempeting71 of the
sprocket wheel "engage with curved edge sections 472 of the elenents 414.
The sproékeuighpgl fargej sot hhs fErPDSRby1aS8teY/ 2E03rebabed 11 indirectly

driven byn{BeHOLALISAL143Be¥{i@ehNens! 8HERASCe44d2 The EREOSKEt wheel acts
to help reducé the friCtion between the elenents 414 and the guide rails

in the HB4si Bheamdidadrahdsi apavrgutidet (peontapbwhs, maintapeeding 5 a

gui di ng o] e S h r t angl e

bet ween %%é%gﬁ%rghgesgggggﬁ Y ge%x?¥daﬁgi.Q%ﬁéggﬁfﬁgﬁgg?gségﬁsure t hat
cont act esemahhsapnedbebagweehatad. spibekehewbptpckatl vheekl epnts, while

the ; @l egepLS,ALE QEE”Qnrghét 8depdVLL GHOE éBr?EEg{:'&\Heﬁ%tww dfe back
pressure on tﬁe eFenents ue to ?rlctlon bet ween tﬁe el enents and the
gui de raellemestal badi dhedguadd radlseienahieviavednoardfthel y.

elements move more freely.

In one embodiment, the elements 414 could follow a
15 helical path within the drive housing 400, up to the

point where they emerge from the exit 404.

In a further variation of the embodiment shown in Fig. 2
the belt 426 can be omitted entirely. In that case the

20 elements 414 can be manually secured to one another as
they emerge from the housing exit 404. For example,
along their edges opposite the edge 416 (Fig. 1) the
elements could have cooperating formations, not shown,
similar to the arms 420 and flanges 422 shown in

25 Fig. 3(b). Then, as each element 414 emerges from the
housing exit 404 and lines up with the preceding element
the flange on one element would come to lie between the
arms of the other element and a pin could be manually
inserted into the aligned holes in these components thus

30 locking them together face-to-face. Similarly, upon
withdrawal of the elements into the housing, the pins
could be removed one by one. It is also possible to
devise a mechanism whereby the pins are inserted and

removed automatically.



I n one enbodi ment, the elenents 414 could follow a 15 helical path within
the drive housing 400, up to the point where they energe fromthe exit
404. | n awbuwsthass vari ati on of the enbodi nent shown in Fi @CTAE0X(we27belt 426
can be omtted entirely. In that casel2the 20 elenments 414 can be manual ly
secured to one another as they energe fromthe housing exit 404. For

exanpl e, along their edges opposite the edge 416 (Fig. 1) the elenents
coul d have cooperating formations, not shown, simlar to the arns 420 and
flanges 422 wwwi ithadiyatd®{ Hhe Theive aﬁamnh; dmrﬁ Aikdecer®y ges from

t he housm Xlt 404 a i nes W th t recedi ene t he fl ange
on one el err%n 512 cao::ha‘{ &% %é‘p "g?lct J(inq"rfé}g el enent and
a pin couhmdber reyhet In)echa[r&lﬁfa‘.]echdﬁh‘tdh tite rddhgines holmse idyihese
conmpopent.s_t hus ocki them t oget hey. face-to-face. Simlarly, upon

Wi t hd avvalfo%ﬁmtgne‘med é??éh{lge ik?ﬂe"ggef‘ﬁg:‘rﬂn‘éyyn@nq e EREataRAH 4% r enoved one
by one. |thé Sfrdnmso qussomi@ ﬁacssﬁﬁyiaﬁmmgmmra§memereby the pins are

i nserted aut 0 diﬁﬂcal I WO 03/ 071158 PCT/ | EO3/ 00027 12 In use

of the acgﬁfa?%}ailhvee i V' S Ry ing 400 Fan be FetataERi%f a bed or

ot her appﬁ:t;&écustcf adheMidind Myt i) G 1imId Yol RRfs SR AHHKRIGRUHLON 1S
required. drlve 5 hou5|n 400 can be bolted rigidly and non-rot at ably

to the fl? Phssithy- s Hrakigy Hdreauerrangsmantamardidy, the drive

housiLng 489 m&mﬂéteﬁo&blé&aﬁgl@d vhféﬂe'wcrﬂ‘er /B dhh &4y N9l e bol t passing
t hrough the hollow shaft 410. This latter fixi ng arrangenment would 10 be

desi r abl €TSS IR ©F 17 ksl @Rl £9@ drive housing is

fixed to the side frame of the bed. In such a case, if
the head of the bed is lifted or lowered relative to the
foot and the side frame becomes sloped, the rotation of

15 the drive housing 400 allows the leg to remain vertical.

Although the term “actuator” has been used in the
description to describe the device of the invention, it
is to be understood that the term “articulator” could

20 also be applied to the device.

The invention is not limited to the embodiments described
herein which may be modified or varied without departing

from the scope of the invention.



constitutes the leg of a bed and the drive housing is fixed to the side
frame of the bed. In such a case, if the head of the bed is lifted or

| ower ed rwbaBiovass o the foot and the side frane becones PCEARGB/0001Te
rotation of 15 the drive housing 400 Bl lows the leg to remain vertical.

Al t hough the term "actuator” has been used in the description to describe
the device_ of the invention, it is to be understood that the term
"articul aEbaimgoul d 20 al so be applied to the device. The invention is not
limted to the enbodi nents described herein which may be nodified or
varied w thout departing fromthe scope of the invention. W 03/071158
PCT/ | E03/ DO027An 18ct@had mecdmp Als Bicd Ut o r Canprf s Iemenisereash of el enent s

each rot el ative.to the next, a housing accommopdating. 5 at | east
part of 1ratSserle BHAPUR T BaRHPARE ST g freely
beyond anaexitast phet dbushargsethes edbEnehdserbes ngiigui clesl ¢od faf | ow a
non-|inea h path.to the.exét anslfg$ dri%in thq:se ies of elenments
rel ative to°t Re hoTsThy ¥ %%9§F¥%% ¥orar°n ﬁﬂ?ﬁ”fb of" et®ment s projecting
beyond t heoexihg, abide nebasefiios beabndit @ hdeg tdhef@ropwecd imgn-€lements in
i near ali t .in a substantially rigid, caolum. 2. An_actuator as
cl ai med iﬂggﬁp% Ef,levﬁéjr{éi M ¢ Fes ﬁ%gn%ﬂ‘fja?%iﬁ?f TS T ohbri ses a flexibl e,
subst ant i al éyent sekasit tvd ood heltle biebtis Wi cho | ®a by otghtt Propressimel y into
positive e?gggenent with the el enments_as the%i%p%$t into alignment with

: i

the ¢dl unRf 26°BeRRR REPIRE bt "AsPeY 2 tred§ ne T RN e 1P he

maintaining the projecting elements in linear alignment

in a substantially rigid, column.

2. An actuator as claimed in claim 1, wherein the

15 maintaining means comprises a flexible, substantially
inelastic toothed belt which is brought progressively
into positive engagement with the elements as they rotate

into alignment with the column.

20 3. An actuator as claimed in claim 2, wherein the
elements are pivotally coupled each to the next -along one
edge of the series of elements and the belt is brought
into engagement with the elements along the opposite
edge.

25
4, An actuator as claimed in claim 1, 2 or 3, wherein
the elements are hollow and the drive means includes at
least one gear located inside the elements as they pass
through the housing and which drivingly engages an inside

30 surface of the elements, the elements having an opening
on one side which allows passage of a support means for

the gear wheel.



el ements are pivotally coupled each to the next-along one edge of the
series of elenents and the belt is brought 1into engagenent with the

el ement s WwbDoag7tibe opposite edge. 25 4. An actuator as clpairmees/domrcl ai m 1,
2 or 3, wherein the elenents are holl4ow and the drive neans includes at

| east one gear | ocated inside the elenents as they pass through the

housi ng d l.ch drivingly engages.an inside 30 surface of the elenents,
the el ene ts%i%@t‘é%t%%e%? n%‘palg??%n’é‘ s‘?’nlg%l% cH R O $ibage of a
support nEbsaserdrhad e lgebicalielth MR8 WS 8T | £03H 0Gfeh 14 5. An
act uat or afts clained in claim4, wherein each elenent has a

r

hel i cal | y=1hresdii bote Hhode ddnearelighed St 549 (FaHelat nearl y

al i gned opltlimotier Ggch @ordd tih dleresUah By efoim 4 omolditBud o forma
5 helical thread along the columm, and wherein the gear wheel

ggpr:alrsgg?eahv&ﬁ]m%a%i%%djbﬁ NG o ARch FTRRTRIN dihie edtaft whose

rotationathexl Scdifpesed ad Wit ddet Pfspddiey har ashd neddie &Rl Wm,a the worm
gear nmeshing with at |east one elenment 1n the colum at any one tine such

that 10 rtaf§ oMkt (MeIDrivtRiEonTk ratisesi reqphehstisth Hat efgth of the
col um aca didkked Oid Rendli ¢SLihPN e WURIGO, HedhiEryFipWear . each

el enent having a side opening for passage of the drive shaft to allow each
el ement t¥£3%h PR SlaNRNY hidh ddiafP By citatanih ong drimee sugh ttdhathe next

el emept . &t A BN e G5o.ah AR i b AN dY EEHIG- & AdMepdherein the
series of elenents enters the housing through
length of the column according to the direction of

rotation of the worm gear, each element having a side
opening for passage of the drive shaft to allow each
element to join or leave the column by rotation relative

15 to the next element.

6. An actuator as claimed in any preceding claim,

wherein the series of elements enters the housing through

an input guide which is rotatable relative to the housing
20 over a range of angles relative to the linearly aligned

column.

7. An actuator as claimed in claim 6 when directly or

indirectly dependent on claim 2, wherein the elements are
25 engaged by the belt in the input guide whereby the

elements are maintained in linear alignment prior to

entering the guide.

8. An actuator as claimed in any preceding claim,
30 wherein the actuator further comprises a sprocket wheel

which engages with and guides the elements.

9. A device for moving a load comprising a base portion

and a load bearing portion and means for moving the load



an input guide which is rotatable relative to the housing 20 over a range
of angles relative to the linearly aligned colum. 7. An actuator as

cl ai red iwooBarms® when directly or indirectly dependent PCA/IEOAIONT2,
wherein the elenents are 25 engaged By the belt in the input guide whereby
the elenents are maintained in |inear alignnent prior to entering the

guide. 8. An actuator as clained in_any recedlqg Egé%30 wherein the

act uat or PRRF 1 RErPREHHPT sekhe lg‘ﬁ?%%k%?r ng e nt W9 h and gui des
the el engpteiof. comsevs £y f o ABYLAR A0Sk EDIPTESi dvly SpPasedpagtion and
a |l oad bearing portion and neans for noving the | oad WO 03/ 071158
PCT/ | EO3F6®827 15 beari ng portion, the nmeans for noving the | oad bearing
portion conprising an actuator accor di ng to any preceding claim



