2 7 JUN 1005 -1 SELF-TAPPI NG SCREW BLANK, METHGD AND DI ES FOR MAKI NG THE
SANE AND METHOD FOR JO NI NG THI N WORKPI ECES FI ELD OF THE | NVENTI ON Thi s
invention relates to self-tapping screws, and nore particularly to self-
tappi ng screws, blanks for self-tapping screws and nethods for Fer g¥§

sel f-tapping screws using appropriate roll-formng dies. BACKGROUND THE
I NVENTION It is recognized by those skllled in the art that conventional

sel f-tappi ng screw products, when used lio assenbl e thin sheet metal
conponents, have limted reliability 1in service due to problens associ ated
with a need to restrain the screw tightening torque to small relative

val ues. This needed restraint on the tightening torque is required to

m ni mi zesdrrergpoivenddral, Botvk) BETHDCAOIDTES Bk MR gadSaRhEMoRBar t her eby
cause the screw to spin. Theranehoy madkerscas is that part of the joined
assenbly farthest renoved fromthe underside of the screw head. Stripping
and spinning will cause a loss in as- senbly clanp | oad and subsequent
deterioration of the assenbly. Fig. | shows a commonly encountered

di sadvantage of a self-tapping screw 102 that has a conventional single

start thread used to join t hFREEDeOF TEHREINVENDIONt s 104 and 106 into a
j oi ned assenbly. The screw contains a conventional circular cross- section.

When t he screw anchor. te "), which is
the material furt §Fﬁayﬁﬂ$¥ﬁsmﬁ§%gwg?gfﬁg” 8%%VW$P %geghﬁf "h 108 equal
to or |ess thappitghwrewailaks for saftadpify sfewsihed methaly f¢rdefmingstigappingal | y herein
as a "thin" apd ace 112 of the coil or thread
typically dep¥; cts %gmnﬁﬁﬁb# FMEEQ g106 such that the material follows
t he space between adjacent coils, scrolls or threads. This type of an- chor
material and assenbly naPASKGROIIND QFIHEMNYENIIONe joint cl anpi ng

| oad- In addition, inadequate thread nmating contact results. 2 7 JUN 2005
-2 In order to ovéﬁ&Sﬁﬁ@€@¢Phﬂ%“d*%@ﬁﬁﬁhﬁ§§g§cﬁﬂmﬁﬁ@ﬂ§$ﬁﬁﬁéugﬁaﬁw-thread

desi gn, products, when used to assemble thin sheet metal components, bave limited reliability
in service due to problems associated with a need to restrain the screw tightening torgue
to small relative values. This needed restraint on the tightening torque is required to
minimize the potential for the anchor to strip during assembly and thereby cause the
screw to spin. The anchor material is that part of the joined assembly farthest removed
from the underside of the serew head. Stripping and spinning will cause a loss in as-

sembly clamp load and subsequent deterioration of the agsembly.

Fig. 1 shows a commonly encountered disadvantage of a self-tapping screw 102
that has a conventional single start thread wsed to join thin sheet metal components 104
and 106 into a joined assembly. The screw contains a conventional circular cross-

section.

When the screw anchor material 106 (also termed a “nut member”), which is the
material furthest from the head of the screw, is of a width 108 equal to or less than the
axial pitch 110 of the screw (defined generally herein as a “thin” wotkpiece), the lead-
iﬁg face 112 of the coil or thread typically deflects the anchor material 106 such that the
material follows the space between adjacent coils, scrolls or threads. This type of an-
chor material and assembly may not produce the most effective joint clamping load In

addition, inadequate thread mating contact results.



when used to join thin materials, a true circular-cross-section screw
having multi-lead threads that are generated around a headed bl ank has
nost recently been enployed. The use of a nmulti-lead thread tends to
better capture the anchor material, preventing the anchor matéridiN 260bm
becom ng trapped between threads by providing nore distrib- uted engagenent
of multiple locations on the perineter of the anchor material pilot hole.
However, even the use of multiple | ead tHreads is not a conpl ete sol ution,
when taken al one. Notably, Fig. 2 shows a continuing drawback associ at ed

with conven- ti onatt.o&etemafc%et@tamdi@dtdma@es\wmeraingﬁ%ntﬂeydatglgﬂlther
single or multi-lead threads (either circul ar non-ci rcul ar Cross

section). The EW?&HW&P%WB‘Barfﬁieﬁtrﬂ'tl?{ﬂs'seﬁﬁ?“aﬁqe&lhaﬁ%ém’&? éﬁ’r@ter 202
as fl ose as pPasaHHie ddednbRted BRAEHEA EBAdeaQAahrmfhai mfst &GérﬂWbB@ﬁdﬂnprll Re8. Tmois

i mpl erent ati on, can n the perforpance t he assenbly.
Manuf act uri ng%"o‘ﬁ‘gf’f%ﬁﬂﬁf“sla@@ﬁ’@ﬁ ‘% 8}" p&'E ‘5]7‘16‘5 orfRgler} “L@regfntt“ﬁe screw

t hread crest Stbeaﬁhhaﬁﬁﬂbnﬂ&oﬁflﬁcdmdgﬁsppdeba@&uaﬁreidbey poviduigheae di2fib; t her eby
creating an unspecified 0 ontro rse thread t aper 208. As
such, the thrgtﬁ c‘@a%cﬂcgtﬁ%‘gteﬁq 08‘&{ ﬁ’%"ﬁ?f@ PP maifF algﬁ a greater
di anetrical nbgaitude than the thread crests that are closer to the head-

The reverse thread taper 208 has the di sadvantage of producing a gap-210
bet ween t he i nt er fddwexerd eentherasadt multivla ipad fraadeis nesfa compleesolutibt, wheThi s gap

210 has the effaaiof! NoRBHCkRS Bhk Blodkippe-AORL acbeikidi Wigcgasant i al area

of the jointed structure an result Tn _assenbly break down under

| oner than expest e&“érfmees%ﬁw#w&ﬁehﬂmﬁeﬂm gingle omplfirleadithreadsy os s

seCEI on sgr eW%e(tEe% cﬁaﬁ&{dﬁ B&dc@fbﬁyﬁ)c{&a&cb@gntﬁﬁx% Slary e zoo alagitfich Wil e

certain advanta in re ormation

non- ci rcul ar Eﬁr c%%@ﬁ“ a’@é%wseaﬁp&%ﬁg‘ryta?h ‘?“ﬁ’t‘%g%ggg %ﬁ‘%’lha”éir ed

detrinmental t206 Hﬂmmp&mmhgbmoanmaemomhnm@eabmnma‘mmm such as a

comercially i c%p:l smmtsf orcrrrgl@g*eg,? «]Lla%@m%%f%h gvlvthma%ed BCrew. Such
Vi Re

non- ci rcul ar cross SECt T ons. ar hecessary resi stance
strength to aphﬂceﬂmthemq@mdw@ﬁ#themhmdoﬁ h@r%vscmstamnymsm@ﬁgd dingly it
I's an obj ect B{c]ingﬁ-'cént} XS0y Q0: tt,&a@tasé@z% s Sifch fiad (R &gstéass%wo%ﬁtd an
associ ated net orm ng such a“screw using a non-circul

Cr 0Ss- sect i onscEwreniyRoppas of a grcatcr diametrical magmtude than the thread crests that are

closer to the head. The reverse thread taper 208 has the disadvantage of producing a
gap 210 between the internal and external mating threads of the assembly. This gap
210 has the effect of reducing mating thread contact in the essential area of the _]Olnted
structure and will result in assembly break down under lower than expected application
torque.

The use of a circular cross section screw (as described above) hag been hereto-
fore preferred. While certain advantages in thread formation may be achieved using a
non-circular cross-gection screw, in gencral, it hes been considered detrimental to the
assembly to use a non-circular cross section-—such as a commercially available roll-
forming, self-tapping, multi-lobed screw. Such non-circular cross sections are viewed
as lacking the necessary resistance strength to applied torque when joined into the as-
sembly.

Accordingly it is an object of this invention to provide a self-tapping screw and

an associated method for forming such a screw using a non-circular cross-section



3_ blank, thus producing a predom nately nmulti -l obe screw with advant ageous
thread- formng properties, and a desirable nulti-lead thread. This screw
shoul d, nevertheless, exhibit good resistance to vibrational 4 ¢oggni as
the material rel axes between | obes notw thstanding the use of a generally
non-ci rcul ar cross section in the “joint clanp zone" of the joined
assenmbly. SUMVARY OF THE | NVENTI ON Thi ssi_nvention overcones the.

di sadvant ages of the prior art by providing a headed nulti-I|obed bl ank,

met hod of manufacturing a self-tapping screw fromthe blank, and resulting
mul ti -1 obed $bbk duzppiduging e predorivately oruiti-epe stew with adysniegeous thitad- ex- hibits
desirabl e t hg&ﬁ%@gﬁ%g £ AUBEREE bibl-ed Aleal "PriCRRACbulk] vy

portions, an Tesistance to vibrational |oosening near the head.

The resul ti ngxtbit gaod resistanceiorydurationglipaspringasdbacnaterisl rRiaxpoistwicniebepor at es a
threaded t apgE&AthaRRingRAE hdeQPa E&ﬁfex‘@ﬁfﬂon-éiﬂﬁlaﬁ%ﬁ‘%@ﬁﬁ% #8090l G¥mgpOr t i on

having a cross section that varies fromnearly circular “in the area
adj acent to epre” ghtejoiged@ssmblhe head to a naxi num out - of -round (or | obu-
| ar) cross section at the intersection of the tapered root portion and the

screw body. This shape, c i gt 4 \.e outer dianmeter that
remai ns | argely constant Wb@gﬁggmﬁfﬁﬁ%gh the tapered root
portion, and a t.iple helical cqil. (Lead thread) shape,.ensure nore
secure hol di ng of " 'th v?ﬂ“r"g\ﬂlv‘?rﬁmé{’sg}?idﬁ%‘% b7 é’F‘%’ra %ﬁipf%“ﬁ'%% anchor
mat eri al ext hemdedimalti-labddybldnky methetl afmeniziactiowes oselfrtapping s¢rkve fomabe porti on. The
headed bl ankj| . I ol crew g&- [ Ebh 4! Q]Frgg | Ly circular
or | obul ar-cP%%@%@%ﬁé%@g%rﬁ%ggbﬁ?% a gulr cd |t€/”0 a?%ie]gt ge‘r die. As
the wire or hipiss desisalile thycad-fomdng chivectbrestiooat teppiipal fip nd hody portiens; end | y
def ormed int %;%x@&d%@&oﬁ{(ﬂ%h@d%ﬁ%&é neaP@Y hild Tidiesi@izlshensSoy-he head,

en e

t he coni cal ry section, ody section and the ta- pered portion. The

die cavity hipdneddomibs blapk apddnethodgiBeoaparatysotheogded fapered FRot BRSSP ks8R on . and
colni _ca: gnéI I theRaEW hesRGIbOGY %@c}m&gmmb@ﬁotéunwv@sﬁ%gwwmm@ ]

mul ti-lobed crposs sectian et apered portion, .a ent to the
noad. has. anTHBCERY FaTRY e st Besen gt Sog R 2 KoMt eaded

| obul ar scr elur) drdse sdckion sthtidinietsanion bfthe agege thobportiataad delsyrew bads. ng,
roll-form nggi 1:G] & I C

def ormati on ggjl Sgﬁﬂﬁé’mg#g%g&)%t?? g%%fl%?@%ﬁégﬁ%%{e&%ﬁ# %#%%g%t% §I];;";{;ﬁan(t'-:qual

di st ance, whiteoin teeaedy portidn ehreugh the tapered root portion, and a multiple helical coil (lead

thread) shape, ensure more secure holding of the screw in a thin anchor material-—with
the anchor material extruded axially forward and backward around the root portion.

The headed blank is formed, in one embodiment, by striking a generally circular
or lobular-cross-section wire or rod into a die cavity of a header die. As the wire or rod
is driven into the header cavity, it is plastically deformed into the desired finished blank
having four sections—the head, the conical entry section, the body section and the ta-
pered portion. The die cavity has an appropriate cross section so that the body section
and conical entry point section of the finished blank is formed with a mult-lobed cross
section, while the tapered portion, adjacent to the head, has an essentially circular cross

gection.

To form the threaded lobular screw, the finished blank is engaged by laterally
moving, roll-forming dies that apply sufficient pressure to cause plastic deformation of
the blank surface. The dies are maintained at an equal distance, which causes, due to



27 JUN 2DD5 -4 the |obular cross section of the blank, an oscillating
rolling rotation in the blank as one of the dies noves |aterally relative
to the other. This roll-formng process, in the area of the ered root
portion, creates a thread pattern that maintains an approxi matel yUN 28st ant
outer diameter with respect to the body portion, but the inner (root)
dianeter (the valleys of each of the threads) continually tapers outwardly
toward the head. In addition, the tap‘ei*éd root portion is provided, in
this manner, with the desired nmaxi- nmum out-of-round near the body section
-"J‘l”-db?‘ nea{‘-C?H&bﬂuﬁéc@&%_%&%@%ﬁﬂk?&nﬁﬁﬂnﬁﬁﬁm&mt i ganliﬁghetattmdmm?ejui@k@é oﬁehlet he?d-
is out-of-round variation along e ered roaqt portion results from
the reduced PHPRFIEHIMAYE gl 1 ﬁBﬁ%‘ﬁt‘hﬁqﬁhePh l?aﬁgfrgl?mmgfﬁ%%ﬁn@?@aa near "t he
head. A screwfihetpRet tobt el eloaesn ttehdpdilinthdt Magiinsan appoxheesy a novel
t apered root P,IEO”i on,. ag{eacent to ”‘l-leef hgad, .ha ir%ﬁ a vzr&i‘ﬁ%@gr 0ss section
that creat es SRR dpmelep it fespretiofhs Bogy BT, Jur iGN RCRAPEERE of
vi bration or (i fieysex behpathe HaeRigscoatndalletap@ts olteiddBl towet i@ Head. 1ed by the
screw rel axes, bet \Aﬁgg thg Ipb%fs. .BR E% SCRI PTI O\lmg.: TI{—IiE_DgeAW.NGS The
foregoi ng an8BYHePe BB LIS BRECLE PN 8‘55% RS VIRV BSEFEC BT becone
cl earer wi t hmuefet-efroend wat thebddyl seativnpgd drdancikatir cosesertidni adjacastoi | | ust r at ed
by the draw g sl #lcillag Fil out ot AbE AN ARSGT ditlperl ot AT A1 si de
cross section show ng an exanple of ~anchor material deflectlon when using
a convent i onassulsifiegl the teduetd Fumingairessire peesenbin the laxgenr digmetdTiagga ngar thel r eady

described, ige@ partial side cross-section showing the creation of a
reverse-thread taper associated with nanufacturing constraints by having a

par al I3el screw tmﬁdﬂ@dfo?ﬁe&m@@&oeaad&eaxmwsi@eﬁmﬁlﬁr&@d&ulﬂbvdmp@l&mme{ a scrgw,
Fig. is a side view of a.se]f-tapping screw having an exe y tapere
root porti oR® ?ﬁ’aJ?Fﬁ’f‘t(}?/gﬁh\??‘lm;‘%\‘f”i‘%&?ﬁ%‘é"f’sﬁﬁﬁcé“"éﬁap%ﬁm& néef%?f hin thin
mat eri al s; Fregistageeitsloasepiag frioal the ¢ffketsof obmtiarat atien exgbroal forgestal éhefnor mat | on  of

a headed bl a%n%gfgégogﬁegibggttgtsgww}e%{@%me ffed Nis invention; Fig. S5is a

side view of a ormed 1n accordance with the bl ank-

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and advantages of the invention will become
clearer with reference to the following detailed description as illustrated by the draw-
ings in which: .

Fig. 1, already described, is a partial side cross section showing an example of
anchor meterial deflection when using a conventional single-lead-helical-thread on a
screw;

Fig. 2, already described, is a partial side cross-section showing the creation of a
reverse-thread taper associated with mannfacturing constraints by having a parallel
screw thread oot core diameter along the full length of a screw;

Fig. 3 is a side view of a self-tapping screw having an exemplary tapered root
portion for improved vibration resistance and hold strength in thin materials;

Fig. 4 is a partial side cross section showing the formation of a headed blank ac-
cording to an embodiment of this invention;

Fig. 5 is a side view of a headed blank formed in accordance with the blank-
formation emboditment of Fig. 4;



formati on enmbodi ment of Fig. 4, 2 7 JUN 2005 _Fig. 6 a cross-sectional view
of the conical point portion of the headed bl ank taken along |ine 6-6 of
Fig. 5, Fig. 7 a cross-sectional view of the body portion of the headed

bl ank taken along line 7-7 of Fig. 5; Fig. 8 a cross-sectiohal JiN @bof the
tapered portion of the headed bl ank taken along line 8-S of Fig. 5 Fig. 9
is a partial side cross section of the resultant forned screw, fromthe
headed bl ank of Fig. 5, engaged by thread-fornming dies according to an
enbodi ment of this invention; Fig. 10 is a cross section of the headed
blank in the forngpgs Ml 6F.sedtbndl vieW&E BllconBAIRINFpREQYE 1R teRlcl blagi Pt h, taken
general ly along the poéy portion in the vicinity of line 11-11 of Fig. 9,
Fig. 11 is atskepalensdiseitoi&le- % ew of the body portion of the formed screw,
re- _sultlng_fromﬁig.e;ar@&dyséc%ﬁmmwweﬁ%aﬁpém&mm&amahmﬁgnll-11 of Fig.
9; Fig. 12 is a cragoss-sectional view of the tapered root portion of the
formed screwrongling 1-Hethigcn adj acent to the body portion, taken along |ine
12-12 of Fig. 9; Hi®addsistiongiieeof 8RGiPeRAPortivh 6MhOheatidieblirkRAesd r oot
portion of the forrgeg? rg\_/v at a location adjacent to the head, taken

al ong |ine 1%4°9&ln5e- %ﬁg' > Fig. 14 is a partial side cross section of a
conpl et ed screw, Higrotedpirtial side oioss sdaivnef Wetésultdngforfed Jemiwnirag tie pai r of thin

mat eri al sheets:,.and Eig. .15 is ross-sectjonal view of the stress
patterns geﬁ%ﬁé%debgmg(f f? %-eigggags\c/l ]?yn&efi%%o%ncgn P Sresrding 1gan afioecﬁm%ﬁttg g line
15- 15 of F! ng_iS:ﬁmenﬁElTAl LED DESCRI PTI ON OF THE | LLU_STRATI _VE EVMBODI MENTS 1.
Ceneral Principl %%Qﬁgl%@osggcc{ibﬁ%fpﬁéﬂm&%@wﬂ:ﬂnﬁﬁ d?bg'éth&ﬁeﬁ@t es an

exenpl ary screw t hat eneral Iy avoi ds certain_disadvant ages associ at ed
with a reveriudnt peegaroling epthdekeacerrrallyalengiiehedy povdon indieaignity ofiliner eases
hol d strengtfy-gngkmgee stance to vibrational |oosening. This screw, and
ot her related emhodi nents thereto, are desg¢ribed in co nly owned
F?g. Irlnlas a cross~sectiona? view o%mc%ogy pOrgon of a:\e formed screw, re-
sulting from the roll-forming process of, taken along line 11-11 of Fig. 9;

Fig. 12 is a cross-sectional view of the tapered root portion of the formed screw
at a location adjacent to the body portion, taken along line 12-12 of Fig. 9;

Fig. 13 is a cross-sectional view of the tapered root portion of the formed screw
at a location adjacent 1o the head, taken along line 13-13 of Fig. 9;

Fig. 14 1s a partial side cross section of a completed screw, formed in accor-
dance with Fig. 9, joining a pair of thin material sheets; and

Fig. 15 is a cross-sectional view of the stress patterns generated by the screw in
the anchor matetial taken along line 15-15 of Fig. 14.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

1. General Priyciples

By way of further background, Fig. 3 illustrates an exemnplary screw 300 that
generally avoids certain disadvantages associated with a reverse thread taper adjacent
the head, and therefore, increases hold strength and resistance to vibrational loosening.
This screw, and other related embodiments thereto, are described in. commonly owned
U.S. Patent Application Serial No. 09/952,091 entitled SELF-TAPPING SCREW AND
METHOD FOR JOINING THIN WORKPIECES, by Alan Pritchard, filed on even



U S. Patent Application Serial No. 09/952,091 entitled SELF- TAPPI NG SCREW
AND METHOD FOR JO NI NG THI N WORKPI ECES, by Alan Pritchard, filed on even 2
7 JUN 2005 io0 date, the teachings of which are expressly incorporated
herein by reference. Briefly, the screw 300 includes a head 80BN 20% aper ed
root portion 304 (tapering radially out- wardly in a direction along the
body taken toward the head 302), a central body portion 306, a tapering
entry portion 308 and an exenpl ary enty point 310 (such as a self-
drilling point). The body of the screw 306 has di sposed along its outer

i ph , | P f i : i J: | th d
0 P scr el i bl el AP Ao fha e By Bl By, | T ORCS
enbodi ment tthesoratii0tiodedes & hpd 385 altipsredicedtipartion 804 Gapesingatdially @-10mm
However, thi @m@i? I%Oér)lﬁigef%ﬁct)%éﬂx%qﬁe 5% Bk fggmﬂetﬁ?ﬁeg?] 365, Qe Sg@%%y of a

typi cal applica e screw according to this”inventi

princi pl es R9§cetepreide ety RArPnGAR askangppnplan ey paiRtns (suehas aceif espondi ng
mat eri al s, ; pe and/or size. In one enbodi ment there are two
separate continuous helical coils, scrolls or threads (also terned

"l ]Ei ple |ead tgh@gdﬁfb%mﬁgaﬁ@swbagldgp@ea_bxanéawbﬁtesgﬁaph&yﬁlp1tnla1laﬁydfge hscr ew
is of atwin or double.lead type, bu express|y cont at ed t hat

ot her num bcé’f‘%nu{i?sliéebf)ﬂf 5eS %g@’éta?aésoﬁltzdlrg%scfﬁg‘i ‘gﬁi‘iéehﬁﬂ'ﬂmﬂ &hbodi nent ,
t he use of aupk diambiet . Of onetelibedident Warkamitadefofi Dicas lie pitin ertragaehor sheet
def ormati on. e that the,term>thread’ .as ..used herein could.refer to

el ther the NBTO dBmerRtrEn e s BT TR w8 AT Ry BEF hel 1 cal |y
al ong t he cypicedapptishtionlvdfhe sgew beydlingde thishigvantich. Vb pehciplesodesdtdedpeak -
and-val l ey f gm;(ii ' a6k xt in which
the termis h%ese gﬁggﬁ%gdg’s%{egg’%?ﬁgﬁeé@ggggfﬁgﬁﬁ%gr‘ ntﬂ;ratl ng egt ween t he

two uses of the @eiRlabolitll thth a@lwb kiphtitelBhniBuRRAUEIB Nolls e | nventi ve
tapered root_  portion 304 of t SCrew, i ocat ed axi.ally between

f the which is | d

the head 30315 G9pd=sdy™ytigicdradingrds @ disgpsed plgre i bafyiShf, spahgttiban of at
| east two, aB@wisefaatvabdriottle lend ©pd, bauit iapairaxly paitehplatad that oiiefBant he axi al
pitch P. The tapered rpot, portion.304 has a ,maxi dianeter R adja- cent
to the headeoﬁﬁf, SPABER S&B%\{/’\e/ar &'Z?dg Iﬁg](ﬁe b%egg%éﬁse? 61"?‘%11%8 ew t hread
root di anettercaddworksgh Girthed meveitanchocshgelaldfcamgios. Nowtthet the tarmdthreadPer portion
304 forns W'BE Qsed herein could refer to either the oversll continuous formation or formations,

winding helically along the cylindrical shaft or body, or the individual profile peak-

and-valley formations on a cross section of the serew. The context in which the term is

used should assist the reader in differentiating between the two uses of the general

termn.

In an illustrative embodiment, the inventive tapered root portion 304 of the
screw, which is located axially between the head 302 and the body 306 of the screw,
has an axial length W of at least two, and preferably no more than approximately 3.5
times the axial pitch P. The tapered root portion 304 has a maximum diameter R adja-
cent to the head 302, tapering downward to a diameter equal to the screw thread root
diameter B. Angle ¢ is the included angle that the root taper portion 304 forms with
respect to body 306. The angle ¢ should be between approximately 6° and 15°, pref-
erably between 8° and 10°,



respect to body 306. The angle O should be between approximately 6 and 15,
pref- erably between 8 and 10. 2 7 JUN 2005 -7 The threads 312 are

di sposed on the tapered root portion 304, such that the outer diameter D
of the screw and threads is of approximately the same magni t2Ziflejial omg t he
tapered root . portion 304 and the body of the screw 306. Wiile it is
sonetines prefer- able that all threads between the head (including the

t apered root portion) and the entry pdi-nt region be of approximately the
sanme outer dianeter, it is contenplated that alter- nate enbodi nents nmay
enpl oy a di ffereaﬁema&@ﬁg%a&}@%&ﬁoﬁ% 8 b6t pbitioR 6L HRBaf hOSHE: 1O Lhe
entry point and nore reno F t he ered T oot portron to dertve certain
bene- fi ci aIdl@fdéé@t@ﬂnwc@wé&m@ﬁls\ﬁlfﬁlwf@‘p@%ﬂﬂb’lﬂ!?%Pmmwéedmgdkmess and

materials, AgaQhdso b&%ﬂsod dnalie %apsﬁﬁpé@é@ﬁbet fmle if18 sdriiiRROsreRAV-e
appr oxi matel t he sane aneter I1n the er root portion and a part of
the screw bd’é Iz that albihrqags ‘%?@I‘j"%?@é‘?ﬁhe%@n‘"}%‘wr P%‘?S’tm?fd%"m%l]@ﬁﬂ(etaﬁb‘y adj acent

part ext endigygh foheAbl Beap ﬁ:&ﬁﬁ&ayﬁﬁfaammwru%eteemlaaodt&wmdamﬂh&érance of

four tinmes the t%read Pch toward the entr poi nt) Lobul ar Bl ank
For mat i on TH’é‘eﬁF‘PWﬁq‘téémﬂ@E@Pf padferrpighead a@etﬂaﬁnfiawéﬂeéaarf@eﬁnc&ﬁﬁru on and

mul ti-lead tbine eﬂﬂr)pdﬁii%@ﬁo&ﬂ%ﬁ@ﬁoﬁ%ﬁﬁrd%&t@mﬁwﬁ@d@ﬂv&'@éﬁhﬁi%eﬁz-
nultl-lobedrpt&aLTf?dformn L"ﬁf} ection. ti- obed ross section
consi sts ge 1S 5 CogReq & cé"Pﬂ‘fpberS% %at 5. Ac@e ) that
define an oumg{pﬁtﬂwwhp(mmnﬂamleaﬁ):a@enppmmwyﬂhé\sag&nmﬁtarMen a
| obul ar scr i v Sj.ze i | ot t he | obes

. %gx_eé%'o *gnrf?\%ne aﬁ%f ?&rg‘p 50<§} cﬁreXt(l}rl id_]qF:gnt B)e éapfﬁg o?go

pl astically A e redi e or e read These

t hr eads nai ricalthe sdiasenttpait mddgrge@m ¢ tapered rogt patidn Hodtlleavtiadistdnoy ofat i on,

t her eby exerfgdrﬁgle@ﬁhg%gydgjgdp{ UhEer) pbilB, SCrew that advantageously
reduces vi bration I 'ooséeni ng. e exanple of a nulti-lobed cross-section,
havi ng t hree such. }.8i8s, Bikfk Fb@nakioh! obul er TM 1 i ne of self tapping screws
devel oped by, and avail abl e through, Research Engi neering and Manufacturing
Inc. of M ddl et ThwmprinEpleadekcinadiabove dst. engresed AGst pdrtiGnatdzaeutlidead. The
formation ofy a; d ieh 1S _us en grma fin-

i shed screwtﬂlm?l on%ggﬁﬁlgﬁg\%%ﬁgg%mé 0 |wr?§r?tm]g€1°b%li§1¥el %Eendlg(%os i s shown
gener al | y i fectifti. (fucl a mpfii-lobed erpge seotion W‘isiétalgwmélypﬁw‘e@dlmé@nébb% section

bl ank, al t hugh § heeth$ fiatefine an out-of-round (non-circular) perimeter. In general, when
a lobular screw is driven into an appropriately sized pilot hole, the lobes plastically de-
form the material to create roll-formed threads. These threads maintsin a certain degree

of spring-back following formation, thereby exerting a holding pressure on the screw
that advantageously reduces vibrational loosening. One example of a multi-lobed
cross-section, having three such lobes, is the Trilobular™ line of self-tapping screws
developed by, and available through, Research Engineering and Manufacturing Inc. of
Middletown, RI and Conti Fasteners AG of Switzerland,

The formation of a cold-headed blank, which is used to eventually f“orm a fin-
ished screw in connection with an embodiment of this invention, is shown generally in
Fig. 4. This blank is typically a three-lobed-cross-section blank, although the use of
other numbers of lobes are expressly contemplated. A hard header die 402 having a
forming die cavity 404 is shown. The formation process typically starts when a cut-off
piece of generally circular or lobular-cross-section wire or rod of predetermined size is
placed into the dic cavity. Often, three or more different die cavities xepresenting dif-



ot her nunbers of |obes are expressly contenplated. A hard header die 402
having a formng die cavity 404 is shown. The formation process typically
starts when a cut-off piece of generally circular or |obular-cross-section
wire or rod of predetermned size is placed into the die cavi yyn o5t en,
three or nore different die cavities representing dif 2 7 JUN 2005 -8
ferent stages of fornmation are enployed in a line, with the blank noved
progressively fromone die cavity to-&nother. In the illustrated exanpl e,
the final formng die 402 is shown. The die cavity 404 is a dinensioned

hol e that CQREALABesi@hRRIAEN &iflojel Bl SRECwitdheBlinEhBRs pidfi&siilg cavi ty 404

has sidewal | s of Sufficient thickness and hardness to  ensure that no

def or mat i on fom s diegrutyda epqieroldhe Ylugitated cxareals, thefina! forming died0isi ven

t Eer ei ntT ﬁ t Gh&eh. PR Bleicsaty! 4049%65&{1;%%?5?% matc}od@ﬁﬁg@?aédzﬁzﬁzﬁﬁ%pm ﬁnk ;105 ?S
shown. e .transverse cross secgtiaon o e.die cavity not shown), o
course, def ibﬁf'& shape ﬁ’@éii‘er‘@i‘i‘ty B Rk sigevpdls °§%@t°i‘36h'-£@}“?q§%?'“d&a¥d€ﬁsé? or

n}lltih-l;)_bU! %ﬁsuﬁ%tﬁ&E&ZnnﬁBOS _§oﬂﬁ6§i§!¢ﬁ*ﬂ@dnﬁn§dﬂ%&uﬁﬁﬁ4 ished ®ladk is dPREDOW) . Forml':ltion
of the finishe n i e die cavi.t { t ccurs in severa
strikes applt}?"é‘?ﬂ“t?)ipa“&pilaé?ﬁagy Hﬁlﬂ‘??beﬁ %é}@ﬂ@@ﬁ%ﬁ%%ﬁﬁ OWB6 4% typically
driven by a&apswes drtds sevaoh anthedik cadiy 4t (ot £hioah), shuavaizy, dehinds tisd dekileds t he

bl ank under %ﬁat ols ssuret'% (se¢ arro,u_1401())‘§gx Lo.Gause Joth fhe bl ank head
and fini shed TRUSFRETOBT SRR SRADE OF Bt oyl PR 3 P AR BUE AT i ke t he
progressi ve deidbdaw) ti es, several differently shaped punches can be used
during formation of the blank 405, each with a shape that con- forns

progressi vel y nofematicsshy fnishedblankf05 ine fdie it 48+ ofiemmikcuselmde®. In this
exam ple, kiﬁﬁeﬁp@mbya%dﬂ&n&m@d@d@\sa@a@w%ﬁ%4wik ichlly @Nehap 412
(shown in expose cross-section). However, the ‘Srlve ormati on may be of
any desi redagﬂ'ﬁﬁgflméﬂﬁmﬁﬂ)?mﬁﬁ@PW&?Wébﬁs%Wq wkupdst EERRLPIEISEY a st andar d
rT ﬁceglsedkcr @s‘ésmcthvonc)s_) & cﬁh.@é-bb&b&d_j%lﬁkgdhéai aﬂ’dﬁﬁﬁﬁé&hﬁmﬁﬁﬂﬁf&&ﬁaﬁ@@k@t r Iecess. )
e blan ot herw se be_praovi ded w th. any.exter- r internal wenc
engagi ng dr?(}/ i e ‘&%eg’éiprggﬁstsﬁ’f:ﬁ‘eéﬁ t‘%ﬁ%@?&?”l’%@?’fﬁ? will allow
torque to beuicherrsmbd wedidirmg tftreaor afithe Hanki4gh eachswitlt eadblbpe thatdomppr opri at e

sys- tem NE&E |1’:ﬂ{3 i . op the tip
of the blan aﬁg‘}a Q{E%S%‘e:gg%étwkﬂﬁse fi %Hﬁ%@ﬁ@ghﬁéﬁ%ﬁ%@aﬁ?%%&% g}f%%‘alﬂnto a
channel or @lenés bleghe clydes & Phidling driye foymeatign Ay Ehowa inmxmostd f ormi ng die
(to be desciiohedctR). Awever, the drive formation may be of any desired shape, and may

alternatively comprise (for example) a standard recessed cross slot, a six-lobed drive

recess, a hexagon socket recess, The blank may otherwise be provided with any exter-
nal o} internal wrench engaging drive-head form, or may contain any other systém that
will allow torgue to be transmitted to the screw through a suitable and appropriate sys-
tem. Note that a movable knockout pin 414 can be used to stop the tip of the blank, and
to eject the finished blank (see arrow 416) into a channel or other conveyance (not
shown), leading to a thread-forming die (to be described below).

The die cavity 404 genesates at Jeast four distinctly shaped blank sections ac-
cording to the various embodiments of this invention. With reference now to Fi g 3,
these sections of the finished cold-headed blank 405 are shown and described in further
detail. According to an illustrative embodiment, the sections inchude a conical point (or
“entry”) section 502, a body section 504 and a tapered portion 506 adjacent to the head
410, and the head itself,



The die cavity 404 generates at |east four distirnctly shaped bl ank sections

ac- cording to the various enbodinents of this invention. Wth reference

nowto Fig. 5, these sections of the finished col d- headed bl%ng 405 _are

shown and described in further detail. According to an illus#r b

enbodi nent, the sections include a conical point (or "entry") section 502,

a body section 504 and a tapered portiong 506 adjacent to the head 410, and

the head itself. 2 7 JUN 20(61 -9 The general cross sections present at

t he coni cal point section 502, body section 504 and tapered portion 506

are described, resPegenarelcyoss sectiting pres@y atihaernicsl poim saytioreTQl body séwgos cr ew

bl ank defi nes i t e head
564 G ORIK sOARC A1 BRRVERT S ol 4 Bad¥! G hhohd

410. The three- ss-section ape th acteri zes e exenpl ary
bl ank is show#re seroydlagk defireya qummslamslsngs@emfmaqhe tip &lfkto dre beadys10. 6 and 7

(see | obes C0RnRle 10 o cREGMUAUN arsH ok QO ADEy AT 1wt o1 o0

around the axis 512, and fall within re- spective coaxial circles 606 and
706 (shown |nmﬁfféﬁﬁaéﬁinthq’ﬁf@sys\?‘é{OP@yﬂe“Fé’ﬁﬁgﬁé 35d 7 (efiobes 408384 7%~ 702 are

spaced at an gittRly). mlages$pmomeisént@étﬂarl§2na(tﬁee@&esqtIaﬁ@!ran)mthm% descri bed
herein the greater the "out &1“5- und," the E’é [ the val ue K. This can
I

al so be t er netPoFhE cauH sucley ZﬂGa(?}IW'mP WEH™E P& t eachi ngs

of this in- vemkh Ibﬂ)es @:zmdzawd spaced aighn ofit-6frousd @aﬂﬁglssaxﬁecz@r@peche&sa)ﬁ
transversely acraos a OXi rrate oi,nt. of . t ered portion
506, Thi o o 0B IQRTe BT Bk 4B B b BPepe  ENRR ST
circul ar, repnleqs@rtbxatad\ﬂm defret b labutagityl” an aqurdancbmthlﬂmt@chlhgs&f g ik on.
Referrlng al sg, ti9. Fig. 5 the tapered portion 506 tapers outwardly as-it
appr oaches the under si de 514 of the bead 410 fromthe body section 504.

The degree of incrgaagly, Bigl @%ow%@@z%%sde@mﬂ%ﬁ%hﬁsy&t% Acﬁﬁﬂhﬁg%?oﬁlw ce the
axial pitch of the screw thread (refer to pitch AP in Fi

formed, and iQ2pAgRSRdRPR ‘ﬁg’elt*‘??ﬁﬁérpmi“ﬁ“ P %%?”ﬁcfl%?‘?wqwdéhe vaI ue VB
that is thr eemamlzemséh@lﬂﬂy crlﬂcma@rebfwenwﬁwabftae hﬁdmaf ﬁeﬁleefongh@sﬁoeﬁdﬁed t hr ead.

'It\/lhrl-g{:lgagnF?L i Onﬁfﬁ%?lgg @?gp qge ?(J&%Jﬁ?et %%?&%Pgégatﬁéﬁﬁw (denot ed

herei n as 902ynderside 54 of therirad 4 roefim thebedy @Clic@§09.0Phel degresgligeehsbin the at
roll-formng ghey R0G.AP 2%t hAG ek BRaSHRA be AL st PR @RBErer to pitch

AP in Fig. 14) when formed, and is preferably no longer in the axial direction than a

value WB that is three and one half times the axial pitch (AP) of the formed thread.

. HI. Thread Formation

Figs. 9 and 10 generally detail the formation of threads on the blank 405 to cre-
ate the completed, threaded screw (denoted herein as 902). In this embodiment, the
screw 902 is engaged by flat roll-forming dies 908 and 910 along the shaft of the blank
just below the head 410. These dies apply sufficient pressure (arrows 912) to cause
plastic deformation (and material flow) of the blank surface in each of the three sec-
tions (502, 504 and 506) as one of the die plates 908 is moved laterally (arrow 1002)
with respect to the other die plate 910. During die plate movement, the spacing be-
tween die plates is maintained as a constant as shown by the equidistant center line
1004 between the confronting die forming surfaces. Because the dies engage an ec-
centric cross section blank, the movement of the die 908 causes a rolling rotation (ar-
rows 1006) in the blank that oscillates. Specifically, the center axis 512 of the rolling



just below the head 410. These dies apply sufficient pressure (arrows 912)
to cause plastic deformation (and naterial flow) of the blank surface in
each of the three sec- tions (502, 504 and 506) as one of the 51 Iat es
908 is noved laterally (arrow 1002) wth respect to the othe?r Dat e
910. During die plate novenent, the spacing be- tween die plates |s

mai nt ai ned as a constant as shown by the_.equidistant center line 1004

bet ween the confronting die form ng surfaces. Because the dies engage an
ec- centric cross section blank, the novenent of the die 908 causes a

rol ling rotat blak/fasw tricess path 00)8 tha extbelslaltandtely hbdve asd bdldvathe senter line

Speci fically, e Lenter..axis f th 7 _JUN 20

bl ank/ screw t}g@esscmac pat%%ﬁgesrfv eé’t%leéistceﬁs S ta}fo'?'g‘r'%a By afimg %n\?gftgnd bel ow t he
center line Q@8kectBinmcing kiflet v magiemetreravddiandiiosbow sorstamslulaml,onhomever a

nmeasur ement ofa Jupgee&{rgg%‘aﬁg&% ﬁﬁgﬁgﬂhﬁé&g&dg&g I m croneter woul d.tend

to show const ant di nensSi ons eentire circunference of the finished

{hreaded serew. RALSEGLR fuBAIL YIRS Ynd odod dord RnclinriRBoang 910 Tn

the area of the fornme aper e t1on are provi
char act eri st i &pered warpprt agEyovidedvgth WMP@FW@B@Y"“&N P4 ThpFon t he

tapered porti grwald ifae bch@ﬁﬁoﬁfh%%&%d ﬁorﬁeéwthé ﬂgnﬁé?éa?e%qmsﬁl%éﬂéaaw th

thread profile peaks that maintain a relatively constant outer diameter
(dashed | i nesPYEmM Wil rpad ?ﬁéeoﬁealfsdhﬂtﬁ’émﬁﬁ‘f%%mﬁ%l&ﬁ%mfaﬂt ke UBYERT porti on
904, but the {dashedfinesdi]dyitlefestetite théﬂ{réﬂ&iﬁalﬁfm &acbbd;t ;bumcbop,rmf the @)}, as

denot ed by dashed | d
Caper tover d_ PHEmaeaC Beysl sechibreadhstiel Bnieporedhy drsfidtor B PR G par
by the acti onacdfardctegstivooontigpatiowtsard Gder tdidrd thipdiead 410. Toe betimiplusiraker is

Addi t | |

Ao L onal |, phBuliolnRlooRh g0l G bRio SRV HROR LR AL SYRgRS couses
bel ow). This édditienatly.ythe flow of enkarpigrel, b@aﬁy@n«the & phapes cowrs 4 mee o t he
undesirabl e ua&lﬁmagkmemm?g HeadlFigd moct;aldkaenﬁéatumva nrhts%umlgr art

Ref erence is now nade to cross sections for the rolled screw 902 shown
in greater dBPEFdshepe angsin dirpetrgntragile thepmiggirphle wqdesfilingingar thethead he pogy
portion 904 shgieatand igheadr@shr out - of -round val ue 10 between | obes 1102
and intervening "valleys."” The cross section of Fig. 12, which details
apart of the now tHefeade i doapesdedo the crots spaivhs fon tHa0@leddirae 802 shben ihe body

904 shows a d&:‘é&t@@d@%ﬂ n%'lrgéqfl -‘15%@&:%@&1&&?&!%& 11, the body portion 904 shows the

greatest out-of-round value K3 between lobes 1102 and intervening “valleys.”

' The cross section of Fig. 12, which details a part of the now-threaded tapered
root portion 906 adjacent to the body 904 shows a decreased out-of-round value K4
between lobes 1202 (but still a significant out-of-round value). It is understood gener-
ally that the rolling die applies reduced pressure in proportion with the increase in the
taper (as the taper approaches the underside 514 of the head), Accordingly, a relatively
small out-of-round vatue K35 is exhibited for the cross section Fig. 13, relatively near
the underside of the head. This small (minimal) out-of-round cross section shall be
termed a “near-circular cross section” for the purposes of this description. In some em-
bodiments, the near-circular cross section can be essentially circelar. Thus the term
should be taken to include such an alternative. -

Clearly, the above-described oscillatory rolling movement of the blank, under
the influence of the roll-forming dies, tends to influence the final formation of the ta-



bet ween | obes 1202 (but still a significant out-of-round value). It is
understood gener- ally that the rolling die applies reduced pressure in
proportion with the increase in the taper (as the taper apprpach Z&Qe
undersi de 514 of the head). Accordingly, a relatively small out-of-round
value K5 is exhibited for the cross section Fig. 13, relatively near the
undersi de of the head. This small (mningl) out-of-round cross section
shall be termed a "near-circular cross section"” for the purposes of this
description. In sone em bodinents, the near-circul ar cross section can be
essential | y cipereditigplar qthgssedtion adiaeent the erersifletof the litadn It ehonldalsadeclsach an

al ternative. Ghedt b o RuaRNesilledelchhot chbloddHoicid R Btk FRUFTENT  Of

t he bl ank, under the influence of the roil-fornmng dies, tends,
i nfl uence t he tff brgthepdyantageayn thsvadtfpaning clprapterjsyics ofpomulti-labed s@pw#itBi r cul ar

cross secti ongRGhaaeRteh R RAT IR 105schiBE @ Bkd With SRRW vk gerbe cl ear
that the blank and thread form_ng die conbination enployed hefein results

in a screw tREE oRisseehe Bdeaptiayeldheion; Flawa zensr i g HFUEESS €1 cs of a

nul ti-1obed sebeWgWetdied, faljfart) d@%&@.ﬁﬁ%ﬂth&@?br%& ARECForlich it Reahiagitally tnoseni ng
associated with a_screw having a cir- cular cross section in the region of

u
the joint cl affFesforune prrsrejBziat (581981 ar cross sec- tion is generated, in

part, as a result lﬁlf Jtthtss%gl%rled root portion that advantageously re- duces
* 14,

form ng pressure i , W Joint Assenbly As detailed in Fig.
the finished, tol l@sdde%%cg?ﬂﬁé)qtt,ltﬁéﬁﬁsﬁ Q,Q:Gﬁéa%&e@@oﬁj%%ﬁr{ge&er&%éhﬁﬂ ng of a

first thin workpiece 1 and a second,” anchor nateri al_ workpi ece” 1404.

The head 410 FoUs¥iE of o éintt i werkniges 1102 andassepondsanches matsrigloworiviers.  As shown,
two or nore sepal ahehdlebiEAimlf ebhFress8CAp@indt heQirstdRAGidch 140X IdHG, 1408 have

opposed { hr eat G Ee HGAoRds oL AT Ao a ke SIS BER on al ong
the screw shabi the Asewn 002 dThade@yerepretdnerd by tieslihatriallyosppbsed direadipyofilabul ar
02 et g LG8 e S BB D01 i 108 SRR SO0,
material 1404tk finishedseremrigofanyl ldbalekvmssaertand erca (had.1 hretvictiel Hadilti onal
e oSSk BERE 8 LRy M oS 0, o1
t apered root gher el il 4pykin ademward and backward manner that provides additional thread

engagement between the anchor material 1404 and threads 1406, cte. The exirusion

occurs, in part because, the valleys of the threads in the tapered root portion taper out-

wardly toward the head, while the peaks of the threads remain largely the same diame-

ter as those of at least the adjacent portion of the body section (and become more-fully

circular in cross section near the head). Thus, as the screw is tightened into the thin

anchor material 1404, the material becomes increasingly compressed against the ta-

pered root_thread valleys to the point of flowing axially backward and forward, as

shown,

To reiterate, the use two or more opposed cotls or lead threads means that mui-
tiple points along a given cross section of the anchor material are secured. This se-
curement is accomplished in the area of the tapered root portion, extending between the
near-circular cross section and the more out-of-zround cross section, thereby enhancing
resistance to loosening from vibration and other external forces. In the completed
screw, the threads 1406, 1408 etc. define an axial pitch AP, which is the distance be-



wardly toward the head, while the peaks of the threads remain largely the
sane diane- ter as those of at |east the adjacent portion of the body
section (and beconme nore-fully <circular in cross section near? I henhmed) .
Thus, as the screwis tightened into the thin anchor material 1404, the
mat eri al becones increasingly conpressed agai nst the ta- pered root thread
val leys to the point of flow ng axiallyhackward and forward, as shown, To
reiterate, the use two or nore opposed coils or |ead threads neans that

mul - tiple points along a given cross section of the anchor material are
secur ed. Thi stvgen crests efindiatent durads ohplisoned aliove infreferenesdto &g b.11be eagiker ed r oot
porti on, _ext epeth B HETAniditys MR Teali EU A o XA SREUPRGMg lS1e more
out-of -round cross section, thereby enhancing resistance to |oosening from
vi brati on andowstembediarnte imanothepexcaiplary embadimaen s teced rod PPEAR legEb t hr eads

1406, 1408 et g dab oR tBdh Plidks B bEd) pfkh apthi ch is the distance be 2 7 JUN
2005 -12 tween crests of adjacent threads. As discussed above in reference

to Fig. 5, the | engkbffecdfofiitcfotcd BREDAISIOBlonBOL drbRRecBn bSth@knch@asddte-t W ce

that of the axi.al pitch AP accordi 0 . one epgbadi ent. .1 n anot her

exenpl ary enbﬂ%}i% ?%ﬁ’@"i%’ﬁ@?’éﬁtaﬂgﬁ%‘gpbﬁ‘&?’%ﬁ?&gﬁ%c Rt ofor e t han
3.5 tines thep@aéx}aaow&stdehwﬂﬂnh tﬁEhﬁcl&)frfxﬁ&lt'isl 1@H4 $che té gl:rrrlleﬁtadiisﬁ'&s’sipbﬂtﬂtﬁ ondthroijgh
a cross sectign of e_anchor mate- rJ 404 are sho in greater detai
Mo, 16, Pt p et Aol o anl it £ T B BB s ee

wi t hi n t he anthuicinitpbfeartadf theldlessi§02sNote thgttheer hibes H03 tueshevipiatthie s

cat egori zed bﬁnﬁe_seri es of stress lines 1501 that reveal a stress gradient
concentration i'n the vicinity of each of the | obes 1502. Note that three

! ?bes 1503 are shqwetalkegnaehgﬁelﬁar t@fmléaan@éoﬁsénaa&%ﬁasan@bﬁe&egeﬁfgi ons of
stress and concentra Jreasons of_stress en- hanc e nmechanic

resi st ance of PR 7’35"?‘@‘?'}%‘5“{35@%%%% eﬁ“?@ﬂ???iﬁ“%ﬁ?”éﬁleé’?m@%daupon

vi bration or wiohefbratish 6 didr ektomealefsrcesthe f or egoi ng has been a detail ed
description of certain enbodiments of the in- vention. Various

nodi fi cati ons and Tad@ir¢gomgdacizenn b detniirdalesaripfmef carpenttiodgnebtofitielre  spirit
and scope thega6l, E0bud %}ﬁons%ﬁh%&itf’o@?h&%eﬂrﬁﬁ@&gggﬁtﬁ te. 633 vari ed,

and an alternate thread-tormng profi can be s “in an alternate
enbodi ment . 5Pl and scope thereof. For example, self-tapping thread design can be varied, and an

alternate thread-forming profile can be substituted in an alternate embodiment. Like-
wise, the number continuous helical coils or threads, and the like can be widely varied.
Further, the materials and hardness of the screw, as well as the material of the underly-
ing anchor sheet can be varied. Accordingly, where and when necessary, the screw
materials are treated so that they will be capable of withstanding (without failure) the
applied torque when engages with specified anchor materials of a predetermined type.
Such treatments can include Case hardening and/or induction point hardening. Ac-
cordingly, this description is meant to be taken only by way of exatnple, and not to oth-

erwise limit the scope of the invention.

What is ¢laimed is:



W se, the nunber continuous helical coils or threads, and the Like can be
wi dely varied. Further, the materials and hardness of the screw, as well
as the material of the underly- ing anchor sheet can be varied.27 JuN 205
Accordingly, where and when necessary, the screw materials are treated so
that they will be capable of wthstandiqjag (w thout failure) the applied
torque when engages with specified anchor materials of a predeterm ned
type. Such treatnents can include Case hardeni ng and/ or induction point
hardeni ng: Ac- cordingly, this descrChAIBMIS i s nmeant to be taken only by way
of exanple, and not to oth- erwise limt the scope of the invention. Wat
is clained is: 2 7 JUN 2005 13 CLAIMS 1. A threaded screw for joining

t hi n wor kpi. ece4\ thtdaded screw fbuajminmg; tainphmrkpibd:ésytm:fsdr@/adavimg" e plisaltpoitead about
a defined [ d h n whi ch, th rst r kpi i es
he second s RoTEdeelf &, fered conle” bt coferet e IR] fiSCnafipe

mat eri al , ovenbe:pmessacgnd wotkpidye sad theosecded warkpigca d&ﬁrhetaathmhor msteriglect i on;
a coni cal 91'pﬁ g:\ecti on defining a nulti-Iobed cross-section; a tapered
root portion located directly adjacent to the head, and the tapered root
portion being béodesectiondefinirmct mnii-loted diostysestiart i on, the tapered root

port i on def | nf B%ofical B LR EOREIiABed GGl of 053 sect] on

rangi ng from a near rcu cross section acent 'to the head to a
mul ti-| obed cradapeseddoppodia) fnsered ¢IFGCﬁ!Yn@dJ$Qﬁ§lm0aﬁhetf@é9 angltbie Jgnered ¥pokach of

the body %8thh ‘B@mtqtbléﬁ/vééﬂrlh& ﬁéaoOQr'nd%e%%% 50Qi0RNHe tiRrd ARBE B&tné@@éf nifgy tion

are adapted to ex fromthe head along the center axis through the first
wor kpi ece VANt SR ies@piacraps kgstier eangingtitent a per greyar erpseRstiontngage

t he seconddjakéntPinetRad ® 4 ﬁhhmﬂobéd dré¥sOseeoRPE fsehOR tidRbMaL bdd}eardd I st
wor kpi ece and the head wiith the tapered root portion en aﬁln t he second

wor kpi ece. 2. WRereinrgach ff dhebodnpestion the ﬁ?’l‘cﬁlLﬂoﬂﬁéFCtWﬁ red @Phl ity

of | ead tbotiadardadapgdao dindt fidre afle meaalélaqgitrﬁepe@r@@f alivmgolidre trofmisc al
poi nt secti ortion, such at a

n, the, hod ction and the ot t
P heur oo piect S o e cknd Jeskridhe, o R Th leh B eal Arahee per ol oo
t he cent ewotkpiese its farea & tiro icoinpredsion @aghinstf the diest mfkmdra:e dnidrte@élsad with the

tapered root portion engaging the second workpiece.

2. The threaded screw of claim 1 further wherein the plurality of lead threads having a
set thread profile disposed along the conical point section, the body section and the
tapered root portion such that a measurement through the center axis about an entire
circumference around the center axis is constant to a crest of each of the threads is
maintained along both the tapered root portion and at least a portion of the body section

adjacent to the tapered root portion.

3. The threaded screw of claim 2, wherein a distance between crests of adjacent
threads measured along the axis of rotation defines an axial pitch and the tapered root

portion has an axial length of at least twice the axial pitch.

4. The threaded screw of claim 2, wherein a distance between crests of adjacent lead
threads measured along the axis of rotation define an axial pitch and the tapered root

portion has an axial length of no more than 3.5 times the axial pitch.

5. A method for joining at least a first workpiece and a second workpiece that
overlies the first workpiece and that defines a thin anchor material using a threaded screw

having treads formed about a defined center axis and comprising a body section defining



mai nt ai ned al ong both the tapered root portion and at |east a portion of
the body section adjacent to the tapered root portion. 3. The threaded
screw of claim2, wherein a distance between crests of adjacen 7 hN o@gs
measur ed al ong the axis of rotation defines an axial pitch and the tapered
root portion has an axial |length of at14 east twice the axial pitch. 4. The
t hreaded screw of claim?2, wherein a distance between crests of adjacent
lead t hr eadsltiebed theegddoraying grass-seelian, grtapesed faob Rodien lopried direatly aiegettch and

the tapered th@ftad, ma&h@@Pb@a raét po¥tioR! beifBéthe & tHetheaBAd R Pod sectidries t he
axial pitc met hod oining at least a first workpiece and a

second wort Bgfa@@gedtrﬂgttpowmﬁplggath@nn,g, Qs SRGHURPREIRI HRMm & NFRE-CiEMar §ESS a t hi n

anchor natgkiicl ad}@deﬂgtodhé héaejad%dn@ﬁwb% chov¥ isB&tioh o AdSiniuT IBB@arm atjacent
defi ned center axis and ri sing a bod sectlongﬁi@& %rggd 7.JUN 2005 14

a mul ti-| dBdeE Pﬂ%é&?ﬂ%r% cal pgig S%“é‘é’t‘l fining, a; i P9H°¥%cat ed
dlh r eﬁt I é aséjgmemt lgag qhreli¢ hbeiagla sdtdhicbe prefe RBoseR0hlom tHel wﬂe\&)ﬂbbﬂg ahet ween
t he head and tpe,bo sect1.0n, ere Ol’t on e 1.N varyl ng
o ose aac PE Ry PRtk 01 2 BT iR aiskRice FoB e lRted e
head to atmaldrdzstlof)bedt afrthes thregistis mramat:némalbmmmthmﬂwtaaénedyocadyoameremd dto the
body sectl

i cal t t d h '
crovs: - sedtdb” paEPL LR of Badt, R aceBLIC Y R vl PEREE BB S ong
t he screwdoogyisiagthe siépsroff t he t apered root portion such that a const ant

di al di st .
i eads | o s SRS Yis@tinio Sholifh BlokSl fhoT P RShr Basa g brddiEn
portion ofOftﬂh%frbber@@@etﬁ end #f senond waskpi¢re safhet e leadthrpad engagestthe
method | CQERIAS WBRkoldde &' RBtaBlred '1BEAoMEN A Fdeealbildofi ARLp1E D g SSur e

al ong the axis rotation in frrst workpi eces and
t he second@onefaspioeyih & firptayvorkiiece anddhe heash@néngages the second wor kpi ece

at the taperedffo‘?mngpf%&%taﬁ& ﬁméoééhtrrgefr&heex&%ﬁém&ca@émeeﬁr@t t'hm Rorkpiece
conpressi on W first workpiece and the nd providi ng resistance

to | oosenfgasmshreeRttas malt- '?Qﬁ%%ssﬁct'wqﬁi‘ﬁ%i’y trﬁlt?PW 1ot R¥HON- 1 el axes
between the nulti-lobed cross section defined by the tapered root portion.
6. A nethad for | east a_first workpiece and a second workpi ece
that overBies H‘%‘t%('!‘ {QEP'W%E‘?E@E% firshyorkpigee ged # feeeny V‘t"FhH'FCSrﬁ'&Et‘f(?rve’Hﬁ{)er i al
using a t HecrstamborrsieeaktBiibingkfines a thin anchor material using a threaded screw having

threads formed about defined center axis and comprising a body section defining a multi-

lobed thread-forming cross-section, a tapered root portion located directly adjacent to the

head, and the tapered root portion being between the head and the body section defining

a varying cross-section ranging from a near-circular cross section adjacent to the head to

a multi-lobed cross section adjacent to the body section, a conical point section defining a

multi-lobed thread-forming cross-section, a plurality of threads having a set thread profile

disposed along the screw body and along the tapered root portion such that a constant

radial distance from the axis of rotation to a crest of each of the threads is maintained

along both the tapered root portion and at least a portion of the body section adjacent to

the tapered root portion, the method comprising the steps of:

rotating the threaded screw around the axis of rotation while applying pressure in

the direction of the first workpiece and the second workpiece so that the threads engage

the second workpiece at the tapered root portion and force the second workpiece into

compression with the first workpiece and the head;

forming a series of internal threads in the second workpiece by the threads

disposed along the screw body; and



threads fornmed about defined center axis and conprising a body section
defining a nulti- |obed thread-form ng cross-section, a tapered root
portion |ocated directly adjacent to the head, and the tapered7rdit 2005
portion being between the head and the body section defining a varying
cross-section ranging froma near-circulsar cross section adjacent to the
head to a multi-Ilobed cross section adjacent to the body section, a

coni cal poi nt geediagrasistanet rig lapseming friom etierdalt fhrceadsftos fiishthic wodwiesect i on,
a pluralityQfs ﬁ%l%gé}gﬁem}fﬂ-ﬂge@g%% sééﬁﬁﬁagﬁr%ﬁ%g'tﬂ a ﬂ"eép&?ﬁgﬂi@rll.ong the
screw body and along the tapered root portion Suc F at a constant radi al
di stance fromthe axis of rotation to a crest of each of the threads is
mai nt ai ned along both the tapered root portion and at |east a portion of
t he body section adjacent to the tapered root portion, the method
conprising the steps of: rotating the threaded screw around the axis of
rotation while applying pressure in the direction of the first workpiece
and the second workpi ece so that the threads engage the second workpiece
at the tapered root portion and force the second workpi ece into
conpression with the first workpiece and the head; form ng a series of
internal threads in the second workpi ece by the threads di sposed al ong the
screw body; and 2 7 JUN 2005 15 providing resistance to | oosening from
external forces as the first thin workpiece relaxes between the

mul ti-I obed cross section defined by the tapered root portion.



