WD 03/095848 PCT/1B03/01782 - 1 A BLIND RIVET The present invention is
directed towards a blind rivet and nore particularly to a blind rivet of
t he head woaakoisype whereby a nandrel head is ejected fromcrhBoyilvet body
5 after setting. Conventional blind rivets conprise an outer tubular shell
or body having an enlarged flange at -orie -end, together with a mandrel
associ ated therewith, such mandrel conpris- ing a cylindrical stem

extendi ng through the tubular rivet body so as to be coaxial 10 therewth,
the stem having a radially enl argedrREadPakIVdhe end for engagenment with an
end face (tail end) of the rivet body renote fromthe enl arged flange. The
blind rivet is then passed through a prefornmed hole in a workpiece until
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20  Of this type of blind rivet there are two main types. A break stem type blind rivet
relies on the mandrel head entering the tail end of the rivet body and being pulled
through the rivet body so as to be encapsulated thereby, until the mandrel head meets
resistance as the expanded rivet body engages the blind side of the work pieces,
whereby the subsequent increase in load on the mandrel stem causes this stem to break

25  at a predefined weakened region so that the mandrel head is retained within the rivet
body to form an expanded portion or bulge of the rivet body on the blind side of the
work piece thereby compressing the work pieces between this enlarged region and the
flange.

30  Alternatively, a break head type blind rivet relies upon the mandrel head being ejected
following setting. In this type of blind rivet, the mandrel head has an abrupt change of
section between the mandrel stem and the mandrel head to present a shoulder portion
which engages the tail end of the blind rivet to exert a substantially axial force thereon
thereby compressing and deforming the end of the rivet against the blind side of the

35 work piece to form a flattened bulge between which the work pieces are again
compressed against the flange. Here again a weakened region of the stem will again
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t her eby conpressing and deform ng the end of the rivet against the blind
side of the 35 work piece to forma flattened bul ge between which the work
pi eces arwoagadis4s conpressed agai nst the flange. Here agaiPaTaBie@Ekened
region of the stemw ||l again CONFI RVATI ON COPY WO 03/095848

PCT/1B03/ 01782 - 2 break, but since thz fmandrel head has not being drawn
into the rivet body it is sinply ejected away therefrom when the stem
breaks due to the high reaction force between the deforned rivet body and

t he head. ver,, in bot hese, conventiopal t of blind rivet, a
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enl ar ged head adj] acent I of the body, this head having an outer
di anet er gﬁbﬁ@@r than an inner dianeter of the body, wherein the mandrel

has a uni form conical shoul der extending between the outer dianmeter of the

head and the.stem_. the stem ing further.provided with a ened r.egi on
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100. The€ use of such a conical surface to forma conical shoulder at these
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into the  ayally extending hollow tubular body having a tail end face at one end, and a pre-
formed radially enlarged flange at the other end, the rivet further comprising a mandrel
having a stem which extends co-axially through the tubular body and having an
20 enlarged head adjacent the tail end of the body, this head having an outer diameter
greater than an inner diameter of the body, wherein the mandrel has a uniform conical
shoulder extending between the outer diameter of the head and the stem, the stem
being further provided with a weakened region immediately adjacent this conical
shoulder. Preferably the angle of this conical surface will be inclined at an angle
25  between 91 and 110° to the axis will usually lie between 98 and 102°. Ideally, this
angle will be at 100°. The use of such a conical surface to form a conical shoulder at
these angles has been found to transmit a force, as the mandrel head is drawn into the
rivet body, which has an axial component serving to compress the rivet body and also
has a axially inclined component which serves to deform the tail end face of the rivet

30  body conically outwards of its axis.

It is also preferred that the head diameter of the mandrel head is between 4% and 9%
greater than an outer diameter of the tubular rivet body. For this reason, the rivet is
intended to be inserted into a preformed hole extending through a workpiece/s which
35 must have a diameter greater than this maximum head diameter and which is usually
provided to have a diameter 10% greater than the body diameter. However, the hole



rivet body, which has an axial conponent serving to conpress the rivet body
and also has a axially inclined conponent which serves to deformthe tai
end face wD oBlogssng vet 30 body conically outwards of its &kirgBodi782s al so
preferred that the head di aneter of the mandrel head is between 4% and 9%
greater than an outer diameter of the tubutar rivet body. For this reason,
the rivet is intended to be inserted into a prefornmed hol e extending
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20  Further according to the present invention there is also provided a method of fastening
together at least two work pieces using a blind rivet, which method comprises the steps
of selecting an axially extending blind rivet having a body with a length between 25%
and 55% greater than the combined thickness of the at least two work pieces, the body
also having a known outer diameter, then, pre-forming a hole through the workpieces,

25  which hole having a diameter between 9% and 15% greater than the outer diameter of
the rivet body, and subsequently inserting the blind rivet through this hole; this method
then provides the step of applying an axial setting force to the rivet body by use of a
mandrel head having a conical shoulder, whereby this setting force has'a first axial
component which is exerted in the axial direction to compress the rivet body into the

30 hole and a second annular component to deform the rivet body conically outwards of
its axis. Furthermore, it is preferred that the hole forming step comprises providing the
blind side of the hole with a counter-sunk region so that the conical deformation of the
rivet body is deformed into the counter-sunk region of the hole, so as not to project
substantially proud of the blind side of the workpiece.

35



al so having a known outer dianeter, then, pre-formng a hole through the
wor kpi eces, 25 which hole having a di aneter between 9% and 15% greater than
t he out erwoioaieises of the rivet body, and subsequently i meanBiagrszhe blind
rivet through this hole; this nmethod then provides the step of applying an
axial setting force to the rivet body by use of a nandrel head having a
coni cal shoul der, whereby this setting force has' a first axial conponent
which is exerted in the axial direction to conpress the rivet body into the

30 hol e and, a.second. annul ar conponent .to deformthe rivet body. conj cally
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region so that the conical deformation of the rivet body is deforned into

the counter-sunk region of the hole, so as not to project  substantially
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4 Preferallym Iemnzy, RRINQE: M delto GRIMREOBFardyMy, ARIsBGiVe WaRids ineAldhi-ng of a
blind rivet agcor I'ng to the present invéntion and as descri bed above. The

preferred enbodi nent of the present invention will now be described, by way
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drawi ngs in _which.- Figure IS par,t in | cross-section of a blind rivet
accordi ng tlﬂvﬁrﬁlgnb?sgg‘é(ﬂthr? e%YVPfgﬁR TRt ed t hrough a workpi ece; and Figure
2 is a cross-sediigunalis wcmas-oéctivha siew afitheset bvehybadf of Hee nvey ef Fighirerl .gure 1.
10 Refefying nowto Figure 1, a blind rivet assenbly 10 is shown inserted,

but not set, in a preforned hole 12 extendin&_betmeen tm@ wor k pi eces 14
and 16. Thekefewing ngectedisyre 11abhindiivstastemblndf isohorgdntesied, fuf 8t 5bd9 218
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The ri vfeslt béc%ﬂx}J lfn?%ﬁag?ﬂe%i%:fgm%ﬁe%g%e@%n%%&@g@ bsgﬁi{)etg\l/veen 25% and 55% great er
than the conbi ned 20 depth D of the two work pieces 14 and 16. This depth D

i's comonl yTKefedi® thilt &hde®2 of the rivet body 18, axially opposed to the flange 20, has a
substantially flat end face extending perpendicular to the rivet axis A. The rivet body
length L is predetermined to be between 25% and 55% greater than the combined

20  depth D of the two work pieces 14 and 16. This depth D is commonly referred to as
the grip thickness of a blind rivet - defined as the thickness of material to be gripped
by the set rivet. In the present embodiment, depth L is approximately 30% greater than
depth D. As is conventional for blind rivets, the assembly 10 is further provided with a
mandrel 30 comprising a cylindrical mandrel stem having an enlarged head 34 at its

25  blind end thereof which lies adjacent to the tail end 22 of the rivet body 18. The
mandre] stem 32 is of substantially uniform cross-section area along its axial length
and which diameter is substantially equal to the internal diameter of the tubular rivet
body 18 so as to form a complimentary frictional fit therewith.

30  The mandrel head 34 has a maximum outer diameter defined by a cylindrical wall 36
extending coaxial about the axis A and having an axial length of at least 1 mm. This
minimum axial length of the mandrel head is required to provide appropriate strength
to the head to alleviate the possibility of the mandrel head distorting, or “dishing”
when it is subject to large stresses during the rivet setting operation and particularly

35  when the circumference of the head is engaged with the rivet body to effect deforma-
tion thereof (as described below).



the grip thickness of a blind rivet - defined as the thickness of materi al
to be gripped by the set rivet. In the present enbodi nent, depth L is

appr oxi mewelop/03B898 greater than depth D. As is conventi on®CTfiBe3/@t7g$nd
rivets, the assenbly 10 is further provided with a mandrel 30 conprising a
cylindrical mandrel stem having an enl arged head 34 at its 25 blind end
thereof which |lies adjacent to the tail end 22 of the rivet body 18. The
mandrel stem 32 is of substantially uniformcross-section area along its
axial length and which dianeter is substantially equal to the internal

di aneter of the tubular rivet body 18 so as to forma conplinentary
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the axis A of 100, although this angle of conical angular inclination can
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sur f ace “about an al'1 gnment nec assenbly 10,
whereby the inclined surfaces 15 thereof help align the assenbly with the

hol e 18 as fhe in%m@?ejl Nad NE&NERA id u%'eﬂ' to TeeatTRAG 8: BRAf: dhaBHRS outér
required t Odlgr%etaeg of ?t?esrﬁvedt'%ogyr/ %(? Eil?ewate thi hgz% lgjelilﬁg pulled into the body during the
setting operation, which could prevent the head being ejected after setting. However,
20  this diameter must not exceed 9% greater than the rivet body otherwise too large a hole
will be required through the workpieces to allow the rivet to pass therethrough, making
the filling of this hole difficult during setting (possibly leaving the set rivet loosely set)
or the closer the hole diameter is to the diameter of the flange the risk of failure of the
set rivet increases.
25
Furthermore, the mandrel stem 32 is provided with a preformed weakened region 42
immediately adjacent this conical surface 38. As is conventional for blind rivets, this
weakened region 42 is formed as a narrowed portion of the stem resulting from
squaring off the stem diameter to provide four flats about the diameter so as to present
30 a substantially square cross-sectional area immediately adjacent the head being
thinner, and hence weaker, than the main mandrel stem. Alternatively, the weakened
portion could result from two or more diametrically opposed indentations or even a
circumferential groove. What is important here is that such weakened portion be
immediately adjacent the mandrel head.
35



di ameter of the rivet body to alleviate this head being pulled into the
body during the setting operation, which could prevent the head being
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20  Once the rivet assembly 10 has been inserted through this preformed hole 12 it may be
set using a conventional blind rivet setting tool (not shown) which comprises a nose
portion for restraining the rivet body flange (or head) 20 in solid abutment with the
work piece 16, whilst having a displaceable jaw mechanism for clamping the mandrel
stem 32 and exerting a setting force F in the direction shown substantially by the arrow

25 FinFigure 1.

The application of the setting force F draws the mandrel head into engagement with
the flat surface of tail end portion 22 of the rivet body which, due to its conical
shoulder 38, exerts a setting force having a first component extending in an axial
30  direction and which serves to compress the rivet body 18 towards the rivet flange 22,
resulting in radial expansion of the compressed (reduced length) rivet body so as to
fill the enlarged hole 12 (this radial expansion being outwardly, due to the mandrel
stem being maintained through the body 18) . The conical shoulder 38 also provides a
secondary force component perpendicular to the conical surface of the such 38 which
35  serves to deform the tail end 22 of the rivet body radially and conically outwards so
that the mandrel head 34 does not substantially enter this shortened rivet body which,



(drill bit) which will be of appropriate dianmeter to use with such rivets.
Furthernore, the preforned hole 12, whilst having a counter-sunk region 44
to 15 acwormgiste t he counter-sunk head 20 of the rivet [padyBo3MiFg2 al so
have formed on the blind side region 21 of the workpieces (ie. the inner
side or that side opposite to the settihg-tool) a conical counter-sunk
regi on 46 extendi ng about the periphery of the hole. 20 Once the rivet
assenbly 10 has been inserted through this preforned hole 12 it nmay be set
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with the r ining materi a he rivet body 1n this tail end region
forming a 5SEHEPEEieabrn of the AveiheadAft drrefiRimer wal | (Figure 2) which is
di spl aced into the counter- sunk reglon 46 of the hole 12 so as not to
proj ect extgrnall
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substantially equal to the grip thlckness D, whereby the axially displaced rivet body

20  material has been squeezed into the enlarged hole 18 to provide a rivet body having an
increased body thickness 18’ in this region and which has a substantially conical, cup-
shaped tail end 22’ formed into the counter-sunk region 46 of the preformed hole 12.
In this manner, a substantially rigid rivet joint is formed which does not extend
substantially proud of the blind side of the work piece 14.

25
Furthermore, the angular setting range of the conical shoulder has been determined so
that the appropriate deformation forces can be applied to compress and conically
deform the rivet body in the manner described above. If the angle of this conical
surface was greater than 110 degrees then their would be a risk that insufficient axial

30 Force would be applied during setting and that the head could be pulled into the rivet
body. If this angle was less than 90 degrees then there would be no angular force
component to effect conical deformation of the tail end of the rivet and the mandrel
head is likely to be ejected without the rivet being correctly set.

35 In this preferred embodiment, the rivet body head 20 is shown to be counter-sunk so
that this head 20 is also maintained flush with the outer work piece 16 once set,



region 46 serve to provide such conical spreading of the tail end of the
body. 10 Conti nued axi al displacenent of the mandrel in direction F results
in an i ncweas®ess4s esi st ance force encountered by the nandrehl/ibead7€4 as it
encounters the workpiece 14, and which subsequently prevents further

di spl acenent of the nmandrel head. Contintied application of the setting
force F the increases the stress on the mandrel stemin a conventional
manner until resulting failure of the mandrel stem 32 at the weakened 15

regi on 42. e resul tant re-actipn rc et ween t rivet head 34 .and the
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|l ength L2, substantially equal to the grip thickness D, whereby the
axially displaced rivet body 20 material has been squeezed into the
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above. { gp&k?gg%e of this conical surface was greater than 110 degrees
then their wou e a risk that insufficient axial 30 Force would be
applied during setting and that the head could be pulled into the rivet
body. If this angle was | ess than 90 degrees then there would be no angul ar
force conponent to effect conical deformation of the tail end of the rivet
and the mandrel head is likely to be ejected without the rivet being
correctly set. 35 In this preferred enbodi nent, the rivet body head 20 is
shown to be counter-sunk so that this head 20 is al so maintained flush
with the outer work piece 16 once set, WO 03/095848 PCT/1B03/01782 8

al though this feature is optional and it will be appreciated that the
current invention may utilize a conventional blind rivet which does not
use a counter-sunk head. The inportance of providing the length L within

t he predefined ranges di scussed
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5 above is to provide sufficient material of the rivet body to allow
appropriate deforma- tion of the rivet body to fill the enlarged hole 18
after setworg/oessdsto forma sufficiently robust set-end @CTiBe/o1782et t hat
will resist any applied tensile loading on that joint, but not to result
in excess rivet body material which cann®t—-be accommodat ed by the
counter-sunk region 46 of the hole 18 and may project beyond the blind side
of the 10 workpiece. W 03/095848 PCT/1B03/01782 9 CLAIMS 1. A blind
rivet conprising an axially extendinqggg_ w tubul ar body having a tail end
face at one end and a 5 pre-forned r y enl arged flange at the other
end; a mandrel having a stem which extends co-axially though said body and

havi ng enlarge the tail end of said body, said head having
an outer d?ané?gpﬁggggﬂbﬁﬁfﬁﬁﬁ an inner dianeter of said body; wherein

sai d mandrel haan axially exeandingohplbew tanidnilbedy haying adsihendbiaeoaieeriesadgnd fo

outer diqaneter Igg félqﬁeql Hhga Hlygrﬂgrggalﬂangéﬁr{h@%eﬁ@jdd st em havi ng a weakened
region imediately cent” sai i cal ,shoul | i et as
clainmed in clai %nfn&ﬁtﬁ iRg & i ‘é(ﬁlﬁﬂéqun § 5P &X’(‘:’@Yllt Oé‘lghsgﬁafl%f’glé( nd having) i ned
at an angl e of @Mrg@cﬁme&na@a@hnuﬁe depereDftaids Body, axidsheatlohBingAabl outel ri vet
as clainmed in CCLI tgf%réaateFﬁlagrq;ahner% g_l{g%o%glgtb n 98 and 102 degrees. 4.

A blind rivet ag*gf one 0 ece 'ng cl ai ns wherein sai d
head 20 di amatwhercm pat wasdrel Yas ndurd iz g @ml@d shordderagxtendieg befvgstsaid o

sai d bogly. Amgéﬂ &qmuev%tf 5881 HdAl MROsdid sRY 200 aigf stéhenddiRC 8 didateddal ms

wher ei n sald man has an oyter .cylindrical diameter having an
axial length ofrealonll@&?thaie Yradagent gaid £ojrealishoyldetet as clained in any one of
the preceding clains wherein sald radially enlarged flange conprises a
counter sun o any.on o g;cl ai ms
wherein th ax#gdbhlngﬁa’téh Cflamée 18 %adla’ynrew?elﬁg} ﬁé%ﬁngi%/o 56@%@‘9 gsr%gfa &r° t han

the grip thicknieskned at an angle of between 91 and 110 degrees to said axis.

15
3. A blind rivet as claimed in claim 2 wherein said angle is between 98 and 102
degrees.
4. A blind rivet as claimed in any one of the preceding claims wherein said head
20 diameter is between 4% and 9% greater than an outer diameter of said body.

5. Ablind rivet as claimed in any one of the preceding claims wherein said mandrel
head has an outer cylindrical diameter having an axial length of at least 1mm.

25 6. A blind rivet as claimed in any one of the preceding claims wherein said radially

enlarged flange comprises a counter sunk head.

7. Arivet as claimed in any one of the preceding claims wherein the axial length of
said body is between 25% and 55% greater than the grip thickness.

30
8. A method of fastening together at least two workpieces using a blind rivet,
comprising the steps of
selecting a blind rivet having body with a length between 25% and 55% greater
35 than the combined thickness of the said at least two workpieces, and having a

known outer diameter;



30 8. A nethod of fastening together at |east two workpieces using a blind
rivet, conprising the steps of selecting a blind rivet having body with a
| engt h bewaeanIBIYo and 55% greater 35 than the conbi ned PhiraReszEss2of t he
said at |east two workpieces, and having a known outer dianeter; WO
03/095848 PCT/1B03/01782 - 10 pre-ferddng a hole in said workpi eces
havi ng a di aneter between 9% and 15% greater than said known outer
dianeter; 5 inserting said rivet body through said hole; applying an axi al
setting force to said rivet body by use of a nandrel head having a conical
shoul der, whereby said setting force has a first axial conmponent which is

exerted in sai ?ra&brﬁiingih hekt intsaid wot@igreehsvihde didmeer bedyer BYooarslal do hol e,
10 and a secon

an ar ¢ onent . tq. deformsaid rivet body conically
outwards. O. &r?ﬁﬁ%ﬁh ”&é‘f)@ﬁ%\’vﬁgatﬁrﬁ‘ag]eg%m 1 wherein said hole forning step
conprises providing said blind side of said hole with a countersunk

region, ;so that. sai el Ma'&)ﬁlil@f said rivet body is deforned
into saisd countuésr%zellj & eg?%%bdggfrgl? salid ole. 10. A nethod as clained in

either claim8 or claim9 which conprises selecting and inserting a blind
rivet as clai magpiyhRy aRRE seifing | fofdBtolsaidrivet Blliylly dsedbf Bdharidvelt head

substantially as herein.described with referenceg to th [ofe i

drawi ngs. 12. aﬁ’é’ﬁﬁoﬁﬁ’“&?ﬁ?wc@ﬁi ‘ﬁléer?tgg%@lli%?mhgc %Ircee;i%ats a&ﬁ?ﬁ?&ﬁ@ \%&%l}%?eces
using a blind rihiel is exsrébinantd akialdiasctioetetompresscthe bz widylintoshidrhoice t o
the accgppanyi nagldqrs@wn'a%%gula?%mponent to deform said rivet body conically outwards.

9. A method as claimed in claim 1 wherein said hole forming step comprises
providing said blind side of said hole with a countersunk region, so that said
conical deformation of said rivet body is deformed into said countersunk region

15 of said hole.

10. A method as claimed in either claim 8 or claim 9 which comprises selecting and

inserting a blind rivet as claimed in any one of claims 1 to 7.

20 11. A blind rivet substantially as herein described with reference to the

accompanying drawings.

12. A method of fastening together at least two flat workpieces using a blind rivet,
substantially as herein described with reference to the accompanying drawings.
25



