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(57) ABSTRACT 
In Some examples, a technique may include positioning a first 
part comprising a ceramic or ceramic matrix composite and a 
second part comprising a ceramic or a CMC adjacent to each 
other to define a joint region at the interface of the first part 
and the second part. In some examples, the joint region may 
be heated using at least one of a laser or a plasma arc Source 
to heat the joint region to an elevated temperature. The first 
and second parts may be pressed together and cooled to join 
the first and second parts at the joint region. In other 
examples, a Solid braze material including a filler material 
and a metal or alloy may be delivered to the joint region and 
locally heated to cause a constituent of the filler material and 
a constituent of the metal or alloy to react. When reacted, the 
constituents may form a solid material, which may join the 
first and second parts. 
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POSITION A FIRST PART INCLUDING A 
CERAMIC ORCMC ADJACENT TO A SECOND 
PART INCLUDING ACERAMIC OR CMC TO 

DEFINEA JOINT REGION 

DELIVER SOLID BRAZE MATERIAL IN THE 
JOINT REGION 

LOCALLY HEAT AT LEAST SOME OF THE 
SOLID BRAZE MATERIAL 

FIG. 2 
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POSITION A FIRST PART INCLUDING A 
CERAMIC OR CMC ADJACENT TO A SECOND 
PART INCLUDING ACERAMIC OR CMC TO 

DEFINEA JOINT REGION 

PREHEAT AT LEAST ONE OF THE FIRST PART 
OR THE SECOND PART 

PRESS JOINT SURFACES TOGETHER TO 
DEFINEA JOINT REGION 

LOCALLY HEAT THE JOINT REGION USINGA 
PLASMAARC TORCH 

CONTROL COOLING OF THE JOINT REGION 

FIG. 3 
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BRAZE FOR CERAMIC AND CERAMIC 
MATRIX COMPOSITE COMPONENTS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 14/444,409, titled “CERAMIC 
CERAMIC WELDS, and filed Jul. 28, 2014. The entire 
content of U.S. patent application Ser. No. 14/444,409 is 
incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present disclosure generally relates to brazes 
for joining ceramic or ceramic matrix composite compo 
nentS. 

BACKGROUND 

0003. Some articles formed from ceramics or ceramic 
matrix composites (CMCs) are more easily formed out of 
multiple parts. For example the geometry of the article may be 
complex and may be difficult to form in a single piece. How 
ever, joining multiple parts formed of a ceramic or a CMC 
may be difficult, as the melting point of the ceramic or CMC 
may be very high, the ceramic or CMC may decompose 
before melting, and some ceramics or CMCs are susceptible 
to thermal shock due to their inherent brittleness. 
0004 Some ceramics or CMCs have been joined using a 
cement. However, cements may be prone to brittle fracture 
under tension or flexure, and may not be Suitable for joining 
a ceramic or CMC to another material that has a substantially 
different coefficient of thermal expansion. 
0005. Other fasteners, such as screws or bolts, may be used 
to join ceramics or CMCs, but forming holes in ceramics or 
CMCs may introduce cracks in the ceramic or CMC, and the 
cracks may act as stress concentrators. 

SUMMARY 

0006. In some examples, the disclosure describes a 
method that includes positioning a first part comprising a 
ceramic or CMC and a second part comprising a ceramic or a 
CMC adjacent to each other to define a joint region between 
adjacent portions of the first part and the second part. The 
method also may include delivering a solid braze material in 
the joint region, wherein the solid braze material comprises at 
least a filler material and a metal or alloy, wherein the solid 
braze material comprises at least one of a wire, ribbon, thread, 
rod, or strand. The method additionally may include locally 
heating the solid braze material, wherein a constituent of the 
filler material reacts with a constituent of the molten metal or 
alloy to join the first part and the second part. 
0007. In some examples, the disclosure describes an 
assembly including a first part comprising a ceramic or CMC 
and a second part comprising a ceramic or a CMC. The first 
part and second part may be positioned adjacent to each other 
to define a joint region between adjacent portions of the first 
part and the second part. The assembly also may include a 
solid braze material delivery device configured to deliver a 
solid braze material to the joint region. The solid braze mate 
rial may include a filler material and a metal or alloy, and may 
be in the form of at least one of a wire, ribbon, thread, rod, or 
strand. A constituent of the filler material and a constituent of 
the metal or alloy react to join the first part and the second part 
when heated to a sufficient temperature. The assembly also 
may include a braze heat source configured to locally heat the 
Solid braze material in the joint region. 
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0008. In some examples, the disclosure describes a 
method including positioning a first part comprising a 
ceramic or ceramic matrix composite (CMC) and a second 
part adjacent to each other to define a joint region between 
adjacent portions of the first part and the second part. The 
method also may include locally heating, using at least one of 
a laser or a plasma arc Source, the joint region to a temperature 
of at least about 0.3 times the melting temperature of the first 
part or the melting temperature of the second part. The 
method additionally may include pressing the first part and 
the second part together and cooling the joint region to result 
in the first and second parts being joined. 
0009. The details of one or more examples are set forth in 
the accompanying drawings and the description below. Other 
features, objects, and advantages will be apparent from the 
description and drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a conceptual and schematic diagram illus 
trating an example assembly for joining a first part including 
a ceramic or CMC and a second part including a ceramic or 
CMC using a powder including a filler material and a metal or 
alloy. 
0011 FIG. 2 is a flow diagram illustrating an example 
technique for joining a first part including a ceramic or CMC 
and a second part including a ceramic or CMC part using a 
powder including a filler material and a metal or alloy. 
0012 FIG. 3 is a flow diagram illustrating an example 
technique for joining a first part including a ceramic or CMC 
and a second part including a ceramic or CMC part using arc 
welding. 
0013 FIG. 4 is a conceptual and schematic diagram illus 
trating an example assembly for joining a first part including 
a ceramic or CMC and a second part including a ceramic or 
CMC using welding. 
0014 FIG. 5 is a photomicrograph of an example welded 
body including two SiC CMC parts joined with a fusion weld. 

DETAILED DESCRIPTION 

0015 The disclosure describes assemblies, systems, and 
techniques for joining a first part including a ceramic or a 
ceramic matrix composite (CMC) and a second part including 
a ceramic or a CMC using brazing or welding. In some 
examples, techniques described herein may include position 
ing a first part comprising a ceramic or ceramic matrix com 
posite and a second part comprising a ceramic or a CMC 
adjacent to each other to define a joint region at the interface 
of the first part and the second part. In some examples, the 
joint region may be heated using at least one of a laser or a 
plasma arc Source to heat the joint region to an elevated 
temperature. The first and second parts may be pressed 
together and cooled to join the first and second parts at the 
joint region. 
0016. In other examples, a solid braze material including a 

filler material and a metal or alloy may be delivered to the 
joint region and locally heated to cause a constituent of the 
filler material and a constituent of the metal or alloy to react. 
When reacted, the constituents may form a solid material, 
which may join the first and second parts. 
0017 Techniques described herein may facilitate joining 
of two parts each including a ceramic or a CMC. By facili 
tating joining of multiple parts, each including a ceramic or a 
CMC, components with complex geometry, large size, or 
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both may be more easily made from a ceramic or a CMC, 
compared to forming the component from a single integral 
ceramic or CMC. 
0018 Techniques described herein also may utilize local 
ized heating of the joint region. By locally heating the joint 
region, a majority of the Volume of the first and second parts 
may remain at a lower temperature (e.g., if left unheated or if 
preheated to a lower temperature than the temperature to 
which the joint region is heated). In examples in which a braZe 
is used, this may facilitate use of brazes that do not include a 
melting point Suppressant, which in turn may improve high 
temperature capability of the component including the joined 
first and second parts. 
0019 FIG. 1 is a conceptual and schematic diagram illus 
trating an example assembly 10 for joining a first part 14 
including a ceramic or CMC and a second part 16 including a 
ceramic or CMC using a solid braze material 40 including a 
filler material and a metal or alloy. Assembly 10 may include 
an enclosure 12, which encloses an energy delivery head 34 
and a material delivery device 38. Assembly 10 also may 
include an energy source 42, which is operatively coupled to 
energy delivery head 34. Assembly 10 further may include a 
computing device 44, which is communicatively connected 
to energy source 42, energy delivery head 34, and material 
delivery device 38. First part 14, second part 16, and at least 
one part heat Source 28 are also positioned within enclosure 
12. 
0020. In some examples, enclosure 12 may enclose an 
atmosphere that may reduce thermal degradation of first part 
14, second part 16, and/or solid braze material 40 during 
processing. For example, enclosure 12 may enclose an atmo 
sphere including an oxidant for oxide ceramics or an atmo 
sphere including an inert gas or a reducing gas for non-oxide 
ceramics. 
0021 First part 14 and second part 16 may be parts that 
form a component of a high temperature mechanical system. 
For example, first part 14 and second part 16 may together be 
a blade track, an airfoil, a blade, a combustion chamberliner, 
or the like, of a gas turbine engine. In some examples, one or 
both of first part 14 and second part 16 may be part of a 
thermal protection system (TPS), a thermocouple, a hybrid 
ballistic armor system, a wear resistant or heat resistant Sur 
face, a refractory Solar-absorptive ceramic Surface for con 
centrated Solar thermal applications, a bearing for high tem 
perature applications (e.g., greater than about 1.000° C.), or 
the like. 
0022. In some examples, first part 14 and second part 16 
include a ceramic or a CMC that includes Si. In some 
examples, first part 14 and second part 16 may include a 
silicon-based material. Such as silicon-based ceramic or a 
silicon-based CMC. 
0023. In some examples in which first part 14 and second 
part 16 include a ceramic, the ceramic may be substantially 
homogeneous. In some examples, first part 14 and second part 
16 that includes a ceramic includes, for example, silicon 
carbide (SiC), transition metal carbides (e.g., WC, MoC, 
TiC), transition metal silicides (MoSiNbSi, TiSi), or the 
like. 
0024. In examples in which first part 14 and second part 16 
include a CMC, first part 14 and second part 16 include a 
matrix material and a reinforcement material. The matrix 
material includes a ceramic material. Such as, for example, 
silicon metal or SiC. The CMC further includes a continuous 
or discontinuous reinforcement material. For example, the 
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reinforcement material may include discontinuous whiskers, 
platelets, fibers, or particulates. As other examples, the rein 
forcement material may include a continuous monofilament 
or multifilament weave. In some examples, the reinforcement 
material may include SiC, C, or the like. In some examples, 
first part 14 and second part 16 each includes a SiC Sior a 
SiC SiC ceramic matrix composite. For example, first part 
14, second part 16, or both may include a SiC SiC compos 
ite consolidated using a silicon-containing alloy. In some 
examples, first part 14 and second part 16 may be formed of 
the same material (ceramic or CMC). In other examples, first 
part 14 may beformed of a different material than second part 
16. 

0025. In some examples, one or both of first part 14 and 
second part 16 may be formed using at least one of hot 
pressing, physical vapor deposition (PVD), Sputtering, 
chemical vapor deposition (CVD), plasma deposition, arc 
casting, sintering, melt infiltration, slurry infiltration, or the 
like. In some examples, first part 14, second part 16, or both 
may be nearly theoretically dense. Such as greater than about 
98% dense (no more than about 2% porosity, defined as the 
density of the part divided by the theoretical density of the 
part), or greater than about 99% dense (no more than 1% 
about porosity), or greater than about 99.5% dense (no more 
than about 0.5% porosity), or greater than about 99.9% dense 
no more than about 0.1% porosity). 
0026. Although FIG. 1 illustrates first part 14 and second 
part 16 as each defining a simple, Substantially rectangular 
geometry, in other examples, first part 14, second part 16, or 
both may define a more complex geometry, including simple 
or complex curves, overhangs, undercuts, or the like. 
0027 First part 14 defines at least one joint surface 18. 
Similarly, second part 16 defines at least one joint surface 20. 
In some examples, joint Surfaces 18 and 20 may define 
complementary shapes. FIG. 1 illustrates joint surfaces 18 
and 20 as Substantially flat surfaces. In other examples, joint 
surfaces 18 and 20 may define other, more complex shapes, 
including, for example, simple or complex curves, overhangs, 
undercuts, or the like. 
0028 First part 14 and second part 16 are positioned such 
that joint surfaces 18 and 20 are adjacent to each other and 
define a joint region 22. Joint region 22 may include any kind 
of joint, including, for example, at least one of a bridle joint, 
abutt joint, a miter join, a dado joint, a groovejoint, a tongue 
and groove joint, a mortise and tenon joint, a birdsmouth 
joint, a halved joint, a biscuit joint, a lap joint, a double lap 
joint, a dovetail joint, or a splice joint. Consequently, joint 
Surfaces 18 and 20 may have any corresponding geometries to 
define the Surfaces of joint region 22. 
0029. In some examples, assembly 10 includes at least one 
part heat source 28. At least one part heat source 28 may be 
positioned and configured to heat at least one of first part 14 
or second part 16. In some examples, at least one part heat 
source 28 may be used to heat at least one of first part 14 or 
second part 16 before introducing solid braze material 40 in 
joint region 22 or before locally heating solid braze material 
40. In some examples, at least one part heat Source 28 may 
heat at least one of first part 14 or second part 16 using 
convection, radiation, or conduction. In some examples, at 
least one partheat source 28 may be configured to heat at least 
one of first part 14 or second part 16 to a temperature between 
about 700° C. and about 1500° C., such as between about 
700° C. and about 1100° C., or about 1000° C. The tempera 
ture to which at least one partheat source 28 heats at least one 
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of first part 14 or second part 16 may be affected by the 
composition of the at least one of first part 14 or second part 
16. 
0030. In some examples, at least one part heat source 28 
may be configured to preheat, postheat, or both at least one of 
first part 14 or second part 16 to reduce a chance of cracking 
of first part 14 or second part 16 due to thermal shock. The 
thermal profile of the preheat, postheat, or both may be based 
at least in part on the composition of first part 14 or second 
part 16. For example, at least one of first part 14 or second part 
16 may be heated to a temperature sufficient to plastically 
relieve stress in the at least one of first part 14 or second part 
16, e.g., by microcracking, grain boundary sliding or soften 
ing, dislocation motion, twinning, grain growth, recrystalli 
Zation, or the like. In some examples, the plastic stress relief 
may occur at a temperature at or above about 30% of the 
melting temperature of the ceramic or CMC material (e.g., the 
matrix material of the CMC), or between about 40% and 
about 50% of the melting temperature of the ceramic or CMC 
material (e.g., the matrix material of the CMC). The heating 
and cooling ramp rates may be selected based at least in part 
on a size of first part 14, second part 16, or both, a composition 
of first part 14, second part 16, or both, or the like. For 
example, larger parts 14 and 16 may be heated and cooled 
with a lower temperature rate. The temperature ramp rates 
may be selected to be sufficiently slow to avoid thermal shock 
to first part 14, second part 16, or both. In some examples, the 
temperature ramp rates may be about 2°C. per minute. 
0031. In some examples, assembly 10 includes a stop 
material 46, on which solid braze material 40 is initially 
delivered. Stop material 46 may maintain solid braze material 
40 in joint region 22 during heating of solid braze material 40 
until at least part of solid braze material 40 hardens. In some 
examples, stop material 46 includes a high temperature 
refractory material that is substantially non-reactive with con 
stituents of solid braze material 40, first part 14, and second 
part 16 at the conditions that stop material 46, solid braze 
material 40, first part 14, and second part 16 are exposed to 
during use. 
0032 Energy source 42 may include, for example, a laser 
source, such as a CO laser, a CO laser, a Nd:YAG laser; an 
electronbeam source; a plasma source; a plasma arc torch; or 
the like. Energy source 42 may be selected to provide energy 
with a predetermined wavelength or wavelength spectrum 
that may be absorbed by solid braze material 40. In some 
examples, energy source 42 may be operatively connected to 
energy delivery head 34, which aims an energy beam 36 
towardjoint region 22 between first part 14 and second part 16 
during joining of first and second parts 14 and 16. 
0033 Assembly 10 also may include at least one material 
delivery device 38. Material delivery device 38 may be con 
figured to deliver braze material to joint region 22 in the form 
of a solid braze material 40, such as a wire, ribbon, thread, 
rod, strand, or the like. In some examples, material delivery 
device 38 is configured to deliver solid braze material 40 to 
the location 24 of joint region 22 at which energy beam 36 is 
aimed. Solid braze material 40 then may be heated by energy 
delivered by energy delivery head 34 to melt at least part of 
solid braze material 40. 
0034. In some examples, assembly 10 may include a 
single material delivery device 38, as shown in FIG. 1. In 
some of these examples, solid braze material 40 may include 
both a filler material and a metal or alloy, or may consist 
essentially of the filler material and the metal or alloy. In other 
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examples, assembly 10 may include multiple material deliv 
ery devices 38. For example, a first material delivery device 
may deliver a first solid braze material that includes the filler 
material (with or without a binder material) to joint region 22 
and a second material delivery device may deliver a second 
solid braze material including the metal or alloy (with or 
without a powder binder material) to joint region 22. The first 
and second material delivery devices may deliver the first and 
second solid braze materials substantially simultaneously, 
sequentially, or alternatingly to joint region 22. In examples 
in which assembly 10 includes multiple material delivery 
devices, assembly may include a single energy delivery head 
34, more than one energy delivery head 34 (e.g., a respective 
energy delivery head 34 for each material delivery device), or 
the like. 
0035. In some examples, energy delivery head 34 may be 
coupled to or integral with material delivery device 38. For 
example, a device may include a central aperture through 
which energy beam 36 passes and which aims energy beam 
36 and at least one structure through which solid braze mate 
rial 40 is delivered. A single device that includes energy 
delivery head 34 and material delivery device 38 may facili 
tate delivery of solid braze material 40 and focusing of energy 
beam 36 at a substantially similar location 2. In other 
examples, material delivery device 38 may be separate from 
energy delivery head 34. 
0036 Solid braze material 40 may include a filler material, 
a metal or alloy and, optionally, a binder material. In some 
examples, solid braze material 40 consists essentially of the 
filler material and the metal or alloy. The filler material and 
the metal or alloy may together constitute the braze material. 
For example, the filler material may include a constituent that 
reacts with a constituent of the metal or alloy to form a solid 
and join first part 14 and second part 16. 
0037. In some examples, the filler material may include a 
ceramic material, one or more transition metals (e.g., tita 
nium, cobalt, molybdenum, nickel, Vanadium, chromium, 
copper, tantalum, niobium or yttrium, Zirconium), carbon, or 
the like. Example ceramic materials for the filler material 
include transition metal carbides (e.g., molybdenum carbide, 
cobalt carbide, titanium carbide, tungsten carbide, Vanadium 
carbide, niobium carbide, tantalum carbide, Zirconium car 
bide or chromium carbide), transition metal borides (e.g., 
molybdenum boride, cobalt boride, titanium boride, tungsten 
boride, vanadium boride, niobium boride, tantalumboride, or 
chromium boride), transition metal silicides (e.g., titanium 
silicide, yttrium silicide, molybdenum silicide, or tungsten 
silicide), and SiC. In some examples, the filler material may 
include a mixture of at least two of these materials, such as 
SiC and a transition metal, SiC and carbon, or the like. 
0038. The filler material may be in the form of a powder, 
particulate, fiber, sheet, or the like, and is mixed in the solid 
carrier, Such as a polymer, in the wire, ribbon, thread, rod, 
Strand, or the like. In some examples, the filler material may 
include combinations of two or more of these forms, e.g., a 
fiber and a powder. 
0039 Solid braze material 40 also may include a metal or 
alloy. The metal or alloy includes a second constituent of the 
braze material, e.g., a constituent that reacts with a constitu 
ent of the filler material to join first and second parts 14 and 
16. For example, the metal or alloy may include silicon metal, 
molybdenum metal, boron metal, titanium metal, tantalum 
metal, Zirconium metal, a silicon-containing alloy, a molyb 
denum-containing alloy, a boron-containing alloy, a titanium 
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containing alloy, a tantalum-containing alloy, or a Zirconium 
containing alloy. The metal or alloy may be in the form of a 
powder, particulate, or the like. 
0040. In some examples, solid braze material 40 may 
include a binder, such as an organic binder. For example, the 
binder may bind powder particulate or fibers in a tape, an 
injection molded material, or the like. In some examples, the 
organic binder may include at least one of a high charyielding 
component or a preceramic polymer. In some examples, the 
high charyielding component may include a phenol or furan 
based organic material. Such as furfuryl alcohol or phenol 
formaldehyde; a polycarbosilane; a polyarylacetylene based 
organic material; or the like. The high char yielding compo 
nent may act as a carbon source during the brazing technique. 
In some examples, the preceramic polymer includes a poly 
carbosilane, which may be a precursor to SiC. 
0041 Computing device 44 may include, for example, a 
desktop computer, a laptop computer, a workstation, a server, 
a mainframe, a cloud computing system, or the like. Comput 
ing device 44 may include or may be one or more processors, 
Such as one or more digital signal processors (DSPs), general 
purpose microprocessors, application specific integrated cir 
cuits (ASICs), field programmable logic arrays (FPGAs), or 
other equivalent integrated or discrete logic circuitry. Accord 
ingly, the term “processor as used herein may refer to any of 
the foregoing structure or any other structure Suitable for 
implementation of the techniques described herein. In addi 
tion, in Some examples, the functionality of computing device 
26 may be provided within dedicated hardware and/or soft 
ware modules. 
0042 Computing device 44 is configured to control opera 
tion of assembly 60, including, for example, energy source 
42, energy delivery head 34, and/or material delivery device 
38. Computing device 44 may be communicatively coupled 
to at least one of energy source 42, energy delivery head 34. 
and/or material delivery device 38 using respective commu 
nication connections. Such connections may be wireless and/ 
or wired connections. 
0043 Computing device 44 may be configured to control 
operation of energy delivery head 34, material delivery device 
38, or both to position joint region 22 relative to energy 
delivery head 34, material delivery device 38, or both. For 
example, computing device 44 may control energy delivery 
head 34, material delivery device 38, or both to translate 
and/or rotate along at least one axis to energy delivery head 
34, material delivery device 38, or both relative to joint region 
22. 

0044 Computing device 44 may control at least one of the 
power level of energy source 42, the focal spot size of energy 
beam 36 delivered to joint region 22, the relative movement of 
the focal spot of energy beam 36 relative to joint region 22, a 
pause time between bursts of energy, the angle of energy 
beam 36 relative to joint region 22, or the like. In some 
examples, computing device 44 may control energy source 42 
to deliver a welding current of between about 25 Amperes and 
about 75 Amperes with a duration of between about 5 seconds 
and about 20 seconds to joint region 22. Computing device 44 
may control the at least one of these parameters to control the 
amount of heat delivered to solid braze material 40 at a given 
time. In some examples, computing device 44 may control 
energy delivery head 34 to Scan (e.g., translate) relative to 
joint region 22 to scan the focal spot relative to joint region 22, 
and solid braze material 40 may be fused in a general shape 
corresponding to the scanned path of the focal spot. 
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0045. In some examples, the joining techniques described 
herein may produce joints that exhibit substantially similar 
thermophysical and mechanical behavior as the parent mate 
rial. In addition, in Some examples, joints formed using the 
techniques described herein may able to withstand the sub 
stantially similar environments as the materials of first part 14 
and second part 16, Such as Substantially similar corrosive, 
oxidizing, and/or high temperature environments. 
0046. In accordance with examples of this disclosure, 
assembly 10 may be used to join first part 14 and second part 
16. FIG. 2 is a flow diagram illustrating an example technique 
for joining first part 14 and second part 16 using a solid braZe 
material 40 including a filler material and a metal or alloy. 
Although the technique of FIG. 2 will be described with 
concurrent reference to assembly 10 of FIG. 1, in other 
examples, the technique of FIG. 2 may be performed by 
another assembly. 
0047. The technique of FIG. 2 may include positioning 

first part 14 adjacent to second part 16 to definejoint region 22 
(52). As described above, first joint surface 18 and second 
joint Surface 20 may define joint region 22, which may 
include any type of joint. 
0048. The technique of FIG. 2 also may include deliver 
ing, by material delivery device 38, under control of comput 
ing device 44, solid braze material 40 in joint region 22 (54). 
Solid braze material 40 may include a filler material, a metal 
or alloy, and, optionally, a binder. In some examples, Solid 
braze material 40 may be deposited in joint region 22 by a 
single material delivery device 38. In other examples, solid 
braze material 40 may be deposited in joint region 22 by 
multiple material delivery devices, e.g., a first material deliv 
ery device that deposits a first solid braze material and a 
second material delivery device that deposits a second solid 
braze material. As described above, in examples in which a 
first solid braze material and a second solid braze material are 
delivered to joint region 22, the first solid braze material and 
the second solid braze material may be delivered substantially 
simultaneously, sequentially, or alternatingly. 
0049. The technique of FIG. 2 further may include locally 
heating, by energy delivery head 34, under control of com 
puting device 44, at least some of solid braze material 40 (56). 
In some examples, the at least some of solid braze material 40 
may be heated by energy delivery head 34 substantially as 
solid braze material 40 is delivered to joint region 22 (54) 
(e.g., at location 24). As Solid braze material 40 is locally 
heated (56), a constituent of the metal or alloy in solid braze 
material 40 may react with a constituent of the filler material 
in solid braze material 40 to form a solid material. For 
example, the metal or alloy may include silicon metal or a 
silicon alloy and the filler material may include carbon or a 
carbon Source. Silicon and carbon may react to form solid 
silicon carbide. The Solid material, e.g., silicon carbide, may 
join first and second parts 14 and 16. 
0050. In some examples, such as when solid braze mate 
rial 40 includes an organic binder including at least one of a 
high char carbon yielding component or a preceramic poly 
mer, locally heating at least some of solid braze material 40 
(56) may carbonize the high char carbonyielding component, 
form a ceramic from the preceramic polymer, or both. In 
Some examples, the carbon from the high char carbon yield 
ing component may react with a metal from the molten metal 
or alloy to form a ceramic. 
0051. Because material delivery device 38 delivers solid 
braze material 40 and energy delivery head 34 aims energy 
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beam 36 at location 24, solid braze material 40 may be reacted 
to form a solid at location 24. Computing device 44 may 
control material delivery device 38 and energy delivery head 
34 to scan location 24 withinjoint region 22 to add solid braze 
material 40 throughout joint region 22. After Scanning loca 
tion 24 throughout joint region 22, joint region 22 may be 
filled with solid material, and first part 14 and second part 16 
may be joined by the solid material. 
0052. In some examples, as solid braze material 40 is 
deposited (54) and locally heated (56), forces may be exerted 
on first and second parts 14 and 16 to urge first joint surface 18 
toward second joint Surface 20, which may assist in joining 
first and second parts 14 and 16. 
0053 Additionally and optionally, during the technique of 
FIG.2, computing device 44 may control at least one partheat 
source 28 to preheat at least one of first part 14 or second part 
16, control cooling of at least one offirst part 14 or second part 
16, or both. In some examples, at least one partheat Source 28 
may be configured to heat at least one of first part 14 or second 
part 16 to a temperature between about 700° C. and about 
1500° C., such as between about 700° C. and about 1100° C., 
or about 1000°C. The temperature to which at least one part 
heat source 28 heats at least one of first part 14 or second part 
16 may be affected by the composition of the at least one of 
first part 14 or second part 16. 
0054. In some examples, computing device 44 may con 

trol at least one part heat source 28 to postheat at least one of 
first part 14 or second part 16 to reduce a chance of cracking 
of first part 14 or second part 16 due to thermal shock. For 
example, after locally heating at least Some of Solid braZe 
material 40 (56), computing device 44 may control at least 
one part heat source 28 to heat at least one of first part 14 or 
second part 16 to a temperature sufficient to plastically relieve 
stress in the at least one of first part 14 or second part 16, e.g., 
by microcracking, grain boundary sliding or softening, dis 
location motion, twinning, grain growth, recrystallization, or 
the like. In some examples, the plastic stress relief may occur 
at a temperature at or above about 30% of the melting tem 
perature of the ceramic or CMC material (e.g., the matrix 
material of the CMC), or between about 40% and about 50% 
of the melting temperature of the ceramic or CMC material 
(e.g., the matrix material of the CMC). Computing device 44 
also may control the temperature ramp rates during preheat 
ing, postheating, or both to avoid thermal shock to first part 
14, second part 16, or both. In some examples, the tempera 
ture ramp rates may be about 2°C. per minute. 
0055 Although the preceding examples have been 
described as using solid braze material 40 to join first part 14 
and second part 16, in other examples, first part 14 and second 
part 16 may be joined without using additional material. FIG. 
3 is a flow diagram illustrating an example technique for 
joining first part 14 and second part 16 using arc welding. 
FIG. 3 will be described with concurrent reference to FIG.4, 
which is a conceptual and Schematic diagram illustrating an 
example assembly 70 for joining a first part 14 including a 
ceramic or CMC and a second part 16 including a ceramic or 
CMC using welding. 
0056 Assembly 70 may be similar to or substantially the 
same as assembly 10 of FIG. 1, aside from any differences 
described herein. For example, assembly 70 may include an 
enclosure 12, a first part 14, a second part 16, at least one part 
heat Source 28, an energy source 42, an energy delivery head 
34, and a computing device 44. Each of these components, in 
Some examples, may be similar to or Substantially the same as 
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the like numbered components in assembly 10 of FIG. 1. 
Unlike assembly 10 of FIG.1, assembly 70 may omit material 
delivery device 36, solid braze material 40. Additionally, 
unlike in assembly 10 of FIG. 1, first joint surface 18 of first 
part 14 and second joint surface 20 of second part 16 contact 
each other without intervening material (e.g., Solid braZe 
material 40). 
0057 The technique of FIG. 3 may include positioning 

first part 14 adjacent to second part 16 to definejoint region 22 
(60). As described above, first joint surface 18 and second 
joint Surface 20 may define joint region 22, which may 
include any type of joint. Unlike in the technique of FIG. 2, in 
the technique of FIG. 3, first joint surface 18 of first part 14 
and second joint Surface 20 of second part 16 contact each 
other without intervening material. Such that joint region 22 
does not include material other than from first part 14 and 
second part 16. 
0058. In some examples, the technique of FIG. 3 option 
ally includes preheating, using at least one part heat Source 
28, at least one of first part 14 or second part 16 to a first 
elevated temperature (62). In some examples, at least one part 
heat source 28 may be configured to heat at least one of first 
part 14 or second part 16 to a temperature between about 700° 
C. and about 1500° C., such as between about 700° C. and 
about 1100° C., or about 1000°C. In some examples, the at 
least one of first part 14 or second part 16 may be maintained 
at the first elevated temperature for a predetermined first time. 
In some examples, the temperature ramp rate from ambient 
temperature to the first elevated temperature may be suffi 
ciently slow to reduce or substantially eliminate thermal 
shock damage. 
0059. Once the first and second parts 14 and 16 are option 
ally heated (62), joint surfaces 18 and 20 may be urged or 
pressed together to define joint region 22 (64). For example, 
first and second parts 14 and 16 may be pressed together using 
a press, clamps, or the like. Pressing joint Surfaces 18 and 20 
together during welding may improve the weld by reducing 
drift or widening of the joint region 22. 
0060. The technique of FIG.3 also includes locally heat 
ing, usingenergy source 42 and energy delivery head 34, joint 
region 22 to forman at least partially liquefied fusion volume 
(66). Energy source 42 and energy delivery head 34 may 
provide heat that is sufficient to at least partially liquefy the 
fusion volume but not sufficiently great and/or of such dura 
tion to significantly decompose material within joint region 
22. In some examples, energy source 42 and energy delivery 
head 34 ramp up energy delivery (and, thus, heat) at a first 
welding heat ramp rate to a nominal welding heat level, hold 
the heat level at the nominal welding level for a predeter 
mined time, and ramp down the heat at a second rate. In some 
examples, the heat provided by energy source 42 and energy 
delivery head 34 may be represented by a welding current of 
between about 25 Amperes and 75 Amperes with a duration of 
between about 5 seconds and about 20 seconds. In some 
examples, the heat provided by energy source 42 and energy 
delivery head 34 may result in a final, near Surface tempera 
ture of between about 1400° C. and about 3500° C. with a 
duration of between about 5 seconds and about 20 seconds for 
spot welds or short (about 1 to about 2 centimeter) linear 
welds, and longer for longer linear welds. 
0061 The at least partially liquefied fusion volume is then 
cooled (e.g., at a predetermined cooling rate to a predeter 
mined end temperature) (68) to define a fusion joint. In some 
examples, at least one part heat Source 28 may be used to 
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control the cooling rate of the at least partially liquefied fusion 
Volume, e.g., to a rate of about 2°C./minute. The cooling rate 
may be sufficient to anneal the fusion joint and adjacent 
portions of first part and second part of thermally induced 
stresses, as described above. 

Example 

0062 FIG. 5 is a photomicrograph of an example welded 
body including two SiC CMC parts 72 and 74 joined with a 
fusion weld 76. Two SiC ceramic parts 72 and 74 were posi 
tioned adjacent one another to define an interface. The Sur 
faces were heated at a rate of about 2°C./minute and main 
tained at a first soak temperature of about 1000° C. A first 
carbon additive material in the form of a ten mil thick pressed 
SiC/polymer sheet was inserted into the interface volume and 
a second additive material was added to the surface of the 
Surfaces adjacent the interface so as to wick into the interface 
during welding. The Surfaces were clamped together to pro 
vide an urging force during welding. Additional heat was 
applied using a plasma welding torch current, ramped up to 
55 amps at a rate of five (5) Amps per second from a pilot arc 
of twenty-five (25) Amps to a welding current of fifty-five 
(55) Amps and maintained for a duration often (10) seconds, 
followed by a five (5) second ramp down to yield an at least 
partially liquid fusion volume. The fusion volume was cooled 
atarate of about 2°C./minute until it reached a predetermined 
end temperature at which point the fusion volume had solidi 
fied to yield a fusion weld 76. 
0063 Various examples have been described. These and 
other examples are within the scope of the following claims. 
What is claimed is: 
1. A method comprising: 
positioning a first part comprising a ceramic or ceramic 

matrix composite (CMC) and a second part comprising 
a ceramic or a CMC adjacent to each other to define a 
joint region between adjacent portions of the first part 
and the second part; 

delivering a solid braze material in the joint region, 
wherein the Solid braze material comprises at least a 
filler material and a metal or alloy, and wherein the solid 
braze material comprises at least one of a wire, ribbon, 
thread, rod, or Strand; and 

locally heating the Solid braze material, wherein a constitu 
ent of the filler material reacts with a constituent of the 
molten metal or alloy to join the first part and the second 
part. 

2. The method of claim 1, wherein locally heating the solid 
braze material comprises locally heating the SolidbraZe mate 
rial substantially simultaneously with delivering the solid 
braze material in the joint region. 

3. The method of claim 1, wherein at least one of the first 
part or the second part comprises a silicon carbide-silicon 
carbide composite. 

4. The method of claim 1, wherein the filler material com 
prises at least one of silicon carbide, carbon, a transition 
metal, a transition metal carbide, a transition metal boride, or 
a transition metal silicide. 

5. The method of claim 1, wherein the filler material com 
prises at least one of particulates or fibers. 

6. The method of claim 1, wherein the filler material com 
prises at least one of SiC. carbon, a transition metal, a transi 
tion metal carbide, a transition metal boride, or a transition 
metal silicide. 
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7. The method of claim 1, wherein the metal or alloy 
comprises at least one of silicon metal, molybdenum metal, 
boron metal, titanium metal, tantalum metal, Zirconium 
metal, a silicon-containing alloy, a molybdenum-containing 
alloy, a boron-containing alloy, a titanium-containing alloy, a 
tantalum-containing alloy, or a Zirconium-containing alloy. 

8. The method of claim 1, wherein the solid braze material 
further comprises an organic binder comprising at least one of 
a high char yielding component or a preceramic polymer. 

9. The method of claim 8, wherein the organic binder 
comprises the high charyielding component, and wherein the 
high char yielding component comprises at least one of a 
furan based organic, a phenol based organic, a polycarbosi 
lane, or a polyarylacetylene based organic material. 

10. The method of claim 8, wherein the organic binder 
comprises the preceramic polymer, and wherein preceramic 
polymer comprises a polycarbosilane. 

11. The method of claim 1, wherein the solid braze material 
comprises a first solid braze material comprising the filler 
material and a second solid braze material comprising the 
metal or alloy. 

12. The method of claim 11, wherein the first solid braze 
material and the second braze material are delivered to the 
joint region Substantially simultaneously. 

13. The method of claim 11, wherein the first solid braze 
material and the second braze material are delivered to the 
joint region alternatingly. 

14. The method of claim 1, wherein the solid braze material 
consists essentially of the filler material and the metal or alloy. 

15. The method of claim 1, wherein locally heating the 
Solid braze material comprises heating the Solid braze mate 
rial using at least one of a laser or a plasma arc torch. 

16. The method of claim 1, further comprising heating at 
least one of the first part or the second part prior to locally 
heating the Solid braze material. 

17. The method of claim 1, further comprising heating at 
least one of the first part or the second part after locally 
heating the Solid braze material to control cooling of the at 
least one of the first part or the second part. 

18. An assembly comprising: 
a first part comprising a ceramic or ceramic matrix com 

posite (CMC); 
a second part comprising a ceramic or a CMC, wherein the 

first part and second part are positioned adjacent to each 
other to define a joint region between adjacent portions 
of the first part and the second part; 

a solid braze material delivery device configured to deliver 
a solid braze material to the joint region, wherein the 
Solid braze material comprises a filler material and a 
metal or alloy, wherein the solid braze material com 
prises at least one of a wire, ribbon, thread, rod, or Strand, 
and wherein a constituent of the filler material and a 
constituent of the metal or alloy react to join the first part 
and the second part when heated to a Sufficient tempera 
ture; and 

a braze heat source configured to locally heat the solid 
braze material in the joint region. 

19. The assembly of claim 18, wherein the braze heat 
Source is configured to locally heat the Solid braze material at 
substantially the same time as the solid braze material is 
delivered to the joint region. 

20. The assembly of claim 18, wherein at least one of the 
first part or the second part comprises a silicon carbide-silicon 
carbide composite. 
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21. The assembly of claim 18, wherein the filler material 
comprises at least one of silicon carbide, carbon, a transition 
metal, a transition metal carbide, a transition metal boride, or 
a transition metal silicide. 

22. The assembly of claim 18, wherein the filler material 
comprises at least one of particulates or fibers. 

23. The assembly of claim 18, wherein the filler material 
comprises at least one of SiC. carbon, a transition metal, a 
transition metal carbide, a transition metal boride, or a tran 
sition metal silicide. 

24. The assembly of claim 18, wherein the metal or alloy 
comprises at least one of silicon metal, molybdenum metal, 
boron metal, titanium metal, tantalum metal, Zirconium 
metal, a silicon-containing alloy, a molybdenum-containing 
alloy, a boron-containing alloy, a titanium-containing alloy, a 
tantalum-containing alloy, or a Zirconium-containing alloy. 

25. The assembly of claim 18, wherein the solid braze 
material further comprises an organic binder comprising at 
least one of a high char yielding component or a preceramic 
polymer. 

26. The assembly of claim 25, wherein the organic binder 
comprises the high charyielding component, and wherein the 
high char yielding component comprises at least one of a 
furan based organic, a phenol based organic, a polycarbosi 
lane, or a polyarylacetylene based organic material. 

27. The assembly of claim 25, wherein the organic binder 
comprises the preceramic polymer, and wherein the prece 
ramic polymer comprises a polycarbosilane. 

28. The assembly of any one of claim 18, wherein the solid 
braze material comprises a first solid braze material compris 
ing the filler material and a second solid braze material com 
prising the metal or alloy. 

29. The assembly of claim 28, wherein the solid braze 
material delivery device is configured to deliver the first solid 
braze material and the second braze material to the joint 
region Substantially simultaneously. 

30. The assembly of claim 28, wherein the solid braze 
material delivery device is configured to deliver the first solid 
braze material and the second braze material to the joint 
region alternatingly. 
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31. The assembly of claim 18, wherein the solid braze 
material consists essentially of the filler material and the 
metal or alloy. 

32. The assembly of claim 18, wherein the braze heat 
Source comprises at least one of a laser or a plasma arc torch. 

33. The assembly of claim 18, further comprising heating 
at least one of the first part or the second part prior to locally 
heating the Solid braze material. 

34. The assembly of claim 18, further comprising heating 
at least one of the first part or the second part after locally 
heating the Solid braze material to control cooling of the at 
least one of the first part or the second part. 

35. A method comprising: 
positioning a first part comprising a ceramic or ceramic 

matrix composite (CMC) and a second part comprising 
a ceramic or a CMC adjacent to each other to define a 
joint region at the interface of the first part and the 
second part; 

locally heating, using at least one of a laser or a plasma arc 
Source, the joint region to a temperature of at least about 
0.3 times the melting temperature of the first part or the 
melting temperature of the second part; 

pressing the first part and the second part together; and 
cooling the joint region to result in the first and second parts 

being joined. 
36. The method of claim 35, further comprising: 
prior to locally heating the joint region, preheating at least 

one of the first part or the second part to a temperature 
between about 700° C. and about 1500° C. 

37. The method of claim 35, wherein locally heating the 
joint region to the temperature of at least about 0.3 times the 
melting temperature of the first part or the melting tempera 
ture of the second part comprises locally heating the joint 
region to the temperature of between about 0.4 times and 
about 0.5 times the melting temperature of the first part or the 
melting temperature of the second part. 

38. The method of claim 35, wherein cooling the joint 
region to result in the first and second parts being joined 
comprises cooling the joint region at a controlled rate to 
relieve stress in the joint region. 

k k k k k 
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