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ABSTRACT OF THE DISCLOSURE 
Insulation for a cryogenic storage tank in the form of 

foam that is encapsulated in a vacuum-tight casing. A 
bleeder ply is positioned between the foam and the vacu 
um jacket to provide a path for conducting gases from the 
casing. 

Origin of the invention 
The invention described herein was made in the per 

formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aero 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; 42 U.S.C. 2457). 

This invention is concerned with the fabrication of a 
lightweight reinforced plastic container having improved 
insulation. More particularly, the invention relates to a 
method of making an insulated filament-wound tank for 
storing cryogenic fluids. 
The potential performance of liquid fueled rockets can 

be improved by reducing the weight of the propellant 
storage tanks. In the case of liquid hydrogen fueled 
rockets, the fuel storage tanks are much larger than con 
tainers for storing other liquids because of the low densi 
ty of this propellant. Thus, the need for a lightweight 
tank structure for storing liquid hydrogen becomes evi 
dent, and filament-wound structures are desirable because 
of their weight reduction features. 
A lightweight liquid propellant storage tank constructed 

in accordance with the present invention has a load car 
rying reinforced plastic shell constructed by filament 
winding. The structure further utilizes a thin impermea 
ble liner inside the shell that is capable of containing 
liquid or gaseous hydrogen. An internal lightweight 
thermal protection system employing low density plastic 
foam encapsulated in a vacuum-tight casing is interposed 
between the shell and the liner. 

Closed cell polyurethane foam is used in the thermal 
protection system, and when this type of foam is adhered 
to an impermeable vacuum jacket material interstitial gas 
trapped at the foam to jacket interface normally cannot 
be removed. In such a situation, detection of leaks in the 
vacuum jacket is difficult, and the inability to remove 
gases cryopumped into the foam can cause catastropic 
failures during warm-up. 
The problem of detecting gas leakage through the 

vacuum jacket into the foam and the removal of gases 
has been solved by the present invention. In a thermal 
protection system constructed in accordance with the 
present invention a layer of dry cloth is incorporated at 
the foam to vacuum jacket interface which forms a 
bleeder ply to provide a gas conductance path to a pres 
sure tap. 

It is, therefore, an object of the present invention to 
provide an improved lightweight container for storing 
cryogenic fluids having a reliable insulation System. 

Another object of the invention is to provide a rocket 
propellant storage tank having a lightweight thermal pro 
tection system which employs a low density plastic foam 
that is encapsulated in a vacuum-tight casing in such a 
manner as to enable leaks to be detected while monitor 
ing the pressure within the insulation. 
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Still another object of the invention is to provide a 

thermal protection system for a lightweight plastic re 
inforced tank which utilizes a dry cloth bleeder ply lo 
cated at the interface between a layer of closed cell plastic 
foam and a vacuum jacket to provide a gas conductance 
path thereby facilitating the rapid detection and vacuum 
pumping of small leaks in the vacuum jacket. 

These and other objects and advantages of the inven 
tion will be apparent from the specification which follows 
and from the drawings wherein like numerals are used 
throughout to identify like parts. 

In the drawings. 
FIG. 1 shows a lightweight plastic container with parts 

broken away constructed in accordance with the pres 
ent invention; 

FIG. 2 is an enlarged section view taken along the line 
2-2 in FIG. 1; and 

FIG. 3 is an enlarged section view taken along the 
line 3-3 in FIG. 2. 

Referring now to FIG. 1, there is shown a container 
10 which has a cylindrical configuration with domed ends 
and embodies the features of the present invention. By 
way of illustrating the weight-saving feature of a tank 
constructed in accordance with the present invention, a 
container 10 having a diameter of 18 inches and an over 
all length of 36 inches with a design maximum test pres 
sure of 100 p.s. i. had a weight of 12.25 pounds. The con 
tainer 10 includes an upper dome section 12, a central 
cylindrical section 14 and a lower dome section 16. A 
metal fill tube i8 extends through the upper dome sec 
tion 2 to the interior of the container 10. 

Referring to FIG. 2, the container 10 comprises three 
main components in juxtaposition. The first of these com 
ponents is a filament-wound fiberglass shell 20 which forms 
the outer surface of the container 10. An insulation sys 
tem 22 is positioned adjacent the shell 20, and an imper 
meable cryogenic liner 24 is located inside the shell. 
The shell 20 is designed to effect a low shell strain at 

the design test pressure thereby reducing the accumulative 
thermal shrink and internal pressurization strains on the 
insulation system 22 and the liner 24. The aforementioned 
tank had a design test pressure of 100 p.s. i. The shell 20 
is of a balanced design and comprises a full 360° longi 
tudinal wrap of two layers of glass roving 26 and four 
layers of circumferentially wrapped glass roving 28. 
The insulation system 22 is located on the inside of the 

filament-wound structural shell 20 for optimum efficiency. 
In this manner, the insulation is protected from damage 
during handling of the container 0 while providing a 
back-up liner assembly. However, it is contemplated that 
in certain installations it may be desirable to place the in 
sulation outside the shell. 
The insulation system 22 is constructed of closed cell 

foam 30 encased in a vacuum-tight cover including an 
outer jacket 32 and an inner jacket 34. The thickness of 
the foam is selected to insure ease in fabrication while 
the foam density is selected on the basis of load carrying 
capacity. By way of illustration, foam insulation having a 
thickness of 0.5 inch and a density of four pounds per 
cubic foot was used in the aforementioned tank. 
The foam 30 provides a structural media for transmit 

ting pressure loads to the external filament-wound struc 
tural shell 20 when the pressure inside the insulation 22 is 
reduced by cryopumping. The cryopumping phenomena 
which takes place within the foam 30 during storage of 
cryogenic liquids is beneficial to the performance of the 
insulation system 22. The reliability of the insulation sys 
tem 22 depends on the vacuum jackets 32 and 34 re 
maining leak tight throughout the useful life of the con 
tainer 10. 
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The impermeable liner 24 is located inside the insula 
tion system 22 but is not attached to the inner jacket 34. 
The liner 24 comprises a laminated structure shown in 
FIG. 3 which had a thickness of 0.005 inch in the previ 
ously mentioned tank. This laminate includes a layer 36 
of plastic film such as Mylar having a layer 38 of a thin 
metal foil such as aluminum laminated to both surfaces. 
This aluminum-Mylar-aluminum foil laminate is desig 
nated as AMA and was utilized for the liner 24 to facili 
tate bonding of various sections of the liner during fabri 
cation. 
The vacuum jackets 32 and 34 which form the vacuum 

tight cover around the foam 30 are identical with the in 
permeable liner 24 of AMA shown in FIG. 3. While an 
aluminum-Mylar-aluminum laminate, AMA, was used for 
the cryogenic liner and vacuum-tight casing which encap 
sulates the foam insulation in the previously described 
tank, it is contemplated other laminates comprising at least 
one layer of a plastic film and at least one layer of a thin 
metal foil may be used. For example, a Mylar-Aluminum 
Mylar laminate, MAM, may be used where it is desirable 
to have the plastic film on the outer surface. In a preferred 
embodiment where the vacuum sealing is the prime con 
sideration a Mylar-aluminum-aluminum-Mylar laminate, 
MAAM, should be used. Other factors to be taken into 
consideration in selecting the laminate are its ability to 
be formed and bonded. It may be desirable in certain ap 
plications to use thin metal foils other than aluminum. 
An important feature of the present invention is the 

incorporation of a bleeder ply at the foam to vacuum 
jacket interface to provide a gas conductance path. As 
shown in FIG. 2, a layer of dry glass cloth 40 is pro 
vided between the foam 30 and the outer vacuum jacket 
32. A similar dry glass cloth layer 42 is interposed be 
tween the foam 30 and the inner vacuum jacket 34. 

Each layer of glass cloth 40 and 42 forms a bleeder 
ply which facilitates leak checking of the vacuum jacket 
and permits monitoring of the pressure within the insula 
tion system 22 during performance testing of the contain 
er 10. This bleeder ply permits rapid detection and 
vacuum pumping of Small leaks if they occur in the 
vacuum jackets 32 and 34 during tests. 
The container 10 is fabricated by constructing a wind 

ing mandrel 50 of polystyrene foam that is machined to 
match the inside contour of the container. The winding 
mandrel 50 shown in FIG. 1 is assembled on a hollow 
steel shaft 52 that is designed to transmit torque to the 
mandrel through a pair of blades that fold into the shaft. 
A steel bushing is provided to position the fill tube 18 on 
the shaft 52, and the mandrel 50 is designed to be re 
moved from the container by dissolving and washing out 
with safety solvents. 
The first portion of the container 10 to be fabricated is 

the cryogenic liner 24 which comprises three separate 
components; a dome 54 on each end and a cylindrical 
center section 56. Fabrication of the liner 24 begins with 
spin forming the dome shells 54. While spin forming was 
chosen for economic reasons in fabricating a single tank, 
it is contemplated that other techniques suitable for form 
ing aluminum, Such as vacuum forming, will be used 
where a larger number of containers are required. 

Each shell is formed from a laminate of the type shown 
in FIG. 3 having a thickness of 0.005 inch that is first 
Sandwiched between two 0.050 inch thick aluminum sheets 
and then spun to the desired dome shape. After spinning, 
the heavier aluminum sheets are carefully removed leav 
ing a spun AMA dome 54. 
The assembly of the cryogenic liner 24 over the foam 

mandrel 50 begins with the installation of that portion of 
the insulation system 22 at the upper dome 12 of the con 
tainer 10 on the mandrel 50. The dome 54 of the cryo 
genic liner 24 for the upper dome 2 is bonded to a flange 
on the fill tube 18 to become a part of the top insulation 
dome assembly in a manner which will be described later. 
The bottom AMA dome is then assenbied on the mandrel 
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50, and a single sheet of pre-stretched 0.0024 inch thick 
AMA is wrapped over the mandrel to form the central 
cylindrical section 56. This AMA sheet is bonded with a 
lap joint seam 58 at the base of each dome 54 and with 
a single longitudinal lap joint seam 60. Doubler strips 
of 0.0017 inch AMA are bonded to the seams 58 and 60 
to complete the cryogenic liner assembly. Leak tightness 
of the liner assembly is verified by mass spectrometer 
helium leak detector techniques. 

After the cryogenic liner 24 has been assembled on the 
mandrel 50 the insulation system 22 is then assembled. 
The insulation system 22 is divided into three components 
to facilitate its fabrication. These components are similar 
to those of the cryogenic liner 24 and include a top dome 
section 62, a cylindrical center section 64 and a bottom 
insulation dome section 66. To provide dome end sections 
62 and 66 having a minimum of seams in the vacuum 
tight covers, the jackets 32 and 34 of these dome sections 
are fabricated as one-piece shells in the same manner as 
the dome sections 54 of the cryogenic liner 24. 

Fabrication of the upper insulation dome section 62 
utilizes a foam-in-place technique wherein inner and outer 
spun vacuum jackets 32 and 34 of the previously de 
scribed AMA material are placed in contact with mating 
halves of a foaming mold. The fill tube 18 is secured to 
the outer vacuum jackets 32, and a dry bleeder ply of 
glass cloth 40 is bonded to the inner surface of this 
vacuum jacket. The glass cloth to vacuum jacket bond is 
made with a thin film of pigmented polyamide epoxy 
resin painted on the surface of the aluminum foil 38 and 
allowed to reach a tacky state before applying the glass 
cloth layer 40. This procedure provides an excellent bond 
with a minimum resin migration into the bleeder cloth. 
The foam-in-place process employs liquid resins which 

ordinarily would impregnate the dry cloth 40 that is 
placed against the outer vacuum jacket 32 before the 
foam resin is poured. Resin or foam impregnation would 
seriously hamper the effectiveness of the bleeder ply 40. 
To prevent this undesirable foaming resin impregnation 
and to provide good adhesion between the bleeder cloth 
40 and the foam 30 a sprayed in place cocoon is utilized 
as a barrier media. The cocoon application relies on a 
polyester resin formulated to be air gun sprayed so that 
a tacky spider web 67 of resin is applied upon the glass 
cloth bleeder 40 to build up a thick cocoon-like skin that 
is impervious to the foaming resin. The tacky spider web 
of resin adheres to but does not permeate the glass cloth 
40. This barrier film 67 of polyester resin is sprayed over 
the entire inner surface of the glass cloth 40 and is oven 
dried to form the skin. 
A similar glass bleeder ply 42 is secured in a like 

manner to the inner vacuum jacket 34, and a resin barrier 
film 69 is applied to the glass cloth in the same manner. 
The inner vacuum jacket 34 is bonded to fill tube 18, and 
the proper spacing between the vacuum jackets 32 and 34 
is controlled by a plug positioned in the foaming mold. 
This spacing was maintained at 0.5 inch for aforemen 
tioned tank, and foam resin is poured into the space be 
tween the vacuum jackets 32 and 34. 
The foam begins to rise as soon as it is poured into 

the mold, and this foam is allowed to reach an initial cure 
in 30 minutes at room temperature followed by an oven 
post cure at 120 for 8 hours. The excess foam is trimmed 
away, and the foaming mold is opened. Final trimming is 
achieved by sanding the foam and the AMA jackets to 
a predetermined trim line. The dome is then removed 
from the mold, and a formed AMA channel with attend 
ant doubler strips is bonded to the base of the dome sec 
tion 62. The channel povides a gas conductance path be 
tween the inner and outer bleeder plies which enables 
the dome to be tested for leaks before final assembly on 
the mandrel 50. 
The bottom insulation dome section 66 is fabricated 

in the manner similar to the top insulation dome section 
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62. However, no fill tube is used with the bottom dome 
section 66. 
The center cylindrical section 64 of the insulation sys 

tem 22 is constructed from a polyurethane foam cylinder 
having an outside diameter machined to a 0.50 inch wall 
thickness from a 3-inch wall thick cylinder created by 
the foam-in-place technique. The heavy wall thicknesses 
are utilized to achieve the uniform foam density through 
out the cylinder 64. This heavy walled cylinder is foamed 
between a Teflon coated mandrel and a cylindrical sheet 
metal shroud centered about the Teflon coated mandrel 
with approximately 3-inch radial clearance being provided. 

Prior to foaming, the Teflon coated mandrel is first 
wrapped with four plies of glass cloth having a release 
agent sprayed over each layer. The purpose of these plies 
is to provide a bleeder for removing foam gases that 
would otherwise be trapped on the inside surface of the 
foam cylinder. A fifth layer of finer cloth is then applied 
over the aforementioned four plies of glass cloth to re 
tard foam resin migration into the bleeder. 

After foaming and while still on the Teflon coated 
mandrel, the heavy wall foam cylinder is machined to 
the 0.50 inch wall thickness. The outside surface of the 
foam cylinder is then covered with a layer 40 of glass 
cloth to form a bleeder ply, and the outer vacuum jacket 
32 of prestretched 0.0024 inch AMA is applied. 
The foam cylinder is removed from the Teflon coated 

mandrel, and the four plies of glass cloth are peeled away 
from its inner surface. The layer of fine cloth reinforces 
the inner surface of the foam to prevent foam tearout 
when these four plies are peeled out. 
The inside surface of the foam cylinder likewise has a 

layer of glass cloth 34 bonded to the foam 30, and the 
vacuum jacket 34 is applied to this glass cloth. The cy 
lindrical section 64 is then trimmed to length, and a chan 
nel with a doubler strip is bonded to each end. The cylin 
drical section 64 is then leak tested with the inner and 
outer bleeder plies in gaseous communication through the 
end channels. 
As stated earlier, the top dome section 62 of the insula 

tion system 22 is mounted on the mandrel 50 at the same 
time as the top dome 54 of the cryogenic liner 24 because 
all of the AMA material of both the insulation 22 and 
the liner 24 is bonded to the fill tube 18 thereby forming 
a single unit. To complete the assembly of the insulation 
22 over the mandrel 50 and the cryogenic liner 24, the 
center cylindrical section 64 of the insulation system 22 is 
slipped onto the mandrel 50 and positioned against the 
previously assembled upper dome section 62 to form a 
butt joint 68. The bottom insulation dome section 66 is 
then placed on the mandrel 50 and pushed in place against 
the cylindrical center section 64 to form a butt joint 70. 
Circumferential spliced strips of AMAlaminate and AMA 
doubler strips are bonded to the butt joints 68 and 70 
between the insulation components. 

In order to interconnect the bleeder ply 40 of each in 
sulation component 62, 64 and 66, a plurality of bleeder 
patches 72 and 74 are added at each butt joint 68 and 70. 
Each bleeder patch 72 and 74 comprises a glass cloth 
strip overlapping holes in the outer vacuum jacket 32, and 
an AMA cover fly is applied over the glass cloth. These 
holes were used to leak test the domes and cylindrical sec 
tion. A large AMA doubler strip is then bonded over 
each patch 72 and 74. With the addition of the bleeder 
patches 72 and 74, the entire insulation bleeder ply sys 
tem has an interconnected gas conductance path which is 
vented to a pressure tap 76 permanently installed in the 
bottom insulation dome 66. - 

Utilizing the pressure tap 76, the completed insulation 
assembly 22 is leak tested. A helium leak detector is con 
nected to the pressure tap 76, and the entire insulation 
assembly 22 is evacuated through the bottom dome insula 
tion assembly 66 by way of the bleeder patches 72 and 
74. Helium gas is sprayed over the exterior surface of the 
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6 
insulation 22, and a leak detector monitors for indication 
of helium pick-up. 
The mandrel 50 and the insulation assembly 22 is then 

mounted in a turret type filament winding machine. The 
exterior surface of the entire insulation 22 is cleaned to 
insure adequate adhesion of the filament-wound glass 
roving 26. The surface is primed with a resin which is 
allowed to reach tacky state before the wrapping is started. 
To apply longitudinal wrap, the mandrel 50 is tilted to 

the wrap angle and then revolved past a fixed distributor 
head guiding wet resin impregnated glass roving 26. At the 
same time, the mandrel precesses about its axis to a pre 
cise indexing for a uniform distribution of the glass roving 
26 over the surface of the insulation. The longitudinal 
wrap is one complete 360 covering which has two layers 
of glass roving 26. 
The application of the circumferential wrap rovings 

28 follows the longitudinal wrapping. In this operation, 
the mandrel axis is horizontal, and the mandrel 50 is ro 
tated at a rate synchronized to the lateral movement of 
the roving distributor head to provide precise indexing 
for uniform wrap of wet resin impregnated glass roving 
28 onto the longitudinally wrapped roving 26. The com 
plete circumferential wrap is four layers of glass rovings 
28 applied on the cylindrical section 14 of the tank 10. 
The resin which impregnates the rovings 26 and 28 is 

partially cured with the mandrel 50 rotating. The fila 
ment-wound structural shell 20 is then completely cured 
at a long-term low temperature post cure cycle that is not 
detrimental to the foam insulation 30. If desired, a roving 
preimpregnated with a dry resin can be used with a long 
CC. 

After curing the filament-wound outer shell 20, the poly 
styrene foam mandrel 50 is completely removed. This is 
accomplished by withdrawing the blades into the shaft 
52 and pouring a solvent, such as trichlorethane, into the 
shaft to soften the adjacent portion of the foam. The shaft 
52 is carefully withdrawn from the mandrel 50 and the 
fill tube 18. 

Additionally solvent is poured into the fill tube 18, and 
the tank 10 is slowly rotated to distribute the solvent in 
the mandrel 50. The solvent is then removed, and the 
operation is then repeated until all foam is dissolved. The 
inside of the container 10 is finally rinsed. 

While a preferred form of the invention has been de 
scribed, it will be appreciated that various modifications 
may be made without departing from the spirit of the in 
vention or the scope of the subjoined claims. For example, 
the ends 54 of the cryogenic liner 24 and the vacuum 
jackets 32 and 34 in the ends 62 and 66 of the insulation 
System 22 have dome-shaped configurations which are 
formed as single components. Each of these components 
may be formed in several sections and joined together 
for other configurations. 
What is claimed is: 
1. A container for storing cryogenic fluids comprising 
a load carrying shell surrounding the cryogenic fluids, 
closed cell plastic foam covering a surface of said shell 

for insulating the cryogenic fluids, 
a vacuum-tight casing encapsulating said foam to pre 

vent the cryopumping of gases thereinto, said casing 
comprising 

a first vacuum jacket secured to the surface of said 
foam which faces said shell, 

a second vacuum jacket secured to the surface of 
said foam which faces away from said shell, and 

a first bleeder ply positioned between said foam 
and said first vacuum jacket, 

a second bleeder ply positioned between said foam 
and said second vacuum jacket to provide a gas 
conductance path thereby enabling gases to be 
removed from said casing, and 

an impermeable liner disposed in overlying relation to 
the Second vacuum jacket for containing the cryo 
genic fluids within said load carrying shell. 
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2. A container as claimed in claim 1 wherein the im 
permeable liner comprises a laminate of at least one layer 
of plastic film and at least one layer of a thin metal foil. 

3. A container as claimed in claim 1 wherein the closed 
cell plastic foam is polyurethane. 

4. A container as claimed in claim 1 wherein each of 
the first and second vacuum jackets comprises a laminate 
of at least one layer of plastic film and at least one layer 
of a thin metal foil. 

5. A container as claimed in claim 1 including a coating 
on the bleeder ply to prevent impregnation thereof by the 
foam. 

6. A container as claimed in claim 1 wherein the 
bleeder ply comprises a layer of dry cloth. 

7. A container as claimed in claim 1 wherein the load 
carrying shell comprises filaments wound about the foam. 

8. A container as claimed in claim 7 wherein the fila 
ments are wound both longitudinally and circumferentially 
about the foam. 

9. A container as claimed in claim 1 wherein the closed 
cell plastic foam is positioned between the shell and the 
liner. 

10. A container as claimed in claim 1 wherein the load 
carrying shell is positioned between the liner and the 
plastic foam. 

11. An insulation system for a cryogenic storage tank 
of the type having an impervious liner for containing cryo 
genic fluid and a load carrying shell surrounding said liner, 
the improvement comprising 

a closed cell plastic foam insulation interposed between 
said liner and said shell, 

a vacuum-tight casing capsulating said plastic foam, 
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8 
a bleeder ply interposed between each surface of the 
foam and the casing to provide a gas conductance 
path thereby enabling entrapped gases to be removed, 

means for bonding said bleeder ply to the foam and the 
casing, and 

means for evacuating said vacuum-tight casing. 
12. An insulation system for a cryogenic storage tank 

as claimed in claim 11 wherein the bleeder ply comprises 
at least one layer of dry cloth. 

13. An insulation system for a cryogenic storage tank 
as claimed in claim 1 wherein the bleeder ply comprises 
at least one layer of glass cloth. 

14. An insulation system as claimed in claim 11 in 
cluding means for retarding foam resin migration into the 
bleeder ply. 

15. An insulation system as claimed in claim 11 wherein 
the means for bonding the bleeder ply is a resin. 
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