- 1 - ADHESI VE FASTENI NG ELEMENTS FOR HOLDI NG A WORKPI ECE AND METHODS
OF DE- BONDI NG A WORKPI ECE FROM AN ADHESI VE FASTENI NG ELEMENT The
present invention relates to adhesive fastening el enents for hol ding
a workpi ece and nethods of de-bonding a workpiece froman adhesive
fastening el enent. Background It is kndwn to use wor khol di ng devi ces
to hold a workpiece still whilst perform ng manufacturing processes,
such as machining, or whilst inspecting the workpiece. The nost
common et hoggp AESIPE HIRS FERING EISEMERGS FOR H OV ING AOWORRPIEEE
15chucks and‘Wﬁgﬁ€rTE“§*§T?WﬁT__11‘_56§§§§§_§6ﬁ§_TTﬁTTéTT6ﬁ§“‘“_"‘
particul arly whANBMETHORN ' | ‘ RQM &
processi ng which invol ves JE -uchlnlng)
Several non-conventional w e HREERAv e been devel oped
to address 20 some of the Ilnltatlons of the common et hods descri bed
above. For exanple, low nelt alloys, adhesives, resins, waxes, and
wat er-i ce have been enployed to encapsul ate irregular or delicate

Cndesi i egnt fuSTh B30 HhBevE iR o, FP0REE Ehobhd 2 Sl Bhee
encaps @nait nethode dif ale- Iﬁbl’_(dllh@érmr&ple\delfkﬂﬁ anaydhezivie faklemiisy slenterds
| ead- bi smuth-tin conposition are stronger than waxes, small anmounts

of the alloy may be left on the workpiece (i.e. a turbine blade),
causi ”%é‘é?(drBEhB” problenms. - 2 -
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It is known to use workholding devices to hold a workpiece still whilst performing

manufacturing processes, such as machining, or whilst inspecting the workpiece.

The most common methods of workholding, i.e. mechanical clamping, vacuumed
15  chucks and magnetic systems, all possess some limitations, particularly when delicate
or difficult to hold parts require processing which involves mechanical loading (e.g.

machining).

Several non-conventional workholding technologies have been developed to address

20  some of the limitations of the common methods described above.

For example, low melt alloys, adhesives, resins, waxes, and water-ice have been
employed to encapsulate irregular or delicate parts in order to ease manufacture.
However, encapsulation is often undesirable as the parts have to be subsequently

25 removed from the encapsulation media. Furthermore, whilst low melt alloys such as
lead-bismuth-tin composition are stronger than waxes, smail amounts of the alloy may

be left on the workpiece (i.e. a turbine blade), causing corrosion problems.



It is also known to use nmagneto rheol ogical fluids to hold parts
during machi ning operations. Wth such fluids, the parts are | ocked
I n place when a magnetic field is applied to the fluid and are

rel eased after renmoval of the magnetic field. However, such systens
are conpl ex and thus expensive. The cd@bbnents are al so susceptible
to 5 gradual novenent if a continuous force is applied. Adhesive
based fixture techni ques may al so be used for hol ding a workpi ece.

For exafildiso Eﬁ@\hm@%éﬁé@fét&@ﬁ'&ﬂbg@amw@% Hb R A W rirRIlaekmid)
adhesive which is activated by light. Such adhesives have a short
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an ultraviol et spot Lanp and light guide to direct UV 15light through
gri Ppi ehadidsneyemertif 4 goatiaweys Breg isariedt o rapidly cure a

phot o- acti vat ed adhesive applied to the gripping pin surface. The

wor kpi ece, which is | oaded agai nst the adhesive on the gripping pins,

I s hel d\dhespleceasediUixdtng teshhignes gndyyalsb deardeesioy @okhiimgla widrkpieoekporece
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whil@h &ldveaverhié isnoedgsisatetor de-bend dhdwmodarede ot the workbpiding deviceafter

mechanical | y br.eaki ng,t he adhesive bond, 25 Specifically, Fig. 1
Shows LTEEARBIIE RECRPRRA SRR SSrAB Y bace prate 1 and a rod or
gripping pin 3. The gripping pin 3 projects above the base plate 1
and supports a workpi ece 5. A photo-activated adhesive 7 is disposed

bot wee AN GeaTgpPIEsTiagAR ecBnine Bfiee kit fiobivates, Adsig GHpPITG (bARG)

the adteeyE el AAE AR AMleepnl Rl Shot L AR IR 0

bet seelighhi@rgld timsing iphs3(fasteningeels@ekyy @Csind) to rapidly cure a photo-activated
adhesive applied to the gripping pin surface. The workpiece, which is loaded against
the adhesive on the gripping pins, is held in place during machining by the adhesive
bond. The workpiece may be de-bonded from the gripping pins by mechanically
breaking the bond or using laser radiation to break the bond. Residual adhesive may be

20 removed from the workpiece and gripping pins by mechanical abrasion.

Figs. 1 and 2 show gripping pins used in the LAAG system which allow the workpiece
to be de-bonded from the gripping pin by mechanically breaking the adhesive bond.

25 Specifically, Fig. 1 shows a workholding device comprising a base plate 1 and a rod or
gripping pin 3. The gripping pin 3 projects above the base plate 1 and supports a
workpiece 5. A photo-activated adhesive 7 is disposed between the gripping pin 3 and
the workpiece 5. The gripping pin 3 has an optically transparent inner portion 9 which
transmits light to the adhesive 7 so as to cure the adhesive 7, thus forming a bond

30 between the gripping pin 3 and the workpiece 5.



- 3 - After the required manufacturing processes have been conpl et ed,
it is necessary to renove the workpiece 5 fromthe gripping pin 3.
The base plate 1 and gripping pin 3 have conpl enentary screw t hreads
11, and a head 13 of the gripping pin is engaged by a notor 15

whi ch causes the gripping pin 3 to rofate® and translate away fromthe
5 workpiece 5. This action nechanically breaks the adhesi ve bond
between the gripping pin 3 and the workpi ece 5. However, the

ar r angeRiHth@reduied hahSfiidtliffy pravbssdehaas kOeee8mpldtsd Sitfd néde@BhhYto
supported so as to prevent rotation and translation of the workpiéece
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whion eSS ERRIE Ry ety TSKEs ), b4 Bl 15 g e ORI R ) Efoaged
proces sy dhwtar 1 Pphith eauses the geippirgdsiel Mot otz et teirittte swanofréinrthe
menber 17. The gripping pin 3 is threadably coupled with the o
suppor tYqrlpiese fe fibés aatioramgcbanisaly bigaka ke adbesive pend beiween the gripping

suppor t. 8 i is rotated by the notor 15 to de-bond the
wor kpi ted(':'gg . g‘%%%g%r%ﬁéﬁg menber 17 has an annul ar shoul der 19 t hat

prevents transl ation of the workpiece 5 during rotation of the

grippin in 3. However, againh, jt iS necessar 0, prevent rqtation

of the Resrele %’Fafﬁﬁmﬁ@rqaidgr}%ﬂ f?ﬂéi"ieﬁéﬁéﬁ %‘Fi‘é‘ﬁﬁ‘{%fecﬁr@sgﬁq MY pin
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unsuitable for fragile itens. Furthernore, depending on the geonetry
of the workpiece, it may be difficult to direct |aser radiation

tovar dgig esEowsl BAsitéenative WerkRbRInglH&Tite WHich fraiis/suphoraditAg vidtkbiece
the gripping pin surface, particularly with the workpiece in situ.
Cons eqdeditring therrie-bppiling areessso T hergsippinerinkisnrpvidediwiican eatesnalnd
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be nmuch longer than required to cure the adhesive so as to ensure
conpl ettke ‘Prnb‘:? tordebonddhe yuukpiere & iThe WI@@H'WﬁEﬁ%ﬂ% hagean annular

manuf aghylidag 18" R5E5 S ven@fhddition Si8hE Wdrkpiece 5 during rotation of the gripping

pin 3. However, again, it is necessary to prevent rotation of the workpiece 5.
Furthermore, the translation of the gripping pin 3 may cause damage to the workpiece 5

20 even when supported by the annular shoulder 19.

As described above, mechanically breaking the bond can induce large stresses in the
warkpiece and is therefore unsuitable for fragile items. Furthermore, depending on the
geometry of the workpiece, it may be difficult to direct laser radiation towards the

25 adhesive.

It is also difficult to apply the adhesive to the gripping pin surface, particularly with the
workpiece in situ. Consequently, the application of the adhesive may be inaccurate and
messy.

30



The process of renoving residual adhesive fromthe gripping pins is
time consum ng and del ays further operations on other workpieces.
Furthernore, the renoval of the residual adhesive may gradual ly
darmage the surface of the gripping pin, requiring the 10pins to be
repl aced frequently. Furthernore, the L[AAG system suffers from
additional limtations, for exanple, in that: it is not possible to
determ ne whet her the workpiece is securely held before 15comrenci ng

the maqhbrioRer, 9P dHenAdlificultto aterfivhe/ whetibrith@bdnesive i eesgripping pin

i npact strength of the bond between the workpiece and the workhol di ng
may notSupiacs lesi kaesmadgaustel .cured. Genfigiquestype teirgtiongi theauring process is
mat er i . |t ' . ] |

ght qumaanieer e mii KGR AT oy BT Rl g AR bg df brend
adhesi wanipgsteetiring. Fhaneoisasasdhatimogiento gerfoan dha enadufadtuahd prociss,
sone or all of these problens and all ows the workpiece to be

de- Bonded thie HRIEORtausi ng danmge to the workpi ece. 25 Statements of

I nvention In accordance with an aspect of the invention there is

provi ded an adhesive fastening el enent for holding a workpiece, the
adhesi vihef pratess ofrevhevirg residopradhasiye feom3be gdppsigusinsl & fimercpnsutnng

enbedded | n .t he, adhesi ve fasteni el enent f uppl vi adhesi ve to
an oxt ANAdIeIaYR RAReT Gperations ALAPHE WoRkT eras g UshERBRTe. the removal of the
residual adhesive may gradually damage the surface of the gripping pin, requiring the

10  pins to be replaced frequently.
Furthermore, the LAAG system suffers from additional limitations, for example, in that:

s it is not possible to determine whether the workpiece is securely held before
15 commencing the machining operation;
» it can only hold flat workpieces;
» the impact strength of the bond between the workpiece and the workholding may
not be sufficiently high;
+ itrequires expensive optical materials; and

20 ¢ it requires costly auxiliary equipment, such as a light guide and UV lamp.

It is therefore desirable to provide adhesive fastening elements and methods of de-
bonding which alleviate some or all of these problems and allows the workpiece to be
de-bonded without causing damage to the workpiece.

25

Statements of Invention

In accordance with an aspect of the invention there is provided an adhesive fastening
element for holding a workpiece, the adhesive fastening element comprising: an

30 adhesive delivery tube embedded in the adhesive fastening element for supplying
adhesive to an exterior surface of the adhesive fastening element.



Enbeddi ng an adhesi ve delivery tube in the adhesive fastening el enent
itself allows the adhesive to be accurately directed to the surface
of the adhesive fastening elenent, even with the workpiece in situ.
This allows a uniformlayer of adhesive to be applied in a sinple and
tidy manner. 5 The tube may be locat®d in the centre of the
adhesi ve fastening el enent. The tube may be configured to prevent
adhesive fromcuring within the tube. 10 The tube may be opaque. The

t ube mnbsddmgaaﬁdﬂeswe denva,ewHﬂmSthé%dhéﬁwgrfaétanmgeélemenmyeﬁ allows
conprise a glura ity of novable pins, and adhesi ve delivery tubes

may be te@gdbgsiveitn b@rﬁpcolfatﬁb’r@rﬂﬂed tethe swfacemf themebpsive dastenigelement,
tub f
o, ng SRo TERGEPRD i BB ke p bl Bsuefanndie R BB appis

of the RZ8nadhasdvidyimatmer ng el enent. The pins having adhesive
delivery tubes may be distributed throughout the pins. Such a
conPiguration may allow the adhesive to be uniformy distributed

across fH%etuiBEtrﬁéy B&ﬁ’o&ﬁéw&é@t Qf@'e"aedﬁe%ﬁ}e%b trﬁjeél'éﬁ%nta”d the

wor kpi ece N accordance w aspect o iI'nventi on,
there is provided a net hod for de- bonding a workpiece from an

adhesi fasteni ng ele t he adhesj ve. fastening el enent
ot | SiMgiDg TaY Op RBNBIED tarRTo S AESIE VR THIE CUAAP A EHE T tibe ¢ st
menber and novable relative to the first nenber along a | ongitudinal

axis of the adhesive 30 fastening elenent; wherein a bond is forned
by 1an ddiegsbeandebampaquae wor kpiece - 6 -

The tube may be non-metal.

The adhesive fastening element may comprise a plurality of movable pins, and

15 adhesive delivery tubes may be embedded in one or more of the pins.
The adhesive delivery tubes may be embedded in a plurality of the pins.

The pins having adhesive delivery tubes may be grouped together in the centre of the

20 adhesive fastening element.

The pins having adhesive delivery tubes may be distributed throughout the pins. Such a
configuration may allow the adhesive to be uniformly distributed across the interface
between the adhesive fastening element and the workpiece.

25
In accordance with another aspect of the invention, there is provided a method for de-
bonding a workpiece from an adhesive fastening element, the adhesive fastening
element comprising: a first member; and a second member adjacent the first member
and movable relative to the first member along a longitudinal axis of the adhesive

30 fastening element; wherein a bond is formed by an adhesive between the workpiece



and the first and second nenbers of the adhesive fastening el enent;
the nethod conprising: noving the first and second nenbers relative
to one anot her such that the second nenber noves away fromthe

wor kpi ece so as to break the bond betmggn t he second nmenber and the
wor kpi ece; and noving the first and sécond nenbers relative 5 to one
anot her such that the second nenber noves towards the workpi ece and
applies a force to the workpiece so as to break the bond between the

first npbee fradhrideecidierRrs anthd sdrtsiRoRdtd i \é@rﬂféﬁteﬂ% ieeivd he

adhesive fastening elenent. This nmethod of de-bonding a workpiece
f r om arcontNisiNG:ENe\iRY &8 fitgt endraenend seembers refitivede oneaneikenauditthatthe
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bei ng isedung therbéhgndviHekRbaGece; andRobing dhe drdhpd steendtnembbey ®lative
may be threaded such that noving the first and 15 second nenbers

rel &t i V@ ong awhelmichdhatibegiacond memger myweﬁéowaf@thamrbplege@m@apphes
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one an suc novi n cond nenbers re |ve

one aneidrepiecogmd Bﬁdemc)hatthegvdrhmew friont gHe mmm@mmmmment.
relative to one another. Myving the first and second nenbers rel ative
to one another nmay conprise translating the first and second nmenbers

relati “’T‘Fué ﬁ’le 8f94- B%ﬁdm%sa {%ﬁ(ﬁlé@é‘ﬁbﬁ‘f & ?PH&SI({@%&J&@% ﬁéﬁ’leﬁféﬁn not

menber s ydr aultcallly or 'pneumati ca act ua
mender mrb.;ceb@(aaasslefd sttrtmanrdthmﬂodﬂmgcef Rammuiarlwﬂumgdbe firgGtane ther st

menber be noved so as to,nove the c

from t AANGsR PRt BndRd opg i iersda SRty Floes i e Haing
de- bonghdibedGh sk WagkdiBge.i ntegrity of the bond by applying a
predeterm ned force between the second nenber and the workpiece. 5

The predeterm ned force may be greater than the m ni numrequired

ona. 11 et R #E3Td BEMKSPS me v nideEy SBuh Wil -pRRle 1 oh°

possi blsechtd arrbiéeTERICE do bReRPoMRdr GO M. rotating the first and/or second

members.
The first and second members may be threadably coupled to one another such that
moving the first and second members relative to one another comprises rotating the

20 first and second members relative to one another.

Moving the first and second members relative to one another may comprise translating

the first and second members relative to one another.

25 The translation of the first and second members may be hydraulically or pneumatically

actuated.
The second member may be moved toward and away from the workpiece.

30 The first member may be moved so as to move the second member toward and away

from the workpiece.



The second nenber may be di sposed inside the first nmenber. The second
menber may be set back fromthe first nenber so as to define a recess
whi ch receives a portion of the workpiece; and wherein, after
breaki ng t he bond between the first nenper and the workpi ece, the
second nmenber nmay be advanced to renove Tesidual adhesive from an

i nner surface of the recess. The adhesi ve fastening el enent may
conprise a plurality of first elenents and/or a plurality of second

el ementThe hetRCABIINEReVESHDARD DR tR882indiHg, CRBckinY &R itegritl/ e ke
is provided an adhesive 20 fastening el enent for holding a workpiece,

t he adhgsidvy apRlyiedishpresieteranined frpe pstween Bhe secondmrs r apldhe

secondwrgﬁg@% adj acent the first nenber and novable relative to the
first ne FC81 ong a longitudinal axis of the adhesive fastening

el ement; wherein, in use, an adhesive forns a bond between the
wor kpi ece and the first and second nenbers with the second nenber in
a fPr stT*ﬁdé'ieEjBtﬁﬁ[m%ﬁfoq}\'ﬁ% mayPe geaterciban the migippan fﬁ@”'ﬁ%ﬂ/aﬁﬁd@%ﬁé‘}e and
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so as fforceppay seat dotleentaginive pusske free eapbrierded inendromati sbricgeen t he
first menber and the workpi ece and to de-bond the workpi ece fromthe
adhesi ve fastening element. - 8 - The first and second nepbers may

be thr screw t hr eads.
O e

may conprise a transparent portion. 5
ThaOtransparent portion may be an optical fibre or other W

transmttin terial. The first d/.or. second nenbers.m

Conpr | JDeAPABRCEPRBeH AR O RARK o TR SRR h s Eat0 AR recess
di spos ehiHRdcdReshe pbitio o TRENRIpIAcH! atichivhbieiRf affdrtbakhgRabENd
and/or a plurality of second el enents may be provided. The first
posi t i Grtween the Bst manbenanst theayorkpiase) éw seponslunerber 1ay e alivarged to

member ’rer?‘ngw lt’ésigﬁaflli éﬂi‘%%iv% &R inner surface of the recess.
15
The adhesive fastening element may comprise a plurality of first elements and/or a

plurality of second elements.

In accordance with another aspect of the invention, there is provided an adhesive

20 fastening element for holding a workpiece, the adhesive fastening element comprising:
a first member; and a second member adjacent the first member and movable relative
to the first member along a longitudinal axis of the adhesive fastening element;
wherein, in use, an adhesive forms a bond between the workpiece and the first and
second members with the second member in a first position, and wherein the second

25 member is movable away from the first position to break the bond between the second
member and the workpiece and is movable toward and past the first position so as to
apply a force to the workpiece to break the bond between the first member and the

workpiece and to de-bond the workpiece from the adhesive fastening element.

30 The first and/or second members may comprise a lead screw.



In accordance with another aspect of the invention, there is provided
an adhesi ve fastening elenent conprising a plurality of pins; wherein
the pins are independently novable along a | ongitudinal axis of the
adhesive fastening elenment to define a _three- 20di nmensional surface
of the fastening pin. The pins may be'é%hfigured so as to conformto
the shape of a workpiece which is to be bonded to the surface of the
adhesi ve fastening el ement. 25The pins may have a hexagonal,

tri anguitd first hh@ 'dbddn@ h@ﬁbé@,%apbe%re@aﬁbwﬂﬂm@d tPBne Eﬁ@ﬂhepbp may
conprise a | ead screw which is rotatable to nove the pin.

Al ter nalqnwmementam sprevs thregdse noved by hydraulic or pneumatic neans.
Further still, the pins nmay be freely novable and | ocki ng neans may
be provi ded to fix the positions of the pins once 30they are in the
desi r edrieofiist a0dVor secénd nionsbemap cemplist Retrandiramypartion! i se an
adhesive delivery tube. Furthernore, one or nore of the pins may
conprise a transparent portion. The transparent portion may be an
opti cal NS . i :

Fur t hor g ZorRpens Fortiof iRy o8B PSSR kRS materip
surface of the adhesive fastening el ement. 5The cap may be doned.

Altern iV S Ie sheet of transparent exlb mat er may be
| aid o fﬂerﬁﬁaﬁﬁé ”’g?efﬁﬁ%‘/ BemrpHee éﬂr?éJr‘ﬁé&)’e 'HSWn*é'b?gd to a
light nmeter and |ight fromthe exterior surface of the adhesive
fastening el ement may be transmtted to the light neter. A light
1046ur danensgcond rnembeomaydbé dispesedirside thet first anemuivar. of |i ght
received by the light neter. Furthernore, a feedback | oop between the
light meter and the |ight source nay be provided. 15 The |ight source

may be FP{)I%Y@TNI Bflfifst @Erheh 8 Graifdr &/ ?Fu@@hty' Bf 88orid Elehiciité niEst Fﬂﬁﬁd%‘d S

that a workpiece is in contact w t he adhesive fastenl ng el enent
Furtherm)re the light neter may detect which of the pins are covered

by the r'ﬁ’%{,@%ﬁwgf lthréeséco%tmgﬁl% Fﬁ'léWe BQI|0¥V ﬁ%pédrpécgbcﬁﬁe ﬂf‘s@?‘nember

which a
15  thus defining a recess.

In accordance with another aspect of the invention, there is provided an adhesive
fastening element comprising a plurality of pins; wherein the pins are independently
movable along a longitudinal axis of the adhesive fastening element to define a three-

20 dimensional surface of the fastening pin.

The pins may be configured so as to conform to the shape of a workpiece which is to

be bonded to the surface of the adhesive fastening element.
25 The pins may have a hexagonal, triangular, circular cross-section or any combination.

Each pin may comprise a lead screw which is rotatable to move the pin. Alternatively,
the pins may be moved by hydraulic or pneumatic means. Further still, the pins may be
freely movable and locking means may be provided to fix the positions of the pins once

30 they are in the desired position.



20 The light meter may detect a change in the optical properties of
t he adhesi ve which occurs when the adhesive is cured. The |ight
source nmay be turned off when the |ight neter detects that the
adhesive is cured. 25 In accordance mﬁ%p anot her aspect of the
invention, there is provided an adhesive fastening el enent for
hol di ng a wor kpi ece, the adhesive fastening el enment conprising: a

| i ght source for providing light to an exterior surface of the

adhesi \@®né aphRite 0P i1ed pifeNhap oMPrice ablidhediveaddiRehy Ribea Fdrthelth@mt one or
meter for receiving li1ght fromthe exterior surface 30of the adhesive
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to the t:

o oA Bt e ESHL 46 Bl TG, Eyfindfiors e ins may
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curing _process. aghem ve fastenin g el enent ma¥

conpri s eacﬁ%ﬁ'@ﬂé&dqﬁ@@ﬁ deradiely nad sB1gle besietidransng qn#élembg%fnatenal
sour ce. ﬂ'ﬁellé[erﬂ)&ré% fsmay be prevented from being activated unless
the |i np]t nmet er tect that a workpiece is in contact with the

adhesi ve fastening element. 10 The |ight meter may detect a change in

th t | f th dh whi ch dh
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source is activated for onl ge mnimumtine 15required to
cuf@ t Iseumtheay\be cclrﬁ@)lllerighu'emnsedo g aourmt oébglairreceweﬂrchyéhe fH@é’f meter
The LEDs may conprise W and/or Infrared LEDs.

Furthermore, a feedback loop between the light meter and the light source may be

provided.

15  The light source may be prevented from being activated unless the light meter detects
that a workpiece is in contact with the adhesive fastening element. Furthermore, the
light meter may detect which of the pins are covered by the workpiece and the light

source may only supply those pins which are covered.

20 The light meter may detect a change in the optical properties of the adhesive which

occurs when the adhesive is cured.

The light source may be turned off when the light meter detects that the adhesive is
cured.
25
[n accordance with another aspect of the invention, there is provided an adhesive
fastening element for holding a workpiece, the adhesive fastening element comprising:
a light source for providing light to an exterior surface of the adhesive fastening element
so as to cure an adhesive; and a light meter for receiving light from the exterior surface
30 of the adhesive fastening element; wherein the light source is controlled in response to

the amount of light received by the light meter.



20 The LEDs may be enbedded in the adhesive fastening el enent and
positioned at or near the exterior surface of the adhesive fastening
el enrent. The adhesive fastening el enent may further conprise one or
nore optical fibres 25coupled to the Iight source for transmtting
light to the exterior surface of the aaaésive fastening el enent.

The adhesive fastening el enent may further conprise one or nore
optical fibres coupled to the light neter for transmtting |light from

the ext@érﬁtﬂfuiﬁgiﬂgeamt @Bufdﬁnaébﬁéﬁs@to?t%aaﬁﬁ@mrw ligherRelvedmby the lighght

nmeter. |In accordance with another aspect of the invention tthere’s
provi dedeten impryves\tae saiaty and gligienanel thercuobdiragess. wor kpi ece, t he
adhesi ve fastening el enent conprising: an exterior surface which
recei ves the workpi ece; and one or nore LEDs enbedded in the adhesive

fast eniTig: sdiesEvd faa0shing @ldmemadanfurtierRaiprideea ddbacRlosbégtthe
the 5 adhesive fastening el enent. The LEDs may be Infrared (IR

andbor light mejeoard thedight sepece. The LEDs may be used for curing an
adhesive on the exterior surface of the adhesive 10 fastening el enent
in order to bond the workpiece to the adhesive fastening el enent.

Fur t herTiher lighttsbardebiiay aypriescniseidrdm bpdmpactihvatde ahlass tios Hght meter detects
de-bond t he workpi ece fromthe a@hesi ve, f ast eniﬁﬂr;*g el enent. For

exanpl dhakdWorkaRceisnonRA WK 88 FUiesksirsianing eePYY: seconds to |
cure the adhesive (with the tenperature remai ning bel ow the

de- bondi ng tenperature) and approxi mately 40 seconds to obtain 15a
suftfi ciTdwt light metlr reypiatatia ehangal i thempticheprapekisseafdhé mdimesive which

adhesi %%CL,%S\FVEQ}] rtjt'cr’e adhesive is cured.

The light source may be turned off when the light meter detects that the adhesive is
cured. This may ensure that the light source is activated for only the minimum time

15 required to fully cure the adhesive.
The light source may comprise one or more LEDs.

The LEDs may comprise UV and/or Infrared LEDs.
20
The LEDs may be embedded in the adhesive fastening element and positioned at or

near the exterior surface of the adhesive fastening element.

The adhesive fastening element may further comprise one or more optical fibres
25 coupled to the light source for transmitting light to the exterior surface of the adhesive

fastening element.

The adhesive fastening element may further comprise one or more optical fibres
coupled to the light meter for transmitting light from the exterior surface of the adhesive
30 fastening element to the light meter.



el enment. I n accordance with another aspect of the invention, there is
provi ded an adhesive fastening el enent for holding a workpiece, the
adhesi ve fastening el enment conprising: 20 an outer nenber; and a
consunabl e i nner nmenber di sposed insidi t he outer nenber and

rel easably novable relative to the out ! “menber al ong a | ongi tudi nal
axis of the adhesive fastening el enent; wherein the consunabl e inner
menber conprises a bonding surface which, in use, is bonded by an

adhesi Vg de@ofd2®clUWitPhseReRBShé& of GRONRENAGE tHe@@'i@?_ﬁﬂ/idéH ggtapbsivBe
wor kpi ece fromthe adhesive fastening element. 25 The consunmabl e

i nner rfasispingnelgmest for hepding & woikipiece, theadiberiveriasiening méemeaningsumprisipg:
be forned from Perspex any. ot her transm,itin ereal . ¢ T
The comumiBNg s WatbaPChuet BE wothrit @b A S RbEl bBsiompedded in
such ashé ddpbsivelfastadimgsdl¥ent Bad \poEkKiBhed &it BRYiebethRed:defidy sUrRke of the

t hrough solidification of the hot nelt adhesive. 5 The consunabl e

i nnér rRsesiverfagtepingregend plurality of portions. The plurality of
portions nmay be frangi bly connected. The adhesi ve fastening
el ement may further conprise | ocking neans for |ocking the 10

posi ti diheof EDS enapobe Wiifedred (IRirenid/oebheaviglel @IVMEEDs. t he outer nenber.
I n accordance with another aspect of the invention, there is provided
a method for detaching a workpiece froman adhesi ve fastening

el erentryd Nenadiasby fisba ety 4 8HRBSIVE BiRhé Sxiior AL BF HIPARRSIy |

and a consunmbl e'i nner nenber sposed I nsi e outer nenber an
r el @as dbstenmgvelbinent &l ardev & bond ke wotlqrieteitbibe alhasyedaktaming alereait.

i f_t dhesj t eni I t: ' djs f db
n adnESRerBete e LR vt B aperalaivatp Brearae Bk ThiER nner
menber wrkpidte %@ﬁ?ﬂié’@dﬁ%@f@fﬁéﬁ@mﬁg%’@ﬁéht Foe eEhhRd tﬁé’lIEUssrh_ﬁ? 3rE)et he

detaching the workpi ece fromthe adhesive fastening el ement wi
bondi ngctvated der appraximateln2d eecondsio quspithe pdigesive (with the temperature

remaining below the de-bonding temperature) and approximately 40 seconds to obtain
15  a sufficiently high temperature to de-bond the workpiece from the adhesive fastening

element.

In accordance with another aspect of the invention, there is provided an adhesive
fastening element for holding a workpiece, the adhesive fastening element comprising:
20 an outer member; and a consumable inner member disposed inside the outer member
and releasably movable relative to the outer member along a longitudinal axis of the
adhesive fastening element; wherein the consumable inner member comprises a
bonding surface which, in use, is bonded by an adhesive to the workpiece and is
removed and replaced to detach the workpiece from the adhesive fastening element.
25
The consumable inner member may be an optical fibre.

The consumable inner member may be formed from Perspex or any other UV

transmitting material.



20 the bonding surface with anot her bonding surface for subsequent
use. The nethod may further conprise releasing the inner nenber and
nmovi ng the i nner nmenber such that the workpiece is noved away from
the outer nenber prior to detaching thi wor kpi ece fromthe adhesive
fastening el ement. 25 The bondi ng surf £ may be repl aced by
provi di ng the adhesive fastening elenment wth a repl acenent
consunmabl e i nner nenber. The bondi ng surface nay be repl aced by

renovi MheBcdr¥uimabile HindriifermbBp e iterpiopiastiteaiisive fibré3suchTAg a hot
portion of the consumabl e inner nenber may be rennvedid%y cutting th
151

the
consumip¢litafdhggive.nbhgweorkpiece mey hsohelddn piace: theougihsalidifisiadion g e hot melt
menber sRE renoved by breaking a portion off 5 the consunabl e
i nner menvér.” The net hod may further conprise advancing the
consumabl e i nner nmenber by inserting a replacenent portion into the
outer nenber at the bottom of the inner menber. The consunabl e inner
nmenBer Thgcansugiablpinnesmempeemayonyyisaanbirality oheertidd®oer nay be
formed from Perspex or any other UV transmitting material. The
consunmabl e i nner nmenber may be a thernopl astic adhesive fibre, such
as a hdthenglutalipdbiesenrtions mayTihe framgibbdcormected.t her conprise, prior to
det achi ng the workpi ece fromthe adhesive 20 fastening el enent,
checking the integrity of the bond by applying a predeterm ned force

bet weerrHeNRIHJMRY 1aSRIARSY eRMtbritheayRIHHRIr 6@&r§%ﬁo&$iﬁ&%@éﬁ§gﬂ?ﬁ)c§9fgctﬁe

may be greater than the mninumrequire ing force an
10  position of the consumable inner member relative to the outer member.

In accordance with another aspect of the invention, there is provided a method for
detaching a workpiece from an adhesive fastening element, the adhesive fastening
element comprising: an outer member; and a consumable inner member disposed

15 inside the outer member and releasably movable relative to the outer member along a
longitudinal axis of the adhesive fastening element; wherein a bond is formed by an
adhesive between the workpiece and a bonding surface of the inner member of the
adhesive fastening element; the method comprising: detaching the workpiece from the
adhesive fastening element with the bonding surface attached thereto; and replacing

20 the bonding surface with another banding surface for subsequent use.

The method may further comprise releasing the inner member and moving the inner
member such that the workpiece is moved away from the outer member prior to
detaching the workpiece from the adhesive fastening element.

25
The bonding surface may be replaced by providing the adhesive fastening element with

a replacement consumable inner member.

The bonding surface may be replaced by removing a portion of the consumable inner

30 member.



| ess than the fully cured failure strength of the bond. The m ni num
required holding 25 force may set as the maxi num possi ble force
experienced in normal service. In accordance wth another aspect of
the invention there is provided an adhﬁﬁive fasteni ng el enent for
hol di ng a wor kpi ece, the adhesive fastening el ement conprising: a
bondi ng surface for receiving an adhesive to bond the adhesive
fastening el enment to 30 the workpiece; and a heating el enent coupl ed
t o t he RNSHABN DAEHBEEN MBI itndBeBee niay herdmbied bprditing ther f ace
so as to cure the adhesive and/or de-bond the workpiece fromthe
adhesi wonpugebld ingeemambar. - 14 - The heating el enent may be
enbedded in the adhesive fastening el enent adjacent to the bonding
surface. The heating el ement nmay surround the adhesive fastening

el ementThelp@tioe af titgcensmeatle erbrembpantlyesk farnovédby besekimga portion off
surface by a layer of thernmally conductive and/or optically

t r afspdn@gEnsrabiednnermmenti®ieri al may be a gl ass ceranic or di anond
material. The heating el ement may conprise a resistive heating

el ement. The heating el ement may conprise an induction heating

el enentThelfeffioel mdipdsitiver domsprése adyvariceneine comguheable mneoneerhbat by
conprises: .electrjcally, conductjve el enents which, {n. use, are heated
by T he THSRII PaRPREAMaRt PERIAIS PerRitBpmeEanat (i hOBAT difthe fatiin <
for transpbkiing light to the bonding surface and adhesive. 20 The
optically transparent el enents nmay be encased by the electrically
comductive el enents. For exanple, the optically transparent el enents
may be_gl ass rod Iwhich are encased b a.qﬁi |lic material having a
i gh  AZErGANSUBIRRE NG (P e MY el RRICIIBES. 25 The heati ng

el ement may conprise one or nore LEDs. The LEDs may conprise W

and/or Infrared LEDs.
The consumable inner member may be formed from Perspex or any other UV

transmitting material.
15
The consumable inner member may be a thermoplastic adhesive fibre, such as a hot

melt adhesive.

The method may further comprise, prior to detaching the workpiece from the adhesive
20 fastening element, checking the integrity of the bond by applying a predetermined force

between the inner member and the workpiece.

The predetermined force may be greater than the minimum required holding force and
less than the fully cured failure strength of the bond. The minimum required holding

25 force may set as the maximum possible force experienced in normal service.

In accordance with another aspect of the invention there is provided an adhesive
fastening element for holding a workpiece, the adhesive fastening element comprising:
a bonding surface for receiving an adhesive to bond the adhesive fastening element to
30 the workpiece; and a heating element coupled fo the bonding surface which is operable
to heat the bonding surface so as to cure the adhesive and/or de-bond the workpiece

from the adhesive fastening element.



- 15 - a body defining a recess for receiving a protrusion of a
wor kpi ece; wherein, in use, adhesive is applied between an end
surface of the recess and an end surface of the protrusion and

bet ween a side surface of the recess agg a side surface of the
protrusion to bond the workpiece to thet*adhesi ve fastening el enent.

At least a portion of the recess may be lined with a transparent

el enrent. The end surface and the side surface of the recess may be

l'i ned WHehhédtthd élapep@heilt bebRiteated A tRSIAGE e fRlteNAE LIdrHbet athdcdf to
enbedded in the adhesive fastening el ement for supplying adhesive to
t he redbeonding BB@Eenay conprise an outer nenber and an inner nenber
di sposed inside the 15 outer nenber and novable relative to the outer
menber al ong a | ongitudinal axis of the adhesive fastening el enent;
and t hemautheatingesiosientrmaydefrraund the sitdsiveUuatraingélententr ecess and

t he i nner nenber may define the end surface of the recess. The
adh@si ve may form a bond between the workpi ece and the recess with
the in , . L fion: .

ovabl o ST rent iy b SopaRd il (8 Moy SoRce BEH Rafer Bt hciall
i nner mentactivenand/beoplicddiyitersparehtmegtetiel. novabl e toward and past the
first position so as to apply a force to the workpiece to break the
bond between the outer nenber and the workpi ece and to de-bond the
wor kpi a¢R hafifdl it Ahagide EaahfobpaiathsEMater?d, Af ter breaking the
bond between the outer renber and the workpiece, the inner nmenber may
bel@dvanced to renove residual adhesive fromthe side surface of the

recess.—,. 30 The inner and outer .nenber.s.. e threadably coupled to
one” andtidefocReah B AR A eding SERRAE
The heating element may comprise an induction heating element.

15  The adhesive fastening element may have a core that comprises: electrically
conductive elements which, in use, are heated by the induction heating element; and
optically transparent elements for transmitting light to the bonding surface and

adhesive.

20  The optically transparent elements may be encased by the electrically conductive
elements. For example, the optically transparent elements may be glass rods which are
encased by a metallic material having a high thermal conductivity and low thermal
mass.

25 The heating element may comprise one or more LEDs.

The LEDs may comprise UV and/or Infrared LEDs.

In accordance with another aspect of the invention, there is provided an adhesive

30 fastening element for holding a workpiece, the adhesive fastening element comprising:



- 16 - In accordance with another aspect of the invention, there is
provi ded a met hod conprising: providing an adhesive fastening

el enent, the adhesive fastening el enent conprising a body having a
recess; inserting a protrusion of a morgpiece into the recess of the
adhesi ve fastening el enent; applying adifési ve between the recess and
the Sprotrusion of the workpiece; aligning the workpiece with a
reference point on the adhesive fastening elenent; and curing the

adhesi vebb@y Hefinih@ fRe8ss i‘d?ﬁe@éikabrqea BRITKRIGH6F & QloakpidiSe;phérem, in use,
adhesi ve fastening el enent. he recess of the adhesive fastening

el erentadhesivieha appied betweernan end susiakpios thee regessane dvapl sngacaofthe

compr | S0 Fn e HgehiaEs U RibBROE Sy 1 R <BF ATBtie ShiaBig e
wor kpi egetrlisiomte hendane harkplet@ t Hedddsivefaatering eleméentf act uri ng
station. 15 The adhesive may be applied using an adhesive delivery

t ub® enbedded in the adhesive fastening el ement. The body may

conpri . H‘%WI‘? i e i insi de the
out er ﬁr#ggsrt%a%(g&'r%vabléerre g?ﬁ %ngh? ﬁgm(gh g%h%@%%@feg oéﬁlg' a
| ongi tudi nal axis of the 20 adhesive fastening el ement. The nethod

may further conprise ecking the integrity of the bond by applying a
pr edet Jrlf PRASY ?%aﬁighﬁgﬁet%@acﬁrﬁﬁh%ﬁpﬁéﬁ ra@wgewgeawmh@é%rﬁy&.@ggem
The pr F‘éji%}lgﬁ{]‘i ned force may be greater than the m ni mum required

hol ding torce and less than the fully cured failure strength of the
boril. The m ni mum requi red hol ding force may set as the maxi num
possible force e rienced in normal servige. .- 17 - bond betwe

the 1 nrédtadsiter dSRErY PG BIAY reembedid e it faskniag leggrdor
menber %uPﬁlymd MEhdsivORLthanekbes such that the inner nenber noves

t owar ds € wor kpi ece and applies a force to the workpiece so as to

break the bond between the outer nenber and the workpiece, and to

de- bonq‘hteht?odv)rwwic%ﬁ%r{sreoéﬂ 6&%rﬁ%}ﬁ3éy§nd an inner member disposed inside the

15 outer member and movable relative to the outer member along a longitudinal axis of the
adhesive fastening element; and the cuter member may define the side surface of the

recess and the inner member may define the end surface of the recess.

The adhesive may form a bond between the workpiece and the recess with the inner
20 member in a first position; and the inner member may be movable away from the first
position to break the bond between the inner member and the workpiece and may be
movable toward and past the first position so as to apply a force to the workpiece to
break the bond between the outer member and the workpiece and to de-bond the
workpiece from the adhesive fastening element.
25
After breaking the bond between the cuter member and the workpiece, the inner
member may be advanced to remove residual adhesive from the side surface of the

recess.

30 The inner and outer members may be threadably coupled to one another by
complementary screw threads.



5fastening element. After breaking the bond between the outer nenber
and the workpi ece, the inner nenber may be advanced to renove
resi dual adhesive froma side surface of the recess. 10 A workhol di ng

devi ce

descri bed above. Providing a wor k

may conprise one or nore of the ‘%\dhesi ve fastening el ements
0l ding device with a

plurality of adhesive fastening elenments may 15 all ow t he workpi ece
to be nore strongly held. Brief Description of the Draw ngs For a

better

|H 2866 &lonel ivilth ShothBEadi@a@ithd m\o@ﬁﬁémhe@@l ﬁr@v@lb@"éﬂi ﬂﬁ@frﬂ)d

clearly howit 20 may be carried into effect, reference will now be
made byCOMRisHIg: exaviging, an adberive fastening gleman, ﬁg%adhestmfaﬂienmg element

Fig. 1

ol Grrontcoslishe 8 SoRf e Y, ooyt Blo BBl REIOpibBR P A8 recess

adhesi \of theratinssing fadtenmytalerest; applindadhesige betdamite recevs Qﬁd e
enbodi nent of an adhesive fasteni ng el emrent havi ng an adhesiv
e

del 5verny0ﬁrtem@n oh thec werkddgress alipnmod

Mé@@cgwlm refaranss rent @mtha g.

4 is af Qéﬁe%s%hﬂg;aé &t é‘uﬂr % hadek io‘ﬁeoff tﬂé%@d}kﬁ‘éoe
el errent aV| ng | nne odt er rs on ed to wor kpi ece
accordatelaavevtcﬁ thenaditdsive mb@ungeiemém.l nvent ion; - 18 - Fig. 5is a

cross-sectional view of the adhesive fastening elenent of Fig. 4
after a first

10

15

20

25

30

The recess of the adhesive fastening element and the protrusion of the workpiece may

be complementary and interlock to align the workpiece.

The method may further comprise: transferring the adhesive fastening element and the

workpiece from one manufacturing station to another manufacturing station.

The adhesive may be applied using an adhesive delivery tube embedded in the

adhesive fastening element.

The body may comprise an outer member and an inner member disposed inside the
outer member and movable relative to the outer member along a longitudinal axis of the

adhesive fastening element.

The method may further comprise checking the integrity of the bond by applying a

predetermined force between the inner member and the workpiece.

The predetermined force may be greater than the minimum required holding force and
less than the fully cured failure strength of the bond. The minimum required holding

force may set as the maximum possible force experienced in normal service.

The method may further comprise: moving the inner and outer members relative to one

another such that the inner member moves away from the workpiece so as to break the



stage of a de-bonding process in accordance with another aspect of

t he i nvention; Fig. 6 is a cross-sectional view of the adhesive
fastening el enent of Fig. 4 after a 5 second stage of the de-bonding
process; Fig. 7 is an expl oded perspec %ve vi ew of anot her enbodi nent
of an adhesive fastening el ement havihé rnner and outer nenbers;
10Fig. 8 is a cross-sectional view of the adhesive fastening el emrent
of Fig. 7 shown bonded to a workpiece; Fig. 9 is a cross-sectional

Vi ew OfhodVitiBEh dhé thrid@ h&RbEPERd tiRd WBridbiddd!aakl hyviph tRENRREredd outer
fastening el ements having inner and outer nenbers; Fig. 10 is a

cr oss- seembersatelativeviosinesgrather susholhal fesinner membkrineevestaveardetheg

el enent | pl.unalit i rs., .. Fi | t

pers pe(wqt}gé'egg @doéfplﬁl '%% aa%ﬁ‘gés‘ov@gs&i%@[% %gS%e?ge:@%e%fth%ibgpa "15&%)0%%(% j[he
12 is upsBReMEr whd\thewddkpiabe! Al teeddodhieng workpiscafforsinecadhesive
fastening el ement having a plurality of novable pins; Fig. 13 is a

t opdvi &@pteningrRle®ghbsi ve fastening elenment of Fig. 12; Fig. 14 is a
cross-sectional view of the adhesive fastening el enment through the

pl ane AA shown in Fig. 13; and Fig. 15 is a cross-sectional view
of anotAfier besdiodd trenbond betweaththe medef asnevemrandlibealekpigcehthd inger

I nner and outer nbers; - 19 - Fig.. 16 is a.cross-sectional view of
an enb@THERE MaY beracyicsre rfﬂw\f@ﬁgﬂaua& VenlEomiiy Side suptace B e e
and a lighi- meter in accordance with another aspect of the invention;

10
A workholding device may comprise one or more of the adhesive fastening elements

described above.

Providing a workholding device with a plurality of adhesive fastening elements may

15  allow the workpiece to be more strongly held.
Brief Description of the Drawings
For a better understanding of the present invention, and to show more clearly how it
20  may be carried into effect, reference will now be made by way of example, to the
following drawings, in which:
Fig. 1 is a cross-sectional view of a prior art adhesive fastening element;

25 Fig. 2 is a cross-sectional view of another prior art adhesive fastening element;

Fig. 3 is a cross-sectional view of an embodiment of an adhesive fastening element

having an adhesive delivery tube in accordance with an aspect of the invention;

30 Fig. 4 is a cross-sectional view of an embodiment of an adhesive fastening element
having inner and outer members shown bonded to a workpiece in accordance with

another aspect of the invention;



5 Fig. 17 is a cross-sectional view of an enbodi nent of an adhesive
fastening el ement having a consumabl e i nner nenber shown bonded to a
wor kpi ece in accordance with anot her aspect of the invention; Fig.
18 is a cross-sectional view of the ad ﬁsive fasteni ng el enent of

Fig. 17 after a first 10 stage of a nethod for renoving the workpi ece
fromthe adhesive fastening el enent in accordance w th anot her aspect
of the invention; Fig. 19 is a cross-sectional view of the adhesive
fast enimjg) @Iseér@mssrﬁecﬁbaal ﬁéw@ffm@é aéhéﬁ@@'?é‘stéﬁlﬁg%kﬂﬁehh@f Figt hegter Bifgst
20 is a perspective view of an enbodi ment of an adhesive fastening

el errentSta%/Daig dg-hesglinghproseesimecsardanes withranethgnaspesbetiee insgrian; of
the invention; Fig. 21 is a cross-sectional view of the adhesive

fast eni ng el enent of Fig. 20; Fig. 22 is a cross-sectional view of

anot herFigrird m& wfctishaladbe of e bakésine Ristehipg@MmbaNVOiRiga4 éat ang
el enent ; Fig. 23 is a cross-sectional view of another enbodi nent

of &n é@ﬁ@@@\’i@gea@cttaﬁqu?gbcﬂl’ﬁ"%ﬁl BRG®SShavi ng a heating el enent; and
Fig. 24 is a cross-sectional view of another enbodi nent of an

adhesive fastening el enment having a heating elenment. - 20 - Detailed
Descri [pig.dhis\irt xplefied parspectivé-vigw 8f aruthenbothodiementali amradidisbas fastening
fastening el ement 2 in accordance with an aspect of the invention is

shown. enididng iones and Auter IBPEIRSAE: 2 5 conprises a core forned
froman optical material 18. An adhesive delivery tube 32 is enbedded
in the adhesive fastening el enent 2 and extends through the optical
mati@r i &lig.BBis aTbmsadiectiona e iof they adlesve Pagiening eéasmanicaffdgi 7 shown
supply 9‘ hot o- cIivat ed adhesive 10 to an exterior surface of the
adhesi ¥ ﬁﬁgg%ﬁl B'Ie&ﬁent 2 where it may be used to bond a workpi ece
8 to the adhe5|ve fastening elenent 2. 10 The adhesive 10 is punped

t hrough the adhesive delivery tube 32 using a suitable punP nmeans
(not sligu® is aposswestionaloiiemof anvemholdingaderdes cempaisinge® alusalgpiof ed

For moa “BLEvRe e R GIERETE HaaERRD DR BT 2 hor kp! ece 8

byisupplying light to the adhesive 10

Fig. 10 is a cross-sectional view of another embodiment of an adhesive fastening

element having a plurality of inner members;

Fig. 11 is a cutaway perspective view of the adhesive fastening element of Fig. 10;

20
Fig. 12 is a perspective view of another embodiment of an adhesive fastening element
having a plurality of movable pins;
Fig. 13 is a top view of the adhesive fastening element of Fig. 12;

25

Fig. 14 is a cross-sectional view of the adhesive fastening element through the plane A-
A shown in Fig. 13; and

Fig. 15 is a cross-sectional view of another embodiment of an adhesive fastening

30 element having inner and outer members;



15t hrough the optical material 18 to cure the photo-activated
adhesive 10. In this regard, the adhesive delivery tube 32 is
configured to prevent the adhesive 10 fromcuring within the adhesive
delivery tube 32 itself This is achieVﬁg by maki ng the adhesive
delivery tube 32 opaque so that only thé adhesive 10 on the surface
of the adhesive fastening elenent 2 is exposed to |ight and thus
cured. The adhesive 10 in the 20 adhesive delivery tube 32 wll

remai n picts Rt srbstdEtiohargeweddn drabodiHiFf of aRtadhesiveAbsteairgelbhrnt
adhesi ve fastening el ement 2 has been described with reference to a
phot o- dewvingsa dahtgimises vad rolighi myetet ineacqandancendite sinpthar@pppet eiste.
Accordh o alternative or additional neans may be provided to

pr event Qdhesi ve 10 fromcuring 25 within the adhesive delivery
tube 32 itself. Wiere the adhesive 10 is not a photo-activated
adhesive it_is not necessary to provide the optical material 18. For

exafpl &9-vihelse ERssRastianale/iaw of anambegiment ok ap dsbssive fastgpingasleaiont
del | - | - i \
ol at | Vi edas LN R sholidfRieR 10T Bl aq Y dCteRdd with

f r om canoftierwspecihoftthe iadtheimnye delivery tube 32. Simlarly,
cyanoacrylates will not cure within such a tube since there is an
absence of noisture. Adhesives that use an activating catalyst wll

not be guUredic _ } i I iV -
does ot s o B B T NB Sfrh O o £ Effer a first
adhesi wtage0of & mathod & remavingiheasidtrkpiece ffamteaadhesive iasienibgl aawient)in

t he adhesi ve del i.t\fqerl){ hube 32th ﬁ?ar. f or,.subsequent use. 10 Wth

r ef er e AEEORIFNER yVithyarofReLABRRRt AL IS BveTliChdhesi ve fast eni ng el ement

102 in accordance with another aspect of the invention is shown. The
adhesi ve fastening el enment 102 conprises an outer nenber 104 and an

i nner Migriil& is EDErosFsectipn@lrview vbdie adieegive thstigine ¢lament of Riael bafter a
menber 4 i S elative to the outer nenber 104 along a
| ongi t&é?%%(?e%gesc’fgﬁgt%ﬁ%ﬁgghesi ve fastening el ement 102.
15
Fig. 20 is a perspective view of an embodiment of an adhesive fastening element

having a heating element in accordance with another aspect of the invention;

Fig. 21 is a cross-sectional view of the adhesive fastening element of Fig. 20;
20
Fig. 22 is a cross-sectional view of another embodiment of an adhesive fastening

element having a heating element;

Fig. 23 is a cross-sectional view of another embodiment of an adhesive fastening

25 element having a heating element; and

Fig. 24 is a cross-sectional view of another embodiment of an adhesive fastening

element having a heating element.



15 In use, a workpiece 108 is held by the adhesive fastening el enent
102. Specifically, the inner nmenber 106 is positioned such that it is
spaced away froman end of the outer nenber 104. This forns a recess
whi ch recei ves an adhesive 110. The adggsive 110 may be any known
adhesi ve. The adhesive 110 forns a bonhf¥bet ween the workpi ece 20108
and the outer and inner nenbers 104, 106. Accordingly, the adhesive
fastening el ement 102 hol ds the workpiece 108 still whilst performng

nmanuf aqiethailed DERGRARERS, such as machining, or whilst inspecting the
wor kpi ece 108. Prior to the manufacturing process or inspection of

t he workpi ece 108, the integrity of 25 the adhesive bond may be

06, and" CHeERBET B0 aait SO B a9 st ot BRGRR

i ni mimccefitincedvittohdiaRpetiasiaBe irb@ntibAds BiowheTIp atinEsios fasteningelement 2
fully cured failure stren%_th of the bond. 30 _In order to de-bond the
wor Rpi SOEPIGESTa erfetfAENades o8 opisaldnpiegiabll 8nthadpesive delikenydHbe B¢ is
proces r .
P shoum SeEROR A S8nUL 8 BRBHOE cipRRED i End SR hd dotiSffhateria
pr ocess 8. ThedHuhasivieddfivery fubet3tepiovites areomduit o0 Gupplyinuva pheteasictivated

the workpiece 108 in order tq break the bond 112 between .t he, i nner
menber 2PDESHAA G KAk AKEEPY suraes O ﬁb&r@ﬁ&ﬂw fastening elemgd 2 whgre it may be

wor kpi %gd%ggoha SWBRAYId&Is %tt’{%ﬁd%@é f45RRG elliflentir t hermore, the

wor kpi ec IS supported esive 110 since the adhesive 110
rerf@i ns bonded to the outer nenber 104. Accordingly, follow ng the

first f .the de-bondi th Kkpi 8 r [
A L R e R L T
pr Ocefsi)ung;ﬁn@ btths (RotBowR). AR 4 BORICIeE BRRIUNE B8P allBe TR Bds ibeeh@ipplied
opposite direéection, back towards the workpi ece 108, until it contacts

t he adhte#iesurface offthe adhesiverfestesing element 2, arbangrioay begarmed bepveen the

R S 0 R T S R e et

1025 1%hrough the optical material 18 to cure the photo-activated adhesive 10. In this regard,
the adhesive delivery tube 32 is configured to prevent the adhesive 10 from curing
within the adhesive delivery tube 32 itself. This is achieved by making the adhesive
delivery tube 32 opaque so that only the adhesive 10 on the surface of the adhesive
fastening element 2 is exposed to light and thus cured. The adhesive 10 in the

20 adhesive delivery tube 32 will remain uncured and therefore ready for subsequent use.

Although the adhesive fastening element 2 has been described with reference to a

photo-activated adhesive 10, any other known adhesive may be used. Accordingly,

alternative or additional means may be provided to prevent the adhesive 10 from curing
25 within the adhesive delivery tube 32 itself. Where the adhesive 10 is not a photo-

activated adhesive it is not necessary to provide the optical material 18.

For example, where the adhesive 10 is an anaerobic adhesive, the adhesive delivery
tube 32 may be formed of a non-metal material which has a relatively large internal



The adhesive 110 renai ns bonded to the workpi ece 108; however, where
requi red, the residual adhesive may be renoved using conventi onal

nmet hods. The net hod used may be chosen to suit the type of adhesive
used. For exanple, the nethod may inclgg chem cal agents, abrasion,
hot water "bath or other nedia hot bath%'peeling off, water 20sol uble
adhesive, |aser cleaning, ultrasonic cleanlng, etc. The actuation of
the inner nmenber 106 in the first and second stages of the de-bonding

pr oces yiam¥tdteo tikey aaﬁysuk@qwfrcﬁﬁ 'CRAABE WRINin tHeOAdIReEl Sliveri fube 32.
i nner nenber 106 may be actuated Fneurratl c or hydraulic neans, or
t hr ougtSimlariiseyaspaceylaies pélt aet @gew hinvstiph edube sicerfbesiisaan abeence of

adnsi V00 P AfesdrEinat 98 s adtiy SABNSTAM, A% oF R AERe s2hede

204 t appiisetyavbe G Wheresthe.achiosier doag iyt rédud. adhesi ve fastem ng
el enent 202 is particularly suitable for inspection purposes since it
profi des 30maX| mum accessibility to the wor kpi ece surfaces. - 23 -

ol at o 310 e FRRER B MY, oY the hReFRIRIG Tl fonae

t hr eadwallhyesmelfabtedlrtgoelenmm&deaeng tAd adhedies delvedy Quibis 88 dleartfar s
enbodi ne is a oto-activated adhesive (e.g. WV curabl e adhesi ve,
such a§u%%y<e LE? In this regard, the inner nmenber 206 is
5provided with an optical material 218 (e.g. a fibre optic or fibre
optic bundl e made of Perspex or glass) which passes through the
cendr e With réferenoedp Fr"rgnzhein em@odhdemtraf\ar‘M%i\@ﬁmtﬁning element 102 in

D e PR R el

fast enlé@n@hw&oragﬁseslgnIomxtéa*rﬂefnuee 102-dfensh triter Wsrkibeerss. 20 hhem
t he adhesive fastening el enent 202, the outer nenber 204 is rotated

rel at i weember he6 ismdisposachwihinzbe outer meoes dH4tang isuoevabie rglative tmtheo

212 betun el Ak ETa TR o e sbBESB53EnRG AORBRIE:

t hesouter nmenber 15 204 is rotated in the opposite direction to break
t he bond 214 between the adhesive 210 and the outer nenber

s ot Ha®  hBOHkNIRES 408 S DBIOF T e, A biRcLaPRETIG SIeaTIG 02t SRBRTicaba the
inner member 106 is positioned such that it is spaced away from an end of the outer
member 104. This forms a recess which receives an adhesive 110. The adhesive 110
may be any known adhesive. The adhesive 110 forms a bond between the workpiece

20 108 and the outer and inner members 104, 106. Accordingly, the adhesive fastening
element 102 holds the workpiece 108 still whilst performing manufacturing processes,

such as machining, or whilst inspecting the workpiece 108.

Prior to the manufacturing process or inspection of the workpiece 108, the integrity of
25 the adhesive bond may be checked by applying a predetermined force between the

inner member 106 and the workpiece 108. The predetermined force is between the

minimum required holding force required by the operation and the fully cured failure

strength of the bond.

30 Inorder to de-bond the workpiece 108 from the adhesive fastening element 102, a de-
bonding process in accordance with another aspect of the invention is used, as shown

in Figs. 5 and 6.



A portion 220 of an inner surface of the outer nenber 204 is tapered
such that the 20 recess into which the adhesive 210 is received is

w der at an end adj acent the workpiece 208 than at an end adj acent

t he i nner nenber 206. This arrangenent fncourages the bond 212 to
break between the inner nmenber 206 and<fhe adhesive 210 during the
first stage of the de-bonding process. Furthernore, the tapering
structure allows the adhesive 210 to be forced out of the outer

member [R%‘n@ﬁét‘a@g dJf g d8-Rrtitfpicass, & shdieh fHEFROBIIHRGNREPARPSherF 0B is
9 shows a workhaol di ng device conprising a plurality of adhesive

f ast enimgvesl awenfronBUE warkplicasptd&ineonder & sredki the handnkl2 betweea the inner
adhesi \fﬁaer];‘l ﬁﬁ?aé %ggi g@ﬁ%ﬁ@gsﬁg bed previously with reference to

Fig. 4. ¢th of the adhesive fastening el enents
302 conprises an outer nenber 304 and an inner nenber 306. The inner

menber 306 is,di_sFosed within the outer nenber 304 and is threadably
coupl ed®Puring this fyst siagreifiseworkpieas) 1 hispiunpenied iy Herulek meaes 104.

ACCOVd'FEHﬂrT\érmBFl?t Qwrlt(ﬁigl napﬁiQ%b%??ﬁB@t@é%@é&% 81 %ﬂd%eth%%cﬁ{esﬁle

menber ong 4 | ongl axi's esive ening ele
302 t hridaglenidies bom@éd tonthef outbemenissr mmcoﬂﬂﬁglym&owmi@etae\msﬁsl@ge of
a photo-activated adhesive, and thus the inner 306 is provided

wi t h afh®geriendingpPEIcess. t@?S’V%P@ﬁeﬂ%@EQ'W Bagﬁeq ethesdiiteeMamigrel 04.

i nner 10nmenber 306 and provides a conduit for transmtting light to
t he adhesive 310 so as to cure the adhesive 310 and to forma bond
bet feein alsecond Iqheh@:ef t’mazlabdndihg peioibass, @6 shaame'niFrig} & |tbedmter368mb&n 106

de-bond t he iece 3 8 fr e adhesi,v astenin e s 3

the or e uebedgh it ibesteribacton, B Pwares S Woufe 40 oS the
i s thep@hesQeSADeWRE |ﬁﬁ’erﬂﬁeﬁfbeﬁ"ﬁéﬁﬁé ﬂiéﬁ fo'ﬂ@éd Gﬁ@érdﬁ@ﬂﬁéal@% BoRY 114
fromthe workpiece 308 and to break the bond between the inner nenber

304 andetweentiteeadhasia 010 ahd thevateranember R84 thue denkorshing Suswoskpiece
SUbseql‘fﬁgtflrc}/m tﬁé’%ﬁggvé ?as%ﬁi[ﬁg etlé)mgm/%é.he

15
The adhesive 110 remains bonded to the workpiece 108; however, where required, the
residual adhesive may be removed using conventional methods. The method used may
be chosen to suit the type of adhesive used. For example, the method may include:
chemical agents, abrasion, hot water bath or other media hot bath, peeling off, water

20  soluble adhesive, laser cleaning, ultrasonic cleaning, etc.

The actuation of the inner member 106 in the first and second stages of the de-bonding
process may be caused by any known arrangement. For example, the inner member
106 may be actuated by pneumatic or hydraulic means, or through the use of

25  cooperating screw threads on the outer and inner members 104, 106.

Figs. 7 and 8 show another embodiment of an adhesive fastening element 202. In this
embodiment the outer member 204 tapers towards one end. Accordingly, the adhesive
fastening element 202 is particularly suitable for inspection purposes since it provides

30 maximum accessibility to the workpiece surfaces.



20 inner nmenber 306 back towards the workpiece 308, until it contacts
t he adhesive 310. The inner nenber 306 is then further rotated so as
to force the adhesive 310 upwards and to break the bond between the
adhesive 310 and the outer nenber 304, thus de- bondi ng t he workpi ece
308 fromthe adhesive fastening el emen®3302. 25 The de- bondi ng
process may be carried out sinultaneously for all of the adhesive
fastening el enents 302 or consecutively. Although the actuation of
the i nngje AdHEMe %%ﬁemﬁ%bté%émrzﬁiz @riﬁre‘a@igarwcoﬁpq@fﬁa @ba&@%|é1§2h@ndl ng
process has been described as being caused cooperating screw 30

t hr ead$urthesmorsdhe mltﬂfanctaloaermenhieeraca%atzaa %@tmeadablmnpleMeone
wor khol_di

61 el T 2dheSFET0 Gk HaFisamiooamall iEA AERIGSehBItT AUfSsive g o
that ofy\FcOmabld adRésife, élmeaéaggmad@smmﬁitm regaragth@ inRet PreAstidr\2uesd

adhesive, this is not necessary, an nown adhesive could be

usef, tpm\gde@ ikl arpoptical reatarialos1& Geego@¥b@¢ptmrdrhra|opm@ung@magepf r
I

Sten adiesbp oL EPlaks FRGH 25485 5 mn 30 Bsfife SEHS g HRRE ATEH e

curing pfrcb\ﬂﬂes a qpedeltddt tyatsmigting ligho tiey aghedive ac0isvasid artbesé wdhesive
10Furthernore, a chem cal activating cat alﬁ té whi ch can be applied

t o t he 2A8rads! tedermra berd eivwrerdheverkptace pethesadhasive iastering

a heS| ?% theki¥o2 The high strength, structural adhesive Dymax 6-621 is
able to be cured in multiple ways (i.e. WV cured, thermally cured or
cunéd with an activator) and thus provides flexibility in the bondi ng

PheCeuls ailerih - frnd e fokbime i ofat e Vel S ennar B 202, the
wor kpi @gfer MefbRFabl |é Ritateel0RiARk th Qhé AR endBePP 6. A Hls BRASES thefouter

thin joint cross-section. Cyanoacryl ates (super glue type adhesives)
cure almmasbei 2G4 mwtranﬁetﬁsneJatt\dertodgh irnereaemben20p .ttl'iumrsamgtmboh@ 212

adhesi ye, fast gnin ace The i
" E g oy o R Bef et AL RCRanesle R R rndtis iR 8 moer
figst f Qoaaﬁotwcédﬁml tAE @phobitd URECHAHR heak ke BERE DU dtRebh eRk alih&silve
awa romthe

Y 210 and the outer member 204, thus de-bonding the workpiece 208 from the adhesive

fastening element 202.

A portion 220 of an inner surface of the outer member 204 is tapered such that the

20 recess into which the adhesive 210 is received is wider at an end adjacent the
workpiece 208 than at an end adjacent the inner member 206. This arrangement
encourages the bond 212 to break between the inner member 206 and the adhesive
210 during the first stage of the de-bonding process. Furthermore, the tapering
structure allows the adhesive 210 to be forced out of the outer member 204 during the

25 second stage of the de-bonding process.

Fig. 9 shows a workholding device comprising a plurality of adhesive fastening
elements 302 which operate in a similar manner as the adhesive fastening element
described previously with reference to Fig. 4.

30



wor kpi ece. There is however a limt on the maxi numthickness of sone
adhesives 25 which can |imt the size of dinension (A). As a result
an array of inner nenbers may be used to overcone this issue. Figs.
10 and 11 show anot her enbodi nent of an adhesive fastening el enent
402 which enploys a plurality of inneréhenbers 406. - 26 - An outer
menber 404 of the adhesive fastening elenent 402 is provided with a
plurality of holes 422 which receive the inner nenbers 406. Each of

the I nMefecTRARG! Sactt the daPsNicMabRAMPeeMdnS Booeeiistdanhalismiamber

The hol es 422 may exten rough the entire | engt the outer
menber 3darst an inesioemben366 gbhe mheamember 304 srdispegasuyithip thalopter

' f th . menber, 404, hol '
Phe. | nieemheiraes endus Tregneaik cuplsd BaBe cifEnandy o2k canae it iw
t he i nRefevieirBals. ASKorERIGR, theintethdiibef 30BRANEPSLIEFEIAKIOS & HeGutdr
portion of adhesive 410. The morkﬁlece 408 may be de- bonded

f r ofn t eerabfped aleng adengifudinad psiser{ttha ednasiva Jagteningele@epbad? Hyough the
process Iﬁ8% ' eﬂn% eﬁng&dg(% Accordingly, in a first stage of the
3.%9 pr(gygss, ?ﬁn i

de- bon e 1 hner Tmenbers 406 are noved away fromthe
wor kpi ece 408 in order to break the bond between the inner nenbers
404 and_the _adhesive 410. 15 In a second stage of the de-bondin

or ocesdheaasices 1 GisrbEhgiorasivatad AERERIVE Mt Us ghB 1NeE TeRTBER Faf s
back t %‘P@\Fié‘éd Wi Wg@%ﬁ%tﬁgﬁl’%w\%{gh?ﬁé?g%@@h tﬁé‘%etﬁﬂé%? tLinheP-

The i nner menbers 4 are t orce s to~break e bond
betl0eemearmber8ibe anu rddifesadonkeait dort teansreiftiver lighd4o théaghekdvd 8hdisogs to

t he workpi ece 408 fr t he 20 adhesi ve fastening el enen 02., .The
nner _ suFbteaclpive 310 85 T FDRIGRINERD (he PoRPi9cs 897 PG BPerrent
434 whizgReailb P4Sichiig diBRRNt BBgbers to slide freely within the
adhesi ve fastening €l enent 402. 25
To de-bond the workpiece 308 from the adhesive fastening elements 302, the process
15  shown in Figs. 5 and 6 is used. The inner member 306 is therefore screwed so as to
translate the inner member 306 away from the workpiece 308 and to break the bond

between the inner member 304 and the adhesive 310.

The rotation of the inner member 306 is subsequently reversed in order to move the
20  inner member 306 back towards the workpiece 308, until it contacts the adhesive 310.

The inner member 306 is then further rotated so as to force the adhesive 310 upwards

and to break the bond between the adhesive 310 and the outer member 304, thus de-

bonding the workpiece 308 from the adhesive fastening element 302.

25 The de-bonding process may be carried out simultaneously for all of the adhesive
fastening elements 302 or consecutively.

Although the actuation of the inner member 306 in the first and second stages of the
de-bonding process has been described as being caused by cooperating screw

30 threads, the inner member 306 may be actuated by other means. The workholding



The plurality of inner menbers 406 nmay be connected to one anot her
such that they nove in unison. Alternatively, the inner nenbers 406
may be individually actuated. Figs. 12 to 14 show anot her

enbodi ment of an adhesive fastening elggent 502. The 30adhesi ve
fasteni ng el ement 502 conprises a plurafity of pins 506 di sposed
within an - 27 - opening in a body or base plate 516. The pins 506
are individually novable relative to one another and relative to the

base pIo@vﬂ;eﬁiaﬁéuzb%rgeﬁ%eIa@h@sﬁé6aétawnl@%|é@feﬁ@démmeawéml Furthermore,
sections (see Fig. 1@?1_ which allow the size and shape of the opening,
anes

and t h@dthoHeh istesabetimeshand et ehieigi Aangdb hayeheeatiasgeled as using a
depend E\%too-'écﬁ\% S%E‘nbg%l ik is%d%‘%e%@gé{mgpgﬁ& 'aﬁglkﬂF)M.A elshv coitd bbN®
pi ns 5ERATS 5 ﬁexagona Cross-sectron sob as ellI'mhat'e daps

bet weensthethushenfsiing theotsdd @l thg opidfi anateriar218,¢a@. Wi th an adhesi ve
delivery tube 532 which extends al ong 10a | ongitudinal axis of the
pi n9506a. The adhesive delivery tube 532 supplies an photo- activated

dhesi i - Lve. i 502
et nd dnsRplitfe REGRARAE R ARG O o RS G b8 ] RS K
conpr i sehasivepticangirovideer vary Hidl8bordigg strehigt dooysviec thoe clifiy #maSs

opti c bundl de of Perspex or gl ass) at.the centre of the pin 506b
P o Cbarly TahgRIneR dor B FAITARD A8HESNGE: t he bl n 906D The
optical material 518 transmts light (e.g. W light) froma |ight

source to the surface of the adhesive fastening el enent 502. Each pin
5060i s Furiermiete, @ ¢heraicabaciivating caialystowhist ¢arobe applisst tocthiel workpiece at

tr ansp?}gee%int of contact, may be used to cure the adhesive joint. The high strength,
structural adhesive Dymax 6-621 is able to be cured in multiple ways (i.e. UV cured,
thermally cured or cured with an activator)} and thus provides flexibility in the bonding
process.

15
Anaerobic adhesives will only cure when in contact with the surface of a metal type
adhesive fastening element when the workpiece is brought intoc contact to remove the
air and produce a thin joint cross-section. Cyanoacrylates {super glue type adhesives)
cure almost instantaneously through a reaction with moisture on the adhesive fastening

20 element surface.

The ratio of dimensions (A:B in Fig. 9) is used to control the point at which the adhesive
joint first breaks with larger ratios causing the adhesive to break first, away from the
workpiece. There is however a limit on the maximum thickness of some adhesives

25  which can limit the size of dimension (A). As a result an array of inner members may be

used to overcome this issue.

Figs. 10 and 11 show another embodiment of an adhesive fastening element 402 which
employs a plurality of inner members 406.
30



20material. The cap 527 dissipates the |light fromthe optical

material 518 across the entire interface between the adhesive
fastening el enent 502 and t he workpi ece 508. The outer portion of the
pi ns 506 surrounding the opti cal naterég 518 or adhesive delivery
tube 532 may be forned from hardened sfeél. 25 In use, the pins 506
are noved relative to the base plate 516 and relative to one anot her
in order to conformto the three-dinensional surface of the workpiece

508, axpbowp nhé‘mEé|94046f the é’cﬁnea@fa@tmﬁg éré%émwd@eisqir&ﬁaé@dwm btw%nty

base plate 516 by a | ead screw. The shank of the screw may be ali

wi t h t 19 Nodgsgf22iwihicdl regrive tbe inmrr membsos486dEae) af:fé\fumperrmemers 06 is
E;ﬁ\éggtrfm{g‘%b&/ Lochggé Wi tHﬁD c\E}%eé‘aP{%% ﬁogg&é?afhé RB@% z%[r%a legﬁer?of{hgé%r%q the

axi s ofertine lgpigth ofﬂdet@mteﬁmen%e’mm ésrghmmantﬁgé 1013n@rlﬂl§eﬂ@ﬁdlmrbugh
be actuated by hydraulic, pneumatic or other such nmeans. On the other

handl, (Y ginestiasnef theyouier memias#0de IMes the &elgs 4id act tormidethe inner
DT PG5l B9 Ay oot BB ISR IR et e po

posi ti on by app ater

be applforn al:murtdhb_/ tlaseepd e for bddeiving aupdrtiadjofiatihesive dff Ot he positions
of the sections which formthe base plate 516. Wth the workpi ece 508
in place, the adhesive delivery tube 532 of the central pin 506a

§
2025 | e A9 g ad seaqel i et LS b oo

using the optica r|a
t héOot ltke dpibrendbiSpracess showa i Giige. Soandveen t he adhesi ve fastening
el enent 502 and t he wor kpi ece 508.

Accordingly, in a first stage of the de-bonding process, the inner members 406 are
moved away from the workpiece 408 in order to break the bond between the inner
members 404 and the adhesive 410.

15
In a second stage of the de-bonding process, the inner members 406 are moved in the
opposite direction, back towards the workpiece 408, until they contact the adhesive
410. The inner members 406 are then forced upwards to break the bond between the
adhesive 410 and the outer member 404, thus de-bonding the workpiece 408 from the

20  adhesive fastening element 402.

The inner members 406 are separated from one another by a bearing element 434
which allows the inner members to slide freely within the adhesive fastening element
402.

25
The plurality of inner members 406 may be connected to one another such that they

move in unison. Alternatively, the inner members 406 may be individually actuated.

Figs. 12 to 14 show another embodiment of an adhesive fastening element 502. The

30 adhesive fastening element 502 comprises a plurality of pins 506 disposed within an



De- bondi ng of the workpiece 508 fromthe adhesive fastening el enent
502 is carried out in two stages. In the first stage of the

de- bondi ng process, sone but not all of the 20 pins 506 are noved
away fromthe workpi ece 508 in order tg break the bond between the
pins 506 and the adhesive 510. During hrs first stage, the workpiece
508 is supported by the remaining pins 506. O course, the pins 506
de-bonded during the first stage may be de-bonded separately, rather

than sighdmieoysbily oRBasé® pldte 598CPRE phisstss Sfe AR/ ERIRIREVASe relative to
process, the already de-bonded pins 506 are noved in the opposite

di r ect iane, anptber andvglativa tocthedragsi Wate BB Thenbase plats 5tomayche farmed from

adhesive 510. The pins 506,are then f ed u r e . 0

bet wee R oA arianS 3R 10 n P el e R M SEgat B RisCBlkng, Aifffhus
t he work® neffhdr@pdfdreipet dfaha pires506td 86 tRangel, &lepeddingbdl?the ap@Ration.
The pins 506 de-bonded during the first stage may surround the pins

5065de- bonded during the second stage, or vice-versa. Alternatively,

her ous M e PR TG 5 1S ERECSIENANE adiexbbofif s EX8al0h o0 as o
provi delirdnategapsupseetnttioe pires 586.kpi ece 508 and to nininise the

stress 5 induced in the workpi ece 508. Although the pins 506 have
been described as having a hexagonal cross-section, other

Cr 055~ SECLRAHin 5088 88 oRRIIRLWRABIUEA LIRS fUbRNSHY FhichiEieiong

or any of her ape. thermore, 1t 1I's not necessary for a
pi n8 5@6lohgitindinal axie of theepinb@és- The seitekiva.deliieryctaps IF327supplieslangkoto-

light to,.be t itt bet dj ' 506 dj ngl v, .t
oy noP O RECREERI (BRI aEe BRMEG MetRe AR ‘ot AY Eleratiaga and

mat er i ghe YbPpiEtE 5888 Fig.ag. caps 527 need not be domed and could
instead be flat, angled or any 15 other shape. |ndeed, the caps 527

may be renoved altogether, with the optical nmaterial 518 and the

rer o, 11 <R Beatr b el ReheR B RS o br s gl e ore
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fastening el ement 502. Alternativel éb t he caps 527 may be replaced by
n

a si nglonghibetlopgitydingl axis eldhel Rin 50Banshapeticalraateriahb18 apamis liohiie.g.
or 20p : L i r - of ol oWl T h
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Each pin 506 is provided with a domed cap 527 formed from an optically transparent
20 material. The cap 527 dissipates the light from the optical material 518 across the entire

interface between the adhesive fastening element 502 and the workpiece 508.

The outer portion of the pins 506 surrounding the optical material 518 or adhesive
delivery tube 532 may be formed from hardened steel.

25
In use, the pins 506 are moved relative to the base plate 516 and relative to one
another in order to conform to the three-dimensional surface of the workpiece 508, as

shown in Fig. 14.



bet ween the thin sheet and the workpi ece 508. The sheet woul d be
de- bonded from the workpi ece 508 as the pins 506 are noved. A
plurality of pins 506a may have adhesive delivery tubes 532, were
requi red. These 25pi ns 506a may be distyributed throughout the array
of pins in order to uniformy di stribuf®-the adhesive across the
interface between the adhesive fastening el enment 502 and the

wor kpi ece 508. Alternatively, the pins 506a may be grouped toget her

i n the maMbiR 5006 hBg b@cﬁt%_%t)‘gg th #%é E_Q'bé'%g&é %”f@rﬁy HRAd e gﬂ@%ﬁnk lo the

enbodi ment ‘has been” descri as using a photo-activated adhesive,
t hi s i Screw matles aligned with thejongivamaa akissifiee pisube6 pad @skatent bins may
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The5! i gheverpemnif T%ﬁ@'@%ﬁ”@@)& aetuaied by pydraslie.conavenafifoanether sueyht
recei V?ﬁ‘e%’ the light neter using a feedback | oop between the |ight
S5neter anhd The light source. The |light source may be prevented from
bei ng activated unless the light nmeter detects that a workpiece is in
contact_wi th the adhesive fasteni nggel enent. Furthernore, the |ight

met er (Y teRtE8F haRd.chedting ARO pasbaadowsd &e apvsTesly Updt gy ére and

the Ii : ree 0 ' ) .
[ ght CEPLHEACH BB T PR AR NBok Y BosiiFb goplit o
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i ght source e turned aoff whep the |ight ter detec t hat the
Lesi FONTET SEPe RS otihe SBeRot BRI PSR IS 516 adhesive
fasteni ng el enent 602. The adhesive fastening el ement 602 conprises a

body or outer nenber 604 and an inner nmenber 606. The inner nenber
606 i s Withs feswdrkpieds pO&irchlagecthefasthesive delivery bibedr3Zeiniberceptal pindb06a
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15 is then cured using the optical material 518 of the other pins 506b to form a joint

between the adhesive fastening element 502 and the workpiece 508.

De-bonding of the workpiece 508 from the adhesive fastening element 502 is carried
out in two stages. In the first stage of the de-bonding process, some but not all of the
20  pins 506 are moved away from the workpiece 508 in order to break the bond between
the pins 506 and the adhesive 510. During this first stage, the workpiece 508 is
supported by the remaining pins 506. Of course, the pins 506 de-bonded during the first

stage may be de-bonded separately, rather than simultaneously.

25 Inthe second stage of the de-bonding process, the already de-bonded pins 506 are
moved in the opposite direction, back towards the workpiece 508, until they contact the
adhesive 510. The pins 506 are then forced upwards to break the bond between the
adhesive 510 and the remaining pins 5086, thus de-bonding the workpiece 508 from the
adhesive fastening element 502.
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20 of the adhesive fastening el enment 602. The chanber formed in the
outer nmenber 604 may have an internal cross-section which is
circul ar, however other shapes may be used, such as triangul ar,
square, pentagonal, hexagonal or irregular. The latter arrangenents
may provide a fixed 25 orientation bet4®en t he wor kpi ece and t he
adhesi ve fastening el enent 602. Additionally, or instead, the
adhesi ve fastening el enent 602 nay be provided with | ocation features

whi ch i ih8 G6W-hosPsiPHEIRMIRY first 8RR RSy 8firbhisd YWY Pk &0® dd-8bnded
exanpl e, dowels and holes) to define the |ocation of the workpiece

rel at i viring the scaane stage, payicenionsa.dltarpativadnthe pirgside-bpnded fiathselirst s

lined along at |east.a rtign of its length wth tr.a

el onenc it e BuP Bkl aBinds PegRRLS ol afnddi B RBRPED sigment
the inmep LADRY pRAIERFN Whisliphok!te the MdPRFAEENE08 IapdeBtmibifiseAhe stress
passageway 638 is fornmed in the side of the outer nenber 604 which

al | dws indugied indh@workpifeedPBed froma |ight source (e.g. a 5UV |ight
source; not shown), along the passageway (or an optical fibre), and
to the transparent elenent 618. Furthernore, a portion of the inner

menber Ahoughyhd eirfscB0tedale boemdespibetnds haviagizahetagonlal ongskiggation cother
be transnitted across the surface of the i nner nmenber 606. 10 Th

t r?rtr;s p&F‘%ﬁﬁS%}ﬁ@ﬁ@h?hw M3y perenaleyedisuah asttianghyanicHguiss: eNYoeiher
R e .
menber rsrg%%fy%méﬁﬂiléﬁé Piah& r%dc%tség%ﬁgr g[’? ogtﬁéeﬁ'mé%obhts HEtRE RaRie Lloss-

out er e cover SO protects the transgarent
el edentsebtldh.f rom i npact rel ated damage. The i nner nmenber 606 is
provi ded with an adhesive delivery tube 632 which extends 15 along a
| ongi tudi nal axis of the inner menber 606. The adhesive delivery tube

632 sunpki @hsad Pl B g tSHe 3EMRAINEd betvidth §dci}éf:éﬁt9piﬁ§ sbbeAt&dBingly,
menmber 606 642.

menber 606. The innér _ is set so as to define a recess
The redenay 6abbe teressulde pravide pach oiidicoping £)6prvath delicad matadal 518.

wor kpi %%?thgpr%me'?‘?ﬁé) Egbsn gw’netegen(ﬂrb%téourﬁé %ngdé%u‘ds instead be flat, angled or any

15  other shape. Indeed, the caps 527 may be removed altogether, with the optical material
518 and the outer portion of the pin 506 forming the surface of the pin 506. Here, it is
desirable to maximise the size of the optical material 518 so as to provide light to the
entire surface of the adhesive fastening element 502. Alternatively, the caps 527 may
be replaced by a single sheet of thin, flexible, transparent material (such as PMMA or

20 polycarbonate) which lies over the suiface of the pins 506, with the adhesive disposed
between the thin sheet and the workpiece 508. The sheet would be de-bonded from the
workpiece 508 as the pins 506 are moved.

A plurality of pins 506a may have adhesive delivery tubes 532, were required. These
25 pins 506a may be distributed throughout the array of pins in order to uniformly distribute

the adhesive across the interface between the adhesive fastening element 502 and the

workpiece 508. Alternatively, the pins 506a may be grouped together in the centre of

the adhesive fastening element 502.

30 Although this embodiment has been described as using a photo-activated adhesive,
this is not necessary, and any known adhesive could be used, thus removing the need

for the optical material 518 and caps 527.



20received within the recess 642 such that the protrusion abuts with
the surface of the inner menber 606. The insertion of the protrusion
644 causes sone of the adhesive at the surface of inner nenber 606 to
be forced around the protrusion 644 beé&een the protrusion 644 and 25
the transparent el enent 618. The adhestvé is then cured using the

| i ght source to create a bond between the adhesive fastening el ement
602 and the workpiece 608. Specifically, a bond is fornmed between the

i nner  IRHpIrMBRS tﬁ@@lptibﬁ rR&fRkBHS1 ®Bf 6Ad orfsbre dTARE ping 00 MR HeetomRitted
30 the transparent elenent 618 of the outer nenber 604 and fhe
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manuf acturing operations. Furthernore, the adhesive fastening el enent

6025 camefer gBddneioht sareg.er for transporting the workpi ece 608

bet ween 5nmanufacturing stations. Each manufacturing station is
configured to receive the adhesive fastening elenent 602 with the

wor kpi dde 1508 satitceahayg beTgrevamtad ffiach beinguagivatesanipss the light maeteeaetects

station is coordinated with respect to the reference datum provide

by theﬂa%tr?eww@'e%ﬁs@émcﬁgtaatm@ﬁﬁe@@%@S@ﬁ?@stgnlngoé‘em%t-rﬁaﬁ%r@@r&t e
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adh@esi seufaestagiondy slpphe thoseQdns ahichhare taevaeredised. The protrusi on 644

of the workpi ece 608 need not be accurately machi ned since the
adhesive mtigates for deviations in its geonetry. The workpi ece 608

and t heharight #tenmby deddetBPshdiRel iANAB G ptisalNsiopéfifesf ¥ behedvs WS
forging process. Provided the orientation of workpiece 608 relative
t o t heoggwssviven thesadhesive il aredt Agardinglyk tesightt seeiremmatydea twrneg, off

advant WD E8MRE e SEBRReF R B tvedbiclrede 506 s a bl ank whi ch
i S140 undergo machi ni ng operations whilst held by the adhesive

fastening el enent 602 to formthe . .
Fig. 15 shows another embodiment of an adhesive fastening element 602. The

adhesive fastening element 602 comprises a body or outer member 604 and an inner
member 606. The inner member 606 is disposed within a chamber formed in the outer
member 604 and is movable relative to the outer member 604 along a longitudinal axis

20  of the adhesive fastening element 602.

The chamber formed in the outer member 604 may have an internal cross-section
which is circular, however other shapes may be used, such as triangular, square,
pentagonal, hexagonal or irregular. The latter arrangements may provide a fixed

25 orientation between the workpiece and the adhesive fastening element 602.
Additionally, or instead, the adhesive fastening element 602 may be provided with
location features which interlock with complementary features of the workpiece (for
example, dowels and holes) to define the location of the workpiece relative to the
adhesive fastening element 602.
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20fi nal conponent. De-bondi ng of the workpiece 608 fromthe adhesive
fastening element 602 is carried out in tw stages. In a first stage
of the de-bonding process, the inner nenber 606 is noved away from

t he workpi ece 608 in order to break the bond between the inner 25
menber 606 and the protrusion 644. Du ?ﬁg this first stage, the

wor kpi ece 608 is supported by the outer nenber 604 and the bond
between the transparent el ement 618 and the protrusion 644.
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wor kpi ece 608 remai ns bon he transparent el enen

- I'n a&I8cdhe'teansgaret edmeabﬁb%ﬁduhglapﬁadd@élomw therepenmepdier 666

an i1 Toovdh b dRB G Pa T B AT Bred R R B BT P Piecside of
f or ced thpvatgtmember 68k vitich Bitows hghttedre frassritted S @ntgmbemet(eeg,&

and the protru5|on 644, thus de-bonding the workpiece 608 5 fromthe
adh65| WV fight sotiregy Ratshewn).cjong T PaFFRICVRYHIOE ANGURICALRDTE). Kt f9 the

| eadi ngr 08I dIdb it 1T eMb L b0 ARARE InePHISROLEEHA tray! S8

action o e | nner 0 scrape the resi

adhesi Yerniedfrothen spti¢alceatetial foeallonaligifde dettraisenittat agidss theavirfiage tfiche
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act uat WIETGRETRET PHAer menber 606 in the first and second stages of

t he de-bondi ng process nmay be caused by any known arrangenent. For
exanpl e, the inner nenber 606 may be actuated through the use of

codPer dhertganspacentidiemadt 66 ig redaioad evittﬁmthe‘ ommingeﬂ"rﬂm guie0mensiog, 6Gkby

h F o) I
21t or nrodre” aie B fuiitn P BT ta G HuutE L dh At PR magr bl cfhe povey
its | epgith 646I atsd 9théctstthé t:@rn@Féuﬁﬁ @narﬁéﬂt B/ frbMVieh pacE RIlaRSIRIIAGE
taper. Wth this arrangenent he i nner nenber 606 is unable to

renove resi dual adhesive fromthe transparent el enment and may
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15 along a longitudinal axis of the inner member 606. The adhesive delivery tube 632

supplies an photo-activated adhesive to the surface of the inner member 606.

The inner member 606 is set so as to define a recess 642. The recess 642 corresponds
to a protrusion 644 provided on the workpiece 608. Accordingly, the protrusion 644 is
20 received within the recess 642 such that the protrusion abuts with the surface of the

inner member 606.

The insertion of the protrusion 644 causes some of the adhesive at the surface of inner
member 606 to be forced around the protrusion 644 between the protrusion 644 and

25  the transparent element 618.

The adhesive is then cured using the light source to create a bond between the

adhesive fastening element 602 and the workpiece 608. Specifically, a bond is formed

between the inner member 606 and the protrusion 644 and a bond is formed between
30 the transparent element 618 of the outer member 604 and the protrusion 644. Such a

joint can withstand greater loads than a butt joint.



bet ween t he wor kpi ece 608 and t he adhesive fastening el ement 602 (for
exanpl e, 20 approximately 1mmin each direction). Wth reference to
Fig. 16, an enbodi nent of an adhesive fastening elenent 702 in
accordance with anot her aspect of the é vention is shown. The
adhesive fastening el enment 702 conprises a core formed by a plurality
of optical fibres 724. Indeed, the 25 optically transparent materi al
of any of the enbodi nents described herein may be forned by a

pl ural iThe 8dh&sié Aidy Be BURS orffpYHeh tAB brRbicEE B08AS iapPlogriabsf ligRAd with
are cougl ed to a light source 726. The optical fibres 724 therefore
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The protrusion 644 of the workpiece 608 need not be accurately machined since the
adhesive mitigates for deviations in its geometry. The workpiece 608 and the protrusion
15 644 may be formed using, for example, a simple forging process. Provided the
orientation of workpiece 608 relative to the adhesive fastening element 602 is known,
the manufacturing operations can be performed accurately. This is particularly
advantageous in applications where the workpiece 608 is a blank which is to undergo
machining operations whilst held by the adhesive fastening element 602 to form the

20  final component.

De-bonding of the workpiece 608 from the adhesive fastening element 602 is carried
out in two stages. In a first stage of the de-bonding process, the inner member 606 is
moved away from the workpiece 608 in order to break the bond between the inner

25 member 606 and the protrusion 644.

During this first stage, the workpiece 608 is supported by the outer member 604 and

the bond between the transparent element 618 and the protrusion 644. Accordingly,

following the first stage of the de-bonding process, the workpiece 608 remains bonded
30 tothe transparent element 618.



of the adhesive 710 may change as it cures. Furthernore, adhesives
are avail abl e whi ch change col our when they are cured and the |ight
nmeter 728 may detect this change. 15 Wen the light nmeter 728 detects
that the adhesive 710 is cured, the Iig t source 726 may be turned
of f. Such feedback may ensure consistent "curing of the adhesive 710
and/or optimsed curing tinme. 20Alternatively, or in addition, the

| i ght source 726 nmay be prevented from being activated unless the

l'i ght nBtedectrt Hsieoet thel dboRdiNGIIrBEESE thé inner efdthBEt 606 t'mbhed in the
adhesive fastening el ement 702 (i.e. the anount of |ight received by
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728). This. f ' f ' '
758 eSS bPE R KNGS P Bl PEk o e BRpBTBgh 8 g >

opt i caltrdnisbagmt Emehin6 B ahdiéie provasiored4, thhe deHiamdimy tHeewerkpistdesDs
at or close to the exterior surface of the adhesive fasteni n%?el enent
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702. 5 The LEDs may be an Infrared (IR) or Utraviolet (UV) LEDs, or
a conbination of IR and UV LEDs. The LEDs can be used to cure the

adh@si Vderdduation dithexneei menter 686N die first aadisesbond stapdsaafttbaidegbonding

R

adhesi w96 Mg beRlided AioRdhahe us\oflebbpefttidgtdeeidhesaty onfthe iriémthd
el ement 702 provides the benefit of renoving the need for a UV curing

| anp afitngsreemgess 804, gl shoyehindtigedd, or by pneumatic or hydraulic means.

15 In an alternative embodiment, the transparent element 618 may taper along its length.
Similarly, the protrusion 644 may have a corresponding taper. With this arrangement,
the inner member 606 is unable to remove residual adhesive from the transparent
element and may therefore only be required to move sufficiently in order break the bond
between the workpiece 608 and the adhesive fastening element 602 (for example,

20 approximately Tmm in each direction).

With reference to Fig. 16, an embodiment of an adhesive fastening element 702 in

accordance with another aspect of the invention is shown. The adhesive fastening

element 702 comprises a core formed by a plurality of optical fibres 724. Indeed, the
25  optically transparent material of any of the embodiments described herein may be

formed by a plurality of optical fibres.

One or more of the optical fibres 724 are coupled to a light source 726. The optical
fibres 724 therefore provide a conduit for transmitting light from the light source 726 to

30 an exterior surface of the adhesive fastening element 702. Accordingly, the light source
726 is able to cure a photo-activated adhesive disposed on the adhesive fastening

element 702.



15 system Furthernore, using LED technol ogy controls the wavel ength
of light nore tightly and therefore reduces the risk of harnfu

far- UV wavel engths being emtted. Consequently, the adhesive
fastening element 702 is safer to operate. Al t hough the outputted
power of an LED is lower than a W Iaﬁ%4mhich can increase 20 cure
times, they can be used in an array meking them nore suitable for

| arger cure areas. Furthernore, the LEDs may be used to generate
heat i Nn@dfont ané%‘rti’ﬂﬂ@ dflBe WRLKAN 165 f?Q@@ré BSu@l@BQé 'aVIR;Ht @ﬁ?étéf"rﬂg The
el enent 702. The heat may be managed using 2 di arnond based
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adhesi ve type (for example, 30 the | ower stren th Speednask0 UV

adhbsi V80riapredded babreemie kaht meeierf28 andithg llghte&qm@l?\?@ off the
shel f, UV LEDs that can operate up to 120C). - 36 - Furthernore,
LEDs are being devel oped which can emt a deep W light of a
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of UV and IR LE be used to provide curing and de-bondi ng

r espectwhieh 9harlgﬁ Wlohr whtortbey ere oureidgandithe light erdied? 2@ mayodetaet this
adheS|v§ fastening elenment 802 is shown in accordance w th anot her
aspect PN¥%e invention is shown. The adhesive fastening el enent 802
coppri ses an outer nenber 804 and an inner nenber 806. The |nner
menber 806 is disposed within the outer nmenber 804 and is
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and/or optlmlsed curing time.

20 Alternatively, or in addition, the light source 726 may be prevented from being activated
unless the light meter 728 detects that a workpiece is in contact with the adhesive
fastening element 702 (i.e. the amount of light received by the light meter 728 will
reduce in the presence of the workpiece 728). This therefore provides a safety
interlock.

25
The light source 726 may be provided by one or mare LEDs which are coupled to the
optical fibres 724. In another embodiment, the LEDs may be embedded at or close to
the exterior surface of the adhesive fastening element 702, thereby removing the need

for the optical fibres 724 to transmit the light to the surface. Nevertheless, one or more



menber 806 is consumed during each use and the inner nenber 806 is
replaced, as will be described in nore detail below The adhesive
fastening el ement 802 further conprises |ocking means which
selectively 25 lock the position of thg i nner menber 806 relative to
t he outer nenber 804. The | ocking nean 5may be provided by the outer
menber 804 itself, which may apply a lateral force to the inner
menber 806 to lock it in position. However, other |ocking means may

be usedf the opfical fibt&sE kK2f mdy b ttaipedifbr ﬂ@n%tﬂ’hé t|ﬂr25‘rh 'tlﬁ'@ emas surface
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required holding force required by the operation and the fully cured
failure strength of the bond. 20 In order to detach the workpiece 808
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15  system. Furthermore, using LED technology controls the wavelength of light more
tightly and therefore reduces the risk of harmful far-UV wavelengths being emitted.

Consequently, the adhesive fastening element 702 is safer to operate.

Although the outputted power of an LED is lower than a UV lamp which can increase
20 cure times, they can be used in an array making them more suitable for larger cure

areas.

Furthermore, the LEDs may be used to generate heat in order to de-bond the
workpiece from the adhesive fastening element 702. The heat may be managed using
25 a CVD diamond based arrangement, such as a heat spreader.

The thermal effects in the adhesive fastening element can be controiled by: a thermal
management system, the wavelength or intensity output rating of the LED, the power
level applied to the LEDs, the LED type (UV/IR), and the adhesive type (for example,
30 the lower strength Speedmask® UV adhesive may be curable and de-bondable using

inexpensive, off the shelf, UV LEDs that can operate up to 120°C).



25 As shown in Fig. 18, the inner nenber 806 is rel eased and noved
relative to the outer nmenber 804 so that it is rai sed above the outer
menber 804. The i nner nenber 806 is then cut at the | evel of the

out er
i nner

menber 804, as shown in Fig. 19. é:onsequently, a portion of the
menber 806 conprising the bondi'né Surface is renoved fromthe

remai nder of the inner nenber 806 and stays connected to the
wor kpi ece 808. - 38 - Accordingly, the surface of the inner nenber
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anot her wor kpi ece 808. Therefore, the adhesive fasteni nébel enment 802

i s i meeveiengthrasadyd 23Enmuanchean opelait biemperatiragnedii
o ki duBen BB sl R T B A7e s SRl BB RATRRl BOTRY ™ of “ense.

ag#804n@ndhe

the i nner nenber 806 nay be cut above the |evel of the outer nenber
804. The inner nenber 806 can then be noved back within the outer

nmenBer Tdw4LERS imay be pstivaied fongpproximatglyt 20 seransisrtogoue thepadiprsive uath

f ; r | :
506 can BT pERR i RrRAMRG iGN 1O BE R indyeh iy BRAEF M ABRRbA TR HO
t he i nzecongsireobidlba raffidentlydige terhye@tyleud ala-bynd thelwo righietedivarn the
unconnect ed paortions. The fort&goste ortion ﬁf t he | nner nmber, 806 i s

i nner

bonded 3d5epivE TaBieREISR/EMEDS. At AR

§ WRIkpigcg cang easilvdemayed

f or Moo LQReSTRY f ergiﬁg%Yé?ﬁeH‘ﬂaw‘héﬁt? a%rrgﬁgﬁé%&{&f%ﬁ %%Mb@@d

portions advanced unti

precedi’ng portron becones the

outier rimmi the BOkpiddee r emai ni ng portions may be advanced by inserting
anot her portion into the bottom of the outer 20 nenber 804.
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A combination of UV and IR LEDs may be used to provide curing and de-bonding

respectively.

With reference to Fig. 17, an embodiment of an adhesive fastening element 802 is
shown in accordance with another aspect of the invention is shown. The adhesive
fastening element 802 comprises an outer member 804 and an inner member 806. The
inner member 806 is disposed within the outer member 804 and is movable relative to
the outer member 804 along a Iéngitudinal axis of the adhesive fastening element 802.
The inner member 806 is a consumable element, i.e. at least a portion of the inner
member 806 is consumed during each use and the inner member 806 is replaced, as

will be described in more detail below.

The adhesive fastening element 802 further comprises locking means which selectively
lock the position of the inner member 806 relative to the outer member 804. The locking
means may be provided by the outer member 804 itself, which may apply a lateral force
to the inner member 806 to lock it in position. However, other locking means may be

used.

In use, a workpiece 808 is held by the adhesive fastening element 802. Specifically, the

inner member 806 is positioned such that it is level with the outer member 804 and



Alternatively, the inner nmenber 806 may be forned by a plurality of
frangi bl e portions which are interconnected by weakened sections (for
exanpl e, thinner sections or perforations). The frangi ble nenbers may
be separated from one another by hand._25 I n another enbodi nent, the
i nner nmenber 806 may be forned froma ? érnopl asti ¢ adhesi ve flbre
such as a hot nelt adhesive. The inner nenber 806 may be nelted at

t he bondi ng surface where it contacts the workpi ece 808. Wen the

i nner nEcRRS inGAR sudliticH witle shé rockmgrmean@qmérmwély hae \Widfher®eB886 may

In order to renove the workpi ece 808 30 fromthe adhesive fastening

el enentbes@ised #ightly dem seeter spanbendlh Auadesive #d0 delappliese®dhebed
above. bo%ﬁﬁ; %ngclteg&’étﬁp |hﬁem3m%%?§0$efﬁé' pﬁgs&Q%H Oq‘oﬂﬂ%e%tw&%n the

i nner reroved he ‘entl re rnner
in f actwd:rkp@eplmemcafﬁeahneuambnmmﬁt prchalimylpvhdeadhesiky fastedinggelement
surface. 5 Wth reference to Figs, and 21, an _enbodi nent of an

adh8si B92halde e yorriersB0d gl whll%tquummwﬁa%m%ro%ﬁ%tsw as
the i n\fﬁ&mmﬁgl St \ﬁlhggmn?éér@ngggg?%g%%@é%ggl ng el ement 902 conpri ses

a resistive heating ele ed wthin the adhesive
fasteni ng el enent 902 The heati ng eI enment 936 |s a re5| stive wre.

Al t t h t | 1 film
neat | nd N SRESIV BT S Alare: ABY KBBYAZITCEEn ERIBEAY e GngRLe 1§ Renotd-
adhesi »é%umaeaaﬁég.\@ QVIRaTe, IO, OSSR sl thd fPuh@PPhé‘rﬁtS’éFéUB may be

optical material 918. The heating elenent 936 is di sposed on
optl D calfonmedfroml oa@narise adransperard ntatenall Agpeordia@y, dhet[mmrnnemjoer 806

conduct i ve, and t| cal | ar mat er i a For._ ex le, the 1

ayer 9% RayeBa s sPRsmbRERGh 18t GRS e bdied S Re g g iper 06
mat er i heteRAiires tha/adnésive 8NENTFSEdxampleUthedifBes rdnfer(§060hap heCcas sptical
Such a material has a high thermal conductivity and thus concentrates

heat afibféenagietdf Rgrspe% adhesi ve bond. Furthernore, such materials
are hard wearing and thus the | ayer 946 protects the heating el ement
936 and all ows any residual adhesive to be renoved fromthe 20

adhgsi vmofr&streanm@ufﬁ@mm p%’éss\bt‘ Isplectian of e Warkpisce 80& tldJe ategity of
may be produced using process to forma thin |ayer |caII%/e

0. 5mm thi dhesive ﬁ@ﬁn@r B@&hsﬁlﬁ%ﬂ bréaprelypc? prwtaan@@of@roreagthsﬁﬂ@
he.di st meiiBErHEs antnENorRoRe 888D 708 cpadetintleiTE coig B e the
t he | aysdnin®46.required holding force required by the operation and the fully cured failure
strength of the bond.
20
In order to detach the workpiece 808 from the adhesive fastening element 802, a
method in accordance with another aspect of the invention is used, as illustrated by

Figs. 18 and 19.

25 As shown in Fig. 18, the inner member 806 is released and moved relative to the outer
member 804 so that it is raised above the outer member 804. The inner member 806 is
then cut at the level of the outer member 804, as shown in Fig. 19. Consequently, a
portion of the inner member 806 comprising the bonding surface is removed from the
remainder of the inner member 806 and stays connected to the workpiece 808.

30



25 In use, the adhesive fastening elenent 902 is threadably coupled
to a base plate 916 (see Fig. 21), however other types of coupling
could be used. The | ayer 946 separates the heating el enent 936 from
an adhesive (not shown) which is dispogéd on the layer 946 and which
is used to bond the adhesive fastening“efenent 902 to a workpi ece
(not -40 - shown). Were the adhesive is a photo-activated adhesive,
light is supplied to the adhesive through the optical nmaterial 918

and t h%dc@)‘dﬁh%@r‘lﬁté SurPActest the istErmbRber80B IbvEs arnévt Qoftathgtsarfa@@q’or the
bet ween t he adhesive fastening el ement 902 and the workpi ece.

\r/]vor kpi &@Sﬁﬁyemieattﬁ@gﬁtﬂmé@ anp rmkmanﬁﬁoﬁeTha@t@@L Hyebedlgem\rﬂ fe@tﬂﬁlbg
the. aqmenrH02 R RMET Iy RS furkor drBR iRy Tk AR NG 4t AT the,

cur r entpdriforPasthednhsr PeaibdrBDeray bl sibsehnentdyf rdmdvediromitie Meakpiege 808
el ement 936, thus heatlng the wire or film The thermally 10

confuctusing serMentionsl meHESt s the heat fromthe heating el ement 936
to the adhesive on the surface of the |layer 946, thus breaki ng down
t he bond and rel easing the workpi ece fromthe adhesive fastening

el ementAl@PRatively, forléasd)¢lad inmgrehe@nbot 808 Mhaylye alissbde: theddvdlof fisabuter
t her nal Ié/mcured adhesive so as to 15 formthe bond between the

adhesi VBCAgE eAt-ntheingeE mergber ebficaminaibg Froyed. bagkevitniy thig guter member
phot o- gl Wit ﬁql? Pét%gﬁﬁt}ﬁethé%uté"refﬁembbr B§4Not necessary to provide the

optical mater nor is 1t necessary for the layer 946 to be
optidcal |y transparent The | ayer 946 nmay al so be renoved and the

heatin t 936 Io at t face of the 20 adhe

fast enEeR Enone" Guestie 406 Bos bAgadl Siufted draplacme iiter member
adhesi B@§f@${@é\|ﬁg@ﬂgqu%em@& mghﬁ,ea@bam ve fastening el ement 1002
I's disposed in a base plate 1016 and conprises a core forned from an

optical material 1018. A heating el enent 1036 surrounds the
In another embodiment, the inner member 806 may be formed by a plurality of

15  individual unconnected portions. The foremost portion of the inner member 806 is
bonded to the workpiece 808. When the locking means are released, the foremost
portion may be removed with the workpiece and the remaining portions advanced until
the preceding portion becomes level with the outer member 804. The remaining
portions may be advanced by inserting another portion into the bottom of the outer

20 member 804.

Alternatively, the inner member 806 may be formed by a plurality of frangible portions
which are interconnected by weakened sections (for example, thinner sections or
perforations). The frangible members may be separated from one ancther by hand.
25
In another embodiment, the inner member 806 may be formed from a thermoplastic
adhesive fibre, such as a hot melt adhesive. The inner member 806 may be melted at
the bonding surface where it contacts the workpiece 808. When the inner member 806
solidifies it forms a bond with the workpiece 808. In order to remove the workpiece 808
30 from the adhesive fastening element 802, the inner member 806 may be cut or

removed as described above.



25 adhesive fastening elenent 1002 and is in contact with an outer
portion 1048 of the adhesive fastening el enent 1002. In use, an
adhesi ve 1010 is di sposed between the fastening pin 1002 and a

wor kpi ece 1008. The adhesive 1010 is a_photo-activated adhesive, and
light is supplied to the 30adhesive 10% “through the optical material
1018 in order to cure the adhesive 1010 and to form a bond between

t he adhesive fastening el enent 1002 and the workpi ece 1008. - 41 -

The heatjindagh!ienBNbed W dB sttt b oiforPBNtheliRRe Mk @618t bF oM
the adhesive fastening el enment 1002 by heating the adhesive 1010.

Accor diragioyedt ihe entire innasrmewmher 846 nedy inHeckishespleecd aliererciyopgratiento
1002 c S r eating elenent 1036 to the adhesive 1010
to bregﬁgﬂgé\ﬁ 'Jé]%q'grbghﬂ%@oée% h the adhesive fastening 5 el enment 1002
and the workpi ece 1008. The outer portion 1048 of the adhesive

fasgeniigh eéferdie ©00¢s| 20 hAQ Padah PBGIMBHEST &h alAYEINE fé’st?hiﬁﬂ element

thermal conductivity, such as cooper or al um nium based all oys, and

has a 9% inlescowlangasditsaneiber aspeciaf éhe ipyedtior ia shoyvanthaadhesige 10

2cti vareoRgedRtiEhy 807 ofhefs 3 eRBulE Riale Sifed St iBeifed witin the
f ast enigagesive fastenk0emrtht BDL. THS kebBSE ckPiisht 98B BROWSIdNe Wi, 23,
t he adhesive fastenlnq el ement 1002 may be adapted for 15i nspection

oper at FoiRENArehaing hrptingelammest P96 mast@mprge alredsiive Hivpheatingclement
DT o TR AR PRSI o or e T20S" 0 Sohe™ o
its end so as to minimse the contact surface with the workpiece
e S R B B A B el bt i Gt
20i rr egbatn g $RERAG “lement 936 is disposed on the optical material 918 and is covered by
a layer 946 of thermally conductive and optically transparent material. For example, the
15  layer 946 may be formed from a glass ceramic material or a diamond material
deposited using a chemical vapour deposition (CVD) process. Such a material has a
high thermal conductivity and thus concentrates heat at the site of the adhesive bond.
Furthermore, such materials are hard wearing and thus the layer 946 protects the
heating element 936 and allows any residual adhesive to be removed from the
20 adhesive fastening element 902 without causing damage. The diamond may be
produced using a CVD process to form a thin layer (typically 0.5mm thick) and then
glued onto the top of the adhesive fastening element 902. However, it may also be
possible to directly CVD coat the diamond material onto the adhesive fastening element
902 to form the layer 946.
25
In use, the adhesive fastening element 902 is threadably coupled to a base plate 916
(see Fig. 21), however other types of coupling could be used. The layer 946 separates
the heating element 936 from an adhesive (not shown) which is disposed on the layer

946 and which is used to bond the adhesive fastening element 902 to a workpiece (not



Fig. 24 shows anot her enbodi nent of an adhesive fastening el enent
1102. The adhesive fastening el enent 1102 conprises a core forned by
a plurality of optical fibres 1124, such as glass rods, which are
encased in a netallic material 1152. Tﬁg 25core is surrounded by an
i nduction heating coil 1136. In use, an“adhesive 1110 is di sposed
bet ween the fastening pin 1102 and a workpi ece 1108. The adhesive
1110 is a photo-activated adhesive, and light is supplied to the

adhesi ol Onthare we ad hesioptd gglgﬁid-gétﬂ@tédaéhégv@n@wt id Supilicd thh8e

adhesi ve 1110 and to 30 forma bond between the adhesive fastening
el enentadhesredhtpughethemiisrbdaterizd 18 anddpe layerd4thiaardente ewetthag

Fast eniesie A Bo0 S PR belied P i S e s 02 e ine

i nduct ivesrkpieabs el ectrically conducting objects by el ectromagnetic
I nduction. A 5high-frequency alternating current is passed through
t hedi nduction heating coil 1136 which generates eddy currents in the

metal | iﬁé@&ﬂpﬁ%& H&é?ée}&@hoﬁ#&ﬁ %W@f&é@}éﬁ‘ﬂ}é fé%lter{irjug{;) P%?nér?t??ﬂ)grgypﬁeating

resi stance of Ic nateéeria 0 curren oW an

magnet itice busdccadisesivd imsereler bk ddven thet lbbid betvrdesr thel adhEsRiet fasteming
heat ed the inducgtion heating coil,L 1136. The petallic materjal 1152
conducteigmﬁ@t Yeand dhe WOTKRISGRIHMRIATEINGY1 8 QUFeht IS RASRRAFNEAHONBRJesistive

bet ween,: ' : j '
The. mera] venpene a3t Reneo geals REHNG T Wite HMINETRE Sty ,
t had malcondestivvolagser $46 ensduas it hdatisamithg heating etdment 936 to thasadhmesive

't tiye to the optjcal fibres 1124 in the metal l.i
mat or i 41 Weeesriage s [avEr 91 g e Rkad ShiBeitand Fndeicasing te

used. workpiece from the adhesive fastening element 902.

The heating element 936 may also be used to heat a thermally cured adhesive so as to

15 form the bond between the adhesive fastening element 902 and the workpiece.

Where a non photo-activated adhesive is used, it is not necessary to provide the optical
material 918, nor is it necessary for the layer 946 to be optically transparent. The layer
946 may also be removed and the heating element 936 located at the surface of the

20 adhesive fastening element 902.

Fig. 22 shows another embodiment of an adhesive fastening element 1002. The

adhesive fastening element 1002 is disposed in a base plate 1016 and comprises a

core formed from an optical material 1018. A heating element 1036 surrounds the
25 adhesive fastening element 1002 and is in contact with an outer portion 1048 of the

adhesive fastening element 1002.

In use, an adhesive 1010 is disposed between the fastening pin 1002 and a workpiece
1008. The adhesive 1010 is a photo-activated adhesive, and light is supplied to the

30 adhesive 1010 through the optical material 1018 in order to cure the adhesive 1010 and
to form a bond between the adhesive fastening element 1002 and the workpiece 1008.



Furthernore, netallic particles or short strands of, for exanple,
iron may be added to the adhesive 1110. This allows the induction
heating coil 1136 to directly heat the adhesive 1110. In this
configuration the materials of the adhgilve fastening el ement 20 1102
shoul d be electrically non-conductive” order to maxim se the
concentration of inductive heat energy in the adhesive 1110. This
technique may also aid with thermal curing of the adhesive 1110.

| n anothgy h@m%délgﬁ@m mtae .@@@é@ ftgdélb%rﬁerthe WOkSIBER MBS fRINS tes aﬂﬁéﬁve
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thermal effects in the adhesive fastening el enment can be controlled

by: a tRRANAIBYALERABE system the wavel ength or i ntensity output
rating of the LED, the power |evel applied to the LEDs, the LED type
(W/1R), and the adhesive type (for exanple, the |ower strength
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adhesi ygpgW th the tenperature I’EITB.I n| ng bel ow t he de-bondi ng

tenperature) and approxi mately 40 seconds to obtain a sufficiently
hi gh tenperature to de-bond the workpiece fromthe adhesive fastening
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el ement’s
contact surface with the workpiece 1010, thereby maximising access to the workpiece

and allowing the adhesive fastening element 1002 to be used with workpieces having

20  irregular geometry.

Fig. 24 shows another embodiment of an adhesive fastening element 1102. The
adhesive fastening element 1102 comprises a core formed by a plurality of optical
fibres 1124, such as glass rods, which are encased in a metallic material 1152. The

25  core is surrounded by an induction heating coil 1136.

In use, an adhesive 1110 is disposed between the fastening pin 1102 and a workpiece
1108. The adhesive 1110 is a photo-activated adhesive, and light is supplied to the
adhesive 1110 through the optical fibres 1124 in order to cure the adhesive 1110 and fo

30 form a bond between the adhesive fastening element 1102 and the workpiece 1108.



To avoi d unnecessary duplication of effort and repetition of text in
the specification, certain features are described in relation to only
one or several aspects or enbodi nents of the invention. However, it
is to be understood that, where it is % techni cal |y possi bl e,
features described in relation to any aSpect or enbodi nent of the

I nvention may al so be used with any other aspect or enbodi nent of the
I nventi on. For exanple, the integrity of the bond nay be checked

by applpHdiadacish Ratht) ¥&EN 36 wé@@ 1©Ce-BHAd Y wetkpidee aHEHbMEthe
fasteni ng el enents described. Furthernore, a |light 30 source and

l'i ght sivedgsteaingselemant A 183 pydieating the iadbesiefiddleni ng el ement s
to - 44 - provide feedback on the presence of a workpiece and the
curing of the adhesive. Mreover, any of the adhesive fastening

el ementFhemgl Feitptios Beats @tdbmaamec@miuomg}omwg b@tréllé&l‘orﬁ@@’ﬁetmgnductlon A
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f asteni ng el enent, ~5t he adhesive fastening el enent conprisin
10  adhesive 1110 to break down the bond between the adhesive fastening element 1102
and the workpiece 1108. The metallic material 1152 has a high thermal conductivity

and a low thermal mass so as to ensure rapid heating and cooling.

As an alternative to the optical fibres 1124 encased in the metallic material 1152, a

15 matrix of conductive and optical fibres may be used.

Furthermore, metallic particles or short strands of, for example, iron may be added to
the adhesive 1110. This allows the induction heating coil 1136 to directly heat the
adhesive 1110. In this configuration the materials of the adhesive fastening element

20 1102 should be electrically non-conductive in-order to maximise the concentration of
inductive heat energy in the adhesive 1110. This technigue may also aid with thermal
curing of the adhesive 1110.

In another embodiment, the heating element may comprise one or more LEDs. The
25 LEDs may be embedded at or close to the surface of the adhesive fastening element.
The LEDs may be IR or UV LEDs, or a combination of IR and UV LEDs.

The LEDs produce sufficient heat at the surface of the adhesive fastening element to
cure an adhesive and/or to de-bond a workpiece from the adhesive fastening element.

30 Alternatively, the LEDs may cure the adhesive using UV light and only de-bond the
workpiece from the adhesive fastening element using heat. An arrangement comprising
a combination of UV and IR LEDs may be particularly useful for this purpose.



a first nenber (4) ; and a second nenber (6) adjacent the first
menber and novable relative to the first 10nmenber along a

| ongi tudi nal axis of the adhesive fastening el enent; wherein a bond
is formed by an adhesive (10) between %ge wor kpi ece and the first and
second nmenbers of the adhesive fastening el ement; the nethod
characterised in that it conprises: 15 noving the first and second
menbers relative to one anot her such that the second nenber nobves

away f riHe héet mey kBiresSaddd uSiig 3SCVP diarRindilscladithiRiINERNsliditas a heat

second nmenber and the workpi ece; and noving the first and second
menber $preddari ve to one another such that the 20second nenber noves
towards the workpi ece and applies a force to the workpiece so as to
break the bond between the first nmenber and the workpiece, and to

de- bondHehenaakefame i trenadiwivadiaetining ERshati 0ag v edmrdlledddy: rEthBaH
as claimed in claim1, wherein the first and/or second nenbers are
25t fir e doRAGETRONY SYstemoilienyaYalengthostintensity artesit ciing efdhe D, (thg power

rel ati i ' [
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second the ikdvegrsstrngth Speedmask® UV adhesive may be curable and de-bondable using
inexpensive, off the shelf, UV LEDs that can operate up to 120°C).

10 The LEDs may be activated for approximately 20 seconds to cure the adhesive (with
the temperature remaining below the de-bonding temperature) and approximately 40
seconds to obtain a sufficiently high temperature to de-bond the workpiece from the
adhesive fastening element. At this temperature, the workpiece can be easily removed
from the adhesive fastening element by hand and residual adhesive can be removed

15 from the workpiece.

The adhesive fastening elements described herein may be attached to a pallet fixture
(or tombstone), or directly to machine or inspection equipment. Furthermore, a
workholding device may comprise one or more of the adhesive fastening elements

20 described above.

To avoid unnecessary duplication of effort and repetition of text in the specification,
| certain features are described in relation to only one or several aspects or
embodiments of the invention. However, it is to be understood that, where it is
25 technically possible, features described in relation to any aspect or embodiment of the

invention may also be used with any other aspect or embodiment of the invention.

For example, the integrity of the bond may be checked by applying a force between a
workpiece and any of the adhesive fastening elements described. Furthermore, a light

30 source and light meter may be used with any of the adhesive fastening elements to



t hreadably coupl ed to one another such that noving the first and
second 30nenbers relative to one another conprises rotating the first
and second nenbers relative to one another. - 46 - A nethod as
claimed in claim1, wherein noving the %i rst and second nenbers
relative to one another conprises transfati ng the first and second
menbers relative to one another. A nethod as clainmed in claim4,
wherein the translation of the first and second nenbers is

hydr aulgredtik Ye&dbdukasHid srakkhica6t H afctkpicle BRHRRE cafing ot adhesivay
preceding claim wherein the second nenber is noved toward and awaP/

f r om t AORREVRDiasYf the pghasiye dastenmoralementsampy postisers adhgsiye delivery
further, j Si C P - i,ng, checking the integrity of

t he boﬁ%ﬁggﬂg}ﬁglh%gﬂnglééﬁ%'é{e)?sgg(?n&ﬁ@%dforce bet ween the second nenber
and the workpiece. A nethod as clainmed in claim?7, wherein the

predeterm ned force is greater than the m nipumrequired hol di ng
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uier 1 ACCHPHGr BRUARINOLE BOKBoBa: Wb BHNer Pog SETBIE G, 4nfugrmore,
wor Kpi €6& otHdipirReean Be TRIMAIE kS sAPYGH RANT G BRIBNGORAT UL Adhesi ve

froman inner surface of "the recess. A nmethod as clained in any
pr é8ediwmgkpieagém wherein the adhesive fastening el enent conprises a
plurality of first elenments and/or a plurality of second el enents.
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CLAIMS

A method for de-bonding a workpiece (8) from an adhesive fastening element,

the adhesive fastening element comprising:

a first member (4) ; and

a second member (6) adjacent the first member and movable relative to the first
member along a longitudinal axis of the adhesive fastening element; wherein a
bond is formed by an adhesive (10) between the workpiece and the first and

second members of the adhesive fastening element;
the method characterised in that it comprises:

moving t.he first and second members relative to one another such that the
second member moves away from the workpiece (8) so as to break the bond
between the second member and the workpiece; and

moving the first and second members relative to one another such that the
second member moves towards the workpiece and applies a force to the
workpiece so as {o break the bond between the first member and the workpiece,

and to de-bond the workpiece from the adhesive fastening element.

A method as claimed in claim 1, wherein the first and/or second members are
threaded such that moving the first (4) and second members (6) relative to one

another comprises rotating the first and/or second members.

A method as claimed in claim 2, wherein the first and second members are
threadably coupled to one another such that moving the first and second
members relative to one another comprises rotating the first and second

members relative to one another.
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A method as claimed in claim 1, wherein moving the first and second members
relative to one another comprises translating the first and second members

relative to one another.

A method as claimed in claim 4, wherein the translation of the first and second

members is hydraulically or pneumatically actuated.

A method as claimed in any preceding claim, wherein the second member is

moved toward and away from the workpiece.

A method as claimed in any preceding claim, further comprising, prior to de-
bonding, checking the integrity of the bond by applying a predetermined force

between the second member and the workpiece.

A method as claimed in claim 7, wherein the predetermined force is greater than
the minimum required holding force and less than the fully cured failure strength
of the bond.

A method as claimed in any preceding claim, wherein the second member is

disposed inside the first member.

A method as claimed in claim 9, wherein the second member is set back from
the first member so as to define a recess which receives a portion of the
workpiece; and wherein, after breaking the bond between the first member and
the workpiece, the second member is advanced to remove residual adhesive

from an inner surface of the recess.

A method as claimed in any preceding claim, wherein the adhesive fastening
element comprises a plurality of first elements and/or a plurality of second

elements.



