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(54) ADDITIVELY MANUFACTURED THERMALLY INSULATING STRUCTURE

(57) An additively manufactured thermally insulating
structure comprising a base layer and a fire-resistant lay-
er adjacent to the base layer that forms an air gap ther-
ebetween. A method for assembling a miniature gas tur-

bine engine (10) includes additively manufacturing an
additively manufactured thermally insulating structure
onto a static structure of the miniature gas turbine engine
(10).
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Description

BACKGROUND

[0001] The present disclosure relates to additive man-
ufacturing and, more particularly, to an additively manu-
factured thermally insulating structure for a miniature gas
turbine or turbojet engines.
[0002] Miniature gas turbine or turbojet engines that
are typically 1000 pound-force (lbf) (4.45 kN) thrust and
smaller, are often utilized in attritable or expendable ap-
plications such as reconnaissance drones, cruise mis-
siles, decoys, and other applications, including air-
launched and ground-launched weapon systems. The
use of such single use gas turbine engines greatly ex-
tends the range of the air vehicle in comparison to the
more conventional solid fuel rocket engine; however,
such engines need to be manufactured relatively inex-
pensively yet provide a high degree of reliability and ef-
ficiency.
[0003] The miniature gas turbine is thermally shielded
from the vehicle during operation to provide thermal iso-
lation and/or for fire-retardant purposes. A thermal blan-
ket is wrapped around engine components to provide the
shielding after assembly of the engine and retained there-
to with band clamps. The thermal blanket is typically spe-
cialized and requires labor-intensive construction of a
combination of fabric, composite, and metallic material
layers, which form a compliant structure. Although effec-
tive, such blankets are relatively expensive and time con-
suming to fabricate and install.

SUMMARY

[0004] An additively manufactured thermally insulating
structure according to one disclosed non-limiting embod-
iment of the present disclosure includes a base layer;
and a fire-resistant layer adjacent to the base layer that
forms an air gap therebetween.
[0005] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
base layer forms a static structure of a gas turbine engine.
[0006] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
base layer is 0.1-0.2 inches (about 2.5 - 5 mm) thick and
the fire-resistant layer is 0.1-0.2 inches (about 2.5 - 5
mm) thick.
[0007] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
air gap is 0.25-0.5-inch thick (about 6-13 mm).
[0008] A further embodiment of any of the foregoing
embodiments of the present disclosure includes a lattice
structure within the air gap.
[0009] A further embodiment of any of the foregoing
embodiments of the present disclosure includes a duct
through the air gap.
[0010] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the

duct comprises at least one intake and at least one ex-
haust.
[0011] A miniature gas turbine engine according to one
disclosed non-limiting embodiment of the present disclo-
sure includes a static structure; and an additively manu-
factured fire-resistant layer additively manufactured to
the static structure to form an air gap therebetween.
[0012] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
static structure comprises at least one of a forward hous-
ing, a combustor housing, and an exhaust pipe.
[0013] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
fire-resistant layer adjacent forms a pattern which facili-
tates fire resistance.
[0014] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
fire-resistant layer comprises at least one intake and at
least one exhaust.
[0015] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
fire-resistant layer comprises an airflow path.
[0016] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that the
fire-resistant layer comprises an air gap with a lattice
structure.
[0017] A method for assembling a gas turbine engine
according to one disclosed non-limiting embodiment of
the present disclosure includes additively manufacturing
a base layer; and additively manufacturing a fire-resistant
layer adjacent to the base layer to form an air gap ther-
ebetween.
[0018] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that ad-
ditively manufacturing the base layer comprises additive-
ly manufacturing a static structure of the gas turbine en-
gine.
[0019] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that ad-
ditively manufacturing the base layer comprises additive-
ly manufacturing at least one of a forward housing, a
combustor housing, and an exhaust pipe.
[0020] A further embodiment of any of the foregoing
embodiments of the present disclosure includes that ad-
ditively manufacturing the fire-resistant layer adjacent to
the base layer forms an additively manufactured thermal-
ly insulating structure.
[0021] A further embodiment of any of the foregoing
embodiments of the present disclosure includes assem-
bling the additively manufactured thermally insulating
structure onto a static structure of a gas turbine engine.
[0022] A further embodiment of any of the foregoing
embodiments of the present disclosure includes additive-
ly manufacturing a duct into the air gap
[0023] A further embodiment of any of the foregoing
embodiments of the present disclosure includes additive-
ly manufacturing a lattice structure into the air gap.
[0024] A further embodiment of any of the foregoing
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embodiments of the present disclosure includes that the
additively manufacturing a fire-resistant layer forms a
pattern on an outer surface.
[0025] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, the following description and drawings are in-
tended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Various features will become apparent to those
skilled in the art from the following detailed description
of the disclosed non-limiting embodiments. The drawings
that accompany the detailed description can be briefly
described as follows:

FIG. 1 is a general perspective view an exemplary
vehicle embodiment for use with a miniature gas tur-
bine engine.
FIG. 2 is a schematic view of an exemplary miniature
gas turbine engine according to one disclosed non-
limiting embodiment.
FIG. 3 is an exploded view of the miniature gas tur-
bine engine.
FIG. 4 is an exploded view of the miniature gas tur-
bine engine.
FIG. 5 is an expanded view of an additively manu-
factured thermally insulating structure for a miniature
gas turbine engine.
FIG. 6 is a sectional view of the additively manufac-
tured thermally insulating structure according to one
disclosed non-limiting embodiment.
FIG. 7 is a sectional view of the additively manufac-
tured thermally insulating structure according to an-
other disclosed non-limiting embodiment.
FIG. 8 is a longitudinal sectional view of the additively
manufactured thermally insulating structure with an
active cooling flow path according to another dis-
closed non-limiting embodiment.
FIG. 9 is a front view of the additively manufactured
thermally insulating structure with a multiple of in-
takes to the active cooling flow of FIG. 8.
FIG. 10 is a flow chart illustrating a method to install
the additively manufactured thermally insulating
structure onto a miniature gas turbine engine accord-
ing to one disclosed non-limiting embodiment.
FIG. 11 is a flow chart illustrating a method to install
the additively manufactured thermally insulating
structure onto a miniature gas turbine engine accord-
ing to one disclosed non-limiting embodiment.
FIG. 12 is a flow chart illustrating a method to incor-
porate the additively manufactured thermally insu-
lating structure into a miniature gas turbine engine
according to one disclosed non-limiting embodi-

ment.

DETAILED DESCRIPTION

[0027] FIG. 1 illustrates a general schematic view of
an air vehicle V including a miniature gas turbine engine
10. The air vehicle V may include a body 2 and one or
more aerodynamic surfaces 4. The miniature gas turbine
engine 10 is coupled to, or contained within, the body 2.
An intake 6 of the air vehicle V provides air to the mini-
ature gas turbine engine 10 and an exhaust 8 directs the
thrust therefrom.
[0028] With reference to FIG. 2, the miniature gas tur-
bine engine 10 generally includes a housing 14, a rotor
shaft 16 rotationally mounted to a forward bearing 18 and
an aft bearing 20, a combustion system 21, and an ex-
haust pipe 22. The rotor shaft 16 rotates about a longi-
tudinal axis X. In the illustrated rotor configuration, a rotor
24 includes compressor blades 26 facing forward toward
an inlet 28 and turbine blades 30 facing rearward toward
the exhaust pipe 22 to define a turbine wheel on the rotor
shaft 16. The rotor shaft 16 is received in the bearings
18, 20, and is coupled to a fuel pump 32 to provide fuel
to an annular combustor liner 34 through a fuel manifold
36. A permanent magnet generator 33 is mounted to the
rotor shaft 16 to generate electrical power for the engine
10 and other accessories.
[0029] With reference also to FIG. 3, a static structure
38 of the engine 10 generally includes the forward hous-
ing 14, the forward cover 25, a nozzle plate 40, a diffuser
42, a turbine nozzle 44, a combustor liner 46, a combustor
housing 48 and the exhaust pipe 22 (FIG. 3). The forward
cover 25 and the diffuser 42 support a rotational system
50 that includes the rotor shaft 16 and rotational compo-
nents mounted for rotation therewith. The forward cover
25 supports the forward bearing 18 and the diffuser 42
supports the aft bearing 20. The static structure 38 is
typically manufactured of a metal alloy and may be as-
sembled together by one or more relatively low-cost fas-
tening techniques such as threaded fasteners, welding,
v-band clamps, rivets, or the like.
[0030] With reference to FIG. 4, an additively manu-
factured thermally insulating structure 100 at least par-
tially surrounds, or forms a portion of, the static structure
38. The additively manufactured thermally insulating
structure 100 may be additively manufactured integral
with the static structure 38 or alternatively separately for
later application to the engine 10 in a manner similar to
application of a conventional blanket. That is, the addi-
tively manufactured thermally insulating structure 100
may be directly additively manufactured into the engine
10. Although the additively manufactured thermally insu-
lating structure 100 is used for the miniature gas turbine
engine 10 in the disclosed embodiment, various other
applications may benefit from the additively manufac-
tured thermally insulating structure 100.
[0031] With reference to FIG. 5, the additively manu-
factured thermally insulating structure 100 according to
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one embodiment includes a base layer 102 and a fire-
resistant layer 104 that forms an air gap 106 therebe-
tween. The base layer 102 forms the static structure 38
of the engine 10 and the fire-resistant layer 104 is spaced
therefrom. That is, the base layer 102 may be that which
forms the static structure 38 such that the fire-resistant
layer 104 that forms the air gap 106 therebetween is in-
tegrated therewith. Alloys such as 625 Alloy, 718 Alloy,
230 Alloy, stainless steel, tool steel, cobalt chrome, tita-
nium, nickel, aluminum and others may have specific
benefit for environments typically encountered by aero-
space and gas turbine engine components such as the
base layer 102 and the fire-resistant layer 104. In one
example, the base layer 102 is about 0.1-0.2 inches
(about 2.5 - 5 mm) thick, the fire-resistant layer 104 is
about 0.1-0.2 inches (about 2.5 - 5 mm) thick with an
about 0.25-0.5 inch thick (about 6-13 mm) air gap 106.
The base layer 102 and the fire-resistant layer 104 may
be additively manufactured of the same or dissimilar ma-
terial. The fire-resistant layer 104 may be additively man-
ufacturing to forms a pattern 114, e.g., a waffle pattern,
on an outer surface thereof to facilitate the fire resistance.
[0032] With reference to FIG 6, in another disclosed
non-limiting embodiment, the air gap 106 includes a lat-
tice structure 108. In examples, the lattice structure 108
forms numerous contiguous "X" shapes, while other ex-
amples may utilize other matrix shapes such as triangular
shapes. These various matrix shapes provide support
between the base layer 102 and the fire-resistant layer
104 yet maintains the air gap 106A. Alternatively, the air
gap 106 could be an monolithic material that has a low
thermal conductivity to provide insulating characteristics.
[0033] With reference to FIG 7, in another disclosed
non-limiting embodiment, the air gap 106B forms an in-
take 120, a duct 122, and an exhaust 124 to form a bypass
duct 136 such that an airflow is passed through the ad-
ditively manufactured thermally insulating structure 100
to provide active cooling via airflow (FIG. 8). The bypass
duct 136 may be discrete linear ducts, an integral duct
with multiple intakes 120 (FIG. 9) and exhausts 124, or
other combinations either with, or without, the lattice
structure 108 (FIG. 7).
[0034] With reference to FIG 10, a method 200 to install
the additively manufactured thermally insulating struc-
ture 100 initially includes assembly of the engine 10
(202). Next, the additively manufactured thermally insu-
lating structure 100 is additively manufactured onto the
static structure 38 once the engine 10 is assembled (204).
The additive manufacturing process includes, but is not
limited to, Fused deposition modeling (FDM), Stereo-
lithography (SLA), processes using a layer-by-layer UV
curing, Selective Laser Sintering (SLS), Electron Beam
Sintering (EBS), Electron Beam Melting (EBM), Electron
Beam Powder Bed Fusion (EB-PBF), Electron Beam
Powder Wire (EBW), Laser Engineered Net Shaping
(LENS), Laser Net Shape Manufacturing (LNSM), Direct
Metal Deposition (DMD), and Laser Powder Bed Fusion
(L-PBF). The additive manufacturing process sequential-

ly builds-up layers of atomized alloy and/or ceramic pow-
der material that include but are not limited to, 625 Alloy,
718 Alloy, 230 Alloy, stainless steel, tool steel, cobalt
chrome, titanium, nickel, aluminum, acrylonitrile butadi-
ene styrene (ABS), nylon, polylactic acid (PLA), poly-
urethane, urethane, silicone, epoxy, photopolymers that
provide rubber-like flexibility, and others in atomized
powder material form. That is, the engine 10 may be load-
ed into the additive manufacturing system and the addi-
tively manufactured thermally insulating structure 100 is
additively manufactured thereon.
[0035] With reference to FIG. 11, a method 300 to in-
stall the additively manufactured thermally insulating
structure 100 according to another disclosed non-limiting
embodiment initially includes additively manufacturing
the additively manufactured thermally insulating struc-
ture 100 onto the static structure 38 (302). For example,
the forward housing 14, the combustor housing 48 and
the exhaust pipe 22 are individually loaded into the ad-
ditive manufacturing system and the additively manufac-
tured thermally insulating structure 100 is additively man-
ufactured thereon. Next, the engine 10 is assembled
(304) from the components that have the additively man-
ufactured thermally insulating structure 100 additively
manufactured thereon. The additively manufactured
thermally insulating structure is thus integrated onto each
component individually to facilitate assembly and disas-
sembly.
[0036] With reference to FIG. 12, a method 400 to in-
stall the additively manufactured thermally insulating
structure 100 according to another disclosed non-limiting
embodiment initially includes additively manufacturing
the static structure 38 (402) as the base layer 102. For
example, the forward housing 14, the combustor housing
48 and the exhaust pipe 22 are additively manufactured
and forms the base layer 102. Next, the fire-resistant lay-
er 104 is additively manufactured to the base layer 102
(404) to form the air gap 106 therebetween to form static
structure 38 components that have the additively manu-
factured thermally insulating structure 100 integral there-
with.
[0037] Next, the engine 10 is assembled (406) from
the components that have the additively manufactured
thermally insulating structure 100 additively manufac-
tured thereon. The additively manufactured thermally in-
sulating structure is thus integrated onto each component
individually to facilitate assembly and disassembly.
[0038] The additively manufactured thermally insulat-
ing structure increases the attritable or expendable pro-
pulsion systems by, for example, integration of complex
performance-enhancing features, lowering production
costs, and reducing time to delivery; that are typically
prohibitive when leveraging conventional manufacturing
techniques.
[0039] Although the different non-limiting embodi-
ments have specific illustrated components, the embod-
iments of this invention are not limited to those particular
combinations. It is possible to use some of the compo-
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nents or features from any of the non-limiting embodi-
ments in combination with features or components from
any of the other non-limiting embodiments.
[0040] It should be appreciated that like reference nu-
merals identify corresponding or similar elements
throughout the several drawings. It should also be ap-
preciated that although a particular component arrange-
ment is disclosed in the illustrated embodiment, other
arrangements will benefit herefrom.
[0041] Although particular step sequences are shown,
described, and claimed, it should be understood that
steps may be performed in any order, separated or com-
bined unless otherwise indicated and will still benefit from
the present disclosure.
[0042] The foregoing description is exemplary rather
than defined by the limitations within. Various non-limiting
embodiments are disclosed herein, however, one of or-
dinary skill in the art would recognize that various mod-
ifications and variations in light of the above teachings
will fall within the scope of the appended claims. It is
therefore to be understood that within the scope of the
appended claims, the disclosure may be practiced other
than as specifically described. For that reason the ap-
pended claims should be studied to determine true scope
and content.

Claims

1. An additively manufactured thermally insulating
structure (100), comprising:

abase layer (102); and
a fire-resistant layer (104) adjacent to the base
layer (102) that forms an air gap (106; 106A;
106B) therebetween.

2. The additively manufactured thermally insulating
structure (100) as recited in claim 1, wherein the base
layer (102) forms a static structure (38) of a gas tur-
bine engine (10).

3. The additively manufactured thermally insulating
structure (100) as recited in claim 1 or 2, wherein:

the base layer (102) is 0.1-0.2 inches (about 2.5
- 5 mm) thick and the fire-resistant layer (104)
is 0.1-0.2 inches (about 2.5 - 5 mm) thick; and/or
the air gap (106; 106A; 106B) is 0.25-0.5 inches
(about 6-13 mm) thick.

4. The additively manufactured thermally insulating
structure (100) as recited in any preceding claim,
further comprising a lattice structure (108) within the
air gap (106A).

5. The additively manufactured thermally insulating
structure (100) as recited in any preceding claim,

further comprising a duct (122) through the air gap
(106B), wherein the duct (122) optionally comprises
at least one intake (120) and at least one exhaust
(124).

6. A miniature gas turbine engine (10), comprising:

a static structure (38); and
an additively manufactured fire-resistant layer
(104) additively manufactured to the static struc-
ture (38) to form an air gap (106; 106A; 106B)
therebetween.

7. The miniature gas turbine engine (10) as recited in
claim 6, wherein the static structure (38) comprises
at least one of a forward housing (14), a combustor
housing (48), and an exhaust pipe (22).

8. The miniature gas turbine engine (10) as recited in
claim 6 or 7, wherein the fire-resistant layer (104)
adjacent forms a pattern which facilitates fire resist-
ance.

9. The miniature gas turbine engine (10) as recited in
any of claims 6 to 8, wherein the fire-resistant layer
(104) comprises at least one intake (120) and at least
one exhaust (124).

10. The miniature gas turbine engine (10) as recited in
any of claims 6 to 9, wherein:

the fire-resistant layer (104) comprises an air-
flow path; and/or
the miniature gas turbine engine (10) further
comprises a lattice structure (108) within the air
gap (106A).

11. A method for assembling a gas turbine engine (10),
comprising:

additively manufacturing a base layer (102); and
additively manufacturing a fire-resistant layer
(104) adjacent to the base layer (102) to form
an air gap (106; 106A; 106B) therebetween.

12. The method as recited in claim 11, wherein additively
manufacturing the base layer (102) comprises addi-
tively manufacturing a static structure (38) of the gas
turbine engine (10), such as at least one of a forward
housing (14), a combustor housing (48), and an ex-
haust pipe (22).

13. The method as recited in claim 11 or 12, wherein
additively manufacturing the fire-resistant layer
(104) adjacent to the base layer (102) forms an ad-
ditively manufactured thermally insulating structure
(100), wherein the method optionally further com-
prises assembling the additively manufactured ther-
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mally insulating structure (100) onto a or the static
structure (38) of a gas turbine engine (10).

14. The method as recited in any of claims 11 to 13,
further comprising additively manufacturing a duct
(122), and/or a lattice structure (108) into the air gap
(106A).

15. The method as recited in any of claims 11 to 14,
wherein the additively manufacturing a fire-resistant
layer (104) forms a pattern on an outer surface.
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