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ACTUATOR This invention relates to an actuator and has

particular reference to |inear and rotary actuators,
w@arobioesshar |y those for use in the control of PChOBR@5/002834

arms. Wth the increasing use of robotic arns in

manuf acturi ng processes and, for general inspection and

mai nt enance functions, there has been an increase in

the nunber of control functions associated with each

armand it is not uncorh®@hUAJIOR sophi sti cat ed,

mul tifunctional armto require upwards of thirty

separate control elenents. Each of these elenents

This fiR@A%oh Orén.fr}te's twﬁ&i Mh da@Lhtdr Gt has! PsHiBilaf refRehéd Qo linear and

actuat or. us becones necessary to concentrate a

‘rotary actyatars,npanticolarly dnosefor fusedn thamsonnoleofirebaltic ashy.

smal | space. Many robotic arns are controlled or
mani pul ated by control wires. As the arnms becone nore

With ffiRtAddsif) B8e dRotsotRd arfis inrmah_a@cﬁnﬂwq;sf&@s@éé ané 9or general
undertake nore intricate operations, those sane

inspetien pBe reaiirnancedHactiatu thefefinscbeihan dncrease in tiesnumber of
contr?iﬂ guﬁ&%n‘ge MRAHciatdl "GRT! S arh? érﬁ ifO1s€ no? nfu;'llégmmon for a

ctions in ever reducing space. adi ti onal
sophiatitatad pmsulfimctibealc anmhr t  reduiss upfwardboof ¢hidynseparate control

elomelie, s g RAB R Ao Gk AN A 2 RlBG by.g peparate

actugtsr. W apped. Operation of the notor drives the capstan
and causes or allows correspondi ng novenent of the
W re. These capstan drives are relatively bul ky, and

It thu% h‘He‘cBﬁ{é”éDﬁgcés%%ﬂﬁié’ cBﬁé’e%lHFaﬁ?sat Fa‘?¢é '?\gxﬂ%e?r%* SRR #cths in a
€ W re about e capstan thus Yendering precision o
relativelp sl space. dMianyaobbtic Brms rade rcontrotied roc enznipbiated by control

. problem it is frequently. the case that the contr
wires,8GHHR ATEhREAE SHOBIARSICBISE AN STumler df SiHeerd eage able
to unidePake NBioRaShAtriatd! Fpefittins! MRosRRINME iAfiBald Wperations require

resulting in a relatively [arge and bul ky control

moreasstobfunctions ehd the demandamceasingly, isdfoowere montrohfunictions in

| i near actuators have been produced having a novabl e
ever dUCiNgRPAGS- whi ch the control wire is attached and the
whol e i s nounted

Traditionally, actuators for the control wires of robotic arms have been of the
capstan type. These comprise a motor driving a windup capstan around which the
control wire is wrapped. Operation of the motor drives the capstan and causes or
allows corresponding movement of the wire. These capstan drives are relatively
bulky, and furthermore tend to produce stretching and slippage of the wire about
the capstan thus rendering precision of control more difficult. In order to overcome
this problem, it is frequently the case that the control mechanism and motor drives
for each control are spaced from the base or datum of the robotic arm thus resulting

in a relatively large and bulky control assembly for the arm.

In an attempt to overcome this, linear actuators have been produced having a
movable carriage to which the control wire is attached and the whole is mounted
upon a screw or worm so the rotation of the screw or worm results in movement of

the carriage. A disadvantage of this arrangement is the relative weight of the
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upon a screw or worm so the rotation of the screw or
wormresults in novenent of the carriage. A

wale@adessnt age of this arrangenment is the rel at PEGB2005/002834
wei ght of theassenbly and the inevitabl e backlash in
the worm or screw arrangenepgt. Furthernore, such
arrangenents tend to have relatively high frictional

fqrces angd the nF han] dvant age achievable is
asse@ﬁ?héc??‘?et tIRGY! haaﬂ%% n'Bd e anemerarnearayy amangement.
Furthérkrfofe O5uéh @rrafgeienty) téld € %@Vé%ldtﬁeé/oggﬁeﬁrﬁtlgﬁéﬂ forces and

screw arrangement, which could mnims
the meshanical asvehtage aghievaileimefiectivelpthasiof andndinsd glane defined
for_short stroke arrangenents, as the weight
byth%%{ efgl??équﬁcreases with | ength, and the inertia of
| ong- stroke ball screws is not generally acceptable.
In addition, connecting a control wire to a ball screw
An aﬁem&ggn&ﬁo usg a 99!'@&@\& agiangemant, Whighy eeuld gsinintiserkacklash.

Howé\? 21, iSH hegﬁ %ﬁarfq)égﬁ,&ﬂ %x@eni%y}faa[naa&ﬁ&a%&ﬁtﬂgp@?ls‘?\o?{ stroke

arrarf emémgnab th@S@enQ&ﬁtdoﬂ/mb Sdrew inorRet Wit Krigle! 4ed tﬁ@ inertia of
at a nunber may be clustered in a rel atlvely snal

long-siake DaliSCaoNs FotaenPraBLBRsAPtaRIs, Il afgien qesingsting a control
wire {2 % aAS R, %E‘l%nﬁéﬁ%ﬂt s f(yB?d‘é’ﬁ% rdﬁﬂ&‘ﬂ lrgﬁ%S:F ?é

posit1oni ng conpar e hose I'ng W res)
are electrically driven and can be subdivided into

Therd & dhBtsTote, anddtl % S iy AiGY CapepiBl §brSudpaghighdoading to
a commp@rres;emw Sfricfshal nodss adid ket G BBIIpRACt SEASINGERLIoRNSO that a
gh (>500 nm per. second). The precision categories

numlg%rnmgy %Pﬁuﬁ'@ﬂe@é” ?erﬁ'.?tb’leélcﬁ'@?g r“FP@&S%T 9?'6"‘15’ iq i"‘éﬁ?ﬁtﬁ?garm or
like d¥icd equi red and backl ash uni nportant), |ow precision
(positioning required but | ow accuracy and sone
backl ash acceptabl e say 0.25-3 nm and high preC| sion

an} 8ol S4Bl 155 BB B PbiPing i BFERERD: 16 those for

pullirtf Wereshaver erkchicalipt driverelaadt care B sabdivided htdgseveral speed
rive |inear actuators are available, the

| [ ect a
categQyias @/m? se¥RIA| BresiRion BRlEdSres Wibesnass Fatpadriesate slpwi(say O-
25 igh B0 S86SH Pl 4 2899 i 2 n s B S e
second)asféhenpﬂeomeaorbejaltegbnesesan be deﬂned as zero precision (absolute
positioning not required and backlash unimportant), low precision (positioning
required but low accuracy and some backlash acceptable say 0.25-3 mm) and high
precision (where accurate positioning and zero/low backlash is required - say
0.001-0.25 mm). Such actuators are often powered by rotary electric motors;
although direct drive linear actuators are available, they are costly to build and
control. Where the linear actuator is powered by a rotary electric motor, several
design options are available to produce the linear motion, these include belt drives,
lead screws, ball screws, and rack and pinion mechanisms. In most cases for low
and medium speed applications, a gearbox will be required between the motor and
the linear motion converter in order to match the motor speed (typically 3000-6000
rpm) to the required pulley/pinion/ ball-screw speed. The gearbox adds

considerably to the cost, particularly if high precision is required as in a zero/low
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| ead screws, ball screws, and rack and pinion
mechani snms. I n nost cases for | ow and nedi um speed
Wa@ppbioessts ons, a gearbox will be required bet wernGBh@®S5/002834

notor and the |inear notion converter in order to
mat ch the notor speed (typically 3000-6000 rpm to the
requi red pul | ey/ pi nion/ batfzscrew speed. The gearbox
adds considerably to the cost, particularly if high

backlpsk @rsironnentraxthe geaboxi must berat/ leagbaslkdsihate as the motor

andtliny ironnent as t"?ﬁ rgear box nust be at | east as
& dPEL WOHOMGREVER®r and the |inear notion converter.
The present invention relates to an actuator having a

drive belt to generate notion using a harnonic
The piesaRt iHvention relAtasdg an ackatar AP, Pedriveh eehé@@eﬂsrata motion

us.nggsgsémag;l.ﬁ@t é h\‘?vh'Eﬂt RidueBas drhsnrﬁmaY@s i IrRed’ o & YWarbox

um spe appl i cations. an addit1 onal
betwagmmiite moteiuand sheidlive puﬁesstmdowmnchme,dlmdﬂea@mﬁMQetlons As

an s EPLENSE P, B4 RUSSHDIRN, B50NGs R g-bedotPbiowing o

high preeisiciedriad atedluiialy lowapsti sing: a first drive pull ey;
a second drive pulley, the first drive pulley and the

second drive pulley being interconnected to rotate

Acconto(?ﬁgf H‘ﬂ{e m@emdqir? tthg@r i ‘f)rl]oﬁHHi 8h aduator ‘&?ﬂ'ngq{sfn\lfg ¢ and

an endl éss Fve engagi ng
aflrsisdmmﬁultby ve pulleys and the first and second driven

ul | eys; a noto nnected to drive the first and .
a se ﬁ’é'ver PU’@Vputlg’Peﬁ@t ihiveopeliey apd the secend difygr pyliey being

t menber carrying at |east one of
lnterc%hhég'tr venmta{:t o éltﬁg'f 'he first and second drive pulleys

aﬂrsttx&nump pmlreynged so that upon rotation thereof the
r;:ogm‘eretlal speed of the first drive pulley is
asecgp;! VeRtPYRYm t he circunferential speed of the second

an erfHléd€ dRVe Y endiRyi rﬁ'{‘meeﬁfst HnldVeadiridt diRd Bauéwaﬁ@ the first and

around the drive 'eys and the driven pulleys so
SeCOmdwdth@h@UU@YS‘,erence bet ween t he

a motor connected to drive the first and second drive pulleys to rotate and drive the
endliess drive belt;

a driven member carrying at least one of the driven pulleys;

the first and second drive pulleys being arranged so that upon rotation thereof the
circumferential speed of the first drive pulley is different from the circumferential
speed of the second drive pulley, the endless drive belt being looped around the
drive pulleys and the driven pulleys so that the difference between the
circumferential speed of the first drive pulley and the circumferential speed of the

second drive pulley causes movement of the driven member.

In the following specific description, the embodiments described utilise a drive belt.
The term “drive belt” is also used in the claims and preamble, but unless otherwise
indicated the term “belt” should be understood to encompass any suitable
continuous or endless drive member such as a chain, cable, wire or the like.
Similarly, the term “pulley” is used in the following specific description throughout,

as it is common to use pulleys with a drive belt, but the term “pulley” should be
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circunferential speed of the first drive pulley and
the circunferential speed of the second drive pulley
weawsesssmbvenrent of the driven nenber. In the POI/GBRA0GH02834
speci fic description, the enbodi nents descri bed
utilise a drive belt. The term"drive belt" is also
used in the clainms and preahbl e, but unless otherwise
indicated the term"belt" should be understood to
undemIIcadHA SShovpaad hehlseand Bprockets 2 welldh$ $6oteH VEr untoothed
menber such as a chain, cable, wire or the I|ike.
wheels and glleys, emfbetlikem "pul | ey” is used in the fol | owing
speci fic description throughout, as it is comopn to
use pulleys with a drive belt, but the term"pulley"
The Gitoonifdrdrdiah dpeets cdntdiffembecgusesofgther driven gulleysoldndng different

oroufg il Breh bR BB B 0L >

because of the drive pulleys having different
ircuqferential | engt hs, having different rates o

f
The qriyeelbMayobe feethedTard i Syeh BIRodimpnEeat lsashie deygipulleys

are pretefhdTRed tdBR§Sgéith @R belthe drive pul leys are
e ppr%ferabl y toot he%l ?o éngage with the belt. The

actuator can be a rotary actuator, preferably having

The aeiflaBE i he BIMED sLle?, flselaBhrhAaRE FbREVERERg R er which
are irtefohheyteaiotogetitbrioy a Geond diive delt; tesgcomy drive belt engaging
o U R o B Bt S AR S AT Slsetor an
be a R EeRlatok W f Mg Eeaftite molfiRly @Finkal okpment.

are al so engaged by the endl ess drive belt and serve
redirect . the gr . bet ween t

t id /ofr.. ' bel t h .
Certalf pbCRTHSRT FHineatiary ek actyaiity dBeyncEHE qiTs & more guide
pulleyd WHRhPAHE! S¥%0 %ab@& QRE RAdHsVErVeLbEIE And R rve to guide and/or

I nterconnected o rotate in opposite directions,

redirech thenddvel befferategenrteerdinve famd diveseppligyisey sAltetnatively olhe first
oo By R D SRR b WSLoRERR VAR gpposte
directidi®, GHIEH 8hn avBR: th@ﬂ@q@i@éliﬁ\éﬁi T]‘F]:Jr glRICAMIRR. connected to

a robotic arm for exanple. e notor may be an
el ectric nmotor. In a particular enbodi nent of the

A cor&SHHY can be connected to the driven member, movement of the driven
member causing corresponding movement of the control line. The control line can

be connected to a robotic arm, for example.

The motor may be an electric motor. In a particular embodiment of the present
invention, the electric motor may drive the drive pulleys via a worm and wheel
assembly thus providing additional mechanical advantage. In these embodiments,
it is sometimes preferred that the worm and wheel have a pitch sefected to prevent
back drive. This has the advantage that no braking mechanism is necessary.

It can be arranged that the drive belt is always flexed in one direction around the
various pulleys, i.e. preferably towards the teeth in embodiments of belt having

teeth. Alternatively, the drive belt can be flexed in both directions, i.e. both towards
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invention, the electric notor may drive the drive
pul l eys via a worm and wheel assenbly thus providing
wa@daenossmul nechani cal advantage. | n these enbpdi/GBRG0S/002834

it is sonmetinmes preferred that the worm and wheel have

a pitch selected to prevent back drive. This has the

advant age t hat no braking mechani smi s necessary. It

can be arranged that the drive belt is always fl exed

the tegthyard @wascfreonther tegth as iepasasscaroupdi theyariousepulleys, so that

e SRR R ROVRIE Aol 3868 AR SERRHIERER Bl e fexng
of thie ebedtd in rbdint direlitiorst iresciibed e tWabatbiexdreetifive, and
he teeth as it passes around the

t%‘gg avvaa/_fromg | t
contiAiexyipsdiivg cany 8 usediwith beihdingar anddetary mstuaters war ds
as they pass around sone of the pulleys. The fl exing
of the belt in both directions is described herein as
In alt enthoaimenisr ef e meentiord when mafitivsx bett igrapeeifivally eed (i.e. as

used with both |inear and rota actuators. In all
OPPAEHIGE RN OF GHIE Tor SXATIBI) dR% FEA o edred bolt detween the
oY ) i i, GG USRS gk, i
oriendatedeby uneays of tare amgiadepufley.| elie aizk wind gogléeof the pulley is

I ' r t).re ctiyel IS orientated b .
chosfll s &4fat e ReBREL i PLFS diecben it fgrdgintily co-axal
betwpeh Ity réspexitioe pullegs.t Tais ieans enatrtak dikiesbélf ist MEst8lialéng this

. begt. g bres is substanti aJﬁ\lcj‘é co-axi al between the o
axis with lith ¥ R0 H@nﬁ%@n ofiRisralenpernaal thimininysing stress yariation
acrodMhet tesht ghregg this axis with little or no translation

or lateral novenent, thus mnimsing stress variation

across the belt fibres. Linear actuators in accordance
\ i i i ngd to, bhe
inedf A58 SEBI0c R4 oh o MR SABART b Bt o oo
partid:umrcl)% gzd/s%fud'esthei dnﬁnﬂrdl of 'rclﬂtioeicmﬁis]gn‘fah_e aﬁaﬁ tesdritad iﬁQntengjational
. scl osure o ich is .incorporated .
PPl Aopy o 2saz bABR05 TherBSiGs s & Whisbss:ingemerAtaH herein by

refer8gMer al exenpl ary enbodi ments of actuator in
accordance with the present invention, with reference
to the acconpanying drawings, in which: Figure 1 is a

Therg ?{Bﬂ@&%? é yﬁesﬁdé@ﬁpﬁgﬂﬁ esfe%rcgl éexnéonqgliarrrye netmgédilrrilé]n%g of actuator in

i
accordance with the present invention, with reference to the accompanying

drawings, in which:

Figure 1 is a perspective view of a first embodiment of linear actuator in accordance

with the present invention,

Figure 2 is a schematic representation, in end view, showing how the driven pulleys

are positioned with respect to the drive pulleys,
Figure 3 is a top view of the actuator of Figure 1,

Figure 4 is a cut-away side view of the actuator of Figure 1,
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with the present invention, Figure 2 is a schematic
representation, in end view, show ng how the driven
W@ oboysS1are positioned with respect to the drP@EGB2005/002834
pul l eys, Figure 3 is a top view of the actuator of
Figure 1, Figure 4 is a cut-away side view of the
actuator of Figure 1, Fi gur'e6'5 is a sectional view on
the line B-B of Figure 3, Figure 6 is a part section
Figureh is heselctinnaliviewah thiedinedd-B efjeigofe Bj gure 3, Figure 7
is a part section on the line GC of Figure 4, Figure
8 is a section through the drive pulleys on the line
Figuréh\6 As afpdrt gestiondon fHedlineeESE obthe catiage of Figwew Hf t he
area |abelled Din Figure 4 , Figure 10 is an expl oded
view of the drive assenbly of the actuator of Figure
Figure 7 i§aPHresdctidnSorttRENRPEt oY Figtir§ W, of the actuator of
Figure 1 with the housing renbved, Figure 12 is a
perspective view of a second enbodi nent of I|inear
- tyat : ' . ' i A : f,the
Figur 4 3 slenB 135 0aA %0 Brla BSHERh S AR FEigudld. o
the drive belt configuration in the actuator of Figure
. 12, Figure 14 is a sectional view along Iine GG of
Figurg fids ?i‘%ﬁ?'@dl‘ﬂ,ewlfi’fdh? area labeligdy 1 Giggie 8¢ t he act uat or
of Figure 12, with the carriage conplete, Figure 16 is
a side view of the actuator of Figure 15, Figure 17 is
Figurea16 éx ain @xplodedeview|oftige rive aBsémbly & therastuditor Bf Bigues 1,
18-20 are diagrammatic views of a first enbodi nent of
a linear and/or rotary actuator in accordance with the
; r t,y | R, viBl ' i f e i
Figure) €8 5 2 PRYREARE viBhgUh ang., dctlaid) YPTIGNE 1 whfithe, housing
remowdcew of an enbodi nent of rotary actuator according to
the invention, Figure 23 is a sectional view along the
line HH of Figure 25, Figure 24 is a perspective view

Figur@f12 hg dr pe@pBelife Gaali 8tiratde@Bni Nefrivodafi@adioTelief actuator

according to the invention, with part of the carriage removed,

Figure 13 is a perspective view of the drive belt configuration in the actuator of

Figure 12,

Figure 14 is a sectional view along line G-G of the Figure 15,

Figure 15 is a top view of the actuator of Figure 12, with the carriage complete,
Figure 16 is a side view of the actuator of Figure 15,

Figure 17 is a sectional view along line F-F of Figure 15,

Figures 18-20 are diagrammatic views of a first embodiment of a linear and/or

rotary actuator in accordance with the present invention,

Figure 21 is a variant of the embodiment of Figs. 18-20,



10

15

20

25

30

Figure 22, Figure 25 is a top view of the actuator of
Figure 22, and Figure 26 is a sectional view along the

wo 2owes0d513. of Figure 25. In the foll ow ng descPCPpGBRIW5/002834
the same reference nunerals are used for simlar
conponents in the various enbodi nents. Referring first
to Figure 1, the actuator i{1ustrated generally at 10
conprises a |ongitudinal, channel shaped housing 11
having, at a first end 12, a notor and contro

. assenbly indicated generally at 14 nd havi ng at a ‘
Figurg oifia GIRISREStVE W8l o ROl of Soledb@chizgor agoording to
the inVBBtig@wt or and control assenbly 14 conprises a worm

bl'ock '16 the base 17 of which is secured to the base
of the channel shaped housing 11 at first end 12. The

. rear. face 9 of . : r (el | ectric notor
Flgur?g% R %Ctt‘%ﬁ’?gﬁ'\éﬁ;@éﬁ%%&ng’}g*%@i‘%ur@“%)rbiur ns the
drive shaft 20 which projects through said rear face 9
. and termnates in_a dfjve, wor 1 (see Fiqures 5 an
Figurg g i Beramsriive died 6F iner e PR sPoERSTRgoN I cos emptsgiment of
Figurgqurovi de a front opening 3 1 (Figure 10). The
sidewal I s 23 of worm bl ock 16 each carry a circul ar
opening to provide a transverse bore 24, each of said

. ' gﬁ%t' aring 25. Each
F'gurgé&g)ﬁ%%ﬁfgﬁ%@%g%%g@{% Jrfﬁ [ vei%/’or'*&reot ation therein
an axle 26 having nounted thereon and for rotation

. therewith a wormwheel 27. a first_drive_.pulley 28 and
Flgurg%ég(%%eqﬂqn\élgwsm\ﬂggg}gy@fllrpx?r% {“rhg RGP Rent , the worm
wheel 27, first drive- S - pulley 28 and second drive
ulley 29 are formed as a unit; it will be appreciated
In the Higllowing {desstipiion Jee pameyejmennd AwveEde g Hsed dor similar

I . A i ndependent conponents each
comp@hehﬁylgﬁﬂﬁg\@%s@g'@hﬁogﬁﬂgﬁ%mm wheel 27 for rotation
therewith by nmeans well-known in the art, or as shown

in this enbodi ment be joined by pin 8. The worm wheel |
Refersing finst IteyEigase ehbihg aetugtasvillusigaigo: pesearally alnd0 comprises a

longityBRE" Sndihd] sl RAIiAS &1 A& Mt rieeNE 1B, "0 %btor and
control assembly indicated generally at 14, and having at a second end 13, a

control wire guide 15 (see Fig. 7)

The motor and control assembly 14 comprises a worm block 16 the base 17 of
which is secured to the base of the channel shaped housing 11 at first end 12. The
rear face 9 of worm block 16 carries an electric motor 19, which through coupling 7
(Figure 5) turns the drive shaft 20 which projects through said rear face 9 and
terminates in a drive worm 21 (see Figures 5 and 10). The front face of the worm

block 16 is cut away to provide a front opening 31 (Figure 10).

The sidewalls 23 of worm block 16 each carry a circular opening to provide a
transverse bore 24, each of said openings accommodating a respective bearing 25.
Each bearing 25 is adapted to receive for rotation therein an axle 26 having
mounted thereon and for rotation therewith a worm wheel 27, a first drive pulley 28
and a second drive pulley 29. In this embodiment, the worm wheel 27, first drive
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first and second drive pulleys 28 and 29 relative to

the front opening 3 1. Each of the first drive pulley
wQoan0asthe second drive pulley 29 are provi deRCTMGBR005/002834

respective teeth 32. In this enbodi nent the radius and

therefore the circunferentj$J | ength of the second

drive pulley 29 is greater than that of the first

drive pulley 29, so that the second drive pulley 29
pulley,¢® andesecangifryeduley 29 arstiarmad asta enit; it will be .ap@remated that

L I S

mdeptenddalhlt) cofrpoinents tgaehdof whighuinhay b2 &egad R9wormadhieee@7 for
receive a wap of an endless drive belt 40. Drive
rotatigf mer@w'théwameaﬁtaﬂ@%l&kmw'a §hilinaBu Y BeIShaNm Brthimempogiment

be JOiﬁqug) @ﬁ‘(ﬁ. i %oﬂﬁqﬁﬁ@él on&lleﬁfg%s@mﬁlg r?)g%\gded with shims

cros “havi ng teet I nner
and washees 34 faacdpprbpratedotatiornof theadepiedheel 2Higagkits associated

frst apS5oPY eNg PUKRES PBANGL FiRt\RADr e B openines3

secure a rearward extension 35 to housing 11 which
extension 35 carries a printed circuit board 36 ) _
Each of the ginstngiiveh pallex 28 mﬁﬂleaseQ@d drive mulley 128 arerpeovided with

respof SIS, bt ShPBEBar R eERAE AR YRy b Bfcurgenta
lengtipof they sesarehttiye @ﬁlleys 28d9s @mealbemam thatmfnhe dirstdrive pulley 29,
SO th%% de I nd }lged éﬂ‘ﬁgg:ﬁe@/ ngvﬁqg gvll:’gﬁlgg{\% Qﬁeetoé%h ithan the first
drive eué‘y zg (ﬂqlow(yr Eintsddifnentathieydrive pamsyseEse differen fé?fcumferentual

igures 1 and 7) which in turn carries, for rotatio
length h)é MR, thgu. ne Enﬂﬂnleysaq!as of the dove puleys P8and 284 ﬁdapted to

sa@,q, padapted to accept a wrap of
recel\%&gﬁaﬁ eac%S gU| ,(teﬁpul |l eys 48 and 49 is
independently rotatable on transverse axle 47. The
. _po on of the axle 47 1s nmaintained in ots 46.Db
orive fHglt ons 8 PROES & Baninume Barnich Beliis, Snisamant is of
gener%ﬁ}‘/ r@éférf&uléﬁs%ﬁﬁbécy Eos¥isebtich HavifgPeeth ast ith @Rer surface
bearings 25 in housing 11 (see Figure 4). In an

thereefl Eachaifisaid teeibds adaptedatogmmethir@wndmg teetk 320N pulleys
2 e re# sably secured to the housing and neans
San%mﬁgﬁc BtYbi asi ng the support piece away fromthe

not or and control assenbly 14 for the purpose of

The fixings for worm block 16 also secure a rearward extension 35 to housing 11
which extension 35 carries a printed circuit board 36 through which electric motor’

19 is controlled.

The second end 13 of housing 11 also carries a pulley assembly indicated generally
at 45 (see Figure 3). The pulley assembly 45 is associated with control wire guide
indicated generally at 15 (Figure 7). The assembly 45 is supported by siots 46
(Figure 1) in housing 11 which slots carry a transverse axle 47 (Figures 1 and 7)
which in turn carries, for rotation thereon, guide pulleys 48 and 49 respectively.
Each of guide pulleys 48 and 49 is adapted to accept a wrap of belt 40 and each of
guide pulleys 48 and 49 is independently rotatable on transverse axle 47. The

position of the axle 47 is maintained in slots 46 by the tension in drive belt 40. The
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tensioning the drive belt 40. Driven nmenber or
carriage 50 conprises a longitudinal nenber at 5 1
whaooetossas pai r of |ongitudinally spaced dri venP@IrGBegos/ 002834
52 and 53 nmounted for rotation wth respect thereto. A
forward extension 54 of |ongitudinal menber 5 1
carrl es connecti ng means of "generally known type for
nectjn gnt.r ol %55tothe carriage by

drive, it BigNds Sef Hring sSembly By NiTtucepT sams &aetigdny beryings 25
in ho%’hb 1l @eB IﬁQun(esf)e Ifr 'aﬂtﬁlferﬁétlvé EmbBAPER Ll %@H plece for axle

diment, control wre extends from the Carri
47 mgg hmreiawatdmseéum to e bowngmd metahe mxbmdﬁdrfocbhasmg the

sunnBA5RES ey, i PSP A e ha e oo of

tensiosing dled dtibabeiterenent of carriage 50 generally al ong
the | ongitudi nal axis of housing 11 results in
correspondi ng novenent of control wire 55. The drive

DnveHerhEﬁ%r _?ﬁ ‘éﬂﬁg{/egs‘%%ﬁ{rﬁﬁggé ?Slbpgﬂ‘édiﬁﬁﬂ’ﬁ% '&r@&%ﬁ{/@éw&& a pair
of lorgifudnall &paced h:mvénrpullegls i52ean GBI mpukted for eotatiba wuth respect
ol o B, B b A e e e
mearfiUbf ﬁ%%‘%!l\//kaBWnttpéeffgf Eé?ﬁé&tf?; R UhfY) @ﬁgt‘% wﬂwe ?rén)?ge by

seco rom he second dri'ven
wrapﬁiﬁgtcmrﬁnmda Ve RC 55 dargund égtlinl 5% and Secaridg fwithmclanep ﬁec(tsaé Figure

0. (RS B 5 Rt Cobial MaLeS S e 2. clEce s0

throughlgl.ﬁd‘e Piold QE prévided |hﬁﬂedéyl|\46n@él|étﬁ’v’é%e2§f 8le @T“éna about an

second | oop between the second driven pul |l ey 5
idler wheelf & epilthepsuaisgabl by seansosf§ epening 5 | Vlae gcnangszment is

suon i f bl o) Lo E IO, 3 RGHERRG) s Fcusn

11 reSuIts imecdreagpondofy moeesenboficomtod wirs55s nore clearly
seen in Fig.2, the axis of rotation of the first
driven pulley 52 is angled with respect to the

The drmmo axtonfijure@igeneadllycds Shewallin Figbmé‘s |1©Y§nc2$1 amthe drive
his allows the gath of the drive belt 40 to

belt P:ﬂsﬁ% é@m\nﬂ?% fistqriver Pulley €8 itQ dhey firstedrivenapigflayne? i gmethe first
dnver??fulll 5%|9t8\r’]‘lhge? oﬁcﬁ&ﬁ'vé bOfey 2b€FBIn Y S8ESKd Qfive pulley 29 to
the first guide pulley 48, from the first guide pulley 48 to the second driven pulley
53, from the second driven pulley 53 to the second guide pulley 49, and from the
second guide pulley 49 back to the first drive pulley 28. The drive belt 40 defines a
first loop between the first driven pulley 52 and the drive pulleys 28,29, and a
second loop between the second driven pulley 53 and the guide pulleys 48,49,
rotation of the drive pulleys 28,29 in a first direction causing an increase in the

length of the first loop and a corresponding decrease in the length of the second

loop.

As is more clearly seen in Fig.2, the axis of rotation of the first driven pulley 52 is
angled with respect to the (common) axis of rotation of the drive pulleys 28 and 29.
This allows the path of the drive belt 40 to be aligned with both of the drive pulley
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As is also seen in Fig.2, the driven pulley 52 is
positioned and sized such that the central axis 90 of
wo b@oniossve belt 40, i.e. the central axis of tPEI/GB2005/002834
| ongi tudi nal fibres of the drive belt, at the point at
whi ch the drive belt joins and | eaves the driven
pulley 52, is precisely alii¥red with the central axis
90 of the drive belt 40 at the point at which the belt
_ e : | _
26 and REANRS phier'py ViR Lty il SRofEfefbor gefoymagion of the
belt.is caused to twist as it noves between a drive pulley
28,29 and the driven pulley 52, but that the twist is
effected about the central axis 90 of the belt fibres.

As isldlsd Sevnlih Figoodme deidern patley 5aris W siRinedoind Blzédtétmh that the
ffer d rrag; or deterl oration

centrlayig; 4 gl e, iiive bel 4% ier M6 Sapienl exia,of iomTenaidingl fores of

the dfig8 delff at ihé’"?élni Wt hth MROMYives BER j&hg' %rndQééﬁes ﬁﬂadéﬁﬁen pulley
is req uired to nove or deformlaterae‘ir ear | It

52, ig §rem$elh@ﬂgag@\wth thet centealais 89 gfutheegrive bghéot alcthe point at
whlcr'?‘hi’ﬁ%1 b%t Iggg?éj P hicﬁn? ﬁlléé cdgn a@@gél ﬂsﬁ tg?dtgg %éﬂ c?lvglé(r t It will be

undeﬁomd tlh@tathesbeit 4pds causbd tdrtwistras ulmeyes between sediryve pulley

26,28l 466 dienalioy B nate Fi' §ratticisd Bt te”cliiral axs
90 of"fhé PeHFHBAL |l Weﬂ rr@éégﬁlsédﬂ mét'MlV@B@I@' oPthig! wpwg |esiiikely to

deterioration of , SO that substanti al

suffepdpgagener dgtq@lpéam édt @nﬁvaiedcalyytaﬁsu epnteitaxis thageavould be

e o ¥ b 5ANe8 S Viodh oYB0 07K, TR & Fove o

deforii Batératlp. that the drive belt 40 only undergoes
twi sting novenent, about its central axis, during its
whol e pat h of m)verrent regardl ess of the position of

Clearﬁ)gﬁ%sa% ﬂgge%%r_\é%éf tﬂe Bﬁvecq P ﬁé"ttﬁé’ E)%@’l ;bf the drive belt

yS 1S speci escrl

preci€eih aulthmiat dmfe pulysesodthat the t@ﬂr&l&b&ﬁ bbih@‘drhlebbélv\laeﬁt leaves
the pulleys in the other epbodi nents shown i

t he
or joing dhe alived mliey) :arnrycnsaafaahgnq%wgh the ceRbb axis of the belt as it
S I I i @bl
s STRELEE"S BBy IULHE oSl st B Uester the
likeliredaodi dalmiagemmgemmmtl(m ot titd belby sa fiwatl su&stantal mgnment is

preferrfed ahnd grrelc\l/se aﬁlgnmenq is ldjeal

The relationship between the driven pulley 63 and the guide pulleys 48, 49 is the
same as that shown in Fig.2 so that the drive belt 40 only undergoes twisting
movement, about its central axis, during its whole path of movement, regardless of
the position of the carriage 50. Whilst this ideal relationship between the pulleys is
specifically described for the embodiment of Figures 1-11, the relationship between
the pulleys in the other embodiments shown in the Figures is similarly ideal, though
in those embodiments also the pulleys could be substantially aligned rather than

precisely aligned, if desired.

In embodiments using a chain, cable or the like instead of the drive belt 40, the

substantial or precise alignment of the pulleys could be maintained, though the
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substantial or precise alignment of the pulleys could
be nmai ntai ned, though thelocation of the axis about
waohdoslogshe chain, cable or the |ike shoul d i derCT/¢B2005/002834

twi st may depend upon the structure of that component.
It will be appreciated that by tensioning the drive
belt 40, the carriage 50 cal “be ef fectively suspended
between the pulley assenbly 45 and the notor and

locatigp rafithe melmuutw igh tren chbaina sablecorsitredikeagfeoudd ideally twist may

depef e i ol AL TorBBRE, oned by having he

carriage travel along a track. In an alternative

enbodi nent of the present invention, where tension in
It will; be appResiatasLthal by iensieaing thendtve heltng® nthel eadiager50 can be

ef‘fectY\}%i)(1 %r%fggn@%d &?ﬁu?%légpé‘ gﬁﬁl%b tags%g\bgf)g;i &%Asﬁﬁpg}o(t& }énd control

assenbly ¢ar rTIﬁigehasOﬂﬁf ativantagé dfh%d[mingf the9frictioagiSforces wuthm the
rotatjon of the drive vvormgear . Drive vvormgrear

actualoTSHHS B XOYlE o e POSHRIOREA B HANG hagargRde adabalong a
track°fln 4 ¥ lﬂéltlkéb?nl?&ilﬁﬁﬂt 3Ptl'hest)f§§%n@rd\)é‘ﬁtlgw }Aﬁ% %geﬁs‘?on in the

rovi de one nore toot drive
contmtcmmt ikve ofearmceanat Ibeymiintainedc onwibeahorn ef/mejbetb meeds to be
i1l .ensure that the par the drlv belt 4
contrified, skt Sabs fiay titpftRltesfop ol g ok S-pppHind i Bamiage.
t he part of the drive belt 40 which is wapped around

pul l e ¥ theaﬁitch of. one tooth. This wll_ result
Oper?“rlprhﬁ Fhﬁ:ﬂ&l@"&?rﬁ? A@s relagen obithe releive; wam 1968p 2d¢ PHee worm

gear Eg'é@@%&%&rﬂn 3{!\% ?Q‘?‘é?\d%'éﬁ s 3@ tibA%o Ydch dPrH)e' Siileys 28

the teet and a correspon
and 2% @nees drive ptuHey @9sis piowided twithe ane aoigy fopgh thﬂn éwe pulley 28,

ot f RIS, R o ] O B, B gt of e

drive beRm@Owhith is Wrapped around padazy@@ wilhadearis fukiher tham the part of
t he take- uR of drive pulle wth a result

the drive pelt\$i0 whish ig M@pp@% amm%aul}eé'd%r%t Byothe wtqfhféfI &g]mh This
wil r%%tt Eearf‘ ﬁ]% <=11 ﬁ’}%gé?ﬁét\“ﬁgﬁhg Lﬁr&%@ﬂ'dﬁwﬁ g@@ (BErvAh the drive

rrven pu as a res arriage 5
pulleys ahdbineddeven tpuliay &2)tihe thee itod efntihel Reedif ambahcmmsm)ndmg

increasshin e dipiosebiedn i tee RS2 28 HniDe catips @ by half
e S3H, 687t DBk, e L or e 1A HER 0 om uice
pulleywd8hwill adeande hrivae ql.mklycdum tagthentake-umh ef divecpulleyrizf, with a
result that there will be a corresponding reduction in the length of the second loop
(between guide pulleys 48,49 and the driven pulley 53), and as a result the carriage
50 will be drawn towards the second end 13 of the housing 11, thus effectively

extending the length of the control wire 55 outside the housing 11.

Reversing the direction of operation of the motor 19 reverses the effect on the size
of the two loops described above with a resulit that the carriage will then move along
the housing towards the motor 19 at the same time applying tension to and/or

withdrawing control wire 55 into the housing.
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t he housing towards the notor 19 at the sane tine
applying tension to and/or withdrawi ng control wire 55
W0 ni0e/0085¢5 housi ng. I n a conventional belt drivePEr/GBat06/002834

utilising, for exanple, a belt having teeth with a
pitch of five nmand a 20-_t1§oth driving pulley, in
order to achieve a 250 nm pér second |inear carriage
speed would require a rotational rate of 150 rpm at

In a qanweptionaldelidnivegctuator adilising efar lexenpe aa beltdlaving teeth with a

. i ' . i cal 0 ;
i e, SPRLEA el o 0PF, SEGRUBLA 25 o por
second lineak|castiage lspeedewolidsrequirei aemtatiorst] rewd iofn1 3y rpm at the
an

L kl ash .0.28.. I ddi tion, .
crving P8 B8 SeBve i s3EHOER e S, Bter Pef et typicl
eoooltrﬁmweu@%anﬁeta ag:1! ée{hﬁﬁéx.hﬂﬁi@ GE4HhBR A& dggedag%@b%ﬁ'backlash,

t he enmbodi nent of e i nvention descri ove, If

this repelts in §near josé rpofion: Py Jpenn dasklasheefh028emm.ardd addition, any

dyi v eVi.2 t t h, . the teeth
gaps pEGREN SIS Bufi, peeinand T PR Heh il s diiofi ppatent s
lineaciodidKiad o drikerevérgal. uti on of the conmmon axle 26 will
be 2.5 nm As the required linear speed is 250 nmm per

second, this may be achieved by a direct drive on the

in theStriopfmphf B InecintRhfiin, Bpscritied Sicte it ERCASELTE FUIEy 28 has
ninet@erd weth cirel thehseoumandideapullsl) 29 hiaswivehtpieatih pihecteatteBaving a

. that due to the topology of the drive belt 40 and
pitch (i 9 dAMp hpelireasodisplaceesnt & thel sarfagrerdRarneyofuien of the
bhi f ar Rl : 0 :
comrfor a5 B, LS 2.5 1Anf 5" AR RRuigdilaf Shedhie 260 mm per
secomdi|thisymay de achienadby actimctidrige bo theexe 26 drom the motor at 100

iavention can be nom,cal |. rroduced that is .. .
revol R eeTeec! e BN S it it Ao 38 kel etion provided by
the wofftdeiri2gyure drive enbodi ment shown in Figure 12, the

drive pulleys 28,29 (having a tooth difference of one)

are fixed to rotate with input drive shaft 26. These

it 35Sl Bt 18 9Py 9 AU BRI 4y fren puters
52,53353ns;ibh vaill bﬁ_hli'nafmtainedffoeelltp@si’cbnatoi the Q%_Eimﬁﬂv_end given the
qualitgelﬂq’{é;gﬁ%@m%hy\( %é(gfqlzélgfd[}ivgabségsaﬂé %'L‘u%@& af\rlx ra%ttuaq{)} \éce:cording to

the present invention can be economically produced that is substantially backlash

free.

In the alternative contraflexure drive embodiment shown in Figure 12, the drive
pulleys 28,29 (having a tooth difference of one) are fixed to rotate with input drive
shaft 26. These pulleys 28,29 and drive shaft 26 are mounted to a carriage 88
together with driven pulleys 52,53,84 and 85, all of which are free to rotate on
respective bearings. Drive belt 40 passes from the first drive pulley 28 to the first
driven pulley 52, from the first driven pulley 52 to the first guide pulley 48, from the
first guide pulley 48 to the third driven pulley 84, from the third driven pulley to the
second drive pulley 29, from the second drive pulley to the fourth driven puiley 85,
from the fourth driven pulley 85 to the second guide pulley 49, from the second
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driven pulley 52, fromthe first driven pulley 52 to

the first guide pulley 48, fromthe first guide pulley
wad3oboogshe third driven pulley 84, fromthe thP€TGB2005/002834

driven pulley to the second drive pulley 29, fromthe

second drive pulley to the fourth driven pulley 85,

fromthe fourth driven puli®y 85 to the second gui de

pul ley 49, fromthe secondgui de pulley 49 to the

uides pamaAadtb URE seidbh@irdn plldyf sP A foFFRRNSecrid 8
J p W 53 back to ther flnr@{] rive pull Oey 58 Carri a\é%n pulley

53 b%méxguﬁ&TWQdﬁﬂ?w?@arl ng bl ocks 87 which are mounted
to track 86 to allow linear notion along the track.

The drive belt configuration is shown in Figure 13,
Carriagie (88 isesupimartechby thetlindelflooks §7awhichsarel mopinkext e émack 86 to

[ ' II d and t.hi
atow el P4l 6.4BY Bk, o FhSBth B b BBRGL ine i Figure
e s s i a4
rrven
the f'éﬂda'b‘ihl ﬁ §e i’@nz@m?%/saﬁﬁﬂs@n& RacobH loqnshetween the second
guidd PGli&RE9 érﬂi H@ sbEHRA g ffohﬁﬁ (]fm\re'ﬂ Rh% gﬁ%sa Rotation of the

corresp ondi n ecrease int engt € secon
drive|sbaf, ZG:alu@ pnﬁeymZB@Q ipfa fitsk dcraﬂ@mgw@ ah ingrease m the length

of tng ESioPE aiE 1 BTeryRIG Hebtedtia WG Rt &g SSeSha toop,

causing\radticroef méecfarhb?‘e f88rsibng S a6 86. Rfevéts@e@tatam oRdidVe shaft
inthat it has a longer travel for a given |length of

26 reyeises the directigniof §avelnsequent |y stiffen This
enbodi ment requires the drive notor (not shown) to be
nmounted to the carriage 88 which is al so an advant age

This émmrm@mmh@@ahiam@hm% ovérethenfirstiembodirnéntrobliness actuator in
12-17 also clarifies that the invention is suitable

that it bas adenger teavel fasa given dendth ofideve belr aed ivgorsrauently stiffer.
carriage 88 can be in either direction, and the
position of the carriage can be controlled
This smhisédimentlreyuites khesdrive erotor n(noheshawrgr ttatbev enounted to the
_enbodi nent, shown in Figures 18-20, the drive pulleys
carriage ghwhish igalsQ aRRAYapiaaR 1BIcpriast aPRINAoBs: axles 6 1
and 62 respectively and have the same nunber of teeth
(al though in other enbodinents they could differ by
The embodimentof Figiren)12-taalsosgladfiessthab the mvention ésisuiable for use

o 58 ML R 4 RS b P ogf 0eTBlboton, an

the pwbitieh of fie eadiagé can be controlled substantially backlash free.

In the alternative embodiment shown in Figures 18-20, the drive pulleys 28 and 29
are each separately rotatable on axles 61 and 62 respectively and have the same
number of teeth (although in other embodiments they could differ by one or more
teeth). Each of axles 61 and 62 carry gear wheels 63 and 64 respectively, the
arrangement being such that the number of teeth on each of gear wheels 63 and 64
is different by one tooth (although in other embodiments they could have the same
number of teeth, or differ by more than one tooth). The gears are enmeshed one
with the other so that rotation of axle 61 is transmitted to axle 62 in the opposite
sense. This also allows the drive belt 40 to pass around the drive pulleys and
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is different by one tooth (although in other

enbodi nents they could have the sane nunber of teeth,
woroodiobdses by nore than one tooth). The gears BCEGB2005/002834

ennmeshed one with the other so that rotation of axle 6

lis transmtted to axle 62 in the opposite sense.

This also allows the drive-Helt 40 to pass around the

drive pulleys anddriven pulleys w thout any guide

drivepu;bmlays withow areg gUidedpuMByseN@'h? eqUire@ dbrevérdeher Eéudféct the
pathght g drlve belt. The drive belt 40 passes fromthe

hg drive belt pulley 28 to the first driven pulley 70,
fromthe first driven pulley 70 to the second drive
pul l ey 29, fromthe second drive pulley 29 to the

The dﬂw beltdt0 passe:wfrbwth‘éZf"rsaddvé poiliey 28 RetreNfirse HhV@rﬁ‘ pulley 70,
E %6] le 07($hef|rst drive uIIe§29 The drive

from {he e‘" riven; RESYa7Q fo the paernddbive eHlley 29 fros the seeand drive

pulle? il t@%hé%e@ﬁﬁ'd dRGef ggﬂé y 9! hRy ?ro?ﬁ3 h%gs%gi}gjn%‘r \ﬁ?&gﬁ%y 72 back

bet ween t he second driven pu
to the lﬂr$te@fsle,28u'i@ 290t Ehe drivebeltrdd deﬁnes pufirstioop betaveen the first

e the l,epnath, o
drivel, ey’ 7D Ry e AR MBYs AE26°5RA 4 delkna [iphbSiween the
secoh(?Tb mmgbn qfullevg’Zsan@gdz Hmﬁ pullisys 2%290 rcbtbﬁoﬁ?jf |tl'r1]§ drive pulleys in

e i ments described, the girgunference _of the
a firsloecliod e CANGyan JBCRAYE H6ndeRdion of ythendTstuien and a
correggoh@iﬂbmécfreéééemhanéwgtﬁQifméis@é&ﬂ&m}) is the sane.
wever, because of the difference in the nunber of

gear teeth of gears 63 and 64, there is a

. ' i {5 ' | | ,
R BEPORAEE il BER:fob i (8 Gl o AR B rospocive
pulleys 28|29 (emelmdnsleqapmhdtﬁeomumber pﬁteleﬂyef tﬁése aee wothed pulleys) is

therefore a |m ar e earl

the seffodriauRYe" Depausioal i uaings nifds nuTHesdl gear teeth of gears
63 af IBaUFh &SRt A %br@@ﬁ&?&ngfdlﬁ&%n%hh e r@%tnv@%taﬂ%al speeds of

erefore different ar speeds of driven
pulleymﬁﬁ@nd 29 gumwapbfderentanmm entual$peeddodthﬁepdtﬁyse'&%&9 and

ven S f shaft. 6 by varying the
theregqrpfaeggm% r‘?ﬂ’n{) ' @%%qrp%r @ ?W’%’f]tst he gears 63 and
64, by varying the nunber of teeth on the puIIeys 28
and 29, or both. The displacenent of the U shape
It shaldrennotes! that different ciscumfesential spesds @f thei pul a28t2>9 and

ther (é'é{ ﬁ%f Hézlétlﬁe/sazresgpmg eo% ﬂ%eamflvetn2 rﬁermebérs opmﬁapgd elements
71,73, could be achieved for a given input speed of shaft 61 by varying the
difference in the number of teeth of the gears 63 and 64, by varying the number of
teeth on the pulleys 28 and 29, or both.

The displacement of the U-shaped element 73 for one revolution of shaft 61 is
equal to (t1/42*T2/T1)/2, where t1 and t2 are the number of teeth on gears 63 and
64 respectively and T1 and T2 are the number of teeth on pulleys 28 and 29.

The U-shaped elements 71,73 are interconnected by means of a secondary belt
loop 74, which passes about pulley 81. The principle of operation for this
embodiment is the same as described above, but in this case the driven members

are the first and second U-shaped elements 71 and 73 respectively. A secondary
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64 respectively and T 1 and T2 are the nunber of teeth
on pulleys 28 and 29. The U shaped el enents 71,73 are
WO ndoesessmhect ed by neans of a secondary belt |POPGB2005/002834

whi ch passes about pulley 81. The principle of

operation for this enbodi rreg is the sane as descri bed
above, but in this case the'driven nenbers are the

first and second U shaped elenments 7 1 and 73

advangagroet thieeasranger@@abﬁdgaw@mwg@mnemhws san Prgede separate

' Al .provi de r
contich rh03fs (8N PNE BTTRRFES, fiRGHBhD Sotp, 3608 hBn member
71,78 unoveirs ties bpposite senld marapmobmit&mb]’fié’ﬁ hd‘i’ttlgejédrive $Haft 61. It
oSl te sense. on appropri at notion of the drive .
shouf B¢ noeq ?helttth'§rﬁ5ﬂﬁ>€&)"3‘§?'ﬁ el bertead {orpreduse parGiem fotaphnmotion
of thgﬁuﬂéﬁht PIRUKBNBAREEICLPtAL Y notion of the pul | ey

1 and the secondary 'belt | oop 74. For wire or cable
driven robotic arns, where the control wires or cables

For S 80 S0 . PP b ot Ehs e used

contrgﬁpleglyi né cﬁi%ﬁ@,”g%iﬁgl%’@ciudt@@@ar?ﬁle%%cﬁ@%aéﬂ%sing cables

using control wires in place of secordary
by rdyeovingdbp Secdroapy deltdeop Ve and exssaciatedrilley amd usieg control

i T SBR Bty S0 oo fle TRl S o

asseMblIEFigo21 shotvs shith an éﬁﬁﬂ?éﬁféﬂi’lt  whith el setomadry belt loop 74
driven pull eys of Figures 18-21 can therefore be ‘used

is replaced pytcgnjrohwirgadéa, 6B provi de control | ed rotation
of the pulley 81), or in a |linear actuator (to provide
controll ed novenent of the driven nenbers 71,73 or
The afrangement ofittex vk bodidriveaquilieys ofifigreS5H8-2% wanTtherefore be
ated.in Fi

usedGfi 8 oty eastppisE id Rride ool oles 5BHRR oftrdbaley’ 8, or in
lineaf &iEhiztbr gfd' peovida iconfiBlld s nas\aphast 6PHE idvifeh i hmeinbéid 78,73 or
ull ey 28 and second drive @ulley 29 (wwth in this

P .
elemepisoenihanted tq the ¢priral pdies @, 9%P.one) . Drive belt 40
passes fromthe first drive pulley 28 to the first
guide pulley 48, fromthe first guide pulley 48 to the
The émbsdindentilustpated dy Fitlures 22+28 isea Yaniant af thatedeseoibedyin Figures

16-24Cpbghica 25985 e YR EbL hePter e SRy 28 and
secofA“lrg’edrg%f:JI B]Q?%yrjn Q'tg‘é(gﬁthpw Y efbddimERe asteet diffiteHee Bfldn@Y. Drive
belt 40 passes from the first drive pulley 28 to the first guide pulley 48, from the first
guide pulley 48 to the first driven pulley 70, from the first driven pulley 70 to the
second drive pulley 29, from the second drive pulley 29 to the second driven pulley
72, from the second driven pulley 72 to the second guide pulley 49, and from the

second guide pulley 49 back to the first drive pulley 28.

The drive belt 40 defines a first loop between the first driven pulley 70 and the
second drive 29 and first guide pulleys 48, and a second loop between the second
driven pulley 72 and the second drive pulley 29 and second guide pulleys 49,
rotation of the drive pulleys 28,29 in a first direction causing an increase in the

length of the first loop and a corresponding decrease in the length of the second

loop.
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second guide pulley 49 back to the first drive pulley
28. The drive belt 40 defines a first |oop between the
wo 2oostossns ven pull ey 70 and the second drive 2BCEHG$2005/002834

first guide pulleys 48, and a second | oop between the
second driven pulley 72 and the second drive pulley 29
and second gui de pulleys 49]l6+otation of the drive

pul leys 28,29 in a first direction causing an increase

in the length of the first |oop and a correspondi ng

. decrease in the |length of the second |oop.Driven
Drivefomserkersror-shaped elsreristl, 73 provide evtagbment thelé ¢ by way

of tehSioRRl  d by 853 @b Hm ?%Hf@‘ %?(‘{Lix ﬁgﬁ%@%‘% & that gontrolled

rovi ensi on’ ar ou SO ontTo
rotationt eft thenpuifeyt 8¢ canl be pcBieved afhisesrmbbdievert. hdhthse advantage of

. ' t t Vi e of having m ninmal belt
hav'%i’ﬁﬁ&%%i%%ﬁoqaﬁ“g&ﬁ%e enbodi ments of Figures

18-20 and Figures 22-26 also clarify that the

inyention is suitable for yse in a rotary actuator _
The WF%P Imentg Rl Figutege! &éP @eyﬁgqreéa%?-gé 3isp glarifethat the invention

is sugams%} 68 P4 ¢gfa[g;e a@ﬁ&%r%hé’r%%ﬁ&%‘gﬁ?l?% E_ﬁu@ﬁgh 4nEin either

~ be contr ubstantially bac
directionuandr thed aaguiab epbsitiosy of fthe tprdieyotarrbe lwentrolled substantially
b k%ﬁsfi bility of providing very considerable force on a
ac TSt wire 55, or carri age 88, or considerable
torque on pulley 8 1, using a notor of relatively
smal | power. In the preferred enbodi ment, usi n? a worm
The geduators tdeseriped, abnve rfadheni affar s gnssikilityt of heroviding very
driv rm2 1 and rm el 27.is nsi derabl e.. .The
considecsiei1BE® Bava APGEM e A% B Bfigd BB Ry chRkergplS toraue on
pulle?ﬁ%"ft?r@élﬁg% WhdtBr *o'?%{é{ti?él?rgmém \b%WéI fr.o'l’n itRe [RtefdtodeBRfOdiment,

_ the carriage w move by ha the pitch of one
using asvarnpgear suchpaed, the/wechanisaladvantagevetthe drive woesm 21 and

mechani dvant r ain i siderable. Jt
worm,; WFeﬁie%i)p eccf%g?g%?%ggt ﬁgﬁ%ewgghggfggrl%(g‘%rﬁgg‘%eoérq"e pulley
arrarigédierithip aecb™anes! witlkh tast preeentiinventioht By esl thy effect that the
cha‘r;vgl ng the pitch of the teeth on the drive belt 40

carriggeiwilhmaye by hal thainitshof ane togth ogy 3 compleieerevolution of worm
wheel7E i | hgwlga'!)gaﬁngsggﬁa}@s%@pqs ‘ébﬁéﬁbﬁé&& in the

nunber of teet Ive p eys. Further changes
can be effected by

It will be appreciated by the person skilled in the art that the mechanical advantage
can be altered by changing the pitch of the teeth on the drive belt 40 and on the
drive pulleys 28, 29 and/or in the alternative by simply changing the difference in
the number of teeth on the drive pulleys. Further changes can be effected by
providing an additional gearbox within the drive train between motor 19 and output
shaft 20, but as indicated above this will add to the cost and is generally not

preferred.

It will be understood that in some of the described embodiments the drive belt 40
flexes around the drive pulleys, driven pulleys and guide pulleys (if present) in the
same direction, i.e. towards the teeth of the belt. Those skilled in the art will
appreciate that this allows (in the applicable embodiments) a reduction in the size of

the pulleys, as compared to embodiments having contraflexure drive.



provi ding an additional gearbox within the drive train
bet ween notor 19 and out put shaft 20, but as indicated
w@b@emogshi s wi |l add to the cost and is gener abC/GBRG05/002834
preferred. It will be understood that in sonme of the
descri bed enbodi nents the drive belt 40 fl exes around
the drive pulleys, driven Pdrleys and guide pulleys
(if present) in the sane direction, i.e. towards the
The presémt applichat has founthivae astkiatdre dfithe kirel dedcribieldl above result in

ppreciate that this allows (in_the applicable .
excelfems&a’mf@hfcy)sem@aaetrpeﬂﬂq ﬁ"’é“ﬁ of $he fyns des@rinad, ffergxample, in

nterrloAMPRAER, BBRRHRRR FHO200 0000 LA QU0 Fagegs,  These

actuabdrst permiit thee dss of irélativel} dow-powsar| motars da exertectnsiderable force

SR
clustéiot acaatord t\BRAAS(IRLEAIA JuaBHoNEBRA WLhLtHEOLHS withiR8€ additional

~actuators permt the use of relatively | ow power
routingo@idhe aoptiekwinesd¥nsi derabl e force on the control
wires for such robotic arns and their relative
conpact ness enables a cluster of actuators to be
nmounted in juxtaposition with the armwth little
additional routing of the control wres 55. CLAIMS 1.
An actuator ( 10) conprising: a first drive pulley
(28); a second drive pulley (29), the first drive
pul I ey and the second drive pulley being
interconnected to rotate together; a first driven
pulley (52; 70); a second driven pulley (53; 72); an
endl ess drive belt (40) engaging the first and second
drive pulleys and the first and second driven pulleys;
a notor (19) connected to drive the first and second
drive pulleys to rotate and drive the endless drive
belt a driven nenber (50; 88; 71, 73) carrying at
| east one of the driven pulleys; the first and second
drive pulleys being arranged so that upon rotation
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thereof the circunferential speed of the first drive
pulley is different fromthe circunferential speed of

wao b@emessend drive pulley, the endl ess drive bePdT/G8200§/002834

| ooped around the drive pulleys and the driven pulleys
so that the difference betmq?n the circunferentia
speed of the first drive pultfey and the
circunferential speed of the second drive pulley

CLAIMS8ses novenent of the driven member. 2. An actuat or

according to Claiml1 in which the first and second
drive pulleys are arranged so that upon rotation

t han acfuatdre(16) compirisimgnt i al speeds di ffer because of:
{itthe first driye pulley having a different
i%QWQV@M'@'(# mgt h than the second drive pulley;

{14 ketbd birive tplﬂib'y\(QQfé Ucl(]é Wstr\iﬁ/\}'éqﬁul?eﬁéﬁi ?ﬁ? %c@ﬁ? grﬂg pulley

rotation to the secon rive pulley; i
drbeiag pnterconneatedrig ratate tégatbear; circunferential |ength

t ha e second jve. pulley and a different rate of
r ot ﬁ'&sﬁgﬂ"?'a pyﬂ%y%:ﬁ)a drive pulley.3. An actuator
acé:gégﬁmgdﬁ\%r{?gi;éy $153i; rophich there are two driven

menbers (71 he driven nmenbers being
i rArcendans drive beidd0hengaging the st @andrsepondalrive(pulleys and the

t ' elt,engaging a pulley (81) nounted
fgﬁsf%@%c‘%&éﬁ&%} .buuﬁygAn actuator according to Caim

1 @ motbr ¢1O)t cunridictett to ARVE &he ifBstcandsbtage drive; pdfdys to rotate
mounted for |inear novenent. 5. An actuator according

t AN @iy T}hq endipseAriydbeli rst driven pulley and the

L8RSl 8,217 bR BESt B0 I aron putes:

f ithetfirgtiiane secory drive) puheysa being mirangede sp uthiad yuricto yotation
thereof the circumferential speed of the first drive pulley is different from the
circumferential speed of the second drive pulley, the endless drive belt being
looped around the drive pulleys and the driven pulleys so that the difference
between the circumferential speed of the first drive pulley and the
circumferential speed of the second drive pulley causes movement of the

driven member.

An actuator according to Claim 1 in which the first and second drive pulleys

are arranged so that upon rotation thereof the circumferential speeds differ

because of:

{i} the first drive pulley having a different circumferential length than the
second drive pulley;

{ii} the first drive pulley having a different rate of rotation to the second drive
pulley;

{iii} the first drive pulley having a different circumferential length than the

second drive pulley and a different rate of rotation to the second drive

puliey.
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the endless drive belt al so engaging the first guide
pul l ey and the second guide pulley. 6. An actuator

wa@ewendisnyy to Claim5 in which the driven pul | BgEFGB3®5/002834

53) are located between the drive pulleys (28, 29) and
the guide pulleys (48, 49). 7. An actuator according

to daim6 in which the endl%ss drive belt passes from
the first drive pulley (28) to the first driven pulley

( %) actuaginddeerding 26 Ckiihy ¢in Whidiethelr® ard &we eRiveH riémbers (71,
29), fro$bthe second drive pulley to the first

b Tethst AMkgn (MeTbers beirBiepancgRAodstiard eosepand drive
S%ﬁnf#tfjb t ge%’ﬁdl %Ylvé%’ét eggﬁghghf iﬁ?@?”@ﬁﬁh&@ﬁ‘teﬁ for rotary

pul | ey second gul e from
sé¢aovemeol. de pul l ey back to the first drive pulley,

the endl ess drive belt defining a first | oop between

the first driven pulley and the drive pulleys, and a

s dgpadiuatapadsirdingniol CRimet imevhich We dpiveh ayiember tida carriage

guiLde_pul l eys, rotation of the drive pulleys in a
fR$8¢8 ﬂF@Egﬁﬁﬂ%ELﬁ%?Hﬁoﬂﬁnﬁﬁgrease in the | ength of
the first I oop and a correspondi ng decrease in the

| ength of the second | oop. 8. An actuator according to
CAx actuatar asgordinghite (Clamn vein whicke the dirst dniven pulleyt and the

kS0 s Sk e Bl PSR! i (B8 B0 o), he

%ﬁgrmrqmmhgven menber (88) in which the
endl ess drive belt passes fromthe first drive pulley

( 28fjrst gudl&eplﬂlleys(ﬂS)jahden pul ley (52), fromthe first
driven ullg ﬂ flrst gui de pulley (48), fromthe
f % S]C %lﬂ“% the third driven pulley (84),

f ftﬁ@érmaéshuﬁ% WeltvaiBosdaRing thé hﬁstﬁ?ﬁ@éﬂblﬂreiyvﬁnd the second

pulley (29), fromthe second drive pulley to the
f(g!dethHQWen pul ley (85), fromthe fourth driven

pulley to the second guide pulley (49), fromthe

second guide pulley to the second driven pulley (53),

ankh actuatdhacserding taliGlaiem 5p'mi iMhjchb trek driven hpullelys 62, 53) are

| el Ebien e HVS PORRIZepaP] Y0 SRR HRYE Gfceo)
th|rd driven pulleys, and a second Ioop bet ween t he

second gui de pul |l ey and
An actuator according to Claim 6 in which the endless drive belt passes from

the first drive pulley (28) to the first driven pulley (52), from the first driven
puliey to the second drive pulley (29), from the second drive pulley to the first
guide pulley (48), from the first guide pulley to the second driven pulley (53),
from the second driven pulley to the second guide pulley (49), and from the
second guide pulley back to the first drive pulley, the endless drive belt
defining a first loop between the first driven pulley and the drive pulleys, and
a second loop between the second driven pulley and the guide pulleys,
rotation of the drive pulleys in a first direction causing an increase in the
length of the first loop and a corresponding decrease in the length of the

second loop.

An actuator according to Claim 6 having a third driven pulley (84) and a
fourth driven pulley (85), the drive pulleys (28, 29) and all four of the driven
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the second and fourth driven pulleys, rotation of the
drive pulleys in a first direction causing an increase

w0 poobhessiengt h of the first | oop and a correspp@dGB05/002834

10.

decrease in the length of the second [oop. 9. An
actuator according to Claim1 having two driven
menbers (71, 73), each driveéh- nenber nounting a
respective driven pulley (70, 72), in which the

Qﬂhu@)ﬁ@, ol i3 bed t sHRBaRY m&fﬁ‘téd("%gfohr ﬁ{eoﬂm%ﬁ HﬁHHb%Y (88), in

% hé T1'rst’ drivenp
er ieh theldnsjessodniveebelk passkesifromethedirstdrive pulley (281 to the first

A 5 0 A Bt bty

f ifrarh tHeifiret @mbéepuueﬁ 2@ f’cl:itfltsi'tllftﬁ?rll\\ilgennpﬁllé;f(ei;f)gﬁbhﬁth@&hﬁd driven

fir | oop between t

arR ey The Seoai dive eulid (P8 a: flecresand deive mulley to the
dricMAA &WdrﬁMuW géé)e fr%h‘n OIS WPiveh 356’}%'3/% e {&%nd guide
drive pulleys in first ectlon causi ng an I ncrease

| rplﬂﬁaf (4on, %/rhm)thet Recond gwdleomdl%mw thec secexpdnisengulley (53),

ST O PP A e TR Aoy o e
medriver Iself aégnmg)a fiest ddropsl béWm’err;&@hgt fgnirdse: ﬁmlﬁyaand the first and
R i B e by et Sy ar
t RReeopeiSalt ¥ GrtR @lriveR G5B sf F&Q‘ﬂlérh%f fth«% %trlv@r blYIFeﬁ/s in a first

pul l'ey (28) to the first ‘gui
fudlactlgm @auplmgl @n tincrepeef irr sthedrlengih ofil tl*@)/ f(rs‘o)lpop and a

urispbpatliodednte h Bl sfdn e SeBFRafoas'  ne

second driven pulley (72), fromthe second driven

pulley to the secon%oéwde uIIe (49), and fromthe
se%lbﬁﬁtl@ﬁﬁ)@ec@ﬁmmgyt Mo ewagftWPs,drl\m wmenmhgredy 1, 73), each

O btubor BERTio f rpgiekt atNer RORECEA 74 i 3hicn the
aréhd‘lééssunaéltféet Fuéééyﬁorrﬁmé first RfrvRdpliRap (18t tegie fifse driven

second dri ven and the second drive and second

gtmliléyr@ 0).efyem hetfirst ériven pukiey & the spopne give pulley (29), from
t Héé%slegg{lg %trfvgrbtﬁlgv % B Qgcdr{bcél%?eshepuﬂéf (t}‘i),I Wﬁgm%e second

driven pulley back to the first drive pulley, the endless drive belt defining a
first loop between the first driven pulley and the drive pulleys, and a second
loop between the second driven pulley and the drive pulleys, rotation of the
drive pulleys in a first direction causing an increase in the length of the first

loop and a corresponding decrease in the length of the second loop.

An actuator according to Claim 1 having two driven members (71, 73), each
driven member mounting a respective driven pulley (70, 72), a first guide
pulley (48) and a second guide pulley (49), in which the endless drive belt
passes from the first drive pulley (28) to the first guide pulley (48), from the
first guide pulley to the first driven pulley (70), from the first driven pulley to
the second drive pulley (29), from the second drive pulley to the second
driven pulley (72), from the second driven pulley to the second guide pulley
(49), and from the second guide pulley back to the first drive pulley, the



10

15

20

25

| oop and a correspondi ng decrease in the |l ength of the
second | oop. 11. An actuator according to Cdaim1lin

waobdosiossizontrol |ine (55; 55a, 55b) is connecP€GBR005/002834

11.

12.

13.

14.

the driven nenber, novenent®/6of the driven nenber
causi ng correspondi ng novenpnt of the control I|ine.
12. An actuator according to Caim1 in which the

first drive pulley (28) and the second drive pulley
( 2)dieswdriive sl slefionded firy lpep hebveen Spfiest deiven pulley and the

SR pHHRe g nih ide Bhftys” S 1 ESIP ies b the second

pulrivey palldy &y theasecotidsdiie At ddcend duige @@iléYserotation of the
rotation of the first drive pulley _ being parallel to

t HEIvexpulleys inq Histslirestion gausingoa inprease ju the jengii of the first
o504 BBuceroiiaif bécRaBin e BAB) BEHR°GRRAdJobY o7

rotation of the first driven pulley, and the axis of

rotati on of the second driven [l ey, being. )
nchiS ERAPEACRIIAG o G Tof WBIG Poseriroliine (36:<i5a, 55b) is
drdoveBtdd &Yt 8ritdi® nferhBe imbRiAbI i
dri veepulq ey. 14.rI An act u%t’onr1 aqc%’?fé?fwg{? gh@?’zm%gef ﬁausmg
whioctesplading mevementoktherapntiebline. ven pul | eys are

arranged so that the drive belt undergoes tw sting

novenent on the path between these pulleys, but

urite aghegos abssrding @l Chaimol irmbich thofistemive pulley (28) and the

second drive pulley (29) are interconnected to rotate in opposite directions.

An actuator according to Claim 1 in which the first drive pulley and the
second drive pulley each have an axis of rotation, the axis of rotation of the
first drive pulley being parallel to the axis of rotation of the second drive
pulley, and in which the first driven pulley and the second driven pulley also
each have an axis of rotation, the axis of rotation of the first driven pulley,
and the axis of rotation of the second driven pulley, being non-parallel with
the axis of rotation of the first drive pulley and the axis of rotation of the

second drive pulley.

An actuator according to Claim 13 in which the drive pulleys and the driven
pulleys are arranged so that the drive belt undergoes twisting movement on
the path between these pulleys, but undergoes substantially no lateral

movement.



