0 5 MAY 2005 WO 03/051557 PCT/ GB02/05661 1 METHOD OF FASTENI NG The
invention relates to a nethod of fastening, using fastﬁngr@ Ységbg as those
described in US Patents 4642010 and 4701993, to which th ‘Q is referred
for 5 the background to the present invention. On such prior art rivets, a
cl anpi ng fYPI¥%¥% he conponents being joined is achi e&d’E8 24%6br ni ng t he
head of the rivet so as to nove a radially outer part of the head towards
the tail end of the rivet (claim4 of US14701993) One problemwith 10 this
is that in practice, to achieve S ) lt, the rivet head undergoes
severe deformation - the head g gﬁ@&ﬁis 120 i ncl uded angl e
countersunk, which is deforned to 1200 conical formduring install ati on of

the i vet, (COpAY e FoRUeid ARt S ARIO0N, ol 8ol SRRERCbS, 2

conpl ete inversion O I'S ca weakeni ng
or danmagi ng th@qunmdeouaxﬁatemaﬂﬁ%wand\m@ﬁ% do ndbichethe yeaderpk ireferradofor he ri vet

e.g. zinc péatﬁa%aa{grdquh{?'f@ﬂhe éé"“[}ﬁ"’ [@r some customers the resultant

coni cal head shape I's not accepta oma cosrretl c point of view On
prior art rivets on applications where it is not necessary or desirable to

provide 20 cl@Apiues prBr taRerivetd, ¥ claﬁrpfngvﬂﬁceV\ihl 8 d&ﬁﬁmﬁeﬁi@fbeﬂgfﬁlhéﬂ g head
may be used (col um

1993 The e i nvention seeks
to reduce the Aeuyed BV%%@W%*KBB?%C?&WWBE%Q %fr‘g meye afﬁéﬁ@%i}egpqrbq e in
di fferent appl hezattowards thendil ahd of the ripst golaiched ohPs AvetbasesOhé broglen?ith

fasteni ng. She B hisFLn bERbucd. BacRie s 2R S 4 cPRAPEL TSR A08® o set
out in clai mdefgmatitre— the fwad egtomety typicall0 isFIZQ° hieclugadeéngle eclintarsunity es of
~the invention gg, %g«gef&gfed' 3 Fioa'cﬂﬁicéf f15rﬂ1 §unn§“§ﬁ§%§lla?f8ﬁ“o§ i nJeP?%drﬁb\éF‘é“' on

will now be descri exa
acconpanyi ng dlflgqmﬁagnd i4r<pf w|$| 459199§§5 &lgrqpmeggggpomplete lnversmn of the head

form. This can have the effect of weakening or damaging the protective coating

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 diiferent 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



WO 03/ 051557 PCT/ GBQzZ/ 05661 2 Figure | is a side elevation of one form of
the fastener, as manufactured and before wuse; Figure 2 is a side elevation,

partly in section, illustrating an early stage in the ﬂﬁrMA‘g%aIZl}%ion of the
fast ener of Fl%grel in a wrkplace; Figure 3 is a view, in section, simlar
to Figure BOO¥MHi ng the conpletion of the installati oPCTi@BRIYke 4 is an

enl arged view, in section, of part of the installed fastener; Figure 5is a
graph show ng the change of thread pitchZon the installed fastener Fi gure
6 is aview, in section ast.ener, of . Fi urel

o kppece. 15 R bl S0 HerRlE LR o g erefi & Gphlitdhy i btofe
variation in tusejead pitch of the fastener illustrated in Figure 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 t iguree2 idor Rige eddevations pashionissgtioparliusioiingran fashynstage imteal | ati on

appar at us; San%sl:dllgﬁéfneo?thlﬁaétéheléf BORW id é‘w@n"kfm’écéeﬁ ion, the progressive
stages of the fastener 25- Figure including part of another form of

instal lation apparatus, bel ng |nstalled ina joint in which a gap between

the joint menpejurd 8 i€ hosRY ifxedtion, Sindrasdigurdef sHowingtheQcolipgtiere of the f ast ener
10 has an el onl_%%tl ttonhank 12 of generally cylindrical shape and a radially

enl arged head' one end (the head end of the shank). The 30 external
surface of a part 16 of the shank is forned wlth a screw thread 18. The

thread 1819 b PRSI A EEId G oa U BiRM e oG oot 20 2t uhich

its fl anks Bet ween adj acent
‘turns of the thread the flanks forma substantlally V shaped trough. 35 The

~ fastener has Fyurs ﬁ'ad?@dhesh%%mbméwﬁhééﬁftﬁrbé‘d SieARK tRNHstiRadastddep bore being
substantially constant” in dianeter, but having a countersink 24 at the head

end. 0 5 MAY 2005 WO 03/051557 PCT/ G802/ 05661 3 The fastener is nade from

carbon steel @&npgrd 6 ihan@es i Safion, fob thechsstaidreaf FajuraT Nhsidiled iMB gweipidte and a

variety of en%\ﬂr?gear‘{apgreglhoetl c materials such as mght forma

Figure 7 is a graph showing the variation in thread pitch of the fastener illustrated in
Figure 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 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 Bas 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.



wor kpi ece in which it mght be desired to install the fastener. 5 The
material of the fastener is sufficiently ductile for the rST@ nw\Xo%@g
defornmed by radial expansion to an extent such that the j i ter of
t he shank LS the diameter taken across the crest ead) after
expansi on W@ %é%er t han before expansion by at | east Té&gﬁm%‘{%iof t he
thread. 10 Referring to Figure 2, the fastener 10 is installed by means of
apparatus conprising a mandrel 26, an afnular anvil 28 and means (not
shown) for gripping and pulling the mandrel axially relative to the anvil.
15 The mandrel 26 has an elongate stem 30 which is able to pass with
clearance t hridedsteneeisioade fiim careorf siedl aneis, hasded than, fonkxanuiad alvediiur2 at one
end of the st t r n 34 in
whi ch the di agn'rl;sgt éuraggﬁ @@Qgﬂle@%ﬁgnﬁcr ggggﬁasﬁ@ma?e%ls stef ésr}gl\%ay gr%m t he

mandr el es progressi vel
stem 30 to a diogtacein whigsit Alght be fssired fodastall the fasfenehat of the bore 22 of the

fastener, gnd Ieads to a somewhat elongate 20 portion 36 of the head in
whi ch t he cro shape of dr circul a as s or
mmy be t e ShalgE RS PLE enee R Aren IRz e e 15 i aerBrs Shi g
tensile steel radrdnexmnslmhaﬁ aARyieht 26h tas tremajerd didmetesefaige sidBk (thatdsigle whi ch

the stem of t o, 25 JRAJERLs 6ANDF RS R BhO ROSRRSIPOL M b bltGra0! | PPI NG

and pul li ng neans, then ace t he
enbodi nent s |Ieb<mnsmatbe@tbast|ﬂneﬂﬁp§sof2heth@ad | the abut nent face is flat. In

t he enmbodiqgent illustrated in Figures 12 to 15 the abutnent face has a
central recess 42 of generally part- quggerl cal shape. The anvil s divided
1 ongi t udi nal | yRefaming 8 Figures2, tb%fﬂ‘it}"?’ instslled W)m%'?ﬁ of SRRARIPHE CPERISING4, 46 30

“which are i derthéirelt2s, sRahnur@ii 20 EnyVieahs (Bt SHWNR TR grPEIRS B/ pdikhgf or m t he
whol e anvi | The?{ﬁvys afi&. %ﬂecalg@g' e |arretr| cally of the axis of the anvil
to allow a fd&M Py YN of the fasteners, to be fed forwardly
t hrough the separated jaws and along the stem of the mandr el tovvards t he

randrel hegd 3o AIRG8 1ot ol O86Ha ARRHNEToRC sl If 8ko

f ast ener |n turn so co- oper ut rrent face

40. a 5 WP 2Mwmgbpmﬁwamr@mmgmed head 32 at one end of the stem.

The mandrel head 32 has a conical tapering portion 34 in which the diameter of the
mandrel increases progressively away from the stem 30 to a diameter substantially
greater than that of the bore 22 of the fastener, and leads to a somewhat elongate

20 portion 36 of the head in which the cross-sectional shape of the mandrel is circuiar,
as shown, or may be the shape of a regular hexagon. The mandrel is formed from
high tensile steel.

The annular anvil 28 has an axial passage 38 through which the stem of the
25 - -mandrel can be passed into engagement with the gripping and pulling means, and
an abutment face 40 at its forward end. In the embodiments illustrated in Figures 2
fo 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
anvil. 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.



The apparatus may be used to install fasteners in a manner substantially the
same as that used in repetition riveting. Thus, the fasten r%%@}\]{i gggged on
to the stemof the nandrel so that the stemextends 5 through the bore 22
and the napgr, d 32 is adjacent the tail end of the but
out si de the t())g)Psel,gﬁgnd with the stemof the mandrel passi%?{;ﬁdr}%(gh t he
passage 38 of the anvil into engagenent with the pulling neans so that the
fastener is between the mandrel head and the abutnent face 40 of the anvil.
10 A plural i t yrpf aobifatdShay B LSIHEH skl FhstSAVR)a BN sub it Be bafie De

di sposed on the stem behind the anvil, ready to be fed one at a tine

t hrough the j a3%ftyeed paepetitishriveleg-ween t he mandrel head and the abut nent
face of the anvil. The fastener 10 thus associated with the installing

apparatus is fered to th r 5,and t mandr. e and tajl portion
oF Phe 1 ast enelfia B defereLdo AiFS an i pRaent ] RRREBl R e Smiblencfs anc

i nto the aper tthroaghthedord 22ambihé piaadre! eadB2tis adjadeat thataili dndplithedastdniee head of
the fastener | t Wi I f d, in
turn, o ges. ¢ Ht SuSBIRRIRRE anlivi 1) e SFlhe A5 fre? sk BELFERE ol

wor kpi ece. The3§ afsthal anvihdntapgngegament ivdthtthe rpullieg meeessl soohaluthe fastenemdndr el

through 20 t heydhithRehandrBiifeal bANRGARNBA P hbgnandrel into the tall
end and through the bore while the head of the fastener is supported by the

abutnment face of the anvil. It will be appreciated that the tapered portion
3;1 o]f t he fmnd«glhrda@@ﬂfdémadﬁstéms (rmylsricmh?] hﬁabtmersamﬁmm%eidsbese‘dhfla t&?re ofh
the fastener a S, .i 0es.sQ _expands,.the . 25 shan ogressively fromthe
Larl end towar e Brind, R8I I5 brg at € imp SR FRIeEBEtY | onar s
t he head of t hetieesttenmandrabdread apdrthe abutmentfavhefithe arevil. cr est 20 of the
external thread 16 at the |eading edge of the progressively expanding parts
of the shank first engages the material of the workpiece 52 and begins to
embed into theThedpdenad1l thys asspaatpd Wik theriastalina.arngtya ip offerst tq e Woitgaged
g hreads ffﬂb bﬁe{?ﬂ”‘f?e &hw@tnﬁsaaldﬁm fag >§)@_ﬂion|dftﬂ;i]% |fést$h§r %P@'éﬁl%l'e%'; @rbubhake t he
egree of penetrati e threads.into r ace nmaterial is a
function of tk?é’eg'fﬁgﬂcfgh"edpgﬁéﬁréﬁ 385' t%&lefaggrglg\é\gfl °gh'ﬁ V‘f‘ﬁﬁ'ﬁ"‘ﬁ?%ﬁé‘f’{é'rthe( di) of
t he aperture Sahvi pushes thehkad efcthe fasieher lirdd ehgememeptiwitte thednemndcerof diie t he
fastener, 35 i j nEi Al e 22 of
t he fastener, rﬁ%ﬁéwor? |Bgd|n§’a tI"léll'f g@égghrezfd@@é? "?tﬁgatbgﬁqaeﬁg%%? R{ehréegffggggﬁer, and
t he di aneter (thayorspieeseThe/instaling anparagusds el actoated tomiligle mendysithrough
PCT/ GB02/ Off56 line fastener, thus drawing the head of the mandrel into the tail end and through the

bore while the head of the fastener is supported by the abutment face of the anvil.

it will be appreciated that the tapered portion 34 of the mandrel head leads the

cylindrical portion 36 into the bore of the fastener and as it does so expands the
25 - - shank progressively from the tail end towards the head. As the expansion of the

shank progresses towards the head of the fastener there comes a time when the

crest 20 of the external thread 16 at the leading edge of the progressively expanding

parts of the shank first engages the material of the workpiece 52 and begins to

embed into the material. At this point the axial position of the engaged threads
30 become substantially fixed.

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 fasténer,
35 inturn, is a function of the diameter (d,) of the bore 22 of the fastener, the original
diameter (d;) of the shank of the fastener, and the diameter (ds) of the cylindrical



portion 36 of the mandrel head. The di nensions dl, d2, d3 and d4 are
selected to provide a degree of thread penetration into the wor ce of
not nore than half of the overall height of thread 18. THuS, MA‘éfﬁﬁ ing to
Fi gure 3, 26 remains at the root 58 of the Vs of the
expanded t‘ﬁ?éga)@ﬁ%lf di mensi ons d1, d2, d3 5 and d4 were suc éo{zﬁka%{wt he root
58 were conpletely, or nearly conpl etely filled wth workplace nmaterial, a
consequential very high radial pressure i thin the fastener nmaterial at the

poi nt of expag%lhgﬁ S%O%tﬁie %Fﬁr@ﬂﬁ’éadeq’hem& Qﬁ gan%rﬁf&;ré?p sSlect gé E ects.

Firstly, the oad on the correspondl ngI y high
whi ch ni ght cam@,\@etamdeme@f Bmeadfpemfeatmmﬂ@me W@kmeceoneT%m@e@ hal§etondl vy,

it 10 could Cath@@véré\?hé’@ﬂ’bktf%adtﬁe 'flﬁétr%fé?ﬁngtt@ Fﬁ’duﬂ?gaé epéierser}anb.nssgtal lation.
Thus the nenb be securel wor ka ace 52 by the

instal l ed fadb@rot 58 ehibed( phansitioHeh ‘Efth%ﬁéPaﬂ Eﬁ’ﬂeﬂdhé" diRgnsionssds¢ fredconi cal

tapering p@tiaa d34verd sicdhahattiie wBNSY wbreRmpletdle osaéa@tmp&mh filldtawitht he
progressively ex t he s sten f|r t en gages t he

d
e or b of NP Gt JraeBAL b eBheraDeeal B pich rete kAL it 4 PrFar Ty
fixed, before ndierisgat #e peih dfrexphnsiotd wiuld be requidde| Thissbahbe mdealmjple t ude

suf {1 cf ent {0 kel HieifORRSaAdIRG I ThaREfrand Kif BOBSHEG PR e

menber 48 is large eno e fastener to expan
aperture w t hovichamight %@?éh@ istem BQaf e mm@z‘irtalhﬁtOVefﬁffaéseﬁheSQﬁpléﬁ%t"er of

t he expandgd t&ﬁl@%u@é"ﬁﬁe‘ QﬁhnﬁQ)f‘Mé FHsfénérhf% &&F&&% dhrﬁ'tgslhétgﬁbttxbﬁ( |Tﬁ[1:9%fe than the
di aneter of the thre &%tlo cﬂ (g_l% B @/
~di mensi on' X np\emlplrég Would nqf,be é?qué‘;é)f CB’P"p? F‘%ﬂ"t?n‘ﬁ (=N Hﬂéex‘ﬁétﬁ don within

" the aperture Géstérert o 25' cause an axial reduction in length of the portion
of the fastener shank contained wthin the nenber. It wll be appreciated
that even a small amount of length reduction in, for exanple, a fastener
manuf act ur ed fliherdirsensigng daiant ds epdiitite @ngleaothihglzonivalitageriog poios Bk of dter ess

whi ch i N t4g N edrai ﬁﬁacf‘a@'s@fécﬁ!j%m gk tﬁggrosréagawwzbatnta@g peRey tthsh%ﬁke 4 da

f ast ener and th ace IS necess to sel nsl ons
30 and d4 to pﬂf &ﬁfaéte%‘ifffﬁtcﬁ%?ﬂesﬁ%gﬁFe&PH erfh%?"ofkﬁ@%ﬁbﬁﬁ’@&ﬁ"r?%%ﬁ nto the

wor kpi ece to sabpafily blblly fledpifee thebRial pdivg BAY of GRSInbRIréIGEaeaRp! i ed to
~the installed fas causi ng stripping of

t he-t hr eads. I"?agﬂét% ebsé‘glﬁ'e%tﬁﬁé'a{%/mm?beéf%?te?%at a fastener of the present

exanpl e and 35 manufactured with the follow ng dinmensions will function in

the intendgd RRRNGLAEENN iHRShahbds idiafse BioliRh BFSI0RT G RilenBPENESAHAM Wi th a
5.42mm hol e di aneter i
within the aperture without any substantial radial constraint. Thus the diameter of

the expanded thread portion 60 within the member is slightly larger than the .
diameter of the thread portion 62 within the workpiece, as shown by dimension 'X' in
Figure 4. The effect of this unconstrained expansion within the aperture 50 is to

25" - cause an axial reduction in length of the portion of the fastener shank contained
within the member. It will be appreciated that even a small amount of length
reduction in, for example, a fastener manufactured from steel, will result in a high
value of tensile stress which in turn creates a high clamping force between the head
of the fastener and the workpiece. It is necessary to select dimensions d;, d;, d;

30 and d, to provide sufficient penetration of the expanded thread into the workpiece to
support this clamping force, and any tensile force applied to the installed fastener in
service, without causing stripping of thethreads.

It has been found by experiment that a fastener of the present example and
35 manufactured with the following dimensions will function in the intended manner
when installed in a workpiece of cast magnesium with a 5.42mm hole diameter (d)




5 MAY 2005 WO 03/ 051557 PCT/ GB02/05661 6 to which a steel nmenber 4rrmth| ck
and with a 6.3nmm dianeter hole, is attached by the fastengrS MAYi 2

mandrel of dianeter 3.5mm (d4). The di nensions of the fastener bei ng

di aneter o is 2.76nm (cl2), dianeter of shank (gl over
crests of r??’g{?tal)sg"lzs 5.3mm (d3), length of shank 16mm t r 62&%‘%6% 1. 0mm
In 5 this case between 30% to 40% of the thread depth is expanded Into the
workplace. This is nore than sufficient "to support any tensile |oads

i mposed ont hetofvafidhen@gel infemiste BvinCiick btﬁtl W4 613htn BIRMERE haw, i9bitidhed bpst ener

R IR et A
excessive tensia!sﬂnérdmﬁg: slianedri of dhoteo22 Ise2 T@mmatl)ediafnatet efefiankAtliametef or 10
exanple, if a | JRLeRiciOf Qs BPALICA AR D Rl ShAll Bbaf AShENGH . for

exanple, in th case where’an eq exag ona ’hea drel is used,
and a hexagdonathis qmeheiweersmfééqﬂo%m‘éﬂnettmfead mﬁw axhansed deto theswarkpiesehr eads t o

strip is well s f%f %héafsuffrcré tl’besﬁgmqgné@ﬁaﬁy%ﬂds%%ﬁ%é@st&t‘?&r%e of the

equi val ent 'screw or set screw, gra e O
course, it wil$erfes r'éa{?‘it %mﬁ‘?ﬁ?" efifae fastenardn She WorkPiReR 2td 'aLﬁé/e'a?fdhr?%
pul | - out tenSI ﬂ)éi‘letrbﬁbﬁds %fhd:nerd@&élﬁetﬂﬁb fabtefertte Miptard, fafier HEAUNS thedads &t ener

shank (i.e. e whi ch e i.N turn

bei ng det er m n tp: B@‘%Pﬁ@ %Xﬁ?%fyﬁég ll%%%gﬁ%ap%%&edpstﬁgﬂg%ﬁ@ebeﬁﬁg @'ﬁ t ached
to the wor kpl a@ampld if hdightbeieg tofqerislagpiied totthein@@lledfasterhdr gfdr éxasipleniarthest r engt h
characteristic dg i e t I he

| engt h of the c:an %ésggn @R%%ﬁt %)&Wgﬁévl\megbl ace dPé] E %Ed Elf?oﬂﬁt | s&senfa

" 8nm Wen t he wWiengeis uasl, if@nghetyrqunwhlchtcﬁ@esﬂ@ thregés forsiip liwslirmeweﬁssﬁte exarrpl e

above, 25 thefle rdboRfridffied eaﬁmalngntbmﬁ% 5 ulvareht sehivEdl Hoft (IRtduced
when t he threaded 0si t| on aCé]H%§%5] ead of he fastener expands
‘be

e
wi t hout r adi al “¥S8A8 fMEAekscrew, gr necessary to produce a counterbore in
the apertut® 54 of the workplace. For a fastener of the same construction

then a count or Barel v Ss RaffRd et e higd sybdhd KRGRSnd REpfEIM e O T o
4, the thread lpad ol demendfto eh gxtepianttheamaint pHesterartsbark (i.e.dhe lehgtbwhich
is engaged in the workpiece, this in turn being determined by the thickness of the
member or members being attached to the workpiece. It has been found that the
20 installed fastener strength characteristics described above are maintained when at
least half the length of the shank is engaged in the workpiece, that is in this example

8mm.

When the member 48 is very thin, that is less than 1.5mm in the example above,
25 . . then in order to obtain the clamping effect which is produced when the threaded

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

be necessary fo produce a counterbore in the aperiure 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 unaltered, 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.




wi thin the workplace remai ns substantially unaltered, thab ﬂ)}“& aml n the
exanpl e quoted. However, the thread pitch 66 of that por¥i f

f ast ener @gr&% @ed within 35 the nenber 48 has reduced, iBctfeBosssaP! e
gquoted to Admm This effect is illustrated by the graph shown in Figure

5. 0 5 MAY 2005 WO 03/051557 PCT/ GB02/05681 7 In sone applications it wll
be preferable to use the fastener in workpieces in which the aperture, for
receiving the fasteners are produced by a casting operation. In which case,
the apertures will preferably have a taper (or draft), the angle of the 5
draft being tmﬁQﬂ}ﬁ agphlca%prtSd willbe preferabls treuseTthe fastenesrie wogmiacss ipwhisknt

i nvention wl ernking to
Figure 6 and {erirare, d0r REaiviahs oyt e Buted Bl S g‘?’e@% g
aperture 68 |whtchecam.rlhp|@9éture§ wuﬁrmeﬂﬁrahlytmvana éaqu@r dradigy a@@gler@‘rthehe

purpose ofgi | h*%ttat%é?ﬁdnﬁ@ﬁaw‘? & g‘f‘v“ﬁfcﬂx@ﬁeOfThet &eh@ﬁ&ﬁﬂ%c?réééﬂ%ﬁ%ﬁti#rﬁuare

sel ect ed such t e ‘case a mninmum-t ness
f ast ener can functions satistactonily ip suchoa ttapered| hole tRef@mngnthrFﬁw@rﬁcend the

ot herwi se the teh r %m ﬁﬁﬁ f. the
wor kpl ece andﬁ%ﬁs@éb@g@ﬁr hgﬁ?fhe%%%pﬁ OIB Cré@gﬁh i éegﬁﬁ tv¥1 aés%t'%ner
Figure 6 showshm\fvrewithnanalxhggbrafadltamelforftm puﬂpesemf illesteations & he diménisidns ofihen
the 15 fasteper o) ein
the member ande ARG psbaneRalecise ShiePy sfgh BRFELEE AL o EmpidtReiied v
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deptth? penetration of the expanded threads, on portion 72 of the shank, greater

20 than 50% of the thread depth, and because this will result in excessive radial
constraint of the fastener as it expands in this region there can be elongations of the
shank in this region. On the example fastener installed in a workpiece aperture
having a 1° taper, the thread pitch on the expanded fastener, in portion 72, can be
1.03mm. However as the aperture progressively enlarges towards the top face of

25 the workpiece, the radial constraint correspondingly reduces, the depth of thread
penetration may reduce to less than half of the thread depth. The overall effect is
for the installed fastener to reduce in length and therefore to provide the required

clamping force onto the member.

30 In applications where the member to be attached to the workpiece is manufactured
from a non-rigid material, such as an elastomeric material, the reduction in length of
the fastener which occurs during the installation process has the effect of
compressing the member as shown in Figures 8 to 11. As in the previous case, a
fastener is entered through the aperture in the member and into the aperture in the

35  workpiece in the same manner as previously described. In this case the member 74
(Figure 8) is an elastomeric material. As the mandrel head is drawn through the




30 In applications where the nmenber to be attached to the workpiece is
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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 15), 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



25, which has a recess 42 in the face of the anvil whi cg gt}\g%,s b head of
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20 careful selection of the geometry of the fastener head and the anvil recess, such
that the head wili deform to the required extent at a mandrel pulling load which 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




20 careful selection of the geonetry of the fastener head and the anvil
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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



peri phery of the head will deformto a degree under the influence of the
reactive 15 force on the anvil and the force resisting deformation of the
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The rivet is i
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.



15 use in soft metals, such as alum nium and magnesium and in plastics. The
wor kpi ece shoul d have an aperture into which the shank of t %%We% an be
Inserted, preferably with a m nimum of -clearance peripherally shank.
The aperture should be a blind hole which may be of uniformdianeter or
with a shallow 20 taper typical of holes produced by casting in alum nium or
magnesi um casti ngs. The nenber which is being attached to the workpi ece by
the rivet should have an aperture which is larger in dianmeter than the
expanded di aneter of the rivet. 25 The it®ention is not restricted to the
details of the foregoing exanples. For exanple, the bore of the fastener
used need ndela®s uniformin di nension along its length. MAY 12 Cains 1 A
nmet hod of fastening one or nore apertured nenbers to an apertured

wor kpi ece, an aperture(ﬁf the or each nmenber being aligned with an ag rture
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and to expand the bore, and th erereﬁ/ enl ar bore even hr oughout
its |ength and caitsinteqwerkpiese. apd fhene ﬁsﬁ'uﬁﬁwﬁf‘g e fagheneak atsﬂ]?f*ﬁ? ent to

cause the extern@lravﬁﬁg RS ArY &tiebly BrUBReRE bdte iR e MFeRdrE®em athall Bertiod BNk  of
t he fastener derg%l ductil e axi al reductl nin length. 20 2. A nethod

according to d af &r EaPRTRR, c Enlprgedx imandred Rad BRI narF%WﬁE‘ht% X8y pl ace
after sage porti @ompfest litte shdnkiohie fastemsy Hebwencth® mahbel héandndothe isbifport

at the fastener head, and to expand the bore, and thereby enlarging the bore
evenly throughout its length and causing ductile radial expansion of the shank
sufficient to cause 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.

25 3. A method according to Claim 1, wherein axial compression of the shank takes
place after some portion of the external screw thread on the shank of the
fastener has embedded in the workpiece.

4, A method according to Claim 1, including, if appropriate, deforming the head of

30 the fastener, 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, thereby to close any gap between a

member and another member or the workpiece and/or, if one of the foregoing is



fast ener has enbedded in the workpiece. 25 3. A nethod according to Claim1,
wher ei n axi al conpression of the shank takes place after sonme portion of
the external screw thread on the shank of the fastener has enbedded in the
wor kpi ece. 4. A nmethod according to Caim1, including, qﬁ @g\gr oBri at e,
deformng the head of 30 the fastener, after the screwthr $art has
engaged the workplace, so as to nove a radially outer part or parts of the
head of the fastener in a direction towards the tail portion of the shank,
thereby to close any gap between a menb& and anot her nember or the

wor kpi ece and/or,  i.f 0 f e faor i i Y. 2005 or. le, to
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cross-sectional shape of the bore fromits original shape to a polygonal
keyi ng shaped.whi oh metbed dassording| ter &lldimy 1 ofindudinge Whilg expandiog sthe Ufiebteners t o
permt keying en " [ [Waty t A a4

sui t abl e% enchi %%gﬁ%ﬁ#] % ltagjrsggégrghgll %Iﬁ;pélégetg.gaoktr?rerﬂ?#ogyaoggorgﬁ?fﬁ%et8 Taims
wher ei n sai d pol yRebisanalikeyinaghaprpbich Previdas apluglity efgureaching Rurfraes spch A

met hod as cl ai medsi g é’é?%itqe%ﬁwaeer@%&ﬁght%dcnlo?étigﬁ1of'tHe W& r el &l a
expansi on of the shank of the fastener is such as to provide a degree of 15
penetration of tHitadawkenshig tea)afiea®ansion o t he wor kpl ace of not nore than
half of the overall height of the screw thread. a. A fastening between one

or nore ertured ne rs and an ertured workpiece when achi eyed a
et hod dl ol od MRTRRACEH G GV G IR S8 0AORBRES KoEnG Sheps is that of &

regular hexagon.

7. A method as claimed in any of the preceding claims, in which the radial

expansion of the shank of the fastener is such as to provide a degree of

15 penetration of the shank's screw thread into the workpiece of not more than half
of the overall height of the screw thread.

8. A fastening between one or more apertured members and an apertured
workpiece when achieved by a method as claimed in any of the preceding
20 claims.
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