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(57) ABSTRACT

A lightweight, high-pressure cryogenic tank construction
includes an inner layer comprising a matrix of fiber and resin
suitable for cryogenic use. An outer layer in intimate contact
with the inner layer provides support of the inner layer, and is
made of resin composite. The tank is made by placing a fiber
preform on a mandrel and infusing the preform with the resin.
The infused preform is then encapsulated within the outer
layer.

14 Claims, 1 Drawing Sheet
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HYBRID CRYOGENIC TANK
CONSTRUCTION AND METHOD OF
MANUFACTURE THEREFOR

ORIGIN OF THE INVENTION

This invention was made by an employee of the United
States Government and may be manufactured and used by or
for the Government for governmental purposes without the
payment of any royalties.

FIELD OF THE INVENTION

The present invention relates to tanks for holding cryo-
genic fluids and methods for making such tanks.

BACKGROUND OF THE INVENTION

Many prior art cryogenic tanks use tank materials that, on
the positive side, are readily commercially available but, on
the negative side, are not specifically designed for use in
cryogenic conditions. Further, it has been assumed that, for
space launch vehicle applications, the material would be
capable of meeting the requirements attendant space vehicle
launch and space travel. These requirements include a high
temperature rating to combat aero-thermal heating, the ability
to handle vibrational and launch loads, and the ability to
completely confine cryogenic fluids without cracking of the
tank and leaking of the fluid.

There are a relatively large number of patents relating to
cryogenic tanks of various constructions. In one typical con-
struction, an inner liner, usually made of metal, is covered
with an overwrap of a matrix of an epoxy resin and carbon
fibers. In general, the most significant component with
respect to cost and schedule considerations in producing
larger size tanks or vessels of this type is the introduction of
the traditional metallic liner. In this regard, larger metallic
tank liners require significant tool set-up and the weld joints
required for the liners are troublesome sites for leakage.

SUMMARY OF THE INVENTION

In accordance with the invention, a pressure tank construc-
tion and method of manufacture are provided which uses a
composite liner, and thus eliminate the need for the metal
liner associated with typical composite over-wrapped ves-
sels. This feature results in substantial weight savings and,
moreover, the method of manufacture is easily scalable to
much larger vessels and can be readily adapted to tooling
charges. The technology is also readily adaptable to material
changes based on the environment of a particular application.

In accordance with one aspect of the invention, there is
provided a method of making a cryogenic tank for containing
a cryogenic fluid, the method comprising

constructing an inner layer comprised of a matrix of fiber
and resin suitable for cryogenic use by placing a fiber preform
on a removable mandrel including end fittings and infusing
the preform with a resin having high ductibility at low tem-
peratures,

encapsulating the inner layer with a filament wound outer
layer of a fiber-resin composite, in intimate contact with the
inner layer, that performs well at low temperatures,

providing for curing of the inner layer and the outer layer;
and

removing the mandrel.

Preferably the infusing of the preform comprises a vacuum
assisted resin transfer molding operation.
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In one preferred embodiment, the matrix of the inner layer
comprises a polyurethane resin matrix.

In another preferred embodiment, the resin of the outer
layer comprises an epoxy resin with high ductibility at low
temperatures.

In one preferred implementation, the inner layer and outer
layer are cured during overlapping time periods.

In an advantageous embodiment, the outer layer comprises
a continuous tow of carbon fiber.

Preferably, the inner and outer layers include at least one of
(1) different fibers, and (ii) different resins. In one embodi-
ment, the inner and outer layers include different fibers. In
another embodiment, the inner and outer layers comprise
different fibers and different resins.

In accordance with a further aspect of the invention, there
is provided a lightweight, high-pressure cryogenic tank con-
struction, comprising:

an inner layer comprising a matrix of fiber and resin suit-
able for cryogenic use; and

an outer layer in intimate contact with the inner layer and
providing support of the inner layer, the outer layer compris-
ing a fiber and resin composite.

Preferably, the fiber of the inner layer and the fiber of the
outer layer are comprised of different materials.

Preferably, the resin of the inner layer and the resin of the
outer layer are different resins.

In one preferred embodiment, the fiber of the inner layer
comprises an aramid. In an alternative preferred embodiment,
the fiber of the inner layer comprises a carbon fiber.

In another preferred embodiment, the inner layer com-
prises braided fiber, and the outer layer comprises a continu-
ous filament wound layer.

In another preferred embodiment, the inner layer com-
prises a filament wound layer.

In an important implementation, the fiber of the inner layer
comprises an aramid fiber and said resin of the inner layer
comprises a polyurethane resin.

In an advantageous embodiment, fiber of the outer layer
comprises a carbon fiber.

Inanother advantageous embodiment, the resin of the outer
layer comprises a polyurethane resin. In an alternative advan-
tageous embodiment, the resin ofthe outer layer comprises an
epoxy resin.

In yet another preferred embodiment, the inner layer com-
prises phenylenebenzobisoxazole in a polyurethane matrix.
In a complementary preferred embodiment, the outer layer
comprises carbon fibers and a high elongation epoxy resin
suitable for cryogenic temperatures.

Further features and advantages of the present invention
will be set forth in, or apparent from, the detailed description
of preferred embodiments thereof which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of one embodiment of a pres-
sure vessel;

FIG. 2 is a schematic cross section of a vessel wall of the
pressure vessel of FIG. 1 as constructed in accordance with a
preferred embodiment of the invention.

FIG. 3 is a flow chart of a method for making a pressure
vessel in accordance with one preferred embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, there is shown a pressure vessel or
tank, which is generally denoted 10, including an outer layer
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12. As shown in FIG. 2, vessel 10 also includes an inner layer
14 in intimate contact with outer layer 12. It will, of course, be
understood that the pressure vessel 10 may be of other shapes
and forms than that illustrated in FIG. 1. It will also be
appreciated that FIG. 2 is not to scale and thus that, for
example, the relative thicknesses shown for the two layers are
not necessarily those of an actual pressure vessel.

It is noted that, in accordance with one important aspect of
the invention, outer layer 12 is not a metallic layer or liner
such as is found in typical prior art cryogenic pressure ves-
sels. A further aspect of the invention concerns the composi-
tions of layers 12 and 14 and these compositions are discussed
below in connection with another aspect of the invention, viz.,
the methods of making the vessel of FIGS. 1 and 2.

Referring to FIG. 3, there is shown a flow chart of one
preferred embodiment of the method of the invention. As
shown by block 16, in a first step, a fiber preform is placed on
a conventional removable mandrel which is typically outfit-
ted with metallic end fittings. Preferably, the fiber preform
comprises a braided sleeve and/or a filament wound layer. In
one preferred embodiment, the fiber is an aramid fiber but
other embodiments are discussed below.

In the next stage, indicated by block 18, the preform is
infused with a resin to form what serves the inner layer of the
vessel and corresponds to layer 14 of FIG. 2. This infusing of
the preform with a resin is preferably carried out using con-
ventional vacuum assisted resin transfer molding. In one pre-
ferred embodiment, the resin is a polyurethane resin with high
ductibility at low temperatures although other embodiments
are discussed below. In one preferred embodiment, the resin
is allowed to cure at this stage.

As shown by block 20, in a further step, the inner layer is
encapsulated with a fiber-resin composite outer layer so that
the inner and outer layers are in intimate contact. The outer
layer corresponds to layer 14 of FIGS. 1 and 2. In an alterna-
tive preferred embodiment to that mentioned above, as indi-
cated by block 22, the inner and outer layers can be cured or
allowed to cure at the same time or during an overlapping time
period.

After both layers are cured, the mandrel is removed, as
indicated by block 24, and the vessel is ready for whatever
final finishing or other processing that might be needed.

Preferably, the outer layer 12 is made of a material that
performs well for cryogenic and other low temperature ves-
sels. Because of the presence of inner layer 14, the outer layer
12 is not required to contain the fluids in the vessel, i.e., it is
the inner layer 14 that acts as a liner to contain the fluids. The
outer layer 12 can be made of a variety of materials including
those mentioned above but, in another preferred embodiment,
the fiber therein comprises a continuous tow of carbon fiber
(e.g., T-1000™ carbon fiber or the like)or another high-
strength fiber such as an aramid fiber as discussed above. The
resin of outer layer 12 is preferably a high ductibility epoxy
resin or a polyurethane matrix that performs well at low
temperature. It will be appreciated that after the outer layer is
allowed to cure, the mandrel can be removed as indicated
above.

It will be understood that as a result of the use here of a
hybrid construction comprising at least two reinforced mate-
rial composites, a superior light-weight composite vessel
results. The construction can be viewed as a hybrid if the inner
layer 14 and outer layer 12 employ a different reinforcement
fiber, a different resin or both.

In one preferred embodiment that has proved to be particu-
larly effective on tanks cycled at high pressures with liquid
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nitrogen and liquid hydrogen, the inner layer 14 comprises
PBO (phenylenebenzobisoxazole) within a polyurethane
matrix and the outer layer 12 comprises carbon fibers (e.g.,
T-1000™ carbon fibers) within a high elongation epoxy resin
matrix suitable for cryogenic temperatures. In another pre-
ferred embodiment, a polyurethane matrix is used for the
outer layer 14 as well as the inner layer 12.

In the embodiments discussed above, the particular mate-
rials used provide important advantages. The fiber and resin
of'the inner layer 12 have a high strain-to-failure relationship
at cryogenic temperatures and will not crack and produce
leaks. On the other hand, the outer layer 14 serves more as a
high performance structural support unit for the inner layer 12
than as a container. Thus, the outer layer 14 can be con-
structed of materials that are more suited for harsh external
environments than the materials used for the inner layer 12.

Although the invention has been described above in rela-
tion to preferred embodiments thereof, it will be understood
by those skilled in the art that variations and modifications
can be effected in these preferred embodiments without
departing from the scope and spirit of the invention.

What is claimed:

1. A lightweight, high-pressure cryogenic tank, compris-
ing:

an inner layer comprising a matrix of fiber and a polyure-

thane resin, the inner layer being suitable for cryogenic
use and for containing a cryogenic fluid; and

an outer layer which encapsulates the inner layer and

which is in intimate layer-to-layer contact with the
encapsulated inner layer, the outer layer providing struc-
tural support of said encapsulated inner layer, said outer
layer comprising a fiber and resin composite.

2. A tank construction as claimed in claim 1 wherein the
fiber of the inner layer and the fiber of the outer layer are
comprised of different materials.

3. A tank construction as claimed in claim 1 wherein the
resin of the inner layer and the resin of the outer layer are
different resins.

4. A tank construction as claimed in claim 1 wherein the
fiber of the inner layer comprises an aramid.

5. A tank construction as claimed in claim 1 wherein the
fiber of the inner layer comprises a carbon fiber.

6. A tank construction as claimed in claim 1 wherein the
inner layer comprises a filament wound layer.

7. A tank construction as claimed in claim 1 wherein the
fiber of the inner layer comprises an aramid fiber.

8. A tank construction as claimed in claim 1 wherein the
fiber of the outer layer comprises a carbon fiber.

9. A tank construction as claimed in claim 1 wherein the
resin of the outer layer comprises a polyurethane resin.

10. A tank construction as claimed in claim 1 wherein the
resin of the outer layer comprises an epoxy resin.

11. A tank construction as claimed in claim 1 wherein at
least one of said layers comprises braided aramid fiber.

12. A tank construction as claimed in claim 11, wherein the
outer layer comprises a continuous filament wound layer.

13. A tank construction as claimed in claim 1 wherein the
inner layer comprises phenylenebenzobisoxazole in a poly-
urethane matrix.

14. A tank construction as claimed in claim 13 wherein the
outer layer comprises carbon fibers between a high elonga-
tion epoxy resin suitable for cryogenic temperatures.
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