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A railroad wheel formed from at least two metallic
alloys. In one embodiment, a railroad wheel has a body
formed from a first alloy and a rim formed from a second
alloy initially in powder form. In an exemplary embodiment,
to form the dual alloy wheel the body of the wheel is cast
with a circumferential channel formed therein. The perimeter
of the body is enveloped with a material, such as sheet
metal, to form a cavity defined by the channel and the
sheet metal. The second alloy in the form of a powder is
Placed in the cavity and subjected to heat and pressure to
metallurgically weld the first and second alloys and form a
composite railroad wheel,
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DUAL ALLOY RAILROAD WHEEL

FIELD OF THE INVENTION

The present invention relates to composite metallic articles, and more
particularly to a dual alloy railroad wheel.

BACKGROUND OF THE INVENTION

The vast majority of railroad wheels in use today are formed entirely from 0.6
to 0.7 percent plain carbon steel cast in permanent graphite molds. Although formed
from a single material, the railroad wheels have different portions that are subjected to

different stresses during use and ideally should have different characteristics. For
example, the rim of a railroad wheel is in continuous contact with a railroad track and
should have good wear resistance. In general, both the rim and body should resist wear
and fatigue, but the required wear resistance properties of the rim can compromise the
desired level of fatigue resistance of the body portion. Similarly, the desired level of
fatigue resistance of the body can reduce the rim wear resistance.

In an attempt to achieve the desired characteristics for the rim and body portions
formed from a single material, these portions are processed differently. Conventional
railroad wheel fabrication includes processing the rim portion of the wheel throu gh a
quenching process. That is, the rim is austenitized at a temperature in a range from
about 1700 degrees to 1800 degrees Fahrenheit by rapid cooling with a liquid, such as
water spray. The rim quenching process provides a fine perlitic microstructure for the
steel and a desirable residual compressive state of stress in the rim about 2
circumference of the wheel. The fine perlitic structure is harder, and thus generally
1S more resistant to wear than coarser microstructures and the residual compressive
stress on the wheel rim resists cracking due to fatigue and other stresses.

While quenching the rim portion of the wheel provides some contrast in the
properties of the body and rim portions of the wheel, there is a limit to the different
characteristics that a single material can achieve. Furthermore, there is an inherent

tradeoff that is made to balance the desired properties of the different wheel portions.
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In addition to providing differing characteristics for the rim and body of the
wheel, a fabrication process for making the railroad wheel should be read 1ly adaptable
to provide a wheel rim having high traction or low traction depending upon the intended
application. For example, a wheel for a locomotive should have a relatively high
coefficient of friction with respect to a railroad track for enhancin g the load pulling
characteristics of the locomotive. Conversely, a freight car should have wheels with
a relatively low coefficient of friction for more efficient transport of the freight car.

It would be therefore be desirable to provide a railroad wheel having enhanced
wear properties, resistance to fatigue, shelling, and hot spotting. It is further desirable

to provide a railroad wheel that can be readily fabricated for relatively high and low
traction applications.

SUMMARY OF THE INVENTION

The present invention provides a composite metallic article havin g enhanced
resistance to wear and fatigue. Although the article is primarily shown and described
in conjunction with a dual alloy railroad wheel, it is understood that the present
invention is applicable to a variety of articles.

In one embodiment, the present invention provides a metallic composite railroad
wheel formed from at least two different alloys with each of the alloys having particular
properties suited for different portions of the composite article. In an exemplary
embodiment, the railroad wheel has a body portion formed from a first alloy and a rim
portion formed from a second alloy.

Although it is understood that the rim and wheel body should both be resistant
to wear and fatigue, one of ordinary skill in the art will appreciate that a primary
characteristic for the first alloy, i.e., the body, is resistance to fatigue cracking and a
primary characteristic of the second alloy, i.e., the rim, is resistance to wear. The dual
alloy railroad wheel of the present invention provides a wheel with the particular
properties that are desired for each of the body and rim portions of the wheel.

In an exemplary embodiment, a method for making a composite railroad wheel
of the invention includes casting or forging the body portion from a first alloy steel.
A circumferential channel is formed about a perimeter of the body portion. A material,
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such as sheet metal , 18 secured about the body portion to form a cavity between the
sheet metal and a surface of the body. The cavity is then filled with a second alloy

steel powder having desired properties. The cavity is evacuated and hermetically sealed
to form a wheel assembly.

The wheel assembly is heated and placed in a hot isostatic press. The wheel
assembly is then pressurized with a gas which operates in conjunction with the elevated
temperature to densify and diffusion weld the alloy powder to the body portion and

provide the rim portion of the wheel. The formed article is then cooled to form the
dual alloy railroad wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the followin g detailed
description taken in conjunction with the accompanying drawings, in which:

Figure 1 is a side view of a railroad wheel in accordance with the present
invention;

Figure 2 is a cross sectional view of the railroad wheel of Figure 1 along lines
2-2;

Figure 3 is a cross sectional view of a portion of the railroad wheel of Figure
1; and

Figure 4 is a flow diagram of exemplary process steps for fabricating a railroad
wheel in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a dual alloy article that offers optimized

properties required for different portions of the article. In one embodiment , a railroad
wheel 1s formed from first and second alloys. However, it is understood that the

invention is applicable to a variety of composite articles. It is further understood that
additional alloys can be used to form the railroad wheel of the present invention.
Figures 1 and 2 show a dual alloy railroad wheel 10 in accordance with the
present invention. The wheel 10 includes a body 12 with a rim 14 extending about the
circumference of the body. The body 12 has a hub 16 havin g a bore 18 therethrough

-3-
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14 defines a surface 24, generally about five inches in width, adapted for contact with
the railroad track. A flange 20 extends radially outward from an inner portion 22 of
the rim for retaining the wheels on the railroad tracks.

Figure 3 shows a portion of the wheel 12 of Figure 2 in more detail. The body
12 1s formed from a first alloy 26 and the rim 14 is formed from a second alloy 28.
The body 12 and rim 14 interface can be formed in a variety of configurations. For
example, the body 12 and rim interface can be constant across the wheel circumference
Or can vary in one or more dimensions. That is, the interface can undulate or taper in
either direction such a thickness T of the rim 14 varies across the circumference of the
wheel. In a preferred embodiment, the rim 14 and body 12 form a generally planar
interface, with the thickness T of the second alloy 28 ranging from about 0.25 to about
1.00 inches, and preferably about 0.50 inches.

The flange 20 can be formed in a variety of configurations. While the flange

20 can comprise varying proportions of the first and second alloys or a third alloy, the
inner, track-contacting surface should be highly resistant to wear. In one embodiment,

the inner portion of the flange 20 is formed from the second alloy to provide the
required wear resistance. In another embodiment, at least a portion of the flange 20

1s formed from a third alloy to provide a flange having a wear resistance greater than

the flange with the depth of the second alloy along the circumference of the rim ranging
from about 0.25 inch to about 0.50 inch.

The body 12 is forméd from a first metal alloy 26 having superior resistance to
fatigue. The first alloy can be selected from a variety of steels such as about 0.6
percent to about 0.7 percent plain carbon steel, AISI 8620 steel, AISI 4140 steel, and
AISI 4340 steel. One preferred steel is AISI 4140 steel.

The body 12 formed from the first alloy 26 resists fatigue cracking to provide
a long useful life for the wheel with enhanced safety. As is known to one of ordinary
skill in the art, fatigue cracks in a wheel are often not readily detectable. Total wheel
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failure due to fatigue cracking is known to have caused train derailments and is
therefore an important safety concern in railroad operation.

The rim 14 of the wheel is formed from a second alloy 28 having superior wear
resistance. In an exemplary embodiment, the second alloy is a steel that is Initially
provided in powder form. The second alloy should provide the required wear
resistance and resist spotting or shelling. Hot spotting, or shelling, occurs as the wheel
momentarily slides on the track which generates a localized heat build up as high as
1100 degrees Celsius. This spot on the wheel rapidly cools to form a hard untempered
martensite which can subsequently spell off and create a flat spot on the wheel.
Various alloys having the desired properties include high speed tool steels, such as AISI
M4 steel (composition of 1.3 percent C, 0.30 percent Mn, 0.30 percent S1, 4.00 percent
Cr, 4.00 percent V, 5.50 percent W, and 4.50 percent Mo.), AISI T15 steel, 300 series
stainless steel or nickel alloy matrix steels, PH series stainless steels, ferretic stainless
steels, crucible CPM 9V, 10V and 15V vanadium carbide containing tool steels, D2
type chromium carbide containing tool steels, and CARPENTER AERMET 100.

A preferred material is selected depending upon the intended use for the wheel.
That is, a relatively high traction wheel for a locomotive is formed from an alloy suited
for that use. Similarly, a relatively low traction wheel is formed from an alloy having
the desired characteristics.

For a wear resistant wheel rim (i.e., freight car wheel), a preferred material is
a high speed tool steels such as AISI M4 steel.

A preferred second alloy material for a high traction railroad wheel is 300 series
stainless steel.

The rim 14, i.e., the second alloy 28, resists wear to provide a railroad wheel
with an extended useful life that resists hot spotting and shelling. In addition, the
composition of the rim can be tailored to provide a railroad wheel having a relatively
high friction (traction for a locomotive) and relatively low friction (for a freight
carrying car). In addition to selecting a particular alloy, other materials can be added

to the second alloy 28 to further increase wear resistance and increase traction
properties.
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In one embodiment, carbide and/or oxide particles are added to the second alloy

28 to increase wear resistance of the nm surface 24. See, for example, U.S. Patent No.

5,290,507. Such particles include tungsten carbide and titanium carbide particles having

a diameter ranging from about 10 to 300 micrometers in diameter.

In another embodiment, relatvely large alloy particles (i.e., 100 to 1000

micrometers in diameter), such as alloy steel, stainless steel, nickel alloy, chromium
) containing from about ten to about thirty percent stainless steel and/or tool steel, and
cobalt alloy particles are added to the second alloy 28 to improve traction of the wheel
on a railroad track. Improved traction is particularly useful for a locomotive used to
pull rolling stock. In a preferred embodiment, stainless steel particles are added to the
second alloy to provide a high traction wheel.

The dual alloy railroad wheel 1s described as being formed in an exemplary

sequence of fabrication steps. It is understood, however, that one of ordinary skill in
the art can readily modify one of more of the steps, and/or the sequence of steps,

without departing from the invenuon.

FIG. 4 sets forth an illustrative sequence of steps used to form a dual alloy
railroad wheel in accordance with the present invention. The steps refer to wheel

components described above and shown in one or more of Figures 1-3.

As shown in step 50, the body 12 of the wheel is formed by casting or forging
the first alloy 26 into a desired shape using methods well known to one of ordinary skill
in the art. As described above, one material for the first alloy is about 0.6 percent to
about 0.7 percent plain carbon steel. Along the circumference of the wheel, a channel
or recess is formed which is ultimately filled with the second alloy 28. The channel

has a width that can range from about 3.0 inches to about 5.5 inches and a depth that

can range from about 0.25 inch to about 1.50 inch.

In step 52, an envelope 53 (FIG. 3) is formed and secured about the

circumference of the wheel to form a cavity defined by the envelope and surface of the
body 12 and a portion of the flange 20 formed by the first alloy. The envelope 33 can
be formed from a variety of materials such as low carbon steel. In one embodiment,

steel sheet metal is used to form envelope 53. The envelope can be affixed to the body
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with a variety of techniques including welding and brazing. In one embodiment this ‘
sheet metal is welded to welding tabs that are integrally formed with the body or forged
into the body. (

In step 54, the second alloy 28, in powdered form, is placed in the formed
cavity. As described. above, one material for the second alloy is AIST M4 high speed
tool steel. Additional steel alloys and/or particles can be added to achieve the desired
wear and traction characteristics for the rim, as described above. In a preferred
embodiment, tungsten carbide particles (e. g., at about thirty percent by volume) are
added to the second alloy.

The cavity is then evacuated and hermetically sealed, as shown in step 56, to
form a wheel assembly including the body 12 having the cavity filled with the second
alloy in powdered form. In step 58, the wheel assembly is heated to a temperature that
can range from about 2000 degrees to about 2500 degrees Fahrenheit until the body 12
and the powdered second alloy are of a sub stantially uniform temperature. The wheel
assembly is heated with an electric or gas fired furnace. In step 60, the heated wheel

assembly is subjected to hot isostatic pressing at a temperature ranging from about 2000
degrees to about 2350 degrees Fahrenheit at a pressure ranging from about 1000 psi to

about 45,000 psi, and preferably about 15,000 psi. The gas used to pressure the wheel

assembly is selected from a variety of inert gases including nitrogen, argon, helium and
mixtures thereof. A preferred gas is nitrogen.

‘The elevated pressure and temperature densify and diffusion weld the first and

with virtually no porosity and a weld having a strength essentially equal to a single
alloy article.

It will be appreciated that the heat supplied to the body 12 before isostatic
pressing forms a heat reservoir for supplying heat energy to the second alloy powder.

In conventional hot isostatic pressing, heating is done within a vessel with an electric
furnace having molybdenum heating elements which require argon gas to be used.
Where the powder is heated from the already heated body, inexpensive nitrogen gas can
used to pressure the wheel assembly. In an exemplary embodiment, the second alloy
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powder comprses less than twenty percent of the wheel by weight. Thus, the heated
body 12 advantageously supphes significant heat to the powdered second alloy. It is
understood that in conventional hot 1sostatic pressing there is no such heat transfer since
generally there is only powder and no solid body to supply stored heat energy.

The formed railroad wheel 1s cooled in step 62. Cooling of the wheel can be
effected in various methods. In one embodiment, the wheel 1s removed frofn the
isostatic press and the rim 14 force cooled with a stream of cooled liquid or gas. Force

‘cooling of the nm 14 resuits in a desired residual compression of the rim about the
body 12.

In another embodiment, the wheel is uniformly cooled. A state of residual
compression can be achieved by selecting first and second alloys to obtain the desired
compression. For example, a body formed from about 0.6 percent to about 0.7 percent
plain carbon steel and a nm formed from M4 steel provide a state of residual
compression after uniform cooling. The second alloy undergoes a full or partial
martensitic transformation while the first alloy (body) transforms to ferrite.

One of ordinary skill in the art will realize further features and advantages of

the invention from the above-described embodiments. Accordingly, the invention is not

to be limited by what has been particularly shown and described.
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What is claimed 1s:

1. A railroad wheel, comprising:

an inner body portion formed from a first metal alloy; and

an outer rim portion formed trom a second metal alloy, the rim portion being
metallurgically bonded to the body portion,

wherein the body portion 1s more fatigue resistant than the rim portion and the rim

portion is more wear resistant than the body portion.

2. The railroad wheel according to claim 1, further including a flange extending radially

outward from at least one side of the rim portion for maintaining the railroad wheel on a

raillroad track.

3. The railroad wheel according to claim 2, wherein the flange is formed from the first

and second alloys.

4, The railroad wheel according to claim 3, wherein an outer portion of the flange is

formed from the first alloy and an inner, track-contacting portion of the flange is formed from

the second alloy.

5. The railroad wheel according to claim I, wherein the rim portion defines an annular

surface having a width of about five inches.

6. The railroad wheel according to claim 5, wherein the rim portion has a thickness in

the range from 0.25 inch to 1.00 inch along the annular surface.

7. The railroad wheel according to claim 1, wherein the first alloy is selected from the

group consisting of 0.6 to 0.7 percent plain carbon steel, AISI 8620 steel, AISI 4140 steel,
and AISI 4340 steel.

8. The railroad wheel according to claim I, wherein the second alloy is selected trom the
group consisting of high speed tool steels, AISI M4 steel, T15 steel, 300 series stainless steel

or nickel alloy matrix steels, PH series stainless steels, wear resistant tool steels, crucible

-0.
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CPM 9V vanadium carbide, crucible CPM 10V vanadium carbide, crucible CPM 15V
vanadium carbide, ferretic stainless steels, D2 type chromium carbide, and CARPENTER
AERMET 100.

9. The railroad wheel according to claim 1, wherein the second alloy includes carbide

and/or oxide particles to increase wear resistance of the rim portion.

10.  The railroad wheel according to claim I, wherein the second alloy includes alloy
particles selected from the group consisting of alloy steel, stainiess steel, nickel alloy,
chromium containing from 10 to 30 percent tool steel and/or stainless steel, and cobalt alloy

for increasing traction of the railroad wheel with respect to a railroad track.

11. A method for fabricating a railroad wheel, comprising:

forming a body portion of the wheel from a first alloy;

forming a channel about a circumference of the body portion;

securing an envelope about the circumfterence of the body portion so as to create a
cavity defined by the envelope and a surface of the body portion;

placing a second alloy into the cavity to form a wheel assembly, the second alloy
being in powdered form;

sealing the cavity;

heating the wheel assembly:

subjecting the wheel assembly to a selected pressure such that the second alloy is
metallurgically bonded to the body portion; and

removing the envelope.

12.  The method according to claim 11, further including subjecting the wheel assembly to

hot isostatic pressing.

13.  The method according to claim 12, wherein the wheel assembly is heated to a

temperature ranging from 2000 degrees to 2350 degrees Fahrenheit at a pressure ranging

from 1000 psi to 45,000 psi.

14. The method according to claim 11, further including adding a third alloy to the second

alloy to increase wear resistance of the rim portion.

- 10 -
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15.  The method according to claim 11, further including adding a third alloy to the second

ally to increase traction of the railroad wheel with respect to a railroad track.

16. The method according to claim 11, wherein the heated body portion transfers heat to

the second alloy powder.

17.  The method according to claim 11, wherein sealing the cavity further includes

evacuating and hermetically sealing the cavity.

18.  The method according to claim 11, further including cooling the wheel assembly.

19.  The method according to claim |1, wherein the step of heating the wheel assembly is
performed prior to the step of subjecting the wheel assembly to the selected pressure such
that the heat contained in the body provides a majority of the heat necessary to densify the

second alloy powder.

20.  The method according to claim 19, wherein the wheel assembly 1s placed in a hot
isostatic press unit after heating the assembly and a gas containing nitrogen gas is used to

subject the wheel assembly to the selected pressure in the hot isostatic press unit.

21. A method of fabricating a railroad wheel, comprising:
securing an envelope about the circumference of a body portion of the wheel so as to
create a cavity defined by the envelope and a surface of the body portion;

filling the cavity with a second alloy, which is in powder form, to form a wheel

assembly;

sealing the cavity;

heating the wheel assembly to a selected temperature;

placing the heated wheel assembly in a hot isostatic press after the wheel assembly 1s
heated to the selected temperature; and

subjecting the wheel assembly to a predetermined temperature and pressure in the hot
isostatic press, wherein the heat stored in the body portion from heating it prior to placement

in the hot isostatic press provides a majority of the heat required to densify the second alloy.
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22.  The method according to claim 21, wherein a gas used in the hot isostatic press used

to pressure the wheel assembly contains nitrogen gas.

23.  The method according to claim 21, wherein the wheel assembly 1s heated to a

temperature ranging from 2000 degrees Fahrenheit to 2350 degrees Fahrenheit.

24. The method according to claim 21, wherein the predetermined pressure ranges from

1000 psi to 45,000 psi.

25.  The method according to claim 21, further including adding a third alloy to the second

alloy to increase traction of the formed railroad wheel.
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