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CAST STEEL RAILWAY WHEEL

BACKGROUND OF THE INVENTION

100011 The subject matter herein relates generally to casting objects

using a casting operation.

00021 The steel railway whecls are manufactured during a casting
operation wherein molten steel is poured into a machined graphite mold. The mold
typically includes a top hall or cope that is usually a graphite block and a bottom half
or drag that is also ususlly a graphite slock. The top portion or front face of the
object being cast is machined in the cope and the bottom portion or rear face of the
object being cast 1s machined in the drag. The mold mcludes sections that form a hub,
plate and rim of the ratlway wheel, When the cope section and drag section are
combined o form a complete mold, such complete mold is positioned at a pouring
station wherein moklten steel is poured into the cavity in the mold to form the hub,

platc and rim of the railway wheel.

HB003]  In some known assemblies, a central riser is provided in the
cope section of the mold such that additional molien metal can be held as necessary to
downwardly fili into the mold during cooling and solidification of the railway wheel
just after pouring. There are accepted standards for porosity of steel ratlway wheels
that must be met by designing the central riser 10 bold an adequate volume of metal to
fill downwardly into the molds during cooling and solidification of the wheel. Upon
filling of the mold cavily and ceniral riser, the metal pouring is stopped and the
graphite mold 1s then moved from the pouring stalion allowing sufficient time for the

steel to solidify betore the cope and drag sections are separated.

{00041 In a machined graphite mold, the graphife absorbs heat from
the molien steel in a manner such that the molten wheel is {airly rapidly cooled and
sohidified at the outer surface in contact with the graphite. This allows a high
proguction rate of wheels as the cope and drag can be fairly quickly separated from

cach other shortly after pouring thereby allowing the wheel to be properly cooled and
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otherwise heat freated during its manufacture. Due to the rapid absorption of heat
from the molten steel by the graphite mold, ¥ s current practice to provide a thick
plate between the hub and rim to ensure that the center of the plate rerpains molten for
a sufficient amount of time o allow the excess molien metal in the ceniral riser o
flow from the hub, through the plate and to the rim o achieve the desired porosity i
the railway wheel. The added thickness of the plate adds to the overall weight of the
railway wheel. The extra material of the plate may be later machined away, but this

process adds time and cost {o the manufaciuring process.

(0051 It is desirable to decrease the amount of material in the plate,
but still allow the plate to remain molien long enough to achieve the desired porosity

of the cast steel ratlway wheel,
BRIEF DESCRIPTION QF THE INVENTION

(00061 In one embodiment, a cast steel raslway wheel is provided
having a hub that has an axial bore. A rim is concentric with the bore. A plale
extends substantially radially from the hub to the rim. The plate has a front facc and a
rear face. The plate has a plurality of spokes that extend between the hub and the rim.
Adjacent spokes have different thicknesses defined between the front {ace and the rear

tace.

(30371  Onptionally, the thicker spokes may allow a greater volume of
molten metal to flow from the hub toward the rim during casting of the ratlway wheel.
The spokes may be integral with one another and formed during a casting of the
raitway wheel such that the plaic may be continuous between the hub and the rim.
Optionally, the spokes mayv include a series of circumiercntially posttioned and
alternating major and minor spokes. The major spokes may be thicker than adjacent
minor spokes. The minor spokes may be thinner than adjacent major spokes. The
major spokes may include ridges that increase the thickness of the major spokes. The

minor spokes may have voids exierior thereof defined between the ridges.
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{0008} Optionally, the front face of the plate may be smooth and
continuous, The rear face of the plate may be discontinuous and defined by a series
of ridges and vouds defining corresponding spokes. The spokes may have shoulders
that define boundaries between adjacent spokes. The difference in thicknesses
between adjacent spokes may generally decrease travelling radially outward along the
spokes. Optionally, the spokes may have hub ends and rim ends. The thicknesses of
the minor spokes at the hub ends may be significantly less than the thicknesses of the
major spokes af the hub endé. The thicknesses of the minor spokes at the rim ends

may be approximately equal {o the thicknesses of the major spokes at the rim ends.

{00091 In another embodiment, a cast steel i"ailwa‘y wheel 1s provided
naving a hub that has an axial bore. A rim i3 concentric with the bore. A plate
extends substantially radially from the hub o the rim. The plale has g front face and a
rear face. 'The plate has a thickness dimension defined between the front and rear
faces. On the plate, at least one of the front face and the rear face includes a series of
circurnierentially positioned and alternating nidges and voids. The ridges are defined
as being thicker than adjacent voids and the voids are defined as being thinner than

adjacent ridges.

{00101 Optionally, the thicker ridges may allow a greater volume of
molten metal to How from the hub toward the rim during casting of the railway wheel.
The difference in thicknesses between the ridges and voids may generally decrease
traveliing radially outward from the hub. The plate may include shoulders that define
poundaries between the ridges and voids. Optionally, the ridges may comprise
approximately half of the plate and the voids may comprise approximately half of the
plate. The plate may include between approximately four and eight ridges with the
voids intericaved between the ridges. The ridges and voids may define approximately
equal truncated sectors of the plate. The ridges may be thicker proximate to the hub
and thinner proximate to the rim. Optionally, the ridges and voids may be provided
on both the front face and the rear face. The ridges on the front and rear faces may be
generally aligned with each other. The voids on the front and rear faces may be

generally aligned with each other.
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{0011} In a further embodiment, a casting assembly for making a cast
steel ratiway wheel is provided having a ladle for holding g molten metal. The
assembiy inciudes a mold for receiving the molien metal from the ladle. The mold
has a cope section and a drag section with a mold cavily defined therebetween shaped
to form the railway wheel. The cope section has a first cavity face that defines part of
the mold cavity. The drag section has a second cavity face that defines part of the
mold cavity. At least one of the first and second cavity faces has a series of
circumierentially positioned and aliernaling bosses and cavities that form

corresponding ridges and voids on the surface of the railway wheel when cast.

{30121 Optionally, the assembly may further include a hub core
assembly recetved in the mold af a radially centrally location of the wold cavity. The
hub core assembly may have g hub riser configured to receive excess molten metal
during casting. The hub riser supphies the excess molten metal to the mold cavity
during cooling and solidification of the raitway wheel. A greater volume of molien
metal pours into the mold cavily through the area aligned with the cavities than

through the area aligned with the bosses.

{0013] Optionally, the first cavity face may be generally smooth and
does not include bosses and cavities, whereas the second cavity face includes the
bosses and cavities.  Oplionally, shoulders may extend between the bosses and
cavities. The shoulders may be generally perpendicular to the corresponding first or
second cavity face. Optionally, the bosses may comprise approximately half of the
corresponding cavity face and the cavities may comprise approximately half of the
corresponding cavity face. The bosses and cavities may define approximately egual
truncated sectors of the corresponding cavity face. The mold cavity may have a
substantially constant thickness between the first and second cavity faces along the
bosses when traveling radially outward along the bosses. The mold cavity may have g
generally decreasing thickness between the first and second cavity faces along the

cavities when travelling radially outward along the cavities.
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{0014]  In a further embodiment, a method of making a cast sieel
rattway wheel includes providing a mold having a cope section and a drag section
with a mold cavity defined therebetween shaped to form the railway wheel. The cope
section has a first cavity face that defines part of the mold cavity. The drag section
has a second cavity face that defines part of the mold cavity. At least one of the first
and second cavity faces has a serigs of circumferentially positioned and aliernating
bosses and cavities that form corresponding ridges and voids on the surface of the
raitway wheel. The cope section having a radially centrally located hub portion and
the drag section having a radially centrally located hub portion. The method includes
pouring molien metal into the hub portions of the drag section and the cope section
such thal the molien metal enters the mold cavity in both the cope section and the drag
sgction. 'The method includes pouring molien metal into a hub riser aligned with the
hub portions. The molten metal in the hub riser is used to supply molten metal to the
mold cavity after cessation of pouring the molien metal. A greater volume of molten
metal pours into the mold cavity through the areas aligned with the cavities than the

arcas aligned with the bosses.

{0015] Optionally, the mold cavily may have g thickness defined
between the first and second cavity faces. The thickness of the mold cavity in the
areas aligned with the cavilies may be greater than the thickness of the mold cavity in
the aregas aligned with the bosses. Optionally, the method may include gravity
pouring molten metal from the hub riser into the mold cavity as the railway wheel
cools and solidifies. The cavities may provide a larger area in the mold cavity for the

moiien metai to tlow than the bosses.
BRIEEF DESCRIPTION OF THE DRAWINGS

{0016} Figure 1 dlustrates a railway wheel formed in accordance

with an exemplary embodiment.
(O017]  Figure 2 1s a top view of the wheel shown in Figure 1.

{00181 Figure 3 1s a rear view of the wheel shown in Figure 1.
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10019] Figure 4 1s a cross-sectional view ot the wheel taken through

a thicker area of the wheel.

1002071 Tigure 5 1s a cross-sectional view of the wheel taken through

a thinner area of the wheel,

{00211 Figure 6 is a cross-sectional view of the wheel showing the

differcnce in thickness of the piate along the thicker and thinner sections of the wheel.

(00221 Figure 7 15 a partial sectional view of a casting assembly for

manufacturing the wheel.

(0023] Figure & ilustrates an exemplary embodiment of a drag

section of a mold that 1s used to form a rear tace of the wheel.

(0024] Figure 9 is a partial seclional view of a portion of another
casting assembly for manufacturing the wheel in accordance with an aliernative

embodiment,
DETAILED DESCRIPTION OF THE INVENTION

100251 Figure 1 illustrates a raibway wheel 100 formed in accordance
with an exemplary embodunent. The wheel 100 includes a hub 102 having an axial
bore 104 arranged {o receive, in a conventional manner, one end of an axial (not
shown ). Formed integrally with the hub 102 and extending radially thereot is a plale
6., A rim 108 is peripherally tormed at the radially outer edge of the plate 106.
The rum 108 has a tread surface 110 and Hange 112 extending radially outward of the
tread surtace 110 on the inboard side of the wheel 10{. In an exemplary embodiment,
the rim 108 s axially offsct from the hub 102 toward the outboard side of the wheel

100 1n a conventional manner.

{026]  In an exemplary embodiment, the wheel 100 1s formed using
a casting process where molten metal, such as molien steel, is poured into a mold

cavity to form the wheel 100, In an exemplary embodiment, the moiten steel 15 top
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poured into the mold cavity to fiii the mold cavity, Aliernatively, the molien steel
may be bottom pressure poured info the moid cavity, A central hub riser is used to
store excess molien metal for a period of time during the casting process to be able fo
supply the moiten metal downwardly into the cavity to assure compiete filling of the
mold cavity and proper porosity of the metal in the wheel 100 after solidification.
The molien metal remains liquid for a long encugh period of time o supply the mold
cavity with molien metal durning cooling and sohdification of the wheel 100, The
maoiten metal flows {rom the hub riser through the plaie 106 info the rim 108 as the
wheel 1{{} cools and solidities. The solidification gencrally takes place from the

outside of the wheel 100 to the inside of the wheel 1{{.

100271 In an exemplary embodiment, the wheel 100, particularly at
the plate 106, has areas of different thicknesses, for example some thick areas and
sone thin areas, (o balance adeqguate molien flow of the metal during solidification
through the thicker areas with the competing advantage of reducing the overall weight
of the wheel 130, The thin areas of the plate 106 reduce the overall weight of the
wheel 100 as less metal material is provided in such areas. The thick arcas of the
plate 1{6 act as gutters or pipes {o feed the rim 108, thus creating molten tubes for the
molten metal to flow during cooling and sohidification of the wheel 100, As the wheel
104 cools from the outside in, the wheel 100 in the thicker area remains molien {non-
solidified) for a longer period of time, allowing the molten metal to flow from the hub

102 to the rim 108 for a longer period of time.

{0028 Iigure 2 1s 8 top view of the wheel 100, Figure 3 is a rear
view of the wheel 100 showing the inboard side of the wheel [30. Figure 4 i3 a ¢cross-
sectional view of the wheel 100 taken through a thicker area of the wheel 100, as
snown by the line 4-4 in Figure 3. Figure 5 1s g cross-seciional view of the wheel 100

taken through a thinner area of the wheel 100, as shown by the line 5-5 in Figure 3.

100291  With reference to Figures 1-5, the variable thickness plate 106
is shown (0 include a plurality of spokes 120 exicnding between the hub 102 and the

rim 108. The spokes 120 are integral with one another and formed during a casting of
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the wheel 100 such that the plate 106 is continuous between the hub 102 and the rim
1(}8. Adjacent spokes 120 have different thicknesses defined between a {ront face 122
and a rear face 124 of the plate 106, The front face 122 is outboard facing while the
rear face 124 is inboard facing. In the illustrated embodiment, the front face 122 of
the plate 106 1s smooth and continuous, however it is realized that the front face 122
may be discontinuous and include similar features as described hereafter with respect
to the rear face 124, For example, in an alternative embodiment, the ridges and voids
126, 128 may be provided on the front face 122 rather than the rear face 124, In other
alternative embodiments, ridges and voids 126, 128 may be provided on both the front
face 122 and the rear face 124, In such embodiment, the ridges 126 on the front and
rear faces 122, 124 may be aligned with ong another and the voids 128 on the front

and rear faces 122, 124 may be aligned with one another.

{00307 The rear face 124 of the plate 106 is discontinuous and
defined by a series of ridges 126 and voids 128 between the ridges 126, The ridges
and voids 126, 128 define corresponding spokes 120, For example, one spoke 120 is
detined by the area of the plate 106 having one of the ridges 126 while an adjacent

spoke 120 1s detfined by the area of the plate 106 having one of the voids 128,

0031} The spokes 120 include a series of circumferentially
positioned and alternating major and minor spokes 130, 132, The major spokes 130
arg thicker than adjacent minor spokes 132. The minor spokes 132 are thinner than
adiacent major spokes 130, The major spokes 130 are the portions of the plate 106
having the ridges 126. The minor spokes 132 are the portions of the plate 106 having
the vouds 128, The ridges 126 increase the thickness of the major spokes 130 as
compared to the minor spokes 132, The voids 128 are defined exterior of the plate

106 along the minor spokes 132 between the ridges 126.

(30321 The major spokes 130 {(e.g., the thicker spokes) allow a
greater voiume of moiten metal to tlow from the hub 102 toward the rim 108 during
casting of the wheel 100. The minor spokes 132 (e.g., the thinner spokes) in essence

have a volume of the wheel 100 removed (e.g., the void 128) to decrease the weight
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of the wheel 100. The size {e.g., width, thickness, length, shape) of the voids 128
may be selected to balance the weight reduction versus the structural infegrity and
strength of the wheel 100, The size {e.g., width, thickness, length, shape) of the
ridges 126 may be selected to control the supply of molien steel from the hub riser
through the plate 106 {o the rim 108 during the casting process. For example, having
farger ridges 126 allows a greater volume of molten steel (o flow to the rim 108
during the solidification process. For example, having larger ridges 126 allows the
malten tube to last for g longer period time, taking a longer period of time for the

nterior of the wheel 100 {e.g., in the area of the ridges 126) to solidiiy,

{00331 Shoulders 134 define the outer edges of the ridges 126, The

vids 128 are defined between shoulders 134 of adjacent ridges 126, The shoulders
34 define poundaries between adiacent major and minor spokes 130, 132, In an
exempiary embodiment, the shoulders 134 extend generally perpendicular with
respect 1o the rear face 124, Optionally, the shoulders 134 may be curved to provide a
smooth transifion between the discontinuous surfaces of the rear face 124. For
example, a fillet may be provided at the bottom of the shoulders 134, Alternatively,

the shoulders 134 may be angled at a non-perpendicular angle with respect {o the rear

face 124,

100341 In an exemplary embodimnent, an egual number of ridges 126
and vords 128 are provided. The voids 128 are interleaved belween the ridges 126, In
an cxemplary embodiment, the ridges 126 may comprise approximately half of the
rear face 124 of the plate 106 and the voids 128 may comprise approximately half of
the rear face 124 of the plate 106, The area covered by the voids 128 or the ridges
126 .may depend on the size and shape of the voids 128 and ridges 126, In some
cmbodiments, the vowds 128 may comprise over half of the rear face 124 of the pilaie
106, In other embodiments, the ridges 126 may comprise over half of the rear face
124 of the plate 106. In the illustrated embodiment, the plate 106 includes six ridges
126 and six vouds 128 interleaved between the ridges 126, The plate 106 may include
more or less than six ridges 126 and vouds 128 in alicmative embodiments.

Optionally, the plate 106 may include between approximately four and eight ridges
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126 with corresponding voids 128 interleaved thercbetween. The number of ridges
{26 and voids 128 may depend on the diameter of the wheel 100, the desired amount
of weight reduction of the wheel 100, the amount of molten metal required to flow
from the hub 102 to the rim 108 during casting and/or the rate of cooling and
solidification of the wheel 100 during the casting process. In the illustrated
embodiment, the ridges 126 and voids 128 define approximately equal truncated
sectors of the plate 106. The shoulders 134 extend radially outward from the hub 102
such that the spokes 12( are generally pie shaped. Centerlines of the ridges 126
extend generally radially outward from the hub 102 toward the rim 108. Other shapes
are possibie in alternative embodiments. Optionally, the ridges 126 may be shaped

differently than the voids 128,

{0035] Figure 6 1s a cross-sectional view of the wheel 100 showing
the difterence in thickness of the plale 106 along both the maijor spoke 130 and the
minor spoke 132 (shown in phantom), which are both identified in Figure 3. The
plate 106 at the ridges 126 is thicker than the plate 106 at the voids 128, An area A is
defined by the ridge 126 which is an mncreased area of the plate 106 that allows g
greater volume of molien metal to flow from the hub 102 o the rim 108 during
casting of the wheel 100. The increased thickness of the plaitc 106 at the ridge 126
allows a greater volume of molten metal to flow from the hub 102 toward the rim 108
during casting of the railway wheel 100, The plate 106 at the voids {28 is thinner
than the plate 106 at the ridges 126.

100361 A thickness T of the plate 106 is defined between the front
face 122 and the rear face 124. Along the voids 128§, the plate 106 has a thickness Tv.
Along the ridges 126, the plate 106 generally has a thickness Tg. A radial length L of
the plate 106 15 defined between the hub 102 and the rim 108, The ridge thickness Tx
is generally greater than the void thickness Ty along at lcast part of the radial length L
ot the piate 106, In an exemplary embodiment, the ridge thickness Ty is greater than
the void thickness Ty along a majority of the radial length L. A difference in the ridge

and void thicknesses Tg and Ty is represented by Th., Optionally, the thickness

~§ 3~
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difference Tp is variable along the radial length L.  Optionally, the thickness

difterence Ty may be zero aiong at least a portion of the radial length L.

{0037} 'The spokes 12( have hub ends 140 proximate to the hub 102
and rim ends 142 proximate the rim 1838, In an exemplary embodiment, the plate 106
includes fillets 144, 146 along the front and rear faces 122, 124 of the plate 106 at the
hab end 140, The plate 106 includes fillets 148, 150 at the {ront and rear faces 122,
124 at the rim end 142. The fillets 144- 150 provide smooth fransiiions between the
piate 106 and the hub 102 or the rim 108, The thickness T of the plate 106 generally
increases at the fillets 144- 158, The fillets 144-150 tend to increase the strength of
the wheel 100 at the inlertace between the plate 106 and the hub 102 or the rum 108,
The fillets 144-150 tend to reduce stress or fatigue cracks at the interfaces between the

piate 106 and the hub 102 or the rim 108,

100381 In an exemplary embodiment, the plate 106 along the ridge
126 15 thicker proximate to the hub 102 and thinner proximate (o the rim [08. The
difference in thickness T of the plate 106 generally decreases along the radial length
L travelling radially ouwtward from the hub 102, In an exemplary embodiment, the
voud thickness Ty of the plate 186 is generally coustant along the radial length L,
whereas the ridge thickness Tx is generally decreasing between the hub end 140 and
the rim end 142. At a point P along the rear face 124, the ridge 126 itransilions inio
the plate 106 such that radially outward of the point P the ridges and voids 126, 128
cease 1o exist, but rather the plate 106 has a smooth continuous surface as the plate
106 transitions into the rim 108, The difference in thickness Tp radially outward of

the point P is zero.

100391 The ridges 126 define major spokes 130 and the voids 128
define minor spokes 132. In an exemplary embodiment, the thickness Ty of the minor
spoke 132 at the hub end 140 is signilicantly less than the thickness Ty of the major
spoke 130 at the hub end 140, The thickness Ty of the minor spokes 132 at the rum
end 142 is approximately equal to the thickness Ty of the major spoke 130 at the rim

end 142,

.
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100407 In an alternative embodiment, rather than the ridges 126 and
voids 128 being provided on the rear face 124, the ridges and voids may be provided
on the front face 122, which is shown in Figure & by the ridges 126’ and voids 128’
shown in phantom. In other alternative embodiments, both ridges 126 and 126° may
be provided on both the front and rear faces 122, 124 and both voids 128 and 128’
may be¢ provided on both the front and rear faces 122, 124, Figure 7 15 a partial
sectional view of a casting assembly 160 {or making a cast object, such as the wheel
100, (ther objects may be cast using the methods and processes described herein.
The assembly 160 includes a ladie 162 holding a molien metal, such as molien steel,
and a pouring tube assembily 164 for pouring the molien steel into a mold 180,
During a pouring operation, the molien metal is poured through the pouring tube
assembly 164 ipio the mold 180, The mold 180 receives the molten metal from the
pouring tube assembly 164 during the casting operation to form the railway wheel

100,

10041} The moid 180 inchudes a cope section or upper section 182
and a drag section or lower section {84, The cope section 182 is placed on top of the
drag section 184 fo provide a compleic mold assembly. The drag section 184 and the
cope section 182 are usually comprised of graphite material or another material that
guickly dissipates heat to cool the cast object. A mold cavity 186 is defined between
the cope section 182 and the drag section 184 that is shaped to form the railway wheel
100, For exampie, both the cope section 182 and drag section 184 may have a portion
of the wheel cavily machined therein that together define the casting for the railway

wheel 100,

{421 The cope section 182 has a first cavity face 188 delining part
of the moid cavity 186. The drag section 184 has a second cavity face 190 defining
part of the mold cavity 186. In an exemplary embodiment, the first and/or second
cavily faces 188, 190 are shaped to define the hub 102, plate 106 and rim 108, The
first and/or second cavity faces 188, 180 may include features that define the ridges

and voids 126, 128 on the rear face 124 and/or front face 122 of the plate 106.



CA 028627797 2014-07-25

WO 2013/115842 PCT/US2012/050523

(004371 In an exemplary embodiment, the mold 180 has a hub core
assembly 192 for forming the hub 102 of the wheel 100. In an exemplary
embodiment, the hub core assembly 192 includes a post 194 that defines the bore 104
of the hub 102 that receives the axle. The hub core assembly 192 includes a hub riser
196 that recetves excess molien metal during the pouring process. The hub riser 196
supplics the excess molten metal to the mold cavity 186 during cooling and
solidification of the railway wheel 100, such as by a gravity pouring process where
the excess molten metal is gravity fed from the hub riser 196 into the mold cavily 186,
The gravity pouring process occurs after the pressurized pouring process and during
the cooling/sohidification process. In the illustrated embodiment, the hub riser 196
may be part of the cope section 182 of the mold 180, For example, the cope section
182 may include a machined cavity above the mold cavity 186 that receives that
excess molten metal and holds the excess molten metal for later release info the mold

cavity 186 as the railway wheel 100 cools and solidilies.

(00441 In an aliernalive embodiment, the hub rniser 196 may be a
scparate component, such as g cylindrical core member that replaces the post 194 and
having openings that aliow the excess molten metal {0 flow from the hub core
member into the mold cavity 186 as the ratlway wheel 100 cools and solidifies. The
hub core member may form the bore 134 in the hub 102 by {filling the space that

ultimately defines the bore 104,

130451 As the metal cools and solidifies, the metal may shrink
requiring an additional volume of material to completely fill the mold cavity 186.
The excess volume of molten metal in the hub riser 196 is used to {ill the volume of
the mold cavity 186, Optionally, the hub riser 196 {and/or the hub core) may be

radially centrally located within the mold cavity 186.

100467 Figure 8 tllustrates the drag section 184 of the mold 180 that
is used to form the rear face 124 of the wheel 100, The drag section 184 1s shaped 10
form the ridges 126 and voids 128, In an exemplary embodiment, the second cavity

face 190 of the drag section 184 has a seriges of circumierentially positioned and
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alternating bosses 200 and cavities 202 that form corresponding voids 128 and ridges
126 on the rear face 124 of the railtway wheel 100, The bosses 200 extend into the
mold cavity 186 and the cavities 202 are inierleaved between the bosses 208, The
posses 200 and cavities 202 may be any size and/or shape to define corresponding
vouds 128 and ridges 126. In the illusirated embodiment, the bosses 200 and cavities
202 define approximately equal truncated sectors of the second cavity face 190 along
a plate section 204 of the second cavity face 190. The second cavity face 190 also
includes a hub section 206 used {o form the hub 102 and a rimn section 208 used to
form the rim 108, The plate section 204 is positioned between the rim and hub
seclions 206, 208, The plate section 204 is not smooth, but rather is discontinuous

defined by the bosses 2{H) and cavities 2{2.

{0047} Shoulders 210 extend between the bosses 200 and cavities
202. The shoulders 210 extend generally perpendicular to the second cavity face 190,
Optionally, the shoulders 210 may be angled at a non-perpendicular angle with
respect to the second cavity face 190, The shoulders 218 may be curved to define a
smooth transition between the bosses 200 and cavities 202, In an exemplary
embodiment, the bosses 200 and/or cavities 202 are tapered with respect to one
another such that proximate {0 the rim section 208 the bosses and cavities 200, 262
generally coincide with one another and proximate to the hub section 206 the bosses

200 are elevated with respect to the cavities 202.

{3U48]  Optionally, the bosses 200 may comprise approximately half
of the dreg of the second cavity face 190 and the cavities 202 may comprise may
comprise approximately half of the area of the second cavity face 198, The bosses
200 may comprise over hall of the area of the second cavity face 190 n alternative
embodiments. The cavities 202 may comprise over half of the area of the second

cavity face 190 in alternative embodiments.

{00491 When the cope section 182 and drag section 184 are
assembied together, the mold cavity 186 has different thicknesses along the bosses

204} as compared to along the cavities 202, The mold cavity 186 1s thicker along the

.-E:‘ o~
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cavities 202, which allows a greater volume of molten metal to pour into the mold
cavity 186 through the ares aligned with the cavities 202 than through the area aligned
with the bosses 200, The cavities 202 ultimately form the ridges 126 of the railway
wheel 100 and the bosses 200 ultimately form the voids 128 of the ratlway wheel 104,
The bosses 200 tend to fill a volume of the mold cavity 186 reducing the amount of
metal material used {o form the wheel 104, thus reducing the overall weight of the

wheel 100,

100501 Figure 9 is 4 partial sectional view of a botiom pressurg
casting assembly 260 1 accordance with an alternative embodiment for making a cast
obiect, such as the wheel 108, Other objects may be casti using the methods and
processes described herein.  The assembly 260 inchudes a ladle 262 placed in a
holding tank 264. A tank cover 266 and pouring tube assembly 268 are positioned on
a top 270 of the holding tank 264 {o scal a chamber 272. The pouring tube assembly
268 nciudes a pouring tube 274 that extends from the tank cover 266 into the ladle
262 to near a bottom 276 of the ladle 262. A moten metal, such as molten steel, is

held m the fadle 262, The pouring tube 274 may be comprised of a ceramic material,

{00511 During a pouring operation, pressurized air or an inert gas is
injected under pressure info the chamber 272 thereby forcing molien metal upwardly
through the pouring tube 274 nto a mold 280 positioned above the ladle 262 and
holding tank 264. The mold 280 receives the molten metal from the pouring tube 274

during the casting operation to form the railway wheel 103,

(30521 The mold 280 includes a cope section or upper section 282
and a drag section or lower section 284, The cope section 282 is placed on top of the
drag section 284 to provide a completec mold assembly. In the bofiom pressure
casting process, the drag section 284 and the cope section 282 are usually comprised
of graphite material or another material that guickly dissipates heat to cool the cast
object. A mold cavity 286 is delined between the cope section 282 and the drag

section 284 that is shaped to form the railway wheel 100, For exampile, both the cope
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section 282 and drag section 284 may have a portion of the wheel cavily machined

therein that together define the casting for the railway wheel 100,

100531 'The cope section 282 has a first cavily face 288 defining part
of the mold cavity 286. The drag section 284 has a second cavity face 290 defining
part of the mold cavity 286, In an exemplary embodiment, the f{irst and/or second
cavily faces 288, 290 are shaped to define the hub 102, plate 106 and rim 108, The
first and/or second cavity faces 288, 290 may include features that define the ridges

and voids 126, 128 on the rear face 124 and/or tront face 122 of the plate 1{(6.

{30541 In an exemplary embodiment, the mold 280 has a hub core
assembly 292 for torming the hub 102 of the wheel 100, During casting, the hub core
assemnbly 292 1s used {or stopping the pressurized pouring of molten metal through
the pouring tube 274 inio the mold cavity 286, such as when the mold cavity 286 is

filled with the molien metal for forming the ratlway wheel 13{.

{00551 In an exemplary embodiment, the hub core assembly 297
includes a hub core 294 for forming the bore 104 and the hub 102, The hub core 294
inciudes a cavity that defines a hub riser 296 that receives excess molten metal during
the pressurnized pouring process. The hub riser 296 supplies the excess moiten metal
to the mold cavity 286 during cooling and solidification of the rallway wheel 100,
such as by a gravity pouring process where the excess molten metal s gravity fed
from the hub riser 296 mio the mold cavity 286. The hub core 294 15 g cylindrical
corc member that is movabie within the mold 280. The hub core 294 includes
openings 298 that allow the molten metal to flow into the hub riser 296 during
pressurized pouring of molten metal from the pouring mechanism and that allow the
excess molien metal to flow from the hub riser 296 into the mold cavity 286 as the

ratiway wheel 100 cools and sohidifics.

{00561 It is to be understood that the above description is mtended 1o
be itlustrative, and not restrictive. For example, the above-described embodiments
{and/or aspects thereof) may be used m combination with each other. In addition,

many modifications may be made to adapt a particular stiuation or material to the

-~ e
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teachings of the invention without departing from its scope. Dimensions, types of
materials, orientations of the various components, and the number and positions of the
various components described herein are intended to define parameters of certain
embodiments, and are by no means limiting and are merely exemplary embodiments.
Many other embodiments and modifications within the spirit and scope of the claims
will be apparent to those of skill in the art upon reviewing the above description. The
scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims are
entitled. In the appended claims, the terms "including” and "in which" are used as the

plain-English equivalents of the respective terms "comprising”" and "wherein."”
Moreover, in the following claims, the terms "first," "second," and "third,” etc. are

used merely as labels, and are not intended to impose numerical requirements on their

objects.

#1397741
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WHAT IS CLAIMED IS:
1. A cast steel railway wheel comprising:
a hub having an axial bore;
a rim concentric with the bore; and

a plate extending radially from the hub to the rim, the plate having a
front face and a rear face, the plate having a plurality of spokes extending between the
hub and the rim, adjacent spokes having different thicknesses defined between the
front face and the rear face, wherein the rear face of the plate is discontinous and
defined by a series of ridges and voids defining corresponding spokes, and wherein
the spokes have hub ends and rim ends, the spokes comprise a series of
circumferentially positioned and alternating major and minor spokes, the thicknesses
of the minor spokes at the hub ends being less than the thicknesses of the major
spokes at the hub ends, the thicknesses of the minor spokes at the rim ends being
equal to the thicknesses of the major spokes at the rim ends, and the thickness of the
major spokes decreases along a radial length from the hub to the rim, and the
thickness of the inner spokes is generally constant along a radial length from the hub

to the rim.

2. The railway wheel of claim 1, wherein the thicker spokes allow
a greater volume of molten metal to flow from the hub toward the rim during casting

of the railway wheel.

3. The railway wheel of claim 1, wherein the spokes are integral
with one another and formed during a casting of the railway wheel such that the plate

1s continuous between the hub and the rim.

4. The railway wheel of claim 1, wherein the spokes comprise a
series of circumferentially positioned and alternating major and minor spokes, the
major spokes being thicker than adjacent minor spokes, the minor spokes being

thinner than adjacent major spokes.

_18-
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5. The railway wheel of claim 4, wherein the major spokes have
ridges that increase the thickness of the major spokes, the minor spokes having voids

exterior thereof defined between the ridges.

6. The railway wheel of claim 1, wherein the spokes have

shoulders defining boundaries between adjacent spokes.

7. The railway wheel of claim 1, wherein the difference in
thicknesses between adjacent spokes generally decrease traveling radially outward

along the spokes.

8. A cast steel railway wheel comprising:
a hub having an axial bore;
a rim concentric with the bore; and

a plate extending substantially radially from the hub to the rim, the
plate having a front face and a rear face, the plate having a thickness dimension

defined between the front and rear faces;

wherein, on the rear face, the plate includes a series of
circumferentially positioned and alternating ridges and voids, the plate at the ridges
being thicker than the plate at adjacent voids and the plate at the voids being thinner

than the plate at adjacent ridges , and wherein the ridges are comprised of spokes, and

wherein the spokes have hub ends and rim ends, the spokes comprise a series of
circumferentially positioned and alternating major and minor spokes, the thickness of
the minor spokes at the hub ends being less than the thicknesses of the major spokes
at the hub ends, the thickness of the minor spokes at the rim ends being equal to the
thickness of the major spokes at the rims ends, and the thickness of the major spokes
decreases along a radial length from the hub to the rim, and the thickness of the inner

spokes is generally constant along a radial length from the hub to the rim.

-19-
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9. The railway wheel of claim 8, wherein the increased thickness
of the plate at the ridges allow a greater volume of molten metal to flow from the hub

toward the rim during casting of the railway wheel.

10.  The railway wheel of claim 8, wherein the difference In
thicknesses of the plate along the ridges compared to along the voids generally

decrease travelling radially outward from the hub.

11.  The railway wheel of claim 8, wherein the plate includes

shoulders defining boundaries between the ridges and voids.

12.  The railway wheel of claim 8, wherein the ridges comprise
approximately half of the plate and the voids comprise approximately half of the

plate.

13.  The railway wheel of claim 8, wherein the plate includes
between approximately four and eight ridges with the voids interleaved between the

ridges.

14.  The railway wheel of claim 8, wherein the ridges and voids

define approximately equal truncated sectors of the plate.

15.  The railway wheel of claim 8, wherein the plate along the

ridges is thicker proximate to the hub and thinner proximate to the rim.

#1397765
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