2122404SG Machine for Replacing Disc tools Field The invention relates to the field of
automation and, particularly to a machine for replacing disc tools. 5 Background Disc tools such
as grinding discs lose their grinding surface rapidly in automated applications, e.g. when the grinding
discs are used by an automated robot or another automated machine capable of using various disc
tools. Automated solutions in replacing the disc tools are needed to improve 10efficiency. Brief
description The2ilR@#ienlGs defined by the independent claims. Embodiments are defined in the
dependent claims. List of drawings 15Embodiments of the present invention are described below, by

way of examplw&% m@gg&gﬁggﬁeﬁ?ﬁg@%ﬁﬁﬂng drawings, in which Figure 1 illustrates

a disc tool replacement machine accor o6diment of the invention; Figure 2
illustrates a frame of the disc tool replacement machine of 20 Figure 1 according to an embodiment of
the invention; I'—'fé"ﬂ'r% 3 illustrates a transfer unit for moving tool holders for

The invention relates to the field of automation and, particularly to a

machine for repiacing disc tools.

5  Background

Disc tools such as grinding discs lose their grinding surface rapidly
in automated applications, e.g. when the grinding discs are used by an
automated robot or another automated machine capable of using various disc
tools. Automated solutions in replacing the disc tools are needed to improve

16 efficiency.

Brief description

The invention is defined by the independent claims.
Embodiments are defined in the dependent claims.

List of drawings

15 Embodiments of the present invention are described below, by way
of example only, with reference to the accompanying drawings, in which
Figure 1 illustrates a disc tool replacement machine according to an
embodiment of the invention;
Figure 2 llustrates a frame of the disc tool replacement machine of
20 Figure 1 according to an embodiment of the invention;
Figure 3 illustrales a transfer unit for moving tool holders for
replacement of the disc tool according to an embodiment of the invention;
Figure 4 illustrates components used in the replacement of the disc
tool according to an embodiment of the invention;
25 Figure 5 illustrates an embodiment of a tool holder;
Figure 6 is a flow diagram ilfustrating an automated process for
replacing disc tools according to an embodiment of the invention;
Figure 7 is a flow diagram illustrating disc tool replacement when
the disc tool replacement machine replaces several types of disc tools
30 accerding to an embodiment of the invention; and
Figure 8 illustrates areas of the disc tool replacement machine.



replacement of the disc tool according to an embodiment of the invention; Figure 4 illustrates
components used in the replacement of the disc tool according to an embodiment of the invention;
25Figure 5 illustrates an embodiment of a tool holder: Figure 6 is a flow diagram illustrating an
automated process for replacing disc tools according to an embodiment of the invention;

Figure 7 is a flow diagram illustrating disc tool replacement when the disc tool replacement machine
replaces severaltypé84d@isc tools 30 according to an emidbdiment of the invention; and Figure 8
illustrates areas of the disc tool replacement machine. 2122404SG2 Description of embodiments
The following eglbodim nts aye exemplar .tAIthough the specification may refer to "an", "one", or
"some” embodim%%?(%’j’ ﬁ)ge?/e%;éb%r%%gﬁﬁ,?his does not necessarily mean that each such reference
is to the 5 same embodimem(s)falothaicthecfiehtvrerenisapplies texasipgley emhidtdiment. Sagle

features of diffegent amfaedimenysaray alsee combined to,provide pthersmkrdiments, Eyjthermore,

words "comprislinga' and "H%Clu%%%" shPuId be understood %s ot Iirrpitln thefdescribed Fm odiments to
consist of only R s%ol%%tt s have'B&h Hhentioned 'and stch'e dfﬁ]gﬁ@(f“ﬁa?cgn{ fh 10 also

features/stractUred thaharkmenibee P spetifical ik ateistionkdepplies iFigwedd pstbadisnant.
embodiment of $in glutdmatedsdisic dikireenlacenennmashineaaroged teorapiace addisetpgbattached

to a tool holder J0d. Ehgionhhalsler A HHBARE UNHRISIOQTHIBRSRY® 358" ACRRIALCYMERING the
disc tool to a robot arm and mediating a rotary force provided 1%b “a motor comprised. in the robot,
e.g. a gear motdf o%'ﬁ%ﬁi’%g AP THEYESI ngo%e?gﬂé?ﬁﬁi% gé‘l@&??ﬁrﬁoﬂ?g?gﬁ’ét%rﬂ%& the robot
itself when chaHifg thatdiss tbel, fevexzeaplednionedmricstbbdimeatniee ot fpldentaiay be fixed
to the robofarnisde autesatac-disestacd raplacemeandanaghinadnay hermmfigured to support
replacement of disc tools {;q@%thﬁy%%ﬁ&tggl 29 @q{g)eggwﬁgmo%gha@bg&\gm%%a% J;s 't‘ascﬁd as an

C

example in the embodiments described herein, the disc tool replacement machine is aRpllcabIe for use
with any autom&tB & M SLaRAPE < pIECIbIERIRGEgatisC tool attached to a tool

104. The tool holder 104 may be understood tc serve as an adapter

oider

connecting the disc tool to a robot arm and mediating a rotary force provided

15 by a motor comprised in the robot, e.g. a gear motor or a spindle motor. The

tool holder may be detached from the robot arm by the robot itself when

changing the disc tool, for example, but in some embodiments the tool holder

may be fixed to the robot arm. The automated disc tool repiacement machine

may be configured to support replacement of disc tools for both types of tool

20 holders. Although robot with an arm is used as an example in the

embodiments described herein, the disc tool replacement machine is

applicable for use with any automated machines that use replaceable disc
tools.

Referring to Figure 1, the disc toci replacement machine comprises

25 at least one gripper 102, 108 configured to grip the tool holder. In the

ambodiment of Figure 1, there are two grippers 102, 108. The grippers 102,

108 may be fixed to a fixture 106 arranged to move along a guiding track 100.

The guiding track may extend to provide an elongated arm that may be

positicned in a working area of the robot while a frame and a disc tool

30 replacement area remain outside the working area. This enables moving the

tool holder(s) 102, 108 between the working area and the disc tool

replacement area in the disc tool replacement machine. The disc tool

replacement machine may comprise a servo motor arranged to move the

fixture 106 comprising the grippers 102, 108 between ends of the guiding track

35 100 and, as a result, at least one tool holder 104 between the working area

and the disc tool replacement area. In the embodiment of Figure 1, only two



Referring to Figure 1, the disc tool replacement machine comprises 25 at least one gripper 102, 108
configured to grip the tool holder. In the embodiment of Figure 1, there are two grippers 102. 108. The
grippers 102. 108 may be fixed to a fixture 106 arranged to move along a guiding track 100. The
guiding track may extend to provide an elongated arm that may be positioned in a working area of the
robot while a frame and a disc tool 30 replacement area remain outside the working area. This enables
moving the tookHaled(s}E02, 108 between the working aréa and the disc tool replacement area in the
disc tool replacement machine. The disc tool replacement machine may comprise a servo motor

d the fixture 106 ising.the grj 102, 108 het ds of t iding track
35 106 and, 25 A7eLaI 4t s SRR TR0 ey 104 BEURBCH EMIRIHE LA R LR o0

replacement ar®! ¢ BRCEMBBHIAShVOERIfiF sobBMgtasts hERdae4ec ool it currently uses

is wearing out, it releases a tool holder to an empty gripper and grabs the other
tool holder comprising a fresh disc tool from the other gripper. Thereafter, the

5 robot resumes the work while the fixture is moved to the disc tool replacement
area to change the worn disc tool.

The frame of the disc tool replacement area may comprise multiple
levels. The fixture 106 and the guiding track 100 may be provided on the
topmost level and, below that, a disc tool replacement level 110 may be

10 provided. The disc tool repltacement level 110 may comprise storage areas for
new disc tools and used disc tools and tool replacement machinery. The
gripper(s) 102, 108 may thus grip the disc tools 104 such that the disc tool
faces downwards towards the disc tool replacement level 110.

Below the disc tool replacement level 110, a compartment may be

15 provided for a computer controliing the operation of the disc tool reptacement
machine. The computer may comprise connectors and associated
communication links to control the operation of various motors in the disc tool
replacement machine and to communicate with the robot, as described in
greater detail below.

20 Figure 2 illustrates the frame of the disc tool replacement machine.
The frame may be designed into a form of a table with multiple levels or work
surfaces on top of each other. The various levels may be defined by supporting
plates 200, 202 provided on {fop of each other. The supporting plates 200, 202
may comprise through holes for installing the various machinery and for

25 operation on the different levels. For example, a through hole 204 may be
provided on the topmost supporting plate for guiding the disc tools between the
topmost level where the gripper is and the disc focl replacement level 110, The
frame may additionally comprise a supporting arm 206 arranged to support the
guiding rail 100. The frame may be symmetric and the supporting arm may be

30 detached and attached to either side of the frame such that the system can be
made left-handed or right-handed. A base of the frame may comprise plates
with through holes such that the frame may be bolted o a floor in order to
ensure stability, for example.

Figure 3 illustrates a transfer unit for the fixture 106 comprising the

35 grippers 102, 108, the transfer unit is arranged to move the fixture between the
ends of the guiding track 100, e.g. between the robot's work area (A) and the



tool holders are needed: one is used by the robot while the other is in the disc tool replacement, and
when the robot detects that the disc tool it currently uses is wearing out, it releases a tool holder to an
empty gripper and grabs the other tool holder comprising a fresh disc tool from the other gripper.
Thereatfter, the 5 robot resumes the work while the fixture is moved to the disc tool replacement area
to change the worn disc tool. The frame of the disc tool replacement area may comprise multiple
levels. The fixtut&2P36480 the guiding track 100 may be prévided on the topmost level and, below
that, a disc tool replacement level 110 may be 10 provided. The disc tool replacement level 110 may

comprise stora%e artea forinew disg tools %r?]dﬁ%d disc toolst%nd togrl Q%?J cement machjnery. The
gripper(s) 102, 58 r%%yrﬁ?u%(ﬁngbe eaa?gc( ol PRURH TAY e HEL R6PFRY HEWRMHSE towards
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frame may be dEsigrie iMteEPformvbich! tade et riigtiptenevelsr otavarkesintdceswhindp tfeeach

other. The varimﬂwa@r@ameﬁdaﬁ@embmwgma@@lﬁh&%20@@, Bﬂ%@f%id@@l PR toprebeach othgr-
The su rting ! i r installi r inery an
pporing %@éa&ﬁ’&@% yﬂﬁoéQFér éﬁ%&?%fﬁ%ﬁ{ﬁgﬁﬁ %%%8 %@? agaipery

for 25 operation on the different levels. For ex e at 04 may be provided on the

topmost suppofiAg AL o ERf My 06 80 foBREEREARS i mbdevaP R et PR giisher is and
the disc tod? reiacrhigntyelvet 1inear heoframe ongythalditidvallyradniisiseraysbppeeithg arm 206
gg%ngedhtodsupport the gmh&ng.r@hr@ib[l%@-ﬁ@@ eré@ezm@y Eﬁhwmiri@ @mqmegﬁwee%tiﬁlg@érrp n:jasij be
etached ang attache rsi e fram that the system can be made, left-handed or
right-handed. Rgbegstgjﬁ tr?]é?rg‘lme% r%gay%@r%%grigga%la?@sg %vitﬂot ’ rt?i;‘ﬁ holed s%%h {ﬁ%%ﬁg fréyne may be

bolted to a flooF MBI FB!BRsHIE staBiRP G ABLaRRPIEC lifsLiIE S AR B8 Thanssa (hithér the
fixture 106 conmgrisiegstHe35 Hippeisob020108stthg tiamsies unitdeatatiged tbatiovarthe finure

between the ends,of Hg,ouiding HACk JA%1RE tbaieep e fabel sanerkarea (b anshiheat

21224045G4 tool holder. Similarly, when the robot brings a tool holder to the disc tool

replacement machine for the replacement of a worn disc {ool, the robot may

position the tool holder between pincers of the gripper and instruct the

computer to grip the tool holder. Thereafter, the robot may release the tool

20 holder. Upon detecting that the robot has replaced the tool holder, the

computer may determine which one of the grippers contains a tool holder

having a disc too that needs {o be replaced. The computer may then determine

the correct motion trajeciory for the fixture such that the correct tool holder is

brought 1o a correct position for the disc tool replacement. The correct position

25 may be above the through hole 204 to enable the disc tool replacement from
below the tool holder.

With respect to the disc tool itself, the disc tool may be a grinding

disc used for grinding a surface of an object, a polishing disc used for polishing

a surface, or a cutter disc used for cuiting, for example. The cutter disc may

30 have a saw-loothed edge or an abrasive edge. The disc tool may have a

through hole in the middie of the disc too! for attaching the disc tool to the tool

holder. Typically, the fixing may be realized via the through hole by a central

nut and bolt. The tool holder may comprise a backing plate to support the disc

tool and a fixing member, e.g. a centre bolt, at the centre of the backing plate

35 for fixing the disc tool. A counterpart fixing member, e.g. a centre nut, may

comprise a flange that presses the disc tocl to the backing plate when the



disc tool replacement area (B). The motion may be controlled by a servo motor (not shown) connected
to the fixture 106 through a power transmission system 300 transferring the motion of the servo motor
into a linear motion of the fixture 106. The operation of the servo motor is controlled by the computer
controlling 5 the disc tool replacement procedure. The servo motor is known to provide very accurate
motion, which enables the computer to precisely control the positioning of the fixture 106 in the guiding
track 100 by coatitHitg e number of revolutions and/or af axle angle of the servo motor. It should be
appreciated that another type of motor and power transmission system 300 for providing o the fixture

with a linear motlon lon uidin track 00 may,be used rn track on
which one of the grlptap agttfc]) tﬁe ?hosl(}.exreéir? NS hxsnrgem oes e]r 9 h?s &g% ?g k@ggl
communicating?itn mﬁbt@ﬁw&@ﬁt@m@@sH@sgﬁpwmghﬁ@aMaﬁﬂsaﬁmﬁqre @%@é@ﬁd@ﬂm Upon
connecting the fiood hioddarytpdherrabot'earintabe 15 sobat mrap@iitpatan instuist endorththepmputer to

release the grin oy Dt loaldialger SITHRIERGRNS BPADHRAS AI0PhAISNIIR daeyflisc tool
replacement machine for the re laceme ri?(t aworn |sct§b the robot m rﬁg/ﬁ&g%mn he tooI holder

between pn?cer% RN ﬁlﬂpgp S nstrll r%%tﬁ%r gﬁBrtWQ%Sf HEFESfer®the robot
may release th&aat nghma@r”@ﬁ@’nt@%m*tﬁtyﬁﬁaﬂlﬁeer@m%@%@Mbé@etﬁeetétﬂm@laéﬁ the

computer may getertimeovhinhyone pfdheigtippens ceriainger teoyheldaidhaving & diss teedhat needs
to be replaced.;gt'@r_computer may then determine the correct motion trajectory for the fixture such that
the correct tool holder is ht to gﬁcorrect |t|on for the disc tool replacement. The correct

position 25 may be abov tﬁ ﬁtr%tﬁ gD tcg“éﬁatﬁfel {58 GRS R eATEAT #3fn Bafow the tool
holder. With respreictaplase tikiet tosidisetf, fHgwisd tdobtratg belagHmiegldistdesedfongrimding a

surface of an objectist petiskiag idisenged fnsRelishirgra skHaaary awwtiefr@seétaﬁ@lder @tting, for
example. The Céﬂ&t rs‘ﬂé@ﬂ‘a@%"e&}?ﬁﬁ% R RApsloged edd r8z51a g ?H@‘%nﬂt?ﬁt 156 tqol may

have a through elnt e mi sc toal for attac Ing the Ito the tool holder. Typically,

the fixing may Bl &8 S19 AR tRFGAGH RS a thuly EIj’uftr arief %‘ﬁﬁe#t{e”t(%? ROIBBPHARY comprise
a backing platepieisupponitheedise tol anglackxmg hiembéi (e, gha sentgebale st 468 terttd of the

backing plate may comprise at least one storage area for new, unused disc tcols and one

storage area for used disc tools. Each storage area 402 to 408 may comprise

a spindte to which the disc tools may be placed through their through holes. In

an embodiment, the storage areas 402 to 408 comprise at least two storage

areas for new disc tools, wherein each of these replacement areas are

20 associated with different type of disc tool. This enables the change of different

types of disc tools on a need basis, e.g. grinding disc tools with different
degrees of coarseness.

A fastening/unfastening tool 422 is provided in alignment with the

through hole 204 over which the tool holder 104 is placed for the replacement

25 of the disc tool. The fastening/unfastening tool 422 may comprise a tool tip 420

matched in form to the fixing member of the tool holder such that they form

counterparts for fastening and unfastening the fixing member. The

fastening/unfastening tool may further comprise a flange 418 around the tool

tip to provide a supporting plane for the disc tool when the fixing member is

30 unfastened and the disc tool is detached from the tool holder. The

fastening/unfastening ool 422 may comprise a motor providing a rotary motion

that rotates the tool tip 420 and, as a consequence, unscrews the fixing tool

from the tool holder 104 when removing the used disc tool and again screws

the fixing tool to the tool holder when a new disc tool has been positioned on

35 the flange and the fixing member has been brought into contact with the tool



35 for fixing the disc tool. A counterpart fixing member, e.g. a centre nut, may comprise a flange that
presses the disc tool to the backing plate when the 2122404SG5 counterpart fixing member is fixed to
the fixing member of the tool holder. The disc tool may comprise a base layer which may comprise a
fiberglass, resin fibre, heavy paper, or metal layer. In some embodiments, the disc tool further
comprises a tool layer defining the function of the disc tool. The tool layer may 5 comprise an abrasive
surface to realizg #2d@#inding or cutting function, or some $oft material for the polishing. In the
embodiment where the disc tool is a saw, the tool may be provided in the base layer, e.g. on the edge

of the base layer. Figure 4 illustrates the disc oo#{repla ement level 110 of the disc to tool replacement
machine. Figur e AT et 106 T BB ORIES Lo Fing HR QLTS AL 1 bad FoBticea The
backing plate 4T®®¥ the tool holder is also shown. The gripper is not shown in order to simplify the

illustration. A plurality of storagle areasod@2h4Q4ph6 408 Iasalsrowdedandhedstippottiagquiate 200 of

the disc tool repjaermentdeysl JdQ. Themiorage e 407194080 mMAY-SRMpIise &) Ieas] one
storage area for new, unused disc, tool ar}ﬁ one storage are %r usedéillﬁc tools. Each s{%rage area
O\i%i

f
402 to 408 %af%@rﬁﬁﬁ%eaa%%ﬁﬂa% ) %@r&ig’g? ofg?ng%f) é'%l&’é fﬂ?@lﬁg’ﬁ?ﬂ@ﬁ‘th ﬁgh holes.
In an embodimé&R€ahdnsitpage ares6mMOP%® 408aonipHowat leakenwd storaye!brezreformdd disc
tools, wherein eachsafthesstepiacemeniatens aie:20 rassoeiaiad with diferentiyir wizlisgtool. This

enables the change gh differant HRE S8 dIFGIa0ls anyaNSEH RasS. haringing disc, iagls yith
A

different degrees of coarseness. A fastening/unfastening tool 422 |s provi in alignment with the
through hole 2(5@%@5\‘%}%@5’ REGHE FORLr REAHRPILEE Ry BlePrBptlaElTeROYY of the disc tool. The

fastening/uiifastening tooll422disayteohiprikeantesit tipar20nmanchedam foise torthedixiisg osinber of the
tool holder suchdprictheyfomsysoaniarpads it fasianing @nceviasiening heitixna aemies. The
fastening/unfastening tool 420 and the storage area(s) 402 o 408. The
replacement member may comprise at least one contacting member 416 to
grip the disc tool and an actuator to move the contacting member 416 and the

15 disc tool between the tool tip 420 and the storage area(s) 402 to 408. The
actuator may comprise a linear actuator to provide linear motion, e.g. an
up/down motion, and a rotary actuator, e.g. a servo moter, {o provide a rotary
motion. The linear motion may be needed to place the used discs to the
spindles of the storage areas and to raise a new disc tool from the spindle. The

20 linear motion may also be needed to position the disc tool to the tool tip 420.
The rotary motion may be used to provide lateral motion to move the disc tools
along the supporting plane 200 between the storage area 402 to 408 and the
tool tip 420. Lateral linear motion may be combined with the lateral rotary
motion in some embodiments.

25 The replacement member may comprise an arm 414 and at least
one vacuum cup 416 provided along the arm 414, The vacuum cup(s) 416 may
be used as the contacting member to grip the disc tools when the linear
actuator presses the vacuum cup(s) into contact with the disc tool. The
vacuum cup(s) may comprise an air duct between interior and exterior of the

30 vacuum cups to remove the air from the interior of the vacuum cup 416 when
the vacuum cup 416 grips the disc tool and to blow the air to the interior of the
vacuum cup when the grip needs to be released.

Let us now describe the operation of the disc tool replacement with
reference to Figure 4. When the disc tool is placed on top of the through hole

35 204, the computer may initiate the disc tool replacement. The
fastening/unfastening tool 422 is then raised such that the tool tip 420 is



fastening/unfastening tool may further comprise a flange 418 around the tool tip to provide a
supporting plane for the disc tool when the fixing member is 30 unfastened and the disc tool is
detached from the tool holder. The fastening/unfastening tool 422 may comprise a motor providing a
rotary motion that rotates the tool tip 420 and, as a consequence, unscrews the fixing tool from the tool
holder 104 when removing the used disc tool and again screws the fixing tool to the tool holder when a
new disc tool has! Baédgsasitioned on 35 the flange and the#ixing member has been brought into
contact with the tool 2122404SG6 holder. The motor may be an electric motor, a pneumatic motor, or

hydrauli tor. _In order t ve the tool tip and the disc to ached from the tool holder
i roamet 16 DTS LR T AR A SRR b iy L ARG ek TP lotBr oot
provides the todt4p \ﬁitlﬁmﬁéﬁﬁﬁwdﬁofﬁfﬁ'{f\%@hﬁ%r Wmotbeaybedmibrise tataahingddwn fixdtion, but
equally one couldeenvisageaiembeiments wharethelinealdeption coppriseriapiplinotiamglong the
supporting plang, 200, ﬁ%é?g&%ﬂoagqmﬁée@efnﬁgggeeﬁ%'lg?&L&%&%&?&ﬂ%ﬁgz%bys%wsa%?éf'c motor,

pneumatlc motor, or a hydraulic m tool replacement machine may comprise on the

disc tool rep‘ffacéﬁfée?f?ﬁ?\ge e HIE O AR D & ?Hfﬂ%% AR bRepilisish ifistance
fastenmg/unfasféﬁih@@od@ﬂﬁ@daﬁa thelistorageraresgshdo o408 ePlac eaptatensentendmiier may

comprise at leagtQnEnceNgeHNaNaRPRIA 1A daaumitarisgideabandanpsiiaiards mevedhe
contacting mem %@‘%@é‘%ﬂé% %’3%9'5%&%?'18&}%?1%9 é&@f ‘é%?n?é%%tﬂ §t?£%9‘3/§§e%%? 402 to
408. The actuator may compr inear actuator to provide linear motion, e.g. an up/down motion,
and a rotary actRIFCEY. RLERRT HbS 1 fhevige aGeme) rsvR e ik l?irr%’&hf‘n'ﬁ%rﬁ’%%e needed
to place theusedtides thsthéosppaiies ot therstoeaige ldrpasrahiii¢odiasoal newrigisedooitfrdne the
spindle. The  contacting member(s) 416. Upon gripping the disc tool, the replacement
member is moved such that the disc tool is brought to a storage area storing
the used disc tools. There, the grip is released, and the used disc tool is placed
in the storage area. Thereafter, the replacement member is moved to another
15 storage area storing unused disc tools, and the contacting member is
controlled to grip a new disc tool comprised in this storage area. Upon gripping
the new disc tool, the replacement member brings the new disc {ool on top of
the tool tip and the flange, and releases the new disc tool. Thereafter, the
replacement member is moved away and the fastening/unfastening tocl is
20 raised to bring the new disc tool and the fixing member into contact with the
tool holder 104. Then, the tool tip is again operated io attach the fixing member
and the disc tool to the tool holder 104, After attaching the fixing member, the
fastening/unfastening tool may be lowered into a resting position to wait for a
new replacement. After the new disc tool is attached to the tool holder 104, the
25 tool holder may be moved along the guiding track 100 to the robot's working
area to wait for the robot to change the tool holder.

As mentioned above, the disc tool replacement is applicabie to tool
holders that may be detached from the robot’s arm and 1o tool holders that are
fixed to the robot's arm during the disc replacement. Figure 5 illustrates an

30 embodiment of a tool helder 500 that is fixed to the robot from one end 502,
e.g. with bolts. This type of tool holder may be used in special surface finishing
solutions, for example. The disc tool may be attached to the other end 506 of
the tool holder. The tool holder 500 may comprise the backing plate at the end
506, although it is not shown in Figure 5. The disc tool replacement procedure

35 Is similar: the tool holder is brought into the replacement area, the fixing
member is detached from the tool holder, thus releasing the disc tool, the disc



20 linear motion may also be needed to position the disc tool to the tool tip 420. The rotary motion may
be used to provide lateral motion to move the disc tools along the supporting plane 200 between the
storage area 402 to 408 and the tool tip 420. Lateral linear motion may be combined with the lateral
rotary motion in some embodiments. 25The replacement member may comprise an arm 414 and at
least one vacuum cup 416 provided along the arm 414. The vacuum cup(s) 416 may be used as the
contacting mend@regBsthe disc tools when the linear acduator presses the vacuum cup(s) into
contact with the disc tool. The vacuum cup(s) may comprise an air duct between interior and exterior

of the 30 vacuum cups to remove air from the jnterior of the vacuum cup 416 when the vacuum
oup 416 grive R e AR TR G B P O R e S oo to
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into contactt10 hvithttherdiserpletgasitioned on the tool tip, and the disc tool is gripped with the
contacting member(s) 41G.Hdpep arppingdhearlisciigel. #hiq repipcament mambgrds mayedsuch that
the disc ool is broygit io 2 torage rsasipring. e ysed dise tools, Thete, (e gilp i3 Cleased, and
the used disc IQ& IS place ih fhe storage area ereaf{eP, e |gep Scement membepis moved to
another 15 stordg&EalsriRy (hBsearamREeboiest e ToMRAMIHE MIRBETSs BBRtRSIEE%o grip a

new disc tool conoprised totls istiragécarealdfporggiippingtheinei disc tookdbe répdacement

member brings;figingusdistialiagian of the tabiinand die flanaeppnd reieasesdbesneydisc tool.
Thereafter, the r{seplac ent member is moved awcfi%lra%%twﬁ;gstenmg/unfastenln tool is. 20 raised to
Al

bring the new disetos! and H%%%?ﬁ%éﬁ%%%%&?fﬁ'f% c tRe E%%I ri%f@&? o7l fﬂ%ﬂt}%ee tool tip is
again operated {ostfier tReigiig mebelr et gisedrirteardiieblitpBEICESa. Mftéras@ching the
fixing member, éhedagiesinghmfasieningrioof miay bheslopetead daiot@inesiing positeade waitdor a new
replacement. Afteriheew,disa,100]i%aiachgd 4Q the A PRIEE 104 MRking at teast one
206 processor and at least one memory storing a computer program code. The
computer program code may comprise program instructions defining the
process.
Let us now describe, with reference to Figure 6, the disc tool
replacement process from the point of view of the whole disc tool replacement
25 machine and from the point of view of the computer. Referring to Figure 8, it is
determined in block 600 that the tool holder is in a replacement area in the disc
tool replacement machine. This may be determined by moving the gripper to
the replacement area, reception of a signal from a sensor arranged to sense
the tool holder in the replacement area, etc. In the embodiment of Figure 1, the
30 detection may be based on completing the motion of the servo motor moving
the tool holders from the robot's working area to the replacement area.
in block 602, the fixing member of the tool holder is unfastened by
applying an unfastening force {o the fixing member. Upon detecting the tool
holder in the replacement area, the computer may output one or more control
35 signais to the fastening/unfastening tool to contact the fixing member and to
apply the unfastening force. As described above, the fixing member fixes the



25 tool holder may be moved along the guiding track 100 to the robot's working area to wait for the
robot to change the tool holder. As mentioned above, the disc tool replacement is applicable to
tool holders that may be detached from the robot's arm and to tool holders that are fixed to the robot's
arm during the disc replacement. Figure 5 illustrates an 30 embodiment of a tool holder 500 that is
fixed to the robot from one end 502, e.g. with bolts. This type of tool holder may be used in special
surface finishingistid@iéBs; for example. The disc tool may Be attached to the other end 506 of the tool
holder. The tool holder 500 may comprise the backing plate at the end 506, although it is not shown in

Figure 5. The disc tool replacement procedure 35is similar; the tool holder is brought into the

replacement ard5Ct ’fig?rr)@?n%%g@gif%’é‘fagﬁé?f%ﬁﬁ@%&hﬁ%‘i@@r@ﬁu@ﬁ%@s & g tool, the

disc 2122404368teobistithatigedrandtheidisingihe thisediscateaded dracked thierrodhaoldelr, thus

also fixing the cdi@@jmolfaﬂ'@h thgitoaldvalsenidde Temot may singrtha:ieal mld@é@@m@iscfﬁ@olld

replacement maghj e ' I IR the tog| holder, e.g.
P %@?&?ﬁngfu%i%ﬁgg {HSP“rBH*}ﬁe"@%F%Q%a%’?da%e)g%mgér?ﬁ%( %F’ROOF\A& gld

from the end 506, and bring t 5 holder (and the robot's arm placement area.

Meanwhile, the & 250 MM ARE i OB enRE ARAIBLONES ISR hin L P i DBEYRAY &t its arm
follow the motic presiitted byathie sdio envbodinavitg the dispper] Whehéherdisedoshhastbeen
changed, the grippermayweleass hrrrp ber thedealRelgar iandbheCompHEr dnaysignal to the
robot that the djsg 9ol feRlAGRIMENL 0 LAT DESAEOMRIRIET, nov JHe cperalion,of e disg tool
replacement machine may be understood as an automate process'?or rep?acmg e disc t8ols. The

process is contrBME® b i EEENBL R BREsRA G CIRAMD REOHIBYEINS coRpHEh G Brat i@ de
instructionsodefiaditeihg/cofardéoingh doptdoesmdrigiar @11 Bl ustidtesdarf| awddiageasnp offt ithe automated

disc tool replacesment RIgREF%: The Aighs-ehiBRinIRSABe MY e Saried Qubhydle dist togl,
replacement m%ceh]me |IIUﬁtr tep in Flgur{e 1, but it shctuléifpg u%de{st %d that t e%{o ess,may also
a

astell lening Lol iz 58 e broces .cf??e %drﬁbuterll B8 GRberstood

encompass the operation Lt‘fm‘eacompél:}ter ControMmng.

as an apparatu$ eRBHdMY athesst e PE Brdveck§04nd kif IBM BRSSRBFREYSEYARIG 2 Eemputer
program code. ridve diampuiboprografiteote nigyot dhepiistapiogranfsinsinueiions detiningvihg process.
Let us now dlesgribe, with tsfelenerdadaionsrier theifisedpelierlaceman Bf@ﬁ%@tﬁ%@ﬁwm of
view of the Wh%%dlsc tgol rféjlfrﬁement 25 maaghl([;)e a,(nd frog thwt 0 }/_lew of the com@uter.
Referring to Figureng,“ft |§S(C] Srmined IRBRIKBBCHA N E otl)g @E?n '5'?&%%%@“ Pea in the
disc tool replace?iéHttmatHihe. tHsis niag! be ldtsmindaeby soVRidahe dripper @ tepldéement
area, receptionaitardigyahftaneaisgnsor arangecttasensadiferaokhatderdol the, replagement area,
etc. In the embedimeM PLFEEE LdNRe tool holder and the disc tool to the backing plate
20 (block 606).
An advantage of the automated process is that reloading new disc
tools and removing the used ones may be carried out without interfering the
robot’'s work process. Additionally, the number of required tool holders is iow,
and the operator's workload is reduced with respect to solutions where the
25 operator manually changes the disc tools.
In the embodiment where the fixing member is a centre nut locking
member, sald unfastening the fixing member may comprises unscrewing the
fixing member off from the tool hoider, and the fastening may comprise
screwing the fixing member to the tool holder. The fastening and unfastening
30 forces are thus provided by rotary motion of the fastening/unfastening tool. In
an embodiment, the tool tip of the fastening/unfastening tool is provided with a
translational motion to bring the tool tip into contact with and to detach the tool
tip from the counterpart of the fixing member,
In an embodiment, at least one gripper is arranged to move
35 between the replacement area and a second area a determined distance away
from the replacement area, e.g. the robot's working area, to grip the tool holder



30 detection may be based on completing the motion of the servo motor moving the tool holders from
the robot's working area to the replacement area. In block 602, the fixing member of the tool
holder is unfastened by applying an unfastening force to the fixing member. Upon detecting the tool
holder in the replacement area, the computer may output one or more control 35 signals to the
fastening/unfastening tool to contact the fixing member and to apply the unfastening force. As
described above] 22d GikB1@ member fixes the 2122404SG9disc tool to the backing plate of the tool
holder through the through hole at the centre of the disc tool. In block 604, the disc tool is removed

from the tool h0|d§r after sai unfastgnin%. This mag be realized by se aratin%the

fastening/unfasteriity E56PREnTIRB 1861 KBIdSEaRPLABIRE Khd TR TRE™ afsetdor i the top
of the fasteningRpIRERETHRY ebdNel it ine! hoeeetdee Rppesdiare tthdtsnsetwrcatbadiamehts the

disc tool may be:gripedavhilg frdsineoniachuiiBtiiehacidnarialrAF Reserdinl fiapbuse inthat the
disc tool is remgi\é%d[&ﬂtpé’a &@Hg&qﬂ c{gﬁlﬁg@%w %%e%yh%pﬁé%gg@gmg/ﬁ%!Enés}ya%%gr Eghe

removal of the used disc tool by outputting a control signal to't astening tool to

separate from GV HIAER Sl BYIGGEURTY SEBolroP 6 TN SRR REIAERM B8RP rRBRIBBE to remove
the used disc toobafiemhekfasteniitylunfastéiningaploisrsepasated fraynddie toskhaldeasA thew disc tool
ii plach_ to tfhef@c?alt@ngym%@ ihblesy 6RAadiis Brayde f@ﬁ'ﬁﬁ@drébld@éﬁi%ﬁtt@hﬁ@ﬂhﬁgﬁcﬁﬁl ?/U'tﬁp of
the tool tip of t fe stenin | e toql tip to face the to er. Wit
respect to the 2@?? p:?g)t%(z,?r),{1 gp\%%r%léi%ggt‘é?égv%%@ fogo%iggr% ar %J%&El\é%ep I%%@t%%?ﬁ%’éﬁﬁaing the

fixing member ff dGMEREIRHN MR E BIdESthe \cBRIBURE EbRYiBRthéfd8RMALIUAEStening
tool to appty a fdstehing férsedesitrebtabl dipy thudhixirngitie dixircinensye bto {hetakihaldesrand the

disc tool to the Sagldae.alate ZUBIOHEBORY end ofARAEVANIAES AR Sviaraaiediaessy is that

reloading new dlscktt%ols aé*qj%rclen le%tgf usedb%nsﬁam irtn)t% (%ﬁlrrledbg twnhgut interfering the robot's

work process. Addi e hurmber 6 r@&tgired ool holders |seI(5(\3v, anvd'thE o%’gﬁa{f&ﬁg rkload is

.afe
onally,
reduced with rd8Fe¢'® s%l@%ﬁ@%é}‘@ fremypsatGarRIfURIF elvingestradrtiebohile Inthe

embodiment witerertie fikingarténgbands addentne nligddokisginerabstorsgid artasteningghadixing
member may CREPISES WRRSTEMNE NS EXRg NGRbRI T figm dhe dpaLiielder.anddhpdasiening may
comprise screwing the fixing member to the tool holder. The fastening and unfastening 30 forces are

thus provided buysro e(ljr'ﬁng i6h of the fastening/unfastening tool. In an embodiment, the tool tip of the

fastening/unfastening tool"s Frovteediian ttAstE haicaeerity 3re o6 fiprinttiitact with
and to detach thectoolhip from dhie counienparimbtion fismemeaaerols anrembdiaent; asdgast one

gripper is arrangad 40 MRYE AP BAIYSRE-RR rePRRMENAFFA ARCRSSRENE ARG Aetesined
distance ag\{/)ay arranged to deliver a rotary force from the robot's motor to the disc tool such
that the disc tool rotates to affect the grinding, cutting, or polishing. Thus, the
toot holder may comprise a first part that rotates while the backing plate
remains still and a second part that is fixed with respect to the backing plate.
Gripping the tool holder from the first part may cause the rotation of the
25 backing plate and the tool holder when attempting to unfasten the fixing
member. The ool holder may thus grip the tool holder from the second part
called a gripping part which is fixed with respect o the backing plate and the
disc tool. A surface of the gripping part and a gripping surface of the gripper(s)
may be formed as counterparts such that the gripper locks to the gripping part.
30 In an embodiment, recessions are provided in the gripping part and matching
protrusicns are provided in the gripping surface of the gripper. When the
protrusions enter the recessions, the gripper locks its grip to the gripping part,
thus preventing the rotation of the backing plate during the fastening and
unfastening of the fixing member. Naturally, other means for locking the grip
35 may be provided,



from the replacement area, e.g. the robot's working area, to grip the tool holder 2122404SG10 in the
second area, deliver the tool holder to the replacement area for the replacement of the disc tool,
deliver tool holder back to the second area, and release the grip from the tool holder in the second
area. Figure 8 illustrates the disc tool replacement machine from above where the guiding track
enables the 5 delivery of the tool holders between the disc replacement area 800 and the robot's work
area 802. The disgXepiaement area may comprise at leadtithe location where the tool holder is
brought for the replacement of the disc tool. The robot's Work area may be surrounded by a protective

imeter struct t II hI dinth ter 10
Siucture, AS descrined abUl aHo UGG AR DL BB P AH ARG 126 1A LR that one

end of the arm t(ﬂﬁe%%ﬁttmgbﬂ%naﬂre@ﬁﬁ‘é m@@wwméaegoatmfeaﬁjdmce)s'maa@@eapmeaomto the
robot's work areaubealidiz dhedislavhaenidinglyt armeparatetonaeancessihe sietagaaieantsafely
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also 20 arrangegdeifielives eotptaryHertee framdherehgtis ieiFigothe disediophsyichdbatithr disc tool
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rotates while the backing plate remains still and a secon at |s ed with respect t0 t e backing

plate. Gripping #&KodMAdTBEPHIRYhERRED AR rﬁB@Q%M Eth@?&taﬁfoﬁ*%’? thePhst pdR&igate and the
tool holderwhegxattgreptitigrta wrifesiterstheafigivay saerniercthgriodlipldEcnaydthesogdp the tool

holder from thecﬁ@@@ledtﬁaétﬁ@@ﬁ@@@(ﬂ@olﬁ@@aﬂ&%m&i@%ﬁtﬁw yithrespesiumibehagkingplate and
the disc tool. Aﬁ#tﬁo ?’}%fég% (RPN gL Czilrt apgc t%rlpglré% eurfgjcsc%mecgggp%rés gmée\pr ormed as

counterparts su per lo nanem Iment; reces IOﬂS are
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gripper. When theqrsirasidnfhenteethe wedisssionsyihegripperddcksits spopagettresgripianggpart, thus

preventing;the pqiadian pfdhesbasking maa%%e@géeeréaa@alna and dmniasiening of ﬁ’!@JPé"TQ member.
Naturally, other, means fo locKi an thee%rl&BS{n ed. 2122404S

row
illustrates an ertnbodg mgnt?or replacing the dise o%?w %O”H%C Ier% %:%%m%;ﬁ? r%oaoc‘glne
comprises at Ie@é’@ﬁ%%’tof‘é@%”a?’@é@oﬁﬁ?%ﬁu%%ﬁé%o@%%?élmerﬁﬂw Hlobdefcareas are
associated witly dfetenttyppsief distitolelshAdditianathyratitetst onmstoragecarea deaydis:d

above, but it controls the replacement member to pick up the new disc tool

20 from the storage area determined in block 704 (block 708). The new type of

disc tool is then attached to the tool holder. Upon detecting completion of the

disc replacement (block 710), e.g. upon moving the tool holder {o the robot's

work area, the computer may output a signal to the robot in step 712,

indicating completion of the requested change of the tool type. In an

25 embodiment, the computer may aiso indicate in which tool holder or gripper the

requested new type of disc tool is. Upon receiving the notification in step 712,

the robot may pick up the tool holder having the new type of disc tool at iis
convenience.

The processes or methods described in Figures 8 and 7 may also

30 be carried out in the form of a computer process defined by a computer

program. The computer program may be in source code form, object code

form, or in some intermediate form, and it may be stored in some sort of

carrier, which may be any entity or device capable of carrying the program.

Such carriers include transitory and/or non-transitory computer media, e.g. a

35 record medium, computer memory, read-only memory, electrical carrier signal,

telecommunications signal, and software distribution package. Depending on



5 provided for used disc tools. A communication link is provided between the computer and the robot,
and the robot may request the computer to change a specific disc tool to the tool holder. Referring to
Figure 7, a communication link is established between the computer and the robot in step 700. While
doing its work, the robot may choose to change the type of disc tool it uses. For 10 example, it may
first use a coarse-surfaced grinding disc and choose to change to a finer grinding disc. As a result, the
robot communi@aEHivdsiep 702 to the computer a requestifor the specified disc tool to be changed.
Upon receiving the request, the computer may change the next disc tool replacement process such
that the new disc tool will be picked from a storage area storing 15 the disc tools s eC|f ed in the
received requei ‘i Eﬂgeéﬁ%ga[fﬁ\‘%ﬁ? OFE t%, the @8?#8&8?0 eegi8€ aPéffstorlng the
requested disc %’tﬂ@.rﬁtﬂ@tﬂwmdEgibﬁnr:w@tr@@ﬁﬁwatﬁarpefith@m@@@dﬁtﬁbut@w@é@mtu@ block 7086,
the computer cantrijsitbegeplacemenhitsthe same manner as described above, but it controls the

replacement member to p wdis rmi block 704
(block 708). The ne\e{?é %H%jhzoo 8|s tﬂegig%c ! %g?%ﬁ@tg(g%h 9%5’?(8 on%ﬁegc%ﬂé%ccﬁpletlon of
lodRY 1
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computer may 60p\gEesigaad etetiveimebeintBeepvl hoiddicatimgtoe mpidticenufthanegiiedten] change
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up the tool holder having e newgg/ disc tool at its convenience esses 0 thods

described in FiGARIGREATS HLS t@@ geiegree ek ithE fofRP bR 'esmpYBPRRIREsY Gefined by
a computetrprognéasteFieocérmputier fredraimunmagrbedn Sow cdisodedloraplatyect codeafdrime or in

some 'ntermEdf@?ﬁw@%aﬂﬁﬁéb@@yr%t&@rﬂ%ﬁ ﬁ@mép@cﬁf@m&nzwiﬁ&hd@wm aRY; qpHty or

device capable q{e rasrgy&n%\gggtg 5‘?&% rrler hnecvlvuge tr{% Os‘. or t éo%ngq qtr nS{tOI’P/
computer medla ecord comp ute rrmemaory, read- -8ty memiory ectricar carrier

signal, telecommﬂ%aﬂ(ﬂ%@atﬁgl'”éﬂﬂ‘ﬁﬁf%@d%‘? |55?1%6rﬁ)°é%|2§9t59 @‘ﬁ%dﬂ%@rﬂ@mﬁMSGlZ

tool holder by applying the fastening force to the fixing member, thus fixing the
15 disc tool to the backing plate of the tool holder thraugh the through hole.

While this description provides a detailed description of some of the
embodiments of the invention, alt words and expressions should be interpreted
broadly and they are intended to illustrate, not to restrict, the described
embodiments. It will be obvious i a person skilled in the art that, as

20 technology advances, the inventive concept can be implemented in various
ways. The invention and its embodiments are not limited to the examples
described above but may vary within the scope of the claims.



the processing power needed, the computer program may be executed in a single electronic digital
processing unit or it may be distributed amongst a number of processing units. According to an aspect,
the disc tool replacement machine is 5 provided. The disc tool replacement machine may comprise the
computer configured to determine that the tool holder is in the replacement area in the disc tool
replacement machine and to control the disc tool replacement. The disc tool replacement machine
further comprisg$ihédFastaning/unfastening tool configured 3o unfasten the fixing member of the tool
holder by applying the to unfastening force to the fixing member. The disc tool replacement machine
further comprises a replacement member configured to remove the disc tool after said unfastening and
to insertingan 4R tool to be attached to the tool holder. The fastening/unfastening tool then
fastens the fixing. membehof the tactdralsterdiy applygrgothe thstetuny foreettamthesitkdéngonamber, thus

fixing the 15 disc togl {gthe-Rackingplate Rk el hplderthough the #auathiiteing in aVhile this
description prowd(?]a_a (ﬁta}lled descrg:)tg)n of some of the embodiments of the invention, all words and
expressions shoul bE i %rf)‘?g{aﬁeﬁ? g Waa%nt%'ey are intended to illustrate, not to restrict, the
described eémbodiments. It will be obvious to a person skilled in the art that, as 20 technology

advances, the invegtvereomiegpt-eantie ivaplaoiestad in varapsougysniTaeinvemtioniardtis)
embodiments are ngt limited 0 mgwples described above but may vary within the scope of the
claims. 2122404SG13 Claims 1 A method for automatically changing a disc tool to a tool holder of an
automated machine working with disc tools, the method comprising in a disc tool replacement
machine: 5 determigivigsteaintiea tboingordemisan &f tbplacenmenieres rptigitissnooiaptavement

machine; unfasteningca fisiggmembearahiie taekheldendy,ang ieenasniastenirg ibiatce to the
fixing member, wheygip; e é%%gg?;?%%%g%%%dgrdfﬁpo&% 0 B RARINGRIAL 9T dbRioL pglder through

a through hole at a centre’o
disc tool;

removing the disc tool from the tool holder after said unfastening;
15
nserting a new disc tool to the tool holder;

fastening the fixing member of the tool holder by applying a fastening force
to the fixing member, thus fixing the disc tool 1o the backing plate of the
20 tool holder through the through hole.

2. The method of claim 1, wherein the fixing member is a centre nut locking
member, wherein unfastening the fixing member comprises unscrewing
the fixing member off from the tool holder. and wherein fastening

25 comprises screwing the fixing member {c the {col holder.

3. The method of claim 2, wherein the fastening and the unfastening are
performed by a screwing tool comprising a tool tip that maiches with a
counterpart in the fixing member and providing the tool tip with a

30 translational motion to bring the tool tip into contact with and to detach the
tool tip from the counterpart of the fixing member and a rotational motion to
screw and unscrew the fixing member.

4. The method of any preceding claim, wherein the tool holder is positioned in
35 the replacement area such that the disc tool is faced downwards towards a
fastening tool that unfastens the fixing member, wherein the disc tool



removing the disc tool from he tool holder after said unfastening: 15 inserting a new disc tool to the
tool holder;  fastening the fixing member of the tool holder by applying a fastening force to the fixing
member, thus fixing the disc tool to the backing plate of the 20tool holder through the through hole. 2.
The method of claim 1, wherein the fixing member is a centre nut locking member, wherein
unfastening the fixing member comprises unscrewing the fixing member off from the tool holder, and
wherein fastenibtP280d®@rises screwing the fixing membedto the tool holder. 3. The method of claim
2, wherein the fastening and the unfastening are performed by a screwing tool comprising a tool tip

that matches with a counterpart in the f&jiﬁ]ggr%?mb r and ,%r?ovidin% the toal tip with a 30 translational
i |

motion to bring the%EICtheﬁnEB’EbmséP B ASERA TR SR O R ECUNR AR the fixing
member and a rotasRdalfRstioning streweaihe dfisthew tchefixgiganember. 4. The method of any
preceding claim, wherein the tool holder is positioned in 35the replacement area such that the disc tool

is faced downwardgﬁgz)\éﬂgjoﬁr}?téqeg{%gﬂ%l elﬁ‘@}é&é@,ﬁé@&@%ﬁ%%& mber, wherein the disc tool

2122404SG14 det r and remainis on top of the fastening tool after said
unfastening5, the method further comprising: gripping the disc tool from the fastening tool for removal,
inserting the new digestdvicoih eopewf thecfamiennty toof dmel fesitinithefdstening tool towards the tool
holder to bring the disc tool into contact with the backing plate.

raising the fastening tool towards the tool holder to bring the disc tool into
contact with the backing piate.
10
5. The method of claim 4, wherein a flange is provided at a head of the
fastening tool to support the disc tool.

6. The method of claim 4 of 5, wherein the disc tool replacement machine
15 comprises a first storage area storing used disc tools and a second
storage area storing unused disc tools, the method further comprising:

gripping the disc tool with a replacement member when removing the disc
tool from the top of the fastening tool and moving the disc tool to the
20 second storage area;

gripping the new disc tool from the first storage area and placing it on top
of the fastening tooi before fastening the fixing member to the ool holder.

25 7. The method of claim 6, wherein the replacement member comprises an
arm and at least one vacuum cup at an end of the arm, wherein the arm is
arranged to be movable under an automated guidance and wherein said at
least one vacuum cup is arranged to grip the disc tools.

3¢ 8. The method of any preceding claim, wherein a gripper is arranged to move
between the replacement area and a second area a determined distance
away from the replacement area, {o grip the toot holder in the second area,
deliver the tool holder to the replacement area for the replacement of the
disc tool, deliver tool holder back {o the second area, and release the grip
35 from the tool holder in the second area.



5. The method of claim 4, wherein a flange is provided at a head of the fastening tool to support the
disc tool. 6 The method of claim 4 of 5, wherein the disc tool replacement machine 15comprises a first
storage area storing used disc tools and a second storage area storing unused disc tools, the method
further comprising:  gripping the disc tool with a replacement member when removing the disc tool
from the top of the fastening tool and moving the disc tool to the 20second storage area; gripping the
new disc tool framz B 4iEsE storage area and placing it on top of the fastening tool before fastening the
fixing member to the tool holder. 25 7 The method of claim 6, wherein the replacement member
comprises an a(:én znd at least on va,cuugn cup at an end of the arm, wherein the arm is arranged to
be movable undér AR ATEHARPHAGERCE aXBERHErEN HiRRRNAR GRS R EUINE 4Pnged to
grip the disc tools. BoBamheugfethed blaayipreeediiy ot vhbiem dsgriopemibenrtasgeditg move
between the replacgndenifatgarang s agprdnacesbadetermined distance away from the replacement
area, to grip the tool holder in the second area, deliver the tool holder to the replacement area for the
replacement of the disc tool, deliver tool holder back to the second area, and release the grip 35from
the tool holder inYhE GG A ey BV PABARIS Yo e MISHHY S12I4IRT doRhESBIRSREERbper is
arranged to grip thenadtihelderspdbethattheagipipevents getaticaoffitie wsstdoldme ncdfaistening and
unfastening the fixingtrmembeipBifglhe method of any preceding claim, wherein the disc tool
replacement machine comprises at least two storage areas for unused disc tools, further comprising:

providing a communication link with the automated machine; ‘
providing a communication link with the automated machine;

10
associating each storage area storing the unused disc tools with a different
type of disc tool;
receiving from the automated machine a request to change the dis¢ tool
15 type and information specifying a new disc tool type;
selecting an unused disc tool from a storage area matching with the new
disc tool type requested by the automated machine; and
20 inserting the selected disc tool to the tool holder.
11.The method of any preceding claim, wherein the tool holder is detachably
attachable to the automated machine, and wherein the fool holder is
detached from the automated machine during the replacement of the disc
25 {ool.
12. The method of any preceding claim 1 to 10, wherein the tool holder is fixed
{o an arm of the automated machine during the replacement of the disc
tool.
30

13. A disc tool replacement machine comprising means for carrying out all the
steps of any preceding claim 1 to 12.

14. A computer program product embodied on a distribution medium readable
35 by a computer and comprising program instructions which, when lcaded



10 associating each storage area storing the unused disc tools with a different type of disc tool;
receiving from the automated machine a request to change the disc tool 15type and information
specifying a new disc tool type; selecting an unused disc tool from a storage area matching with the
new disc tool type requested by the automated machine and 20inserting the selected disc tool to the
tool holder. 11. The method of any preceding claim, wherein the tool holder is detachably attachable to
the automated4n@enive; @nd wherein the tool holder is detéched from the automated machine during
the replacement of the disc 25tool. 12. The method of any preceding claim 1 to 10, wherein the tool
holder is fixed to an 18 m&Of the auigmated machine duri ? %?e re Ia ement of he di ctl? .3013.A
disc tool replaceménfj Chine &8 br@ﬂjfé’?n Sn§Y0IHCER C(S)u : ﬂb%’f@ﬁg %ﬁy ing claim
1to 12. 2122404SErs mftm@f@&}@mé@%aﬁmtwcymém @ainerdl @l 'ekecution of all the steps
of the method according to any preceding claim 1 to 12



