THREADED FASTENER BACKGROUND AND SUMMARY [0001]The present invention relates
generally to threaded fasteners of any size, and may be useful for threaded fasteners having a major
diameter between about 0.8 millimeter and about 6 millimeter. [0002]Threaded fasteners such as
screws are used in many applicationsgterReNOPSE B NEASCNIRPERRNE Or part to another. Many screws are
installed through a portion of one component and threaded into second component to clamp the
components together. Many component shapes and configurations have been contemplated for

retaining a threaded fastener, sughsasiedaiodermhsouphshaleviorrred in the component for engaging
the threads of the fastener. The blind or through hole malﬁ%%rovided in an embossment or may be

provideP e comlisones AT ERTES e RSBRIMG AAfHE el i g &etBRIdnRE,

electronig, @A CRSHBRTArRdUSTS: seQuirg; thisade difastenesstthainnaintangesireeealampging forces
through vibration and other in-use loads. A common problem with prior fasteners included loosening

under vﬂ?ﬁﬂ&%mﬁ?tﬁ?ior fasteners stripped too easily during installation providing reduced clamping
and prefpagare assenably datiurectastalnpriordasteneisearaateaxcepsiveiadiab stesscasaund the hole

during installation, particularly in an embossment, that kens the component and may cause
prematﬁ%”é?&?mﬁﬁ/Rﬁﬂﬁ?e?‘ry[@%ﬁ%%ﬁ%?eé\ga?ﬁdé}ﬁg@%%6%@&@%3@8’6%&1 t%?ggﬁwﬁ(@ﬂgg?é%r some of
the failuies O ided fasteresadsuhpasdhreadisedling adhesivess toeatlubigantenanshanti-vibration
coatings, However, thread coatings require additional material cost and application cost, and are
increasiigh d i?ﬁgﬂf’f’(ﬁ%'ﬁﬁﬂ/oﬁ Qgg epl%ns(f?g%e Eg?ﬁ%r?gﬂﬁﬁ%ﬂl% gﬁgﬁf@r‘ﬁ%@llr%%eﬁgea% 4 threaded
fastenepihat Qvercemesolbesmand other dispovantagesmefh ghe: priothasa {000 5] ¥\ashave. found that
increasing the range of seating torque fqr installing the fastener, or the seating torque window, reduces
ctip oo DAL B DU B RAR G e CE Qi G FHGHERIE What s disciosed s o
threadegbfagtener aamepusinglamtireaded portion with a ratio of pitch diameter to minor diameter less
than 1.?@9@d th reade(fl.é)ortion.wifh?(a mglgr diatmeter% ?rtion, a !jeadin flank h vipg a normal
angle b n 10" 4AP 6P A ﬁtéﬂ{lr?dl?f:alﬁ ah V|n8rgon8f?h5 gﬁaf@cbgflwecé)ﬁl "BRPSY SR a shank
portion exfendingehetdeancitesttadingflanknatedithe itadpigfankeotladjadentitnéadsndf @harcuate
surface .having a yadjus greater than the thread height, where the ratio hetween the axial length of the
shank p‘BFﬁB?]%%? réﬁ&oﬁgm 2 Z?We\élﬁl%l rrl%gé’.%l.eﬁﬁ@(ﬁléﬁgt OLiAe 18 iﬁ/gbfﬁgoéhank portion
may havgrlzradivisthetnvesrtlighaitbd. Satitheduttiedthneatl hneig btof00REG] Ih cal vlahphglewaf the leading
flank of the threaded B}%ﬁs?ma% Beﬁ(ér.eater tr}ant the normal angle. of thg.trailirgzgfflank f the threaded
portion. PARBAMERATSEEI SHAIEGN, THE RGPS ar AT IS B8 Fe R A S ARG R A8 é’Srtion may
be betwieas dubignth2didimoes thei ndemalianglernbikenieailjngaflarkiofihe threagedaposiidmay
Alternatively, the normal ai’ng{ﬁa,o%me leading flank and the normal angle of the nailing flank may be

n

substarfifify FIERAINE 35 ‘&f alternative, the normal angle of the leading flank and the normal
angle oftbe4railing ftasisncayt e chmmpdrad dnglepd0addiiettreddeddastenaienidjubs aflapted to

assemble parts made from materials of.plastic, brass, alumjnum, wood, concrete, and steel.
000BTHENHUEUE FSILALPA) Nt Sty DTS bVE AetinG raTSUAISBl through the
major digneies. nesiavel the-dtireadird partioine Adéintativelyeriin asiditioh apheithreaded: fastener may
include 2 pluralty of groges xending Ianeverecly yough e malor lameter potin ¢ adiacent

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 flank 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



10009]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 may be arcuate.

10010]The threaded fastener may have at least one minor protrusion formed along at least a portion of
the shankijpbrtigniostite ttreddporpontiorapasiisaadibeteemthe wadiog flank avdatbedgacing flank of

adjacent.threads. The minor protru5| tlnuou Ion shan rtio ioned between
the R 8 FEAE T DA AL A P bGP bREtEon may be
:nte(jrmntgmmk I]ofng ahmﬁtmpaggm]rcﬁ‘ftﬂad@ha@ﬂmﬂﬂf o @Qsimmeddt;ﬁtvmeanﬁhﬁﬁéaghmﬁiahﬁgg; d tfheh
eading flank o t threads to rotrusjgn ma not m than o of the
thread h{elgﬂ?rﬂﬁgrn%tlveﬁ& & Im ?{ r%’[%et}rlﬁiﬁgre |%rofP @s.%h%aﬁfﬁmﬁ%/if?ﬁ P %3%‘%(599 gﬁhe thread
height. Aubte&etaagj)]attfdheheammg)ﬂprxktnfsiﬁtﬂmmdfmmmm%eeﬁseejmméah?mﬁiéIeedte@gﬁ@rP thhe
group consist arcu ct ar, e al, tra a tr ar. A lead side of the
minor p?gtrus%%%a azi}/le%':H a rﬁo?n%%alln e éql}wgléﬁ J;% J%%n[ Tﬂ%ﬂvg \dléc o%oégl IS a ﬁweaded
fasteneroédhapemin@ dlahkeadempomumkmdgla nﬁa]r@rtdma]mgtﬂapbmem ba kehdtmgxﬂﬁmkﬂaamng a normal

angle betwee N a@ema%tvrgll %flank %\%r: {%PW“SA %gkllea@( en 1 and a}ndfa[shank

portion extending between the tra iling ea adja(e:elﬁflfhrea ”and at least one
minor pmmtrhsg)ﬁaribmmedbalonglmlhedmlpertlon of the shank portion of the threaded portions

position(i,-éj0 weenp, th u ajli nk and the le dn Iank of acent thr. aﬁls 100 21Th minor
protrusion Bat bgﬁclon nudiug% ong%m%gﬁﬁdg rtlgn{ p05| édpb Weecr{?t erflra%negnﬁan?( and the
leading ﬂmkmbmﬁemmmdsommelyandemhor protrusion may be intermittent along at least

a portio e sh rtl itioned _between th tra ling flank and the I ading flank of adjacent
threadqu%gLelgr?tpgf e ﬁﬁ%@?%%?ﬁ‘u%ﬁ%%fﬁ bé Ho & lt tIJh%r § 309% Xﬁﬂe?ﬁre% %lsg
Alternatihedyeththdeigior df dhreteri mr@ot@ﬁﬁn@ﬂ%ﬂdﬁmﬂmv@tmm@% of medﬁlmad ﬂneig ht. At

Ieastap{art arJ tcha e|rrlleorr rotru ucr11ema gfcr Ososvgectl (?I gha&e elg}e HHI rou
conS|st|ng 0 arcuae rec a?ﬁgtﬁar e B¥ctlca tra ezoﬁaﬁ3 iéngu ar. eo t e mlnor
protru3|dnamayrlmwecm noadakanglerbetyveicthe Biznde@Qofdo13] The Ieadlng flank of the fastener may

and 20, B DT o G T B L B R R e
fasteneri@fchlng ﬁaekeﬁmdlsdr;@f@nﬂ()@&&]ﬁmAﬁ@m@&hfmbwmﬁ}an dlewtativertimeatigd fastener of

the pres%?t f%] 1§;Fal? %és an enlarged view of a thread form according to the present
dlsclosure iS'an arged view of the thread form of FIG. 3 contrasting a standard thread

form, [00ABIFG. aﬂ%amemdacb&dtwewm&ahaaktemaammreaddommausordfngnedthbmgment

dISCIOSUIeast a portion of the shank portion of the threaded portions positioned between the trailing
flank 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 is 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 flank
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

3]



[0019]FIG. 6 is an enlarged view of yet another alternative thread form with a minor protrusion
according to the present disclosure, [0020]FIG. 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 pridfusidas et ﬁﬂ@eﬁ%ﬁ%ﬁ{ﬁbﬁiﬂﬂ of fatGBarfk ot 0022 Flicea8d8 poplianvivw b gethreaded

fastener with xte nsversely thro th threacﬂpﬁ é 023]JFIG. 10 are details of
alternatiV& P ﬁlfﬁgﬁ%ﬂ? @,ﬁé].% g ﬁ%? f{%gaﬂﬂgS ﬁﬁ?éaﬁ%’%é closure, 10024]FIG. 11 is a table
of parameoary of onkeapplwationrofithreadead tastenesdonkaiiois sizek pbthireasiedtfastaner having a
major di meter etween about 0.8 rrhlllﬁne er “Ef f{0 25 FI . 12 is a table of parameters of one

an (Phig! eads, Iternatlve 6

applicati ?‘I\g?% 83@ TstENeY 107 VArSHS S sHAed rastener avmg & mejor diameter

betweerpahmshc&mlIbrmetmmﬁndeﬁtraﬂidihgletéeaﬁmﬁﬁﬂ%oﬂ&eshanhqrmimvpmgtmsemlng torque
window for sa?%e a%g%gﬁ%? 00%7 G, d14 |ﬁ raph of torg % Fglleh? Batlon Efr present
fastener amp e A S a grap‘h rque Versus angleo fotation for presen ‘fastener
Samplegrotrusion 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°.

[0013] The leading flank of the fastener may have a normal angle between 10° and 60°,

and the trailing flank may have a normal angle between 1° and 30°.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a plan view of a threaded fastener of the present disclosure,
[0015] FIG. 2 is a plan view of an alternative threaded fastener of the present disclosure,
[0016] FIG. 3 is an enlarged view of a thread form according to the present disclosure,
[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] FIG. 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,



B. [0029]Fla 16 is a graph of torque versus angle of rotation for comparative fastener Samples C, and
[0030]FIG. 17 is a graph of torque versus angle of rotation for comparative fastener Samples D.
DETAILED DESCRIPTION OF THE DRAWINGS 100311Referring now to FIG. 1, a threaded fastener
20 includeddh elohtfated shardoR>hanmingadisreaded portionti24 afohgaidedsttanpofionoidie shank
22, alead end and.a.head 28. The threaded portion 22 has a screw thread ?is osed, helically
around the & ﬁﬁ%ﬁe&a@aﬁ fla%zehr?tv threads’ gg(i%l?y seéfc)%t%)g ed %lyat%?él td?s'v%/arrr]%lzncrf’re Re p@c% “P. as shown
in FIG. 3nillmaagerew thread includes a leading flank 32 and a trailing flank 34. and a shank portion 36
extendi wee iling flank and th E% ing flank of adjacent threads. The thread tip 38, or the
; t
major diameter po%tligﬁ gglsis? %ﬁ?%ﬁ%r%%%%on% ﬁ}gg%%gg%cg%éé%gﬁﬂé%ag%%% ][;%nee re}%{ﬁ/r?éll(ﬁlasnk 32
and an e filer tealitin gefmnkr 3 defirimpibedrajotcidnetemDbvof Herthieaded fasténer. [0032]The
threadeqn[i)ﬁ%jl%{&% may have a ratio of pitch diameter dp to minor diameter dm less than 1.28.
Alternatively, the ratio of pitch diameter dp to minor diameter dm may be less than 1.15. In yet another
alternatiVé) 26k ratiolof prch alfdrietbpdprammondisenetervdnionaiobsaledetiantenst?. The pitch
diameteyglp 45 defiped a3 fhe diameserabavedhe minor diameier A whers thedimeasigp through the
thread aidtt%eﬁ)itch diameter is’e%%{al Tc(J) the di%tance gle?ween adjrécen threadssat the sargle diameter,
[0033]THe leading flank 32 is angled toward the lead end 26 defined in profile by an angle between the
leading {2 anda plane.narab adhiongludingli e el sl reLArnoumalandlie . as
shown i FIGg. 3 and 4. Thg%%i ing flﬁzl%%m is ang%}e% towarlrdatlhe hea% ZSe%Iefined in profile by an
angle bébween the trailing flank 34 and a plane normal to the longitudinal axis of the fastener, or
normal ey P, assbows inFIGS, 8rand 4. Thenarmal snale.asf fhe lsading flank 3,.may be greater
than the normal angle J3 of the trailing flank 34. Alternatively or in addition, the normal angle a of the
leading flanpR?2 of #1e threaded portion 24 may be between 1.5 and 2.5 times the nornial angle 13 of
the trailipg gk 34:pfthe Ebraegx%gﬂ 9@{&%@@6@1@4}@Hf@'y%%o%ﬁd}pfmbmk%@v@%m@dmg flank 32
and the hormal angle 3 of the trailing flank 34 may be substantially the same. [0034]The leading flank
32 may hawwlasidrmal angle a between about 100 and 60, and the trailing flank 34 may have a normal
angle 13 between about 1 and 30. Alternatively, the leading flank 32 may have a nonnal angle a
between about 15 and 40, and the trailing flank 34 may have a normal angle 13 between about 5 and

20'. In one application, the leading-fahk B2 Grdy hEV& OhotHEIRRGYEEEFES0 and the trailing flank 34
may havg @ permak apglg3 of 19, $983plQpiienaly +Re-Rormalanals a ot ihelaading flank 32 may be

a compound angle as shown in FIG. 5. The leading flank 32 may include a leading compound angle 01

from thehieading theeikd P rsutfaee 4Alenaatileasyt srnaragainomankanb ARal derglend st kil gailing flank
34 may Rgaé‘ SOMRAURL ANAR A% SHEW RN FIGeR- tﬂ%&faigﬁgéé'@ﬂé%m%¥d§ﬁHJﬁk% SiAlng

compound angle 02 from the trailing flank 34 surface. The leading compound angle 01 and the trailing

compoutit afigiecptimead baxappronatetythshsafeanecrhtmriphtheafeduing combouhd hgle O
may be greater Ihan;ihe falling comprexnd-angle 92-iyeanetheralieraiive ,hadgaging compound

angle 01 may be less than the trailing compound angle 02. The leading compound angle 0 may be

betweerestsoding atveen GimifkitipgthentaimAdhedansounmd argré Dhaasay thecheswEenthisedtiro and 20.

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
dp, 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 d,, to minor diameter dy,
may be less than 1.12. The pitch diameter d;, is defined as the diameter above the minor

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

distance between adjacent threads at the same diameter.



100361As 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 th@fld@ad hédightaediThahkedtliheighied fomay btha ket mider big five diffenerfide hetween the
major digmeter Dm and the minor diameter, dm divided b . In one alternative, the arcuate surface
forming %ﬁ%%ﬁjgnpvﬁeﬁgﬁlgrg §éﬂlrﬁgaﬁje%e ac%%t?nu%%ls](?a %&gg gerleoa 1rtt %altﬁél ?é%h aes"lgeﬁ?.r"l'he
center ofthemadiusfemays lsboaxially BoSitomed 4 distarmErappaokiftate ynlbif of tredpiterhdéadbetween
the thre§ Sy 0 ifi (é frefer BRI R Ai,l(li%r i ~the_center of the radjus,R may be
axially pogsi%%%rlﬁeéﬁ éﬁ) Iéaf% t gﬁegfgg%%ng t%rege or ?hte trélgf?r?ga %hréaél%%se%geis%lr}ee& eafjr%';loti%(§1 between the
axial lengtizRadiotlthsishafiie portdoer totmeackhenght hay o betindelGabGuwrnt. 8. die 8@nBD0371As

shown in,£G5 3 Huquahy. 15, sbenkspeion 36 max be.adapad, s L afutp,urface of the

shank portion 36 intersects the flank 32, 34 non-tangentially. State ther way, at the intersection of
the flank42A%4ragdviie erouaddishanthpoiorBanghe flantoss erstitgngent 8 it tuzmislrface. A

fillet ma}é&%&{%@%ﬁ%t@&d&yﬁr%%@ between e flank.P2,34 gud theshank Rogion 36 (not

shown).”10038]The threaded fastener 20 may have at least one minor protrusion 40 formed along at

least a pibréietrebeTE ahahk pEiieH 36Yotlise thredlduwisorwdtcdqadrxidmed Letndgrs theradiling flank
34 and the Jeading flank 32 ehadiseentieadsas sapwndneS. 2 and 6. The minor protrusion 40

may be provided to improve the perfoimance of the fastener under vibration. The minor protrusion 40

is not a tARS4dl formisucadsatiasioAmae iy be providad el Roliechehrs 8hansheik grtion 36
and the gampanen meaterigl he foste RS INRALeh R INCLEA5ING SRNESL aRahafwgenibe thread

portion 24 and thé component. [0039]The minor protrusion 40 may be continuous alongthe shank

portion 3&:pisititinkd’ Baamebivehe RPamal ek BLuHgehatiedding Frthk 032 askldbipEanmfsalis as
shown i Gy 7 ALErRaHYEIun e MBRL RIRULSIAT 4Ghmay b, IBfermilieat RIANg aleast aipgrtion of

the shank portion 36 by providing intermittent gaps 42 in the minor protrusion 40 as shown in FIG. 7. It
is contefrplatechavatamergupsnRerhf fitradimproodinaEatio s bmme harssdevrmaersde hahe

componggt 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

protrusid®038imay BetivselhotbenamPdsnetalefitalsabngHians Thow e rICSUDEHHAPZS least a
part of the JIRAL RrefEsioA0 maY.baYsR $hassssartional shapsthahis Alcyale RIegmizcireular in

shape. Alternatively, as shown in FIG. 8, the minor protrusion 40 may have a cross-sectional shape

that is réegainsuitankce, aifisitichliaustirabedbid Addoirridsdwardcade bvehadrriiedddhape that
is desired: A lead side-of dheiminer NKYsOMmAGMay have.anumalandlehetwash.L0ane 0.

[0040]The thréaded fastener 20 may include a IuraIiP/ of grooves 46 extending transversely through

the majéPainava ApRafbriRschtheahien ekt tiotiacs shbosaAl ISP e analREMEV/EIY or in
additio”trEﬁﬁﬁQ@ﬁﬂﬁ&fﬂ%ﬁgﬁ@%ﬁé’b&lﬁflﬁ%‘ﬂé@'{ﬁé95&%@9&4@&1&9@2—;‘ nding Jransversely through

the major diameter portion 38 of adjacent threads of the threaded portion. The depth and orientation

of the grSEVBE_URAGISEO\hTRRY 8 GEFFEH TSt EGHipsromnaunsrgisedtadterid @iabse threaded into.
[0041]Themaier diamelarROHiNR-3ERS theithieadadnqriom-ar the thiigad dip38 mav.have,a flat

surface ,an angled surface, an arcuate surface, or other shape as desired. The major diameter portion

38 may beetigssiag cowardraneiithginke Meevianig K, Bdesth, SiehiadysHesvimbipalternative
exampl%griﬂp%{ﬁdjag flisrnaiveiydhespalgngiamgtgrpertion of the threaded portion may be arcuate

such as shown by alternative examples in FIG. 10. 100421The presently disclosed fasteners may be
made frii36l carberhsirlinalibyStéend 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 dp,
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



aluminum, brass, or other material as desired. The threaded fasteners may be made of a material
selected as desired adapted to assemble parts made from materials selected from plastic, brass.
aluminum, wood, concrete, steel, or other component materials. [0043]Parameters for one application

of the prespnt disglasie-dsishaws ipirisnaddpandlf3f hcpnignetemwith GG ediandhtiExperimental
samples of the presently disclosed fasteners were produced and tested and compared with two
commerEAlif EvanaHTe %%rgti%t?ég?gﬁg 5, t%%ﬁ?ﬁ’l@%’ sﬁiéef?;?sﬂl=l"r‘?eﬁf'L ARG ﬁxllﬁ@'a%ofb?ﬁ?%\%nﬁgured

as showpiidr ke 1k Withiadeadinydranmnakinglehacali2h degreg¢sianrd-aitiabingaothakasngle 6 of 25
degrees. Sample B is a fastener having a thyead form configured as_shown in FIG, 3 with a leading
normal &ﬁﬂ%haRéfoféﬁaegé PYHEY f?a%hﬁ@%%?’rﬁgf %@%%F‘f@e eaé%%‘gg%ﬁﬂﬁlp?leo C is a commercially
availablgdestener salehungeintiedrmdemaieDelthEIHehk Partiple I3 ina cerdagreiallavaitabte
fastener sold under the frademark Remformg. Tested samples. A through D all haye a major diameter
of 1.6 miTHEE T 604415 LS FFPRTIGH T5-Croi ot B o H A S bamples
were instaltekintapre-tidliachetasoin & pladtinite3? MdclnddshowainH@Sdddthobgthd Tlaas the
fasteners are rotategtin the te tb|°{3kc’eth§ %ﬁ)lr ue r%duallx.icpcc{eg es. u?:til thte h atf"l of tht%fastener
reaches thECS(PEER" OF the BISEKS atWhich point additional rotation of the Tastener provides rapidly
increasirtaaladipiigatarr ueshintik fadhuien Fothepiesen).tests, the samples failed by strip-out. Strip-out
occurs w es of the .hole defoyms and/or the hole enlarges such that threads of the
ccrew ca T o e T e T s Ehsi e e e R A B was
measured gathergreatest toegherightiiefoi® tiehapidaaieflpaisers Idihrstidatlddtvelentiprovides the

v g io IS MBI S5 eH 0 TOELE ARG TRIS, S b i g samle
minor protrusion 40 may be provided to improve the performance of the fastener under
vibration. The minor protrusion 40 is not a thread form but a protrusion that may be provided
to fill voids between the shank portion 36 and the component material the fastener is threaded
into increasing contact area between the thread portion 24 and the component.

[0039] The minor protrusion 40 may be continuous along the shank portion 36 positioned
between the trailing flank 34 and the leading flank 32 of adjacent threads as shown in FIG. 7.
Alternatively, the minor protrusion 40 may be intermittent along at least a portion of the
shank portion 36 by providing intermittent gaps 42 in the minor protrusion 40 as shown in
FIG. 7. It is contemplated that the gaps 42 may further improve retention of the threaded
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. Alternatively 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



Fasteners Mean 1.090 1.119 0.999 1.162 Std. Dev, 0.141 0.053 0.0590.113 Mean +3 Std Dev 1.514
1.278 1.1761.500 Mean -3 Std Dev 0.666 0.9610.8220.824 [0045]The failure torque is shown in Table
2. The failure torque was measured as the

of the threaded portion. The depth and orientation of the grooves may be varied as desired for

the component material the fastener will be threaded into.

[0041] The major diameter portion 38 of the threaded portion, or the thread tip 38 may
have a flat surface ,an angled surface, an arcuate surface, or other shape as desired. The major
diameter portion 38 may be tapered toward the leading flank, the trailing flank, or both, such
as shown by alternative examples in FIG. 10. Alternatively, the major diameter portion of the
threaded portion may be arcuate such as shown by alternative examples in FIG. 10.

[0042] The presently disclosed fasteners may be made from low carbon steel, alloy steel,
aluminum, brass, or other material as desired. The threaded fasteners may be made of a
material selected as desired adapted to assemble parts made from materials selected from
plastic, brass, aluminum, wood, concrete, steel, or other component materials.

[0043] Parameters for one application of the present disclosure is shown in FIGS. 11 and
12, in conjunction with FIGS. 3 and 4. Experimental samples of the presently disclosed
fasteners were produced and tested and compared with two commercially available
comparative fasteners. Sample A is a fastener having a thread form configured as shown in
FIG. 5 with a leading normal angle o of 25 degrees and a trailing normal angle B of 25
degrees. Sample B is a fastener having a thread form configured as shown in FIG. 3 with a
leading normal angle a of 20 degrees and a trailing normal angle B of 10 degrees. Sample C is
a commercially available fastener sold under the trademark Delta PT®. Sample D is a
commercially available fastener sold under the trademark Remform®. Tested samples A
through D all have a major diameter of 1.6 millimeters.

[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.



highest torque achieved before strip-out. TABLE 2: Failure Torque Sample A (a = 25, Sample
BSample C (a = 20,Comparative Sample D Comparative 13= 25) [3= 10)Fasteners Fasteners
Mean2.135 2.1351.849 2.126 Std. Dev. 0.100 0.119 0.101 0.129

TABLE 1: Drive Torque

Sample A | Sample B Sample C Sample D
(o =25, (o =20, | Comparative | Comparative
B=25) B=10) Fasteners Fasteners
Mean 1.090 1.119 0.999 1.162
Std. Dev. 0.141 0.053 0.059 0.113
Mean +3 Std Dev 1.514 1.278 1.176 1.500
Mean -3 Std Dev 0.666 0.961 0.822 0.824

The failure torque is shown in Table 2. The failure torque was measured as the

highest torque achieved before strip-out.

TABLE 2: Failure Torque

Sample A | Sample B Sample C Sample D
(o= 25, (0 =20, | Comparative | Comparative
p=25) B=10) Fasteners Fasteners
Mean 2.135 2.135 1.849 2.326
Std. Dev. 0.100 0.119 0.101 0.129
Mean +3 Std Dev 2.436 2.491 2.153 2.714
Mean -3 Std Dev 1.834 1.779 1.546 1.938

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]

seating torque are calculated. The upper seating torque is the mean failure torque minus three

To determine the seating torque window, an upper seating torque and lower

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 torque 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.



Mean +3 Std Dev 2.436 2.491 2.153 2.714 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
torgue greater than the drive torque and less than the failure torque. Fasteners are often installed in
commercial applications using autdribl éri%ﬁ@ﬂgafmb}eh\é(\i/@d@wiability from one screw installation
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was the greatest. TABLE 3: Seating Torque Window Sample A (a = 25,

[0048] The disclosed threaded fastener may comprise 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 flank
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 axial length of the shank portion to
thread height is between 1.5 and 3.0.

[0049] The arcuate surface forming the shank portion of the threaded fastener may have a
radius between 1.2 and 1.8 times the thread height.

[0050] The normal angle of the leading flank of the threaded portion may be greater than
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 is arcuate.



[3=25)11Sample B 1(a - 20, Ip = 10) Sample C Comparative Fasteners Sample D Comparative
Fasteners Upper Seating Torque 1.834 1.7791.5461.938 Seating Torque 1.6741.528 1.3611.719

Lower Seating Torque 1.5141.278
[0055] The threaded fastener may have at least one minor protrusion is formed along at

least a portion of the shank portion of the threaded portions positioned between the trailing
flank 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 is intermittent along at least a portion of
the shank portion positioned between the trailing flank and the leading flank of adjacent
threads.

[0056] If present, the minor protrusion may have a height not more than about 30% of the
thread height. Alternatively, the height of the minor protrusion is 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. Additionally, a lead side of the minor protrusion may have a normal angle between
about 10° and 60°.

[0057] Also disclosed is a threaded fastener comprising having a threaded portion with a
major diameter portion, a leading flank having a normal angle between 1° and 60°, a trailing
flank 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
formed along at least a portion of the shank portion of the threaded portions positioned
between the trailing flank and the leading flank of adjacent threads.

[0058] The minor protrusion niay 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. Alternatively, the height of the minor protrusion is 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.
Additionally, a lead side of the minor profrusion 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
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1.1761.500 Seating Torque Window 0.3190.501 02700.438 [0048]The disclosed threaded fastener
may comprise 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 100
and 60, aHsadiagdtankhaviteg estprnialmiogteob etweearBoditdedy dandrébshankepontion lexteading
between the tr@#in .flankt n?l thee Iteadin fl%nlétgf ggl}'acent threads oftglI arcu tedsurfa%ce having a
radius gr]éla%(érrnt ian the thread lﬁlelngﬁf),r\ﬁ ere the ratio between (ér%v(()laeeerlrél ?oF e Shank portion to
thread helightiiscbétwweienahbtaackz (r§ed Ifivhetarcuatesiirface folihioa grtrefzhank@bniemnof the
threaded ‘}%Sﬁ‘ﬁé‘g%?a% *@@’e 3,/adis heween 1.2 and 1.8 times the thread hel Q%ﬁL% %91%”}9 normal
angle of the'les ing fank of the threade portion may R& gre%ter than ‘theNorma ang ot the trailing
flank of the fhireadedparniodiAtematvell}, aheddotidiahlangle dftketeadingiflanikioh tvé theeaded portion
may be between 1.5 and 2.5 times the normal angle of the trailing flank of the threaded portion.
10051 S n A et g S g TS EEIE SR the loading 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.

[00541The major diameter portion of the threaded portion may be tapered toward the
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leading flank, the trailing flank, or both. Alternatively, the major diameter portion of the threaded portion
is arcuate. 10055]The threaded fastener may have at least one minor protrusion is formed along at
least a portion of the shank portion of the threaded portions positioned between the trailing flank 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 i<H#at8Ymittent along at least a portion of the shank portion positioned between the trailing
flank and the leading flank of adjacent threads. [0056]If present, the minor protrusion may have a
height not more than about 30% of the thread height. Alternatively, the height of the minor protrusion is
not more than 209 SRR EAr B IFSIGIEPAS % st a part of the minor protrusion may have a
cross-sectional shagesselachedifipmtihe dropprdonsisting aiiarctipiehreciangular nelipicieabter
trapezoidal and triangulagéﬁggiticlﬁlydng lead side of the minor protrusion may have a normal angle
between about 10 and 60. T00571; So disclosed is a threaded fastener comprising having a threaded
portion with a majéhaiaraeded portion vatleadiagfldikristvingriatomisdding Bapstiveengla avd 80, a
trailing flank having a norpaj.angle.Betwesii! @nd R.and AaRankReTian sxending,pehusen the

trailing flank and the leading flank of adjacent threads, and at least one minor protrusion formed along
at least a portion of the sﬁﬁl@%orﬁ’éfﬁ dhiekhesgedpEbng peditenhdbensilidenitretiatingcflank and
the leading flank of adjaceatihyends.JORBSIIMenninar Arotsisiatonandescasiiar als alengdhe shank
portion positioned between.the trailing flank and the leading flank of adjacent threads. Alternatively,
the minor protrusion is in%r‘ ttent 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 abowl, Q¥ of ttﬂ?agtgfe%qa height. At %%V?'X»h%*}s Regnt ol & ?A‘ﬁ% P&P&ﬁﬁvg'&% IS not
more than 20% of the thread eight. At least a part of the minor protrusion may have a cross-sectional
shape selected frofhattkePgroom iedasisting afaartlidtenresctaniutad keligsictical. trapezoidal, and
triangular. Additionally, a lead side of the minor protrusion may have a normal angle between about 10
and 60. 10060]In one alternative, the leading flank of the threaded fastener may have a normal angle
between abdut 10 TaRdePrdah deatreranistmaskimalpinalevisie it dfpepetiveehaksdierind 30.

100611This inventipnhagReen geseohed withdefesense toiHistiativede modimants andds met meant
to be construed m}ﬁ%‘%{g}g@ﬁ sense. It will be apparent to one skilled in the art that elements or process

steps from one or BBYithents described herein may be used in combination with elements or
process steps from one or more other embodiments described herein, and that the present invention is

not limited tg the specific embadiments provided herein but,only,as set farth in the accompanying
claims. Various modifications oFt e |flustrat|ve embodiments, as Werﬁ)as aéaﬁlonal em odlments to the
invention will be appére thuengrst sornsoskislddtivetinel artandchoréfere iee northis aederidtiba trailing

flank of the threaded portion.

5. The threaded fastener as claimed in claim 1 where the normal angle of the lead flank

and the normal angle of the trailing flank are substantially the same.

6. The threaded fastener as claimed in claim 5 where the normal angle of the lead flank

and the normal angle of the trailing flank are compound angles.

~Jl

The threaded fastener as claimed in ciaim 1 where the fastener is adapted to assembie
parts made from materials selected from the group consisting of plastic, brass,

aluminum, wood, concrete, and steel.
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Claims: 1. A threaded fastener comprising: a fastener having a threaded portion with a ratio of pitch
(1." meter 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 flank having a normal angle
between 10 and 30, and a shank portion extending between the trailing flank and the leading flank of
adjacent threads of a continuous radius greater than the thread height. 2. The threaded fastener as
claimed in cfaim 1 WiefaaietEistrngbas Satnes f8eHing tHE8kaaRPIIBE s between 1.2 and 1.8 times
the thread height. 3. pihaithreadesoiastenenas laimedRiglamd whearedhp narmakangieief the lead
flank of the threaded portion js greater than the normal angle of the trailing flank of the threaded
portion. 4. The thréA4EEALSEREISE claimed in claim 1 where the normal angle of the lead flank of the
threaded portion is between 1.5 and 2.5 times the normal angle of the trailing flank of the threaded

portion. 5. The threﬁgqgr@?i%%gr}ﬁ%%%g%ircqggnie%(i:rllaéﬁ% I;th \{vpuer[geghce normal angle of the lead flank and

the normal angle of the trai are substantia e same. 8fnpﬁlglﬂ‘%rz_eaded fastener as claimed in
claim 5 where the Adttialingfestsiotrs iedenfiark sditrechothiet gngle ofake diailisigrflemkiare!

compound angles. 7. Theghieadeddantepal-anclainednglaim 1 where the fastener is adapted to
assemble parts made from materials selected from the group consisting of plastic, brass, aluminum,

wood, concrete, and steel. 8.The threaded fastener as claimed in claim 1 further comprising: a

plurality of groovesTexteneing transverselydied gh chenmajordiametesjpodianatthetiveaded portion.
The threaded fasteper as.claimed in claim 1 further comprising; a plurality of grooves extending
transversely throu%%?ﬁ%e%%ié% iAmater pé?ﬁgﬁ%?‘%%ﬁ%%eﬁ? %é%%%‘%?%r% reozgé)gglportion. 10. The
threaded fastener as claimed in claim 1 where the major diameter portion of the threaded portion is

tapered towayd thedead, flank; the fralling flanic o bethy, 3%, 1he mm&gsﬂ &?a%%&?;p%ﬁi%m?%in claim

1 where the major diameter portion of the threaded portion is arcuate. 12. The threaded fastener as
claimed in claim 1 fuatdaomisHdi@eleast one minor protrusion is formed along at least a portion of
the shank portion of the threaded portions positioned between the trailing flank and the lead flank of

adjacent threads. ) , _ o
12. The threaded fastener as claimed in claim 1 further comprising

at least one minor protrusion is formed along at least a portion of the shank portion of
the threaded portions positioned between the trailing flank and the lead flank

of adjacent threads.

13.  The threaded fastener as claimed in claim 12 where the minor protrusion is
continuous along the shank portion positioned between the trailing flank and the lead

flank of adjacent threads.
14.  The threaded fastener as claimed in claim 12 where the minor protrusion is
intermittent along at least a portion of the shank portion positioned between the

trailing flank and the lead flank of adjacent threads.

15. The threaded fastener as claimed in claim 12 where the height of the minor protrusion

is not more than 30% of the thread height.

16.  The threaded fastener as claimed in claim 12 where the height of the minor protrusion

is not more than 20% of the thread height.
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13. The threaded fastener as claimed in claim 12 where the minor protrusion is continuous along the
shank portion positioned between the trailing flank and the lead flank of adjacent threads. 14. The
threaded fastener as claimed in claim 12 where the minor protrusion is intermittent along at least a
portion of the shank portion positioned between the trailing flank and the lead flank of adjacent
threads. 15. The threaded fastener as claimed in claim 12 where the height of the minor protrusion is
not more thar-3094 &t thectHpdatitienghtast 6lamhedtineddin festeheiead digithedimtcidirie iphere the

height of the minoppi@ikIsIORLIS Retsmecadhan 2 eidhedhiead heightupldontRaihreadeddastener as
claimed in claim 12 where at least a part of the minor protrusion has cross-sectional shape selected

from the group corSiaNey 8F &tERHUEEL FeRRsAYtfkrushiptesr #apezoidal, and triangular. 18. The

threaded fastener as claimed in claim 12 where a lead side of the minor protrusion comprises a normal

angle betw 10Q.and 60. 19The threaded, fastener as claimed in claim 1 further rising a
thread-formellﬁg]g po%%nqgfr (351atdlﬁegz;lstl{31 ?—tﬁg&r 50 h“é?%%sé%&z%%dqg 'E#}gaed the %és?ég ® f%?omag substrate. 20.
The threaded fast@eirsenlepmedies claionid anghehstthecthrebehdoriing portion has a shape selected
from a group consisting of bilobular, trilobular, quadlobular and pentalobular. 21. The threaded

fastener as claimed in claim 19, where the f[hread-for_min%lportion has a pentalobular shape. 22. The
threaded fasténer SeSHR#HE 3 CrRaITh B Rerd L asril g REiBENt the thread-forming portion

are hardened to atlgastdHi3Ena(; hridnass: 23edhentnresciedimstenaaeChaimed inigdaind@e where

the thread-forming ortior])i% between 3 and 7 thread pitches in length. 24. The threaded fastener as
claimed in claim 1, F?eatf}uresard“ﬁaving a thread tip having a surface selected from the group consisting

of a flat surface, art angled surface tapered toward the leading flank, an angled surface tapered toward

the trailing fignk. angleg suTfaGeSIARSICEIRNATS (%o 30ne, Tt Ask s tailing enks Fadips

surface, and an arcuate surface.
shape selected from a group consisting of bilobular, trilobular, quadlobular and

pentalobular.

21. The threaded fastener as claimed in claim 19, where the thread-forming portion has a

pentalobular shape.

22.  The threaded fastener as claimed in claim 19, where up to five threads adjacent the

thread-forming portion are hardened to at least HRC 50 hardness.

23.  The threaded fastener as claimed in claim 19, where the thread-forming portion is

between 3 and 7 thread pitches in length.

24, The threaded fastener as claimed in claim 1, the thread having a thread tip having a
surface selected from the group consisting of a flat surface, an angled surface tapered
toward the leading flank, an angled surface tapered toward the trailing flank, angled
surfaces tapered toward the leading flank and the trailing flank, radius surface, and an

arcuate surface.

14



25. A threaded fastener comprising a fastener having a threaded portion with a major diameter portion,
a leading flank having a normal angle between 100 and 600, a trailing flank having a normal angle
between 10 and 30, and a shank portion extending between the trailing flank and the leading flank of
adjacent threads, and at least one minor protrusion formed along at least a portion of the shank portion
of the threaded portions positioned between the trailing flank and the lead flank of adjacent threads.
26. The threaded fastener as claimed in claim 25 where the minor protrusion is continuous along the
shank portios.positioneddegtinaencthetipiiageflank and the leading flank of adjacent threads. 27. The

threaded fastener a§acla|meﬁj in claerlZS where the m|t or B}rfgtrruglon is |nterm|ttentl%§i%g aﬁélliast a

portion of the sharik p%?ﬂ%rn &‘)léi oned ??élﬁNéDeoﬁut%ne rai iﬁg ik é%raefﬁrexl’ggﬁfﬂgaﬂa Jrécent

thread. 28. The threadedlﬁazmgrfenmlaan&dbntwlaémlz)s wﬂe&@"th&tﬂaéigg_tfblhth_hawiir_ma protnakion is
not more than 30% of the thyead Neights 29 The thiepded fastaner AsclajmedinLlRINL 25, here the

height of the minor protrusion is not more than 20% of the thread height. 30. The threaded fastener as
claimed in claim 25 wherdagk gkthe adios thehahedprottuielhas¢ross-sectional shape selected

from the group consistiia,pt AauaterdeciRNOta-SlliRtiGalk: tkapez YistaloR0f diangulapoddon be
threaded fastener as claimed in claim 25 where a lead side of the mjnor protrusion comprises a normal

angle between 10 and 68"3FHEHULGBY RALHNSH KRN A i DM sk A dbe Litb ety a
thread-forming portion obatigasinl tH€G&d&0 hardness adapted to thread the fastener into a substrate.
33. The threaded fastener as claimed in claim 32, where the thread-forming portion has a

26.  The threaded fastener as claimed in claim 25 where the minor protrusion is

continuous along the shank portion positioned between the trailing flank and the

leading flank of adjacent threads.

27.  The threaded fastener as claimed in claim 25 where 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 thread.

28.  The threaded fastener as claimed in claim 25 where the height of the minor protrusion

is not more than 30% of the thread height.

29.  The threaded fastener as claimed in claim 25 where the height of the minor protrusion

is not more than 20% of the thread height.

30.  The threaded fastener as claimed in claim 25 where at least a part of the minor
protrusion has cross-sectional shape selected from the group consisting of arcuate,

rectangular, elliptical, trapezoidal, and triangular.

31. The threaded fastener as claimed in claim 25 where a lead side of the minor

protrusion comprises a normal angle between 10° and 60°.

32.  The threaded fastener as claimed in claim 25 further comprising
a thread-forming portion of at least HRC 50 hardness adapted to thread the fastener

into a substrate.
15



shape selected from a group consisting of bilobular, trilobular, quadlobular and pentalobular. 34. The
threaded fastener as claimed in claim 32, where the thread-forming portion has a pentalobular shape.
35. The threaded fastener as claimed in claim 32, where up to five threads adjacent the thread-forming
portion are hardened to at least FIRC 50 hardness. 36. The threaded fastener as claimed in claim 32,
where the thread-forming portion is between 3 and 7 thread pitches in length. 37. The threaded
fastener as claimed in claim 25, the thread having a thread tip having a surface selected from the

group consisting of geflatsuraasabranglagnsdrirca fapereshtowakdthe leading flaokiamangled
surface tapered togard the tra(l:i{;]g flank, angled s-urfac%%('g%pered-{oward the |eading flank and the

trailing flank, radiu¥'8RFESCE ShH AR LS QiteLigg ot bilobular, irilobular, quadiobulaiand
pentalobular.
34.  The threaded fastener as claimed in claim 32, where the thread-forming portion has a

pentalobular shape.

35. The threaded fastener as claimed in claim 32, where up to five threads adjacent the

thread-forming portion are hardened to at least HRC 50 hardness.

36. The threaded fastener as claimed in claim 32, where the thread-forming portion is

between 3 and 7 thread pitches in length.

37.  The threaded fastener as claimed in claim 25, the thread having a thread tip having a
surface selected from the group consisting of a flat surface, an angled surface tapered
toward the leading flank, an angled surface tapered toward the trailing flank, angled
surfaces tapered toward the leading flank and the trailing flank, radius surface, and an

arcuate surface.
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