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(57) Abrége/Abstract:
A method for cold forming a flattened, end-threaded rod (10) into a U-bolt (20) answers the need for high-stren

gth steel rods that

can be bent into flattened U-bolts by spring and suspension repair facilities or the like. By controlling the amount of work put into
the end-threaded flattened rod (10) during bending, it iIs possible to manufacture a flattened, end-threaded rod from a high-
strength steel that can be successfully cold bent into a U-bolt (20). The amount or degree of flattening and the radius of the U-

bolt are variables which applicant controls to successfully cold bend a high-strength steel flattened rod (10)

Into a U-bolt (20).

Therefore the spring and suspension repair facility avoids the need to heat the flattened rods for warm forming and, instead, can

maintain an inventory of end-threaded and flattened rods for cold forming into flattened U-bolt comply with O
modifying or repairing vehicles.
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) (57) Abstract: A method for cold forming a flattened, end-threaded rod (10) into a U-bolt (20) answers the need for high-strength
steel rods that can be bent into flattened U-bolts by spring and suspension repair facilities or the like. By controlling the amount of
~ work put into the end-threaded flattened rod (10) during bending, it is possible to manufacture a flattened, end-threaded rod from
a high-strength steel that can be successfully cold bent into a U-bolt (20). The amount or degree of flattening and the radius of the
U-bolt are variables which applicant controls to successfully cold bend a high-strength steel flattened rod (10) into a U-bolt (20).
o Therefore the spring and suspension repair facility avoids the need to heat the flattened rods for warm forming and, instead, can
a maintain an inventory of end-threaded and flattened rods for cold forming into flattened U-bolt comply with OEM designs when
modifying or repairing vehicles.
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FLATT

"NED U-BOLT AND METHOD FOR MAKING SAID U-BOLT

This claims the benefit of U.S. Provisional Patent
Application No. 60/336,523, filed October 23, 2001 and hereby
Incorporated by reference in its entirety.

Background of the Invention

This invention relates to a method of making high-strength
steel U-Bolts from end-threaded rods that are flattened along their center
section. More particularly, it relates to a method in which a flattened
end-threaded rod of high strength steel is cold formed into a U-bolt
having a desired geometric shape, such that the strength of the U-bolt
remains substantially the same or greater than the flattened end-
threaded rod.

Many methods exist for the production of high-strength
steel parts and other members. In particular, U.S. Patent Nos.

0,236,520; 5,330,594, 5,496,425; 5,538,566; 5,094,698: 5,704,998;
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5,454,888 and 5,453,139 each disclose a method for forming such parts
or other members and each is hereby incorporated by reference in its
entirety. One such part is a flattened U-bolt.

Many original equipment manufacturers (OEM’s) in the
automotive and trucking industries currently use flattened U-bolts for a :
number of reasons. Two of these reasons are to increase the contact
area between the axle and the U-bolt, and to increase the clearance
between other parts of the suspension assembly and the U-bolt. The
increase in the contact area is considered necessary because the
OEM'’s have saved material costs and reduced weight by reducing the
thickness of the material used in their axles. With the change to such
thinner and lighter weight axles, a non-flattened U-bolt has the potential
to collapse the axle. The contact surface area between tHe non-
flattened U-bolt and the axle is limited to the rounded, circumferential
portion of the U-bolt thereby concentrating the applied load in a smaller
area of the axle and increasing the possibility of deformation or failure of
the axle. Therefore, flattened U-bolts are preferred because the
flattened portion increases the surface area of contact between the U-
bolt and axle, thereby distributing the load and decreasing the likelihooa
of damaging the axle.

Vehicles using these flattened U-bolts are otten modified
after they leave the factory. The modification typically requires a
replacerﬁent U-bolt. Suspensions are frequently modified to meet

customer requirements or to increase the load carrying capabilities of the
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vehicle. In most modifications, one or more springs are added to the

existing suspension and a longer U-bolt is required to secure the

suspension.
Known sources for supplying replacement U-bolts caqnot
5 produce a flattened U-bolt. Typically, a spring and suspension repair
facility will have the equipment and material to cold bend a high-strength
replacement U-bolt. Such facilities cold bend high-strength, end-
threaded rods into U-bolts that will meet the length requirements of the
repair or modification.

10 However, the spring and suspension repair facility does not
have access to an inventory of flattened high-strength steel, flattenea
end-threaded rods. Therefore, when a vehicle that has an OEM
flattened U-bolt is modified, and longer U-bolts are required as a result
of the modification, the replacement U-bolt is currently made from non-

15 flattened material. The resulting non-flattened, cold bent, U-bolts do not
meet the specifications of the OEM design and have the possibility of
damaging the axle.

Flattened U-bolts are currently produced by warm forming.
In warm forming, a high-strength steel blank or rod is heated to a

20 temperature that is below the recrystallization temperature of the steel
and low enough that the strength of the blank or rod is not lowered, but
high enough to enhance forming. Referring to Figs. 2A-2C, the high-

strength steel blank or rod 11 has its opposite ends 13 threaded and is
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flattened and bent into a U-bolt 15 using a one stroke or two stroke
operation.

In the current one stroke operation, a flat 17 is initially
formed on the rod or blank 11 thereby generating heat and warming the
flattened or central portion 17 of the rod or plank 11. Immediately
thereafter in the remainder of the machine stroke, the flattened and
warmed rod 11 is bent into the U shape. In the current two stroke
operation, the end-threaded 13 blank or rod 11 of high-strength steel is
flattened with the first stroke and then, on a separate tool or machine,
the:flattened rod 11 is bent with a second stroke immediately (i.e., within
3-10 seconds) after being flattened in the first stroke.

The flattening portion of both the one and the two stroke
operations causes the flattened section 17 of the blank orrod 11 fo
increase in temperature. This temperature increase in the one or two
stroke operation enhances the formability of the flattened section 17 of
the rod 11. Typically, the flattening step of the one or the two stroke
operation raises the temperature of the rod 11, at least in the flattened
section 17, from ambient to about 250° F. Without the temperature
increase that occurs during the flattening operation, prior to this
invention it was not possible to form U-bolts 15 from flattened rods or
blanks 11 because cold bending the flattened end- threaded rod 11
commonly resulted in the rod breaking.

Therefore, a spring and suspension repair facility, while

having the equipment to cold bend a high-strength replacement U-bol,
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does not have the resources to or advantages of warm forming a rod or

blank into a U-bolt. Due to the significant change in geometry of the

flattened end-threaded rod relative to the non-flattened end-threaded

rod, the flattened rods commonly break, crack or fracture when being
cold formed into a U-bolt. Therefore, the spring and suspension repair
facility simply cold forms a non-flattened end-threaded rod for use in the
modified suspension system in contravention of the OEM's
specifications. The industry needs a solution to this problem of the

inability to consistently and reliably cold form a flattened end-threaded

rod into a flattened U-boll.

Summary of the Invention

This invention answers the need for high-strength steel,
flattened, end-threaded rods that can be cold bent into high-strength,
flattened, U-bolts. These flattened end-threaded rods or blanks are
made from high-strength steel and threaded on both ends. The center
of the blank is then flattened. This flattened area has a longitudinal
dimension that is at least equal to the circumferential portion or arc of
the axle on which it is to be installed. The cross section of the flattened
area consists of at least one flat, which is the surface, that will contact
the axle. Alternatively, opposing top and bottom surfaces are flattened
to provide a flat contact surface on the axle and reduced clearance for

the U-bolt on the axle thereby offering available space for nearby

components.
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Applicant has discovered that by controlling the amount of
cold work put into the material during bending, it is possible to
manufacture a flattened end-threaded rod, from a high-strength éteel
that can then be cold bent into a U-bolt. By controlling the amount or

5 degree of flattening and the radius of the U-bolt, it Is possible o cold
bend a high-strength blank after it has been flattened and allowed to
cool. Therefore, the spring and suspension repair facility avoids the
need to heat the flattened rods for warm forming and, instead, can
maintain an inventory of end-threaded and flattened rods for cold

10 forming to flattened U-bolts and comply with the OEM designs when

modifying or repairing vehicles.

Brief Description of the Drawings

The objectives and features of the invention will become

more readily apparent from the following detailed description taken in
15 conjunction with the accompanying drawings in which:

Fig. 1A is a plan view of a rod or blank used as the starting
material according to one presently preferred embodiment of this
invention;

Fig. 1B is a plan view of the rod of Fig. 1A with the spaced

20 ends threaded;

Fig. 1C is a plan view of the rod of Fig. 1B with the central

region flattened on opposite faces thereof;
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Fig. 1D is a plan view of a flattened U-bolt that has been
cold formed from the end-threaded and flattened rod of Fig. 1C;

Fig. 1E is a plan view of an alternative configuration of a

flattened U-bolt that has been cold formed from the end-threaded ana

5 flattened rod of Fig. 1C;

Fig. 1F is a plan view of another alternative configuration of

a flattened U-bolt that has been cold formed from the end-threaded and

flattened rod of Fig. 1C;

Fig. 2A is a plan view of a rod or blank used as the starting
10 material according to a prior art method of forming a flattened U-bolt;

Fig. 2B is a plan view of the rod of Fig. 2A with the spaced

ends threaded;

Fig. 2C is a plan view of a flattened U-bolt that has been
warm formed from the end-threaded rod of Fig. 2B;
15 Fig. 3 is a schematic drawing of a flattened U-bolt

according to this invention installed on an automotive axle; and

Fig. 4 is a plot of the degree or amount of flattening of the

rod as a percentage of the original rod diameter versus a ratio of the

radius of the bend in the U-bolt and the thickness of the flattened portion

20 of the U-bolt according to this invention.

Detailed Description of the Invention
A prior art method for forming a flattened U-bolt 15 is

shown generally in sequential fashion in Figs. 2A-2C. Likewise, the prior
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art methods employ warm forming to bend the end-threaded rod 11 into
the U-shaped configuration while concurrently flattening the central
portion 17 of the rod 11 in the one or two stroke operation described in
the “Background of the Invention” hereinabove. Briefly, the prior art
method involves a blank or rod 11 having a generally circular
configuration and a diameter D as shown in Fig. 2A. Opposite ends 13
of the rod 11 are then threaded by any method currently known in the art
to produce threaded end sections 13 of the rod 11 as shown in Fig. 2B.
Subsequently, the end-threaded rod 11 is formed into a flattened U-bolt
15 In a one or two stroke operation as previously described. The initial
step in both the one and two stroke operation is to flatten a central
portion 17 of the rod 11 between the threaded ends 13 so that it has a
thickness t. The flattening step of the prior art method generates heat
when the rod 11 is flattened thereby raising the temperature of the high-
strength steel as much as 250° F. When the flattened end-threaded rod
11 is immediately formed into the U shape, a portion of the rod 11 that is
bent is already heated from the flattening procedure resulting in
essentially a warm forming of the U-bolt 15 as shown in Fig. 2C.

Referring to Figs. 1A-1F, a presently preferred embodiment
of this invention is shown and described. Initially, the high-strength steel
rod or blank 10 having a generally circular cross-sectional configuration
with a diameter D (Fig. 1A) has threads 12 formed on opposite ends to
produce threaded end sections 14 (Fig. 1B). However, unlike the prior

art methods, the end-threaded high-strength steel rod 10 of Fig. 1B is
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then flattened along its central section 16 to a thickness t. in one
embodiment, the flattened section 16 of the end-threaded rod 10 has
opposing faces 18, 18 that are flattened; whereas, in an alternative
embodiment, only one face 18 of the rod 10 is flattened to produce the
5 diameter of the rod 10 to the thickness t (see Fig. 3).
Unlike the prior art method, the flattened end-threaded rod
10 is then allowed to cool to ambient temperature prior to bending the
flattened end-threaded rod into a U-bolt 20. For example, the flatteneaq,
end-threaded rod 10 would be shipped to a spring and suspension repair
10 shop or other facility from the manufacturer. In this scenario, the
flattened, end-threaded rod 10 cools from the flattening procedure 1o
ambient temperature.
Therefore, the later bending operation to form the U-bolt 20
is accomplished through a cold forming procedure. The cold forming is
15 generally described as bending the end-threaded flattened rod 10 at a
temperature between ambient or room temperature up to less than
about 250° F. Previously, attempts at cold forming flattened end-
threaded rods 10 into flattened U-bolts 20 have resulted in failure,
breakage or cracking during the bending operation. However, according
20 to this invention, controlling the amount of cold work of the high-strength
steel rod 10 during bending in relation to the degree of flatiening of the
rod 10 relative to the radius of the resulting U-bolt 20, cold bending a
high-strength steel blank or rod 10 after it has been flattened and

allowed to cool is accomplished. As a result, a spring and suspension
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repair facility or the like avoids the need to heat flattened rods for
successful warm forming of U-bolts 20 and instead, can maintain an
inventory of end-threaded and flattened rods 10 for cold forming into U-
bolts 20 in compliance with OEM designs for modified or repaired
vehicles as previously described.

Applicant has performed testing and analysis to
demonstrate the relationship among the degree of flattening, the original
diameter of the rod or blank, and the radius of the bend induced into the
flattened end-threaded rod for successful cold forming operations of the
flattened U-bolt. Test results accomplished according to this invention
are summarized in the following tables 1-5 as well as the plot of Fig. 4.
Samples tested according to the results displayed in the tables were all
1552 steel rods each having the indicated diameter D with a circular
cross-sectional configuration that were flattened to a thickness t as
indicated in the respective tables and cold formed into a square bend U-

bolt with radius r similar to the configuration shown in Fig. 1E.
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The resulting U-bolt according to embodiments of this
invention may have a fully round bend with a radius r (Fig. 1D), a square
bend with each corner of the U-bolt having a radius r (Fig. 1E), or a
semi-round bend with each elbow of the U-bolt having a radius r (Fig.
1F). In a preferred embodiment, the method of the present invention for
making a high-strength steel flattened U-bolt includes providing a blank
or rod 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 130,000 psi. Pearlitic
constituents are generally considered to be "fine" when their lamellae
are not resolvable at an optical magnification of about 1000 times. In
one form, the high-strength steel material utilized as the blank has been
hot reduced and cold drawn to provide the blank or rod having the
mechanical properties of tensile strength and yield strength stated
above.

The high-strength steel material used to make the blank or
rod has the following composition, by weight percent:

carbon about 0.30 to about 0.65%

manganese about 0.30 to about 2.5%

aluminum, niobium, titanium and/or vanadium, and
mixtures thereof, in an effective amount up to about 0.35%; and

iron balance.
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In a more preferred form, the high-strength steel material
has the following composition, by weight percent:
carbon about 0.40 to about 0.55%
manganese about 0.30 to about 2.5%
5 aluminum, niobium, titanium and/or vanadium and
mixtures thereof, in an effective amount up to about 0.20%; and
iron balance.
In a still more preferred form, the high-strength steel
material has the following composition, by weight percent:
10 carbon about 0.50 to about 0.55%
manganese about 1.20 to about 1.65%
aluminum, niobium, titanium and/or vanadium, and
mixtures thereof, in an effective amount from about 0.03 to about 0.20%;
and
15 iron balance.
While aluminum, niobium (i.e., columbium), titanium and
vanadium typically act as grain refiners to produce a fine grained steel,
in this invention these elements are not included for that purpose, but {0
assist in maintaining the strength of the U-bolt by forming nitrites in the
20 high-strength steel. 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 blank or rod, having a composition and mechanical

properties of tensile strength and yield strength as given above is then
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threaded on the opposite ends thereof as is well known in this art.

Thereafter, the end-threaded rod is preferably cold formed using such
techniques as stamping, pressing or the like at a temperature between
ambient or room temperature up to less than about 250° F, and
oreferably at about ambient temperature, to provide a rod having a
desired geometric configuration that includes at least one and
alternatively two flat surfaces, whereby the mechanical properties of
tensile strength and yield strength of the flattened rod are substantially
the same or greater than the blank. Alternatively, the flat surfaces may
be formed not by cold forming but by any other known method for
flattening the rod. Subsequently, the flattened and end-threaded rod is
allowed to cool from the flattening procedure.

Thereafter, the flattened and end-threaded rod is cold
formed into a U-bolt by a spring and suspension repair facility or the like
as is well known in the art. One method of cold bending a U-bolt is
disclosed in U.S. Patent Application Serial No. 09/658,810, filed
September 11, 2000 and hereby incorporated by reference in its entirety.
The formed U-bolt, with the mechanical properties of tensile strength
and vield strength given, is preferably produced without the need tor
further processing steps, such as a final stress relieving step, 10 improve
toughness. However, for certain geometric configurations and
applications, a stress relieving step may be necessary.

The blank of high-strength steel material having a tensile

strength of at least about 120,000 psi and a yield strength of at least
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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. Pat. No. 3,904,445 to the present
assignee and the specification in its entirety is incorporated herein by
reference. The '445 patent discloses a processing sequence to produce
a high-strength steel bar stock of the type particularly useful for
producing threaded fasteners. In the described process, the bar stock
produced has a fine grained structure between about ASTM No. 5-8. In
the disclosed process, a steel, having a composition falling within certain
disclosed ranges, is subjected to a standard hot reducing operation to
within 10%-15% of final gauge. The hot reduced bar stock is then cut or
severed into individual lengths for rapid air cooling. Thereatter, the
individual lengths of hot reduced bar stock are subjected to a cold
finishing to final gauge. The final step is a controlled stress relieving step
to increase the mechanical strength properties. This stress relieving step
comprises heating the lengths of bar stock to between about 500° F -
850° F for about one hour, but may or may not be necessary. Thus, such
bar stock, with and without further stress relieving may be used o form
the starting high-strength steel blank or rod.

From the above disclosure of the general principles of the
present invention and the preceding detailed description of at least one
preferred embodiment, those skilled in the art will readily comprehend

the various modifications to which this invention is susceptible.
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Therefore, | desire to be limited only by the scope of the following claims

and equivalents thereof.

| claim:
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CLAIMS,

1. A method for making a U-bolt comprising the steps of:

providihg a rod (10) of high-strength steel material having a diameter,
spaced ends, a ferrite-pearlite microstructure and a tensile strength of at least
about 120,000 psi (827°36 MPa) and a yield strength of at least about 90,000
psi (620°52 MPa) that comprises by weight:

carbon about 0.30 to about 0.65%
manganese about 0.30 to about 2.5%

aluminium, niobium, titanium and/or vanadium, and

——r - - = - L —p——t

mixtures thereof, in an effective amount up to about-0.35% _iron balance;

threading each of the spaced ends; and -

cold forming the rod into a U-bolt having a radius, whereby the

mechanical properties of tensile strength and yield strength of said U-bolt are

— Sy i

substantially the same or greater than said rod; |

- characterised in that pnor to cold forming, a portion (16) of the rod

intermediate the spaced ends is flattened to a thickness, and in that the cold

~ forming is a function of the diameter of the rod (10), the thickness of the

flattened portion (16) and the radius to avoid ;‘récture and cracking of the rod
during the cold forming.

2. The method of claim 1 wherein said. U—bolt with said mechanical
properties is produced without the need for further processing steps to

improve toughness.
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3. The method of claim 1 wherein said U-bolt with said mechanical
properties is subjected to stress relieving within a temperature range between
about 450° F (232'22° C) to about 1,200° F (648:89° C) in order to modify the

physical characteristics of said U-bolt.

4. The method of any preceding claim wherein the high-strength steel has
previously been hot reduced and cold drawn to provide said rod (10).

S. The method of any preceding claim wherein the rod (10) of high-
strength steel matenal has a tensile strength cjf at least about 150,000 psi

(1034-21 MPa) and a yield- strength of at leést;-about -130,000 psi- (896°31

MPa).

6. The method of any preceding claim 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%

e e - - —-aluminium; niebium;-titanium-and/or-vanadium;,-and— -

mixtures thereof, in an effective amount up to about 0.20% iron balance.

7. The method of any preceding claim wherein the high-strength steel

material comprises, by weight percent:

carbon about 0.50 to about 0.55%
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manganese about 1.20 to é'.bout 1.65%

aluminium, niobium, titanium and/or vanadium, and

mixtures thereof, in an amount from up to about 0.03 to about 0.20% iron °

balance.

8. The method of any preceding claim wherein said cold forming is carried

out at ambient temperature up to less than about 250°F (121:11° C).

9. The method of any preceding claim wﬁ'erein the cold forming further
comprises forming the._rod into a full round U-bolt, a square round U-bolt or_a

semi-round U-bolt.

10. The method of any preceding claim wherein the ﬂa&ening further

comprises flattening one face (18) of the intermediate portion (16) of the rod.

11. The method of any one of Claims 1 to 10 wherein the flattening further
comprises flattening two spaced faces (18) of the intermediate portion (16) of

-e - — M — L B p— -

A e MY - . N —  ap——,
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v -— o
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12. The method of any preceding claim wherein the cold forming is a
function of the ratio of the radius to the thickness and/or the thickness to the

diameter.
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FIG. 3
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