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(54) MISSILE STRUCTURE

(57) The present invention concerns a missile struc-
ture. More particularly, but not exclusively, this invention
concerns a hybrid missile structure. The missile structure
comprises an outer structural element, an inner structural
element, and an insulating layer disposed between the

outer structural element and the inner structural element.
An intermediate structural element links the outer struc-
tural element and the inner structural element. The outer
structure comprises a composite material, and the inner
structure comprises a metal material.



EP 4 397 938 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] The present invention concerns a missile struc-
ture. More particularly, but not exclusively, this invention
concerns a hybrid missile structure.

Background of the Invention

[0002] Missiles experience a wide range of conditions
once they have been deployed. For example, the forces
involved in propelling a missile are significant, and the
structure of the missile must be suitably strong to be able
to tolerate significant loading without damage to or de-
struction of the missile. Also, missiles may experience
significant temperatures due to aero-thermal heating dur-
ing deployment, for example temperatures in excess of
1000 degrees Celsius. This requires the provision of in-
sulation, to prevent the internal components of the missile
overheating during deployment. Typical missile struc-
tures may be "hot" structures or "cold structures". Hot
structures typically comprise a load bearing external
structure, with a layer or layers of insulation provided
inside of the load bearing external structure. A cold struc-
ture typically comprises an internal load bearing structure
surrounded by a layer or layers of insulation outside the
internal load bearing structure. Both arrangements re-
quire a significant thickness of insulation to be provided,
which may reduce the internal payload space of the mis-
sile, and/or increase the outer diameter of the missile to
an unwieldy size and have negative implications on the
mass of the missile.
[0003] The present invention seeks to mitigate the
above-mentioned problems. Alternatively or additionally,
the present invention seeks to provide an improved mis-
sile and missile structure.

Summary of the Invention

[0004] The present invention provides according to a
first aspect, a missile structure, the missile structure com-
prising an outer structural element, an inner structural
element, an insulating layer disposed between the outer
structural element and the inner structural element, and
an intermediate structural element linking the outer struc-
tural element and the inner structural element, wherein
the outer structural element comprises a composite ma-
terial, and the inner structural element comprises a metal
material.
[0005] The present arrangement provides a hybrid ap-
proach to a missile structure compared to the prior art.
The outer structural element comprising a composite ma-
terial, the inner structural element comprising a metal
material and the intermediate structural element may co-
operate to provide enhanced load-bearing capabilities
as compared to prior art arrangements. In particular, the
intermediate structural element mechanically couples

the outer structural element and the inner structural ele-
ment such that loading forces may be shared between
the inner structural element and the outer structural ele-
ment. The intermediate structural element may be the
insulating layer. The insulating layer may comprise a ma-
terial such as ceramic foam which has substantial load
bearing capacity, such that forces may be transferred
between the inner structural element and the outer struc-
tural element. The insulating layer may comprise a ma-
terial with a high resistance to compression, to allow the
transfer of forces between the inner structural element
and outer structural element. The intermediate structural
element may be distinct from the insulating layer. The
intermediate structural element may comprise a metal or
composite material. The intermediate structural element
may extend through the insulating layer to link the outer
structural element to the inner structural element. The
intermediate structural element may comprise one or
more ribs which extend through the missile structure, par-
allel to a longitudinal axis of the missile structure, and/or
perpendicular to a longitudinal axis of the missile struc-
ture. The intermediate structural element may be me-
chanically fastened to one or both of the outer structural
element and inner structural element by a fastener, weld-
ing, or adhesive. The missile structure may comprise a
plurality of intermediate structural elements linking the
outer structural element and the inner structural element.
[0006] The outer structural element comprising a com-
posite material and the insulating layer may cooperate
to provide enhanced thermal resilience compared to prior
art arrangements. The intermediate structural element
may reduce the thermal diffusion through the insulating
layer, and/or may reduce or absorb stress created within
the missile structure as a result of thermal diffusion
through the missile structure with the resultant differenc-
es in thermal expansion. The present arrangement may
allow the missile structure to be reduced in thickness
and/or weight in comparison to prior art arrangements,
for example hot structures or cold structures. A reduction
in thickness and/weight of the missile structure may allow
for a greater missile payload, and/or increases in missile
performance such as maximum range or speed. Such
an arrangement may be particularly advantageous for
hypersonic missiles, which are subject to significant heat-
ing aero-thermal heating effects during deployment and
also significant mechanical stresses and strains during
deployment. A hypersonic missile in this context is as
conventionally understood by a skilled person, namely a
missile that travels at or above Mach 5.
[0007] The missile structure may comprise at least part
of a missile housing or body. The missile structure may
comprise a tube, for example a cylindrical tube. The tube
may comprise a circular or oval cross-section. The tube
cross-section may vary along the length of the missile.
[0008] The inner structural element may define a space
into which missile components, for example payload,
guidance components, fuel, and/or propelling compo-
nents may be housed. The inner structural element may
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comprise one or more attachment points for attachment
of additional missile components. The provision of an
inner structural element comprising a metal material may
make it straightforward to mount or otherwise attach mis-
sile components to the inner structural element.
[0009] The missile structure may comprise a missile
control surface, for example a wing or fin, or a propulsion
system component, for example a nozzle or combustion
chamber.
[0010] The inner structural element may comprise a
heat sink for components attached to, or located proxi-
mate to, the inner structural element. The inner structural
element comprising a metal material may make the inner
structural element particularly well suited to being a heat
sink.
[0011] The outer structural element may comprise a
composite material including a ceramic matrix compos-
ite, for example composite material comprising ceramic
fibres embedded in a ceramic matrix. Such materials may
include oxide-oxide ceramic matrix composites, or non-
oxide ceramic matrix composites. For example, such ma-
terials may include Alumina (AL2O3/AL2O3) when an
oxide-oxide ceramic matrix composite, or C/C, S/SiC,
SiC/SiC, C/C-Si for non-oxide ceramic matrix compos-
ites. The outer structure may comprise an ablative layer.
The ablative layer may be destroyed or otherwise re-
moved from the outer structural element when the missile
structure is deployed, potentially providing improved
thermal resilience to the missile structure.
[0012] The missile structure may comprise an active
cooling system, for example the missile structure may
comprise one or more coolant channels through which
coolant is passed in order to remove heat from the missile
structure. The coolant may be a fuel for a missile com-
prising the missile structure. Alternatively or additionally
the missile structure may comprise one or more channels
or cavities in which phase-change material is present,
such that during heating of the missile structure the
phase-change material absorbs heat and changes
phase.
[0013] The intermediate structural element may com-
prise a metal material, a composite material, or a com-
bination of a metal material and a composite material.
[0014] According to a second aspect of the invention
there is also provided a missile comprising a missile
structure according to the first aspect of the invention.
Any of the missile structure features described in relation
to the first aspect of the invention may apply to the missile
according to the second aspect of the invention.
[0015] It will of course be appreciated that features de-
scribed in relation to one aspect of the present invention
may be incorporated into other aspects of the present
invention. For example, the method of the invention may
incorporate any of the features described with reference
to the apparatus of the invention and vice versa.

Description of the Drawings

[0016] Embodiments of the present invention will now
be described by way of example only with reference to
the accompanying schematic drawings of which:

Figure 1 shows a cross-sectional view of a missile
structure according to a first embodiment of the in-
vention;
Figures 2 and 3 shows part of a missile structure
according to a second embodiment of the invention;
Figure 4 shows a missile comprising a missile struc-
ture according to that shown in any of figures 1, 2,
or 3; and
Figure 5 shows part of a missile structural according
to a third embodiment of the invention.

Detailed Description

[0017] Figure 1 shows a cross-sectional view of part
of a missile structure 10 according to a first embodiment
of the invention. The missile structure 10 is a cylindrical
missile structure and comprises an outer structural ele-
ment 12, an inner structural element 14, an insulating
layer 16 disposed between the outer structural element
12 and the inner structural element 14, and an interme-
diate structural element 18 linking the outer structural
element 12 and the inner structural element 14. The outer
structural element 12 comprises a ceramic matrix com-
posite. Such materials may include Alumina
(AL2O3/AL2O3) when an oxide-oxide ceramic matrix
composite, or C/C, S/SiC, SiC/SiC, C/C-Si for non-oxide
ceramic matrix composites. The inner structural element
14 comprises a metal structure, in this case a steel struc-
ture. The skilled person will appreciate that various other
metals may be used, for example aluminium alloys or
titanium alloys. The insulating layer 16 comprises a foam
material. In alternative embodiments, many other suita-
ble materials may be used for the insulating layer, for
example, cork or aerogels, ceramic foam, or a micropo-
rous material depending on the degree of insulation re-
quired for the specific embodiment in question. The in-
sulating layer may also comprise separate layers of dif-
ferent materials. The intermediate structural element 18
comprises a metal material, in this case a steel web struc-
ture. In alternative embodiments, the intermediate struc-
tural element may comprise any other suitable metal ma-
terial, or may comprise a ceramic matrix composite. The
intermediate structural element 18 extends through the
insulating layer 16, mechanically connecting the outer
structural element 12 and the inner structural element
14. In figure 1, the connection between the outer struc-
tural element 12 and the inner structural element 14 can-
not be seen, but the skilled person will appreciate that
another "slice" of the missile would show such connec-
tion. This results in forces experienced by any of the outer
structural element 12, inner structural element 14, and
intermediate structural element 18, to be transferred be-
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tween all of the structural elements. The inner structural
element 14 encloses an inner space of the missile struc-
ture, in which further missile components may be housed.
The inner structural element 14 may be physically con-
nected to, and/or located proximate to those further mis-
sile components such that the inner structural element
14 acts as a heat sink, removing heat from those further
missile components. In the embodiment shown, the mis-
sile structure is passive, without any additional cooling
systems associated with the missile structure. In an al-
ternative embodiment, an active cooling system may be
associated with the missile structure. For example, the
missile structure may include one or more cooling chan-
nels for a coolant, for example a liquid coolant or phase
change coolant to be passed through. The inner struc-
tural element 14 may also include (not shown) one or
more attachment points. The attachment points may be
used to attach other missile components, for example
payload or propulsion mechanisms, to the inner structural
element.
[0018] The outer structural element 12 comprises an
ablative coating 20. Such coatings include intumescing
paints or pyrolysing ablators, and the skilled person will
select the coating according to specific requirements of
the specific embodiment, in particular the surface shear
environment where the coating is located. The ablative
coating 20 is removed from the outer structural element
12 when exposed to enough heat during missile deploy-
ment. The ablative coating 20 therefore acts as a sacri-
ficial layer, protecting the outer structural element 12 dur-
ing missile deployment.
[0019] Figures 2 and 3 show a schematic cross-sec-
tional view of a part of a missile structure according to a
second embodiment of the invention. As only a part of
the missile structure is shown and the view is schematic,
the curvature of the missile structure is not shown, but
would be easily understood by a skilled person. A missile
structure 110 comprises an outer structural element 112,
and inner structural element 114, an insulating layer 116
disposed between the outer structural element 112 and
inner structural element 114, and an intermediate struc-
tural element 118 connecting the outer structural element
112 and outer structural element 114 by extending
through the insulating layer 116. As can be seen in figure
2, the intermediate structural element 118 does not ex-
tend across all of the outer structural element 112 and
inner structural element 114 as shown, but in other po-
sitions in the missile structure 110 the mechanical con-
nection would be seen. In alternative embodiments, the
intermediate structural element 118 may extend across
the whole of the inner structural element 114 or outer
structural element 112. Increasing the coverage in such
a way may improve the thermal insulation and/or thermal
isolation between the outer structural element 112 and
the inner structural element 114. The various compo-
nents described with reference to figures 2 and 3 may
comprise any of the materials described for similar com-
ponents shown in figure 1. The skilled person will also

appreciate that the intermediate structural element may
still be arranged to cooperate with the inner structural
element and outer structural element without there being
a direct mechanical connection between the various
structural elements. Instead, the insulating layer may
comprise enough structural rigidity to assist in the trans-
fer of forces between the various structural elements,
such that the advantage of a stiffer and stronger missile
structure is provided. Taking such an arrangement fur-
ther, the intermediate structural element may also be the
insulating layer disposed between the outer structural
element and inner structural element, for example a ce-
ramic foam which has both the required insulating and
structural properties to provide both functions.
[0020] Figure 4 shows a missile 400 comprising a mis-
sile structure 10 according to the first embodiment of the
invention.
[0021] Figure 5 shows part of a missile structure ac-
cording to an alternative embodiment of the invention.
The missile structure 210 is similar to that as described
with reference to figure 3, and where like elements exist,
the same numbering is used, with the first digit being
replaced by "2". The missile structure 210 comprises an
outer structural element 212, an inner structural element
214, an insulating layer 216 disposed between the outer
structural element 212 and the inner structural element
214, and an intermediate structural element 218. The
intermediate structural element extends between and
mechanically connects the outer structural element 212
and inner structural element 214 together. It will be easily
appreciated that the missile structure 212 may comprises
a plurality of intermediate structural elements disposed
in a spaced relationship to one another. Increasing the
number of structural elements used may improve the
structural rigidity of the missile structure.
[0022] Whilst the present invention has been de-
scribed and illustrated with reference to particular em-
bodiments, it will be appreciated by those of ordinary skill
in the art that the invention lends itself to many different
variations not specifically illustrated herein. By way of
example only, certain possible variations have been de-
scribed.
[0023] Where in the foregoing description, integers or
elements are mentioned which have known, obvious or
foreseeable equivalents, then such equivalents are here-
in incorporated as if individually set forth. Reference
should be made to the claims for determining the true
scope of the present invention, which should be con-
strued so as to encompass any such equivalents. It will
also be appreciated by the reader that integers or fea-
tures of the invention that are described as preferable,
advantageous, convenient or the like are optional and do
not limit the scope of the independent claims. Moreover,
it is to be understood that such optional integers or fea-
tures, whilst of possible benefit in some embodiments of
the invention, may not be desirable, and may therefore
be absent, in other embodiments.
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Claims

1. A missile structure, the missile structure comprising
an outer structural element, an inner structural ele-
ment, an insulating layer disposed between the outer
structural element and the inner structural element,
and an intermediate structural element linking the
outer structural element and the inner structural el-
ement, wherein the outer structural element com-
prises a composite material, and the inner structural
element comprises a metal material.

2. A missile structure as claimed in claim 1, wherein
the intermediate structural element extends through
the insulating layer.

3. A missile structure as claimed in claim 1 or claim 2,
wherein the intermediate structural element extends
through the insulating layer and is mechanically fas-
tened to either or both of the outer structural element
and inner structural element.

4. A missile structure as claimed in claim 1, wherein
the intermediate structural element is the insulating
layer.

5. A missile structure as claimed in any preceding
claim, wherein the missile structure comprises at
least part of a missile housing or body.

6. A missile structure as claimed in any preceding
claim, wherein the missile structure comprises a
tube.

7. A missile structure as claimed in any preceding
claim, wherein the inner structural element defines
a space into which missile components may be
housed.

8. A missile structure as claimed in any preceding
claim, wherein the inner structural element compris-
es one or more attachment points for attachment of
additional missile components.

9. A missile structure as claimed in any preceding
claim, wherein the missile structure comprise a mis-
sile control surface or a propulsion system compo-
nent.

10. A missile structure as claimed in any preceding
claim, wherein the inner structural element compris-
es a heat sink for components attached to, or located
proximate to, the inner structural element.

11. A missile structure as claimed in any preceding
claim, wherein the outer structural element compris-
es a composite material including a ceramic matrix
composite.

12. A missile structure as claimed in any preceding
claim, wherein the outer structural element compris-
es an ablative layer.

13. A missile structure as claimed in any preceding
claim, further comprising an active cooling system.

14. A missile structure as claimed in any preceding
claim, wherein the intermediate structural element
comprises a metal material, a composite material,
or a combination of a metal material and a composite
material.

15. A missile comprising a missile structure according
to any of claims 1 to 14.
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