; yze3espl . 6TGN( WO 03/ 051557 PCT/ GB02/ 05661 ' The invention relates to a -
met hod of fastening, using fasteners such as those described in US Patents . :

4642010 jpd 0$6948P3. to which the reader is referred for Péﬁdiﬁz,@%kground
to the present invention. On such prior art rivets, a clanping force in the

conponents hein oi ned is achieved by deform ng the head of the rivet so
as to nove HH@ IWMMMH part of the héad towards the tail end of the
rivet (clal 01993). I .ﬁN this is that in
practice, to acbiewe the desired o et head under goes severe
deformati on - the head geonetry typlcally I's 120 included angle

count er sunk defo 0,c formduyring inst IIalon of
Che r vt ( coltbaiaenioh fedtes fa mefpd 5B TasaoeaySng pSiers ALt s HgSt
conpl et e i nvegsiRiBe®in UBPAERE 46920M0 driti 47001903, 8 wehitttheathéatis effemehioeni ng
or damagi g t he protectlve coating 15 which is normally applied to the
rivet e.g.9zi Hte backgreHed iyt ﬁlpﬁéél‘t'BYeé\t'Prr‘rg Al so, to sone customers the
resul tant conical head shape is not acceptable froma cosnetic point of
view. On prior_art rivets on applications where it is not n cessar

desirabl e to ProsueePiYr artatifatnga cfarmied jfericain ey FomBRORGRIT e‘ﬁSsJo%?

non- def or m ng ,AQadBYddIemiine the (Hegd Bme?weﬂ éd"@s t6 rﬁ’@SveuaSraﬁI?a(n9L 88@) parl. bﬁthe
present invention seeks to reduce the need rovide different ?e5| s of
fast eners for hgadiqwards thedaib ghd ghine; duet K‘&'Hg‘ 4 8EHSa47§899® ‘SB@/ PERD qn?rtﬁ’ﬂgved

resul ting@s ftlﬂ§§efﬁ?tr?|9§ractlce’3@o achievElRe bBMRArbAMN, ﬂfeOrWeﬂﬁééd UiritieRjtRs @bvdrk S
aspects, a 0 fasteni'ng one or nore apertured menbers to an
apertured wor dpfogpationas tethendt ggametrycfyicaiivt 'Sof‘zﬁ)%é"cwﬁén%l’@f epuntarsunk,

Further prefe f 8.
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manuf act ured an
15 which is normally applied to the rivet e.g. zinc plating or nickel plating. Also, to

some customers the resultant conical head shape is not acceptable from a cosmetic
point of view.

On prior art rivets on applications where it is not necessary or desirable to provide
20 clamping of the joint, a rivet which has a non-deforming head may be used (column
7, line 7 of US 4701993).

The present invention seeks to reduce the need to provide different designs of
fasteners for use in different applications, and also to provide improved resulting
25 fastenings.

The invention provides, in one of its aspects, a method of fastening one or more
apertured members to an apertured workpiece, as set out in.claim 1 of the
appended claims.

30
Further preferred features of the invention are set out in claims 2 to 8.
Embodiments of the invention will now be described, by way of example, with
reference to the accompanying drawings, in which:

35

AR

*159159*




use; Figure 2 is a side elevation) partly in section, illustrating an early
stage in the 5 installation of the fastener of Figure 1 in a workpiece;
Figure 3w osw¥is&) in section, simlar to Figure 2, showppg,dddgnsayp! etion
of the installation; 10 Figure 4 is an enlarged view, in section, of part
of the installed fastener; Figure 5 is aezgraph showi ng the change of thread
pitch on the installed fastener; Figure is aview, in section, of the

Froure 7 i s &g einb Agvana < afe KFnGR o ReitPebat it FOF RS paBIE .

illustrated iyseFigure 6 20 Figures 8 to 11 show, in part section, the
. progressive stages of the fastener of Figure 1 being installed in a joint
in which a non-rigid nmenber is attached to the workpi ece al so showi ng part
of one form ofigires? as laasideneleytionapartly imrsdcfiong ulfustratl®y o ddlysstage in rihepar t
- section, the _ErOEr.ess%)\ﬁe stages ?_.f thi.fast ner of 25 Figure 1 including

part of amot HBstakioRobie;fARtPasn At ayre LA MATREChei ng installed in a joi nt
in which a gap between the joint nenber is closed by the fastener.
Referring to Figure 1 a fasteneyr 10 has an.el ongate shank 12 of. ge ally
cylindri cal s'ﬁﬁ%@ %l‘ﬁjaé/@%dﬂaqeﬂ}orbrﬁ"ﬁ%éﬂ%@ﬁﬁ%@"ﬁwmgﬁgeecr?ﬁ’p?ﬁt'ﬂa Qﬁgé%l end
of the shank)instiitftion; 30 external surface of a part 16 of the shank is
formed with a screw thread 18. The thread 18 is of V shape in
cross-section, and provides a crest 20 at which its flanks neet at an angle
of, in thigs eﬁf?ﬂn@mﬁ%,en@ge@ﬂéwﬁ@eéwnaﬁ dfwemseiled Retenbread the flanks
forma substantially V shaped trough. 35 The fastener an axial bore 22
t hroughout the shank and head, the bore being substantially constant in
di amet er, butrpanaig aa%rﬁﬂﬁlgﬁcﬁwiﬁgﬂﬁc%n@é of tARabi pieh EMthe instifed¥st0RdHPS7 3
PCT/ GB02/ 05661 The fastener iIs made from carbon steel and is harder than,
for exanple, alum nium magnesium and a variety of engineering plastic
materials suchggs @‘i&gtvié\:ﬁriﬁ‘s‘écﬂﬁ?{ loPHIRC RisteneMBf Fldutd 1 dAleddR éjﬂéikr)lé@et 0

5 The materral of the fastéener is sufficiently

ductile ftr thaviRghataperas hdeidef ormed by radi al expansion to an extent such
that the major dianeter of the shank (that is the dianeter taken across the

crest of the thread) after expansion is greater than before expansi on by at
| east the depFigutsf7 tsrrgraphshawingdhe variation in thread pitch of the fastener illustrated in

Figure 6;

i nstall thefagtener. ; G

20 Figures 8 to 11 show, in part section, the progressive stages of the fastener of
Figure 1 being installed in a joint in which a non-rigid member is attached to the
workpiece also showing part of one form of installation apparatus; and

Figures 12 to 15 show, in part section, the progressive stages of the fastener of
25  Figure 1 including part of another form of installation apparatus, being installed in a
joint in which a gap between the joint member is closed by the fastener.

Referring to Figure 1 a fastener 10 has an elongate shank 12 of generally cylindrical
shape and a radially enlarged head 14 at one end (the head end of the shank). The

30 external surface of a part 16 of the shank is formed with a screw thread 18. The
thread 18 is of V shape in cross-section, and provides a crest 20 at which its flanks
meet at an angle of, in this embodiment, 90°. Between adjacent turns of the thread
the flanks form a substantially V shaped trough.

35 The fastener }\as an axial bore 22 throughout the shank and head, the bore being
substantially constant in diameter, but having a countersink 24 at the head end.



Referring to Figure 2, the fastener 10 is installed by neans of apparatus
conprising a mandrel 26, an annular anvil 28 and nmeans (not shown) for
grlpplng‘gaqyg%LL;ng the mandrel axially relative to the agyideo2dseihe
mandr el has an el ongate stem 30 which is able to pass with cl earance
t hrough the bore of the fastener, and an enl arged head 32 at one end of the
stem The mandrel head 32 has a conical ﬁ%pering portion 34 in which the
di aneter of the mandrel increases progressively away fromthe stem30 to a
di aneter substantially greater than that of the bore 22 of the fastener,
and leads to 'I&ule?@ﬂtemé\ﬂ&fnfédﬁrfﬂﬁﬁ EarBG? Bkt aNisIHardsr trﬁd’lﬁfd;]rea&éniple, nmhmh%mheh
. cross-sectional shape of the mandrel is circu shown, or, e the
Shape of & 1 uRAEAUE 20 oh Varate ShenaineRTITc: PRSI BiPtS B Py e Fst EmeR ec)
The annul ar  aptkpiedBinAicHpin nilght Bk desifsibte enstdll thB rautgierwhi ch the stem of the
. 25 mandrel_ can be passed into engagenent with the gripping and pulling
means, and an abutnent face 40 at its forward end. In the enbodi nents

illustrated iTheinatéri@FofthkFadidndrhe s@ﬁU'&ﬁW&uéﬂ?&ﬁ)rltﬁe Ehak. tol b ddierneatbpgi ment
illustrated in Figures 12 to 15 the abutpent face has central recess 42

of general | 'y TBdiat e@@ﬁepnéenansqxeaésuem@ab%maJPrsdlamﬂeae theoHignk (Betigthe of

its axis, beidigmb@F [ﬂ@n%rds@"ﬂwesﬁﬂbt'@mh?éadl) anér kpandén BGrehtbchanbefore
i dentical to each other and co-operate together to formthe whole

anvi | . The | cAxbaasien Qléﬁb'leaﬁlfée é?@ﬁ@fﬂ?d@efi? of the axis of the anvil to
allow a fgstener, or a succession of the fasteners, to be fed forwardly
through the separated jaws and al ong the stem of the mandrel towards the
mandrel head I@e‘errtﬁngdoé-J re Reliefestenas J8ds instpliied by MesRs ofiappasalys cemprsing

fastener int REWNY RE ofi BHd BBiMRg f ace
d0. w0 03 HEE0ER 280t PEAYIPERA D GREMRhS otk RO f6F g oK PEAG o
fasteners in the mandest aslaleSt%ﬁiNB@thF&nM'é sane as that used in repetition
riveting. Thus, the fastener 10 is fed on to the stemof the mandrel so

that the stem extends 5 through the bore 22 and the mandrel head 32 is
adj acent the The mapdeel 26 base an alongata stem 30uvhichiis eble tharass witidcirptance he

stem of t hewnq%ﬁsi{gﬁ ethé)%ﬁnl%' Sfdnk MspLER ér[bﬂarf@ﬁlﬁ@%ﬁ hedd 30 dtReddhdids tﬁ@&t%m

engagenent reans so astener i s between

mandr el head 'ﬁmjmanérehbead@mas aceonigd taperingepostion 34 in Mhigh thediametesofghe
further faste t stem
behi nd the an@?ﬁ&rer eax&a%?}ﬁfbér#@%e@ avJagff '@ﬁﬁﬁe n%éﬁog‘ég%béﬁ@?e‘?%\%gﬁﬁtt}@y

posi tion bet wgreater Itlmmatjmfethe tbeeaﬁ%mﬂtherfestamrt Mteaﬂaéea@pmeweahdonmate The

f ast ener r o the
wor k 15 and tﬁéﬁo#g hea and cﬁﬂﬁe C'Q%%t% L'Hidﬁg Qﬁ%@ c?ttﬁésn{ﬁé?rga'rggﬁrsg?'t

t hrough the agsshawrg OBtmayfbet the shep® of amtﬁatmekagcm t The apodnelisdormaedofon he
wor kpi ece 52 ﬁﬁ“‘% sh@gtegpwl pushes the head of the fastener into
engagenent w e near ‘face of the nmenmber 48 and, in turn, urges the
menber 48 into abutnent with the near face of the workpiece. The |nstal i ng

e . THEBBRP 30 A"y ab. b, BARE o Ry 0 A5 08
whi | e t he2fheanhaafiret ban be passer intocsermgagpmentdittip thet gre)pmmmlhrfgam@am, ante
anvil . an abutment face 40 at its forward end. In the embodiments illustrated in Figures 2
to 11 the abutment face is flat. In the embodiment illustrated in Figures 12 to 15 the
abutment face has a central recess 42 of generally part-spherical shape. The anvil
is divided longitudinally of its axis, being formed of two semi-annular jaws 44, 46
30 which are identical to each other and which co-operate together to form the whole
anvi. The jaws are separable diametrically of the axis of the anvil to allow a
fastener, or a succession of the fasteners, to be fed forwardly through the separated
jaws and along the stem of the mandrel towards the mandrel head 32, and can then
be closed together behind the or each fastener in turn so as to co-operate again to
35 provide the abutment face 40.



It will be appreciated that the tapered portion 34 of the mandrel head

| eads the cylindrical portion 36 into the bore of the fastener and as it
does so |ygaREssihe 25 shank progressively fromthe tail epgdpoyededs t he
head. As the expansion of the shank progresses towards the head of the
fastener there cones a tinme when the cresf 20 of the external thread 16 at
the | eadi ng edge of the progressively expandi ng parts of the shank first

engages the e i

mater il A e ety miavbeeto e (s Rl SRR Wi ccome
substanti aI I yad thatagbedlin regeltitiorbdvetipgr eci at ed t hat the degree of penetration
. of the threads into the workpiece material is a function of the expanded

di aneter of the fastener and the dianeter (d~) of the aperture 54 in the

wor kpi ece, an‘chash&te faﬁenaxﬁaisde@lodit@ﬂmtstemaﬁ thehmahdret smthat tHaSstem dxtelnds is a

- function e d f th of t he tene |naI
i anet or (12 MUGhABE b A2 i B atediet Brd 52 s neioatDt RSRERES of A festine?

%I i g_dri cal bdﬂ?u&&fdlﬁé%%?e 538’351&1@&’@%65&&% gﬂhtﬂteﬂ)paéiﬁrag%rddgﬁ tlmpahrsfege Eeadd
e di nensi on an a ted .to provide, a ree of threa

penetration iiﬁ of thee a\MEH'B? &@a%mﬁgtw‘ﬁbﬁ@ PHling magans o30 Ef}?éq@gé?si?ﬂefﬁ%i ght

of thread 18.pekbén theehfidreiNali @nfittdiautPentFasd AT 6f the aheillai ns at the root

58 of the V shape trough of the expanded thread. If dinensions d~, d2, d3 5

and d4 were such that the root 58 were conpletely, or nearly conpletely,

filled wi{gh WRLHKPAIRESS fﬁﬁhé*fhé‘tbner@ (ﬁ&%ﬁé\ﬂ#ﬁrﬂby al thé%@memnﬁmbé aﬁg&éedﬂfnetﬁé ure
within the fastener material at the nt of expansi on e r%gwred

This has two $iReRghingbihe Wﬂé@?@y tq:lpngqgne ghreti |ta'l°uﬁﬁlth‘? WQ’SI'B@(P Kop he
- mandr el woul getiBers e RgmABH <28 land MBbumeAtTasd Bithe @Alige the stem 30 of the
mandrel to be overstressed. Secondly, it 10 coul d cause the shank of the
fastener to elongate during installation. Thus the nmenber 48 woul d not be

securely cl a”‘lPﬁéjfés%nEP‘?O \emié%&seaste‘éamwthbh@swmﬁ gbéae&ufs@ssaﬁé}ea 1o tTJaaNork
di rensi ons d~ and d3 and the ang of the conical tap erlgrg portion 34 of

the 15 nmaHir efnthérgd “’)ﬂné@ éTQé‘é‘taﬂﬂ WCPP"!'%tOf tthe fastenarearsi Psﬁdetk‘ﬂéﬁﬁl e part
of the shank gherhii@s5h %ﬂr@r}ﬁémfaerrfé ama&ﬂfé abeﬁu E‘(g'tﬁé wofkpidis 52QIniPhece

and t herefore becones substanti a I xe efore the axial pulling

|
| oad of the namwrwshe%&%bga%om?lasmérm!nenaagﬁﬁmerttdwaxﬁhsmeﬁr sanepefeidg t he
fastener. 20 m%ﬁbgpﬁéta'rr]\ﬂemqgrd f&rdé&%é"?ﬁé?ﬁd "4%|hﬁ> étﬁﬁﬂenmw% ﬁé%r?ééeocw the

fastener to expan erture V\At an antial radia
constrai nt. THesvarkpiees. abha @statbﬂg anearésusasmt!@a acmeéﬂiowﬂtthe)mae@remmgh t he

menber i Spgl i %tfbé’teﬁ&r fhes &rg@ﬂ%ttﬂéehégqatg‘?ﬁ agareﬁmomy@ﬁ@nagpa kRBudtitni t hi n

t he morkplece Sl on ect o thls
unconst r ai nedb@mpremgmamhead efithe fas@naptsrsugp@'tqstbm tge mhutpent face of the anvil.al
reduction in length of the portion of the fastener shank contained within

the menber. It will be appreciated that even a small anmount of |ength
reduction in, Itfwll bexaprseciated thalstheriapersd rmertian &4 &f the orandraldiead ipads thesul t
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f orce bet ween ast ener and i S nhecessary
to sel ect28i nmehaikopregressively frodBtr@Ota&mddawarGSﬂhe)hed@ Asf the caxpansigrepetheat i on

of the expandgﬁawﬁa égfa“@?fsowmde&%{; Yhéret QYiesCh AAR ngce

and any tensi or C the 1T nsta astener in service) Wt ho
causi ng stri pprest2@6f mhextemaéétmgad 16 atrthe lea@m edgamﬂtrtwpregtpéwe‘rxenxpanﬁmg a

o mensi ons. wi PRI G AT Shetie e} Endils e AL 7 dotclided B2 ol nedted
wor kpi ece of embed ristgribeiraterialt hAtathis. painthihieodxial dasitienexf thel enpageditireads

0370515575 PhILFOGkea by ficed.

It will be appreciated that the degree of penetration of the threads into the workpiece
material is a function of the expanded diameter of the fastener and the diameter (d,)
of the aperture 54 in the workpiece, and that the expanded diameter of the fastener,
35 in turn, is a function of the diameter (d;) of the bore 22 of the fastener, the original
diameter (ds) of the shank of the fastener, and the diameter (d4) of the cylindrical




to which a steel nenber 4mmthick and with a 6.3nm di aneter hole, is
attached by the fastener, using a nmandrel of dianmeter 3.5mm (d4). The

di nensi oRgo@siRe ' fastener being: dianeter of bore 22 i scgcBamie6H2) ,

di anmeter of shank (dianeter over crests of thread) is 5.3mm (d3), length of
shank 16mm thread pitch 1.Om In 5 this case between 30%to 40% of the
thread depth is expanded into the workpi ete. This |s nore than sufficient

to support an ten | oads i on .t he fast rin Vi ce, act
the retentio i‘i ?H‘?t wAagre) e ‘ﬁdT%P'ﬂﬁné@Bs s apé\;{élare Fel?cﬁ?%;
penetration l;ﬁoﬁué i ddgedd of PireUsehetrbford AR emanmpnewpt Hotemoreathie halk lbain t he

threads to strip, cess ve_t ensi a p

i nstal | ed fastf‘%ﬁéf?r\gﬂifs@t OFﬁT aPO & x A &8 ef”lnggoq:' g‘ Erﬁ?a{:%%gu%f“?'gs 8bpl i ed
to the instalthedodtEs 6Mpe vV énarpeetm Ioethe! ékﬁahee@aﬁ@ad/\hﬁrdanarslmww@ ant

. hexagonal head mandrel is used cplg\ G%wwrenc is u t he

torque whith ¥u&e¥ereruch ﬁ?%é’ﬁf’s“{% §t“ﬁ"?) qripeg \‘:8‘%@"'8'#% ﬂ@edew:t
recommended npykpece maabiana rtﬁnéamnm Q/feryl hi@hetﬁdlaVQ}e%@ﬁreSWitIﬁWt}w feedrier ( in

this case an M6 setscrew, . 8). course, be real i se
that the thrBatesgl ?tp%‘ﬁdbo'%o fq%?@aﬂﬁﬂn t"‘f?é"dpg?lre%‘ﬂfedt e]r‘;g'ﬁvg@sl %’Sd’qﬂeﬁﬁra@%pend
to an extent éi‘l‘bc@q:lﬁyf{?liﬁé aSZFcal P@fiEIBEd of R ahdreewolid el @iﬁ@bﬁdﬂdﬁﬁlm ths

engaged in the workplace, this in turn being determ ned by the thi ckness of
the menber orwhighiseight %isﬁgthatsf%ﬁ’@@ ttBet"ﬂ@’%rtF?ptP%Q\éers‘if‘?ssﬁﬁs Jrcendiy:otind
that the '&iﬁ@kéqfé of%éqaa&ﬁbr%aéeﬁgaé'o%hhgsnéiaa%m b%ughﬁye are
mai nt ai ned when ast a gth of shank™is engat}; in the
wor kpl ace, t haember A8 wauld n@kémﬂeéUTEWnﬁlafW%% tQ H’te wertpiace 432 Py theeingtalled n,
that is less { 5mmin the exanpl e above, 25 then in order to obtain

t he cl anpi ng e?%ect whi ch is produced when the threaded position adjacent
the head of the fastener expands wi thout radial constraint) it may be
necessary to r t yalC . For
o Fast oner  of " pHidheRor U Ok 8 drghe E kel aplng REERIMNARE,

with a thl&knmaedref beatbar@rqﬂlegteﬂucm thahthe nmresswlyrﬂ@ab@ne Pé@}@f H‘eoﬁhaﬂh'm
woul'd be 30 syfhb t}u Gh&Bher AR ac{ah B9 tHe? mEfeﬂleﬁ e VHE%?IMH S ek diGle Rbofbst hat

portion of the ener con ace renal ns
subst anti al | ysuhstarttnellwaxlallmﬁxed sbefore)ﬂm axiat pulling doad of heomaedreleaehes 2 t he

thread pitch ﬁ‘gg@&' S@J %%Ld :—B&I fn@?esg te@g{%e{:ont ained within 35 the

menber 48 has reduce quo 94mm This effect is
illustrated by the graph shovvn |n Fl gure 5. WO 03/ 051557 7
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wor kpi ece is Ek@%gwaﬁ% gne exilggerLI {:en% ?@g%réxgéﬁﬁ?igltp'uﬁgosg ol?l-é t
i |lustratR®n. cdiee ah awiak restustiof int leagthafttbe eortindofaipe fastererashank ebeteined such
t hat th f 1 ni all t
neertod ful | JATREBo RETRET o i B epRecklpdHCE e f il SB8GH Rndf |
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e Terer £ ol 85 % P, Bk A RS BN oM e
prior to instaf tr%tfamnmsandlﬂﬁf wertkpiebs.oUtgib rebessapetd snzlectl dimehsionsedih e, dand

into aperture 6 t e Workpi ece eend th S

cont acts tt"ﬁe £9 Qi‘ Predpe s %aﬁteoéé’ﬁ&?tf%"r ?Wﬁ”{d 3‘2@33&%5’?{%%@
menmber and t heuwrkmisemnpmg lherteyvemia dniydemsiiofete appliddhte the mdtatiéd fastener in
fastener. In this caf}e t her naﬁ he a eﬁh 8f penetration of the expanded
"t hreads, on pSFtENW 'ﬁ°"51°%ﬂ'%9§ BRARS OGPBAERYS0 t han 50% of the thread
depth, and because this will result in excessive radl aI constraint of the
fastener as it ﬁgands j n i S region n be atlﬁns of .t he shank

inthis regi ot beRR g@%'a YeoX Hb&“ﬁ n%tfﬁgt?'e?f P Séaé"%[ﬁe ur e
having a 35 t apmufactiied titresd Dildwikg anédworexwmrmﬁchohamttaaentenm mahheron
72, can be 1.03nmm_ However as the aﬁerture g @ S

the top face dfhendnstalledipaerkpiece pheast HROAPS s‘%ﬂ‘ﬂ?n@%
reduces, the depth of thread penetration may reduce to Iess than hal f of
the thread depth. The overall effect is for the installed fastener to

reduce in length and therefore to provide the required clanping force onto
t he nmenber.



30 In applications where the nenber to be attached to the workpiece is
manuf actured froma non-rigid material, such as an elastoneric material,
the reduglh@seiRss ength of the fastener which occurs duri pgridi@insee
installation process has the effect of conpressing the nenber as shown in
Figures 8 to 11. As in the previous case,.a fastener is entered through the
aperture in the nenber and into the aperture in the 35 workpiece in the

same nanner - 2V i it | A ; rol. i e 8)
o "an ol ast orr TS B eRBSC AR od wthis &3 bigheli FRR! s(Ehecedty ©\
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menber angl the 20 workpi ece. Wien the gap is small, the foreshortening
effect of '®he rivet shank, on a rivet accor di ng to this invention, may be
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head; and thirdly that the axial novenment of the periphery of the fastener
head, relative to the shank, is sufficient to cause the menber to nove

towards the WOyHg thE Metisbrid B S thi tRRGE Id8ANERA. 5§ tIRTBRhEE Hbowd, t he

invention will now be described in detail with reference to Figures 12 to
15. 35 £ othepsinssgerotopebtaindne ciaming effect which is produced when the threaded

position adjacent the head of the fastener expands without radial constraint, it may

be necessary to produce a counterbore in the aperture 54 of the workpiece. For a

fastener of the same construction as the example quoted, and a member with a

thickness, for example, of 1mm, then a counterbore depth of 2mm would be
30 sufficient.

Referring to Figure 4, the thread pitch 64 of that portion of the fastener contained
within the workpiece remains substantially unaitered, that is 1.0mm in the example
quoted. However, the thread pitch 66 of that portion of the fastener contained within

35 the member 48 has reduced, in the example quoted to 0.94mm. This effect is
illustrated by the graph shown in Figure 5.



Referring to Figure 12, as in the previous case, the fastener is entered

t hrough the aperture 50 of the nenber 48 and into the aperture 54 of the
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of the mandrel through the bore while the head of the fastener is supported
by the abutment face 88 of the anvil. During the initial phase of the
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fastener will have head profile as shown in Figures 14 and 15, i.e. one
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the hole in the workpiece is non blind, and even if part of the threaded
shank of the fastener projects beyond the end face of the workpiece, renote

fromthe \D@%gmﬂtﬁ'; he fastener. 30 In the exanples the mange¢plcisashol S
illustrated as being of circular cross-section. It will be appreciated that

a mandrel having a head cross-sectional shape which is polygonal, to
provide a plurality of wenching surfaces; and which provides an equi val ent

seen that thofeatche SRAIRY ePpllan i I lesaiBred HFEF pofietph | P°
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rivet, WL hehheaol) ;EPntpi’@seé yﬂastlcally_deﬁmn nihe  témaioingr ﬂseadse SOai(H:igm'ed 10{) drbe
rivet ich is effecti.ve in cl.osing an aps .whi c e, present between

[ he homer be b EReH LS 1 I e futh e Rodie AR iR Fibeg Bhd°

wor kpi ece1d n wei adsistarica stbedeformagioh fliRe i glsdterhéred nadnther d Ae tid farcadttiaral
which is less, hard than the teri al %T‘?ithe ri Tﬁzg‘%bvet ' i_nt ended

ivet. |
for 15 use | nnaasesmng mandcd|diead i Rl camtnis el aninughaas bifespldfe EPRRL | cs.
The wor kpi eceastid fdtavethanis ap ealse farthert foreshbdhind6f thbdadterndr shbek [n thet can
be inserted, preferably with % 31 ni num of.,.. cle'aranc,egperi Phﬁra I f the
shank. The apé?mﬁrr%a”s“ﬁ\éﬁ? depsiogd previrystyo| Bhig\ARUSES AR /NEEaRe N iRe Qnet er
or with a shabkhomne2@eimdae74t iARjed! 119f ahw|c@hsdtfueAtidlcirthyr eawmpieggion Nof the
al um ni um or magnesi um casti ngs. The nenber ich is being attached to the

wor kpi ece1dy Beéfvet shoul d have an aperture which is larger in dianeter
than the expanded di aneter of the rivet. 25 The invention is not restricted

to the details of the foregoi n%ce_xa |l es. For exanpl e, .t he bore,(%f t he
fastener used!Rasgbgen fond iy psiclics Hhalifeioms APRICEHeNS there &3P gxist a \§ep

03/ 051557 12 GbfNedh the member and the workpiece which cannot be closed by the normal
pushing action on an operator engaging the fastener into the member and the
20  workpiece. When the gap is small, the foreshortening effect of the rivet shank, on a
rivet according to this invention, may be sufficient to close the gap and to create a
clamp force in the member. In those applications where a larger gap between the
member and the workpiece might exist, a rivet as described above can be used in
accordance with the present invention in conjunction with an anvil 82 (Figure 12)
25  which has a recess 42 in the face of the anvil which abuts the head of the fastener.
The geometry and depth of the recess 42 are configured such that firstly the
appearance of the finally deformed shape of the fastener head 84 (Figure 13), is
acceptable from a cosmetic point of view; and secondly that the degree of
deformation of the head resulting from the installation of the fastener is not so great
30 as to damage the protective coating on the head; and thirdly that the axial
movement of the periphery of the fastener head, relative to the shank, is sufficient to
cause the member to move towards the workpiece and close the prescribed gap.
This embodiment of the invention will now be described in detail with reference to
Figures 12 to 15.
35



PCT/ GB02/ 05661 1. A nethod of fastening one or nore apertured nenbers to an
apertured workpi ece, an aperture of the or each nenber being aligned with

an 5 apenign8oi@si he workpiece, which nethod conprises thecgicgos
inserting rnto the aligned apertures a fastener, said fastener being forned

of ductile material and having a head, a §hank and an axi al bore extending
t hrough the shank and into the head, said shank being circunferentially
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that the head will deform to the reqmred extent at a mandrel pulllng Ioad wh:ch is

greater than that which is necessary to produce the engaged thread portion 90
(Figure 13), and less than the maximum pulling load required to pull the mandrel
head completely through the bore of the fastener. As in the previous case, the
25  portion of expanded fastener shank contained within the aperture 50 (Figure 15) in
member 48 does not have the radial constraint of that portion of the shank which is
expanded into the workpiece. As in the previous case, the effect of this
unconstrained expansion in aperture 50 is to cause an axial reduction in length of
the portion of the fastener contained within the member, resulting in a clamping
30 force between the head of the fastener and the workpiece. It will be appreciated
that on many applications where a member is required to be fastened to a
workpiece, several fasteners at different locations will be used. As some of these
locations there may be gaps between the member and the workpiece, such as is
shown at 86 (Figure 12), whilst at other locations there will be no gaps, depending
35 on the particular member and workpiece. On such applications it is obviously
desirable to use identical fasteners and the same type of installing equipment at
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&S10%0& () - 93 HYORe( InskM&@Sfabtener. [t will be appreciated that if the member 48 is

manufactured from a plastic material, for example nylon, or polyurethane, then the

periphery of the head will deform to a degree under the influence of the reactive

15  force on the anvil and the force resisting deformation of the member. In this case

the fastener head will not deform to the extent shown in Figure 15, but will deform to

some degree intermediate between that shown in Figure 12 and that in Figure 15. If

the member 48 is manufactured from -very soft material, for example rubber or

plastic foam, then it will have a low resistance to deformation and the installed

20 fastener will have head profile as shown in Figures 14 and 15, i.e. one that is
determined fully by the geometry of the recess 42 (Figure 12) of the anvil.

The embodiments described above show the example fasteners installed in blind
holes in the workpiece which extend beyond the end of the fastener shank. This is

25 not essential as the fastener will function in accordance with this invention even if
the hole in the workpiece is non blind, and even if part of the threaded shank of the
fastener projects beyond the end face of the workpiece, remote from the head of the
fastener.

30 Inthe examples the mandrel head is illustrated as being of circular cross-section. It
will be appreciated that a mandrel having a head cross-sectional shape which is
polygonal, to provide a plurality of wrenching surfaces, and which provides an
equivalent amount of ductile radial expansion of the shank, may be used.

35 It will be seen that the foregoing examples include the provision of a method of
fastening which produces a high clamping force in the joined members without the
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10  towards the tail end of the rivet which is effective in closing any gaps which may be
present between the member being joined and the workpiece.

It will be seen that the workpiece in which a fastener is to be installed should be of a
material which is less hard than the material of the rivet. The rivet is intended for
15  use in soft metals, such as aluminium and magnesium and in plastics.

The workpiece should have an aperture into which the shank of the rivet can be

inserted, preferably with a minimum of .clearance peripherally of the shank. The

aperture should be a blind hole which may be of uniform diameter or with a shallow
20 taper typical of holes produced by casting in aluminium or magnesium castings.

The member which is being attached to the workpiece by the rivet should have an
aperture which is larger in diameter than the expanded diameter of the rivet.

25 The invention is not restricted to the details of the foregoing examples. For
example, the bore of the fastener used need not be uniform in dimension along its
length.
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least a part of the screw-thread is within the workpiece, and then, while
supporting the fastener at the head, drawing into and entirely through the
bore, in the direction from the tail portion to the head, a tapering, enlarged,

15 mandrel head capable of expanding the bore, and thereby enlarging the bore
evenly throughout its length and causing ductile radial expansion of the
shank sufficient to case the external screw-thread to embed in the workpiece

and the shank of the fastener undergoing ductile axial reduction in length.

20 2 A method according to claim 1, wherein ductile axial reduction in length
takes place after some portion of the external screw thread on the shank of
the fastener has embedded in the workpiece.

3. A method according to claim 1, including deforming the head of the fastener,
25 after the screw-threaded part has engaged the workpiece, so as to move a
radially outer part or parts of the head of the fastener in a direction towards
the tail portion of the shank, and thereby clamping the said other member of
members tightly between the head of the fastener and the workpiece.

30 4. A method according to claim 1, including, while expanding the fastener,
changing the cross-sectional shape of the bore from its original shape to a
polygonal keying shape which provides a plurality of wrenching surfaces
such as to permit keying engagement and rotation of the fastener by means
of a suitable wrenching tool after expansion.

35
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7. A fastening when achieved by a method as claimed in any of the preceding
10 claims.



