WO 03/ 023239 PCT/ EP02/ 08960 -1 SELF- TAPPI NG SCREW BLANK, NMETHOD AND DI ES
FOR MAKI NG THE SAME AND METHOD FOR JO NI NG THI N WORKPI ECES 5 FI ELD OF THE
| NVENTI ONWOhiB®2328ent i on rel ates to sel f-tappi ng screws, ®0ad/EP02/@8960
particularly to self- tapping screws, blanks for self-tapping screws and
met hods for formng self-tapping screws] using appropriate roll-formng

di es. BACKGROUND OF THE I NVENTION 10 It is recognized by those skilled in
the art that conventional self-tapping screw products, when used to
assenble thin sheet nmetal conponents, have limted reliability in service
due to problens associated with a need to restrain the screw tightening

t or querLt @asillkl sdraat sseiky aled@Sp kDI SrEReRse tak AR rAk e MpheetHoghk@ni ng
torque is required to m nigpigGct henpededte@ds for the anchor to strip
during assenbly and thereby cause the 15 screw to spin. The anchor nmateri al
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. 1 shows a
commonl y encountered di sadvantage of a self-ta screw 102 that has a
conventisonal single start tiFrIEEIgDL@EJITﬁEJWWFE\E eet netal components
104 20 and 106 into a joined assenbly. The screw contains a conventi onal
circular cross- section, Wen the screw anchor terial (}‘ﬂgag (alsq terned a
"nut menber"), wWHHERVERionTglateqde 8¢l ??rppfrlgrsﬁﬁé@t TYPReRE QALY 81561?‘ne screw,

f
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of the coi lscrewstisingagptoppateabllyfomeihpeodss t he anchor material 106 such that
the material follows the space between adjacent coils, scrolls or threads.

This type of an- chor ce the nost
effective joint clanpin ng %ﬁ@%ﬁ?#%@@i@ﬁhr ead mati ng
contact results. WO 03/023239 PCT/EP02/08960 -2 In order to overcomne
cert ai niodi sadvarit isgesognizet by thisa gkidled imthe-artthe zdndesional self-tapping screw
products, when used to assemble thin sheet metal components, have limited reliability
in service due to problems associated with a need to restrain the screw tightening torque
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
15 screw to spin. The anchor material is that part of the joined assembly farthest removed

from the underside of the screw head. Stripping and spinning will cause a loss in as-

sembly clamp load and subsequent deterioration of the assembly.

Fig. 1 shows a commonly encountered disadvantage of a self-tapping screw 102
that has a conventional single start thread used to join thin sheet metal components 104
20 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” workpiece), the lead-

25 ihg face 112 of the ccﬁl 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 circul ar-cross-section screw
having multi-lead threads that are generated around a headed bl ank has
nost recewbdlog/obeen enpl oyed. The use of a multi-I|ead thread/mren®et o
better capture the anchor material, preventing 5 the anchor material from
becom ng trapped between threads by prgg%ging nore distrib- uted engagenent
of multiple locations on the perineter of the anchor material pilot hole.
However, even the use of nmultiple lead threads is not a conpl ete solution,

when taken al ong ordR k@Bl efeord Ebrtatn §1|§£d/\&n&§§§(5ﬁthélb{h§ﬂg -sehirthipadklesigapci at ed
wi th conven 10 tional screws for joinin i n workpi eces, havin e| t her
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| npl ement atjHRRisE 8a BRESead thesliRhiO beitet bpture ticdnohstasatefiall frevastigmbl y.
Manuf acturing constraints generally create an under-filling of the screw

thread 6r egh@amemjaw@@hfromdve@wngrt@@p@d briween thsgads h)épgcmféag R@aRidistie-
t her eby Cfcugtd B0 NSRAIAHE healB A RRERE bARL EndiBY flaRfial BriGA t aper

208. As su oser screw entry point are of a
greater di gged.rical magnitude than the thread crests that are closer to
the head. The reverse thread taper 208 has the di sadvantage of producing a

gap 210 between fgi\geveRtER e @@dfﬁf&hgﬂ@&dadmbad@gs hétraeneplat stligomsaembl v .
This gap 20 210 has the effect of ucing mating thread contact in the

essenti al aalem adénet Hﬁotpbib’rﬂflecﬂ Squm@u@ﬁ&beﬂCk pesoipted Withhedwai vy br eak

down under r t ha t f rcul ar
Cross s@ctl W 5%01 EIPBV%gpélhg\%eﬂ)l Q'ﬁlagsel;l eegg&S 83;5 ulte eggéhl‘g?g‘ erred.
Wil e cert %ﬁh@@mﬂhﬂ@ﬁﬁoﬂ-aroﬁlﬁ& Qﬂ&oﬁ@id&ﬁbm)o rTHmMelhplaﬁ}cd?cr@v 200 uﬁumgnaa 25
non-circul ar cross-section screw, in general it has been onS| dzﬁqu

as a

det ri ment alparadlel perc sapgngten 30248 clpse aglpqﬁg}bl%’[ortbapgqlerg el %fé £ FERY
commer ci al |ycavgd ﬂglgpér%tjion Jaﬁrc%géga’ &&dtiont 1ﬁ nﬂ&ﬁc& ot iRhRgmOyew.  Such

non-circul ar cros TORS are viewed as la |ng the necessary reésistance
strengt h t oMapythétatng omq;tteinmnexjaﬁ'y oeecitel anumdehﬁllag-of slerdotow ti3GadAests di ngl y
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cross-sectign nm-&ﬁ{rgﬁﬁﬁg’%vgg HEEQPHLPEIR. As such, the thread crests closer to the
screw entry point are of a greater diametrical magnitude 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
20 210 has the effect of reducing mating thread contact in the essential area of the j’ointed
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) has been hereto-
fore preferred. While certain advantages in thread formation may be achieved using a
25 non-circular cross-section screw, in general, it has 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.

30 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 nulti-|obe screw with advant ageous
thread- formng properties, and a desirable nulti-lead thread. This screw
shoul d, nwoasibeBess, exhibit good resistance to vibrati ecalEPiveseni ng as
the material rel axes between | obes notw thstanding the use of a generally
non-circular cross section in the "joint3clanp 5 zone" of the joined
assenbly. SUMMARY COF THE | NVENTI ON Thi s invention overcones the

di sadvant ages of the prior art by providing a headed nulti-I|obed bl ank,
met hod of rAmikf dok produging eslﬁl:dernmptplmgukie}ObWStfrcwnwiﬂh@ivabﬂagmus thaeatl-r esul ti ng

rrultl-lobedselft Lng screw. for |Qqj.ni t ie sthat X, 10
hibits desilPHBRg Pf g‘%ﬁ? ?‘Qﬂ?ﬁ? @ﬁéﬂ"‘%?@aﬁg@{%gs QD ‘F‘?@' ﬁveftgﬁleﬁsmd body
portions, ahfipid H%’s‘?ﬁaﬁ&% %ﬁg&ﬁﬁlar Boyénm%aﬁsl tH@ﬁiatérﬁP&@ik’e@Eetﬂ@é}{ lobbe head.
The resul ti ng s tained fromthe blank and method, incorporates a

t hr eaded t apéwithbtarolatg qheruse: ofa peterdlymontdirsulse Fross brstion imidie fisént clpomp i on

havi ng a cross, tion that varies fromnearly circular in the area

adj acent® t FPhe® ﬁﬁaéorl’é‘? SgFOWhe head to a maxi mum out - of -round (or |obu 15
| ar) cross section at the intersection of the tapered root portion and the
screw body. This shape, c i ne i t hread .l e outer dianmeter that
remai ns | argely constant %E?M bEH‘s G {lmﬁﬁm the tapered root
portion, and a multiple helical coil (lead thread) shape, ensure nore
secur e hol di ng oFhif iwestioreoverconestthe disadvahtagesafithe padr-ant byhprovidemgeanchor

material extruded axjally. forward, apnd backward ar und. the ro ortion.
The headed @P‘éﬁﬁ(m}lgl-bg ﬁlréli‘nk’i Re ﬂ‘é‘)g‘i‘ﬁﬁ‘b‘gﬁ?fﬁﬂ?g a gl Wpi%lsﬁﬁwagﬂﬁﬁléer ally
ci reul ar 061%{2991@ ?Jsuﬁl5g§1§u1ﬁqsﬁéd%lf%ﬁp@ng)gcré@%ﬂ Jefn%gathﬁi Rorkpibdsthf exd

header die wre-or rod 1s driven into the header cavity, it is
pl asti cal | yhitlies desireble ithead-fdrmingediarasteristies athleicdylicahkip ahébod‘yg)drws gettions

the head, the co |caI entry.secti t he bod cé t e ta- pered
portion. THEPRRY éa%?t?eﬁeﬁagﬂbéﬂu Bﬂ)f} %%eaéﬁ}gzzige e@ﬁ? R EBg tAY> e body
section 25 gndd GR G !blARidnd nRAhdY, iR8EJokA8s Athrédded td geteahs@t pottamkoetwedor med
with a nulti-lobed cross section, while the tapered portion, adlacent to
t he head, hthesaawdssdand h¢clyypqrt1mhﬂvamg z er9s%secter tabyares dromppaerly lfEciler eaded
| obul ar scre t he f.ini

rol | -form ng %rga f‘%g L Eop&‘ %fs ld% %%gcgg)s%%gk ]?%)&(E: %és%f_m{md/atog]%bu-

def or mag4 onlagfcross@edtiw dakmhtemeﬁi@p@f thé'fh@eﬂadesotqroetldrﬁandtthe m:dv abdyan equal

di stance, which causes, due
This shape, combined w1th a thread profile outer diameter that remains largely constant

from the body portion through 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 portlion.

20 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

25 and conical entry point section of the finished blank is formed with a multi-lobed cross
section, while the tapered portion, adjacent to the head, has an essentially circular cross

section.

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

30  the blank surface. The dies are maintained at an equal distance, which causes, due to



WO 03/ 023239 PCT/ EP02/ 08960 -4 the |obular cross section of the blank, an
oscillating rolling rotation in the blank as one of the dies noves

| at er al | ywoeBmeizse to the other. This roll-form ng proces®CTiEPOY/bRI6@r ea oOf
the tapered root portion, creates a thread pattern that maintains an
approximately constant outer dianeter wyth respect to the body portion,
but the inner (root) dianmeter 5 (the valleys of each of the threads)
continually tapers outwardly toward the head. In addition, the tapered
root porti otheilsbytaravesdedcticnrofithe blank raneseillafinghrollives edion éxl theebtank asone

out -of -round_.near the bod ection and a, near-citcul ar cross-secgtion
adj acent t 0% leéHHEF§faééa]§f re{lq{geﬁ%g& Ot} hbiﬁoilbtljf)g?@g!?cﬁo‘i?é% 1htedFFaal ong
the taperedof @@tapRRETbO porfi&S l&eta%sfartﬁfeaaB%éﬁ@%%iﬁtahg?@%aﬁﬁwf present

in the larger diameter area near the io"head. A screw d i n accordance
with this icenstint outerphiamictdewith respeet totthgpkodycortdat, bujpthe innen (roat) jdémeatér t 0 t he

ooseni b 1 HbbalfreY o thefiod W hiFan FonimRly SR oY R Breteadal tho o
terial bei ngddigbd) @ B¥erbdfoot fHRWNIEHRVRRALRHME ShnhBe wWiRRS desired BRLEF

DESCRI PTI ON OF THE W NGS The foregoing and other objects and advant ages
of the i nvemuoeitwiirpursersanthe hody sectioning la neasferaes erass-se¢timnfadjacentitog

detai |l ed degcriptian il | ustrate t he draw .in in ich: F.g. 1,

ol roady  des BBl of et ThRoblraRiobd 38R abihe eliomekif o o
20 anchor nedseltd Rdm e le@GdddTOriing PrétSird Prétesian R lat 2P lameter area near the
single-lead-helical-thread on a screw, Fig. 2, already described, is a
parti al 1&ij dBeagr oss- secti on showi ng the creation of a reverse-thread taper
associ ated with manufacturing constraints by having a parallel screw

t hread root coreAdcamefosmedinangordance with thiemyehtief pravides enovel fapBied ro® i s a

side view of sel f-t i,ng scr.ew. havi ng. an_exenp! ary .t apered roaot . portion
for inpr OVeaog?/'lp%rag{aicgrﬁ%&ﬁ@ﬁﬂggl%advaﬁgﬁng CEY5P &R ﬂ%/aﬁ Cffﬁfeﬁ W&’@P?Eﬁl s; Fig.
4 is a partieistatel® 166RaMgIRGH ki AoV Mabrhtith drith@ck@fn fordedBaRMab! ank

ac- cording to an enbodinment of this invention;, Fig. 5is a side view of a

headed bl ankerigbreigioingd ydbe sripi aelarastbetwirenishexioles.

15 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

20  anchor material 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 manufacturing constraints by having a parallel
screw thread root core diameter along the full length of a screw;

25 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-

30  formation embodiment of Fig. 4;



30 formation enbodi nent of Fig. 4, WO 03/023239 PCT/EP02/08960 -5 Fig. 6 a
cross-sectional view of the conical point portion of the headed bl ank

t aken al owQ oBiope3%6-6 of Fig. 5, Fig. 7 a cross-sectional wCa#EPot/0g9he body
portion of the headed blank taken along line 7-7 of Fig. 5; 5 Fig. 8 a
cross-sectional view of the tapered poritoen of the headed bl ank taken

along line 8-8 of Fig. 5; Fig. 9 is a partial side cross section of the
resultant forned_screw, fromthe headed blank of Fig. 5, engaged by

t hread- f or m ng dFigs baceesdisipnabviaw of itiroetingeah poiof portion ef fhaheataddianki o Fi g.

10 is a cro lon of t caded blank in the formng dies, at different
poi nts al on%ﬁgfglgﬁﬁﬁagﬁa@ﬁg'gken generally along the body portion in the

vicinity of |ineFiglTakiosfsedtiotal Hewloifthe Boly portforCdfaBSh&@6d bRARkakkhew of the
body portion of the fornmed screw, re- sulting fromthe roll-formng process
of , taken adenglipg id ofFig.Piof Fig. 9; is Fig. 12 is a cross-sectional view
of the tapered rgqt I t f screw,. at l,ocat.,Qn .adj acent to
t he bodysaporti on,Pl %E&%&%‘fg%ﬁfg%?’i ﬂgwfgh%‘zag% e p%{nog;of%ieéx_ea%g lﬁgnkgtai(en
cross-sect i aond line 88 offFig.Ife t apered root portion of the formed screw at a
| ocati on adj ace‘rzlé, t§,the head, taken al onfg line 13-13 of Fig. 9; Fig. 14 is
a partial side chigs?isapariigsidsrerasssaismeatabe rovliant farmedserewnframdbe - 20

g 1 h A > O™ . . . . _ = a .
cr o55- sect i oy ook O Pie?s, AR oy tchll O Ses Mok iRENS b BBedioot o ¢ e
anchor nat ethisahvergdoan al ong i ne 15-15 of Fig. 14. DETAI LED DESCRI PTI ON OF
THE | LLUSTRATI VEF‘ EMBODI MENTS | 25 | . Gener J Principles By way of further
backgrotfnd, Fi g. 1§ 1Y Sfstrrsssectionpf aﬁ_lg@léﬂréwe%mmgétes,agéﬁ@rmtl y

avoi ds cer tgjifts gloéx%@%ﬂfn?%‘ﬁﬁl, aRepelakal, z‘ﬂ’bﬁ%tlﬁ b{ogygéﬁ%nﬁxpkh%ﬁ(ahﬁ}pgf line

adj acent the head,” and Cherefore,” I ncreases ho reng resistance
to vibratiohall pbbigefi ng.

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

sulting from the roll-forming process of, taken along line 11-11 of Fig. 9;
15 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 to the head, taken along line 13-13 of Fig. 9;
Fig. 14 is a partial side cross section of a completed screw, formed in accor-
20 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 material taken along line 15-15 of Fig. 14.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

25 I. General Principles

By way of further background, Fig. 3 illustrates an exemplary 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

30  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



This screw, and other rel ated enbodi nents thereto, are described in
commonly owned 30 U. S. Patent Application Serial No. 09/952,091 entitled
SELF- TAPRWR@38ZR2BW AND METHOD FOR JO NI NG THI N WORKPI ECEBCTBPOZDSR0
Pritchard, filed on even WO 03/023239 PCT/ EPO2/ 08960 -6 date, the

t eachi ngs of which are expressly incorpobfated herein by reference. Briefly,
the screw 300 includes a head 302, a tapered root portion 304 (tapering
radially out- wardly in a direction along the body taken toward the head
302), a cenédatalthdisaghipes of which aeExpresily praorpryated herpindayr efesencg08rigly, an

exenpl ary eptr M c ritli olrt). T body of
the screw 3 s%rgs Ojéjl'btslf)lglil g?f(% eoaaé)’%?’tagtaggljteérréoﬁg’ro Fb%e%bg,(%gerb‘%@ gﬁ“? )9 ug"f
continuous Wetdighla ¢ieddtidn afshipahd Sodgrtaltdirtendsl tBd BeadT3R),scdeamtaltbode adrtidie! i cal
coils) has an outer dianeter D. I n_one enbodi nent the nagnitude of D can
lie within 30 atzsgagentry pogiopdPandianeyarplapnityneint 3t b ésuch angedf-speci f i ed

herein e Qh: lary of a 10 typical application of the screw
accordi ﬁg tgﬂﬂ?lﬁggéﬁ%enti on. The principles described herein can be

applied to scre nd correspondi mteri,al s, .of any type and/or, size.
In one enbodi rre\rll\?l?e E‘Pfg’r%ﬂéF8“?‘0(5%@%%&3?%%8@%@8&% ﬁ%ﬁ@ﬁgg » APOFR t,yoéér olls
or threads ¢cHtinQouseHalRE] coil] dckdlis@r tRedist3h e TUS sorewHitBRAS @liad @BTs)tHAS aROdY
306, such that the screwis of a twin or double |lead type, but it is

expressly ceHeedipngiced- tihone smbedimenhihe iRghitnde of D saphie withintthe eangs ofoul d be

utilized. Ip this e ' . Li f [ ks to
further pr egghﬂy IIgrrlfc %&g‘é‘{%’g fsc?&é{i]gtrhﬁg i g{i\S %ﬁg@gﬁ? ﬁllaeiry%rggn]ye%?( %I%gfaﬁf\,\g%%" as
used henei ntypival ghpliehttsn dfxthe sérb@acdodding tethas Invemivn, M. Wsintiples@bi@idedr
formations,, winding helically along the cylindrical shaft or body, or the
i ndi vi dual premices bp @prlieddrgcieyry ad cogesrRonimgInyprials, of aaktype ard/ensias: t he
screw. The context in which the termis 20 used.should assist the reader in

di fferentiati ng beangeambadimentyibeigsiestval sephatgeansinngus helieatroils, semlls or

illustrativ i L i j s r i 4 t.he
seron | uhi e P Bhed AR MER biGab BRERed Al AP SiFhalRE
the screw, sdias isf apwiabr Heutdé Rad\ypk, |t il is @spresspcoriditiplptee tigk athley ning- nor e

t han approxj na':_:‘rtejl y 3.5 25 tinmes_ the axial pitch P. The tapered root portion

304 has'a nBStF phsFPaRasmBreds Roddpe tikiend: Ip it pebpdiagns g use aheplusyfitiohnwar d
to a di amet gr.AdURlkd @ thitfertidvelt iith&8G el QR ormation. Note that the term “thread”

as used herein could refer to either the overall 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 screw. The context in which the term is
20  used should assist the reader in differentiating between the two uses of the general

term.

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
25 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°.



dianeter B. Angle 4 is the included angle that the root taper portion 304
forme with respect to body 306. The angle 4 should be between

appr oxi mewelog/os32and 15, pref- erably between 8 and 10. WOPCI/HPABERH0

PCT/ EP02/ 08960 -7 The threads 312 are di sposed on the tapered root portion
304, such that the outer dianeter D of- The screw and threads is of

approxi mately the same nagnitude along the tapered root portion 304 and
the body of the screw 306. Wile it is sonetinmes prefer- able that all

t hreads between Tieehteadsl3 (2 aeldimpose] arhtbe tapsradadot postionpd4; sesi)thatribe owter ent ry

5 point regi.on b of. appr oxi el the same.out di anet er

cont enpl at € a‘PﬁtS’i ftﬂé‘{)&r%%ng HelAPET R tgﬁ'pqlf‘)fimﬂe mag¢15+d:gﬁkongﬁp%ad

di amet er angyBePfdot Bortidn3 0L gl Ak Edd%%he defevk BE6.EWlY i1 kthetdh pFBfer T enot e
fromthe tapered root portion to defive certain bene- ficial effects in

connect i on ahile hatsaébﬂﬂmalds betovelep iteckead inglidimg shetagered reatipartion) Ast e dntryngl y,

it is conte at ed t he thr s have £ oxi,mat el he 58 neter in
the io tape? I&FIF%B?% meg%ﬁa?tbe s}a{ne&u?el?ﬁlé Ao W“f)éo/d@ gﬁ%/g df acent
the taper ednefté)élhbd&i’ﬁlentts i@ty dﬂﬂ@y adiiffenttthiead Hiagete? BHd Eﬂ)fflé ﬁm feB@nicier ed
root portion for at |east a distance of four_ tinmes the thread pltch toward
the entry peithe 9ntry1~3>omtcﬂ@d|na¢resmame frose thettersedrrest porfine i deiyegedainibpe’t above
(e.g. a tap ti ed

Genar ai 1y ¢ B8 lsPS i ek a0 AP oiBhor aubieS Pl SRRRE RS

Such a mul tinglyob@bdimﬁpla@a&hat@ﬁb thesads Bive @pftﬁ;ﬁrﬁhtkly thé samne didehetermthe of

| obes (e.g. 3, etc.) that define an_ out-of-round (non-circular)

peri met & . tlaaerefémﬁ aprtlowweﬁ a part|of ig sereve Bedsdirestly aipesnt th tgpegpd root por-
appropri at ef; ¥s) | terial
to create ro @%a?ﬂ%cgh{ re%gérﬁ’mé]%grg t%ﬁg rg!g ?érr%lp %tﬁao!n?\lfopgtcl girs? é@ﬁ{a@g%gge

of spri ng- bfsaktified thevhregd puchmetiacdtheteheey pbintlexerti ng a hol di ng pressure on
the screw that advantageously reduces vibrational |oosening. One exanple
of a multi-I| obedl Cobslar B2aik Bormhgion Ng t hree such | obes, is the

Tril obularTMIline of self-tapping screws developed by, and avail abl e

t hrough, Resear ciheRsHd %@5 dé&&x@é&%@ 3] T%%tth'ﬁdré‘tgrdoﬂﬁom@ﬁ andhfigti-gb@wn, R and
Conti Fasteners AG of tzerl and. formati on of a col d- headed bl ank,
whi ch i $5 useradhcapbsrapplied gerfenallyi ta afsmw hayinge seltelobed theeashivemingrerest h an

enbodi ment sc,)efc’u(t)nhI §uc VRH 1-1%Bed Lrdse &9% &%@%{saéeh&a 19 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 lobular screw is driven into an appropriately sized pilot hole, the lobes plastically de-
form the material to create roll-formed threads. These threads maintain a certain degree
20  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.

25 The formation of a cold-headed blank, which is used to eventually form 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

30  piece of generally circular or lobular-cross-section wire or rod of predetermined size is

placed into the die cavity. Often, three or more different die cavities representing dif-



Fig. 4. This blank is typically a three-I|obed-cross-section blank, although
the use of other nunbers of | obes are expressly contenplated. A hard
header diwo48@231awving a formng die cavity 404 is shown. PCHEPhDosyad i on
process typically starts when a cut-off 30 piece of generally circular or

| obul ar-cross-section wire or rod of prédeternined size is placed into the
die cavity. Oten, three or nore different die cavities representing dif WO
03/ 023239 PCT/ EP02/ 08960 -8 ferent stages of formation are enployed in a
line, with feisat vaass Rl fspadon s gmpdeyeddn g ling, with Bisdlankaneved nrogressivaint her .

In the illyghr [ j gag% i : die
cavity 404 1s gﬁﬁﬁﬁgﬁ‘?. oﬁggoﬁgﬁeﬁ}tﬁgill‘%{gé or@m; 1%’ ‘ﬁ%én@g{“ﬁ‘ggw& ?’195 ed

bl ank shapehowheTht diccavitst #0404 dimsnsomtelinlld thadonserfdsite tiendesirdd fikiskess and
hardness tqQ 5 ensure_that no defqrmation of the die . cavity occurs as a
Unf i ni shed PARRaRSs TEidFereY I DR e VBl RS iieient SufyseardrRansss i o t ne
desired.finj i FSofSHOUR cati e i.on of the
di e cavisty%ggg%lﬁg#ggﬁfgﬁrmg 1 o(% co%scg?lwﬁg?élu%gg%sﬁwggﬁ%ggé ?%.131(%3 g\}n Cross
sect i on- ei tthaeinki todelphasticallyndefdrindddbiol the dgsived finished hlankl 8% as dheevnl MTHeur t her

detail below). 10 Formatjon .of the f.injshed Ql an 05 in e dj e cavity 404
of ten occurt'éa?“?‘f’?r%eé\‘}%sﬁé?cuo§t°rfit%‘i‘e PP %@ t g“-’?”é‘ Ogrcob'é‘?ré%gﬂ?ﬁé.he fhgired
exenpl ary pikrdkd GedtRnl Ve Abikonl 4 dr Wai B¥buld feARREd-Ulas RGIABA GRfurdef uat or
(not shown) that strikes the blank under great pressure (see arrow 408) to
cause bot h detsd islaw)k head and finished internal blank shape to be forned
si mul taneously. Like the progressive die cavities, several differently
shaped ios punch&rmationsf thes Gdishied blagk 40 inethe die cabityt He diktemdecdon s@aed) wit h
a shape that . con- faqrns progressix(% nore closely to that of the finished

bl ank head SiksS appliediy S 1@wAhrupply -K@%?Wlwaa{l%@@lww@g dgVERPY | i ps
drive for mptiQnAlgebinhR adtﬁ'at?‘(ﬂ%%wng'ﬁ% StrRESthl Bk u&a'exﬁ%f@a& ?résgﬁedr Ive
shape, and y

formati on nay be of any desire may alternative onprise (for
exanpl e) a (sacamubar 4D8) tresisetotbrtipsblask bead anddimshied bdeknelrblark $@pe wclmss, a

hexagon socgket recess. The blank may ot.herw se .be provided with any exter-
el or i nt dEAd PR ERG A RS BT S A SR FhaBH) of her
syst em shatpuniies cardbé @3¢d ldarigy Corhfatibs of RNk 4080edch Witkea Sap&Wat B5RUIh a

sui tabl e and appropriate sys- tem Note that a novabl e knockout pin 414 can

be used t o femeProgressively whore tlesely tonfhat ofiibe finishes Wenk haad 4t Dninsthéscexpmank (see
arrow 416) S04 #8089 0 et el §PrARPY SXA G EnSEA 412 (shown in exposed

cross-section). However, the drive formation may be of any desired shape, and may

alternatively comprise (for example) a standard recessed cross slot, a six-lobed drive
20 recess, a hexagon socket recess. The blank may otherwise be provided with any exter-
nal of internal wrench engaging drive-head form, or may contain any other systém that
~ will allow torque 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

25 shown), leading to a thread-forming die (to be described below).

The die cavity 404 generates at least four distinctly shaped blank sections ac-
cording to the various embodiments of this invention. With reference now to Fig. 5,
these sections of the finished cold-headed blank 405 are shown and described in further
detail. According to an illustrative embodiment, the sections include a conical point (or
30 “entry”) section 502, a body section 504 and a tapered portion 506 adjacent to the head
410, and the head itself.



25 shown), leading to a thread-formng die (to be described below). The die
cavity 404 generates at |east four distinctly shaped bl ank sections ac-
cordi ng twotoh®2323¢ i ous enbodi nents of this invention. Wt RCTgiPer/essee now t o
Fig. 5, these sections of the finished col d-headed bl ank 405 are shown and
described in further detail. Accordinggdo an illustrative enbodi nent, the
sections include a conical point (or 30 "entry") section 502, a body
section 504 and a tapered portion 506 adjacent to the head 410, and the
head itsel f. WOTH/RAAAB&oRGELRE DrG80IGA the Grildad pgiahexcton 502 dedy setionns

resent at the conical point section, 502, body,sectio 504 .and t apered
Borti on 50@05@856@53.@&1?5’2@?” #‘@ﬁ%é‘%ﬁ%@?‘ﬁ rFsrPeﬁ“éé}f m;é,‘igsi‘ ahaeds: rhgeg)gﬁag,r al ,
the screw *%%@&%git %%ﬁf}cfsgagéebg}ﬁﬁﬁk%ﬁl ﬁpélﬁggegﬂagaﬁ%em@ﬁ{) K90Nd 16 htddP4 folO to

t he head 41 ree cross-section shape that characterizes the
exenpl ary WenkretdolsddamossSectmmeshepeethat sharavtdrizes theesemplent blankis showns of

Figs. 6 and 7 ee |l.ohes 602 and 702, re-. spectjyel T | o 602, 702
are cen?eré’&orﬁgffﬁ-ﬁﬁ 1R 05935§e‘§lf§?1 VRE Pgﬁgsvf f“fd Z&F%i(’bﬁ)g@[ ?‘?Fgﬁ)?oé% al
circles 606,andek96 ThS 1R 602 70D aRt @leredABund Blela®)%'5 1. OHIAS wWiin feneen

| obes 602, I7)02 arée spaced at "an out-of-round spacing KL and K2

(respect i vepgitive coaxidesirldsipfd and 76 (showe igpbantem).t Fae “volley ofgiontihet, " t he

greater the val K_.This can i | so be.termed th e arity"”
O eeor e oBrs 5oL D2 afPrsd ot BpPErioRb Sihehtc 8 R Rlpestioy) '
shows a cr Q@ssde%@x%édqwréiﬁ@%‘grée&@rtﬁé’ oI roasd, 0ER dréiferaRPvAvd K. MiiLcaaxi al

m dpoi nt of the tapered portion 506. This cross section, centered around

the axios Bis» hesemneskthe dagregoiloulamity’ in eqspedanes with the tegchings of thizsii-ar
profile al ovrégt.this portion. is Referring also to Fig. 5, the tapered
portion 506 é%%rs outwardly as it approaches the underside 514 of the

head 410 fromt 0 ecii.on 504. The.degree of ingrease in the .taper is
general |y no Iegmt‘b]ﬂg}ﬁ/’ ]fs’ﬁﬁ o & C§Q§S§F&bqnt%%e%tfar{5mgseg%Pcérﬂfstth? B efer to
pitch AP ifatEhgial Addpolie tHeqhpdRel partin 506.PThis @b kction, defR@RY arbihd the axi al
direction than a value WB that is three and one half tines the axial pitch

(AP) of t hexxisotlRdd esseniéally. ciolar, represemfasiyg of Siermitcnish profigasalong tyigportion.
general |y tail t - rat | -nate the
donpl ot 20, FeifuingsiS bR 8 bsRled pEREF Sos ol st arbRebliR el © | {2

underside 514 of the head 410 from the body section 504. The degree of increase in the

taper is generally no less than twice the axial pitch of the screw thread (refer 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.

20 ~ 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

25 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-

30  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



screw 902 is engaged by flat roll-formng dies 908 and 910 al ong the shaft
of the blank just below the head 410. These dies apply sufficient pressure
(arrows 9wP)oswes2sause 25 plastic defornmation (and mat eri alPCTiEPO}/08960 t he

bl ank surface in each of the three sec- tions (502, 504 and 506) as one of
the die plates 908 is noved |aterally (gprow 1002) wth respect to the
other die plate 910. During die plate novenent, the spacing be- tween die
plates is maintained as a constant as shown by the equidistant center line
1004 bet weeblailisrew nheesd paily 100&thhbexénlyg aktembieleshovBandbeewtthecaitardinengage
an ec 30 centric_ cross section blank,.the rmvgrrent of the die gchgecauses a

rol 1ing rotH0torincgibe distpce bejepen dies S&opstank L Weyer.FumpIsiEsmeat o
Speci fi cal l%g#s'@_@rf%ﬁ%}%&?éﬂ sviBicRimdidiSvédh kén?%g%@%%@éﬁ’nensions

PCT/ EPO2/ 08 screw traces a path 8 that extends alternately
above and badoottht eatiraritcamftrenee of iBOAnisiBidtheeatékbsaiewt ance bet ween dies i s
constant, however, a neasurenent of the cross section using a flat anvil

m croneter woul dRéfefithet parshiowlc T §.a0) thetdis®9G8 ArIsH10akalt aichef thetformged
circunference of the finished threaded screw. 5 Referri n? particularly to
Fig. 9, thetapsredrandgorion Womre providsd wathepchsraciesistic guivead tapaip&le d b ot
portion 906 i 1 i Skl : hi s
it v d t apar bR SERgMobi % GRALERELh STk iR ] ARG reall”)
resul ting tpateadwithdiresd profild peakhthatmhajtaif blreathedk sorsket outer ditiatter a

AN T I L
t hread peak t h t the
val I eys pf gaqhddLqamt PRl b€dach At AERBERY RVeAashsd g&éﬁg 118%%‘16,%3&1%9“ a

characteristic continual outward taper toward the hea . e conti nuous
taper is gederatettic cohtimgpeoptavard taperttbwamlcthe beadof10: Nehercouiimpusliapsr 808, 910

upon the rolled blank. Additjonally,. .the flow of .blank material,, based
LPon the o renil Hias cad By hofSopbrtetfatingdieS sobiDwan tiofie wREREC
(and Fig. 1RddigoRglydescidwesvbRek fMeriall Bhsedaiponaieldiy sidpet enfELLmspgm- St ands
in direct contrast to the undesirable underfilling near the head typically

found in t hényswus eppearance Fedver bice. 9 enddig. fade be descnibed below). ddét quswardior t he
o e 581 UpR0R RO SEERLSINE Ayl o e PRI RRRD, 1\

to Fig. y “por reates -round val ue K3

bet ween | obgpicillPovaddn ithy giorari ng "val l eys." 20 The cross section of Fig.
12, which details a part of the nowthreaded tapered ~

Reference is now made to the cross sections for the rolled screw 902 shown in
greater detail in Figs. 11-13. Referring first to Fig. 11, the body portion 904 shows the

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

20 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

25 small out-of-round value 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 circular. Thus the term

should be taken to include such an alternative.

30 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-



root portion 906 adjacent to the body 904 shows a decreased out-of-round
val ue K4 between |obes 1202 (but still a significant out-of-round val ue).
It is unowodBoextigener- ally that the rolling die appliesPCadporoRpr essure
in proportion with the increase in the taper (as the taper approaches the
under si de 514 of the head). Accordinglylla relatively 25 small out-of-round
value K5 is exhibited for the cross section Fig. 13, relatively near the
undersi de of the head. This snall r&m ni mal ) out-of-round cross section

shal | be tpsradesdrcalar pross sastipe adjaeent thesandswsidejafiihe hegd. tlhshqwld plerbeclenr t hi s

descriptio I 0 e bqdi nent s .near - l131...C td can be
essenti al | 3h%it$ecﬁﬂ‘§$@%ﬂesaggﬂ%n?ér%ﬁ éors}’g%u La)nggﬂ;{@%élgle{egﬁ ?e%@]lti@ga gsc uch an

al t er nat i vahat3@s He@dvantagdols tixbaMRraiacihabettristeas dflaatdltiylobal sckavgwithvenent
of the blank, under. the influence of the roll-form.ng dies, tends, to

i nfl uence ttheincressad reeiptancd torvibrtienal loosenips asspeiotsd 36thacserephayingast- - 11
pered ci_rcul ar. cr SeCT ] j t: i t _shoul d
B S0 be ol At o[RS RERET 3t Ah A B ot CpHBOSS Hiis AtarlcRuleBlins dde. P Ve
her ei n r esuldnSs géhedatsd; i@ part tasatrehidsof thetapered nd @ gection thitradaahtigronsin ge-
characteristics of a multi-lobed screw with the increased resistance to
vi br at i onalducep®BRIngPressusdn thadegiptn a screw having a cir 5 cul ar cross

section in the region of the joint clanp zone. This near-circular cross

sec- tionis gedﬁdﬂﬁéﬁﬂmﬁlt, as a result of the tapered root portion
t hat advant ageously re- duces formng pressure in that region. V. Joint
Assembly As det aAd dedailed iRiFgg. 1#4thetfhashied moHédkbstrew 902 minstogefhergasemiiy

t oget her an assenbly .io.consi.stin a, first thin wrkpiece 1402 and a
second, ancio8Fisting ofia Tt thir WBY@&%’eqfﬁ%ﬁ".’d %ﬁeéoﬂ%ﬁCMW%t?rﬁ%“ﬁf%%r esses

agai nst t hep4oiur $he WoIKPI (EfEen 13 40R:predSesHHIaEL the Fivdd wokkgided 462 P Ak h@wviel i cal
coils, scrolls or lead threads 1506, 1408 have bheen fornmed on the screw

902. These tatoer mee senarate telingl eoils, sgraliperrlpadkibrapds hHifs d408 hgvs bgerpfosmped es

1406, 1408 | ocat ed t ' it As
noted above’™ %S?ﬁ%%ﬁghﬁﬁﬁ%ﬁgggﬁéggbgaﬁ “§%§%P§%§P§¥5@§E§§&§%@§?@®% area
(3,5,9,11, pioe, 1408h6sked Mahesdnhadxialtgositioapkingdhe odw pleaft. | Avm@8Batevgages and
extrudes (see extrusion_ points 1405) the an-_ cho

) r terial %404 in
f or war disandthp Seiches wrew imedrany Helpul g GosscesionatiTer &gﬁlt hftedabese nﬁﬁﬁéﬁ@nt
between t he,aRehaR SRR 906t aBhniRk B (JAMKRrubs poihfie148%] theshon

chor material 1404 in a forward and backward manner that provides additional thread

engagement between the anchor material 1404 and threads 1406, etc. The extrusion
occurs, in part because, the valleys of the threads in the tapered root portion taper out-
20 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

25 shown.

To reiterate, the use two or more opposed coils or lead threads means that mul-
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-round cross section, thereby enhancing

30  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-



occurs, in part because, the valleys of the threads in the tapered root
portion taper out 20 wardly toward the head, while the peaks of the threads
remai n | awgeBy2328€ sane di ame- ter as those of at | east tRETAPOACING
portion of the body section (and beconme nore-fully circular in cross
section near the head). Thus, as the senewis tightened into the thin
anchor material 1404, the material becomes increasingly conpressed against
the ta- pered root thread valleys to the point of flow ng axially backward
and f or war dyeearsci28s efsliacentTthreads.t Asalissusseth ebarsdn referenee tﬂg‘né Sfdsegthcoi | s

or | ead threads neans that oi n ye 0 tion of
t he anchor %%?Pﬁ?éjﬁqpipg%@wg 1s#31legstg 1ceé%];8h@ﬁ%x aégacch% co?% g‘? n the
area of thepbapHoeihdnP O Rktcr @ibmﬁéfyeéiﬂbdtﬂmbﬁtbh@%efdd&ooﬂﬁﬂtﬁorﬁleh wl ar
cross section and the nore out-of-round cross section, thereby enhancing 30

resi st ance W8 is 0o seon¢ thgn Brotimes heaxiadpitelhdPot her external forces. In the
conpleted screw, the threads 1406, 1408 etc. define an axial pitch AP,
whi ch is the disimrfiectef WO ﬂo&’e(lﬁﬁﬁﬁaid?ﬁhtcaghfa/cﬁ&%@:tionpj thevmmehoronatet s of

he ¢ aper cdl 4404 FBARBRIBEREr Stoy Dol |5 SRl ape ey e tiBln ap

accor di ng tﬁbm&ﬂ%s%&l@@é WERih thd ﬂl@epﬁﬁ%apmb@éyo &@émss mlfaant aper ed
root portion length WB is no nore than 3.5 tines the axial ch AP. 5 The

ef fects of dategofigaddyy alfesies pﬁstrqss)hn@mw&lghatae\@ﬂbasstr@égtad@nt @fncmt@at@mhor

Corow s ¢ allh ERTPUOE S PO It e o Bkl b 2 e B iR gk 1404

so as t® g @te a stress pattern categorlzed by a series of stress lines
1501 that reveal a stress gradient concentration in the vicinity of each

of the | obes 1508, dﬂ@frﬁhﬁ??&lm@eﬁ&@@oh?@@sﬁre@% RhEerntRWedsBnd 6 $re€xen-1 O

anple. The alternating relaxed regions of stress and concentrated reasons
of stress dlmcmﬁ)nwctlmcam&nﬁmccwlf thecfostenerrie osdninghiromghe material basedoseni ng
fromthe materi alg base %g% iwatl on or other external forces. The

f oregoi ng HES"DE Ao (Heatﬂé%r mMALIFCPNt i on of certain embodinents of the in-
1o vention, Vari gus IO LCa one a0 o0 Lione ccan e RIS MBI,
thread gesignicRANVRGoNsahéBEcatfRAY aAadditions can be made without departing from the

spirit 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-

20  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 example, and not to oth-

25 erwise limit the scope of the invention.

What is claimed is:



alternate thread-formng profile can be substituted in an alternate

enbodi nent. Like- w se, the nunber continuous helical coils or threads, and
the |i ke warosloe3s2e# del y varied. Further, the nmaterial s aneChardresyso of t he
screw, as well as the material of the underly 20 ing anchor sheet can be .
vari ed. Accordingly, where and when neeé3sary, the screw nmaterials are
treated so that they will be capable of wthstanding (w thout failure) the
appl i ed torgque when engages with specified anchor materials of a

predeterm ned type. Such treatnments can_include Case hardeni ng and/ or

i nduction point hardening. Ac- cordi §dLAIMSis description is meant to be
taken only by way of exanple, and not to oth- 25 erwise |imt the scope of

the inventipon. Vliredded@triWTBE]joising Wih SdrAeRs Qaﬁﬁ%_é BERR/A0BARE axis had GLAI M5
1 1. Athreaded screw for joining thin workpi eces having a defined center

axi s and a head pemprigiogrpri sing: 3 a body section defining a nulti-| obed

Cross section; :%t%apc%%gj:tfo%ldeﬁﬁgﬁta ﬁﬁit-fo% dgx%fs% Qipg,.a mul ti -1 obed

cross- sécti on; apered®root portionlTocated between the head and

the body secti om cdnitl péint Rchied éfininod mudi-ldbed cetebsettiog; andvar yi ng cross
section, the varying cross section ranging. 7 froma near circular cross
sect i on Sadj acentd ©BCIEHEO paiiiop doGated hetweandhe Aead and dheseedy ssriiong thedpacent to

t he | obyl ar ] : | : i.Sing a
ol ar al 1ty GERa: Fosfon qeibe s SRR SGERMetn, Beallie LigEs ABlio AR 18 P
coni cal 7poifidm aeehi dreular bmsbestyion edjincean to tedirald toreemtiltiplebedicrossdectian t i on
such that a ¢onstant radial distance fromthe axis of rota- 4 tion to a
crest of ea?@ﬂ?cﬁ?“f’lﬁ}éelpﬁ‘glégwyis mai nt ai ned al ong both the tapered root
portion 5 and at |east a portion of the body section adjacent to the
tapered root portion. 1 3. The threaded screw of claim2, wherein a

di st anca bet.weerTlerthshdeddcrendphicleim 1 f@rthdn cempdsing aplirdity af pad thrhedsaxi s of

rotation defines an_.axial pitch and.the tapered tqot .3 portion has an
i al || engutvBe aie it Profe dEboRE e e AP P etioh BERML T o ew o
cl ai m 2,; whgahditapedil S8 APSRICASUVE AL & bkt efdia dishees Fromtht Bxig d€sotaeasur ed
along the axis of rotation define an axial pitch_ and the tapered root

4 tion to a crest of each of the threads is maintained along both the tapered root portion

5 and at least a portion of the body section adjacent to the tapered root portion.

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

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

1 4 The threaded screw of claim 2, wherein a distance between crests of adjacent
2 threads measured along the axis of rotation define an axial pitch and the tapered root

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

1 5. A method for joining at least a first thin workpiece and a second thin workpiece
2 using a threaded screw having a defined center axis and comprising a body section de-
3 fining a multi-lobed thread-forming cross-section, a tapered root portion located be-

4 tween the head and the body section, the tapered root portion defining a varying cross

5 section ranging from a near-circular cross section adjacent to the head to a multi-lobed
6  cross section of maximum lobularity adjacent to the body section, a conical point sec-

7 tion defining a multi-lobed thread-forming cross-section, a lead thread having a set



3 core has an axial length of no nore than 3.5 times the axial pitch. 1 5.
A nethod for joining at least a first thin workpiece and a second thin

wor kpi ecewO303i269 a t hreaded screw having a defi ned cent @CTEPIZ 0SNG
conprising a body section de- 3 fining a multi-|obed thread-formng
cross-section, a tapered root portion Fbtated be 4 tween the head and the
body section, the tapered root portion defining a varying cross s section
rangi ng froma_ near-circular cross sectjon a%&%ﬁﬁnt to. the head to a

mul ti - | dbedhres! profledispased alng thesaravrpeAY & tapaied CeYPOrEPR ek hody

section, a [ ] - i gl k- sds0r m ng
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8 thread piohbineainkdsgioseboth ticngpdrbdrat penionady apledst alportipnt dféhe begbyrsed- r oot
portion such 9 that a _constapt radi.al distance fromt xis of rotation to
a crestll of t‘@&@ﬁlaﬁ?nttt?lg‘ettﬁﬁ’eé%fﬁ@m ALY, tﬂ%mﬁ’ﬁéﬂ%ﬁé’@péi’is’é’ﬁgﬁ%%ﬁ? he tapered
root pqgrtion an‘i’ot@{iné BR3Lredy RRId dyifk pPé@ﬁn@Qﬂ;\ﬁg%ﬁ@aXié of rblafibn adihe@ent to

the tapered root portion, the nethod conprising the steps of: 12 rotating
t he scriew witioe ofidE workpiepesssdire al ong the axis of rotation in the di- 13

rection of the workpieces; an 4 providing, resistance.te | gosening from
externdf forcesPEV! ngr?siwt%‘{‘:e?%tloﬁsg{lﬂ?g(hﬁ%l Ieé%% tf”é:fa%?(get egéﬁt@}%ﬁm{ e

mul ti - 1 obeeh e o8 skt tHSuRERHHBY cidisdclibR HeEndddHt the BiptiedRoot porton. The
met hod as Set forth in claim5 further conprising 2 formng a series of

internal threads by the threads disposed along the screw 3 body. i 7. A
headed screw bl ank f screw, f.or . . oi i i pi eces having an axis
of 2 rbt at%ron glﬁlgrg&h%cgﬁs %gmlgicﬁw#ugg?%%ggpﬁr{gérti on adjacent to the
head, the taper ggmhipgt spAéd dfftedRl hiéadg b fhebreads pisposedalonf yheoickesul ar cross
section al ong an axial length thereof, s a body section, extending fromthe
t aper ed3r ododportion, defining a multi-lobed 6 cross section; and 7 a
coni cal point section, extending fromthe body section, defining a
mul ti-lobed 8 cross section. 1 8. A nethod for nmaking a threaded screw for
j 0i ni ng it hih work pesied screoniiiksiong scre® fonpénihg tign syolleaatesihdblingin sy bfig a
| obul ar body section, between, a pair of dies

2 rotation and a head comprising:

3 a tapered portion adjacent to the head, the tapered root portion defining an ap-

4 proximately circular cross section along an axial length thereof;

5 a body section, extending from the tapered root portion, defining a multi-lobed

6  cross section; and

7 a conical point section, extending from the body section, defining a multi-lobed

8§  cross section.

1 8. A method for making a threaded screw for joining thin workpieces comprising:
2 inserting a headed blank having a lobular body section between a pair of dies

3 each having, respectively, a set of linear grooves and a tapered area at one side thereof
4  adapted to be located adjacent a head of the headed blank upon a circular tapered por-
5 tion of the blank;

6 applying compressive forces onto the headed blank from the pair of dies;

7 moving one of the dies in a linear direction thereby causing the headed blank to
s roll between the pair of dies, a center axis of the blank thereby defining an oscillating

o  path with respect to a spacing center line between the dies, the dies forming a set of



3 each having, respectively, a set of linear grooves and a tapered area at
one side thereof 4 adapted to be |ocated adjacent a head of the headed

bl ank upowoa3woexeul ar tapered por- 5 tion of the blank; 6 PapmPy2/8960
conpressive forces onto the headed blank fromthe pair of dies; 7 noving
one of the dies in a linear direction thereby causing the headed bl ank to
8 roll between the pair of dies, a center axis of the blank thereby
defining an oscillating 9 path Wi th respect to a spacing center |ine

bet ween ¢ hghflia@$on Eﬂé%o@y%éctfdﬁraﬁm Rghr@adellt tapdre V3 H PORDA D Ih S apérEPPar1108960
-15 io threads on dy section and a threaded tapered root portion on

the taper eobygda&tlce}iy dﬁforrnbxgtbﬁh@’tdﬁéhlamy Qi@form ng the headed bl ank; and 12

wherein the taper ortlo

substantially ?fﬁ‘él gg%e{? trg? p&’Fé g{éi/g %ttgﬂ}rpgﬁ ?%%faet@g‘?s"o tﬁl{uﬁr eads
on the libOdYthégﬁhé Otiker diathetel A€ afrBEBOd adbteg bAihRDs onhies Bidy settonst ep of novi ng
includes formng at least 2 two discrete |ead threads on the headed bl ank.

1 10. The method of claim@8 further conprising formng a variable cross

section 2 ong e LARYPALA% WAL 800 of 15 REAENIN @finebbgaar 20! o

Cross SECtIOI’l ra ma" near-circurar cCro section a jacent to the

head to A nmwo disdiete Odud threalyorcthe headed tdadd. i on adj acent to the body. 1 11. A
header die for formng a threaded screw blank conprising: 2 a formng die
cavity for receiving a substantially linear blank, the formng die 3

cavity havifg a erosssacichniin sl dipual it vanade btsl wdiipg val | s

for form ng %ha ereg1 portloncg I'nifig a c rcul ar cross section
pr oxi mate taioxag ﬂreaabeméd ﬁobEpmﬁobbﬁthle haadtdd)larémma@rmbllm@yeqtlhermm to the

body sectio 6 ii. sect | on deflnln obed section;
and’ 7111 R aeaFRgR Ao SCEH BRI IR B A R B PCREY FEY
defining, a godlibh ad §Celn9g)egge<%@}$s section. 1 12. A pair of roll-formng dies
for formng t rea s on a multi-1obed screw blank 2 conprising: 3 a first

di e having one or nore |inear groves for roll-formng threads, the first

die 4 havipg an, qulyergl LIRS IR RAS AR Wifpdidat Oie. the outvard

2 a forming die cavity for receiving a substantially linear blank, the forming die
3 cavity having a cross section, taken through an axis and including walls for forming:
4 i. a tapered portion defining a circular cross section proximate to a head of the
5 blank and extending remotely therefrom to the body section;

6 ii. a body section defining a multi-lobed cross section; and

7 iii. a conical point section, extending from the body section, defining a multi-

8 lobed cross-section.

1 12. A pair of roll-forming dies for forming threads on a multi-lobed screw blank

2 comprising:

3 a first die having one or more linear groves for roll-forming threads, the first die
4 having an outward taper toward one end of the first die, the outward taper formed to

s permit roll-forming of a threaded tapered root portion of the screw blank adjacent a

6 screw head; and

7 a second die, facing the first die, the first die being movable with respect to the

s  second die at a constant spacing therebetween, the second die having one or more linear

o grooves for roll-forming threads, the second die having an outward taper toward one



5 permt roll-formng of a threaded tapered root portion of the screw bl ank
adj acent a 6 screw head; and 7 a second die, facing the first die, the
first di ewbaesngs2apvable with respect to the 8 second di e ®CT&EPORIRYb@NT
spaci ng therebetween, the second die having one or nore |inear 9 grooves.
for roll-formng threads, the second digghaving an outward taper toward one
WO 03/ 023239 PCT/ EP02/ 08960 -16 10 end of the second die, the outward
taper fornmed to permt roll-formng of the threaded i i tapered root
portioniof é¢ddeofthe savohd diek thelouliard Taper fraimed of peralit rolloforning of tteshehdad ai m
12, wherein the first die aﬂd t he faggond 2 die are adapted to forma

pl ural ity ofperedsetpertionef thes@atb8k t he screw blank. 1 14. The pair of
roll-formng dies of claim13, wherein the outward taper of the first 2
die and the outward taper of the second die are each adapted to form

t hreads on the t @he gaipef mil-fooningpidestdf chaimHa whereen tha firsidicednddhs semnod  at

respective ¢rests,that are apprqxi .mat el tg{%39 ane .as a ragdi.al distance
on crest ofieafe 3 tﬁﬁo%?gﬁlﬁi’f‘y nghgcrglp lgadt} a§%§he§c{e%lﬂa:3<f the screw
bl ank and vall eys on the threads, between crests define a continuous, 6

increasing radially outward taper in an axial direction fromthe body
section towkt.d tTbe pair hEwdl-formmg diesrod clzatinrl 3pwhersin the ontwand) tagereaf the fizset

forth in claim wherein the outward.taper . 2.0f the first die.and the
out war d %ap‘&e anj{ﬁEGrf@“%’ otﬁﬁerd’?éheaﬁﬁgonéiaq}ﬁ a%cfgf)tf %%apiecﬁl tf’g?lﬁ’? {hﬁ?ag%ag o425 n 't he
tapered § 00perB@Fddt Brtfonahat\havy ad fAMl disHABE atGieblivd creqs tHatftebppyakd the head

to a 4 maximum | obul arity adjacent to the bodf/ section.
4  mately the same as a radial distance on crests of at east an adjacent part of a body sec-

s tion of the screw blank and valleys on the threads, between crests define a continuous,
6 increasing radially outward taper in an axial direction from the body section toward the
7 head.

1 15.  The pair of roll-forming dies as set forth in claim 14, wherein the outward taper
2 of the first die and the outward taper of the second die are each adapted to form threads
3 on the tapered root portion that vary from a near-circular section toward the head to a

4  maximum lobularity adjacent to the body section.



