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COLD FORMING FLAT-ROLLED HIGH-STRENGTH STEEL BLANKS INTO

STRUCTURAL MEMBERS

FIELD OF THE INVENTION

This invention relates to a method of making high-strength
steel structural members, and more particularly, it relates to a method
in which a flat-rolled blank of high-strength steel is cold formed into a
structural member having a desired geometric cross-section, such that
the strength of the member remains substantially the same or greater

than the blank.

BACKGROUND OF THE INVENTION

A number of methods have heretofore been used to make
steel parts and structural members. These methods often begin with
bars of high-strength material and employ cold forming techniques,

such as rolling, upsetting, heading and extrusion, which are well known
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in the art. In upsetting, the cross-sectional area of a portion or all of a
bar of metal is increased. Heading is a particular form of upsetting
where the starting material is wire, rod or bar stock. The heads of
bolts are often made using heading techniques. In extrusion, the metal
bar is forced through a die orifice of a desired cross-sectional outline to
produce a length of metal having a uniform cross section. Extrusion is
particularly applicable for forming elongate structural members having a
uniform cross-sectional configuration over substantially the entire
length of the member. Rolling includes forming a finished member by
repeatedly passing rollers over the length of the bar until it is formed
into the desired shape.

One such method for making high-strength steel structural
members which is well known begins by annealing or otherwise
softening the steel bar. The annealed steel bar is then cold formed, in a
process which includes one of the above described forming techniques,
into a desired geometric cross-section. The now formed structural
member is then heat treated, i.e., austenitized, hardened by quenching
followed by tempering, to obtain the high-strength mechanical
properties desired. The steel material of the resulting member typically
has a tempered martensite microstructure. The mechanical properties
produced from such heat treatments are often inconsistent and can
vary widely from member to member. in addition, the annealing and

heat treating steps significantly add to the cost of the overall process
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for making the high-strength steel structural members, due in large part
to the energy consumption associated with heating the member and the
required labor and processing.

in another method for making such high-strength steel
structural members, the steel is initially austenitized, hardened by
quenching and then tempered to the point where the mechanical
properties of the post-heat treated bar are such that it can be
subsequently cold formed, in a process which includes one of the
above described forming techniques, into a desired geometric cross-
section. The steel material of the finished member from this method
also has a tempered martensite microstructure. While this method
apparently has advantages over the previously described method in that
narrower strength tolerances from member to member have reportedly
been obtained, this method still employs a costly heat treating process.

Cold forming high-strength material is known. In U.S.
Patent No. 3,904,445, hereby incorporated by reference in its entirety,
which issued to the present assignee, a method is disclosed for cold
forming a length of high-strength steel bar stock into a U-bolt.
However, cold forming a bend in a length of bar stock is less severe
than other cold forming techniques, such as upsetting and extruding.
Until the invention of the ‘445 patent, it was thought that cold forming
a blank of high-strength into a part or structural member by upsetting or

extrusion type techniques would likely result in the formation of cracks
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or even fractures in the finished product or at the least would likely
require the gradual formation of the member by a series of cold forming
steps with an annealing or stress relieving step performed between
successive cold forming operations. Such cracks or fractures would
likely ruin the member. In addition, employing such cold forming and
annealing steps would add to the time and cost of making such high
strength steel structural members.

One newer method for cold forming high-strength steel
structural members is disclosed in U.S. Patent No. 5,496,425, hereby
incorporated by reference in its entirety, which issued to the present
assignee. In the practice of the invention described in the ‘425 patent,
high-strength steel material having a specific chemical composition is
cold formed into a structural member for forging or extruding the high-
strength steel material through a tapered die is required as in typical
forging and extrusion processes. While such a process avoids many of
the disadvantages and drawbacks described hereinabove and
associated with warm or hot forming of structural members, it does
require the application of significant forces and pressures associated
with the extrusion process. Specifically, forcing high-strength steel
material in a cold drawing process through a tapered die or the like to
form a structural member requires a significant amount of pressure or
energy to be exerted on the steel material, the die and associated

machinery. As such, forging and extrusion processes for cold forming
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structural members require a significant amount of energy and may
result in damage to the forging or extrusion equipment as well as
frequent replacement of the dies or associated components.

A die suitable for cold drawing or forging process is very
costly and therefore a significant and potentially expensive item for
repair and replacement. Therefore, the opportunity to avoid cold
drawing or extrusion offers significant advantages in the commercial
production of high-strength steel structural members. Additionally, the
capacity for heat- treating structural members to increase or improve
the mechanical properties is limited. Therefore, the requirement for
such heat treatment should, if at all possible, be avoided while still
providing high-strength steel structural members with the appropriate

strength levels.

SUMMARY OF THE INVENTION

There has heretofore been lacking a method of making a
high-strength steel structural member having a ferrite-pearlite
microstructure and possessing desired high-strength properties, which
method avoids extension or forging and includes a cold forming step
whereby the blank is flat-rolled material and is cold formed into a
desired structural member, with the mechanical strength of the member
remaining substantially the same or greater strength than that originally

possessed by the flat-rolled blank without the need of heat treatment.
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The term "blank" as used herein has its usual meaning, i.e., a
piece of metal to be formed into a finished member of desired
geometric cross-section. This invention is particulary directed to flat-
rolled blanks in which the blank is derived from a coil of high-strength
steel material, sheet, plate or generally planar stock material. A flat-
rolled blank is differentiated from a structural member in that a
structural member has at least one flange included in its cross-sectional
configuration. The flange has a thickness less than an overall outer
dimension of the cross-sectional configuration of the structural member
and provides increased load bearing capability to the structural member.
The present invention is directed to a method of making
high-strength steel structural members from flat-rolled blanks of high-
strength steel material. In one embodiment, the flat-rolled bilank has a
ferrite-pearlite microstructure and a tensile strength of at least about
120,000 psi and a yield strength of at least about 90,000 psi with the
following composition by weight percent: carbon - about 0.30 to about
0.65%, manganese - about 0.30 to about 2.5%, at least one
microalloying additive from the group consisting of aluminum, niobium
(i.e., columbium), titanium and vanadium and mixtures thereof, in an
amount up to about 0.35%, and iron - balance.
In one of its aspects, the present invention provides a
method of making high-strength steel structural members from such

flat-rolied blanks by cold forming the flat-rolled blank by rolling to
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provide a member having the desired geometric cross-section with a
ferrite-pearlite microstructure, whereby the mechanical properties of
tensile strength and yield strength of the member are substantially the
same or greater than the flat-rolled blank. The finished structural
members may have a variety of configurations and applications. For
example, a pair of C-shaped structural members may be used as side
rails on a truck chassis or the like.

The present invention also provides a method of making
high-strength steel structural members V\;hich includes cold forming a
flat-rolled blank of high-strength steel whereby the mechanical
properties of tensile strength and yield strength are substantially the
same or greater than the flat-rolled blank and wherein the member, with
the desired mechanical properties of tensile strength and yield strength,
are produced without the need for further processing steps to improve
toughness. Depending at least in part on its geometric cross-section,
some members may need to be stress relieved within a temperature
range of between about 450°F to about 1,200°F in order to raise,
lower, or otherwise modify the mechanical properties of the steel
member (e.g., tensile strength, yield strength, percent elongation,
hardness, percent reduction of area, etc.).

In one embodiment of this invention, the flat-rolled blank is
in the form of a coil of high-strength steel material whose thickness has

been reduced by rolling or extrusion. This coil is initially slit or cut to
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provide coil sections of a specified width. Subsequently, the flat-rolied
blank is cut to a specified length. The flat-rolied blank is then cold
formed by rolling or other appropriéte techniques at a temperature of
between ambient and up to less than about 300°F (150°C). More
preferably the structural member is not heat treated after the cold
forming step to avoid the time and expense associated with such a step
as well as the other previously discussed drawbacks of heat treatment
techniques. Shot peening the structural member to increase fatigue
life and forming holes as appropriate for the structural member may be

advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

The objectives and features of the invention will become
more readily apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:

Fig. 1 is a schematic representation of a thickness
reduction step for a coil of high strength steel material for use as the
starting material in making structural members according to one
embodiment of this invention;

Fig. 2 is a perspective view of a coil section cut to width
from the coil of Fig. 1;

Fig. 3 is a perspective view of the high strength steel

material used to produce a flat-rolled blank;
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Fig. 4 is a perspective view of the coil section resulting
from the thickness reduction step of Fig. 1;

Fig. 5 is a schematic representation of a flat-rolled blank
cut to length from the coil section; and

Figs. 6 and 6A are perspective views of representative

structural members produced from cold forming the flat-rolled blank.

DETAILED DESCRIPTION OF THE INVENTION

The method of the present invention is useful for
producing a wide variety of finished high-strength steel structural
members from flat-rolled blanks. In particular, elongated high strength
steel structural members which have a uniform cross-sectional
configuration over substantially their entire length. For example,
structural members havingan O, L, C, Z, I, T, W, U, V shapes and
other members which are susceptible to forming by the cold forming
process are described herein. Structural members having a C-shaped
cross-sectional configuration which were produced according to this
invention are particularly suited for use as side rails or the like on a
truck chassis.

A flat-rolied blank is distinguished herein from a structural
member in that a structural member is elongate with a uniform cross-
sectional configuration which includes at least one flange. The flange

is a member which has a thickness less than an overall outer dimension
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of the cross-sectional configuration (i.e., the width, height, or outer
diameter of the structural member). The flange distinguishes the
structural member from a flat-rolled blank in that the flange provides
increased load bearing capability to the member. In other words, the
structural member has more load bearing capability with the flange than
a member without the flange having the same material composition and
properties as the structural member. The load may be axial as in an
end-on load, lateral as in a side load or any other type of load applied to
the structural member. The flange is integrally formed either
continuously or discontinuously with respect to the remainder of the
structural member. Examples of discontinuous flanges are the upper
and lower portions of an I-shaped beam with respect to the center
portion of the I-beam, or of either leg of an L-shaped truss with respect
to the other leg of the truss. An example of a continuous flange is any
cord or portion of the cross-sectional configuration of an O-shaped
structural member. Examples of structural members having at least one
flangeare O, L, C, Z, I, T, U, V, and W shaped members.

in one embodiment, the method of the present invention
for making a high-strength steel structural member includes providing a
flat-rolled blank of high-strength steel material having a microstructure
of fine pearlite in a ferritic matrix, a tensile strength of at least about
120,000 psi and preferably at least about 150,000 psi, and a yield

strength of at least about 90,000 psi, and preferably at least about
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130,000 psi. Pearlitic constituents are generally considered to be

"fine" when their lamellae are not resolvable at an optical magnification

of about 1000 X. In one form, the high-strength steel material utilized

as the flat-rolled blank has been previously hot reduced and cold rolled

5 to provide the mechanical properties of tensile strength and yield

strength stated above.

The high-strength steel material used to make the flat-

rolled blank has the following composition, by weight percent:

10

15

carbon about 0.30 to about 0.65%

manganese about 0.30 to about 2.5%

at least 1 microalloying element from the group consisting
of aluminum, niobium, titanium and vanadium, and
mixtures thereof, in an amount up to about 0.35%

iron balance.

In a more preferred form, the high-strength steel material

has the following composition, by weight percent:

20

carbon about 0.40 to about 0.55%

manganese about 0.30 to about 2.5%

at least 1 microalloying element from the group consisting
of aluminum, niobium, titanium and vanadium, and
mixtures thereof, in an amount up to about 0.20%

iron balance.
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In a still more preferred form, the high-strength steel
material has the following composition, by weight percent:

carbon about 0.50 to about 0.55%

manganese about 1.20 to about 1.65%

at least 1 microalloying element from the group consisting

of aluminum, niobium, titanium and vanadium, and

mixtures thereof, in an amount from about 0.03 to about

0.20%

iron balance.

While aluminum, niobium (i.e., columbium), titanium and
vanadium may be known as grain refiners, in this invention these
components are not used to produce a steel with fine grains as in
typical grain refining applications. These elements are used in this
invention as microalloying components to increase and/or maintain the
strength levels of the resulting cold formed structural member.
Furthermore, it should be understood that the compositions listed and
claimed herein may include other elements which do not impact upon
the practice of this invention.

The flat-rolled blank, having a composition and mechanical
properties of tensile strength and yield strength as given above is
thereafter cold formed using techniques as rolling or the like at a
temperature between ambient or room temperature up to less than

about 300°F (150°C), and preferably at about ambient temperature, to
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provide a member having a desired geometric cross-section, whereby
the mechanical properties of tensile strength and yield strength of the
member are substantially the same or greater than the flat-rolled blank.
The formed member, with the mechanical properties of tensile strength
and yield strength given, is preferably produced without the need for
further processing steps, such as a final stress relieving step, to
improve toughness. However, for certain geometric cross-sections and
applications of the member, a stress relieving step may be necessary.

The flat-rolled blank of high-strength steel material having
a tensile strength of at least about 120,000 psi and a yield strength of
at least 90,000, which is used as the starting piece in the method of
the present invention, is produced by any suitable method known in the
art. One such method is disclosed in U.S. Patent No. 3,904,445 to the
present assignee and the specification in its entirety is incorporated
herein by reference.

Referring to Fig. 3, a coil 10a of high-strength steel
material is shown which, in one embodiment of this invention, is
utilized to produce the flat-rolled blank 12 for forming the high-strength
steel member 14. The steel of the coil 10a has the above-described
chemical composition as well as tensile and yield strength levels. The
coil 10a, according to one form of this invention, has been previously
hot-rolled, cold reduced and subsequently slit or cut to provide coil

sections 16 having a specified width W of approximately 16 inches
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(Fig. 4). Next, during the cold reducing the coil sections 10 are
processed between counter-rotating rollers 18, 20 or the like for cold
reduction as shown in Fig. 1. The resulting reduced coil section 10a,
as shown in Fig. 1, is then slit to the desired width W to produce coil
sections 16, Fig. 4. The coil section 16 is then unrolled and cut to
length, as shown in Fig. 5, to provide the flat-rolied blank 12.

Alternatively, although the flat-rolied blank 12 is shown
and described in one embodiment as originating from the coil 16 of
high-strength steel material, the flat-rolled blank 12 may also be
provided in other forms such as sheet, plate or other planar members
and the like, all of which are collectively referred to herein as flat-rolled
blanks.

The flat-rolied blank 12 is then cold formed preferably at
ambient temperature and up to about 300°F (150°C) by rolling or other
appropriate cold forming methods to produce a structural member 14,
examples of which are shown in Figs. 6 and 6A. Preferably, the cold
forming process used for the high-strength steel structural member 14
is by rolling or bending through the use of a brake press. The cold
formed structural member 14 is an elongate member of length L which,
in one embodiment, has a uniform cross-sectional configuration which
includes at least one flange 22 having a thickness T which is less than
an overall outer perimeter dimension D Qf the cross-sectional

configuration such that the flange 22 provides increased load-bearing
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capacity to the struc ural member 14. For example, as shown in Fig.
6A, a structural member 14 having a cross-sectional configuration of an
O-shape has a flange 22 with a thickness T identified by the thickness
of the sidewall of the O-shaped structural member 14. The thickness T
is less than the overall outer perimeter dimension D of the O-shaped
structural member.

Similarly, a C-shaped structural member 14, as shown in
Fig. 6, includes an upper flange 22 and a lower flange 22 joined
together by an intermediate flange 22 in which at least one of the
flanges has a thickness T which is less than at least one overall outer
perimeter dimension D.

After the high-strength steel member 14 is cold formed,
shot peening of the structural member may be used to increase the
fatigue life thereof. An example of a typical shot peening process
which may be used with this invention includes a 100% coverage area
of the structural member (SAE J443 January 1984) in which a shot
specification of MI-230-H (SAE J444 May 1993) was used with an
intensity of 0.016 to 0.018A (SAE J442 January 1995) was used.

One significant benefit of this invention over known
processes for forming high-strength steel structural members includes
the cold thickness reduction step for the flat-rolled blank which work-
hardens or strain-hardens the steel to maintain and/or increase the

mechanical properties thereof. Additionally, since the high-strength
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steel structural member is preferably roll-formed, subsequent heat
treatment, straightening and rework of the formed structural member is
not required as in prior processes often utilized for side rails of a truck
chassis.

The following example illustrates the practice of this
invention to produce a structural member from a high-strength steel
flat-rolled biank in accordance with this invention.

Example
High-strength steel 6150 alloy had the following

composition by weight:

Carbon 0.50%
Manganese 0.83%
Phosphorous 0.009%
Sulphur 0.009%
Silicon 0.25%
Chromium 0.90%
Nickel 0.05%
Molybdenum 0.02%
Vanadium 0.20%
fron Balance.

A flat-rolled blank of the above-identified chemical

composition was produced from flat sheet having a thickness of 0.230
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inches, a width of 10.75 inches and a iength of 13 inches which was
H.R. annealed and cold-rolled.

The flat-rolled blank as described was then cold-rolled into
a C-shaped high-strength steel member having a configuration of 1/4
inch x 2 inch x 2 inch x 4 inch x 4 inch. The high-strength structural
member was then tested at two locations in each of the longitudinal
and transverse directions. The longitudinal test resulted in an ultimate
tensile strength of 119,000 psi and 118,000 psi at each location and a
yield strength at 0.2% offset of 108,000 psi and 109,000 psi. The
transverse specimen direction tests indicated an ultimate tensile
strength of 118,000 psi at each location, a yield strength at 0.2%
offset of 92,000 psi and 100,000 psi. The above-described strength
levels were the same as those of the flat-rolled blank. The tensile
testing was performed in accordance with ASTM-E8-98. The corner or
radius joining the flanges of the C-shaped structural member shown in
Fig. 6 were also tested at two locations and resulted in an ultimate
tensile strength of 123,000 psi and 122,000 psi. The yield strength at
0.2% offset was tested at 101,000 psi and 108,000 psi at the
respective test locations.

The microstructure of the high-strength steel member was
evaluated in accordance with ASTM-E3-95 and a cross section of the
member was mounted, polished and etched with Nital/Picral to reveal

the microstructure. Examination at 100-1,000 X magnification
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revealed a structure of pearlite and ferrite with randomly distributed fine
carbines. An inclusion content examination per ASTM-E45-87 was also
performed under method A (worst field rating) in which a sample was
mounted and polished to a 1.0 micron finish and evaluated at 100 X
magnification. This examination resulted in a type A inclusion of 2 %
thin and of 1 heavy and a type D inclusion of 2 thin and of 1 % heavy.
Type B and type C inclusions were not identified in the specimen.

The mechanical properties of tensile strength and yield
strength of the finished C-shaped structural member are greater or at
least the same as those than that originally possessed by the flat-rolled
blank, and therefore, no further strengthening processing steps are
required. The finished mémber also has enough of the desired
mechanical property of ductility originally possessed by the steel
material that the need for further processing steps to improve strength
can generally be eliminated. However, for certain uses of the structural
member, a shot peening or stress relieving step may be necessary.

Compared to prior methods which use a heat treating
process (i.e., austenitizing, hardening by quenching and tempering},
especially when the heat treatment was used after cold forming to
produce the desired high-strength mechanical properties of the member,
finished structural members made according to the present invention
are more likely to consistently have mechanical properties which fall

within a narrower range. Thus, the present invention is more likely to
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consistently produce structural members with higher strength levels and
within a narrower range.

The scope of the present invention is not intended to be
limited by the example provided herein, but rather as defined by the

5 appended claims.

What is claimed is:
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1. A method of making’a high-strength steel structural member
having a specific uniform cross-sectional configuration comprising the
steps of:

providing a blank of flat-rolled high-strength steel material having
a tensile strength of at least about 118,000 psi and a yield strength of
at least about 90,000 psi; and

cold ferming the flat-rolled blank into a structural member having
a uniform cross-sectional configuration along substantially its entire
length;

whereby the mechanical properties of tensile and yield strength
of the structural member are substantially the same as or greater than
the blank without the need for further processing steps to improve

toughness.
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2. The method of claim 1 wherein the flat-rolled blank has a ferrite

pearlite microstructure and further comprises by weight:

carbon about 0.30 to about 0.65%
manganese about 0.30 to about 2.5%
5 at least one microalloying additive from the group consisting of

aluminum, niobium, titanium, vanadium and mixtures thereof up to
about 0.35%

iron balance.

3. The method of claim 1 further comprising:
cutting the flat-rolled blank to a specified width prior to the cold

forming.

4. The method of claim 1 further comprising:
reducing a thickness of the flat-rolled blank prior to the cold

forming.

5. The method of claim 1 further comprising:

cutting the flat-rolled blank to a specified length.
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6. The method of claim 1 wherein the flat-rolled blank originates
from a coil.
7. The method of claim 1 wherein the cold forming is performed at

a temperature between ambient and up to less than about 300°F

(150°C).

8. The method of claim 1 wherein the structural member is not heat

treated after the cold forming.

9. The method of claim 1 wherein the flat-rolled blank has

previously been hot rolied.

10.  The method of claim 6 further comprising:
decoiling the coil of high-strength steel blank material into a

generally planar configuration prior to the cold forming.

11.  The method of claim 4 wherein the reducing is to about 10% to

about 15% of the thickness of the flat-rolied blank.
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12. The method o7 claim 1 further comprising:
shot peening the structural member to increase fatigue life

thereof.

13.  The method of claim 1 further comprising:
forming holes in at least one of the flat-rolled blank and the cold

formed structural member.

14.  The method of claim 1 wherein the cold forming further

comprises cold rolling.

15.  The method of claim 1 wherein the cross-sectional configuration
further comprises at least one flange having a thickness less than an
overall outer perimeter dimension of the cross-sectional configuration
and the flange provides increased load bearing capacity to the structural

5 member.

16. The method of claim 15 wherein the cross-sectional
configuration is selected from the group consisting of O, L, C, Z, 1, T,

U, V, and W shapes.
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17. The method of claim 2 wherein the high-strength steel material

comprises by weight percent:

carbon about 0.40 to about 0.55%
manganese about 0.30 to about 2.5%
5 at least one microalloying additive from the group consisting of

aluminum, niobium, titanium, vanadium and mixtures thereof up to
about 0.20%

iron balance.

18.  The method of claim 1 wherein the flat-rolled blank of high-
strength steel material has a tensile strength of at least about 150,000

psi and a yield strength of at ieast about 130,000 psi.

19.  The method of claim 17 wherein the high-strength steel material

comprises by weight percent:

carbon about 0.50 to about 0.55%
manganese about 1.20 to about 1.65%
5 at least one microalloying additive from the group consisting of

aluminum, niobium, titanium, vanadium and mixtures thereof from
about 0.3 to about 0.20%

iron balance.
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20. A method of making a high-strength steel structural member
having a specific uniform cross-sectional configuration comprising the
steps of:

providing a blank of flat-rolled high strength-steel material in the
form of a coil having a ferrite pearlite microstructure and a tensile
strength of at least about 118,000 psi and a yield strength of at least
about 90,000 psi that comprises by weight:

carbon about 0.30 to about 0.65%

manganese about 0.30 to about 2.5%

at least one microalioying additive from the group consisting of
aluminum, niobium, titanium, vanadium and mixtures thereof up to
about 0.35%

iron balance;

reducing a thickness of the flat-rolled coil blank; and

cold forming the flat-rolled coil blank into a structural member
having a uniform cross-sectional configuration along substantially its
entire length at a temperature between ambient and up to less than
about 300°F (150°C), the cross-sectional configuration of the structural
member having at least one flange with a thickness less than an overall
outer perimeter dimension of the cross-sectional configuration, the
flange providing increased load bearing capacity to the structural

member;
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whereby the mechanical properties of tensile and yield strength
of the structural member are substantially the same as or greater than

25 the blank without the need for further processing steps to improve

strength.
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