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ABSTRACT OF THE DISCLOSURE
A carbon steel screw has one or more portions which have been
selectively hardened by selective heat treatment and quenching. In one embodiment,
an upper portion of the screw head is selectively hardened to prevent or reduce
damage when torque is applied using a driving tool. In another embodiment, the
screw tip is selectively hardened for more effective penetration into a substrate.
Preferably, the selectively heated portions are selectively quenched to reduce or avoid

distortion.
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SCREWS HAVING SELECTED HEAT TREATMENT AND HARDENING
FIELD OF THE INVENTION

This invention relates to carbon steel screws and similar fasteners
having selectively hardened portions to create desired properties and behavior, and
a method for making the selectively hardened screws.

BACKGROUND OF THE INVENTION

Stainless steel screws having selectively hardened regions are known
from U.S. Patent 3,376,780, issued to Tanczyn. Tanczyn discloses a stainless steel
screw having selectively hardened screw flight crests and a selectively hardened head
region for insertion of a screwdriver. These regions are harder than the remaining
portions of the screw. The stainless steel screw has a carbon content not exceeding
0.20% by weight, a chromium content of 10-25% by weight, a nickel content of 5-
20% by weight, a copper content of 1-5% by weight, and an aluminum content of
0.25-2.5% by weight. The hardening is accomplished by cold-working the stainless
steel at about 700-900°F, and by age-hardening at about 1050-1250°F. The
hardening is the greatest in the regions of the greatest cold-working.

U.S. Patent 4,295,351, issued to Bjorklund et al., discloses a stainless
steel screw whose flight crests have been selectively hardened. The selective
hardening is achieved by aggressive cold-working of the precursor fastener blanks,
at sub-zero temperatures, during formation of the threads. Another selectively

hardened stainless steel screw is disclosed in U.S. Patent 4,289,006 issued to

Hallengren.
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U.S. Patent 2,229,565, issued to Hallowell Jr., discloses a socket screw
whose head portion is selectively hardened. The head portion of the screw is rapidly
heated by induction to an elevated temperature. The entire screw is then quenched,
causing hardening of the heated portion. The resulting screw may have a Rockwell
“C” hardness (“R..”) of about 48-50 in the head region, and a lower R of about 30-35 -
in the remaining portions.

U.S. Patent 5,755,542, issued to Janusz et al., discloses a screw having
selectively hardened threads at a lower end of the screw shank, and a selectively
hardened tip. U.S. Patent 5,605,423, issued to Janusz, discloses a stud having
selectively hardened threads at a lower end of the stud, and a selectively hardened tip.

Certain standard carbon steel screws (having a single slot in the head)
and cross-recessed screws (having two slots in the head which cross each other) can
only be exposed to a limited driving torque from a driving tool (e.g. screwdriver).
When the head slots are exposed to excessive turning force, the slots become enlarged
and damaged, so that the driving tool can no longer effectively engage the slots.

Consideration has been given to hardeﬁing the head portion of screws
to strengthen the slots. However, the hardening can cause the head and upper shank
portion to become excessively brittle, resulting in 1) the head breaking from the screw
shaft when excessive turning force is applied, 2) hydrogen embrittlement if the screws
are plated, and 3) head-popping caused by thermal expansion and contraction of the
substrate(s) to which the screw is applied, which creates stress that cannot be relieved

by screw elongation. Also, selective heating of the head portion to cause hardening
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can result in distortion of the screw when the entire screw (having a varying -
temperature profile) is exposed to a .quenchjng fluid.

The above discussion of documents, acts, materials, devices, articles and
the like is included in the specification solely for the purpose of providing a context for
the’present invention. It is not suggested or represented that any or all of these matters
formed part of the prior art base or were common general knowledge in the field
relevant to the present invention as it existed in Australia before the priority date of each
claim of this application.

SUMMARY OF THE INVENTION

The present invention is directed to a selectively hardened carbon steel
screw having a differential hardness profile within the head portion. A 'screw is
provided having a head portion, a shank portion below the head, and a lower end
portion or tip. The head portion has a top surface, a bottom surface, a center, an outer
rim, and at least one slot in the center for engaging a driving tool. The invention also
encompasses a carbon steel screw having a selectively hardened tip which facilitates
initial penetration of the screw into a substrate. |

More specifically, the inve}tion provides in one aspect a selectively
hardened carbon steel screw comprising a screw head, a shank having a first end
adjacent the head and a second end, and a screw tip adjacent the second end of the
shank;

the screw head including a top surface, a bottom, a center region, an
outer rim and a recess in the center region for receiving a driving tool,

the screw head having a martensitic metallurgical structure on the top
surface in the center region, and a ferritic perlitic metallurgical structure on the bottom.

In a further aspect, the invention provides a selectively hardened carbon
steel screw comprising a screw head, a shank having a first end adjacent the head and a
second end, and a screw tip adjacent the second end of the shank;

the screw head including an upper selectively hardened portion and a
lower portion which has not been hardened;

the shank including an upper portion which has not been hardened;

wherein the screw tip is also selectively hardened.

In yet a further aspect, the invention provides a selectively hardened
carbon steel screw comprising a screw head, a screw shank having a first end adjacent

the head and a second end, and a screw tip adjacent the second end of the shank;

W:\dvris\nodelete\ir601461.doc




10

3a

wherein a portion or portions of the screw are selectively hardened by
heat treatment to an elevated temperature of at least about 1400°F, followed by
quenching, to yield a Rockwell “C’; hardness at least about 10 units higher than a
remaining portion or portions of the screw not selectively hardened.

In accordance with the invention, the head portion is selectively
hardened in the center and at the top so that the center of the head portion near the top is
harder than the bottom of the head portion and the adjacent screw. shank. Put anotﬁef
way, the ridges and walls defining the slot are selectively hardened at the top to provide
strength and hardness and reduce damage caused by a driving tool. Yet the bottom of
the head portion and the adjacent shank remain relatively soft and pliable, so that the
head portion does not break away from the shank when high torque or high stress, such
as shear stress, is applied.

The invention also includes a method for selectively hardening the head
portion at the center and near the top. A source of heat, which can‘bc a flame jet, is
applied directly to the top and center of the head portion, causing that region to reach a

temperature above 1400°F. The maximum temperature reached at the top and

\chris\nodelete\r601461.doc



center of the head portion is higher than the temperature reached at the bottom of the
head portion or adjacent portion of the screw shaft. Then, tﬁe screw can be
differentially quenched to reduce or prevent distortion. Differential quenching can
be accomplished by aiming a quenching fluid directly at the top center of the head
porﬁon, to achieve méximﬁm quenching at the hottest region. The quench fluid can
then be allowed to flow from the head portion to the remaining portions of the screw,
where léss quenching is wanted.

The invention includes a similar technique for selectively heat treating

and quenching the tip of a screw, to cause localized hardening.

It is to be understood that, throughout the description and claims of the
specification the word “comprise” and variations of the word, such as “comprising” and

“comprises”, is not intended to exclude other additives, components, integers or steps.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of a screw of the invention having selected

hardening in the head region.

Fig. 2 is a top view of the screw of Fig. 1.

Fig. 3 is a top view of another embodiment of the screw of the

invention.

Fig. 4 illustrates a dnill point screw which can be selectively hardened

according to the invention.

Fig. 5 illustrates a hex-head screw which can be selectively hardened

according to the invention.

Fig. 6 is a schematic view of a heating apparatus for making selectively

hardened screws.
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Figs. 7-11 are sectional views taken along lines 7-7, 8-8, 9-9, 10-10, and
11-11 in Fig. 6.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Referring to Fig. 1, a carbon steel screw 10 of the invention has a head
portion 12, a shank 14 below the head, and a screw tip 16 at an end of the shank
opposite the head. A plurality of screw flights or threads 18 having peaks 20 and
valleys 22 between them, wind around the outer rim of the shanl_( 14 and tip 16.

Referring to Figs. 1-3, the head portion 12 has a top surface 24, a
bottom 26, a center region 28, and an outer rim 30. The center region 28 includes
either a single slot 32 for receiving a standard screwdriver or similar tool, or a pair of
intersecting slots 32 and 34 for receiving a Phillips™ scréwdriver or similar tool
designed for cross-recessed screws.

Each slot is defined by a pair of opposing, generally upright walls 36
and 38 which intersect the top surface 24 at ridges 40 and 42, and which also intersect
the slot floor 44 at junctions 41 and 43. The slot depth is the distance between ridges
40 and 42 and slot floor 44. The slot ﬂoor 44 may actually be located below the
screw head 12 and in the adjacent shank 14, indicating a slot depth greater than the
thickness of the screw head as shown in Fig. 1. Alternatively, the slot floor 44 may
be about even with the bottom 26 of head 12, or may be above the bottom 26 of head
12, in which case the slot 32 (or slots 32 and 34) are located entirely within the head

portion 12.




The screws 10 of the invention are selectively hardened to create a
differential hardness profile within the head portion 12. A flame jet or other source
of heat is applied directly to the upper surface 24 in the vicinity of center region 28,
so that the heating is greatest at the highest points near the center, namely the ridges
40 and 42 of the slot 32 (or slots 32 and 34). The ridges 40 and 42 are heated to a
temperature of at least about 1400°F, preferably about 1500-2000°F, more preferably
about 1600-1800°F. The heating causes the affected portions (on and around ridges
40 and 42) to &ansfom from a ferritic perlitic metallurgical structure to an austenitic
metallurgical structure. The heating is sufficiently directed, and for a short enough
period of time, that the bottom 26 of head 12 and adjacent portion of shaft 14 do not
experience this transformation.

The screws 10 are then quenched by directing a quenching fluid to the
portion of head 12 which experiénced the greatest heating. The quenching fluid may
be water or another liquid or gas, and may be poured, sprayed, sprayed with air assist,
or otherwise applied directly to the upper surface 24 in the vicinity of the center
region 28. ’I'he» applied quenching fluid may then flow down over the head, so as to
have a lesser quenching impact on portions of the screw which experienced less
heating. The selective quenching causes the hottest portions (on and around ridges
40 and 42) to transform from the austenitic metallurgical structure to a martensitic
structure, which is hardened but untempered. The bottom portion 26 of screw head
12, and the adjacent portion of shank 14, remain substantially in the ferritic perlitic

state, which is softer and more pliable. By selectively quenching the hottest portion



of the head 12 to a greater extent than the cooler portions, distortion of the screw due
to quenching is minimized.

The quenching fluid may have a temperature of about 40-200°F,
preferably about 50-150°F, more preferably about 60-100°F. Tap water or other
process water is suitable. Other quenching media may include oil or gas. The quench
time need not be more than about 30 seconds, and may be about 3-10 seconds. The
screw head may still be warm after quenching in order to facilitate drying.

The resulting selectively hardened carbon steel screw has a hardness
differential of at least about 10 Rockwell “C” (“R.”) units within the head portion
itself. The ridges 40 and 42 near the center of the head 12 should have an R, of at
least about 45, preferably at least about 50, more preferably at least about 55. The
bottom 26 of the head 12, and the upper region of shank 14, should have an R, no
greater than about 35.

The remaining portions of screw head 12 may have an R value closer

~ to the R of the ridges 40 and 42, or closer to the R of the bottom 26, depending on

their proximity to either location. For instance, the walls 36 and 38 of slot 32 (or slots
32 and 34) should have an R of at least about 45 near the top and near the center, yet
may have an R of about 35 or lower near the junctions 41 and 43 of the slot floor 44.
The slot floor 44 may have an R of about 35 or less. The upper surface 24 may have

an R of at least about 45 close to the ridges and close to the center, and may or may

not have a lower R closer to the rim 30.



By selectively hardening the screw head 12 in this fashion, the slot 32
is provided with additional strength and hardness which reduces deformation and
damage when a screwdriver or similar tool is applied at high torque. By allowing the
bottom 26, head 12 and adjacent shank 14 to remain softer, the possibility of the head
breaking away due to high torque or high shear stress is reduced. The invention is
particularly useful for roofing screws, and other screws which have long shafts and/or
which are driven into resistant substrates, because these screws are routinely subjected
to high shear stress levels due to extreme temperature variations experienced on a
roof.

The screw 10 should be constructed from a fairly low carbon steel.
SuitabI.e carbon contents may range from about 0.08-0.50% by weight of the steel,
with a preferred range of about 0.18-0.35% by weight of the steel. The carbon should
be sufficient to facilitate hardening of the steel by héat treatment, yet not high enough
to facilitate work hardening during cold heading, pointing, or thread rolling of the
screw. Put another way, the screw 10 of the invention is selectively heat hardened,
and preferably, not work hardened.

In another embodiment illustrated in Fig. 4, the selectively hardened
screw of the invention may be a drill tip screw. One type of drill tip screw 60
includes a hexagonal head portion 62, a threaded shaft 64 including one or more spiral
threads 66, and a driil point 68 which can be used to tap and drill at least a portion of
the screw 60 into a substrate. The head portion 62 may be selectively hardened on its

exterior faces using techniques described above for improved strength and integrity.
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Furthermore, the tip 68, and a portion 67 of shank 64 encompassing the first few
threads 66 above the tip 68, may be selectively heat treated and hardened in order to
facilitate initial penetration of the screw 60 into a substrate, and initial thread tapping.
A roofing screw may be hardened at the tip and just above the tip, in order to
overcome the need to drill a hole in the substrate to get the scréw started. |

Referring to Fig. 4, the end portion 67 of screw 60, defined as the lower
region of shank 64 adjacent the tip, may be selectively hardened along with the tip 68
by initially applying a flame jet or other heat source directly to the end region 67 and
tip 68. End region 67 and tip 68 are heated to at least about 1400°F, preferably about
1500-2000°F, more preferably about 1600-1800°F. The selective heating causes end
region 67 and tip 68 to change from a ferritic perlitic metallurgical structure to an
austenitic metallurgical structure. Then, end region 67 and tip 68 are selectively
quenched by dipping or directing a quenching fluid directly at them. The selective
quenching (which causes even cooling around the screw, but differential quenching
along its length) converts the austenitic metallurgical structure to a martensitic
metallurgical structure in the heated region, which is untempered but hard. The
quenching fluild may be water, and may be applied at the temperatures and quench
times stated above for the head portion

The end regions 67 and tips 68 of screws 60 should be hardened to an
R value of at least about 45, preferably at least about 50, more preferably at least

about 55. The untreated region of shank 64 above end region 67 may have an R at



least about 10 units lower than the hardened end region, and may have an R of about
35 or less, perhaps 25 or less.

The hardened region 67 of the shank may then be tempered to yield a
hardness value R of between about 35-45, which is higher than the starting R value
yet lower than the selectively hardened value. Tempering can be accomplished by
reheating the selectively hardened region 67 to about 600-1100° F, preferably about
750-1000° F. Preferably, the tip 68 is not tempered, but is instead maintained at its
maximum hardne‘ss. The spiral threads 66 may also be case hardened (i.e. hardened
on their exterior) to reduce damage when the screw is driven into a substrate. This is
particularly useful in the case of long drill screws used for roofing.

In another embodiment; the selectively hardened screw may be a hex-
head screw having a hexagonal head portion for receiving a driving tool. Referring
to Fig. 5, the screw 70 has a head 74, with a top surface 76. The head 74 also has a
hexagonal outer surface 80 composed of six rectangular flat surfaces 82. In the
embodiment shown, a permanent washer 84 is positioned between the head 74 and the
elongated threaded shank 86 of the screw.

In accordance with the invention, selected portions of hex-head screw
70 may be hardened using the techniques described above. The top of head portion
72, which receives the driving tool, may be selectively hardened to provide better
resistance to damage and wear. By hardening the six outer faces 82 of the head

portion, the performance of the screw and driving tool can be enhanced due to

improved interaction using a socket driving tool.
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Again, the drill point screw of Fig. 4 and hex-head screw of Fig. 5 may
be fabricated from éarbon steel having carbon contents as described above. The non-
hardened screw portions may have an R, value of about 35 or less. The selectively
hardened portions may have an R value of at least about 45, preferably at least about
50, more preferably, at least about 55.

The head and end regions of screws may be selectively hardened
separately, using different processes, or may be treated in a single integrated process.
Figs. 6-11 schematically illustrate an apparatus 100 useful for heat treating selected
portions of a large number of screws on a continuous basis. Referring to Fig. 6,
apparatus 100 includes a transport mechanism 102 which cooperates with and moves
a screw conveyor 104, which may be a link chain, in the direction of arrow 106.
Screws 101, which can have a variety of lengths, are supported in the conveyor 104
below their respective head portions 12.

Screws 101 are carried on the conveyor 104 through a first heating
assembly 108, which includes a plurality of flame burers 110 and thermocouples
112. As shown in Fig. 7, the flame burners 110 in assembly 108 are used to heat the
lower end 46 and tip 16 of each screw 101, to a temperature most preferably between
1600-1800° F. The flame 114 is applied only to these selected screw portions. An
exhaust hood 117 carries away excess heat.

As the screws 101 are further conveyed beyond the first heating
assembly 108, the lower end and tip of each screw 101 are then Quenched using a

cooling assembly 116. As illustrated in Fig. 8, the cooling assembly ap;ﬁlies a water

11




curtain 117, or process oil, or another cooling fluid selectively to the portions of each
screw which have been heated. The heated portions are preferably cooled to 150° F
or less.

The first heating assembly, followed by cooling, may increase the
Rockwell R hardness of the lower end and tip of each screw, from a starting value
less than 35 (and perhaps less than 25) to a value of about 45 or higher (and perhaps
50 or higher). It may be desirable to soften the threads in the lower end to an
intermediate hardness, while maintaining the high hardness of the screw tip. This
softening, called “tempering”, can be accomplished by passing the hardened thread
portion 46 of each screw through a second heating assembly 120. The second heating
assembly 120 may include a plurality of smaller flame burners 122 which, as shown
in Fig. 9, heat only the lower end 46 of each screw, but not the screw tip, to a
temperature of about 750-1000° F as determined by thermocouple sensor 123. This
secondary heating step softens the lower portion 46 of each screw to an intermediate
Rockwell R, value of about 35-45.

As the screws 101 are further conveyed, the head portions 12 are
selectively heat treated using a third heating assembly 124 having one or more flame

burners 126, and thermocouple 127. As shown in Fig. 10, the burners in the third

heating assembly 124 aim the flame heat selectively toward the head portions 12. The

head portions are most preferably heated to about 1600-1800° F. The head portions
12 are then selectively quenched using a cooling assembly 128 which, as shown in

Fig. 11, directs water or another quenching fluid directly to the head portions 12.

12
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The head portions thus treated may have a Rockwell R hardness value of about 45
or higher, perhaps about 50 or higher. The screws 101 may then exit the apparatus
100 for packaging or other use. |

While the embodiménts of the invention disclosed herein are presently
considered preferred, various modifications and improvements can be made without
departing from the spiﬁt and scope of the invention. The scope of the invention is
indicated by the appended claims, and all changes that fall within the meaning and

range of equivalents are intended to be embraced therein.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A selectively hardened carbon steel screw comprising a screw
head, a shank having a first end adjacent the head and a second end, an;1 a screw tip
adjacent the second end of the shank;

the screw head including a top surface, a bottom, a center region, an
outer rim and a recess in the center region for receiving a driving tool;

the screw head havhxg a martensitic metallurgical structure on the top
surface in the center region, and a ferritic perlitic metallurgical structure on the

bottom.

2. The screw of Claim 1, wherein the shank has a ferritic perlitic

metallurgical structure.

3. The screw of claim 1 or claim 2, wherein the shank has a ferritic

perlitic metallurgical structure at the first end and a martensitic metallurgical structure at

the second end, and the screw tip has a martensitic metallurgical structure.

4. The screw of any preceding claim, comprising about 0.15-0.50%

by weight carbon in the steel.

S. The screw of claim 4 comprising about 0.18-0.35% by weight

carbon in the steel.

14




6. A selectively hardened carbon steel screw comprising a screw
head, a shank having a first end adjacent the head and a second end, and a screw tip

adjacent the second end of the shank;

the screw head including an upper selectively hardened portion and a

lower portion which has not been hardened;

the shank including an upper portion which has not been hardened;

wherein the screw tip is also selectively hardened.

7. The screw of claim 6, wherein the shank further comprises a

lower selectively hardened portion.

8. The screw of claim 6 or claim 7 wherein the selectively hardened

screw tip has a Rockwell “C” hardness of at least about 45.

9. The screw of claim 8, wherein the Rockwell “C” hardness is at
least about 50.

10.  The screw of claim 7, wherein the selectively hardened portion.of

the shank has a Rockwell “C” hardness of about 35-45.

11. A selectively hardened carbon steel screw comprising a screw
head, a screw shank having a first end adjacent the head and a second end, and a screw
tip adjacent the second end of the shank;

wherein a portion or portions of the screw are selectively hardened by
heat treatment to an elevated temperature of at least about 1400°F, followed by
quenching, to yield a Rockwell “C” hardness at least about 10 units higher than a

remaining portion or portions of the screw not selectively hardened.




12. The screw of claim 11, wherein an upper portion of the head is

selectively hardened.

13. The screw of claim 12, wherein a lower portion of the head is not

hardened.

14.  The screw of any one of claims 11 to 13, wherein the screw tip is

selectively hardened.

15. The screw of claim 14, wherein the second end of the shank is

first selectively hardened and then tempered.

16.  The screw of any one of claims 11 to 15, wherein the elevated

temperature is about 1500-2000°F.

17.  The screw of any one of claims 11 to 16, wherein the elevated
temperature is about 1600-1800°F.

18.  The screw of any one of claims 11 to 17, wherein the‘selectiv.ely _

hardened portion or portions are selectively quenched.

19. The screw of any one of claims 11 to 18, wherein the head

comprises a single slot having a hardened upper portion.

20.  The screw of any one of claims 11 to 18, wherein the head

comprises two slots which cross each other, having hardened upper portions.

21.  The screw of any one of claims 11 to 18, wherein the head

comprises a hex-head.

22. The screw of claim 21, wherein the hex-head comprises a

hardened recessed area.

16
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23. The screw of claim 21 or claim 22, wherein the hex-head

comprises hardened outer surfaces.

24.  The screw of any one of claims 11 to 23, wherein the screw tip

comprises a hardened drill tip.

25.  The screw of any one of claim 11 to 24, wherein the shank

comprises case-hardened threads.

26. A selectively hardened carbon steel screw substantially as herein

described with reference to the accompanying drawings.

DATED: 10 November, 2000
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
ILLINOIS TOOL WORKS INC.
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