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(57) A gas turbine engine combustor includes a uni-
tary,monolithic combustorbody (12)andaunitary,mono-
lithic combustor body boss (14) formed in the unitary,
monolithic combustor body (12). The unitary, monolithic
combustor body (12) includes boss threads (16) and a
visual boss clocking indicator (18). The unitary, mono-
lithic combustor body boss (14) is configured to receive,

with the boss threads (16), a fuel injector bolt. The fuel
injector bolt includes a bolt head (32) having a visual fuel
injector clocking indicator (34). a threaded body (36) that
includes fuel injector threads (38), one or more fuel
intakes (40), a fuel injector channel (42), and an angled
face (44) that includes a fuel orifice (46). The fuel injector
threads (38) include a fastener arresting face (48).
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Description

[0001] The present disclosure relates generally to
threaded components and,more particularly, to threaded
components with a clocking feature.
[0002] Threading is commonly used to secure various
components to larger structures. Inmany cases, the final
angular orientation of a threaded component with regard
to a larger structure is relatively unimportant. In such
cases, the torquing/preloading on the threaded compo-
nent is typically more important to ensure retention of the
threaded component in the larger structure, to provide a
leak-free connection with the larger structure, and to
avoid damage to the threads of the threaded component
and larger structure.
[0003] For some applications, though, the angular or-
ientation of the threaded component with regard to the
larger structure is important. Using conventional manu-
facturing methods, it may not be possible to produce a
threaded component that will reliably achieve the desired
angular orientation because the required assembly tor-
que or preload is independent of the final position of the
angular featuresuch that the requiredassembly torqueor
preload can be achieved regardless of whether the de-
sired angular orientation is achieved.

SUMMARY

[0004] One aspect of the present invention is directed
to a fuel injector bolt including a bolt head having a visual
fuel injector clocking indicator, a threaded body that in-
cludes fuel injector threads, one or more fuel intakes, a
fuel injector channel, and an angled face that includes a
fuel orifice. The fuel injector threads include a fastener
arresting face.
[0005] In an embodiment of the above, the visual fuel
injector clocking indicator is configured to align with a
visual bossclocking indicatorwhen the fuel injector bolt is
fully threaded into a unitary, monolithic combustor body
boss.
[0006] In a further embodiment of any of the above, the
fuel injector threads are configured to engage with boss
threads and the fastener arresting face is configured to
engage with a boss arrestor face when the fuel injector
bolt is fully threaded into a unitary, monolithic combustor
body boss, wherein the boss threads are positioned in a
unitary, monolithic combustor body boss and the boss
arrestor face is formed in the boss threads.
[0007] In a further embodiment of any of the above, the
oneormore fuel intakesare configured to alignwith a fuel
injector channel formed in a unitary, monolithic combus-
tor body.
[0008] In a further embodiment of any of the above, the
fuel orifice is configured to deliver fuel into a dilution air
channel formed in a unitary, monolithic combustor body.
[0009] In a further embodiment of any of the above, the
fuel injector bolt is formed fromanickel-basedalloy using
additive manufacturing techniques.

[0010] Another aspect of the present invention is di-
rected to a gas turbine engine combustor that includes a
unitary, monolithic combustor body and a unitary, mono-
lithic combustor body boss formed in the unitary, mono-
lithic combustor body. The unitary, monolithic combustor
body includes boss threads and a visual boss clocking
indicator. The unitary, monolithic combustor body boss is
configured to receive, with the boss threads, a fuel in-
jector bolt. The fuel injector bolt includes a bolt head
having a visual fuel injector clocking indicator, a threaded
body that includes fuel injector threads, one or more fuel
intakes, a fuel injector channel, and an angled face that
includes a fuel orifice. The fuel injector threads include a
fastener arresting face.
[0011] In an embodiment of the above, the visual fuel
injector clocking indicator is configured to align with a
visual bossclocking indicatorwhen the fuel injector bolt is
fully threaded into a unitary, monolithic combustor body
boss.
[0012] In a further embodiment of any of the above, the
fuel injector threads are configured to engage with boss
threads and the fastener arresting face is configured to
engage with a boss arrestor face when the fuel injector
bolt is fully threaded into a unitary, monolithic combustor
body boss, wherein the boss threads are positioned in a
unitary, monolithic combustor body boss and the boss
arrestor face is formed in the boss threads.
[0013] In a further embodiment of any of the above, the
oneormore fuel intakesare configured to alignwith a fuel
injector channel formed in a unitary, monolithic combus-
tor body.
[0014] In a further embodiment of any of the above, the
fuel orifice is configured to deliver fuel into a dilution air
channel formed in a unitary, monolithic combustor body.
[0015] In a further embodiment of any of the above, the
fuel injector bolt is formed fromanickel-basedalloy using
additive manufacturing techniques.
[0016] In a further embodiment of any of the above, the
unitary, monolithic combustor body is positioned along a
primary combustor axis and the fuel injector bolt is posi-
tioned along a fuel injector axis, wherein the fuel injector
axis is parallel with but offset from the primary combustor
axis.
[0017] Yet another aspect of the present invention is
directed to a method of making a gas turbine engine
combustor the includes forming, using additivemanufac-
turing (AM) techniques, a unitary, monolithic combustor
body and fuel injector bolt, aligning fuel injector threads
formed on the fuel injector bolt with boss threads of a
unitary, monolithic combustor body boss formed in the
unitary,monolithic combustorbodyand threading the fuel
injector bolt into the unitary, monolithic combustor body
boss until a fastener arresting face on fuel injector
threads engages with a boss arresting face on boss
threads, thereby stopping rotation of the fuel injector bolt
in the unitary, monolithic combustor body boss. The
unitary, monolithic combustor body includes the boss
threads and a visual boss clocking indicator. The unitary,
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monolithic combustor body boss is configured to receive,
with the boss threads, the fuel injector bolt. The fuel
injector bolt includes a bolt head having the visual fuel
injector clocking indicator, a threaded body that includes
the fuel injector threads, one or more fuel intakes, a fuel
injector channel, and an angled face that includes a fuel
orifice. The fuel injector threads include a fastener arrest-
ing face. The boss threads are chased to finish the boss
threads. The fuel injector threads are chased to finish the
fuel injector threads.When the fastener arresting face on
the fuel injector threads engages with the boss arresting
face on the boss threads the visual fuel injector clocking
indicator on the bolt head aligns with the visual boss
clocking indicator on the unitary, monolithic combustor
body boss.
[0018] In an embodiment of the above, the oneormore
fuel intakes are configured to align with a fuel injector
channel formed in a unitary, monolithic combustor body.
[0019] In a further embodiment of any of the above, the
fuel orifice is configured to deliver fuel into a dilution air
channel formed in a unitary, monolithic combustor body.
[0020] In a further embodiment of any of the above, the
fuel injector bolt is formed fromanickel-basedalloy using
additive manufacturing techniques.
[0021] In a further embodiment of any of the above, the
unitary, monolithic combustor body is positioned along a
primary combustor axis and the fuel injector bolt is posi-
tioned along a fuel injector axis, wherein the fuel injector
axis is parallel with but offset from the primary combustor
axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a cross-sectional view of a gas turbine
engine combustor including a threaded fuel injector.
Fig. 2 is an isometric viewof the threaded fuel injector
for the gas turbine engine combustor of Fig. 1.
Fig. 3 is another isometric view of the threaded fuel
injector for the gas turbine engine combustor of Fig.
1.
Fig. 4 is a close-up view of the threaded fuel injectors
of Fig. 2 and 3.

DETAILED DESCRIPTION

[0023] For some applications, such as gas turbine
engine applications, it is desirable to control the angular
orientation of a threaded component with regard to a
larger structure into which the threaded component is
installed. Using conventional manufacturing methods, it
may not be possible to produce a threaded component
that will reliably achieve the desired angular orientation
because the required assembly torque or preload is
independent of the final position of the angular feature
and the required assembly torque or preload can be
achieved without achieving the desired angular orienta-

tion. Using additive manufacturing (AM) techniques, it is
possible control the starting location of the threads on the
threaded, male component and the corresponding fe-
male hole that is configured to receive the threaded,male
component. Controlling the starting location of the
threads permits the threaded component to bemanufac-
tured so that both torque/preload and final angular loca-
tion of a feature can be achieved reliably. For example, if
the thread starting point and number of turns required to
achieve the desired torque/preload are known, the or-
ientation of the angular feature after the threaded com-
ponent is tightening can be predicted and used as a
design criterion for the threaded component.
[0024] AM techniques, including powder bed fusion
(PBF) additive manufacturing, can be used to make a
wide variety of near net shape parts, including the
threaded component and larger structure discussed
above. Examples of PBF techniques include PBF-laser
(PBF-L) and PBF-electron beam (PBF-EM) processes.
Forpurposesof thisdisclosure, the larger structurewill be
described in the context of a unitary, monolithic gas
turbine engine combustor assembly 10 as depicted in
Fig. 1. The threaded components will be described in the
context of a gas turbine engine fuel injector 30 as de-
picted in Figs. 1‑4. A person of ordinary skill will under-
stand that the threaded component and larger structure
maybeanyparingof component and structure thatwould
benefit from the designs and techniques described in this
disclosure.
[0025] As known, the gas turbine engine combustor
assembly10 receivescompressedair fromacompressor
section (not shown), mixes the air with fuel from a fuel
injector 30 to create a combustible fuel/air mixture, and
burns the fuel/air mixture to generate hot, high velocity
combustor exhaust gases that are directed to a turbine
section (not shown). The gas turbine engine combustor
assembly 10 includes a unitary, monolithic combustor
body 12 with a boss 14 having boss threads 16 for
receiving the fuel injector 30 and a visual boss clocking
indicator 18. The combustor body 12 also includes fuel
feed channel 20 and dilution air channel 22. As men-
tioned above, the combustor body 12, the boss 14, boss
threads 16, visual boss clocking indictor 18, fuel feed
channel 20, and dilution air channel 22-plus additional
features outside the scope of this disclosure-is formed by
AM techniques as a unitary, monolithic structure. The
combustor 10 is generally arranged along primary com-
bustor axis A as shown in Fig. 1. The fuel injector 30 is
generally arranged along fuel injector axis B, which is
parallel to but offset from the primary combustor axis A.
Aligning the fuel injector 30 along fuel injector axis B,
parallel to but offset from the primary combustor axis A,
makes the combustor assembly 10, which include the
combustor body 12 and fuel injector 30 more compact
than current designs, which allows the combustor as-
sembly 10 to fit into a more compact envelope in the
vehicle for which it is intended.
[0026] Figs. 2 and 3, which will be discussed together
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show the fuel injector 30 in more detail. The fuel injector
30 is in the form of a bolt with a bolt head 32. The fuel
injector 30 includes a visual fuel injector clocking indica-
tor 34, threaded body 36 that includes fuel injector
threads 38, fuel intakes 40, fuel injector channel 42
(not shown in Fig. 2, see Fig. 1), and an angled face
44 that includesa fuel orifice46 (better seen inFigs. 1and
3). The fuel intakes 40 are positioned such that when the
fuel injector 30 is fully threaded into the boss 14, the fuel
intakes 40 align with a fuel feed channel 20 (see Fig. 1)
formed as an integral part of the unitary, monolithic
combustor body 12. In the context of this disclosure, "fully
threaded" means that the fuel injector 30 is threaded into
the boss threads 16 of the boss 14 to achieve both the
desired torque/preload and the desired final angular
location of that fuel orifice 46. When the fuel injector 30
is in operation, fuel enters the fuel intakes 40 from the fuel
feed channel 20 and flows through the fuel injector chan-
nel 42 to the fuel orifice 46, where the fuel exits the fuel
injector 30 and mixes with air flowing through the air
dilution channel 22 (see Fig. 1). The fuel orifice 46 is
formed in the angled face 44 to direct fuel exiting the fuel
injector 30 to enter the air flowing through the air dilution
channel 22 in a desired orientation to provide a desired
degree of mixing between the fuel and the air. The
specific size and dimensions of the fuel orifice 46 and
the specific angle of the angled face 44 are selected to
provide the desired degree of mixing between the fuel
and the air when the fuel injector 30 is fully threaded into
the boss 14.
[0027] Fig. 4 shows anenlarged viewof a portion of the
fuel injector 30, highlighting the visual fuel injector clock-
ing indicator 34and theportionof the fuel injector body36
that includes the final portion of the fuel injector threads
38 and a fastener arresting face 48. The fastener arrest-
ing face 48 is configured to cooperate with a boss thread
arresting face (not shown) that forms a part of the boss
threads 16 of the boss 14 to stop rotation of the fuel
injector 30 while it is threaded into the boss 14 when the
fuel injector 30 is fully threaded into the boss 14 (i.e., the
fuel injector 30 achieves both the desired torque/preload
and the desired final angular location of that fuel orifice
46). At this point, the visual fuel injector clocking indicator
34 will align with a corresponding visual boss clocking
indicator 18 (see Fig. 1) on the unitary, monolithic com-
bustor body 12.
[0028] As discussed above, it is possible to control the
starting location of the fuel injector threads 38 on the fuel
injector 30 and the boss threads 16 of the boss 14 using
AM techniques. Controlling the starting location of the
fuel injector threads 38 and the boss threads 16 permits
the fuel injector 30 to be manufactured so that both
torque/preloadandfinal angular locationof the fuel orifice
46 can be achieved reliably. Knowing the number of turns
required toachieve thedesired torque/preloadon the fuel
injector 30, the orientation of the fuel orifice 46 after the
fuel injector 30 is tightened (i.e., "fully threaded") can be
predicted and used as a design criterion to determine the

starting point for the fuel injector threads 38 and the boss
threads 16.
[0029] Any AM technique can be used for forming the
unitary, monolithic combustor body 12, including the fuel
feed channel 20 and dilution air channel 22, and the fuel
injector 30, including the fuel intakes 40 and fuel orifice
46. If desired for a particular application, the fuel intakes
40 and fuel orifice 46 can be formed using mechanical
machining processes in post-processing steps. The uni-
tary, monolithic combustor body 12 and the fuel injector
30 can be made with any materials deem suitable for the
particular application. For example, nickel-based alloys,
such as INCO 625, can be used for the disclosed unitary,
monolithic combustor body 12 and the fuel injector 30 to
address the high temperatures encountered in these
structures.
[0030] The AM technique can be PBF-L or PBF-EB or
any other suitable AM technique. Although forming pre-
cise threads using AM techniques can be challenging,
threads made using AM techniques can be "cleaned up"
using a post-processing thread chasing step. For exam-
ple, the fuel injector threads 38 on the fuel injector 30,
including the fastener arresting face 48, and the boss
threads 16 of the boss 14, including the boss thread
arresting face, can be made with a PBF-L process. After
the PBF-L process for each of the fuel injector 30 and the
unitary,monolithic combustor body 12 is finished, the fuel
injector threads 38 and the boss threads 16 are chased
using techniques known in the art to establish finished
threads. Once manufactured, the combustor assembly
10 can be completed by threading the fuel injector 30 into
the boss 14 as described above.
[0031] As discussed above, the combustor assembly
10 of this disclosure fits into a more compact envelope in
the vehicle for which it is intended. The alignment fea-
tures on the fuel injector 30 (the visual fuel injector clock-
ing indicator 34 and the fastener arresting face 48) and
the boss 14 (visual boss clocking indictor 18 and the boss
thread arresting face) provide physical and visual mis-
take proofing to ensure desired orientation of the fuel
orifice 46 in the air dilution channel 22. Combining AM
manufacturing techniqueswith selected post-processing
steps, i.e., chasing of the fuel injector threads 38 and the
boss threads 16 and, if desired, formation of the fuel
orifice 46 in the angled face 44 provide cost effective,
precision manufacturing to the combustor assembly 10.

Discussion of Possible Embodiments

[0032] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0033] A fuel injector bolt comprises a bolt head having
a visual fuel injector clocking indicator, a threaded body
that includes fuel injector threads, one or more fuel
intakes, a fuel injector channel, and an angled face that
includes a fuel orifice. The fuel injector threads include a
fastener arresting face.
[0034] The fuel injector bolt of theprecedingparagraph
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can optionally include, additionally and/or alternatively,
any one or more of the following features, configurations
and/or additional elements:
[0035] The fuel injector bolt of the preceding para-
graph, wherein the visual fuel injector clocking indicator
is configured to align with a visual boss clocking indicator
when the fuel injector bolt is fully threaded into a unitary,
monolithic combustor body boss.
[0036] The fuel injector bolt of any of the preceding
paragraphs, wherein the fuel injector threads are config-
ured to engagewith boss threadsand the fastener arrest-
ing face is configured to engagewith a boss arrestor face
when the fuel injector bolt is fully threaded into a unitary,
monolithic combustor body boss, wherein the boss
threads are positioned in a unitary, monolithic combustor
body boss and the boss arrestor face is formed in the
boss threads.
[0037] The fuel injector bolt of any of the preceding
paragraphs, wherein the one or more fuel intakes are
configured to alignwith a fuel injector channel formed in a
unitary, monolithic combustor body.
[0038] The fuel injector bolt of any of the preceding
paragraphs, wherein the fuel orifice is configured to
deliver fuel into a dilution air channel formed in a unitary,
monolithic combustor body.
[0039] The fuel injector bolt of any of the preceding
paragraphs,wherein the fuel injector bolt is formed froma
nickel-based alloy using additive manufacturing techni-
ques.
[0040] A gas turbine engine combustor comprising a
unitary, monolithic combustor body and a unitary, mono-
lithic combustor body boss formed in the unitary, mono-
lithic combustor body. The unitary, monolithic combustor
body includes boss threads and a visual boss clocking
indicator. The unitary, monolithic combustor body boss is
configured to receive, with the boss threads, a fuel in-
jector bolt. The fuel injector bolt comprises a bolt head
having a visual fuel injector clocking indicator, a threaded
body that includes fuel injector threads, wherein the fuel
injector threads include a fastener arresting face, one or
more fuel intakes, a fuel injector channel, and an angled
face that includes a fuel orifice.
[0041] The gas turbine engine combustor of the pre-
ceding paragraph, wherein the visual fuel injector clock-
ing indicator is configured to align with a visual boss
clocking indicator when the fuel injector bolt is fully
threaded into a unitary, monolithic combustor body boss.
[0042] The gas turbine engine combustor of any of the
preceding paragraphs, wherein the fuel injector threads
are configured to engage with boss threads and the
fastener arresting face is configured to engage with a
boss arrestor face when the fuel injector bolt is fully
threaded into a unitary, monolithic combustor body boss,
wherein the boss threads are positioned in a unitary,
monolithic combustor body boss and the boss arrestor
face is formed in the boss threads.
[0043] The gas turbine engine combustor of any of the
preceding paragraphs, wherein the one or more fuel

intakes are configured to alignwith a fuel injector channel
formed in a unitary, monolithic combustor body.
[0044] The gas turbine engine combustor of any of the
preceding paragraphs, wherein the fuel orifice is config-
ured to deliver fuel into a dilution air channel formed in a
unitary, monolithic combustor body.
[0045] The gas turbine engine combustor of any of the
preceding paragraphs, wherein the fuel injector bolt is
formed from a nickel-based alloy using additive manu-
facturing techniques.
[0046] The gas turbine engine combustor of any of the
preceding paragraphs, wherein the unitary, monolithic
combustor body is positioned along a primary combustor
axis and the fuel injector bolt is positioned along a fuel
injector axis, wherein the fuel injector axis is parallel with
but offset from the primary combustor axis.
[0047] A method of making a gas turbine engine com-
bustor comprises forming, using additive manufacturing
(AM) techniques, a unitary, monolithic combustor body.
The unitary, monolithic combustor body has a unitary,
monolithic combustor body boss formed in the unitary,
monolithic combustor body, wherein the unitary, mono-
lithic combustor body includes boss threads and a visual
boss clocking indicator, wherein the unitary, monolithic
combustor body boss is configured to receive, with the
boss threads, a fuel injector bolt. The boss threads are
chased to finish the boss threads. Forming, using AM
techniques, the fuel injector bolt having a bolt head hav-
ing a visual fuel injector clocking indicator, a threaded
body that includes fuel injector threads, wherein the fuel
injector threads include a fastener arresting face, one or
more fuel intakes, a fuel injector channel, and an angled
face that includes a fuel orifice. The fuel injector threads
are chased to finish the fuel injector threads. The fuel
injector threads of the fuel injector bolt are aligned with
the boss threads of the unitary, monolithic combustor
body boss and the fuel injector bolt is threaded into the
unitary, monolithic combustor body boss until the fasten-
er arresting face on the fuel injector threads engageswith
a boss arresting face on the boss threads, thereby stop-
ping rotation of the fuel injector bolt in the unitary, mono-
lithic combustor body boss. When the fastener arresting
face on the fuel injector threads engages with the boss
arresting face on the boss threads the visual fuel injector
clocking indicator on the bolt head aligns with the visual
boss clocking indicator on the unitary, monolithic com-
bustor body boss.
[0048] Themethodof theprecedingparagraph,where-
in the oneormore fuel intakes are configured to alignwith
a fuel injector channel formed in a unitary, monolithic
combustor body.
[0049] The method of any of the preceding para-
graphs, wherein the fuel orifice is configured to deliver
fuel into a dilution air channel formed in a unitary, mono-
lithic combustor body.
[0050] The method of any of the preceding para-
graphs, wherein the fuel injector bolt is formed from a
nickel-based alloy using additive manufacturing techni-
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ques.
[0051] The method of any of the preceding para-
graphs, wherein the unitary, monolithic combustor body
is positioned along a primary combustor axis and the fuel
injector bolt is positionedalonga fuel injector axis,where-
in the fuel injector axis is parallel with but offset from the
primary combustor axis.
[0052] While the invention has been described with
reference to an exemplary embodiment(s), it will be
understood by those skilled in the art that various
changes may be made and equivalents may be substi-
tuted for elements thereof without departing from the
scope of the invention. In addition, many modifications
may bemade to adapt a particular situation ormaterial to
the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodi-
ments falling within the scope of the appended claims.

Claims

1. A fuel injector bolt comprising:

a bolt head (32) having a visual fuel injector
clocking indicator (34);
a threaded body (36) that includes fuel injector
threads (38), wherein the fuel injector threads
(38) include a fastener arresting face (48);
one or more fuel intakes (40);
a fuel injector channel (42); and
an angled face (44) that includes a fuel orifice
(46).

2. The fuel injector bolt of claim 1, wherein the visual
fuel injector clocking indicator (34) is configured to
align with a visual boss clocking indicator (18) when
the fuel injector bolt (30) is fully threaded into a
unitary, monolithic combustor body boss (14).

3. The fuel injector bolt of claim 1 or 2, wherein the fuel
injector threads (38) are configured to engage with
boss threads (16) and the fastener arresting face
(48) is configured toengagewith abossarrestor face
when the fuel injector bolt (30) is fully threaded into a
or the unitary, monolithic combustor body boss (14),
wherein the boss threads (16) are positioned in the
unitary,monolithic combustor bodyboss (14)and the
boss arrestor face is formed in the boss threads (16).

4. The fuel injector bolt of any preceding claim, wherein
the one or more fuel intakes (40) are configured to
align with a fuel injector channel (20) formed in a or
the unitary, monolithic combustor body (12).

5. The fuel injector bolt of any preceding claim, wherein
the fuel orifice (46) is configured to deliver fuel into a

dilution air channel (22) formed in a or the unitary,
monolithic combustor body (12).

6. The fuel injector bolt of any preceding claim, wherein
the fuel injector bolt (30) is formed from a nickel-
based alloy using additive manufacturing techni-
ques.

7. A gas turbine engine combustor, comprising:

a unitary, monolithic combustor body (12);
a unitary, monolithic combustor body boss (14)
formed in the unitary, monolithic combustor
body (12), wherein the unitary, monolithic com-
bustor body (12) includes boss threads (16) and
avisual boss clocking indicator (18),wherein the
unitary, monolithic combustor body boss (14) is
configured to receive, with the boss threads
(16), the fuel injector bolt (30) of any preceding
claim.

8. The gas turbine engine combustor of claim 7, where-
in the unitary, monolithic combustor body (12) is
positioned along a primary combustor axis (A) and
the fuel injector bolt (30) is positioned along a fuel
injector axis (B), wherein the fuel injector axis (B) is
parallel with but offset from the primary combustor
axis (A).

9. Amethod ofmaking agas turbine engine combustor,
comprising:

forming, using additive manufacturing (AM)
techniques, a unitary, monolithic combustor
body (12) having a unitary, monolithic combus-
tor body boss (14) formed in the unitary, mono-
lithic combustor body (12), wherein the unitary,
monolithic combustor body (12) includes boss
threads (16) and a visual boss clocking indicator
(18), wherein the unitary, monolithic combustor
body boss (14) is configured to receive, with the
boss threads (16), a fuel injector bolt (30);
chasing the boss threads (16) to finish the boss
threads (16);
forming, using AM techniques, the fuel injector
bolt (30) having:

a bolt head (32) having a visual fuel injector
clocking indicator (34);
a threaded body (36) that includes fuel in-
jector threads (38), wherein the fuel injector
threads (38) include a fastener arresting
face (48);
one or more fuel intakes (40);
a fuel injector channel (42); and
an angled face (44) that includes a fuel
orifice (46);
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chasing the fuel injector threads (38) to finish the
fuel injector threads (38);
aligning the fuel injector threads (38) of the fuel
injector bolt (30)with theboss threads (16) of the
unitary, monolithic combustor body boss (14);
and
threading the fuel injector bolt (30) into the uni-
tary, monolithic combustor body boss (14) until
the fastener arresting face (48) on the fuel in-
jector threads (38) engages with a boss arrest-
ing face on the boss threads (16), thereby stop-
ping rotation of the fuel injector bolt (30) in the
unitary, monolithic combustor body boss (14),
whereinwhen the fastener arresting face (48) on
the fuel injector threads (38) engages with the
boss arresting face on the boss threads (16) the
visual fuel injector clocking indicator (34) on the
bolt head (32) aligns with the visual boss clock-
ing indicator (18) on the unitary, monolithic com-
bustor body boss (14).

10. The method of claim 9, wherein the one or more fuel
intakes (40) are configured toalignwitha fuel injector
channel (20) formed in the unitary, monolithic com-
bustor body (12).

11. The method of claim 9 or 10, wherein the fuel orifice
(46) is configured to deliver fuel into a dilution air
channel (22) formed in the unitary, monolithic com-
bustor body (12).

12. Themethod of any of claims 9 to 11, wherein the fuel
injector bolt (30) is formed from a nickel-based alloy
using additive manufacturing techniques.

13. The method of any of claims 9 to 12, wherein the
unitary,monolithic combustor body (12) is positioned
along a primary combustor axis (A) and the fuel
injector bolt (30) is positioned along a fuel injector
axis (B), wherein the fuel injector axis (B) is parallel
with but offset from the primary combustor axis (A).
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