1 FASTENI NG APPARATUS The :
present invention relates to fastening apparatus used to position and™* C‘VY
‘tighten threaded fasteners, and in particular to autonated fastening

- appar at us. Known fastening apparatus apply a predeternined set of
-conditions to a threaded fastener being tightened. Typically a constant

axi al Ioagjd@p,?%g%@g\?ggﬁm t hreaded fastener which is rotated at a speed

determ ne riction generated at the threads of the threaded

fastener and the torque appligﬂgigﬂgﬁﬁggggﬁéﬁggggi. It is an
object of the present inventi ' ning apparatus that is
capabl e of applying at |least two distinct sets of tightening conditions to
an associ ated threaded fastener to inprove the speed and efficiency of
tightening of the threaded fastener and also to inprove its reliability.
Thus accor di ngThe prdsentpmeeion rchatasrpi fastening rapparstuprnsed ¢e gositibm ahd nighten
apparatus for tightening an associated threaded fastener in which the
appar at usgR@ialkd esstehefs! Akt ingRticBfar td AlbrhaRd Paten@}pph@nfs. t 0 the associ ated
fastener, during a first tightening stage the apparatus being capabl e of
detecting a transitional tightening stage of the associ ated fastener, and
appl ying a second set of tightening conditions during a second tightening

stage in respopnse to the detection of the transjtional stage,
g P %own fgstettlmg apparatus apply a pregetem%ne set o coniitiofcijs to a threaded

fastener being tightened. Typically a constant axial load is applied to the threaded fastener
which is rotated at a speed determined by the friction generated at the threads of the

threaded fastener and the torque applied to the driving bit.

P

It is an object of the present invention to provide a fastening apparatus that is
capable of applying at least two distinct sets of tightening conditions to an associated
threaded fastener to improve the speed and efficiency of tightening of the threaded fastener

and also to improve its reliability.

Thus according to the present invention there is provided a fastening apparatus for
tightening an associated threaded fastener in which the apparatus applies a first set of
tightening conditions to the associated fastener, during a first tightening stage the apparatus
being capable of detecting a transitional tightening stage of the associated fastener, and
applying a second set of tightening conditions during a second tightening stage in response

to the detection of the transitional stage.
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2 According to the present invention there is also provided a
fastening apparatus for tightening an associ ated threaded fastener in
"whit ch the apparatus rotates the associated threaded fastener at a first
speed during a first tightening stage ard said apparatus rotates the

. associ ated threaded fastener at a second speed during a second tightening

stage. The Sec&&%rcﬁﬁ%?@%%ﬁ %ﬁéx}[it n BEreSik AWBpréViast h RRtdnisg hppaPfesifor

According to the presént ere Is also provided a fastening
apparatus for .tightenin associ at ed.t hreaded fastener .in i ch . L.h

appar at us ‘&ﬁg‘fﬂni"& a§§ch?ec§§1r%ﬂ%e$§%sgenef &0 PC gtéeo?ﬁpgfag'ﬁs {%?tg%ye]edgﬁsgél?%ger
during a first tightening stage and said apparatus applies a second axi al

| oad to t Hbreadubiasteneratt shfiesh spagdidusing adirsgightening stage apd) sy gpUAtus Jottesge.
The second | oad may be greater or smaller than the first |oad. A

further aspeassoofatddnihréaded fdstener ftr osdcdrd speedalmoing @ second tghtersieg stagan The
assenbly line, for exanple for car production, conprising a fastening

appar at Us QEGRS HeBBndag b Tost@k SloWer thafi MRSt fked.he i nvention such as a two
speed fastening device adapted to enable a threaded fastener to pierce and

tap a support |l ayer such as a sheet of alum nium Beneficially, the
robotic armcan be controlled by a programmed device such as a mcro
controller to nmove _the fastening apparatus, to di ff_eré::nt | ocati ons.
The i nvention whf¢ordiag tedhepresent wan@qp thete isralsomirpided aipsferipg APPAEFES &orce
to the acconpanyi ng drawi ngs i n which: -

tightening an associated threaded fastener in which the apparatus applies a first axial load

to the associated threaded fastener during a first tightening stage and said apparatus applies
a second axial load to the associated threaded fastener during a second tightening stage.

The second load may be greater or smaller than the first load.

A further aspect of the invention provides a robotic arm for use on an a-ssembly line,
for example for car production, comprising a fastening apparatus according to the earlier
aspects of the invention such as a two speed fastening device adapted to enable a threaded
fastener to pierce and tap a support layer such as a sheet of aluminium. Beneficially, the
robotic arm can be controlled by a programmed device such as a micro controller to move

the fastening apparatus to different locations.

The invention will now be described by way of example only with reference to the

accompanying drawings in which:-

FIG.1 shows a section view of an apparatus according to the present invention;

FIG.2 is an enlarged view of an upper part of FIG.1;



FIG 1 shows a section view of an apparatus according to the present

i nventi on; FIG 2 is an enlarged view of an upper part of FIG 1,
3 - FIG3 is an enlarged view of a md part of FIG 1; FIG 4
is an enlarged view of a |lower part of BG 1; FIG5 is a view of
‘the apparatus taken in the direction of arrow A of FIG 1, FIG6 is

a view taken al . : FIG?lsaV|eWS|mIar
to FIG 3 V\/ithlfiﬁ%?econ |d5tl§ﬁ%¥ ﬁlgpa%\tl)gﬁlc:(}eé and with the first piston

partially advance VIEW%I(EFH&I‘ to FIG 3 with the

first and seconﬁ%?ta&@qu%ﬁqve‘ﬁd’@% part of FIG.Lir1 G 9 i s a bl ock di agram
of a control systemused to control the fastening apparatus of the present
invention; and FIG.S is a visw@f t@ dpparatysaaken\in g difectiomoicirfaved dfIlIGK; di agr am as
shown in FIG 9 incorporating a preferred enbodi nent. Wth

reference to FIfG5.4is% ¥ibRt&kenldng theliidEofFIGag{ eni ng apparatus 10
conprising a fastening holdlng/p05|t|on|ng devi ce 11 and a fastening

driving device gy 7 Bof hoard BREE £ ith el nfull dvanced, Bﬁ'vyl
RIS Bty v

devi ce 12 conpriseés a notor as a servo Dt Of Sy
20A, a drive belt 21 nd a dséve shaft 22. Dr|ve shaft 22 corrprlses a first
part 24 anidskPisonPaHip ﬁ&pf'anf First part 24 is rotatably mounted in head

13 by bearings 26. Bearings 26
FIG.8 is a view similar to FIG. 3 with the first and second pistons fully advanced,

FIG.9 is a block diagram of a control system used to control the fastening apparatus
of the present invention; and
FIG.10 is a part view of a modified block diagram as shown in FIG. 9 incorporating

a preferred embodiment.

With reference to FIGS.1-6 there is illustrated a fastening apparatus 10 comprising
a fastening holding/positioning device 11 and a fastening driving device 12. Both are

connected to a head 13.

Driving device 12 comprises a motor 20 such as a servo-motor with a motor pulley
20A, a drive belt 21 and a drive shaft 22. Drive shaft 22 comprises a first part 24 and a
second part 25. First part 24 is rotatably mounted in head 13 by bearings 26. Bearings 26
also axially secures first part 24 relative to head 13. A drive shaft pulley 23 is rotatably
secured on first part 24 by key 27. The lower portion 28 of first part 24 includes an axially

splined hole 29.



also axially secures first part 24 relative to head 13. A drive shaft
.pulley 23 is rotatably secured on first part 24 by key 27. The | ower
portion 28 of first part 24 includes anﬁgxially spl i ned hol e 29.

4 - The second part 25 of drive shaft 22 includes a fastening driving
~bit 30, a mounting portion 31, and a splined end portion 32. Splined end

portion 32 nmat Cheweédhdigae: Z5xdfalrive shaf D iedudes laFasiéniR® d8vidd bitB0S B $hbiufting
relative rotation of the first and second part cannot take place. However,

t he axi all | 4 ol.&: | & e -1 ..al |, al
novenent #nt&ﬁleé??a?lg[h é@ﬂglﬁtggfeﬁgf)% % Fﬁé%ge%gn%éé ?Q r&‘ﬁ%éjglggodﬁ%%ﬁ%ﬂ IS
rot at ably unt e via b ings 33 i.n axi al i tioning tube 40. Bearings
33 al so eﬁgﬁ?e@ tluﬂgpr bgli?of?g{op preglatiye rofgtion &S&‘Fz{gft ‘Wgﬁ’?c%gi AT ¢A5apt 13 ng
t ube 40. The fastening hol di ng/positioning device 11 includes a
nount i ng Pace. Spweven teejaxially splagd bele 29 4nd-the splinedrandrpostions 32 de ellowaxial
nmounti ng part 50, a second cylinder 52 secured to first cylinder 51 and an

end cap 53noemenedf the fisstpardelative todhe s€ednd patnThargecprd parbi3 rotatabliemenmdet Y
cylindrical in shape with a central axial hole 60 and two |ateral slots 61,

62. A ponid Béhrfigs 98 imgaltgsdgﬁioﬂf}{gtm594@%é 533 a‘f‘sr&g:n thét'seddh@ é)fghrzt%;]ig

cyl i nder 51. Irst cylinder 51 conprises Irst bore

wal I's of whigh constitute a.first cylinder wall 65 and a further bore 66
paral | el taélaﬁﬂgas?i“? X 1988182?mgtt“b°4>6-

The fastening holding/positioning device 11 includes a mounting part 50 secured to
head 13, a first cylinder 51 secured to mounting part 50, a second cylinder 52 secured to
first cylinder 51 and an end cap 53 secured to second cylinder 52. Mounting part 50 is
generally cylindrical in shape with a central axial hole 60 and two lateral slots 61, 62. A

portion 63 of mounting part 50 acts as an end cap for the first cylinder 51.

First cylinder 51 comprises a first bore 64, the walls of which constitute a first

cylinder wall 65, and a further bore 66 parallel to the first bore 64.

Second cylinder 52 is generally cylindrical in shape and includes a second bore 52A

the walls of which constitute a second cylinder wall 67.

End cap 53 has a central axial hole 68, and acts to seal the second cylinder 52.



Second cylinder 52 is generally cylindrical in shape and includes a second
bore 52A the walls of which constitute a second cylinder wall 67.

"End cap 53 has a central axial hole 68, and acts to seal the second
cyl i nder 52. 5 5 The
. fasteni ng hol di ng/ positioning device 11 further includes a fastening

posi ti oni ng S&ﬂggas?e%@q%ﬁg/?aﬁﬁaﬁihg dgviee | PhithePintluliash fisenig positimingg

positioning arm fastening positioning arm71 renote from

fasteni ng sitioning shaft 70 includ acf ' | depice /2 The
end of f aéﬁaghméec&'ieéﬁ’fl%ﬁf iy E%%E&ﬁy Efff?i% ﬁg?ségﬁ%'%%b{iﬁ%ﬁ% as glr% i ggﬁe End 6t
positioning arm 71 projects into head 13 and is copnected rotati on |y and
axial |y fastaningo pasifpring narms 7Antemote; e Sfasening pesiiogme7 %‘né ggluges ok 75
which in turn is connected to air piston 76. By applying air pressure to
ei t her pofistshfngoholdivgt devicecZk The endh of fasteningspasitioningeshiaf G sareote dem theng i n
a clockw se or anti-clockw se rotation of the fastening positioning shaft

70 when Viggwiag fdsSiching bt 1 projefs ih@HeadilBand asddnhestéd taionblly #d idally
limted b§£25@%;gfh174 cont ac i%g danpers 79A or 79B (note in FIG 5 that

DB o il R T P PR LB gl R 0

both cl oc 0 drr Ions) . clutch teeth
70A is secured to the |ower end of the fastenin 0Si L1 onj shaft_70.
Fast eni ng cppesctaddpiaipigande. By aiPEIyI“%gcaé’E RIGSSRIS Qi thF—IEE?{F {#6 Of Zggleffﬁcak %%8?5? ng
tube 80 is rotationally secured to head 13 by pin 81 but can nove relative
to head 1delyused tamemiprocat¢ Bsalting see clickwvisy or puiikloglwisgsetagon phihe fadeniag set
of dog clutch teeth 83 corresponding to- and facing dog clutch teeth 70A.
Locki ng t yfgitidRinkWhftero Wheh wibing! FIGSS. aRotafi®m bf $&6ning positioning shaft 70 is
limited by stop arm 74 contacting dampers 79A or 79B (note in FIG.5 that stop arm 74 is
shown in alternative positions at the limit of rotation in both clockwise and anti-clockwise

- -
directions). A set of dog clutch teeth 70A is secured to the lower end of the fastening

positioning shaft 70.

Fastening positioning shaft 70 is located within locking tube 80. Locking tube 80 is
rotationally secured to head 13 by pin 81 but can move relative to head 13 by an amount
(B+C) (see FIG.4). Locking tube 80 includes a set of dog clutch teeth 83 corresponding to
and facing dog clutch teeth 70A. Locking tube 80 further includes upper abutment 80A

and lower abutment 80B.

Fastening holding device 72 comprises a body 90 with two holding jaws 91,92 each
being pivotally mounted, via respective pivots 91A, 92A onto the body 90. Spring 93

(acting in the manner of an elastic band) keeps the holding jaws closed prior to fixing of



and | ower abut nent 80B. Fast eni ng hol ding device 72 conprises a
~body 90 with two holding jaws 91, 92 each being pivotally nounted, via
respective pivots 91A, 92A onto the body 90. Spring 93 (acting in the
manner -of an el astic band) keeps the hol@ing jaws closed prior to fixing of
-6 the fastener but allows the holding jaws to open to allow the fastener

Lo pass. ¢ ook IR B8 Hofily A" obRT) BSL derhEROGOSEEE WG, L ne

supporting conponen an prvo ive
pi vots 94A and 95A an re spring |oaded into the position shown in FIG 1.
They al | ov@"i‘ﬂf‘&&%rtg‘? gs‘i‘?@elﬁégﬁgﬁ S?rﬁi”SSE‘H%H‘WSHEP%'HE%&”HB?WHQ devi ce 72
and ensure that it does not fall out if the fastening apparatus is being

used to secure an overhead conponent. Slidably nounted within the
first cylinder 51 there is a first piston 54 including a head 55 and a

shaft 56. Head Bdwls 94s&all 95 cag pivos abbit/Bipestive pivors MA lan@95anahd Brf §pr§1? i's
seal ed agai nst shaft 43 (see bel ow). Axially slidably nounted in

P15 A g B AT O SR o {0 e s

shaft 43. Head 42 is ed agal nst secon
menti oned above) .shaft .43 i5, seal ed ai.nst sh 56..Second .pi ston shaft
15 ext ond< gtk ol deviee B ARl srbhreEifioes ot el it af B4 Tenile BriR Bon
shaft 43 there is axially

being used to secure an overhead component.

Slidably mounted within the first cylinder 51 there is a first piston 54 including a
head 55 and a shaft 56. Head 55 is sealed against first cylinder wall 65 and shaft 56 is

sealed against shaft 43 (see below).

Axially slidably mounted in second cylinder 52 there is a second piston 41
including a head 42 and a shaft 43. Head 42 is sealed against second cylinder wall 67 and
(as mentioned above) shaft 43 is sealed against shaft 56. Second piston shaft 43 extends
beyond head 55 of first piston 54. At end 44 of second piston shaft 43 there is axially
secured an arm 45 which projects through lateral slot 61. Arm 45 is also axially secured to
end 40A of axial positioning tube 40. Thus, second piston 41, arm 45, axial positioning
tube 40, bearings 33, second part 25 and fastening drive bit 30 are all axially secured

relative to each other.

Mounted in lateral slot 62 are three inductive sensors 84A, 84B and 84C. Mounted

on arm 43 there is a conductive lug 85. Conductive lug 85 and inductive sensors 84A, 84B



secured an arm 45 which projects through lateral slot 61. Arm45 is al so
axially secured to end 40A of axial positioning tube 40. Thus, second
‘piston 41, arm 45, axial positioning tube 40, bearings 33, second part 25
and fastening drive bit 30 are all axiallly secured relative to each other.
.Mounted in lateral slot 62 are three inductive sensors 84A, 84B and 84C.

Mount ed e%&g@&g}@g@%ﬁ% gDl SRRIAET Lo¥Sors aiBRing ROAKES pYstibi'r BRicARHE

7 and 84C together act as axial positional sensors indicating the axial
position 6fiv¢BEBBning drive bit 30. Head 13 can be connected to
an apparatus positioning device (not shown) such as a robot arm which

positions the fastening apparatus 10 as a whole relative to a correspondi ng
conponent to be secured by the fastener 14. Qperation of the

fasteni ng appaffhgg3tan bé cashebRikOUs h%paratus positioniny ddvideh@osgHownYuch as a
dog-clutch teeth 70A and 83 di sengaged (see below), air piston 76 1is

actuated such that, .ston. rgm( (a] i &

f ast eni ng™ t&f‘ﬂé’v hmaje&psclztgo eﬁfgﬁg%ﬁlgg er ﬁ%}qgﬁ;@gh\?\}etrﬁfaﬁ#e)&?d aé‘%%ﬁ?élﬁéﬁno%i ve
bit 30 and it is thus possible oloai% a fastener 14 into the fastening
hol di ng dé&empanens to bg secpred by thedastererilgey actuated to rotate the fastening

positioning shaft 70 cl ockwi se when viewing FIG5 until stop. arm 74
contacts

Operation of the fastening apparatus 10 is as follows;-

With the sets of dog-clutch teeth 70A and 83 disengaged (see below), air piston 76
is actuated such that stop arm 74 abuts damper 79A. In this position the fastening holding
device 72 is no longer aligned with the fastening drive bi; 30 and it is thus possible to load
a fastener 14 into the fastening holding device 72. Air piston 76 is then actuated to rotate
the fastening positioning shaft 70 clockwise when viewing FIG;S until stop arm 74 contacts
damper 79B. Under these circumstances fastening holding device 72 and fastener 14 are

aligned with fastening drive bit 30 (see figure 1).

Furthermore the dog-clutch teeth 70A and 83 are aligned such they can engage. Air
pressure is evacuated from annular volume 47 allowing the springs 82 (only one shown) to
push the locking tube 80 downwards when viewing figure 1, and ultimately for the dog
clutch teeth 70A and 83 to fully engage and rotationally secure fastening positioning shaft
70 relative to locking tube 80 and hence (via pins 81) relative to fastening driving bit 30.

Figure 4 shows the axial movement of locking tube 80 in progress since abutment 80B has



danper 79B. Under these circunstances fastening hol ding device 72 and
fastener 14 are aligned with fastening drive bit 30 (see figure 1).
‘Furthernore the dog-clutch teeth 70A and 83 are aligned such they can
engage: Air pressure is evacuated from&nnul ar vol ume 47 allowing the
springs 82 (only one shown) to push the |ocking tube 80 downwards when

view ng figurg fa@gﬂfr&hte&,g%ﬁky bg% aﬁnﬁﬁpout%eﬂbeﬂpga%mo@ﬁ AL gﬁ)vteo

fully engage and rot-ationa secure stening positioning shaft 7

relative to.logking tube 80 _and henc via.pin 1) relative to fastening
dri vi ng biat’“aé]é!.cby %%&W@?E%S%&g‘et‘ﬁ’&°§‘k‘§%ieeﬁg?fﬁi’&ﬁt‘gnéﬁg‘fdgcki ng tube 80 in
progress since abutnent 80B has

8 noved off away fromend cap 53 by an anount B, but the | ocking tube 80
still has to nove axially by an anount C before the dog-clutch teeth are
ful |y engaged. Fastener 14 cofapstesaehiead 4l Scamdpa fixeg portiemd6 bb length & (e FIG.4).
portion 16 of length L (see FIG 4). Fixing portion 16 conprises a piercing

portion 17efnol 88&HR 18 Gmaisas | £/pictedporfion- 17 SRURGHPAIT i20pafkfePfside@ngt h
L2 and a Fﬁ?@gdgd porti onn% of Ieprllgt thB(.) qjé?%he apgar%gt ug o

FPact ener. HoraRiaGLERDet 189 epRR RN BPBREBA IR T HORRIEE! e (e

conponent to be fixed 1 which in turn lies proxinate to a conponent to
which it is to be fixed, the supporting conponent 2 (see FIG4). In this
case the conmponents to be fixed 1 has a pre-drilled hole 3 through which
the fastener 14Thé hppapass pesitionihg devicp qositiogs dunfrstesing @pparatus such that the

fastener holding device 72 with fastener 14 is presented proximate the component to be
fixed 1 which in turn lies proximate to a component to which it is to be fixed, the
supporting component 2 (see FIG.4). In this case the components to be fixed 1 has a
pre-drilled hole 3 through which the fastener 14 will pass and the supporting component 2

is a sheet metal component with no corresponding pre-drilled hole.

The motor 20 is started and runs at a first rotational speed which causes the
fastening driving bit 30 to rotate. Air pressure P is admitted simultaneously into the annular

volume 57 above the first piston 54 and into the annular volume 46 above the further piston

head 42.

The pressure in annular volume 57 causes piston 54 to move downwards when
viewing FIG.1. This causes shaft 56 of piston 54 to act on head 42 of the second piston 41
causing the second piston 41 and all other components axially secured thereto including the
fastening driving bit 30 to also move downwards. Fastening drive bit 30 therefore is

caused to engage head 15 of fastener 14 which then rotates at the first speed.



Is a sheet netal conponent wth no corresponding pre-drilled hole.
20 is started and runs at a first rotational speed which causes

The not or
the fast

si mul t aneously into the annul ar

into the
pressure

ening driving bit 30 to rotate. Air pressure Pis admtted

annul ar vol une 46 above the further piston head 42.
I n annul ar volune 57 causes piston 54 to nove downwards when

vol ume %7 above the first piston 54 and

The

viewing FIG 1. This causes shaft 56 of piston 54 to act on head 42 of the

second pi

t ing th d piston 41 and al| oth
i al |y secur ed NeRFEIE HORUS, T RUERBE PLSRerF R, SRRRPFaTE Coloproncs oF

nove downwards. Fastening drive bit 30 therefore is caused to erllg?’ge head

15 of fastalved dependent hpethéhe gippressge & admisted jintotangplag yolumes 57 an

9

and
The piercing portion 17 of fastener 14 is forced agai nst

suppor ti noipparReRettveE d¥a Al bfome filSEiREATE4 Wepi [De* aiD3*J4, 68kt ®1Pis the

adm tted
the first
of the fi

I nto annul ar vol unmes 57 and 46 and upon the effective area A

of

(ﬂﬁrﬁ&gf] ?ﬁ%g (fi%gt%?hn%cl?%[l Shi D3 is @%I[ &ornblef 8¢ sfﬁﬂh@f aft tHeSindt %fﬁéegti%g‘at er

rst cy r 517and D3 1s the aneter of shaft 43) an

initial effec

e X s Seeon s cheran TRt R R Bhet D R iamots i e svcomiln

DA[err]]/
di anet er
pi erces t

of shaft 48 The fastener conti nues to advance and

ey linderradiDChis tee dipmaten of shaft 48).

The fastener continues to advance and pierces the supporting component' 2
whereupon the first piston head 55 contacts abutment 58 axially secured to first cylinder 51
(see FIG.7). This restricts further movement of first piston 54 but the same air pressure P
which has also been admitted into annular volume 46 of f:nther cylinder 52 acts on the new
effective area A3 of the second piston (A3=pi [D2* - D3%*)/4). Note that since in this
second stage of tightening the shaft 56 no longer contacts the ﬁead 42 the effective area of
the second piston 41 changes from A2 to A3 (see FIG.8). Thus the axial load applied to
the fastener 14 by the fastening driving bit 30 is initially P (A1 + A2) and once piston head

55 has contacted abutment 58 the axial load reduced to P (A3).

Note that in a preferred embodiment separate valves can control the air being fed to
annular volumes 46 and 57. In particular such separate valves can admit air at different
pressures and at different times, dependent upon the application. Typically the air pressure
admitted to annular volume 57 might be 6 bar and the air pressure admitted to annular

volume 46 might be 2 bar.



wher eupon the first piston head 55 contacts abutnent 58 axially secured to
first cylinder 51 (see FIG 7). This restricts further novenent of first
"piston 54 but the sane air pressure P which has al so been admtted into
annul ar volune 46 of further cylinder 5d0acts on the new effective area A3
-of the second piston (A3=pi [D2[err] - D3[err]]/4). Note that since in this

second stage Ofm{iﬁ&{&h%'h% Mg? Al HohdRBivEQul B398 APMEEE sach Rt e signA2ist he

effective area o e second piston 41 chahges from to A3 (see FIG 8).

Thus the axial |.gad applied to .fastener 14 f I i g
bit 30 is Rragycedip gieﬂp'@%‘“"ﬁ SEaSPr g%‘g J‘Eﬁ&%ﬁ‘ﬁﬁﬁt&d“ﬁ%% QS‘%‘%@‘%%%% géct Ehﬁ
abutment 58 the axial |oad reduced to P (A3). Note that in_ a

pref er r ed sigriabii proeassertbspaasdo savss| ateduction ie spred Of mater 2] such dhat dhg drive ghaft
annul ar volunes 46 and 57. In particular such separate valves can admt air
at di f f er extt nowpkstates besseaond, dh this Edse skomter speaed swhidis planpkealie] sided nohd¢hreaded
application. Typically the air pressure admtted to annular volune 57

g" gg be 6,285n 38%1 RRteRlsy 18 RS tBroBgithd Rkt tpibr@éllnklip%brtilr%oédiﬂ@rﬁﬁt i gt be

| nducti ve sensor .84B and_conducti v [ e £ | gnal
is pr oduc@l&gf’weflﬁ lqnnl&fé’??cglg egfeeﬁtgg r&%ﬁéﬁ?h}\g%a%gs p%) ﬁje&f f|19r ﬁﬁgﬁeé%}?# @ﬁéﬁ! 4
contacts abutnent 58. This signal isngroces ed so as to,.cause aéedu tion
in speed oRPothesadin the SHPRAHRE CAMPERSDY @- SRy Fpowing %WW&P dhrgads on fhey g,
in this case slower speed, whilst the parallel sided non-threaded portion
18 of f ast éneded popmasi®sandrthe sppedtabwhjahsthe fastenceis beingtighténed, danrpessthig t2. A
further reduction in speed is effected when the threaded portion 19 of
fastener 14rsk afhdhdrGedicliBn @ e df tiphtehing as tHefasttned @pproagies arfully tighyned

know ng the nunber of threads on the
condition. The motor can be stopped when the tightening torque reaches a pre-determined

final tightening level so as not to over-tighten the fastener and damage the supporting

component 2.

Typical speeds of rotation of the fastener might be 9,000 revs per minute during
piercing, reducing to 3,300 revs whilst the parallel sided portion of the fastener is passing
through the hole and further reduction to 1,500 revs per minute whilst the threaded portion
self-taps supporting component 2 and finally reducing to 500 revs per minute when the

fastener is say 5 revolutions (or thread turns) from being fully tightened.

Induction sensor 84C is arranged as a back-up sensor in the event that the final

tightening torque is not achieved.

When the final tightening torque is achieved or back-up induction sensor 84C is

operated, a signal is generated which is processed to cause annular volumes 46 and 57 to be



t hreaded portion 19 and the speed at which the fastener is being tightened,
it is possible to effect a further reduction in speed of tightening as the
fastener approaches a fully tightened condition. The motor can be stopped
when the tightening torque reaches a préidetermined final tightening |evel
'S0 as not to over-tighten the fastener and damage the supporting conponent

2. TyRi_cal seesof Jotatio of the tan

Fevs per mERSEERR I RTOROR RS IR opl 4 SR ol BystpistonS*
paral |l el sided portion of the fastener |s paSS| n throu h the hole and
further rcddeesdd piston Howwasds; resuting i the uppar|egd § wscqqﬁlre&aacf FO{aCHRS

sel f-taps supporting conponent 2 and finally reducing to 500 revs per

m nut e whehe tubper dmsmente30A of shy 1dckinzvimbe t80pmdighoin tumm éndlsb uransed for movdei ng
fully tightened. I nducti on sensor 84C is arranged as a back-up
Sensor i n i fkinst AR adtidl dfisPAhgs 82.1 WiMAEROthisORviRd infovelenB§iBhE When

When t he flnal tightening torque is achieved or back-up induction sensor

S S v SREIGE TufinGe 8B of 1365 b8 8 boYflef b ol 3° 97 S48 bl RofiBS he
PP L9, 0 SO LD LR LT Al 0 R
contacting the upper abutnment 80A of the | ocking tube 80, which in turn is
al so causeandt83, thms allowingrothsion @f thesfastening positioning hafp70 tmloaere-lt)hdihgaf ely
this upward novenent stops when

further fastener 14 (see below).

Inductive sensor 84A is positioned so as to recognise when the first piston 54 is
fully retracted, whereupon a signal is generated to activate air piston 76 to rotate fastening
positioning shaft 70 to a position where another fastener 1’4 can be loaded into the fastening
holding device 72. The apparatus positioning device (not shown) then moves the fastening

apparatus 10 to another position so that the new fastener 14 can be used to fix either the

same component 1 or a further component, as the case may be.

It can be seen that the apparatus 10 applies a first set of tightening conditions to
fastener 14 ie a first rotational speed and an axial load proportional to P (A1 + A2). Upon
detecting a transitional tightening stage eg after the fastener has moved axially by a
_predetermined amount or the fastener requires a predetermined torque to turn it, a further
set of tightening conditions is then applied to the fastener eg a further rotational speed and

an axial load proportional to P (A3).



t he | ower abutnent 80B of | ocking tube 80 contacts end cap 53. It will be
noted that the wupward novenent of, in particular, |ocking tube 80

di sengages the dog-clutch teeth 70A and 83, thus allowi ng rotation of the
fastening positioning shaft 70 to allow ¥2-1o0ading of a further fastener
-14 (see bel ow). | nductive sensor 84A is positioned so as to
recogni se when {h S i kS . 4 e r o) L.gnal
i s generated toﬁ]agfrlm\?éteén%d?h%?%% gnthgén{’églluf) }(g’t g&ee;l?g‘?t ‘g‘?ﬂn\rll%% §}§§I |€arsl'f%lr}%n
shaft 70 to a position ere anpther fastener 14 can be | oaded [nto the

f ast eni ng lrmdas? 19 P8Pt ¥oPosy Qp%%?léf‘ﬁ% ?fo%‘P’qudPﬁ‘Wﬁ“‘k&[/%‘él k%é% e H&m)
then noves the fastening apparatus 10 to another position so that the new
f ast ener 1fasteaer whilsiooly applyfing org ratasionalspeed afdsodbisypossible ta uss tveo fonmdrey
conponent, as the case nay be. It can be seen that the apparatus
10 appl i esspreells 655otatioh of thelfagbriee wWhilgt sy dbplyiaga sirngle ddaltleakr 14 ie a first
rotational speed and an axial |oad proportional to P (Al + A2). Upon
detecting a transitional tightening stage eg after the fastener has noved
axially by a predeterm ned anount or the fastener requires a predeterm ned

torque to turn ft, .a further .of tightenin onditians.is_then appljed
to the fast ener Ta ibgetive Aeisor B R soanReidnuit 62 Sanducivg nog g5 ot o Rhiad
proportional to P (A3). o ) i

12 positiongl t sgasore el reent detest  transitiongle Hehteping awpgen dvintheufastenehd 4t ype
of fastener intended to be used, it is possible to apply two (or nore)

i ndependenFuahkéradmboakadentt of tthe inveatidrecay usshothat soois | of ppitiopingosensdds such as
rotational speed. Also it is possible to use two (or nore)

optical sensors.

Consideration of the fastener 14 shows that there are at least five distinguishable

tightening stages:-

a) The piercing of supporting component 2 by piercing portion 17.

b) The stage when the paralle] sided section 18 passes through the just pierced
supporting component 2.

c) The tapping of the just pierced supporting component 2 by the initial threads
on the threaded portion 19 of fastener 14.

d) The further threading of the fastener into the just tapped hole of the
supporting component 2.

e) The final torquing up of the threaded fastener.

By measuring the torque requirement on the fastening driving bit 30 (by using a

torque sensing device e.g. in the case of a driving bit being tightened by a servo-motor, the



speeds of rotation of the fastener whilst only applying a single axial

.l oad. The i nductive sensor 84B in conjunction with the conductive
| ug 85 act as axial positional sensors which can detect transitional

ti ghteni ng stages of the fastener 14. Burther enbodi nents of the invention
~can use other sorts of positioning sensors such as optical sensors.

Consi der ?ﬁlhﬂfg?rﬂ{ (%mﬁt thic rﬁggiulégebzmé@eﬁ&ﬂ{ot&hﬁﬁ?a@i ﬁleacin\)n?gaﬁltt tdrl \Yt% it is

di stingui's e piercin

survort g caperenl B AR Hen o iy, £ B v

supporting corrponent 2. c) The tappi n% of the just pierced
suppor t i ntpitiad riprnies of thenipst pisraed hojea(subparageaph ¢ above) requires a gregier forque

t hreaded portion 19 of fastener 14. d) The further threading of
t he fast ethan thefunthehthrgadintg dfajppfadicher istocthe jusetapped hole (sub-paragratug pboie).ng
conponent 2. e) The final torquing up of the threaded fastener.
By nmeasuring the torque requirenent on the fastening driving bit 30 (by
using a torque sensing device e.g. in the case of a driving bit being
tightened by a servo-notor, the

13 nonitoring of the current required by the servo-notor indicates the

driving bit torque) it is
Furthérmore the maximum torque required to tap the hole (sub-paragraph ¢ above)

can be greater than the torque required to finally tighten the fastener (sub-paragraph e
above). Thus by using different detecting methods to determine at which stage of
tightening the fastener is at, accurate tightening can be achieved. In the present case by
using axial positioning techniques (sensor 84B) and by knowing the speed of rotation and
number of threads, the end of the high torque tapping phafse of tightening (sub-paragraph c
above) can be detected and then final tightening (sub-paragraph e above) can be carried out

by torque measurement.

Fastener 14 initially requires a relatively high rotational speed and axial load to
ensure efficient piercing of the support component 2. However, once the hole has been
pierced it is advantageous to redice the rotation speed and axial load so as to ensure better
self tapping of the support component 2 and also to ensure that the fastener is not over

tightened resulting in stripping of threads of the support component.

It should be noted that relative movement between locking tube 80 and the second

piston 41 is only in an axial direction, no rotational movement occurs between these



possi ble to distinguish transition points between stages of tightening. For
_exanple, the initial tapping of the just pierced hole (sub-paragraph c
above) requires a greater torque than the further threading of the
fastener into the just tapped hol e (subdfaragraph d above).

:Furthernmore the maxi mumtorque required to tap the hol e (sub-paragraph c

above) can be greater.than.the t i i Lokt eF

Fast oher _ compopeiSarE’ B30 85 Ahiffed EWLL R SChnk o0 bl Thckig e
nmet hods to determ ne at which stage of tightening the fastener is at,
accur at e t80gRd &ha segordpistoB 4dehi eved. In the present case by using axial
positioning techni ques (sensor 84B) and by know ng the speed of rotation
and nunber of threads, the end of the high torque tappi ng phase of

ti ghteni ng (sub-paragraph ¢ above) can be detected and then fi nal

tighteni ng (SubFIEa SEHWAPH bRCRNEIMCRICH SuaiafisdOa @ipical Byntkslrsysem used in
measur enent . Fastener 14 initially requires a relatively high

rot ati onal i i Gl pi j e
Suppor ¢ capBREyT 3t BuiehiiB 3pbawf 0F isfbritehd i Eilion? EoBloftr 100 such
advant ageous to reduce, the rotatjon speed and axial .| oad so.as to e re
bet ter sl PRERHTAbK PR SUBBbPT PioRFbFRERYe BTy FoRL PAISiv, e R { he
fastener is not over tightened resulting in stripping of threads of the
support cd#Borapdt84C, and also al megswsellof He Fwgusd reqwitement ofi devardbite 3Bnvia

bet ween | ocki ng tube 80 and the second piston 41 is only in an axial

di rect i on, méBuichicat op (Rl sef/ BRIt icutient r Thdedntiler tdieshen output signals to valve

101 to control air piston 76, valve 102 which admits air into and vents air from annular
volumes 46 and 57, valve 103 which admits air to and vents air from annular volume 47,
positioning device 104 which controls the position of the fastening apparatus and also to

servo-motor 20 to vary the speed of rotation of the drive bit 30.

FIG.10 shows the valve 102 of Figure 9 having been replaced by two separate
valves 102A and 102B each admitting and venting air to respective annular volumes 46
and 57. This arrangement allows for different pressures to be admitted to the different

annular volumes and also allows the air to be admitted and/or vented at different times.



14 conponents and this results in an inproved service life of the seals
between | ocking tube 80.and.the second piston 41. FIG 9 shows a
bl ock di agram whi ch sunmari ses a typical control systemused in

conj uncti on \C/ﬂﬂﬂmmuﬂﬂl‘u“l E appar at ugsof the present invention. The
‘controller 1 ;m granmabl e |l ogic control or plc, can receive
i nputs frominductive 8enSors 84A 8 and 84C, and al so a neasure of the
torque requirenent of drive bit 30 via AMB%sur enent of the servo- notor

current. The controller can then output signals to valve 101 to control
ai r pistorl. 76, fastaning Bppargis clor dighteningiar thrpadsd afegtenern info a2 rcomponeatnrihe ar

Vol U 45 ot YPhEARE . USRS B e B e g

vol une 47, n contro € position o

fastening ap&été&bid?oraﬂét_e@th?oatt@ansﬁiéhmotiglﬁbﬁhg XeageowHer YightfingPerdthedaded |
rotation of the drive bit 30. FI G 10 shows the val ve 102 of

Fi gure 9 havfastgnpeén the gompenensy vhgeein dherapparatug sopeeably Gppliesnd fisbBekEh
dmtti ti iJr ot ti | ar. I . .and 57. Thi

o rangenant - SekGHioErapaiiont o Ui il TaBERY Rink O, HF e oni Y faBds o9 o1

annul ar  vol ugRendRét ot titeRingo¥nditidns Ahfing @ sbdnddighichpd 4pd/ia rregp@ﬁgee% thé

different times. . i ) ai s
1. A fast edétactionmfdheatransitional ighigningstage by thhdelgdletl f astener into a

tC ﬁ?gggggt ants :Aggqétp%ﬁggt{)ﬁz{rgtas accc%%rrlgi; ?ol Efid ldvrvlile\ll‘eem e r?vréi rrslggzh];ﬁ)irsmra%tpﬁtési g ﬂrstt he
speed of rotation to the fastener during the first tightening stage and a second speed of
rotation during the second tightening stage.

3. A fastening apparatus according to Claim 2 wherein the first speed of rotation is greater
than the second speed of rotation.

4. A fastening apparatus according to any preceding claim comprising a loading device for
varying the axial load on the threaded fastener in use.”

5. A fastening apparatus according to Claim 4 wherein the loading device applies a first
axial load during the first tightening stage and a second axial load during the second
tightening stage.

6. A fastening apparatus according to Claim 5 wherein the first axial load is greater than
the second axial load.

7. A fastening apparatus according to Claim 4, 5 or 6 wherein the loading device
comprises a pressurised fluid mechanism operably having fluid pressurised to at least a
first and second pressure.

8. A fastening apparatus according to Claim 4, 5, 6 or 7 wherein the loading device
comprises a piston arrangement having a first and a second loadable area, and a
pressurised fluid mechanism, thereby enabling variation in the axial load applied by the
loading device to the drive mechanism due to change in the application of pressurised
fluid by the pressurised fluid mechanism between the first and the second loadable

areas.
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detector for det ect| ng a transitional tightening stage when tightening the
.t hreaded fasten ””} ”’” wherei n the apparatus operably
applies a first s ”’Bﬁﬂgﬁ}ig condltlons to the threaded fastener
during a first tlghtefu nlg ot age, ydnd a 16second set of ti ghtening
"conditions during second tightening stage in response to the detection

of the transjtfag@aingtdpghratidi 2260rAiR0R Ay MElafifs 8GbW Vherdin ﬁaef1%§&lﬁg'd891cc

apparatus according to Claim1l wherein"the drive nmechanismapplies a first
speed of r ot @QMpKises Pmpnf manen@pntdmmwmgm fiiist pistani gt erﬂemglcbpagm and a
second speed

f ast eni ng appg?rgfnu%x@t gﬁplﬂ’%ﬁ {3 r}% jﬂaﬁ] g’g é% 'ngtlah)i n?‘i?‘%sot Seﬁ"%@%‘a“ﬁ’f &t the

rotation is fifsepistdn andtﬁ@ggaoﬁ@ﬁlsﬁﬁcond speed of rotation. 4. A fastening
apparatus according to any preceding claimconprising a |oading device for

varyi ng t H®. Axastening appasafus hesording tadany precedingsrlainmwherein the déteétos t@nprisgs
apparat us accor appll s a first

di Ih dj .
axi al | oad dfif§ ?Irlgmglf?epqs} gtseﬁo%m?eh%‘fgmg‘t‘e %oa ’&Pg°§ew ] aﬁirﬁ? efddagensr i ng

t he second gusdid méhlﬁlg stage. 6. A fastening apparatus according to Claim
5 wherein the flrs axial load is greater than the second axial |oad. 7.
A fast eni rld. Apfpstering spparatus acaogling taCinyi preekdirg daimbwhéreincthe detoetot cartprigs
devi ce conpri se ressurised f|UI nmechani s a ly having fluid
pressurised #§H0F ?%ra‘lcg erquning fhe amoups p §8¥98ﬁ&PB]1“‘g’]s@E§’é riye peGhaaisEnionihe
appar at us acgpéfded astedefdnaised 4. 5. 6 or 7 wherein the | oading device
conprises a piston arrangenent having a first and a second | oadabl e area,
and a pg2eds fastsﬁng hppﬁraiumacd:mdingm tifiye pedegdiep addainn gomprisiag | 2 monitoting

axi al | oad a I | efi oadi ng device to th%é!d“ ve nmechani sm due to
change in th qrc‘é?‘i‘lﬁﬂ{m@fthf) vadam wetprque apnlied byythe wlive reechaniswete theui d
mechani sm be&,\p@ag@dy}@engf fnSlseand the second | oadabl e ar eas. 16

9. A fastening apparatus according to any of Clains 4 to 8 wherein the

| oadi ng deldi Aefastening rapparstas aecopdmg mwarxyrprmngﬁmmnnwhminsthagetactbt fsddaptedt on

d d st on n axial | oad applied by the | oadin
ggw 2esego\r/1a 496 ‘%‘eﬂ?‘bﬂ‘gé@r&‘{eﬁ\feﬂﬂ)&% 1S(ﬁ1°§eﬁeatlgﬁﬁln?%?°%ti“§t on andI tge
second pi SR fa@@nm? b A oRIRA A ISP §8 ohd] ﬂgwﬁlgreﬁpﬁlepﬁe%&%& ?&r%l?' m

wherein the detect rrprl ses one or nore position sensor

det erm ni ng témemaricates peith tthetorghie trenitohing adtwitel fs tietemiine wiki thegthreaded
tightening. 11. A fastening apparatus according to any preceding claim
wherein the ééf"@ﬁ‘t Hrreﬁ“g‘?ﬁ% &@égﬂteneg PegHen therehy tecmableithe Apparates aperably tof
torque appli gehiPY rinlifset bt o téfﬁﬁ n%?om‘]-:ethreadéﬂ’ng gd fastener in use.

12. A fastening apparat us ccor Ing to any precedi o ai m conprising a
moni t ori nd5. A fdetening abparats nicéardinggo tahg prerediag iciimi Whdréin GHE dAPS hie@Hardiymt he

drive mechanismto the t hreaded fastener in_ use.
comprises an axially movable drive shaft journalled in an axially movable sleeve.

16. A fastening apparatus according to Claim 15 comprising a guide for guiding the axial
movement of the sleeve and drive shaft.

17. A fastening apparatus according to Claim 16 wherein the guide comprises an elongate
member having a longitudinal axis substantially parallel to the direction of axial
movement of the axially movable sleeve. _

18. A fastening apparatus according to Claim 17 wherein the guide further comprises an
arm which radially projects from the axially movable sleeve and co-operates with the
elongate member to guide the axial movement of the axially movable sleeve.

19. A fastening apparatus according to any preceding claim comprising a locating device

for locating the threaded fastener in axial alignment with the drive mechanism.
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a tighte
13 wherein t et ector *operably co nicates with the torque nonitoring
~device to determ ne when the threaded fastener is reaching the tightened
posi tion bheehdtedifs GRS hORrARPH @ldis PPRhARINVhE YocatingdBBVi¥e Borh] et
of tightening condi%igﬁﬁf to thg t%readed fastener. 1%c.a Rgf asltee%?éllgﬂéésas
appar at us acddatifogthedhrzagedofastensti argami, anthavgiestevirertih ahelainv ex temdshizetiveen
conprises an, axi al l able drive shaft joyrnalled in an axially novable
sl eeve. 16. CPH’&_%%H%M%{BB&P %??%B&fﬁwq@%a&%tpﬁ&g%onpri sing a guide
for guidi ag.Affsstaﬁhg\hpparatﬂ@x&%?diﬁ%ai Clahif 28! W& and piot x&agﬁ%fa- iyt axds
fastening apparatus according to Caim16 wherein tﬁe gui conpri ses an
el ongat e which epivbiaakisgisasubstagtialiydipamllelaxe she waist ahtmedemenparfathkedriveo t he
direction of _axial . novenent of the axially novable sleeve. 18. A
fast eni ng apParaPis Bdb8r ding to A aim 17 wherein the guide further
CONPri S€S28NA fastéifly Whbdrhtus atiofdihy 1Phf) Hietetidd Aink Wheflh el divEONERaRisk] €CVe
and co- oper at egswi‘tq%ﬁ?%e . eloor%g%t eéﬂaﬁx‘ger ltgtr) gtﬁdeeﬁ\%mgx(?&él rrgtslgﬁrrlgn of
t he axi al | y compisee asirevevshaft Mehich\if adbidy mvyablp pdomgt aifirstcaxdy, dnd Gint elokae

preceding claimc (i si a J.ocatjng devjce for I ocating. the threaded
fastener in @Rﬁ?rqgﬂgf"@ﬂw@ﬁgmd‘?ﬁ ai‘ﬁé&WW‘éﬁYrE@HHﬂi Vi the first axjsy and whereiny
fastening appgy éfiétu@ﬁﬁﬁ{efibdlﬂpﬁéas Quabd;e{@d&?n&’e%fﬂiefroﬂmn ocating device

conprises a ol der for the threa astener, an arm and a pivot

wher ei n the ar m exgwide meblsnisaeextending betwpen/the dsivel shaft aiwkelénzacnabdinbertot at i on
of the hol der abput, the pivot. 21. A fasfening apparatus according to Caim
20 wherein t he 8idgdke ‘érb‘f‘FBﬁh?gégb%aW ISParéﬁéﬁlth the\ﬁﬁqngﬂeﬁther,axi sis
substantially pargjy t4Rvik 1S _ i chani sm
in use. 22. A fasteralll&irrlls a‘élpg?g%s&a@gf)drﬂ%ﬁﬁg? ?%thgéley&%%esgé%?éﬁ%elgpéﬁ wherein
the drive mechamnsber to enablenqariatiesinathelidad appliwalfto thddrive shaftganidal | y novabl e
along a first axis, and an elongate . . menber having a | ongitudi nal axis
substantial |y parafhreadedfasieneracatingdevigs r%t?ta'aludlwmmdg?mthe elonggfe mgmmherat us
further coRpAifS&sSHALY leosd NG v s | de
mechani sm ext enﬁ?nr{ggbg mgtgﬁ'f?r@hge}n?ﬁ e;1 Eﬁ%%#hafgggé%?’owgg gp%%l%rc grtmgl%g’(g a

gui de t he driovey diiaé¢ whidhiyotatestthe thryadpd fatdnet atvd fifst h[ﬁ&d@hﬁﬂ%atfﬁstfﬁgmﬁng

a | oadi ng devi ce i ch co-operates with both the drive shaft and el ongate
menber to ertitgend At p 889084 speedidyEng a seroad Highlemingstagie drive shaft, and

menber . 23" A e on AAEALD e o LRI 2 SlerBHBE 55koBd b SRR o

appar at us coip firs epeed. rotary drive which rotates the threaded fastener
at a first igeed during a first ti ghteniqr;g stage and at a second speed
during a <ecodasteningpppratys for dightening a threaded fastener mpphiel thesappecatisdipplies o
Claim 23 whey g iseslower than . the first speed. 25. A
f ast eni ng apa{pzfrr gz}t %)Qaf gotrgﬁﬁp gﬁ‘?‘ gﬁ%%%éd;fatshe?%%ggﬂ% é‘sflésﬁéfg%fer?l%ﬁt@ﬁgtaﬂ safd’
appar at us apspparmsus appliesi 4 SSecorfilX iagial 164 té Qhé hBrehliéce Isktshet affi@Bes ©@borddg a

first tightening stage and said
tightening stage.

13. A fasteni.ng apparatus accor di ng to any preceding claimwherein the
.det ector ﬁ ’mﬂm“m determ ne when the threaded fastener is close to
X IA fast eni ng ﬁfﬁ?ar atus according to Claim12 and
he

26. A fastening apparatus according to Claim 25 wherein the second load is smaller than
the first load.

27. A fastener holding device for use on a robotic arm in an assembly line, comprising a
body, first and second holding jaws, and biaising means which biasing means acts
operably to close the jaws sufficiently to grip a fastener but allowing application of the
fastener to a component.

28. A device according to Claim 27 wherein the biasing means comprises an annular

resilient component.
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appar at us applies a second axial |load to the threaded fastener during a
second tightening stage. 26. A fastening apparat et t aim 25
wherein the second load is snaller than the fi rsﬂnmﬁm Hﬂﬂﬂmﬂm:!t ener
hol di ng- devi ce for use on a robotic armi# an assenbty d 1 ne, nCOBPr+si ng a
body, first and second hol ding jaws, and biaising neans which biasing

ut - al | ow?ing SERieF diorbfhed i 28 yERBTHr IR eihpbff ol R IR .

accordi ng to sgkiggm 27 wherein the biasing nmeans conprises annul ar

resilient coggone_nt : ' ) _ . 18
A devi ce ad@otdleviset ascardingrio gnyed rlaimsg Bé tpe2d miherein demnbiovicand sesand ijaws a

coil ed apring.. 30. devic ccor di 0 .4 f Cains 27 to 29 wherein
the first anqcoggggﬁanf)ﬁkxérecess% Pfxgglggﬁe%mlggﬁ}eg sess_ for receiving the

bi asi ng meansA dévice Aecdfdihe & EREAB0IwhereifkiR rBted?isuBstanthllyRANGIGESSS | S
substantially annular. 32 A device according to any of Cains 27 to 31

wher ei n t h82f Adleeire acdosding seanyatfl Claimg 27 tohdl wherpiaibe fasteaer isrinsertgbledntoithe:

and s is provided to inhihit renoval.of the.fastener fro t [ a in
o oppost t o dAPSa pdftet GeHoh shF FRER i irabilF e T Hemgh B b g eRle? AFom o
Cl ai m 32 wher@k fawdi@ antpbblite! dM@ciBPdIhE AP diré&@RnONe Or nore pi vot abl e
paw s adapted to allow insertion of the fastener in the first direction but

to i nhi BBt ArdsyisaeaeordingdoiGlaim 32 twherdin the inibitiag means @mprisesi oné oe more
according to Claim 33 erein th i vot abl e .pawl.s. . co-operate wth the first
and second | aﬂggttagfetﬁa&' S papted {%ﬁ}ifw é“SBéLbWSOfﬁEe fastenes Hﬁ@ﬂeaﬁréﬁ\;%ﬁmn%ut to

i nhi bi ting poghiitdRovement opposite to the first direction.

34. A device according to Claim 33 wherein the pivotable pawls co-operate with the first

and second jaws to bias the pivotable pawls to a fastener removal inhibiting position.
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