31 MAR X004 | A SCREW PI CK- UP APPARATUS Field of the Invention The present
i nvention relates generally to screw pick-up and tighteni ngB 1! Mﬂﬁrﬁﬁ]@kﬂ ar,
the present invention relates to a screw pick-up tool or apparatus
Background I n manufacturing industries, different parts of a product under
manuf acture are often held together or fastened by nmeans of screws. The
parts to be fastened typically contain corresponding holes with screw
threads for receiving the screws, the kcrews also having reciprocating
screw threads. The screws are inserted into these screw holes and then

t hreadi ngly engaged. Wen the screws are tiﬂhtened the parts are held

together by these screws. ABSREWRICKUPAPRARATUSI ng screws, many

probl ems nmay occur. For exanple, if the screws are not inserted
perpendicularly into the screw holes, the screw threads on either or both
of the screw holes and screws may be damaged when the screws are tightened.
This i s because the screw threads on the screw nay cut the screw threads in
t he screWieldaifdb¢ Invendione- versa, in a process known as cross-threading,

t hereby causing the danmage. O her exanples of problens that nmay arise when

f ast eni ng-t hi ngs. usi screws relate to th I cking up of the. screws.
Screws may Be’ fltcll?g‘aur}g’b” ﬁeagﬁl‘iya@%asr?r%gllcgiu%rapﬁagﬂtea&%&nganﬁtl&gfar,t hat the
operat or th@preddrt thvéhtion fllatéd B RdwBick ) t861RWpparkiisa conventional tool for
pi cking up screws, magnetic neans or suction neans may be used. In relation

to conventional tools using the suction nmeans, one problemthat may arise

concerns the size and/or weight of the screw. Screws vary in type and

si zes. Such conventional tools, however, may not adequately enable the

oper at or l?]d%kgi"cﬁlﬁdjp | arger and heavier 31 MAR 2004 2 screws. This is

because the Suction neans is dependent on vacuuns in the conventional

tools, and the vacuuns are in turn produced by air renoval devices that
In manufacturing industries, different parts of a product under manufacture are often

held together or fastened by means of screws. The parts to be fastened typicaily
contain corresponding holes with screw threads for receiving the screws, the screws
also having reciprocating screw threads. The screws are inserted into these screw holes
and then threadingly engaged. When the screws are tightened, the parts are held

together by these screws.

While fastening things using screws, many problems may occur. For example, if the
screws are not inserted perpendicularly into the screw holes, the screw threads on either
or both of the screw holes and screws may be damaged when the screws are tightened.
This is because the screw threads on the screw may cut the screw threads in the screw
holes, or vice-versa, in a process known as cross-threading, thereby causing the

damage.

Other examples of problems that may arise when fastening things using screws relate to
the picking up of the screws. Screws may be picked up manually by an dperator, or
using a tool that the operator may also use for tightening the screws. In‘a conventional
tool for picking up screws, magnetic means or suction means may be used. In relation
to conventional tools using the suction means, one problem that may arise concerns the
size and/or weight of the screw. Screws vary in type and sizes. Such conventional

tools, however, may not adequately enable the operator to pick up larger and heavier



are attached to the conventional tools. If an air renoval device is not
power ful enough, the vacuum produced may not enable the operator to pick
up larger and heavier screws. On the other hand, if the air ré‘rt}vMARezﬂglp
is provided with increased power to enable the conventional tools to pic
up the larger and heavier screws, the effect mght be undesirable as screw
rel ease or drop-off operations may be harder to control. Alternatively, if
there is sudden | oss of vacuumdue to a fault or inconsistency in the air
renoval desdrews. This ivteraiseithgsysitiok enbanpisnizpersientoopmadmsyn thee at t ached
conventional t even the snallest screw nay not he . ictged up in
ﬂ&gﬁ“flgﬁ

0ol 1 H?nce e
this circufVERRal jorls, apd the yacuyme arg R IR BrRduceE b it Frmaqy 2t hat
utilize mageettached (¢ R bniBEMRh] ©olsf iIfPJn{jﬁr re?ﬂbvaf %%%@ho%%rﬁ{ﬁe%@%th i s

inmportant is the limtation of the effect of suc conventi ona 'S on
non- aust entheivecyrm produgedsmey inot enabistthe eperttonto pick upisrgdrant heawder sckawvgel y of
stai nl ess stegl . .,are not. aff.ected magnet s.or netic fields. nce, the
conventi pn@fﬁﬁ%%#lgr Q@En’é ﬂ??aﬂﬁ’éctn?%vam%‘ﬂ_%"glé gmyﬁedb\g&lgg@&aﬁ PRV tpna le

Aust eni ti Cﬂﬁ%ﬁv&lﬁonémo&@m?pi@ﬁﬁhpftﬁéfakgéraﬂd heWIis SEleS; the brfbd thighOhd ant to
use stainless steel screws as asteners. Hence, i.n such manufacturing

i ndust ri esundsgigable ansceew reease or duipsoff eperationsimaf bebarderdo @entsalr ew pi ck- up
tools. Evep,in the case of non-Austenitic Screws uch canventjopal_ tools
remain ine t‘a@?ﬁ@ﬁ%&%‘éﬁ%&&ﬁ? “’afjtﬁlvc%‘!“?_" EP%EO@ faﬁﬁ OB P ENGEATEe 2o not
br ovi de a shdlkRadialedla StehRIOFTRYUSPRLY bE CREHENSy HLHRAUNPSHRNLP! K- UP
and tightening operations, operators typically pick up the screws nanually
bef ore feeloph %‘Im, ichdhre $majlashecrew meay riod helpicked up igthirerirnmstaintd) a
screwdriving tool. The operator using the screwdriving tool subsequently

drives th . Lnto the.,visually |ocated screw holes. FqQr apparent
reasons cg[n r?%ggﬁ%éwe?thogal 5‘3%?&??1%9? %Q?Setﬁ?tﬂjz © maggets Héal?ﬂqumgg?ﬁ‘i y
attri but esfiglfls, SR teRRineHoblent it FERFRlaRGS MY linkkdtionWe 1 eHdct SALERI NY
operations are highly susceptible to problens |ike cross threading. Even

with the wesavertiqnabloplsmnamm-ortanity wrtalipAessertisc metal, tie i, metalhiformedr egoi ng,

there stily ' I.f ol rob| because these convenijonal pick-up
tools hava: %% ‘2’%Sé%ﬁféfsnsg%tgngﬁﬁEPtigg@f@lmwg%dﬁawgﬁﬁf’iﬁ#ﬁeﬁg@‘g i al
manuf act uré¢ongemtivid] tobRNBingSthagHRe Meah§ SHINbERBINe td Blck iPA RSB screws.

In some manufacturing industries, it is important to use stainless steel screws as

fasteners. Hence, in such manufacturing industries, such conventional tools become
ineffective as screw pick-up tools. Even in the case of non-Austenitic screws, such
conventional tools remain ineffective as screw pick-up tools since the magnetic means

do not provide a stable hold on the non-Austenitic screws.

In manual screw pick-up and tightening operations, operators typically pick up the
screws manually before feeling and orienting the screw heads for engagement with a
screw-driving tool. The operator using the screw-driving tool subsequently drives the
screws into the visually located screw holes. For appéent reasons contributed by the
dexterity, alertness, and the like acuity attributes of the operator, the manual screw
pick-up and tightening operations are highly susceptible to problems like cross
threading. Even with the use of the conventional pick-up tools mentioned in the
foregoing, there still exist manifold problems because these conventional pick-up tools

have inherent inadequacies.



ti ghtening operations exist. For exanple, in the manufacture of conputer
hard di sks, a stringent requirenent-of |low particle count exists. This is
because a conputer hard disk is extrenely sensitive to foreign or

extrinsic particles. These particles my cause danmage to e har d
di sk and therefore -affect the yield of t@e manuf acturi ng $HOM§DEB@§T1

conput er products involve high-precision operations such as the mnute
novenent s glf&ut he read/w.ite head, Thus even a small particle that is not
visual |y, WLQUGAT SPeFId) tyringganditions,stngentreapinementh frdhalss

Ther ef or e, tIERSOI SO TR ' e rejected on the manufacturi ng

floor because ofn%:-i gh for g?g%d%%r%?@?gﬁc%‘ﬁmﬁﬁh%ﬂ? cospRuterharg disks, a

stringent rséERgentregniremediofdaw particlodtuanéigs. PTRIE §$Bedalisd &, e of
a conputer .hard di.sk cgnnot additionally contri but ee taoS taﬂe l?ﬁg?%ag&&gﬁ

particle cduffrBREYANSELCHS forel sy sipsiopartiniesd SThesmparticles stayicagent
requi r ementdagfabe iy el ' ri: i e that relates.to the read/wite
head of a com?gt ermﬁgrg%ﬁgtleg Eméfel%g%]sd etﬁﬁrgfr:%?g gct&erg%td qutée Tepgfactyring e

manuf act ur @resess. hiuchaoppuear pretudtsdinedlvé Bighdit@doh BerRBbdsSubs §4 h{e(}mﬁ]ﬁ{em t he
product, inevi taglc}%ﬂtéhe rew pick up tool is sonetines broug% Into cl ose
proxi mty wWimas %Wﬁaﬁ‘il%t%hﬁ%dﬂﬁﬁ eveiea Braldl paiticle. thathe net viskeillyhead

wi t hin the degtis . . ' [ ticularly sensitive
to magnetic fiel Iggﬁa%éedr%gﬁ f%lglﬁglenn@?%g@%@éﬁg@%?%‘ C'lal_e?f%{){eogqagy GePRBCagnet s
or appl yi ngardedjsistmay bé jattcd an this hanu PacBSing Wiooa becAded of I-'ﬁghtﬁﬁgigﬁ r%a&ECIéjse in
such a cont extt. dn vi E’\é‘ngf t.he stringent requirenents of “the cConputer hard
di sk- manuf SCTAPTHETOPN HYEL? this stigaent sequinerient, dhel ssrewtightening psarets @rthereans
and magnet infantid i I for use. Eor ex l e, a tool
that depends on Eﬁ? 2{?%%;;1 ﬁ%ﬁ??&ﬁ*&%@ﬁ@opﬂﬁrﬁww@ F‘S/t?‘gg?@%le or drop
a screw dupamtigletdognimyend aeryaih @rlsof staagatgan | f there is no | oss of
vacuum the air renoval device due to insufficient power may not produce a

strong enoygh.vacuum strength to . hold on to a screw propérly. This may
result in SmeéétPBﬁ?rﬁB?q“b%f”ﬁﬁt pReasid peimporiapt isiong tend rélates tantker ti on i nt o

t he screw fabiAvwriitehessd ftehécﬁﬁﬂj - i.h r.and this nmay introduce

foreign particles i nto the Cg%ﬁ?lﬁ(hgggﬁggﬁw“:@stsggw&a{%qse é}hg{e a

convent i onBlane@ereefi the computet hard néskris fosen thégarl@@useﬁf’t@%xﬁ{ th@lpkodiegause of
4 3

t he i nhere netic properties.. 31 March 20
ﬂltevﬂﬁyqy fite' scren p1%l% up too! is sometimes brought into close proximity with the

read/write head of the hard disk. The slider head within the actuator arm of the
read/write head is particularly sensitive to magnetic fields. Hence, conventional screw

pick-up tools using magnets or applying magnetic fields to pick up screws are not
suitable for use in such a context,

In view of the stringent requirements of the computer hard disk manufacturing industry,
conventional tools involving suction means and magnetic means are often not suitable
for use. For example, a tool that depends on unreliable suction means may
inadvertently release or drop a screw due to the momeﬁtary loss of vacuum. If there is
no loss of vacuum, the air removal device due to msufficient power may not produce a
strong enough vacuum strength to hold on to a screw properly. Thfs may result in the
screw not being perpendicularly aligned for insertion into the screw hole. Cross
threading may thus occur and this may introduce foreign particles into the computer

hard disk. On the other hand, a conventional tool using magnetic means may not be

used at all because of the inherent magnetic properties.



4 Fromthe foregoing, there clearly exists a need for a tool or apparatus
that addresses or aneliorates at |east one of the problens. ﬁ 0I4n
accordance with an aspect of the invention, there is provided an apparatus
as claimed in claiml. For exanple, this aspect of the invention is for
use with a torque driver for enabling phck up of a screw and engagenent of
head of the screw. The apparatus includes a sl eeve capable of

| ongi tudinally extending fromand retracting into the apparatus. The

apparatus f er_,i.n .a _gri r. far I.J PR): the scr head, .t h
gri pper bei ﬁgggﬁcttggbgg%% tl%g’ stll?l%g:\‘/ee C\C}lr?gr%ynpe%\j\nl%rﬁ nhag rgenedc?\(,:\#%’gi %gt%?ft h
gri pper arecrdepeadentusorrhext emdressarsd aretarachticomtefs tdte bdéaetveond nof

accordance \%th anoiehrgr aspect of the invention, there is provided a

method as cl-drnBa T &t ai m 13. For exanple, this aspect of the invention

is for picking up a screw and engaging the head of the screw using an

appar at us tgq#@bﬁ%%udes a sleeve, and a gripper. The nethod includes the
step of exténding d retracting the sleeve fromand into the apparatus,

respectively. The nethod al so includes the step of gripping the screw head

by actuating the gripper wth the sl eeve wherein w dening and cl osing of
the gri ppergnaraeccif@?ﬁ%m@ntwbﬁheﬂ“enﬁf?)%cﬁn&fr ethactngRNEL O he thsd& eS| n

accordance pibhiasgt har g6t uef ddecipmedd i on, ctiheme 1.1 spd¥ oxidegd1 &, t ool
as claimed in claim2 6 For exanple, this aspect of the invention is
coupl abl e t&PaSt ARRAET dPEvernd ol NyRERILRG ubS a It eWSand'Eiyagi ngo¥fee head

of the screwr;Jhe Qe J4lUdRs PRERSHOLOTA PRLEREY and engagement of

head of the screw. The apparatus includes a sleeve capable
of longitudinally extending from and retracting into the
apparatus. The apparatus further includes a gripper for
gripping the screw head, the gripper being actuable by the
sleeve wherein widening and closing of the gripper are

dependent on extention and retraction of the sleeve.

In accordance with aﬁother aspect of the invention, there
is provided a method as claimed in claim 13. For example,
this aspect of the invention is for picking up a screw and
engaging the head of the screw wusing an apparatus that
includes a sleeve, and a gripper. The method includes the
step of extending and retracting the sleeve from and into
the apparatus, respectively. The method also includes the
step of gripping the screw head by actuating the gripper
with the sleeve wherein widening and closing of the gripper

are dependent on extension and retraction of the sleeve.

In accordance with another aspect o©f the invention, there
is provided a tool as claimed in claim 26 . For example,
this aspect of the invention is couplable to a torque
driver for picking up a screw and engaging the head
of the screw. The tool includes means for gripping

the screw



the screw 31 March 2004 4a head. The tool also includes neans for engagi ng
the screw head and neans for transmtting torque fromthe Eﬂmﬂ#gnﬂbhver
to the engagi ng nmeans and for longitudinally extending and retracting the
engaging neans fromand into the tool, respectively. BRI EF DESCRI PTI ON OP
THE DRAW NGS Enbodi ments of the inventign are described hereinafter with
reference to the drawings, in which: 3| R2 5 Figs. 1(a) to 1(d)
illustrate a screw pick-up operation using an apparatus in accordance wth
an_ enbodi ment, of theinvention, £{0; 2 i diagram LLLustrallng the,
mechani cal ceﬁtéring operd?lon Oof ~a gripper” on he apparéFﬂsgs wn"i h
Figs. 1l(a) sarEw)hekidg.arddi seanty oSsr sectnenmal t diagr amdep: cErpg arhe
operation for straightening a screw. which has _.been gripped b he
Gbparatus SHARETS PO Y9tay ©6 1(BS FPIaorEsh NG ool afl agrsey

i | lustratingdrhel tedihas whi ektieiciiute Ehel apparaidtsSinghawme | anbiagsind(a)
to 1(d), a screw feeder, a screw driver, and a control unit, all of which
forma screWSHTk-1HC%y PEMITHE? ehBht AL ont GSBFERIMS bh: or a

manuf acturing floor for perform ng screw pick-up and tightening
operations; and Figs. 5é§%¥and 5(b) illustrate the apparatus in Figs. 1(a)
to 1(d) couPFHEE PES B PHerC&Fhot AR n"PRYPWINGS,r the screw pi ck-up
and tightening operations. Detail ed Description To neet the need
established in the foregoing, a tool or apparatus that adequately picks up
screws of vEBMPOSHESPES andEi zesheent drvemeiser ews2r gl i gridefRs 1Edws
co-axially nuhlh 4400l k9f NEFOPOALEULAY | dye WikluiBRySCT £ RlieR. and

bears no magnetic properties i s provi



A tool or apparatus, a nethod, and a manufacturing systemfor providing
screw pi ck-up and tightening operations are disclosed. In particular )
screw pi ck-up apparatus that engages and grips the head of ﬁcM;M% m
centers and squares the screw head so that there is co-axial alignnent
with the apparatus for screw fastening purposes is disclosed. In the

foll ow ng description of several enbodinents, nunerous details are
described in order tq_provide a npre thorough description of these

embodi mentBigs-{ae 4 (B 1lhesiate Hsqiew Piekr g eperaiion ysing aMApaREEISdn acqasdasce
skilled i : : - f.he 6 31 MAR 2004 invention may be

practi ced%ﬁl?%b%@g?ﬁgfs%?es{%gf%gﬁ%t ails. In other instances, well known
detail s have not been described at |length so as not to obscure the

i nvent i on.FighkisaciiagrhmgHestrdting ke motinaicabodoserddg dpbeation v a gripperasnetheani f ol d.
One advantage is  that at |east one enbodi nent provides a self-engaging bit
for engagi Wgastysshews in Kigs. 1@?°ewghead. Anot her advantage is that at |east
one enbodi nent provides a self- centering gripper for |locating the axial

center of @oSE{EWrod EMEdARE; ?%@ﬁﬁ&a IS5 dRdd r2es §GRGdi ment
provi des a g'at t?m fr%r Sr e?er enlé1 ng the ggag]h(%‘dgg%mgtfgrcgrug%%hat ?s pi cked up.
A yet fur t\wiich hab/eaeh agippedby tirtapptrahsahbwn ire Fimsbid) twelifd); pr ovi des a sel f -
al i gnnment surface for co-axially aligning with the enbodi ment. a screw t hat
is picked _.up,.A. stjll rther..advantage i § that.at. |.east one enbodi nent
br ovi des. B bisadiEbicvel dserat e gimedli modulse riiPong SdF e gmeerating
magneti ¢ feliln FR. PGP f@‘,% setew Fe%aérhg eﬁc@raﬁ/eﬁ%@h@aﬁwrﬁnﬂt ali Bf

f oregoi ng advantageous” features, an enpodi nent of the invention is _

t her ef or e whiphbirs oécrpw pidkdimeystoh irnplemsntablean d wraductioner aaranafmarhignat i on
of the manjifold problens faced |nl@%§re fasteni ng operations and due to
the use of %rﬁ?/r CbHHE S§Eer“éR}°§TugP 2 51%@°H%fgamﬂéu| ar, such an

enbodi nent is capable of providing an operator who is perform ng nanual

screw pi CkFigsP sed)%dtsnghnﬁgﬁawtheﬁﬁ?ﬁhtu@'ﬂ@l«"igs.tﬂaﬁéﬂh}ﬁduﬁﬁdttéktﬂehe probl em of
cross threading. The foreign particle contammnation in conputer hard disk
manuf act urseragvdrivdushownsia Kig., dorstbe berewrpick-np zeditighteting bperafsensof t he

enbodi ment. Furthernore, with the provision of the screw height-referencing
feature, the enbodinent is easily adaptable for use in automated screw

pi ck-up and tightening

Detailed Description

To meet the need established in the foregoing, a tool or apparatus that adequately picks
up screws of varying types and sizes, centers the screws, aligns the screws co-axially
with the tool for perpendicularity with the screw holes, and bears no magnetic

properties is provided.

A tool or apparatus, a method, and a manufacturing system for providing screw pick-up
and tightening operations are disclosed. In particular, a screw pick-up apparatus that
engages and grips the head of a screw, and centers and squares the screw head so that
there is co-axial alignment with the apparatus for screw fastening purposes is disclosed.
In the following description of several embodiments, numerous details are described in
order to provide a more thorough description of these embodiments. From the

disclosure herein, it will be apparent to one skilled in the art, however, that the



operations. Even furthernore, the enbodinent is suitable for inplenentation
in conputer hard di sk manufacturing industries since nagnetic fields are
not used for the screw pick-up and tightening. operations. ~Fi gs—-1(&)-to0
1(d) provide cross sectional views of an apparatus for per.gor MQR‘WQ&W
pi ck-up and tighteni ng operations in acgordance with a prefer I ment
- of the invention. The apparatus for screw pick-up and ti ghtening
operations, hereinafter eneral ly known gs the apparatus 100, i s shown
with the tPFFREongRaY l?‘ﬁ”ﬁ?‘%ﬁ?iq i‘Hl&‘?‘l OPSSPeE tdé@%ls-m}p“c%{l%? 1agtaRsss 188! i n t he
cross secty paal JeVdiBWs: : ' ' . 2004 7

appar atus 100 aree al sge%&g)ve?%ggs%flﬁ&ggﬂnlg e;séféﬁfﬁtt?h%%cﬂge%%tlm%&@a sl eeve
104, and a gripper 106 are shown. A screw feeder 118 is also shown in the
cross sectThersivantagasof the ¢mbrsiimgnts 50 thenneagion tteemimifold 0 Dnesddeemtage 504, and
gri pper 1086. e sl eev 04, referab a cylinder with a coaxj al

cyl i ndri céﬁatiame@ftr%e | ?ntgf%vaéeéﬁég g gbitgorlm,algmgﬁéf:@sm ¥y a

har dened shiakd haddt s aB6shtddeRs fHaf aﬂEésYbﬁQ ﬁlﬁ@diﬁl%ﬁteﬁ%\g;‘% a;fégfé gri pper 106
is preferably a jawlike gripping part wt ?I ngers, "an tshe ousing 110 is
pr ef er abl yeenigting @ripperi for locatingtbe afiabednitdr of@3¢resd. e fimthtd ddvantagppethalfl6 and

housing 110 referahly rotate synchronouysly.. Wthin.the encasenent of the
housi ng 1]11653*'5t B%eecrg‘;%cggén&ggvpgs% %rﬂmptr%éf ?rgé‘f‘?g gﬁﬂ‘&b@& ogg, scrigwdhddy e housi ng
520. The %Ji&&\d%pb%?éﬁﬁrtﬁ&%d@ﬁ{tyﬁeﬁg%ﬁt%Plehﬂtoﬁé ERPbdinen Wx%ggtsél\g. , Steeve

104 and the housing 110 and provides protection for the slee The
sl eeve helighmgntsagfatofdroosxidliy aipeingaviftDthe enbadinenad bgretvihatdoprkedt f ol | ow

t he | ongi tudi hal venments of the sleeve 104: The hoysing 110 is
pr ef er abl yPf éggtélh@'g'ﬂ}eﬁa YHatagp dkpat atﬁ%_%?%“%%“ﬁ%‘i‘tﬁ’ﬁo‘@a‘?ﬁfgﬁ§‘ir6‘ﬁé’11°kr'é%t ening-
means. Thehnhglgﬁteﬁglg]o}ﬁr@i@gs %ﬁtﬁ&ﬂt%s?%gﬁ%@?ﬁ%igldﬁf e conponents of the

apparatus 100 fromo I nto which and sl eeve 104 -extend or
retract, respectively. The sleeve 104, whether extended or retracted, and
t he housi fy nrogidngatrleastota om ¢dmbisitenve thofsegoing &lventagemistfertimaldny i n t he

directi £ th 108... The. gr | 6 is di d. bet the end
of ' the hosSibegi SLAY By eLioh N ERLITE o leALRe RS TR RATEEESME of 1t he
gri pper 1Qf adb@ibathtids @ thelhishi R pRIb1dnEr8E R BrenP st Hitl e 2P EraRBAk A leover

surfaces
to the use of conventional screw pick-up tools. In particular, such an embodiment is

capable of providing an operator who is performing manual screw pick-up and
tightening operations with a solution to the problem of cross threading. The foreign
particle contamination in computer hard disk manufacturing industries can also be

minimized with the use of the embodiment.

¢ Furthermore, with the provision of the screw height-referencing feature, the
embodiment is easily adaptable for use in automated screw pick-up and tightening
operations. Even furthermore, the embodiment is suitable for implementation in
computer hard disk manufacturing industries since magnetic fields are not used for the

screw pick-up and tightening operations.

Figs. 1(a) to 1(d) provide cross sectional views of an apparatus for performing screw
pick-up and tightening operations in accordance with a preferred embodiment of the
invention. The apparatus for screw pick-up and tightening operations, hereinafter

generally known as the apparatus 100, is shown with the tip either in proximity or in

contact with a screw 108 in the cross sectional views. The cross sectional views of the



of the gripper 106 are flush with the end of the housing 110. In the screw

pi ck-up and tighteni ng operations, the screw 108 is typic y ' in a
manner that eases the pick-up of the screw 108. The screwﬁlBSW[g@pm@%rew
head 112 and a threaded body 114. There are several types of screw heads
and the screw head - 112 shown is gen.eral7l y known as a "cheese head", where
the screw head 112 resenbles a flat circular disk of a substantial

t hi ckness. A rece 116_is typically found on top of the screw head 112.
To drive tﬁﬁp%@P%iﬁQ% alsorsoddedingmpanes suchdhefachit 0% pelieyed04,andiahe recess

116 t hroughy W] ' 2 or other |ike screw driving
t ool s. Thglr-l gﬂg’rlgﬁgge\?%lrogdln' t’%"e’%‘t}g‘ﬁ%ﬂf’é hg%éssa?%fsg?‘aﬁé% SIOFFECUNANCER i s a
strai ght groove recess 8 31 MAR 2004 and another is a crucifix recess. A

further exaniusings!18 estases theditekl2( sleess] 0dpaOHPper KORVThedisd eaDaa
"torx-plus" recess. To suvglﬁl}% the screw 108 for the screw pick-up and
ti ght eni ngPEERRY adydngder reraial sxlindrical infeseal spyit, alsaene®®s wdit L02i cks

up the scr t 18 i QNI .o T f eed 1 i ncl udes a
cavity int gﬁﬁ?@x atlﬁgd{nﬁgg%[ e%&ﬁ(%é)ﬁ}ap%ﬁ%otgpg%vemg g}eeiﬁ%§6§'s%§%g%%§ ed. The
f eeder 118106 spreferdbiydemvalikeiphigyits pac g fRgen] 46 tht RoingiER the bottom
of the screw_head 112 rests. The opening |lip of the feeder 118 is typically
omal | or ¢ hBFIGIRRY ey el cshaee. dhe Brid 03cslesionEAceripres 106 ed bausbigsbl X he

ci rcunf er epGerail; 1588 SHE 112 to protrude sideways fromthe feeder
118 for anﬁ%asy Ss’érew%lﬁc}E- ﬂ%ﬁ’gperation. Fig. 1(a) shows the relative

positions of the apparatus 100, the screw 108, and the feeder 118. For
ease of de¥athiptheameaseiment efatiehousigs 119, tirksszvas0nisioprefesdly Thekef By e, any

novenent or di reﬁgot i ondsgﬁ‘s%ili bed herejnafter using arrows is nmade wt
reference §8eCYHRPUPLEA4P. 18 slegyehpusigr2anrves asaninismetiagnbetweet theence

axi s 120 t§advel deisina\y : ' | f e-pit, 102 and
the screw 108, 1§I')ﬁ(e%ﬁduragl]Ici er englgwe%gi%sla ?g%dl‘?ésgq’l‘%#‘gg’%?Sﬁg‘ﬁ%ﬁ?° \’\nblt?'hTE%%leevc
| ongi t udi nkeusigeR0dbllowe thel skeve 100 tativhally Buthides hofolldR- the orgitadindi(a) it is
shown that_the sl ee §F14 ii@o red,.the bit 102 is raised, and the
appar at us T@ﬁerpgnt%p}é sseve K- sthedipuswgd 19 1opreferably frsteged gpthe slase i s

closed: ThigusaRPAaksHY cbBPerdtnbifadeniflf GiaAgageMent " state in this case.

The housing 110 and sleeve housing 520 are components of the apparatus 100 from or
into which the bit 102 and sleeve 104 extend or retract, respectively. The sleeve 104,
whether extended or refracted, and the housing 110 protrude from the sleeve housing
510 longitudinally in the direction of the screw 108. The gripper 106 is disposed
between the ends of the housing 110 and sleeve housing 520 where the upper surfaces

p of the gripper 106 are adjacent the end of the sleeve housing 520 and the lower surfaces
of the gripper 106 are flush with the end of the housing 110.

In the screw pick-up and tightening operations, the screw 108 is typically supplied in a
manner that eases the pick-up of the screw 108. The screw 108 has a screw head 112
and a threaded body 114. There are several types of screw heads and the screw head
112 shown is generally known as a “cheese head”, where the screw head 112 resembles
a flat circular disk of a substantial thickness. A recess 116 is typically found on top of
the screw head 112.  To drive the screw 108 into a screw hole, torque is provided to
‘the recess 116 through the shaped tip of the bit 102 or other like screw driving tools.

There are several types and shapes of recesses, one of which is a straight groove recess



As shown in the cross-sectional viewin Fig. 1(a), portions of the closed
gri pper 106 on both sides of the reference axis 120 contai n chanfered
surfaces. These chanfered surfaces are contiguous to the upper surfaces of
the gripper 106 and are obliquely facing away fromthe top surfac f the
screw head 112. The chanfered surfaces g subsequently I evel of MR

“stop” surfaces for determning the closed position of the gripper 106.

These stop surfaces face_inwardly and toward, the reference axis 120, and
are al so af Anether ifp cRIcHREreresse Ve REE RSPl 2 st %@ hisesss £8 ¥ ounds

the bit 1 “ » preferably in the proximty of the shaped
b of tnd il bgR S BERET Ky

tip of th the sl eeve 104. The chanfered surfaces
on the gripper 106 are in cI ose proxi mty and parallel wth correspondi ng
chanf er ed Tousupplyeke smew 168 Fanvthe sctew|piekvap dfiitightérng ofdratitiiR iﬁ@@mﬁemmam‘ er ed

surfaces e therefore bl i.quel fa ing the t f of t ew head
112. An anpatithe 2npaspsd) eé‘%ﬂ’ 811"78’ %aﬁ’lﬂeé"é{? 3@?}%&{8&1 sl eeve
104 and g?e’d%ﬁl Isﬂﬁciu'dE’s QSa\AQEin%' ﬁﬁi&ﬁ ﬂ?c%ea@ﬁ 1?1621951 1376F thOGRER Jo &L Ween

portions ousing 110"and portions o e’gripper 106 on both sides
of the refdéspessiec ”EltnerfeedeAHS glas includes it upwandffaciag Ioperpng hig obZhiclstheoused in a

not ch or oove forned rip 106. .The g 122
opposite gﬁﬁgmq{&qchil ﬁ?trgﬁed?ﬁe%wamefﬁa% ﬁiiﬁrsfrlﬁ Wousi ng 110.
Each spri @alaﬁéﬁmmmrere%wf r €A erh® nERMRDC 3. rdubhEieflce 1(2)
Therefore ac resse spring 12 In turn provi es a rorce that biases
the corr esyftiredicray bmdtlrm o pfottude sgieiwppefrothhe feeder O fot e easyfsercermiek-axi s
120. A force provided by the annular lip 124 of the sleeve 104 in abutnment

with the d8P&H8Rdi ng stop surfaces of the gripper 106, however, counters
this force. Therefore, the annular lip 124 of the sleeve 104 keeps in

abeyance (g | @%Bweﬁe rerfauw oerlbrer}fffthela@gfa}@@stm@r ebsc?éz@?oé Qefds the

reference axis 120 by the sp I Ngs nsequent t he grrpper 106 is
mai nt ai nededder { b dressabiplesérifiton, thetfecdor llSLﬁZakmrascwgfermec Bherefore.ef er ence

axi s 120 i s depicted extendi the "torque t esthe screw
head 112 87 %@5%%%%69%@ St et vane Qi Home0e wifhaelttiag

provi ded ghoptdidrhesr afier, ?é}&%n@é(is%réx%)ﬁoﬁl@reféreﬁd@ a&rsaiioytharlee&ig%érﬁd to “the
bit 102 through a tool adaptor unit (not shown). orque I's
subsequentwith the dorigitadinaloaxes of the bit 102 and the screw 108. The reference axis 120 is

also congruent with the longitudinal axes of the sleeve 104 and the housing 110.

In Fig. 1(a) it is shown that the sleeve 104 is lowered, the bit 102 is raised, and the
apparatus 100 is clear of the screw head 112, and the gripper 106 is closed. The

apparatus 100 is in a “pre-engagement” state in this case.

As shown in the cross-sectional view in Fig. 1(a), portions of the closed gripper 106 on
both sides of the reference axis 120 contain chamfered surfaces. These chamfered
surfaces are contiguous to the upper surfaces of the gripper 106 and are obliquely
facing away from the top surface of the screw head 112. The chamfered surfaces
subsequently level off to form “stop” surfaces for determining the closed position of the
gripper 106. These stop surfaces face inwardly and toward the reference axis 120, and
are also parallel with the reference axis 120. The gripper 106 surrounds the bit 102 and
the sleeve 104, preferably in the proximity of the shaped tip of the bit 102 and the tip of
the sleeve 104. The chamfered surfaces on the gripper 106 are in close proximity and

parallel with corresponding chamfered surfaces on the lowered sleeve 104. These



the recess 116 in the screw head 112 through the ti p of the bit 102. The
tool adaptor wunit is discussed in nore detail with reference to Figs. 5(a)

and 5(b). Fig. 1(b) illustrates the apparatus 100 | owered a Ma%%ogpég
extended fromthe arrangenent shown in Fig. 1(a). The apparatus

an "engagenent" state for engaging the’ screw head 112. By first extending
the-bit 102, the apparatus 100 attenpts to fit the shaped tip of the bit
102 int o tchemfeeedasfatdHare tippefonootlrmelyviadihg theaop smfmd‘fehnjsciéﬁhead)rque S
provi ded to the apparatus 100 to furn the bjit 102, prefer rqugh one

revol ut i ort 1@orAn as@gker ﬁggtl%ertée%%éoeihe fhanipred; SHffﬁ‘feélonaff‘? ‘f lfOé. and

ensuring n the bit 102 and the recess 116 When an
adequat e ???ﬁg%l \b\ggfrttﬂet %%[sa\r?gged tip of the bit 102 and the recess 116 is

found, the apparatus 100 is further | owered towards the screw head 112. To
enabl e t heSpgingppelodial teowesmvadrtpng dfehShoBaR PWhdi®riians affthd greppecd @y head

112, the sleeve 104 t ended, preferably.la behi xt ensi on
of the bi o0t Slé@‘?e‘ffjtﬁ‘h@a QERERAX1S AT e%“é)?to\éffﬁ’e‘ggeaglﬁ #&e‘? gaussﬁﬂf 4ces on
the sl eev f&%r% &G the gepﬁé?qo@ NaRt ek ol 120oliigtipper 106.

Duri ng utrre ese surfaces, the downvvar rce of the extending
sl eeve 104norl$ortlsefmsdmﬂmjthenntanmtrmwﬁrod tHedromemgt1i8r Elayhspm‘rg 1, héreadkyi pper

106 outmards a result t.he s fur her co essed, and t he
gri pper W@ﬁsmmmﬁeﬁdamw f!é)«z’fltrg 91 ERc QOWRTFRSP RIS

t ovar ds t he t&h g%l&@%aadfoil&%hétgﬁ%egthtcgjgfgwﬁﬂlﬁtp? I‘gof tHe gh? eri(0Bhowhias bit

102 is correspondingly raise tus 100 fromthe
ar r angenenhe sdfierencel axidHi2§. A fdorpe pidvededftfyehe amfularhlpslzéleoﬁthas}ee\fwel (ith 102

does not protrude much fromthe a ar at 100 in_Fig. The sl eeve
104, encFbRReE Pf’ét%tff‘? COIFPoOREng P‘ﬁ’BIS ﬁng&b‘%%@gﬁ 2SS nt o t he
appar at us h f‘rﬁrﬁf C | anrfé atus 100

so t hat thléﬂg rggegh%r?fp&%ftﬂf 1@1@% &Ttgé ?hévg 1tsotgg{teg§§o§)l %y am (I%?erequi librium-
with the rpemtemsofﬂﬁagﬁﬁpreslmmatasbudsatitamé&mssaﬁe;encadxisﬂ%haltha‘mgs do

not act on,the recess. 1 and h e the screw he as the apparatus
100 is lo oeﬁt%wtt%léf‘c Qerisimaintopied g ese%awsmaﬁ the ot her hand,
relies on the forces of the corrpressed springs 122 that extend inwardly for

pushi ng t hgye W IW%oﬂéfpwhl@H@ﬁéjlleXer&‘i’ce REL 12016 a8)18RY @xbdink StrAfEE S theOT
retracted into thé apparatus

torque that drives the screw head 112 for tightening the screw 108 into a screw hole.
The torque is provided about the reference axis 120, and is initially transferred to the bit
102 through a tool adaptor unit (not shown). The torque is subsequently provided to
the recess 116 in the screw head 112 through the tip of the bit 102. The tool adaptor

unit is discussed in more detail with reference to Figs. 5(a) and 5(b).

Fig. 1(b) illustrates the apparatus 100 lowered and the bit 102 extended from the
arrangement shown in Fig. 1(a). The apparatus 100 is in an “engagement” state for
engaging the screw head 112. By first extending the bit 102, the apparatus 100
attempts to fit the shaped tip of the bit 102 into the recess 116. Upon contact with the
screw head 112, torque is provided to the apparatus 100 to turn the bit 102, preferably
through one revolution for locating the recess 116 if the initial attempt fails and
ensuring a suitable fit between the bit 102 and the recess 116. When an adequate fit
between the shaped tip of the bit 102 and the recess 116 is found, the apparatus 100 is
further lowered towards the screw head 112. To enable the gripper 106 to envelop the



The chanfered surfaces on the gripper 106 and the sl eeve 104 cooperatively
translate these inward forces into upward forces on the sliﬂvmj§4. @'ge
upward forces cause the sleeve 104 to raise or retract intwit p%Q tus
100. At the sane tine, when contact is nade between the top surface of the
screw head 112 and the tip of the annul@r lip 124 of the sleeve 104, the
screw head 112 exerts an upward force on the sleeve 104. This force also

cont ri but @§p ¢fahé sirék Read DR, 118 dlesikilng is beeraledeprefetdy laggingtdehindrhar at us
100. Hence, the sleeve 104 is raised or retracted into the apparatus 100 as

the tip ofxtenson of thebi 1084 Wher ke denvedOf inwitenderethe shamfersairkiesssqi head

112. The gnnul ar .h} ] | r e | has
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head 112. jhaweMess thédasasdsl frdesnaaed foessofahe paendihgslettel 04cbant er ed
surfaces on the sleeve 104 to which these_ surfaces are contiguous. Wen

the sl eevérangated inte apivesad Hrcesdhergby pushing e gHpPepIYLoMtWads.008 agepdh nt i s
reached en_t.he op surfaces on th ' [ -abu se surfaces on
t he annul eqppBgslﬁarggu & 03?185355‘#Wﬁlﬁgég’gﬁ&ﬁ!&g%@%c%s&pgﬁ the gripper 106

are substantially parallel to the reference axis, there is little or no

transl ati ayhefthé hisparaual 60 fsquaks 1oWelel €owqds tgScikZhdadtla2umoar d forces on
the sleeve 104. Hence  the gri Bper 106 stops,_caontributing to the raising
or retractEZepping” $#ein Biged(cd thomtilQe & corecspoypbinaly paiseiqy retacdedininthe 104 i s

| argely raj ' J - f- t he
top ot naPRERub o SYGE St dthfeal Mow AL TP, Hiertits biis RUGR AR 100,
Al 'so, as tihg dsésay protArdieias mivh $ath Gie apphiraagtlod in Fig 1{H)e Thppread U, 100, the

annular lip 124 slides past the stop surfaces on the gripper 106. Since the
surfaces 6hcasing thawbitil 82, 15 pigruitanequslycaised ot rafacted infe the Wparaiis e sThsn t he

gripper 1 f. I .S ¢ : lar lip
124" ot endl 106 AR o EBHTNBTEE aushrde ELOGLEINGE oeR SRR RS 26 i
on the ci [ #ateBLeyinit Buiibriew wigthe rdceds 856.t Tieis sheessahdtGhnkbsessaysed or
retracted into the apparatus 100. The ggi pper 106 closes at slower rate

anp
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| oweri ng of ] )
gripper 106 inwardly so that the sleeve 104 is raised or retracted into the apparatus 100.
The chamfered surfaces on the gripper 106 and the sleeve 104 cooperatively translate
these inward forces into npward forces on the sleeve 104. The upward forces cause the
sleeve 104 to raise or retract into the apparatus 100. At the same time, when contact is
§ made between the top surface of the screw head 112 and the tip of the annular lip 124
of the sleeve 104, the screw head 112 exerts an upward force on the sleeve 104. This

force also contributes to raising and retracting the sleeve 104 into the apparatus 100.

Hence, the sleeve 104 is raised or retracted into the apparatus 100 as the tip of the
sleeve 104 makes contact with the top of the screw head 112. The annular lip 124, on
both sides of the reference axis 120, has surfaces that are preferably obliquely facing
the top surface of the screw head 112. However, these surfaces are less sloped than the
chamfered surfaces on the sleeve 104 to which these surfaces are contiguous. When
the sleeve 104 is raised or retracted into the apparatus 100, a point is reached when the

stop surfaces on the gripper 106 abut these surfaces on the annular lip 124. As the stop



t he apparatus 100 and closing of the gripper 106, the grippi n ﬁohrét IF%% 6
of the gripper 106 remain w de or open enough to receive the \@1

112. Preferably, space between the gripping portions 126 of the gripper
106 and the circunference of the screw head 112 is provided. This is to
ensure that during the |owering of thellapparatus 100 over the screw head
112, there is mninmal or no contact between the gripper 106 and the screw

head 112 wpifhdesloi@hd %p}ﬁi‘ 10@%&%@%&@@%@1@1 oot derbienédgxis, e s 1sef aces
of the gripper 106. en the apparatus 100 is in a "gri ed" state as shown

in Fig. 1(dpo trahdatigmpelrthe twvarddoreessofithe spragsilgddente apwenhiordes oatheangenent in

Fig. 1 f th uts th d f
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that is orthogonal to the reference axis 120 poi nt of contact
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and the grip 106 are al ready di sengaged, and the gripper 31.M 12 106 is

in a nost s ms@lf;hqﬁmgukarbp IBéa;tawéaqtNet h@ptomsmfmgnd gppegdPpper 106
are cl osest

t.he r.eferenc xi s 120. The u s.contr but d by
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t he appar at us 100. ip isinstéead formed around the circunference of

the screw lﬂéataﬂm@eeVAROQmmfﬂermm@d intotike appatatet LY. 10© grippesl@he screw
108 fromthe fee 118.. Wi he s 108, . however, the
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the screw 108 is inserted into a screw the apparatus 100 is
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the apparatus 100 and closing of the gripper 106, the grxppmg portions 126 of the

gripper 106 remain wide or open enough to receive the screw head 112. Preferably,

space between the gripping portions 126 of the gripper 106 and the circumference of

the screw head 112 is provided. This is to ensure that during the lowering of the

apparatus 100 over the screw head 112, there is minimal or no contact between the

gripper 106 and the screw head 112 until the top of the screw head 112 contacts the

lower surfaces of the gripper 106.

When the apparatns 100 is in a “gripped” state as shown in Fig. 1(d), the apparatus 100
is further lowered from the arrangement in Fig. 1(c) where the top of the screw head
112 abuts the undersurfaces of the gripping area of the gripper 106. These
undersurfaces are known as datum surfaces 128. Preferably, the datum surfaces 128 lie
on a same plane that is orthogonal to the reference axis 120. At the point of contact
between the datum surfaces 128 and the top of the screw head 112, the apparatus 100
stops raising or retracting the bit 102. Also, the tip of the annular lip 124 of the sleeve
104 remains flush with the datum surfaces 128. When this happens, the chamfered
surfaces on the sleeve 104 and the gripper 106 are already disengaged, and the gripper



noved by an automated system or by the operator's manual effort to a

position over the screw hole. By |owering the apparatus 100, [ 8
is thus lowered and the tip of the threaded body 114 insertegﬁ]nMéﬁ%%ﬁg

screw hole. Wen the tip of the threaded body 114 is in the screw hol e,
the apparatus 100 is rotated through sBeral revolutions, for exanple,
three revolutions, so that the threaded body 114 engages the pre-forned

internal 4b¢ Rad a@host REvEERYsitioh Decallde tHY stopléiZfasebrsthe @vigpdiOrbesdi®sequent |y

start |lowering or extending fromthe apparatus 100 as rotation continues.

When the slosestto the oeferencetie A dThe upwind ferges eqpgibtiged bethedopatthén of the

bit 102, the cha ed, surf.ace of the sl eeyve 4 e i r 106
abut - AgarstevRead b S B aBRS 00 Satn RaPt oS b B P UfEl 02 s
transl at eghetdibsR, stBFs Rub¥@itorTRiRIFERo ME apRatds i GINEA g#B8s insldae f@imdaper 106
I's thus wi dened or opened, thereby causing the apparatus 100 to release

t he screwatosad theigdrcupdorenes of thtecrepdgadii L& 100 continues to be | owered, and
the bit 102 continues to be | owered or extended fromthe apparatus 100.
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sel f - al i gHen@reva OB, heivgbiér, tefepaatis 100 kembinies fo éﬂgﬁgé fledcrddyhdadel 1e@mbodi ment s
of the invention, reference is made to Figs 2 and 3 to describe in_further

detail s t Hwough thpbest i detvmeg thobiyd93 andsthg reasshbli. cils dpcasYREPabPERS | on

on’ the shuty ega-d 19% it Bstiiiie 4 ol 18R, R GP2abe 207 i OBl RBE] 1O,

provi ded hydtifeethe ctleReErOsifG thy sdrb@hog t he various gripping positions.
These gripping forces are of equal anplitude and are represented by arrows
FI, F2, and F3. As shown in Fig 2, there are three positions 204, 206 and
208 from WRicentiausevih thererew nigk-up v itightenmgnpeeions. ke pnapienl9his screw
head 112. L. Pl E , .k kst J ons
204, 200 Hie05s b Al ARy E1 e bheralet s e REPld Hositn AT P

apply, thecrgenee. I03dveergShBshatauh O tiee v | 68isithild lywerddcandahe tiscr ew
head 112 with an axial_ center, represented by a reference point 202, that

coi nci des ofherihreaded badyi lilddnseaied ite sheoterew bolen Mékaadhe B @y therthreadeth

three- pol %d}gi { Pis in the screw hole, the apparatus 100 is rotated through several revolutions,
for example, three revolutions, so that the threaded body 114 engages f:he pre-formed
internal thread of the screw hole. The bit 102 and sleeve 104 subsequéntly start
lowering or extending from the apparatus 100 as rotation continues. When the sleeve
104 is extended or lowered lagging the extension of the bit 102, the chamfered surfaces
of the sleeve 104 and the gripper 106 abut. Again, as this happens, the downward
travel of the sleeve 104 is translated into the outward movement of the gripper 106.
The gripper 106 is thus widened or opened, thereby causing the apparatus 100 to
release the screw head 112. However, the apparatus 100 continues to be lowered, and
the bit 102 continues to be lowered or extended from the apparatus 100. Torque
continues to be applied through the bit 102 to the recess 116 for driving the screw 108

into the screw hole.

To describe the self-centering, self-aligning, and height referencing features provided
by the embodiments of the invention, reference is made to Figs 2 and 3 to describe in

further details the gripper 106. Fig. 2 depicts a mechanical centering operation diagram



provi ded by the gripping portions 126 is preferably applied,ar n& &@
circunference of the screw head 112 at points that are andﬂﬁaxm& di gﬁaced
at 120 apart. As a result, the gripping forces F1, F2, and F3 coincide at
the reference point 202, thereby causing the gripper 106 to center the
screw head 112. The gripper 106 maybe Egnfigured to grip the screw head 112
at nore than three points, but the practical effect of doing so is that it
becones i fewhieB tgdrippiid fasitidrs of the griypeciGicor fhe strenceadlieR ng: sopmni ed at

each gripping point at the reference point 202, Wth reference to Fig. 3,
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the datum surfaces 128 and the top of the screw head 112. Wth the
assunption that the top of the screw head 112 s also planar and the
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i nserted ' [ en..t. s 100 is
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128" are aksiacidesdithdic loggiglindl ekrofiled theaped baBesl4. Tirtthies-podigfip proper
and full contact between the datum surfaces 128 and the planar_top surface
screw hea#roridediby the gBPPIng oRioRRd2¢ dypradrabh)y mpdicd srawpddhs eizcuaxferenge of ovi des
a refere fir I ' 8 A bl e.
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I mpl enent abl e on productjon or  manufacturing floors. Such autonmated

syst ens t $EPRAII0G to eenjerdhe papwsadilhg means to  perform screw pi ck- up,
screw tightening, screw holes locating, and the |like operations. Typically
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points, but the practical effect of doing so is that it becomes increasingly difficult to

coincide the forces being applied at each gripping point at the reference point 202.

With reference to Fig. 3, the self-aligning and screw height referencing features of the
apparatus 100 are described. In the foregoing description, the datum surfaces 128 lie in
’ a plane that is perpendicular to the reference axis 120. When the apparatus 100 is
lowered towards the feeder 118, contact is made between the datum surfaces 128 and
the top of the screw head 112. With the assumption that the top of the screw head 112
is also planar and the longitudinal axis of the threaded body 114 is perpendicular to the
planar top surface of the screw head 112, the screw 108 when gripped by the gripper
106 is thereby aligned. That 1s, the longitudinal axis of the threaded body 114 is
aligned with the reference axis 120 when the datum surfaces 128 engages the top planar
surface of the screw head 112. Consequently, this provides a means of ensuring that
the screw 108 is inserted perpendicularly into the screw hole when the apparatus 100 is

held perpendicularly to the screw hole.



I nformati on on which such automated systens rely for perfornng thos
operations. Such an automated systemis shown in Fig. 4. IrﬂédMAROﬁ)O)ﬂ'he
apparatus 100 in the enbodi nents of the invention also provides a neans of
removing foreign particles that are prﬁﬂuced during the screw tightening
operations. Although the apparatus 100“has provisions for self centering
and sel f- aligning operations, which thereby ensure perpendicularity during
t he i nser Thedatofm dunfacesskdReare 2138 used for hbighsefemdng pyrpbseselhat ipaviidncl es may
to foreig rodu%ed as a

still be present, This be due articles
result of ptqpaggnc}Wlﬁafa@%a%ﬁeﬂe%ﬂr&%ﬂ%gom thialenad OB RETERs of the
SCrews 1Q§crt€-ﬁq{e9&1wﬁrﬁ e?me:]ﬂ%r%:fonﬁ&f&'f &gid@]gﬁ% élgg%%% F’@%’ﬁﬁbﬁﬂsge al r eady

present in e screw holes o surraoun e screw hol es
bef ore t hefeieacepland fbmemntink thedeight ofthe saresv P it oremsabablEo Thenfertard lsese
rovidedq with a yacuum path. As

descr [ ben PReieREBURtRLn SRB 6 gapens I Hesa e oueisl iR o ¢ hor o
is provi Q%g{a&dts%wg@e%agﬁ ti#ﬂ%nﬁ%as‘j@teﬁ’ﬁ Ghertifle ma&dﬁgtié\{‘ t he

surroundi ng eeve 1 ornms "a"vacuurh path 130 at envel ops the bit
102. The wamufaotupiaglod80 Sieh aptonvitetbs)steynsappiaalty reqymov edferdeung megnoto shown)
connectabl e to the apparatus 10Q, as kno to those skilled in the art.
For i npl eREHemE PRV BHOR B SEHS i t%ﬂ&@@fﬁ&f%‘%ﬁ&%ﬁ%?ﬂ%ﬁw kR Gperations ng

floors, t El?gicgwgéigﬁtuais Bed, SieYafths! shCBBLiKE flchQRebits afldificamodul es to

forman a mate manuf actiring systemas shown in Fig. 4. Typically, such
an aut onatEdrsaiznem vlhicd tudiRt@08ted aydterders:lafoPperfonmmg bhase lopgiationont r ol | er

(PLC) 402, robot 404, the .screw feede 118, the screw pick-up apparatus
100, and §u§1&%wtam§? Fyﬁ%.lswn%ﬁﬂ provides control logic to
synchroni ze and co-ordi nate the operations of nost of the nodules shown in

Fig. 4. '%E&kﬁtiﬁgﬁ +&Y BRI thd E&‘ﬁgiﬁﬁ%ﬁ@to'ﬁhe]ﬁ@eﬂtﬁm%%bﬁhﬁﬁdEéJat he screw

driver 408 so t t'he torque provi y the screw driver 408 can be used
to drive mmanbofref@Rirngridrdifrepaticley thal 6eg. praduced dummg @ scevatigideringnect ed to

the screw driver 408 so that the screw dri.ver 408 in turn nove air
to provi d@PEEHeTs, rﬁlﬁwugh @%&P@&fﬂ&%@@@@ pf%veﬂ?ré%%wﬂgggmeﬂng and sel"

aligning operations, which thereby ensure perpendicularity during the insertion of the
screw 108 into the screw hole, foreign particles may still be present. This may be due
to foreign particles produced as a result of cross-threading caused by variations in the
dimensions of the screws 108 and/or the screw holes. Foreign particles may also be
already present in the screw holes or the surrounding areas of the screw holes before
the screw tightening operations are performed. To remove these foreign particles, the

, apparatus 100 is provided with a vacuum path.

As described hereinbefore, the sleeve 104 encases the bit 102. However, there is
provided in the apparatus 100 space between the bit 102 and the surrounding sleeve 104
which forms a vacuum path 130 that envelops the bit 102. The vacuum path 130 is
provided by an air removal device (not shown) connectable to the apparatus 100, as

known to those skilled in the art.

For implementation of the apparatus 100 on production or manufacturing floors, the
apparatus 100 is used in conjunction with other modules to form an automated

manufacturing system as shown in Fig. 4. Typically, such an automated system



foreign particles. The screw driver 408 is also connected to the robot 404,
whi ch anongst ot her things, perfornms the screw pick-up and ti ghtening
operations with automated actions. The PLC 402 controls the screw driver
408 through a driver controller 406. The PLC 402 al so contr @mllv
feeder 118. To provide the screw feedej5118 with transverse rmt
transverse table 412 on which the screw feeder 118 is placed is pI’OVI ded.

orn' " SomibiRfesa ThpSenibneleL S90 Lotk PLetdor 3 BT K eans oo
t hat provudgsmeg&e& Sugﬁggpwp@ R a LRWIdARPOY. SPhd PDE 30 providst N

vari ous axes. An al s al so connected to the apparatus 100 and
t he screwcbntealdogit i8synthmwniverand gpirgindteédhe ppavaticohe of miost gfithe spdeles or
actuating cha in the apparatus 100 to provide the novenents of the
bit 102 arft® H&/‘@ ‘04. The nmechani cal coupling between the screw driver
408 and the apparatus 100 is further described with reference to Figs.

5(a) and 34 e auliRateOsRtdnGnd RS cBiificd Y B GtowaivRphopambor uni t

shown in Figs. 5(a) and 5(b) he tool adap tor unit. includes a driver
adapt or 50ke Tame@rmldecehtaﬁleapreaodnvem% dani beusedd«aydnm th@(bit b)r.?canddbs a

h | t bet th 100 408,
and 15 QoSN oh HB 210 R PP REb O AT A EE S TOEHE” SF R dr | ver
408. \Wen g@vel zfds%&sﬂin 561 RMoVE 2} 25 prcﬂ@& duRtits &fthe %ﬁﬁarﬁtﬁl?'l@(ﬁ Rlr@eodinkf er ent

coupling, the driver adaptor 502 is changed. Simlarly, the bit adaptor 504
S dependé‘oﬂelgmpattnée&ﬂw sareav direcr4PPas alfo cdmlettﬁd tal b2 rold 404, Whight ool

adaptor unit al (S cl udes series of 506. These air inlets 506
e’ a1 e e dints PR on Sotaioi il A BReREE opSaBR W ai 1§ nto
a|r Cha”b%ﬁmifmr&n@h'sg hegesPRO @02 b RrdPHRRLwANTRE 9608 thrdfieh PUSHET s 508 are
“piston” |ike devices which, when coerced by the air pressure, push

agai nst a cdnirallerd.l ar 510. The drive collar 510 is coupled to the bit
adaptor 504. The pushers 508 and the device collar 510 are encased by a

pi ckup h Both the driv 10 a% I cku si.ng 512
B e pref ortbi R intnoniiee s S Tern ., T Buifs e Sy ERR1TE At
pr ef er abl Yraglekddhidtecd, aitfAnSiRaRaablE @il 3 onwmamefs&ewaeédeadmsomaé%s and the
drive collar 510 to be ali gned coaxially for the torque
provided. The transverse table 412 is controlled by an axis servo 414, which is in turn
controlled by the PLC 402. The axis servo 414 is a servomechanism that provides
control and movement of the transverse table 412 in the various axes. An air supply 416
is also connected to the apparatus 100 and the screw feeder 118. The air supply 416
provides air pressure for actuating mechanisms in the apparatus 100 to provide the

movements of the bit 102 and sleeve 104.

The mechanical coupling between the screw driver 408 and the apparatus 100 is further
described with reference to Figs. 5(a) and 5(b). The coupling is made possible through
a too] adaptor unit shown in Figs. 5(2) and 5(b). The tool adaptor unit includes a driver
adaptor 502 and a bit adaptor 504, The driver adaptor 502 provides a mechanical
interface between the apparatus 100 and the screw driver 408, and is dependent on the
size and type of coupling used on the screw driver 408. When a different screw driver
408 is used, and therefore a different coupling, the driver adaptor 502 is changed.
Similarly, the bit adaptor 504 is dependent on the size and the type of the bit 102 used.

The tool adaptor unit also includes a series of air inlets 506. These air inlets 506 are



to be transferred fromthe screw driver 408 to the driver adaptor 502, then
to the bit adaptor 504, and also to the drive collar 51 gmcollar
510 narrows substantially to forma shoul der as the drlve coIIa

extends away fromthe bit adaptor 504. The pickup housing 512 is
reciprocally narrowed by an annul ar rl‘fhg to forman internal |edge which
Is also cylindrical. The annular ring is a bearing clanp ring 516. Between
t he shoul geineoted tdehedinsupplyctllél far reddiingaaitintdisir biemibeangwhtempushiarn§oH16,

there is a spri n? 514. The spring 514 coils around . the narrowed neck of
the driveatsanpebhodisrassd.chhppethetrdds ampupisiandlilye dafieaseviieh.tensamieed i ne

t he opposj I rj.ve
collar 51 §’§‘r?§fn‘d§rﬁ§sﬁ‘ﬁéé§rﬁ?}?§a@#g%§a§? %@%fga ?@gdgg?%ﬂj&?ﬂeﬁédﬁﬁgﬁtgmd neck
of the drthesbicadaptr 564.0Thspusherl 58 dnd ﬂﬁeh@cxbctetcoll@QSHl aﬁhﬁcﬁﬁ@b?p@ﬁlﬂdube t he
shaped t|8 of. the b|t 102, .The _portion of the bit 102 coupled to the drive

col | ar 5180usiRg HlZy ahesdrive-go8ar 5 Hhandcha pickrp Lowving s 12 #6 PRefEiblY ass

portion p @lg?e

di anet er éﬁir?%ﬁ?l&ﬁ 89%2%%%?% éﬂgr}%?ors Q@?Hﬁﬂﬁqgﬁﬁ&s&lﬁ%{ass portion,
and thus tlowsthas bitraddptat 5¢4 amithe dirivg coliaifildas be Alighddeohaidlly fdrabstopque i on of
the bit 102, the sleeve 104 begins to encase the bit 102 However, at the

i nclined &hbiransferesd from ths &cr%énwrﬁéﬁ ttherdrivier adapionS 34 thepdo thedilve 104
forns a rg&g%r%at %ﬂ?ﬂédﬁ&lthgggvgéi A4Repi ng | edge. The inclined | edge on the
Vi

I nt er nal e sl eeve aCts as a stopper to the extension of
the bit 102 relative to the sleeve 104. That is, the bit 102 cannot extend
fromthe Fhpdried cslatG0O0 haymdsﬁsmneallyzle:tﬁhdeuldeasahednm tdlmts10ausi ng a
correspondi ng extension of the sleeve 104. 31 MAR 2004 17 The_internal
cavity of & %d%%@@@m@hﬁ%a@éﬂreﬁ% Jhawmkﬁmwumﬁgmrﬁ‘apw&%a shar p

| edge. Be h | edge on
the int epﬁg cat\gy%ﬁ% 4 Re Peeve%igﬁ&ﬂ?lhl et\%vf%lc%g%%lﬁd]e%ﬁggrﬁf%lgqr 8. The
spring 518nhilasag ik laebeam@ dhmpmnglisml EBetwedt thb elhowbdor of e deviceldRasid t he

sl eeve 104 such that the tip_of the bit , 102, under nornal condltlons does
not ext enancbt@ycbﬁemgqféampal%fSWh@e&nlﬁmsarmg§b4 1Phe fring 4 cofleapand e The

Z ! geve oY OWePrlK AT dSvetothPPRFINIE drlfudy ueRAkARIY wiilte: HhéghRe 104,

time the opposite ends of the spring 514 rest on the shoulder of the drive collar 510 and

the bearing clamp ring 516, respectively.

The narrowed neck of the drive collar 510 is coupled to the bit 102 at the end opposite
the shaped tip of the bit 102. The portion of the bit 102 coupled to the drive collar 510
is hour-glass shaped. The constriction at the hour-glass portion preferably has
substantially the same diameter as the shaft diameter of the bit 102. The bit 102

narrows after the hour-glass portion, and thus forms a gradually inclining shoulder.

At the hour-glass portion of the bit 102, the sleeve 104 begins to encase the bit 102.
However, at the inclined shoulder of the bit 102, the internal cavity of the sleeve 104
forms a reciprocating inclined or tapering ledge. The inclined ledge on the internal
cavity of the sleeve 104 acts as a stopper to the extension of the bit 102 relative to the
sleeve 104. That is, the bit 102 cannot extend from the apparatus 100 beyond a pre-

determined distance without causing a corresponding extension of the sleeve 104.



therefore to the extension of the bit 102. This is done by providing

reci procating stopping surfaces such as shoul ders and Ie?gsmt%@puter
surface of the sleeve 104 and the internal surface of th I ousi ng

respectively. Hence, the stopping surf7aces limt the extension of the bit
102 and the sleeve 104 fromthe appar atus 100 to a pre-determ ned

di stance. As descri bed herei nbefore, the conponents in the tool adaptor -
uni t and Theindgparcaving of thoBleewt EdEorbrepenty ebruptlenawews ® oonmshapyst em f or

i di h 00 .wW ' | i.f udi nal
ot 1 on. | VBRSSPt se 16 B o ders on ooy (2 S5 sharPdeded AbE T or que i s
rel ayed t T?ltérﬂﬁ Ay oftiaRicRle PO ﬂ?éri:g is af(ﬁg%rﬂgf Spririg 41ke Ig{ef[s}ﬂ%nggllﬂi Blasalifle The

drive collar 510 i turn relays ue to the bi 02, the sl eeve 104,
and t he stebaive displemgntizdwedethebir 02 hed fecdacye 166 msshrihatshe ipod thetwt pi ckup

housi ng 5 there are preferaply bearings 522 for bst antial |y reducing
e 11 Lot 16 vpdeviaanetorBatings ded uat Byl Beupi e din.ar e SR 4B HPA 4550

fol | owi ngylhctoi@ing sl eeve 104. Additionally, there are preferably

beari ngs 522 between the bearing clanmp ring 516 and t he sl eeve housing 520
for the sane purpose of reducing the friction caused by the sl eeve 104.
Wien a | ofibé sleclierimiusimg\f@franits aph stoppetiiotthd @Qensindy afithe blecwd Ky endl04 i s

the bl ¢ 1stetageds i afisionad hafat 1 TS done B Sooniding BribRefn ooty a6,
respecti vahyping Burffad@s sdhdas sHOSIREsSRA 1¥98s Slthe ARY sBrkfeadf@hexb&Rded. the

systemis in a nornal state. That is, the drive collar 510 is raised and
the bit 16081 the imtamskshrfage nt thetskeevi housh@Prespectively e Keneel ¢k stopreng ncl i ned

The i nt er HRFcenrRyhe s ae RS by 1] anf e 26 ROF53 B avErebfd0qes T "

ther ef or e, gleS@utédlingfdit@ntdle extent that the chanfered surfaces on the
sl eeve 104" and the gripper 106 allow in respect of the extension forces
provided by the springs 122. Wien air is provided to the air inlets 506,
t he pusheAs dsgsgibedherepibsfrael thooempenentsamthe taolRidgptos Ghit and He apprsagiscol | ar
510 is pu d,down and .t.herefore the bit 102 is..pushed down. .As .3 result,
Che spr i nidh Bigedheton ! fBpndoalem e BmRelt B Sranditiglufh 2o 1 &
ext ended {A4ticRAPHIREl hRnbEdihdehbtion.

When torque is provided to the device adaptor 502, the torque is relayed to the bit
adaptor 504 and in turn to the drive collar 510. The drive collar 510 in turn relays the
torque to the bit 102, the sleeve 104, and the sleeve housing 520. Between the sleeve
housing 520 and the pickup housing 512, there are preferably bearings 522 for

y substantially reducing the friction between the two caused by a rotating sleeve housing
520 following the rotating sleeve 104. Additionally, there are preferably bearings 522

_between the bearing clamp ring 516 and the sleeve housing 520 for the same purpose of

reducing the friction caused by the sleeve 104.

When a longitudinal movement of the bit 102 and/or the sleeve 104 is required, for
example, to either extend or lower, or to raise or retract the bit 102, air 1s supplied and
maintainéd or cut by the air supply 416, respectively. In Fig. 5(a) where springs 514
and 518 are extended, the system is in a normal state. That is, the drive collar 510 is
raised and the bit 102 is raised. Since the bit 102 is not extended, the inclined shoulder

on the bit 102 does not abut the reciprocating inclined ledge on the internal cavity of



shoul der on the bit 102 abuts the reciprocating inclined IqéjﬂeM;QRtmk
Internal cavity of the sleeve 104. As the bit 102 extends r ) e

sl eeve is thus al so extended, although |agging at a distance behind the
bit 102. When air fromthe air supply 6 is cut, the springs 514 and 518
extend thereby pushing upwards the drive collar 510 and the bit -102 in
relation to the sleeve 104. Wen the sleeve 104 is held in abeyance by the

gri pper 168 ddsveldh TheslesnenfOdrie thereforefadsnagiseh tode extenhibakihe chynBrel ext ends

to a degree_.for ovidin state of s hal . equi | g .Sh in Fig.
S(ay. tn o pRl ke ar o BeGriBop R A Ry SEbH A b RARATR L ger o
the bit 18zZvadd ByfiBe bptfilgsned. Wedaeion prdedddvbenadt ity 506, thé pishers sogeeve
104. There is al so a cl earance between the stoppi surfaces on the sleeve

1C€ ) .oppin
104 and atepushesolasianbiowg 15 Fie, S el dsive colandiSunpyshepdospendm i s in a

state as gho i ] 5(a)..0 b the va . | stently in

fluid conﬂifﬁ%@ttﬁ%ﬁltanog F‘F(%Jst}%{ﬁ‘g‘%{%ﬁf Iaé?su&ﬁ"'.é%%ﬁs\?éalgu%%ﬁg%? % et 524yl eads

away fromgdspecteRCRnipREsREd PRIWEIRIbit DE2 Bhatinded fobndide, theiivgireal | ar 510

and the bearing cla ring 516. The system descri bed using Figs. Sg_a) and
4.

il( b) may bfeﬁtéqiqr@aﬁh@j it 402 h@taﬂxsdﬁﬁpmatixg/di@plémﬁdd@%qr?@a intgmakcavity o )
t . i ]
At tached Hsierh 3Py e Sl RS e S R WP ast B obor "aoh o

pr 0gr amMegh R b PattdBstiacebeAlfll Be 800 nat es using teaching or the Iike
met hods. \Wen the robot 404 noves the systemto "taught" points, the

subsequent novenent of the systemto other taught points_ are

pr e- det er Whrackinfiomdbneir s¥npdyl4 bois auhdhe shroies Sk4apd 818 extendihsesbyt us 100 is

not | owered.too far ri r 13GK - erati I ti ghtening
operati onPufbcl)I?g %@%‘S%hecdiﬂfgﬁﬁ%fﬁtﬁh%dgges Igrln()%)\nﬂl {??atélog?o% %&8&@%’4 manual
screw dri Welen thBSleeve 042D Held iMAVEMOE B}ﬁﬂ*fe drippes o8 rough thocHahdbiedd by the
"feel" of the operator. For exanple, the operator is the one to gauge how

far to | owaifaces e befptheapung $69 e’éfﬁé@ocﬂrﬂe@?ﬁ@ frepiovighng halatedispatighce from
the screw head: 112 WDt Ag. SG5.5H RS R 2eDnce between the

inclined shoulder of the bit 102 and the inclined ledge on the internal cavity of the
sleeve 104. There is also a clearance between the stopping surfaces on the sleeve 104

and the sleeve housing 520.

Regardless of whether the system is in a state as shown in Fig. 5(2) or 5(b), the vacuum
path is consistently in fluid communication with a vacuum outlet 524. The vacuum
outlet 524 leads away from the space formed between the shoulder of the drive collar

510 and the bearing clamp ring 516.

The system described using Figs. 5(2) and 5(b) may be attached to the automated
system described using Fig. 4. Alternatively, the system may be attached to a manual
screw driver with an attached air supply. In the case of the automated system, the robot
404 is programmed to move in the X, Y and Z coordinates using teaching or the like
methods. When the robot 404 moves the system to “taught* points, the subsequent
movement of the system to other taught points are pre-determined and controlled so
that, for example, the apparatus 100 is not lowered too far during a screw pick-up

operation or a screw tightening operation. For an application of the system with a



The apparatus 100 and the tool adaptor unit described hereinbefore are
fabricated using standard electro-static discharge (ESD) app@ quR 2[}04
materials suitable for making screw pick-up and tightening tools or

equi pment. Such materials, which do noi) cause ESDs, are comonly known to
those skilled in the art. In the foreg ?ng manner, a tool or an apparatus,
a method, and an automated systemfor wuse in manufacturing, are descri bed.
| n parti ctiaanal screav dpysarthe &s Y andid eebvemenisof 8w sysiekr 1sgpntaplded iygthe eni ng

operationg, l.n i ng _so he a rat us rf.or.nms _sel f - engaqi el f-
cont or | ng. Teebrytls fidkefy Fy BB, Ha bl f LFerEie e B on Berne
appar at Us tfeddppa@ise\yOMasde atPha ekl loif el e glktBfeTReh #id AGw RALAD] I @Mndes a
screw pi ck-up nechanism wthout the use of magnetic fields. However, in

vi ew of t heredirdel-upopwatiestein, one skilled in the art will appreciate that
numer ous changes and/or nodification can be mnade w thout departing from

the scope-and spirti f e.lnvention.. 31 rch 20 20 IMS .1.. An
appar at us TEAPRRRE AoP i 8 AR RRE i S R T BB R S Ble e he
appar at us sgaaat !eﬁdcﬁ_a:staaicsili@ﬁmegasap bfprevedaitensls Buitat@ Fdrupdkiag scesd,s and
adapted to longitudinally extend fromand retract into the apparatus,

wher ei n t Ricksireanddightaningtoslstayequipazat. ofuchipatenalawvwhinke domaecayse ESPs s

ext ended; _an [ r fo [ PRI he_head of the screw, the gripper
bei ng actlﬁ%%&%}}@m%@g‘g’ﬂ%ﬁhﬁaﬂﬁﬁgﬁﬂ \%ﬁealéthi ng and closing of the gripper
are dependent on extension and retraction of the sleeve. 2. The apparatus

as in cl aimbk fofegbingenargeRItbsl 6tGin ppitatus gdhmpihed, 4l Hearaaase dydim fhe
sl eeve, the bit being rotatabl e about a | ongi tudi nal axis of the bit,
| ongi t udi H8¢ iInymaeriaang, ersdespribasd Ineartisvlaaihe appanates isised fyseemupick-and

rotatably uﬁ 9HE ki&gteﬁﬁg%pe_rations. In doing so, the apparatus performs self-engaging, self-
centering, self-aligning, and screw height referencing functions. The apparatus for
screw pick-up and tightening operations also provides a screw pick-up mechanism
without the use of magnetic fields. However, in view of the disclosure herein, one
skilled in the art will appreciate that numerous changes and/or modification can be

made without departing from the scope and spirit of the invention.



torque driver for engaging and transmtting torque to the head of the
screw. 3. The apparatus as in claim1, wherein gripping port:{ﬁ@]s hogpm%he
gripper are disposed proximal to ends of the sleeve and a bi B prrcki ng
up the head of the screw, and the end of the bit is extendable from the
apparatus and protrudabl e beyond grippigg portions of the gripper for
engagi ng and transmtting torque to the head of the screw 31 March 2004 21
4. The app&igtiMdSas in claim1l, wherein the gripper is resiliently biased
and linearly actuated to close inwardly. 5. The apparatus as in claim1l,
wherein the gripper releasably abuts the sleeve for actuating the gripper.
6. The appar.at udnasapmackaium 1fowherietinitbhe wgs i ppercramdatite shgevei ndicl ude

at | east a_pair_ of ered_surfaces that_releasably abut for enabling
non pivor 8l PAITlest dtfat et FRE GTBEREUS B RDRAPS LS as in clai m
6, wherein the pair of chanfered surfaces rel easably abut when the sl eeve
extends fromthe %p&?arat U%Ptheéjpgir of . chanfered surfaces translate
further exfenSi-&f AP tevet | A Wirderft nd G191 hBdgndipe A% hd aRter ei n
when forceadagtdar extendinrg tiheishagvwe sawbstant i &dam ceases terrads the

gripper clgses and the pair of chanfered surfaces translate inwardly
bi ased cl o0& of Pthe@PEALRIES i ntvB 12 EEARCt FBR of LeR¥Ss| eeRéadd:s Théle

apparatus agdd &FaikRel,sWhelCiih i PRENG 1eeve is extended; and

a gripper for gripping the head of the screw, the
gripper being actuated by the sleeve wherein widening
and closing of the gripper are dependent on

extension and retraction of the sleeve.

2. The apparatus as in claim 1, further comprising
a bit adapted to be encased by the sleeve, the bit
being rotatable about a longitudinal axis of the
bit, longitudinally extendable from and retractable
intoe the apparatus, and rotatably coupled to a
torque driver for engaging and transmitting torgue to

the head of the screw.

3. The apparatus as 1in claim 1, wherein gripping
portions of the gripper are disposed proximal to ends
of the sleeve and a bit for picking up the head of
the screw, and the end of the bit is extendable from
the apparatus and protrudable beyond gripping
portions of the gripper for engaging and transmitting

torque to the head of the screw.



portions of the gripper provide a substantially spatially distributed
three-point grip around the head of the screw. 9. The apparafys as,doh
claim2, wherein the encasenent of the bit by the sl eeve prOV|JEs a vacuum
path. 10. The apparatus as in claim2, wherein the bit and the sleeve are
substantially cylindrical and coaxial. 31 March 2004 22 11. The apparat us
as in claim1, wherein the sleeve and the gripper provide conplenenting
surfaces for stopping inwardly biased closing of the gripper at a

predeter i ged digtangsLramdhe,Long] tudinal £x1 g0fcc Hhe sleeys ol The

appar at us as in wherei n"the gripper ~fur |ncIu es at ast a
surface fodsabuesidg emt Uppériasadf aoed ofl itrtess hkwnd a@ftttaq’eeslcr‘cew Edose
provi di ng Qatun1 ans for referencing a height of the screw and for
co-axially gilgﬂl%g | ongi tudi nal axes of the bit and the screw. 13. A

met hod for plcklng up a screw and engaging a head of the screw conprising

t he steps vi di n aratus hayin sl eeve anpd ri pper
ext endi ng he sﬁ"g‘ eaﬁf"gS tﬁgspaﬁﬁar]ﬁf us Fﬂ‘?‘ba]cbnf" reWt%ht%ne‘gﬁégé’edﬁ‘ t he
screw, andrenigsapglihediens ohet RG serewrby acddisd t D8gt R OrdPPBHerW th

the sl eeve wherein closing of the gripper is dependent on retraction of
the sleeve. 14. The nethod as in claim 13, further conprising the step of

encasi ng aehit whih 4hgaslaaye, akhe pit1B80l, wherein the gripper
and the sleeve include at least a pair of chamfered
surfaces that releasably abut for enabling non-

pivotal, linear actuation of the gripper.

7. The apparatus as in claim 6, wherein the pair of
chamfered surfaces releasably abut when the sleeve
extends from the apparatus the pair of chamfered
surfaces translate further extension of the sleeve
into widening o©¢f the gripper, and wherein when force
further extending the sleeve substantially ceases to
act, the gripper c¢loses and the pair of chamfered
surfaces translate inwardly bilased closing of the

gripper into retraction of the sleeve.

8. The apparatus as in c¢laim 1, wherein gripping
portions of the gripper provide a substantially
spatially distributed three-point grip around the

head of the screw.

9. The apparatus as in c¢claim 2, wherein the
encasement of the bit by the sleeve provides a wvacuum

path.

10. The apparatus as in claim 2, wherein the bit and

the sleeve are substantially cylindrical and coaxial.



rotatabl e about a longitudinal axis of the bit, |ongitudinally extendable
fromand retractable into the apparatus, and rot at ably couplﬁgwaq ﬁ%br?g
torque driver for engaging and transmtting torque to the hea of e
screw. 15. The nmethod as in claim 13, wherein the gripping step includes
when wi dening the gripper outwardly away,31 March 2004 23 from a

| ongi tudinal axis of the sleeve, the gripper is dependent on the sleeve
ext endi ng fromthe apparatus for receiving or releasing the head of t he

screw, andiyhengy é@&sgégpﬁﬁf<£ﬂ¥§gdhy Lawards, the. ! graly

axi s of the sleeve the gripper is de nt "on the sleeve retractlng into
t he appar aths f@rllg]pepplprrgﬂtnhiae hem@l@&netrftars;:rewrffa@eSThéonetsrt@dap&&gn

claim13, conprising th ste of disp D9 rippin portlons of
the gri pper%ﬂpr g{a rralrn%tloaseenog ?Sﬁe §I ee\?gfl an?fsha bi tgg}f-gg plgckl r‘?g up “the
head of therscltewe andnext enldlsngaricem fhemapparat usnganddpnetlr uakhg befyond
gripping potti o:is of the gripper the end of the bit for engagi ng and
transmtti E;‘ (T ®to the head of the screw. 17. The nethod as in claim
14, further conprising the step of biasing resiliently the gripper to

close inwardly, 18. The nethod as jin cI aim 13, further CorﬁP” sing the
step of abufti nahleel%ﬁgﬁﬁla§utghea§rljﬂberc A t he STREYEINT dr QctfdtHERRY t he

gripper. 1@urthemeidorthdssi Archabrcld herpid £be abuttifg an upper
surface of the head ¢f the screw for providing datum means
for referencing a height of the screw and for co-axially

aligning longitudinal axes of the bit and the screw.

132. A method for picking up a screw and engaging a head

of the screw comprising the steps of:
providing an apparatus having a sleeve and a gripper;

extending the sleeve from the apparatus into contact

with the head of the screw; and

gripping the head of the screw by actuating the gripper
with the sleeve wherein c¢losing of the gripper 1is

dependent on retraction of the sleeve.

14. The method as in claim 13, further comprising the
step of encasing a bit with the sleeve, the bit being
rotatable about a longitudinal axis of the bit,
longitudinally extendable from and retractable into the
apparatus, and rotatably couplable to a torque driver
for engaging and transmitting torgque to the head of the

SCrew.

15. The method as in claim 13, wherein the gripping

step includes when widening the gripper outwardly away



step includes abutting releasably at |least a pair of chanfered surfaces on
the sl eeve and the gripper for enabling the actuation of the,gpi P&y, 20
The nethod as in claim 19, wherein the abutting step further conprises
abutting releasably said the pair of chanfered surfaces when the sl eeve
extends fromthe apparatus and through,angular resolution of force further
extending the sleeve, translating further extension of 31 March 2004 24 the
sl eeve into widening of the gripper, and when forcefurther extending the

sl eeve sub iall as&s; o L LI pp se d th h gul ar
resol uti on%trg);PrF f%r (::L)éngﬁow dlelglgjby%?{%\fargfyﬁaegs%%eg géi ﬁcghag;f Q%EEB% i lg&[f;er,
transl ati ngepamadatlly dbnasbe ollosivg ektehdingrifpper théoapekradtisonfof the
sl eeve. 21.. The nethod _as in claim 13, further copprising the_step. of

di stributi ﬁéﬁcgrﬁvplprf%goﬁorﬁeiloenasslorfgt %glegr}“?%%‘gr offgrgg%r 5Vi |wrfg gndwhen
subst anti akllyssipat i ahley drsppelrut edwhittiag- pobrt rdgr i phar ouad gtihe dhigedll of
the screw. 22. Th thod as in claim14,, further conprising the st of
provi di ng ﬁ"\ﬁcuﬁ% patfh b%f%\%%ﬁ’t htgh%i 9Pt he 7 eé{%e%‘?g?heo?mttﬁg% as
in claiml4)ddird heeteonprisgndidthe tiepapbaceaxial lns @l ygabpanigheciet and
the sleeve, 24. The nethod as in claim13, further conprising the step of
provi di ng E6F &ferftts Y Siifaces on the sleeve and gripper for stopping

i nwardly biased closing of the gripper at a predeternm ned distance froma

| ongi tudinal axis of the sleeve. 25, The nethod as in claim14, further
conprisinglﬁhe The method as in c¢laim 13, further comprising the

step of disposing gripping portions of the gripper
proximal to ends of the sleeve and a bit for picking up
the head of the screw and extending from the apparatus
and protruding beyond gripping portions of the gripper
the end of the bit for engaging and transmitting torgque

tc the head of the screw.

17. The methed as in claim 14, further comprising the
step o©f  Dbiasing resiliently the gripper to <close

inwardly.

18. The method as in c¢laim 13, further comprising the
step of abutting releasably the gripper and the sleeve

for actuating the gripper.

19. The method as in claim 18, wherein the abutting
step includes abutting releasably at least a pair of
chamfered surfaces on the sleeve and the gripper for

enabling the actuation of the gripper.

20. The method as in claim 19, wherein the abutting step
further comprises abutting releasably salid the pair of
chamfered surfaces when the sleeve extends from the
apparatus and through angular resolution of force further

extending the sleeve, transliating further extension of



step of providing at |least a surface on the gripper for abutting an upper
surface of the head of the screw for providing datum neans fqr régﬁg nci ng
a height of the screw and for coaxially aligning Iongitudin§1h§§ L9%F the
bit and the screw. 26. A tool for picking up a screw and engagi ng a head of
the screw, the tool conprising: 31 March,2004 25 a sl eeve for
longitudinally extending fromand retracting into the tool; a gripper for
gripping the head of the screw, the gripper being non-pivotally, linearly
actuated by,the sl eeve, . repn eni ng d closing.of the gripper,_are
dependent ¥8ﬁ efﬁéﬁ%f%n %%ggre?%gggﬁgﬁ of® hégg?eegg}ppggpec%valj?h%pbit

| ocat ed codxiraldfynrarick r o at abiéngi thien stiheves| edvetanhéneiln thaddd t6S

| ongi tudi nal Ly e ﬁendable fromand retract,abl e hnto t he tool; %_tor ue
driver; an8CfBans™ford e 197 Y ofBe FHoMPRe AWHHRT dFSPE 10 9 he
bit for enga&gi ngrased pransdelt i Bg t OngHe dlo t Ba a heRd fod hegscsew,traand for
| ongi tudi nal l.y extendin nd retracting the bit fromand into the tool.
27. The toBF%ﬁP??VCIEF%P?,a%ﬁﬁﬁeiﬁnﬁﬁ ¥ anStetEhg CHRSETS cdifpri §8%:  an

air inlet genppeeeiivitig Altridessure enpushesvdaving one end in fluid
communi cation with the air inlet, the pusher adapted to translate air
pressure into substantially longitudinal force; a resilient biasing

el ement fopjienabhingetReaprdsher, Q06 13, further comprising the step
of distributing gripping porticns of the gripper for
providing a substantially spatially distributed three-point

grip around the head of the screw.

22. The method as in claim 14, further comprising the step

of providing a vacuum path between the bit and the sleeve.

23. The method as in claim 14, further comprising the

step of coaxially aligning the bit and the sleeve.

24. The method as in claim 13, further comprising the step
of providing complementary surfaces on the sleeve and
gripper for stopping inwardly biased <closing of the
gripper at a predetermined distance from a longitudinal

axis of the sleeve.

25. The method as in c¢laim 14, further comprising the
step of providing at least a surface on the gripper for
abutting an upper surface of the head of the screw for
providing datum means for referencing a height of the
screw and for coaxially aligning longitudinal axes of the

bit and the screw.

26. A tool for picking up a screw and engaging a head of

the screw, the tool comprising:



resiliently biased in a direction opposing air pressure provided by the
air inlet; and a coupling device for coupling to the torque S{Héﬁ&‘ﬁﬁg t he
bit, the coupling device receiving substantially 31 March 20 1

| ongi tudi nal force provided by the pusher and torque fromthe torque
driver and transmtting the sane to thej,gengagi ng neans. 28. The tool as in
claim 27, wherein when the gripper wdens outwardly away from a

| ongi tudi nal axis of the sleeve, the gripper is dependent on the sleeve

extending _.fr | <f.ar. ., L\ o) i n e d . _SCrew,
and when the sglrrgl%)‘};}egr%g?o%gglgilr?\%a%ﬁéﬁ &q%omé/a}F désell‘(f?ﬁgé ?Ségi taugfnié tt’%%(lggl% t he
sl eeve, théngoi pper ticsl:dependent on the sleeve retracting into the tool
for gripping the head of the screw. 29. The tool as in claim 28, wherein
gripping portions of the gripper are disposed proximl to ends of the

sl eeve andabigtrifore rpi ki ngrippihe head hefad hef sechewscarth,t thai dremdet s

extendabl e, fromthe togl an rotrudabl e beyond grippi ng portions of the
or | ppert oPe By aBPRGBING e LORG TG o i ddfe. Ay e { HALSSET ew
30. The toghea8inn spaaiiM@9anvherieigindiecgr itpRergt spp&£Sialrieeidyeiased to

close inwardly and the grippin ortions of the gripper provide a
substantiaPPyex§ﬁ8FF8PIgn&i§Fﬁ%ﬁﬂﬁﬁ?qrﬂgxﬁqﬁﬂ§&e%ﬁ?¢)%ﬁ?ﬁﬁﬁF%ﬁ%lﬁéad of

the screw. 31. The tool as in claim 30, wherein the gripper and the
a bit located coaxially and rotatable within the
sleeve, wherein the bit 1is longitudinally extendable

from and retractable into the tool;
a torgque driver; and

means for transmitting torque from the torque driver to
the bit for engaging and transmitting torgue to the
head of the screw, and for longitudinally extending

and retracting the bit from and into the tool.

27. The tool as in claim 26, wherein the transmitting

means comprises:
an air inlet for receiving air pressure;

a pusher having one end in fluid communication with the
air inlet, the pusher adapted to translate air pressure

into substantially longitudinal force;

a resilient biasing element for enabling the pusher to be
resiliently biased in a direction opposing air pressure

provided by the air inlet; and

a coupling dewvice for coupling to the torgque driver and

the bit, the coupling device receiving substantially



sl eeve include at least a pair of chanfered surfaces that releasably

for enabling the actuation of the gripper, wherein the pairéﬁMc
surfaces rel easably abut when the sleeve extends fromthe tool £y

angul ar r
chanfered surfaces translate further extgnsion of the 31 March 2004 27
sl eeve into widening of the gripper, and wherein when force further

0
esolution of force further extending the sleeve, the pair o

ar

extending the sleeve substantially ceases to act, the gripper closes
t hrough angul ar. .resol ut i of  farce provided i nwar.dly hiased cl osi
the gri ppergl,zlm%ltll:ncé:l dsplgll‘—’l;jf 019£ﬂ Chanf &r'et ls‘%’? acb S tt?%a/tenslpéltseheignmﬁrn&f y%bolra%%%l

abut
red
rough
f

and
ng of

cl osi ng of firlen grivgpeprionto detvact kon ofrdhenskeewe. 32 Jhretaa @Esein
claim 31, wherei.n the sleeve and the gripper provide conpl enentary
surfaces fo6r95CopiA AF * Thwardly bi ased cl osing of the gripper at a
predeterm ned distance fromthe |ongitudinal axis of the sleeve. 33.

t ool

surface fof

as in

%Iai 32, wherein the gripper_ further conprises at |east a

abut eng" ™t GSpet™s§ of r t R e o Sie SREeW FigPer

provi di ng wdate® meanwafer v eheeeNct Pgna heighly iefudies schew and £f ofhe
coaxially aligning the |ongitudinal axes of the bit and the screw.
SCREW PI CKSUe eASPARATUSI AbBPEEcti SAf eppaf ablis OPort ik eShWeEHea TNl &Y i ver

for enabl i rgoRi GlndiPrgbia s36r eve A0dy i ggoagemNte Hf i ipadh of nbhe o evpids
di scl osed. The apparatus includes a sl eeve capable

screw, and when the gripper closes 1inwardly towards the
longitudinal axis of the sleeve, the gripper is
dependent on the sleeve retracting into the tool for

gripping the head of the screw.

29. The tool as in claim 28, wherein gripping portions
of the gripper are disposed proximal to ends of the
sleeve and bit for picking up the head of the screw
and the bit end 1is extendable from the tool and
protrudable beyond gripping portions of the gripper for
engaging and transmitting torque to the head of the

SCrew.

30. The tool as in claim 29, wherein the gripper is

‘resiliently biased to close inwardly and the gripping

portions of the gripper ©provide a substantially
spatially distributed three-point grip around the head

of the screw.

31. The tool as in claim 30, wherein the gripper and the
sleeve include at least a pair of chamfered surfaces that
releasably abut for enabling the actuation of the gripper,
wherein the pair of chamfered surfaces releasably abut when
the sleeve extends from the tool and through angular
resolution of force further extending the sleeve, the pair

of chamfered surfaces translate further extension of the

The

A



of longitudinally extending fromand retracting into the apparatus. The
apparatus further includes a gripper for gripping the screwd g
gripper being actuable by the sleeve wherein w dening and closi ng 0

gri pper are dependent on extension and retraction of the sleeve. Fig. 3

27

sleeve into widening of the gripper, and wherein when force
further extending the sleeve substantially ceases to act,
the gripper closes and through angular rescolution of
force provided by inwardly biased closing of the gripper,
the pair of chamfered surfaces translate inwardly biased

closing of the gripper into retraction of the sleeve,

32. The tool as in claim 31, wherein the sleeve and the
gripper provide complementary surfaces for stopping
inwardly biased closing of the gripper at a predetermined

distance from the longitudinal axis of the sleeve.

33. The tool as 1in <c¢laim 32, wherein the gripper
further comprises at least a surface for abutting an
upper surface of the head of the screw for providing
datum means for referencing a height of the screw and for
coaxially aligning the longitudinal axes of the bit and the

SCrew.



