WD 2004/ 068022 PCT/ GB2004/ 000307 -1- TITLE OF THE
I NVENTI ON MULTI - AXI' S POSI TI ONER  BACKGROUND OF THE

wONBENEEE@N The i nvention relates to nmul ti-axi SPCT/GB2004/000307

10

15

20

25

positioners, such as three-axis positioners that 5

provide x, y and z adjustnent and siXx-axis positioners

wth x, y, z, roll, pitch and-yaw adjustnent. Figure

1l illustrates the principles of operation of a prior

art devi ce as described in EP- A-0937961 [1] in which
3B GF PIICINVE, qq@hpulated by three pairs of

I to six axes of notion.

Products following this design are narketed by 10

VMBI T-AXIStPONTHONER| e bl ock 7 is shown supported in

space by three pairs of linkages 8, 2 and 3 via which

t [ v.ed, e three pairs of

li ﬁ de*MMd al ong nmutual ly

ort hogonal axes x, y and z respectively. The |inkages

of TIRAGIVentddH Felfrds %‘%ﬂ@aﬁis' ﬁisﬂl&le%a%ﬁcfphb Ql'iree-%fe’lst PRltioners that
each pair of linkages |lies 1n a plane, this 15 plane
beprovidpas pendl @dﬂuamnmbanmxequumaﬂuemrs wikh Xplyamessll; pitch and yaw
Whl ch other two pairs of |Iinkages lie. Figures 2A
gngﬁOW one of the |inkages in side view, wherein

the linkage of Figure 2A is in an unstrained

C i gl 10Muatitdes the plihdlfsiRY 6f Speritichlsres &&rla& deth@ as described in EP-
strained condition (illustrated to a hi

e U ale ooy xopvalabioey s i pulntee by brep pairs gf Hrkages to

20 _in.respect. of ces. applied ng. an.axi,s. of

o fige 38Rt ey 3E B0t BF Brodis Hoadin ik b ave marketed by
t hegefi&y ;o Nng, but deformable in respect of forces

applied across that axis of extent, referred to as
sideways in the follow ng. Consequent ly, a force

aplmm@@bletbjo@ﬁ% 1se$m>wp;(ﬂupp@ﬁpddp sphace by ihkqggylrs of llnkages 8,2 and 3
otL{ﬁg t\x%néh lel ckel}lg ?nV\@%cf' i hisey a’?lg Eh\}?\% gﬁ’:gggt l%lg%s are arranged to

ar end por ion o
apxkdrichlény MOg1aBY GrtRGFdnkDakeRfx, Wﬂd%&eépeaﬁaaya srhs ¢iWRYdes of each
will not be transnitted to the other end of
| i peicagyaendbparalietthesach other, so that each pair of llnkages hes in a plane, this

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 (illustrated 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 central and end



accommodat ed by | ateral deformation of the |inkage.
The Iinkage conprises two end portions 18 and 19
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portions being interconnected by two flexible portions

21 and 22. The central and end2-portions 18 to 20 are

made of sections of stainless steel rod of 3mm

di aneter. The central portion is around 25nmin

| epHibnsiishd iReer&RtleROd by h&xubhe d

poI?I?{ilorfs Z#Iana 226§?e %a&giﬂ%gggggﬁﬁﬁs g%lhrmsiT(l:levc\Aer}%al and en

of partionsdl &aive2® areamddm o seetiols & sisinlesd sté&nsodiof Inir@&liameter. The

l ength wi t.h around.  10mm at_ each end received in bores )

i nce?lﬁgl PQIHBR 1S RIO4RY, 2aran Bblepgfgr?éldathﬁ epd parioay 10pmmy| dhe flexible

by, 2\ ' t . Q. e

{ TRPRP LB M o sEctols bF BiSicuind B Enb PP hnd are cach

al drowsd BStharigdratelgngh with edoasd i0mhemdianly ead dfdgﬁfealiﬂ ores in the
ith hi th lastic limt, i.e. yie stress.

TSR] oo doh iodes oo, o eve s

d i ; the |inkages can wthstand,

f F%%lg?éethgﬁ@;{g%?%egﬂgﬁgséeves 23, 24 made of heli cal

springs are fitted between each of the end portions

18Mudi@ varedis dhbeenclachusel it plows obarg® degibé of alabtionberidites and torsion

i nkage to be | oaded up to the point at which the _

SRS e g o lestioyiai ike. pHd kst 44 iRgReatecibp anaximum drive

(P8 8 BB M ol B S LRI R Boving s

Th2 @4 iadeiafilbalied sprngsaare ditted datwech bach2ofothe feall abitnall8, 19 and

nmotion in each of the rotational notion axes (roll, _

pi @ Gential ppriionetQh This,oflqyescthe digkpgegtor ke Ipadedyep fatheencintpt which

' RViSRkfesb ' ' [ S | sed.
By e VA s pitbul TR B e Ber HERG Gtve force
i nthreshald randt dregulds| dedérniasiop Lkiesitbld ’ictated reayicidshite wire. These

along X, y or z to provide actuation of the x, y and z
201inBessofAna gesomaadsie: the &Ry of sefationsb|maetipn in eaehl of the rotational
i gue ovii de uation of the rotational notion
axrggﬁ%axy-gg\&/@[lbﬁcgﬂﬁy%ﬁrol |, one |inkage of each pair

(2, 8 and 3 respectively) is noved relative to the
otReferring back &t Biguteel ey afahgerbh &tlich/the aovaBlR1b&@dis thahipulated is

t hs%nfnila%%gg.'By moving any one of the pairs of linkages 2, 8 and 3 in unison, the
block is pushed in a 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 plate 1 is pivoted about a point B. The first micrometer 14 serves to impart a



Fi gure 3 shows the nechani sm by which one of the
parallel pairs of linkages is driven 25 in the 6-axis

woensHwsn2of the prior art device to provide |i RemGB2Nwk/000307
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rotational notion, for exanple y and pitch. Two
actuators 14 and 15, shown as m croneters, act on a
pivotally nmounted plate 1. Thsa-plate 1 is pivoted
about a point B. The first micronmeter 14 serves to
impart a WD 2004/ 068022 PCT/ GB2004/ 000307 -3 linear
Mje@mbAoh t@th@ﬂ&gbﬁ JT)&C‘}( F-acts lat Q‘[ﬂ)ﬁlt itsu@ll gﬁggtling LB, defined
such that a line I ned y points

pdlygmmts dudral Biie pbtpenqhbuimetd the \plane lin Wh&ht tha t\ivo rlnlnhw 88ie. The
lie. second_m cronmeter 15 serves to jnp

r oSFS\‘P rﬁiﬂr‘i’rB?Fe’E 1OREeS {9 (FABATRa iRy Enation tp t%f‘c’lng"a‘%? blpck 7. It acts
' t I

2l gl s ST SEVTEER 10 bR e i

| iin Ivﬂgﬁstlﬁ tWwb émkﬂ'g'esﬁ hevvﬂ&ms Hkgenrthe roereineter 14 is ﬁctuated the plate 1

actuated, the plate 1 hinges about the |line
c diggss ignh tax oy 6 PRk £8eses ot of e Fakages & ﬁf)\‘ﬂtﬁ pmr to move

t qggétﬁkﬁe res[lﬁ 15'191%.5\1l E}obérﬁgrﬁrofrm%/ %gﬁ%ﬂt hefW]{lJﬂethQ iﬂl%konzeter 15 is

mcr ma er 1 actua
hi acgesedabeyslateehihgaseabbt thadine ABSAR] cfaab@tre}aavérmemeﬁt between
be%lvveen the two |inkages 8 of the pair, resulting in
dhaYye lipkaganR of e paierest R inrotarp manementipf e Bpeiot.
plate mechani sms of the kind shown in the figure are

USRflen thred vatc)ﬁgia% ReHahisRRESE tHERirRCHOWAY: gﬁ‘gf el z%v'uggd a six-

novenent o 7 1in three | near ¥ eetions X,
y ax$s positichet ltae de rmbﬁdgd dﬂlbwu:ﬁg mosenient, off the IbléekpT ti Rhree linear
practical 2 reasons, it is noted that the z/roll

dr ifpetiensakng: e GNP ohEeerolary plirsetienst yaval 108wt Bch; g practical
r %éso%: H?@tngfeﬁ tha e,/ WF%R%%C [eezg?(h eq}eEg rté"@ll?csv the z and

he z an actuators wou ase
t hrell detunioes tottiediorivonthity mbemed.y Ofteerwisp tiac artbdolifatuators would be
benc tgg use. |f only rotary novenment is required, the

of the:devige veltighs pridicisgrivibe hmaraﬁi%&r bepehipp use.

h| nged about the |line LB and the actuator 14 dispensed

Witk Bnlfbf&rif fdv¥mehtlis éHDuYredl ﬂhﬁ Z}Wot ﬁﬁ‘fﬁgﬁpﬁe klg)sﬁﬁl?éﬂ R f°a hinged

a hin plate hinged about t can used

t indata bingat @bodtZhallispbBsmd the bdtuat@014-dgpemsd 4vidn CSlﬁulaﬂ? if only
d f the real 6-axis device. Fi

pl fngargrrr]]sv%{;\?n% 1§/ Ire%\lll\ﬁec? a hinge plate hinged about the line RB cgn be used and

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.
Each of the six notion axes is driven by a single
weactmaken? illustrated as a mcronmeter drive i RCE&H2004/000307
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 novable #dlock 7, simlar to the
schematic illustration of Figure 3. 25 The pitch
actuator is also nmounted on the sane x side face as
th preTotal Y '
ARy BRI I Sorea B Up RS achudllon/6h hE BcabiBBlock. The 90
t r ddgnee bérids haré smplediented twidnkinged weerniddture dlvekobctbd@pyn by ball-
faces. The z and roll actuators are _npunted on the
saffidle] rpdt Enofshpwa)-yThecmgxale parfnf s, figished gp jitsgwppge surface as a
tral hav 4 0 .
e MR Fpfbhny BRI e Tolo N A P 15 also
5 acilluatrited Tis ishaesinghy philheatiolve the. mavublOpart 7l el evhienalbthree rotary
are inplenented with hinged internmedi ate bl ocks acted ,
upBRLeR akes fevolypdble deyies is HprundsdotRnn optical iableatn eherawerkstation
7 i L Ny, | r I . .
ol P e, Bhodstng A ol BFpile S1ACR, fso fosming a fixed
popait ofthé deviks @and prdvides inicdin€éiflg fofhhspivet plaes Mg &tRoom!
above the novable part 7 about which all three rotary
notj on axes revo|ve. The device is nmounted to an
opﬁf‘calrlort b Aevies hasteep afwerlysueqesyiul prpductpbutaneyerthelesy has some
A j O is connected to the base plate 9, also
lofogr}%%%gﬁglg%i xed part of the device, and provides
nmounting for the pivot plates and actuators. The prior
ar As gevident frasn Bigere 4 theufgetpyinsoftthe deficd ispatheltiatge, éapecially when
neyerthel ess has so 0_shortcom ngs. As i s evident .
f r Omaegiars ae anﬁé‘eﬁggoT%% 3 RIS GIer 01 O Bigi RXBHCE Progiigiig only linear
| 25, 8fon GRECEARE Xnmeébnﬁfd@ﬁbgpgﬂiﬁiéfrl%c% € FORSI ARPRA drive train
The 3-axis version of the product provi di ng only
| i design, bubtis @bviexdy meare limitadhde itsomsilidet@i| ams i 16eaxis version.
because of the sinpler drive train  des] gn, but is )
obﬁ?%%‘?ﬁ}s B BT AR 183pe; fQr F‘PE,IIC&BﬂFsi inaphisRdt isndasiredhéo manipulate
6- axi i | A Siean i i
apals SR iihe clibc RALRE Fnid Sdihoh BRE Wen B8 Ferhlre 10 be
or bormieé or btheswist jinred agidedito bd idepaidenaly nanipatdtar This situation
V\/ngn two items are . to be pbonded or otherw se jojned
an

Sheies o5 PRtRenoRlice] ORRARGI Aeg aThean line need to be
ST {nd83en8Ently manipulated, since the footprint of the positioner may be the limiting

15

20  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.
25  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 nmultiple optical conponents along a
beam line need to be independently manipul ated, since

woheosfoogipri nt of the positioner may be the | i FRCTIGB20@000307
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factor in determ ning the m ni mum possi bl e separati on
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
mul ti-axis positioner. A further problemwth the
prdaﬁ[e Rutinglexd 68 vesSiekgdRag ind) gfa?lubt‘?‘or?‘érﬁf?rhoﬂn&ﬁp §ilth and safety
pro lem for nmulti-axi's positioners
" Shaetgtee butei rnot&mnmrtanel Blorenyet, of rantdnhated ofbotionsmsl are part of the

cabl e Act ua Il be notor, driyven in an .
C oo e By Pk AR BlsCe Ampotkels SRts fhethower. Sride focatign must be

ovgan&[yd@mg@m%dgﬁggﬁgneed to be routed in an
accept'able fashion to-a~ control unit. Usually the

device will be nounted on an optical table further
c ofsatheri sigmificans dintitegioo pifi tbe slevivt liee imeheelinkages. While the linkages
i nconveni ence in a resear ch abor at or 004/ 068022

, WD
POFPEAS GoMH G0N § RRKE the)hteryri dterers fcigedom o allow any
| BRI dri R (i BUEShAIBARE HIHRATR Ble ofBUAVE (A, this flexibility
safety factors are nore inportant. Moreover, |
aus Giet 2 dimitation.i Onaimportang spemﬁcambntdfeanysgcfsttmmbr &. the maximum
t ck and pla ent s 0 the osi tioner,
c P R 2 S T RS Ehtecdh e BT AR dotis® o cbeximum load is
[ {
e sk Lo b A8 P, an} PRy abie€ in the linkages
prwhickivilh yiehd opmicklplifiovertoadal. pr ovi de t he necessary
degrees of freedomto allow any one of the drive
trains to accommodate notion in the other drive
trains, this flexibility is also alimtation. 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 overl|l oaded. WO 2004/ 068022 PCT/ GB2004/ 000307
-6- SUMVARY OF THE | NVENTI ON



The invention is based on a nulti-axis positioner
conprising: (a) a fixed part having drive nounts for
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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 novabl e part, the drive trains being
configured to nove the 10 novable part relative to

”SilMMRﬁSP@‘F‘THEINWENTﬂ)NW of notion axes
r SPONsSt ve To the  darive 1np

rve Tnputs. According to a first
aspect of the invention, the positioner is
characterjsed in. that fixed part has a plurality
o TieaRueiog ot besed oRg ‘éé‘f“stp\f\’é‘“BF&\/%’m‘?s’é‘Se or t hogonal

to 15 ch b
P sPh?g& Iptaﬂt v eﬁft:lgkte Infﬂﬁ‘ﬁ% fcﬁ R&ditink % Fural%ty of drive

arranged in di ons e provrsi
plinpwsii ty of orthogonal nounting faces allows the
anabIe art to b arranged in different orientation

So that®? he Kbl At PR hotripes det affgdins 2 sample to be
ﬁfdsﬁi'% kbtk can be arranged on its side, upside down,

Its ac or in any other orientation. This is
qui te dcj f ereplurdlitg f alrive nxadst cannadted beivteenrbs dvile diputs of the
can gnly be 20 mounted and operat ed to specifjcation

i ASHePFR AR P JPOYADIG Rt Sndrivs; é‘%}sa‘Eﬁl% cppidgured to move the
p [

mqﬁ%‘%%bﬁé;ﬁ%t%%%% e i B pERRy bPERER NI R ve o the
ondrivelinpu@ pairs of the nounting faces that are

parallel to each ot her and face in opposite

di recti ons. i s advantageous if the fixed part has a
fu r
At 8,90 045 50080 ey v

arfiketigmet hay :ﬂplu@ﬂnps)f h&)udtmgefdces) at least toeofolhicheare orthogonal to
mounting faces. The drive input face can be provi

wigagh 2Hica de dlowather mpyable pat é%u?ﬁ agFange(b iny fljffpgent roatmﬁ&atwns The
Al
(AP0 oA Mgt bl lfocbe, MRl Ales A 0 IRl g o e

W drianged ¢l ubfEetestebriafiativns adsSthapeid mowable rpamh@edaﬁ@tebé arranged
apertures for only a subset of the drive trains to
| i yrighty ug €an e aringed pmate sidep $psidefdopme o fsyiack qgj isany other

: 2061%{1&#18171 oTﬁIiE %’ Em% ive ttéréﬁ?¥roﬁqe% @é}?\ﬁeﬁﬁgﬁl tp%sﬂtlgﬁerqflllu}fﬁ can only be

ace I'on con
mounted and operated to specification in one particular orientation. Preferably, the

positioner is provided with at least three orthogonal mounting faces. It is also
preferable that there are one or two pairs of the mounting faces that are parallel to
each other and face in opposite directions. It is advantageous if the fixed part has a
further face on which all the drive inputs are arranged. The drive input face may be
parallel to, and face in an opposite 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



WD 2004/ 068022 PCT/ GB2004/ 000307 -7 using piezos is
desired. A mcroneter drive nounting block can al so be
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indirectly via the piezo drive block. The positioner
can al so be provided with at |east one through hole
running fromone of the nountyng faces through the
positioner to allow passage of clanping bolts. 5 The
nounting faces can conveniently be nade integral wth

3n§81\|é35%%08 q? rﬁgﬁlre‘ao APREER eteggﬁ%) }(l‘l%q.lntif;]]é BWciclcag% so be attached to

t he noun aces ca

mabd tdrive inpher €, Either 0d1rsdayl di'eﬁldlrédﬂyh VﬁSth@ pplbﬁaldnve block. The
conponent S, caneras, | anp
di POSUiNBTcan alse. bemo‘Aéefbwah ﬁgle@ﬁ oge éler@@smh@g w@mngafrom@e of the

USRS Pl Y PG Pk il

portlon of a cuboid defined by six planes which

coincide with at |east some of the nmounting faces, so

t hEte mpaning ofsres CﬁiarQOHM@téelﬂb’u besingde intggrahgwith a movable part
external |y nd t WO

Criortapnn YRt SRR BB B R o GRS by be wed o

t Waohihe¥ib@kAriety 8EddViceS] RER aBptical ddthSoneRRY&Snerdd) Bimps (e.g. UV
four externally facing sides free for utilisation for

sdappe. guedisperfeitic.access, e.g. by manipul ators. Six
notion axes can be prOV|ded by actuation of the
novable part fromonly the two internally facing

Si feordidd & FRYAAE st lof ke MVETtRnAMeYpdRitionkARChaicieRised in that
four sanple attachment surfaces ailgne d with the four

exthe meehbly phaa$ pepfiiedds fxﬁfwumn alqemnbp@mbe ogtiarqubmd defined by six

oriy s G Sopteigt NG et Sl e o gy gk heymovable

f 9 iths SRR qadlﬁ@&%mlsi aid ﬁﬁﬁﬁdésftaémgmt@ﬁ%y, wherein the drive
parallel to the internally facing sides. Mreover, as

werdinsagcceds| the imovablevprt firemrtbe tmtnjanaldﬁgfacm sigesi ongy. This leaves
Ssix drive tra

b T aesai, Aol hidks G O REM R fob et mae g ARG acoes

sidgly Qﬁﬁl}ﬂﬁlatdi@ Wix frAGfon A&s 3hf %@q&‘o@@ed@i‘%tﬁﬂ% bthe movable

relatifon to the first aspect of the invention. This is

of pamefr@mn oslyghé fwebateraally facing sides. The movable patt is preferably provided
with four sample attachment surfaces aligned with the four externally facing sides of
the movable part. Advantageously, the movable part is L-shaped in cross-section to
provide an additional two externally facing sample attachment surfaces that extend
parallel to the internally facing sides. Moreover, as well as all six drive trains
actuating the moving world end through only two sides, all six drive trains are
preferably actuated on the fixed world end from a single drive input face, as already
mentioned in relation to the first aspect of the invention. This is of major significance,
since it allows the orientation 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.



since it allows the orientation freedomof the device
by providing that all the mcronmeter or other drives
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side of the device, preferably confined within the

devi ce cross-section, thereby allowing nounting on a

flat surface using the top, botgtom or either side as

the nounting face. 30 The front face may al so be

used. WD 2004/ 068022 PCT/ GB2004/ 000307 It will be

understood that the features of the first and second

aspects of the invention are advantageously used in

coltbvildeiwwderstodabairtbk fegtures of thbifirsd add eindakpddieof the invention

i nvention, at |east song of the positioner's drive

t r&Padvantageqesly Predin GerEbigatieth 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

j oActcsdiap|tow thivd aspéon lofi gies inventt@g apieadins@ndrof ﬁ’(H?gdsitﬂfner's drive

the .other drjye trains, wherein the joints are held

ungdps H’&’Pﬁ‘?é@\s{‘?%f‘ﬁ @ych Bach) GOBHISES %1!%‘?41@0”@?@% At eithergad éo an end

. ' be. upnder

¢ e SEEHL R arCbeihe Corbleret B B odBY o isF AU ER T S atow e

Rel$ikapento dicamingatel movsmicht GRYheadtBer devePiraind, d@tbréiRahe joints are

are separate fromthe |Iinkages, For exanple, they can

beh%@é‘é} YACURPIESENn By desilient piasingxelements.t Ehese mageform part of the
i heO | xed rt.and.the.

o T2Eg A0 beonBletecO UK heldh ilRehl HETHO bt ARY g iacen rod

of Restifdnk ibésinghsla@némy nialy elsdbesprtiled kgt iaé Shpatat® frofOMKB linkages.
f?}grmd as. part of the linkages 15 (terned as i nternal
[

Qricsample, Higy 580 basreused it eadyrndde dhe Fixed pamts of ithekpagtsioner, or at

i | i S desi f
10 s, 356500 B e |9l 55008500 o
Wi dffresilier hiasingl elenengeard fprded, hlee sdri@dermed BN Y of the linkages

allJow ng the device to satisfy a stringent .
spésamed @adntgimal in the felowing)anst fomenieparatecizom by liftkages (termed as

p ' ' Ok t1ons. JThe joints are thu .
DS PO TOS S Bl h B b
| idaardope Ve BBy Ofideotan8E of Posuikla!loddRs tHetdYtallRAsd B device to
el ements, anal ogous to how the human kneejoint is ‘
heRHsty oy stringentp§pecificationy avrdemes ah dositioning exccuracy for all possible

c i . rnal spri.ngs or.other external :
g A A o
r afshaideranlds ks or 6fRr BRerhal B HeRYbidsiRs BlehRAAR! Sth1OHUR to how
surface and hel d under o
the human knee joint is held together by its ligaments and/or under compression by
the external springs or other external resilient biasing elements. The joints between
the rods and end parts can be formed by a pin located on a surface and held under
compression. Conveniently, the surface is conical 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 kgf to 20 kgf, or 2 to 11 kgf so that the linkages

are capable of withstanding tension forces exerted along the linkage up to the



conpression. Conveniently, the surface is conical to
| ocate the pin at the base of the 25 cone.

wollvewossevel y, the joints between the rods angCemB2004/000307
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parts can be forned by a ball seated in a socket.

These types of joint are capable of w thstanding the

hi gh conpression forces that -pesult fromthe sum of

the conpression force fromthe springs and any

conpression force that results from |l oads during use.

Ty, r

cogicsyln fot%. LEQIRIGRT AffoctRfef, |2 CFHER it SRAgYS formed
ara papabltie hﬁkatges hest dunlicah gptiegss amh tlfeoemxis@mem ard prbvided with a

lé%yeggfggml; I ngg%gg lélll%gttc]g éﬁ%gg 00 }9@2 thq ¢pilg of the helical spring,
prtﬁé %5{1 edr rﬁ@ﬂ,% @ﬂ&oﬁed Iﬂc?t eﬁélfchle%n% 1%5 ?adgg %ﬂggeﬁqent of the

forned “as par ages are
antlreafial pordopain ﬂleaupﬁng rcoﬂs deéd thiehtedaportibn @adhe end part can be a
portion having a pitch matched to the EltCh .of the

cdnplg thgead H@t i freaded dpfp; the) insiderf (B delieal 1spripg g female thread
I

CRORREUECh ooy Shltlor Al e D IR, PR vt

t hhesadetpgrdot havinga pitk newchepas thequteh lof tiee coiiBlof thehiiedizal spring,

that is threaded into the inside of the helical

sphe mRyls bsingropagrigdiorthe belisal sming hydhieadeheneaespens of e threaded
f
8:’%031:1%@ C}R thd ﬂ)%n%‘%oﬂ? :ghgégfehor t x n&h é_l\?/ ﬂﬁegﬁ)g'}a{? Be ﬁ male thread that

rT&ts d’ﬁ&dieﬂ @ntb hige iiside lof tfe Heh&l epiing oph fdrhsle biebddomht is threaded onto
rods being connected to the helical

s pﬂﬂ? ﬁgtsgiy‘ qfﬂhe helical éwgsegé/ﬂi@ﬁ@vebfth@ Heemflé@afwsm the rods can be
[ Har

Pohhal by SrhaP R 3Brfi hieq MG AL RETHH WOEMIAUAM threads
t haadhivedde tigf rodbdt hell be ahdesfivddthat he f]@nfea[mdutsc rh?%he@d)n linkages
that is threaded onto the outside of the helic
s pisinggntemnl esilisnt biapiag elemeatase gandaloans sopponeis thakean be used in
c t e

aepv}?(fe va{r%rtyﬂgp Sg%lﬁf\‘/lg% tIP gs{] %ﬁ{aﬁ&ﬂh&z Qﬁéﬁﬁg«i uge'd tn tﬂe td}éﬁ/ ¢ trains of
r qdﬁltlohérsV\bdﬂotll&ﬁ‘ udEiet a1so @dssﬁﬁléltTHe"tﬁeJo@Irébﬁl%ﬂlt b1asmg elements that
sel f-conpression |inkages 15 u3|ng internal resilient
bi %8 iPA cé| therdinkages ie V§IYa¢R§lé(F1§Wé Qb ﬁf‘ﬁ@ﬂ?@ﬂﬁ sincp fack dipkage can be

g ertifled 8y 1 88, 48LI G X QRERARARE WBR ] of e BOY bPAGSHsitoner.

but other uses are also p033|ble The use of reS|I|ent
bias%gg elements that are part of the |inkages is
v ehSCorBng & denrtl aypeeisefcthp [iRyentiom @b leage some ak tgepastiipner's drive

betrains 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 according to the fourth aspect of

the invention can be used in a single drive train combined with the linkages of the



assenbled on its own as a sub-assenbly before assenbly
of the rest of the positioner. 20 According to a

woOaw4dasaspect of the invention, at |east soneprot/GH2e04/000307
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positioner's drive trains include nutually contacting

crossed pairs of spigots that can slide and rotate on

each other to accommbdate noveb@®nt of the other drive

trains. Preferably, the crossed pairs of spigots are

arcuate in cross-section or sone other cross-section

U haairdpragpdedlest 2he f Biveddtl MiRedP SR R84E8 BhirsPY %g%ots are

contact each other tangentially. The crossed pairs

s pidyentegeanlynsedrin qonziimationi witlcofleane tavdnstraia aiotivhhudithe movable
si li.ent bj.asi | .ement ranged to exert a

b

oUPAT ingek By e RtGR af e e e g M RomHS coneemsdHBathermore,
| t theickd i f ISk o0
e384 OSSP Ry g o, st
i nasembeld erapkintobwhigh eleiofi aacressed [pairdsfi spigoty Ri mtackstbion@direct the

with the Linkages of the 2004/ 068022
Péﬁvﬁﬁﬁﬂﬁ@%egﬁfﬁ Of ﬂ%?ﬁanﬁﬁé EMOBRSt he i nventi on.
Mor eover, the crossed pairs of spigots are

advant ageously used in conbination with a flexure to

corisalbaiitwitbbe wnleottoddtbamthe dbdign fepanes ofrtel €iesd ahy/or second aspect
aqﬁ%gtLon gf t he grive train to the notion axis -

c OPciBP ARYPRIRR, WhiER felpie, Prncimally g dae axteeal £oray of fieqrasitioner, are
ar £ - oYqu Y] . r e
2 By SRS g L gt
of drivgitopdnssusing the featitexbfithe thixdi andi fédreh asPedty 6f the aivention.

t hrough 90 degrees or other angular anounts. Finally,

it will be understood that the design features of the

first and/ or second aspect of the invention, which

relate principally to the external form of the

positioner, are 10 advantageously inplenentable in
conmbination with internal design of the positioner's

drive trains using the features of the third and/or

fourth aspects of the invention. WO 2004/ 068022

PCT/ GB2004/ 000307 -11 BRI EF DESCRI PTI ON OF THE

DRAW NGS For a better understandi ng of the invention

and to show how the sanme nay be carried




into effect reference is now nmade by way of exanple to
t he acconpanying drawings in 5 which: Figure 1

wolkbugisseees the principles of operation of a pCT@B2004000307
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device as described in EP- A-0937961 in which a
novabl e bl ock is mani pul ated by three pairs of
linkages to provide up to sixlbhxes of notion; Figure
2A shows one of the linkages of Figure 1 in an
unstrai ned state; 10 Figure 2B shows one of the

i nkages in an extrene deforned state; Figure 3 shows

schRMEFiDESCg;MMNWMDRMN@@I pairs of

linkages is driven 1 n the -axls version of the prior

art device; Figure 4 is a plan view of the 6-axis

dey| t 2 axis: . Flgure i§ a side view of )
¢ bR Uadtnding it e inlenfdos, Gaio SholycReyy e gty be carriea
Pl edct wferdh@@is Qbwan 4R \WyGaydTRRaNbR o tHeck ot 'rgﬂr' ings i
Figure 7 is a perspectivngieMIof t he %evige o&ﬁ%? ureéwlngsm
6 Which: its drive interfaces renpved; Figure 8 is a
perspective view of the device of Figure 6 with the

Si L over and Letterbox. housing renmoved t, .

> BB RGO Bipe P of B SR 1955 B R e i -
PeA98TIAIVE Whitty ©indviiBle fHloTisWRAAiPuIRRHTEy Bfed gﬁrs_ of linkages to
device of Figure 6; Figure 10 is a perspective view

of PrOViEe HB® P axey elametions he devi ce of Figure 6 toget her

with the drive pins that directly contact it; Figure

13 ' ope. of the drive. pi,ns; WO

2035 20 TP B Ol 30 et b Wi il st

per spective view showi ng the principal conmponents of

t Hégure @Bi shewstonaiofithe Fingdes il 2n &xdrend@irsRRee s Vi ew

showi ng the principal conponents of the yaw drive

train; 5 Figure 14 is a perspective view show ng the

prFABRE Aahoud spsmatieuNoRow e §f e potalleh g 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;
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;



Figure 15A is a highly schematic plan view show ng the
principles of the y drive train; Figure 15B shows the

woab@/wego2ehe crossed pins of the y drive trai npameH2004/000307
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they nove to accommbdate notion of the other axes;

Figure 16 is a perspective view show ng the principa
conponents of the roll drive-120 train; Figure 17 is a

per spective view showi ng the principal conmponents of

the z drive train; Figure 18Ais a schematic side

Vi ke b NG mipaf céMPodentd bl ehe x drive
tF%(Yﬁe?T'Q_%SU?QE%g%&@E%@?hg@ro ee?#ﬂtr?ea cr ogsed pi ns

Ofrainhe z drive train and how they nove 15 to

accommodat e notion of the other axes; Figure 19 is a
perspective view show ng.the i nci pal . conponent .

P Rigelt €2 Hocr perpect e spyindisgrinbital EORBRRRPC L yaw drive
pPeLEpect ive view sunmari sing the principles of

operati on of the device enbodying the invention which

iIs to be conpared with the prior art Figure 20 1; _ .
FiFggure 14 1s s peragective vieseshowdng the painejpal qeprmogents phthg y drive train;
cross according to a first applications exanple; WO

2 /0 22 P 004/ 0Q030. = 13. Fi . .
UL 00ERE2, BT RONORRA . A B Iote s v v

according to a second applications exanple; Figure 23

S o Tl SBIShEARY iHeablea iR Er@Ekea i the $idees train andstpwathey move
with mni breadboards on their upper surfaces

adc ecapimmgodate moti¢r efdhe piier @81 ons exanple; 5 Figure 24
shows two devices arranged with one inverted on top of

t ot her . accor di 3 | FleCroll dri
5 15525 B0 L uhPUE . BRRLLA RO BT Mco av
Sitgh@rby- si de and arranged on their backs and recessed

in a breadboard according to a fifth applications

exanpl e; . . - o
Figure 17 is a perspective view showing the principal components of the z drive train;
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;



Figure 26 shows three devices ganged together
si de-by-si de separated by spacers and 10 arranged

woptigiago2on a breadboard according to a sixth PCT/GB2004/000307
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15

appl i cations exanple; Figure 27 shows four devices

ganged toget her side-by-side and arranged upright on a

br eadboard according to a severd-h applications

exanpl e; and Figure 28 is a schematic system draw ng

showi ng a device according to the invention

| NEB A6 oW bR GREL :{rPJngécY 5 ﬁ{&las?%gw R'sﬁtﬁ\lre according to a second
conponents of an autonmated system enployi ng a
deapptieataoms @xatinplg; t 0 t he i nventi on. WD 2004/ 068022

PCT/ GB2004/ 000307 -14- DETAI LED DESCRI PTI ON Figure 6

T R T ——
B ot B S el

evice is e up o
which itens to be mani pul ated can be nounted. The

noigwg 2doshows 390 dewices aranget yitbbns invkaedsn tarof the other according
att achi a.sanple to be positioned. There are no
féﬂé?gPﬁgﬁmgF?Hﬁﬁﬁﬁ?mﬁg’faces, any or all of which can

be provided with standard mnounting features, such as

t FFig@des shOWS Swo BEWHELS phgcdl B8RS sidbObyIGe MRV i

30 ??gsuspe_nded by a pggg%ti o%éifng S'bni ty 40?%e [ ﬁ%@%}%eﬂbaﬂ{s
c andtreqessaddn a bogadhpird acdosdide s fifte dpplicatiohsddaniple;t he
foll owi ng. The positioning unit 40 has a piezo drive

bl gnnected to its drive, inpyt face. The piezo
a8 S ERV SeE Betifes P acdlokigt Bfsbis iy paieh iy specers and
bl pekg@f uprikdneh @ brdakiBsdtd 4¢tofdih @ 6 E fxthapplicadin€ Bx iSie;

six drive nounts 46 on its back plane Tor receiving a

plurality of mcroneter-type drive inputs. 15 It wll
b igyp rd shawe dourtigvicehgangpé sagether videthlyeside 1@l armnged upright on a

ORYL. omtted.if. not needed for fine
m%%%aéﬁﬁ@%rg %t@?%ﬁﬁ%fﬁg s%vggfh[ PEliF3ipns ﬁf‘?mﬁlﬁ; Qfgln‘p rises a

base 32 which forns part of the fixed "world" and

f riigaref2B8dk atsbigeriatsaglstvvardralvinB sBoWitly CRVRENREGin2/t8 the invention
built upon., Front, side and 20 top covers 34, and
3antegfade Witht : sorixalesystem pash &ipiepl somphaento of tanomitomated system

' : 34, sid 36,
soripitying d86ubE BRbr R e e nc i ng faces T o



provided with a m xture of |ocating grooves and
threaded fixing holes for nounting to optical tables,

woneskogeeds and al so other similar positioni NnGCT/GB2004/000307

10

15

20

25

30

devices. 25 Inside the positioning unit 40, six drive
trains are connected between the drive inputs
actuated by the piezo drives irside the piezo drive
bl ock 42 (fixed world) and the noving world 30, the
drive trains being configured to nove the novable part
r HRTAYEED BESCRIPTXOK part in the six different
nﬁfgﬁﬂ—aYES_TﬁspUﬁs;VE' to the drive inputs received
via the piezo and mcroneter drives. 30 WO 2004/ 068022
PCT/ GB2004/ 000307 -15 On npor { and_ i nnovative
? gup %df 2 PRESPRRAYP iPY of ¢ ﬁ%@ﬁ by ing he e oD b Kgvice is a 6-
fi t
pl %FE; ?Stl y o¥ Iv‘)cgtrht g%oina Hnglﬁéntl ngykﬁg de .eES eregdo% gl\}\? device is

t hmadeowp nfgja\mdmig part e "avorldh 6 coni whldh fifearsetot be manipulated can be

orienta n novi_n world n ed not be upright as
i |mw§¥?iaffg\s mcbva@g avaﬂdé&’gmﬁ RAALgHY q tsgrf%qea dor fjsehigg a sample to be

gg%’(‘fgﬁlo?ﬁ% ; fedfer tRantSlY rﬁ’%ﬂgﬁé %dfﬁg AL 6951}3 Pf tvhich can be

e cu ol d exterlor
noprovidedywith sdtnﬂfird mesuntiag feanirad, saohsas tlimhdddthdla plugs or grooves.
interior design of the drive trains that allows
practical usage of the device in different
or. . ' .
o pYih € Y AP liochfod £ FokiBfink U 40, the ingerma construction

dedfiwleclois dgstybddoin. detaithinsthe Solipivibg. Thed f)@sﬁtﬁﬁﬁng GfiM8 has a piezo
conventional positioner in which the drive trains are
161%&%1%@@ ORPSeteborsetiive prt faceat Reopiezdidyreblock 42 has in tum a

c on cep P iy (}{We 1ﬁ§ﬁt‘%lb(9@0ﬁ gﬁ@glr bk g atttlﬂ <A4B4! grh %Lag Nix drive

i S conflne to fi

a Mmoume#s PRl iback plfanﬁf(ﬁltb@ﬂl\dnﬁ & plurglity RY nEtvonidhedi@se drive inputs.
five of which coincide w't mounting faces 32,

szit wilb be apwresigied shatdheipizgo deirelblork 48tineptiaal whd ey ‘be omitted if
@ﬁg&? Wil m ({%&%HIO?CG of the positioning unit

aces Wi € ‘piezo drive block 42. The
nDV|ng morld 30, when viewed as a cuboi d, has four
si des facing externally and two sides faC|
i rkher pRaitiopingrnis 49 comptisespb BaseliZewhigh fpmny e@n @h thast fixede"world"

drajnﬁq”r(}rﬁ %} %1 t}%’fﬁ)@e{a \P&ch 119&?1 %ﬁ)foln%g %ﬂ: {)lﬁltqﬁ)%gsﬁronp Side and

novi ng wor r om
top covers 34, 36 and 38 complete the extenor housing of the positioning unit 40. 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 inputs

received via the piezo and micrometer drives.



20 internally facing sides. This | eaves the four
external sides free for utilisation for sanple

wouwoesy2and access, e.g. by mani pul ators. ThBET/GH2504/000307
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notion axes can be provided by actuation of the
nmoving world fromonly two sides. In fact, in this
enbodi nent, the noving world 3(5-is not cuboid, but
L-shaped in cross- 25 section to provide six access
and/ or sanple attachnent surfaces in total, including
t Lb Y 3 ; I t . .

S0oTh SPEPE ol R APER, AL B I BHRRPBuidkin from te
si figse, mmutly that tregpopitienaigthwdhitsn platilityeferitogonMmodiing faces.
Saggligﬂed with the four externally facing sides of )

t hERSse A IRY the meyingnmodd da be gt gedouTdifiend arioneties. The moving
- ; . . r ral.ns.. .

ot O PGl R beTRrBt ds Bseted, Bl el A, upside down, on
siitlebackadr insdny alhdrweiehtasionsltas aowe tthatthe caisbidl RRtckioX @8sign form
mnrlg end froma single drive input face, nanely the .

f ablep FtouaEns d different; oienfitiops bt it is the dateriap destgn of the drive

f eat: ' s I gni fi i i | lows the . .
LAY S 305% pIBAEN B! YEOET:s i Bkt oMUl o i
al thiridhtkatrthe peavity-¢nduded loads adiiffbrent depakdihg on G dS ce orientation.
fromone side of the device confined within the '
delAig &s grif diffesent ifim a; qoavemipnal pesiionst i ivhish heodrive trains are
fl ak; ' t-he. . r.either side as

¢ HEsizBH bR Ro et etk 38 on B ST T e i th

the piezo drive block and dongl e block renmoved to 10

reveal the drive input face 60 of the positioning unit
40coprding tayfhe spbaid design easiceptashegnoving watld 30iis fonfined te it within

S j . oW 1 <y osition relative to the )
m%uﬁcgﬁ#gﬁ (?zhich:% $ P qoc\f‘yb{;%e&e?}l%\e/(lﬁ R 8 b P*aaess 61.Ve'ﬁ§eWIBflig‘ ygincide with the
| npouintingdfaceS B2| 84t IuGwPAicek) £ld 38).and Mk bBEESE WhicBRoincides with
02€05|te direction to, the front cover nounting face

34!

e fiage ph theropifiening yutt thas isereres withahe pigto drive block 42.
"l etterbox" housing 62, where the termletterbox is
used since each of the six drive trains is designed to
t el mevifg andldso, ankh dlcalias alJubeiddRasifost SubEFheAE & eEnally and
aperture or "letterbox" opening 64 in the housing.
Frivh sides fagipg intgrmaHe Blis v made ipestiblethyr thexdesigdenf the dxive trains

138t bk SRl O e B 5B o

internally facing sides. This leaves the four external sides free for utilisation for

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 attachment 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.



producti on aspect of the design is that the nunber of
noti on axes can be restricted to |less than six sinply

woyoqwoosizdi ng a different |etterbox housi ng w POTiGB2804/000307
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access slots 64. In other words, the drive input face
60 can provide access apertures for only a subset of
the drive trains to limt drivk-inputs to that subset
of the drive trains. In this 25 way, an xyz
positioner, or Xyz & yaw positioner, or any

PevIakbets adwefl af Rf sﬁd Efnvaext\?;\ﬁ oy %&tﬁg r'%lgef @%b%%%&hm Féﬁgh only

changi ng one part of the e ass SO evl
i rtwotsddefsj gllisisg, drredrdingarp acuuatedfonhh)é fisedb@orld @ndFrothniaGhgle drive
pass right t%{ou the ositioning unit 40 fraom one

silpRut facPe pamelythe Faﬁ% ectq-%@g Pizp SV Rloskdia- Shis fepgure is of

CIEAT Gt SRl 3BT S aEBo8 e b e s R proviaing

- Hatpdkihei mivrorgetendti gestandetheih catilingrensdrgee filoyr Ghelside @F the device
to c.qgf a Eéggle Jposi tioning ﬁnlt to an optical

t AOFHNTS WHRBHAP daYige crosysectipRhergly ﬁ&wmgmmng nta fa surface
i tual@ntg@m B0 oFEHEE LR ds IR GRE PRl deSi on of the

devi e main 1 ntern onen are 5 now
descri bed. This description |s then fol | oned by a
%gcrlgtlon of each of the six drive trains in turn.

B8 7ds p BersPeskive yissy With th Rigpooitivetlogkeanidcdonglettogkiremoved to
S'rg\?ear‘ﬂfé deRR 1ﬁﬁ9ﬁé%§a GG hg&%ﬁ{l&%ﬁ% uRUP! ’?ﬁo&?e\{(m,r%%g; rﬁ"@ Joll axes

reveal 1 nternal structure cul ar

t ragé also illusicated schifnatioallyghoiwigg t\heﬁ|p681ﬁﬂn rddivend thd)Mounting faces
| ett er box, housi nggad acent to the drive input face

t itk moxing; world 38 The diiwe inpghtace 6 is dlys pastlicd to.aandsfaces in an

s S RS B 1
roll, z and pitch respectively. The x and yaw pi vot

pI tes 80 and 82 act on_an internmediate world 76 that
hsidpiye amus fags G0ts pogs ob lﬁtsgréwal hayging 62T whees the temarietterbox is

lg e Ll ofurt e bel ow. Th
fi )%%cggl\?\ig%l g&pOf @l})égg%t S are Eglﬁ ¢ esu%leg Ot FHHZC.A n§§be actuatable
VelmbugiahlslottedtaeMB perRaE or TRttérboX 1 Heel 1ﬂ_/g064 RethRarRsidg: From the
A further vertically extending part whi ch acts

adomodBp BBy the dtieEpogrder o7 X fiiawx vrrellet.iteht s 78 and
79 associated with the z-drive, is nounted on the
part 70. (The y drive also incorporates flexure

elleninilfustrated 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 inpuf 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



91 and 92 which can al so be seen towards the top of
the figure.) The part 72 also 20 includes the through

woab@e§B2 On top of the part 72 there is arrargEeB2M4/000307
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upper part 74 that forms a further part of the fixed
wor | d and includes the through holes 66. Although it
is difficult to quickly understand the detail ed design
of the drive trains fromthis figure, it can be seen
that they use a m xture of rod-Iike Iinkages flexure

SL&%&"?‘? %/&Ht/sgg&vécs g\?ﬁ%&n‘ﬁf S’d% Ebrt =§> A Slh@g %B%}l{)glng]umt to an

t heptabeliable,or breadedard,tene wit the paﬁnorﬁﬂg urfi? o el sidé.
descri bed above with reference to Figure 8. The
t hrough holes 66 and 68 are also indicated It can be
s

7oy BkpckiBEd MRkl Bhigh oF thBRSlce, s Hiln Ml ihbonents are
el wove dtscriBéd.dlids 8&scripfios E’Eothﬁn ldellcE;v@UIS}ea &esc‘x‘?tlon of each of the six
2004/ 068022 PCT/ GB2004/ 000307 -18 Figure 10 is a
pefRYSEHNS B tYiew of the noving world 30 together with
the drive linkages that directly contact it. This
drawi ng is useful for understanding how the noving
WOFilgtre i siaspetsptétiheliden of thefleR it GatH e sii8ah@tsp &vess Al letterbox
motion. 5 The vertical internally facing side of the
nomqaglgwempue%@ rpgead infrgak siyciure im garticwlar hewdhedrive trains link to

Li @I SO ?_‘? gl/l?glﬁd.’aog %eﬂfn% i Slept Coﬁ(dhéugln:écéﬁlsa(csntgfootglgu % amP“t face

mothereare @Xepﬁﬁdpl@fes e&@fdt'dﬁ&ﬁﬁﬁ)tﬂoﬁ dxisX Mhndedy, [ 8Bting from the top,
nmovi ng worl d by screw &%yl nto threaded apertures.” 10

THEetsGHs legatbak piviet platasi S0y 82,484 &@ 88i and 9@ff01t heyawpyi rodl, z and pitch

hre Lin and.98 on,
}"ﬁx{eé%cﬁ?el? % Ei?d 0§ pl#ﬁsgg(z 61&(282 éflﬁtdmb]an dntexmediate world 76
| Ithklagepwaalﬁlb%duﬁ o bﬂl@ogmyu D&sWhdsd ddmeiftd e G cdiPdPin more
t hreaded apertures. A lug 99 including the nounting

apdstail ferthesrboloye The{ixgd werld somporens .areAbiilt tpeon Ithey base 32.
10961%@511}%&81(1?1‘1{; psarteﬂ) is fixed to the base 32. A further vertically extending part

72, which acts as a separator for a pair of flexure elements 78 and 79 associated with

the z-drive, is mounted 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.



15 This is vacant in the illustrated exanple. This
second lug is included for production convenience

weinemes22 teans that the sane noving world 30 eam/dB2004/000307
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used for left and right-handed devices. It will be
understood that in an opposite handed design the
linkage 96 will be fitted intggthe lug 100 with the
lug 99 being vacant. Linkage 96 is noved on its own
to produce roll notion. Linkages 96, 97 and 98 are
noved together 20 to produce z notion. Linkage 98 is
nmoved on its own to produce pitch notion. It will be

nmi%ﬂ'etmils A pegpotti@nvidas ob e@nmorihg wbrly 300tdgether Wihsthe drive
is because y notion is not produced by a rod Iinka

k

adinkagpsoiat Hiseqtyeantachat (Tdis Biatving isusaelior éméPléWEﬁil%g how the
e _ . Y . |

r HaSlpa WpaaR0 15 R pch G Bt MO T B M ol

y drive train acts to push the flexure sideways (not
shown). 25 In summary, the noving world 30 is actuated
byl henvestéca |inteimally fagipg sige o g moyinggworld 30 aprsiveg tvAtlmkages 93

ad r faci 1 nt. ' Si .
2 S0 e S0 P Rl D84 DOH0R il AR ke o
| i héadesn 83 owddtoepoidd yiv hidtion.a08¢ EadvaY Sact BAk4YE iOfiked to the
of the internally faci nt% sides to control x and yaw

nmonpGng weylddyrsereadng injo thogmdedepesiirgss act uat ed t hrough
a flexure drive (not shown). WD 2004/ 068022
PCT/ GB2004/ 000307 -19 Figure 11 is an expl oded vi ew

of T WbriXontal ntbinBHRGREg Mlld of ihe thoViK@eRSsId 305RctiNes SiddElinkages
de3|%9. Because of the design concept of the device,
128

wHite di98 cn theee efsissglour pomess. The pppargnfl @f cach linkage is fixed to

cqopventi.onal xure |inkages, coul.d not be used.,d n .
Py eemine ot 1 ifaviBoRAY TrEgy g™ 4 EF o) fhotuding the
ShAYting dpeditfeedr 2 Mg B6 3¢ evidaRUAL Ribther 1ug] 100ecah @36 be seen.
woul d uckl e or plastically extend as a result of the

c GHips ésswicent iaribie ehusemtsid erainpled Thistagcondhlug ip iimladpdsfor production

woul d be subjected to, Tg overcone this bl e a new

F e e gh oans g s S Bng VDo Gl pdg Tt anc

expdRaaridioadiédd. 1th@ilf beWnBerstb8d Ahstof P dppdrsteAhnadd Aksign the

hol'e 114 drilled in each end into which is adhesively .

bdirdage 96 will delfitedrinioi the 120106 whh theclygi9dieing yacato Linkage 96 is

ASnsve Ioen’ its Owi to El%ldlugearlolls otiond iinjkggesag& 97 and 98 are moved together
to produce z motion. Linkage 98 is moved on its own to produce pitch motion. It will
be noted that no 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).



sl eeved onto the rod 102 past a pair of circlip
| ocating grooves 116. Circlips 108 are then fitted,
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for the outer ends of the inner springs 106. Two
outer helical springs 104 are then threaded onto the
i nner 15 springs 106. The inngp- and outer springs are
wound so that they can be threaded together in this
way. I n the present inplenmentation, the outer springs
have an internal formequivalent to a Mb thread. The
external formthat follows fromthis gives an M. 6

t 586l 11 hathn eRplb@SPPRASoWArielbftthe linkugeadsll dlre tihleagesigss the same
such as the previously mentioned |ugs 99 and 1?0. A
paesignfBesavsepefithe design sprcepheithg dexireawhighds (¢ allely fispge 1n any
20 end.of the auter,sprin 0 ny ]

navenaoh ol SRl kRS i EeR I R the floxue
| BRadcRRf HHEShElR a8 shbli@ iR WiRiesSPS k2B heAunsuiteble ssimietthéy would
mat ched to the pitch of the coils of the quter |

spuckigsr plagticaliy¢xend ex a sesoli of thecOBIDIGSHIGN A6 K igpEon hagds that the

thei d | s
e mpa A Riioded AP GRe 1 Pb SORERLADE e s
by 8 ghedhisGudratin@aplode M id it figuretachi ned. This

is a 90 cone in the 25 present inplenmentation. The
poi nt of the cone, i.e., the base of the recess, has a

very | | di i nt ich th Yol . SiAS.:]

t r{éf%ﬁ(gﬁffﬂs é\éaapciax ngﬁgllgtdﬁl@l:;é B8, 45 gglﬁ :‘:frgta %vlﬁ%l‘g 1sf]a{éﬁel§s|déé?%%)onded a
tNRB8SH b 11ewHANE codio® ﬁg.,eqib @isdehtblélamner Relicabepiivgs 106 are
end. This produces a very fine ball-and-socket join

t
t clegived ostotbe bodrbd2 past efpairted cirelipllasating grogves bl Srfckips 108 are

recess 118 within f '

" ShaBuf ot R of R el R108 4Plo PSR FRAL ufr ends o
i pk ?rﬂﬁr Hrils 206 EBwddufer ABlik s @rgsrlimtﬂéj tHe@ tRfe@iddientarhe inner
angul ar range of WO 2004/ 06802 CT/ GB2004/ 000307 -20

apgpriogs 166.€The Mrer land wiukdr §peings preew Pt §0 ithattthey can be threaded

this design the joint is hel | I .
s e B S e o om0 TS S gy el
| té&ﬁiv‘ﬁl&h@ ko aM51ih@ad.Ofhe &06knal fPm! thet AMOURLrdH this gives an
which t'he outer spring 104 is screwed onto the inner

s pvireytht@, thai borrebpomdsnivith thééhrpadsedn 8fe fuge such as the previously

ICE%E'E—}?%;% i&gsg% g{}eq b‘é@ 4 Eflgl? J-Ofi%ﬁ{l g&?% 1 ﬁze E{?gt?le nltscgewed into the other
¢ Oé’[ﬁr &ié Qlitel @}%ﬁﬂugsalmt Th&end gﬂm& elz0thichdkd ofief €stm to allow

Each joint Is S hel d under conpression by a
r ethieini te strew into the inside of the outer springs 104, i.e. a pitch matched to the pitch

of the coils of the outer springs 104, and a hex socket receiving 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



bi asi ng el enent, nanely a spring, that forns part of
the linkage and is connected under tension between

wohevsmaghepart and its adjacent rod. 10 It is neCeadB2h@t000307
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the inner springs 106 can be elimnated by used of
necked springs. In a variation, the needl e and cone
desi gn coul d be changed so th&20-the joints are forned
by a ball seated in a socket. In the illustrated
enbodi nent, the threaded portion on the end part is a
13091t il b il d
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t t t C
A ek BRI JRL 80 o 1 BEhe Ril U ggoneccd
healnideadensipi bétgz.eepi\tﬂeehd@mtmﬁdl its adjheent fodeaded portion on

the rod could be a female thread that is threaded
onto the outside of the helical spring. The threaded

. fucth
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pre-1oaded into the joints Wwth springs, so that they
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fromthe sprlngs and any conpression force that
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20 ofthichded intoahealsidRTittitdelical spring. Alternatively, the threaded portion on the
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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



anal ogous to how the human knee joint is held together
by its liganments. A high 5 degree of flexibility is a

woeowocgrent of a true nulti-axis positioner (®ET/GB2004/000307
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opposed to nultiple stacked single axis positioners),
since each drive train nust be rigid to transmt
forces along it and, at the s&re tine, deformable to
acconmodate notion in the other notion axes. As well
as excellent performance, the |inkage is inexpensive
t I
dg\?fr%gé%glt%ﬁg()&ig %}rkoz% [6H§, ngsuse ?'%ngrés oh rf@rfgﬁgﬁ ?éyiﬂts from loads
t rdairing usd. Atdblel samotime othe hecepsaey Flexitilipy ovihe eldkkgesﬁ:hﬁrowded The
sprlngsl th fo mp rt of thellnkages i.e, the
RPER IS Spi G, VR L RE coBTEsI0RdD SRRy Ry the  intemal springs,
a l; a
iRty Eé‘frté?n%ﬁﬁ%ﬂl TR (B0 14 g BYRl B HBlons A tigh
SLdegreexifeﬁelxahhtlySlssa)rdqngSmé:r&rbbetraé mangadist Iﬁbsﬁidnefl ¢hs opposed to

ﬁhg% parallel to the |inkages and are secured at

dStecdet Hengle axis Revitieners)ntivronsarindE vadrain mus be ngld to

0
T L e —
drtambthersmptibmaxdshAs aeHeekedlepoOsdrformage, thellikage is inexpensive to

corrpcipgsyin force of the pre-load is then nade up of
FrABHh Smpie topsecTblenTot e Presetclepiss: the Brkaggs aperigped'in all the

t VP

ongivEkamst he "external' springs. 20 Typically, the
externa' springs will provide the dom nant
contribution for higher pre- loads. It will also be

appreciated that these |inkages can be used in a w de

r an @@hafm fedredgnlesd prpvded by Herspringoi04 thet formepast; @fgb«niinkages
d

Y B8 P R A0SR OB o oot

t bySsptiagy @it ace séfeatt ifrpR RS liskapes) id) exbrfall singd) S external
2B. Each of the drive trains is now described in turn.
WEPBRES 4720 s orranged faapgensiiyogelnly ppralleb to ﬁ%eduﬂ@gefzandsara secured at

p%ﬁcﬁp 6t LY GheV QWG %9% nl%f:lrlllﬂi% d’% a%% P %5 é%maﬁg? nﬁweor}ltds as appropnate

rive tral fea SCPI

r egEmr@pdeeoi thebd @tte@aBsprings ave ﬂiﬁ‘st}/ﬂed Bdding e 15185 dfaans ) In
of the flexible linkages 93 and 94 of Figure 11 which

e*}@&b?ﬁg@l&%fl@@ﬁm@, yhenegrapression fprce 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.



connect at one end to either side of the noving world

30 and at the other end to an 5 internediate world
woled4®68B2 The |inkages 93 and 94 are di spl ace®CiriGB2004/000307

uni son to cause x notion by pivoting of the

internmediate world plate 76 about a pin 122 that

rotates about an axis 124. THE-internedi ate world

plate 76 is actuated by point contact, e.g. a roller

or bal | bearing contact, fromthe x pivot plate 80.
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axi s 128 defi ned bam*oi n 126 whi ch bears on the x
nohibdghre 6t The wésrmediatecron e platentd andampying weeldzaee Belgfin contact by

t he I

L i 2B 3 G, T O %, g e hed n
| rdoRragEsl :afemmpﬂn@g @oasowi). (as viewed in the
illustration) with a universal joint existing to

15 continue the axis of the crossed pair of 25 pins. This

u I wor | d 76 .
LEEREaD 1] EhPhaglye Vil Mo Bl T BHFE ool & P aive
Notainrt KeE begtdoghisyd thl fmdnﬁ}t(ﬂ rthe@ dd)rﬁp&le‘ﬂ@fdré* cBhaiod tofle x drive
Is actuated by point contact, e.g. bal | bearing
cdffimcthe knkage t9géh9‘éfw lp@gﬂre |d42altsel0t @@stmhé sine thisvigmains static
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?mﬂg WogdBoi nmkﬁgusbqad dmveﬂibs» pi¥otiaw of &Rahleffledi®@ world plate 76
about the vertical axis 128 defined by pin 126 which bears on the x motion letterbox
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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
illustration) with a universal joint existing to continue the axis of the crossed pair of
25  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

30 INPUT.



WD 2004/ 068022 PCT/ GB2004/ 000307 -23 Figure 14 is a
perspective view showi ng the principal conponents of
woOheosyesineve train. The y drive train is diffeCewB2004/000307
fromthe x and yaw drive trains, since it includes
fl exure conponents. It also includes parts to convert
the initial actuation which is2®along the x 5 axis
per pendi cular to the drive input face into a
hori zontal actuation along the y axis. Starting from
the y pivot plate 84, initially nentioned above when
describing Figure 8, a flexible |linkage 130 of the
t yRigusehigwis d perfpegtivesvidd showimgale privecijpul compoenedfl the y drive train.
k 32 that, piyvots about a vertical axis 134
lééﬂﬁ?/ traingg é}ff%alt ({reen therkodidd yawrdidve tregnsysincgtit includes flexure
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horizontally in the x direction to forma cross with

the vertical pin 136. The horizontal pin 140 is
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pin 136 causes %Mnntlon of the horlzontal pin 140 "and

15 m)t@llfhbe aprreciated thatinaationpfithe b pivess @late Bhenavey itreglindage d30 which

ka@es tﬂ%ﬁgﬂ %fanﬁ%?l gﬁutlt \ts]e?ti %Eézflis 3?% tglglﬁég) glogﬁ}sg:,\r/ cal pin 136 in
f I taa yrdere@ticﬁmmta verfitalaigl 1 90 anbdritialI R Suts @ hineter 9th #40 wH’i@Ft‘ extends
end to the noving slug 142 and at the other éend to the
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en desc 9...Th :

T 0 L PRSI P80 Pl gy rotas0.
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145, 146 and a flexible flexure sheet 147 extendi ng
beaigasry mpBow phthg 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
25  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

contact, such as a micrometer spindle or piezo actuator, acting at around the point

30  marked by the arrow labelled INPUT, on the y pivot plate 84.
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nmotion is initiated by a point contact, such as a
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the point 30 marked by the arrow | abell ed | NPUT, on

the y pivot plate 84. WD 2004/ 068022 PCT/ GB2004/ 000307

-24 Figure 15A is a highly schtatic plan view

summari sing the principles of the y drive train just

descri bed. Pushing actuation of the |inkage 130

rotates the bell crank 132 about axis 134 pushing the
vertical pin 136 against the horizontal pin 140 to
ntﬁigumHéABis radxighig sclemgptit4Raravidwt saasndrismgrniby 'pngmpm% lo€l the y drive

30 e flexure stiffeners and 92
D JFR 46T SRRt Eyshingcatyation Qhhe nkage T yaies e bell crank 132

e

croevieg sinigrid2 266 thas dleilmewémg evanlkel 30 ds monsnrgﬁmtbtyhhe ﬂexure stiffeners
[ h i rection and

e i SRl B OB TN WRaistvarie 140l il be et hat the

hcﬁf BLifY nfidn! IF egeﬁ&a{gh Wity al 4 tﬂ% %tnﬁgé ?O.t RU5his case, the

act as a resilient I Ng el enen

p uirbssa«j] pin 86 and i4@ae: Iedd inh@npicnby h eprrigitot Siwwat)RRiending in the
illustrated is a further sprlna 133 which is
h eY reeHgB And @ﬂé iR IEngien hetyeen Hee Pip VAR orisrt cenaeried thereto) and the

Fi goed WiHd 1. 7I'fﬁetsg ﬁ%(ﬁxrug actdq Qg%#ﬁéngﬂﬁlfing %m&g%ygyﬁeﬁs a pulling

force conponent o1t

i Sforne orermeTpf ¢heoping Ittavard%ltlﬁ:r owakr. Alps hlhﬁ&aﬂ’e&ﬁ@ lar f@gthtOspring 133
re 15B shows the role of the crossed

glb‘ggl(g}bfslhqlfg %ﬂléa fengien etyyeen thgyaopiag worldyandshefixedyworld 74 to exert
Elecoﬂ:g:frésgﬂg g{)rcE ngﬁ&lﬂe% o@/ﬁ% clﬁmﬁw Stthe G tlgpgfhls is an

arr0W|n|ca uatl o ecross

pauxamj:&ﬁoftﬂé‘@xtaiﬂabmﬁgsrreﬁrﬁediﬁﬂ@ﬁivé.SI on as part of the
y drive train. The figure also shows with the smaller
arroms how the crossed pin joint is free 20 to nove to

ax ¥ gﬁ@g‘éﬁtsﬁo&é’ Ttﬂeox%lel & tﬁ@%ﬂ)s&{d aélHS ofothg i(rjjnfv'g Fa%n%té g%w they move

hor C

t he axcahhmed:te ﬁm)tlon\ﬁ@f ae (Whéﬂ axes. Sﬁifst thé tEK &rr&lindatdteslyd Gctuation
raolling as allowed for its bearlng mounting in the
bdh Whighathg crasggsd wawd@ﬁolﬂo allovisi forsa transipission 49 pewt bf the y drive

r oth aﬁ‘@ﬁgu%?%lsg Eﬁ&bs"@lm Qlllglsﬁlfgiﬁer afrgws lilO| Ithe crosserél pin joint is free

hori Zo
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 roll 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



140 wi Il rotate about a point of contact on the
vertical pin 136. For z notion, vertical 25 pin 136

woi2bd4/s8a20e on the horizontal pin 140. Fi nal | ypPCt@B2004/000307
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pitch notion, horizontal pin 140 rotates about its
own axis. The y drive train thus includes nutually
contacting crossed pairs of pRis that can slide and
rotate on each other to accommobdat e novenent of the
other drive trains. Pins are 30 convenient to use,

P8 SFOBER 7 Ry gt A paensngsie i s

beédion UBIEE ict@dutiee & uhmntdmnmcningwch rether Tangestirliyotds noted that a
preferably arcuate in cross- élg This i

c simeilie icvassechpin athiE Bee 4 PAN §F e R ke dgpyiped further

Ii, s noted that a simlar crossed pin pair is used
At of the z drive train, as will be described
further below. 5 Figure 16 is a perspective view

showi ng the principal conponents of the roll driv
¢ Faguto 16 # DFISPRivG aicvy BIWING TG BEREPACPMPPRSIG OF sl drive

? E@%ﬁt{g\ﬁ d?ﬁl% Y oigl(l: ?a??shr@ft %?qu@fron{ Afe {(W a@cﬁit@i’vad fharked by

0 con i vot ate 86

| Mhd WNPUTaGkoRLiRIhE didveing b e:ohiankﬁxgerolmplvat phath 86! val’uch in turn
one end to the roll pivot plate 86 and at .t he

1
erdtuptss a fleitle bakag&rlﬂﬁ aitaghed af pncsenhip oIl RvRTP qﬁ@tglgeaqld at the

rotatabl.y jour na

400 2 T L LS RSN Ry Mt o
W%bdt AYaids 15D lbz dl &aﬁﬂgatnos Riovn)). sediired 2o ket eimetdiediaee world by a
world is descri further bel ow. The bell cr.an

hapirale (not sewal: r’ﬁhm w¥rmsgiakoPsd it desciibedh f Wheéh’ lloév The bell

o EERGF iR et UBPE i) & VAERGR IR e end of o

15ufhepadxinie linkdcas, 96 onrs ehchbém@bdnmwted to rb)ﬂenb\n\ﬂ[gworld 30. The
describing Figure 10. It will thus he  appreci at

t hidexitile tinkegeo? whs inffally gnentigned, whem gercrifng F1ge ?Is will thus be

pul |

a Cm%etcg? £ Ehﬁg cglé%?%poﬁlahegrfol (ﬂ-ﬁje ﬁtswf'ﬁ : FZI) %Jigwélasaeretum spring

t othﬁtoic‘?é % 1%‘@%3 adulitor) @hd bakiend dﬁllthé‘lniohﬁlgf\lvaﬂ(d bd eause it to rotate
| i nkages 97 and 98 (see Figure 10) remmining _stat

| tatiost Het wdl atiatwith theclewible dinkagash? s andb PP (et Fighret Hﬁ remaining
Crsqtz?t?ce qt ﬁ tc?cf?l hat 90 accgmn}/odate this roll motion the crossed pin pair of the y

drive train will move as illustrated in Figure 15B and the joints of the linkages 93, 94,

97 and 98 will distort, as can be appreciated from Figure 10.

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 INPUT,
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 crank 162 which is bearing mounted to rotate about an axis 163 that extends



20 drive train will nove as illustrated in Figure 15B
and the joints of the |inkages 93, 94, 97 and 98 w |
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17 is a perspective view show ng the principal

conmponents of the z drive train. The z drive trainis
conceptually simlar to the y-2(rive train in that it

i ncludes a crossed 25 pair of pins, a flexure design

to constrain the notion, and a bell crank to redirect

t hiQ thé ?'&h@bﬁ&ﬁ‘% £QI0n8 Sirh! FThe SEIPeRHk b Axtdrds thﬁgzérﬁﬁw in the x
drive face to the desired notion direction. A drive

i ngitectiomaw ke tromnthe reei vl risgwit figeevantithas mantedvwhemined Extending spigot
| NPUT, ctuates the pivot plate 88 first shown in_ .
ol 165 HHENSES fisrotd el bseme ghouh an; Pekebeading in the y
| | dfecagen. Itk hbe.RtdSin 9% Ly abiits S© ' i
downwar dl y ext endi ngpynz:\r mgstgﬁ%%ﬂﬂg%ggll) Sc%r an h%ggg{]vl\g? Caﬁranged mn
i scrosswaynigsiion extedding in dieax diredsiont The pax 16t ikG8curbdito a nose 166
exteends WO 2004/ 068022 PCT/ GB2004/ 000307, _-26 in the y

di qf@&ﬁltswediat% &@éﬁ&@r‘mlgf{ alsp ncep aéplgnlféfﬁféz mogppgdie spindle
NS 3ARthalhkYrol NG tohin'sthé|E EAnR SRY dgi

[ nput%mf ace arr??jl %Igiber%ﬂlnst ggﬁgﬁdg?ell%m%yg?@%%l%eesg%g\gﬁget 16). The
orinermedi@b walnidcl60iis cémeeted o thetmadvéng wodd B dy itheglirddagest 97 and 98
an_axps ex ing.in they I.rection. The harizontal
pi(ﬁeel%@u’feafr?ggglﬂvaﬁry}u%‘iﬂ‘gn é?gfht‘} 185e?plinkage 97 ip FHesdy for the z
| oBier O : ; . 5 i ract | )

B BURY ol gE D SEENEPERY RghE b BRI g 7
i ris escueedi adite lowarledd HEOctiyhioche mitesmedintd wiokdd 160, Spheicad G mixed z
for .mounti the.spindle .on which the roll drive )

t it ofee. e SeBipaa iR damenicdrst 1o o atomuliate world
T j ' r [ 3 '

00, SR BB 00 4 SoSON AL AR GRS

bel ow for illustration of |inkage 98). Linkage 97 is

purely for, thg z 10 notion, whereas |inkage 98 is used _

f (L:JFP U5 TRtasion of thy % Pivokpiato B8 hereongllyedisplpges iheykinksge 54, which
S i .di : t. i r i.

oA gt 5ol B n UL ot B S 16
i shwegluthedradsed pair bbHpins 1640l 650 Wertieal diyplhcenidie of the moving world

i nt er medi at e wor | 160 to allow pitch actuation as .
o thRe Verigaly Sisples the linkaggs 8¢ @t 98 whish Welpevew tha desired 7

| el i oY nl ' |
64 80080 Rt 6 25kl B BB e B e 7
c mad 9 1B2Zhasfdheser fléxtads has disapdwick Sofddgiciion, avife difk&e sheet 156

nmovi ng worl d 160
arranged between two straps 158. The sheets extend beyond the straps in the x

direction to form clamping flanges for the fixed world parts at one end (not shown in

Figure 17) and the intermediate 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



through the crossed pair of pins 164, 165. Vertica
di spl acenent of the noving world 160 then vertically

wdize@loagrs t he |inkages 97 and 98 which in tur RCTABRE®H000307
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the desired z notion of the noving world 30. This

notion is constrained by the parallel flexures 78 20

and 79. Each of these flexures2/has a sandw ch

construction, with a flexure sheet 156 arranged

between two straps 158. The sheets extend beyond the

stilgxRfe bhket8s NlusHhtt@CAL Q8 e\ RchOF H?V‘Qr?::?ﬂblﬁﬂ%fdf ahe EJ'I:'Vot plate 88
for the fixed world parts at oné end

Flcgme@ wtioanttetehk andpeshieg |0£tth:e \Imkiigda p34, twhial ih hern pushes the

o BEgfetely fependite e it e DT ik aptatic o Roh gkt 162 and
t fﬁ]sﬁmgfthé’ %ﬁ 185N Wﬂrcﬁ dsﬁln aﬁ;igllﬂ{é ddifte L{%}ﬁ[ 160 up, via
g and 5

and | ower flexure respectively y can
se@ntacewnth thagén dipd eﬁ1bad®ﬂaatthe156seamﬁb af e mt@ﬁledihreawsﬂd 160,

158. Th | ower she isS.C bet ween fi xed wor

oS G, APt BRNS NG i ERUrcs B et CRVAIKiption of the
) t

m?iegn%%&%gﬁ @ﬁ{jg%ﬁg% %ﬁ?hél,: H?lgﬂ'gg g%agana_ hﬁkég% ﬁ)'@lﬂbl’?gﬁ)ves the

proevidg veirkd 30awpvedrdsrini the zaliret then. (R)h pulliag dtcmﬁtldiﬂ'] QnﬁACl 64 and 165

2004/ 068022 PCT/ GB2004/ 000307 -27_ flexure sheets as

i 130 dRniemgd iRscqniack yigy @nspringoph Showml ﬁPlﬁgmofenﬁlﬁé between the

f f
bl onyaehr ety B8yl .

d eqyﬂiwdt mgthe figuefis b ipintilelrbcetviag kipetfize 16Dinahe ngeﬁﬂbﬂldﬁ@bvbrld spur
nd pushi the pin 165 upwards, there
T in g0k seeBing dheiseingle hycviigh thprollavestraig heliarank 150 is

Wi nbedded in the nose 166 of the
| r#‘ghr%tr%g sgélglg\i}\loﬁ 160, against the resilient biasing

of the flexures 78 and 79. Upward notion of the

i nter diatg world 160 pushes on the |inkage 97 (and

K SYRPC #F PRNE VRS LS Heh A% ‘wiseinal’ syingp weqvided to apply
gpad SHSRCEIAN L35 I RSHIA Sl 1 s been

s Hied ) wérdd @ait 70t erdsinceimbeibwewdrld hart 1158, lﬂpﬁh@ﬁ@ﬂ adxgends between
world 160 and the fixed world (e.g. the base 32 - see

Fitgfgrrecdyte warkiparelabcradimeying weridi ngetr 30. (These sppingeiran be secured

SRR Bt bl P ot o

roll drive train bell crank 150 is
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
motion, 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 motion pin 164

rotates about its own axis.
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springs 161 and 167 which are 'external' springs
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drive train linkages. Spring 161 extends between

fixed world part 70 and internmedi ate world part 168.

Spring 167 extends between i m&rnediate world part

166 and noving world part 30. These springs can be

secured in any conventional manner, e.g. using pins,

l ugs etc. 20 Figure 18B shows the role of the crossed

pins of the z drive train and how they nove to
acKigmeddatea petspenive fvidw showihg theaptitwipal Bémpicals & th@pitch drive
i ndi.cates z actuation in which the crossed pin pair .
16%ain-q Flag BHVPbRiat? 8P diastyitlgsieatgdsiay Kjguigs8 ipgtugied gharopnd the point
drii 1 ile INPET ' . ' he,, spell e .
o Es  INPOTERY B SigBICANE Y of 0 Tl tinkage

actiorwhida ertendd berweemthe qivot platé BE and b Jowniwaedlfabpedding arm of a
axe?. For x notion, noves along its axis
i

in 164
fapk di’g- 165 hey Blald2 ralaies shost ;ﬁgis k&t extonding in the y

i} | - : i At tact, on
TS0 B8 s (7165 WP Ko BNl 10 0

axdigection &drtd. €THIO ipdenelbfoughar hdrlohtallp tex@hding! #mléfthe bell crank
rolls around a circunferential |ine of contact on the

subRarichseats the Iowigseng of p dirthsr linkagr8.ohispheingl 8 lirgage that is

pCiEETa IR 5 51l RCBRHID sl hEP BB S purforonse i Bjgure 10
s el uppet el of linleigaB seasone Aoviryf woile 301 Tk pithh %fve bell crank

train. The pivot plate 90 first illustrated in Figure
8 112 I douimilled cpuxiahy ovith e golp@rivie bell aeank 56 bybire totfeer end of the

i I i fa. h,,or he .
RT3 R, M AR BB R bl s on e
pliafeem@fatarvebrii UEBOMAEHE 1HRBENIE Bsh 86iiBite %o tRE} Urive when the
crank 172. The bell crank 172 rotates about an axis

1 28l ki bl 2nigmagnst stagicyand dire videsi the piietel dgwe wben the bell crank 172 is
tr ' el [ force framt i nkage 170 to
o AR sl o BhLED A K G R BR P gh o

hori zontal ly extending armof the bell crank 172
whi ch seats the |ower end of a further |inkage 98,
t ﬁﬂayiltgep% desraibed grelgel thpaix dréve trains, the overall motion of the moving

world is summarised.

Figure 20 is 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
1. 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 motion, and the set of three parallel linkages provide z, roll & pitch motion. The



10 visible in Figure 8 (but not |abelled) and first

described with reference to Figure 10. The upper end
wohodsoagege 98 seats in the noving world 30. TReT@B2603/000307

drive bell crank 172 is journalled coaxially with the

roll drive bell crank 150 by the other end of the

aperture 169 shown in Figure-28A. The pitch drive bell

crank 172 thus rides on the internediate world 166 so

that the |inkage 98 can contribute to the z drive when

the 1 osed to

oyt P B iR SR RORE o) P ordRieoRt tiges ok o

”mf@e inh@e biiokagaesfh. frehdatifioretotthe d:dmeﬂatuail(hﬁaeﬁ%s frquy o ggometric

now descri bed each of the six drj

t
ov@néwmntprﬂtw@rbeowppqu@tqgomph@e bl parts Gt e it iaes;in g prior art
u%g(lil esalhé?t%gl? HRd {ncﬂ%ﬁ ps?ﬁér a\éeo Yi a%WsééKEFRﬁﬁ@ h8M together

1850 opération of evi ce enbodyi ng
5 ? 1 ﬂttmemtenﬁbmﬁg bl%nieﬁtshhatameﬂpm efitheilinfragdsdhgmsebves are used
I gure . In the prior art design, there are

thm&@epqugn@mﬁa}ean‘veélrlon. nkages acting on three
mutual 'y orthogonal faces of a cuboid. One pair
provides x & yaw, another pair 25 provides y & pitch

anhvidpedésdibéll pRi devipenhistelying the rlmdrdntmmt jonme applicttiens examples
devi ce enbodying the invention, I S. one,

paramnpwl givenkegaasteate |ﬂ#‘g V@qqatgny,tpgttt vd@oy(gg 0 gtaul%%a:e design

et t t
10 sé@B?ﬁﬁ’%P’é?é/gJerﬁtre%‘gh ga%r s1t Ellégona o@&{ilofet V9 | ?lg{eadb%ard used

adgi mbemidd Brienbted ﬁlabhﬂﬂea Iymﬁnélhseammlaptﬂne ngsmnndrh are opposite
interior o t he cuboid. The fl exure provi

notanded totthe ppritiones flesseibed with refereregy s ls‘ﬂrs%géi% 2&- Thigghange is of
yaw not i and the set of three parallel |inkages
r‘&xl?a&‘éc“ga”%’l‘ Ca8°Si t ch motion. The WD 2004/ 068022
PCT/ GB2004/ 000307 -29 nmoving world is thus
mani pul ated fromonly two of the cubojd faces,
15 opfigered2t showhriewr idavicete appngsd upHghieid) §rerossn hogaipg R @ first

to the conceptu |ffe

CabDguRAR SRR ol LRSS ol bETORALF RSl o win
PahhishrOdm t d26ssl PO SIdts Th fH&ebEBElp)ﬁteEB‘Zt whivheenmage with mushroom
w res that can bend and tw st, whereas ball and sqcket

j aihaped rﬁamersog@@aded tg hwles jimAhemreadbeasds bhghis guratlon four
el enents t

LsBQving torit ard £ 28 PALL hOShbN RO S tHel) TR HeVEEmBEE using the
20 side slots evident in Figure 7. This kind of arrangement is useful for small integrated
optical devices with multiple input/outputs on different sides, such as a four-sided

optical cross-connect.

Figure 22 shows four devices arranged on their sides in a square according to a second
25  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

30 breadboards on their upper surfaces according to a third applications example. This is
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that the cuboid, orientation-free design 10 concept
provi des. In each case the positioners are shown
relative to a breadboard used36or nmounting. It is
noted that in the applications exanples, the
Sositioners are opposite handed to the positioner
[ e,410; : Swi
A BBt delod P LELFRECpACin L BHEGE sold e pRsGith greve of
s tgragdetl otescistiibesd ar & anaéatd wptica table grid (€go3%nm, 50 mm, 1 inch
according to a first appljcatio

le. _Th .
pgs 2tingiheiag Reapplisd onfa g SEQ; qqygrsgfﬁ fs)ég 135&% ggsg tal}ecpositloners fo
lé"%%&%e EBF&WO%%ICfU?@ P o échgﬁrdngﬂts 8k %ed&ﬁ’?&. he 18 aRaYefeRt, a four-

whi ch*engage w oom shape ast eners
t Rideadpecilocrbsl@anén cohld ter maditedinl a fixedt pusition in the central gap
configuration four noving worlds are facipng each
otdireetly on therumderlying hreadinaid cad, CB’ethEIS%Qﬁﬁé@Pi}s*}t fd sygfaces 34
si gde. sl [ ' QLI [ '
> SRR 58l boE oS fpa e L Rfieioe;con be mountd
deyi €Riplink iftonukitduplo€ ohé pE tHeofotp ittpait/ontpdi Hdérey efthe cross-connect.
si des, such as a_four-sided OF“ cal cross-connect.
FiFgol Sbrepbloplo aruld Sins bedndeperdently megaplaied wihithe dgsged degrees of
[ Egd%gyare according to a second 25 applications
ex%ﬁp €. Here the positioners are bolted to the
br eadboard using the holes 66 and/or 68 (see Figure
7). This arrangenent provides a very |low profile

|
mifigure 24 shewpb¥e deviens agranged Wit gneniertes QyfgRof the other according
i nt | ion. Fi . i .
085 e s Nl g, g vin

3Q1abﬁd@ﬂgi bRREAGODBhdWiBithat RBAE 8 Whd dde graeeoindihagop covdr 38 (see
third applications exanple. This is WD 2004/ 068022

P&igw@B2p04/ 000307 -30 similar to the second exanpl e,
but in addition shows how plates with arrays of
t hreaded holes distributed in a standard optical table

g rﬁighré ©5Ghowb o dbAcelFangkditdigher 6ide Dytsidd¥ndearined on their backs
bolted onto the side covers 36 (see Figure 7) of the
pastassedriandreasboprd @osarding tqos Hfth spphiqabiens gxapiug. Long through-bolts
Co(n to&%r\}&n etxgenae[hrso%fg: rtv%g ‘or lnﬁ‘or‘é %If héhoRI S8 Hdfor 63 tfoolycflt 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 arrangement 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. Each 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



5 sided optical cross-connect could be nounted in a
fixed position in the central gap directly on the
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attachnment surfaces 54 (facing upwards) of each of

the nmoving world parts, a fibre block could be nounted

for coupling into and out of -8he of the four

i nput/out put ports of the cross-connect. Each fibre

bl ock coul d thus be independently mani pul ated with the
d@&h@%&l PRHMARE fEB‘m HOwbFE e\aPnmchOpFfovidifly 5h@WBepiioRally elegant
devi tes “arranged wth one inverted on top of the other
aendbprittig] desgmsdlogern. {Aaptbei applicgivgs @xmpleenvemethtsmangement

D oD R POTRIe T RGRGET oA e AP pihining ppwards
t Ii"ﬁlstcﬁa\ﬂ} BePyé&d t%Smgﬁrﬁ osﬁﬁ)ngﬂs%ﬂraehl h -le¥ell GH tBe SorR RPN¥R, with the

i ces ganged get her si de- by-si de and arranged
onaﬁlimgl teilpaedsed pec ahmredhe rwaak bspmd bcgarmitoaa; @ontey. hdn the present
a flfth applicatjons exa throu olts not
sﬁwm le.cthe arepstat ’6‘85?1“‘% %Feﬁql{s Gte gt Hl?i 188 g8 baiRg only a

i liisBilod anﬁ)%l h éﬁ@bfé@&ﬁo‘ﬁ?& dRG&} ATy, AN @oroarxtaﬁlple the

F eadb oar . by an L-bracket from
t hpphdatlexadéiaxﬂs do aufrdeaspace npticas Isctv‘m) irowhioh the qesitioners are being
cleat. Thiis arrangenent coul d@}‘J’e used for., cou

et PSP e PO AR O PR VG G Somponents, a
engédjn indQuh fe gﬁan%\g elcfoskt & tl*%rlﬁéegﬁﬁﬁrddsu?fatz@ CtdnSedudRtly, other

acing the Vi ng on which are
maptit dompménltshhehé)iemmbsan Bagivef sloremblntoigsits irtchaase stability.
i ndependent|ly mani pul atable to 25 align with either
end of the U shaped wavegui de. Wth this through-table

5 éﬁé’é ?ﬁ sh%é&‘ﬂx}?@e‘:gﬁv@&% %Elg%fd'ntg Bethdr\Gaediby-Yife 'sé}fé&'ﬁteé BY Spacers and

pl ane Jownwar ds- and I'yi ng
b atraugddnepright lonsw bfeadoardCacsedjug o laysiathl ap;ﬂiwetmhm axample. Long

and their connection cables re out of si w t he
bikgasiohelts @ebistsovy sriene ?fo@mfe t@%h Pg ﬁPB’Igf 68, and

2%%4?‘5%@2%&‘%0%’&%%0@0@ %Cr?%lspé%téﬁuém\r/%n%“vggd between

f ragpicédigosiiolereTVhd eppucess tprovide gd’lamg freadem of pnm\@mﬁlnt pf the three
el egant and pract] cal de3|gn sol ution

appviegwpdasindha pslitection, dhe dlackiof thieg aqasgf(w@ﬁ% i3 then secured to the

breadboard using the base plate. This set-up could be used for manipulating three
optical components in a common beam line. Another application would be for
alignment of a solid-state waveguide 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.



and adopts one or nore positioners lying front down
wWth the drives pointing upwards. This can be used to
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with the 5 cabling being routed out above the work

space, e.g. into a gantry.) In the present exanple,

the recessed nounting also res32-ts in the manipul ation

axes being only a short distance above the surface of

the breadboard. Consequently, if for exanple the

apPigheals 8 JcREMARSsysRmAdhivafy SHIBRS b g the inventi
wWhi (f:; h the positi oneryg&ar e %Vgi%n%leaﬁrggege%‘g%ﬁ?ﬁﬁ%@emg invention
t hiatagyaied wikne srontel systiio rang dgpitaloconsmments i ofearo ptifoaated system

co nents, a .10 beamlin an be arranged quite close
toép_??]olgylﬁlge%&% Pﬂm§y(§gfvécc?e50(%85‘§€ &nel Shge Wgﬂﬂ‘m- The positioning
O Pddvecd! 2000AR00RMN fovifle WoRA28D TAfinGfin %mﬁig}é?gh%m*kgﬁéor 220 is also

m)untiggsto i ncrease stability. gure
t resageé adiseentgten hedmouipgt werld s230e toyneabute  epanatedrelevant to

BB AGoR 8 S PRI Caeriplssl B drBPESIBgiepsty through an
t hepaieahfibi@! rhe cERbr S5PWR be g%:?%ﬂiaebgﬂ; nggg\é@ @% tgﬁ%:gver 38 (see

of the holes 66 and/or 68,
( iggurstywhithe positindeti Samples spelxearrapied o art £nfved@ Avadthe moving

A B35 PSR HNE D) 112 RS S isen
Wahé8inke s dabiry 248. TRE sixQRotiod el b ﬁ&é@(@ne‘f Eb@ ﬁrg driven by six drive

positioners is then secured to the readboard using

t lrontrak eabidsafrem artiive satnectpr €Rubfda bentrtsl ahitf Z80. The control unit is
rraniﬂl{oﬁl(ﬁt i.|i1lg thrEe éo olgti cal conmponents in a common o
b ARV IPPHE A BERRSY Uprh Cornesiorvded-daisdled &¢1, G i dfefar driving
of maltipR! + ui ] i i .

THRBR BRI ENRR THE ok #0 18b cbpelsi 2R 254 and 258
mifdd|cenudcting etot theewbpnil6, ecrsos 220d ddd tatheral 240 réspedti@ly. The
opticah ;ggnes gn nted on the two end positioners. 25
Figaralles250s {ader highey leyplcontrghbyya gompyisr R} via a suitable interface
Sid®- R%widl r | ght . oar

O O FHOEE P Reh AL 2 BE el VBRI grerey as 2
sisphdraatictexatipée ofpr tgpicallsystepkbi-opindmay B addas desired. Moreover,
mLth.pgvéﬁg%ers nd four positioners instead of o

t AF &d! Harhiabds pegitiowing doviceeade used withoguintegegion into

i %n%u&ﬁﬁh%ﬁaég)sféﬁ-ﬁyﬂ em drawi ng showi ng a device
according to the invention
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positioning device 200 includes a noving world 230
for nmounting sanples S. A sensor 220 is also 5
arranged adjacent to the novi |gg-world 230 to neasure a
paranmeter relevant to rmanipul ation of the sanples S,
for exanple light transm ssion intensity through an
optLAfMS | bre. The sensor 220 can be conveniently
nounted on the top cover 38 (see Figure 6) of the
positioner. Sanples can be arranged on and renoved
fromth ving world 230 by a pick-and-pl ace robot
21 undgpgg'@Gﬁdﬁ@“@mm%CQHﬁﬂﬁﬂﬁé vi si on system 10

i ncl udi ] 40, - 1hQ .si [ . of . .
posi £ caar o0 e el Tuale Beee il 88 AEGRel 4 plupivgeor anve

f rioputsy drive connector C2 of a control unit 250. The

control unit is Elsrovided with a nunber of such

connect® s Z5moyahiseprEgheying @ surfagenfor @itachingjagample to be
dsitiBh&g:Ragi tioners if desired. The controller also

has cbnnéctors 256, 254 and 258 for connecting to the

robot &P, sepmeditp2D daive teanercAnd4ed beswres ithe @live idfs of the
15 cantrol l er 250 is_under hi%{;er | evel control by a
@

cdHisd Rt 289 the anavably pams) thei trgine bedmp configuwied |to bmove the
. '. . S _
PRSP Hghe 101 RIS AGRRN AL i rgptv o

sydivedn@med, - up and may be varied as desired. Moreover,

it will be understood that the positioning devices can
be usedhtieetedsrd indkatgrati on into an aut omated system

20 REF 1, EP- 961 \W0D.2004/ 068022 .
pCT/ GESboa B At B ﬂ%é“i?n%gné‘ﬁ?ﬁ ?ta%a%t two of which are
pasthbganerto eohpsthad fQall¢w)the thovedit Partt tohBY iaRdngid ¥ different

mounts for receiving a plurality of drive 5 inputs;
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 according to claim 1 or 2, wherein at least two pairs of the

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

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

part has a further face on which all 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.



(b) a novable part having a surface for attaching a
sanple to be positioned; and (c) a plurality of drive

wonreasssreonnect ed bet ween the drive inputs of POE/GB2004/000307
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fixed part and the novable part, the drive trains

bei ng configured to nove the 10 novable part relative

to the fixed part in a plurali3gy of notion axes

responsive to the drive inputs, characterised in that

the fixed part has a plurality of nmounting faces at

| east two of which are orthogonal to each other to
all ow the novable part to be arranged in different 15

orf. ent & ipogitione? . acéorfiingi tbi ddaiar 5 ag @ wiiergn tiee dhiee mpht face has an
wherein at |east three of the nounting faces are

orREFRSY appature o1 satyPidhe,dve BUNS A positi oner accordi ng
toclaiml or 2, wherein at |east one pair of the

nounting faces are parallel to each other and face in
O[#posi tfe pdsitiondri avosrding. toAclpias 61 6 anel, wirean dha1drive input face has
claim1 or 2, wherein at |east two pairs of the

NEGERSS ARETIUERscfer Al asbset phiherdsive Fas 4o Hant ke ipppts te hat subset
O%K?Qrﬁei&ﬁreq}aﬁ ctions. 25 5. A positioner according to

any ‘one of € preceding clains, wherein the fixed

part has a further face on which all the drive inputs

are arranged. 6. A positioner according to claimb5, i
wifer ei f PhEtigner gecordipg to preny of ghaipg |3 te)8, fyther gomprging a piezo

R L L Ll
positioner according to claim5 or 6, wherein the

drive input face has_an access aperture for each of
t HO. dr iA @opitignefsaccarding 1o 88% ione i etlaigscdridi hfurtherc pempyising a

o Brcesd 43R Hiilnd Bcalukchel WML o rpdfhace FCOTS
limt drive inputs to that subset

11. A positioner according to any one of the preceding claims, further comprising
at least one through hole running from one of the mounting faces through the

positioner 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.



of the drive trains. 9. A positioner according to any
one of clains 5 to 8, further conprising a piezo 10
woniumeklzock attached to the drive input face. PpED/GB2004/000307
positioner according to any one of clainms 5 to 9,
further conprising a mcroneter drive nounting bl ock
attached to the drive input fage. 15 11. A positioner
according to any one of the preceding clains, further
conprising at |east one through hole running fromone
of 4t he ! f t.hr 14t].0 t
i g B s Rl ol e biihe ORI s & B e of the
t Qiriad ftrabideinOfuded eruipuadig edniagtisgd dossed puerdi spidofethalBan slide and
movabl e part is confined to fit within a corner
paptateg eseh gther racgomaiadaiednaygmeniof the gthes drirg isdins.
coincide wwth at |east sone of the nounting faces. 13.
A positioner according to any one of the preceding
5 cliai ms,A whi-akid pokieiofiéri senprisir: Ns i ncl ude | i nkages
whi ch each conprises a rod connected at either end to .
an end (a5 ppafiked paghhaving fava meentgfos grertvingch phiralliy of drive
rqglR¥ a joint, wherein the joints allow the |inkages
t 0 Accomodat e novenent of the other drive trains and
the joi(pf s af endi@bld phif dBLvirnkO D k®FHIe0 Ford YitthdhFhd 12Rhmple to be
bi asi ng el enents. WO 2004/ 068022 PCT/ GB2004/ 000307
- Positignedpapdsi t i oner according to any one of the
pr ecedi cl ais,,..at .l .east one of th drive, trains
10 P07 uad ot il o 4338 g SoBuectall pefbieat Spe B dhmuts of the
t Hded Gt Shd dRe &H&ab[&?ﬁ,eth@ndrﬁécﬂaﬂg heding @onfigured to move the
acconmodat e novenent of the other drive trains. 5 15.
A manable-paxi wlasiys ite thenidxed paoriprai pliradity ¢finotion pxesdegpnsive to the
hayi ng drive nounts for receiving a plurality of drive
iﬁ%ﬁ gﬂ”%%) a novabl e part having a surface for
at t achith® dave amlseincRidP9inkRES| WhieA4ch *Bfhphles( £ ro@ connected at
plurality of drive trains connected between the drive
i ephersendftotanegnd part, each end part being connected to the rod by a joint, wherein

15
the joints allow the linkages to accommodate movement of the other drive trains,
characterised by

resilient biasing elements that hold the joints under compression.

20 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

25  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.



fixed part and the novable part, the drive trains
bei ng configured to nove the novable part relative to

woOheosfoesee part in a plurality of notion axes PCT/GB2004/000307

10

15

20

25

responsive to the drive inputs, the drive trains

i ncl ude |inkages which each conprises a rod connected

at 15 either end to an end pd6i, each end part being
connected to the rod by a joint, wherein the joints
all ow the |inkages to accommbdat e novenent of the

Oyger ar i ' i ' i ression
ot et P FER B CREF CRIyLY 015, VBRI

16as Afqeesintthe rege ddadta O gt or 2ltail inkgbso thhktheilinkages are capable
| east sonme of the _joints betwee the rods and end . ‘

p&F WhERRAIG BN 5YrCss GeHCY BloRe i lkage & oy e omppssion force
hel d under conpression. 17. A positioner according to
claim 16, wherein the surface is conical to |ocate the
250pi n Aapositivmebaserdifig thanyomeaf clans AS pp$9,twierein at least some of
according to claim15, wherein a

_ C |l e sk songe .of the d
j dhentesilisat hiasine ekmepomnBarnal ti akages PYpaergnpsried under

g%##&%g%&%%@g@%§¥ﬁﬁﬁéghg8¥Ek%%%§é§$§%éf according to

any one of clainms 15 to 18, wherein the conpression

has a force in the r,ange 1 k%f to 20 kgf, .or gt,o 1%

k@i so A pesitienes apqoriing e claina 20hgem the fesfliqnt biasing; elgments are
t i . C . i . . -

c SRR i 3 B EA B IR R SRR hAtbFaying o pith
ongat¢Hedad serpitch®f tie doflls oftterielical aprihg alsd erslopaetsdieingtdoenected to
resilient biasing elenments formparts of the |inkages, .
béhakelicalnaag by thiratied eng@@eahofbtgﬁ theeaded pertiony ipte ggﬂng coils.
and their adjacent rods. 21. A positioner according to
claim 20, wherein the resilient biasing elenents are

1@2hel i pbsitpdr mgsoraing tbhaimnl, petferen aliethpeanied podtioni ehthe end
a threaded portion having a pitch matched to_the

pibagHs afmale ghreast that léﬁhlfehgﬁdwé% b insigsr pirthe heligal spgns, or a female

C s B ERRRERHS B il R AR oI TE 7Y (e

spring coils.
23. A positioner according to claim 21 or 22, wherein the rods are provided with a
threaded portion having a pitch matched to the 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.



22. A positioner according to claim21l, wherein the
t hreaded portion on the end 15 part is a nale thread

woOhed4/068020 hr eaded i nto the inside of the heli calCT/GB2004/000307
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spring, or a female thread that is threaded onto the
outside of the helical spring. 23. A positioner

according to claim?21 or 22, werein the rods are

provided with a threaded portion having a pitch

mat ched to the pitch of the coils of the helical

sSpyg.ng, : : j . e lical

SES ng BT iphE: felaing b A CAPBRTHER 1o ulBleh R east some of
pahe iesilient biasing ceprengresiphsite 2dm the Pdcigtd. oner

according to claim 23, wherein the threaded portion on

the rod is a male thread that is threaded into the

i ngi de pf t; [ rj - a. l.e fhread. 25 .

i e S e e B et P TR a8 iy hEEfein B fixed par
s pras agplurhity of masiting daves aeleas? tlb g whechCdré bith@sdn@l toéch other to
mh?rein the threaded portions on the rods are formed

by?Liod the Bovakleipar|to By arrangsd i difiseeng okentatinmsy od. WO

2004/ 068022 PCT/ GB2004/ 000307 -37 26. A positioner
according to any one of clainms 15 to 25, wherein at

| €8st sdpesitbnert fveord@gy foi @13t orlei GrSé1fiense] £ R DY, SwhéEin the movable
separate fromthe |inkages. 27. A positioner according

t Pty copfinegrto dit yithin 4 somer partionel p elibpid definddxlexisip planes which
5 : | ' ing faces at |east two of
mc?gﬁl%r‘glt%??h%%%%@% O{Eggg}é)gﬁg%‘% ﬁang.t o allowthe

novabl e part to be arranged in different orientations.

28. A positioner according to any one of clainms 15 to
279 whe'* BPHUPIRE apgydiBE 0 apuene ofclaimsf o8t at Ieast one of the drive

Wit hi r [ f a cuboid.defined b ]
oI GH RPLnk ng Lrcset1RS B 58501 B Sl M gmd rotate on
meact dther hacesmmaate AoRermbht BN otAGCRIVEItAThst 0 any one

of clains 15 to 28, at |east one of the drive trains

i ncludes nutually contacting crossed pairs of spigots
that c | nd..rotate on. each other to
alg?'om&@gi_%ggfﬁggé&&compgs&gher drive trains. 15 30.
A mul ti(aaxi a1 fiRed pa®MavingCRINY hiduME: for receiving a plurality of drive
inputs;
)] 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 movement of the other

drive trains.



(a) a fixed part having drive nmounts for receiving a
plurality of drive inputs; (b) a novable part having

wea 80nobeee for attaching a sanple to be 20 po®crigm2ewt;000307
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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 38nfigured to nove the

novabl e part relative to the fixed part in a plurality

of notion axes responsive to the drive inputs, 25

chgrac A?ﬁés?@&ek Fcctoﬂfﬂi & c1AifPS0, wWikRiRht 164 ofl bV&ich CRISER pair of
i ncl udes® nut ual 'y con acting crossed pairs of spigots

t bpigodnashatdén evosk-seotiat.e on each other to accommpdate
novenent of the other drive trains. WO 2004/ 068022

PCT/ GB2004/ 000307 -38 31. A positioner according to

Clygi m %OPoéfP&{e?'agco%mé 6 Slin? B8 o?Ble@ﬁ&eﬁlrtﬁééﬁﬁsé&aﬁaﬁrsfo spigots
spigots fs arcuate I n-cross-section. . A positioner
acontactisagh bthectappintidllyor 31, wherein the crossed pairs

of spigots 5 contact each other tangentially. 33. A

positi oner according to claim30, 31 or 32, wherein

t cr r r i3t [ ;
clég’t aC%%Sgﬁgﬁér %08{(1}{1&?{6' &9131? ?gs? :"52%2 g&llgégéli'% éﬁbef;rossed pairs of
arspipogesret Maitgndd & rauhtlad:tngltﬁ oaracle cmhierohil}e aofesilieat biasing element
spli gots towards the other. P03|t|oner

adEenERd Ty ckert ampllingdore o oae ﬁ%ths gpiggisdawargds teqthery e

at least one of the drive trains includes at | east

one |inkage conmprising a rod connected at either end

t @4an engofiasicr acaurbing ol apasie dfedlaigsAONWES, edietein theet least one

rod by a joint, wherein the hl10| nt allows each Iinka %
t of s @mﬁ)gggpé inghydesab deagt onerHinkges, epmprsing airpgdcpnnegted at either

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

joint allows each linkage to accommodate movement of the other drive train.

35. A positioner according to any one 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 concerned.

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.



35. A positioner according to any one of clains 30 to
34, wherein the at |least one of the drive trains
wonedqoder2a flexure to constrain notion of therPowscH2bE/000307
part induced by actuation of the at |east one of the
drive trains to the notion axis concerned. 20 36. A
positi oner according to any oB2 of clains 30 to 35,
wherein the at | east one |inkage includes a first
i nkage that is connected between the fixed part and a
Chgnk 1o Wl i nfs 30 1S BBIMeSTike&d part has a
a? ?’aché‘d@%@g&gag‘g&g?@ f%ggea?l&g%%g%dcﬁﬁg{ St o clai ?n 36, P
WhRility of eunting faast atdewst twaikdagkich atsl arthegoral t@ Bachetibgrdo allow
1 nkage that is connect,eoclwgetv\/een tage novabl e part and
athe mewbigRAriodesERRE LN difeTERf QIFBIa3PRr one of the
crossed pair of spigots is attached. 38. A positioner
according to claim 36, wherein the other one of the
5 crossed\ paditicner afcoaflingab siny wnatdf atdimd 0otot I winsreib|the movable

art. 30 WD 2004/ 068022 PCT/ GB2004/0Q0307 . - 39. .

D oatis edmed 425t HIthi § RPN of 2 e%cﬂféefgt?ﬁ&a' s plines which
gLl SHPR gslGindr L HoBhke/rpls, TOUNE i ng faces at

| E8F'TWo" of Whi ¢ I

are orthogohal to each other to
allow the novable part to be arranged in different

orientations. 5 40. A positioner accqrding to any_ong. .
oftlel aiAvBostiones ageprdipg &e aphonent %V‘é&oeto 4%&?”?‘6’76 the drive trains
conf.i he it withi > ' f i

10 SRS e Ui A Eop AT nRhA A, 8 ATl cnd o

S@AEh ehd phe Epntomgettdaeshe 4dd b gsits wdweerin do poinlis reglow the
to any one of clains 30 to 40, wherejn the [

drive . .
{ inknges 19 GereROMS POTRESBISON P AHies Ao SBHfs nddbe doipis e held
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inputs;
(b) a movable part having at least one sample attachment surface for
attaching a sample to be positioned; and
20 (c) 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
25 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, 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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connected between the drive inputs of the fixed part
and the novabl e part, the drive trains being
configured to nove the novabHe part relative to the
fixed part in a plurality of notion axes responsive to
the drive inputs, characterised in that 25 the
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47. A positioner according to any one of claims 42 to 46, wherein the at least one
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



sanpl e attachnent surface includes four sanple
attachnment surfaces aligned with the four externally
woacisgsepdes of the novable part. 20 48. A poPBCTiGB2604/000307
according to any one of clainms 42 to 47, wherein the
novable part is L-shaped in cross-section to provide
two externally facing sanpl e -4ttachnment surfaces that
extend parallel to the internally facing sides. 49. A
positioner according to any one of clainms 42 to 48,
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otuder compreasibohy rdsdiembbiating elementst o be arranged in
different orientations. 50. A positioner according to
any one of clainms 42 to 49, wherein the drive trains
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trains and the joints are held under conpression by
resilient biasing elenents. 51. A positioner according
to any one of clainms 42 to 50, at |east one of the
drive 5 trains includes nutually contacting crossed
pairs of spigots that can slide and rotate on each

ot her to accommobdate novenent of the other drive
trains



