SELF- TAPPI NG SCREW BLANK, METHOD AND DI ES FOR MAKI NG

THE SAVE AND METHOD FOR JO NI NG THI N WORKPI ECES FI ELD

OF THE I NVENTION This invention relates to

sel f-tappi ng screws, and nore particularly to
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In order to overcome certain disadvantages of the single-start-thread design, when
used to join thin materials, a true circular-cross-section screw having multi-lead threads that
are generated around a headed blank has most recently been employed. The use of a

multi-lead thread fends to better capture the anchor material, preventing the anchor
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axis of rotation and a head conprising a tapered
portion adjacent to the head, the tapered

SUMMARY OF THE INVENTION

This invention overcomes the disadvantages of the prior art by providing a headed
screw blank, method for making a threaded screw for joining thin workpieces having an

axis of rotation and a head comprising a tapered portion adjacent to the head, the tapered
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2 root portion defining an approxi mately circul ar
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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 drawings in which: -



Fig. 1, already described, is a partial side cross

section showi ng an exanple of anchor materi al

defl ecti on when using a conventiona

single-lead-helical-thread on a screw, Fig. 2, already

described, is a partial side cross-section show ng the

creation of a reverse-thread taper associated with

manuf acturing constraints by having a parallel screw

t hr gl T, Oxhbad.)oﬂesodb@d‘lgi erpatllia])mlgiet d&‘ressil° ?édtiorh @RgtiRg ah example of

screw,. Flg. 3,08 side view of a self:t [ Ng..screw
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bl ank-formation enbodi nent of Fig 4, Fig. 6 is a
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fovm?%m@dcv'e@&%%Sﬁwaﬁn@h@wsgengtw thigdyetpiiis i on of the

headed bl ank taken along Iline 7-7 of Fig. 5; Fig. 8

IS Figross Eﬁﬁéliéﬂﬁa&roé@ SO shdiling BREHAELLBACF h2a8éd blank ac-
t he headed bl ank taken along line 8-8 of Fig. 5; Fig.

casding toarhepbodiment;gf liginyeliodect i on of the resul tant
fornmed screw, fromthe headed blank of Fig. 5,
engdtgdsbls thsidadviewr of aghehdzd areRrdingd ti® @Bordance with the
e diment _af .thi L.nvention; Fig. 10 is a cross
u%@%@ﬁ%%m%ﬁeq qgﬂﬁggaéﬁggrank in the form ng dies, at
different points along a rolling path, taken

SenSs gl NS RO AR L g BBt
algnglinedi-6 vhEigbZidy portion of the fornmed screw,

resulting fromthe roll-form ng process of, taken

al ongg 14188 cldsslskcMnaliw oPiheHoby Pé‘ﬁori] of tfle headed blank taken along

cross-sectional view of the tape root portion of
linee? PofFie? screw at a | ocation adjacent to the body
portion, taken along line 12-12 of Fig. 9; 4 Fig. 13

IS FigroOrsa eRrbseARhaWiGNoPihet BEerb@RBRBH Jf @ heeli IbRIhk taken
t he forEEd screw at a location adjacent to the

of

alprebne $8RER9aPong 1ine 13-13 of Fig. 9; Fig. 14 is a
partial side cross section of a conpleted screw,
f or gl 9 & BeA0H dRIRGFosS section of the resultant formed screw, from the headed

blank of Fig. 5, engaged by thread-forming dies according to an embodiment of this
invention;

Fig. 10 is a cross section of the headed blank in the forming dies, at different points
along a rolling path, taken generally along the body portion in the vicinity of line 11-11 of
Fig.9;

Fig. 11 is a cross-sectional view of the body portion of the formed screw, resulting

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;

4



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
material taken along |ine 15-15 of Fig. 14. DETAI LED
DESCRI PTI ON OF THE | LLUSTRATI VE EMBODI M ENTS 1.
Ceneral Principles By way of further background, Fig.
3 illustrates an exenplary screw 300 that generally
avoiFits 18éy 4 aions-dedtiadyl aishvag ¢s: apsediradt edrtian bitha fareed ssew at a
the erefore,

]O&H'Oﬁ%g aé%ﬁﬁ%‘h%%e?gqgl&t ﬁd'nggg 1§t°g‘r%§egt o vi brational
Ioosenlng. This screw, and other rel ated enbodi nents
t herFém dl4 iapepattizd side lsengs isactivo mirardoynptatetestréyy, Sormeladn entordance

entitled
WP & AR L PR R TR B0 N NG TH
WORKPI ECES, by Al an Pritchard, filed on even date, the
t eadtf-§4s derosprdinnal viewed Bieestioby Pattects grieeteddbyHBe e¢raw in the

ar¥or RARAANSRN aﬁmg%ws 1shergcigw 300 includes a head
302, a tapered root portion 304 (tapering radially

outwardly in a direction along the body taken toward

S L R

(such as a self-drilli e body of the screw
306 has disposed along its outer periphery, a

plugg§é£§¥;EL$§§EéLnuous helical coils, scrolls or
thr rew thread (helical coils) has an

o1 AL AU e Be TP ELTRAL oh VR 1495, 0o e
genethllp eheds cartaiedisaiventagesoabsheated with neeendsthmead mjzleaaqiacent the
hét%ﬁ Qn& %QFeCF@rJe iﬂ&@%ﬁéﬁ%dl@&renﬁh MEF e§%{aﬁé\‘;‘eg)cﬂ%%rﬁg IoBQerbneg. This

is 1nvention e Cri ereiln can
SCEpYp| Inddother reh@é«?téﬂmbmhmnt@dhfrre@p@rﬁdd@ﬂ}rlh@t & ¢amngonlypwned U.S.

PABM AppR&iBR SeRAI NY. é@/gsi agpm.ﬂsaf@eér waafpmé %@R%v@mot M@THOD

separate conti nuous I'ical coils, scrolls or hr ead

FORNOINING Hlly WﬁﬁilKP"%ﬂFéS Iy Adpne ritengd. ileg %myg@éatal the geachmgs of
whiBe af@é‘;}br&%ﬁb |n§é+§3ra¥e|aa§eré R®y refefditel Bridtly, thel ddv 900 includes a

doubl e | ead but it Is expressly contenplate

A 20 BIHREToR GLPETEH 304 BRRTREa ANSISTT @ Biscion along the

bdﬂyltékehﬂdwarljﬂhé héé?d amycmltémat bodyrb%rtléﬁ%oefa tapetind @lthipbrtion 308
of th ?I V\P eﬁ fur [‘Ed nt anchor sheet
a’H‘e%?’i‘r‘H} PHEN No?%”tt 2dsye é‘sta FilRY BAAY- as used 5

herein could refer to either the overall continuous
f or Nidei ety af theosoratvi 3®6§1asvdlsfmblse@ almebllteajdtgt peaibiearg 4 plrality of

rical shaft ' a
n¥ J-. orﬂg h caél Fc‘ftlgyscirollg r?aﬁ)] g% 'Igle sgre regg@%ellg i C%IIS b%sean outer
dlsroet_evxD) Th eng embeohm_enhhmaghntude@f Decam liesvithgettle sdvgelofl 1.6-10mm.
H@@é\’eﬁ,tthi‘é Iaﬁd Bﬁ‘n@p?arngéyspecified herein are only exemplary of a typical application
of the screw according to this invention. The principles described herein can be applied to

screws, and corresponding materials, of any type and/or size.

In one embodiment, there are two separate continuous helical coils, scrolls or
threads (also termed “multiple lead thread”) disposed along the body 3086, such that the
screw is of a twin or double lead type, but it is expressly contemplated that other numbers of
separate threads could be utilized. In this embodiment, the use of a plurality of threads

works to further prevent ancheor sheet deformation. Note that the term “thread” as used
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differentiati ng between the two uses of the genera

term In an illustrative enbodi nent, the inventive

tapered root portion 304 of the screw, whichis

| ocated axially between the head 302 and the body 306

of the screw, has an axial Ilength Wof at |east two,

and preferably no nore than approximtely 3.5 tines
herdie cad aéferptbtett!her th: ovEnell doatiraroad farmatiorparforimatio ) Avirkag helically

| j L ead, 3
o TS or Pl Dbt B BByl BB B on o
crofissagstiay of Bie sy he comtextirewhich teddmis aned ehouliassistibe readerin
i R8hichiAPBEr 08K eaflo 304 {rd $i0hdBorthdiferespect o body 306.
e angl e P b en approxi mately 6 and

15 preferably betmeen 8 and 10. The threads 312 are

di spbaBdlusiativeembogistent the bveplivet rraTed 0ot patien 3phaf the screw,
wﬁlaﬁs%ga?éd ax‘?ﬂll?%ﬁn@@n BeHeatie2 264 % Y 3B LERES e, F\’:ﬁs an axial

grom mat el y"the sane magni tude al ong the tapere
Eal P RBhva a1 aHye pn eReroderey b ghevierial pitch

P.ithd @pseaabbtmstidy 8dLhaPh enaxiria@h daunhetém%@jiﬁen%w@nead 302,
t he head %I ncl udi n the tapered root portion) and t

tageringydoyapatd toraéb?fa eb%qL@HOéB?)F?fﬁY"ﬁlyf’%qj {pot Riameiehe- 6[]@'%9 is the
inli AR thbf thé Fodt @JHe? B@r’tl@rﬁ Qﬁh {ohat wath Tr@srpﬁétttg body 306. The angle ¢

enbodi ments may o ferent thread di aneter and
Shﬁf"é'ftlel *@W?P”a?qpéﬁﬁ'%ﬂe'élsoé%ﬁ‘ 15 “oPfefRsably Retwpen 87 #rd Hhd

nore renote fromthe tapered root portion to derive
cer&l%ien beneficial eff in connection wt

o )
spe tlere%:? QH @rgé:hepﬁ)p%cﬁ%gge gﬁ)ﬁeﬁﬁ&% PP%‘P% 304, such that the outer

diAaster 0 6Tghy scretv aril theant engll Alpeskirhdtaly thdrearmb rne@dmdaaaanmg the
' ered r.oo

tely th ' t
BBl Pt PR 5ok Bhe T Badus 85 Shpkonh HrIERE Sl srgferable
thaihal thegaes édiweaotthpbedd (neludiryethadymesantoot p@tumn)@ntj eimglemtey point
refgflbglfgoeh PF ?pgﬁégrrne% ey ﬁﬂﬁtr seegl o tobt%? gLa%{eé gt }thg?c%t erenrgl) «:—1|1esot %ha? alternate
erpkmdnngents may b adlffa‘eahtbre%@rdmaetena%wofﬂeuma |r<p1jlcmrscloser to the
erﬂﬁﬁ)ﬂn’_t Przégla@ Q}\é@g Sroth th8 ta&;%Pe%r rgﬁt d’og%'n td Qéﬁ\)e%grt@fg g%neﬂcial effects

can enera
ins eprnicheyiwith speaifia jwdrkiess ttmrr:k@aelsfandmnrﬁjerwsoséccordingly it is

c&?&ﬁﬁl&@d tl%‘ﬂ% th?ea@ylh'ébe Eﬁ’a}@ﬂmﬁ{ gﬁtﬁe% E%'d?é?n&@ﬂﬁ'tﬁé Bipered root

enera y an od

pfe'HQﬂ gnd g pagt ofdeir PHaw andw'tecﬁ»f adﬁﬁﬁﬁtﬁh@ %cl rloemoaw (the adjacent

pREEIERERY frorh hed8PaER Foot WO for lPRULE distah&V\bfi fSur s\ thread
into an appropriately sized pilot hole, the |obes

p'EPé%W‘?reéqu PYA8m t he material to create roll-formed
threads. These threads nmamintain a certain degree of
spring-back followng formation, thereby exerting a

hol di. nbolaBlaticEoimdtiod screw t hat advant ageously
reduces vibrational |oosening. One exanple of a

rrul tThel mbe@le@rdesmt&d(ﬁbbw(e.@&a\/ﬁaﬁ@eﬁ hoctepotionusid rhatemd thread)
e.of sell

tec’sl%gb%d;ge&era )o{tﬁaaa %R/%\W F%\Brllgea mullti-lélge%ql?riegg-fgf'?nﬁn%vgoss section. Such

a muIt| lobed cross section consists generally of an odd number of lobes (e.g. 3, 5, 7, etc.)
that define an out-of-round {non-circular) perimeter. In general, when a lobutar screw is
driven into an appropriately sized pilot hole, the lobes plastically deform the material to
create roll-formed threads. These threads maintain 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
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t hrough, Research Engi neering and Manufacturing |nc.

of Mddletown, R and Conti Fasteners AG of

Switzerland. The formati on of a col d- headed bl ank,

which is used to eventually forma finished screwin

connection with an enbodi nent of this invention, is

shown generally in Fig. 4. This blank is typically a
suchriges| abtd-Tridastrdedne an sbil-tpling adctdmu@éwtobed llbs earaf avallable

her on r obes res
LR RERRE BrBramy Sl MBI R0 SO MERR oy como
Fastamars AGloeSwibzemabd.on process typlcally starts mhen a
cut-of f piece of generally circular or

! Obl’\'lh@rfoﬁ:rfa‘%ﬁg?g%ud ﬁ}%cf Blafk, whl(? |9f &% E)dg\;e?\{ [P%qm a finished

size'is ace nt o e diecC
SO B q@nmcepemth én err@adrmpnecsf tmemwe@@ntls ﬁ@oven sﬂéreraﬂmn Flg 4. This

brsﬁkarg%,c%fuy %qw@e%&e c%ss ssmrﬂnoars% a|tﬁbL§h|thé‘§se w&ﬁbrtnnsbers of

I ank’ noved progr essi vel from one cavi t

'0%9?0%@ expresdly eanemalpiad v bardfeadsk difA0R having affqrrrrarg die cavity 404 is

sﬁo%mﬁ@foﬂ‘hﬁtlﬁop}oéé‘ssstytmy sthRS whkh aCRY b YietO 4f b@ne@ally circular or
|nenS|oned hole that conforns to the desired

lolylaf I pRSSaSHIAhWIrG ALPE Of Predetemaingd $ize s Riacpdate the digvarifysOften,
thede cglrk’;dcre gifferdint die ;&.bﬂiféh Bsa‘édﬁreééﬁtﬂg Risfeeihe 8@ géDofGormiHtien hlkamployed
_naq_defor on o e die cavit s a .

e R DB AR LGP b B 16 CPE R amtes I e yprated
exgefpt, Mnahtoﬂnhbehedﬁﬁl i gisbvir. Mhe laccabityamdd is 4Gfimeassioned hole that

COiBOmeﬁ%ﬂ;h UG8 stk 380" H¢ 13Ba Ry Aol sPafAl o yficient

thzknsss mdthlamdness g0 temeurecthatc b aliefoomatiunl ofi the obellcayity occurs as a

rsh Blgﬁk |s]dﬂ?%n tﬂ?l In Slﬁ%gp tlé Dﬁg@h%ﬂb theg’@sjirgw}mlshed blank

ormati on O
40h0as gfomen The ransyeise sessaeglion @‘tthﬂ! Riescasipptiedobshowny, anfncourse

eguhegwheéh%@ blgﬁkecr‘ésfgpétiﬁﬁy eﬁﬂlr@f Rir&tpf 6rsmﬁlzﬂ%b%%| l rimeter - as

riven ower ani cal actuator (not shown)
dqsﬁﬁlfedsﬂqusd@tﬁeb@ip‘ahk under great pressure (see
arrow 408) to cause both the blank bead and fini shed

i nt grgnabtidd &Mke SHRRE bRANKQ0S A fHRtie Shilty! JRANGRIASI Kurs in several
Li ke the Erogresslve die cavities, several different

stdespRlipslipe Ram A RUNBeAQfs d e GPTRGHT RBINFRLPS IS UP'C@'h/éﬂﬂven by a
pﬁmkmé%nlc%ﬁ@rhué‘tbrt (hotash‘éh/ﬂpﬁai Qﬂies&ﬁ@f)l@hlﬂﬁnder great pressure (see

o RSB oS, oot Rhe DRI SRR WoHeH d B Ri es 16 be formed

srmnménedesiy a_li@ﬁlhlelprc}i@'eﬁhwewﬁe tavitiast Bé\fézraﬂlﬁfe(’@’fﬂ?wl‘iapeﬂ punches can
d CLOSS:.SecC

beerg d Qring fomtl%g t %g aglﬁ g@égeeaglﬁ gltﬁg)fhgi)e g\aﬁgcer‘??)'g]si)rogresswely

momrqémseh,eto(thatrofeb(eaﬁrpbma)d blanksiiesaddHiOd | thises@ebles thesisank head 410
méllx%s a%r@fﬁé ch B}%%gwqartlox%‘l?ﬁgﬁo%\% in %Jé%é oggl%ass gglflgrtﬁ)h However the
drewﬁ@rnaabn Uraylbntoéamraﬂesmcemawe eargiaga)n@tedratwey h@amsef(tw gxample)
a gfan ¥ r‘éQe@s@H R %Io?teyﬁlg( IGHERL L & E?eg V\%lhl::xa?oh% If é’éégs The

e transmtted to the screw UIta
blarpipmeb pihavdseshe promidedwyitie amm@tteraalrmvamnel Weodkengagipp Qrive-head

foﬂﬁ]r"'or%]/ &%%arr‘r'éﬁdothé’r tst‘é Bewil 'aﬁ’ovpforcild'é% k%'e%'ﬁsmﬁ‘c@&' td e screw

e] ect I ni shed see arrow into a
through a smtable and approprlate system 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).



channel or other conveyance (not shown), leading to a
thread-formng die (to be described below). 7 The die
cavity 404 generates at |east four distinctly shaped

bl ank sections according to the various enbodi nents

of this invention. Wth reference nowto Fig. 5, these
sections of the finished col d-headed bl ank 405 are

shown and described in further detail. According to

an iThk wit gaaity 408t @mbmkisrm lﬁast fbhe:hamctlyi smﬁed ilehidetiéns according

to?k?erUa?lgus %gl'ionc}lmg 35. of ’[EI mv}ré %P“p@% r%fn regﬁ%h%va an o %yth{a%e ?Ei%ons of

’fhh éadheﬁltﬁm,ld -berdied bnk dﬂﬂ aret shelvh and’ kdesgibne rra‘hr’tmlar@stiul According to

rﬁﬁ%&ﬂaﬁvrbserﬂﬁ&ﬁrﬁgrg{ 91% %E&fmnﬁ‘?@! cﬁ’n({é‘ p@ﬁtgu ‘%ﬂtré’?gection 502, a

ect apere
bqgi§§g¢.t|obé@4 arlégrjmred/mryon W%%@en&o}h@mcﬂmm and the head itself.
general, the screw blank defines a continuously
taperlng shape fromthe tip 510 to the head 410. The
t hr dée|gspe@l eroes sediens pesera Hee eoniaal epiar sretient FOZ pody section

5CRCENAIRE S ¥d Bbrﬂ@rlfS('J@ar%rHé‘é&HéBrr%spé‘dtl@éw ‘rVFl%Q Stﬂ“@nd 8 In eneral, the
Cross- sectlonal vi ews of see

02
SR PIAgl defines Ferantituquply tapeﬁﬁa Sh@%&%é@e tirr 530 ‘é’rtBe head 410. The
thﬁa@ﬂbtﬁrde&ogd §456i6n tsh@pea?hlaﬁ clhekdeteritd tﬁé"e&er\‘\blbﬂ' Blank is shown more

oS BSOS i SPLES 00 P (92, LI ey

Traer Iebe5ﬁ®2; b2 adre aontersd-apburidotha chxBPFIC, Aagd Ikl witth Kedpective coaxial

cu{creg%eg g\ggéﬁghowﬁ%g@q‘f’ng%{? e?ﬁ? E\% I%yalrr]%ﬁtggr% b eat@é‘#éﬁsgoz are
splaeed at ae cout-beroded rspecind K1' ehrmbbllz e(respyé‘twelm aosc desddbse herein the
grgﬁt\taﬂth'éhgutto?m'dn%%e glfea{ep#h el'et‘ILh?s tan al%g Lg{er%ed FI}e%degree of

OWs a Cr 0SS’ sec SVer se acr 0SS
“lolglerityx inrrcerdanse wikh hhﬁ@lthmgs oifthlShre«/enawer ed portion
506. This cross section, centered around the axis 512

I's egagnh ﬁigf ¥ sﬁb@%'&“cﬂfss JeERrES kM %ﬁs\é@r;@lp a'i:n)gs the apprommate

circul ar P thi's portion
axig) MigRYint o th@ﬁ@qr%q;mrw P8 h!éﬁr%@e@t@pewt%m ar@pdq! gheﬁls 512

is b&s@@&ﬁ%@msﬁ réd’r‘@se‘r\fh‘f’i@é §f' tHe c@&ﬁar%ﬁoﬂ%ong‘t‘ﬁ%qaoﬂﬁbq lﬁéi@mng also

the 0] ésectlon 504. The e ree of increase in
tofigharthe p@@ﬁ@@&l(ﬂﬂ;ﬁoﬁ@Perwvﬁaﬁsvtwper@a@w@twr&ersﬁqf&ﬁoﬂhe
held 41b3r0$r€ﬂ1@Vléoﬂtﬂ rs@@eﬁm(ﬂi)ﬂf 'ﬂ{e deyred Bﬂhcrégsé h frleQapek4d generally no
rerera Onger in_the a

al
o il bt Ing Rl B 0B S K e (8% KnRlEh ARG Bl )1 P formed,
artdlhlﬁrﬁmgérhlely ax Ilﬁigeplgttﬁmayﬁaékla)re%!foilgm 4 m’lﬂ?‘lﬂﬂﬁ tgétﬂélthlred ira]ﬂld one half
Thr.ead .For. i on Figs. n generally detail the
t'r?%srtﬁ%?f('gt?p%ﬁt(é‘%’oé&é%%edcﬁ%eaﬂl ank 405 to create the
conpl eted, threaded screw (denoted herein as 902). In
this enbodi ment, the screw 902 is engaged by fl at

r ol IH.fidweadhBommatmpn908 and 910 al ong the shaft of the
bl ank just below the head 410. These dies apply

suf fRigs. @randpifegssaradly (etail thesfoddationtob trreadseonpthadtank 405 to create
thg %&ﬂf)l%tdi Rfaded 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 sections (502, 504 and 508) 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 between die plates is maintained as a

constant as shown by the equidistant center line 1004 between the confronting die forming

8



(and material flow) of the blank surface in each of

the three sections (502, 504 and 506) as one of the

die plates 908 is noved laterally (arrow 1002) with
respect to the other die plate 910. During die plate
novenent, the spacing between die plates is nmaintained

as a constant as shown by the equidistant center |ine
sutiaOdk, Beta/ueemhet dies 60gHge eNtdcBghtld €rofHEBtiBYblafk, hY haesont of the

g PR e & R b v o088 NonSuCh R et FRrgeany. e
center akis 6m2 (the clgHlmjsciew ttdves hlpathki 00B attat estend!sl deemtely above

ar}?poee?r%(vy h%aéeny r I|F1£] %o0£ %rﬁc% h%é@%n{:%éetweegle hea |s conspaglt however, a

SCrew traces a path
medsueanertt ef the atoey sectiam dsm@da Bav anhiemcemmeter waulttted@®4how constant

dlrﬁbﬁ]ﬁ&stgb%upfhéiem ﬁﬁ;\f\é’?e%ge g\‘ g fl’]lghé:CPM?e Q04 s?rF\Qwever

nmeasur enent Cross sectl on"using a at anvi |
m croneter woul d tend to show constant di nensi ons

aboﬁeférhﬁ‘g Bk IS # ?r@ GhERRR &s 5%6910 M éﬁl@grea (%fﬁhe formed

t hr eaded Screw. parti cul
tappred rapd goripg 99 are Hf?Yiﬂiel#éN'@rae@a@thrﬁec ?Wﬁ@dapqr%%ﬂé!f outward

tap&Ohict prﬁ Ehegf%geléﬂ ?oﬁbﬁ‘ﬂf ﬂ'%%léMkt Hede§BALARRthiREH Battern with
out war his outward ta er, actin

(hGRRE S PO BT NABTS RBVEY SARSHET Bt Sema G F AT Jnes 914)
witHreepett ﬁﬂhé ﬂfréhdhbdahs intthé Bed forwni dod, Iﬁﬂﬁ@lnﬁ@@ﬁameter (the valleys

o PR o 5 TS PR 45K R B For RS oo
oudeahd tamer tovend Siheald ut 01 Tre dontiuou itepee tsedenkitalie id wr@eey@"t by the

o P 53 BB n B L O35 g v

matenalr ithset epbrethd diklbapdrauserd mosmestitoe appesaragtena ehatreid Fig. 9

o555 PEicbe Ry S OBl PR YAl st conv
to tbm%wmesw@ttlenmeﬁrﬂllirtgawedthepmnd typécatly oush anpbe piciastes a
nore conti nuous appearance shown in Fig. 9 (and Fig.

15 t%f&%n&eﬁcﬁdvp@l dQ% & crog—g] béCtIBHg Y@ftﬁé Yoll%@%@\reﬁd?m shown in

shape stands in rect contrast he undesirab

orgaige Aetfail in figsndhr 3+ Refeﬁeadﬁr%tytpfael 11y tmebtm;/ paitiern804 shows the

grEétle&;’crou.@—Bf-rouR@(zﬁﬁéR@%eb@eﬁ%egﬂd@z bR bRy eHiRSTalRGSE | ONS
for the rolled screw 902 shown in greater detal I in

Fig 11-13. Referring first to Fig
por CiGrrs5 FectRiR! Fithd 2 Yrightetals Bt eff’ tneawath(ﬁépa%tqasred root

pd?ﬁiﬂ%ad@ﬁﬁﬁtohﬂa@%odﬁdm ﬁicﬁfsv£ﬁéé}gase\daﬂdt gi®und YA8e K4 between
art o

of Fig. 12, which det
ofitnd 707 Babisl's Sgaredt bbor-out Pt S Cadsraen corgabhisat the
rotgogyle%éllelzshgd\ﬁ:ea SC&GME&?ME}MM with theitkasalint@e kaper (as the taper
n, | obgs. S
<RHRE s ARt oot dsPadlstl garaPia gyt oFround
vaibee(S iseihibitey! fdi tbe amsh bedion gL ¢ @ delptietsneae therunderside of the head.
Trﬁéa %@%ﬂ H?rﬂmm‘);‘t ut Bhr%HJéJ]%L gf‘sgcfdcﬂw éllibjl Eea?t%"?ﬁuéag%l: rie)g?cwcular cross
seatioo ol thg pyrpoaesmé Ithas dessfigtionnial Sommuerlafdimentsidhe wedr@#cHE cross
sécﬁor?’éQrH Biat & geuf-t%rl er Qﬁéiﬁgegfe'nﬂ HELE- bel Brkeh 66 Hchuig! dich an

near the un erS| t he
alternatlve

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

circular cross section adjacent the underside of the head. It should also be clear that the
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This small (mnimal) out-of-round cross section shal
be termed a "near-circular cross section" for the

pur poses of this description. In sone enbodi nents, the
near-circular cross section can be essentially
circular. Thus the term should be taken to include
such an alternative. Cearly, the above-described

blasicand tateakyfotiohd disGommatidmnémpibyddigertih agdalts ingledrew kreat has the
uence, of

i nf the roll-form.n les, tends to influence
ot e R <Biref RN s, B B pegP i 8 WFeases
ressEnco v vitdplarehbodenengunsizdedieitiod sdreve hiv@agla citdulas brasd skction in
I . : form '
o o BBl TR o2 B o s Bl g h B s
reluls of the tapefedmoeigaics thht adwnfagenishg recdoeesaforaing sréssgre in that
N@Ena mul ti-1 obed screwwith the increased resistance

o vi brational |oosening associated with a screw

having a circular cross section in the region of the

j oi nt cLaqR zone. This near-circular cross section is

gen t t, as a result of the tapered root

portion that advantageously reduces form ng pressure

in t%fieta'lleé’g'ﬂo‘: iH9- 14vihg Bﬁ"?ﬂedAﬁﬁléﬁﬁFSPWAgo%@t”&i tpgrihgrran assembly
cdrisBting 65 a tiRe tin Nophrde moifz gl aSseceny, ﬁ%hdr%él;tér_iél o) 403 1404,

an_as consisting .of a first thin rkpi ece
T oS Gl RS SES Aot TR B! LR0AS Shep o or more
sdpaede Adkkafl cails] scraRnpieritRSadgalleE t140h aald Hein f@Tddiree screw

402. As shown, ft or, more .separate helical cpils,
o iere 5 TP Lhde’ Hete D SRSl i pEfaugp, 1408
lotdted sit tremsandd 2xialTpesiionalengr tbprsesanstedt. bys hbted above, the finished
srﬁé\ﬁﬁec;f L hg@b{llﬁr QrBQsQSQ‘e%ﬂorH? [ %%gSBrQO{ 1 !a%slo%ed'sg. ot<:aL fh(%?the tapered root
dcat ed e“'Sane axi al posSTtTon al ong 'the screw
partierf 906 ¢ngages el edtdes (sehextrusmirsiuéds 14@5) dve arshof matagial 1404 in
5 ' I : t ohe
2 [ bR a8 e Bofied dudhialfrocd Boa)dRET hetween the
aRokpf Mgasial $4k thirsids 1 486 ete.sThe4@diusion @cawrehiprpart because, the

vaIR} <SS 1R thidHdd int Me tébehd %fcﬁnrﬁtha@é}%w&‘%/ PRRREhe 1hRad, while the
dd | t he

it
provi des additional thread engagenent between .
Peake 196 theniifesds dapmaindargghidhe e demesges these offaideast the adjacent

pEbA HFEh®BodBCseetich (ahf bBRnte MBCFURirckiBEIn ckak s8dtdn Akatth€ head).
threads in the tapered root portion taper outwardl

Thnds 44 FEe e tenerialo e hirangker Bptef G 4K badatertal becomes
inb%ﬁ’ﬁ'h%lybal‘r@ﬁés)éerﬂ h@aiﬁﬁf\tﬁ? dér.%h ﬂ@ibﬁig)t Hgrehd Q§I%y?fto giebb(ﬁﬁtst’éf flowing

t ad] acent ortion of the body section (and becone
aﬂ%ﬁéﬁ?EW?'a@Pﬁ@WF@rE?ﬂ“§wbss section near the head).

Thus, as the screwis tightened into the thin anchor

mat efd @iterdeQthe dseewnat eoreabproeabonds or icad teasdsngéans that multiple

pGRTRIRE LG AP BOES Lodill® of HBUnEALTRALA AFOMLLMR! TARY Sodifoment is
the pornt~o 'ow ng axially backward and forward, as

a@ﬁwﬁhed in the area of the tapered root portion, extending between the near-circular cross
section and the more out-of-round cress 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 between crests of adjacent threads. As discussed
above in reference to Fig. 5, the length of the tapered root portion WB is at least twice that of the
axial pitch AP according to one embodiment. In another exemplary embodiment, the tapered

root portion length WB is no more than 3.5 times the axial pitch AR

The effects of the force distribution through a cross section of the anchor material
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To reiterate, the use two or nore opposed coils or

| ead threads neans that nultiple points along a given

cross section of the anchor material are secured. This

securenent is acconplished in the area of the tapered

root portion, extending between the near-circular

cross section and the nore out-of-round cross
140 ard showntimgrealey deainafgy. ng. Spesifi Szillarthe sirew’ bmmﬂ B¢t portion 906
regldgén YVIY?%I[? @%ta@?,g%?n q%na‘i l? r4e:Xt r?%g%eraf% L?O%reg? Barllterlacéeft?%o(glzed bya
Sealas a&stalss [ritscipOARat wivealra $tsest hadiing tanmedrabien ingbe vicinity of each

a ein

of?ﬁflé?%snﬁgemf gb@%@gﬂtlggg oﬁ)gg?wﬁrﬁ%hﬁ\&y Eﬁﬁlt a%%?@ f oot

portion WBis at |least twce that of the axial pitch

AP dbectigmating telaxed regiberipingiress angd canesniraied eﬁmpﬁ af gtress en-
ha%@%l rﬁ@éﬁ%mcélh@sé@rﬁ’c@cﬁ the 9RheRO H)E&'{hé ﬁﬂg et bg%d upon

nor e .5 times the axial pitc e ects o
V‘t?rﬁ@rf‘?fr%féerm@ff}ai' fstaeSon through a cross secti on of the

anchor material 10 1404 are shown in greater detail in

Fi 9.Th&or Biﬂglrfals%leh)b dét@i@ecﬁ&éé%%tﬁant Fhanad ér@tssd.ment of the in-
esides wthjin the anchor naterla 14

veggorég}) alrlaqulgﬂgpﬁ%tlgnsaargi( ? ?nﬁﬁf“@ be Made gt E%‘Ht"ﬂf%/fr%{" the spirit
argiescbps thefect o & pld) 88If- ﬂsﬁ;@bgtﬂh@hd ﬂﬁ@ﬂianébe%ﬁ@ﬁ %nd an alternate

s e SO RLoF HR MR 1L F alste e sphoding e BapiSF  he Rumber
canlimgus ha gl mlls'ﬁhmr&ldsmndethe i ezl ba»mdely eqriednBurtifer, the materials
rﬁj Ha?éﬁes%%gth%o%gpr és & eg%g éﬁea Peﬁlap?f tﬁ't [ ﬁ éaflyl{e@ apcr:]hor sﬁee’t gcan be
variedAcdeedimgit, evhesd amthwben npoassary| theatcraynmeteriols luee treated so that
L .
Rk SR 0L PALATF SDRSI G e i
spgaifipd agchas dndtedsls phaPredeteraniiidt tyem SSushrirgtmenigiean include Case
hé’r‘ﬁéwgncg&plﬁﬂﬁdtleng pf)fnp martdgﬁm% PAecgﬂgT'd dngNﬂ Ghis QQE&E{ k8 [<SRkant to be

For exanpl e, £ % €si gn can be varie
tab?morﬁhbxamépfrﬁ@@plet AReRe!19 athervwise bﬁ'bﬁhﬁlséor@aﬁf thgeinvention.
substituted in an alternate enbodi nent. Likew se, the
nunber continuous helical coils or threads, and the
i ke can be widely varied. Further, the materials and
har dness of the screw, as well as the material of the
under | yi ng anchor sheet can be varied. Accordingly,
where and when necessary, the screw nmaterials are
treated so that they will be capable of w thstanding
(Wi thout failure) the applied torque when engages with
speci fied anchor materials of a predeterm ned type.
Such treatnments can include Case hardening and/or
i nducti on point hardening; Accordingly, this
description is neant to be taken only by way of
exanpl e, and not to otherwise limt the scope of the
i nvention. 11 CLAI M5
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1. A headed screw blank for a screw for joining thin
wor kpi eces having an axis of rotation and a head
conprising: a tapered portion adjacent to the head,
the tapered root portion defining an ap- proximtely
circular cross section along an axial |ength thereof;
a body section, extending fromthe tapered root
portion, defining a nulti-Iobed cross section; and a
coni cal point section, ext@EmmiM® fromthe body
section, defining a multi-|lobed cross section. 2. A
nmet hod for making a threaded screw for joining thin
1. WO P etRISsEOWIdng 1802 scteds Rt jolind tHIE ddRBicbb R RKving an axis of
ggV|nﬁ ahlo ul ar . body section between a pair of dies
roliieR 24 ihgaT CoBYNG i vel y, a set of Iinear grooves and
a tafeeed porteh atjacine t§ itiske hede rtao frapedaptee pottion kR fining an ap-

d .adjacent a . head of the he d bl ank upon a

PR Rl R Elep SRk B4PE RGRS 8 AL GN TP app 1 ng

c orgraiy sseviont extemdingindro thdapbeddedt dottmnkddfinmma meltiebied cross
s&%oﬁiﬁﬁ; nmovi ng one of the dies in a linear direction

t eréby causi ng the headed blank to roll between the

paia capfcabipant, segticne extendingirem dfe bty settimk definmgesbpulti-lobed cross
sdlgfd ning an oscillating path with respect to a

spaci ng center line between the dies, the dies formng

a set of threads on the body section and a threaded

tapered root portion on the tapered portion by o
2.pl dsTpihar fof makinas thiasged rerenderdeining tim workpiegepraprsising:

t hendeaRRY £Redde@bIRRNaliBg ol ISbutirBEdd Ectithitddehensisr dids each

are substanti al same outer diameter as _an outer

Iy the

hayingniSSRECINFIY %%%éﬂ@eewFPﬁ‘@S@aaf taRseed g2 agonerside therertrAapted
tote I6tftbdradjacamii@neid of e 1%a88d BfankRBomE dri@hrudEsed portion of the
bIf rmng at least two discrete |ead threads on the
A¥ded bl ank 4. The method of claim?2 further

Corqpply'fglign:gmfpm’smivél g:)rGESVc]iclitd mblrea@édags%lfmi 'tr@rpﬁalova'@s,t hle

t aper.ed. root..portion t he heade ank, the vari

o r REBA S0l (ROHRS Al Rhosl A actoR Hietetl) Sibiing ieCpaillet BRink to ran
bedwesn tha padjobdiesta deoter heis btthd blamk dthemeby defining ab vballiating path with

i i the body, 12 5 A h s
<@t 7 St il ben PN Bl e s B e o g on e
beckyr geictien anh@ acthrgatgd taperede et worlign aonsibbdapaned abitign by plastically
défjjrprﬁﬁgthglhggged 6@.&. foymng die cavity having a cross
section, taken thrfough an axis and including walls for
f or¥efgjn the tapered root portion is provided with threads that are substantially the

same outer diameter as an outer diameter of threads on the body section.

3. The method of claim 2, wherein the step of moving includes forming at least two

discrete lead threads on the headed blank

4. The method of claim 2 further comprising forming a variable cross section along the
tapered root portion of the headed blank, the variable cross section ranging from a
near-circular cross section adjacent to the head to a maximum lobularity cross section

adjacent to the body.
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I. a tapered portion defining a circular cross section
proxi mate to a head of the blank and extendi ng
renotely therefromto the body section; ii. a body
section defining a nulti-Iobed cross section; and iii.
a conical point section, extending fromthe body
section, defining a nulti-|lobed cross-section. 6. A

5palArhéaHemékorff&ﬁ]mgrwth%a%dfsa@wfbwmcasxphaﬁgaads on a
mul ti -1 obed screw bl ank conpri si

hai fﬂ@ﬂ%@*%@ﬁ%@é eqehng a @H%ﬁ‘&@g!a%bvne@bplﬁnk dfr'fh{qﬁ@mg die cavity

hdvhig%&ﬁgss stfelaﬁc;]rf lteik%h trﬁblﬁgH&Vé){]@amnﬁudlfé@fvéﬂlstf&ﬁf@fmlh@vvaf d
one end of tne die, the outward taper fo
or i BoeRPPER AFTR SPTcrA s det o dpenBee g Pead of fio blark
arfiasxtdndimgeémbialy tsarefeow I thelbodgseétient a screw head; and
a sec rst die,. the first dle
peiing Rk SRS PabBigeep SrosBtboid | dre at
C oriis taagtinicap painngpctitve rexdeidingefimm theebsdycemationd idefifiay imngulti-lobed
S re linear grooves for roll-formng threads,
m?ﬂ;&%é%gﬁd di e having an outward taper toward one end
of the second die, the outward taper formed to permt
roll-formng of the threaded tapered root portion of
6.t he redraévplifpraring digs foTieemipgithireards anal inulfi-daber agrewibéankpmprising:

cl 3ifMGie m%%'ng of ﬁ\%ref Ifn@§|tgr9®e% f@ﬂ'@ll ?d?r%m@%@éﬁj.s me?rﬁrd% having

adapted to forma plurality di screte hr eads
apAUMIE! Epeeipvraske eed ofibe ;f%ﬁtrd'%fth? cﬂurw%rt@ﬁemgowlsto permit

rofforfriirRy dNalthreaed RiperddNBoosHrie 6 thaB&ewMark RRijakbrhitsd st head;
and the outward taper of the second die are each

apted to formthreads on the tapered root portion
t hatsebavrdiaTadimthalirstldis tas At Gk beiag pROABIY Ritle reegéct td fhaisecond

roxi mat e radi al di stance
oif e PRI PRt lereliii 280 dnd Recofa B Heling S8 i MoGuRRarrooves
foofolltfhlfmlsg: tregads| dieksecandl dieahdvingsaroouitvbrd tabere@dard one end of the
crest e a contin ner e
SR Bt BT i A0 TR ek R BEPR o ¥prestiepre roo
pdﬂm@m%@m$m&mbbohard the head. 9. The pair of
roll-formng dies as set forth in claim8, wherein the
outward taper of the first die and the outward taper

7. Of ngepaﬁetﬁ Qafjfoﬁiﬁ ﬁg @(9@ o?@fépn @d@%r@ﬂ tﬁ? flisPEh@ gnlartﬁ@qgfcdﬁg die are

taper ed root portion hat var roma
aq@éﬁ’ld tefore Glpra"g’éEfjis@fﬁtet'%%&F‘@a@%@ th%ataew 8'28k: maxi mum
| obul arity adjacent to the body section. 13
8.  The pair of roll-forming dies of claim 7, wherein the outward taper of the first die and
the outward taper of the second die are each adapted to form threads on the tapered root
portion that have an radial distance at respective crests that are approximately the same as
a radial distance on crests of at least an adjacent part of a body section of the screw blank
and valleys on the threads, between crests define a continuous, increasing radially outward

taper in an axial direction from the body section toward the head.

9.  The pair of roll-forming dies as set forth in claim 8, wherein the outward taper of the
first die and the outward taper of the second die are each adapted to form threads on the
tapered root portion that vary from a near-circular section toward the head to a maximum
lobularity adjacent to the body section.
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