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FURNACE 

This paper is a provisional patent application. 

FIELD OF THE DISCLOSURE 

[0001] The present disclosure relates generally to a heating device, and more 

specifically to a furnace. 

BACKGROUND 

[0002] A furnace may heat materials to extremely high temperatures needed to 

carry out the processes of brazing, sintering, and heat treating. The furnace may be able 

to heat an object to a range of between 2000°C and 2800°C. Heating metals to extremely 

high temperatures may cause the metals to oxidize rapidly; however providing a vacuum 

within a furnace may remove oxygen to prevent rapid oxidation. High-temperature 

furnace brazing may be performed by uniformly heating an assembly to a brazing 

temperature and holding the assembly at the temperature for a predetermined period of 

time before cooling the assembly. In some situations, the high temperature required for 

brazing may lead to unwanted changes in the mechanical properties of base materials 

used the assembly. 

[0003] Location specific heat treatment may also be performed in a furnace to 

alter the physical and sometimes chemical properties of a material. Heat treating an 

object may heat the object to an extreme temperature to harden or soften the material of 

the object. 

SUMMARY 

[0004] The present disclosure may comprise one or more of the following 

features and combinations thereof. 

[0005] According to an aspect of the present disclosure, a furnace for heating an 

assembly is taught. The furnace may comprise a container defining a monolithic internal 

volume configured to maintain a single vacuum level throughout the monolithic internal 

volume. The furnace may include a stage moveable between a first position arranged to 

support an assembly within a first zone of the monolithic internal volume and second 
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position arranged to support an assembly within a second zon e of the monolithic internal 

volume. 

[0006] In some embodiments, the furnace may include a heating system located 

within the monolithic internal volume. The heating system may include a radiant heater 

arranged to provide radiant heat to an assembly located in the first zone and an inductive 

heater arranged to provide inductive heat to an assembly located in the second zone. 

[0007] In some embodiments the radiant heater of the furnace may include a first 

induction coil and a susceptor arranged between the first induction coil and the first zone. 

In some embodiments, the inductive heater of the furnace may include a second induction 

coil arranged adjacent to the second zone. 

[0008] hi some embodiments the first zone and the second zone of the furnace 

may be arranged along an axis that extends through the monolithic internal volume and 

the stage may move along the axis during movement from the first position to the second 

position. In some embodiments, the inductive heater of the furnace may include an 

induction coil arranged in the monolithic internal volume and the induction coil may be 

movable relative to the first zone normal to the axis to adjust the amount of induction 

available within the first zone. In some embodiments the radiant heater of the furnace 

may include an induction coil and a susceptor arranged between the first induction coil 

and the second zone and wherein the induction coil and the susceptor are movable 

relative to the second zone normal to the axis to adjust the amount of radiant heat 

provided to the second zone by the radiant heater. The axis of the furnace may be 

generally vertical and the first zone may be spaced vertically apart from the second zone 

along the axis. The furnace may further comprise an insulator arranged in the second 

zone and may be configured to shield a portion of an assembly arranged in the second 

zone from being affected by the inductive heater. 

[0009] According to another aspect of the present disclosure a furnace for heating 

an article is taught. The furnace may comprise a container defining a monolithic internal 

volume. The furnace may also include a radiant heater located in the monolithic internal 

volume which may be configured to provide radiant heat to an assembly located in a first 

zone of the monolithic internal volume, the radiant heater may include a first induction 

coil and a susceptor arranged between the first induction coil and the first zone. 
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[0010] In some embodiments the furnace may also include an induction heater 

located in the monolithic internal volume and may be configured to provide inductive 

heat to an assembly located in a second zone of the monolithic internal volume, spaced 

apart from the first zone, the inductive heater may include a first induction coil arranged 

adjacent to the second zone. 

[0011] In some embodiments the radiant heater may include a first induction coil 

and a susceptor arranged between the first induction coil and the first zone. In some 

embodiments the induction heater of the furnace may include a second induction coil 

arranged adjacent to the second zone. The first zone and the second zone of the furnace 

may be arranged along an axis that extends through the monolithic internal volume. 

[0012] In some embodiments the induction heater may include an induction coil 

arranged in the monolithic internal volume and the induction coil may be movable to 

relative to the first zone normal to the axis to adjust the amount of induction available 

within the first zone. In some embodiments, the radiant heater may include an induction 

coil and a susceptor arranged between the first induction coil and the second zone and 

wherein the induction coil and the susceptor may be movable relative to the second zone 

normal to the axis to adjust the amount of radiant heat provided to the second zone by the 

radiant heater. 

[0013] In some embodiments the axis may be generally vertical and the first zone 

may be spaced vertically apart from the second zone along the axis. The furnace may 

further comprise an insulator arranged in the second zone and configured to shield a 

portion of an assembly arranged in the second zone from being affected by the inductive 

heater. 

[0014] According to another aspect of the present disclosure, a method of brazing 

components in a furnace is taught. The method may comprise positioning an assembly 

including a first component, a second component, and a braze material in a first zone of 

the monolithic volume defined by a container, applying radiant heat to the assembly to 

uniformly heat the assembly to a predetermined temperature, moving the assembly to a 

second zone of the monolithic volume defined by the container, and coupling inductive 

heat to the braze material and the adjacent base material to further raise the temperature 

of the braze material above a melting point of the braze material. 
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[0015] In some embodiments, the method may further comprise conditioning the 

atmosphere within the monolithic volume of the furnace so that the atmosphere within 

the monolithic volume may be substantially homogenous. Conditioning the atmosphere 

of the furnace may include introducing desired gasses into the monolithic volume and a 

pulling a desired vacuum within the monolithic volume. In some embodiments, moving 

the assembly to the second zone may be accomplished by changing the position of a stage 

supporting the assembly within the monolithic volume along a vertical axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1 is a diagrammatic view of a furnace adapted to apply both indirect 

and direct heat to an assembly while keeping the assembly in a single controlled volume 

showing an illustrative assembly exposed to indirect heating by a radiant heater in a first 

zone of the volume; 

[0017] Fig. 2 is similar to Fig. 1 showing the assembly exposed to direct heating 

by an induction heater in a second zone of the volume; and 

[0018] Fig. 3 is a block diagram showing a method of brazing an assembly using 

the furnace of Figs. 1 and 2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0019] For the purposes of promoting an understanding of the principles of the 

disclosure, reference will now be made to a number of illustrative embodiments 

illustrated in the drawings and specific language will be used to describe the same. 

[0020] In the illustrative embodiment, a furnace 10 may include a container 12, a 

heating system 14, and a transport component 16 as depicted diagrammatically, in Figs. 1 

and 2. The container 12 may house the heating system 14 and the transport component 16 

in a monolithic internal volume 15. The heating system 14 may provide multiple heating 

zones within the monolithic internal volume 15 for applying both direct and indirect heat 

to an assembly 11, without transferring the assembly 11 from one furnace to another. The 

transport component 16 may be configured to move the assembly 11 between heating 

zones of the heating system 14. 
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[0021] The container 12 may define the monolithic volume 15 and may be a 

pressure vessel configured to regulate gases within the volume 15 to a constant vacuum 

level using a gas inlet valve 36 and a gas outlet valve 34 along with various pumps and 

gas supplies as depicted in Figs. 1 and 2. Any number of atmospheric gases such as 

argon, nitrogen, and hydrogen may be used interchangeably to keep a steady 

environment. As a metal heats it may oxidize rapidly and oxygen may be removed from 

the vacuum by the gas outlet valve 34. In the illustrative embodiment, the temperature 

may reach 2700°F or higher and the vacuum level may reach 10-6 Torr or higher. Sensors 

may be included in order to monitor the level of oxygen, the temperature, and the 

pressure within the container 12. 

[0022] The container 12 may include a top wall 46, bottom wall 48, and tubular 

side walls 50 for creating a monolithic volume 15 as shown in Figs. 1 and 2. The 

monolithic internal volume 15 may be undivided by doors, barriers, curtains or the like 

such that an assembly 11 may move without hindrance throughout the volume 15. The 

monolithic internal volume 15 may allow specialty metals, alloys and other elements to 

be heated that may oxidize if heated in the presence of air and/or transferred from a first 

heating element to a second heating element. 

[0023] The transport component 16 may include a stage 18 and a stage mover 20 

as illustrated in the furnace 10 of Figs. 1 and 2. The stage 18 may be connected to the 

stage mover 20 and may act as a platform or fixture for holding any number of 

components, articles, assemblies and/or objects. Illustratively the assembly 11 may be a 

ceramic component 38 and a metallic component 40 coupled by braze material 39 all 

included in the assembly 11 shown in Fig. 1 and Fig. 2. In the illustrative embodiment, 

the stage mover 20 may include a hydraulic pump and a piston. In other embodiments, 

electric motors or other suitable mechanisms may be used as the stage mover 20. 

[0024] The heating system 14 may include a radiant heater 22 and an inductive 

heater 28 both located in the monolithic internal volume 15 of the container 12 as shown, 

for example, in Figs. 1 and 2. The radiant heater 22 may be arranged adjacent to the first 

zone 41 of the volume 15 defined by the vacuum container 12 and may be configured to 

apply direct, radiant heat to the assembly 11 when the assembly 11 is in the first zone 41 

as suggested in Fig. 1. The induction heater 28 may be arranged adjacent to the second 
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zone 41 of the volume 15 and may be configured to apply indirect, inductive heat to at 

least some parts of the assembly 11 as suggested in Fig. 2. Any combination of 

arrangements between the induction heater 28 and the radiant heater 22 may be 

conceived wherein the induction heater 28 and the radiant heater 22 are housed within the 

monolithic internal volume. 

[0025] In the illustrative embodiment, the first zone 41 and the second zone 42 

may be arranged along a vertical axis 45 with the first zone 41 above the second zone 42 

as shown in Figs. 1 and 2. Accordingly, the radiant heater 22 and the inductive heater 28 

may be arranged along the axis 45 with the radiant heater 22 above the inductive heater 

28. This arrangement allows assembly 11 to be quickly moved downward by the 

transport component 15 from the first zone 41 and the radiant heater 22 to the second 

zone 42 and the inductive heater 28 aided by gravitational forces as depicted with an 

arrow 43 in Figs. 1 and 2. In other embodiments, the zones 41, 42 and heaters 22, 28 may 

be arranged along a horizontal axis or in other suitable locations within the container 12. 

[0026] In the illustrative embodiment, the radiant heater 22 may include a 

combination of susceptors 26a, 26b and a plurality of induction coils 24a, 24b, 24c, 24d, 

24e, 24f, 24g, and 24h as depicted in Figs. 1-3. The susceptors 26 may be configured to 

provide radiant heat to the component when acted upon by the induction coils 24. The 

induction coils 24 and/or susceptors 26 may be movable relative to the first zone 41 

normal to the axis 45 to adjust the amount of induction applied to the susceptors, thereby 

adjusting the level of radiant heat applied within the first zone 41. Illustratively, the 

induction coils 24 may be arranged such the susceptors 26 may be between the induction 

coils 24 and the first zone 40. 

[0027] The radiant heater 22 may transfer radiant heat from the susceptors 26 to 

the assembly 11. Radiant heat may be provided to the assembly 11 heating the entire 

assembly 11 or a portion of the assembly 11 to a temperature below the melting point of 

the metals such that changes to the metal's physical and chemical properties will not 

occur. The application of radiant heat will allow the assembly 11 to be uniformly heated 

prior to one of the steps of brazing, heat treating, or heating by induction in the second 

zone 42 by the induction heater 28. 
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[0028] In the illustrative embodiment, an induction heater 28 may include a 

plurality of induction coils 30a, 30b, 30c, 30d, 30e, 30f, 30g, 30h, and optionally may 

include an insulator 32a, 32b as depicted in Figs. 1 and 2. The induction coils 30 may be 

configured to provide inductive heat or indirect heat to parts of the assembly 11 

susceptible to inductive heating. The shape of the induction coils 30 may be 

predetermined to correspond to the assembly 11 to be heated, such that the coils may 

interact with only the portion to be heated. The optional insulator 32 may be a shield and 

may be arranged in the second zone 42 and may be configured to shield a portion of the 

assembly 11 from the induction coils 30. Accordingly parts of the assembly 11 

susceptible to inductive heating but shielded from the induction coils 30 may not be 

heated by the induction heater 28. 

[0029] In some embodiments, as illustratively shown, heat or wavelengths, from 

the induction heater 28 may couple to the braze material 39 heating the braze material 39 

and also may heat the base material. The ceramic component 38 or a metallic containing 

component may be insulated by the insulator 40. The induction heater 28 may use 

electromagnetic induction where eddy current may be generated to heat metal used in the 

assembly 11. 

[0030] High temperature brazing, heat treating or sintering may require that heat 

be applied to an entire assembly 11 rather than just at a specific location, which may 

result in part distortions. Heating the assembly 11 uniformly to a temperature below the 

melting temperature and subsequently providing localized heating thereby brazing, 

sintering, or heat treating the area may reduce the adverse stress effects by reducing the 

high temperature exposure of entire assembly. The furnace 10 described herein may 

reduce the need to remove the assembly 11 from the container 12 allowing it to cool, 

prior to subsequent brazing. The system described herein may also improve ability to join 

combinations of advanced materials such as ceramic matrix composites and metal-

intermetallic composites and dissimilar metallics. 

[0031] One illustrative method 300 of heating an assembly, such as brazing the 

ceramic-containing component 38 and the metallic containing component 40 with the 

braze material 39 of assembly 11 shown in Figs. 1 and 2 is shown in Fig. 3. While the 

illustrative method uses brazing, the furnace 10 may be used to heat treat an object, sinter 
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an object, or any other method of altering the material through the application of heat 

may be performed within the furnace 10. 

[0032] In a step 310 of the method 300, the assembly 11 may be positioned on the 

moveable stage 18 in the first zone 41 of the furnace 10 as suggested in Fig. 3. In a step 

320 of the method 300, the atmosphere in the container 12 may be brought to the desired 

content and vacuum level. The desired atmosphere may be reached by adding or 

removing air using the gas inlet valve 36 and/or the gas release valve 34 of Figs. 1 and 2. 

Alternatively, the stage maybe immobile and the first zone 41 and the second zone 42 of 

the furnace 10 may move around the assembly 11 while the assembly 11 may be held in a 

stationary position. 

[0033] In a step 330 of the method 300, radiant heat may be applied to the 

assembly 11 to uniformly heat the assembly 11 of Figs. 1 and 2 as suggested in Fig. 3. 

The radiant heat may be applied in the first zone 41 of the assembly 11. The combination 

of the induction coils 24 corresponding to the susceptors 26 may uniformly heat the 

entirety of the assembly 11 to a predetermined temperature. In a step 340 of the method 

300, the assembly 11 may be moved to the second zone 42 of the container 12. The 

assembly 11 may be moved to the second zone 42 of the container by changing the 

position of the movable stage 18 or any other suitable means for transporting the 

assembly 11 as shown by the arrow 43 in Figs. 1 and 2 and suggested in Fig 3. 

[0034] In a step 340 of the method 300, inductive heat may be applied to heat the 

braze material 39 included in the assembly 11. The temperature to heat the braze material 

39 may be higher than the temperature used to radiantly heat the assembly 11 in the first 

zone 41. The inductive heat may be applied using the induction coils 30 shown in Figs. 1 

and 2. Optionally insulators 32 in the second zone 42 may insulate the ceramic portion 38 

or any portion of the assembly 11 which may not be exposed to induction heating for 

reaching the brazing temperatures in the second zone 42. 

[0035] In a step 360 of the method 300, the assembly 11 may be cooled within the 

container volume 12 to solidify braze. The assembly 11 may be cooled in a 

predetermined atmosphere allowing for the assembly 11 to cool in the contained 

environment. In a step 370 of the method 300 the assembly 11 may be removed from the 
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container volume 12. The assembly 11 may be removed only once at the end of the 

brazing process rather than between application of radiant heat and inductive heat. 

[0036] Optionally the inductive heat may be coupled to a susceptor in the second 

zone to apply radiant heat to the braze material and the adjacent material to further raise 

the temperature of the braze material above a melting point of the braze material. In 

another option, the inductive heat may be coupled to the localized base material (without 

braze materials) to further raise the temperature of the base material for the localized heat 

treatment. In a third option, the inductive heat may be coupled to a susceptor in a second 

zone to apply radiant heat to the localized base material (without braze materials) to 

further raise the temperature of the base material for the localized heat treatment. 

[0037] While the disclosure has been illustrated and described in detail in the 

foregoing drawings and description, the same is to be considered as exemplary and not 

restrictive in character, it being understood that only illustrative embodiments thereof 

have been shown and described and that all changes and modifications that come within 

the spirit of the disclosure are desired to be protected. 



10 

CLAIM 

A furnace comprising 

a container defining a monolithic internal volume configured to maintain a 

single vacuum level throughout the monolithic internal volume, 

a stage moveable between a first position arranged to support an assembly 

within a first zone of the monolithic internal volume and a second position arranged to 

support the assembly within a second zone of the monolithic internal volume, and 

a heating system located within the monolithic internal volume, the 

heating system including a radiant heater arranged to provide radiant heat to the assembly 

located in the first zone and an inductive heater arranged to provide inductive heat to the 

assembly located in the second zone. 

The furnace of Claim 1, wherein the radiant heater includes a first 

induction coil and a susceptor arranged between the first induction coil and the first zone. 

The furnace of Claim 2, wherein the inductive heater includes a second 

induction coil arranged adjacent to the second zone. 

The furnace of Claim 1, wherein the first zone and the second zone are 

arranged along an axis that extends through the monolithic internal volume and the stage 

moves along the axis during movement from the first position to the second position. 

The furnace of Claim 4, wherein the inductive heater includes an induction 

coil arranged in the monolithic internal volume and the induction coil is movable relative 

to the first zone normal to the axis to adjust the amount of induction available within the 

first zone. 

The furnace of Claim 4, wherein the radiant heater includes an induction 

coil and a susceptor arranged between the first induction coil and the second zone and 

wherein the induction coil and the susceptor are movable relative to the second zone 

normal to the axis to adjust the amount of radiant heat provided to the second zone by the 

radiant heater. 

The furnace of Claim 4, wherein the axis is generally vertical and the first 

zone is spaced vertically apart from the second zone along the axis. 
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The furnace of Claim 1, further comprising an insulator arranged in the 

second zone and configured to shield a portion of an article arranged in the second zone 

from being affected by the inductive heater. 

A furnace comprising 

a container defining a monolithic internal volume, 

a radiant heater located in the monolithic internal volume and configured 

to provide radiant heat to an assembly located in a first zone of the monolithic internal 

volume, the radiant heater including a first induction coil and a susceptor arranged 

between the first induction coil and the first zone, and 

an induction heater located in the monolithic internal volume and 

configured to provide inductive heat to an assembly located in a second zone of the 

monolithic internal volume, spaced apart from the first zone, the inductive heater includes 

a first induction coil arranged adjacent to the second zone. 

The furnace of Claim 9, wherein the radiant heater includes a first 

induction coil and a susceptor arranged between the first induction coil and the first zone. 

The furnace of Claim 10, wherein the induction heater includes a second 

induction coil arranged adjacent to the second zone. 

The furnace of Claim 9, wherein the first zone and the second zone are 

arranged along an axis that extends through the monolithic internal volume. 

The furnace of Claim 9, wherein the induction heater includes an 

induction coil arranged in the monolithic internal volume and the induction coil is 

movable relative to the first zone normal to the axis to adjust the amount of induction 

available within the first zone. 

The furnace of Claim 9, wherein the radiant heater includes an induction 

coil and a susceptor arranged between the first induction coil and the second zone and 

wherein the induction coil and the susceptor are movable relative to the second zone 

normal to the axis to adjust the amount of radiant heat provided to the second zone by the 

radiant heater. 

The furnace of Claim 9, wherein the axis is generally vertical and the first 

zone is spaced vertically apart from the second zone along the axis. 
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The furnace of Claim 9, further comprising an insulator arranged in the 

second zone and configured to shield a portion of an assembly arranged in the second 

zone from being affected by the inductive heater. 

A method of brazing components in a furnace, the method comprising 

positioning an assembly including a first component, a second component, 

and a braze material in a first zone of a monolithic volume defined by a container, 

applying radiant heat to the assembly to uniformly heat the assembly to a 

predetermined temperature, 

moving the assembly to a second zone of the monolithic volume defined 

by the container, and 

coupling inductive heat to the braze material and the adjacent base 

material to further raise the temperature of the braze material above a melting point of the 

braze material. 

The method of Claim 17, further comprising conditioning the atmosphere 

within the monolithic volume so that the atmosphere within the monolithic volume is 

substantially homogenous. 

The method of Claim 18, wherein conditioning the atmosphere includes 

introducing desired gasses into the monolithic volume and pulling a desired vacuum 

within the monolithic volume. 

The method of Claim 17, wherein moving the assembly to the second zone 

is accomplished by changing the position of a stage supporting the assembly within the 

monolithic volume along a vertical axis. 


