wd 2WEDERLSEN MULTI - AXI' S POSI TI ONER - BACKGROUND.

10

15

25

WD 2004/ 068022 PCT/ GB2004/ 000307 -1- TITLE OF THE
I NVENTI ON The invention relates to nmulti-axi gCT/GB2004/000307
positioners, such as three-axis positioners that 5
provide x, y and z adjustment_and six-axis positioners
with x, y, z, roll, pitch and yaw adjustment. Figure
1l illustrates the principles of operation of a prior

. Y esc in EP- A-0937961 [1] in which
?—m VMDM ated by three pairs of
linkages to provide up to six axes of notion.

Pt sxXioPOenrosER S desi gn are marketed by 10
MelTes Giot. A novable block 7 is shown supported in
space b three pai rs of linkages 8, 2 and 3 via which
(] A INNENBEONhe three pairs of

| nkagesare arraned to extend along nutually

nd.z respectivel]y. The |inkages
o By B58s to ol pOFGRH 0Gh onbree axis pstioners tha
qaotidpai, i a8l zlaldjusaRR® ahd HR-dx1s FosBiRBR: wil! 'xs o, %ﬁgh and yaw
bej, ng perpendicul ar to the equival ent two pl’anes

€Me other two pairs of |inkages I|e Fi gures 2A
and 2B show one of the |inkages in side vi ew wher ei n

t i unstrail ne

Il‘i%tétjetll i n&gart% tpﬁ Ehﬁ&h%g 8€o%e-fratlg?1b€t? PTRT qrtsdqvlzpeaas described in EP-

SA-0aB7@6d (13 00 ohhichGNmbvdvdBloEREE 'tghthit«,

exag erated degree for clarity) ﬁllmtllgleﬁlteltan agealpsfm‘rs ofhgkages fo
e ﬂ’@s‘ﬁe‘iﬁi 23es pHmasionaPmiducts fallowingathimdesigotire marketed by

t the |linkage, referred to as |engthways in
%Lﬁ%(ﬁ?ow ng, but deformable in respect of forces
applied across that axis of extent referred to as

S“iﬂmwlsmascmmmtm f ar
?ﬂf,n i Apaot By {ea%ﬂmdhﬁl%agess 2 and 3

appl i to one end por
é'l?oglhﬁiht the blgcky 'éwgmnmym wsiel |Ttmethmeapam oft Hukapes tdeearranged to

O BT o 950 SRS T e o e
philﬂexmﬁ % el Q@%ﬁ@ht btﬁgr 58 th&i%aeh Halr G 6hiQked B& in a plane, this

l'i nkage, r at her
plane being perpendicular to the equivalent two planes in which the other two pairs of

linkages lie.

- Figures 2A and 2B show one of the linkages in side view, wherein the linkage of

Figure 2A is in an unstrained condition and the linkage of Figure 2B is in a strained
condition (jllustrated to a highly exaggerated degree for clarity). The linkage is rigid
in respect of forces applied along an axis of extent of the linkage, referred to as
lengthways in the following, but deformable in respect of forces applied across that
axis of extent, referred to as sideways in the following. Consequently, a force applied
to one end portion of the linkage substantially lengthways will be transmitted to the
other end portion of the linkage, whereas a force applied to one end portion of the
linkage sideways will not be transmitted to the other end of the linkage, but rather
accommodated by lateral deformation of the linkage. The linkage comprises two end
portions 18 and 19 disposed on either side of a central portion 20, the cental and end
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accommodat ed by | ateral deformation of the |inkage.

Oyl}@ﬂ%ég@éage conprises two end portions 18 aq’g}}‘,}g{swgﬂﬂoosov

on either side of a central portion
central and end WO 2004/ 068022 PCT/ GB2004/ 000307 -2
portions being interconnected py two flexible portions
21 and 22. The central and end” portions 18 to 20 are
made of sections of stainless steel rod of 3nm
di aneter.. The central portion is around 25mnmin

| BOIGORS beivg infescaimgeisd by it Slexiblaportives 31 and 22, €The central and end
} h s -he cel
oporkibfl'Ss &0 20k £aq of sP¥aiaFs, % s i SRS Pl Sipiodlamirer. The

| esnglahpovitioh i@ buad 253HE R e heend e'hﬁgfr?gt”{&gdid?nﬂ;lp "B flexible

in the central and end portions and c nted 1 n place
bporsighesi gid Bdargimade aftrestians of satsis wire Of dmnh diagicterahd are each

t ' ectd ons. sic wire s chosen because jt .
 BButl SRS S HOE o ik ISR R npores i o
Wdnfrallind @RCHIMA6nS A1 &IndstdLinl gl by ddiRsiv¥ g%h&ing,t h6S o leave a
To increase the maxi mumdrive = 10 fforce an

Aethiob theamige sectibas. t he | i nkages can wi t hst and,
flexible stiffening sleeves 23, 24 made of helical

ki flited between each of the en ortions ,
TRl Shbich' G0l ST R dfteS oot of saph hindiRg and torsion
| withog ecdchinpeth Gabed 1ithit! e, Yi0d RAEA! TR indhasd the! ABximum drive
music Wi re buckles. Wthout the stiffening sleeve
tieEsedng defprnatipn angle thet thelinkages kaw withstand; fhexihigstiffening sleeves

8T AR B 4 B 505 15, 1

Tthé aérte ?ant;ioa Thiid alf6d the Minkhi&e %ﬁa&&ﬁh% 5 Snt at which

axes {roll pitch,ﬁe/_avv). Referrin ck to Figure
tthe mpsinwire| bucllesc Withoeut they stiffening slekve thermis pUbwerdrive force

AT 8y LB, BB A g5, US4 e
Ainkb @R8¢ an! &%Bhﬂbtﬁl&zegﬂﬁ Xa° ¥f Wtaforlad ngét?(%ﬂl ﬂ?ﬁ%‘&f §§%¢o Yotational

of the x, y and z nmotl on axes respecti ve

 [nadiieinl axds (roll{pitehf yawix e. To provide actuation of the

rotational notion axes of yaw, pitch or roll, one

R N AN R S R—

Rh@ethrided. By hdRilg S odd'of BE ol WrSinkages 2, 8 and 3 in unison, the
block is pushed in 2 linear fashion along x, y or z to provide actuation of the x, y and z
motion axes respectively, as labelled in the figure. To provide actuation of the
rotational motion axes of yaw, pitch or roll, one linkage of each pair (2, 8 and 3
respectively) is moved relative to the other to rotate the movable block 7, as labelled
in the figure.

Figure 3 shows the mechanism by which one of the parallel pairs of linkages is driven
in the 6-axis version of the prior art device to provide linear and rotational motion, for

example y and pitch.

Two actuators 14 and 15, shown as micrometers, act on a pivotally mounted plate 1.

~The plaie 1 is pivoted about a point B. The first micrometer 14 serves to impart a
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| inear and rotational notion, for exanple y and
pitch. Two actuators 14 and 1%, shown as mcroneters,
act on a pivotally nounted plate 1. The plate 1 is
pi vot ed about a point B. The fast mcronmeter 14 serves
ti)l i mpart a WD 2004/ 068022 PCT/ GB2004/ 000307 -3
A Mationite the: movable blocka Bl & dstsotle pointils sugbttbatat live LB, defined

t B.., defi ned t
284 Bink U5 5t ol KRR S B e P . The
| saclsmg fficrBmeice 15 #i9es BafiDAA aToGHORBESH toltﬁe BRIVIER btl&:k 7. Tacts
npart a rotary notion to the novable block 7. 1t act

?‘3 BP9y R such thatelinenRB, defined @YNE paints iRnadl Byistpamllel to the plane

PR RN ED IERVINEAT AN A
i hingé&t atssug dhe hh@ RB ana ohuséé' BB BLBQ llfnk& 'dfethg%aﬁ'ng) move

causes both of the |inkages 8 of the pa to nove

1 ©gethere resulting intlinegr mevenartaef i \bioknT. SWherh ehebinturbmater 15 is

PR Syl b s Bt fhe 18RI S e {rePale Faisment between

b e link4gae 8 bivthe fﬂa[l'kféGﬁ‘ﬁn§ iPfotdrd Sadi@hnEnt é’iofok:ﬁg in

rotary novenent of the block 7. 10 Wen three pivot
pI ate nechani snms of the kind shown in the figure are

1 thyee pivot plafesmgehanisnsnef; the &indshopmoin te diguad bravised, a six-

-@YSE@“%% B i B BrBided) A4briek Povemgsot (e MRk g ichice tinear

EﬁfecﬁtﬁrﬁCicl $.2& z'@BSHAR: rdtdry| cﬁre@ﬁ&gdﬁvtﬂ a1‘011t Re Pﬁéﬁ Olﬂ‘or x practical

drive trains incorporate a” 90 ben z
ABAgony it ig aptedshat @h&)drdibdmmmw ingonporate £80° Kamdao w&lew the z and

o 6B O noREoiFGr B Duisdin Shet snd i Feppmcts wouldbe
anEbbae ofgR delv{ce Hidh %ﬁﬁrdeag?\k%?ﬁlﬁfachéa] rf&z,{,ancﬁgp dsde

pi vot plate can be substitute I nge
hi n%ed about the line LB and the actuator 14 d| spensed

Yy refiars mamaentiis ragpuingd, this peent platy earebe subsstitigedimithcs hinged

| ila&?hw%sdﬁé U Sn< 58 4R actog |4 Siopensl gateSilae, i only

$inddrandVeibn® ireghitkd, U NS MhtelHifeddGDbufm@ iing 198 %he Be used and

Figure 4 is a view
the actuator 15 dispensed with.

Figures 4 and 5 are plan and side views of the real 6-axis device. Figure 4 is a view

. along the z axis and Figure 5 a view along the x-axis. Each of the six motion axes is

- driven by a single actuator, illustrated as a micrometer drive in each case. The x and

yaw actuators extend from one of the x side faces of the device and have direct drive
trains through to the movable block 7, similar to the schematic illustration of Figure 3,
The pitch actuator is also mounted on the same x side face as the x and yaw actuators,
but has a drive train that undergoes a 90 degree bend to align with the y drive train
which is a direct one driven from one of the y faces. The z and roll actuators are

mounted on the same y face as the y actuator. The z and roll drive trains both have 90



along the z axis and Figure 5 a view along the x-axis.
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actuator, illustrated as a mcroneter drive i

case. The x and vyaw actuators extend from one of. the
x side faces of the device and, have direct drive
trains through to the nnvabIerIock 7, simlar to the
schematic illustration of Figure 3. 25 The pitch

aﬁt uatg?r{@'ss al so E{}gunt ed on the same x side face as
t HEBTR® aFRHEs o RFoYeda the Bpaessanpupwaid goalien o theraovablerlock. The 90

@]

ey TR e b e Sy b

f ended. rofih énat shiown).0The avivilble Qaft 21 finiﬂhwt(ﬁ;jilwgpﬁéi‘esurfacc as a

same y face as the y actuator. The z and ro rive

¢ Famplé TRingaplationn \iesloding meeting rdsy. @8 oagudi0 poind IV is also
7 1o . . ' h u r

o P O B P BB, Sle 55 Abp BB Ay e roary

ametionpkenmvohve. Thé bevicaBatoidddto®ilbpldl BIUAE kS ofet @rkstation
on_by hall- ended rods (not shown). The novabl e part

3 Y 8 bpserplately Ahoysing 1hiseonnestadiodhe base plate 9prlso forming a fixed
CPUHDO! B0 aBuiES, o Bk i Ao BB BROLBES pndnciSHBRn,

above the novable part 7 about which all three rotary -

nblté proreacedevien hdsvieen hit@igelg\suecesdfal piodiéteButl evefiheless has some
optical table or other workstation by a base plate 9.

PEUIPMES10 is connected to the base plate 9, also
formng a fixed part of the device, and provides

B ] o AR e S By woen

rtbe ecthiitotsears doasideredEThel P-agis GetstdTbN @ prddudt préWEide Haly linear
fromFigure 4 the footprint of the device iS rather

1PN axespean he madgironsidemblyasrealler hesause cofctba simiplep dirive train

The 3. axi < the. t_providi o
s i 5 S e R 115 BB s v
Keoquine i bn iimposiniTiibe foF hpfichlicHsin WRith §0is Mdlred $o manipulate

obviously nore limted in its applications than the
W,Qrsmoks: BemA closs tpgrihesy This situation iamsey et tivesitems are to be

SRS SRR R e By B TP B BB RRBIPO L 2t Suation
\hsen atise . iheAsmaltipld Gptital BOASGAET ngga T |sj #e'%ed to be

and need to be independently nani pul at _
dndependeptly manipulated, since the footprint of the positioner may be the limiting

factor in determining the minimum possible separation between adjacent optical
components. The footprint demands are of course not specific to the prior art device

described, but are generally applicable to any multi-axis positioner.

A further problem with the prior art device described, which is also a general problem

for multi-axis positioners, is the "spaghetti" factor relating to routing of control cables,

- Actuators will be motor driven in any automated system, so that each actuator will

have its own drive cables. These need to be routed in an acceptable fashion to a
control unit. Usually the device will be mounted on an optical table further

constraining routing options. While merely an inconvenience in a research laboratory,



al so arises. when nultiple optical conponents along a

j need to be independently mani pul ated, since
W(?ﬁ@%%ég%hgri nt of the positioner may be the | ifkYFRYOYH0307
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factor in determ ning the m ni mum possi bl e separation

bet ween adj acent optical conponents. The footprint

demands. are of course not speCific to the prior art

devi ce described, but are generally applicable to any
nuH%i-ax's positioner. A further problemwth the

pFAP ToHiing (& heevedy Hapetang in iareduotion gnyigonmensnHealth and safety

P - AXI itioners, i.s the

DI i ity Tpbiaf MRk, e b e part o e

csystens,.e.g. 26 pidktandtplics coidpbndifts 6R0Qhe P6diNGHRr, dAbRWcation must be
system so that each actuator will have its

aut.onat e
o%c&?fl?ﬁg"eé‘éﬁﬁwﬂsm-need to be routed in an
acceptable fashion to a control unit. Usually the

dgyi i d tical table fur r .
SRNOE: ehinch SRR R AR 3 2B VA o kg
| provide enimgoe solotion tepRIIdethe Koedsairy deereVCoLRBMNE & 20w any
PCT/ 0Q4/000307 -5- cable routing can be very

i A LB S Y g foregemmedate aneticsvitrdhe othpiedgi veHraing] this flexibility

af i Or S [ nt . reover , if. .
8180 RBASORE Sl TRAELAN of B17 By St b thp iz
tloagpitadangush gmicpull) OThe @aieS ootk Hrioh ArtRRSide] MeShaximum load is
cabl e %@fatlpn must _be strictly defined to avoid

st, pemgotimited By dhe loadaapacitynof theinowsio fvitesdn the linkages
LCe i i Lk s, Wile the Iinkages
%?gy?g%ﬁZE%%#Qﬂ%ﬂ§3¥éﬁ?%ﬁﬁ%% provi de the necessary
degrees of freedomto allow any one of the drive
trains to accommodate notion in the other drive
trains, this flexibility is also alinmtation. One
i nportant specification of any positioner is the
maxi mum |oad it can push (and pull). In the case of
the prior art device, the maximumload is 10 quite
nodest, being limted by the | oad capacity of the
music wires in the linkages which will yield or
buckl e if overloaded. -6- SUMVARY OF THE | NVENTION In
accordance with a first aspect of the present
invention, there is provided a nulti-axis




positioner conprising: (a) a fixed part having drive
mounts for receiving a plurality of drive inputs; (b)
a novabl e part having a surface for attaching a sanple
to be positioned; and (c) a plurality of drive trains
connected between the drive inputs of the fixed part
and the novable part, the drive trains being
configured to nove the novablg part relative to the
fi §d rt .in a,FIuraIity of notion axes responsive to
S ' IONcharacterised in that the fixed
part has a plurality of nounting faces at |east two of
whi ch are orthogonal to each other to allow the
In accoolandy! evithaa tfirstoaspect aoft thegmesent iskiehfie, ethéreois i Rovided @nmulti-axis
.. The provision of a plurality of orthogonal nounting
pomﬁo??ﬁ%@“ﬁﬁvgaIIOM/the novabl e part to be arranged in
di f4h er ent ' [ t . .
ot pears R ki Pl R o A SOl PR B rive
mmputssi de, upside down, on its back or in any other

orhpentatign. This is ite different froma

coﬁbsenti oraia]inoﬁgélisét P%‘i’igﬁawgcﬁ ot °8n1£<337 Ylaching e d2mpie to be
positiongkraded to specification in one particul ar

orientation., Preferably, the positioner is provided

wih at |aluralitypfedrivy tiainsoeruineptod et wepnf theedrive inpiugs of the

r t Fe one or two irs of ,the
ixed AL RN R e tnd DRLE 15 P RiubRSR T, ol ovate
part refatice t6 theo fired phue ifliar plotdlioNSf nhdtionSaxed d¥pBhAUE e $hd Hrive inputs,
h t he f.iﬁ%d pg,rt has a further face on which all the )

charactgrised dn thapthe dixgd par hag  plrality fanepnting fasss @t lqasicavonefywhich are

rthog il | : ta66vd |G '
orthos 51 B5EH) Shot & RVALEAS R L AR SRRl AR bfeonins
The privesipn of iadéaralityt of athogon ssowapieg tfates niayrallbactheafiovabR part to be

gll[.iv fftra' ns. Alternatively, to limt the nunber of
arcangefl indifferey Pracriiafins £ dhat dhs o vablg paghmepd noh e arraggedaipright, but
. can be 83ngdR8 oAMRWIdLE qFéﬁié Jovin, ' RGHCERK $8%n %{afr &g%le@ﬁegtaﬁon Tléits is quite

. apertur es, nar_re Yy accCess apertur es subs
differensf {rome adednyventional rpositiondri mihichd cary eonlyn et motmntetl hatd operated to

. set of the.drive, trains iezo drive . block
speciiGliB3 fy 8‘&%%?’_&&?‘83& %ﬂ@&ﬁove&e%@h&ftﬁﬁ BOFIHORST @ PFH}?‘i‘e_éﬂV%h at least
three oftB0&drRAl méuhfify PAREOR id 8lsH§eéfeRBle hatThefOIBLRE of thl Pairs of the

.mounting block can also bé attached to the drive
mounting, faeesf ,arg| pasallel dior eathl wther dnddifacecin wppositet Hiwections. It is

advantBRE 9 Ufod b o d BFBR Bocr FEBITTD) Berivei s mpmaneed.
The drieadnpit fabe mimBUBE ipRAIIEIREE Snll Ta@Y 8N ah *Pposite direction to, one of the
mounting faces. The drive input face can be provided with an access aperture for each of the
drive trains. Alternatively, to limit the number of drive trains that are active, the drive input
face can be provided with a reduced set of access apertures, namely access apertures for only a
subset of the drive trains to limit drive inputs to that subset of the drive trains. A piezo drive

block may be attached to the drive input face if fine motion control



positioner to allow passage of clanping bolts. The
mounti ng faces can conveniently be nmade integral with
a novabl e part conponent. Moreover, it will be
understood that the nounting faces can be used to
nmount a wi de variety of devices, such as optica
conponents, caneras, lanps (e.g. UV lanps), glue
di spensers etc. In accordancg-with a second aspect of
t he pesent invention, there is provided a nmnulti-axis
positioner, conprising: (a) a fixed part having drive
: t; r V] I rj [ S .
using FRANS g dled: R iiertRie hetidh pecab 15 o dRiliRiy o e arive
input f@ebeitlgﬂjgiitbeicdmerd, indirect{ycyiaathe minaﬂﬂi?a/ blg)fckg'_ﬂ“h@’ goiiﬁmdﬂ $an also
connect e etween the drive inputs of the fixe art
be Pm?iﬁag %’Vﬁ‘b aﬂ{f@%@“ﬁ ethfasé}t f,“ﬂ? Fangg femopg of thegaouiing fhees through the
posiﬁoﬁ@nshwggséggm}éﬁlph@qmﬁgvabl e part relative to the
fixed part in a plurality of notion axes responsive
to the drive inputs, the drive trains include |inkages
' each_caonprise rod ,canpected at either end to
The bl (588 Raff S0RISrE Rt FogE TGS AHEb e dBOVEE PRE Sopponent
Moreohgt, B wild b tindetdtesinat thb enduitif facdd daBWet&d doi RN 8 SwiliOvariety of
. accommodat e novenent of the other drive trains,
devices, fughps CBRGaL eampepenta spmeBAlanpuE©ien i Vdhepsnglue dispensers et
the joints under conpression. In accordance with a
third aspect of the present invention, there is
In accqrdacedeith a8 savdrid asprdtSof he Pebdn®IaVenGORPhbR 8 Protiddd 8 multi-axis
' art having drive nmounts for receiving a

.. fixed p I . . . .
postliop¢r, FIMpRng (2) HAXekParhbaitiag diisg meuniseiteeeipimeta platalitgof drive

. ) ; ' ) i.tioned:

inputs J0E98801, 806 Te 2 90RLnd § pcBE B BB o o

pluralityd ddive Wreins mpuestedf between the ¥eide paputs dfite fiked pRy akd the movable
rt, the drive trains being configured to nove the )

part, the g frains b PBiaIEd & M9vE M MPYABE Pt telatiyedo the fixed part in a

luralith o brdtioh ¥x & 598 1R ' 4E I i

P t|E?npyt sl, char ﬁ{neri segl%i n Vtgﬁ é{tﬁl ﬁedercia‘%tt}%ﬁseﬂgffm?ll{gk ages which

cach cagaprises @ raad ensineeted adatherenditl dnyendqnttaeichrgd pagseag connected to

airs .of .spi. s.that can,sljde and rotate on each

the rod(l3} & Joif, viiefe s ljgenibh _éwﬂasesttﬂ SCERABPIYE impeyement of the

other drival thfins, -ch@raclefis@&f ‘b?r AaieRt Wakih _aelfﬁ:lgk’ﬁtg ﬂhﬁéﬂ@l‘&t th@f i€ under

_ present invention, fhere is pro§|de a multr-axis
compregyefi.t j oner, conprising; (a) a fixed part having drive

nmounts for receiving a plurality of drive inputs; (b)

a novabl e part having at | east one sanple attachnent

In accofdunt@Gthl Bthidd laBSI Y (he SREBhCinvention, there is provided a multi-axis

positioner comprising: (a) a fixed part having drive mounts for receiving a plurality of

drive inputs; (b) a movable part having a surface for attaching a sample to be
positioned; and (¢} a plurality of drive trains connected between the drive inputs of the
fixed part and the movable part, the drive trains being configured to move the movable
part relative to the fixed part in a plurality of motion axes responsive to the drive inputs,
characterised in that at least one of the drive trains includes mutually contacting crossed pairs of
spigots that can slide and rotate on each other to accommodate movemenet of the other drive

trains.



to be positioned; and (c) a plurality of drive trains

connected between the drive inputs of the fixed part

and the novabl e part, the drive trains being

configured to nove the novable part relative to the

fixed part in a plurality of potion axes responsive to

the drive inputs, chracterise in that the novable

part is confined to fit within a corner portion of a

cuboi d defined by six planes which coincide with at o
In accprdgnge Wi arfowmls asreghef g mraseat invenfiany dhere fie prayidss | aemulti-axis

.- . ' i | . i .

posiicgh banBhEE) ¢ FHEF Rt BEDE L BHANEls 46 ARG By of arive
- inputsniby almloyaldaphrt hading thleadt woe sambyslé Bdchinehesirfage for d@sching a sample

Ly. I nb ts,. th Iti .
o b b S S e ST i Lo RS ki oy o e
fixed pdrt and¥ thBinfbrvable PaRe heP @i el nsOEeiﬁge Ebihf%ﬁe&jﬁf #n%ﬁ HYmS¥able part
at ast one of the

. planes which coincide wt
relativertathe finef! pasciosy, plemlityledimatioe areswedpossipata thédevé mputs, chracterised

. iLdes facing.externally.and. two sides, facin . .

in that 7 Bovafly part i comfined o dit iy 2 PR odiop A Fpaid defined by six

- planes Wh¥ehidogncRRIVitH 419¢ast §ife bMie Iﬂoahﬁ{grﬁllsélsyscf had (RS n?vggg part has four
|

i only. This leaves the four externally facing s
sides faging exismallyjandstyo sides Ercingsiataphably nwiareim gheaddve traims siccess the
. i QU i X. [;on axes can be provided
movab ﬁ“&@%%%ﬁ“@%%ﬁﬁ%éﬁ%&%&t fromonly the two
iIntexamplel smbRipongs, Shed pSsitiolRe isTolvaidt@iseadrih th& the movable part is
g{ﬁ%ffer a@li%/ provided wth four sag@pl e attachnment = .
confined forff vathinyp coRETPARtiomok :enbotst defiasd by six nlgnes pdghgpincide with at
| . | . Ly .
least scthd66th@mduld %%g%@é} 5§ R fe m&%‘ﬁ%ﬁﬁﬂf&% lf%l#ros\llnlieg ggcg??é/ﬁ&kﬁly and

part Is L-s I'n Cross- sec
two sided diding irérnallyy vehetrain nlid dipve aging gcsasphe natviblehpienfrom the two
. urf aces. .t hat. ext.end rallel to the .internall .
internafty cf?ﬂag Siigronly hhis lrpere the doygeternally dnying pidesyfips, o utilisation for
sample Fdldn@Ghd'8LdedE & Deby TRMiREGURT kik E{H@iobtﬁxgg%%l Yrovided by
two sides, all six“drive trains are preferably
actuatigie pf Hteaiovable part fifonx enlywins twb enandllyofacing sides,| Bhedmbvable part is
' f . I [ [ | at i , h
pretere 3PSR8 i o S R S, L 6 RS exernay

facing Sidedbf itB@HfovabRi € AdvarthhRly! B ALV 3hiAY 1LEBEEPH cross-
of the device by providing that all the mcrometef or

sectiondppspvide wy additieral twe extemally faving sempleattachment sufaces that extend
R R T T TR —

movingiwofldiend tiveugt bAlg 0 sidds! Al sixUWrhaaeaiks hldGréfetablPituated on the
bottom or either side as the nounting face. The front

- fixed vogkdeendpljony assingle ditvednputdace, s wireadybeeniieied 5o gdlatiomts the first

aspect %ﬂg@% E] i %Hr'](;ngr%gi)sf is to@glaféasfﬁiﬁcaggé? %%icgtlatnélfo“gsf thtehoerientation freedom
of the device by providing that all the micrometer or other drives and their cabling (where

required) emerge from one side of the device, preferably confined within the device cross-
section, thereby allowing mounting on a flat surface using the top, bottom or either side as the

mounting face. The front face may also be used.



advant ageously used in conbination. In exanple
enbodi nents, at |east sone of the positioner's drive
trains include |inkages which each conprises a rod
connected at either end to an end part, each end part
bei ng connected to the rod by a joint, wherein the
joints allow the |inkages to accommbdate novenent of
the other drive trains, mhe[?jn the joints are held
under conpression by resilient biasing el enents.
These may form part of the |inkage and be connected
under tension between the end part and its adjacent
rod. Resilient biasing elenments may al so be provided
t pat t I e r exa
1t wilh P unerSoBERELTHE RO Tt SAPR"Baine B Yo mpgption are
advaningeeuglp siddiinnembinationat one end to the flxed part and
the other end to the novable part. Preferably both
types of resilient biasing el enments are provided,
In exainp® er3SSBmkRls ”@cqee@? p fﬂ;: ohé&liﬂ'%stragﬁsqﬁaﬁ ﬁ’ﬁ(?%es which
‘ in om

I Nt er nal sone arate
each comprliagg esoc(cmncmi aisubsrteacﬂ tnadn and patteeatiy bﬂlcbpm@mg Fhinected to the

rod b}’daaﬁ)llgb\af grﬁinlt e al owv%%ﬁi Veéttégéc%%gécgqa?ﬂe@%#%g%gto?%he other
drive ttagy SHlieredh |ﬂw\jd'hﬁs tah;'eh@iﬁ\’drﬁl@r o ??ésh%flybyareﬁflfehf‘ @%?fnlg elements.

speC| fication in terns of OSI I Oni ng accuracy
These gyay f%@ it oé thedinkags andobe Qﬂmnmtﬁd)nsderﬂmslqnd)ent/&nahemd part and
npr es L racin
its ads JCQHtSr inter ?%Fﬂg%ﬁﬁ éle%ll‘r%gtgﬁaé’r gl??]g 2 Pﬁ%‘?&i%e@ﬁ & parate from the

llnkagebj E:melxgnplel hBY DirSbe O @O&h leAd BPMe k8 PAMPSY thdB&itioner, or at
{ is held together by its |iganents and/or under
one en 'QS'rFB‘F

freed powt al theethenend td,the ns(pfpblﬁ@grtd?re&r&bér bath typenef resilient

i e L0t et en t
asing A i BORLRS < SIE Pty W A B RERL RS gt
the followirfg)and aam:ie h&;:larhte froshethe h@kagee gsm as@ﬁtfé&‘ﬂ'! ling tHel f¥llowidg). This

d ﬁ rface i i.cal to lqcate the pin at the base of
esign of, dinkagt, V%éfta’rl\?éP)be built thes ‘?ﬂﬂsCQP@t‘Wé]érﬁl Yare widggange of

posmbl@'l@ad@ nﬂle%&tzﬂlo {i@v‘i&eﬁl) ?a)ﬁs Ijlrﬁ%ﬁta%fé&ﬁéaﬁor? in terms of
ket. Thése types of Joint ar
posmmwig heduaanyi fogal] pessitie moonmg@mauoné d‘me gaints tabeathug Rld uhder self-
m.of t smnforcefrqmthe spr.i ngs

t h
compreiR &P{yﬁ‘&sﬁ‘aﬂé‘% ST ST RARET B8 bier ARISHA JBgent biasing
elementil bhlBgtEeto HOW thé hldhan th&e ﬁﬁﬁ@f %?d Rﬂ;eﬁﬁf bg s?l{g@ﬁlétx@ and/or

t he range 1 kgf to 20 kgf, to Il
under compresgien TélecﬁammJeipnth/\m h&lmamdemgl tcsﬂfenbblaﬁmgcadaanents The
I t h
joints bgl)g\r%gé ?ﬁ’el ll;loa&g E &nge | n y 3 %@ @gqeg gg[ffssu%agg and held

under cbh@ﬁdsﬁi@n.et&liﬁ%ﬂleﬁﬂﬁf Oth@‘%ﬂrfﬁ&s iéalfohcal to locate the pin at the base of the
- cone. Alternatively, the joints between the rods and end parts can be formed by a ball seated
in a socket. These types of joint are capable of withstanding the high compression forces
that result from the sum of the compression force from the springs and any compression force
that results from loads during use. Typically, the compression has a force in the range 1 kefto
20 kgf, or 2 to II kef so that the linkages are capable of withstanding tension forces exerted
along the linkage up to the



of the linkages are helical springs and the end parts
are provided with a threaded portion having a pitch
mat ched to the pitch of the coils of the helica
spring, the end parts being connected to the helica
spring by threaded engagenent of the threaded portions
in the spring coils. The threaded portion on the end
part can be a male thread that is threaded into the
inside of the helical spring, or a female thread that
IS threaded onto the outsidegof the helical spring.
The rods can be provided with a threaded portion
having a pitch matched to the pitch of the coils of

' SOL4 I od ei.ng cannected to t.he
complfiof 3pie€ T Mt cBERRAT REDHCENRTH Frmbils iShed g part
of theptinkdgonard RelichEsyiidipk Agd ahé kod pdie atehpredided wad 4 iBadRA portion

rod can be a male thread that is threaded into

. the .
having Repif<licielehcst ot the ek o dhe silsi ofgthe belical spng, dhe epéparts being
o im B ‘ : Lical .. .
conndcb@Y td fhelH}iEA : ’ngm?gt}%rgg‘dgg%ghgﬁ%ﬁ Jififie ﬁ’ﬁ‘?{}]&e:e% portjons in the

spring. Moreov ons on
spring egilsh @'hé threabbdippriiar omdre dndl jactadandjera majs thiread tet B\tRreaded into

.the r.o [ convent j onal .t hreads. chined i.n the
the inbig§ 9t it el ¥ayineoi e LB YRS, Ditis (radRidio the ouSide of the
helicab §lrinpCORPIAS dnR PrbNUEDRTN H Hhrefed okt AVink Sitch ?ﬂﬁtc}gad to the
) bi asi'ng el ements are.standalone conmponent s that can be
pitch Eéhe pmilsaofihdehelicalrspeing, the de being eonndctedi ® tho iclieajegpring by
threach Bhedpitos 8% wiIFitpddd odorti ffs iruide B 1B ped X Pertion on the
rod cahefid mele throhd@hiafiy detaIvE Mts thdiadidesRhPRlicaltbrib) @r a female thread
[jin conveni ent for assenbly, sinhce each

. kages is ver ! !
that lslﬂnﬁk@g@né%'ihe @Etsééfé‘ it belicshspiring. Meneoxsr, thesthreaded pentibhy on the

. . h it . n.
s AR S EL L L L PR i
machinkd inetht redsn& wilicheaielersidadathhtythe Goiftead Cél M@npir&Sioe dinkages using

] rmgaini of spigots that can slide and rotate on each_ .
nterng); Jg8HeRtobigdng flemeatseare mtandalone compppentothae carbievised in a wide

variety bR Rarids! & Al egttﬁgt BELBE PR {h% dve Stﬁhn%oéfz%({%lftg)ﬁers, but

arcuate I n cross- ctlion or some other Cross-s
other usksdre plso posiitde. flhe ubdaftresilient bisigetenpatsthatafe 5t Ghs linkages is

contact . each her tangentjally. The crossed pairs of
very copyqint feraﬂssﬁ‘é‘gfﬁ’ais’ﬁ?%\i mkagso?ﬂna'aft agpembled Qonits gpmegs a sub-

assemBly bafofERbdnhtt Bftﬁ.é?e%wﬂ?@t)ﬁﬁ% lr.2rranged to exert a

p%lling forcg on one o0 e spigots towards the

other. It wll be understood that the crossed pairs of

spi, got an be used in a sjpngle drive train . conbined
In exa‘#)ﬂl% epﬁ;gglinqu aél&iﬁﬁé? SPIRE o?#l%_g posmoneres ve trains include mutually
contacting crossed pairs of spigots that can slide and rotate on each other to accommodate
movement of the other drive trains. Preferably, the crossed pairs of spigots are arcuate in cross-
section or some other cross-section that provides for that the crossed pairs of spigots contact
each other tangentially. The crossed pairs of spigots can be maintained in contact with each
other by a resilient biasing element arranged to exert a pulling force on one of the spigots

towards the other.

It will be understood that the crossed pairs of spigots can be used in a single drive train

combined with the linkages of the



exanpl e enbodi nents. Moreover, the crossed pairs of

spi gots can be advantageously wused in conbination

with a flexure to constrain notion of the novabl e part

i nduced by actuation of the drive train to the notion

axi s concerned. Furthernore, the crossed pairs of

spi gots can be advantageously used in conbination

with a crank, such as a bell-1grank, to which one of a

crossed pair of spigots is attached to redirect the

drive train through 90 degrees or other angular

- Final ' AN S d that the

exan S inlor? dubreobp e, xSl RS R e B, advantagoousty
used inebmbimatiom wich pfkiuye fowohdteirexbeshel thd Movabds patiaduced by actuation

ppsi tioner, can be_ advantageously inplenentable in
of theéﬁ% it‘Tﬁ‘thqP His Mptin axi conrermedy furthgrmgre, theerqssed pavs @ ppigots can be

advanfigbd Bl il &k i 0 - i

e aaaas cen i soRbY: SRy kPR piese Blighone of a
_crossg-painef pRAVINGS tRched th e¢dirrct treddriwet maiditigugh 90 legrees or other
gﬁgﬂﬁion and to show how the sane nay be carried
nto effect reference is now made by way of exanple to

t he acconpanying drawings in 5 which: Figure 1
. illustrates the principles of operation of a prior art
Finally dt; wél baginderstopd tiead ther dEsitgn Aeah987 86 thei exandple bmbodiments which

bl.ock is ni.pul ated. by three pairs o
relate "BRRRY° 1§ “thel SR fort,°6 e bt iprf i be Frdygpizsconsly
implerddhtablk® WS catisin@on! With lihBHADASIA! of HRBWRitibnérs Ve trains using the
unstrained state; 10 Figure 2B shows one of the
featurgs phthgghavei n an extreme deformed state; Figure 3 shows
' schematically how one of the parallel pairs of
linkages is driven in the 6-axis version of the prior
art device; Figure 4 is a plan view of the 6-axis
device along the z axis; Figure 5 is a side view of
the 6-axis device along the x-axis; 15 Figure 6 is a
perspective view of a device enbodying the invention;
Figure 7 is a perspective view of the device of Figure
6 with its drive interfaces

_ angule%r



removed; Figure 8 is a perspective view of the device
e 6 wwth the side and top covers an

wqo{é]f]@éﬁrggigx housi ng renmoved to reveal internal %CT/GBMM"OOOSW
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15

20

structure; 20 Figure 9 is a perspective view of the
fixed world parts of the devhﬁz_of Figure 6; Figure
10 is a perspective view of t nmovi ng worl d of the
device of Figure 6 together wth the drive pins that
directly contact it; Figure 11 is an expl oded vi ew of

o { o _drive. pi _Aw’.

?@33%’“£' G056 CARLDBRAWINGS 5 perspective view
showi ng the principal components of the x drive

train; Figure 13 is a perspective view show ng the
pForvebester undersianding of dfe inhaﬁltipn\md m?] glkow ho@i the lszﬁmFirﬁy b€ carried
14 1 Se@ spective Vi show ng the principa . )

B et pacgncy 1oy mpde by ‘t’%?frﬁxaﬂweg%rtbe aesampgnying drawings in
hwgighy schematic plan view showi ng the principles of

the y drive train; Figure 15B shows the role of the
crossed pins of the y drive train and how they nove

B gatee thepringiplesfof pheratborhef a presart Bivies & descrilied in EP-

G T T R .

Virevids 09 Wb Bigt AxBeofhbiGi;Pal components of the z drive
train; Figure 18A is a schematic side view show ng

t he princi pal conponents of the z drive train; Figure
g Rovahowseone of thedinkepes of Figswe d ipan anafaitddestse;dr i ve
train and how they nove 15 to accommobdate notion of

t . Flhayre 19.is a perspective view

TR 2B SR oEE et o Olenes il dr i ve

train; Figure 20 is a schematic perspective view

Higore Bishowy stiegnatichMEhd 8fe 6f th8Rafalel Pllrsf linkages is driven in the

6-axis version of the prior art device;

Figure 4 is a plan view of the 6-axis device along the z axis;
Figure 5 is a side view of the 6-axis device along the x-axis;
Figure 6 is a perspective view of a device embodying the invention;

Figure 7 is a perspective view of the device of Figure 6 with its drive interfaces

removed;

Figure 8 is a perspective view of the device of Figure 6 with the side and top covers

and letterbox housing removed to reveal internal structure;
Figure 9 is a perspective view of the fixed world parts of the device of Figure 6;

Figure 10 is a perspective view of the moving world of the device of Figure 6 together
with the drive pins that directly contact it;

Figure 11 is an exploded view of one of the drive pins;
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t he devi ce enbodying the invention which is to be

wog:,ﬁ{m%g 3 Wth the prior art Figure 20 1; Fiqure 21

ur devices arranged upright in a cro L T/GB2004/000307

according to a first applications exanple; WO

2004/ 068022 PCT/GB2004/000301 -13 Figure 22 shows
four devices arranged on théi?"sjdes in a square

according to a second applications exanple; Figure 23
shows four devices arranged on their sides in a sguare .
Figuee A2nis 2 neEpeve: HsWokhowing thepirsipal rompepents of the x drive
gpcgrding to athird applications exanple; 5 Figure 24

AoWs two devices arranged with one inverted on top of
the other according to a fourth applications exanple;
Figiee €3 26 Spaypective videvitioasng tiegeihcipad ediponents of the yaw drive
si de-by-side and arranged on their backs and recessed
il br eadboard according to a fifth applications
exanpl e; Figure 26 shows three devices ganged toget her

e B A oA LS it ) e i

applications exanple; Figure 27 shows four devices )
Fange 5 A dgehiphly sshetnatinyplan diewashowang tha getciples iof Hte yodrive train;
breadboard according to a seventh applications

xanmpl e. and Figuyre isS a,sche ic systemdraw n
Bl 13 ahires hedolecat s R e g GFIVP Gin A How they move
(R Ehre bl iREbHeE aest em and typi cal
conponents of an automated system 15 enploying a
devi ce according to the invention. WO 2004/ 068022 )
Pigit<Be 0344 paspRtive vicw sioRving HEDPIDESOIL componeRs ¢l the will drive
I S, a perspective view of a device enbodying the

ffAPanti on. The device is a 6- axis positioner with x,
roll, pitch and yaw degrees of freedom The

y, Z,
%g'déﬁ £7ii8 ﬁﬁéﬁs e %w?iho@vii@tﬂeﬁﬂin@%ﬁéat céthiponéRis!ot the3Hdve train;

Ite be mani pul at'ed can

Figure 18A is a schematic side view showing the principal components of the z drive
train;

Figure 18B shows the role of the crossed pins of the z drive train and how they move
to accommodate motion of the other axes;

Figure 19 is a perspective view showing the principal components of the pitch drive
train;

Figure 20 is a schematic perspective view summarising the principles of operation of
the device embodying the invention which is to be compared with the prior art Figure
1;

Figure 21 shows four devices arranged upright in a cross according to a first

applications example;



nmount ed. The noving world 30 has a variety of surfaces

W(;ﬁ&”@ﬁ%ﬁ%chi ng a sanple to be positioned. Th%{ﬁﬁ(@%ﬁgﬂﬁmw

10

15

fewer an six nounting faces, any or all of

be provided with standard nounting features, such as
t hreaded hol es, plugs or grooxﬁs. 10 The noving worl d

30 is suspended by a positioning unit 40, the interna
construction of which is described in detail in the
fallowng. The positioning unit 40 has a piezo drive

b ’&ERG% Ssriare deyiceparranged on vheir sigestinfasquare Theording 202 second
dd has in turn a mcroneter drive input

o pRaR RIS | Ok 4 attached to 1t whi ch hos

six drive nounts 46 on its back plane for receiving a

pFigneel 28y stufwsnifourodeiees - aygggedr b1y ethéif Diildes- inl B k§uat | with mini
e q@ﬁ{e gﬁ&ﬁd that the piezo drive block 42 is

g'ﬂf?? 418 SHRYPISE Syfaces acpording froa thirdeagplications exameple;
notion control. The positioning unit 40 conprises a

07 ' I Swor ] d'. o an .

P ete % OVE o B e e vt Bk e 08 ot o8 Per acoording
aial fouxlp epplicatianstexasipde and 20 top covers 34, 36 and

38 conpl ete the exterior housing of the positioning

It .. The frqnt, cover 34, side covers 36, top cover
%‘I‘g‘gﬁégﬁﬁg‘gs 540 dpvioss @%‘Wﬂ%ﬁﬂﬂﬂ%@@ a@b@‘raqggé o dasir backs

ViinH Recs$B80% ' . fixing

o o dte 0t Lhestbolt ol 8 AT BR800 “and
al so other simlar positioning devices. 25 Inside the

pagire 26rshays dhree decesgangelt togethtr sidedyalds epaaratigdspacers and
%ﬁ;mggp th% driﬁe iq@@&s gﬁtuated by the piezo drjves

iSHaferE" yanehhpRg fregdbonrd pgcording o 4 sixtheapplisstiony examplene
noving world 30, the drive trains being configured to
Fdige DHQhARY : gLatd 1REidd LEd Ll

¥t DhORY Sird (ks gdg%le@degs(?ﬁ}eégfgg hidd S ok brignt on a
ibradbeard aeensding do @ seventicepplieationaexamples st er dri ves.

30 WD 2004/ 068022 PCTI GB2004/ 000307 -15 One i nportant

Bt 2 T FoneFne S Aoawing s yiotrdoviaeaiopding to fhegvention
itftedratedswith Rl bérittol isYstOrh Q{f{ W?@r@?ﬂé}ﬁé 5¢ aﬁnﬁﬁﬁgmated system

These al | ow the noving wor ranged
giployinga deyi¢emrceondingte thelineentinn. ng



worl d need not be upright as illustrated, but can be

| wo boo@esesy 1 ts side, upside down, on 5 its bacl&,(glg?'%%omoosm
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any other orientation. It is noted that the cu
exterior design form enables nounting in different
orientations, but it is the ipjerior design of the
drive trains that allows practical usage of the
device in different orientations, bearing in mnd
t { RV ed | oads are different depending
0 Aﬁ“ 14D Herettion. This is quite different
froma conventional positioner in which the drive
trains are 10 designed only to neet specification in
1 iad@erspective dew af adnwcé\embodjuumﬂ]bdmtdm&oﬁ Ult@ dbvice is a 6-
30,is confined to fit

A PRoBGRE SRl <8 Bl Bk v egier aidrsgos, e devio i
pinadeap of b\fflovihie WAk 'SRIT 0o hidh!iBens UL Wallfbulated can bo

faces 32, 34, 3 tvvo faces) and
vipeHed dihe choning wquld 301as tahvearibtyonf soffatesefop @sichin@ ™ ©inple to be

RetiohF Tt et Bweshen vk aiatiag foves. o @ alhaé whicl can be
Sireeided with 8Gn@arH %&ﬁx‘uhg féttes Eﬁ)\?l a%'tﬂl%?%écﬁgdes : Blugg pr grogves.

internally. This is nade posSi
drlve trains which have been confi gured to access the
wor | soIeI omthetvvo 20 internally

o HOVILE Woeld 3PS susnshideslby #@ositoming mi ARathodnisaiél ponséruction
fdi’ rwHidH 15| RR¢rRD ihQetaiSRARE ?OIWH%I ¥ e@&ﬁhcﬁﬁﬁéﬁﬁﬂ 40915 a piezo

mani pul ators. Thus, siI X
iye bloe 4Bycometctmi todts dmfveﬁli[mt e Tigs piOZ0 @ived BIBEIOM Kas in tum a

tmo si des [ hi s enbodi nent, the noving
“% Griye ﬁ'&?“tgﬂ?ﬁlﬁ <, "dﬂwle'tb@ﬁbﬂé@“ﬂweért@stwh@h has s:x drive
| e attach
%"*‘ : ??ﬁs*fﬁ??%%ﬁaﬁ%‘ﬁ% rBEFRID0 BRG] of RlBoR R (Ve inputs.
Stawill lee apiprantited tat shy fienedridSbloBl0 42 iabpteitiad BRd ﬁﬁy ¥l Shitted if
to th ernally faC|ng si des, and four sanpl e
3?&%@&%%%? i8¢ motiopeontol. 54 56, 58 aligned wth the

four externally facing sides of the noving world. WO
2004/ 068022 PCT/ GB2004/ 000307 -16 Moreover, as well

be pbiitisiing wnit4D torRprises A8 BRRGhiEHR otV patd o Ble! ﬂxéﬁ%oﬂd"
gy{ﬁg%g oniﬁ two sides, all six drive trains are
Yihigh the, fixed wwoald igierapl samponants areshuilyluponlr Froat, side and
t hat t he
P:'\(}ger% 6 W éﬁﬁt&{ﬁ ¢ e)gexl'uir ta%(swlge he po()sltgomngpunﬁtz 20 The

front cover 34, side covers 36, top cover 38 and base 32 all constitute mounting faces

provided with a mixture of locating grooves and threaded fixing holes for mounting to

optical tables, breadboards and also other similar positioning devices.

Inside the positioning unit 40, six drive trains are connected between the drive inputs
actuated by the piezo drives inside the piezo drive block 42 (fixed world) and the
moving world 30, the drive trains being configured to move the movable part relative
to the fixed part in the six different motion axes responsive to the drive 1nputs

received via the piezo and micrometer drives.



maj or significance, since it allows the orientation

w({iog@% 2of the device by providing 5 that all &hj{}g‘# 04/000307
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m croneter drives and their cabling energe f i

side of the device <confined within the device
cross-section, thereby all ow nmounting on a fl at

surface wusing the top, bottomor either side as the
nmounting face. Figure 7 is a perspective view with the
pi.ezqQ drive bl ock and dongle block renoved to 10

r P8 APperiant AndViBngvsHve aspseteofbtie slesighds powiediataly wyident from the

4 h )i . . il lustrated
At Fank QP et b oot BT piBify B Btnogeniib et faces.
mbhestalipwf theanoving woid (6We diehnped iifl di¥fbrent RBieffaki¥Ss. The moving

inpat face 60 is thus parallel to, and faces in an
oppBd peed petrieunright asgllugtrated; buheandis fixednmvits side; upside down, on

j j face .60 j ri of, a . .
e b9, 15 8 ! IS5 801D 2 e R apprio desen fom
usetlles immairingdh differtMeorfdntatioht, Viut tif & BR ih&rﬁ??eﬂgﬁ SleRe drive
term nate_and be actuatable through a slotted access

JFfang theé apwe \psactisplyesege op s deviexin diffenent roieniatigns, bearing in
E . t t.he letterb der .is x, .
¥ bi¥tne it SndioB RAbS B qfifnt e g am e dsndsrpréntation

sithis lisetyhies Giifer@i FFoo @Scoaventinal psGbneFRNaWREN 1R 43R #lJains are

pyoduction aspect of the design is that the nunber o
igned enlx o mept specifieationiin peelparticuleearsentation. si x si npl y

by providing a different |etterbox housing wth fewer

access slots 64. In other words, the drive input face

@Qcomtingdtodnt d6bcid 48s u i oy
TheoSmEoTHe Sebale BasE ARRLH M Ind ihe BN 3B ip SUBRRH St within

@rcorpge pewtige of aainheid definedby sPSplangs, fave ofywhich coincide with the
'" .'l er I XY W posi tjoner, or _any . L. .
BRI E P Rion B 4 Gt BdeBinacds 254 s oppesdimbichysoipcisps with
ciftafagé Hthe PesiBsHihg Shit A itk 7o A L gent
in the fi ggre, ar% t wo pé\i rsCE?Wﬁ@’%?%g&%@X%gﬁch
pass right through the positioning unit 40 from one
[ These al | ow passage of 30

j de cover 313 tbo he ot her. i I €
SV WOrd S0y %&%WF&@S asybeid, basdfoun pidpefagingextesnally and
: ] . D PCGI/ GB20 0 30, .
oo .34 8 P AL BORSHE L 3 o R i
whichohasicabgenacaifiggied fosdobsothenBovingt woid B0 selelyi £6k the two

tabl e, or. breadboard, e.g. with the positioning unit on
3 egné}yd iqcmg sides. This leav%s the four exter%al sides freegfor utilisation for

st

sample mounting and access, e.g. by manipulators. Thus, six motion axes can be

provided by actuation of the moving world from only two sides.

In fact, in this embodiment, the moving world 30 is not cuboid, but L-shaped in cross-

section to provide six access and/or sample attachrnent surfaces in total, including two

-externally facing sample attachment surfaces 48, 50 that extend parallel to the

internally facing sides, and four sample attachment surfaces 52, 54, 56, 58 aligned

with the four externally facing sides of the moving world.
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Fbving descri bed the external design of the device,
i nternal conponents are 5 nOM/descn
R“ g%crlptlon is then followed by a descrlﬁﬁﬁgﬁqﬁmmBWT
each of the six drive trains in turn. Figure 8 is a
per spective view of the dEVIC? with the side and top
covers and | etterbox housing ?ennved to revea
internal structure in particular how the drive trains
k to hhe nmovi ng world 30. Behind the |etterbox
§‘?°H§f éﬂ Wedaastallsix flﬁ‘ée wRing actpaing the awwinghword end theowgh only

start, n@% rgg‘mdi?ﬂeettjuHg ar%aa‘éﬁsg{éﬁtdgftg ?Xé‘F& é‘f‘%@f“& fyyp a single drive

pihpatefacd am8R, thSface &ﬁu cSiheando He di¥o diivelANsk 40, T‘h@H feature is of
z and pitch respectively. The x and yaw pivot plates
g52gh EFEB@CQ'&RC sincait allaws thesenientationdrdedomeof thérdevics by providing

r axes. e el enent
AP B aibet vl a8 R o Then G0F SRR the dovic
foonﬁﬂed/vwithﬂl the kig vioe Bidss-S¢ctioh Whbieby Bl OWirg BoRAR g (§1za ﬂat surface
ally extending part 70 is fixed to the b .

Verti
: A‘Sﬂlﬁrtﬁ‘h@l” betiem o5 pitker sideanthermopuing face72,  whi ch act s

as a separator for a pair of flexure elenents 78 and

79 associated with the z-drive, is nounted on the

fHigure 7Gs a pdispective viewewith S piBsPARR &S add (ﬁ?ﬁgfceolock removed to

el enpnts _ 91 and 92 which can al so be seen t Ilwn

fefrabtiedsive inppiface 60rplcthp gpsitioning bsis 490 The ghwdpitcht dnd roll axes
op of the part, 72 t here

mﬁwnl Qi%tg& sgh%ma@?l{ glgwlqgn irpgsifion relative tﬂé}w B]&uptmg faces

ange an upper

of thiehmotingadoN® B0 drw driv RipHEBige tﬁb% ttmdsg#zg?an be%'ld(sﬁces in an

Although 1t is difficult t0 quickly un

QEP%“P%EW@R@ fgnﬂ@ffrctnheOWmﬂ@nnn@fanst romthis figure,
it can be seen that they use a m xture of rod-1ike

| i nkages, flexure elenents, spigots and cranks. 25

- Thedfi®e thpub fade B0S PAEHT ¥ GeitdBY%' Yﬁinﬁ%zo Ohre! L@% tJdPélgflerbox is

wor|l d parts of the device, nane e parts
vsedasincey aacheef: thebsinl dabve\tenins tmdmgmﬂamanhma g Be Sictuatable
re, al so |nd| cated It

&gg thr gh hol es 66 and, 68
Pabe? RN ARSESS PRI BE JSiiarbox” eneaingprbin theibausing. From the
0Itd ﬂle(’&ft&m? 4hd REEMAR Srcbe AU Y] rBhai‘%%&ﬁ or the y

exure el ements 91 and ovvn [ I'gure 8. WO
2004/ 068022 PCT/ GB2004/ 000307

In the illustrated example, six letterbox openings are provided. However, a useful

production aspect of the design is that the number of motion axes can be restricted to
less than six simply by providing a different letterbox housing with fewer access slots
64. In other words, the drive inpui face 60 can provide access apertures for only a
subset of the drive trains to limit drive inputs to that subset of the drive trains. In this
way, an Xyz positioner, or Xyz & yaw positioner, or any permutation of the six axes

can be provided simply by changing one part of the whole assembly.

Also evident in the figure, are two pairs of holes 66 and 68 which pass right through
the positioning unit 40 from one side cover 36 to the other. These allow passage of

clamping bolts through the device and can be used for clamping two or more
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directly contact it. This drawing is useful
under st andi ng how the noving world 30 is acted upon
to produce the various axes oﬁ notion. 5 The vertica
internally facing side of thé'ﬁbving worl d 30 receives
two |inkages 93 and 94. Linkages 93 and 94 are

di sghaced in unison to cause x notion. Linkage 94 is
mBYRHOHRE PRis 19,5ACk Bther sigerdy-sidenortatclamp 2 oinglegraditiving unit to an

eaptical taRkAG8 .xed t.0o. | rld, by,screw ng

[ n?o tF}dPeadeééaglgéﬁh‘g%s\gﬁ&Bl%ﬁ?g&ég'&%f\gﬁtoﬁlmi %rnal ly

facing side of the noving world 30 receives three

| {.nkage a_@g 97 and 9$ on three of its four corners.

T V‘HE;S‘E?‘ @ therexderapl qesigacgfdhe device éi main inteenatwompgnents are
LS8 P i nt.0 t. tures. . A lug 99 )

R eRLR i O S RERISHOTREDY BiESiritengd apghiog e six

edrivbetrdins # thec t her | ug 100 can al so be seen. 15 This

is vacant in the illustrated exanple. This second | ug
is included for production convenience since it neans

t { ' d d.for left apd
g8 oS REDRK Vg W Ll B B RRGH st poilcerbox
dppusing trembesiede vtas irgernbheructird ka pari@Blavhbly thE afibd 'E‘Eg‘g ik to

into the lug 100 wth the lug 99 being vacant. Lin
¢ moviRg, yeHd - Behingyife tlettasbaxdbensingoddjacent toothe drive input face

[ =9 d. 98-are noved together 20 to,
ek a8 5o 0o el 05 i o o e o,
(therd aceclepérbok pivot ples 80L 89 d4, 86,188 AQlFol L awng roll, z and pitch
mention _has been made of y notion. This iIs ‘beddlse’y
etneeively Herx and paw pivptiplates 8®dnd BRleagen an tintegmediate heorld 76
1:0 G t flexure element which is not
TR BB s bRl PRt e irbin mor
idotpildfurthes betow. Dhegixed wafd ' i bR AE!
oush the flexure _gi dev\X/aysas(@,ﬁ%{OHat%\ﬂﬁ .b\éggtu?’nbﬂ (B8 Bhse 32
S‘i%ﬁﬁﬁ]ly,equq@ng@aﬁﬁg ipdined t@theibased2. vafirthebyertibilBeextending part
Ebe%'h}%h {siagga es %6 97, .98 _ext engimng into a . )
QbR 3l o A PRRatoR Korst D 6F fiEus Rlemepitsr Hoanel 7S pasgiatod with
tite £0V¢, % méunted on the part 70. (The y drive also incorporates flexure elements
91 and 92 which can also be seen towards the top of the figure.) The part 72 also

includes the through holes 68. On top of the part 72 there is arranged an upper part 74
that forms a further part of the fixed world and includes the through holes 66.
Although it is difficult to quickly understand the detailed design of the drive trains
from this figure, it can be seen that they use a mixture of rod-like linkages, flexure

elements, spigots and cranks.

Figure 9 is a perspective view showing only the fixed world parts of the device,
namely the parts 32, 70, 72 and 74 described above with reference to Figure 8. The
through holes 66 and 68 are also indicated. It can be seen that the top part of the upper

fixed world part 74 includes a mounting flange for the y flexure elements 91 and 92
shown in Figure 8,
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-tlﬁkhébeg@hﬁ& Be fﬁfedtlﬂt% tﬁé’!l

Internally facing sides to control x and yaw

By contrast, y 30 notion is actuated through a
flexure drive (not shown). V[ﬁ 004/ 068022

PCT/ GB2004/ 000307 -19 Figure 11 is an expl oded view
of one of the linkages. Al the |inkages' use the sane
desi gn. Because of the design concept of the device,
mhich is to allow usage in any orientation,

I d . .
10 3'¥ RS e 68 S e Rl 6 svgeifera\v{*h the drive
es ﬂlaFldﬁt@é@ﬁ cofacig PiEs ArBvip Sk ivsetal for GhdeRad how the
mould buckl e or plastically extend as a result of
cBaYRe Sl s acied uppr taoprodusgdie variqusakes of metieges
woul d be subjected to. To overcone this problem a new
flexible linkage has been designed, as illustrated in

€Kiy edechl finfemally fabiag fsiddWwrahe Mbving RE1d 3D ﬁ@&v&r‘t\@(hﬂages 93
hole 114 drilled in each end i nto which is adhesi V?nf(/a o4 ;
ge 94 is

e Linkages 8} andp4 srendJM@:emm mnigos dmicause % mptiomrd.

SHRBEYE 1 Sl DS PR ML ot KRR, BB o e

H@vm@nfoﬂklltﬁﬁscﬂ&ﬁngirﬁo tﬁréhﬂedapért@@b the inner sides of

whi ch then act as abutment faces for the outer ends of
the inner springs 106. Two outer helical sprl ngs 104

to L ]
i et Ry PG a5 of (e 3s ST 5] resfin i inkages
198, e2dad 98t GOMEELHT it fdub cSmeRY Thé UppdiCendl GTRBA lmkage is fixed to
|an ementation, the outer springs have an internal

ftbe rmesang otk byt screwivg inky dbigadetih eperiires: nAu lugo99indlading the

LR et 0 g s E%g%tﬁg flﬁg@ 5,00 2 gl be seen

|
mﬁé/isos#h‘éhﬁ% in" MR Gvakd drdspRo Aty e od H.grﬁ luﬁééi ﬁa?‘ii)roductlon

parts 112 are then screvved I nt
tchavenignee smuhgleaﬂa)ﬂm tﬂeesamdnqmng svcirIHZBMaaleba used for left and
mto screw.info the

b E RGN deriFes, it Be ﬁx'#'&%vsv that 1 a5 ogp%w hatided dlgsign the
& wftff ?hé)iﬁ%?(? O&I%.Pfl dnkage 96 is

a hex socket recel Vi g1 aperture
cnmumd odlits dvert konproductsrollanetidnoiinkapgasc9s, @ﬂtanti I98eaelndyed together

At their inwardly facing ends, there is a body intaq
i pidie 2 gation Linkaga 98 iemoved ot oW 0 pradue piichmogon. It will

$2%6tddthit o mention has been made of y motion. This is because y motion is not
produced by a rod linkage acting on the moving world, but by a flexure element which
is not shown in this figure. One end of a flexure is mounted inside the moving world

30 and the y drive train acts to push the flexure sideways (not shown),

In summary, the moving world 30 is actuated by three flexible linkages 96, 97, 98
extending into a downwardly facing one of the internally facing sides to control z,
pitch and roll motion, and two flexible linkages 93, 94 extending into a sideways
facing one of the internally facing sides to control x and yaw motion. By contrast, y

motion is actuated through a flexure drive (not shown).
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25 present inplenentation. The point of the cone,

wO0 2@4/06d08 base of the recess, has a very S”%(':Tl&ﬁgd()%msm

into which the needle 110 sits in the assenble
| i nkage, thereby locating the needle at the base of
the cone. The needle 110 has_g)_par abolic end. This
produces a very fine ball-and-socket joint to give
snooth notion of the needle 110 in the conical recess
118 within an angul ar range of approximtely 6 to 10.
(By contrast, the prior 30 art w re-based |inkage of
|

EE R Qg 6 b B SISO 4, 80 1AL the same

actqsrganam:ed: pf the)ddsignvédntepteof appdedca tvddch eato allowhusage in any

Rt LB I 0 1€ L5 S
B ﬁéﬁﬁ ihd! ﬁBr arﬁmdvﬂgl ?ggmleéﬂﬂ A8 alg%néﬂpaﬁm sﬁﬁ% they would

whi ter spri S screwed onto
Stnrckleg)r:b%tlcadlyl éxtcdﬂtasrarfem dfithe banpressidn dritbextension loads that the
conpressi ve force. In this way, the 5 present

[ Im;qagffﬁe‘ﬁ‘l?‘ﬁfi g fubiesteddo- {I‘pé)vegqomesthlls Proklemeap gew flexible linkage has
Eﬁaégﬁﬁgﬁ eﬁ”aéﬁﬁlﬂ S@cgié]t%bu d?(ﬁ'}ﬁl\ﬁﬁﬂe ﬁgﬁfg 11 kg force.

jornt 1s t nder conpression by a
resilient biasing elenent, namely a spring, that

fornms part of the |inkage and is connected _und
vhred U Wrsancsiel tnls Bdciisdon sach qadaniadyich it adhssivelydonded a
I eeﬂ]ﬁ tégd f(h %thtg hﬂ:ﬂle[%gs%' .ﬁgecinﬂigefrﬁﬁg h@@garllsgﬁn%% 106 are

I'm na used necked Springs

ts'[&v&e eﬁkioe:ham@ﬁ ¢om 9asﬂ eqjagfbmth Iatial angeds 406.tCiadlips 108 are
t he hOI nts are forned b¥1 a ball seated in a socket.

|then Fited,|the sancg sidgs ehbishnthen ac&%@bﬂﬁﬁ@ﬁdéﬁsﬁé? thetesends of
ttﬁgn}nﬁg ?Qfﬂ?ggtw{s . Cateﬁéag%guﬁg&a% Ereﬁtﬂ?é dge%ﬁed BAD the inner

aptifg 206.VEhe Mﬁlaﬁﬂfﬁutertdﬁﬂng;h hfeadednmbtthmntlﬁy chfithe threaded
end art could be female and 15 threaded onto the

efdn @hls Y. Bcthe praserigmipianentationhée cmtqr@pﬁaga Raye an internal

Yf‘é“' taRelsf o h A dFrehd vt el Bl FRIESEE RPR G eives am

N16.6Nikdad athats Bdrkd3PondsNRith RS (B4R Jore ﬁ{bnli‘%‘s eﬂlchoast e rewously
helical spring by threaded engagenent of the threa ed

meentiosed ugs GohandsH). nngam of end Phutss 11 atedthan sogwed into the other

el f Th
SR Br o tter tings 04, Biciend Bt v by eRA Bl o to allow
- iR asigdew 710 th&'frsid3rdife &Itext $pEnBE10L; fi'e £ Bftéﬂ‘ﬂlatched to the pitch

Al'ternatively, the threaded portiron on
‘of the coils of the onter springs 104, and a hex socket recewmg aperture 120 at their

outwardly facing ends to allow convenient threading. At their inwardly facing ends,
there is a body into which a conical recess 118 is machined. This is a 90° cone in the
present implementation. The point of the cone, i.e. the base of the recess, has a very

small radius into which the needle 110 sits in the assembled linkage, thereby locating

 the needle at the base of the cone. The needle 110 has a parabolic end. This produces a

very fine ball-and-socket joint to give smooth motion of the needle 110 in the conical

" recess 118 within an angular range of approximately +6 to 10°. (By contrast, the prior

art wire-based linkage of Figures 2A & 2B is restricted to provide an angular range of
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on the rods could be fornmed by further helical” spri
fitted over the rod. 25 This design of |inkage aIIows
drive trains to be built thatygan cope with a very

wi de range of possible |oads, thereby allow ng the
device to satisfy a stringent specification in terns

ormBRRpieg 2% RSGHhg apor ér%srhatt’%?é'm?é Srstipuibe doiptisheld under
hécﬁﬁ;g:@é%'i&i{ %ﬁ)%kéﬁ?ﬂ'fe%‘fcﬁﬁlt 67 ?a} ﬁL ﬁgg Le g"a‘%&‘l&\?“’ the outer

with springs,
psprlngowp and alsﬁhhae maeuhteb)awmohahe ojuwr Rpring 1689 i€ 8638WeE onto the

of W|thst i ng_the hj gh C npreSS| on forces that
£ §pring 1 deierpindithe Joxg) obbie/copmomsive force. In this way, the

Pﬁée@? QA0 allows tﬁé’iﬂ?ﬁ?stﬁ ! b%nl%«{l(? tu? r%glélb%?%l&? %6]%61’ anythmg

springs and -any conpressi orce
| eeteen 2o i1dgkgifoece. Mach fjeins dsvthuk ibeRl wiideg cORPRSFBAYDY a resilient
f.l.exi Di Lenﬁ%‘Fl n the linkages is provided. The joints

AHEsRE, § PameGe pEng. thatbermasspash ob he finkageganst is prnnected

| et @RloF By the PRI e B "A T o 5

degree of flexi b| I|ty is a requirenent of a true
| ti tgosi tione glas opposed to nultiple stacked
5? °éea‘§tilﬁ‘s b &Wer sRsHes 96 can he eliminateddhyi used of agakedwptings. In a
t he sane
“?ﬁéﬁ%é%rﬁ%% A Gnk oS SRR ks ol g BIER formed

rhyta il seated in Asosket. In dse Bssedb® BabsdifdeRl, B WfoadbdBortion on the
g@ﬁge IS i nexpensive to produce and sinple to

1g2 Male ﬂ‘ﬁe@dﬁh@é-‘eﬂ’lfeaﬁéd inge the inside ioff ﬂmghehcdrspnng,elﬂlt in an

[ n addition to t
sheftlind BEbodthell' oS dekBelporif Focie A PoPoroHin e fegrale and
ttlneadlddnbﬂ(geﬁlc ottsi@e o‘fhﬁe I8N ringP rAﬂi‘ﬂﬁsr dl rrLatﬁ% would be to
assenbl ed positioner additional pre-load can

PEpvidethe 19ds syith a]ggeqdthpomcm bayjing atp&tch moatchedeto the pitch of the

Lin xt e

BBEER heliofsoflhl e Bos g Cinecied e pepeal appias byghreaded
ehgageineliogfothe gitehdad 90&%'54 i th nng 26ils. q‘?l?i &I&llht%ﬂo{v' eiftfination
world, internediate world, or ng wor

8h ﬁlrowrlmammgs ('E)caﬂamadsd pbritcnesethexbd rcoald lsqoa int)6 tlaesd that is
' t |.at d

kb atRh n?toet‘l?e anld%% e%ehc %pnrallg.e tcrrrla?:lv\\rnelr}?fth)threaded portion on the
rod could be a female thread that is threaded onto the outside of the helical spring.
The threaded portions on the rods could be formed by further helical springs fitted

over the rod.

This design of linkage allows drive trains to be built that can cope with a very wide
range of possible loads, thereby allowing the device to satisfy a stringent specification
in terms of positioning accuracy for all possible mounting orientations. In simple
terms, this is because very high compressive forces can be pre-loaded into the joints
with springs, so that they cannot be easily pulled apart. The needle and cone joint is

capable of withstanding the high compression forces that result from the sum of the
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the assenbl ed positioner, the conpression force of the

the "internal' springs and one fromthe 'externa?ﬂogmmosm

springs. 20 Typically, the external springs wll

provide the dom nant contribugjon for higher pre-

loads. It will also be appreciated that these |inkages

can be used in a wi de range of designs of

posi ti aner ot just the present device, In

FTARTSSRHOR TOtce ot (i SREBES s ARy ennrBle™ faraeribat rpmilts from loads

AReing sl #5hé Bade Widelink Sl ilfe i i8 phei

repl gce the Iinkages’ gﬁomﬁssﬁﬂﬁ%%ﬂﬁg%ygﬁﬁgéﬁg%éépé&%ﬁ' The
dbintshered thuse heldaimderi selfomptesion bg doraéing UsM théMaiternal springs,
2004/ 06802ﬁ PC%‘IV:V 2004/ 000307 , -22 Figure 12 is a )
FOPOBRYL 9,80V, @m tigint is ihgldi togpthen by dtreligaments. A high
tdagres GHkliEAsh ook

regrqrence to iigsunarg3 ) @%‘gt@d%ﬁﬁgzﬁ*lpgﬁigsﬁ% 1L {as ppgpsed to
afultiple stidkedi ditgle | dxirk pgsitiontids)asihcdach driveUtifin lhuhbe Bigid to
xt end .appr oxi nat el rallel to connect at one end
t%é‘“%“F& ﬁ%&g%glags & afi“% é‘pfﬁﬁ FHRg tifsy defonpable o agcontaodstdyaetion in
eRothS Bbtich htdse ' 6, The |inkages .

93 and 94 argi%i égﬁ%?:lgag%ﬁﬁgfghggegﬁo?@gn%aa%eeh@agmx ensive to
Ipyodvice and sigipdé tot dssernble chrthel present\Wevice, thb WinRagk§ aAbD@H iR all the
% 22 that rotates about an axis 124. The

“HY® i ate world plate 76 is actuated by point

contact, e.g. a roller or ball bearing contact, from

t he >_('pivot plate 80. The x pivot plate 80 is in turn

i edditi arcitothie propiiadtproditiédby thespiilgPBOPAL ForRI LSS the linkages,

pi.ezo actuator, acting at 10 around the

i nd| £z0
lsng:‘ﬂ? ’q%%lgalé@ﬂﬂﬁs,ﬂh thezaspanblpd pesitiener pigitivnal five-loadiwian be applied
i il | .ough t.he pi dri | ock
1Sy e L el A 1 RISEA S U Hcema
§prings ea be Hhangett w&m&idaﬂoﬁ%?/i? daghlle] & e IhkApEt AVArE Yecured at

B\A%Fd are hel d in contact a spring held”in tension
viddntor thenbixasoworldoinigrmediate sorlis onmaovéig avaeldhad apprapriate.

r spring (.not shown). 15 Figure 13
ks el S Rkt e St E s of fed ddaes) o
the akdembl@l\poditiviger, the compression force of the pre-load is then made up of

two components, one from the 'internal' springs and one from the 'external’ springs.

Typically, the external springs will provide the dominant contribution for higher pre-
loads.

It will also be appreciated that these linkages can be used in a wide range of designs of
positioners, not just the present device. In particular, the linkages could be used in the
design described with reference to Figures 1 to 5 to replace the linkages shown in
Figures 2A and 2B.

Each of the drive trains is now described in turn.
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| i nkage 93 shown in Figure 12 is not illustrated since
this remains static during yaw notion. Linkage 94 is
noved on its own to produce yaw. notion of the 20
nmovi ng worl d 30. Linkage 94 is noved by pivoting of
the internmediate world plate 76 about the vertica

- .defi : - ich h h
el £ 1 RO o Bk O Sobhubl e v i
t Ae alreadyi destritRidwill2Rf@Em2 36 sri%ﬁs,qné & @fve i como;Friste?] two of the

hgri.zontal pin 122 at the bo m ri ght corner

i ﬁ?’é l%e’éﬁ%és Rerang §t of Figwe (ks whichwexiend appreximately parallel to

[ rati | ' sal j.oi nt | Sti 0

oS @ drpeha th it Y SR Fnotie oplicAT and ;e otesiead to an

uintererediate Woildplatd 160 Whe LinRageR DS A® it BkLaiiIAded iR Lifts6n (Pcause x
t about axes 124 and 128 to provide x and yaw

to plv

5P B‘h%b' PiYRing Qlethy interraediate evorbd platee 76abbut ppint $22 Bt rotates
[ p Ol nt.act . 0. bal | arin

e B R0 Bl 76 Spried Fipoftegptact, o
pioHtrortiall atifg tortict Rémahes phibt BlaRORH ITHeAiFGL ]?l%tg%l‘ggls in turn

as a m CfOﬁ‘EI er SplI ndl e or pl ezo actuator,” act
ACHIFRY Dhe PR sentaets fush d5\a mivcometenspihdib ek ipketo adfhator, acting at

i / / - '
Al Bt RO B InE R gbe e INBUL: Tis » el e cetation
ofilitbechyough itZPdrive blddle4Y ot SmbeRlifvd i?lﬁg{ ﬂulécg{s £0%s shown

fromthe x and yaw drive trains, since It
i Sare 6. Temistarandiale worldplate 761eddinlesingardrid are helihinesontact by

ol 8 in REbH bt et Rk sHothe: Plites %6 nd 30 are held in
hohﬂaéﬁﬂyﬁetlﬁﬁﬁsﬁﬂﬁégﬁ,gﬁi&ﬂg‘the y axis. Starting from

the y pivot plate initially nmentioned above when
describing Figure 8, a flexible Iinkage 130 of the
in Fiﬁure.ll acts on one armof a bell

g 1504 y s on o -
criank 139 3 RATPSSHYS view, shavying thepaincipgl camipenerts;of the yaw drive
defn. Kedilbye b | gLnbs at ;
either end of The |i ﬁﬁ%@y%%é%%ﬁ%é‘%%“%%F e x drive
traia. dbpdinkdge 92 shown riniHigure A2 ialnoe Alhsteied Gisseolis BhRfins static
ilglleqer beari.n ace of the bell crank 132 is nounted

A vy mosion, Linkage 04 ie mvodioa 9 Ownite Prodicaryat mation of the
oRirdd w&t .”'H]:a%ﬁr : .crank 132 has a

furtfer ar?h@ i c?lt4 ﬁ%ﬁbotvgglg& E’ﬁloglﬁé IoggletIB Egﬁiierﬁ' gifl plate 76
glpriug bhet veetical axis 128 defined by pin 126 which bears on the x motion letterbox
which remains static. The axis of the vertical pin 126 crosses the axis of the horizontal

pin 122 at the bottom right corner of the intermediate world plate 76 (as viewed in the

Hllustration) with a universal joint existing to continue the axis of the crossed pair of
pins. This universal joint allows the intermediate world plate 76 to pivot about axes
124 and 128 to provide x and yaw motion respectively. The intermediate world plate
76 is actuated by point contact, e.g. a ball bearing contact, from the yaw pivot plate
82. The yaw pivot plate 82 is in turn actuated by a point contact, such as a micrometer

spindle or piezo actuator, acting at around the point marked by the arrow labelled




| i nkage 130 acts, on which a vertical pin 136 is

WO sooedoked in a bearing 138, It will 15 thuspé’ﬁ(}moomoosm
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appreci ated that notion of the y pivot plate 84 noves

the linkage 130 which rotates the bell crank 132 about
vertical axis 134, thereby nmpowsng vertical pin 136 in

they direction. The vertical pin 136 tangentially

abuts a further pin 140 which extends horizontally in

the x direction to forma cross with the vertical pin

136. The horizontal pin 140 is connected to a noving

s [Figgud 42 i$ hpbrspective WietdsHodgh S et L -y ddive trai
2% will. thug pg .appr eci atdgg ﬁlgﬁﬁﬂ%ﬁ?&o‘ﬁ@%%%fﬁ%y&ﬁvenmn_
i g Y4live Spinisidifferent fromdhe s and yaw deive thaf, sinesitescliydes flexure

' hord zont a in 140 and novi ng slug 142
ure BBtz i ¥isc BEBS b 1 snveat W gRRstiaHoR nibugh s along th x
diaxie Geivendi ; . , Con. Thi _
TR e Conet s o Hag Tyt PO P b Bftion bt y acs
AENE {Tamcthe arpiveiqiate Bdeihitally masticied above Whenduicibing Figure

a

o PAEBIL IR 10 ne o i Hipurioh pesma ansouen of a bll
Upper T d he

wirenk 482 st Bivass dots Qercal s 134 KA eﬁ?ﬁ%&ggﬁ&f fhown). The

el ements 91 and 92 are secured by
clR8Hs &b ahersendgof the linddagend 30 sacteminéBate Ii6veatt ®f the other drive

Sk S5y bt dtngc bt v L S
nfotdtsbly be a'sﬁinhleg]h@ldsh@%n?wﬂfﬁh% mo %P% g%etf?;%g%%fdaﬁ%zﬁ

m croneter spindle or piezo actua
the point 30 marked by the arrow | abell ed | NPUT, on

t pi vaqt te 84 WD 2004/ 068022 PCT/ GB2004/ 000307

"B ettty 1S furthar gy exdending ol Tighs agles fioghe arm on which the
SliHKARE 1130 t Engi . Ve drive . train.ju .
descri bed!agtlis’htsiﬁi“g%éﬂ;av ggtﬁ?loﬁlao#dgfﬁéoﬁ{nfﬁ%dgg :i%anﬂg P38, 1t wil
rthesbeeppreciated (that cuativh dE3Re ygihestiplaxi8g mdsks IS HhRaket 199 which

be o o GF3o yHesLpIAKIES 1
15lesithe o8 Rkl APo veutead s 1 iy meshisgveticalcpin 136 in
ohy gt 18 NSRootbid O oty Bbies « i TyEabich exeenas

held at one end : _ _
&l_ppzmﬁaﬂu Bcthe kalirettich todbAA Aickess MatH @B vificAGNR :lgg.eﬁlé)i%rizontal
e

W, t awal of the linkage 130. In this case,

&b CBPH?,C@(B@ agnaving slugrld2iikatds fitted imsidedbe mpving world 30. It
VA, Sl ) Ok i o S b i 1
cingseey apotivndof the horizontal pin 140 and moving slug 142 which in turn moves
the moving world 30 in the y direction, thereby causing the desired motion. This y
motion is constrained by a pair of flexure elements 91 and 92 which are connected at
one end to the moving slug 142 and at the other end to the mounting flange of the
upper fixed world part 74, mentioned above when describing Figure 9. The y flexure
stiffener elements 91 and 92 are secured by flexure hinges 144, each comprising two
clamp parts 145, 146 and a flexible flexure sheet 147 extending between the clamp
parts. Finally, it will be understood that the whole y motion is initiated by a point
gpntact, such as a micrometer spindle or piezo actuator, acting at around the point
marked by the arrow labelled INPUT, on the y pivot plate 84,
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" other, axes. First, thet

the pins towards the other. Also illustrated is

further spring 133 which is held under tension

bet ween the noving world and bhe fixed world 74 to

exert an additional conpressive force conponent on

the joints of the linkage 130. This is an exanple of

the "external' springs referred to above. 15 Figure

15B shows the role of the crossed pins of the y drive

t Figure ESW isholighlyahemmes %15@ VRGC QTR £ Hﬁgﬂrﬂﬁllﬂés 3 y drive

ick arrow i ndicat
abpidnstatescribedyRushing h@ﬂaﬂm.ns@‘eﬁhe finkageal 30 ﬂcﬁﬁﬁs ﬂﬂeObeIl crank 132

Sl 19 Fod DT A3 R el v e

hnuwhgehrgrl@ta%ﬁd thaisrthé fovng world ﬁ?as%&nﬁt?m?@i’% g ﬂexure stiffeners
aécommdate nmotion in each of the other fiv

kand 2grheld gboneend b}bthezﬁxﬁCbWo;ldrﬂcllzID mﬂrberrmﬁeomted that the

h, Wi | t | 136
St R e 450 . T e,
barbised pisK 36 Bl 140 MR BcontRObl %%Pﬁﬁ% rFJt Qhékfr@ Hrdrlding in the

rol ] about_the vertical pin 136.
ﬁhF%ﬁF and b«ﬁﬁ in tpnslowbletwaeuttlaﬁ pindH0 Gor ;mrimmneCted thereto) and the

cpg% ert | n 13 FB t| on,
verti 5t §FP i%ﬁ‘i‘ iging s Hif‘é‘ﬁflh‘it eferts a pulling
¥éfke dn oR bﬁ/theflﬁﬁs B:b\iré‘rﬁs R blﬁ@r A164 iFRBhRH ;B! an{l.ﬁ&ép spring 133
rotates about i'ts own axis. The 'y drive trarn

iFrFh sl qmmem}&on betveeen |thfgmovmg$\&nﬂdmldrthe fikedpiwofld 74 to exert
agaatddl‘ﬁ% sl ide .ang rotate on each ofher to

acco rmo 4 COMPISSSIVE 1oTCE CORpanest pa Fhedf’!n{/@ftth%ilﬁkageljﬁﬁsms is an
%Rﬁnp}%%f@i}ﬁéﬁ&&hﬁ]‘lgpﬁr%slféﬁﬂe&)w adher conponents coul d

be used, with the generic termspigot W 2004/ 068022
PCT/ GBZOO4/ 000307 -25 be| ng used el sewhere in this

HUBHTES o o o ol et by v
il 5 e ey

s which|thderosied piri paid 136,r 140ailows €be¥rafismission as part of the y drive
train. The figure also shows with the smaller arrows how the crossed pin joint is free
to move to accommodate motion in each of the other five motion axes. For x motion,
horizontal pin 140 can move in the x direction, which will result in vertical pin 136
rolling as allowed for by its bearing mounting in the bell crank. For yaw motion,
horizontal pin 140 will roll about the vertical pin 136, For roli motion, horizontal pin
140 will rotate about a point of contact on the vertical pin 136. For z motion, vertical
pin 136 will slide on the horizontal pin 140. Finally, for pitch motion, horizontal pin
140 rotates about its own axis.

-The y drive train thus includes mutually contacting crossed pairs of pins that can slide

and rotate on each other to accommodate movement of the other drive trains. Pins are

convenient to use, but other components could be used, with the generic term spigot
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Figure 16 is a perspective view show ng the principal

w@@ﬁ?ﬁ@d%ﬁﬂts of the roll drive train. The rol lp(?f/b%fﬁmetme}osw

train initiates with input froman external actuator

as marked by the INPUT arrow in the drawing to

contact the roll pivot plate,&6 which in turn

actuates a flexible |inkage 8 attached at one end to

the roll pivot plate 86 and at the 10 other end to a

vertical armof a pell crank, 150 which is rotatably .

Finerie lbemipereonbB doshER. The AplEorBs Hgferohy deply in crose-
S Siifld Go tind Bshitdetinp L& G HEA LRz MRETE! IPX mdted that a

%g‘?{?&l’gﬁ{éﬁr}}%f S o{/‘\lm%)(? The z intgrrredi ate world fls

drnitari doeded pint frodaris meddoas paffitus thee Hrive traink ad &1l badesaribed further

further armextending horizontally in which is secured

Yend of a further flexible I i nkage 96, the other

end being connected to the noving world 30. The 15

flexible linkage 96 was initially nmentioned when

degaeilsl iga lpempeciveGiew showinp thd psindipal aympponentatofdhe roll drive

that actuation of the roll drive input will push (or

e Nhearoli dristefrain §pRateywith fuput fkqm a8 gxferaal acfator 48 marked by

) i frot | @@Uwhichlin ¢

362 YSpOm, sl JRAGF ERALE o OB Pl pldle B8, #fichin turn

laciang @Sl blalidkaR 1dsaetattiedut one &f) torthewolh pivpt plateeRG and at the

It is noted that to acconmodate thjs rollwn‘t;tio
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DRCRLEETs: By s e Rk S R Btk Lanbidigg word by
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TRkie inRate 96 Wl initillgikeritoné® thée désciibing Fignetiot Itewill thus be
forces fromperpendicular to the input drive face to )
tappregiatsidr that antuation of dhe wdl drivie inputayilhpush{gypull wigraesipm spring

i SR} B Al T R i S T PP 1 S48 o
RibY@L thel rdl1 838 vAsH theOffexdble f]ingégéal ®7 had DSQ(@%ellgi‘gufé?m) remaining

other end of which is secure Tn a downwar L
etatienki in grotadnih80toofccaminedate dhigriell mactiarhthererpssed piy paig of the y
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horizontally in the

Figure 17 is a perspective view showing the principal components of the z drive train.
The z drive train is conceptually similar to the y drive train in that it includes a crossed
pair of pins, a flexure design to constrain the motion, and a bell crank to redirect the
transmitted forces from perpendicular to the input drive face to the desired motion
direction, A drive input, marked in the drawing with an arrow labelled INFUT,
actuates the pivot plate 88 first shown in Figure 8. The z pivot plate 88 acts on a
flexible linkage 154 the other end of which is secured in a downwardly extending arm

of a bell ¢rank 162 which is bearing mounted to rotate about an axis 163 that extends



direction away fromthe drive input face and has
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is free to rotate in a bearing about an axis e
inthey direction. The horizontal pin 165
tangentially abuts a further pgn 164 arranged in 5
crossways fashion extending in the x direction. The
pin 164 is secured to a nose 166 of an internediate

Ry BieliOh R G e P el PRI 107 Siepids tpmizpntally in the x
cdmdﬁoﬁi@za Fran® tHeNdHveSHpu
inter rredl a{/e wor I d 160 ?stsgﬁn%(%?%@%%mﬁm 2 eéctendmg spigot

v P bGP qulh@ frefn ktag@‘stegih arbdadily abewearnFaxisrextch@ing in the y
b .on qf |inkage 98 e 97 is

60 SSRGS, TS 1 40 0 e
f erosswalyé fashidA GxRinkifd iHhd ﬁraare&rﬁtﬁx ATHE Pirf 164 BKAG: e:g?o alfibse 166

secured at its lower end directly tothe inter
vRfrandniegpedialp avastis! GOrwhigh elsd includesa @ut t68 for mkameng &e spindle

Gty OB, Bl e, SR b6l OISO TR idhriliedaiors Figse 16). The
iRlekmediatz vaglduRdoii9 Bmmfééteﬂ %o fiﬁ%ﬁ&h{?@@oﬁg gbrbg'rth@ﬁlhl%gﬁ ¢Pand 98

In use, rotation of the z pivot rizon

dﬁ@pﬁa@@sl& hdom quagestmﬁqn oﬁﬂmkhge R dfitkngt 199 ibgiukely for the z
&’v\%’: cal I ﬁg‘_]ace the internedi ate

HhdHbn, were Rl finRege OB if uielitor beth 2 2ad piseh mupnorhmgz linkage 97

16decudedat ity Rividreal ddb&h t%ciﬁ@ﬁﬁérﬁﬁ%a}éfag ¢ ‘%#53%" mixed z

160 then vertically displaces t

AR piich ﬂiﬂkagerﬂ& tuseewred tae it dewe:eehdzmdifeétlyom thé 1i1t|aﬁned1ate world
vvorJ Jhis tion is constraine

TR 5 g, abincions® H5Ton & Betyaticmgs indesooaiorthenhnloss

has a sandwi ch construction, with a flexure sheet 156

arranged between two straps 158. The sheets extend

Beysm aonamn of ﬂmpaspmt plae: 88 hdiizaredliyodispleceds AhéNifkA¥P1i 549 which
S ﬂ %éji vvorld arts at one end (not

a\Rgﬁf ﬁ*@‘ﬂ? &) mcalw isplaces thegintarmediotel royiag teorld 160

s o 830 i B S0V wor

b@ﬁrﬁm emtmaby dishiacas tHe linkagdes 87 And D8 B RBE @auses the desired z
per. and | ower flexures 78 and

hi Th
§B’Ié 3F ﬂ\f/‘éP?e/"lg% World eThis raction insarstuajnedibyshe paaﬂelffaacures 78

t
878182 ot e 115 1P L g SIS B St 156

ahangtd tbetwmntvio %88ps05 8. dTRA ish
The | nt er medi gtﬁ% wor | d 150&32%%7(?ﬂg l's oé%?ﬁ 5&%& the x

istion e fosmy glampiwg flasgeskor thenfixed woild ppitsiat @te dndenot shown in
BiblR"175 88k 8k ihdfinediate world parts at the other end.

Figure 18A is a side view from the far side of Figure 17 showing the principal
components of the z drive train in a schematic fashion. The upper and lower flexures
78 and 79 respectively can be seen, each made up of a sheet 156 and a pair of straps
158. The lower sheet is clamped between fixed world parts 70 and 72, and the upper
sheet between fixed world parts 72 and 74 (see Figure 9). The intermediate world 160

is also split into separate parts to provide similar clamping at the other end of the
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pivot plate 88 causes rotation thereof and pushing
the |inkage 154, which in turn pushes the downwardly
dependi ng arm of the bell crapk 162, rotating the bel
crank 162 and pushing the pin 165 upwards, thereby
pushing the internmediate world 160 up, via 5 contact

' in 164 ded in,th 166 of th
bk e 3 1B EEIE 0% T ayions: forv Bshingeet ths: pigpiglate 88
baske i .
Ot auiste rdthieort R eof dnd o%ﬁ% dfp%rlﬂ'lkﬁgé :1?%'(‘%1@51% l(ug}]é)ushes the

i nternedi ate vvo_rldl hes on't
| domagardbailepshiling ampvefsthe Hell crank 1§62, vwkdting I8e beVledratsk 162 and

A 5 o B 0 o,
S 8] e oA B9HENEGD 4818 2B o i,

Rgginst thy resilien bissinglexfit the nfléxueess 78UARl 78. WpsRkddhStion of the

receivi.ng a ? géeg%'gQ in the internedi ate world spur

18 Fm?‘ililf“% ‘i"g”ﬁ g Puthes on the tnkageriTh(and linkagehP@hwhish moves the

ri@bving is i I ' .(see

HRbing ot 30 @bVl of o) vk pullLBRGGR g 164 and 165

o7 maihteinedria cantacevimla’ s (9% sho®d) Beld 1O teRRInY between the
orce to the drive train

addi tional c SSj ve

At i R Sk e, A ond (adeti %38 ~esel Bigpier9). Also
EidRadin th i rL g ring.167 extend

be% vvee_rr1l _ %ﬁi er ﬂéeglglg{l gﬁv{é%‘gﬁ%tg?ﬁ%éégﬂbﬂ?rﬁ%?%e%? p;v&f'ld spur
p4B: Thig is fm?seeisipgitlmpiﬁﬂﬁ Byewhich _lﬂi@Eblll Bﬁ‘veaﬂiﬁn bell orank 150 is
cony 0 er, e.g. using pins, lugs etc.
ﬁ@ﬁfﬁéﬁ@&g@%ﬂ he role of the crossed pins of the z
drive train and how they nove to accomobdate notion

of the other axes. The thick arrow indicates z

ddsaidlusivated are sphingsl 61NmdCI67SHiE6h Riclextainkl' fithes ?@@vided to apply

aIL!H_Qws force transm ssion as part of the z drive

addifipnal eempagssine oyce fas thesdriiestrain dinkages. Spritg H61 extemdssbetween
N joint is free tqQ _nove fo

g%‘\é%ﬁ]‘tnb?@@? ?@?ﬁ“@&ﬂﬁeﬁgé‘ﬁ&‘ﬁ Bod pattoftge ?"PF_P% éﬁflmw%ms between

mtermedtats wiorld (Paiti166 and nfovifis woRY Sarted 0 Tfede! g?xé%/ gav{} be secured

jnducing pin 165 to rotate 1n its bearing.
1n any conventional manner, e.g. using pins, Iugs etc.

Figure 18B shows the role of the crossed pins of the z drive train and how they move
to accommodate motion of the other axes. The thick arrow indicates z actuation in
which the crossed pin pair 164, 165 allows force transmission as part of the z drive
train. The drawing also shows with the smaller arrows how the crossed pin joint is
free to move to accommodate motion in each of the other five motion axes. For x
n;oﬁon, pin 164 moves along its axis inducing pin 165 to rotate in its bearing. For yaw
motion, pin 164 rotates about a point of contact on pin 165. For y motion, pin 165
moves along its own axis relative to pin 164. For roll motion, pin 164 rolls around a
circumferential line of contact on the surface of 165. Finally, for pitch l;notion pin 164

rotates about its own axis.
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axis relative to pin 164. For roll notion, pin 164

rolls around a circunferential |ine of contact on the
surface of 165. Finally, for pgtch notion pin 164 30
rotates about its own axis. WO 2004/ 068022

PCT/ GB2004/ 000307 -28 Figure 19 is a perspective view
showi ng the principal conponents of the pitch drive

train. The pivot plate 90 first illustrated in Figure

8 Higred9 uiataepbrepectiveotient shiweingahe prindipdli otpReletty of I pitch drive
I%{Plr{r,bﬂrrow &é a9§u%tatilhg drive to push or pull the
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crank .1721.9‘li 'erhe bel | crg’ )IéSﬁﬁgﬂgg{-lggteos{"g%‘o(?ftpugntgg%e?bk linkage
1¥10 whichrestang's betwebr the pidbyplatei90rund Qcﬁcﬁﬂ{vyﬁ‘&yt&pendin% arm of a
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a z- e er Rl eranke 73 rotatesoshout lanowrgh 144 extending in the y

| h@i&écaeﬂtaﬁhlsﬁn%ttﬁ RSt o?&ugkﬁ N f{{é—'? ffq'}ﬁﬂgegg%%ée 170 to a z-

whi ch seats th_e [ower en _ ur tner _ _
t direstipe forge.t s lis démegthrédyata h@izbatamg%xbézﬁiﬂgﬂarﬁi B Bl crank
ed with reference

t | abel | ed d first d i
(B vhih seats The fivlr nd of o i Tiknen S%ehichaug e Briago that is
t i _ ' ' bel I, kK 172.
ALK FGhS Y bt Ok 101 aPhAC Hef WeatBipe witiClefiionoe 4 Figure 10.
18® uppet ¢rel aft linknge B8l s@its inhBe R wéﬂ?( 39.791"1%@2 t wg bell crank

Cran us ri des

Rlgure 18A The pitch drive bell
Jﬂgewur@qﬁ\eemaam withohe eIl deva bell hrankt150 byi thie agfer @8d of the

- RERETIOP sBNE s TR 1847 ¥ Gl Bt B 2pmk i on the

tisternicedidte evoaldki6b7sd dhst the Sar W fri lﬂ-g;ki'l
@Sﬁati e.to the linkage %ﬁﬁﬁ?ﬁ ng now %@géél edglg‘ggﬁ’hen the
erakd2 Igpips statigiand providesdhe pach drivd iwhen tife baliecrank 172 is

21 edV | u ised. .2Q. Figure 20 is a.
;ﬁ*ﬁ"gﬁg’ﬁﬂ?@%gﬁs@(gﬁ m@‘?ﬁgﬁg‘éﬂ'ﬁﬂﬁﬂkﬁ ?z the principles
of operationn of the device enbodying the invention.

is is to be conpared with the prior art Figure 1.

Ving &op deseribad eash of g, si ligive tealrss, th @®ralRino%ioRof the moving

ReAaY Slndifkgoes acting on three

Figure 20 js a schematic perspective view summarising the principles of operation of
the device embodying the invention. This is to ‘be-compared with the prior art Figure
I. In the prior art design, there are three pairs of parallel linkages acting on three
mutually orthogonal. faces of a cuboid. One pair provides x & yaw, another pair
provides y & pitch and the third pair provides z & roll motion. In the device
embodying the invention, there is one pair of parallel linkages acting on a first face of
a cuboid and a set of three parallel linkages acting on a second face of the cuboid
orthogonal to the first, In addition there is a blade-type flexure acting on the interior of
the cuboid. The flexure provides y motion, the pair of parallel linkages provide x &
yaw motiop, and the set of three parallel linkages provide z, roll & pitch motion. The
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mut ual Iy orthogonal faces of a cuboid. One pair

wo@ranMiockes2 X & yaw, another pair 25 provides y pemweinbio00307

and the third pair provides z & roll notion. In the
devi ce enbodying the invention, there is one pair of

.parallel linkages acting on &otirst face of a cuboid

and a set of three parallel |inkages acting on a
second face of the cuboid orthogonal to the first. In

4oy A O 0 SR8 e
nitdeqi the fiforpgidesigh, Ipadditibeto the ckmagpmapdifferabecsdrdm 3ggeometric

yaw notion, and the set of three parallgl |jnkages .

Isteipgiat At wilk e agpresiated b the leribin paihr o e inbaess 25 the prior ar
R AR Rt o el e
Wﬁ%@ﬁbﬂt—@ike tdisiotinigldnitPihaDire pait of disd Kakagesnthenksélvésomre used

- to the conceptual differences froma geonetric

sndbrigabedimentof\fha mveptiofppr eci at ed that the flexible

parts of the linkages in the prior art are made of

wires that can bend and tw st, whereas ball and socket
v dbsribed dgeddvive Embodyirpotherinvertiohe same applitatigns examples

el ements that are part of the |inkages thfrrsel ves aﬂ.e% desi
e dow giveRctociibemienihe versatiliy thal, tier peheid, rergnipjion- esign

described.the ' ' t i '

5oL BV s e BRI G3le o6 hOWEER R 10 8 BFRcbgard used
\f6F dirhting. Xt ik Bakd taeirctb apslicadbhLexadiplaantherpesitidaat gre opposite
10 concept provides. In each case the positioners are .
diandad toethe ppsitiones describechwith aefgronse to FighresHip 20nhis change is of
is noted that.in the applications exanples, the

FBRAGan SemBenes st e handed to the positioner
described with reference to Figures 6 to 20. This

change is of no particular significance. 15 Figure 21

Figare 2bshowe ioue devicesa pyeegedpupright inn aacress gecording to 2 first
cordi ng t first _.applicati le, .T :
GBSl b BB 88 b8 L S pagon win
ishifho S8 “ i ' nfushroo
et Cnﬂl&wengs ol 456" Bkl Be PIRE BT WHidiCeRAEE WAtk ushroom

age with nushroom “shaped fasteners )
tshapedd fdtenershthirezded rio thodesbire dlsth besadbodrd. frhithis configuration four

TRV T SR R T
SiddSi6i %ﬁeﬁt"ih%@g? 'Jn sI4LE of Wb‘e&eﬁ 3is8ful for small integrated

arrangement s U [ "for sma it egrate ]
optical devices with multiple input/outputs on different sides, such as a four-sided

optical cross-connect.

Figuare 22 shows four devices arranged on their sides in a square according to a second
applications example. Here the positioners are bolted to the breadboard using the
holes 66 and/or 68 (see Figure 7). This arrangement provides a very low profile multi-

axis positioning facility with a square internal section.

Figure 23 shows four devices arranged on their sides in a square with mini modular

breadboards on their upper surfaces according to a third applications example. This is
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optical devices with nmultiple input/outputs on

waledohmesort si des, such as a four-sided opti CaHCT/GB2004/006307

cross-connect. Figure 22 shows four devices arranged
on their sides in a square according to a second 25
appl i cations exanple. Here tls-positioners are bolted
to the breadboard using the holes 66 and/or 68 (see
Figure 7). This arrangement provides a very |ow

Si [ a
i & T bbeon® Henf? sht O bAoA pluds S8CLyo of

athreadgtliblendistibutedn d&sandnrdebpaqalatalﬁe\gnﬁr(e@ DSmA G0lman, 1 inch
30 breadboards on their upper surfaces according to. a

t9i % Bchhean babelindsonia sheptide coverss36 fseodiigwo 1) @ég]@ezgosmoners to
ﬂ(a@% g@%ﬁ%@gﬁpéﬁm Q%Iﬁ%v(me n&rto tbg E%lﬁ'e&érqir} g{i}g aﬁ?ﬁéﬁ?ﬁe@rt, a four-

tdﬁedaainﬂahejomdms&trdohm wmoﬁnﬁdih wﬂmdi eiorc Bl tHead@niral gap

d 50 1 h 2 b
%{s'}eptéﬂ% gtf‘d“ldﬁ’é)f@g Q@Té]laﬂﬁm Is'ﬂgaeor( &éélqg: sg&ple gt;gbmg@trﬁ@rfaces 54

t t o r
TR 'R a8l AR L DA AN coig b, movncd
Fosédbpling PiitoGad cut @8 Sn€ o ARClout Biputoluperts eﬁthercr@ns-connecr_
fixed position in the central gap dlrec ly on_the

diegke fibte hlgclopendd B be independsatly maninuwlpted with tlee desired degrees of
ment surfaces 54 (facing upwards) of each of
e nmoving world parts, a fibre block could be nounted
for coupling into and out of one of the four
|nput/out put ports of the cross-connect. Each fibre

B BEx24 shavwes twadevises pmenged vdtrene investedmn tap of the atherraseording

Soeia' %Eﬂh PR oxePlsn I5F 198, patoiets B SRRPRL Wit usine

R pidcest @ofsHoM) tHht BRRlgk GR tHORde gf&%m - thd R6p ENRr 38 (see

03|t|oners are cl anped together using clanping
Eﬁ@ﬁé@ (not shown) that engage in the side grooves in
the top cover 38 (see 15 Figure 7). Figure 25 shows
tmo devi ces ganged together side-by-side and arranged

| ShoRRGH deVRESERBEI t@eﬁ&eﬂﬂéﬁ?&%%&%&% ld'6h their backs
ifth appl i cations” exanpl’e. Long through s (not
mlacmx} inexbreadbdaid aegilingo adiftinepplicatiodstexaimplec Eofig through-bolts
d/ 8 t he t
rg)t shown extng gu'ougth &0 &’9 more of the holes 66 and/or 68 to bolt the two
devices together and onto the side of the breadboard, e.g. by an L-bracket from the
breadboard surface (not shown) or an eccentric cleat. This atrangement could be used
for coupling into a U-shaped waveguide. The U-shaped waveguide module would be

fixed to the breadboard with its two ends facing the two moving worlds, on which are

mounted two fibre blocks. Bach fibre block is then independently manipulatable to
align with either end of the U-shaped waveguide.

With this through-table mounting in a back orientation, the drive input face 60 is in
the xy plane facing downwards and lying below the work surface. Consequently all
the drives and their connection cables are out of sight below the breadboard and

“ pointing downwards for convenient cable routing., Connecting "spaghetti" is thus
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WorekHnear d, e.g. by an L-bracket fromthe brieagdbpmogdecoso7

surface (not shown) or an eccentric cleat. This
arrangenent could be used for coupling into a

U shaped wavegui de. The U sh&ped wavegui de nodul e
woul d be fixed to the breadboard with its two ends
facing the two noving worlds, on which are nounted

toumnplétély Qelb sk frombde Rwdrk b firdHnRk pkSvidingn exceptlonally elegant
i ndependent|y mani pul atable to 25 align with elthe

eand pricticlalesign rsab@onv@mm dppliceians example inrvormsgﬁmst amalngement

back dr
DR e R RO -
bR et Be ud& to BlhhesssitdiRRSAM Bigh! éval in thb hﬁorﬁrs‘p){cﬁ‘es with the

and their connection cables are out of sight bel ow the
mablmgob@ngi r'alntdd 30t pbivet the gvatbvapass; dsg. finto acgmtmD dntthe present

538mPloG 5 255eed EiSB00M BBeSTRL I the. GBI Henyoing only 2
fsnmsmcwsdmem SRR P RASRS CbsBERRY | #96! Dmpl ho

el egant and practical design solution
apmluqatzm relates é&arﬁmeespaw eptical B«ttrwp b Whruj;etb@osﬂmncts are being

ts one,Qor . nor 0Sl t_l one fro_nt dO\Nn W t
Bt TP aEng ot Siiatiog andron pyek @h??ns@vsggacal Gomponents, a
W"‘?ﬁ & bé RFAgbdfuie? cltsd o 18 HikadbBald VoL, (CGRERRntly, other

spticabeompanentsiin thessegrap taybg given thoet mowstings to mcmam stability.
the recessed nounting also results in the manipul ation
axes being only a short distance above the surface of

Fhgrdieafhnahtte cﬁgib%gbigépltée’ggtﬂe} 5 d@rb ﬁr&t&?% spacers and

application relates t space pt| cal” set
auinangkd tupeightoen tai breadtoaat ecdoading to wssixtht ap;ﬂﬂamcmalmmme Long

he orientation and/or position sensjtive
@‘5?&%% {notshewn) extang ﬂwsgléwow e £ deaiheles 6€ a@ﬂle%é& and
I
418 thidGadd &P B SHOMEL T JSRRE SR Brat BE" aranged between

adjavehi pitidners. Mhicapacers prvidel grivater fre€tone of encieMeRt of the three
t hree devi ces ganged to ﬁst her si de-by-side separated
TBQVIBE Hoelds i o6 ﬂlmmsmg@m secured to the

Ry ou%’ﬁr‘%o'ﬁé’ e ﬁ*%ét é‘ﬁ%mﬁﬂ scfb URAuRT BT o Bbgiagne duee

Ecﬂheodﬁﬁﬂxﬁﬁtsﬁﬁl AN G618 fmofi Bbead!) ine. 2 AGiotHYE CAsPhidatich Would be for

not shown). In addition, spacer plates are arranged
of a solid-state waveguxde with two optical fibres. The solid-state

waveguide would be mounted on the middle of the three positioners, with mutually

facing optical fibres mounted on the two end positioners.

Figure 27 shows four devices ganged together side-by-side and arranged upright on a
breadboard according to a seventh applications example. This is similar to the
previous applications example, but with no spacers and four positioners instead of
three.
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adj acent positioners. The spacers provide greater

W0 rwedesnof noverment of the three noving wor lpgg/gedodaiReser

y direction. The block of three positioners is then
secured to the breadboard using the base plate. This
set-up could be used for mani-p2d ating three 20 optica
conponents in a common beam | ine. Another application
woul d be for alignnent of a solid-state wavegui de

WEiguré 20isaPichemhiid &Rk ufl 5 B vequide . .
woul d be mount ed onﬁteﬁizd%&% %Q’gv#&t%leig‘{lﬁer & bt ot invention
pBYsaTRihevith awtontrohaysteat layd tpicilngonainests! off éxbﬁ@t%mﬁted system

i the. t) d positi . 25 Fi 27
routPlGihe R o oniiR s Ak accaraiseisp. e deveniona Thengasiioning

oo 290 6 ByF S M g g s o

ged tadineentetoathel movingt woild l2300tcs BRASIS aag&aiﬁew& relevant ‘to
%g%i@g%gers I,nst eaiisgé three. WD 2004/068022 .

0% PH Hisatpriplessy, fer garmplpdighs tensmoissinn intensiystheongh an
pBohINEIbrs pNé i ' £ I nyention
ol ot g S91CECE0EHLAY RO e T Bver 35 e
dtigye 62 of the pbsitionex Ul ampéserhn by SraigedsiPAmdieRBvéd from thl_fls1 moving

e

i1h.0n ng device 200 according to the invention.

S‘g"éﬁ ?%ﬁ”ﬁg Plc%&?ﬁyl dlacs 19 tr?cllol}ﬂl @ggr suifiance rﬁlﬁ avvmaqlﬁnmeion system
iwluding At AP ESs] .S 0 5. L
arr an g%gbgrgj&gg%nt t oSI?H%Oﬁr?%\%? %%55%0%8:@n5@(f%e %ﬁ‘g% pysix drive
pententenables feine wativetaonnevest O lofital el uhit 25021 8ntdI unit is
é Q.{ega%ewt }ransm ssion intensity through an .

’g"t f BrigioeR g Sushsenrmotors 23, kabelleshGanCant ION, for driving
RS b f 0 e DG TSm0 54 ana 25

ES_SIU oner. Sanples can be _
o¢nnnbetingoto nige et 2002 38ndr 2200 'aﬁ&'éﬂﬁi‘@'ﬁ@exfgﬁ&ﬁtvely. The

21 .nnd ui dance of a machi ne vision system

§ & fé? vageihigher evel ponsraliby anesimmter260svinh suitable interface
it Lhven,b i x drjve control, _cables

%’ﬁﬁ Wi oEd BT uE I Enthalc Eeftriegmsiri © estidedmercly as o

schernatid exanigle bfSa typlcaliyaReh Mgﬂ?%r Glkire

.wsct ors %52, Tygbel I’g_d O&’ét—h?:zaﬁd , vfaggadgi;‘l Vi ng' Moreover,

1 P PRdgseiapd theh thepasitioning devites Threbe osedrwithat istbg@tion into

aH%at‘ﬁl%ng . 256, 254 and 258 for connecting to

t he robo %% . sensor 220 and canera 240 respectively.
The '
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understood that this schematic generic systemis
provided nerely as a schematic exanple of a typical
system set-up and nmay be vari-8d- as desired. Mbreover,
it wll be understood that the positioning devices can
be used without integration into an automated system
2CIREBARENCE [1) EP- A-0937961 WO 2004/ 068022

PCT/ GB2004/ 000307 -33- CLAIM5S 1. A nmulti-axis
positioner, conprising: (a) a fixed part having drive

ts 4 ality of dri 5 inputs:
(B) a Aoual b iohel: cOmbLSNe: { ace for attaching a
sanpl e()o be fixedspdrt waeidz BVE H6Inte fHY iHc@ivg;gy ?g@ul%iiby Gf drive

trai ns connected between the drive inputs

f 1B part and the novable part, the drive trains

bei ng nfi gu 0 nove the 10 povable part relative

to the'fixe I%g‘?%btl? P MEVIRg) 2 ¢ e (19T | #¥fchingsa sample to be
r poyitioietdvandt 0 the drive inputs, characterised in that

the fixed part has a plurality of nounting faces at

| east ©ho of Plwmliy ofrdsivedraitogmmatted betveeh e iivetifputs of the

hl e rt. to_be arranged in different 15
X e BT W InGyR it e, S, being Goefigsmd o move the
vihevablep:at relivs tto Y BLedh %ﬂg%j} b 58k a -
or_tthdoaal to each ot her."a&zi(?)l . oggﬁogﬁrg%x%sc{:eg?od\SWSm the
tBIVEIRINS, 1 or 2, wherein at |east one pair of the

characterised in that

the fixed part has a plurality of mounting faces at least two of which are
orthogonal to each other to allow the movable part to be arranged in different

orientations.

2. A positioner according to claim 1, wherein at least three of the mounting faces
are orthogonal to each other.

3. . A positioner according to claim 1 or 2, wherein at least one pair of the

mounting faces are parallel to each other and face in opposite directions.

4. A positioner acpording to claim 1 or 2, wherein at least two pairs of the

mounting faces are parallel to each other and face in opposite directions.

3. A positioner according to any one of the preceding claims, wherein the fixed
part has a further face on which ali the drive inputs are arranged.

6. A positioner according to claim 5, wherein the drive input face is parallel to,

- and faces in an opposite direction to, one of the mounting faces.
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nmounting faces are parallel to each other and face in

wopRHas68022 di rections. 4. _ A positioner accor pagGEmo4/000307

claiml1 or 2, wherein at |east two pairs of the

nmounting faces are parallel to each other and face in
opposite directions. 25 5. A-ppsitioner according to

any one of the preceding clains, wherein the fixed

part has a further face on which all the drive inputs

are arranged. 6. A positioner according to claimb5,

wherein the drive input face is parallel to, 30 and

fdces Arpaiticooppasotdinglia elaini Gnort &, wikreinathe tdiiere apuitt fattghas an

faces. 2004/ 068022 PCT/ GB2004/ 000307 -34 7. A

pUEFRiapAawe fngrlyphihe d5Ve fraing 5 or 6, wherein the
drive input face has an access aperture for each of
the drive trains. 5 '8. A positioner according to
c8.aimAa poﬁltmneﬂaccmﬂhtgetm clatne 5016i ore7,i winettinf the &lrfve@Sinput face has
access apert es for onl¥ a subset of the drive trains
t 3PS APE fecfirive irsinsito lignit driee mputsdo that subset
tasahd\riv p03|t| oner according to any one of clains
5to 8, furt ler conprising a piezo 10 drive bl ock
attached to the drive input face. 10. A positioner

one of clains 5 to 9, further

ccord {0 a

Sorrpr A PRgtigner ccrding fe amyipiavel RTINS tagh, BRhat cauprieing @ piczo
tRivk Bfociake @‘E%cﬁﬁg% mPacel- A positioner according

to any one o e prece ng clains, further conprising

at | east one through hole running fromone of the

gﬁuntl ng f.aces through the positioner to allow

ssadb Pefitienerercorgingofe any pue of qlaaist 5 dndd, fuctber domgnsmg a
wh th
PR WP indoin bOCE B ed | R HER e,

portion of a cuboid defined by six planes which
coincide with at |east sone of the nounting faces. 13.

Alposif pesifignen according) g) ey eneyofdheprsteding c}ame,efarthg comprising
cl ude

| t
i o o B HoBE S i e L Hoipling ok trqpeh e
positidi@r to allow passage of clamping bolts.

12. A positioner according to any one of the preceding claims, wherein the

- movable part is confined to fit within a corner portion of a cuboid defined by six

planes which coincide with at least some of the mounting faces.

13. A positioner according to any one of the preceding claims, wherein the drive
trains include linkages which each comprises a rod connected at either end to an end
part, each end part being connected to the rod by a joint, wherein the joints allow the
linkages to accommodate movement of the other drive trains and the joints are held

under compression by resilient biasing elements.
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25 part, each end part being connected to the rod by a

wabatossoaherein the joints allow the |inkages g@/GB2004/000307

acconmodat e novenent of the other drive trains and the
joints are held wunder conpression by resilient

bi asi ng el enents. WO 2004/ 068922 PCT/ GB2004/ 000307

-35 14. A positioner according to any one of the
preceding clainms, at |east one of the drive trains

i gl ud Cli o sed irs of spjgots
b AP HicBt dckofY Al Uhe o 05 BRpRERE P, SPLCA Ghe of the
add vertraina tinclodes anmnillyofonttEng chRted phi¥Cott SIS thab caR slide and
A nmulti-axis positioner, conprisi ng: (02;2 a Tixed part

hERFatR gn Gasheiheria Acconmagdatemeyaman ofthel aftcaidiive trais.dr i ve

i nputs; (b) a novable part having a surface for

attaching a sanple to be positioned; and 10 (c) a

plar al Atmulﬁiamb"lbogﬁiohé@b@ﬁpﬁ@gggect ed between the drive
inputs of the fixed part and the novable part, the

drive @ ai n& fixed mgrichaving drivel mayngrofor tebeivingow phirality of drive
gﬁ{)ﬁts.relativetothefixed part in a plurality of
nmoti on axes responsive to the drive inputs, the drive

trai ngb) nclaidgovabk pa@Shavie . @8 HceC 5P akiddingd 4 R¥mple to be
conpected at 15 either end to an end part, each eng

Peeitioped; d8d connected to the rod by a joint, wherein

the jgints l.i nkages t o acconmodat e venent

of theoht hé‘?ﬁé‘%\%%ﬁﬂi’% : S oIReft BF%&“W A8¥s g of the
fixedi gt ahdhe rfovabRt pdie! Metdifved & %eﬁfgg

conpr essi on, 20 16. Apposi ?i oner&g%gordi g&tl%gug?%it?nmove the
ppvablediag relagive (e thetfixedrpartdh atpluralii of motied wesresonsive to the

: end parts are fornmed by a pin |located on a
g&??é@il%and hel d under conpression. 17. A positioner

accor diengrive ualrd iftthle 1HRALE! Mhibh Sadh' 1S GOA!

to locate the 25 pin at the bas%ag c?ﬁlgﬁ%égn%?gg c%%ected at

either end to an end part, each end part being comnected to the rod by a joint, wherein

the joints allow the linkages to accommodate movement of the other drive trains,
characterised by

resilient biasing elements that hold the joints under coinpression.

16. A positioner according to claim 15, wherein at least some of the joints between
the rods and end parts are formed by a pin located on a surface and held under

compression.

17. A positioner according to claim 16, wherein the surface is conical to locate the

pin at the base of the cone,

18. A positioner according to claim 15, wherein at least some of the joints between
the rods and end parts are formed by a ball seated in a socket.
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18. A positioner according to claim15, wherein at

WO aedo6803the of the joints between the rods amneCEGH2004/600307

parts are forned by a ball seated in a socket. WO
2004/ 068022 PCT/ GB2004/ 000307 -36 19. A positioner
according to any one of clai A-15 to 18, wherein the
conpression has a force in the range 1 kgf to 20 kgf,
or 2 to 11 kgf so that the |inkages are capable of

Wi g, hst ARdiiendrabsd@g s w&%ﬁﬁg 18kONE Wikeikiithk@@Bpression
up to the conpression force. 20. A positioner

a@é@rférqf}gﬂ ths rarge bkel tof20d¢%| ers'& 05 ltkgf $0 thapther knikages are capable

sl JensicindSrsed Bxese Moo i ihet B e conBiion force

bet ween the end parts and their adjacent rods. 21. A
posi ti oner according to claim 20, wherein the
ki | i fé positibrssiapeprding e any ong ef claimis St d9) whereimajdeashsome of

R eing o, o, o, 6 0 AEREEr 2B ¢ingptod under

ttaesuk}p&etﬁéén tBPEAd Baris @ (B adiadchBrolgl Ng connected to
the helical spring by threadéd engagenent of the

threaded portions in the sprlng coils. 22. A

AT Ty S S, e BB e
ﬂl@ﬁ%%ﬁlﬁ?%ﬁ th&'8nd PakgreProtiisd Bith laCRleadBd b PSI n(Havﬁig a pitch

femal e read that is threaded onto the ou

wiedched |t Bl pitch of ﬁ@ cofl8 of thegheldicalispring, thoest phrtsgaeing connected to
laim21 ar rein the ro re ovi ded_wi.th

Ereieisdeohe b7 Hroatad Fhaaeempnt €l oo BreaBl SPIOnn A fhe Sprng cols
of the coils of the helical spring, 20 the rods being
connected to the helical spring by threaded engagenent

2. t hé mm@edccqndmgitominmmhﬂleseﬂm ithregtheerded potibn én the end

Sosmlon according to_claim23, wherein the threaded

Bt i3 &malmthread thafds threadediptasthe gsidecpfithe helical sprRg @ @ female

r a femal e
ﬂﬁ%eatggﬁig L OH{SOI%IE?nel{aggigéﬁontl%%taﬁggnu 'side of the
helical spring. 25. A positioner according to claim 23

or 24, wherein the threaded portions on the rods are
231 med oyitionet aceprding wawns%f P wherein thegpds aterpsoyiged with a

409 ﬁé%ﬁ%@m@gélﬁztggéﬁe%} t%%ge pitch of the coils of the helical spring,
the rods being connected to the helical spring by threaded engagement of the threaded
portions in the spring coils.

24. A positioner according to claim 23, wherein the threaded portion on the rod is
a male thread that is threaded into the inside of the helical spring, or a female thread
that is threaded onto the outside of the helical spring.

25. A positioner according to claim 23 or 24, wherein the threaded portions on the
rods are formed by further helical springs fitted over the rod.



-37 26. A positioner according to any one of clains 15
wooi@Besoaher ei n at | east sone of the resiliendciiGasoddoso7

el enents are separate fromthe |inkages. 27. A

positioner according to any one of clainms 15 to 26,

wherein the fixed part 5 hasza plurality of nounting

faces at |east two of which are orthogonal to each

other to allow the novable part to be arranged in

digkf er ' ' A it r.according to
iy, ong by ER b @t & ongiol PRt PRE 2855dBreah Aplgest some of
i $heciosilientéasing dlérhentd 4rb isepaate Bontihe BAkidegn Of a cuboi d
defined by six planes which 10 coincide with at | east
some of the nmounting faces. 29. A positioner according

e sopsne Pkt 4l oPUhBB k0B P s pa

5 phas aplufalitpofmbsntingahoes ableabtith® dFehibIPhRRth8RonaB&Fthch other to

10

15

20

o%lgqer to aca% modat e novenent of the other drive

¢ 1110V the mavabls paxt tabe airangeddn giftirent orientatiorsnpr i si ng:
(a) a fixed part having drive nounts for receiving a
plurality of drive inputs; (b) a novable part having

2& ur f Agmsitionenidcarhig® &ySEdEclind $5 td Q7P9ﬁ%rtgitnagggﬁmvable

and .(c plurality of drive trains connected

{HRE lé F?’%@“WB Jttgvitin g gerner portion péatcubeid defisechiby siftlptanes which
Rfdcidet ' ' bei ng configured to nove the

m)va%)l e‘pigé?{k{}r{s&%{l?é{elﬁ?gl@ﬂgw F%?S‘?:I part in a plurality

of notion axes responsive to the drive inputs, 25

aﬁar acteri,sed in that at | east one of the drive trains

i

tl udbBositienss Rrsording taany ong off daismd Sotai 285 avleast Ak @Ot drive
ther to accommodate

.CAal Ii of.at e on .each
et 1S b op bl oo zals Rl selges WgbamoBte AR rotateon
PACH oEREHA0 AL4UB6date movement of the other drive trains,

30. A mmlti-axis positioner, comprising:

(a) a fixed part having drive mounts for receiving a plurality of drive
inputs;

() 2 movable part having a surface for attaching a sample to be
positioned; and

© a plurality of drive trains connected between the drive inputs of the
fixed part and the movable part, the drive trains being configured to move the

- movable part relative to the fixed part in a plurality of motion axes responsive to the

25

drive inputs,
characterised in that

at least one of the drive trains includes mutually contacting crossed pairs of

spigots that can slide and rotate on each other to accommodate movement of the other
drive trains.
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-38 31. A positioner according to claim30, wherein at

WO2H{063032 of each crossed pair of spigots i sp@r/GB2002/000307

in cross-section. 32. A positioner according to claim
30 or 31, wherein the crossed pairs of spigots 5
contact each other tangential-38 33. A positioner
according to claim30, 31 or 32, wherein the crossed
pairs of spigots are naintained in contact with each
ogher BypoRitdoRsr deb&ingth @MQO%E&%H at 1846f GHRWE Qadterossed pair of
exert a pulling forceé on one of the spigots towarg0
tmgmwuammossﬁegmm oner according to any one of
clains 30 to 33, wherein the at |east one of the
drive trains includes at |east one |inkage conprising

a32.0d AQHRRIhEacBSrdfg! tBRNaimEI ol A, Q\Fhe?é?ﬁi &[%aJrBsse& Bl of spigots
end part being conneCted to the rod by a joint
vitast pachadherjtigantiallyl ows each |inkage to accommdat e
novenent of the other drive train. 15 35. A positioner
according to any one of clainms 30 to 34, mherein t he
383.1 eagtpdRiinehccofBngl td ¥Rirh '), 'fﬁ 483, Wgﬁe?e %i‘ﬁré'é@d pairs of
to constrain nmotion of the novable part uced
Spigess aeenmaintained dn coptastt witheeash other Byla/eesilrea.t I’lnsashrg clement

i on _axi s..co cerned 20 36.. A positjoner
zfé‘%ag%‘f fgxe &’Hym@ gregonong ohthespigols eyardsihs ther: t he
at | east one |inkage includes a first linkage that is
connected between the fixed part and a crank to which
e ofA aomhomadcqwmg to hnypicgolt dains 3 t033) etherey the/t least one
cl aim 36, wherein the at | east

6’?3 3““’} %‘ﬁ%ﬁr inf I‘Efl?é %t iaﬂastzswslyéfaﬁa CPIPBR%E atrﬁﬁtcoma,ected at either
%g??eﬁl) %ﬁ\l\ﬁm@&ﬁ Ie“ph er &HJ}@%{&% Cr OS S e ﬁcﬂ}?[d Iv(ﬂltc?em the

sqintaiovs ench linkagedol acc’éﬁ:mdﬁatﬂmmmﬂm lof &m&h&lcﬁﬁ'e tr@in.
clai m 36, wherein the other one of the crossed pairs
of spigots is attached to the novable part. 30 WO

3904/ %%ﬁ%ﬂg i QrBPSi% of claims 30 to 34, wherein the at least one

of the drive trains includes a flexure to constrain motion of the movable part induced

by actuation of the at least one of the drive trains to the motion axis concemned.

36. A positioner according to any one of claims 30 to 35, wherein the at least one
linkage includes a first linkage that is connected between the fixed part and a crank to
which one of a crossed pair of spigots is attached.

37. A positioner according to claim 36, wherein the at least one linkage includes a
second linkage that is connected between the movable part and an intermediate part to
which the other one of the crossed pair of spigots is attached.

38. A positioner according to claim 36, wherein the other one of the crossed pairs
of spigots is attached to the movable part.
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-39 39. A positioner according to any one of clains 30

Wog0@®esi2he fi xed part has a plurality of nouRtT/GB2004/000307

faces at least two of which are orthogonal to each

other to allow the novable part to be arranged in
different orientations. 5 40-39A positioner according

to any one of clains 30 to 39, wherein the novabl e

part is confined to fit within a corner portion of a

csdpoi dadefsitivaer Rcofdidg B 3P Snavok ¢luims G0NGI 38 thé tifkedlpart has a
| east some of the nounting faces. 41. A positioner

aplucality elgmeunting faces at lepstdwaiofvhih are ortliogonakioaianh pther to allow
dgive train 0_incl yde Linkages which each conprises
o o ab B o B mrpell R e ittt part . Cemch

end part being connected to the rod by a joint,
wherein the joints allow the |inkages to acconmpdate
ndkenehtposition¢reacsotiing tiy anpeone of cigimsnd0 tha9; wherein theemovable

e Oy ISR o e afelon o Sl Rk By S Bl which
fédiﬁﬂdmftﬁaneyéteﬁn@bfﬁﬁxﬁwhﬁh%fécei. receiving a

plurality of drive inputs; (b) a novable part having
at | east one sanple attachment surface for attaching

a,..sanpl e t.o be positiqned; and. 20 a ural i.ty of . .

35 ve 4 Parfiunid afEinedo BRY RRER SraiscHn At Wit e driye trains

fihey88e RAK cﬁ%i&n%cﬁ%ﬁ?ﬁ@espﬁfdd' confi€orél hiv&ittef @h8 o an end part, .

bei ng configured to nove the novable part relative to

telach fend arigeeing connecist toahe trgd &y avginto iwhexais the joints allow the
drive in acterised in fhat

responsive to the ts,, ch

JREGRY oy piavebient P Heatieh e i the o e held
REAHEY @hopdssfon iﬂerﬂ%ﬁdsﬂ%lex?éh&ﬁ' x planes which

coincide wth at |east so of the nounting faces, so

that the novable part has four sides facing
e ternalg{ﬁ, and twq sides facing internally, wherein

e dr't PRIt-A%S RESIHERRICOMMBIME v abl e part from the two
i nter ly facl [ oRl: / : ;
bCT) Gg o4 /aogsgéod&gar? ¢ fheCiive mineOfot Q850%ag a plurality of drive
inputs;

(b) a movable part having at least one sample attachment surface for
attaching a sample to be positioned; and

(¢)  a plurality of drive trains connected between the drive inputs of the
fixed pait and the movable part, the drive trains being configured to move the
movable part relative to the fixed part in a plurality of motion axes responsive to the
drive inputs,

characterised in that _

the movable part is confined to fit within a corer portion of a cuboid defined
by six planes which coincide with at least some of the mounting faces, so that the
movable part has four sides facing externally and two sides facing internally, wherein

the drive trains access the movable part from the two internally facing sides only.
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-40 43. A positioner according to claim42, wherein

WORHMPEYB e part is actuated by three flexi bPEI/GB2004/000307

| i nkages extending into a downwardly facing one of the
internally facing sides to control z, pitch and roll
notion. 5 44. A positioner actbr di ng to claim42 or

43, wherein the novable part is actuated by two

flexible linkages extending into a sideways facing one

of3.t heAi pusitionet hopofdig tegclaini d2swhereinoht mubvakleangh Wawtuated by

tiqn. .45, ositigner according to claim42, 43 or )
Zﬁ#ﬂ&kﬂﬂ? Hﬂ@éﬁ %ig%m&h% fownwardly Geing ope of fip internally facing
mi&ég%kunw&t,gﬁéﬂaﬁ,grgﬂﬂﬁﬁgg. pairs of spigots, one of
ed t the

which is atta 0 novabl e part, to control vy

notion. 46. A positioner according to any one of
erein there are drive trains for

3442; |an“|\ %ésiﬁgnég’&gq g toclgim é?. OF 43, wl}e,reig,th?){qoyﬂ?le pat s actuated
oni e of cxlr}gi Irr%e;? ééﬁg‘i,n £ g?‘ia%l%eq{]ﬁé f%? I%gro érgﬁls{’}g[g% gntgﬁ)ﬁlly facing

sitlep kecatttod hand yhw saotfoace | ncl udes four sanple

attachment surfaces aligned with the four externally
facing sides of the novable part. 20 48. A positioner

Ag§Ccor gy %Qsiﬁﬁn&%cmegm 45, 4% orYst erhe\x”gﬁ L %?‘b‘{)’:&@g part is

novabl e® part is i'n CtoSs-secttion

aoloated thyrmadubly tamtaotigg seossédpalist @fqd?ﬁ@m onsé Wf hafigtbist dtthed to
xtend parallel to the jnternally tacing sides. 49. A
M?Y@E%P"&é‘éé?ﬁ%g@@oany one of clainms 42 to 48,
wherein the fixed part 25 has a plurality of nounting
faces at |least two of which are orthogonal to each

d6her A posiﬁ?ddeﬁ\abdoi‘qﬁngfwag‘ Enel6l dlaifiR 42€10%4 T, WHIRFn Here are drive
different orientations. 50. A positioner according to

Yaips &preprayiding:at feast} 4ias 544 x, wire pésein rolh end yaw encticai ns
i ncl ude |inkages which each conprises a rod connected
at either end to an end part, 30 each end part being

4hnneatmditionet Aofdifly Yany dneidficlaimhan &b Q6! WhedR ME 3¢ least one
al | ow the WO 2004/ 068022 PCT/ GB2004/ 000307 -41-
sample attachment surface includes four sample attachment surfaces aligned with the

four externally facing sides of the movable part.

48. A positioner according to any one of claims 42 to 47, wherein the movable
part is L-shaped in cross-section to provide two externally facing sample attachment
surfaces that extend parallel to the internally facing sides.

49. A positioner according to any one of claims 42 to 48, wherein the fixed part
has a plurality of mounting faces at least two of which are orthogonal to each other to

allow the movable part to be arranged in different orientations.

50. A positioner according to any one of claims 42 to 49, wherein the drive trains
include linkages which each comprises a rod connected at either end to an end part,

each end part being connected to the rod by a joint, wherein the joints allow the



| i nkages to acconmopdat e novenent of the other drive
WO 20044%8%3d the joints are held under conpresBCTGEBRY4/000307
resilient biasing elenments. 51. A positioner according
to any one of clainms 42 to 50, at | east one of the
drive 5 trains includes nmuto8-ly contacting crossed
pairs of spigots that can slide and rotate on each
other to accommodate novenent of the other drive
t liekages to accommodate movement of the other drive trains and the joints are held

under compression by resilient biasing elements.

51. A positioner according to any one of claims 42 to 50, at least one of the drive
5  trains includes mutually contacting crossed pairs of spigots that can slide and rotate on

each other to accommodate movement of the other drive trains,



