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(54) Integrated metal processing facility

(57)  Aintegrated facility for forming and heat treating
ametal castingis provided, the facility comprising: a pour-
ing station for pouring a molten metal into a mold to form
a casting; a process temperature control station down-
stream from said pouring station, said process temper-
ature control station comprising a temperature sensing

device in a heat treatment furnace; wherein said the tem-
perature sensing device and said heat source are adapt-
ed to maintain the temperature of the casting at or above
a process control temperature for the metal of the casting,
and wherein upon receipt of a rejection signal from said
temperature sensing device, said transfer mechanism re-
moves the casting prior to entry into said furnace.
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Description
BACKGROUND

[0001] Traditionally, in conventional processes for
forming metal castings, a mold, such as a metal die or
sand mold having an interior chamber with the exterior
features of a desired casting defined therein, is filled with
a molten metal. A sand core that defines interior features
of the casting is received and or positioned within the
mold to form the interior detail of the casting as the molten
metal solidifies about the core. After the molten metal of
the casting has solidified, the casting generally is moved
to a treatment furnace(s) for heat treatment of the cast-
ings, removal of sand from the sand cores and/or molds,
and other processing as required. The heat treatment
processes condition the metal or metal alloys of the cast-
ings to achieve the desired physical characteristics for a
given application.

[0002] Typically, during the transfer of the castings
from the pouring station to a heat treatment station, and
especially if the castings are allowed to sit for any appre-
ciable amount of time, the castings may be exposed to
the ambient environment of the foundry or metal process-
ing facility. As a result, the castings tend to rapidly cool
down from a molten or semi-molten temperature. While
some cooling of the castings is necessary to allow the
castings to solidify, the more the temperature of the cast-
ings drops, and the longer the castings remain below a
process critical temperature (also referred to herein as
the "process control temperature") of the castings, the
more time is required to heat the castings up to a desired
heat treatment temperature and to heat treat the cast-
ings. Forexample, it has been found that for certain types
of metals, for every minute of time that the casting drops
below its process control temperature, at least about 4
minutes of extra heat treatment time is required to
achieve the desired results. Thus, even dropping below
the process control temperature for the metal of the cast-
ing for as few as ten minutes may require at least about
40 minutes of additional heat treatment time to achieve
the desired physical properties. Typically, therefore, the
castings are heat treated for 2 to 6 hours, in some cases
longer, to achieve the desired heat treatment effects. This
results in greater utilization of energy and, therefore,
greater heat treatment costs.

SUMMARY

[0003] Briefly described, the present invention gener-
ally comprises an integrated metal processing facility for
pouring, forming, heat treating, and further processing
castings formed from metals or metal alloys. The inte-
grated metal processing facility generally includes a
pouring station at which a molten metal such as aluminum
oriron, or a metal alloy, is poured into a mold or die, such
as a permanent metal mold, semi permanent mold, or a
sand mold. The molds then are transitioned from a pour-
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ing or casting position of the pouring station to a transfer
position, where the casting is either removed from its
mold or transferred to a heat treatment line. The transfer
mechanism typically includes a robotic arm, crane, over-
head hoist or lift, pusher, conveyor, or similar conveying
mechanism. The same mechanism also may be used to
remove the castings from their molds and transfer the
castings to the heat treatment line. During this transition
from the pouring station to the transfer position and/or to
the heat treatment line, the molten metal of the castings
is permitted to cool to an extent sufficient to form the
castings.

[0004] The heat treatment line or unit generally in-
cludes a process temperature control station and a heat
treatment station or furnace typically having one or more
furnace chambers and, optionally, a quench station gen-
erally located downstream from the heat treatment sta-
tion. The process temperature control station generally
may be an elongated chamber or tunnel through which
the castings are received prior to their introduction into
the heat treatment station. The chamber may include a
series of heat sources, such as radiant heaters, infrared,
inductive, convection, conduction, or other types of heat-
ing elements. The walls and ceiling of the process tem-
perature control station also may include a radiant ma-
terial that tends to radiate or direct heat toward the cast-
ings and/or molds as they move through the chamber.
Alternatively, a series of heat sources, including radiant
heating elements such as infrared and inductive heating
elements, convection, conduction, or other types of heat
sources may be used to direct heat at the castings or
molds as the castings or molds are transferred from the
pouring station to the heat treatment station. In addition,
a heating element or heat source can be mounted directly
to the transfer mechanism to heat the castings and/or
the sand molds.

[0005] As the castings and/or the molds with the cast-
ings therein pass through the process temperature con-
trol station, cooling of the castings is arrested at or above
a process control temperature. The process control tem-
perature generally is a temperature below the solution
heat treatment temperature required for the metal of the
castings, such that the castings are cooled to a sufficient
amount or extent to enable them to solidify, but below
which the time required to raise the castings up to their
solution heat treatment temperature and thereafter heat-
treat the castings is increased exponentially. The cast-
ings are maintained at or above their process control tem-
perature until the castings enter the heat treatment sta-
tion.

[0006] By arresting the cooling of the castings and
thereafter maintaining the castings at a temperature that
is substantially at or above the process control temper-
ature for the metal of the castings, the time required to
heat treat the castings can be significantly reduced. Ac-
cordingly, the output of the pouring station for the castings
can be increased and the overall processing and heat
treatment time for the castings can be reduced.
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[0007] Prior to entry into the heat treatment furnace,
the castings pass through an entry zone. The tempera-
ture of the casting may be monitored to determine wheth-
er the temperature has dropped below a pre-set or pre-
defined rejection temperature. If the temperature of the
casting is equal to or less than the rejection temperature,
the casting may be removed from the heat treatment line
using any suitable means. If the casting is accepted, it
proceeds to the heat treatment furnace for heat treat-
ment.

[0008] The heat treatment unit may include features
that assist with the removal and/or reclamation of sand
core and/or mold. Thereafter, the castings may undergo
additional processing, for example, quenching, aging,
and/or further heat treatment.

[0009] Various objects, features, and advantages of
the present invention will become apparent to those
skilled in the art upon a review of the following detailed
description when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1A is a schematic illustration of an exemplary
metal processing system according to various as-
pects of the present invention;

FIG. 1B is a schematic illustration of another exem-
plary metal processing system illustrating the collec-
tion and transfer of castings from multiple pouring
stations to a heat treatment unit according to various
aspects of the present invention;

FIG. 1C is a schematic illustration of yet another ex-
emplary metal processing system with chill removal
from the molds according to various aspects of the
present invention;

FIG. 1D is a schematic illustration of still another ex-
emplary system according to various aspects of the
present invention, illustrating a transfer mechanism
including a heating device;

FIG. 2A is a top plan view of an exemplary process
temperature control station and heat treatment sta-
tion according to various aspects of the invention;
FIG. 2B is a side elevation view of the process tem-
perature control station and heat treatment station
depicted in FIG. 2A;

FIG. 3 is a perspective view of an exemplary batch
processing system according to various aspects of
the present invention;

FIGS. 4A and 4B illustrate an exemplary process
temperature control station including a convection
heat source according to various aspects of the
present invention;

FIGS. 5A and 5B illustrate another exemplary proc-
ess temperature control station including a direct
heat/impingement heat source according to various
aspects of the present invention; and
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FIGS. 6A and 6B illustrate another exemplary proc-
ess temperature control station including a radiant
heat source according to various aspects of the
present invention.

DETAILED DESCRIPTION

[0011] Referring now in greater detail to the drawings
in which like numerals refer to like parts throughout the
several views, FIG. 1A through FIG. 3 schematically il-
lustrate an exemplary integrated metal processing facility
or system 5 for and method of processing metallurgical
castings. Metal casting processes generally are known
to those skiiied in the art and a traditional casting process
will be described only briefly for reference purposes. It
will be understood by those skilled in the art that the
presentinvention can be used in any type of casting proc-
ess, including metal casting processes for forming alu-
minum, iron, steel, and/or other types of metal and metal
alloy castings. The present invention thus is not and
should not be limited solely for use with a particular cast-
ing process or a particular type or types of metals or metal
alloys.

[0012] Asillustrated in FIG. 1A, a molten metal or me-
tallic alloy M typically is poured into a die or mold 10 at
a pouring or casting station 11 for forming a casting 12,
such as a cylinder head, engine block, or similar cast
part. A casting core 13 formed from sand and an organic
binder, such as a phenolic resin, is received or placed
within the mold 10 to create hollow cavities and/or casting
details or core prints within the casting. Each of the molds
alternatively can be a permanent mold or die, typically
formed from a metal such as steel, cast iron, or other
material as is known in the art. Such molds may have a
clam-shell style design for ease of opening and removal
of the casting therefrom. Alternatively still, the molds can
be "precision sand mold" type molds and/or "green sand
molds", which generally are formed from a sand material
such as silica sand or zircon sand mixed with a binder
such as a phenolic resin or other binder as is known in
the art, similar to the sand casting cores 13. The molds
further may be semi-permanent sand molds, which typ-
ically have an outer mold wall formed from sand and a
binder material, a metal such as steel, or a combination
of both types of materials.

[0013] It will be understood that the term "mold" will be
used hereafter to refer generally to all types of molds as
discussed above, including permanent or metal dies,
semi-permanent and precision sand mold type molds,
and other metal casting molds, except where a particular
type mold is indicated. It further will be understood that
in the various embodiments discussed below, unless a
particular type of mold and/or heat treatment process is
indicated, the present invention can be used for heat
treating castings that have been removed from their per-
manent molds, or that remain within a sand mold for the
combined heat treatment and sand mold break-down and
sand reclamation.
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[0014] AsshowninFIG. 1A, each of the molds 10 gen-
erally includes side walls 14, an upper wall or top 16, and
a lower wall or bottom 17 that collectively define an in-
ternal cavity 18 in which the molten metal is received and
formed into the casting 12. A pour opening 19 generally
is formed in the upper wall or top 16 of each mold and
communicates with the internal cavity for passage of the
molten metal through each mold and into the internal
cavity 18 at the pouring station 11. As indicated in FIGS.
1A through 1C, the pouring station 11 generally includes
a ladle or similar mechanism 21 for pouring the molten
metal M into the molds. The pouring station 11 further
includes a conveyor 22, such as a carousel, piston, in-
dexing, or similar conveying mechanism that moves one
or more molds from a pouring or casting position 23,
where the molten metal is poured into the molds, to a
transfer point or position 24, at which the castings are
removed from their molds, or at which the molds with
their castings therein are transferred from the pouring
station to a heat treatment unit 26 or line for heat treat-
ment. After the molten metal is poured into the mold, the
mold is conveyed to the transfer position, where the metal
is allowed to cool to a desired extent or temperature within
the die as needed for the metal to solidify into the casting.
The casting then is heat treated at a desired heat treat-
ment temperature.

[0015] It has been discovered that, as the metal of the
casting is cooled down, it reaches a temperature or range
of temperatures referred to herein as the "process control
temperature" or "process critical temperature”, below
which the time required to both raise the castings to the
heat treating temperature and perform the heat treatment
is significantly increased. It will be understood by those
skilled in the art that the process control temperature for
the castings being processed by the present invention
will vary depending upon the particular metal and/or met-
al alloys being used for the castings, the size and shape
of the castings, and numerous other factors.

[0016] In one aspect, the process control temperature
may be about400°C for some alloys or metals. In another
aspects, the process control temperature may be from
about400°C to about 600°C. In another aspect, the proc-
ess control temperature may be from about 600°C to
about 800°C. In yet another aspect, the process control
temperature may be from about 800°C to about 1100°C.
In still another aspect, the process control temperature
may be from about 1000°C to about 1300°C for some
alloys or metals, for example, iron. In one particular ex-
ample, an aluminum/copper alloy may have a process
control temperature of from about 400°C to about 470°C.
In this example, the process control temperature gener-
ally is below the solution heat treatment temperature for
most copper alloys, which typically is from about 475°C
to about 495°C. While particular examples are provided
herein, it will be understood that the process control tem-
perature may be any temperature, depending upon the
particular metal and/or metal alloys being used for the
castings, the size and shape of the castings, and numer-
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ous other factors.

[0017] When the metal of the casting is within the de-
sired process control temperature range, the casting typ-
ically will be cooled sufficiently to solidify as desired. How-
ever, if the metal of the casting is permitted to cool below
its process control temperature, it has been found that
the casting may need to be heated for at least about 4
additional minutes for each minute that the metal of the
casting is cooled below the process control temperature
to reach the desired heat treatment temperature, for ex-
ample, from about 475°C to about 495°C for aluminum/
copper alloys, or from about 510°C to about 570°C for
aluminum/magnesium alloys. Thus, if the castings cool
below their process control temperature for even a short
time, the time required to heat treat the castings properly
and completely may be increased significantly. In addi-
tion, it should be recognized that in a batch processing
system, such as illustrated in FIGS. 1B, 1C, and 1D,
where several castings are processed through the heat
treatment station in a single batch, the heat treatment
time for the entire batch of castings generally is based
on the heat treatment time required for the casting(s) with
the lowest temperature in the batch. As a result, if one
of the castings in the batch being processed has cooled
to a temperature below its process control temperature,
for example, for about 10 minutes, the entire batch typi-
cally will need to be heat treated, for example, for at least
an additional 40 minutes to ensure that all of the castings
are heat treated properly and completely.

[0018] Various aspects of the present invention there-
fore are directed to an integrated processing facility or
system 5 (FIG. 1A through FIG. 3) and methods of
processing metal castings. The various systems are de-
signed to move and/or transition the castings (within or
apart from their molds) from the pouring station 11 to the
heat treatment system or unit 26, while arresting cooling
of the molten metal to a temperature at or above the
process control temperature of the metal, but below or
equal to the desired heat treatment temperatures thereof
to allow the castings to solidify. Accordingly, various as-
pects of the present invention include systems for mon-
itoring the temperature of the castings to ensure that the
castings are maintained substantially at or above the
process control temperature. For example, thermocou-
ples or other similar temperature sensing devices or sys-
tems can be placed on or adjacent the castings or at
spaced locations along the path of travel of the castings
from the pouring station to a heat treatment furnace to
provide substantially continuous monitoring. Alternative-
ly, periodic monitoring at intervals determined to be suf-
ficiently frequent may be used. Such devices may be in
communication with a heat source, such that the temper-
ature measuring or sensing device and the heat source
may cooperate to maintain the temperature of the casting
substantially at or above the process control temperature
for the metal of the casting. It will be understood that the
temperature of the casting may be measured at one par-
ticular location on or in the casting, may be an average
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temperature calculated by measuring the temperature at
a plurality of locations on or in the casting, or may be
measured in any other manner as needed or desired for
a particular application. Thus, for example, the temper-
ature of the casting may be measured in multiple loca-
tions on or in the casting, and an overall temperature
value may be calculated or determined to be the lowest
temperature detected, the highest temperature detected,
the median temperature detected, the average temper-
ature detected, or any combination or variation thereof.
[0019] Additionally, prior to entry into the heat treat-
ment furnace, the castings may pass through an entry or
rejection zone 110, where the temperature of each cast-
ing is monitored to determine whether the casting has
cooled to an extent that would require and an excessive
amount of energy to raise the temperature to the heat
treatment temperature. The entry zone may be included
in the process control temperature station, or may be a
separate zone, as indicated generally throughout the var-
ious figures. The temperature of the casting may be mon-
itored by any suitable temperature sensing or measuring
device, such as a thermocouple, to determine whether
the temperature of the casting has reached or dropped
below a pre-set or predefined rejection temperature. In
one aspect, the predefined rejection temperature may be
a temperature (for example, from about 10°C to about
20°C) below the process control temperature for the met-
al of the casting. In another aspect, the predefined rejec-
tion temperature may be a temperature (for example,
from about 10°C to about 20°C) below the heat treatment
temperature of the heat treatment furnace or oven. If the
casting has cooled to a temperature equal to or below
the predefined temperature, the control system may send
a rejection signal to a transfer or removal mechanism. In
response to the detection of a defect condition or signal,
the subject casting may be identified for further evalua-
tion or may be removed from the transfer line. The casting
may be removed by any suitable mechanism or device
including, but not limited to, a robotic arm or other auto-
mated device, or the casting may be removed manually
by an operator.

[0020] As with the above, it will be understood that the
temperature of the casting may be measured at one par-
ticular location on or in the casting, may be an average
temperature calculated by measuring the temperature at
a plurality of locations on or in the casting, or may be
measured in any other manner as needed or desired for
a particular application. Thus, for example, the temper-
ature of the casting may be measured in multiple loca-
tions on or in the casting, and an overall value may be
calculated or determined to be the lowest temperature
detected, the highest temperature detected, the median
temperature detected, the average temperature detect-
ed, or any combination or variation thereof.

[0021] A first embodiment of the integrated facility 5
and process for moving and/or processing castings
therethrough is illustrated in FIGS. 1A, 2A, and 2B. FIG.
1B and FIG. 3 illustrate an additional, alternative embod-
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iment of the integrated facility 5 and process for forming
and treating castings where the castings are being col-
lected and processed through heat treatment in a batch
processing type arrangement. It will, however, be under-
stood by those skilled in the art that the principles of the
present invention can be applied equally to batch type
and continuous processing type facilities in which the
castings are processed individually through the facility
and therefore the present invention. The embodiments
described hereinafter therefore are not and should not
be limited to continuous or batch-type processing facili-
ties. FIG. 1C and FIG. 1D illustrate further alternative
embodiments of the present invention for performing ad-
ditional processing steps such as chill removal from cast-
ings (FIG. 1C) and feeding the castings to multiple heat
treatment furnaces (FIG. 1D). In addition, it will be un-
derstood by those skilled in the art that various features
of the embodiments discussed hereafter and illustrated
in the drawings can be combined to form additional em-
bodiments of the present invention.

[0022] Inthe exemplary systemillustratedin FIGS. 1A,
2A, and 2B, the castings 12 generally are removed from
their molds 10 at the transfer or pouring station 11 by a
transfer mechanism 27. As indicated in FIGS. 2A and
2B, the transfer system or mechanism 27 typically in-
cludes a robotic arm or crane 28, although it will be un-
derstood by those skilled in the art that various other sys-
tems and devices for moving the castings and/or molds,
such as an overhead boom or hoist, conveyor, pusher
rods, or other similar material handling mechanisms also
can be used. As indicated in FIGS. 1A, 1B, and 2A, the
roboticarm 28 generally includes an engaging or gripping
portion or clamp 29 for engaging and holding the molds
or castings, and a base 31 on which the arm 28 is pivotally
mounted to be movable between the transfer point 24 of
the pouring station and the heat treatment line as indi-
cated by arrows 32 and 32’ (FIG. 2A). In addition, as
shown in FIG. 1B, the transfer mechanism can be used
to transfer molds and/or castings from multiple pouring
stations 11 and 11’ and can transfer the molds and/or
castings to multiple heat treatment lines or units 26 (FIG.
1C).

[0023] The molds with castings therein typically are
moved from the pouring station 11 to the pickup or trans-
fer point 24 (FIG. 2A), where the transfer mechanism 27
generally will pick up the molds with their castings con-
tained therein, or will remove the castings 12 from their
molds and transport the castings to the heat treatment
unit 26. Thus, the same manipulator or transfer mecha-
nism can be used for removing the castings from the
pouring station and for introducing the castings to the
heat treatment unit. Typically, a heat source or heating
element 33 will be positioned adjacent the transfer point
28 for the castings for applying heat thereto. The heat
source typically can include any type of heating element
or source such as conductive, radiant, infrared, conduc-
tive, convective, and direct impingement types of heat
sources. As illustrated in FIG. 2A, multiple heat sources
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33 can be used, positioned to most effectively apply heat
to the castings during a transfer operation from the pour-
ing station to the heat treatment line.

[0024] Typically, inthe case of permanentor metal dies
or molds, the molds will be opened at the transfer point
and the castings removed by the transfer mechanism,
as showninFIG. 1D. The transfer mechanism then trans-
fers the castings to one or more inlet conveyors 34 (FIGS.
1B and 2A) of the heat treatment unit, line(s), or system
(s) 26 of the integrated processing facility 5. As the molds
are opened and the castings removed, the heat sources
33 (FIG. 2A) apply heat directly to the castings to arrest
or otherwise control the cooling of the castings during
their exposure to the ambient environment of the foundry
or plant, as the castings are being transferred to the heat
treatment unit, to maintain the castings substantially at
or above the process control temperature of the metal of
the castings.

[0025] For the processing of castings that are being
formed in semi-penmanent or sand molds in which the
castings typically remain within their molds during heat
treatment, during which the molds are broken down by
the thermal degradation of the binder material holding
the sand of the mold, the transfer mechanism 27 may
transfer the entire mold with the casting contained there-
in, from the transfer point to the inlet conveyor 34. The
heat sources 33 thus may continue to apply heat to the
mold itself, with the amount of heat applied being con-
trolled to maintain the temperature of the castings inside
the mold at levels substantially at or above the process
control temperature of the metal of the castings without
causing excessive or premature degradation of the
molds.

[0026] Hereinafter, when reference is made to trans-
port, heating, treating, or otherwise moving or processing
the "castings", except where otherwise indicated, it will
be understood that such discussion includes both the
removal and processing of the castings by themselves,
without their molds, and processes wherein the castings
remain in their sand molds for heat treatment, mold and
core breakdown, and sand reclamation as disclosed in
U.S. Patent Nos. 5,294,994; 5,565,046; 5,738,162;
6,217,317; and pending U.S. Patent Application Serial
Nos. 09/665,354, filed September 9, 2000, and
10/051,666, filed January 18, 2002, the disclosures of
which are incorporated herein by reference in their en-
tirety.

[0027] Asillustratedin FIGS. 1A, 2A, and 2B, the cast-
ings initially are indexed or conveyed by the inlet con-
veyor 34 (FIGS. 2A and 2B), or conveyors 34 and 34’
(FIG. 1B) into a pre-chamber or process temperature
control station or module 36. As indicated in FIGS. 2A
and 2B, the process temperature control station or mod-
ule generally includes aheated inner chamber 37 through
which the castings and/or molds with the castings therein
are conveyed along their processing path along the heat
treatment line on a chain conveyor, rollers, or similar con-
veying mechanism 38. The castings enter the chamber
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37 at an upstream or inlet end 39, and exit the chamber
37 through a downstream or outlet end 41 and generally
are introduced directly into a heat treatment furnace or
station 42 of the heat treatment line 26. The inlet and
outlet ends 39 and 41 of the process temperature control
station can be open, or can include doors or similar clo-
sure structures, such as indicated at 43 in FIG. 2B, to
help seal the chamber 37 to avoid undue loss of heat
therefrom. Typically, the castings will be fed directly from
the process temperature control station 36 into the heat
treatment station 42, with the heat treatment and process
temperature control stations being connected to further
avoid potential loss of heat and, if desired, allow the shar-
ing of heat.

[0028] The chamber 37 generally is a radiant chamber
and includes a series of heat sources 45 mounted there-
within, including being positioned along the walls 46
and/or ceiling 47 of the chamber. Typically, multiple heat
sources 45 may be used and may include one or more
various different types of heat sources or heating ele-
ments, including radiant heating sources such as infra-
red, electromagnetic and inductive energy sources, con-
ductive, convective, and direct impingement type heat
sources, such as gas fired burner tubes introducing a
gas flame into the chamber. In addition, the side walls
and ceiling of the radiant chamber 37 may be formed
from or coated with a high temperature radiant material,
such as a metal, metallic film or similar material, ceramic,
or composite material capable of radiating heat. The ra-
diant coating generally forms a non-stick surface on the
walls and ceilings. As the walls and ceiling of the chamber
are heated, the walls and ceiling tend to radiate heat to-
ward the castings, and at the same time, the surfaces
generally is heated to a temperature sufficient to burn off
waste gases and residue such as soot, etc., from the
combustion of the binders of the sand molds and/or cores
to prevent collection and buildup thereof on the walls and
ceiling of the chamber.

[0029] FIG. 4A through FIG. 6B illustrate various ex-
emplary process temperature control stations. FIG. 4A
and FIG. 4B illustrate a process temperature control sta-
tion 36 including convection type heat sources 45. Each
of the convection heat sources generally includes one or
more nozzles or blowers 51 connected to a source of
heated media by conduits 52. In this aspect, the blowers
51 are arranged or positioned about the ceiling 47 and
side walls 46 of the chamber 37 to direct a heated media
such as air or other gases, and/or fluids into the chamber
and against the castings and/or molds contained therein.
The convection blowers generally tend to create a turbu-
lent heated fluid flow about the castings, as indicated by
arrows 53, to apply heat substantially to all sides of the
castings and/or sand molds. As a result, the temperature
of the castings is maintained substantially at or above
the process control temperature of the metal thereof. In
addition, where the castings are processed in their sand
molds, the application of heat within the process temper-
ature control station tends to heat the molds, raising their
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temperature towards a decomposition or combustion
temperature at which the binder materials therein start
to combust, pyrolyze, or otherwise be driven off.

[0030] In another aspect, the blowers or nozzles 52
are positioned at the front of the process temperature
control station adjacent the inlet end thereof, operating
at higher velocities and/or temperatures to arrest more
quickly the cooling of the castings and/or molds. The noz-
zles or blowers 52 positioned toward the middle and/or
end of the chamber, such as at the outlet of the process
temperature control station, can be run at lower temper-
atures and velocities to prevent complete degradation of
the sand molds while allowing the castings to solidify.
[0031] Alternatively, FIGS. 5A and 5B illustrate anoth-
er exemplary process temperature control station 36’ in
which the heat sources 45’ generally comprise one or
more radiant heaters 54, such as infrared heating ele-
ments, electromagnetic energy sources, or similar radi-
ant heating sources. In one aspect, the radiant heaters
54 are arranged in multiple positions or sets at desired
locations and orientations about the walls and ceiling 46
and 47 of the radiant chamber 37 of the process temper-
ature control station 36, for example, similar to the ar-
rangement of the convection blowers 51. As with the con-
vection heat sources 52, the radiant heaters adjacent the
inlet end of the chamber can be operated at higher tem-
peratures to more quickly arrest the cooling of the cast-
ings in their sand molds as they enter the process tem-
perature control station. In addition, vacuum blowers,
pumps, or exhaust fans/systems 56 may be connected
to the radiant chamber through conduits 57 to create a
negative pressure within the radiant chamber 37. in doing
s0, heat and/or waste gases generated from the burning
or combustion of the binder of the sand cores and/or sand
molds are drawn from the chamber to prevent overheat-
ing of the radiant heater elements.

[0032] Still another exemplary process temperature
control station 36" is provided in FIGS. 6A and 6B, which
illustrate a direct impingement type of heating source
45", The direct impingement heat source includes a se-
ries of burners or nozzles 58 arranged in sets or arrays
at selected positions or orientations within the radiant
chamber 37. These burners 58 generally are connected
to a fuel source, such as natural gas or the like, by con-
duits 59. The nozzles or burner elements of the direct
impingement heat source direct and apply heat substan-
tially toward the sides, the top, and the bottom of the
castings. The castings thus are heated substantially uni-
formly, and the sand material released therefrom further
can be exposed to direct heating for burning off of the
binder material thereof.

[0033] It will be understood by those skilled in the art
that different heating sources can be combined for use
in the radiant chamber. Further, multiple chambers can
be used in series to arrest the cooling of the castings
substantially at or above the process control tempera-
ture, and thereafter maintain the temperature of the cast-
ings prior to entry into the heat treatment station.
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[0034] In another aspect, the off-gases generated
when pouring the molten metal may be directed into the
radiant chamber of the process temperature control sta-
tion 36, as indicated by arrows 60 to allow for shared
heating and recuperation of energy from the heating of
the metal for the castings. In yet another aspect, excess
heat generated as a result of the break-down and com-
bustion of the binder for the sand cores of the castings
and/or sand molds within the heat treatment station 42
and the heat treatment of the castings also can be routed
back to the process temperature control station, as indi-
cated by dashed arrows 61 in FIG. 1A, to help heat the
interior environment of the radiant chamber of the proc-
ess temperature control station. Such recapture of waste
gases and heat helps reduce the amount of energy re-
quired to heat the chamber of the process temperature
control station to a desired or necessary temperature to
arrest the cooling of the castings passing therethrough.
[0035] As additionally indicated in FIGS. 2B, 4A, 5A
and 6A, a collection hopper or chute 62 may be formed
along the bottom of the process temperature control sta-
tion 36, positioned below the radiant chamber 37 thereof.
This hopper 62 generally includes side walls 63 that slope
downwardly at the lower ends 64 thereof. The sloping
side walls collect sand dislodged from the sand cores of
the castings and/or sand molds as the thermal degrada-
tion of the binder thereof begins within the process tem-
perature control station. The sand typically is directed
downwardly to a collection conveyor 66 positioned below
the open lower end of the hopper 62. Typically, a fluidizing
system or mechanism 67 is positioned along lower por-
tions 64 of the walls of the hopper 62. The fluidizer(s)
typically includes burners, blowers, distributors or similar
fluidizing units, such as disclosed and claimed in U.S.
Patent Nos. 5,294,994; 5,565,046; and 5,738,162, incor-
porated herein by reference, that apply a flow of a heated
media such as air or other fluids to the sand to promote
further degradation of the binder to help break up any
clumps of sand and binder that may be dislodged from
the castings to help reclaim the sand of the sand cores
and/or sand molds for the castings in a substantially pure
form. The reclaimed sand is collected on the conveyor
66 and conveyed away from the process temperature
control station.

[0036] In addition, as illustrated in FIG. 1A, 2A, 2B,
4A, 5A, and 6A, excess heat and waste gases generated
by the combustion of the binder materials for the sand
cores and/or sand molds of the castings can be collected
or drawn out of the radiant chamber 37 of the process
temperature control station 36 and routed into the heat
treatment station 42 as indicated by arrows 68 in FIG.
1A. This channeling of excess heat and waste gases
from the process temperature control station into the heat
treatment station enables both the potential recouping of
heat generated within the chamber of the process tem-
perature control station and the further heating and/or
combustion of waste gases resulting from the degrada-
tion of the binders of the sand molds and/or cores within
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the heat treatment chamber. As indicated in FIG. 1A,
blowers or similar air distribution mechanisms 69 further
generally are mounted along the heat treatment station
and typically will draw off waste gases generated during
the heat treatment of the castings and the resulting burn-
off of the binder materials from the sand cores and/or
sand molds of the castings. These waste gases are col-
lected by the blowers and typically are routed to an in-
cinerator 71 for further treating and burning these waste
gases to reprocess these gases and reduce the amount
of pollution produced by the casting and heat treatment
process. It is also possible to utilize filters to further filter
the waste gases coming from either the process temper-
ature control station prior to their being introduced into
the heat treatment station and/or or for filtering gases
coming from the heat treatment station to the incinerator.
[0037] The process temperature control station con-
sequently functions as a nesting area in front of the heat
treatment station or chamber in which the castings can
be maintained with the temperature thereof being main-
tained or arrested at or above the process control tem-
perature, but below a desired heat treating temperature
while they await introduction into the heat treatment sta-
tion. Thus, the system allows the pouring line or lines to
be operated at a faster or more efficient rate without the
castings having to sit in a queue or line waiting to be fed
into the heat treatment station while exposed to the am-
bient environment, resulting in the castings cooling down
below their process control temperature. The castings
thereafter can be fed individually, as indicated in FIGS.
1A, 1C, 2A, and 2B, or in batches, as shown in FIGS.
1B, 1C and 3, into the heat treatment station 42 for heat
treatment, sand core and/or sand mold breakdown and
removal, and, in some instances, for sand reclamation.
[0038] The heat treatment station 42 (FIG. 2B) may
be an elongated furnace that includes one or more fur-
nace chambers 75 mounted in series, through which a
conveyor 76 is extended for transport of the castings
therethrough. Heat sources 77 (FIG. 2A) including con-
vection heat sources such as blowers or nozzles that
apply heated media such as air or other fluids, conduction
heat sources such as a fluidized bed, inductive, radiant
and/or other types of heat sources may be mounted with-
in the walls and/or ceiling of the chamber 75 for providing
heat and optional airflow about the castings in varying
degrees and amounts to heat the castings to the proper
heat treating temperatures. Such desired heat treating
temperatures and heat treatment times will vary accord-
ing to the type of metal or metal alloy from which the
castings are being formed, as will be known to those
skilled in the art.

[0039] Examples of various heat treatment furnaces
that may be suitable for use with the present invention
include those described in U.S. Patent Nos. 5,294,994;
5,565,046; and 5,738,162, the disclosures of which are
hereby incorporated by reference. A further example of
a heat treatment furnace or station for use with the
present invention is illustrated and disclosed in U.S. Pat-
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ent No. 6,217,317 and U.S. Patent Application Serial
Nos. 09/665,354, filed September 9, 2000, and
10/051,666, filed January 18, 2002, the disclosures of
which are likewise incorporated herein by reference in
their entirety. Such heat treatment stations or furnaces
may include features for reclaiming the sand from the
cores and/or molds dislodged during heat treatment of
the castings.

[0040] After heat treating, the castings typically are re-
moved from the heat treatment station and moved to a
quenching station 78 (FIG. 1A) for cleaning and further
processing. The quenching station typically includes a
quench tank having a cooling fluid such as water or other
known coolant, or can comprise a chamber having a se-
ries of nozzles that apply cooling fluids such as air, water,
or similar cooling media. Thereafter, the castings may be
removed for further cleaning and processing as needed.
[0041] Another exemplary integrated facility 5 is illus-
trated in FIG. 1B. The facility 5 includes a transfer mech-
anism 27, illustrated as a crane or robotic arm 28, that
removes the castings from multiple pouring lines or sta-
tions 11 and 11’. In this example, the pouring lines or
stations 11 and 11’ are illustrated as a carousel type sys-
tem in which the molds are rotated between pouring or
casting positions 23 and a transfer point 24. The transfer
mechanism 27 either engages and transports the sand
molds with their castings therein, or removes the castings
from the molds and transfers the castings to one or more
inlet conveyors 34 and 34’ of the heat treatment unit 26.
The castings can be moved individually into and through
the process temperature control station 36 for introduc-
tion into the heat treatment station 42, or can be collected
in baskets or conveying trays 79 for processing the cast-
ings in batches.

[0042] In the exemplary system 5 illustrated in FIG.
1B, the process temperature control station 36 generally
is formed as an elongated radiant tunnel 81 defining a
chamber 82 through which the castings and/or sand
molds with castings contained therein are moved or con-
veyed. The radiant tunnel 81 includes a series of heat
sources 83 mounted therealong, such as the various dif-
ferent heating sources 45, 45’, and 45" discussed above
with respect to the embodiments of FIGS. 2A, 2B, and
4A through 6B. Typically, the walls 84 and ceiling of the
chamber 82 of the radiant tunnel 81 are formed from or
are coated with a refractory material so that the heat gen-
erated within the radiant tunnel is reflected and/or radi-
ated towards the castings. The castings may be collected
and/or deposited into a basket 79 or similar conveying
tray in a collection station 86 at the end of the radiant
tunnel 81. Such baskets 79 or trays may be used to con-
tain the casting and/or molds through the heat treatment
station 42. The castings alternatively may be collected
within the baskets for batch processing in the heat treat-
ment station before the castings are passed through the
radiant chamber or tunnel of the process temperature
control station 36, as indicated in FIG. 1C and FIG. 3.
[0043] Still another exemplary integrated facility 5 ac-
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cording to the present invention is illustrated schemati-
cally in FIG. 1C. In this embodiment, the process tem-
perature control station 36, shown as an elongated radi-
ant tunnel or chamber 81 (as discussed with respect to
FIG. 1B), connects or feeds into a chill removal station
87. The chill removal station 87 is in communication with
and feeds the castings into the heat treatment station 42.
Typically, the castings will be moved and heat-treated or
processed while still contained within their semi-perma-
nent or sand molds, which further include "chills" mount-
ed therein. Chills generally are metal plates, typically
formed from steel or similar material, having a design
relief for forming desired design features of a casting sur-
face and are placed within the molds at or prior to the
pouring of the molten metal material therein. The chills
consequently must be removed prior to heat treatment
of the castings or reclamation of the chills and reuse.
After passing through the chamber 82 of the radiant tun-
nel 81 during which the combustion of the sand molds
generally will at least partially have begun, the chills eas-
ily can be removed without significantly delaying the
movement of the molds and castings into the heat treat-
ment station 42. Following the removal of the chills in the
chill removal station, the molds with their castings within
generally are passed directly into the heat treatment sta-
tion for heat treatment, sand core and sand mold break-
down, and sand reclamation.

[0044] FIG. 1D illustrates yet another exemplary facil-
ity according to the present invention. In this embodi-
ment, the castings generally can be removed from their
molds and transported to an inlet conveyor 90 or 91 for
being fed directly into one or more heat treatment furnac-
es or stations 92. Alternatively, if the castings are being
formed within sand molds, the entire mold will be trans-
ported from the transfer point 28 to one of the inlet con-
veyors 90 or 91. As indicated in FIG. 1D, the removal of
the castings from their molds and subsequent transfer of
the castings, orthe removal of the molds with the castings
remaining therein from the pouring station and transport
to the heat treatment stations 92, generally can be done
by the same transport mechanism or manipulator.
[0045] Inthis embodiment, a heat source 93 is mount-
ed to the transfer mechanism 27 for applying heat directly
to the castings and/or sand molds as the castings are
moved from the transfer points of the pouring lines to one
of the inlet conveyors 90 or 91 for a heat treatment fur-
nace 92. The heat source, as discussed above, may in-
clude a radiant energy source such as infrared or elec-
tromagnetic emitters, inductive, convective, and/or con-
ductive heat sources, or other types of heat sources as
will be apparent to those skilled in the art. The heat from
the heat source 93 mounted to the transfer mechanism
27 is directed at one or more surfaces such as the top
and/or sides of the castings or molds as the castings or
molds are transferred to the inlet conveyor to arrest the
cooling of the castings and/or molds, and thus maintain
the temperature of the casting metal substantially at or
above the process control temperature of the metal.
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[0046] Additional heat sources 94 may be mounted
above or adjacent the inlet conveyors 90 and 91 as indi-
cated in FIG. 1D, or along the paths of travel of the trans-
fer mechanism as indicated by arrows 96, 96’, 97, and
97’ to maintain the temperature of the castings. In addi-
tion, blowers, fans or other similar air movement devices
(not shown) also can be positioned adjacent the transfer
mechanism or along its path of movement 96, 96’, 97,
and 97’ for applying a heated media, such as air or other
heated fluids, thereto. The blowers distribute the heat
applied to the casting and/or mold to minimize uneven
heating or cooling of the castings during transfer from
the pouring line to the heat treatment furnace(s) 92. The
use of such heat sources or elements mounted on the
transfer mechanism and, in some arrangements, along
the path of travel of the castings, thus performs the func-
tion of the process temperature control station to help
arrest cooling and maintain the castings substantially at
or above the process control temperature.

[0047] Still another aspect of the present invention is
illustrated in FIG. 3. In this example, the castings and/or
sand molds are placed directly within collection baskets
or conveying tray 100 by the transfer mechanism 27 and
fed into the process temperature control station for a
batch heating process. In such an arrangement, the cast-
ings 12 generally will be loaded into a series of compart-
ments or chambers 101 of the conveying tray 100, with
the castings located in known, indexed positions for di-
rected application of heat for de-coring and other func-
tions as the castings are moved into and through a proc-
ess temperature control station 102 and heat treatment
station 103, as disclosed and claimed in U.S. Patent Ap-
plication Serial No. 09/665,354, filed September 9, 2000,
incorporated herein by reference in its entirety. In this
embodiment, the trays 100 typically will be indexed into
and out of the chamber 104 of the process temperature
control station as indicated by arrows 106 and 106’ as
the castings are loaded therein. As a result, the exposure
of the castings to the ambient environment, which would
allow them to cool down below their process control or
critical temperature, is minimized while the various other
compartments 101 of the tray are loaded with the remain-
ing castings of the batch.

[0048] In addition, as indicated in FIG. 3, it is further
possible to provide directed heat sources 107 for each
of the compartments 101 of the trays 100. For example,
as a first compartment 101’ is loaded with a casting 12’
and indexed into the process temperature control station
102, afirst heat source 107’ directs heat toward the cast-
ing and/or sand mold within that particular chamber.
Thereafter, as successive castings or molds are loaded
into the other chambers or compartments of the basket,
additional heat sources 107 directed to those compart-
ments are engaged. Thus, the heating of the chamber
104 of the process temperature control station can be
limited or directed to specific regions or zones as needed
for more efficient heating of the castings.

[0049] AsFIG. 3 further illustrates, a series of blowers
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or other similar airmovement devices 108 may be mount-
ed to the roof of the process temperature control station
for drawing off waste gases generated by the degradation
of the sand core and/or sand mold binder materials. The
gases and additional waste heat then may be directed
via conduits 109 to the heat treatment station 103 for
heat reclamation and pollution reduction, and to help pre-
vent the collection of combustible wastes on the sides
and ceiling of the chamber of the process temperature
control station 102.

[0050] Accordingly, it will be readily understood by
those persons skilled in the art that, in view of the above
detailed description of the invention, the present inven-
tion is susceptible of broad utility and application. Many
adaptations of the present invention other than those
herein described, as well as many variations, modifica-
tions, and equivalent arrangements will be apparent from
or reasonably suggested by the present invention and
the above detailed description thereof, without departing
from the substance or scope of the present invention.
[0051] While the present invention is described herein
in detail in relation to specific aspects, it is to be under-
stood that this detailed description is only illustrative and
exemplary of the present invention and is made merely
for purposes of providing a full and enabling disclosure
ofthe presentinvention. The detailed description set forth
herein is not intended nor is to be construed to limit the
present invention or otherwise to exclude any such other
embodiments, adaptations, variations, modifications,
and equivalent arrangements of the present invention,
the present invention being limited solely by the claims
appended hereto and the equivalents thereof.

Claims

1. A system for forming and heat treating a metal cast-
ing, the system comprising: a process control tem-
perature station positioned upstream from a heat
treatment station, said process s temperature control
station comprising a temperature sensing device in
communication with a heat source, wherein said
temperature sensing device and said heat source
communicate to maintain the temperature of the
casting at or above a process control temperature
for the metal of the casting.

2. The system of claim 1, wherein said process control
temperature station further comprises a controller in
communication with said temperature sensing de-
vice and said heat source, said controller controlling
the amount of heat applied to the casting to maintain
the temperature of the castings at or above the proc-
ess control temperature for the metal of the casting.

3. The system of claim 1, wherein said heat source ap-
plies heatto the casting sufficientto arrest the cooling
of the casting without heating the casting above the
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10.

heat treatment temperature for the metal of the cast-
ing.

The system of claim 1, wherein the process control
temperature is less than the heat treatment temper-
ature for the metal of the casting.

The system of claim 1, wherein the process control
temperature is the temperature below which for eve-
ry one minute of time the temperature of the casting
decreases, more than one minute of heat treatment
is required to attain the desired properties of the cast-

ing.

The system of claim 1, wherein the process control
temperature is the temperature below which for eve-
ry one minute of time the temperature of the casting
decreases, at least about four minutes of heat treat-
ment is required to attain the desired properties of
the casting.

The system of claim 1, wherein the metal is an alu-
minum/copper alloy and the process control temper-
ature is from about 400°C to about 470°C or wherein
the metal is an iron alloy and the process control
temperature is from about 1000°C to about 1300°C.

A system for forming and heat treating a metal cast-
ing, the system comprising: a heat treatment station
including a heat treatment furnace having an entry
zone for a casting; a temperature measuring device
within said entry zone; and a transfer mechanism in
communication with said temperature measuring de-
vice, wherein upon detection of a rejection temper-
ature by said temperature measuring device, said
transfer mechanism removes the casting prior to en-
try into said furnace.

The system of claim 8, wherein the rejection temper-
ature is from about 10°C to about 20°C below a proc-
ess control temperature for the metal of the casting,
where the process control temperature is the tem-
perature below which for every one minute of time
the temperature of the casting decreases, more than
one minute of heat treatment is required to attain the
desired properties of the casting or wherein the re-
jection temperature is from about 10°C to about 20°C
below the temperature of the heat treatment furnace.

An integrated facility for forming and heat treating a
metal casting, comprising: a pouring station for pour-
ing a molten metal into a mold to form a casting; a
process control temperature station downstream
from said pouring station, said process control tem-
perature station comprising a temperature sensing
device in communication with a heat source and a
transfer mechanism; and a heat treatment furnace
upstream from said process temperature control sta-
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tion, wherein said temperature sensing device and
said heat source are adapted to maintain the tem-
perature of the casting at or above a process control
temperature for the metal of the casting, and wherein
upon receipt of a rejection signal from said temper-
ature sensing device, said transfer mechanism re-
moves the casting prior to entry into said furnace.

The integrated facility of claim 10, wherein said proc-
ess control temperature station further comprises a
controller in communication with said temperature
sensing device and said heat source, said controller
controlling the amount of heat applied to the casting
to maintain the temperature of the castings at or
above the process control temperature for the metal
of the casting.

The integrated facility of claim 10, wherein said trans-
fer mechanism receives the rejection signal when
the temperature of the casting is from about 10°C to
about 20°C below: (a) the process control tempera-
ture for the metal of the casting, where the process
control temperature is the temperature below which
for every one minute of time the temperature of the
casting decreases, more than one minute of heat
treatment is required to attain the desired properties
ofthe casting, or (b) the temperature of the heat treat-
ment furnace.

A method of forming a casting having areduced heat
treatment time comprising: pouring a molten metal
into a mold to form a casting; monitoring the temper-
ature of the casting; comparing the temperature of
the casting to a predetermined process control tem-
perature; applying heat to the casting if the temper-
ature of the casting is less than the process control
temperature; placing the casting into a heat treat-
ment furnace; and heat treating the casting, wherein
applying heat to the casting comprises applying suf-
ficient heat to the casting to allow the molten metal
to solidify while the temperature of the casting is
maintained at or above said process control temper-
ature, and wherein the process control temperature
is the temperature below which for every one minute
of time the temperature of the casting decreases,
more than one minute of heat treatment is required
to attain the desired properties of the casting.

A method of forming and heat treating a casting com-
prising: pouring a molten metal into a mold to form
a casting; monitoring the temperature of the casting;
comparing the temperature of the casting to a pre-
defined rejection temperature and, ifthe temperature
is equal to or less than the rejection temperature,
rejecting the casting; comparing the temperature of
the casting to a predetermined process control tem-
perature and, if the temperature is greater than the
rejection temperature but less the process control
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temperature, applying heat to the casting; and heat
treating the casting.

The method of claim 14, wherein the rejection tem-
perature is from about 10°C to about 20°C below a
process control temperature for the metal of the cast-
ing, where the process control temperature is the
temperature below which for every one minute of
time the temperature of the casting decreases, more
than one minute of heat treatmentis required to attain
the desired properties of the casting, or wherein the
rejection temperature is from about 10°C to about
20°C below the temperature of the heat treatment
furnace.
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