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i nvention is directed towards a blind rivet and nore particularly to a
blind rivet of the head break type whereby a mandrel head is ejected from
the rivet body 5 after setting. Conventional blind rivets conprise an

out er tubumarosghsskd or body having an enlarged flange aeCisBes/@amgt, toget her
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cylindrical stem extending through the tlubul ar rivet body so as to be
coaxial 10 therewith, the stemhaving a radially enlarged head at one end
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portion of the rivet body compresses the work piece therebetween with the flange
itself.

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 thai 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 enfarged 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 mandre]l 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 biind 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



whi ch engages the tail end of the blind rivet to exert a substantially
axial force thereon thereby conpressing and deformng the end of the rivet
agai nst the blind side of the 35 work piece to forma flattened bul ge

bet ween which the work pieces are again conpressed agai nst the flange.
Her e agai nwo aswaseehed region of the stemw || agai n WO O3/ 108501332
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being drawn into the rivet body it is siZwply ejected away therefrom when
the stein breaks due to the high reaction force between the deforned rivet
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enl arged head.adjacent the tail end of the body, this head having an outer
di anet er gr‘éaé’l‘ S than an inner diameter of the body, wherein the nandrel
has a uni form conical shoul der extending between the outer dianmeter of the

head and t hepsk QWBretbfeanSéi§EBt o BleNGirdent’ Inh@ftioR 1O YRR Al illprovedV@RKEHOs regi on
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axis willl5usually Iie between 98 and 102. ldeally, this angle will be at
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axially 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 bead diameter and which is usually
provided to have a diameter 10% greater than the body diameter. However, the hole




t hese angl es has been found to transmt a force, as the nmandrel head is
drawn into the rivet body, which has an axial conponent serving to
conpress the rivet body and also has a axially inclined conmponent which
serves to deformthe tail end face of the rivet 30 body conically outwards
of its axi wowxsms al so preferred that the head di anet errcfiBodi@7szandr el
head is between 4% and 9% greater than _an outer dianeter of the 1BHLY 3906
rivet body. For this reason, the rivet”Ps~ intended to be inserted into a
prefornmed hol e extending through a workpi ece/s which 35 nust have a
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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




of selecting an axially extending blind rivet having a body with a I ength
bet ween 25% and 55% greater than the conbi ned thickness of the at | east
two work pieces, the body also having a known outer dianeter, then,
pre-formng a hol e through the workpi eces, 25 which hole having a dianeter
bet ween 9%wamab/id&d8 gr eat er than the outer dianeter of thervmovetrsody, and
subsequently inserting the blind rivet through this hole; this ndftdUHY 2¢d6en
provi des the step of applying an axial-<etting force to the rivet body by
use of a mandrel head having a conical shoul der, whereby this setting
force has' a first axial conponent which is exerted in the axial direction
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body 18, axially opposed to the flange 20, has a

The remote tail end 22 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 refetred 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 bead 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 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).




substantially flat end face extendi ng perpendicular to the rivet axis A
The rivet body Ilength L is predeterm ned to be between 25% and 55% gr eat er
than the conbined 20 depth D of the two work pieces 14 and 16. This depth D
is conmmonly referred to as the grip thickness of a blind rivet - defined
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is conventional for blind rivets, the assenbly 10 is further provided with
a mandrel 30 conprising a cylindrical mandrel stem having an enl arged head
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the rivet body 18. The mandrel stem 32 is of substantially uniform
cross-section area alopg.its axial length and which diameter,.is.

subst ant i al | yhegigaetef gt ol 5 BTPAIST i MASHR, Bulet (i Gier fb%flvetbody 18
so as to for body soaspbiberniaasty4% praater dealthd badytdiemeon, bit. n3greaFercthanedr el head
34 has a maxiggugeout er di ameter defined by a cylindrical wall 36 extending
coaxi al agout the axis A and having an axial length of at least 1 nm This
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been determined to be appropriate for effecting the required deformation

of the rivet ¢ matdrel qlte;[ui Qthimeter is required to be at least 4% greater than the outer

diameter of the rivet body to alleviate this bead being 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 aliow 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




The renote end of the mandrel head is also provide with a conical surface
about axis A to act as an alignnent mechanismfor the assenbly 10, whereby
the inclined surfaces 15 thereof help align the assenbly with the hole 18
as it is being inserted therein. The mandrel head dianeter is required to
be at | eastwdésy@saeater than the outer dianeter of the rpgpisihody: to
alleviate this head being pulled into the body during the setti rigJULY 2006
operation, which could prevent the head hei ng ej ected after setting.
However, 20 this dianeter nust not exceed 9% greater than the rivet body
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and 15% gr eatgpg Hi@ TRHGH 213 HBAbictls (d)end BELBUR HAHY: side opposite to the
setting tool) a conical counter-sunk region 46 extending about the periphery of the
hole.
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20  Once the rivet assembly 10 has been inserted fhrough this preformed hole 12 it may be
set using a conventional blind rivet seiting 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,



di anmeter, dependent on the exact dianeter ratio of the mandrel head to
rivet body. Usually the blind rivet systemutilising a rivet according to
the present invention will be conpatible with standard hol e sizes nade

Wi th existing standard size drill bits (i.e. 10 the rivet body dianeter

bei ng suchwetossdae hol es are 10% greater in dianeter) abchmogbu7sadi fferent
size rivets could also be produced but requiring specific hole fdariUhY 2006
tools (drill bit) which will be of appropriate dianeter to use with such
rivets. Furthernore, the preforned hole 12, whilst having a counter-sunk
region 44 to 15 accommodate the counter-sunk head 20 of the rivet body,

wi Il al so haygs fanéRealasndih6f ik wafls 56 dand @@ir&ficted 1ehath BEt¥YAR&Moapes (i e.

t he i nner si QIS or bheh%%esc' de Opaf% S_g-'rte totpt he Sfétl n% tg&b%{ a ceonfl&gl

count er - sunk *PRYFEN° 45 “ERTBAG 8_515% _ ?nénaggrrﬁ Fr of Pe O ot 20 once
the rivet assetebrbofitgilisad 28 @f thei tieb 18 édpartialtyudisplaced exipiletoperdsdhdyva 12 it
My be set HsdNO ﬁtmﬁav&ﬁ%iﬁiﬁg\ﬂiate?hzl df‘i'hdﬂi%t@bo@eihtthi?ﬂﬁlte‘g@ke ldﬁ%rnﬁﬁg)wn% “G') ch
conpri ses.a nNos rrlon or e ra n e .LLv.el,. . nge (.0r ea

S0 T vor e BornseRSdinpR doiee! Gt bl i) S F gisgﬁ%eéi’ﬁgﬁ’gq’gﬁétﬁﬁ"aceabl .
j aw nmechani ssinkaegiet 4hpf the holnd2 smasdiobto projeetrexBenalin af thg escuied grozkpieses. i ng
force F in thgudihg @ehbiaftic\GWhe SdHR%l sdhidet BY obthetliBdRY hhe 2&mbdrfunki gure 1.

The application of the setti,n arce.F draws e mandr head i nto
engagenent - wiEIP AoENE (U fush S GFa erPiiE o BSATERESS BT e et body
whi ch, due to its conical shoulder 38, exerts a setting force having a
first cormﬁneapﬁma Qﬂ%i ﬂ?glhébnﬁdﬂt aﬁﬁ?Lméiﬁ;éliiﬁ eﬁeﬁm RRguhinCdh mefeued to
conpress the ody owar ARY nge | in

o o expaniiistts Offendonl 8 B el ki bt BRtipeEDR "
fill the enl ardjwhichapbsequenty prevenisdiiier displeasmanbpf the maadrel headh Continvedye t o
tEe Irrgndr gg applieaiidaco NPe Haking mr&eﬂdth&hﬂ?&ﬂﬁbstth@stb&ﬁlbn]tﬁé mandTélesée_ﬁ@mﬁ aal )
shoul der [ oV a, .S or conmpanent ~per pen r to the
comcar surt SotvenRindl bR AuiCRERRR A E ArE, FAIRANEM 5P ol RE Rl 10 1 O¢
t he ri vetlSho@gianAd. Fhe yreulfantaemnption fpspe betvigen the rivet heah 3¢ apdythe giyabady head 34
does not sUbsgaagmydaawﬁﬁﬁmgﬁﬁiﬂwgquﬁgﬂﬁerivet body whi ch, WO 03/095848
PCT/1B03/ 01782 14 JULY 2006 - 7 due to the axial length of the walls 36

(and the restricted Iength of the rivet body) is )
The resultant set blind rivet is shown in Figure 2 having a compressed axial length L2,

substantially equal to the grip thickness 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. I 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 sef.

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,




al so unabl e to enconpass and surround the nmandrel head 34. Rather, sone of
the material of tail end 22 of the rivet 18 is partially displaced axially
towards the rivet head 20 with the remaining material of the rivet body in
this tail end region formng a 5 considerably thinned conical outer wall

(Fi gure 2) wohe¢wss#s di spl aced into the counter- sunk regb@ifiB4B01682 t he hol e
12 so as not to project externally of the secured workpieces. THAJULY 2008
conbi nati on of the conical shoulder 38 & “the nandrel and the countersunk
region 46 serve to provide such conical spreading of the tail end of the
body. 10 Conti nued axial displacenent of the mandrel in direction F results
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t hi ckness 18counterspiiksregioni4§rof dedhalm il mud avey projess dexand;the plndouds ebive cup-
shaped tapl epgkpie. forned into the counter-sunk region 46 of the preforned
hole 12. In this manner, a substantially rigid r rivet joint is formed which
does not extend substantially proud of the blind side of the work piece
14. 25 Furthernore, the angular setting range of the conical shoul der has
been deternmned so that the appropriate deformation forces can be applied
to conpress and conically  deformthe rivet body in the nmanner descri bed
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 |ess than 90 degrees then there would be no angul ar
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 enbodi nent, 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, WO 03/095848 PCT/I1B03/01782 14 JULY 2006 - 8 although 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 the9-ength L within the predefined ranges
di scussed 5 above is to provide sufficient material of the riveti4duky 2006
al |l ow appropriate defornma tion of the rivet body to fill the enlarged hole
18 after setting and to forma sufficiently robust set-end of the rivet
that will resist any applied tensil(dABY8ing on that joint, but not to

result in;exc 1| mat eri al whi ch cannot be accommbdated by the
counter-sb‘n??@%q%%&%@ngﬁg%ﬁe hol e 18 and may project beyond the blind side

of the 10 whollpivatBularkbd§loAtdBingdhichdlan a2@0md havibghlthibend facett @ergpdi sing a
hol | ow tubu] ar body extending along an axis and having a tail end face at

one end #Ktp predprdedyadisly enlarged  flangs pithg ather endhge at the ot her end; a
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mandrel is inclined at an angle between 91 and 110 degrees to the
| ongi t udi diametex o8 thetheadhand theetem and the beimthvitigaeveakene] wegipadmimediately m 1

wherein the anghe is. be n.98,and 102 degrees. 3. A blind rivet as
clainmed i %ﬁaﬁgg@ﬁé‘ogfat%‘ﬁﬁgﬁeé%%i ng clains wherein the head dianmeter is

bet ween 4% afgrffaley @at@l sHondder anthe whSirdl iPIRENRKd 20hn biide Boshéen 91 afd bl i nd

rivet as clainmed in any one_ of the preceding clainms wherein the mandrel
head 110 degrees to the longitudinal axis of the rivet.

2. A blind rivet as claimed in claim 1 wherein the angle is between 98 and 102 degrees.

3. A blind rivet as claimed in any one of the preceding claims wherein the head diameter

is between 4% and 9% greater than an outer diameter of the body.

4. A blind rivet as claimed in any one of the preceding claims wherein the mandrel head

has an outer cylindrical diameter having an axial length of at least 1 mm.

5. A blind rivet as claimed in any one of the preceding claims wherein the radially

- enlarged flange comprises a counter sunk head.

6. A rivet as claimed in any one of the preceding claims wherein the axial length of the

body is between 25% and 55% greater than the grip thickness.

7. 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
than the combined thickness of the at least two workpieces, and having a known outer

diameter;




has an outer cylindrical diameter having an axial length of at |east 1 nun.
5. Ablind rivet as clained in any one of the preceding clains wherein the
radially enlarged flange conprises a counter sunk head. 6. A rivet as
clainmed in any one of the preceding clainms wherein the axial |ength of the
body is between 25% and 55% greater th@&n the grip thickness. 7. A method of
fastening together at |east two workpieces using a blind rivet, JdédpkY 80069
the steps of Sglecirhing athold intHe WoMgiedea Havifig Haflynetérbbivaeeh ORUAHI 1ot ween 25%
and 55% greater than the combi ned thickness of the at |east two
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the countersunk region of the hole;

wherein the conical shoulder of the mandrel is inclined at an angle between 91 and

110 degrees to the longitudinal axis of the rivet.




