BLIND RIVET RELATED APPLICATION [0001]This application claims
priority to, and the benefit of; co-pending United States Utility Application
11/654123, filed 16 January 2007, for all subject matter common to both
applications. The disclosure of said utility application is hereby
incorporated by reference in its entﬁﬁgﬁl THE INVENTION
[0002]The present invention relates 10 blindrivets, such as those suitable
for joining multiple components of a workpiece together. The present
iIrREDATEDAPREECATIONI|arly related to a blind rivet, and corresponding
method of use and tool for blind rivet installation, wherein the material
required to manufacture the blind rivet is significantly reduced without any
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multiple components of a workpiece together. The present invention is more

particularly related to a blind rivet, and corresponding method of use and tool for blind
rivet installation, wherein the material required to manufacture the blind rivet is
significantly reduced without any detrimental effect to blind rivet fastening

performance, thus reducing material quantity and costs.

BACKGROUND OF THE INVENTION

[0003]  Blind rivets are fasteners that are permanently installed in a workpiece 26
(see FIG. 2). Most often, the workpiece 26 is formed of two components or layers, but
can be in the form of one to multiple components. When there are multiple components
to the workpiece 26, the components are joined together by the blind rivet fastener.
Blind rivets are installed from only one side of a workpiece 26, thus being blind to an
opposite side. The portion of the rivet on the blind side of the workpiece is
mechanically deformed during installation by compression and expansion to form an
upset head. Because blind rivets are installed from only one side of the workpiece 26,

they are cost-efficient and versatile.

[0004]  Blind rivets were originally designed to accommodate situations where only
one side of the workpiece was accessible to the installer. Early adopters of the blind
rivet include the automobile industry and the aircraft industry. Blind rivets offer

numerous benefits to installers, including speed of installation, versatility, simplicity,



[0004]Blind rivets were originally designed to accommodate situations
where only one side of the workpiece was accessible to the installer. Early
adopters of the blind rivet include the automobile industry and the aircraft
industry. Blind rivets offer numerous benefits to installers, including speed

of in (ftallaﬁi‘per] %&ﬁ”@ﬁe‘%m& mter and r A%tlvel)ﬁonmmﬁgalr!%%pos;f asteners, it is

most Instanc e many other fasteners, It is genera
uigeteertdlymet possiide qu@ndeldosply, setea-toliqdeiveicisely e £hlingdinget since the

load.is de termin breakl Io d of th

mgln gé%@?i%{?gdnp ‘Edféi |spco§3en iona @ a Wogplece I&1 n&eﬁl’\ié}lghrl et
cammhdtsbf a hollow rivet shank or body 12 having a flared flange 14

portion at one end, and a mandrel 16 passing through the blind rivet body
12 (see FIG. 1). The flange 14 end is the head of the blind rivet. At the
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length dimension PpA. Most often, the mandrel 16 closely resembles a

nail or wire structure.
[0006] The rivet body 12 is typically round. The diameter of the rivet body 12 and

the grip length that the blind rivet is capable of fastening determines the blind rivet size.
A hole, or core 22, most often extends along the length of the rivet body 12.

[0007] The mandrel 16, while coupled with the rivet body 12 at one end, extends or
protrudes beyond the flared flange 14 portion of the rivet body 12 at the opposite end,
creating an exposed portion 30 of the mandrel 16 having a length dimension Pps. Most

often, the mandrel 16 closely resembles a nail or wire structure.

[0008] A riveting tool physically grabs the exposed mandrel portion 30 that extends
beyond the flange 14 portion of the rivet body during installation of the blind rivet.
During installation, the rivet body 12 is inserted in a hole in the workpiece 26. After
passing through a blind riveting tool anvil, jaws grip the portion of the mandrel that
extends beyond the flange 14 of the rivet body, i.e., the exposed mandrel portion 30,
and pull the mandrel 16. Because the flange 14 of the rivet body 12 holds the rivet
body 12 in place, and the mandrel head 20 is larger than the aperture 18 of the rivet
body 12 at the opposite end of the blind rivet 10, the rivet body 12 compresses
longitudinally and expands radially outwardly to form a blind-side head. Ata



[0008]A riveting tool physically grabs the exposed mandrel portion 30 that
extends beyond the flange 14 portion of the rivet body during installation

of the blind rivet. During installation, the rivet body 12 is inserted in a hole
in the workpiece 26. After passing through a blind riveting tool anvil, jaws
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mandrel portion 30, must be at least 1-inch or more (specifically, 1.0 in. for
bikRyisedid shuary 2800 #4 having body diameters of 3/32 in. and 4/32 in.
respectively, 1.06 in. for blind rivets sized #5 and #6 having body
diameters of 5/32 in. and 6/32 in. respectively, or 1.25 in. for blind rivets
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one inch plus the distance of a length dimension LRB of the rivet body 12
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diameters of 3/32 in. and 4/32 in. respectively, 1.06 in. for blind rivets sized #5 and #6

having body diameters of 5/32 in. and 6/32 in. respectively, or 1.25 in. for blind rivets
sized #8 having a body diameter of 8/32 in., according to the Standard). This means
that the mandrel 16 itself will typically have a length of about one inch plus the distance
of a length dimension Lgg of the rivet body 12 to the mandrel head 20. Because the

mandrel 16 most often breaks at or proximal to the mandrel head 20, in almost all



instances of blind rivet installation, the spent mandrel 24 (the portion that

breaks away during the setting operation) has a length dimension Lpik of

at least 1-inch, and is most often greater than 1-inch or more by the length

of the rivet body. [0012]The spent mandrel 24 is often discarded by the

installer, i rrao e r h blind rivet js instances where
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to receive a I-inch plus exposed mandrel portion length dimension.

Additionally, to develop a sufficient grip on the mandrel to pull the mandrel
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breakaway, the metals used to form the mandrels required a 1-inch plus
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develop in setting the rivet, such as the jaws of the riveting tool slipping

off the mandrel at the higher tensile loads required for break away.

HBNer, thiewaveh prcavamiandidrmngd eibesshavestendandizadibe exposed mandrel

portion 30 length dimension Ppa, there has been no recognition of this problem. The

standardization helps to avoid the necessity of having dramatically different riveting
tools required for different mandrels. A predictable dimension of 1-inch plus means
that those developing and manufacturing riveting tools can design those tools to receive
a 1-inch plus exposed mandrel portion length dimension. Additionally, to develop a
sufficient grip on the mandrel to pull the mandrel to deform the rivet body and then
farther to the point of mandrel breakaway, the metals used to form the mandrels
required a 1-inch plus exposed mandrel portion length dimension. This 1-inch plus
dimension ensures that there is enough surface area on the mandrel to be inserted into
the riveting tool and to be sufficiently gripped. If there is too little surface area that can

be gripped by the riveting tool, then problems can develop in setting the rivet, such as



[0015]For at least the issues of the standardization of the length

dimension PpA of the exposed mandrel portion (the 1-inch plus minimum

dimension) and the requirement of having sufficient surface area of the
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conventional riveting tools for rivet setting and maintaining rivet performance. The
present invention is directed toward further solutions to address this need, in addition to

having other desirable characteristics.

[0017] In accordance with one example embodiment of the present invention, a rivet
includes a hollow body having a first end, a second end, and a tube shank extending
between the first end and the second end. A head flange is configured at the second end
of the hollow body. A mandrel passes through the hollow body having a first end and a
second end, the first end of the mandrel coupled with the first end of the hollow body,
and the second end of the mandrel extending beyond the head flange a distance of about
0.75 inches or less. The mandrel is not required to have an unsmooth surface feature

for a riveting tool to capture during rivet installation.

[0018] In accordance with variations of the present invention, the rivet is a blind
rivet. The first end of the hollow body can include one of an open end or a closed end,

at which the first end of the mandrel couples with the first end of the hollow body. The



second end of the mandrel can extend beyond the head flange a distance

of at least 0.25 inches. The second end of the mandrel extends beyond

the head flange a distance of between about 0.25 inches and about 0.75

inches. In fact, the rivet of the present invention can have a mandrel
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[0021] In accordance with one aspect of the present invention, a riveting tool is
provided that includes a body, a pulling force generator for activating the riveting tool,
and jaw assembly within the body. The jaw assembly includes a jaw case having an
angled interior annular surface, and at least two split jaws disposed against the angled
interior annular surface of the jaw case for gripping mandrels of rivets inserted into the
riveting tool for setting. The riveting tool further includes a removable and replaceable
nosepiece attached to the body of the riveting tool. The nosepiece includes an aperture
having a distal end adapted to receive the mandrels of rivets, and a proximal end

adapted to contact and hold open the at least one split jaw for insertion of the mandrels



[0022]In accordance with finther aspects of the present invention, a

method of setting a rivet includes providing a rivet that includes a hollow

body having a first end, a second end, and a tube shank extending

between the first end and the second end. The rivet further includes a
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[0024] In accordance with further aspects of the present invention, a method of

setting a rivet can include providing a rivet having a hollow body with a first end and a



[0025]These and other characteristics of the present invention will be
more fully understood by reference to the following detailed description in
conjunction with the attached drawings, in which: [0026]FIG. 1 is a
diagrammatic illustration of a blind rivet, according to the known art of

lustration,of the tgind rivet of )
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mandrel extends beyond the head flange a distance of about 0.75 inches or less. The
mandrel is not required to have an unsmooth surface feature for a riveting tool to
capture during rivet setting. The method continues with inserting the rivet into the
riveting tool and inserting the rivet into a workpiece to be riveted. The riveting tool is
activated to grip the second end of the mandrel with a portion of jaw gripping surface
that is less than a complete jaw gripping surface available on a gripping jaw. A first
pull is implemented by pulling the mandrel of the rivet, thus deforming the hollow
body. At a state at which the hollow body is deformed sufficiently enough to enable the
mandrel to travel further into the riveting tool, the mandrel is released and reset within
the riveting tool, such that the riveting tool grips the mandrel with a portion of the jaw-
gripping surface that is a greater than the portion of jaw gripping surface used for the
first pull. At least a second pull is implemented by pulling the mandrel to set the rivet.
Additional re-setting of the mandrel may be required, and additional pulling steps may

be required, prior to complete setting of the rivet.

BRIEF DESCRIPTION OF THE FIGURES

[0025] These and other characteristics of the present invention will be more fully
understood by reference to the following detailed description in conjunction with the

attached drawings, in which:

[0026] FIG. 1 is a diagrammatic illustration of a blind rivet, according to the known
art of blind rivets;

[0027] FIG. 2 is a cross-sectional illustration of the blind rivet of FIG. 1, after rivet
installation, according to the known art of blind rivets;

[0028] FIG. 3 is a diagrammatic illustration of a blind rivet, according to one

embodiment of the present invention;



installation, according to one aspect of the present invention; [0030]FIGS.
5A & 5B are diagrammatic illustrations of a conventional blind rivet setting
tool, in accordance with the known art of blind riveting; [0031]FIGS. 6A &
6B are diagrammatic illustrations of a conventional blind rivet setting tooI

difi ogepiece and Odlf hou a conﬁ
mne aspecto h§ pggscéﬂ Sl'ns\?gﬁ o '%t@’f]?ﬁ @%b &' are urthéra fter rivet
|Ilmstaihamn,oafocandmgrts mn&mpnodaffetﬂermegnew&nacnommodate

different diameter rivet mandrels, in accordance with aspects of the
present invention; [0033]FIGS. 7A, 7B, 7C & 7D form a stepwise
if08sGkion FIGS. Hikckri§Btareidigesemmat v dikpict®osviiptbenvvatieaddibyind rlvet
tooI accorc |n to one aspec l(l){ﬁh%gres ﬁlc—} nfvglnrggn(v%q034]FlG 8isa
ﬁh %ftmdn & Rhdie oa [

VS. mandre splaceme

[0031] FIGS. 6A & 6B are diagrammatic illustrations of a conventional blind rivet
setting tool with modified nosepiece and modified nose housing, in accordance with

one aspect of the present invention;

[0032] FIGS. 6C, 6D, & 6E are further illustrations of variations in the modified
nosepiece to accommodate different diameter rivet mandrels, in accordance with

aspects-of the present invention;

[0033] FIGS. 7A, 7B, 7C & 7D form a stepwise illustration of the blind rivet being
set in a workpiece using the rivet setting tool, according to one aspect of the present

invention;

[0034]  FIG. 8 is a graph of mandrel tensile load vs. mandrel displacement during a

rivet setting operation in accordance with conventional rivet setting operations; and

[0035] FIGS. 9A, 9B, 9C, 9D, 9E & 9F form a stepwise illustration of the blind
rivet being set in a workpiece using the rivet setting tool with a modified nosepiece and

modified nose housing, according to one aspect of the present invention.

DETAILED DESCRIPTION

[0036] An illustrative embodiment of the present invention relates to a blind rivet
design having an exposed mandrel portion modified from the conventional and
standardized mandrel to reduce the amount and cost of the material required to produce
the mandrel, while also minimizing costs related to production, use, and spent mandrel

disposal, all while still making use of conventional riveting tools for blind rivet setting



rivet setting operation in accordance with conventional rivet setting

operations; and [0035]FIGS. 9A, 9B, 9C, 911, 9E & 9F form a stepwise
illustration of the blind rivet being set in a workpiece using the rivet setting

tool with a modified nosepiece and modified nose housing, according to

one aspect of.the Rresen invention DETAI EIi).DE CRIPTION JO036]An

. an n:E%m aining rlivet pertormance. The mandrel is gof require to have ah unsmooth
illustrative embddimerit of the present invention relates to a blina rive

dssifiachdedng afoeapostohgtantitelqaptticndoraaifidefromstahat iomn vEo ol with the

aqgvgg%ndagﬂi[ﬁ{agvm{;\ndrel to reduce,the ‘?rr]?\%{ﬂ{ d cost of the materi%lh a

require 'to producg tﬁ%s}%%n%%l[,“\’/smllg%so mlnlﬁu%or%gl'c?ds%snr‘éﬁg%lél 0
pregiacitableusssedro sipgran andifl edi spsepie @l mhyjidstitihrakingitise mbdified
cqmvenional yerng oo for.hnc dvet spiing, and mABANING (ehee on the
performance’ The mandrel’is not required to have an unsmooth sufface
featuverftiosativetnsettiotoohptabdes use g fraatamdtel baiong Baredodedvitkposed

the Aﬁg?éitb\éert%lélge{ﬁ\{?\;e 8SIgN &Ny P .Qtaa'nﬁ‘éreéﬁgd“ﬁ%nhreelg?‘ i'ﬁt’e&&’fgﬁr&n, a
with a répfaceable nose housing and modified nosepiece, may be utilized,
witto difreddifepghetbspphoacding sitanehe fiket megidlsd besélivedsing@nanction with
madiied nese f@é‘tedgsﬂéﬁgocgﬂ%‘ié‘é&%@%'fg‘ﬁeftv%%t A0 A0 ReS U3 8 andrel
mandrel havihg a reduCed exposed mandrel portion relafive 1o

caovtatioTdleqpressianduedizen indinehield towacidfiticheasolotdied s tefsivess this need,
anproRil S sl Ak Al pedlied In conjunction with the

inventive rive e&g%?o ghable Use of an even Turther reduced exposed

mandrel portion. The present invention is directed toward further solutions

tgo@@dfss RigEEE I AGHEOBIQ RPN LIREHGHES!a thAIRSISIBiRBerein like
[0037]A number of figures encompassed within FIGS. 1 through 9F,
wa%iﬁrﬁ@ﬁa%%#gﬂ%@fﬁﬁéansy nresels treughate ilkstrts Remle

Il HERIGIREANIRIE 2R RLH IOE WY ﬁﬂ%@&i%%fﬁ@@@i B9 BRI MSet, a rivet
|

aspects of a bijnd rivet, a rivet setting tool with modified nosepiece and )
misdtiRgtRe Y b adY edrrserispp abd et disd o sn bovsing, and-p ifRged rivet
tosHHErY BRECHNINS AHESTIME R [resBRe eI NmBib R ehdgesiiRdnvention

with reference to the example embodiments illustrated in the figures, it

SIS P desrrRed Btk Aekrianasy 2 Hs SXARP 1o RMERAITERt SiFtrated in the figures,
PriesashiawRNiiRranRl ehar dinapakihinvegorthyihRegiieanliie present invention.

a%weciate different ways to alter the . . . .
ne of ordinary skill in the art will additionally appreciate different ways to alter the
parameters of the embodiments disclosed, such as the size, shape, or type of elements or

materials, in a manner still in keeping with the spirit and scope of the present invention.

[0038] Turning now to FIG. 3, a blind rivet 40 in accordance with the present
invention is provided. The blind rivet 40 is depicted as a two-piece fastener; however,
one of ordinary skill in the art will appreciate that the blind rivet 40 can be made as a
one-piece fastener, or other configuration. The example blind rivet 40 consists of a
hollow rivet shank or body 42 having a flared flange 44 portion at one end, and a
modified mandrel 46 passing through the rivet body 42. The flange 44 end is the head
of the blind rivet 40. At the opposite end of the body 42 is either an aperture 48, or a
closed end (not shown), either of which couple with a head 50 portion of the modified
mandrel 46. A one-piece version has a body that is fixedly and integrally coupled with

the mandrel, while the two-piece version has a body that is removably coupled with the
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parameters of the embodiments disclosed, such as the size, shape, or

type of elements or materials, in a manner still in keeping with the spirit

and scope of the present invention. [0038]Turning now to FIG. 3, a blind

rivet 40 in accordance with the present invention is provided. The blind

rivet 4Q is depi S g.fwo-piece fastener: hqwever, one of ordinary skill, .
e e A e TR PR R et wi o
osaxplientetfetener fibbolge intontig biatibriv@imdyample blind rivet 40

consists of a hollow rivet shank or body 42 having a flared flange 44

pfbré%at off ERdetshG M iR NANUEL 4O RASIRGOH éﬁeﬁ [&¥5th of the
body 42. The flange 44 end is the head of the blind rivet 40. At

opsprssibe dnt2odetremingy the liadéveisiape Aurelad orosecids sapsheffigroextends
St&%@)t&i%ﬁé{ﬂ m}fé‘rﬁ%@&‘d‘yiﬂﬁa head 50 portion of the modified

mandrel 46. A"one-piece versioh has a body that is fixedly and integrally

#}pled with the mandrel, while the two-piece version has a body that is

EPRBTholy RS TRRAHARY FENHEI et ik RGPS WL e prb DS A 3h one end,

is dieneéldnplosridebaysrd ehelrivihtd syl dnkerissgeaa bt thdappoiadhad,
blind rivet body. [0039]The rivet body 42 is typically round. The diameter
aIfteaHpAERSIPEREH P FHALIUP P ERRATRICS thay inmhe lanatsdimeasyipyn. Most

Olofrie e Ratielemaadtengs alyetythadanatl ohiEdiMetrOethiddre. The modified
[0040]The modified mandrel 46, while coupled with the rivet body 42 at

oreaBfiEe oLtk FaErys s IoRR] RS or P ATdAL AR AR 2 RRRRSh g Tipe, feature for a
thavepiRg 66 180 Laptarsidgrng exrRpsedapatiinn SQiafdifRromigred e other prior
having a length dimension PN. Mast often, the modified mandrel 46

ciBengrrl sepfigutationsihgyeinsiuderd nadouh Hrsg feafurramarifigations, such as

CaipteReiopRbvas diplvlsiopsthet EgaiieansupRORRhIdslaseiaBlbiBd@handrel to
a riveting tool to capture during rivet installation. Said differently, some

oS PRRISP LR EFRISREL BY-A SIS YRR Lo RIdRIIYE! SFHNS s g Arereg ipyention can
Mpdificatio os nfikltals WRlchash giffave Fedauets howethe! RAoMawDto other prior

surfage features, to enable the.mandrel to be appropriatgly captured by a
ri OB ST IR CHHEIEEf msé%a#wpmgﬁs fandyel 46 of the

Mpredeatsinvidhtisic boshivecadhaiiifase feuiaanodifioniois! (Thesdified mandrel 46
configurations, there is no requirement or neid for the m(ﬁ%j"ed r%% drel

267 DRSS UM 2 RRRYSRERNAt YL Sikinestaelas desstibe ut requiring

Theodifiditerchsrianbeaithbraase pemahthntoetnvartiicnef thecinaatiey tOhbs, there is
as described belpw withoaﬁe@uirin modifications to the ptherwise
- s

) d
oSNNI EmERE oL e &0 FLEOTHAYE AR URSTROR Asnieatpsgy The
thexodifictad andretind tamhby enadelinsioasdnacsfaid aiveatiding practiites] however,
mandrel 46 can be made jn.agcordange, with. conyentional practices,
OHE e T 2 AR T 2w TR SOTRAe i B pigsent
wiithv tneiguie FontexamplignHeaneddied matideeb il fimcbamadech v Supplyles a
made.by supplying.a continuous ed wire to a.mangdrel formin
LS PO b 3 EATEeT B TORR BT o TR ke
preedetdnuardolemsHs iarcdasslided, winh {hégiresae riviadtiotiasskpardestyibed, and
manufactured rivet bodies 42. Some embodiments of th ified .
R e e Py PR SATATE0 2 PRAh A IR, fapodiments of
gnbevesdifimdsihandri] dcatiagr inclighe bad &unistaeqiore) @ eafedé having annular
grip-ability of the rivet setting tool ywhen setting the.blind rivet 40. - )
PR TRe Tn Sr ahet 2 e SO B insTiee s tiprabiliy pf the rivet
atstitengndol when setting the blind rivet 40.

[0041] The modified mandrel 46 further may include a breakaway neck 58 at the end
proximal the head 50. The breakaway neck 58 can be implemented in a number of

different ways, as understood by those of ordinary skill in the art, including crimping in
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proximal the head 50. The breakaway neck 58 can be implemented in a

number of different ways, as understood by those of ordinary skill in the

art, including crimping in the mandrel header, simultaneously rolling the
breakaway neck 58 in a thread roller that rolls annular gripping groves,

etching, notching. narrowed diameter,.and,the like. The function of the
o e R T K R B ARt A5 SRV g roter
the s edifiddmgeippineg 46oatsyleichitips motridng] 46rieweskdiameterliket/tte like. The
break, awa ired.tensile load isplaced on the mandrel duri
R e e S R D B B W R B 80 tengtn of
Btiekgadifidbimtirelmiedeat windifidetivandnel 26nsmadaimor likelghsibreadf away
the,WI-114,. Standard (dimension "P") requires that the portion of the ...

e o O R R aked SR A8 3R i ting process,
dizmdatsiodestPibedf the exposed mandrel portion 30, must be at least 1-inch

or more (specifically, 1.0 in. for blind rivets sized #3 and #4 having body

qeM9iErs A iHentio ALiAAAL BhdEHARIE hd H@éégtf%é%ﬁiﬁgaﬂ%ﬁﬁhe 1-inch

sized #5 and #6 having body diameters of 5/32 in. and 6 -
retgpg@tmyi}mpgs.wmf the Hiikd 14 Standors(dmisasiog ‘P bbesddieentretr the portion
8/t nfTred @@e&ﬁhﬂ%}% l%?&g@{ﬁé fﬁgﬁég’]ﬁ?ﬂérﬁ%ttgéhﬁ Y¥-14:d length dimension

Standard, and in accordance with embodiments of the present invention, a

|cPitie Cthecoratosed Rasdfed eogsiosctOntantirbe gbleest bonshinemarri(pregifically, 1.0
AhiscsPofifd FiritsBe Py aRi oAl IS i eI of QHB%%H&’%@Z in.

mandrel 30 as known in the art. Specifically, the length dimension PN o

tHespestively.nl v fosbrdauvess sizndt havhoheuing biedyalamstersrof 5/32 in.

CXANRISCHN PhsPERLiVRIY o B35 nl ST BLHPAVROUL 0 B INERES: POSUY diameter of
most implementations greater than about 0.25 inches, and includes any
di?ﬁ%ﬁorﬁﬂ@@?éﬁ&%‘fgﬁ.&%@a@hm length dimension PN of the exposed

mandrel portion 60 may vary slightly with each different size

inyoigsnentagent eirine BietRivEtASkaalihalaRSichcyarthiies ilkReiBodiments of the
not required with the, emhodijments of the present invention. In addition, it )
sWéEﬁB“Bé“HBPé@%%ﬁ?H@%r&\%‘FW&BtSM’ témma mandy femgihof the blind
ofrthet nbhdinee thaan RN srivbet ioxRDReg i dieak o Pen S e Bxosed mandrel
desire to reduce the amqunt.qf material required to form_the modified
i B LS 2l RIS BB A R @i s mandrel
c@aytiai @oafoi et fakiig w b aiyddidatet Beotpibityeica sl ¢h eithee BYEDin. or 4/32 in.
conyentjpnal jools e specific examples utijized here with regard to the
R R B 5 ORE  A EAIDS e AR TR, pabout 0.25
pliashey, iavé iiislod & dnyeliehe nsjoie tentisemesactTak dicnen Sémgshadichéivebn Py of
sizes appropriate for some implementations, [0044]It should.be noted that
SRR AL BOT B QLR S B ears SRed e
démipleisentatiowbAthebiadder iveg d0paithdhgivevel, iidapias antemphrii mot sequired
diregted to the reduction.af a dimension that is,otherwise understopd b
i T AR S PR e om0 A SR S SRERE pilted that the
stprinargSangadeteaniniagchemilkedom Ehati DARD Eninndikeikio wlByiof the
(a_blind rivet rational. Therefore,.the reduction of the length dimension.
DO Rl AR L A e I A B SRS, ghetial Fedlred to
eXposeabennatifeldandicined d 6 ctativio tonag iy arsegef aff the diyndkillvin 40 witile
would expect, and relative to a standardized minimum, s beyaond the )
A EE SRR TR P ERRRRALE e AR AT BYR Mt with
conventional tools. The specific examples utilized here with regard to the sized #3 and
#4 blind rivets are likewise not intended as limiting to the present invention, but merely

represent some actual dimensions and rivet sizes appropriate for some implementations.
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[0045]Furthermore, it should be appreciated that any value of the length

dimension PN of the exposed mandrel portion 60 that is less than 1-inch

represents a reduction in length dimension PpA of the conventional

exposed mandrel portion 30 known in the art, and therefore represents a

r@ﬁﬂ% on ind0e A% Po%&‘} t‘ﬁ”?"s "I%?etc%ﬁfl’e%kt%& Q%‘Pﬁ%dl{%a dimension
ative to conventional man SWever Within a certam range o

1ofricpapligsldindevision sumewhtiomatiabiet inattineraboMonitiveniting present invention

modiiealans sk a3 TIcs ARXIB N SRRIARIQEMENRY hose of

rivet, an e reduc ion M maferials requwe 50t the mandre

bindimargtskabLinl the antriiortz th'hmmﬁmenﬂdmmwemmqmr&d)hyamtmﬂmdsto

|de %o% efonthe je gfthe e
on (.t)glgig’t ot sufgﬁmwsgbmém lﬁgg? g ind rivet)

rexmcamnai n’fahenﬁbsered}a iredutsitorof the lmgﬂﬂddncmmdnd?ﬂ@fmhd exgesed
stilRalap %gmtg %&x%”"e long 'V?J %‘3“&“1% 01N 2 60 refative to
remova Ie an ea e mo c ion @om Ination of%e ahvil and
thehaoeadmﬁmdgmhseskdit lasﬂmbeutnbmdcbeimncﬂhairrﬂztmelm dlstnammhsed

o] 75.inGghes i lieyed to re res val wever,.a len
R i e B o ) By Rl hension
ﬁenerally preferred length for both maximizing efficiencies gained with the

A% invEwEtber medea i shauld leeranpresiatedithat eropes e afithe length dimension
coRvnieRapoval sRifaeipeiioPsalhaub Kl ARG R EHGIPRHhction in

material required to form the modified mandrel 46 can be interpreted to

neagiiimentiom e the fanveationsd ernpsed dopndsel pretiens39denown in the art,
iz MABRIRTILFERBSOH LY FEAIEDS it he AL S FRHRERI SOR TR make such a

form the modified mandrel 46, and at the user end by reducing the weight

AR VEhFRIGMeRcoancaianehinprdsls il Peeyecvetbin gecartain vangaaf the 1-
disBRAhsAAME]s %, oAVERBINE R SAHRB IR VANPHILS B @YRations such as

vacuum operated collection. The length dimension PN of the exposed

ntaAinedoGs svib sty ensseiedorsetitbabling révet.nd the seducsiondnymaterials
Wity hiagly 6 i RRRt e Oh#AdgelNo e FEntD RS WISUIY BRAH AL o TRAURIR the

in material amount required to form the modified mandrel 46 relative to a

cBFRFSAtGNSOHRM ARSI R ARPHY ey danthiesieretindspensien Bosfthe

mapdsel RpstiarebPofish @ shak-1966RrsTTPSeAD BUMR SiB3RhfivElRd Weful
locations where thousands of blind rivets are manufactured and/or used,

tiRdustion iadnatrrials Rsamicet te farm Abe e dibied Thandrel e pradealso still being
iIr{RrHAONE R RR AICORPSHIRG MVt ReH ARG MAGRY AT Ehb PABIEand replaceable

exposed mandrel portion 60 belng less than about 0.75 inches, one

empdiraLAR &p theagrhinationns the Amiband thaose hostne heteah ydescribed
residivn e leRGIhAINERsRRIEN of Ho R MISeARANS IRILPR F6phaiasd that

about 0.5 inches or less for. a size #3 or #4 rivet with body diameter of

e Howeren 2 engtlifoapRiPuss ko ssnacet oandrenedionee0pb about 0.5
Mateakaeuteta IvsiyRertd RHBIR qdhsomhqaﬂiaﬂlmm@@ﬂié}@m@ieﬂ ghined with the

conjunction with the |vet setting tool with modified nosepiece and
nRSHABLIRLEIIAB 381 4158 MALLATHRRIER AP Kb APRRalEsIdL copyentional rivet
cestviaptioonl rivet setting tool. Therefore, a generally preferred length
dimension PN of the exposed mandrel portion 60 is about 0.5 inches fora

' or #4 riye th bo et r of either 3/32 in. or 4/3
iﬁﬁ%ﬁgh it’s ur‘lS érs oo % m§nsq|on of l%a‘%rggouqlﬂnf ?]{Rgg Elé%m(’dlﬂed
heraadrehtd taan@htnahpltekedsterrﬂean thet bmoafit thatinsdias ia dlmbmm’abﬂecrease
about h ar less..In addltlon mum men5|on of.about
mches%%?npﬁro?/ 6s %lemtr%g& fy%ppln & enarS At \fgflu‘red to
sfatimg veithoad ifedverandrel| 46, andattitioe mkwlnbb;aremmgjthemnght and volume
n%?tbcﬁjjege Sse%n OO48&IF|§§]§ and:4 III Sl'gaete ; ee\r}glol lsmgp(ﬁ%l%%?eﬁf
the presen ention, and adc %a'{l‘g'/ I ea comparlso as
conventional mandrel, such as the mandrel 16 of the blind rivet 10
illustrated in FIGS. 1 and 2. In FIG. 3, the inventive blind rivet 40 includes
the exposed mandrel portion 60. The lenggh dimension PN of the exposed
mandrel portion 60 is about 0.5 inches. The exposed mandrel portion 30

of the conventional blind rivet 10 of FIG. 1 is shown in hidden lines to
indicate the relative dimencinne The lenath dimencion PnA of the



PPA of the exposed mandrel portion 30 of the conventional blind rivet 10
is therefore about 0.56 inches in the illustrative embodiment. As shown in
FIG. 4, after the modified mandrel fractures at the breakaway neck 58, a
spent mandrel 54 has a length dimension Lim of the mandrel portion that

S within I:Ekefarlvet bod the ornt of fracture Ius t e
e S e B P G A B e e fength
dibmeessaondhtlod ﬁrmenqnmddmﬂdﬂdelqmrltImlg doomeitigeaboad it hnahelrelr4€ss on a
Of '47 #'ghe %ﬂnrq% ‘t[{“goﬁ ent 'S ? 4H§esu4{}§9 from es@l? ﬂ% about a 17%
cORventional mandre AE e engt Thendion gg of the
mddcabpadmat&rﬁlmmmthaqﬂmdmefmmZmplﬁwemmmﬂmle% relative toa

fracture the len ti'é imensi fthe e ndrel ion
of he ¢ conve?q onaﬁ B? Vet %d ?of%%%ﬁtqlﬁngltmg If?gﬁg?;r% I‘ﬁ%l%cil o?n rel
thpo simm Sonainadrisla’y IrescHtorgnicoecih paparivesitienaf hivets rivetldéhubhpwhere
The dlﬁeren e length LA b ween the conventignal spent mandrel
o RS W OrCERA S RRTEH o R0 SIS SAMBD U & significan
abosttsasﬁﬁgsrches because the difference in the length LA between the
Iength dimension PN of the exposed mandrel portion 60 and the length

70 SO HRAIASRI AR AIPEO DG £ g%ﬁ'ﬂ%@m Py

blind rrvet 10 was about 0.56 inches. In this example, the re

|@@wmmmmmqn@eﬁ%bemmammnﬁwwms one embodiment
CB@YE@BP&%PIH%HN@& HpI6AGRAROWR TABIEAKNAINGRSIOTE N Rktn

the exposed mandrel portlon 60 of the modified mandrel 46 i1s about 0.

indimensimv dacobihs expasgdrmandriehension Lo deng aduchédnchengtless for a

dimensias Bk A8 BiY) dissidile 3 Ased L@E'%W*’j‘fﬂ@&ﬂ@tﬁ% of about
of almost 38%. [0049]One of ordinary skill in the art will appreciate that the

difrérinebesifumbertiegiresthromasenaltanewtieyelyadibniemninz e modified
CYRARRE TENHE P 5N tﬁ]h@@oﬁ'\gltrﬁﬂ@ PR URRPSIRN WRA ALUIEEKROSEHece and

mandrel portion 30 of conventional blind rivet 10 can range between a

plaedifjedfmesg o e asidesseibedeslaw, con il make vs FepNantinal rivet
aglifpienea inrieRneta kéhding iR 0P ra?@h'agfe%@owmw&sosed

conventional sized mandrel. A mandrel having a difference in the length

LmendTeheritiappPosahew Qsoichesson étﬁé@tﬁ?cﬂ!dff‘éb&ﬁmﬂﬂ@ﬂﬁh@@metef of
IQeRRMIBD &5 B8P 2L 1C{1:RH GERASE UHIERER ABRAHiiRLRBRIBINGSto about 0.75

with the characteristics of the present invention, and demonstrate

Sipes sRBHRTESemS Benefinealhai lossrsthan st areft Eralized pt dimension of

aHbolAP S ihBReR'GSRES. IMMeRiNo ) Y SmIRFROR 482 RS INS fHHNR VIO R ches still
and standardized mandrels of blind rivets as(%evrously constructed were

eRERede spffigientdgnadidon seinpingdhe mpapdeek duripg Feetracidrg it ge
bipdvireloahthf & ssemnbieIRIRehPEpSIGaRGHmbHR magdrel,

creating the modified mandrel 46, which can be utilized as described

SR oo i A e AR nl o ak nidpoatenion

ttmtdthéd@imdarltt\yeltlﬁ@tﬂaa d)eompdﬂsmnaw&net;oﬁtrcdtamet@tsnmat,erwﬁ as the

BN 5 et PR U oL R A AT LR, G ghe mvenive

plsisid rmhemamhtees mfetb@bhad aatiA) panide 60y Thaeaigthalimension Py of the
prevr [Ilacturedé r.copven ivet here ar no limitations
R R B R o B 1O ER7H BTSSR Portion 30 ofthe
|m(ﬁntmnottahbilﬁhthmvéheowﬁlﬂlﬂarlehessl@&dlffehﬁlﬂdmelmésw&ﬁd’ﬁﬁfd:vmarelatwe
The present | tron erates using all known diameter, aterials, an
guap gtsy%%sk ﬁ IREOSIQN, %ﬂ’t % hme exposeJn mandsre[T)omon%0 td the
conventional blmd rivet 10 is about 1.06-inch. A difference in the length (L,) between
the length dimension Py of the exposed mandrel portion 60 and the length dimension
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[0052]In operation, the blind rivet 40 of the present invention (or a

conventional blind rivet 10) can be set or installed using a conventional

riveting tool 62, as depicted in FIGS. 5A and 511. Alternatively, or for
embodiments where the difference in the length LA dimension is greater

sych that the mangrel does not suffjciently reach the ja mbly, the

ol RO R SSLRL ARUERN G0 ChiB Ve P LIA e 40 therfore.
cabgeanfditainchesimy theoll BRthatwe g mboddifeed. ndsshioee BFAGH 4 afidiatie
n.(r)r??edl e Ingg%élat?‘a%ﬁﬁg % tw%lf)lr(é; 'agvé alrllgcg%gj'g] Spent %1%%?@?4 has a length
riveting foo Includes a 'nose housing 64, and an’annular anvi

thdéa ersibn doypdd dheithatitrel peetvoudiatgwas. Witk m tser het bindy 612 oprto the point
likewise be threadedly cqupled with a,body,68 of the riveti 00l 62 .
S, SR e BIEEe M PR Rbeed WaRIEI R 60 to resul in
the ttial BAgtndimlensfon iz spasnmandeetivdtivguitmigtomr the modifiddsnandrel

a force,gengratin echanism, (not show h as a.mechanical .
o o ey R ST ot 4o B8, R ANVG8 conyentional
sattangret ifshalitle: adnlie derigtt. dmsenieitnd g tirusingifel pditienrithetings within
tool 62 is a jaw assembly 72..Thejaw assembly,/2,includes a mandyel

e By R T e e S B R B RSB of the
1@xqasahsmnihd posteastinifvhe apseatiicalyl dduped otifld apuing focotal length
9 ir%r%ts‘?gnbéﬂl{% foreg ﬁ;%’ﬁ refing r@s%?ﬁf'i‘”' RO RReIC! ”ax{ég %'ﬁx'lfl”jtvhe% 10 of

art Wit apprecia & YRat there are many AGWN MeChanISTS Tor ranslating

fokeq. pithd diffdrynac methmbngthil ¥ sdreby eemthe lvimevonenah afientydreinét 24 and the
electr; other forc therwise, to genera .pulling force,ip a. rivet

C e SRR AR (PRSI REARATAIRID S, becase
beherdifitechbe irithel léagthflicibrtwedn dicalengib danmeritiog Rwed the exposed mandrel

t tion of the riveting t h [awy:
OSRSIEA UGN 0 Uk A NGRS B
casavihtionah b lavd angit tOverrb 76t Shdpmdhas.isluitpo ssanplainbe nedugtion in the

M HE&%‘%?&? PIthtY}ﬁ% 8%589&8 %%Edj;%‘l"go%%ff PIGARNAYS 9&9@&9&1 blind rivet
teet on their suirface that contacts the mandrel to |mprovet ea |I|ty 0
th&Osptidymad dowyritoethd leogthiemensidrePs wiithersxposedimgrsisel atotien 60 of the

[0 : oF. . (4 .
R T R R i G
arffainghes 4 ik pgthsicmgnsicabBedobyl £6iiashgresulidngimanetattitoriromandrel
thﬁ]ﬁ\éﬁ I%Q%&flig&”ys%gring installation, the rivet body 12 is inserted in a

hole in the workpiece 26. After passing through the anvil 66, jaws of a

rivetina tool grip the portion of the mandrel that extends beyond the flange

oftf&%vet Ss0f erdipareshlbauthsatiralrnaessists thatithe fiffeence in the length
MBNBelvben BRcrRIsent B ENe M P4 of ihe éki%éé@dﬁala@r@ﬁiﬁﬁbﬁ 60Qhd the length
e

body 12 in place, and the mandrel head 20 is larger than the aperture 18

ofdifenviondcrnof sharerRosssh BRI ehRTRR3R % the, dpRvAvde R Rfing rivet 10 can
CQAHYEBERRANS sty ANEngHPARHenA6HRIbs Aebiradd|¥ éo éRkmle, a mandrel

blind-side head. At a predetermined setting force or tensile load, the

mBfdRg a diifeaenss i dhe leretik L iipsRypp ARBFRaFRinEEerR il b a more

maskirahiieninsiRPreddiale Reaiiirathatish snhfepibel ety dimension
the rivet body). Thus, a significant portion of the mandrel 16 falls out of the

riARPERRRPIPE AR Qrtitf s LRUBPAD M flof? dRSPETRS Mg &5 gbout 1-inch or
spaeiaRdIRb 24 riaking eashnpPiisaiving Binehaiderefiifiesworkeipra et
after the rivet has been set, and the rivet flange 14 is on the work side of
thEVFSHRe BRDEemORStRRIRIMEMAICARL PIERCHS RSEthEqabesfoBabagth
the @sasse vt 508tiag, a user supplies or inserts a mandrel 16 of a
blind rivet 10 into the riveting tool 62 through the anvil 66 and into the split
jaws 80 and the mandrel aperture 74 of the jaw assembly 72. The pulling
force is provided, and the jaw case 76 moves in the general direction of
Arrow A. This causes the angled wedge 78 to translate pressure against
the split jaws 80, causing the split jaws to compress against the mandrel
16 and begin moving in the direction of Ayrgw A, along



with the jaw case 76. The greater the pulling force and the greater the
resistance provided by the strength of the mandrel 16 and its resistance to
stretching, the greater the force is bearing down on the mandrel 16 by the
split jaws 80, preferably preventing the split jaws 80 from slipping on the

rﬂ)adg%r 0056]If t. erel .an inpsufficient gri h mandrel. 16,.0r i
the m 6}'&% préslé{;l{lo Beto0 {r]ésrsfac?gﬂgz ?De%]#m%e oé“fle\lllé ?rlllglt%%(ls 62
nmayndhipdéred thendvels willbloidoevest v ppeviyudlyisassparttgdivecoeigiceastive for the
the r ment fo ed. mandrel,.porti

eﬁ!] gﬁ tlonal[}fa}ra n%bsn} %'ﬂrﬁ >§q03t mfna% nflﬁ cinvgi (f Ipresent

el e spli Rave suficient sutiace area 0 grip an
thavmmhehurthh%qota@ieoﬁmhed)sadniag dmmmgrttmrmdﬂliﬁadi msandrel 46, which

e

sicnileenadhat v ¢t &28idgftaold 5B, but with a slight modification in the
form of a modified nosepiece 85 and modified nose housing 84. The nose
heeso 64 g B'aﬁlﬁBHVSHQ%@%'rH MEP?QEBPin%éSaFE%h Q?Pe@la‘?@ﬁﬁ@ @8%1ind rivet
easily removable and replaceable with a similarly thread nd sized nose
hé80siamb¥ magedsanvanetn obrdiaretess vasteridso ard hiead stitasfeaterigds used to
apeabairarlRIpaRata hc b mes e disas Besina Ol

FIGS. 6A and 613, which inclides a modified nosepiece 85. The modified
ngbeplee@wr@grabé@ssh anshivkr 88 offhe diameters sriahe bdimdg ters| 48 san be any
heapRelfisd Sesohay e AhnFaT ToHEHELREENEDE Maiette no fimitations

nosepiece 85. The modified nosepiece 85 and modified nose housing 84
enliskdibe thedimeien dimansamebthedbhnshietsrhaibeaesynoipggation. In

and exienchieongh the e LIPS hP AR TS fBPAJLE &Pﬁétiifész & invention

Thereforé, the modified mandrel 46, being a difference in length L
b@m&ﬁsm@qsr@kMrbﬁe mm,@m@@@@gé&mdﬁw@sa@wn Gl)tbﬁ hlind rivet
thgdength dimension Pnek of the exposed mandrel portion 30 of the

conventional blind rivet 10, can still reach the full surface of gripping teeth
p[:%%rowded by the split jaws 80, and thus can transfer the full pulling force

dbd by HRPERALIR b kad EyeiAQ ol the RIeSeRt My SRIIBIRT A SamsAtional
Fihad efvettll)) st dlostinitalied abimis/aQidheMHaEAveOng B19nJas depicted

e removable modified nosepiece 85, to

84, and ifi
a&ﬂﬁ%%%ﬁnbéﬁsmﬁ&%% RUE DEt Wi e dliffesage in the

dm@ﬁln@ﬂlﬁs@m gfwammdlmmmﬁlﬂ dl@@hld@ﬁsﬁﬂiaﬁﬁtﬂwﬁéﬁﬁh the jaw
and at ?)? nner.surf ce 9% for cou I|n the modified nose 5in

%Bﬁ’ét d’fé FRIES %aﬁ?ﬁ‘&“\ﬁﬁﬂ RSFheH é@ Qsing a
heusiaienalfivhitieosbeples wish adifiediosepdveBSeitid godified nose

housing 84, as depicted in FIGS. 6A and 6B. The conventional riveting tool 62
includes a nose housing 64, and an annular anvil 66 threadedly coupled with the nose
housing 64. The nose housing 64 can likewise be threadedly coupled with a body 68 of
the riveting tool 62, making it easily removable to access the inner-workings of the
front end of the tool 62, and also for replacement. The riveting tool 62 further includes
a force generating mechanism (not shown) such as a mechanical, electrical, pneumatic,
or the like, mechanism for activating the tool 62 and setting or installing a blind rivet.
Inside the nose housing 64 of the riveting tool 62 is a jaw assembly 72. The jaw
assembly 72 includes a mandrel aperture 74 through which the mandrel 16 of the
conventional blind rivet 10 can pass. The jaw assembly is operatively coupled with a

pulling force generated by the force generating mechanism. One of ordinary skill in the

16



tool (such as riveting tool 62, or 62"). Specifically, a dimension D', D", or D'

is a distance from a base of the modified nosepiece 85 to an opposite end

of the modified nosepiece 85 at which the aperture 90 is disposed. As

depicted, dimension D' is less than dimension D", which is less than

dimension D". In addition, aperture 9Q' has a greater diameter t .
B e R e e K TR 4 i ng orce provided
vanyadiosefrorndalignerdry @' tadhite (phéanthbpdidranisf) e BOtrianok 9@idr force) or
restis e el sating el being.configuied ip revelye RUMEERy derais of
didmetar rver manarel Eor A Avet ae |r§g 'P’oeolsﬁa\ﬂﬁgog motified &, cetatls o
nobexyaievd] Esiomithnoéeanssars Bilhnok bpgnioval D heeah thiak wafifidiée to indicate
copfigured to receive a rivet mandrel having a relatively larger diamete :
P e R A e PR e B e (R TR SR ARERRls wpom ajow
javasBD6fofttter japeatsenabiing a wider opening. Also, aperture 90' is

relatively larger for receiving a larger diameter mandrel. The largest

MaHsl 'th%i&%g% wgmﬂéﬁﬁeﬁ% %%‘VFAQ&’HQ& i%ﬁgﬁga%gygd wedge

the configuration of FIG. 6B, where the split jaws are pushe Into

janB cheperthat ikalispesed Agamsttiyipomwmione sy RwsodiicBhedsapizancgs split jaws
W. . . " n 1 r .V i .
e B o e B SRRl o improve
caheighrationf tbe sRiitiavenisiaiip abd hold thihmandngbdvsiag tivgtrsttieg operations.
held quite as far apart, and will partially extend in front of the jaw case 76

(06 SNPWN TR ERITEP 1R a AdHRIE eisNa 36t hﬁma&p?m%&ﬁi@@ RIS@RIBAR rivet 40
85" with dimension D" and aperture 90" would be configured to receive a

rivitheprgsenhinyiertiem thahextendshsynedibe gt bedxdizand flpngs 14 is

COHMRIALP Brapéab ¢ ISR Rolldurmg i A1aiRABE BSOS Rcifically,
(such as.D"), the smaller diameter rivet mandrel is accepted by the split
j

afirigednstallating (6 rYRHERAN LAdsieHRAdRadn D iR thewrkpient. After

lapassifiineIgst MRt RN & jisacsepieckiid isos ifjanspirtivn el ehandrel that
tool. Accordingli, once the madified nose housing 84 is installed on the

c e el PRatIRE RIS L fictlE SERosRbBAMERkRattiRR 30, and

oty MesRie didcrBrt sisengien sved MesItiiel Tl Hods 1 IPhersRIfivet body
on blind rivets having body djameters of 3/32 inch, 1/8 inch, 5/32 inc

h, or
3/1% 1 elgcsARe iF Bandinbhend @Ocsdares thantheaRrBHR ARl divet body 12
cr?amﬂppaéimwﬁdrei??]@ﬂe@ﬁ?cgkwwaﬁ%ﬂyttwwﬁaméasﬁ@pr@ﬁgat@da ' dihany and
there arg variagjons of the modified nose haqysing 84 and the modifie )
n&@wé@ef%%aﬂpépm 1BiorER B&aﬁﬁi}%‘; ﬁ‘?@in&iﬂé&‘?ﬂ?&@ﬂb‘l?&ﬁﬁmg force
Sh@pmd sbdl% m,btnelamﬁa}éhwm@dé‘é@ge@ae BieakR $odp d’ﬂ@kplra)ﬁiﬁGl&o the head of
threaded removable component for adjusting the riveting, tool to receiy )
S Tk e A SR R 5 TEBAFSL 5O apies with th rivet
codpneDlins Qfbigneficiua ssrtiphysdichd sitadieias allakirg theaiveybbiy 12 in the
and swappable hgusing ar modified nosepiece, as would he erstond )
o FSRBE R (hBC ROP AR LR BRSNS R TRAROFE) Zacgd i dead 28 i
presein blesd shitbiheeniiorkd (¥0e 2 fipethéiein e thad deeiadtahd®ie rivet flange 14
7B, 7C,.and 7D the blind rivet 40 of resent.invenption can be set b
R g g R ey L e e T
the blind rivet 40 inserts through the workpiece 26 and into the riveting
t§0083)] throlighepm thegifieetssosbniet sedtngnd usenifipglivssy Irsesing 84ndrel 16

h .the splitiaws 80. and i | . oulli -
T T
tudh, ahd thelmpndseBaperhu g fid pifitheg avh assemb bph2 jalsegM Diteg ifticcehie provided,

modif I begj ing \ lrecy ro

e T A e AP Ut MR G A At s the angled
rawkABe AiSttoatndis latitoprassuiecagaiast Siesplitdawafratansing phel spliv jhws to

b A . - L
A A b S L U TR A s
body 42 of the rivet 40, and the body often bends inward around the

mandrel head 50, holding the head 50 in pjace. The expanded body 42 is

now wider than the aperture in the workpiece 26, thus the workpiece

cannot come off The flange 44 of the blind rivet 40 holds the workpiece
tonether on the onnncite cide Once the decired nredetermined cettinA



somewhat dependent upon the geometry of the workpiece 26 and the
metal types of the blind rivet 40. [0061]There is an initial movement of the
mandrel 46 at the outset of the pulling motion at a relatively low load
(Zone A)(see also FIG. 7A). This is associated with the split jaws 80

initiadly,qripping & drel 46 and pulling the head 50 into snyg contact
s T B S e B e e e A R e
inpootvid dsbbly the shregshldfisbenmtasitélal ramdlifa cosistanes se stitsliching, the greater
processes. iated with mandrels,and assembly methods,can result in .
T B R R e Y R B R peventing
56his spd gamil &6 SroanssIjpied stighéyndistielckal from the rivet body 42.

Once the largest diameter portion of the head 50 has frilly engaged the

r[\(ﬁ%@?dy 41%1@5% f?sl%l ﬁi&ﬂ?&gﬁp ashin mépl% IsNeRUIRRE] 16 proves

progression as increasing force is [daded onto the rivet body 42 (Zone B).

AP dnipR FRSIEABE 10 StiptRiRge the 76/ et tariblogethelireriltthe bilred Wilknot be set
ggg%%%)lﬁ )éﬁ?gsg(% é%ﬂl'ytnfe WRigiRePYRE P f AR AR AN Y then i R E % xposed

approaches the blind side of the workpiece 26 (see

F@W@@W&Wﬂt_ﬁ thet tharphelaes i bavesudtisieataiéige area to grip
CORg B PhS AN HRFEAHE G ORI ARESS 188 SMERARA A7 1038 hieved,

fully transitioned to the set rivet position (see FIG. 7C) the load on the
navg g ey mandieki rtg bredls yvave ang tbe R ixlgivektinbesgsing force is
loaded onto the rivet body 42 until the mandrel 46 finally fractures

(poeferpbly RIGS: Beaka wByiMetkabS) aikvdim o SIfdhesausvamtAageiMlilar to that of
(see also FIG. 711). [0062]Applicant has further realized that the maodified

mEHai 4k aach 3B -1hut pdthafisht medifisttemintha e ei e ppdifiedgosepiece 85

7 Addka0gifidd heslativesiagisa saiid aseHoukakie4 B R 60 Hfe A Sieting tool
load curve of FIG. 8. The lower tensile load of Zones A, B, and.C, relative

tcthis MoRkPiisndierdss ang sauly smetiablsand snlreeable with 2 stadlarly
thixjeatiridtiald giAed ibgechBUOHEIATENS Phidend ECeatidar Saiiagvied9edf this

and enables an even shorter modified mandrel 46. Specifically, as shown .

in“ﬁ%%%‘A?%B%@oﬁﬁB‘&%%ﬁ&“ﬁ%{gmﬁlﬂ%%%m | E’é’ﬁ\}%ﬁ BRS¢ housing 84

m@ﬂﬁ@Ssﬁl&%@g@?ﬁ Wlﬁ%ﬂfﬂd&dﬂé@?ﬂﬁfﬁ&(ﬂﬂ@ﬂ@%&eﬁb @&;ﬁaﬂﬁi@ﬂ nosepiece

the_split jaws 80. If t iflied mandrel is addjtionally shortene

RIS e e B e SO eRi B oL ot ca e mnd e agse

thisasud g%y & &?ﬁfiﬁﬂf&ﬁ:ﬁdﬁeﬂ&v&pﬁkj%ﬂﬁ@ﬁﬁcﬂ@piﬁ?iﬁflGh%ﬁlcfdﬁﬂai nosepiece

is the pptenti r the split jaws 80 to eventually slip.off the mandrel 46 .

TRt s R ol A oha0 e R HARLELE 15 doang e modified

T&B}id@éﬁ?b&(ﬂd&r : Hatngxekaagiahmugm%(st;:}mq»m gerﬁﬁhiﬁ@Bﬁtlﬁﬁ?zphtdfel aperture
%, split jaws rippi rface, thro ones A, B: into

233 B el SRR e g A R empi s Betveen the

eii¢apthl dimeansed B pAthésopaded mBdredpoarish) dhé {badkiptiediaeenivion Ppa of

o P N SRR RO TRl Ecn e
2 Gudlr foggipergae ideéd ¥ gpliejvedn8i, tm & camdransfer the
supfatec p etbhg2iodtided blyad 83, tand|tiin id

between the body 42 and.the work pjece 26, and the.h 50 approaches
DS e e e B 01 L e g e
displacement of the mandrel 46 increases at a relatively constant or

8] decloasdiitsa GO 6GC)6DrandtfB HHustiateithe athlityaflsbeaméalified nose

”ﬁeﬁ'ktiﬂg d thﬁ‘?p%‘éﬁfﬁ:‘é‘flf%ﬂﬂéip&ﬁﬁ?ﬁfﬁ%ﬂ%@d@&%ﬁg&j e%sb%f%g%gﬁgodm a

beglns nother general Inear progression as increas orce Is

ontmher wiatifecspuconveniional rivehioandied diasedtsedintensome Margiiown, the
OM%d%Qe?gi?&tgﬁﬁcﬂﬂf&'Qﬂﬁh]@%?é‘% IR0 Ghrelfe FRNAIRYE BRPES for

loosened and re-positioned on the mandrel 46 such that the mandrel 46 is
n&anglipg skeupaslifischpong piecnss b1 thaepileyavsauoyaplsiagdepdaseatde manner
SRR FSHifky RadHdl ly, @hibk @ef SupidUERg Z%‘ﬁvgnﬁgﬁ%)f rivet setting
setting process, or slightly before the end, the mandrel 46 is released by

the split jaws 80 and inserted further into the mandrel aperture 74 since at

this time the rivet body 42 has compressaqg to allow the head 50 of the

mandrel 46 to be closer to the flange 44. The split jaws 80 then re-grip the

mandrel 46, with the mandrel 46 now touching the entire gripping surface
nf the arinnina teeth Q2 of the enlit iawvwe QN0 TNDNDARIThe <cettin Nrocecce



as the split jaws 80 bear down on the mandrel 46 (see FIG. 9E). This

continues until the mandrel 46 finally fractures (preferably at the

breakaway neck 58) at the top of the curve (Zone D) (see also FIG. 9F).

With this two-stage process, the substantially shorter modified mandrel 46

can still ilized. witho e tial for slippage at the.higher RWling..,.,, .

o R Y o SERET SREAE D & (e R Doy 52
thdotigricehizose ibgsp ol thesmi@di6idil ilomepseesR T hoatmpstage grbofshe modified
en%ts)lee%g%%f Ei q{f{ﬁg ap glqdre%avi(rf tgseegl WA ecelci%éhgihelg%t%lll_ﬁ, is less
bétween the engt dimenafon BN of the egposé mangre portion 0 and
thehdardjthedinioandidnvipeho$ thss ehpodadensdon il ‘potivad8diontlaperture 90’ has a
conventignal blind, rivet 10 being.toward the 0.75 inch end of t ossihle
A AL 08 AR IR s e SRSl RO e o0
1. Dhiacharzatobn froonl dimignstiofo DhenBré e ath faad dosdnpeces BGR05E 4nd30°%)
inel KRe-RRIcAAY fordhe sliaws 80,0 slin off QLG MUSASOA B moter river
modified mandre IS €liminatedby wo-stage setting process, where
lesmugdipifpsarfacyt ssttag liced Hevitigd aneslified siles épacte, $Gidattk dathension D’;
gripping surfage.is pravided for,the higher tensile loads at Zone D of the .

o 56 BRI LR S 100303 M Baving o
meeirtgeadlyd argen shamé wiffecemtse tlys difpesiemIpias acladvedy Hhoriersimdthus pushes
togl can.contr imitiation of the. first st conclusiqn of the first e .
DR e AR LN SRr oSy R1S BEIR S Fretnively
cdagersfon ref éraee e dag et slgpan Qeemaagitlis The ldrigestioramdrel thhbe idind riveting
limi ' he riveti to.a speciic length ined

o S e B S o e e
stspjé jows arsgpasbeih il jinmite dhe\jeavvasie &y, Thikevisting toet semigtool having a
pre- r quiq, igitiate. e d ffifere
o P S B afigured to
loesseiupve ot iBaglrr] du yordiasthblleher mamolvest; dianeafet oflabize to the

W%@g@%&@%ﬁﬁﬂ&ﬁﬁo‘ﬁ B¢l 180 %@t rj}%% 5 WA it EE; held quite as

autom con Ion, the entire two-stage setting process can

cdntrames, anshwdl] andintiplexteata fioptel sbegavarsdalétnet owalich a
SHAIARLAABAS G NRY @Qéﬂfn%%bf‘h‘d@ﬁ[éo?ﬁ{@&%eﬁ A6t -HE WIS R Afmension D
two-stage process can betwo, three, or more stages, as desired or
re@}_lﬂmﬁﬁyrmg%’drﬂm& hecplisuedie regeiyriagliveh ehapdiebhavérg iill a smaller
WRIGL RSV Ridsneedr AR IEb R LRSI M ANE LHFAINGN B¢ Frhus, with a

the art. [0066]The present invention provides a modified blind rivet, and

asesietdimprsiceRrgushreebs ahdba sarlienidiamttanmvet stadighis asfigpted by
molitige: ?Q\Q&’%WH@@\J&Y&%%BE‘Q&@W&EQQ%Q 6HRiRh 'ib’?m(?a%D’), the larger

substantially shortened exposed mandrel portion extending beyond the

flahigcsernt ehiaapdee) israrcentrdfoctbrisplitjevs of the rivaing épey Accordingly,
CRERRHE R AR HRSEHOG R 88 58§ R U AL P W IHIN L ARIMISRA MRRREH {661, the

coupling with the rivet body, such that the economical manufacture,

paRRaiieg nerepinae SR8 I BRSYEEaRIY thaetiamodetediTesens diameter rivet
thasnfed RaadEs! srelaniiriesh Tt SR RNANTEE Y m&&%&%rﬂ?@ inch, 1/8

to the realization of cost savings based on less material use to make the
miisBr &Y 3R ishsAfHiRyiBekt vhale itk aHidin gctbs arsetsivmlienes requirements of
VahEegniiigN e HROR O et BeuRlPY Rl AR AP iate that there are

riveting tools due to the shorter mandrel, improved collection of spent
myaégdpngpf the modified nose housing 84 and the modified nosepiece 85 that are

available. For example, the modified nose housing 84 can be combined with the
modified nosepiece 85 to make a single threaded removable component for adjusting

the riveting tool to receive different rivet sizes rather than being formed as two separate
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tubular vacuum removal systems that require the spent mandrels to travel
through curved tubing (the shorter spent mandrel can maneuver better
through such tubing), without sacrificing rivet performance. Additionally, a
greater number of the shorter mandrels can be collected in mandrel

collscion, botlesybAL AN Re Aagled to A VXSt sefting to0l8 s 4ng
fu?ﬂwe?lncreasmg pro uctw@.f 4 Grtherhore, the moditied nose
hewsipppBle hnusing difieth dif sehieseptécaf 4h evpubd batuindestoard dyableof skill in the

use of cqnventional riveting.tqols, with the modified blind rivet, This allows ..
o %i%eqrﬁqée%lfge r%eeme% #ogf?ﬁ w1t¥¥1%hthe sco&etﬁﬁ%e )Pllé?sen\{ cfescrfge% t1'nventlon.

acturing plants to make use eir existing equipmen
with an easily swappable, removable, and replaceable modification to the

riA8R9g toolkn @rerativaifirsddepisseddn G SindandBified, modepethe hbind rivet 40 of
R 5836 ShHRRIANA MR B AN IR0 BIUr FIUS: BUIERH into

capital expenditures are not req to take advantage of the blind rivet of )
theqriaeer AvelniBHGyAdn diadding riestig iosrstatbrangintheiwprbipisemep and into
InRDEIHRT {QNGEINHPBGEAH SRGHISRHARR G 2158 Rl YRoATRAABIE HSusing 84,
of the present invention will be apparent to those skilled in the art in view
oﬂbﬁ@x@hé@@ﬁp@iﬁi@mﬁﬂimm@t@fhmmdrﬁé apestHpiih ide pulling force is
consubeghemUlisy aive AP AGHIHOL T1Hea58 74, AP HINAAIGRE spiit jaws 0.
sKilled in the art the best mode for carrying out the present invention. .
Dgtgﬁlgrmnm émhtgféhms_ight/a@yvs @Qslwtﬂ_ﬂmg/thmmﬁlﬂ@@a_m@r_ﬂdﬁ and begin
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head 50 in place. The expanded body 42 is now wider than the aperture in the
workpiece 26, thus the workpiece cannot come off. The flange 44 of the blind rivet 40
holds the workpiece together on the opposite side. Once the desired predetermined
setting force or tensile load is achieved, the mandrel 46 breaks away at or proximal to
the head of the mandrel 46, most often at the breakaway neck 58, thus setting the blind

rivet 40 as shown in FIG. 7D.

[0060]  As previously discussed, the length of the exposed mandrel portion 60 is the
amount required to fully grip and pull the mandrel 46 with the split jaws 80 during the
rivet setting operation. To come in contact with the split jaws 80, the exposed mandrel
portion 60 must extend a distance sufficient for the split jaws 80 to adequately grip the
mandrel 46. As the split jaws 80 pull back on the mandrel 46 (through manual,
pneumatic, hydraulic, electric, or other force) the mandrel is pulled into the blind rivet
body 42, then extends and stretches until finally breaking at the breakaway neck 58,
preferably at a predetermined load. The Applicant has observed that as the split jaws 80
grip the mandrel 46 and travel in the direction of Arrow A, the mandrel 46 is subject to
a generally increasing tensile load similar to that illustrated in FIG. 8. Specifically, the

level of the tensile load varies over the setting stroke of the riveting tool 62°, and is
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What is claimed is: 1. A riveting tool, comprising: a body; a pulling force
generator for activating the riveting tool; a jaw assembly within the body,
the jaw assembly comprising: a jaw case having an angled interior annular
surface; at least two split jaws disposed against the angled interior annular

surface ftlaf% [aw, case for grippin man(tig Is of rjvets inserted jnto t
e s e A R TR PR R el svpes of the
atiiadedvey 49e body of the riveting tool comprising an aperture having a

distal end adapted to receive the mandrels of rivets, and a proximal end
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a rivet.
and assembly methods can result in blind rivet assemblies where the underside of the

blind rivet mandrel head 50 is assembled and supplied slightly displaced from the rivet
body 42. Once the largest diameter portion of the head 50 has fully engaged the rivet
body 42 (see also FIG. 7B) the load increases in a generally linear progression as
increasing force is loaded onto the rivet body 42 (Zone B). As components of the work
piece 26 are pulled together and the blind rivet body 42 expands to fill the void between
the body 42 and the work piece 26, and the head 50 approaches the blind side of the
workpiece 26 (see FIG. 7C) the displacement of the mandrel 46 increases at a relatively
constant or slightly decreasing load (Zone C). Once the rivet body 42 has fully
transitioned to the set rivet position (see FIG. 7C) the load on the mandrel begins
another generally linear progression as increasing force is loaded onto the rivet body 42
until the mandrel 46 finally fractures (preferably at the breakaway neck 58) at the top of
the curve (Zone D) (see also FIG. 7D).

[0062] Applicant has further realized that the modified mandrel 46 can in fact be
made even shorter than as illustrated in FIGS. 7A through 7D relative to the split jaws
80, taking into account the tensile load curve of FIG. 8. The lower tensile load of
Zones A, B, and C, relative to the higher tensile load of Zone D and the point of
breakaway creates the potential for having a two-stage pulling process for setting the
rivet and enables an even shorter modified mandrel 46. Specifically, as shown in FIG.
7A, the modified mandrel 46, though shorter than a conventional mandrel, still reaches
the entire length of the gripping teeth 82 surface of the split jaws 80. If the modified
mandrel is additionally shortened to initially reach only approximately 50% (or some
amount substantially less than 100%) of the surface of the split jaws 80 as shown in
FIG. 9A, there is the potential for the split jaws 80 to eventually slip off the mandrel 46

during the setting process. However, with a two-stage process, the mandrel 46 is
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3. A method of setting a rivet, comprising; providing a rivet comprising: a

hollow body having a first end, a second end, and a tube shank extending
between the first end and the second end; a head flange configured at the
second end of the hollow body; and a mandrel passing through the hollow

bod hayi flcst nd a second end, the first the mandrel
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surface feature
the load increases in a generally linear progression as increasing force is loaded onto the

rivet body 42 (Zone B) (see FIG. 9B to 9C). As components of the work piece 26 are
pulled together and the blind rivet body 42 expands to fill the void between the body 42
and the work piece 26, and the head 50 approaches the blind side of the workpiece 26-
(see also FIG. 9B to FIG. 9C) the displacement of the mandrel 46 increases at a
relatively constant or slightly decreasing load (Zone C). Once the rivet body 42 has
substantially transitioned to the set rivet position (see FIG. 9C) the load on the mandrel
begins another generally linear progression as increasing force is loaded onto the rivet
body 42. However, at this point or before with some margin of safety, and prior to the
additional increase in force, the split jaws 80 are loosened and re-positioned on the
mandrel 46 such that the mandrel 46 is now gripped by substantially 100% of the split
jaws 80 gripping surface as shown in FIG. 9D. Said differently, at the end of or during
Zone C of the setting process, or slightly before the end, the mandrel 46 is released by
the split jaws 80 and inserted further into the mandrel aperture 74 since at this time the
rivet body 42 has compressed to allow the head 50 of the mandrel 46 to be closer to the
flange 44. The split jaws 80 then re-grip the mandrel 46, with the mandrel 46 now
touching the entire gripping surface of the gripping teeth 82 of the split jaws 80.

[0063] The setting process then continues with the tensile load once again increasing
as the split jaws 80 bear down on the mandrel 46 (see FIG. 9E). This continues until
the mandrel 46 finally fractures (preferably at the breakaway neck 58) at the top of the
curve (Zone D) (see also FIG. 9F). With this two-stage process, the substantially
shorter modified mandrel 46 can still be utilized without the potential for slippage at the
higher pulling loads due to the repositioning of the split jaws 80 on the mandrel part
way through the setting process.

[0064] Likewise, such a two-stage process enables use of a modified mandrel having
the difference in the length L, between the length dimension Py of the exposed mandrel
portion 60 and the length dimension Pp, of the exposed mandrel portion 30 of the
conventional blind rivet 10 being toward the 0.75 inch end of the possible length

dimensions for the shortest mandrels with mandrel protrusions of 1.0 inch and up to 1.0
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for a riveting tool to capture during rivet setting; inserting the rivet into
the riveting tool and inserting the rivet into a workpiece to be riveted;
activating the riveting tool to grip a portion of the second end of the
mandrel and pull the mandrel of the rivet until the hollow body is
subst tlaII for. S e firstend o dr
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mandrel. 5. The method of claim 3, wherein the rivet is a blind rivet. 6.
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couples with the first end of the hollow body. 7. The method of claim 3
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second end of the mandrel extends beyond the head flan e a distance of
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specific application so the distance the mandrel is pulled in the first stage is

correspondingly limited. Alternatively, the riveting tool can be pre-programmed to
ixll—itiate and conclude each stége based on different criteria, such as for example, time,
force applied, position on the tensile load curve of FIG. 8, load realized by the mandrel,
material of the workpiece, material and type of rivet and mandrel, and the like. In an
automated configuration, the entire two-stage setting process can be controlled, varied,
and implemented, by an automated riveting tool. Such a system can receive input from
a user/operator, if desired. Likewise, the two-stage process can be two, three, or more
stages, as desired or required by the particular workpiece, rivet, mandrel, and
environment in which the rivet is set, as would be understood by one of ordinary skill in

the art.

[0066] The present invention provides a modified blind rivet, and associated rivet
setting process and modification allowing use of an easily modified conventional rivet
setting tool. The modified blind rivet has a substantially shortened exposed mandrel
portion extending beyond the flange of the rivet body. The modified blind rivet can be
made using conventional manufacturing processes, yet providing a shorter mandrel for
coupling with the rivet body, such that the economical manufacture, packaging,
shipping, handling, feeding of the blind rivet, and removal of the spend mandrel, are
facilitated. The shorter mandrel directly correlates to the realization of cost savings
based on less material use to make the mandrel, lower shipping costs per rivet due to
less weight and less volume, improved automated loading of blind rivets into automated

riveting tools due to the shorter mandrel, improved collection of spent mandrels by
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9. The method of claim 3, wherein the second end of the mandrel extends
beyond the head flange a distance of about 0.25 inches, about 0.3 inches,
about 0.35 inches, about 0.4 inches, about 0.45 inches, about 0.5 inches,
about 0.55 inches, about 0.6 inches, about 0.65 inches, about 0.7 inches,

or abqut 0.75 inches. 10. A method of setting a rivet, comprising;
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not required to have an unsmooth surface feature for a riveting tool to
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rivet. This allows existing manufacturing plants to make use of their existing
equipment, with an easily swappable, removable, and replaceable modification to the
riveting tools (the modified hose housing and modified nosepiece) to enable use of
substantially shorter mandrel blind rivets. Thus, significant capital expenditures are not
required to take advantage of the blind rivet of the present invention when existing

riveting tools are already in place and in operation.

[0068] Numerous modifications and alternative embodiments of the present
invention will be apparent to those skilled in the art in view of the foregoing
description. Accordingly, this description is to be construed as illustrative only and is
for the purpose of teaching those skilled in the art the best mode for carrying out the
present invention. Details of the structure may vary substantially without departing
from the spirit of the present invention, and exclusive use of all modifications that come
within the scope of the appended claims is reserved. It is intended that the present
invention be limited only to the extent required by the appended claims and the

applicable rules of law.

[0069] It is also to be understood that the following claims are to cover generic and
specific features of the invention described herein, and all statements of the scope of the

invention which, as a matter of language, might be said to fall therebetween.
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activating the riveting tool to grip the second end of the mandrel with a
portion of jaw gripping surface that is less than a complete jaw gripping
surface available; implementing a first pull by pulling the mandrel of
the rivet, thus deforming the hollow body; at a state at which the

CLAINKow body is deformed sufficiently enough to enable the mandrel to

—travel further into the riveting tool, releasing the mandrel and re-setting the
mandrel within the riveting tool, such that the riveting tool grips the

What lBangdred niigh a portion of the jaw gripping surface that is greater than the
portion of jaw gripping surface used for the first pull; and implementing at
least a second pull by pulling the mandrel to set the rivet.

1. A riveting tool, comprising:
a body;
a pulling force generator for activating the riveting tool;
a jaw assembly within the body, the jaw assembly comprising:
a jaw case having an angled interior annular surface;
at least two split jaws disposed against the angled interior annular surface
of the jaw case for gripping mandrels of rivets inserted into the
riveting tool for setting; and
a removable and replaceable nosepiece attached to the body of the riveting tool
comprising an aperture having a distal end adapted to receive the mandrels of rivets, and
a proximal end adapted to contact and hold open the at least one split jaw for insertion of
the mandrels therethrough;
wherein the nosepiece is adapted for manufacture in a plurality of different sizes
for receiving mandrels of correspondingly different diameters, and the distance between
the distal and proximal aperture ends of each of the plurality of different sizes is

substantially the same.

2. The riveting tool of claim 1, wherein the tool is configured to implement a multi-

stage pull and release activation for setting a rivet.

3. A method of setting a rivet, comprising;
providing a rivet comprising:

a hollow body having a first end, a second end, and a tube shank
extending between the first end and the second end;

a head flange configured at the second end of the hollow body; and

a mandrel passing through the hollow body and having a first end and a
second end, the first end of the mandrel coupled with the first end
of the hollow body, and the second end of the mandrel extending
beyond the head flange a distance of about 0.75 inches or less

wherein the mandrel is not required to have an unsmooth surface feature
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for a riveting tool to capture during rivet setting;

inserting the rivet into the riveting tool and inserting the rivet into a workpiece to
be riveted;

activating the riveting tool to grip a portion of the second end of the mandrel and
pull the mandrel of the rivet until the hollow body is substantially deformed to set the
first end of the mandrel;

releasing the mandrel and re-setting the mandrel within the riveting tool, such
that the riveting tool grips a portion greater than the portion of the second end griped
prior to re-setting the mandrel; and

pulling the mandrel until the mandrel fractures.

4. The method of claim 3, further comprising repeating the step of releasing the
mandrel and re-setting the mandrel within the riveting tool, such that the riveting tool
grips greater than the portion of the second end griped prior to re-setting the mandrel,

prior to fracturing the mandrel.

5. The method of claim 3, wherein the rivet is a blind rivet.

6. The method of claim 3, wherein the first end of the hollow body comprises one of
an open end or a closed end, at which the first end of the mandrel couples with the first

end of the hollow body.

7. The method of claim 3, wherein the second end of the mandrel extends beyond the

head flange a distance of at least 0.25 inches.

8. The method of claim 3, wherein the second end of the mandrel extends beyond the

head flange a distance of between about 0.25 inches and about 0.75 inches.

9. The method of claim 3, wherein the second end of the mandrel extends beyond the head
flange a distance of about 0.25 inches, about 0.3 inches, about 0.35 inches, about
0.4 inches, about 0.45 inches, about 0.5 inches, about 0.55 inches, about 0.6 inches,

about 0.65 inches, about 0.7 inches, or about 0.75 inches.
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10. A method of setting a rivet, comprising;
providing a rivet comprising:
a hollow body having a first end, a second end, and a tube shank
extending between the first end and the second end;
a head flange configured at the second end of the hollow body; and
a mandrel passing through the hollow body and having a first end and a
second end, the first end of the mandrel coupled with the first end
of the hollow body, and the second end of the mandrel extending
beyond the head flange a distance of about 0.75 inches or less
wherein the mandrel is not required to have an unsmooth surface feature
for a riveting tool to capture during rivet setting;
inserting the rivet into the riveting tool and inserting the rivet into a workpiece to
be riveted;
activating the riveting tool to grip the second end of the mandrel with a portion
of jaw gripping surface that is less than a complete jaw gripping surface available;
implementing a first pull by pulling the mandrel of the rivet, thus deforming the
hollow body;
at a state at which the hollow body is deformed sufficiently enough to enable the
mandrel to travel further into the riveting tool, releasing the mandrel and re-setting the
mandrel within the riveting tool, such that the riveting tool grips the mandrel with a
portion of the jaw gripping surface that is greater than the portion of jaw gripping
surface used for the first pull; and

implementing at least a second pull by pulling the mandrel to set the rivet.
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