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HARDFACED WEARPART USING BRAZING AND ASSOCIATED METHOD 
AND ASSEMBLY FOR MANUFACTURING 

Cross-Reference to Related Application 

[0001] The present application claims priority to U.S. Provisional Application 

No. 61/472,470, filed April 6, 2011, which application is incorporated by 

reference herein in its entirety and made part hereof. 

Technical Field of the Disclosure 

[0002] This disclosure relates to various embodiments of a hardfaced part for 

use in abrasive environments formed using infiltration brazing or another brazing 

technique. More particularly, the disclosure relates to products, systems and 

methods that pertain to such hardfaced parts. For example, such hardfaced 

parts can include wear-resistant tools used for ground-engaging machinery (e.g., 

a point for an excavator), mineral processing equipment such as a tip for a dual 

roll crusher, trommel screens, or other abrasive applications. 

Background 

[0003] Examples of wear parts produced by infiltration of hard particles are 

disclosed in U.S. Patent Nos. US4884477, US4949598, and US6073518, and in 

the publications US20100278604, GB2041427, and W02008103688. Older 

publications more generally describing manufacturing cemented carbides by an 

infiltration process include US1512191 and DE420689C (Schroter, 1925, 

Deutsches Reich). The disclosures of these and all other publications 

referenced herein are incorporated by reference in their entirety for all purposes. 

The present invention seeks to overcome certain limitations of these devices and 

other existing devices, and to provide new features not heretofore available. 

Brief Summary 

[0004] Economical and effective hardfaced wearparts are provided, formed 

from a substrate, a thin shell, hard particles held within a cavity defined between 
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the substrate and the shell, and infiltration brazing material that binds these 

elements into a composite wearpart. The thin metal shell is expendable, because 

it typically erodes quickly during use of these hardfaced wearparts. Methods for 

making such wearparts using infiltration brazing and expendable thin shells also 

are provided. 

[0005] Aspects of the invention relate to a hardfaced wear part that includes a 

steel substrate, a steel shell joined to the substrate to define a cavity between 

the substrate and the shell, and a hard composite filling the cavity, the composite 

including hardened particles infiltrated with metal brazing. This hardfaced wear 

part preferably is one where the shell weighs substantially less than the 

substrate. Furthermore, the shell preferably defines a reservoir outside of the 

cavity, and more specifically, a flared reservoir outside of the cavity. In some 

embodiments, the shell defines a funnel-shaped reservoir outside of the cavity. 

In some of the embodiments, this shell is welded to the substrate. 

[0006] Aspects of the invention also relate to an article, such as a hardfaced 

wearpart, that includes a substrate, a sheet metal shell connected to the 

substrate to define a cavity between the surface of the substrate and the shell, 

and a composite material filling the cavity and forming a coating on at least a 

portion of the surface of the substrate, the composite material including a hard 

particulate material infiltrated with a metallic brazing material. 

[0007] According to one aspect, the shell has an opening to provide access to 

the cavity to facilitate the insertion of the hardfacing material and the feeding in 

of the brazing material. The shell may also include a reservoir connected to the 

shell and positioned outside the cavity in communication with the opening to 

initially hold the brazing material during manufacture. 

[0008] According to another aspect, the shell may be connected to the 

surface of the substrate by welding or brazing. The shell may further include a 

conformal band in surface-to-surface contact with a portion of the surface of the 

substrate around an entire periphery of the shell, such that the shell is connected 

to the substrate by welding or brazing at least at the conformal band. In this 



WO 2012/138916 
3 

PCT/US2012/032410 

configuration, the substrate may have a bonding surface in surface-to-surface 

contact with the conformal band, and at least a portion of the substrate within the 

cavity may be inset with respect to the bonding surface, such that the composite 

materia! has an outer surface that is flush with the bonding surface. 

[0009] According to a further aspect, the brazing material may be bonded to 

the surface of the substrate, and may further be bonded to the shell as weil. 

[0010] According to yet another aspect, the shell may include a front piece 

having a front flange extending transversely from a back edge of the front piece 

and a back piece having a back flange extending transversely from a front edge 

of the back piece, where the front piece and the back piece are joined together 

to form the shell by welding or brazing the front flange to the back flange. 

[0011] According to an additional aspect, the particulate material may be or 

include tungsten carbide, and the metallic brazing material may be or include Ni-

Cr-Si-B brazing alloy powder. 

[0012] According to a still further aspect, the substrate may have a hole in the 

surface, and an insert rod may be received in the hole, such that the hole is 

covered by the composite material. 

[0013] Additional aspects of the invention relate to a tool having a surface at 

a point of the tool and a bonding surface located proximate the surface, a 

composite hardfacing material forming a coating on at least a portion of the 

surface, and a sheet metal shell in contact with the composite material and 

surrounding the composite material. The composite hardfacing material includes 

a hard particulate material infiltrated with a metallic brazing material, where the 

metallic brazing material is bonded to the surface to connect the composite 

hardfacing material to the tool. The shell has a conformal band in contact with 

the bonding surface of the tool, and the shell is connected to the tool by welding 

or brazing at least between the conformal band and the bonding surface. A 

cavity is defined between the surface of the substrate and the shell, and the 

composite hardfacing material fills the shell. 
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[0014] Other aspects of the invention relate to a composite wear-resistant 

tool, comprising a steel shell that defines a cavity, a steel substrate partially 

filling the cavity to define a void between the shell and the substrate, and a hard 

composite at least partially filling the void and including hardened particles 

infiltrated with metal brazing. 

[0015] Other aspects of the invention relate to a hardfaced wear part 

comprising a steel shell that defines a cavity, a steel substrate only partially filling 

the cavity, and a hard composite in close contact with both the shell and the 

substrate to define a hard layer protecting the substrate from wear, the 

composite including hardened particles infiltrated with meta! brazing, 

[0016] Still other aspects of the invention relate to a hardfaced wear part for 

earth-moving equipment, comprising a steel substrate, a steel shell generally 

conforming to at least a portion of the surface of the substrate, defining a cavity 

between the surface and the shell, and a hard composite at least partially filling 

the cavity and bonding to both the substrate and the shell, the composite 

including hardened particles infiltrated with metal brazing. Preferably, the shell 

has an average shell thickness, the substrate has an average substrate 

thickness, and the average shell thickness is substantially less than the average 

substrate thickness. 

[0017] Further aspects of the invention relate to a composite wear resistant 

tool comprising a thin metal shell defining an outer perimeter for a hard 

composite, a thick metal substrate defining a primary body for a tool, the 

substrate at least partially surrounded by the shell, and a layer of hard particulate 

material infiltrated with a brazing alloy defining a hard composite bonded to both 

the shell and the substrate; 

[0018] Still further aspects of the invention relate to an article that includes a 

substrate, a metal shell connected to the substrate to define a cavity between 

the surface of the substrate and the shell, a hard material positioned within the 

cavity, and a metallic brazing material bonding the hard material to the surface of 

the substrate. As described above, the hard material and the metallic brazing 
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material may form a composite hardfacing material covering the surface of the 

substrate. In one configuration, the hard material may have a porous structure, 

such as a particulate material or a porous preform, that is infiltrated by the 

metallic brazing material to form the composite hardfacing material. In another 

configuration, the hard material may have a monolithic structure. 

[0019] Aspects of the invention also relate to a method for use with a 

substrate, including connecting a sheet metal shell to the surface of the 

substrate to define a cavity between the shell and the surface, placing a hard 

particulate material within the cavity, in close proximity to the surface, placing a 

metallic brazing materia! in communication with the cavity, heating the brazing 

material to a temperature above a melting point of the brazing material and 

holding the temperature for a time sufficient for the brazing material to infiltrate 

the particulate material in molten form and contact the surface of the substrate, 

and cooling the brazing material to solidify the brazing material and form a wear 

resistant composite coating on the surface of the substrate. The brazing 

material may be bonded to the surface and/or the shell after the brazing material 

is solidified. 

[0020] According to one aspect, the shell has an opening to an exterior of the 

shell and a flared reservoir is connected to the shell and positioned outside the 

cavity in communication with the opening, and the brazing material is placed 

within the reservoir to be in communication with the cavity. The reservoir may be 

integrally formed with the shell. 

[0021] According to another aspect, connecting the shell to the substrate 

includes welding or brazing the shell to the surface of the substrate. The shell 

may further include a conformal band extending around a periphery of the shell. 

In this configuration, connecting the shell to the substrate may include welding or 

brazing the conformal band to the surface of the substrate, such that the 

conformal band is in surface-to-surface contact with a portion of the surface of 

the substrate around the entire conformal band. 
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[0022] According to a further aspect, the shell includes a front piece having a 

front flange extending transversely from a back edge of the front piece and a 

back piece having a back flange extending transversely from a front edge of the 

back piece. The method may further include joining the front piece and the back 

piece together to form the shell by welding or brazing the front flange to the back 

flange. 

[0023] According to yet another aspect, the brazing material is heated to a 

temperature sufficient to melt the brazing material, for sufficient time to allow the 

brazing material to infiltrate the spaces between the hard particles, bonding them 

together and to the substrate. For example, if using tungsten monocarbide (WC) 

hard particles and pure copper or AWS BNi-2, the brazing material may be 

heated to a temperature of approximately 2050°F for 30 minutes to 1 hour in 

many applications. This heating may be done in a vacuum furnace in one 

configuration. 

[0024] According to an additional aspect, the method also includes forming 

the shell, such as by welding or brazing pieces of sheet metal together to form 

the shell. Other techniques may additionally or alternately be used. 

[0025] Other aspects of the invention relate to a method for producing a 

composite wear-resistant tool that includes the step of infiltrating a layer of hard 

particles confined between a substrate and an expendable sheet-metal shell. 

The shell may be constructed such that it confines the hard particles to desired 

locations on the substrate, with specific thicknesses and shapes defined by 

contours of both the substrate and the shell. The shell may also be constructed 

such that it defines a reservoir for containing infiltrating material which will be 

melted during the step of infiltrating. Almost any type of tool or component that is 

hardfaced now by welding could be hardfaced by the disclosed methods. These 

methods may include a step where the particulate material is selected with a 

type and size distribution so as to give the desired degree of wear resistance for 

the intended application. These methods may include a step where the 

particulate material and its size distribution, as well as the type of infiltrating 

material employed are selected so as to give a desired degree of wear 
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resistance for an intended application, while at the same time accommodating 

the thermal and transformation expansion differences between the infiltrated 

layer and the substrate so as to minimize or eliminate cracking and spalling. 

[0026] Other aspects of the invention relate to a method of hardfacing metal 

parts to produce wear-resistant composite products that involves surrounding the 

part or a portion of the part to be hardfaced with a sheet metal shell, leaving a 

cavity, welding or high-temperature brazing the shell to the substrate so that the 

cavity will retain molten metal when heated, at least partially filling the cavity with 

granular or powdered particles of a wear-resisting material, and then infiltrating 

the particles with a suitable low-melting material to bond the particles to each 

other and to the substrate by heating. More specific embodiments of a method 

include providing a reservoir that is integral to the shell, placing a brazing alloy in 

the reservoir, heating a combined assembly of substrate, shell, particles of wear-

resisting material, reservoir and brazing alloy so that the brazing alloy melts and 

flows into interstices within the particles of wear-resisting material, and cooling 

the assembly so that the substrate, the shell, the particles of wear-resisting 

material, and the brazing alloy are bonded together to form a composite wear-

resistant wearpart. 

[0027] Other aspects of the invention relate to a method that includes 

connecting a metal shell to a surface of a substrate to define a cavity between 

the shell and the surface, placing a hard material within the cavity, placing a 

metallic brazing material in communication with the cavity, heating the brazing 

material to a temperature above a melting point of the brazing material and 

holding the temperature for a time sufficient for the brazing material to contact 

the hard material and the surface of the substrate in molten form, and then 

cooling the brazing material to solidify the brazing material and bond the hard 

material to the surface of the substrate. As described above, the shell may be 

formed of sheet metal. As also described above, the hard material may be 

infiltrated by the molten brazing material to form a wear resistant composite 

material. 
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[0028] Aspects of the invention also relate to an assembly that includes a tool 

having an surface configured for engaging earth to move the earth, and a sheet 

metal shell connected to the tool and having a conformal band conforming to at 

least a portion of the surface to define a cavity between the surface and the 

shell. The shell may further have an opening to an exterior of the shell. The 

shell is connected to the tool by welding or brazing the conformal band to the at 

least a portion of the surface. 

[0029] According to one aspect, the assembly is configured for forming a 

wear resistant composite coating on the surface by at least partially filling the 

cavity through the opening with a hard particulate material, placing a metallic 

brazing material in communication with the cavity, heating the assembly to a 

temperature above a melting point of the brazing material and holding the 

temperature for a time sufficient for the brazing material to infiltrate the 

particulate material in molten form and contact the surface of the tool, and 

cooling the assembly to solidify the matrix material and form the wear resistant 

composite coating on the surface. The assembly may also include a flared 

reservoir connected to the shell and positioned outside the cavity in 

communication with the opening, where the reservoir is configured to have the 

brazing material placed therein to be in communication with the cavity. After this 

process, the assembly may include the composite material filling (or partially 

filling) the cavity and forming a coating on at least a portion of the surface of the 

tool, where the composite material includes a hard particulate material infiltrated 

with a metallic brazing material. The brazing material may be bonded to the 

surface and/or the shell. 

[0030] According to another aspect the assembly also includes a flared 

reservoir connected to the shell and positioned outside the cavity in 

communication with the opening. The flared reservoir may be integrally formed 

with the shell. 

[0031] According to a further aspect, the conformal band extends around an 

entire periphery of the shell and around an entire periphery of the surface. 
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[0032] According to yet another aspect, the shell may include a front piece 

having a front flange extending transversely from a back edge of the front piece 

and a back piece having a back flange extending transversely from a front edge 

of the back piece, where the front piece and the back piece are joined together 

to form the shell by welding or brazing the front flange to the back flange. 

[0033] According to an additional aspect, the tool has a hole in the surface, 

and the assembly further includes an insert rod received in the hole. In this 

configuration, spaces may be defined between the insert rod and an interior wall 

of the hole. 

[0034] Still further aspects of the invention relate to an assembly that includes 

a tool having an operating surface, a sheet metal shell covering at least a portion 

of the operating surface and defining a cavity between the shell and the 

operating surface, and a plurality of spacers engaging the tool and the shell and 

separating the tool from the shell. The shell has an opening to an exterior of the 

shell. 

[0035] According to one aspect, the assembly is configured for forming a 

wear resistant composite coating on the operating surface by at least partially 

filling the cavity with a hard particulate material, placing a metallic brazing 

material in communication with the cavity, heating the assembly to a temperature 

above a melting point of the brazing material and holding the temperature for a 

time sufficient for the brazing material to infiltrate the particulate material in 

molten form and contact the operating surface of the tool, and cooling the 

assembly to solidify the matrix material and form the wear resistant composite 

coating on the operating surface. After this process, the assembly may include a 

composite material at least partially filling the cavity and forming a coating on at 

least a portion of the operating surface of the tool, the composite material 

comprising a hard particulate material infiltrated with a metallic brazing material, 

wherein the brazing material is bonded to the operating surface. 

[0036] According to another aspect, the assembly may also include a wall 

extending from the shell and defining a reservoir connected to the shell and 
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positioned outside the cavity in communication with the opening, where the 

reservoir is configured to have the brazing material placed therein to be in 

communication with the cavity. 

[0037] Still further aspects of the invention relate to an assembly that may be 

usable for forming a hardfacing material on the surface of a tooi or other 

substrate. A metal shell is connected to the substrate and has a conformal band 

conforming to at least a portion of the surface of the substrate to define a cavity 

between the surface and the shell. The shell further has an opening to an 

exterior of the shell. The shell may be formed of sheet metal in one 

configuration, and may be welded or brazed to the substrate, as mentioned 

above. 

[0038] Advantages of the present disclosure will be more readily understood 

after considering the drawings and the Detailed Description. 

Brief Description of the Drawings 

[0039] Figs. 1-4 are perspective views of one embodiment of wearpart with 

an attached shell. 

[0040] Fig. 5 is a top plan view of the embodiment of a wearpart with an 

attached shell, as shown in Figs. 1-4. 

[0041] Fig. 6 is a bottom plan view of the embodiment of a wearpart with an 

attached shell, as shown in Figs. 1-5. 

[0042] Fig. 7 is a left side elevation of the embodiment of a wearpart with an 

attached shell, as shown in Figs. 1-6. 

[0043] Fig. 8 is a right side elevation of the embodiment of a wearpart with an 

attached shell, as shown in Figs. 1-7. 

[0044] Fig. 9 is a front elevation of the embodiment of a wearpart with an 

attached shell, as shown in Figs. 1-8, with hardfacing material visible inside the 

shell, protecting a substrate. 
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[0045] Fig. 10 is a front elevation of an alternate embodiment of a wearpart, 

in the form of a finished hardfaced wearpart with an attached shell, viewed 

similarly to the embodiment of Fig. 9. Portions of the shell seen in Fig. 9 have 

been removed. 

[0046] Figs. 11-17 are views corresponding to the views of Figs. 1-7, 

respectively, but showing the finished hardfaced wearpart of Fig. 10. 

[0047] Fig. 18 is a perspective view of another embodiment of wearpart with 

an attached shell, including a reservoir formed as a funnel. 

[0048] Fig. 19 shows a perspective view of a two-part shell for yet another 

embodiment, with the shell shown in a vertical orientation. 

[0049] Fig. 20 is a top plan view of the embodiment of a shell according to 

Fig. 19, but including a wearpart with an attached two-part shell, and with the 

wearpart and the shell shown in a vertical orientation. 

[0050] Fig. 21 is a left side elevation of the embodiment shown in Fig. 20 of a 

wearpart with an attached two-part shell. 

[0051] Fig. 21a is a left side cross-sectional view of the wearpart of Figs. 20 

and 21, shown with an attached two-part shell having another configuration. 

[0052] Fig. 22 is a cross sectional view of the embodiment of Figs. 20 and 21, 

taken generally along line 22-22 in Fig. 20. 

[0053] Fig. 23 is a cross sectional view of the embodiment of Figs. 20 and 21, 

taken generally along line 23-23 in Figs. 20 and 21. 

[0054] Fig. 24 shows a cross-sectional view of the embodiment of Fig. 18, 

taken generally along a plane similarly to the plane used to define the cross-

sectional view of Fig. 22, but with a substrate and shell shown in a horizontal 

orientation. 

[0055] Fig. 25 shows multiple views, a-j, as part of manufacturing a wearpart, 

generally according to the embodiment of Figs. 19-23. 
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[0056] Figs. 26 and 27 show a perspective view of two different embodiments 

of an underlying substrate that may be used to manufacture a hardfaced 

wearpart. In both Figs. 26 and 27, the substrate, more specifically a point, is 

oriented vertically. 

[0057] Fig. 28 is front elevation of a substrate and an attached shell, viewed 

similarly to Figs. 20 and 25c, with a schematic representation of two holes each 

including a hardened insert and two spacers. 

[0058] Fig. 29 is a photograph of two hardened inserts for use as with the 

substrates shown in Fig. 28. 

[0059] Fig. 30 is a plan view of a spacer shown in Fig. 29. 

[0060] Fig. 31 is a photograph of two examples of the embodiment of a 

substrate shown in Fig. 27, each example shown with a shelf welded in place, 

ready to receive a proper amount of hard particles and an infiltrant brazing 

powder. 

[0061] Fig. 32 is a photograph of two examples of the embodiment of a 

substrate and shell shown in Fig. 28, each example shown with the shell filled 

with infiltrant brazing powder. 

[0062] Fig. 33 is a photograph of the two examples from Fig. 32, loaded into a 

furnace. 

[0063] Fig. 34 is a photograph of one of the examples from Figs. 32 and 33, 

after the shell has worn away during initial digging. 

[0064] Fig. 35 is front elevation of a substrate and an attached shell, viewed 

similarly to Fig. 28, with a schematic representation of three holes, with a central 

hole including a hardened insert. 

[0065] Fig. 36 is a cross sectional view of the embodiment of Fig. 35, taken 

generally along line 36-36 in Fig. 35. 

[0066] Fig. 37 is a cross sectional view of the embodiment of Fig. 36, with 

granular carbide particles filling a cavity defined between the substrate and the 

shell. 
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[0067] Fig. 38 is a cross sectional view of the embodiment of Fig. 37, with 

brazing material filling a reservoir formed by the shell, above the carbide 

particles. 

[0068] Fig. 39 shows a cross-sectional view of the embodiment of Fig. 35-38, 

after an infiltration brazing cycle with hardfacing material surrounding and 

protecting the substrate. 

[0069] Fig. 40 is a photograph of granular carbide, on the right, and brazing 

alloy powder on the left. 

[0070] Fig. 41 is a graph representing a sample furnace cycle, with 

temperature along the vertical axis, and time along the horizontal axis. 

[0071] Fig. 42 shows multiple views, labeled a-k, as part of manufacturing 

another embodiment of a wearpart. The different drawings 42a-42k illustrate 

selected processing steps as part of infiltration hardfacing a dual roll crusher tip. 

[0072] Fig. 43 shows multiple views, labeled a-f, as part of manufacturing 

another embodiment of a wearpart. The different drawings 43a-43f illustrate 

selected processing steps as part of infiltration hardfacing a dual roll crusher tip, 

using a shell formed with a venting tube. 

[0073] Fig. 44 shows a perspective view of another embodiment of a 

hardfaced wearpart, with a spherical structure having a particularly complex 

surface shape. 

[0074] Fig. 45 shows multiple views, labeled a-k, as part of manufacturing 

another embodiment of a wearpart. The different drawings 45a-45k illustrate 

selected processing steps as part of infiltration hardfacing a trommel screen for 

use in mineral dressing. 

Detailed Description 

[0075] While this invention is susceptible of embodiment in many different 

forms, there are shown in the drawings, and will herein be described in detail, 

preferred embodiments of the invention with the understanding that the present 

disclosure is to be considered as an exemplification of the principles of the 
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invention and is not intended to limit the broad aspects of the invention to the 

embodiments illustrated and described. 

[0076] In general, the disclosure relates to the use of a metal shell in forming 

a composite material or other wear resistant material on the surface of a 

substrate, such as a wearpart, using brazing and/or infiltration techniques, as 

well as articles formed using such techniques and methods and equipment 

incorporating such techniques. For example, an article (e.g. a hardfaced 

wearpart) formed using such techniques may include a substrate, a sheet metal 

shell connected to the substrate to define a cavity between the surface of the 

substrate and the shell, and a composite material filling (or partially filling) the 

cavity and forming a coating on at least a portion of the surface of the substrate, 

the composite material including a hard particulate material infiltrated with a 

metallic brazing material. In a more general example, an article formed using 

such techniques may include a substrate, a metal shell connected to the 

substrate to define a cavity between the surface of the substrate and the shell, a 

hard and/or wear resistant material positioned within the cavity, and a metallic 

brazing material bonding the hard material to the surface of the substrate. 

[0077] One embodiment of an article in the form of a hardfaced wearpart 10 

is shown in Figs. 1-9 in the form of a mining point. Unless otherwise specified, a 

hardfaced wearpart may contain at least one of the structure, components, 

functionality, and/or variations described, illustrated, and/or incorporated herein. 

Two basic components of hardfaced wearpart 10 include a primary tool, forming 

a structural component 12, or more generally a substrate 12, and an outer 

expendable metal shell 14 forming a mold for hardfacing material. Preferably, 

substrate 12 is made of metal, such as a steel alloy as is known in the art for 

ground-engaging tools, and shell 14 is made of sheet metal, such as low-carbon 

"mild" steel. The sheet metal of shell 14 may be made of any material capable of 

being formed or fabricated to a particular desired shape and capable of 

withstanding dissolution, melting, or undue weakening by the infiltrating material, 

or generally by the temperatures required for infiltration brazing, during the 

infiltrating process. A variety of other parts and structures may be used to form 
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the substrate 12 and produce the hardfaced wearpart 10 having the hardfacing 

material thereon. Examples of such parts and structures include other types of 

points, shrouds, or runners; teeth for buckets or dredge cutter heads; blades for 

graders, scrapers,, etc.; wear liners for various applications such as for chutes or 

truck bodies; earth engaging equipment used, e.g., in mining, construction, or 

drilling; parts for mineral processing equipment such as a tip for a dual roll 

crusher or a trommel screen; and nearly any other desired parts and structures. 

The invention may also be used to renew worn parts; the worn parts may be 

wear parts such as a ground engaging tool or a supporting structure such as a 

lip of a bucket. 

[0078] Hardfacing material bonds to and protects substrate 12, but this 

hardfacing material is not readily visible in Figs. 1-8, because the hardfacing 

material is enclosed by shell 14. In general, the hardfacing material includes a 

hard material and a metallic brazing material bonding the hard material to the 

substrate 12. The hard material generally has a higher hardness than the 

surface of the substrate 12 that is hardfaced. The hard material may also have 

greater wear resistance than the surface of the substrate 12. As discussed in 

more detail below, the hardfacing material may be a composite formed from a 

hard material in the form of hard particles, typically available in particulate (e.g. 

granular or powdered) form such as tungsten carbide particles, infiltrated with an 

infusing metallic brazing material typically available in granular or powdered form 

such as a copper-base or nickel-base brazing alloy. It is understood that 

"metallic" materials may include pure metals, as well as alloys and other 

materials including one or more metals. In another embodiment, the hard 

material may be in the form of a porous material, which includes particulate 

material, porous preforms (e.g. sintered preforms), or other porous structure that 

can be infiltrated by the brazing material. Preferably, such a porous material 

may have a porosity of 5-50%, but may have a different porosity in other 

embodiments. In a further embodiment, the hard material may be a solid, 

monolithic structure (or multiple structures), such as a tile, plate, or other 

monolithic structure that is bonded to the surface of the substrate 12 by the 
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brazing material. In each of these embodiments, the shell 14 is used to hold the 

hard material in a cavity 50 defined between the shell 14 and the outer surface of 

the substrate 12, in position for brazing, such as in close proximity to the surface 

of the substrate 12. 

[0079] Shell 14 includes a shell body 16, with an opening 17 to the exterior of 

the shell body 16 and the cavity 50 defined by the shell body 16, as well as a 

reservoir 18 in communication with the opening 17. In one embodiment, the 

reservoir 18 may be integrally formed with the shell body 16, or the reservoir 18 

may be formed separately and joined to the shell body 16 in another 

embodiment. Reservoir 18 is only used during fabrication of wearpart 10, and 

may be removed (e.g. cut off) or simply allowed to erode away during 

operational use of wearpart 10, as discussed in more detail below. Shell 14 is 

joined to substrate 12 by a conformal band 20, by which shell 14 may be welded 

to substrate 12. The conformal band 20 may be in surface-to-surface contact 

with a portion of the substrate 12 around part or all of the periphery of the shell 

and the substrate, as discussed below. Alternatively, shell 14 may be brazed to 

substrate 12, provided that any brazing material used to braze shell 14 to 

substrate 12 has a melting temperature that is higher than a melting temperature 

for the infusing brazing material. In further embodiments, the shell may be 

connected to the substrate 12 in another manner. For example, the shell may be 

placed over the substrate 12 using a gasket of ceramic felt or cloth to seal the 

cavity and prevent leaking of the brazing material during brazing. 

[0080] Fig. 9 most clearly shows an example embodiment where that shell 14 

has a shell thickness 22 that is substantially less than a nominal thickness of 

substrate 12. For example, shell 14 may have an average shell thickness of 

approximately 0.105 in., whereas substrate 12 in Figs. 1-9 may have a thickness 

ranging from 1.000 to 3.450 in. in the region covered by the shell. In one 

embodiment, the shell 14 may be made of sheet metal in the range of 16 Ga 

(0.060 in. thick) to 10 Ga (0.135 in. thick), which may be useful for a wide range 

of applications. In other embodiments, the shell 14 may have any other suitable 

thickness. For example, in further embodiments, the shell 14 may be made of a 
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steel or other metallic plate having a thickness of approximately 0.25 inches, or 

may be cast, machined from bar stock, or formed in a different manner. It is 

understood that different portions of the shell 14 may have different thicknesses. 

Also visible in Fig. 9 is a layer of composite hardfacing material, indicated 

generally at 24. 

[0081] The relative thinness of shell 14 when compared to substrate 12 

means that shell 14 may be formed easily, relatively inexpensively. For simple 

shapes of a shell, a relatively low-cost shell 14 may be made by cutting pieces of 

sheet metal, and welding or brazing those pieces together. Slightly more 

complicated shapes may be made by bending pieces of sheet metal in particular 

configurations, and then welding the bent sheet metal pieces together. Complex 

shapes can be made by sheet metal forming processes such as deep drawing, 

forming by the Guerin process (rubber pad forming), hydroforming, and/or 

explosive forming. Precision ('lost wax") casting could be used as well, although 

the cost of the lost wax process would often be uneconomical. For particularly 

complicated shapes, pieces of the shell could be formed by one or more of these 

processes, and then joined by welding or brazing. 

[0082] Very little material is required to form an effective mold, even for 

relatively large substrates. For example, in the case of mining point 10, the 

weight of shell 14 would be only about 4>2 pounds whereas the weight of the 

substrate 12 would be 224 pounds. This particular weight of a mining point and 

shell is merely one example, for one particular sized point. Large variations are 

possible as to the size of different points in use for different operations. However, 

all of the embodiments disclosed herein include a substrate and shell, in which 

the shell weighs substantially less than the substrate. 

[0083] The shell is expendable, performing no structural function in the 

finished product and usually wearing away quickly during use of the resulting 

hardfaced wearpart. Accordingly, the particular metal used to form shell 14 need 

only be strong enough and sufficiently resistant to dissolution to survive the high 

temperatures of infiltration brazing. Many readily available, relatively low-cost 

sheet steels will meet this standard. The combination of a minimal amount of 
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material, for example less than 5-pounds of sheet steel for a 224-pound 

substrate, the use of readily available sheet steel, and the use of relatively easy 

fabrication techniques to make thin metal shell 14 means that the cost of shell 14 

is often minimal, when compared to a market value of the resulting hardfaced 

wearpart 10. 

[0084] In many applications, the tool substrate can be quite large and heavy, 

and the tool substrate is often transported or handled with the substrate in a 

particular orientation relative to gravity. For example, a very heavy substrate may 

be held securely on a skip or in a fixture, with a region to be hardfaced facing 

upward. Other substrates may be supported by a base or specific surface, with a 

region to be hardfaced facing upward, sideways, or downward. Yet other 

substrates may have multiple separate regions to be hardfaced, facing in 

multiple different orientations. 

[0085] The light sheet metal shell of the present disclosure may be readily 

moved for precise alignment on a substrate, and then welded to the substrate, 

regardless of most orientations of the substrate. The thin metal shell is easy to 

attach reliably to the underlying substrate by welding or high temperature 

brazing, without the need for clamping or fixtures, and the joint created is fluid-

tight even at the high temperatures required for infiltration brazing. In any type of 

infiltration hardfacing involving molds, the molten metal brazing material should 

remain inside the mold. With the thin metal shells of the present disclosure, 

reliable attachment to a substrate is achieved without extra clamping or fixtures. 

The resulting assembly is therefore more easily placed in a furnace for infiltration 

brazing, allowing substantially greater ease of infiltration hardfacing heavy items. 

[0086] Furthermore, the thin metal shell that defines the mold for the 

infiltration hardfacing may be assembled reliably from multiple parts, and with 

side-ways-facing opening and/or downward-facing openings that are later sealed 

by the underlying substrate in combination with welding or high temperature 

brazing. This is very different from conventional graphite or ceramic molds for 

infiltration brazing, which are more difficult to seal to an underlying substrate, 

typically requiring extensive overlapping surfaces as shown in US4933240. Even 
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if such conventional graphite or ceramic molds are sealed to a substrate at room 

temperature, such seals may be likely to fail at the high temperatures needed for 

infiltration brazing, particularly if the substrate and the mold have different 

coefficients of thermal expansion. Accordingly, conventional graphite or ceramic 

molds often are made with upward-facing openings, into which the substrate 

must be placed. This means that the substrate in such prior art molds must be 

supported by the mold, or suspended by jigs or framework over the mold, 

[0087] Supporting a heavy substrate from a mold may be difficult, and may 

require substrate-to-mold contact in locations that would be better coated with 

hard facing material. The use of jigs and framework can create an even heavier 

and larger assembly, making it more difficult to put the combination of a mold 

and substrate into a furnace. The thin metal shell of the present disclosure does 

not need to support the substrate, allowing numerous embodiments, with various 

alternative orientations of substrate and mold, and even multiple different-

orientations of molds on a single substrate. 

[0088] Fig. 10 shows a wearpart 110, representing wearpart 10 of Fig. 9S after 

removal of reservoir 18, This allows transport and handling of wearpart 110 

without any interference from reservoir 18. Figs. 11-17 correspond to Figs. 1-7, 

again without reservoir 18. For clarity, part numbers have been used in Figs. 10-

17 that correspond to the part numbers of Figs. 1-9, but with an added leading 

"1," including a substrate 112, a shell 114, and a layer of hardfacing material 

124. 

[0089] It will be seen from Figs. 10-17 that the thinness of shell 114 results in 

a finished wearpart 110 that closely matches a desired final shape and weight of 

a wearpart for operational use. For example, mining points are sized and shaped 

for digging into particular types of earthen material. The thinness of shell 114 is 

particularly advantageous because a new, unused point 110, enclosed with an 

expendable shell 114, has an outer shape that will penetrate earthen material 

almost identically to an outer shape of such a wearpart 110, after shell 114 

wears away. Similarly, mining equipment operates in particular ways based on 

the weight of any attached ground engaging tools, such as points on a bucket. A 
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new, unused point 110, enclosed with an expendable shell 114, has a weight 

that is almost identical to a weight of such a wearpart 110, after shell 112 wears 

away. In the example discussed above, the shell has a weight that is 

approximately only 2% of the weight of the substrate. After adding the weight of 

the hardfacing material, the difference in weight of a finished wearpart according 

to this embodiment, with and without the expendable shell, will vary less than 

2%. 

[0090] In the embodiment of Figs. 1-9, reservoir 18 is shown as a flared 

opening, generally coaxial to a long axis of substrate 12, as well as a long axis of 

shell body 16 and of shell 14. Another embodiment may include a reservoir that 

is generally perpendicular to a long axis of a substrate, as well as a long axis of 

a shell body and of a shell. Such an embodiment is shown in Fig. 18, in which 

part numbers have been used that correspond to the part numbers of Figs. 1-9, 

but with an added leading "2," including a substrate 212, a shell 214, and a 

reservoir 218 in communication with an opening 217 of the shell 212. Reservoir 

218 preferably is substantially funnel shaped, with a large mouth 218a, but a 

relatively small neck 218b. This minimizes any resulting blemish in shell 214, 

after removal of reservoir 218, which may make for a more visually appealing 

wear part 210, when new. It also allows for different orientation of substrate 212 

and shell 214 during infusion brazing, as discussed below, so that various 

shapes of substrates and shells may be accommodated in particular processing 

facilities, also discussed below. Finally, it may allow for a slightly different 

composite structure, after infusion brazing, because of a different orientation of 

substrate 212, shell 214, and reservoir 218 during infusion brazing, relative to 

gravity, when compared to a normal orientation of substrate 12, shell 14, and 

reservoir 18 during infusion brazing. 

[0091] It is usually simplest to locate any such reservoir portion of a shell 

above the body of the shell. This arrangement is generally the most favorable as 

it allows gravity to assist capillary action during the infiltration process. The effect 

of gravity may be captured by increasing a height 218H of the neck of a funnel, 

increasing the effective "head" of molten brazing material contained in a 
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corresponding funnel shaped reservoir. However, capillary action alone may be 

sufficient in some cases, between hardened particles and melted brazing 

material, even allowing the melted brazing material to "run uphill" for moderate 

distances. 

[0092] Yet another embodiment of a shell is shown in Fig. 19, as a two-part 

shell 314, having a two-part conformal band 320. A two-part shell body 316 of 

shell 314 may be initially formed from a front half piece 326 and a back half 

piece 328, having a front flange 330 or a rear flange 332, respectively. Front 

flange 330 extends transversely from the back edge of the front half 326 and 

rear flange 332 extends transversely from the front edge of the back half 328. 

Front flange 330 may be joined to rear flange 332 by welding or brazing with a 

brazing material having a higher melting temperature than the material intended 

for infiltration. Two-part shell 314 may be more easily formed than a" 

corresponding one-part shell, in certain configurations. Two-part shell 314 may 

also be more easily joined to a corresponding substrate, in certain 

configurations, when compared to such joining with a corresponding one-part 

shell. 

[0093] Two-part shell 314 is shown joined to a portion of a corresponding 

substrate 312 in the form of a point, in Figs. 20 and 21. Details of an outer 

geometry for substrate 312 are visible, because shell 314 is represented as 

partially transparent. An outer geometry for substrate 312 may include a primary 

body 334 that defines a bonding surface 335 for welding or brazing to conformal 

band 320. The substrate 312 may provide at least some recess or other relief for 

the bonding of the hard material. For example, in the embodiment shown in 

Figs. 20 and 21, the substrate 312 has a plateau 336 slightly inset from an outer 

surface of primary body 334, and further inset is a valley 338. Plateau 336 may 

define a ledge 340, and a ramp 342. A distal end of substrate 312 may be 

shaped to define an angular edge 344, and/or a rounded face 346. In another 

embodiment, the substrate 312 may not provide any recess or other relief for the 

hard material. 
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[0094] Cross sectional views of the embodiment of Figs. 20 and 21 are 

shown in Figs. 22 and 23. Shell 314 extends smoothly away from conformal 

band 320, defining a cavity 350 between substrate 312 and shell 314. Cavity 350 

includes the recess defined by valley 338, and other relative recesses where the 

distal end of substrate 312 is formed with a reduced thickness relative to shell 

314. Cavity 350 defines a resulting thickness of hardfacing material bonded to 

substrate 312, and the inner geometry of shell 314 defines an ultimate outer 

geometry of a finished point. In the embodiment of Figs. 20-23, the hardfacing 

material that will be bonded to substrate 312 generally extends fairly smoothly 

from adjacent portions of substrate 312, approximately even with the outer 

surface of substrate 312, rearward of the resulting hardfacing material. In Figs. 

22 and 23, inside surfaces of shell 314 are flush with portions of substrate 312. 

For example, at conformal band 320 this provides a close fit with the bonding 

surface 335 to locate shell 314 precisely, relative to subslrate 312. At other 

locations, such as plateau 336, this flush mounting is simply because hardfacing 

material is not needed, or even because hardfacing material is undesired at such 

locations. The resultant hardfacing material 324 is flush with adjacent portions of 

the substrate 12. For example, in the embodiment illustrated, the hardfacing 

material 324 is flush with the bonding surface 335, as well as other surfaces of 

substrate 312 that contact the inside surfaces of the shell 314 (e.g. plateau 336), 

By not having hardfacing material 324 stand up higher than the adjacent surface 

of substrate 312, the force required to push point 310 into earthen material is 

lowered. The aesthetics of hardfaced point 310 are also better without a visually 

thick hardfacing layer protruding above surrounding surfaces of substrate 312, 

However, in another embodiment, shown in FIG. 21a, a shell 314 may flare out 

from a conformal band 320, so that the hardfacing material that will be bonded to 

the substrate adds substantially to a thickness of the point, enlarging the distal 

end of the point relative to the adjacent portions of the substrate 312, including 

relative to the bonding surface(s) 335. 
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[0095] Fig. 24 shows a cross-sectional view of the embodiment of Fig. 18, 

viewed similarly to the cross-sectional view of Fig. 22, but with substrate 212 

shown in a horizontal orientation. 

[0096] Fig. 25 shows multiple views, a-j, as part of manufacturing a wearpart 

310. The different drawings 25a-25j illustrate selected processing steps as part 

of infiltration hardfacing a mining bucket point. Fig. 25a shows a substrate in the 

form of a point 312, of a type used for mining buckets, before attachment of any 

shell, and before forming any layer of hardfacing material on substrate 312. 

[0097] Figs. 25b, 25c, and 25d correspond directly to Figs. 19, 20, and 21. 

Substrate 312 is referred to above more generally as substrate 312. Only a 

portion of substrate 312 is shown in Figs. 25c and 25df and that portion is 

oriented generally vertically, when compared to a generally horizontal orientation 

of substrate 312 in Fig. 25a. Shell 314 is formed in two halves, and then welded 

together along flanges, as discussed above. Shell 314 is installed on substrate 

312 and then welded in place along its bottom edge, discussed above as 

conformal band 320. Alternatively, the two halves of shell 314 may first be 

clamped in place or otherwise held on substrate 312, and then welded together, 

and/or welded to substrate 312, to better accommodate various surface 

geometries of substrate 312 and shell 314. When steel shell 314 is joined to 

substrate 312, the steel shell and the substrate define a cavity 350 between the 

substrate and the shell. 

[0098] In Figs. 25e a hard material in the form of hard particles 352 is 

introduced into the defined cavity 350 by pouring through the opening 317 in 

communication with the cavity 350, with the flare of reservoir 318 making it 

easier to pour in hard particles 352. These hard particles 352 may be allowed to 

simply fill cavity 350 with gravity feed, or the hard particles 352 may be tamped 

and/or vibrated, or otherwise packed into place inside the defined cavity 350. In 

another embodiment, a different type of hard material may be used, including 

those described above. Additionally, the particles 352 may not completely fill the 

cavity 350 in another embodiment, as desired. As shown in Fig. 25f, an infiltrant 

brazing material 354 in powder form may then be poured above the hard particle 
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layer, held in reservoir 318 of shell 314. The brazing material 354 may be in a 

different (i.e. non-powdered) form in another embodiment, as described below. 

As shown in Fig. 25g, reservoir 318 may be sized to define a correct volume of 

infiltrant brazing material 354, relative to the defined volume of cavity 350 and 

the hard particle layer 352 held in cavity 350, provided that infiltrant brazing 

powder 354 is used to substantially fill reservoir 318. The entire assembly in Fig. 

25g, including substrate 312, shell 314, the layer of hard particles 352, and the 

layer of infiltrant brazing powder 354, is ready for an infiltration cycle, as 

described below. 

[0099] The infiltration cycle is carried out in a furnace, of the type represented 

in Fig. 25h. Preferably, the furnace is a vacuum furnace, although other types of 

furnaces may be used. The entire assembly of Fig. 25g is placed in such a 

furnace for the infiltration cycle, during which time the entire assembly is heated 

to a temperature high enough to melt infiltrant brazing powder 354. This causes 

moiten brazing materia! to infiltrate the layer of hard particles 352, forming a 

composite 324, made up of hard particles 352 infused with an infusing metallic 

brazing material 354. The infusing brazing materia! bonds to substrate 312 and 

hard particles 352. 

[00100] The infusing brazing material may also bond to shell 314, although this 

is not essential. After infiltration, therefore, shell 314 typically is permanently 

bonded to substrate 312. When the resulting wear-resistant point is used for 

digging, shell 314 simply wears away, exposing infiltrated layer 324 to perform 

its wear-resisting function. 

[00101] In Fig. 25j, the reservoir portion 318 of shell 314 has been removed, 

leaving a finished product as a hardfaced wearpart 310, and more specifically, a 

hardfaced point 310. 

[00102] Figs. 26 and 27 show two different embodiments of an underlying 

substrate that may be used to manufacture a hardfaced wearpart. Fig. 26 shows 

substrate 312 of Fig. 25a, oriented vertically. Fig. 27 shows an alternative 
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embodiment of a substrate in the form of a point 412, with two holes 458 formed 

near a digging end of substrate 412. 

[00103] In this embodiment, holes 458 provide surface intrusions that help 

improve bonding between substrate 412 and the resulting composite of hard 

particles and brazing material. The resulting infiltrated hard material in holes 458 

modifies how the resulting hardfaced wearpart wears in service. In some 

embodiments, the resulting infiltrated hard material in holes 458 helps maintain 

"sharpness" and digging efficiency. Further benefits of this nature may be 

obtained by installing pre-manufactured hard metal inserts in holes 458. 

[00104] Fig. 28 represents the embodiment of Fig. 27, with a shell 414 welded 

to substrate 412. An insert 460 is shown schematically, held in each hole 458. 

Proper spacing between inner walls of holes 458 and each such insert 460 may 

be provided by one or more spacers 462. Two spacers 462 are shown mounted 

on each insert 460. In another embodiment, no spacers 462 may be used. The 

spacing created by the spacers 462 can provide a transition between the 

substrate 412 and the insert 460 to resist cracking of the insert 460 due to 

expansion differences. The brazing material that forms in the spacing can 

deform to accommodate such differences in expansion and contraction if 

necessary. In an additional embodiment, the coefficient of thermal expansion of 

the infiltrated material may be selected to be between the coefficient of thermal 

expansion of the insert 460 and the coefficient of thermal expansion of the 

substrate 412 to help reduce cracking due to expansion differences, as similarly 

described below. 

[00105] Two such inserts 460 are shown in Fig. 29, preferably made from 

sintered tungsten carbide. In another embodiment, the insert(s) 460 may be 

sintered shapes of one or more other carbides (e.g. chromium carbide, 

molybdenum carbide, vanadium carbide, etc.). Porous preforms of various 

carbides may also be used in another embodiment, including tungsten carbide 

(WC/W2C), chromium carbide, molybdenum carbide, vanadium carbide, and 

other carbides. Such porous preforms may be provided in pure carbide form in 

one embodiment. In a further embodiment, the insert(s) 460 may be formed of a 
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ceramic or other material. If ceramic is used, one or more techniques to enhance 

wetting and/or bonding of the brazing material on the ceramic surface may be 

used (e.g. active brazing), including such techniques as described below. 

Preferably, spacers 462 are made from steel with a split hoop 464 and multiple 

legs 466, and split hoop 464 is spring-like so that spacer 462 stays in place 

when slid onto one of inserts 460. One such spacer 462 is shown in detail in Fig. 

30. 

[00106] Fig. 31 is a depiction of two examples of yet another alternative 

embodiment, each including a substrate in the form of a point 512, and each 

shown with a shell 514 welded in place, ready to receive a proper amount of 

hard particles and an infiltrant brazing material, generally as described above. 

Fig. 32 shows two assemblies ready for an infiltration cycle, each having a point 

512 and a shell 514, filled with hard particles (not visible) and brazing material 

554. Optionally, a jig 568 is removably attached to each point 512, to help 

stabilize each point 512 during handling, and during loading and unloading of a 

furnace, as shown in Fig. 33. 

[00107] A finished, partially-worn substrate in the form of a hardfaced point 

510 according to the embodiment of Figs. 31-33, is shown in Fig. 34. Hardfaced 

point 510 was made placing the assembly of Figs. 32 and 33 in a furnace and 

then heating and cooling the assembly as part of an infiltration cycle as 

described below. The resulting hardfaced point 10 was used in digging to wear 

away expendable shell 514, no longer visible in Fig. 34. The grey background 

surrounding hardfaced point 510 is a removable gauge that measures how much 

material is worn away during use of hardfaced point 510. As shown, hardfaced 

point 510 has been hardfaced in such a way that hardfacing material 524 is "on 

top" of the primary surfaces of point 512, so that there is a sharp, angular 

transition of the outer surface, progressing from point 512 onto hardfacing 

material 524, indicated at 524a. In certain applications, this angular surface 

configuration may offer specific benefits. In particular, the resulting enlarged 

digging end of a point, in which hardfacing material 524 is standing above the 

surrounding surface of point 512, may effectively protect adjacent unhardfaced 
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surfaces by means of a shadowing effect, without the need for the expense or 

weight of hardfacing material. Selective addition of hard-faced material may 

protect areas subject to substantial wear, and such hard facing material may be 

unnecessary on other regions of the point. 

[00108] The thin metal shells of the present disclosures are particularly useful 

when adding hardfacing material to points that have been produced by sand 

casting. It is typical for mining points cast using a green sand process to have 

substantial dimensional variations, such as a thickness that may vary by 0.060 

inches in a region corresponding to the conformal band discussed herein, where 

the shell of the present disclosure would be attached. Such green-sand-cast 

points thus are particularly difficult to seal with non-bendable molds such as 

ceramic molds and graphite molds. However, the thin metal of the various shells 

disclosed herein may be readily deformed and bent as needed to allow proper 

welding of the thin metal shell to a green-sand-cast point. 

[00109] Yet another embodiment is shown schematically in Fig. 35, including a 

substrate 612 in the form of a point with three holes 658, but only a single insert 

660 in a central one of holes 658, without any spacer. Filling a shell 614 with a 

mixture of hard particles and brazing material, and then heating and cooling this 

assembly through an infiltration cycle results in a hardfaced wearpart. Figs. 36-

39 show sections through the central one of holes 658, and illustrate processing 

steps through which hard metal insert 660 is bonded to hole 658, at the same 

time an external hardfacing is applied to substrate 612. These steps are 

represented in the cross-sectional views of Figs. 36-39, with Fig. 39 showing a 

cross section of a finished hardfaced wearpart 610, including a layer of 

hardfacing material 624 surrounding and protecting a distal end of substrate 612. 

In other embodiments, the insert 660 may be received in a different hole 658 

and/or the substrate 612 may include inserts 660 in multiple holes. 

[00110] Approximate relative thicknesses are shown in Fig. 39 for substrate 

612, shell 614, and layer of hardfacing material 624. For example, a thickness 

672 is identified for substrate 612, a thickness 674 is identified for shell 614, and 

a thickness 676 is identified for layer of hardfacing material 624. Thickness 676 



WO 2012/138916 
28 

PCT/US2012/032410 

also represents a thickness for cavity 650. Sample values for these thicknesses 

are as follows: 

Substrate Thickness 672 near conformal band: 3.450 inches; 

Shell Thickness 674 throughout shell: 0.105 inches; 

Hardfacing Thickness 676: 0.438 inches. 

[00111] Fig. 40 shows two powders, including granular carbide 52, on the right, 

and brazing alloy powder 54 on the left. 

[00112] Tungsten carbide is one example of hard particles that are particularly 

well suited to use as part of a hard-faced wear part made according to the 

present disclosures. Pure carbides such as WC or WC/W2C may be used, as 

well as mixtures of various carbides. Also, suitable granular material may be 

made from crushed sintered carbide material, such as recycled machine tool 

inserts. The most suitable size of the particulate material depends on the 

intended use of the wear part, but sizes in the range of -50 Mesh to +70 Mesh 

are suitable for many applications. The following alloy of tungsten carbide, 

titanium carbide, and cobalt has been found to produce particularly effective 

hard-faced wear parts such as mining points or tool tips: 

Formula Wt-% Notes 

WC 82 W=Tungsten 

C=Carbon 

TiC 10 Ti=Titanium 

Co 8 Co=Cobalt 

[00113] Other carbides that may be used as the hard particles in the 

composite material include cast tungsten carbide (WC/W2C), tungsten 

monocarbide (WC), chromium carbide, titanium carbide, molybdenum carbide, 

vanadium carbide, columbium carbide, chrome white iron shot or grit, among 

other materials, including mixtures of such materials. As described above, the 

hard material may be used in a different form, such as a porous preform, a 

monolithic piece, or other structure. In a further embodiment, the hard material 
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may be formed of a ceramic material. If a ceramic is used, one or more 

techniques may be incorporated to enhance wetting and/or bonding of the 

ceramic surface by the brazing material. For example, the surface of the 

ceramic may be coated with a metallic material or other material to enhance 

wetting by the brazing materia!. As another example, an active brazing technique 

may be used, where the brazing material includes a material that deposits on the 

ceramic surface (e.g. titanium) to enhance wetting and bonding of the brazing 

material to the ceramic surface. Still further types of hard materials may be used 

in other embodiments. As described above, the hard material may preferably 

have higher hardness and superior wear resistance to the surface of the 

substrate to which the hard material is bonded. 

[00114] A particularly good choice of brazing alloy powder includes Ni-Cr-Si-B 

brazing alloy powder that conforms to Class BNi-2 per AWS A5.18. 

Wt-% 

Cr 7.00 

Si 4.50 

B 3.10 

Fe 3.00 

C 0.06 

Ni Balance 

[00115] Other types of brazing materials may possibly be used, as long as 

such materials are compatible with both the substrate and the hard particles, and 

such materials are suitable for a particular brazing method. Brazing materials 

may include pure metals such as copper or silver, but are more typically 

standard brazing alloys having a nickel base, copper base, or silver base. 

Brazing materials may also include other copper-rich alloys, and low melting 

copper-nickel alloys. Other types of brazing materials that may be used include 

pure copper, silicon bronze, titanium copper, chromium copper, spinodal bronze, 

tin bronze, commercial nickel base brazing alloys (BNi-1, BNi-2, etc.), 

commercial cobalt base brazing alloys (e. g. BCo-1) or other types of brazing 
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metals arid alloys, including precious metals and alloys. As described above, 

the brazing material may be provided in powdered or other particulate form in 

one embodiment. The brazing material may be in a different (i.e. non-powdered) 

form in another embodiment. For example, in one embodiment, the brazing 

material may be in the form of one or more slugs of cast or wrought material. 

Such slugs may be made at a pre-determined weight targeted for a specific 

brazing application, providing quick and efficient installation of the brazing 

material in the assembly. 

[00116] Fig. 41 shows one example of a furnace cycle for the brazing 

operation using a hard material including tungsten carbide and Ni-Cr-Si-B 

brazing alloy powder, with temperature along the vertical axis. In general, the 

thermal cycle for the brazing operation involves first heating to a temperature 

slightly below the melting temperature of the brazing material and holding to 

stabilize the temperature in the entire assembly (including thick and thin 

sections). Then, the assembly is heated (preferably quickly) to a higher 

temperature above the melting point of the brazing material to melt the brazing 

material and allow it to infiltrate the spaces between the hard particles. This 

period may be relatively short, such as 30 minutes to 1 hour in one embodiment. 

The temperature is then cooled to just below the solidus temperature of the 

brazing material, to allow the brazing material to solidify and bond to the hard 

particles and the substrate, and holding until the temperature is stabilized 

throughout the assembly. Finally, the temperature is cooled so that the part can 

be removed from the furnace. It is understood that the length of time that 

temperatures must be held to stabilize throughout the assembly may be 

influenced by the size and geometry of the substrate and/or the shell, as 

larger/thicker components may need longer to heat or cool. The temperature of 

the furnace and castings (such as an assembly of a substrate, a shell, hard 

particles and brazing material) increases and then decreases over time, as 

shown. The sample furnace cycle of Fig. 41 takes approximately 7-hours, as 

represented along the horizontal axis, and the brazing step may be performed at 

approximately 2050°F for 30-60 minutes in one embodiment. 
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[00117] Fig. 42 shows multiple views, labeled a-k, as part of manufacturing 

another embodiment of a wearpart 710. The different drawings 42a-42k illustrate 

selected processing steps as part of infiltration hardfacing a dual roll crusher tip. 

The resulting hardfaced roll crusher tip has a substrate and thin metal shell 

substantially separated but bonded together by infused composite hardfacing 

material, with minimal contact between the substrate and the thin metal shell. 

[00118] Fig. 42a shows a substrate 712, prepared by machining, casting or 

forging. Shell spacing pin holes 780 are drilled, formed, or shaped in substrate 

712, as shown in Fig. 42b, and corresponding shell spacers in the form of pins 

782 are installed in holes 780, as shown in Fig. 42c. Pins 782 will be used to 

suspend substrate 712 within a thin metal shell, with desired spacinp between 

substrate 712 and the shell defined by a length of pins 782. The primary purpose 

of pins 782 is to keep shell 714 and substrate 712 properly spaced apart until 

cavity 750 is filled with hard particles 752. Pins 782 need only be large enough to 

survive this filling step of the methods disclosed herein. Accordingly, pins 782 

may be made out of various materials, ranging from soft steel pins to pre-

manufactured hardened sintered tungsten carbide pins. 

[00119] Fig. 42d shows a sheet metal shell 714, which may be prepared by 

deep drawing, hydroforming, and/or cutting and welding, as is known in the art of 

forming sheet metal molds. Substrate 712, with protruding pins 782 is then 

placed inside shell 714, as shown in Fig. 42e. Turning to Fig. 42f, hard particles 

752 may be placed in a cavity 750 defined between substrate 712 and shell 714, 

and optionally tamped, vibrated, or otherwise packed into cavity 750 to define a 

hard particle layer between substrate 712 and shell 714. In Fig. 42g, infiltrant 

material powder 754 is shown being placed above this hard particle layer, held 

within a predefined volume in a reservoir 718, preferably formed as an integral 

portion of shell 714. Reservoir 718 may be sized relative to cavity 750 to provide 

an optimal quantity of infiltration brazing material 754 to infiltrate and bond hard 

particles 752 into a composite hardfacing layer. This is represented graphically in 

Fig. 42h, with an assembly ready for an infiltration cycle. 
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[00120] Fig. 42i shows a furnace ready for an infiltration cycle, such as 

described above. Fig. 42j shows the assembly of Fig. 42i, after infiltration cycle 

complete (j), with reservoir 718 still in place. Preferably, reservoir 718 is removed 

from shell 714, by cutting or other techniques, leaving a finished wear-resistant 

composite product 710, as shown in Fig. 42k. 

[00121] While shell 714 is shown with a spherical lower surface that will 

typically need to be held in a fixture, other embodiments of a similarly shaped 

shell may be self-supporting. Furthermore, shell spacing pins 782 may be 

omitted if substrate 712 is held by a heat-resisting alloy fixture which also locates 

shell 714 in a desired position relative to substrate 712. Substrate 712 is thereby 

suspended above and within sheet metal shell 714 during the infiltration process. 

In yet other embodiments, any such fixture which locates shell 714 in a desired 

position relative to substrate 712 may be removed after hard particles 752 are 

packed into place. Hard particles 752 generally do not dissolve or melt during the 

infiltration process, so hard particles 752 will reliably support substrate 712 

during the infiltration process. This allows such fixtures to be removed before 

placing any assembly of the components in a furnace, such as an assembly of 

substrate 712, shell 714, hard particles 752, and brazing material 754. Still other 

embodiments may hang shell 714 from substrate 712. For example, shell 714 

could be made so as to hang from a groove, not shown, in a stem of a hub 

formed as part of substrate 712. 

[00122] Methods according to the present disclosure may be used with a 

furnace or retort that employs an atmosphere of hydrogen, argon, or other type 

of reducing or inert atmosphere, instead of a vacuum furnace. When brazing in 

such non-vacuum furnaces, it is best to prevent entrapment of gas within the 

hard particles, as infiltration proceeds. The brazing powder may melt fairly 

simultaneously, percolating down as a contiguous molten layer, through the hard 

particles. Adding venting at low points in the thin shell allows gases trapped in 

the hard particles to escape as the molten brazing material percolates down. 

Preferably, a vent tube or multiple vent tubes are attached to the thin metal shell 

at appropriate low points, and the tube or tubes extend upward to a level higher 
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than a final level of molten brazing materia! during final stages of infiltration 

brazing. 

[00123] One embodiment of a steel shell 814 for use in non-vacuum furnaces 

is shown in Figs. 43a-43f. A vent tube 884 extends from a low point of shell 814 

to prevent gas entrapment during brazing infiltration. Vent tube 884 is attached 

to shell 814 at a site or sites subject to gas entrapment. Fig. 43b represents a 

cross-sectional view of substrate 812, shell 814, and vent tube 884. Hard 

particulate material 852 is poured into cavity 850, between substrate 812 and 

shell 814, as shown in Fig. 43c. Infiltrant material 854 is then added above hard 

particle layer 852, as shown in Fig. 43d, Molten infiltrant material 854 is shown 

partially penetrating layer of hard particles 852, with gas escaping from vent tube 

884, in Fig. 43e. After cooling, the hard particle layer and infiltrant materia! form 

a composite 824, with at least some of infiltrant material 854 filling vent tube 884, 

as shown in Fig. 43f. Vent tube 884 and infiltrant material 854 are typically easily 

cut off the resulting hardfaced wearpart 810. 

[00124] Fig. 44 shows a spherical structure having a particularly complex 

surface shape. This wear part is not intended to represent any particular tool, 

other than to show a complex tool that could be hardfaced according to the 

disclosures herein. For example, it could represent an infiltration hardfaced 

grinding ball with a particularly complicated exterior shape. A finished wear-

resistant composite product 910 includes pre-manufactured hardened sintered 

tungsten carbide inserts, two of which are shown schematically as dashed lines 

960, bonded to an underlying substrate with infused composite hardfacing 

material. Manufacture of grinding ball 910 using prior art techniques would 

require a complicated multi-piece mold, probably made using graphite or ceramic 

materials. The combination of a thin sheet metal mold, a preformed substrate, 

hardened carbide particles, and infiltration brazing creates a much more 

economical process for manufacturing hard-faced tools with complicated surface 

geometry. 

[00125] Fig. 45 shows multiple views, labeled a-k, as part of manufacturing 

another embodiment of a wearpart 1010. The different drawings 45a-45k 
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illustrate selected processing steps as part of infiltration hardfacing a trommel 

screen for use in mineral dressing. The resulting hardfaced trommel screen may 

have a substrate and thin metal shell substantially separated but bonded 

together by infused composite hardfacing material, with minimal contact between 

the substrate and the thin metal shell. Alternatively, the substrate and thin metal 

shell may contact in selected locations, with the shell supporting the substrate 

during an infiltration cycle. For example, a plurality of shoulders (not shown) may 

be formed in selected locations of shell 1014, and substrate may rest on and be 

supported by these shoulders. In other examples, conformal bands or conformal 

portions (not shown) of shell 1014 may be welded to substrate 1012. 

[00126] Fig. 45a shows a substrate 1012, typically prepared by machining, 

casting or forging. Fig. 45b shows a corresponding shell 1014, and substrate 

1012.is shown supported in shell 1014 in Fig. 45c. Pins (not shown) may be. 

used to suspend substrate 1012 within thin metal shell 1014, with desired 

spacing between substrate 1012 and shell 1012 defined by a length of the pins 

(not shown) as similarly shown in Fig. 42. 

[00127] Fig. 45d shows hard particles 1052 being poured onto substrate 1012. 

Hard particles 1052 may be pushed into a cavity 1050 defined between 

substrate 1012 and shell 1014, and optionally tamped, vibrated, or otherwise 

packed into cavity 1050 to define a hard particle layer between substrate 1012 

and shell 1014. In Fig. 45e, infiltrant material powder 1054 is shown being 

placed in a reservoir 1018, above hard particle layer 1052. Fig. 45f shows a 

furnace ready for an infiltration cycle. Fig. 45g shows the assembly of Fig. 45e, 

after being fully loaded with an appropriate amount of infiltrant material powder, 

and after being heated and cooled through a complete infiltration cycle. 

Preferably, selected portions of the sheet metal are removed from shell 1014, by 

cutting or other techniques, leaving a finished wear-resistant composite product 

1010, as shown in Fig. 45h. For example, upper edges 1018a of a surrounding 

wall may be cut off, and upper caps 1018b defining through-holes may be cut off. 

[00128] If appropriate choices are made regarding the substrate material for a 

tool, the shell material, and the brazing material, as well as the type and size 
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distribution of the particulate material in the hardfacing layer, it is possible to 

accommodate thermal and transformation strains so as to prevent cracking of 

the hardfacing layer, as well as any hard metal insert. In one embodiment, the 

brazing process may be designed so that the infiltrated material has an overall 

coefficient of thermal expansion that is between the coefficient of thermal 

expansion of the hard particles and the coefficient of thermal expansion of the 

substrate. For example, many of the embodiments disclosed herein include a 

product having a steel substrate and a mild steel shell, with a hardfacing layer of 

infiltrated cast tungsten carbide particles. Certain steels have a coefficient of 

thermal expansion of approximately 6.5 microinches per inch per degree- F at 

temperatures below the austenite range, as found for AISI 1008 Steel. Selecting 

copper or copper-based alloys as the infiltrating material and selecting a particle 

size distribution giving 50% cast tungsten carbide will give an average coefficient 

of thermal expansion of 6.1 microinches per inch per degree-F in the infiltrated 

material. Providing infiltrated material having an average coefficient of thermal 

expansion that is relatively similar to a coefficient of thermal expansion for the 

underlying substrate and the outer layer of sheet metal means that all of the 

components will expand and contract at approximately similar rates. This limits 

any tendency of the infiltrated material to crack or spall, particularly during 

cooling after the infiltration cycle, or during heating that may occur later, in use of 

the hardfaced tool. 

[00129] Trommel screens such as the example illustrated in Fig. 45h can often 

exceed 1 meter in the length and width dimensions. Items such -as this offer a 

clear illustration where the present invention can offer significant advantages in 

terms of overcoming thermal expansion problems during the infiltration process. 

Hard materials which might be selected for wear resistance may have thermal 

expansion characteristics which differ markedly from those of the hardened steel 

materials which might be used as a substrate, the low-carbon steel materials 

which might be used as an expendable shell, or the copper-nickel brazing alloy 

which might be used as a brazing material. As these items get larger, such as 1 



WO 2012/138916 
36 

PCT/US2012/032410 

meter in the length and width, thermal expansion rates of different elements 

become more important. 

[00130] Ceramic and graphite molds have rates of thermal expansion that are 

very different from the rate of thermal expansion for the types of steel alloy 

typically used as a substrate for wear parts. This can lead to problems such as 

distortion of the finished part, unexpected variations in hardfacing thickness, or 

even to separation of various parts of the mold assembly during the thermal 

process, allowing the molten infiltrating material to spill in the furnace. The low-

carbon steel materials of the present disclosure are more likely to have rates of 

thermal expansion that are more similar to the rate of thermal expansion for the 

types of steel alloy typically used as such a substrate. Thus, the combination of a 

steel alloy substrate, a low carbon steel thin metal shell, hard particles having a 

particle size distribution giving approximately 50% cast tungsten carbide, and 

copper as an infiltrating material offers a significant advantage over prior art 

hardfacing of steel substrates that required use of ceramic and graphite molds. 

[00131] The following table gives several examples of coefficients of thermal 

expansion for selected hard materials, for low carbon steel (a typical shell 

material), and copper (a typical brazing material). It is understood that this table 

provides examples for the sake of illustration and other materials may be used 

as the hard material, the shell, the brazing material, etc. 

Material 

Thermal 
Expansion 
Coefficient 

(Microinches/in/°F) 

Macrocrystalline 
Tungsten Carbide 
(WC) 

3.6 

Cast Tungsten 
Carbide (WC/W2C) 

2.9 

Chromium Carbide 
(Cr3C2) 

5.7 

Titanium Carbide 4.1 

Diamond 2.1 

AIS11008 Steel 6.5 
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Copper 9.2 

[00132] The combination of a steel substrate, a thin metal shell, and a properly 

selected mixture of hard particles having a specific size distribution, and an 

infiltrating material, results in substantial benefits. This combination offers a 

greater ability to accommodate thermal and transformational strains, and the 

resulting dimensional changes, particularly when compared to conventional 

graphite or ceramic molds. The products and methods of the present disclosure 

lead to less risk of warping, less risk of unwanted thickness variations in the 

resulting hardfacing, and less risk of a damaged mold spilling molten metal 

brazing material inside a furnace during an infiltration cycle. 

[00133] In addition, materials such as steel undergo phase transformations 

which are accompanied by dimensional changes. For example, when dealing 

with carbon and low alloy steels, the steel expands with increasing temperature. 

However, at approximately 1333 degrees-F, transformation of the steel to a 

different crystal structure begins. This transformation results in a decrease in 

dimensions until the transformation is complete and then the material again 

expands (at a different rate) with further increase of temperature. On cooling, 

transformations again occur, with associated expansion-contraction-expansion of 

dimensions, until the infiltration cycle is complete. Accommodating all of these 

expansions and contractions is easier with the disclosed methods using a thin 

metal shell as a mold, than when using a graphite mold or ceramic mold. With 

the methods of the present disclosure, both the substrate to be hardfaced and 

the mold containing the components of the hardfacing material are made out of 

steel, so both the substrate and the shell will be going through similar 

transformations, expansions, and contractions. While there may be some 

variations as to coefficients of thermal expansion and transformation 

temperatures, these variations for a thin metal mold and a metal substrate are 

substantially less than such variations for a graphite mold or ceramic mold and a 

metal substrate. It is therefore very difficult to use a graphite mold or a ceramic 

mold with a metal substrate to make a large, planar Trommel screens such as 
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the example illustrated in Fig. 45h, without substantial risk of cracking and/or 

spalling of the hardfacing coating. 

[00134] Furthermore, if the particulate material is intended to perform a wear-

resisting function, consideration of the particle size distribution may be required 

in order to give adequate wear resistance. For such cases in general, the size 

distribution must be such that the interparticle spacing is smaller than the size of 

the abrasive grains encountered in the application. This prevents the hard 

particles from being undermined and lost. In one embodiment, a particle size of 

-50 to +70 mesh (as described above) may be sufficient for most applications, 

such as if the abrasive grains in the application are not appreciably smaller than 

70 mesh. For finer abrasives, the particle size distribution should be sized 

approximately the same or smaller than the abrasive size. 

[00135] The disclosed embodiments may also be utilized to renew or refurbish 

a worn, previously used hardfaced wearpart. For example, in one embodiment, 

a shell as described above is connected to a substrate in the form of a hardfaced 

wearpart, and the hard material (e.g. hard particles) is introduced into the shell to 

be in close proximity to the substrate. The hard material can then be bonded to 

the substrate by brazing as described above. It is understood that the brazing 

materia! may be bonded to the pre-existing (worn) hardfacing material, the 

underlying, original substrate, or both. The hard material and/or the brazing 

material may be the same as used in the original hardfacing material in one 

embodiment. 

[00136] Several of the disclosed embodiments show a steel substrate used to 

form a wearpart, with hard material covering the entire or substantially the entire 

outer operating surface (e.g. the ground engaging surface) of the wearpart. This 

may allow use of softer steel, because the entirety of the steel is protected by 

hardfacing material. These embodiments offer advantages, particularly if softer 

steel has better resistance to fracturing, such as where softer steei has a higher 

toughness than other harder steels. Softer substrate materials may also have 

better weldability. Furthermore, softer substrate materials are usually much 

easier to make into an initial substrate to be hardfaced, and such initial 
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substrates made of softer steels are therefore less expensive to make that 

similarly shaped initial substrates made from harder steels. 

[00137] It should be understood that the shell in any of the disclosed 

embodiments does not necessarily need to closely conform to the exact shape of 

the substrate. For instance, the shell could be formed so as to give greater 

thicknesses at high-wear locations such as corners or angular edges of points. 

Similarly, "ribs" or "vanes" could be created by the resulting hardfacing layer, at 

particular locations on the substrate of the tool. Such ribs or vanes may be 

helpful for controlling the flow of abrasive material in which the component may 

be operating, or for directing movement of earthen material being impacted by 

the resulting composite wear-resistant tool. 

[00138] It should also be understood that any features, components, 

structures, techniques, etc., that are described with respect to one embodiment 

herein may be used or usable in connection with any other embodiments 

described herein, unless explicitly noted otherwise. 

[00139] It is believed that the disclosure set forth herein encompasses multiple 

distinct inventions with independent utility. While each of these inventions has 

been disclosed in its preferred form, the specific embodiments thereof as 

disclosed and illustrated herein are not to be considered in a limiting sense as 

numerous variations are possible. Each example defines an embodiment 

disclosed in the foregoing disclosure, but any one example does not necessarily 

encompass all features or combinations that may be eventually claimed. Where 

the description recites "a" or "a first" element or the equivalent thereof, such 

description includes one or more such elements, neither requiring nor excluding 

two or more such elements. Further, ordinal indicators, such as first, second or 

third, for identified elements are used to distinguish between the elements, and 

do not indicate a required or limited number of such elements, and do not 

indicate a particular position or order of such elements unless otherwise 

specifically stated. 
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CLAIMS 

1. A wear part for earth engaging equipment comprising: 

a substrate for attachment to the earth engaging equipment, the substrate having 

a surface; 

a thin, expendable sheet metal shell connected to the substrate to define a cavity 

between the surface of the substrate and the shell; and 

a composite material filling the cavity and forming a coating on at least a portion 

of the surface of the substrate, the composite material comprising a hard particulate 

material infiltrated with a metallic brazing material. 

2. The wear part for earth engaging equipment of claim 1, wherein the shell has an 

opening to an exterior of the shell, and wherein the composite material is exposed to the 

exterior of the shell through the opening. 

3. The wear part for earth engaging equipment of claim 2, further comprising a 

reservoir connected to the shell and positioned outside the cavity in communication with 

the opening. 

4. The wear part for earth engaging equipment of any of claims 1-3, wherein the 

shell is connected to the surface of the substrate by welding or brazing. 

5. The wear part for earth engaging equipment of any of claims 1-4, wherein the 
shell further comprises a conformal band in surface-to-surface contact with a portion of 

the covered surface of the substrate around an entire periphery of the shell, wherein the 

shell is connected to the substrate by welding or brazing at least at the conformal band. 

6. The wear part for earth engaging equipment of any of claims 1-5, wherein the 

substrate has a bonding surface in surface-to-surface contact with the conformal band, 

and wherein at least a portion of the substrate within the cavity is inset with respect to 
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the bonding surface, such that the composite material has an outer surface that is flush 

with the bonding surface. 

7. The wear part for earth engaging equipment of any of claims 1-6, wherein the 

brazing material is bonded to the surface of the substrate. 

8. The wear part for earth engaging equipment of any of claims 1-7, wherein the 

brazing material is further bonded to the shell. 

9. The wear part for earth engaging equipment of any of claims 1-8, wherein the 

shell comprises a front piece having a front flange extending transversely from a back 

edge of the front piece and a back piece having a back flange extending transversely 

from a front edge of the back piece, wherein the front piece and the back piece are 

joined together to form the shell by welding or brazing the front flange to the back 

flange. 

10. The wear part for earth engaging equipment of any of claims 1-9, wherein the 

particulate material comprises tungsten carbide, and the metallic brazing materia 

comprises Ni—Cr—Si—B brazing alloy. 

11. The wear part for earth engaging equipment of any of claims 1 -10, wherein the 
substrate has a hole in the surface, further comprising an insert rod received in the hole, 

wherein the hole is covered by the composite material. 

12. A hardfaced wearpart for abrasive applications comprisinc 

a tool to be attached to earth engaging equipment having a surface at a point of 

the tool and a bonding surface located proximate the surface; 

a composite hardfacing material forming a coating on at least a portion of the 

surface, the composite hardfacing material comprising a hard particulate material 
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infiltrated with a metallic brazing material, wherein the metallic brazing material is 
bonded to the surface to connect the composite hardfacing material to the tool; and 

a sheet metal shell in contact with the composite material and surrounding the 

composite material, the shell having a conformal band in contact with the bonding 

surface of the tool, wherein the shell is connected to the tool by welding or brazing at 

least between the conformal band and the bonding surface, wherein a cavity is defined 

between the surface of the substrate and the shell, and the composite hardfacing 

material fills the shell. 

13. The wearpart for abrasive applications of claim 12, wherein the shell has an 

opening to an exterior of the shell, and wherein the composite hardfacing material is 

exposed to the exterior of the shell through the opening. 

14. The wearpart for abrasive applications of claim 13, further comprising a reservoir 

connected to the shell and positioned outside the cavity in communication with the 

opening. 

15. The wearpart for abrasive applications of any of claims 12-14, wherein the 

conformal band contacts the bonding surface of the tool around an entire periphery of 

the shell and is welded or brazed to the conformal band around the entire periphery. 

16. The wearpart for abrasive applications of any of claims 12-15, wherein the 

brazing material is bonded to the shell. 

17. The wearpart for abrasive applications of any of claims 12-16, wherein the shell 

comprises a front piece having a front flange extending transversely from a back edge 

of the front piece and a back piece having a back flange extending transversely from a 

front edge of the back piece, wherein the front piece and the back piece are joined 

together to form the shell by welding or brazing the front flange to the back flange. 
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18. The wearpart for abrasive applications of any of claims 12-17, wherein the 

particulate material comprises tungsten carbide, and the metallic brazing material 

comprises Ni—Cr—Si—B brazing alloy. 

19. The wearpart for abrasive applications of any of claims 12-18, wherein the 

substrate has a hole in the surface, further comprising an insert rod received in the hole, 

wherein the hole is covered by the composite hardfacing material. 

20. A method for making a wearpart for abrasive applications comprising: providing a 

metal substrate having a surface; connecting an expendable, thin sheet metal shell to 

the surface of the substrate to define a cavity between the shell and the surface; placing 

a hard particulate material within the cavity, in close proximity to the surface; placing a 

metallic brazing material in communication with the cavity; heating the brazing material 

to a temperature above a melting point of the brazing material and holding the 

temperature for a time sufficient for the brazing material to infiltrate the particulate 

material in molten form and contact the surface of the substrate; and cooling the brazing 

material to solidify the brazing material and form a wear resistant composite coating on 

the surface of the substrate. 

21. The method for making a wearpart of claim 20, wherein the shell has an opening 

to an exterior of the shell and a reservoir is connected to the shell and positioned 

outside the cavity in communication with the opening, and wherein the brazing materia 

is placed within the reservoir to be in communication with the cavity 

22. The method for making a wearpart of claim 21, wherein the reservoir is integrally 

formed with the shell. 

23. The method for making a wearpart of any one of claims 20-22, wherein 

connecting the shell to the substrate comprises welding or brazing the shell to the 

surface of the substrate. 
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24. The method for making a wearpart of any one of claims 20-23, wherein the shell 

further comprises a conformal band extending around a periphery of the shell, and 

wherein connecting the shell to the substrate comprises welding or brazing the 

conformal band to the surface of the substrate, such that the conformal band is in 

surface-to-surface contact with a portion of the surface of the substrate around the 

entire conformal band. 

25. The method for making a wearpart of any one of claims 20-24, wherein the 

brazing material is bonded to the shell after the brazing material is solidified. 

26. The method for making a wearpart of any one of claims 20-25, wherein the shell 

comprises a front piece having a front flange extending transversely from a back edge 

of the front piece and a back piece having a back flange extending transversely from a 

front edge of the back piece, wherein the method further comprises joining the front 

piece and the back piece together to form the shell by welding or brazing the front 

flange to the back flange. 

27. The method for making a wearpart of any one of claims 20-26, wherein the 

particulate material comprises tungsten carbide, and the metallic brazing material 

comprises Ni—Cr—Si—B brazing alloy, and wherein the brazing material is heated to a 

temperature of approximately 2050° F. for a time of approximately 30 to 60 minutes. 

28. The method for making a wearpart of any one of claims 20-27, further comprising 

welding or brazing pieces of sheet metal together to form the shell. 

29. An assembly to engage the ground during operation of ground engaging 

machinery comprising: 

a tool to be attached to the ground engaging machinery having a surface; and 
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a sheet metal shell connected to the tool and having a conformal band 

conforming to at least a portion of the surface to define a cavity between the surface 

and the shell, the shell further having an opening to an exterior of the shell, wherein the 

shell is connected to the tool by welding or brazing the conformal band to the at least a 

portion of the surface. 

30. The assembly of claim 29, wherein the assembly is configured for forming a wear 

resistant composite coating on the surface by filling the cavity through the opening with 

a hard particulate material, placing a metallic brazing material in communication with the 

cavity, heating the assembly to a temperature above a melting point of the brazing 

material and holding the temperature for a time sufficient for the brazing material to 

infiltrate the particulate material in molten form and contact the surface of the tool, and 

cooling the assembly to solidify the matrix material and form the wear resistant 

composite coating on the surface. 

31. The assembly of any of claims 29-30, further comprising a composite material 

filling the cavity and forming a coating on at least a portion of the surface of the tool, the 

composite material comprising a hard particulate material infiltrated with a metallic 

brazing material, wherein the brazing material is bonded to the surface. 

32. The assembly of any of claims 29-31, further comprising a reservoir connected to 

the shell and positioned outside the cavity in communication with the opening. 

33. The assembly of claim 32 wherein the reservoir is configured to have the brazing 

material placed therein to be in communication with the cavity. 

34. The assembly of claim 33, wherein the reservoir has a flared shape and is 

integrally formed with the shell. 

35. The assembly of any of claims 29-34, wherein the conformal band extends 
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around an entire periphery of the shell and around an entire periphery of the surface 

36. The assembly of any of claims 29-35, wherein the shell comprises a front piece 

having a front flange extending transversely from a back edge of the front piece and a 

back piece having a back flange extending transversely from a front edge of the back 

piece, wherein the front piece and the back piece are joined together to form the shell 

by welding or brazing the front flange to the back flange. 

37. The assembly of any of claims 29-36, wherein the tool has a hole in the surface, 

further comprising an insert rod received in the hole. 

38. The assembly of claim 37, wherein spaces are defined between the insert rod 

and an interior wall of the hole. 

39. An assembly to engage the ground during operation of earth engaging 

equipment comprising: a tool to be attached to the earth engaging equipment having a 

surface: a sheet metal shell covering at least a portion of the surface and defining a 

cavity between the shell and the surface, the shell further having an opening to an 

exterior of the shell; and a plurality of spacers engaging the tool and the shell and 

separating the tool from the shell. 

40. The assembly of claim 39, wherein the assembly is configured for forming a wear 

resistant composite coating on the surface by filling the cavity with a hard particulate 

material, placing a metallic brazing material in communication with the cavity, heating 

the assembly to a temperature above a melting point of the brazing material and holding 

the temperature for a time sufficient for the brazing material to infiltrate the particulate 

material in molten form and contact the surface of the tool, and cooling the assembly to 

solidify the matrix material and form the wear resistant composite coating on the 

surface. 
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41. The assembly of claim 40, further comprising a wall extending from the shell and 

defining a reservoir connected to the shell and positioned outside the cavity in 

communication with the opening, wherein the reservoir is configured to have a brazing 

material placed therein to be in communication with the cavity. 

42. The assembly of any of claims 39-41, further comprising a composite material 

filling the cavity and forming a coating on at least a portion of the surface of the tool, the 

composite material comprising a hard particulate material infiltrated with a metallic 

brazing material, wherein the brazing material is bonded to the surface. 

43. A wear part for earth engaging equipment comprising: 

a substrate adapted to secure to earth engaging equipment, the substrate having 

an outer operating surface to engage the ground during operation of the earth engaging 

equipment, the outer operating surface including a covered surface; 

a thin, expendable sheet metal shell connected to the substrate to define a cavity 

between the covered surface of the substrate and the shell; and 

a composite material filling the cavity and forming a coating on at least a portion 

of the covered surface of the substrate, the composite material comprising a hard 

particulate material infiltrated with a metallic brazing material. 

44. The wear part of claim 43, wherein the shell has an opening to an exterior of the 

shell, and wherein the composite material is exposed to the exterior of the shell through 

the opening. 

45. The wear part of claim 44, further comprising a flared reservoir connected to the 

shell and positioned outside the cavity in communication with the opening. 

46. The wear part of any of claims 43-45, wherein the shell is connected to the 

surface of the substrate by welding or brazing. 
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47. The wear part of claim 46, wherein the shell further comprises a conformal band 

in surface-to-surface contact with a portion of the surface of the substrate around an 

entire periphery of the shell, wherein the shell is connected to the substrate by welding 

or brazing at least at the conformal band. 

48. The wear part of claim 47, wherein the substrate has a bonding surface in 

surface-to-surface contact with the conformal band, and wherein at least a portion of the 

substrate within the cavity is inset with respect to the bonding surface. 

49. The wear part of any of claims 43-48, wherein the brazing material is further 

bonded to the shell. 

50. The wear part of any of claims 43-49, wherein the shell comprises a front piece 

having a front flange extending transversely from a back edge of the front piece and a 

back piece having a back flange extending transversely from a front edge of the back 

piece, wherein the front piece and the back piece are joined together to form the shell 

by welding or brazing the front flange to the back flange. 

51. The wear part of any of claims 43-50, wherein the hard material has a porous 

structure that is infiltrated by the metallic brazing material to form the composite 

hardfacing material. 

52. A method for making a wearpart for earth engaging equipment comprising: 

connecting a metal shell to a surface of a substrate to define a cavity between the shell 

and the surface; placing a hard material within the cavity; placing a metallic brazing 

material in communication with the cavity; heating the brazing material to a temperature 

above a melting point of the brazing material and holding the temperature for a time 

sufficient for the brazing material to contact the hard material and the surface of the 

substrate in molten form; and cooling the brazing material to solidify the brazing material 

and bond the hard material to the surface of the substrate. 
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53. The method of claim 52, wherein the shell has an opening to an exterior of the 

shell and a reservoir is connected to the shell and positioned outside the cavity in 

communication with the opening, and wherein the brazing material is placed within the 

reservoir to be in communication with the cavity. 

54. The method of any of claims 52-53, wherein connecting the shell to the substrate 

comprises welding or brazing the shell to the surface of the substrate. 

55. The method of claim 54, wherein the shell further comprises a conformal band 

extending around a periphery of the shell, and wherein connecting the shell to the 

substrate comprises welding or brazing the conformal band to the surface of the 

substrate, such that the conformal band is in surface-to-surface contact with a portion of 

the surface of the substrate around the entire conformal band. 

56. The method of any of claims 52-55, wherein the brazing material is bonded to the 

shell after the brazing material is solidified. 

57. The method of any of claims 52-56, wherein the shell comprises a front piece 

having a front flange extending transversely from a back edge of the front piece and a 

back piece having a back flange extending transversely from a front edge of the back 

piece, wherein the method further comprises joining the front piece and the back piece 

together to form the shell by welding or brazing the front flange to the back flange. 

58. The method of any of claims 52-57, wherein the particulate material comprises 

tungsten carbide, and the metallic brazing material comprises Ni—Cr—Si—B brazing 

alloy, and wherein the brazing material is heated to a temperature of approximately 

2050° F. for a time of approximately 30 to 60 minutes. 

59. The method of any of claims 52-58, further comprising welding or brazing pieces 
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of sheet metal together to form the shell. 

60. The method of any of claims 52-59, wherein the hard material and the metallic 

brazing material form a composite hardfacing material covering the surface of the 

substrate. 

61. The method of claims 60, wherein the hard material has a porous structure that is 

infiltrated by the metallic brazing material in molten form to form the composite 

hardfacing material. 

62. The method of any of claims 60-61, wherein the hard material comprises a 

particulate material that is infiltrated by the metallic brazing material in molten form to 

form the composite hardfacing material. 

63. The method of any of claims 52-62, wherein the shell is formed of sheet metal. 

64. An assembly for abrasive applications comprising: a substrate to be attached to 

earth engaging equipment having a surface; and a metal shell connected to the 

substrate to define a cavity between the surface and the shell, the shell further having 

an opening to an exterior of the shell. 

65. The assembly for abrasive applications of claims 64, wherein the shell is formed 

of sheet metal. 

66. The assembly for abrasive applications of any of claims 64-65, wherein the shell 

is connected to the substrate by welding or brazing the shell to the surface. 

67. The assembly for abrasive applications of any of claims 64-66, wherein the shell 

has a conformal band conforming to at least a portion of the surface. 
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68. The assembly for abrasive applications of claims 67, wherein the shell is 
connected to the substrate by welding or brazing the conformal band to the at least a 
portion of the surface. 

69. The assembly for abrasive applications of any of claims 64-68, wherein the 

assembly is configured for forming a wear resistant composite coating on the surface by 

filling the cavity through the opening with a hard particulate material, placing a metallic 

brazing material in communication with the cavity, heating the assembly to a 

temperature above a melting point of the brazing material and holding the temperature 

for a time sufficient for the brazing material to infiltrate the particulate material in molten 

form and contact the surface of the tool, and cooling the assembly to solidify the matrix 

material and form the wear resistant composite coating on the surface. 


