11MVAY 2004 -1 TOOL POSI TI ONI NG SYSTEM This invention relates to the
positioning and holding of a tool relative to a workpiece on which the
tool is intended to carry out one or nore operations, and is phrtMAukms!ly
but not exclusively related to manufactqring. In manufacturing industry it
I's common to carry out such manufacturing operations on workpieces as

measuring, drilling, mlli n%og;ttbgwlowat§£§+ﬁm ng and inspecting;
tools for such operations ar ' and formno part of
the present invention per se, however the terns "tool"” and "tool s" as used
herei nafter shoul d be understood to enbrace all such apparatus for
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required, such as the aircraft industry, a significant proportion of the
manuf act warfigulariybulpet eyeitisivelydelirmicanan¥aclyinghe need to ensure t hat
tools are accurately positioned relative to the workpiece in order that a _
nunber of manufacturing operations can be perfornmed with accuracy and at
precisely defined | ocations on the surface of the workpiece. In .
conventional ipamdradaciuring, intiosths italsecdneman éd demhantl snichhmemefaetigling ance
of jigs and fixtures, which are COStlﬂj‘é ad"l _cogﬁilj cat e&iﬂtems itn .
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apparatus for positioni and hol din tool ,relative t '
conpr | i meranatier ssed g sBfowlRah i Arbragont shef anrrkfier PSR
wor kpi ecearﬂ{‘guﬁﬁepgrétﬂfn hol ding the carriage onto the surface of the
wor kpi ece, e hol'ding neans being sel ectively sw tchable between

The accuracy with which such fools are positioned is dependent upon the
level of accuracy required in the finished product. In appiications in which a high
degree of accuracy is required, such as the aircraft industry, a significant
proportion of the manufacturing time and cost is accounted for by the need to
ensure that tools are accurately positioned relative to the workpiece in order that a
number of manufacturing operations can be performed with accuracy and at
precisely defined locations on the surface of the workpiece. In conventional
manufacturing, tools are located by hand with the assistance of jigs and fixtures,
which are costly and complicated items in themselves. Alternatively, tools may be
located by robot arms, however such methods are costly and inherently
inaccurate, particularly where the workpiece is large and requires successive tool

operations to be carried out over a large area.

Accordingly, the present invention provides an 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



alowgrip state in which the carriage is held against the workpiece
surface whilst remaining capable of novenent relative thereto and a high
grip state in which the 11 MAY 2004 -2- carriage is held substanrtj:a Iy
fixedly to the workpiece surface for the ool in use to operate thereon.
Such an arrangenent enabl es a manufacturifg tool to be noved over the
surface of &agﬁﬁg@pfﬁé'@éd pubstartipliyrixedieloyther wadpigas swrtagsofin thenioot inetssoto i n
order to p%bgﬂ#g%ﬁ ofesired manufacturing operations whilst maintaining

t he necessary evel of accuracy; the carriage sinply noves the tool to the
| ocation on the workpiece where the next operation is to be carried out,
and the holding neans switch to the high grip state so as to hold the tool
in a fixed spati ' t he workpi ece surface so that the
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drill) should be novable in )
possible with traditional techniques, thus reducing manufacturing times.

The function of the holding means in the low grip state is to hold the
carriage against the workpiece whilst it is moving, and the tool is not performing a
manufacturing operation, so that the apparatus can "roam" over the entire surface
of the workpiece, whether that surface be at a steep angle, or even inverted,
without becoming detached from the surface. Clearly the attractive force exerted
by the holding means to hold the carriage onto the workpiece surface in the low

grip state must be approximately equal to the overall weight of the apparatus.

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 movable 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.



order to performits intended function on the workpiece. The attractive
force exerted by the holding nmeans in the high grip state nust exceed that
inthe low grip state by an anmpbunt sufficient to exceed any fiot d&y dmkel y
to be generated by the too! when perfo[gi_ng its function on the workpi ece
whi ch woul d act to separate the carriage fromthe workpi ece surface. 11
MAY 2004 3 In order to nove the tool relative to the workpi ece, the

carri age preferabﬂl}ﬁvSile conprises one or nore elenents held in frictional
contact with th® kP doeve g fogteelgfive e the werpiersaribe aaFiagmpraerablyhen

t he hol din - I j at e Y rd ag ver the
wor kpi ece g%r g%% @ﬁfﬁrﬂﬁgﬁ%’m@ﬁ%%@ﬁph gréét@)r?gg) oc?mtrtr% eﬁ(\%e@?s,&'oaﬁpﬁ ©
associ at edsurtzmevienthieohaldinty meanarahdsaéapiedg wieghial SoBlingmdandasth fiylow
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The frictional arrangenent between the elenents may be adjusted in any
conventional manner so as to provide the optinmumdrive for the carriage

consist with the requirenment not to cause danmage to the workpiece surface;
the coefficientThd élemsnt®nmbayweemprise ocekementicel avitbdifie withr kpkedsated
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nor mal |y bbegt@é'ra‘r] o%g%@ﬁejﬁgr{ﬁaﬁger @'dﬁ.;séeg PR 'Qﬂfhﬂlﬂ”&eﬁé%ﬁ&m

appr opr i atgoviievitieeopmIRD Afile Fob Yisé SFArMaYE kdiistaRthofld Adidefent not to.

applications such as shipbuilding where |arge nunbers of repeat operations

(such as d¥duseidRnageda he werkpiegeosneacar the icbeffigient of fidtionsbetween the
element(s) and the workpiece surface may be adjusted by providing tread patterns

or suction cups to the wheels/tracks, for example.

The holding means may comprise a vacuum system (suitably comprising a
high flow, low pressure vacuum pump arranged to evacuate a plenum chamber
adapted to seal against the workpiece surface) or a magnetic/electromagnetic
system, according to the nature of the workpiece; for most aerospace applications
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 shipbuiiding 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.



ferromagnetic (frequently steel) workpieces. The hol di ng neans and/or the
carriage islare preferably adapted to conform to the surface configuration
of the workpi ece i mediately adjacent thereto when the hol di n§ hbad¥<2ss in
the low grip state. 11 MAY 2004 -4- Such gn arrangenment, whereby the
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| mport ant nt ..of the holding neans or the carriage
whi ch m ght&g#ef%@ﬁ{pﬁﬁ%@&é@gﬁggﬁﬁ@}#'ﬁg' tool operation. In the case of a
vacuum system the provision of a flexible rubber seal or the |ike would
enhance the clanping of the apparatus to the workpiece in the high grip
state, as corrpa[rﬁd wth a brush type seal, which would be nore suitable
for clanping in ﬁé‘qlgwgd?‘ieﬁnﬁaél(%@f theecaapiage mays agdisoralbbodyaltesngiiviele be
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adjacent thereto when the holding means is in the high grip state.

When the holding means is switched to the high grip state, to ensure that
the apparatus is firmly clamped to the workpiece surface it is important that there
be no movement of the holding means or the carriage which might affect the
accuracy of the tool operation. In the case of a vacuum system, the provision of a
flexible rubber seal or the like would enhance the clamping of the apparatus to the
workpiece in the high grip state, as compared with a brush type seal, which would
be more suitable for clamping in the low grip state.

The apparatus preferably comprises 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 order to move the carriage over the workpiece surface
between pre-determined positions thereon.

Such a positioning arrangement facilitates the accurate positioning of the
ool and reduces the time required fo carry oéut repeated tool ‘operations by

“enabling the system to be operated with a minimum of manual intervention by an



control the carriage in order to nove the carriage over the workpiece
surface between pre-determ ned positions thereon. Such a positioning
arrangenent facilitates the accurate positi oni ng of the tool hhdAYelllkes
the tine required to carry Qut repeated _tgool 'operations by enabling the
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the inmage. The radiation source may e for exanple

| aser pron@gné.on system The radi at| on source nmay project an image in the
formof an ellipse. The radiation source may alternatively project an
image in the formof a cross, or a circle. The inage is preferably of a
size in the range 0.5 to 3.0 cm The inage is projected onto a surface at a

| ocation wher e Eha'padiibash $olR@® nRReahi 98k %l\c}\@ng@e%g[sllry {Rd rQHfatloﬁes\égllr% |

i mges may be projected sinultanedusly to provi
tenpl at e dHOWdsarediatituyisikle tanthel homant eymsel thafltae opehaa.*nn oRydgleac ties

f bl d h
ey compr E0Rh APy Re, mal f'e%?c?résxé’reﬁcesi}art%@iaééﬁem o) B3he.

array may metdctlnealys&rm.r ectangular. The

The radiation source may project an image in the form of an eliipse. The
radiation source may alternatively project an image in the form of a Cross, or a
circle. The image is preferably of a size in the range 0.5 10 3.0 cm.

The image is projected onto a surface at a location where a manufacturing
operation is to be carried out. Several images may be projected simultaneously to

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



produce a charge proportional to the anount; of light falling on them and
the charge fromeach device in the array is preferably used,b%/ t he i mage
processing systemto build up an inmage.. The inmage processi Hg Mﬁ%’t
preferably conprises a frame grabber for digitising the i mage and a
conput er adapted for processing the imag@.' The image 11 MAY 2004 6 is
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be adapted to move the tool or part thereof along the z axis.

In addition to accurately positioning the tool relative to the workpiece it will
usually be necessary to ensure that the tool is oriented at the correct angle relative
to the workpiece surface (for example, to ensure that a drill bores perpendicutarly
through a curved plate). Accordingly, the apparatus may comprise 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 [east one axis to
adjust said angular orientation. [deally, the arrangement would measure the angle
of the tool (or, more usually, the too} bit) relative to the workpiece surface,
determine what movement is required about the x and y axes (coplanar with the
surface) is needed to bring the tool into the desired angular orientation relative to
the surface and then effect rotation in roll and/or pitch to achieve the desired
orientation (which in many cases will be with the tool bit normal to the su rface).

The directing means is preferably adapted to control mevement and rotation
. effected by the moving means and the rotating means, respectively, such that the



of the tool (or, nore usually, the tool bit) relative to the workpiece
surface, determ ne what novenent is required about the x and y axes
(coplanar with the surface) is needed to bring the tool into tihk M&¢sibdied
angul ar orientation relative to the surfﬁce and then effect rotation in

roll and/or,_pijt chieve the desired “orientatjion (which in many cases
wil be witiod Hég?'i‘%i BitedeBrmied ROy %@P%ﬁ%ﬁ"ﬁaﬁq{bfﬂgg‘&fq Hoe peERse o
preferably wdapbeiter, cRaltbActimyenEMorand rotation effected by the noving
means and the rotating neans, respectively, such that the 11 MAY 2004 -7-

tool reaches a predeterm ned position and/or orientation relative to the
surface of the workpiece, and to actuate the tool. The apparatus may
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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
time, hence improving manufacturing productivity.

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'r
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



with the invention, and Figure 2 is a schematic di agram of the apparatus of
Figures 1 a and 1 b in use. Figures la and | b show a carriage 1 to which is

mounted a tool 3 (a drill having a bit 5 is illustrated). Theqgagay 208 |
is substantially covered and surrounded oy a vacuumcup 7, at |east part 9

of which is transparent,, . f reasons. to ' be described bel ow. Around the
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be further '@68ErIAMRRIYSISHEPO -Rbwilldre fuathiey deactibsbeloivt.hi n vacuum cup 7 are
two pairs of wheels 15, at |east one pair of which are driveabl e and/or

steerable (as illustrated in Figure 1 b, the right hand pair of wheels are
driven and steered by drive unit 17); wheels 15 have a rolling surface
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with the syrface the carriage rolls over, whilst preventing danage
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19 so as to allow each wheel to reciprocate independently in the vertical direction
of the drawings.

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 erd 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 carrfage 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



cup 7 (and allowing drill bit 5 to rotate about one of these axes). Mving
means 25 which is rigidly nounted to the carriage 1 is adapted to nove the
drill 3 along these three axes, so as to nmove the drill 3 1efy sapd,n Mht
as shown in the drawing, into and out of _the plane of the draw ng, eg

and down e ] to the r|I 3 sg as to
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are m)un&hed to the carriage 1 and are_ adapted so as to sense the
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drill gout t 11 MAY 2004 -9- orthogonal axes substantial 'y copl anar
with t he {Y§ HE@ dpBR Vg m%a@ﬁ@%%nqi rRlgeng meeans 33o0aa4vill be durdheredasiebed he
drill bit pggs normal to the surface into which it is to drill, or so- as

to enable the drill bit 5 to drill at any desired angle other than nor mal
into the surface. Control unit 33; which suitably conprises a
m croprocessor unit and a conbi ned power source, powers and controls the

operation of the drill 3 ive 7, noving neans 25 and rotating
means 33, as w' [YFe ‘ﬁﬂ'?ﬁ@r d'@seﬁﬁﬁgﬁé feiraave | withs @, ndipimymager opesator

i nt ended iferyBMBoolEr theSiF4Be o4 Mﬁ%@b@r(ﬂo’t BﬁvaY@,”éd 98 tO vl A8 tB{J’Iré ace

of a workpiece (not shown), so as to nto an accura
posi tion Hil @i epeusatcorpdsitiar dnd tariergetign oin  erder eto searmeouif acpredisg
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wbr ki ece eI Hle. bBARRCD. | iR ng Camge, b s Fio GHebenef the
wor kpi ecewotifptecd ahetd Pre@dnttinBoNARMIHY 6ﬁ%s7t'rrﬁT%?és aﬁiﬂd B Wb |J:J'lé/ch the o

evacuated, form ng a vacuum plenum so that anbient air pressure
carri age in tefipsi efsthet MéCl\iWletFﬂFe(Zels atrfeadir patialki evaceied, Ifbrairigs aasadulien seal

between t he,NAC YW e Brbidiailt Bfessure holds the carriage 1 against the workpiece.
The brush skirt seal 11 acts as the seal between the vacuum cup 7 and the

workpiece, and is sufficiently flexible and/or flexibly mounted to conform to the
surface configuration of the workpiece. Nevertheless, as the seal 11 is essentially
formed of a plurality of bristles which form an imperfect seal, so that ambient air
can permeate the seal - in a controlled manner - the force clamping the carriage 1
to the surface is not so great as to prevent the wheels 15 from moving the
carriage. ldeally, the brush skirt seal 11 and the low pressure within the vacuum
cup-7 are designed so that, when the carriage needs fo move, the net force
clamping the carriage 1 to the workpiece is not much more that the weight of the
camiage. 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 skirt“seal 13 is similarly flexible and/or
| flexibly 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 controliable so as



wor kpi ece, and is sufficiently flexible and/or flexibly mounted to conform
to the surface configuration of the workpiece. Neverthel ess, as . the seal
11 is essentially fornmed of a plurality of bristles which forfrh HAY 2004

i nperfect seal, so that anbient air can pﬁirreate the seal - in a

controll ed manner - tﬁjhg horce clamping the'carriage | to the surface is
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of the <carriage. Wien the carriage | is in approximtely the correct
position, the evacuation of the vacuumcup 7 is increased, conpressing the
brush skirt seal 11 and the suspension units 19 and bringing the rubber
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fine positi %%f&gaft@é %?ma@eggllé g?@ﬁ’d?[ampﬁgstﬂgﬁnictgmpé’ﬂ?%3§rom t he operation
of the tool when drilling is taking place. Wen the carriage 1 is cl anped
onto the workpiece, the tool 3 and the drill bit 5 are accurately
positioned and orientated by way of the noving nmeans 25 and the rotating
means 31, as wil{ IRS® B@J@@é@ﬁ%@@wmw%mm@m& athwam giiradiationnB® ento the
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35. 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).

Controller 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 to 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.



A laser projector 37 is positioned to project a beamof radiation 39 onto
the conponent 35 so as to project a cross shape which precisely defines
the position where a drilling operation is required. Becausd BaMAvemst the
front portion 9 of the vacuumcup 7 is tirnansparent, the cross is projected

to th f ent 35. The cross appears within the field
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drilling operdailledn is required. 1 1 MAY 2004 -11- Controller 41 then

I nterrogates normalisation sensors 29 (for clarity, no functional

connecti on between controller 41 and nornmlisati on sensor 29 is
depicted)-to ascertain the angular orientation of the drill bit 5 relative
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by switching the drill 3 on

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 conroller 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
$0 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 éentral
opening thereof, or it could comprise a plurality of small vécuurh cups of any

“shape. The vacuum system described could be complemented by, or replaced



and noving 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 tinme, data may
be input to the controller 41 by way of an operation interfdcHA%Z00ANOw
that a specific enbodi nent of the |nven§20n has been descri bed, nunerous
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infra-red or mcrowave |inkage or the |ike. The vacuumcup 7 depicted is in
the formof a rectangular box - this could be of any shape provided it has
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MAY 2004 - paiting} testiagyr otbanpcameatként@ferpr ovi ding a variable attractive
force, such as an electromgnetic device, or even a system enploying a

rel easabl e adhesive arrangenent. The illustrated enbodi nent incorporates a
drill, for performng a drilling operation, however the drill could be
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require a mni num of operator intervention. 11 MAY 2004 -13 CLAI M5
Apparatus for positioning and holding a tool relative to a workpiece
conprising a carriage for conveying the tool over the surface of the

wor kpi ece and nmeans for holding the carriage onto the surfacd iolAY 17804
wor kpi ece, the hol ding nmeans being selectively swi tchable between a | ow
grip state in which the carriage is held against the workpiece surface
whi | st remai ni ng capabl e of novenent 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. 2. Apparatus according to
Claim1l wherein the carriage conprises one or nore elenents held in
frictional contact with the workpi ece surface by the holding neans and
adapt ed, whapghe holding nmeans is in the low grip state, to nove the
carriage ~over the workpiece surface. 3. Apparatus according to claim1
wherein at | east one of the holding neans and/of the carriage is adapted
to conformto the surface configuration of the workpiece imrediately

adj acent thereto when the holding nmeans is in the lowgrip state, 4.
Appar at us accOMPW@“{SJOCP%"M”TQ\/%'QHH'W%? tpl elativente ao‘ﬁ’orﬁ‘ﬂ'ﬁc%G‘P'BPrﬁﬁ‘%ans
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relative to t
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2. 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.

3. Apparatus according to claim 1 wherein at least one of the holding means and/er
the carriage is adapted to conform to the surface configuration of the workpiece
immediately adjacent thereto when the holding means is in the low grip state.

4, Apparatus according to Claim 1 wherein at least one of the holding means and the
carriage is adapted to conform to the surface configuration of the workpiece

immediately adjacent thereto when the holding means is in the high grip state.

5. Apparatus according to Claim 1 comprising means for sensing the position of at
least one of the carriage andfer the tool relative to the workpiece, and directing
means adapted to control the carriage in order to move the carriage over the
workpiece surface between predetermined positions thereon.



tool relative to the workpi ece surface and neans for noving at |east part
of the tool relative to the carriage along at |east two orthogonal axes.
7. Apparatus according to Claim1l1 conprising neans for sensjn %Pzwgngular
orientation of at |east part of the tool relative to the wo k%ﬂ ce surface
and neans for rotating at |east part of the tool about at |east one axis
to adjust said angular orientation. 8. Apparatus according to Caim7
conprising a programrabl e controller adapted to control the directing
means and to switch the hol di ng neans bptween the I ow and high grip states
in order automatically to convey the carriage and to position and orient
the tool between predeterm ned | ocations and orientations relative to the
wor kpi ece surface, and to actuate the tool in order to carry out one or
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operations on Blalid {oethe\.( chfriagSlal glgﬁd gt%aswggﬂtl%%%ﬁal axes.

7. Apparatus according to Claim 1 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 fo Claim 7 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.

9. Apparatus according to Claim 8 wherein the controller is programmable so as
automatically to carry out different sequences of predetermined tool operations on
a variety of different workpieces.



