1 THREAD FORM NG SCREW THREAD AND CORRE

ROLL DIE FIELD OF THE I NVENTION 5 Thi s ?E\(/)e\lr?{ il\loGnTHREAD
wo eloati®23 0 a thread formng screw for form ngPErSG2007/000172

internal thread in low ductility nmaterial such as

magnesi um al um num al | oy add the |ike and

corresponding thread roll die to manufacture the

thread of the screw. 10 BACKGROUND OF THE | NVENTI ON

Desi gners of fpREABHORMNG SCRENETHREMSANPe on a

conti nuous endeavor_to.r c ight , hi
recycl abl e mat QﬂRﬁEép%&g#%ﬁﬁgﬁg‘g\uﬁqlswﬁl?enal yI gﬂldy
energy savings solutions. This has | ead to usage of

alum numall o magnesi um al | oys and ot her ducti
, I
rratFéELBIOFsEHEXWEN%lﬂﬁparti cul ar application, i In ©

gnggcttyo tPe naLeriaI properties, behavior and
ication feasibilities. 20ln recent
agT anegin FRERde 3 e R dPcly! danme, 2 e

i N CUTRGRRI SudtMgInaBiReuSPaR Magnepuhealsminvobalay and the
phones, hone appl iances,

andike u@QﬂTﬁ%ﬁ"‘P’fé’%Bﬁ'ﬂg shregtl g Iﬂ@idi'e‘?lj :ﬁé 9@{]“55%%‘95 zﬂ‘? {t retéﬁ de e
mas, rﬂ, steel and two-thirds that of 25al um num

fultiTls the requirenments of the r i
ecen
1G ndustry. The ent trends in the

BACKGROUND OF THE INVENTION

Designers of manufactured consumer goods are on a continuous endeavor
to reduce product weight, highly recyclable materials, environmental

15 friendly and energy savings solutions. This has lead to usage of aluminum
alloy, magnesium alloys and other ductile material selected for particular

application, in respect to the material properties, behavior and application

feasibilities.

20  In recent years, there has been an increase in magnesium alloy
applications in components such as personal computers, mobile phones,

home appliances, intelligent transport systems and automobile paris.

Magnesium, at one-fourth the mass of steel and two-thirds that of

25 aluminum, fulfills the requirements of the recent trends in the industry. The
characteristics of magnesium are advantageous since magnesium has
good fatigue strength, dimensional stability, sound and vibration dampening
qualities are very useful for variable product application. Itis also feasible
to manufacture products with magnesium in various shapes, forms with

30 repeatable consistency.

However, the low ductility and deformability of magnesium die-casts can
lead to slivering, layer eruption, chipped threads, and fracturing when
mated with standard thread bolts or thread-cutting fasteners. Removal and
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However as mentioned, the conventional threads do not adequately meet
25 all or some of the above critical functional requirements, which weakens the
integrity of the joints. For example, some previous threads that have been
disclosed include, United States Patent Number 7,195,437, United States
Patent Number 5,061,135, and United States Patent Number 5,340,254.

30  These previous screw threads have been employed in few applications on
ductile materials such as magnesium and aluminum alloy, and attempt to
provide sure insertion by virtue of their design, however the optimum result
could not achieve in some applications such as positive engagement,
failure torque, torsional strength, assembly efficiency and flexibility in
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25 In an embodiment the surface of the thread flank may be continuously
smooth. The surface of the thread flank transition between the flanks may
be a constant radius. The threads, thread crest, thread root and thread
flank may be arranged to deform the ductile material without cracking or
damaging the surrounding ductile material of the work piece. The threads

30  may be arranged to deform the ductile material of the workpiece against the
surface of the thread flank. The radius of the thread flank may define a
construction circle. The radius of the thread flank may define a
construction circle which may determines the pitch of the thread. The pitch
of the thread may be determined by the tangents between adjacent
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FIG. 1A-B show photo micrographic sectional views of thread forming

screw of prior art of conventional threads;

25
FIG. 2A-C show the side perspective view of the thread forming screw
(FIG. 2A), the cross-section of the screw taken along line A-A in FIG. 2A
(FIG. 2B), and the geometry and construction of the screw thread (FIG. 2C)
in accordance with an embodiment of the invention;

30

FIG. 3A-B show the side view and the cross sectional view of the screw
where the thread forming screws is rolled from a cylindrical header blank
(FIG. 3A) and the cross-section of the screws taken along line A-A in FIG.
3A (FIG. 3B) in accordance with an embodiment of the invention;



screw of prior art of conventional threads; 25 FIG
2A- C show t he side perspective view of the thread
wo ooositig2screw (FI G 2A), the cross-section of P€TI8G2007/000172

screw taken along Iine AAAin FIG 2A (FIG 2B), and

the geonetry and construction of the screw thread

(FIG 2C) in accordance with an enbodi nent of the

invention; 30 FIG 3A-B show the side view and the

cross sectional view of the screw where the thread

formng screws is rolled froma cylindrical der

ol e dishangocis YRl o6 M55l ueed i 1o bedean4FIC
takely HPnR i’abé‘%f"fheb‘rd)lf‘tr’:ée@ di Fﬁ@' @) #Bhcddidance with an

accordance with an enbodi nent the I nvention; 5
FI gmboxlipertipbibe ineniicge vi ew of the roll thread die to
formthe thread (FIG 4A) and the face of the roll

thread die (FIG 4B) in accordance with tgb%Tms
of ife S TS 0L B eI BB T g
?%ré\x/ n?ﬂ]a@ﬁéﬁmﬂ' @16 1 BA e adoHoMmicRGraphice¥edtibnarageve of am

hotonnlcrogra hi ¢ sect vi ew of an
as SRFIBME dtthfeéddom‘ﬁghﬁﬁﬁwé‘% F’é\ﬂ”?ﬂ“’ﬁég Hﬁ?ﬁ) rrenlgiged

and;ap o '?IH@E&@WI i Y. 8B When sRéwvie thrddd fopBinghdcedw with
shows the thread formng screwwth 10 circular. thread

10c ongifcylar dbicad pefigyration dﬁﬁ’(’j’ﬁe@l WARIRRY R imptelrl WUt A1y

| ayl%{/ereé'ruﬁ’ﬂdnoamgﬁéﬂ mpééﬂstéhﬂﬁb@%cﬁl@f&he it Wiember (Fig
mat 1 n in accordance wth an

enboR) lﬁ@ﬁﬁoré@nqemé'th %@ﬁ?%fﬁemﬁf =X RieR DESCRI PTI ON
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engineered primarily for ductile material application, miniaturizations

30 compatibility with smaller diameter and length as well feasibility to
manufacture with lower cost. For example, in miniaturization applications

the screw product size may range from about 0.4mm or lower to about
2.0mm. It will be appreciated that embodiments of the invention may be
suitable for other applications and different scale than on the miniature
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25  configuration of thread forming screw is cylindrical, this allow the mating
part with an engagement by a full circumferences engagement enable to
achieve strong contact in the mating members, which prevents vibration
loosening, high pull out force, high failure torque, boss stripping and
reusability.

30
The thread forming screw thread according to an embodiment of the
invention has a radius crest 20, radius flank 44 and a radius root 18. The
concavity from flank 44 to root 18 is continuous since it is formed by arcs of
the basic construction circles 46 having constant radii and whose centers
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which has a capability of deforming low ductile material such as
magnesium, soft aluminum, thermoset plastics and other low ductility
30 materials. The smooth radius flank 44 from the crest 20 steadily increases
towards the roots, which accommodate the material to deform easily in the
valleys of the threads and flow out over to the root 18. Crack formation,
boss burst and chipping are avoided and thus providing a positive and
optimum flank engagement 56 in the joint. The cross sectional
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forming screw in magnesium, and FIG. 5C shows an enlarged view of the
screw of FIG. 5B which shows the thread forming screw with circular thread
configuration deformed in magnesium material without any layer eruption,
chipped threads and/or fracture to the mating member in accordance with
30 an embodiment of the invention. FIG. 5A shows the pilot hole 50 that is
bored in the low ductile material workpiece and has a diameter 82 between
the minor diameter 24 and major diameter 26 of the thread. In FIG. 5B-C
the photo micrographic sectional views of the thread forming screw are
engaged in magnesium boss / plate 80 with pilot hole 50. Embodiments of



30 an enbodi nrent of the invention. FIG 5A shows the
pilot hole 50 that is bored in the |ow ductile

woredoens@ks wor kpi ece and has a di aneter 82 bet wee€nSG187/000172
m nor di aneter 24 and ngjor dianeter 26 of the thread.
In FIG 5B-C the photo mcrdgraphic sectional views of
the thread form ng screw are engaged i n magnesi um boss
/| plate 80 with pilot hole 50. Enbodi nents of 9 the
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Wi | st there has been described in the foregoing
description preferred enbodi nents of the present
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invention. 10 CLAIMS: 1. A thread e C

10t 1k 4619 EASURERN T2 & R WP ABRE SR resent,
Workwinge® conposed of ductile material, the 5
fastener conprising: a head having a drive to be
engaged with a driver bit; and a shank having threads
having a m nor dianeter and a nmaj or dianeter, the
maj or di aneter defining a thread crest of the screw
and the m nor dianeter defining the thread root, the
surface of the screw thread between adjacent thread
crests 10formng a thread flank, the thread fl ank
being a constant radius. 2. A fastener as clained in
claim1l wherein the surface of the thread flank is
conti nuously snooth. 153. A-fastener as clained in
claim1 or 2 wherein the surface of the thread flank
transition between the flanks is a constant radi us.



4. The fastener as clained in any one of the preceding

claims wherein the threads, thread crest, thread root
wapwstibend fl ank 20are arranged to def or m t herdysG2002000172

material w thout cracking or damagi ng the surroundi ng

ductile material of the work1piece. 5. The fastener

as clained in claim4 wherein the threads are arranged

to deformthe ductile material of the workpiece

agaigiAivgat he surface of the thread flank. 6. The

fastener as clained in any one of the preceding clains

wherein the radius of the thread flank defines a

constrycti op thich§ k&m.r?gosc?ew thead relcpBEbr f&‘éte@ﬁr@' iNB& Hdle
claim6 wherein the radius of the thread f

defining a EEReE MR WeBwIeSe cemposrd @MPWS@EFW@I ghech of
the thread. fas\é@e?@&ﬁ{) wa&egamgm@%noawee@ag& f@vuth a

fastener as clai nmed wherein the pitch o
t he thread ijﬁve(ﬂ@tteﬁ“?ﬁ %%’%Prﬁ)hat"ﬁ@ tl@rgﬁ@%lpﬁvgngoeémméﬁlameter

adj acent cogsd éH%Fd)rQi"arﬁétéﬁ hwesmajaaaiaﬁ@t@ defiiggd t%&@&rest
The fastener as ainmed in_any one of the preceding

cl ai ms wher &fthe SFEw addhg nﬁnqra@r@qteq ‘l’?é'nf”%'ﬂ%ﬂ‘é‘i’adaﬂopbﬁke

maxi mum ducgirkRe SrtRS dcpdw tHrsd @é}@médjb@éfi@frﬁéad 8sts
thread root. The fastener as any one of the

1Brecedi ng cloamig adhesadi flank.Hbe HE?%d ﬂ%tbei'@ %%‘P@Eﬁﬁt FRAYse
ductile material is a pilot hole. The fastener a
claimed in anégr ecedi ng clains wherejn mabor di anet er
of the?fast &g rl‘eér?@'Q?é%P‘i’ Ereimahwherstn the sydacef g ead
roll die fomréamankGs ycgm,ngoasl]ygﬁﬁbtﬁorm ng screw thread
fastener for fastening into a hole fornmed in a

wor kpi ece conposed of ductile material, the fastener
160NPri 8i ng A faqasbrize\ddidedintilinel 6102 BRerRnREeddd 4 tee

m nor | di el G AR DANERR 1arks f & Conslant Facius.

4, The fastener as claimed in any one of the preceding claims
wherein the threads, thread crest, thread root and thread flank
20 are arranged to deform the ductile material without cracking or

damaging the surrounding ductile material of the work piece.

5. The fastener as claimed in claim 4 wherein the threads are
arranged to deform the ductile material of the workpiece against
25 the surface of the thread flank.

6. The fastener as claimed in any one of the preceding claims
wherein the radius of the thread flank defines a construction
circle.

30

7. The fastener as claimed in claim 6 wherein the radius of the
thread flank defining a construction circle determines the pitch of
the thread.



the major diameter defining a thread crest of the
screw and the m nor dianeter defining the thread root,

wo b@sasmbaice of the screw thread between adj aceeit/SG2007/000172
thread crests formng a thread flank, the thread fl ank
bei ng a constant radius. 25 18 A thread roll die as
clainmed in claim12, the thread roll die conprising a
di e face having the sanme profile of the thread form ng

SCrew. g,
5 9.

10.
10

11.
15

12.
20
25

13.

The fastener as claimed in claim 7 wherein the pitch of the
thread is determined by the tangents between adjacent
construction circles sharing a thread crest.

The fastener as claimed in any one of the preceding claims
wherein the thread pitch of the fastener allows maximum ductile

material displacement towards the thread root.

The fastener as claimed in any one of the preceding claims
wherein the hole that is bored in the ductile material is a pilot
hole.

The fastener a claimed in any preceding claims wherein major

diameter of the fastener ranging from 0.4mm and above.

A thread roll die for manufacturing thread forming screw thread
fastener for fastening into a hole formed in a workpiece
composed of ductile material, the fastener comprising a head
having a drive to be engaged with a driver bit; and a shank
having threads having a minor diameter and a major diameter,
the major diameter defining a thread crest of the screw and the
minor diameter defining the thread root, the surface of the screw
thread between adjacent thread crests forming a thread flank,
the thread flank being a constant radius.

A thread roll die as claimed in claim 12, the thread roll die
comprising a die face having the same profile of the thread

forming screw.



