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This invention relates to the positioning and holding of a tool relative {9 |
. , P t XY,
a wor kpi ecooi/oéhisch the too! is intended to carry out onegel’ndm,l’lfaz994 -
operations, and is particularly but not exclusively relate ~
manuf acturing. !'n manufacturing industry it is comon to carry out such

manuf acturing o ‘ “ ns on wor kpi eces as neasuring, drillin mlli
cutting, m@mﬂwﬁ@%‘l ‘;g and i { Y ch opera@” lﬂﬂ wmﬁm”
known in S orm no §ﬁ.o£m@é%¢ E ention p Hﬂ mﬁ’ er
the terns "toob®%nd "tool s" as used hereinafter should be undersvoed to
enbrace all such apparatus for perform ng any such operation. The accuracy
wi th which suc e

accuracy requi :T el-]tldsO ﬁ}l%tnﬁéﬁfr?%?é ﬂ?éjgg&tlgﬁﬂgn app p?)%stoloﬁ)‘c\% \g%t%ah
degr ee of warkpieaeyni whichdiué ted jis mtm‘cdmistotdwryamutczrr@fdir foekiepenations, and is

significant pr i on of he manyf acturin tlma and cost 1s accounted for
by the neé’@r‘?%‘?%%éé‘l’%”qt%Llsﬁfﬂ')érex@tsgée&ﬁ fa¢tyringsi ti oned rel ative to the

wor kpi ece in order that a nunber of manufacturing operations can be

performed with accuracy and at precisely defined |ocations on the surface
of the workpiece. In conventional manufacturing, tools are | ocated by hand
with the assistanvsnefaciuripg industry xt is eommén db carey out tsligh amangiachiringat ed

itens in th el ves. Alfernativel 00 ocate rob ,
hovover s SEETRENSCHn WDPlanSt) 3 measAfler ot FiliBEE iftiod dolinfersiidh,
where the amruhep@étmfgr fodISfASURAG eétwrrsea&ewn@wn/m fhecirt aRe férm AY pako be
carried out over a large area. ccor di ngl t present invention provides

an appar atfidhedpresest mV@nhng mrdsmoh@wagera%lheotﬁrms‘ert@pl"v@nd otaplstoas pisede

vor kpi ece Mereinater, 8AGuH e URKCAR @ Bvhate A Ehol Abeati&dEr Berbifing

wor kpi ece ariylich@péragorireans bei ng sel ectively switchabl e between a | ow
grip state in which the carriage is held agai nst the workpi ece surface

whi | st remai ni ng capabl e of novenent relative thereto and a high grip state
in which the WO 02/ 06003 PCTI GBO110299.~ 2 carriage is held

substantial l'y vﬁéeg&aq{ag%m Wﬂrchpé&%etoaa%?ecsoé.%né@?s be énaéhtgg;pﬁ the _

operate thereo arrangenent enables™a nanu actu ing t
nmoved overle\téie)fsamnm refjuixed/dm Ithn finishie tpreduct prie @ppétatigseitewbichi mhcgh

i1 st *maidegies o 2raranc i JaRyroc, Bt ras, dBar BUGrr, (ARG, | AcuoBRRan,
moves the drg8brtibA éfhﬂxé,l ﬁﬁa’i‘h‘fé&luﬁﬁg iR ‘éﬁﬂkéds‘?% a@eenﬁtédhﬁ)rnw&h@mbat foon i's
to be carried out, an

hol di ng nmeans switch to ighgrip state so
as to hol censhies thasitoola aa{efaczumteip@psmpnedlralatlmmtm Wtkﬂlecmalmwdﬁpthﬂt@

per f or med. PEbeG PT Bt pREnRa sy A0hbH 4, 3BSbRoMad M E Rl BBt
be conpact ré&geryEbléﬁne@Iwcatmp@mhéesm @prm@rwdmmédm t ha eoderftibnal
tradltlonal j 1 g-based tool positioning nethods. Moreover, nore than one

such apparagiigfagiyinge tepje @re docatesd by hangewith the @ssistancesefiigs ang Thdures,

Prrme, | TnaiEh &y e shity'abl F8pdiGaRy HehgH fsisoliq¥ SaRGHELQD, SRIEG Y | 19
the carri dgeatedaibystrobdte amtskphmevemlsUsh methadsmaneng:osaydanuemfmenﬂ)s not
perform ng a manufacturi nWReratl on, .sQ that theagﬁpar atus can alte over

t he entl r dnagguratee PEFtiIGURMYWWIRF theaworlipiage.is laras realEes, sighosgve;
I t gé}gb tached f th f
angl e, h@@@,éﬁy@rggg st AR GvePs yrgt;ﬁge ache romthe surface.

Clearly t tractive orce exerte e holding neans to hold the

, carriage onto t r

appr ox mat el y doaBER HE8 bRt MyeRub S AWed 4P sbbas 5, RBfioning
hol di ng mesrbholdingna tthel r’elmiveqwaowsﬂq:i@ce tovaptising a safniad foncenveying the

’ tool over the surface of the workpiece and means for holding the carriage onto the

surface of the workpiece, the holding means being selectively switchable between
a low grip state in which the carriage is held against the workpiece surface whilst
remaining capable of movement relative thereto and a high grip state in which the



substantially fixed spatial relationship with the workpi ece, but at |east
part of the tool (such as the drill bit, in the case where the tool is a
drill) sha,lé![ﬁ nmovabl e in order to performits intendedplypsdoi@syoen the
wor kpi ece. g)gtg}t:’tracti ve force exerted by the holding neans i n the high
grip state nust exceed that in the | ow gr%p state by an anount sufficient
to exceed any.forces likely to be generat®ed by.the tool en performng its
funct | on o ATRGRS: RelfDSYantaHy Bl tadhe vréalss suaedoche PaLE WO t he
wor kpi ece %{Pefr%etheredpp 02/ 06003 -3 PCTI GB01/ 02994 In order to nove the
tool relative to the workpiece, the carriage preferably conprises one or

nore el enments held in frictional contact wth the workpi ece surface by the
hol di ng nmeans and adapted, when the holding neans is in the low grip state,

L Tov e Car S8 o ek PSS o BB B TS PelBT e R o
nmechani sms,supfacersieetiofdpiecd batwaahi M@ci@él&l%@é@@ﬁﬁﬂrﬂé@ﬁdi@qnﬁ thergrroinnsrdet t h
t he workpi ece surface in order to nove the carriage relative thereto, such

as cat er pi ItPPrerfaracihe, degied mapuiashidingepanagens whist madtaining the BeesRsarmy
be adi ust ed. | . . . .' .
Pe 201 u=! et BMRcRRRIS"h el BBUNGEIRP iSSR0 98 UL e RGP BrF e
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e wor kpi ece, surface. nmay .be adjuste rovidin rea rns or .
suction (F:)up‘-‘é""f tpﬁgem\éﬂﬁ’tsfﬂi3ﬁjl§9,aq‘@rhcﬁ9<§?ﬁﬁ@ i dixg IS&?’HQ re@tieashipywith
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vachum pur Sy WERGYS: Mlriskd 8o tat I detiRd aHihlind opstetioh °aah K
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applications such as ship ng whe arge nunbers of repeat operations
(such as drapparaiys maydbeousssl par owoskpiene di foner time, |semethimgs noh normally

ferromagnetic (fre ntl.y steel) .workpieces. . The hplding peans and/ or the
carrage | sl AERTFadoma it Rl eineoBR Uit E RSN Pour at i on
of the workpiece imedi ately adjacent thereto when the holding neans is in
the low grip state. WO 021 06003 PCT/ GBOL/ 02994 -4Such an arrangenent,

wher eby the apparatus conforns to the adjacent surface of the workpiece as
the apparatus noWe fumetianoeérthe sheldingsewenswinethe {ow grip state isfta held the

wor kpi ece : [ ; J LOn bty 4 in

assisting t "ﬁ%%ﬁég‘%ﬁ@{aen@’%?@'gﬁ%W%"g'%’z{"\’f‘l@e a'!&%&}ééé ulgigrn@gélg%ﬁﬁﬁ@ué

contact w trhanafadtutingsoperationpsu tHat the apparatisichn dfdam't tervihe lepities sudace he

apparatus noves over (its surface. For a h%lf?giangaoneans ogerati n\g on a vacuum
i

princi ple, Qe weykmecucwneha et sHEaee: PRSP APRIS. PVl fMeHeChe
¢l rount €7 enGgndlit BEXOmiRG TR Min 1B tade. 201daMly HE APheRFoe kered
ed tot ena

Conventi onal suspension”units appli e carriage wou elt to
conf or m t o yhthenhokljrige meansr toaloaid dhefdagriage oota tHEhworkpiedeguriecanin thedlaw
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when the holding neans is in the high grip state.

When the holding means is in the high grip state, the tool is held in a
substantially fixed spatial relationship with the workpiece, but at least part of the
tool (such as the drill bit, in the case where the tool is a drill) should be movabie in
order to perform its intended function on the workpiece. The attractive force
exerted by the holding means in the high grip state must exceed that in the low
grip state by an amount sufficient to exceed any forces likely to be generated by

_ the tool when performing its function on the workpiece which would act to separate
the carriage from the workpiece surface.



When the holding neans is switched to the high grip state, to ensure that
the apparatus is firmy clanped to the workpiece surface it is inportant

t hat thergv(p@z&gmrmvenent of the holding neans or the carrpicagesfsbea m ght
affect th céuracy of the tool operation. In the case of a vacuum system

the provision of a flexible rubber seal @ _the like would enhance the

cl anpi ng of the apparatus to the workpiece in the, high grip state, as
conpared with a brush type seal, which would be nore suitable for clanping
inthe lowgrip,state.. The appar.atus, preferabl oppri ses nmeans for. sepsing
the position of IR I?éé%rator Meye tﬁﬁd?%‘r re@%@’et@oq_%er‘épé‘tpi'%v ﬁlg,e CREAREY R'iﬁf%r@BB’ and
directing wRAfsRdaREhr! of@niembntd AeRAT iiGRoral @ik ith TR¥Wbiipiece

carriage over the workpiece surface between pre-determ ned positi
t hereon. ' sStfabe dydbsihdldingrmyeans andadapted, adidn thet kaldingemeaoaisirethe low

posi tioning .of .the, tool d reduces t ti Jequired to carry out repeated
" tool oper%flpcﬁji@teb)tp Waﬁﬁﬂﬁﬁafrl‘ﬂages?ﬁrzﬁﬂ@qﬁ%'% éPg?‘é%‘ wth a m ni num of
manual intervention by an WO 02/ 06003 PCT/ GBOL/ 0299: ~ -50perator. This
positioning arrangenent is preferably of the type conprising a radiation

source for projecting an inmage onto the workpiece, surface, a radiation
detector for detld& i Ats phanecexBpiismgane R1d Merec whwasls,nvdlhs asgpciated

calculatin - di S| cQ- ¥ S / rgject j e
detect ed b)qfoﬁ &%ﬁtﬁgﬁ att ¢’ a%fde]c%%gﬂbgl Zrt‘%/%ntq%ﬁ%he&{ o%'p,geghgdngi ra@%ﬁp%ﬁé&
means adaptagchngentant icapbblisnofesregdgirag with ¢he svorkpigee sarfase i opdesitd imove the
tool in a predefined spatial relationship wth tEe %oj ected inmage in
response t&aéf'agegﬁ%lﬁt"fgdﬁﬁfﬂ%v ﬁl*'%e%ssﬁﬁteﬁ%'ﬁnﬁrs tragke [1h8i Hictienalsaueegemant pe
a laser. A Se¥micMes 'rRA ¥ 2R 3 ON VisSikl g to
t he human g)égpé%g?ﬁgtélén operng%é)r rrggju\%fégwﬁfr?@&i ﬁ%’g@t@ﬁg' mélatri%ozagoﬁr ce
may be for peoddel tbeaoplimumk dties dor thee cabidges eongisbwdiht then rexydteement Tinet to
radi ati on source, may pr.oject ap inmage in t formaf an_elljpse., The

o at i on Calipe SaTRgoS S UPRawPTRIgFE pufeke: e comttigentof fuctiBr Botyeh theoss,
or a circl ')nm { i I | il RV m
The i nmage ?ée'ﬁgﬁﬁ(%ct edtﬂﬁngglgjﬁi%ﬁaﬁgﬁ%@%@gﬁh%n%re an%rﬁﬁgglgft Sﬁ}sﬁg
oper at i on iog suotidve cups ta thee wheelsfxacks dior examete. ray be proj ect ed

simul taneously to provide, for exanple, a drill tenplate on a surface such

as an aircraft panel. The radiation detector preferably conprises a canera
and an i mage processing system The canera nmay conprise an array of solid

state charge coumecholdRiy BR2NE G&E tompfise & V@ouumxs?/bl@ni (L8@blyocomprising a
rectangul ar. The CCDs produce a charge proportional to the anount, of |ight

falling on higfeifipwidow HEeesiiegeaqUUIMPbaIH agenaee 1P revasats Aaplendmpeharabebi y

pr ocessi ng CSEBRES 18 GRT MM HE GBdRect sutele) BF o TdhettifecifGoneta, .

i mage and aysizm,udcordifigibd dbe haturprafties svorkpitbe; foraysst aBhespavedpplications
the workpiece would not normally be ferromagnetic and therefore a vacuum
system would be most appropriate, however a magnetic system would be
appropriate in applications such as shipbuilding where large numbers of repeat
operations (such as drilling) need to be performed at different locations on
ferromagnetic (frequently steel) workpieces.

/
The holding means and/or the carriage is/are preferably adapted to conform

to the surface configuration of the workpiece immediately adjacent thereto when
the holding means is in the low grip state.



WO 02/ 06003 PCT/ GBOL/ 0299~ - hi s advant ageously processed by the conputer to
identify features such as areas of the sane intensity or changes in
intensity 6 Moshes@Pl e. The inmage processor advantageous| ypdiscadifeeny able
to identl?‘;/ an I'mage, such as a cross, projected by the radiation source,
and to locate the centre of the inmage. There nmay al so be provided neans for

veans or movi ng et POt fehy W#Zé*%%ihé atrfatlS eahBfe Ol RCEURE,

at | east tweorfacé fzheabokpese ddite Bpparatins phcyescthered@irigtrbceesaryyi whereg of
the tool relative to the workpi ece. The axes could be x and y axes, co Ianar

with the adadsracs of heeworknipee Rgekdiced @rﬁopqrnplsér@qnﬁgu@h%ak isHa

" the workpi %aeaﬁfébﬁaﬁs |W“§§§isﬁ®e %l&. 6" Aidame lrf én%uhﬁ%p{ﬁ%i Ghgesh, eﬁaﬁ:s
novi Nng neans nmay conpri se an I‘I Ca servo or acC ed nove
_stage. A rrmemamscmnd:afmactswﬂln eamd:dobsl noé separhtedrarordrrfall afhethelvmrkplecalas

Servos, h optic encoders bej H:sed t ro Io? osi ti onal edback.
The novi ng he ﬁ%}‘f‘ aT”QMeBeovﬁﬁakﬁ gH ?Seno t“h}' quB WPaB'érQPQ"ﬁ @4 & ong
the z axi Svablﬂuﬁd&iﬁd WerhShi¥veP Bl Hro AN 'ébfuét @Jper%a‘?tai‘diﬁwd@let he

8 ﬂ-ﬁ’s ﬁfaﬁ/
wor kpiece it wl ecessary to nsure is oriented
at the cor mcuméefgneercm‘l the wactemt plenmm kpthece itwﬁn&&dhefworlepmqolsurfacm

ensure tha bar es erp i cular,l hr ou cur

Accor di ngl SonRBtaRAAisPao SRR AnhiEE A Airod uilid hele ™ i gpatorm

ori ent ati oo BHe WorkpF6sd sidde @gnﬁghpaﬂdppl relative to the workpi ece surface
and neans for rotating at |east part of the tool about at |east one axis to
adj ust said angular orientation. ldeally, the arrangenment woul d neasure the
angle of the tool (or, nore usually, the tool bit) relative to the

els(pl( gg& Zg;]; a\?\ﬂe hﬁ{?ﬁﬂbsur %%g\lgﬁa 'S ne:%ég? %éf%&ﬁ%naﬂ&ool alfeﬁrﬁ ﬂ%ew(;%ey

deSI red angdeptedotd eonfdrnio rthkagurfatet comfiguration asfethendiorisiece fimawdiately
rotation in roll and/or gl tch to achieve the desired orientation (which in

many cases afiaoenbthaipiowher thebelding maapsig intthedigh gtipstate) . The directing
nmeans i s preferably adapted to control novenent and rotation effected by

t he noving nmeans and the rotating neans, respectively, such that the WO
02/ 06003 PCTI GB01/ 02994 -7tool reaches a predeterm ned position and/or
orientation rel dVher the holding mdamseis dwitdhedvior thei leigh, grimstate, tacensatre théte

tool. Th t bl traoll ad
cont ol ¢ nVIEPBetRY W EERY ioed (ST MTRHECR SHOPRG ‘e MEOBENRAE, (HE | ow
and hi gh g'bbpnéttﬁbﬁémleﬁt oF Ciﬁé I?dﬂlﬁ@%bﬁﬁé'df e Eﬁﬁlé@é Wﬁﬁ:hcﬁﬁghtagﬂe&”ﬁ\et 0

p05| tion and orient the tool betweéen predeterm ned [focati ons
ori ent at i o@ecuw@cyaf \the tap! operationk Idnetbe cage fof @evacun systest, dhe provigon obla i n

vor kpi oce. MBI R SefLofirik Rl RuRERES S SiarhBRb T 4R BnbRrdi¥ioey 1

carry out idrksieesin sesihighcgrip State)rardssrmpanedeith acbrusheyss seals whithawould
wor kpi ece and/or to carry out different sequences of predeterm ned t ool

oper at i ons bermare sititabl fasiclampingria e (¥ app state. Such arrangements reduce
the requirement for human intervention whilst tool operations are carried
out, by making the process substantially automated, and enable the use of
several tool positioning apparatus on a workpiece at one tine, hence

i nprovi ng manuf a'mwppwamsophetereblytgommh&s meansi fon sensingrtbe mzsltdmscfrihleed

b f I d wit f t t d
whi cn, i qPaEee andlan e 1ok el ine workpiGes. Ac, Akedhe aans SRPISR ont
d d
and si de elcgiabl tb Cafifye i DRE&H ’E?Vgn%(ﬁ&r ﬂfe %Brrﬁ&@@h@?@ﬁe %ﬂﬁﬁgﬁ%&ﬁﬁf&&s in

accordance with the i1nvention, I's a schematic

‘appar at us Getweegupresdetesminati ;1081tlcbns theeson. F| gures 1 a and 1 b show a
carriage 1 to which is nounted a tool 3 (a drill having a bit 5 is
illustrated). The carriage 1 is substantially covered and surrounded by a
‘vacuum cup 7, at least part 9 of - which is transparent, for reasons to be

descri bed bel owSubhoa sbsitionirgy berdrbement fadilitatkaethef attfrate? pusifibhing of the
tool and reduces the time required to carry out repeated tool operations by
" enabling the system to be operated with a minimum of manual intervention by an



nounted a seal 11 in the formof a brush skirt and another seal 13 in the
formof a WD 02/ 06003 PCT/ GBA /0299~ _$_rubber skirt; note that the
brush ski f“ 11 is longer than, and therefore extendspturigeen2dosom t he
vacuum ¢ W an, rubber skirt seal 13. The brush skirt seal 11 and the
rubber skirt seal 13 are preferably rmu_ny,ed so as to conformwith the

confi gur at t - i t
ame. manne? et R IS Ahatidefibrt IF siBleafrer ¥ Bipel Eofbiang(K
One notor yaeitation We)feﬁpﬂ)J@@MQ- aﬁsmagblome thewdrkpietes suifbesi @eb@ratron

Substantially enclosed wi thin vacuum cua 7 aée two pairs of wheel s 15, at
feast one GRIEFtosforgetenting thedprojecipdl enagey ¥1d BrosessoN means for calsulatipg @t n
" Figure 1 b i e r S ve
unit 17); 0 eeﬁ\évbl(ghﬁa‘sgﬁgl ro t‘%""%r {azgéfgcﬁeﬁéa "ﬁg&el gg@?ﬁéﬁc%%é
so as to pradiatibe detedidrr reléfivendd thegmglnivet divecting means faaia@temeocmntrcﬁge

“rolls over, vr/mls reventing damage theret.o 15 are pr ovi
with convelPYSmen scﬁs SPBIF9EN SPs 9§ dos Bogl opotY% fQRi/ @a@hpﬁﬁ%é'lneg spaial
reci procat eratrbteawmmth& drBjechRy Whagd tralreéﬁdreettboa stq]nél frﬁ:rﬁrtﬁenmaéessﬁrround

part of the drill 3 i1s a rotary, vacuum seal I's sealingly

connect ed ltn@amacuum cup 7 by a flexible di aphragm 23, so ensuring that t he

vacuum cup 7 extends in substantially unbroken fashion over its entire

surface area, whilst allowing drill 3 to nove along 3 orthogonal axes
relative to vacuumcup 7 (and allowing drill bit 5 to rotate about one of

these axes). MYVh&gadigtins sédrcehnad besa lagsrd Advantagesishotieadidtion slfcd | s
adapted to nove the drill 3 along these three axes, so as to nove the drill

3 left andpfror\’!jiﬂs raa;dl%tmw«rlsrbte ttaether BUMaY, eyese Hidl asuoperatohaay xiaw dhet he
drawi ng, a %%?% r r he
drill 3 so asto m)ve Eﬁ%’@ﬁ,&@ag tl?éé“fcg}gexﬁpé%”g \ﬂatéﬁt[batsregéﬁg\igﬂ)an&r ?m

of the endpwtedtion sistdrh, bit 5. Normalisation sensors 29 (only one is shovvn
in figure 1 b) are nounted to the carriage 1 and are ' adapted so as to
sense the angul ar orientation of the carriage 1, and particularly the drill
bit 5, relative to the surface on which the carriage 1 rests (not shown,
for clarity) anfphd B I Y n fhe £ah 'diIffse0u

Rot at i ng rreansngl Fé&?ﬁg':‘& ‘;Fbr?gﬁ“'r? %BECP ﬁ as&nlr age f%ngﬁ% |as a St eEhe
rot at e t heradiiatidn sombeunay\aﬂernammpﬂﬁeﬁaamdma@m theo2endof g cross, hwrganal

axes substan sur.f ace u the carriage rests,
so as to eﬂ%‘?el‘rbéa a.Bﬁés Bquera%& ?th%s‘zg 'Hgl? 338%9%% into which it
is todrill, or so. as to enable the drill bit 5 to drill at any desired
angl e other than normal into the surface. Control unit 33; which suitably
conprises a mcroprocessor unit and a conbi ned power source, powers and
controls the opBh&imageds prajectadianto 2, surfaceeat miacation whsreny mamnHactuingnd
rotating ur. I 1
‘s intende 5‘{@1&{@ se?ojmb%h né@f tlftwénélféé'al J ege'ﬁtrﬁgy B8 Pifectdl YRfuitahBblAIHYS
provide, for example, a drill template on a surface such as an aircraft panel.

The radiation detector preferably comprises a camera and an image
processing system. The camera may comprise an array of solid state charge
coupled devices (CCDs). The array may be linear or rectangular. The CCDs
produce a charge proportional to the amount, of light falling on them and the
charge from each device in the array is preferably used by the image processing

. system to build up an image. '

The image processing system preferably comprises a frame grabber for
digitising the image and a computer adapted for processing the image. The image



intervention over the surface of a workpiece (not shown), so as to nove the
tool 3 into an accurate position and orientation in order to carry out a
preci se Myyhasdty i ng operation. fn order to hold the carrp@ggsdi/@eé0 the
surface of the workpiece and to prevent it fromfalling off as it noves
around the workpiece, the interior of thg.vacuumcup 7 is at |east

hol dstho E%?ﬁ*%@%aiOLLZvaﬁhdh%S?ﬁi%&éﬁﬁ"agbfd"yf@?%ﬁ%a%ﬁ@?ﬁe%ﬁ?’#f Shotfed AR

t he seal b¢hd\l@amé hﬂenﬁwumohungés am dnteheityyofor réxeeeple AnThé Sinkige pricesbby
fl exi ble and/or, flexi b mounted to conformjto the surface confi guratl on of

~ the workpi é{a“ﬁﬁS?@Hﬁ]M thareby gblente idenfifyan image; sighias @ grassy peeiedied by
plurality @fig Pédl?ﬁc;r%omleécg'n(? fh@ﬂ%rnftr%céftﬁg?rbapéo that anmbient air can

pernmeate the seal - In a con rranner -t ce clanping the
_carriage 1 to the surface is not so great as to prevent the wheels 15 from
noving the carriage. ldeally, the brush skirt seal 11 and the | ow pressure

within the vacu cup?are ne o that, when.the, carri.,age eds to
e e e 1 et ndy, Hish, Dbt Dudate (o5 SeTising i Basite of 36 gel
nore that togtiveidhte Workbn@cé%Uri‘a%@eand/\h%hrfshﬁ)r‘?ﬁé\rnh?% l6atSpam of the tool

apprOX| mately the correct position, the evacuation o he vacuumcup 7 iIs

i ncr eased, relatiye & shagatriagebalosp atdeast W\@abrtlngmai axes. sThipoviliiemablenivery 19
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mount ed as yi gxdsheoplanhwhiithé adiR@lent durfase %tﬁ@m@@lﬁﬁlbéén ard impaﬁmufaaqaat
conflguratlon of the workplace. However, the rubber skirt sea
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The directing means is preferably adapted to control movement and rotation
_ effected by the moving means and the rotating means, respectively, such that the
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drilled. Once the drill bit is accurately positioned and orientated,
controller 41 sighals control unit 33 to initiate the drilling operation,
" by switching the drill 3 on and noving the drill 3 along the axis of the

drill bit 5
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The invention will now be described by way of example and with reference
to the accompanying drawings, in which:

Figures 1a and 1b are schematic, partially cross-sectional front and side
elevation views, respectively, of an embodiment of an apparatus in accordance
with the invention, and

Figure 2 is a schematic diagram of the apparatus of Figures 1a and 1b in

use. ‘

Figures 1a and 1b show a carriage 1 to which is mounted a tool 3 (a drill
having a bit 5 is illustratéd). The carriage 1 is substantially covered and
surrounded by a vacuum cup 7, at least part 9 of which is transparent, for reasons

. to be described below. Around the circumferential edge of the vacuum cup 7 is
mounted a seal 11 in the form of a brush skirt and another seal 13 in the form of a



positioning arrangenent, and the entire systemcould be automated so as to
require a mnimum of operator intervention. WO 02/ 06003 -13 CLAI M5
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a wor kpi ece conprising a carriage for conveying the tool over the surface
of the workpiece and means for holding the carriage onto the surface of the
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when the holding neans is in the lowgrip state. 4. Apparatus according to

Caim1, 2 or 3 wherein the holdi n_g_nmeans and/or the carriage is/are
adapt ed to conf SupstantieHy enclosed evitinMaguua ¢umn 7 drettwe pairkpf wiheels 15, at
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surface an rreans rotating at |east part of the tool about at |east one
axis to adjust said angul ar orientation.

Around part of the drill 3 is a rotary, vacuum seal 21, which is sealingly
connected to vacuum cup 7 by a flexible diaphragm 23, so ensuring that the
vacuum cup 7 extends in substantially unbroken fashion over its entire surface
area, whilst allowing drill 3 to move along 3 orthogonal axes relative to vacuum
cup 7 (and allowing drill bit 5 to rotate about one of these axes). Moving means 25
which is rigidly mounted to the carriage 1 is adapted to move the drill 3 along
these three axes, so as to move the drill 3 left and right as shown in the drawing,
into and out of the plane of the drawing, and up and down as in the drawing.

A camera 27 is clamped to the drill 3 so as to move therewith, and is
adjusted so as to receive an image of the end of the drill bit 5. Normalisation
sensors 29 (only one is shown, in figure 1b) are mounted to the carriage 1 and are
adapted so as to sense the angular orientation of the carriage 1, and particularly
the drill bit 5, relative to the surface on which the carriage 1 rests (not shown, for

_ clarity) and into which a drilling operation is to be carried out. Rotating means 31
is rigidly mounted to the carriage 1 and is adapted to rotate the drill 3 about two
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clamping the carriage 1 to the workpiece is not much more that the weight of the
carriage. When the carriage 1 is in approximately the correct position, the
evacuation of the vacuum cup 7 is increased, compressing the brush skirt seal 11
and the suspension units 19 and bringing the rubber skirt seal 13 into contact with
the surface of the workpiece. The rubber skirtseal 13 is similarly flexible and/or
fiexibly mounted as is the brush skirt seal 11, so as to confirm to the surface
configuration of the workpiece. However, the rubber skirt seal 13 is substantially
impermeable, so that the seal between the vacuum cup 7 and the surface of the
workpiece is substantially airtight; as a result, the carriage 1 is very firmly clamped
to the workpiece. The low pressure within the vacuum cup 7 is controllable so as
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When the carriage 1 is clamped onto the workpiece, the tool 3 and the drill
bit 5 are accurately positioned and orientated by way of the moving means 25 and
the rotating means 31, as will now be described with reference to Figure 2, which
illustrates the carriage 1 located on the surface of an aircraft component 35,
approximately in position for a drilling operation to be carried out and immediately

before the carriage 1 is firmly clamped to the component 35.

A laser projector 37 is positioned to project a beam of radiation 39 onto the
component 35 so as to project a cross shape which precisely defines the position
where a drilling operation is required. Because at least the front portion 9 of the
vacuum cup 7 is transparent, the cross is projected onto the surface of the
component 35. The cross appears within the field of view of the camera 27, which
then sends a signal to controller 41, indicating that the carriage 1 is approximately
positioned.

On receipt of this signal, controller 41 sends signals halting the drive means
17 and to a high flow low pressure vacuum pump 43, so halting movement of
carriage 1 and initiating the increased evacuation of vacuum cup 7 so as to clamp
carriage 1 firmly to the component 35 (as described above).

Controiler 41 then analyses the signal from camera 27 in order to assess
the precise location of the drill bit in relation to, the laser cross projected onto the
component and signals control unit 33 o actuate moving means 25 in order
precisely to position the business end of the drill bit 5 relative to the projected
cross, which is precisely aligned on the spot where a drilling operation is required.
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desired drilling, and controller 41 signals control unit 33 to actuate rotating means
31 in order precisely to orientate the angle of the drill bit 5 relative to the surface to
be drilled.

Once the drill bit is accurately positioned and orientated, controller 41
sighals control unit 33 to initiate the drilling operation, by switching the drill 3 on
and moving the drill 3 along the axis of the drill bit 5 as drilling occurs for a
distance equal to the desired drilling depth.

At any time, data may be input to the controller 41 by way of an operation
interface 45.

Now that a specific embodiment of the invention has been described,
numerous modifications and variations will immediately spring to the minds of
those skilled in the art. For example, the controller 41 and pump 43 may either be
remote or affixed to the carriage 1 for greater compactness (and the controller 41
and control unit 33 may comprise a single integrated microprocessing unit); the
interface 45 might comprise a keyboard and might also be located on the carriage
1, or it might comprise a remote infra-red or microwave linkage or the like.

The vacuum cup 7 depicted is in the form of a rectangular box - this could
be of any shape provided it has a circumferential edge at least loosely configured
so as to conform to the surface of the workpiece; it could, for example, be toroidal
in shape with the manufacturing operation being performed through the central
opening thereof, or it could comprise a plurality of small vacuum cups of any

“shape. The vacuum system described could be complemented by, or replaced
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The illustrated embodiment incorporates a drill, for performing a drilling
operation, however the drill could be replaced by any other conventional tool for
performing other manufacturing operations, or operations such as welding, testing,
painting, testing or other localised treatment.

The laser projector 37 could be replaced by any comparable accurate
positioning arrangement, and the entire system could be automated so as to
require a minimum of operator intervention.



10 10-u 1YZ"10% u& ()-Y, G'10% u& ()- f10% u& ()-- T
f109& ()--!L10% u& ()-10% u& () - U. WIWEWAXA?VK@ 10
10- YYG' 10%%@@ YG'10% u- u& ()-Y 10% u& () - YFG' 10% U& ()pcT/GBo1/02994

(10%uu& ()

% u&' () - 1X_XXXXZ| [ dBVK@ 10

10-1Y2G' 10% u- u& () - Y&Z" 10% u& ()-3 $mQ%u& ()-Y 10% u& () -
10% u& ()-Y10% u& ()- |[[M\\\\\\~ @10 10-!L10%% ()-10%% ()- 10-u 10-u
10-ul : 4"10% u& ()- Y7Z'10% u& ()-!6' 10%iu& ()-\n]{] "k "} 2?2~ @10

10- 109%0& ()- 3MQY
y10%08' ()-! @"1

' ()-33"10%0% ()- !0 (10%O7C& () -

Apparatus for positioning and holding a tool relative to a workpiece
comprising a carriage for conveying the tool over the surface of the
workpiece and means for holding the carriage onto the surface of the
workpiece, the holding means being selectively switchable between
a low grip state in which the carriage is held against the workpiece
surface whilst remaining capable of movement relative thereto and a
high grip state in which the carriage is held substantially fixedly to the
workpiece surface for the tool in use to operate thereon.

Apparatus according to Claim 1 wherein the carriage comprises one
or more elements held in frictional contact with the workpiece surface
by the holding means and adapted, when the holding means is in the
low grip state, to move the carriage over the workpiece surface.

Apparatus according to Claim 1 or 2 wherein the holding means
and/or the carriage is/are adapted to conform to the surface
configuration of the workpiece immediately adjacent thereto when
thé holding means is in the low grip state.

Apparatus according to Claim 1, 2 or 3 wherein the hollding means
and/or the carriage is/are adapted to conform to the surface
configuration of the workpiece immediately adjacent thereto when
the holding means is in the high grip state.

Apparatus according to any preceding Claim comprising means for
sensing the position of the carriage and/or the tool relative to the
workpiece, and directing means adapted to control the carriage in

100
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determined positions thereon.

6. Apparatus according to any preceding Claim comprising means for
sensing the position of the tool relative to the workpiece surface and
means for moving at least part of the tool relative to the carriage
along at least two orthogonal axes.

7. Apparatus according to any preceding Claim comprising means for
sensing the angular orientation of at least part of the tool relative to
the workpiece surface and means for rotating at least part of the tool
about at least one axis to adjust said angular orientation.

8. Apparatus according to Claim 6 or Claim 7, when dependent on
Claim 5, wherein the directing means is adapted to control
movement and rotation effected by the moving means and the
rotating means, respectively, such that the tool reaches a
predetermined position and/or orientation relative to the surface of
the workpiece, and to actuate the tool.

9. Apparatus according to Claim 8 comprising a programmable
controller adapted to control the directing means and to switch the
holding means between the low and high grip states in order
automatically to convey the carriage and to position and orient the
tool between predetermined locations and orientations relative to the
workpiece surface, and to actuate the tool in order to carry out one or
more predetermined tool operations on the workpiece.

10.  Apparatus according to Claim 9 wherein- the , controller is
programmable so as automatically to carry out different sequences
of predetermined tool operations on a workpiece and/or to carry out
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11.  Apparatus for positioning and holding a tool relative to a workpiece
substantially as hereinbefore described and with reference to the

accompanying drawings.



