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over a workpiece (35) and carrying ouf precise manufacturing operations thereon.
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TOOL POSITIONING 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 more operations, and is
particularly but not exclusively related to manufacturing.

In manufacturing industry it is common to carry out such manufaciuring
operations on workpieces as measuring, drilling, milling, cutting, countersinking
and inspecting; tools for such operations are well known in the art and form no part
of the present invention per se, however the terms "tool" and "tools" as used
hereinafter should be understood to embrace all such apparatus for performing

any such operation.

The accuracy with which such fools are positioned is dependent upon the
level of accuracy required in the finished product. In applications 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
numbsr 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 cosfly 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 onte 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

JP 2004-504164 A 2004.2.12
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carriage is held substantially fixedly to the workpiece surface for the tool in use to
operate thereon.

Such an arrangement enables a manufacturing tool to be moved over the
surface of a workpiece between precisely predetermined positions thereon in order
to perform the desired manufacturing operations whilst maintaining the necessary
level of accuracy; the cariage simply moves the tool to the location on the
workpiece where the next operation is 1o be carried out, and the holding means
switch 1o the high grip state so as to hold the tool in a fixed spatial relationship with
the workpiece surface so that the desired manufacturing operation can be
accurately performed. As will be appreciated such apparatus can be designed so
as to be compact and relatively inexpensive when compared with the cost of
traditional jig-based tool positioning methods. Moreover, more than one such
apparatus may be used on a workpiece at one time, something not normally
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 Wérkpiece whilst it is moving, and the tool is not performing a
manufacturing operation, so that the apparatus cah “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 Jeast part of the

. tool (such as the drill bit, in the case where the tool is a drill)y 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 fo 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.

JP 2004-504164 A 2004.2.12
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In order to move the ool relative to the workpiece, the carriage preferably
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.

The elements many comprise one or more wheels, with associated
conventional drive and steering mechanisms, or indeed any alternative
arrangement capable of engaging with the workpiece surface in order to move the
carriage relative thereto, such as caterpiller tracks. The frictional arrangement
between the elements may be adjusted in any conventional manner so as to
provide the optimum drive for the carriage consist with the requirement not to
cause damage fo the workplece surface; the coefficient of friction between 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 fo 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 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.

JP 2004-504164 A 2004.2.12
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Such an arrangement, whereby the apparatus conforms to the adjacent
surface of the workpiece as the apparatus moves thereover is necessary where
the surface of the workpiece has a curved or complex configuration; it is also
advantageous in assisting the holding means in ensuring that the apparatus
remains in contact with, and does not separate from or fall off, the workpiece as
the apparatus moves over its surface. For a holding means operating on a
vacuum principle, this may be achieved by providing a brush type seal around the
circumference of the vacuum plenum, where it abuts the workpiece surface.
Conventional suspension units applied to the carriage would enable it to conform
to the workpiece surface configuration.

The holding means and/or the carriage may, additionally or alternatively, be
adapted to conform to the surface configuration of the workpiece immediately
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 ta 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/for 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
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

JP 2004-504164 A 2004.2.12
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operator.  This positioning arrangement is preferably of the type comprising a
radiation source for projecting an image onto the workpieée, surface, a radiation
detector for detecting the projected image, and processor means for calculating at
least two-dimensional co-ordinates of the projected image detected by the
radiation detector relative to the tool, the directing means adapted to control
movement of the carriage so as to position the tool in a predefined spatial
relationship with the projected image in response to a signal from the processor
means.

The radiation source may be a laser. Advantageously the radiation source
provides radiation visible to the human eye so that an operatar may view the
image. The radiation source may be for exampie a Viriek Laseredge 3D laser
protection system.

The radiation source may project an image in the form of an ellipse. 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 t0 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

JP 2004-504164 A 2004.2.12
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is advantageously processed by the computer to identify features such as areas of
the same intensity or changes in intensity, for example. The image processor
advantageously is thereby able to identify an image, such as a cross, projected by
the radiation source, and to locate the centre of the image.

There may also be provided means for sensing the position of the tool
refative to the workpiece surface and means for moving at least part of the toal
relative to the carriage along at least two orthogonal axes. This will enable very
accurate positioning of the tool relative to the workpiece. The axes could be x and
y axes coplanar with the adjacent surface of the workpiece, and in particular that
part of the workpiece surface where the tool operation is to be performed. The
moving means may comprise an electrical servo motor actuated moveable stage.
A motion control system could be used to control the electrical servos, with optical
encoders being used to provide positional feedback. The moving means may also
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 perpendicularly
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 ieast part of the tool about at least one axis to
adjust said angular orientation. [deally, the arrangement would measure the angle
of the tool (or, more usually, the toal 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 surface).

The directing means is preferably adaptedlto control mevement and rotation

. effected by the maving means and the rotating means, respectively, such that the

JP 2004-504164 A 2004.2.12
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tool reaches a predetermined position and/or orientation relative to the surface of
the workpiece, and fo actuate the tool.

The apparatus may comprise a programmable controller adapted to control
the directory means and to switch the holding means between the low and high
grip states in order automatically to convey the camiage 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 mare
predetermined tool operations on the workpiece, Preferably the controller is
programmable so as automatically to carry out different sequences of
predetermined tool operations on a workpiece andlor to carry out different

sequences of predetermined tool operations on a variety of different workpieces.

Such arrangements reduce the requirement for human intervention whilst
tool operations are cartied 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
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

JP 2004-504164 A 2004.2.12
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rubber skirt; note that the brush skirt seal 11 is longer than, and therefore extends
further from the vacuum cup 7 than, rubber skirt seal 13. The brush skirt seal 11
and the rubber skirt seal 13 are preferably mounted so as to conform with the
configuration of the surface upon which the carriage rests, in much the same
manner as the carbon fibre "ground effect skirts" in use in Formula One motor
racing some years ago ~ as will be further described below. V

Substantially enclosed within vacuum cup 7 are two pairs of wheels 15, at
least one pair of which are driveable and/or steerable (as illustrated in Figure 1b,
the right hand pair of wheels are driven and steered by drive unit 17); wheels 15
have a rolling surface formed of an elastic compound, so as fo provide good
frictional engagement with the surface the carriage rolls over, whilst preventing
damage thereto. Wheels 15 are also provided with conventional suspension units
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 o 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 erid of the drill bit 5. Normalisation
sensors 29 (only one is shown, in figure 1b) are mounted to the cariage 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

JP 2004-504164 A 2004.2.12
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orthogonal axes substantially coplanar with the surface upon which the carriage
rests, so as to ensure that the drill bit 5 is 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 normal
into the surface. Control unit 33; which suitably comprises a microprocessor unit
and a cdmbined power source, powers and controls the operation of the drill 3,
drive unit 17, moving means 25 and rotating means 33, as will be further described
below.

In use, carriage 1 is intended to move with a minimum of operator
intervention over the surface of a workpiece (not shown), so as to move the tool 3
into an accurate position and orientation in order to carry out a precise
manufacturing operation. In order fo hold the carriage 1 onto the surface of the
workpiece and to prevent it from falling off as it moves around the workpiece, the
interior of the vacuum cup 7 is at least partially evacuated, farming a vacuum
plenum, so that ambient air pressure 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 fiexibly mounted to conform to the
surface configuration of the workpiece. Nevertheless, as the seal 11 is essentially
formed of a plurality of bristies 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. Ideally, the brush skirt seal 11 and the low pressure within the vacuum
cup-7 are designed so that, when the carriage needs to move, the net force
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 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 controllable S0 as

JP 2004-504164 A 2004.2.12
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to ensure that the carriage 1 is unmoved by the forces, additional to its own
weight, arising from the fine positioning of the tool 3 and, more particularly, from
the operation of the tool when drilling is taking place.

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 haiting 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.

JP 2004-504164 A 2004.2.12
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Controller 41 then interrogates normalisation sensors 29 (for clarity, no
functional connection between controller 41 and normalisation sensor 29 is
depicted)-fo ascertain the angular orientation of the drill bit 5 relative to the
component surface; this measured orientation is compared with orientation data
pre-programmed into controller 41 defining the precise angular arientation of the
desired drilling, and controlier 41 signals control unit 33 to actuate rotating means
31 in order precisely fo 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
signals 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 controlier 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 compaciness (and the controller 41
and cantrol 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 fo 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 vécuurﬁ cups of any

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

JP 2004-504164 A 2004.2.12
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with, any means capable of providing a variable attractive force, such as an

electromagnetic device, or even a system employing a releasable adhesive

arrangement.

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
reguire a minimum of operator intervention.

JP 2004-504164 A 2004.2.12
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CLAIMS

Apparatus for posttioning 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 aperate 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 camiage is/fare adapted to conform fo the surface
configuration of the workpiece immediately adjacent thersto when
the holding means is in the low grip state.

Apparatus according to Claim 1, 2 or 3 wherein the holding 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

JP 2004-504164 A 2004.2.12
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order ta move the carriage over thé workpiece surface bstween pre-
determined positions thereon.

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. »

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.

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.

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 ane or
more predetermined tool operations on the workpiece.

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

JP 2004-504164 A 2004.2.12
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different sequences of predetermined tool operations on a variety of

different workpieces.

Apparatus for positioning and holding a tool relative to a workpiece
substantially as hersinbefore described and with reference fo the
accompanying drawings.
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L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/06003

1/2

(28) JP 2004-504164

PCT/GB01/02994

== -
|

[v2
2] !

/
[

SUBSTITUTE SHEET (RULE 26)

A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(29)

WO 02/06003 PCT/GB01/02994

2/2

I ]

—F1

=
™ o
™ v
™~
™~ 77N
s
\ /
> R |3
3 1
e [a2]
i =
g1 o
== @
1&
4 '9]
U) I I 0//‘—
" =l
EH| o
= ==
i 'y el |
© i
/ N
[SP I N o =
[¢)]
™

SUBSTITUTE SHEET (RULE 26)

JP 2004-504164 A 2004.2.12



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

(30)

INTERNATIONAL SEARCH REPORT Inté  mal Applcation Na

PCT/GB 01/02994

A cuxssnrlcmon OF SUBJECT MATTER
IPC 7 B23Q9/00
Acoordng Patent G (IFG) orto bath netionz

and IPC

B. FIELDS SEARCHED

IPC 7

inimum documentatlon searched (Classificalion system followed by classiication symbols)
B23Q

D i hed other than minimum

1o the extent that such documents are included in the fields searched

EPO-Internal, PAJ

base i ing the i search (name of dala base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * { Citation of document, with indication, where appropriate, of the relevani passages

Pelevant to claim No.

A PATENT ABSTRACTS OF JAPAN
vol. 010, no. 077 (M~464),
26 March 1986 (1986-03-26)

KK;OTHERS: 01),
1 November 1985 (1985-11-01)
abstract

A PATENT ABSTRACTS OF JAPAN
vol. 007, no. 227 (M-248),
7 October' 1983 (1983-10- 07)

18 July 1983 (1983-07-18)
abstract

& JP 60 219172 A (FUJI DENKI SEIZO

& JP 58 120467 A (MITSUBISHI KAKOUKI KK),

1,11

T

m Further documents are listed in the continualion of box G.

|:| Patent family members are listed in annex.

© Specia) categories of cited documents :

" document defning tho general stafe of the ar which s not
onsidered 1o be of parlicular relevance
®© catr o documon b published on or after tha intemational
filin,
L document wich may throw doubts on ity dam(s) or
fhich is cited to establish the publication dale of
Gitatlon or othar special eason (a5 spediic)
0" document efaring o an oral ciscosure, use, exhibiion or
ot
*P* document published prior to the international filing date but
fater than the priority date claimed

T laor document published afer e Intemational fing date
date and ot in conflict with the application but
G to onderstand the principie ortheory undenlying the
Invention
*X* decument of particulay relevance; the claimed invention
Cﬂﬂ nol be consldered novel or cam\ot be consldeved to
Is taken alone
“Y* document of particular relevanne 1he claimed inv ntion
cannot be considered fa involve ar inventive step when the
document is cotblnest with one or more other such docu-
en ?‘uch combination being obvioustoa person skiled
in the a

*&* document member of the same patent family

Date of the actual completion of the international search Date of mailing of the intemational search report
8 October 2001 15/10/2001
Name and mailing address of the 1SA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 H)V Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) B40-3016 De Gussem, J

Form POT/SAZ10 (sacend sheel) (lly 1692)

JP 2004-504164 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

G

Inté onal Application No

PCT/GB 01/02994

c. jon) DOCUMENTS C¢ TO BE RELEVANT

Category * | Citatien of document, with indication where appropriale, of the relevan passages

Relevant 10 claim No.

A PATENT ABSTRACTS OF JAPAN

vol. 012, no. 309 (P-748),

23 August 1988 (1988-08-23)

& JP 63 079059 A (JAPAN ATOM POWER CO
LTD:THE;OTHERS: Q1),

9 April 1988 (1988-04-09)

abstract

Fom PCTASA/21D (eantinuation of second sheet) (July 1992)

JP 2004-504164 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(32) JP 2004-504164 A 2004.2.12

INTERNATIONAL SEARCH REPORT
“information on patent family members % onelAppleation No
PCT/GB 01/02994
Patent document } Publication Patent family < Publication
cited in search repart date member(s) date
JP 60219172 A 01-11-1985 JP 1616422 C 30-08-1991
JP 2041475 B 18-09-1990

JP 58120467 A 18-07-1983  NONE

JP 63079059 A 09-04-1988  JP 1899522 C 27-01-1995
JP 6023741 B 30-03-1994

Form PCT/ISA/210 (patent famly annex) {luly 1992}



(33) JP 2004-504164 A 2004.2.12

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZW) ,EA(AM, AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP(AT, BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,EC, EE,ES,FI,GB,GD,GE,GH, GM,
HR,HU, 1D, IL, IN, 1S,JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD, MG, MK, MN, MW ,MX ,MZ ,NO,NZ ,PL ,PT,RO,RU, S
D,SE,SG,SI,SK,SL, T3, TM, TR, TT,TZ,UA,UG,US,UZ, VN, YU, ZA, ZW

(74000 100109830
000000000

(74000 100086575
0000000000

(74000 100084618
000000000

(74000 100092196
00o0o0ooooO

(72000 000000000O0O000O0
0000000000000000000000000000000000000000

(72000 0000000O00000000
00000000000000000000000000000000000000000000
0000000000000000000

(72000 0000000000O000000
00000000000000000000000000000000000000000000
0ooo

(72000 000000000000
00000000000000000000000000000000000

0000 (00) 3036 EEL0



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

