THREADED FASTENER BACKGROUND AND SUMVARY [ 0001] The present i nvesidoon
rel ates generally to threaded fasteners of any size, and may be useful for

threaded fasteners having a major diameter between about 0. 8w I H“‘and
‘about 6 millimeter. [0002] TIHREKDETRFASTEMNERUCh as screws ”W“M “\W&Wl\

many applications to connect one conponent or part to another. Many screws
‘are installed through a portion of one corrponent and threaded into second

conponent to clanp the cogpe I?(RP onponent shapes and
configurations have been conterrp?at edg’f or re AK}?‘ﬁg a threaded fastener,
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Many aghdhut 6 atijlefserl Ncl udi ng aut onoti ve, el ectronic, and consuner products
require threaded fasteners that maintain desired cl anpi ng forces through
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additional materi aI1 Eo t and application cost, and are increasingly
di ffi ctHRPYBILBACYldBIcKASS ener si zes becone smaller. There remains a need

for ajoobse ad@\ﬂaﬁ@ag%ﬁﬂﬁfon%hﬁélucﬁﬂgﬁ BfotivE NS GroqNd 208 P%rs disadyant ages of

t he pr| or art have found that increastng umgharéw 8" seat i ng

t or querefipire ﬂmmdaﬁ lfasrﬁgletSHhat faistagnéesired clantyng fatdsngrough Gigadndawther educes
strip provi ding far greater variability of the screw

failu
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[0004] Fastener coatings have been developed to compensate for some of the failures of
prior fasteners, such as thread-sealing adhesives, thread lubricants, and anti-vibration
coatings. However, thread coatings require additional material cost and application cost, and
are increasingly difficult to apply as fastener sizes become smaller. There remains a need for
a threaded fastener that overcomes these and other disadvantages of the prior art,
[0005] We have found that increasing the range of seating torque for installing the
fastener, or the seating torque window, reduces strip-out failures by providing for greater
variability of the screw driver. Therefore, what is disclosed is a threaded fastener comprising
a threaded portion with a ratio of pitch diameter to minor diameter less than 1.28, and the
threaded portion with a major diameter portion, a leading flank having a normal angle
between 10° and 60°, a trailing fiank having a normal angle between 1° and 30°, and a shank
portion extending between the trailing flank and the leading flank of adjacent threads of a

arcuate surface having a radius greater than the thread height. where the ratio between the
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portion extendi ng between the trailing flank and the | eading flank of
adj acent threads of a arcuate surface having a radius greater than the
thread height. where the ratio between the axial |ength of the shank
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arcuate, rectangular. ell |tpi ctical. trapezoidal.
ank and the leading flank of adjacent threads. The minor protrusion may be continuous

along the shank portion positioned between the trailing flank and the leading flank of
adjacent threads. Alternatively, the minor protrusion may be intermittent along at least a
portion of the shank portion positioned between the trailing flank and the leading flank of
adjacent threads. The height of the minor protrusion may be not more than 30% of the thread
height. Alternatively, the height of the minor protrusion may be not more than 20% of the
thread height. At least a part of the minor protrusion may have a cross-sectional shape
selected from the group consisting of arcuate, rectangular, ellipictical, trapezoidal. and
triangular. A lead side of the minor protrusion may have a normal angle between 10° and 60°.
[0011] Also disclosed 1s a threaded fastener comprising a threaded portion with a major
diameter portion. a leading flank having a normal angle between 1° and 60°, a trailing fiank
having a normal angle between 1° and 60°, and a shank portion extending between the

trailing flank and the leading flank of adjacent threads. and at least one minor protrusion



tricangul ar. A lead side of the mnor protrusion may, have a normal angle
between 10 and 60. [00111 Also disclosed is a threaded fastener conprising
a threaded portion with a major dianmeter portion. a leading f | a n k
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a plan w a,t hreaded fasten f the di scl osure, [0015] FIG
2 s aa‘B gkﬁt{ﬂﬂé’i}& g‘?m‘arﬁakﬁ?veeran%qwganﬁﬁ B%tﬂ“g a@t‘ﬂi%r of the present

di sclosure, [0016] FIG 3 is an enlarged view of a thread form accordi ng
to the present disclosure, |0017l FIG 4 is an enlarged view of the thread
formof FIG 3 contrasBRAGF® AHAN QA EHEDRAYWINGB018] FIG 5 is an

enl ar o3 e el AN A SLBL LS ALEAd LOLm BesoLding Lo e pr esent
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[0020] BLS) 7 phous, partial Phan Yigus, ol Lermali ve mhor protrusions of
[0017] ©  FIG. 4 is an enlarged view of the thread form of FIG. 3 contrasting a standard
thread form,

[0018] FIG. 5 is an enlarged view of an alternative thread form according to the present
disclosure,

[0019] FIG. 6 is an enlarged view of yet another alternative thread form with a minor
protrusion according to the present disclosure,

[0020] F1G. 7 shows partial plan views of alternative minor protrusions of the thread
form of FIG. 6,

[0021] FIG. 8 are details of alternative profile shapes for the minor protrusions of the
thread form of FIGS. 6 and 7,

[0022] FIG. 9 is a plan view of a threaded fastener with grooves extending transversely
through the threads,

[0023] FIG. 10 are details of alternative profile shapes for the tips of the threads of the

present disclosure,
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[0021] FIG 8 are details of alternative profile shapes for the m nor
protrusions of the thread formof FIGS. 6 and 7. [0022] FIG 9 is a plan
view of a threaded fastener with grooves extending transversely through
t he t hi082dls, [Fd028]ispiteble pdparrmees of ore appligdticarafabicededopgttndrdostrmpors f or
the ti - - Qresen i.sclosure.. [0024]  Fl lis a
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mllimeter and 2.2 mllimeter, [0025] FIG 12 is a table of paraneters of
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sanpl emilésteemers, [0027] FIG 14 is a graph of torque versus angle of

rotati or sent fastener.  Sanples A [0028] FIG 15 is a graph of
t or queﬁ\%&s us %ﬁgﬁelscﬁc Sﬁﬂ”ﬁ‘ﬁ afn%?‘“% KIaRE Windew REFARIFRASANCISE, [ 0029]
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fastener Sanples C, and [0030] FIG 17 is a graph gﬁztorque versus angl e
of rotétion for conparative fastener Sanples D. DETAI LED DESCRI PTI ON OF

THE 31] . Referri Fl .. a.threaded f 2
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a portBpn of the shank 22, a lead end 26, and a head 28. The threaded
portion 22 has_a screw thread di sposed helically around the shank 22, the
adj acef020hr eddS- d&isa £57Pk epWF Gica@rivy angle ofiretetipr for spmphratipe faskenPr as shown
in Fl ﬁll.§§p16;1'§e&moiscrew thread includes a leading flank 32 and a trailing

fl ank , and’a shank portion 36 extending between the trailing flank and
t he | ef30p fIRIGK 1 Dis agiaph efitordreads. anglecoftrbiagias fdricOmpafhtive fastdher Maj or

di ameter portion 38, is the outer portion of the thread between an end of

t he |§arapk¢§,1%| ank 32 and an end of the trailing flank 34 defining the
maj or di aneter DN1 of the threaded fastener.

DETAILED DESCRIPTION OF THE DRAWINGS
[0031] Referring now 1o FIG. 1, a threaded fastener 20 includes an elongated shank 22
having a threaded portion 24 along at least a portion of the shank 22, a lead end 26, and a
head 28. The threaded portion 22 has a screw thread disposed helically around the shank 22,
the adjacent threads axially separated by the distance of the pitch P, as shown in FIG. 3. The
screw thread includes a leading flank 32 and a trailing flank 34, and a shank portion 36
extending between the trailing flank and the leading flank of adjacent threads. The thread tip
38, or the major diameter portion 38, is the outer portion of the thread between an end of the
leading flank 32 and an end of the trailing flank 34 defining the major diameter Dy of the
threaded fastener.

[0032] The threaded portion 24 may have a ratio of pitch diameter d,, to minor diameter
dm less than 1.28. Alternatively, the ratio of pitch diameter d, to minor diameter d, may be
less than 1.15. In yet another alternative. the ratio of pitch diameter dp, to minor diameter dp,
may be less than 1.12. The pitch diameter d;, 1s defined as the diameter above the minor

diameter d, where the dimension through the thread at the pitch diameter is equal 10 the

distance between adjacent threads at the same diameter.



[ 0032] The threaded portion 24 may have a ratio of pitch dianmeter dF to
m nor di aneter | dmless than 1. 28. Alternatively the ratio of pitch
di anet nor aneter dm may | ess than 1.15. In vet another
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the leading flank 32 surface. Alternatively or in addition, the nornal
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trailing compound angle 6, may be approximately the same. Alternatively, the leading
compound angle 6; may be greater than the trailing compound angle 6,. In vet another
alternative, the leading compound angle 8; may be less than the trailing compound angle 6,.
The leading compound angle 6, may be between about 1° and 20°. Similiarly, the trailing
compound angle 6, may be between about 1° and 20°.

[0036] As shown in FIGS. 3 and 4, the shank portion 36 extending between the trailing
flank and the leading flank of adjacent threads may be a arcuate surface having a radius R
greater than the thread height. The radius R of the arcuate surface forming the shank portion
36 may be between 1.2 and 1.8 times the thread height H. The thread height H may be

determined by the difference between the major diameter Dy and the minor diameter d,

divided by two. In one alternative, the arcuate surface forming the shank portion 36 may have

a continuous radius R greater than the thread height. The center of the radius R may be



The | eadi ng conmpound angle 0] nmay be between about 1 and 20. Simliarly,
the trailing conpound angle 82 nmay be between about 1 and 20. [0036] As
shown in FIGS. 3 and 4, the shank portion 36 extending between the trailing
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arcuate surface. Afillet may be provided at ‘the intersection between the
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adj acent threads as shown in FIGS. 2 and 6. The mnor protrusion 40 may be
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thread portion 24 and the conponens.. [0039] The m nor protrusion 40 pay be
cont i nUSHYeE) tbﬁgalélaé%éﬂlsﬁﬁ abgﬁieiqéi‘fh%hﬁ%fi phybierenhbircade as shevn indiltsi g
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Al ternative he mnog protrusion 40 may Ee mtermttenﬁ along at |east a
por t i orshahk pbreion SharprepodingameBhitieyt gapevl di thy mmbe prottutient40gapsowk?ini n t he
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fastener in the component as component material flows into the gaps 42 during installation.
The height of the minor protrusion 40 may be not more than 30% of the thread height.
Alternatively, the height of the minor protrusion 40 may be not more than 20% of the thread
height. As shown in FIGS. 6 and 7, at least a part of the minor protrusion 40 may have a
cross-sectional shape that is arcuate or semi-circular in shape. Alternatively, as shown in FIG.
8, the minor protrusion 40 may have a cross-sectional shape that is rectangular 40c,
ellipictical 40b, trapezoidal 40d, triangular 40a, or other non-thread shape that is desired. A
lead side of the minor protrusion 40 may have a normal angle between 10° and 60°.

[0040] The threaded fastener 20 may include a plurality of grooves 46 extending
transversely through the major diameter portion 38 of the threaded portion as shown in FIGS.
7 and 9. Aliernatively or in addition. the threaded fastener 20 may include a plurality of

grooves 46 extending transversely through the major diameter portion 38 of adjacent threads



fastener in the conponent as conponent material flows into the gaps 42
during installation. The height of the m nor protrusion 40 may be not nore
than 30% of the thread height. Alternatively, the height of the m nor

pr ot r Xitemithrradedhporben nidte daptheandrrienEgdencdf thhgrophesemely bhearigtas dasirahfornn i n

Fl GS. 7 | eas art the m nor protrusion 40 may have a
cr oss-tg%gg}q%onﬂéapgélﬁtgggl t%xﬁg%s%ngr gmhea&ge%%e B -circular in shape.
Al t er fgbdMel y Thasafh@iinéter forfon 38of tHeethfdaned p&fi@ﬁ,rdiﬁﬁ%éhgltfﬁ%%bﬁﬁ}ye a

cross-sectional shape that is rectangular 40c, ellipictica
t r apeZibivadiflageatace @anangladasurfacs an gicugtnirfagerpr lres slbps hagesitadaThe mapesi r ed.
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46 extastibwy by atemares semnypléhindighl 0.heltemporelditeRaRE dReHdd PRt &fthd he

t hr eaded Bg{jtion as shown in FhGS. 7 gnd 9. Alternatively or in addition.
t he thti;{eeé‘ PITHER BI3 PEAECUFRSUCR AP SheeVa by rlierartivaexgmplegindl@sl U6 ext endi ng

Lransvenssl y e Habn NGBl o dbREPARE b%%éde%ﬁﬁo‘g%aeﬁgﬁ aeentng h%;&ggs 6 of

the threaded portion. "The depth and orrentation o Fooves e
var i edalaminies brasd. or other miaseread ap derenatl. e readed tfiteremshanes maiid bf e t hr eaded

i nto. 041] The maj.or._dianeter portion 38 of the threaded portjion, or the
thr ead Rbs et e AT RE o BRPhbE it aiedtTe bt S SR e e o

sur f acglastfd] bekd alunsif@Rewdsd.deatrefdsied6r BlkPEomsiRAEhLkriRQr ti on 38 nmay be
tapered toward the |eading flank, the trailing flank, or both. such as

shown BP43l t e Paeameless xns| applicatioppbthel present diselostrie veshpwnt h&1GEj bl amii amet er

portio I ap}eﬂﬁ)er ;0N . te h_as shown, b

alter ng)f’?{}g&gg%crtr%’ﬁe@ I'n é&nf% EFE%E%%%%%% eessoéﬁﬁef ?feffﬁn@él (])Ss%o&gﬁi asteners
may befasegersfwednploducedamdasstad &el congldrey with @®b comalebdThlRUsMailBkl@SS. or ot her
materi al as desjred. The pihre,ad d fasteners may be nmade of a material

sel ect BYNBAAHES FLERFIH PABY ?jAtléa SR PavIpa Atlrephnsmiqopfigwed &5 phaven el ect ed
from pl@st i ﬂgiaagg}n&ln‘éwﬂh 099l BONGIES fainiih ggﬁaé%%glgiigoﬁ% scomponent
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Experi g&t al sanples of the presently disclosed fasteners were produced
and t eSPERLIREMRIGREK %Rl 4l €TETERGNE AritrbliRg nompl angle P abil & degrepmSrmplovels

fast en%gmnémhea\éua@_e Fadidnt @&@run@@?&gl@gag’?rﬁ%?%giafﬁ@Scaﬂ‘g)flé- BYyLgd as shown

in FIG 5 wth ™ |eading normal ang grees and a trailing
nor mal cemgleecifly ohil2Be faegeeedd uSderpherBdémsark Reasfomm®r Tdsaad sagpéestdir ead form

o Oy el st LofabgAgar Lor el anole a of 20 degrees
[0044] FIGS. 14 through 17 show plots of the torque measured as the samples were
installed into pre-drilled holes in a plastic test block. As shown in FIGS. 14 through 17, as the
fasteners are rotated into the test block, the torque gradually increases until the head of the
fastener reaches the surface of the block, at which point additional rotation of the fastener
provides rapidly increasing clamping torque until failure. In the present tests, the samples
failed by strip-out. Strip-out occurs when the shape of the hole deforms and/or the hole
enlarges such that the threads of the screw cannot engage the material around the hole enough
to tighten the screw. The drive torque was measured as the greatest torque right before the

rapid torque rise to failure. Table 1 below provides the drive torque for the samples as tested.



a comercially avail abl e fastener sold under the trademark Delta PTC.
Sanple Dis a comrercially avail able fastener sold under the trademark
Renform(r). Tested sanples A through D all have a nmmjor dianeter of 1.6
mllinmeters. [0044] FIGS. 14 "EthbEghIZrWesquuq)l ots of the tor que measur ed

as the sanptes—were—+ns ag'ie"... & ‘.. Imca fic test

‘bl ock. As shown in FIGS. mﬂtpﬁ‘?éugﬁaﬁ’e& h%m nesgmﬁiée]j{ gtated into
the test block, the torque ‘bradua ik e s%%m%ti‘i“{e mi’é%?(ﬂ“’éf t he

fast ener reaches the surtadeéd) the Bbfd@k 'at Fagkaners poi AesterrIs t ijonal
rotation of Mdee fastener| pid90des ragil@ly |i ncP®48i ng! cl dnphhg torque until
failure. |InSth®eresent tes34ithe sampbBes | faplogd by: strg.prout.; Stri p-out
occurs whennM&e -3 AT [t he shol e] defiorygs and/ gry7ghe hol € 5@ arjges such
that the t higadS3@tq PRE $CT @\/36ganmot 0®Egagy thyg grgrertial @g@ynq the hole

enough to trghtem the screw. The drive torque was neasured—as the great est
torque right before the rapid torque rise to failure. Table 1 bel ow

provi des43jhe The ﬁ%&lufr&)toqm& ik ehowhi Tl eFhefiliesbfle was TiBbired as Brei ve

Tor que .Sanple A i | e. B Sanple C Sanple D (a = 25, i (a = 20,
Conpar8ehss tot%%’?ﬁ’é%t’? peforetwip-98y (3 = 10) Fasteners Fasteners Mean 1.090
1.119 0.999 1.162 Std. Dev. 0.141 0.053 0.059 0.113 Mean -r3 Std Dev
1.514 1.278 1.176 1.500 Mean -3 Std Dev 0.666 0.961 0.822 0.824 [004] The
failure torque is shown in Table 2. The failure torque was neasured as the
hi ghest torque achi eved befor i,p TABLE 2: Failure Torque Sanple A
Sanple B Sanple C | Sanple DF[E‘A(]Z]E‘E2 gahl'frﬁ T Conpar ati ve Corrpar ative

25) = 10) Fasteners Fasteng&ﬁplw gm;i B 138akpe4Y Z. gégl | Dev. 0.100
0.119 0.101 0.129 Mean ; St Dev, 43@ 2 4900258 | o %atl\(bean -3 std

Dev 1.834 1.779 1.546 1. 38[3 =25) | B = 10) Fasteners | Fasteners
Mean . 2.135 | 2.135 1.849 f. 2.326
Std. Dev. | 0100 | 0.119 0101 | 0129 .
Mean+3StdDev | 2436 | 2491 | 2153 | 2714 |
Mean -3 Std Dev | 1.834 1.779 | 1.546 | 1.938
[0046] When the fasteners are used in an assembly application, it is typically desired to

install the fasteners to a seating torque greater than the drive torque and less than the failure
torque. Fasteners are often installed in commercial applications using automated drivers that
may have variability from one screw installation to another. For this reason, it may be useful
to provide a seating torque within a range of seating torques, or a seating torque window. A
larger seating torque window may reduce strip-out failures by providing for greater
variability of the screw driver.

[0047] To determine the seating torque window, an upper seating torque and lower
seating torque are calculated. The upper seating torque is the mean failure torque minus three
standard deviations of the failure torque data. The lower seating torque is the mean drive
torque plus three standard deviations of the drive torque data. The seating torgue is selected
as the midpoint between the upper and lower seating torques. As shown in FIG. 13 and Table
3. Sample B was the highest performing fastener of the samples because the seating torque

window was the greatest.



[ 0046] When the fasteners are used in an assenbly application, it is
typically desired to install the fasteners to a seating torque greater
than the drive torque and_| han.the failur torque. Fasteners are
often installed in comm?rcﬁgi%a%&%iﬂd% &SWéleLYgi“ﬁ@wautorrat ed drivers that
may hayve variabi TTTy fTom onesgfrew 1 NsEahbidtd on @anRoEner . shgle bi|s
‘reason| it nmay be useful ta hojﬂ;;de a s(g_idqg T@O%gﬁxm\;elﬁ@o J-ange of
seating torques, or a seati orgue W ndow.'A |l er sedti ue
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of the| SPPEPIHNGLOTIUE 0047] ||Tn 1d§f'e-r—m_nejp_g&seéti Nt gue Wi w—an
upper sé&eatinggl aree er 1-%%31i ng tletue Alre f‘-ﬁﬁl‘u[%’r pdl-?ﬁ%p pper
seat i ngLbeegseating Tohmenean flai | up¥ t of que .28nus |t hr 8876 st andad d08eviat i ons
of the|BaatngrBoriwr Wueloskat a. [Thed.Bhner | sedtitig t qr que.3i78 t he nmbad8drive
torque plus three standard deviations of the drive torque data. The seating

torque is selected as the m dpoint between the upper and |ower seating
t or quel9048s sHbarisclesed readed fasienyimprs comprigynreadsd Ragion ety greaf

erform ng..fastener. - t i - Wi ndow wa

Ito he grél&acthgisf .gtér @%ﬂg%&g teeg?“%% &%?Wﬁ&%@gﬁ%}r@g%\%%m go}é"' Sarr\{)VI e ?:
Sanpl ediBmefef partidh, a leading Adnk Bavipgr adbima abgkperatdn/° aRl 6025)traling fank0)
Fasteners Fasteners j U -] Tor- 1.834 1.77 ..546 1,938 |

Soat | NGVTRR GHETA TEY BSeeh 45810 SBeand & Sgk PoRE HRSRY TR 1. 514 |
1.278 &a%iﬁl@ﬁ]%m?% thoRAH IR0 R AUE) MAARMA S FEhrOuapddurbacd HAvidg 43&1ihP048] The

di scl ose readed fastener may conprise a threaded portion with a ratio of
pitch gicarrethan thothrrad beight, avhsrethelraiss betvgen the2gial dangth plethe BraskidedIPdPt i on
with a major. dianeter portign, a leading flank having a normal angle

bet weeﬂ”i%l % tés(a)l?e“é{eetnrla?lap?ud%fl ank having a nornmal angle between 1 and
30.  angy9s hant,de&latOfrRxt EReiingtHeehwaepbrtibe of theahlchdwd fhbtafids nichavbie

| eadi ng flank of adjacent threads of a arcuate surface having a radius

gr eat eraditsbetwinn theehb SHimnggthe thipasrkeiglie rati o bet ween the axial |ength of

ar cuat DEIFT ack ek B AR LR B0 e pR b ol oLy 1ave

a the normal angle of the trailing flank of the threaded portion. Alternatively, the normal angle

of the leading flank of the threaded portion may be between 1.5 and 2.5 times the normal
angle of the trailing flank of the threaded portion.

[0051] In one example of the disclosed threaded faster, the normal angle of the leading
flank and the normal angle of the trailing flank are substantially the same. In yet another
alternative, the normal angle of the leading flank and the normal angle of the trailing flank
may be compound angles.

[0052] The threaded fastener is adapted to assemble parts made from materials selected
from the group consisting of plastic. brass, aluminum, wood, concrete, and steel.

[0053] The threaded fastener may include a plurality of grooves extending transversely
through the major diameter portion of the threaded portion. Alternatively, the threaded
fastener may include a plurality of grooves extending transversely through the major diameter
portion of adjacent threads of the threaded portion.

[0054) The major diameter portion of the threaded portion may be tapered toward the
leading flank. the trailing flank, or both. Alternatively, the major diameter portion of the

threaded portion 1s arcuate.



radi us between 1.2 and 1.8 tinmes the thread height. [0050] The normal angle
of the leading flank of the threaded portion nmay be greater than the
normal angle of the trailing flank of the threaded portion. A ternatively,

t he nofUP&P] angihe thispdgdiasteregdngighave s keagione FENPTHPIETHEEN polormeh aieag abe Y
bet wee ) ] i ; : s .9f the
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]E Ihe noflamit arinik éeadingt flumk lof adjiabent thireadsk Taaichindrerotousial mapdk eominubhe trailing
ank are substantially the same. In_vet.another | ternative, fhe normnal
angl e BPEHE P?faowaﬂﬂogﬁé}eﬁwsﬂw&mﬂm&?ﬁfwg aa?%eenlgaﬁllpgﬂ%a% flank may

be Correngagg&% %QA&SAH&QQ%MF@HMI%%M%tiﬁeﬁﬁmbﬁ AGRPLALLst #pativpTb! e

parts romnaterials selected fromthe group consisting of plastic.

brass. tl sheilnportionposiionuriereta, thamdilsrdink ahdds3dtadihe flank ebatbatehast ener
may m@]ﬁu%g a plurality of grooves extending transversely through the
maj or ter portion of the threaded portion. Alternatively, the threaded

fast engeosERy | HpkdeR, tePhidbPbrotrnsioh ntHydRvE s hedphenéti Mgretthansert S&hYf tHr ough
the maj or dianmeter portion of adjacent threads of the threaded portion.

[ 0054] thraed highr Alipmagrady. thoheigbioighe mhroriretEsias pot moshthaay 0Bl thper ed

t owar d .eadi I ) .ralli : K r 1 rpatd vely, the
maj or (ﬁ: g%llePéel?ﬁ pé?%ia%r?ar%?! %fhggnﬁﬁoﬁedégﬁ%lédo@ 1 }6%\%1 asagg%aeacﬁéﬁﬁgﬂ%%ﬂ The
Ithr eadeéleéta@!f@ﬂﬁﬂhls:@ﬁ%p%ﬁﬁst&kﬂg bfeastatq rectinguiir, Qlipictictd] @apezsidhloaned al ong at
east a _portion _of the shank portjon of the threaded portions positioned
bet weentianglar s Adqitippallys p ek saﬁwftﬂffﬁemvga@ifﬁglsmnam%' %%vea?dﬁl%fe@hﬁ—n&'?ﬁ%a@% The
m nor pLYL YS! y be continuous along the shank portion positioned

bet vveengt tellbflﬁg{lPﬁg flank and the leading flank of adjacent threads.

Al t er nd08¥a8! y, Aldoadisdloved igw hireadsd dastansr commprsmg havmg atloeaiedtpottmasvittaa
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my havena Hehght 8l t608 04 shiileportiBh €26 nhiRk Petween th
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[0058] The minor protrusion may be continuous along the shank portion positioned
between the trailing flank and the leading flank of adjacent threads. Alternatively, the minor
protrusion is intermittent along at least a portion of the shank portion positioned between the
trailing flank and the leading flank of adjacent threads.
[0059] The minor protrusion may have a height not more than about 30% of the thread
height. Aliernatively, the height of the minor protrusion is not more than 20% of the thread
height. At least a part of the minor prbtrusion may have a cross-sectional shape selected from
the group consisting of arcuate, rectangular, ellipictical, trapezoidal, and triangular.
Additionally, a lead side of the minor protrusion may have a normal angle between about 10°
and 60°.
[{0060] In one alternative, the leading flank of the threaded fastener may have a normal
angle between about 10° and 60°, and the trailing flank may have a normal angle between
about 1° and 30°.
[0061] This invention has been described with reference to illustrative embodiments and

is not meant to be construed in a limiting sense. It will be apparent to one skilled in the art

10



about 10 and 60. [0057] Also disclosed is a threaded fastener conprising
having a threaded portion with a major dianeter portion, a |eading flank
having a normal angle between 1 and 60, a trailing flank having a_ normal
angl e thet sierments oxpraCcEe Steah Hom aI§ PR QTS rembodiraste AeRCrBebar@dana) Preusetr ai | i ng
flank a the . J J ne m nor
'protru@R%HﬁnE%Pﬁ&%mgggﬁ%ﬁggr@é%%?%%8%2%¥%gﬁggﬂﬁ?ﬁgﬂgﬁgﬁukﬁgﬁ%an of the

t hr eadgdcigddtlicasis, apashdtitengdsenbaiveresn tshet likdiddi o thef dpacikic @aptbotiheerteadi ng

fl ank of adjacent_ threads. %0058 The m nor. protrusion n%¥(g§ conti nuous
al ong PIOEIEA RRIEIHIN ORBrASTESTOrndh &Y a05EMASRHNE RAIMF- oY ATIOHG TFAERIRARYOY he

I eadi ng, 1}, k04 erﬂgédﬂ'ﬁil%ms, ésmﬁ%saddﬁjiérﬁg %%b&i?rLe)ﬁts b e L 8R{on W08 USI ON 1S
intermttent along at least a portion of the shank portion positioned

bet weenappanmt td parbdns skilket amtheand:poh ecfleeade ng tHi$ deskripioradj acent t hr eads.

[ 0059] The m nor protrusion may have a hei ght not nore than about 30% of
the thread height. Alternatively, the height of the mnor protrusion is
not nore than 20% of the thread height. At |east a part of the m nor
protrusion may have a cross-sectional shape selected from the group
consisting of arcuate, rectangular, ellipictical, trapezoidal, and
triangular. Additionally, a |ead side of the mnor protrusion may have a
normal angl e between about 10 and 60. [0060] In one alternative, the

| eadi ng flank of the threaded fastener may have a nornmal angl e between
about 10 and 60, and the trailing flank may have a normal angl e between
about 1 and 30. [0061] This invention has been described wth reference to
illustrative enbodinments and is not nmeant to be construed in a limting
sense. It will be apparent to one skilled in the art 10 that el ements or
process steps fromone or nore enbodi nents descri bed herein nmay be used in
conbination with elenents or process steps fromone or nore other

enbodi ments described herein, and that the present invention is not
limted to the specific enbodiments provided herein but only as set forth
in the acconpanying clains. Various nodifications of the illustrative
enbodi nents, as well as additional enbodinents to the invention will be
apparent to persons skilled in the art upon reference to this description.
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