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SELF-TAPPING THREAD FORMING SCREW AND CORRESPONDING THREAD
ROLL DIE

FIELD OF THE INVENTION

This invention relates to a thread forming screw thread fastener for forming an internal
thread in a work piece material such as synthetic plastics, resins and the like and
corresponding thread roli die to manufacture the thread of the screw.

BACKGROUND OF THE INVENTION

Conventional screws often damage the material of the work piece, in particular when the
material of the work piece is a synthetic plastic_, resin and the like. Relatively high driving
torques are typically required to fasten the screw in the work piece, which contribute to
the likelihood of damaging the material of the work piece when the screw is fastened to
the work piece. The screw may also strip-off, burst, become stuck in the material, and/or
stress cracks may form in the work piece material. This damage to the work piece
material and screw weakens the integrity of the joints formed between the work piece
material and the screw.

Attempts have been made to improve screw thread design. However as mentioned,
conventional screw threads do not adequately meet critical functional requirements, and
the strength and integrity of the joints has been compromised. For example, some
previous threads that have been disclosed include, United States Patent Number
4,527,932, United States Patent Number 5,544,993, United States Patent Number
6,672,813, and United States Patent Number 5,061,135. These previous screw thread
designs have been employed in a few applications on work piece materials as attempts
to provide sure insertion of the screw into the work piece. However, optimum results
have not been achieved with conventional screw thread designs in areas such as the"
positive engagement, failure torque, torsional strength and the like. In particular, the



Conventional screws often damage the material of the work piece, in particular when the material of
the work piece is a synthetic plastic, resin and the like. Relatively high driving torques are typically
required to aEAIA%Lw in the work piece, which contribute to the likeliR§TUSGRoRMTY the
material of the work piece when the screw is fastened to the work piece. The screw may also strip-off,
burst, become stuck in the material, and/or stress cracks may form in the work piece material. This
damage to the work piece material and screw weakens the integrity of the joints formed between the
work piece material and the screw. Attempts have been made to improve screw thread design.
However as mentioned, conventional screw threads do not adequately meet critical functional
requirements, and the strength and integrity of the jgints has been compromised. For example, some
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designs are not easily applied in product miniaturization applications where the design solution is

hampered byrasretoisiegtitesad jloimiingfdtrevs eheasidind ddaesmahding tHread ool fhatallevidtssal.
Therefore, a‘Eg?gb[gmg|%gds(%%wém§ggsgagtg8w§ﬁ%q@gm éﬂrgq%égg&hat alleviates the problems

and drawbacks associat e prior art Is nee

SUMMARY

An aspect of the invention is a self-tapping thread forming screw thread fastener for
fastening into a hole formed by the fastener in a work piece, the fastener comprising a
head having a drive to be engaged with a driver bit; and a shank with threads having a
symmetrical thread profile with a minor diameter and a major diameter, the major
diameter defining a thread crest of the screw thread, and the minor diameter defining the
thread root of the screw thread, the profile of the screw thread defined by the surface of
the screw thread between adjacent thread crests forming a thread flank, the thread flank
having a first central portion of constant radius along the thread root, the radius common
at the thread root, at each adjacent thread crests, and at two transition intersection . .
points, the profile of the thread flank having a second and third portion defined by
surfaces having different radii of curvature between each iransition intersection point and
each adjacent thread crest.

In embodiments the different radii of curvature of the second and the third portion varies
relative to the constant radius of the central portion of the screw thread profile along the
thread root. The different radii of curvature of the second and the third portion may be
less than the constant radius of the central portion of the screw thread profile along the
thread root. The surface of the screw thread profile of the second and third portions may
be straight edges formed between a crest and an adjacent transition intersection point.
The surface of the threads, thread crest, thread root and thread flanks are arranged to
deform the ductile material without cracking or damaging the surrounding material of the



SUMMARY An aspect of the invention is a self-tapping thread forming screw thread fastener for
fastening into a hole formed by the fastener in a work piece, the fastener comprising a head having a
drive to be aMGRAEUMRAABR% driver bit; and a shank with threads having a syRa®SGC4DIR@Ad profile with
a minor diameter and a major diameter, the major diameter defining a thread crest of the screw thread,
and the minor diameter defining the thread root of the screw thread, the profile of the screw thread
defined by the surface of the screw thread between adjacent thread crests forming a thread flank, the
thread flank having a first central portion of constant radius along the thread root, the radius common
at the thread root, at each adjacent thread crests, and at two transition intersection points, the profile
of the thread flank having a second and third portior® defined by surfaces having different radii of
curvature between each transition intersection point and each adjacent thread crest. In embodiments
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the work piece against the surface of the central portion of constant radius of the thread flank. The
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ductile material displacement towards the thread root.
thread fastener for fastening into a hole formed by the fastener in a work piece, the

fastener comprising: a head having a drive to be engaged with a driver bit; and a shank
with threads having a symmetrical thread profile with a minor diameter and a major
diameter, the major diameter defining a thread crest of the screw thread, and the minor
diameter defining the thread root of the screw thread, the profile of the screw thread
defined by the surface of the screw thread between adjacent thread crests forming a

'~ thread flank, the thread flank having a first central portion of constant radius along the
thread root, the radius common at the thread root, at each adjacent thread crests, and at
two transition intersection points, the profile of the thread flank having a second and third

. portion defined by.surfaces having different radii of curvature between each transition.
intersection point and each adjacent thread crest. In an embodiment the thread roll die
comprises a die face having the same profile as the thread forming screw.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that embodiments of the invention may be fully and more clearly understood by
way of non-limitative example from the following description taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions, and in which:



An aspect of the invention is a thread roll die for manufacturing a thread forming screw thread fastener
for fastening into a hole formed by the fastener in a work piece, the fastener comprising: a head having
a drive to bavéhgHg@83dath a driver bit; and a shank with threads having a sPaE#IERIWAIMMNEEd profile
with a minor diameter and a major diameter, the major diameter defining a thread crest of the screw
thread, and the minor diameter defining the thread root of the screw thread, the profile of the screw
thread defined by the surface of the screw thread between adjacent thread crests forming a thread
flank, the thread flank having a first central portion of constant radius along the thread root, the radius
common at the thread root, at each adjacent thread crests, and at two transition intersection points,
the profile of the thread flank having a second and third portion defined by surfaces having different
radii of curvature between each transition intersection point and each adjacent thread crest. In an

embodiment'm@.twes%ﬁeué#ﬁe%e%?%%etﬁ@vﬁmm@mést?féamfgbe@éue(ﬁﬁ;thﬁ)ymead forming
screw. BRIEF DESCRIPTION OF THE DRAWINGS In order that embodiments of the invention may

be fully and nfEESEESHN aHBE s BeR AlPee it Amit BB IA MR WA ISY i escription
taken in conjtimeadrpiofile (RIS dce) anddragicgomatnictiys iand lgrsimétey oétbegthomad ferreings designate
similar or cor@aREIRY B)F MR dARBLORRAAIAMIGRRRBEHR Whickiond FIG. 1A-D shows the side

perspective view of the thread forming screw (FIG 1A), the cross-section of the screw taken along line
A - Ain FIG 1A (FIG 1B), enlarge view of the thread profile (FIG 1C), and basic construction and
geometry of tRtGLHAdsiomsitie sidewig¥ dhd b icreasceecionabvieihohthe sehewlimhers tethe invention;

thread forming screw is rolled from a cylindrical header blank (FIG 2A), and the cross
section of the screw taken along line A-Ain FIG 2A (FIG 2B) in accordance with an
embodiment of the invention;

FIG 3A-B shows the side view of the roll thread die to formed the thread (FIG 3A) and
the face of the roll thread die (FIG 3B) in accordance with an embodiment of the
invention;

FIG 4 shows the cross sectional view of an assembled thread forming screw fastener
with engagement and material flow of the material of the work piece that the fastener is
attached in accordance with an embodiment of the invention; and

FIG. 5A-B shows a cross sectional view (FIG. 5A) and a graph (FIG. 5B) of a thread
forming screw fastener showing the torque and insertion depth at three points during
insertion into a work piece in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

A thread forming screw thread fastener and a corresponding thread roll die for
manufacture of the screw thread of the fastener are disclosed. The thread forming
screw thread fastener is for fastening into a hole made by the fastener of a work piece
composed of a low ductility material such as synthetic plastic, resin, glass filled nylon,
polypropylene, polyphenelyne oxide, polystyrene, polyethylene, acrylonitrite butadiene
styrene (ABS), polycarbonate and the like. More specifically, the thread forming screw
fastener is a self-tapping thread which is able to tap an internal thread in an unthreaded
work piece which may be made by, for example, die casting, molding, drilled hole and



FIG. 2A-B shows the side view and the cross sectional view of the screw where the thread forming
screw is rolled from a cylindrical header blank (FIG 2A), and the cross section of the screw taken along
line A - A InWHRPR/¢RE2B) in accordance with an embodiment of the inveREiBRGRI® /BB shows the
side view of the roll thread die to formed the thread (FIG 3A) and the face of the roll thread die (FIG
3B) in accordance with an embodiment of the invention; FIG 4 shows the cross sectional view of an
assembled thread forming screw fastener with engagement and material flow of the material of the
work piece that the fastener is attached in accordance with an embodiment of the invention; and FIG.
5A-B shows a cross sectional view (FIG. 5A) and a graph (FIG. 5B) of a thread forming screw fastener
showing the torque and insertion depth at three poifits during insertion into a work piece in accordance
with an embodiment of the invention. DETAILED DESCRIPTION A thread forming screw thread
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thread which is able to tap an internal thread in an unthreaded work piece which may be made by, for

example, di e%ﬁgﬁﬂg‘eﬁkﬂmh@ inysntion fiydng ipptallation or engagement between the work piece

and the screw, whereby the resulting in less stress cracks in the work piece, avoiding
thread strip, while a higher clamp load is retained in the joint or the like. A lower
installation torque may result in a lower friction that is transmitted on the work piece,
whereby an effective cutting action is promoted by the specific engineered geometric
design of the thread flank, while promoting efficient deformation of the work piece
material during installation and having a high failure torque to enhance high clamping
loads and'improve joint integrity with mating parts of the plastic material of the work
piece. Given an example of an embodiment of the invention, if a failure torque of the
thread forming screw is 1.0Nm, the targeted installation torque is expected to be below
0.25Nm, which is may lead to an improvement of 10-15% over some attempts made with
previous threads in conventional fasteners. Of course, the value of the failure torque of
the thread forming screw and the targeted installation torque may depend on several
factors including for example the type of material, length of engagement, boss diameter,
size of screw, type of finishing of the thread forming screw and the like.

FIG. 5A-B shows a cross sectional view (FIG. 5A) and a graph (FIG. 5B) of a thread
forming screw fastener showing the torque and insertion depth at three points during
insertion into a work piece in accordance with an embodiment of the invention. FIG. 5A
shows the torque and insertion depth in a work piece at Point 1 which is a thread forming
torque, when the screw starts to be assembled. Point 2 is where the screw is further
inserted and the torque increases as seen in FIG. 5B until it touches the work piece
base. At this point the screw has passed through the thread friction. The total of thread
forming torque plus the torque to overcome the thread friction is called installation torque
(Ti). Atthis point it is concluded that there is no clamp load (clamping force) that is
reacting in the joint. Whén additional torque is applied to the screw further, the tension

in the joint increases and the clamp force in the joint also increase until it reaches to a



5 the like. The thread forming self-tapping screw has a symmetrical thread profile with a sharp
transition crest and circular thread root which forms an internal thread in the work piece with low
installation 9@ 2e10098%9nstallation torque is defined as the amount of torqRETASPHWE/ 000tHE thread
forming screw configured in accordance with an embodiment of the invention during installation or
engagement between the work piece and the screw, whereby the resulting in less stress cracks in the
work piece, avoiding thread strip, while a higher clamp load is retained in the joint or the like. A lower
installation torque may result in a lower friction that is transmitted on the work piece, whereby an
effective cutting action is promoted by the specific engineered geometric design of the thread flank,
while promoting efficient deformation of the work pigce material during installation and having a high
failure torque to enhance high clamping loads and improve joint integrity with mating parts of the
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torque of the thread forming screw is 1.0Nm, the targete tion torque Is expected to be below
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type of material, length of er&g (t;ement boss diameter, size of screw, typ ng of the thread
forming screiaeARuaLinstallstieigiale (Id and ahighdeiiyrApiaEsy ﬁf @VGSK)S?HS“Q’QHBHQ(FIG 5B) of
a thread forminepssraovasfactandiatweeg the thoegd amhwarkgscie mnkeptiichtdiuse yafiidahtring insertion

Into 2 Work Piiieald BRARSIRER MG 8 TR BAHIHREALIB BIRNEI BB 3% a&nﬁ%\%&i& fprque and

insertion depth in a wark piece at Point 1-which Is a thread forming torque, when the screw starts to be

assembled. PSARAING Wﬁ@r‘@ theicintei,he grpRetRE RAPLA AN S l%ﬂﬁfé"i‘h(‘,’rﬂ‘&’é& githepthiein FIG. 5B
until it touchenstadiationdgmpecidbigh.aht thr shedailuth ¢osguew thegqgietss dolvral thhstpmvitesd friction. The

otal of thread daEPUSHg e les gLy OHBIEAmEANKRE ALK FUOR ARG stalaton

torque (Ti). At thlsgﬁ |nt it 1S concluded that there is no clamp load (clam force) that is reacting in

the joint. Wheffad |6?P£%%ﬂédl’§"aﬁtbli@3‘f6eﬁ'r’ét lazening wherh supif ﬂwsn?é'j&ht increases and
the clamp foreiiatidreinoesl sive applisatiensnwhicheaohibstes todajoiaimdssaplytientsaterial and or screw
will fail, as at Point 3. The clamp load may be increased gradually in relation to applied torque and

Insertion deptﬁfan embodiment, the thread forming screw consists from a size range from 0.8mm
through 3mm in size for electronic devices application and capable to be extended to a
larger range based on application needs. The material of the thread forming screw is
generally produce with steel, stainless steel and other materials based on application
needs.

Embodiments of the invention relate to a self-tapping screw having a symmetrical thread ..
profile with a sharp transition between the flanks and circular thread root. The screw
shank is surrounded by a helically circumferential cutting-edge which projects radially
from the root of the thread. The thread flank is constructed with a sharp crest, for
example with 30 degree angle, which is designed to deform and or cut the base material
of the work piece. The work piece may not require to be tapped and the thread root is in
circular shape which connected radially from one flank to the other to promote efficient
flow of the material of the work piece and encourage deformation of the work piece
material towards the root of the thread. The flanks themselves are provided with a
constant pitch from the root of the thread so that there is a constant thread angle
between the two flank lines. It will be appreciate that the thread is feasible to be
constructed with single helix and double helix with the same pitch and geometry.



An aim in an assembly joint in accordance with an embodiment of this invention is to have a lower
installation torque (Ti), and a high failure torque. A lower installation torque means a lower friction
between theMBredd/ef3d2Work piece and which cause by efficient thread forii¥S GRIAPINGHO FIG.
5A-B, the torque between point 2 to point 3 provides a clamping force in the joint, if the gap between
point 2 and 3 is narrow, it means either the installation torque is high and or the failure torque in the
joint is low and thus provides a lower clamping force or load. This may occur because there is an
insufficient load carrying capability and which may result in loosening when subjected to shock or
vibration in real time applications, which contributes to failure in assembly joints. In an embodiment,
the thread forming screw consists from a size rangée from 0.8mm through 3mm in size for electronic
devices application and capable to be extended to a larger range based on application needs..The
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material of the work piece ‘such as plastic, even wit ferent consistencies of the plastic. A highly
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degree angleflaniebaightradiich folerseshwitidbe basis Bindainientah girds thatforvo thepfead racks and burst. In
an embodiment of the invention, this is accomplished by having a sharp thread crest. The sham thread
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during installgifpeisnanuireuriag dherssishbesprdmooth material flow of the material of the work piece that
the fastener is fixed. In accordance with an aspect of the invention there is provided a corresponding

thread roll di%% _er _e? r];gg E%W&WR-?B!%EHFSS‘&’ forming screw 10 in accordance with an

embodiment of the invention as shown in FIG 1A-1D. In FIG 1A, a thread forming screw
is shown having a symmetrical thread profile around the central axis 11 with a constant
radius transition from intersection 46 and to the root of the thread 18. In FIG. 1A the
profile of the screw thread is shown, where the profile is the cross section taken along
the longitudinal central axis 11 of the screw. The flanks 20 of the thread are developed
from the intersections with two circles points 46 and meet the common point 50 that
makes, for example in one embodiment, an isosceles triangle of 30 degrees 48 as
shown in FIG 1D. The flanks 20, threads root radius 18 and pitch 32 are constant
throughout the threads. However the lead thread 30 and the thread end 28 can be
manufactured with various shapes based on application needs. The fastener has a
head 12 having a drive to be engaged with a driver bit.



With reference to FIG. 1A-1D, a thread forming screw 10 in accordance with an embodiment of the
invention as shown in FIG 1A-1D. In FIG 1A, a thread forming screw is shown having a symmetrical
thread profi®@29aklo3id%entral axis 11 with a constant radius transition frdtfaTYRE€29600M46 and to
the root of the thread 18. In FIG. 1A the profile of the screw thread is shown, where the profile is the
cross section taken along the longitudinal central axis 11 of the screw. The flanks 20 of the thread are
developed from the intersections with two circles points 46 and meet the common point 50 that makes,
for example in one embodiment, an isosceles triangle of 30 degrees 48 as shown in FIG 1D. The
flanks 20, threads root radius 18 and pitch 32 are constant throughout the threads. However the lead
thread 30 and the thread end 28 can be manufactufed with various shapes based on application
needs. The fastener has a head 12 having a drive to be engaged with a driver bit. 8 Embodiments
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root 18. This migrji izes radi ress in the pilot hale and or boss and eliminates stress cracks. The
cross sectior I LB ARRIPRRRS NG ARISR M?if&"ﬂlh?ﬁl%’%@%ﬁbe RIRRIP BAIRERLESY is cylindrical in
shape. In an@geommerdatedt tthow easilioin, thetbireuldrrailielyobihétiwhedsafut flowmutaseninghene thread
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with thread dept thread root radius 58, die fac thread pitch 60 and_thread crest 62.
EmbocimentS 87 s TS S YRR S AR PL e TERS MO AAETEN 2 EORIENES with the
invention aredinststrrast imaxtinitioal,ieshangponding roll thread die as shown in FIG 3A-B to
manufacture the thread are disclosed. The thread forming screw is to have a high torsional strength,

efficient thread forming capabilities, which eliminates ' rocess, lower thread forming torque,
pigh falure 0P SRS e NS MBS ) SR i Han e B F LA B rausapie it
multiple asseihiBrRédormtagsnrensdhenbieadcolbdie 52 insqmesees thearitionimraecanefieiddh® a reliable
joint, which pergisteforaim@drRNaviaaEaDabNPEE e RTSRMbbRR Gty eatereuasreRais wide torque
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thread formirﬁg screw IS engineered primarily Tor engineering p Aefics application, MiNAatrizations

compatibility SFfeMsiermaptisanrogardansestitivthadnyrnticaam lispiesetahurddition.with lower cost. The

material of theotrespshimgvopthrydis gesialinFiGiBacs tyifbflealitstinanfestese and other
materials Whi&@cr"gggdge chosen based on application needs.

The thread forming screw is to have a high torsional strength, efficient thread forming
capabilities, which eliminates tapping process, lower thread forming torque, high failure
and or stripping torque, improve assembly efficiency, reduce hoop stress and reusable
with multiple assemblies. The physical characteristic of the present invention also
attributes to a reliable joint, which provides comfortable margin between the assembly
and failure torques. This wide torque range assures that all screws are fully tightened
eliminating the possibility of stripped assemblies. The thread forming screw is
engineered primarily for engineering plastics application, miniaturizations compatibility
with smaller diameter and length as well feasibility to manufacture with lower cost. The
material of the thread forming screw is generally produced with steel, stainless steel, and
other materials which may be chosen based on application needs.

In the embodiment the thread forming screw 10 in FIG 1A —D and FIG 2A — B, having a

head 12, recess 14, flat in head shape and can be extended to various shapes such as



9 circular, countersunk, oval and the like. The thread forming screw 10 can be formed from any
suitable material, such as steel, stainless steel and the like, having appropriate requisite properties
and is rolled¥6r2918/8%3#drical cold formed blank 40 with variable diameter E6d/RGANPHeHEd on
requirements. The thread is extended from the bearing surface 44 of the head 12 and towards the
thread end 28, and is the total length of the screw. The thread length of the thread forming screw may
be in the range of, for example, 2mm and above based on sizes and application needs. The top
region, from bearing surface 44 to the first complete thread 36 is the thread run-out 16. The bottom
region, thread end 28 is the lead thread, the thread end 28 is not limited to as flat surface as shown
but also able to manufactured with variable shapes%uch as tapered, round, sharp, dog point and
others as per intended application. The central is the full formed threads, with sham flank 20, circular

thread root 1&«50%9E&ﬁ@%ﬁ%k?@vmrtmt%%wrﬁyf%ﬁiﬁgégﬁw&S‘ﬁ%%}ﬁig@t 22. The cross

section configuration of t e}ﬁthread formi%%screw IS cagl%drical, is allow the mating part with an

engagement B R 30N ARG ARl SUAY A8 SleRlnTRRlesR-staelARME Lk, NG ViRgPRRrORTAY mating
members, whgsivisite\rropenies anid is| calledriomy, shiylindudabenlfidrrmeldigladlitdrevitbrearmbtaread stripping
Tk 20 Wi R S 1 point 46 of
basic constrf&fg%%f}%lgf%%ed?ﬁaed égrﬁ%&%‘fvﬂrgﬁt?i\gtﬁ’fggt%}q 5%%@%%3‘86?1‘%\?89@ aHbe itﬁs formed by
the basic roos¢tawus he theadd deogihsvhitiertintiadiorming serewmansberin thepangel o fore same planes.

The sharp thegahBrRNErRRM nadisole SdsdvRAicnatppftan Hasdkedd &if cigily, wérRout any

cracks, with lpw torque transmission. during installati nd, maximize material engagements in the
mating parts %%acf'ﬂ?is wiAss &%\%&rﬁ?gﬁ%’ﬁé‘?ﬁ&%ﬁ@&&ﬁg‘& ﬂgﬁf\%ﬁ' ke %\Aihg%%t&ﬁ' displacement
flow of materfe0®®.ithiradient 28 oheigast theaaylithe thugaibend 2 8Hisnetdimited thesdistener has a shank

with threads baviiee assHomESICasEEBRAP MBI WA ALMRB I RIS R Y shimgeter. The
Major diameter of thﬁ thr dad defipgg daomread crest %1;1 ‘Z-J’é% SCIaW thread, and thF&snlr‘laoglf&iameter of the

thread definer?Hg%?e% 1001 BPthE Screw thread: The profi PO sc ‘\a/vcﬁwéaa ed by the

surface of thdosgedihiardss Withwarp Bk 2oncitavlas thivad rodbiltimgiartiasaeterat mMiner thread flank

has a first ceatsaidierdanthiéhapien saahdakliss Aaget tie theaadsesdciidhecenipirmorshitis defined
as the resulti i nin FIG. 1D formed Qy the surface of the profile of the central region
portion of theﬂﬁﬁ%élng ﬂﬁr}?%\.lgfhée.'wr'gé: X}g] o?(i?}lérq ﬁgrﬁé v(\:’itr%c?e"}ggﬂ‘cl’epaa éﬂheage‘arﬂggg?g‘g%igﬁgrtion of the

thread flank BhECEBIRIPRISR LABGNMRCRb ARl IncRsbieMPEdang csradtii theanating

members, which prevents vibration loosening, high pull out force, high failure torque,
thread stripping and ability in multiple usage.

The thread forming screw thread according to the invention has a sharp flank 20 which
formed jsosceles triangle of 30 degree angle 48, connected to intersection point 46 of .
basic construction circle and the concavity from intersection point 46 is continuous since
it is formed by the basic root radius 18 having constant radii and whose centers are
disposed in the same planes. The sharp thread flank 20 is able to cut the plastic
material and the like 64 efficiently without any cracks, with low torque transmission
during installation and maximize material engagements in the mating parts and this
extended with a circular thread root radius 18 which allows smooth displacement flow of
material 66 towards the root without any interruption. In this manner, the fastener has a
shank with threads having a symmedtrical thread profile with a minor diameter and a
major diameter. The m1ajor diameter of the thread defines a thread crest of the screw
thread, and the minor diameter of the thread define the thread root of the screw thread.
The profile of the screw thread is defined by the surface of the screw thread between
adjacent thread crests forming a thread flank. The thread flank has a first central portion



corresponding thread crests formed adjacent to and on either side of the central constant radii surface
of the central portion of the flank share the same radius. Two transition intersection points 46 are
provided thavdefimessaszecond and third portion, respectively, of the surface©f/8G2thy@achilank that
provides a thread profile of the thread flank forming a sharp portion of the flank having a second and
third portion defined by surfaces having different radii of curvature between each transition intersection
point 46 and each adjacent thread crest 50. The concavity from one transition intersections points to
the other transition intersection point through root 18 is continuous since it is formed by arcs of the
basic construction circles 46 having constant radii and whose centers 76 are disposed in same planes.
The thread crest 20 is also shares the same radii &fid disposed on the same plane as the central flank
portion of constant radius. The smooth radius crest 20, flank 44 is able to deform the ductile material of

the work p'%?c%%i?n%ﬁ;%ﬁ}% WK RIS iaWh Xt%cHHQI AHLEATR H&Hﬂiﬁﬂg' debris, low

friction during, in tion and a maximum engagement of tflank 44 in the mating parts. The wide

spaced threé’H%ﬁéHQ‘!’Q‘%Féﬁn%@%@yd@’s@ﬁfﬁﬁﬁétgﬁr@\ﬂﬁ@fQfdh%ﬁ;ﬁﬁ’ﬂim&ﬂw?@ﬁlﬂ"ﬂank in
comparison ufithecthrsadfiamial Toeaadits ehtie dmie cinlet foaneddythg ueaticih regidw@adifiaok of constant

radius, a"OWt%é'lﬂP%QMHHW%tSfé%'éﬂﬁﬂ\%ﬁ%ﬂﬁ@%‘%@%%ﬁ@ﬁd H&‘iﬁﬁeéﬁ?% i"‘”th"kg@”y interruption or

damage to the internal structure of the ductile material of the work piece, boss te or the like.
Embod|men@OHPﬂﬁ’Q'?H\V@ﬁﬂfﬁ?‘i’é%%ﬂ%%&ﬁ'l?ﬁ@é@?sF\H&@”Qc?axﬁ'tm’ééd%H’éWﬁFﬁ fd. 1A-D. In FIG. 1A,
a thread formomngtaoteadissatfaverohtve ognira ontivet O thid fieedd henef e amie dadicenTeb axis 11 with a

constant radﬂ-b?;&'i%}?inHPs'&ﬁ&?H&hf%é?QWBHJ&WQF&H?%&@Q&&RH m{ﬁi?&%ﬂa&?'”ts 46 and

including the root point 18 of the thread. The central flank portion of the thread are developed with a

constant corf§ﬁﬁ%‘ff3ﬁ'¥1 & éhﬁéu'i‘ﬂ%eﬁft&'ﬁaé?’ﬁﬂg ﬂﬁ@éﬁ‘%‘?‘fﬂ‘ﬁ%@ dueadnprefiass the tangent 78
between eadhreadfaskifansinp costerp pbdivciottbs fiaaikmdteg Dseedhed asdibird pshtmnng a common or

same 11 thrgegh Chasf GfiabBe I%U}fdralﬁﬁ%ﬁ‘éﬁlﬁéf é@r@éﬁm&\ 64ch thihstid root radius 18 is

constant and continuous since the same arc of the basic circles 46 forms the root radius. The region

between eacdAEREHRGPARL A0 RasBiAdiarrMt BrFad attiRG HReCABFAVIBHEC AR is different than
that of the cdratsilicionteiseldionspaintertotheititber fppsitiominteideatitng tigtdritmedd @8 thii the thread

end 28 can kg spansliasiHEss wmﬁ?ms?%@af #UBASE SIS RAH, &e@éowné\rmf%gmed and the
like on applicatjon needs. An emb l%lme t of th Jnventlo is anim(grove thre% r?r.rslng screw, which

has a capabirﬁ mewgﬂﬁ?n%e%%s gf’?ff '%ﬁéﬁ‘%& Fﬁ'&én }W,ee g0l ?nermoset
plastics and shiaegsitve sameiirgdinand digposedeonihecitmedlasefrmibe deftsah itk pertivrofsteadily

increases towsHeRANRERRIS TR KB - AIMIAQTaE2b manr 4R dpid ef eurdpaely dudihe valleys of the
threads and ﬂo‘{‘éréi er to the.root 18. Cra{:k fo;\mﬂlon %s§ bur afd chlpglnlgnare avoided and

thus prowdmg a pos |v2-ea‘?1' er??drtr)}oﬁatrﬁ( een%%t gment b N the 0| APhe e e ional

configuratiorrtsiolfe minsag ﬁ%\]‘ﬂﬁ tarfistionzgdpgdnsipltation ﬂﬁ@tm@temmg@wmﬂh@fal in shape.
flank 44 in the mating parts. The wide spaced thread pitch 32 determined by the design

. of the screw of constant radius thread flank, in comparison with conventional screw . .
threads that do not have configuration of thread flank of constant radius, allows
maximum material displacement towards the thread root 18 without any interruption or
damage to the internal structure of the ductile material of the work piece, boss, plate or
the like.

Embodiments of the invention relate to a thread forming screw 10 as shown in FIG. 1A-
D. In FiIG. 1A, a thread forming screw is shown having a symmetrical thread profile
around a central axis 11 with a constant radius transition in central flank portion between
the transition intersection points 46 and including the root point 18 of the thread. The
central flank portion of the thread are developed with a constant construction circle 46.
The pitch of the thread 32 may be determined by the tangent 78 between each of the

adjacent construction circles proximate, on either side, or sharing a common or same



FIG 3A - B show the thread forming screw roll thread die 52 is disclose for manufacturing the thread,
the thread roll die 52 is comprises of the same profile of the thread forming with thread die depth 56,
thread root Mi€i2¢16893iY face 54, thread pitch 60 and thread crest 62. FIG RAT/SGaW0M80840ss
sectional view of an assembled thread forming screw in plastic material and the like 64 which

intended. Embodiments of the thread forming screw is specifically designed to eliminate tapping
operation and forming strong thread by perfect material engagement of thread flank 20 and
deformation of material towards the thread root 18 for a strong joint reliability. It will be appreciated that
embodiments of the invention may be configured as double helix threads for fast insertions into work
pieces, however, for sake of clarity and to clearly edplain embodiments of the invention have been
described with respect to single threads. 12 Thus, a self-tapping thread forming screw thread fastener

and a corresnapsiag-NoRr ik Usiaraciieiared i JRsLRninginic 18lerkaduPiiuRigqe Romposed of

a material such as synthetic plastic, resin and the like. More sp emﬂcalggf the thread forming screw

fastener is a SORAPHATY SR Wﬂ%ﬁﬁ'&%‘&ﬁﬁ?ﬂl&ﬁ&?ﬁﬁ?@&&%&fr@% foans, terapidiadiHNank and
circular thread he segitndbefeeers eachrttensiibthinters entitimepoiot lapieserestiotdind @rgsiepaint|¢haromoting

efficient deformug%Qﬁﬁa@w&ﬂw%m@%a&ﬂs&menér@"%%@?dmﬁw ShpVstaifRdoraue to

enhance high clamg loads and improve joint integrity with mating parts of the low ductile material of
the work plec read 30 and the thread end ¢an be manu actured with tapered end,

rounded, dog point, and/or sharp point based and the like on application needs.

An embodiment of the invention is an improved thread forming screw, which has a
capability of deforming low ductile material such as magnesium, soft aluminum,
thermoset plastics and other low ductility 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 configuration of the
thread major diameter 26 and minor or root diameter 24 is cylindrical in shape.

FIG 3A — B show the thread forming screw roll thread die 52 is disclose for
manufacturing the thread, the thread roll die 52 is comprises of the same profile of the
thread forming with thread.die depth 56, thread root radius 58, die face 54, thread pitch
60 and thread crest 62. '

FIG 4A, show the cross sectional view of an assembled thread forming screw in plastic
material and the like 64 which intended. Embodiments of the thread forming screw is
specifically designed to eliminate tapping operation and forming strong thread by perfect
material engagement of thread flank 20 and deformation of material towards the thread
root 18 for a strong joint reliability.

It will be appreciated that embodiments of the invention may be configured as double
helix threads for fast insertions into work pieces, however, for sake of clarity and to
clearly explain embodiments of the invention have been described with respect to single
threads.



While embodiments of the invention have been described and illustrated, it will be understood by those
skilled in the technology concerned that many variations or modifications in details of design or
constructiorWiap 0Pa3%e without departing from the scope of the present RUERG2MIH80defiIned by the
appended claims. 13 CLAIMS: 1. A thread forming screw thread fastener for fastening into a hole
formed by the fastener in a work piece, the fastener comprising: a head having a drive to be engaged
with a driver bit; and a shank with threads having a symmetrical thread profile with a minor diameter-
and a major diameter, the major diameter defining a thread crest of the screw thread, and the minor
diameter defining the thread root of the screw thread, the profile of the screw thread defined by the
surface of the screw thread between adjacent thredd crests forming a thread flank, the thread flank
having a first central portion of constant radius along the thread root, the radius common at the thread
root, at each adjacent thread crests, and at two transition intersection points, the profile of the thread
flank having a second and third portion defined by surfaces having, different radii of curvature between
each transitiol Mt SELHBRPING H?r&ﬁgi fgﬁﬁﬂ%ﬁ%ﬁ’!éﬂ’{ﬁ?%@atﬁ?&%?"‘i apREesRIAAae 7E20m 1 wherein
the different ratiidiefare distlnsedfohtasteoimgdntoal lible tifiadvodsipirte aompostdtnfa todtezigonstant radius

of the centralgaitiQn o haic e HRATREAHIEIRIO I JRESHUGRANP Ghe thread forming screw
fastener is a self-tapping screw having a symmetrical thread profile with a sharp
transition flank and circular thread root which forms an internal thread in the work piece
with low torque while promoting efficient deformation of the work piece material during
installation and having a high failure torque to enhance high clamping loads and improve
joint integrity with mating parts of the low ductile material of the work piece.

While embodiments of the invention have been described and illustrated, it will be
understood by those skilled in the technology concerned that many variations or
modifications in details of design or construction may be made without departing from
the scope of the present invention as defined by the appended claims.



3. The fastener of claim 1 or 2 wherein the different radii of curvature of the second and the third
portion is less than the constant radius of the central portion of the screw thread profile along the
thread root. WOTAG&0feEI8er of claim 1 or 2 wherein the surface of the screwPi¥&&a(vaiile06T the
second and third portions are straight edges formed between a crest and an adjacent transition
intersection point. 5. The fastener of any one of the preceding claims wherein the surface of the
threads, thread crest, thread root and thread flanks are arranged to deform the ductile material without
cracking or damaging the surrounding ductile material of the work piece. 14 6. The fastener of claim 5

wherein the threads are arranged to deform the material of the work piece against the surface of the
thread flank. 1

~ CLAIMS:

1. A thread forming screw thread fastener for fastening into a hole formed by the
fastener in a work piece, the fastener comprising: a head having a drive to be engaged
with a driver bit; and a shank with threads having a symmetrical thread profile with a
minor diameter and a major diameter, the major diameter defining a thread creét of the
screw thread, and the minor diameter defining the thread root of the screw thread, the
profile of the screw thread defined by the surface of the screw thread between adjacent
thread crests forming a thread flank, the thread flank having a first central portion of
constant radius along the thread root, the radius common at the thread root, at each
adjacent thread crests, and at two transition intersection points, the profile of the thread
flank having a second and third portion defined by surfaces having different radii of
curvature between each transition intersection point and each adjacent thread crest.

2. The fastener of claim 1 wherein the different radii of curvature of the second
and the third portion varies relative to the constant radius of the central portion of the
screw thread profile along the thread root.

3. The fastener of claim 1 or 2 wherein the different radii of curvature of the
second and the third portion is less than the constant radius of the central portion of the
screw thread profile along the thread root.

4. The fastener of claim 1 or 2 wherein the surface of the screw thread profile of
the second and third portions are straight edges formed between a crest and an
adjacent transition intersection point. '

5. The fastener of any one of the preceding claims wherein the surface of the
threads, thread crest, thread root and thread flanks are arranged to deform the ductile

material without cracking or damaging the surrounding ductile material of the work piece.



7. The fastener of any one of the preceding claims wherein the second and third portions of the thread
flank are arranged to deform the ductile material of the work piece against the surface of the central
portion of cONStAHOEHR2 of the thread flank. 8. The fastener of any one ofBA&/Hr2leHHY ¢Taims
wherein the radius of the central portion of the thread flank having constant radius defines a
construction circle which determines the pitch of the thread. 9. The fastener of claim 8 wherein the
pitch of the thread is determined by the tangents between adjacent construction circles sharing a
thread crest. 10. The fastener of any one of the preceding claims wherein the thread pitch of the
fastener urges ductile material displacement towards the thread root. 11. The fastener of any one of
the preceding claims wherein the material of the wdfk piece is synthetic plastic. 12. The fastener of
any one of the preceding claims wherein the material of the work piece is resin.

6. The fastener of claim 5 wherein the threads are arranged to deform the
material of the work piece against the surface of the thread flank.

7. The fastener of any one of the preceding claims wherein the second and third
portions of the thread flank are arranged to deform the ductile material of the work piece
against the surface of the central portion of constant radius of the thread flank.

8. The fastener of any one of the preceding claims wherein the radius of the
central portion of the thread flank having constant radius defines a construction circle
which determines the pitch of the thread.

9. The fastener of claim 8 wherein the pitch of the thread is determined by the
tangents between adjacent construction circles sharing a thread crest.

10. The fastener of any one of the preceding claims wherein the thread pitch of
the fastener urges ductile material displacement towards the thread root.

11. The fastener of any one of the preceding claims wherein the matenal of the
work piece is synthetic plastic.

12. The fastener of any one of the preceding claims wherein the material of the
work piece is resin.

13. The fastener of any one of the preceding claims wherein the material of the
fastener is steel or stainless steel.

14. A thread roll die for manufacturing a thread forming screw thread fastener for
fastening into a hole formed by the fastener in a work piece composed of ductile
material, the fastener comprising: a head having a drive to be engaged with a driver bit;
and a shank with threads having a symmetrical thread profile with a minor diameter and
a major diameter, the major diameter defining a thread crest of the screw thread, and the
minor diameter defining the thread root of the screw thread, the profile of the screw



13. The fastener of any one of the preceding claims wherein the material of the fastener is steel or
stainless steel. 14. A thread roll die for manufacturing a thread forming screw thread fastener for
fastening into a hole formed by the fastener in a work piece composed of ductile material, the fastener
comprising: a head having a drive to be engaged with a driver bit; and a shank with threads having a
symmetrical thread profile with a minor diameter and a major diameter, the major diameter defining a
thread crest of the screw thread, and the minor diameter defining the thread root of the screw thread,

the profile of e, $Qt8Wed by the surface of the screw thread between adjacent thread crests
forming a thread flank, the thread flank having a first central portion of constant radius
along the thread root, the radius common at the thread root, at each adjacent thread
crests, and at two transition intersection points, the profile of the thread flank having a
second and third portion defined by surfaces having different radii of curvature between
each transition intersection point and each adjacent thread crest, and the thread roll die

comprises a die face having the same profile as the thread forming screw thread fastener.



