H GH PERFORVANCE THREAD FORM NG SCREW Background The present
invention generally relates to thread form ng screws and net hods 5of
formng sanme, and nore specifically relates to a fastener, such as a
thread formng screw, at | east a portion of which has a m ni num
surface hardness of HRC 56 (Rockwell Hardness C-scale), and to a

met hod of form nHIGK PERFORMANOE MTHREND FORMING SCREW he
i ndustry recommends that thread form ng screws be able to cold 10form

t hr eads pi ece having a hardness of Rockwell C23 and bel ow.
As suchwthread formng screws are sufficiently hard to cold
formthreads in such workpi eces. However, there are sone applicatjons
where it woullhe saesarétsmweal%qaavélyael@ﬁfﬁéamﬁ@i Farming esrews pad gsthodso
formthreads in a workpi ece which has a hardness whi ch exceeds HRC
23.5 For o fafmhg saraé.tad tib@hsp&tifiealdy feldtewtoA fasyenétiShal) aslbthréaal foahings
formed, such as by punching holes in the material, the hardness in
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har dness.

(Rockwell Hardness C-scale), and to a method of forming such a thread forming
SCrew.
Currently, the industry recommends that thread forming screws be able to cold
10 form threads in a workpiece having a hardness of Rockwell C23 and below. As such,
current thread forming screws are sufficiently hard to cold form threads in such
workpieces. However, there are some applications where it would be desired to have
a thread forming screw be able to form threads in a workpiece which has a hardness
which exceeds HRC 23. For example, after Hiéh Strength Low Alloy (HSLA)
15 material is formed, such as by punching holes in the material, the hardness in and
around the hole area could reach and exceed a Rockwell C40 hardness.

Conventional thread forming screws are not hard enough to successfully cold
form threads into workpieces which exceed a Rockwell C23 hardness. For example,
some commercially available thread forming screws are processed so that the point

20 and the first three to four full threads are at a Rockwell C45 minimum hardness, and
the core of the fastener is at Rockwell C33 to 39 hardness. A thread forming screw
such as this is not hard enough to consistently cold form threads into a material which

exceeds HRC 23. When driving such a thread forming screw into HSLA material (or



Conventional thread form ng screws are not hard enough to
successfully cold formthreads into workpi eces which exceed a
Rockwel | C23 hardness. For exanple, sonme comercially avail abl e
thread form ng screws are processed so that the point 20 and the
first three to four full threads are at a Rockwell C45 m ni num

har dnes siny aiitkr tfiverg4ly Bavihg hihardnass 6MERC 40 at mBag kiwehd clBipst ocafs.
hardness. A thread formng screw such as this is not hard enough to

consi st ent. | d for . i i ! 23.
wnen dr Uit ERs: o YRR RGOAET iRl SRbFL e SPUER, SRR ER” 25
other material) having a hardness of HRC 40 or nore, thread coll apse
occurs. thmigads wonptgpalks sueh ageeels fas reguited tq have the dastener bayese bagdpesst

failure. When formng threads in materials such as steel, it is

requi r edniich grener taa thashenrl ilawhich therfldiess igbeing gireadet;, it braer tohe
material into which the fastener is being threaded, in order to 5form

t he. t hreads .properl vy w thout, col |l apsi.ng. Because current thread
for?n' ng%ggpélg%&g?agsﬁagpegf&f\ﬁﬂﬁugﬁpﬁ%)shlgd to cold formthreads into
wor kpi eces having a hardness which exceeds FIRC 23, in such cases it

has been nec®&ssausg cquorept dweadefommingrgrawy aast suifickensly hayd oreld &rAy a

threaded joint in the workpiece (which requires a drill and tap

oper at i QRjead ntd®WoRk ¥ iNAginge] Khrosdss wHiSPEct@NHRE 23, iM8lich BR8Sit has
threaded inserts, or by providing a simlar feature or using a
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costly, time-consum ng process. As such, a market exists for
f ast enerworkajsab(whish requirgsrigdrilhpeditd dperaiionlpirdyasovidingiweld myi. Jpose
material or any other material, which has a hardness whi ch exceeds
10 nuts, a weld boss, threaded inserts, or by providing a similar feature or using a similar
method for providing mating threads. These structures/methods require additional
operations, hardware and time, resulting in a more costly, time-consuming process.
As such, a market exists for fasteners capable of forming threads in workpieces,

such as HSLA material or any other material, which has a hardness which exceeds

15 Rockwell C23.



15Rockwel | C23. nhjects and Summary An obj ect of an enbodi nent
of the present invention is to provide a thread form ng screw at
| east a portion of which has a surface hardness that is sufficiently
hi gh such that the thread form ng screw can be used to cold form
threads in a 5workpi ece which has a hardness that exceeds HRC 23.

Anot her Oljleestand Sfingpodi ment of the present invention is to
provide a thread formng screw at |east a portion of which has a

m ni mum sur f gce f Stil L. ar ' f an
enbodi nment o?‘%[ %bgg%%ggéﬁ%nqﬁog@é%ﬁogghﬁ Reg %ntpr%e\%lagqgsotkkﬁ ?"e’@ Jafq glﬁel%ﬁng
screw whi ch has a m ni mum surface hardness of HRC 56, at least to a
10dept h formiogeogw #deast 2 ppoiome! Whighthas a surfage hasdnes that dsswficiepdy
screw. Briefly, and in accordance with at | east one of the

for egoi mggiphicBGhs, thethreabRsiniRnicrow chfl ®e Rs@bRNdold foranthireids i @vi des a
thread form ng screw which has a head and a threaded shank extendi ng

hartened o Brers Pt e e Mk S P tB R 2P ineoe of HRC 6,
15t hereby enabling the thread form ng screw to thereafter be used to
col d form t hhAewdheriohject of an embodiment of the present invention is to provide a thread

forming screw at least a portion of which has a minimum surface hardness of HRC 56.

Still another object of an embodiment of the present invention is to provide a
thread forming screw which has a minimum surface hardness of HRC 56, at least to a

10 depth of 0.008 inches, for at least some of the threads of the screw.

Briefly, and in accordance with at least one of the foregoing objects, an
embodiment of the present invention provides a thread forming screw which has a
head and a threaded shank extending from the head. At least some of the threads of
the shank are surface hardened, preferably to a minimum surface hardness of HRC 56,

15 thereby enabling the thread forming screw to thereafter be used to cold form threads in
a workpiece having a surface hardness which exceeds HRC 23.

Another aspect of the present invention provides a method of forming such a
thread forming screw. The method includes performing a heat treating process
whereby the screw is carbon enriched to at least a 0.48 carbon level, and is quenched,

20 such as in oil. Then, the screw is tempered in order to lower the brittleness and to

allow for a more ductile core. Preferably, the tempering is controlled such that the

surface hardness does not exceed the core hardness by more than 3 Rockwell C points.



a wor kpi ece having a surface hardness which exceeds HRC 23. Anot her
aspect of the present invention provides a nethod of form ng such a
thread form ng screw. The nethod includes performng a heat treating
process whereby the screw is carbon enriched to at |east a 0.48
carbon level, and is quenched, 20 such as in oil. Then, the screwis
t enper e®Preferavlgleifict thd temperihgebdt tHetduefaes sndostetod tld faotenéiodre at Hor e
ductil e core. Preferably the tenpering is controlled such that the
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and core of the f ast ener are at a Rockwell C33 to 39 hardness.
Subsequédhieeyo fausdul dhreads efifbp serew; freinflecttpnthardensd aaddhe srew i3 o f our
full threads of the screw, is induction hardened and the screw i s

quencheduefi¢held, Qschiad iM@iadr @?fin kRByRtheNOGi&ichC Thee NGB scrEReR terhpéred Cr ew
i s tenpered 5agarn to a Iomer brrttleness Preferably, this tenperrng

step is contrall y e the | ead t a
irbe ¢ REEE bd pEEr ﬁr&ﬁlé miraslsEiol? SRR Goosiisiel P oofiEq Pyt B6:
har dness preferabl a depth of at |east 0.008 inches, and the
Core of cknepiadiaited treadanAgbw et ihres foor full Hurehiaseat FRAgYS] C56
preferably a finish is applied to the fastener. 10
minimum hardness, preferably to a depth of at least 0.008 inches, and the core of the
fastener is at Rockwell C33 to 39 hardness. Finally, preferably a finish is applied to

the fastener.

10



Brief Description of the Draw ngs The organi zati on and nmanner
of the structure and operation of the invention, together wth
further objects and advant ages thereof, may best be understood by
reference to the follow ng description, taken in connection with the
acconpanyi ng 5drawi ngs, wherein |like reference nunerals identify |ike

el ement Bridf DMcEbtion of the DraWwisesl 1S a side view of one type of screw
whi ch can be surface hardened in accordance with an enbodi nent of the

(O [ f
FLESEQ r e:/vms/ﬁ &,ﬁ% anga%%pé élﬂa%ngr (ﬁ%ﬁ%éﬁ‘bgﬁggﬁﬁf %}%ﬁﬂo%n&lthg rﬂgﬁﬁgﬁo
illustrating a nmethod of making a surface hardened thread formng

screw, eatlertieh fitheo abicstsiand adeartamdergpt mayrbeshipfoundessioodby t he

present invention. Description
reference to the following description, taken in connection with the accompanying

5 drawings, wherein like reference numerals identify like elements in which:
Figure 1 is a side view of one type of screw which can be surface hardened in
accordance with an embodiment of the present invention;
Figure 2 is a partial cross-sectional diagram of the screw shown in Figure 1;
and
10 Figure 3 is a flow chart illustrating a method of making a surface hardened
thread forming screw, where the method is in accordance with an embodiment of the

present invention.



Wil e the present invention nmay be susceptible to enbodi nent in
different fornms, there is shown in the drawi ngs, and herein will be
described in detail, an enbodi nent thereof with the understanding
that the present description is to be 5considered an exenplification
of the principles of the invention and is not intended to limt the

i nventi @yestAptibat as illustrated and described herein. One
aspect of the present invention relates to a fastener, such as a

har dness of NGB Pistotos ChiopRY pe paRtoil W Enpb i UiRRd.

hardening a fastener, such as a thread fprm’_ng 10screw, such that at
| east a fpons, itore &Fshakindh thedrasvisgs, fad betedr Wik Be defcribpRm daailvgmi | e t he
nmet hod can be used in connection with a wi de range of screws, U S

Pat ent  RMNehbodifdn tH@eoOiEE hiRS@fdepstSEdifyvhat tHe piBicab deschtibReh forbe
accordance wth an enbodi nent of the present invention can be used,

and the ' 78 tent is,.hereby dncor.porated herein.by reference in.its
ontl r ot yonauBd af upmPHREHER orBE BERERRS B M al G PP Righdel b
present application, the screw 10 includes a head 12 and a threaded

shank 14imihitehnexttionds thatemilitrratedaandidescrtreshdiengine t he end 16 of the
screw 10, opposite the head 12, are a plurality of |ead threads 18

whi ch taper gpRBUHE of thel R8s ifVentibn AllateH & $ Edsled RuctBad ¥aaB8ad he
| ead threads 18 and the hHead 12 are a plurality of full threads 20,

wherei n f(r)IeI;li%rgeSQI%%V, at least a portion of which has a surface hardness of HRC 56. Another

aspect relates to a method of surface hardening a fastener, such as a thread forming

10 screw, such that at least a portion of which has a surface hardness of HRC 56. While
the method can be used in connection with a wide range of screws, U.S. Patent No.
3,935,785 discloses a screw with which a method in accordance with an embodiment
of the present invention can be used, and the ‘785 patent is hereby incorporated herein
by reference in its entirety.

15 As shown in the ‘785 patent and in Figure 1 of the present application, the
screw 10 includes a head 12 and a threaded shank 14 which extends from the head 12.
Proximate the end 16 of the screw 10, opposite the head 12, are a plurality of lead
threads 18 which taper somewhat to the point 16 of the screw 10. Between the lead
threads 18 and the head 12 are a plurality of full threads 20, wherein reference

20 numeral 22 identifies the first full thread and reference numeral 24 identifies the
fourth full thread. More detail regarding the shape and function of this particular

screw can be found in the ‘785 patent. However, an example of a preferred, specific



20 numeral 22 identifies the first full thread and reference nuneral
24 identifies the fourth full thread. More detail regarding the shape
and function of this particular screw can be found in the ' 785

pat ent. However, an exanple of a preferred, specific enbodi nent of

t he present invention provides as shown in Figure 2, wherein the |ead

t hr eads edbodiname loff tiasprebiant invedtion Br@ederasfshown finlFigurd e eatisref thehead
screw, are surface hardened to a Rockwel| hardness of at |east HRC

56, to a dept i 6 i j i B fl Q. Fi at
onst o TgBER bt s TRt GobERH biday ob e schblh 2péluiice
Rockwel | C33 to 39 hardness, such that the screw 10 has a rel atively
duct i | e heutened msa Baekiell hardngisral a2 leashidRE0Tq: ite A depdinfi f dEBeRgqm26
reference nuneral 28 has a m ni num i nduction hardened area at HRC 56

mn., WhddiffeAen PRIrk ONof steBast DiodE inHeR. Pedferdng ehacureiofthe3Rrdvagoas
maxi mum i nducti on hardened area at HRC 56 m n. The portion identified
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Figure 3 illustrates a method which is accordance with an enbodi nent
of the prsehenn indugireiZothe povtion ienfrEed sdthagferprceunseerelol & basm @minimuand
formng screw 10 such as shown in Figures 1 and 2. The net hod

provi despdd@bn hhffen8X arR! 1€ HREC 9k fin T8dfleGhe SbERN idORTHicHl WwEh réferedce
simlar alloy is provided, and the wire is drawn at a cold headi ng

15machine. T terial. may. n all.o t eel C403 [

anal ysi QUWefﬂeig r[?aé r?ﬂB%’f”ﬂuE#: mgi?l."g%ﬁ%gﬁlyﬂsaﬁ% 8t ’1@%? Ceht ,%hergrgﬁ‘g%ﬁes e
0.70-0.90 percent, sul phur 0.040 percent max., phosphorous 0.035
per cent identifiedsvith referedcounedb3d & chartderatd qrencpsdemdriepeEderan
percent, normally specified as killed, fine grain, spherodized

22{1??'63?3121?“&1 ﬁil s#r?ﬁgﬁgﬂﬁé% wihiney potBisIR el of TRy chre. used while staying
Figure 3 illustrates a method which is accordance with an embodiment of the
present invention, and the method can be used to form a thread forming screw 10 such
as shown in Figures 1 and 2. The method provides that, for example, a wire made of
steel 4037 steel or a similar alloy is provided, and the wire is drawn at a cold heading
15 machine. The material may be an alloy steel, AISI C4037 grade analysis with a

composition of: carbon 0.35-0.40 percent; manganese 0.70-0.90 percent, sulphur 0.040
percent max., phosphorous 0.035 percent max., silicon 0.20-0.35 percent and
molybdenum 0.20-0.30 percent, normally specified as killed, fine grain, spherodized
annealed steel. Of course, other material may be used while staying entirely within the

20 scope of the present invention. Once the cold heading is completed, threads are

formed on the screw. These steps are conventional and well known.



20scope of the present invention. Once the cold heading is conpleted,
threads are forned on the screw. These steps are conventional and
wel | known. ~ Once the screwis forned, a heat treating process
in accordance with an enbodi nent of the present invention is
performed. In the heat treating process, the screwis carbon enriched

using a Contoﬁkéﬁfésef&@%%nnb@ a%e%'ﬁtééﬁrbg FreEE86R acci@ihck Rath e screw
obtains at least a 0.48 carbon | evel. The carbon enrichnment all ows

t he surfa e 5of tgg]fastener to be ha den&d hﬂ{ﬂ_‘ 1téha%n t he bast

nat er | aFm 8 R R T ef? CFMEFARES 0 90
m nutes while the furnace is at 1600- 1700 degrees Fahrenheit. The

f ur nacesatwos pirdoe ensciededstngd conteddrobiasd, ina Prabityt ﬁlm}l@%@hr\ﬁb@iﬁhe
potential (with no nitriding). Preferably, the depth (i.e., dinension

26 in FE%H%b%&nQEt o8 0PI PLRLEE VAL Ethd 8iBoh §nﬁ$luﬁ&ﬁ%llo@s QRBsurfiebes.

Prefera he surface hardness after 10tenpering (at the

o e e B B TSPt S SR

equi valent. A 1 to 2 Rockwell C (10-20 Vickers) equival ent surface
har dnessan be tefamethevfiuindcdrfor &0 minp@stwtubz the fembecisian 60l AAQ degrees
paraneters. A m crohardness tester can be enployed to neasure the

har dnesg, gdhdePife Nmﬁé&tﬁﬂ%ﬁ%@e FESERE Sy 28RBolldd oW 6185 0.7 O&bbn Set

t he 15furnace paranet

potential (with no mtndmg): Preferably, the depth (i.e., dimension 26 in Figure 2) of
the carbon restored zone is at least 0.008 inches. Preferably, the surface hardness after
10 tempering (at the temperature selected for the core requirement) does not exceed the
core hardness by more than 3 Rockwell C (30 Vickers) points equivalent. A 1 to 2
Rockwell C (10-20 Vickers) equivalent surface hardness increase would be an
objective in selecting furnace parameters. A microhardness tester can be employed to
measure the hardness and depth of the carbon restored zone, in order to help set the

15 furnace parameters.



Once the screw is carbon enriched, the screw is gquenched, such as in
oil at 140- 160 degrees Fahrenheit. After quenching, the screwis
tenpered, such as for 90 mnutes at a tenperature of 850-950 degrees
Fahrenheit, in order to lower the brittleness and allow for a nore
ductile core in the fastener. Preferably, this step is 5 controlled

such that thénéyfﬂe%ﬁemﬁr&ﬂﬁﬁﬁerﬁl&%d rmé s@fémgqu&meaog@hfagmaﬂwm
nore than 3 Rockwe | C points). At this point, pref erably bot h the

sur face e of t fastener are at Rock

o tnos 180 detler fdrenipie (ABer@RhENGE. hSolby BufnBaEn el o1

threads 18 and the first three to four full threads, is |nduct|on
har denedhinwtheated enipeeatineart 850 EdodegodestHabrenbedsinender tadeweantient ari | y
fed into the influence of an electric field in such a way as to

i nducti gprhgals ddisarfoy ﬁﬁ%ﬁg&% dRG1 @ iR TadtenRe TR Dy, this step is

(approxi mately 1650-1750 grees Fahrenheit). The screw | s thereafter
quench. ca AR R (eBreEE barnesh S apbatceeniie et bt BLBPECs
Fahrenheit for a 15ni ni num of one hour, | n order to |ower the
brittl edensy Rotigell Enpants ngAsthéppahin pgsferably both the surface and the core of
the fastener are at a Rockwell C33 to 39 hardness.
Subsequently, the point of the screw, such as the lead threads 18 and the first
three to four full threads, is induction hardened, wherein the lead threads of the
10 fastener are momentarily fed into the influence of an electric field in such a way as to
induction heat the threads to the hardening temperature (approximately 1650-1750
degrees Fahrenheit). The screw is thereafter immediately quenched, such as in water
spray or viz-a-viz a synthetic quench.
Subsequently, the screw is tempered, such as at 300 degrees Fahrenheit for a
15 minimum of one hour, in order to lower the brittleness. This tempering step along
with the previous carbon enrichment step preferably effectively combine to provide
that the lead threads and the first three to four full threads are at a Rockwell C56
minimum hardness, preferably to a depth of at least 0.008 inches, and the core of the
fastener is at Rockwell C33 to 39 hardness. While different tempering temperatures
20 - and durations may be used, preferably the temperature is sufficiently low to keep the

point at a Rockwell C56 minimum hardness. Finally, preferably a finish is applied to

the fastener.



wi th the previous carbon enrichnment step preferably effectively
conbine to provide that the lead threads and the first three to four
full threads are at a Rockwell C56 m ni mum hardness, preferably to a
depth of at |east 0.008 inches, and the core of the fastener is at
Rockwel | C33 to 39 hardness. Wile different tenpering tenperatures

20 and dur at OpRsisp@&Y o ehelysiesknt Riveheo@bioviddier fasper Alledsea pértion of
sufficiently lowto keep the point at a Rockwell C56 m ni num

har dness., .Ei pal | v, .pref erabl fi.ni i ppLi

one. aspdtiObpR 4 Ein Bl SRR SROEPe HRIEEPY Pulideah® SRR ERY
portion of which has a m ni mrum surface hardness of 56 HRC. For
exanpl e betarbread Jommiag sesw shchasas shavanth Yor Fiaiegt Nor 3:38.18A, wheredhe
shown in U S. Patent No. 3,935,785, where the |ead threads and the

first theRahRads and tHeWidst thidead®uh flEthdedds haid Ansikinhae Suffacaingdsess of
56 HRC. As such, the screw can be used to cold formthreads into a

L T RS s L

h
Anot her aspect of the present invention provides a nethod of surface
har deni r¢high hasembardaessorhich axededs 28 R @rrarch ag it A satereal on pepather
formng screw shown in U S. Patent 10No. 3,935,785, such that at

| east aRALLAIAVEe 4 REdBELIT4DIERE dfiniirBUM sur f ace hardness of 56
HRC. For exanple, the |ead threads and the first three or four full

can' be_ usel (ODT AP Bl PRSa IER o R ane il BE S frd6iy"

hardness whi ch exceeds 23 |11 RC, such as HSLA material or _ané ot her
mat er i alat leasti mporsiohaxf drfestenayf supb asiHE dreadolosminessréw shaywoithbS. fapantt
of the present invention provides a product by process, specifically
a f@st engs. 3neke7dy s et AthBas aPeRssh SEHE st RiMabaYiface
hardness of 56 HRC. For example, the lead threads and the first three or four full
threads have a minimum surface hardness of 56 HRC, whereby the screw can be used
to cold form threads into a workpiece which has a hardness which exceeds 23 HRC,
such as HSLA material or any other material having a hardness of 40 HRC or more.

15 Still another aspect of the present invention provides a product by process,

specifically a fastener made by using the process described hereinabove.
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Wi | e enbodi nents of the present invention are shown and descri bed,

it is envisioned that those skilled in the art may devi se various
nodi fi cations of the present invention w thout departing fromthe
spirit and scope of the disclosure. For exanple, while it is

descri bed above that the surface hardness can be effected with regard

to Slead threadg &ﬂﬁ’()dlﬂx%nﬂ‘s'dfgeﬁe PREQR ifVentiOH ard SRR M E@ASHbéd) 8t is

surface hardness can be |rrp enented with regard to either nore or

| ess threads whi.l t ay thlnthe sc

| went | GRVSRAN L1 AP oK e b oBuise g SeutP AR SHaBF Pressnt
di scusses HSLA materi al, the present invention can be used to form

t hr eads inventonwithoutaersriiag froasthd epirisnd seenecof tht discliare. iFor ekamplsd
is: 1.Athread form ng screw configured to cold formthreads in a

wor kpi eGailay sl RE tha &Wﬁﬁ?&c\é‘ﬂhﬁﬁe%@ﬁ%f?@@cﬁ@ﬂh $&da8ld tdir ead

fornlng screw characterized by a head and a t hreaded shank extendi ng

Lraoe a ze@?ifht ad, ds am? {h It?rst ﬁlreleecz)irsftouls ﬁgﬁ tl?rfeaéstl ?het srtllrr ace ls‘xar(glneéshc%nsbhan K

implemented with regard to either more or less threads while staying fully within the
scope of the present invention. Additionally, while the foregoing description
specifically discusses HSLA material, the present invention can be used to form

threads into other material besides HSL A material.
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har dness of at |east |IIRC 56, thereby enabling the thread formng
screw to be used to cold formthreads in the workpiece having a
surface hardness which exceeds HRC 23. 102. A thread form ng screw as
recited in claim1, characterized in that the threaded shank
conprises |ead threads proximate an end of the screw, opposite the
head. 3.Whattihckaged @ m ng screw as recited in claim?2, characterized
in that the 15l ead threads taper to the end of the screw. 4. A thread

form ng screwy as ¥ i i :

i ur &l Tty of a1 Aokt BN fond il PR cSERACHELR i Horkpices |
| ead threads and the head of the screw. 20 5. A thread form SCrew

as recited in cl ahaying asheRrechangss vhigh exngeds HRG %%zcﬁat%ﬁhé‘?ﬁégfoaﬂ@gat

| east three of the full threads of the screw have a surface hardness

of at |east HRC 56cretvacharadenized bk adieali @adh threQ@&1 shaokestenbhigArdhtigad

formng screw as recited in claimb5, characterized in that a core
5 head, wherein at least some of the threads of the shank have a surface
hardness of at least HRC 56, thereby enabling the thread forming screw

to be used to cold form threads in the workpiece having a surface

hardness which exceeds HRC 23.

10 2. A thread forming screw as recited in claim 1, characterized in that the

threaded shank comprises lead threads proximate an end of the screw,

opposite the head.
3. A thread forming screw as recited in claim 2, characterized in that the
15 lead threads taper to the end of the screw.
4. A thread forming screw as recited in claim 2, further characterized by a

plurality of full threads on the threaded shank, disposed between the lead
threads and the head of the screw.

20
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of the screw has a hardness in the range of Rockwel |

thread form ng sc I's contrgured to co

C33 to 39. 7. A
thread formng screw as recited in claim®6, characterized in that a
first portion of the screw, proximte the end of the screw, has a

m ni mum 10i nducti on hardened area at |IIRC 56 nin., and a second
portion of the screw has a maxi num i nduction hardened area at HRC 56
m n. 8. A. t hr gatirdadrfoimigg ScreeasieciteCint egim #, cHaddcrized in that the
characterized in that a third portion of the screw has a surface

hardness wi thin 3%@3\%"[}5\}%?% aqfleajsf{h?ge 813&? flﬂ?tqrgh@gclr‘f}%ﬁ%#r&%ﬁa%gi ng a

reads 1n a

wor kpi ece having a surface hardness whi ch exceeds HRC 23, said nethod

characterized by présedardness of #tdeashHR (p6.dos depth obitdoash - 00Renelies e

at a cold headi ng machine; form ng threads on

5 6. A thread forming screw as recited in claim 5, characterized in that a core

of the screw has a hardness in the range of Rockwell C33 to 39.

7. A thread forming screw as recited in claim 6, characterized in that a first

portion of the screw, proximate the end of the screw, has a minimum

10 induction hardened area at HRC 56 min., and a second portion of the

screw has a maximum induction hardened area at HRC 56 min.

8. A thread forming screw as recited in claim 7, characterized in that a

third portion of the screw has a surface hardness within 3 points HRC of

15 the core.

9. A method for forming a thread forming screw which is configured to

cold form threads in a workpiece having a surface hardness which

exceeds HRC 23, said method characterized by providing a wire made of

20 steel; drawing the wire at a cold heading machine; forming threads on

the wire to form a screw; performing a heat treating process on the

screw, by carbon enriching the screw, and induction hardening lead

13



the wire to forma screw, performng a heat treating process on the
screw, by carbon enriching the screw, and induction hardening | ead
threads and at |least three full threads of the screw, such that the
thread form ng screw has a head and a threaded shank extending from
t he head, and at |east some of the threads of the shank have a
surface hardness tifreals andasteabiRirésdull threads of tht Gcredv, sedhhihdt e threadi ng
a thread formng screw as recited in claim9, further characterized

by quenching and f&m@%%ﬁewtﬂa@ agﬁg@pggg%ﬁ%a&&l&%& gﬁe{g%ﬁpg%ﬁ R&GHEw

and before induction eni ng threads an ast three
full threads of the ,screw. 11. A nethad of formipng a thread formn
screw as recited PR & IS?W@Peng}tqr}g‘feaéﬁél Q&%‘?P&BW%“&%&!@F%&%H&
tenpering the screw after induction hardening the | ead threads and at
| east three full atheeadROB6t he screw. 15 12. A nethod of formng a
thread formng screw as recited in claim9, characterized in that the
step of carbon enriching the screw conprises |eaving the screwin a
furnace for 90 mnutes while the furnace is at 1600-1700 degrees

Fahrenheit while controlling the furnace atnosphere 20to 0.6 to 0.7%
car bon pot entPal , AviRethed ot forgupe  thiead feranpg serewsasgegtpd in claim 9,

further characterized by quenching and tempering the screw after carbon
enriching the screw and before induction hardening the lead threads and
at least three full threads of the screw.
10
11. A method of forming a thread forming screw as recited in claim 9,
further characterized by quenching and tempering the screw after
induction hardening the lead threads and at least three full threads of the
SCrew.
15
12. A method of forming a thread forming screw as recited in claim 9,
characterized in that the step of carbon enriching the screw comprises
leaving the screw in a furnace for 90 minutes while the furnace is at
1600-1700 degrees Fahrenheit while controlling the furnace atmosphere
20 to 0.6 to 0.7% carbon potential, wherein a depth of a carbon restored

zone of the screw is at least 0.008 inches.

14



zone of the screwis at |least 0.008 inches. 13. A nethod of formng
a thread formng screw as recited in claim9, further characterized
by quenching and tenpering the screw after carbon enriching the screw
and before induction hardening the lead threads and at |east three
full threads of the screw, wherein the step of quenching the 5screw
conpri ses quédchi Agnethed of faming adhiead forimiog s¢ewdsgrats! iRataierei t .
14. A nethod of formng a thread formng screw as recited in claim?9,

further charact er i#8@r BiarficteAsd HYqaMhiR R ERPeriEtH GLRV étetférbon
10car bon enriching the screw and ‘before induction hardening |ea

threads and at least three full t ds. of the screw, erein the
step of tenperi ngeqrhcgu%&g@cggwﬂ 814 @ﬁb@iqnﬁ&rgﬁﬁn%gﬁgﬁﬁfgﬁ@%g and
m nutes at a tenperature of 850-950 degrees Fahrenheit, wherein the
surface hardness #fleashéhrse fidithdersls ofithe sxeecdheiem the stephdiqirrssngyhe
nore than 3 Rockwell C 15points, wherein both the surface and the

corg of the screws@ew cBinpisEgikeBhingBSsdrewdR 013k 4965%0 degrees

Fahrenheit.

14. A method of forming a thread forming screw as recited in claim
9, further characterized by quenching and tempering the screw after
10 carbon enriching the screw and before induction hardening lead threads
and at least three full threads of the screw, wherein the step of tempering
the screw comprises tempering the screw for 90 minutes at a temperature
of 850-950 degrees Fahrenheit, wherein the surface hardness of the
screw does not exceed the cofe hardness by more than 3 Rockwell C

15 points, wherein both the surface and the core of the screw are at a

Rockwell C33 to 39 hardness.

15. A method of forming a thread forming screw as recited in claim 9,
characterized in that the step of induction hardening the lead threads and
20 at least four full threads of the screw comprises momentarily feeding the

screw into the influence of an electric field in such a way as to induction

15



15. A method of formng a thread formng screw as recited in claim9,
characterized in that the step of induction hardening the | ead

t hreads and 20at |east four full threads of the screw conprises
nonentarily feeding the screwinto the influence of an electric field
in such a way as to induction heat the threads to a hardening
tenperat ure of 16Beatirsthrepdyie adamdgnmaieaiperatus.of 1680H540 dbgfess ni ng a
thread formng screw as recited in claim9, 5further characterized by
guenchi ng and t enpglhideAleit.he screw after induction hardening the |ead
threads and at |east three full threads of the screw, wherein the
step of tenpering conprises tenpering the screw at 300 degrees
Fahrenheit for a m ni num of one hour, thereby lowering a brittleness
of the screw, wherein the tenpering step and the carbon 10enrichment
step provi de 1fhat A inethiod a4 fermiagasheead farmingastewt dsaretitedsin ddine®, f ul |
threads are at a Rockwell C56 m ni mum hardness, to a depth of at

| east 0. 008 i nchesgurttan@hiteteEiobEbP fudtpiddicanRipelise #e Raskual) C33

to 39 hardness.
induction hardening the lead threads and at least three full threads of the
screw, wherein the step of tempering comprises tempering the screw at
300 degrees Fahrenheit for a minimum of one hour, thereby lowering a
brittleness of the screw, wherein the tempering step and the carbon

10 enrichment step provide that the lead threads and at least the first three

full threads are at a Rockwell C56 minimum hardness, to a depth of at

least 0.008 inches, and the core of the fastener is at Rockwell C33 to 39

hardness.

15 17. A method of forming a thread forming screw as recited in claim 9,
further characterized by quenching and tempering the screw after
induction hardening the lead threads and at least three full threads of the
screw, wherein the tempering step and the carbon enrichment step
provide that the lead threads and at least the first three full threads are at

20 a Rockwell C56 minimum hardness, to a depth of at least 0.008 inches,

and the core of the fastener is at Rockwell C33 to 39 hardness.
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1517. A method of formng a thread form ng screw as recited in claim
9, further characterized by quenching and tenpering the screw after
i nduction hardening the |l ead threads and at | east three full threads
of the screw, wherein the tenpering step and the carbon enri chnent
step provide that the |ead threads and at |east the first three ful
threads are a8 204 mefBRASf foraxne aithricad fomming sersw, asrreciteddaplaimof  at
| east 0.008 inches, and the core of the fastener is at Rocicwell C33

to 39 hardness. d8uAhsetihestta@izdddyirogiding e vies odmpriss AW
recited in claim9, further characterized by providing that the wire

composi 1 0n of: carBonret S el Al eR LRI b 6 Bipon g 3-
percent, sul phur 0.040 percent nax. ,_é&hosphor ous 0. 035 percent nax.,

silicon 0.20-0. 35048 meesent; annganesgdbidhliOmepeent, setphyes Odéftpercent max.,

5 phosphorous 0.035 percent max., silicon 0.20-0.35 percent and

molybdenum 0.20-0.30 percent.
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