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‘ The invention is concerned with a container for gas 
at a high pressure, for example 3,500 pounds per square 
inch. At such a high pressure the container must__not 
be allowed to fail, as failure would be of an explosive 
nature. An oxygen tank in a torpedo may have an in 
,ternal'pressure of that value and if the tank should ‘fail 
in a submarine, the resulting explosion wouldbe dis 
astrous. The container must therefore satisfy the neces 

‘ sary strength factors; but if it is to be used in a torpedo, 
it must not be so heavy that the, total weight of the torpedo 
will exceed its buoyancy when ?tted with a practice head. 
The present invention has an object the provision of 

, a container which may be used for storing high pressure 
oxygen in a torpedo; but it is envisaged that the inven 
tion may have other applications,’ for example, for high 
pressure gas containers which are to be re-charged sev 
eral times and could therefore fail from fatigue. 
- According'to the present invention a container for 
high pressure gas has at least one of its walls comprising 
two shells ‘positioned one within the other, the inner 
shell being thinnei‘gthan the outer shell and, when the 
‘containerpdoes not contain gas at high pressure, being 

'1 ‘spaced from the outer shell by a substantially uniform 
diametral clearance, at least one leak path being provided 
from the space between the two shells and the thick 
'nesses of the two shells and' the clearance being such that, 
when the container does contain high pressure gas, the 
inner shell is stressed more highly than the outer shell 
and can expand into contact with the outer shell. 

Preferably, the inner shell is stressed, when containing 
gas, at the said high pressure, to substantially 0.1% proof 
stress, while the outer shell has a stress below its fatigue 
or endurance limit. , v ' 

Where the container is of long, substantially cylindri 
cal shape, as in a torpedo, the cylindrical wall only may 
be of composite structure, comprising inner and outer 
shells as aforesaid, the end walls each comprising a single 
wall of thickness sufficient to withstand the pressure of 
the gas with a safety factor greater than that ofthe com 
posite cylindrical wall, both shells being attached to the 
end walls, so that under normal conditions the longi 
tudinal loads are shared between thelshells and, where 
complete failure of the inner shell has occurred, the end 
walls are still retained by the outer shell, the connection 

' between theinner, shell and each end wall being sealingly 
continuous and at least one of the connections between 
the 'outer shell and the‘end' walls providing the aforesaid 
leak path from the annular space between the shells. 

In one form of the invention, now described by way 
of example with reference to the accompanying drawings, 
the container constitutes a tank for pressurised oxygen 
in a torpedo, the cylindrical wall of the tank forming a 
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.part ‘of the torpedo hull, between the head and the rear '0 
part, containing the engine, fuel tank 
guidance systems. 

In the accompanying drawings: 
FIGURE 1 is a'side view of the torpedo showing the 

and control and 

Q central portion of the hull thereof, including the tank, 
in axial cross-section, and 
FIGURE 2 is an enlargement of part of FIGURE 1 

a in the ‘region of arrow II therein andshowing a construc 
tional detail ‘of the tank. ' 
' The cylindrical wall of the tank is of composite struc 
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ture and comprises an outer shell 1 and an inner shell 
2, which is thinner than the outer shell. Both shells are 
made of steel with an ultimate tensile strength of 80 
tons/square inch. When the container does not con 
tain oxygen at high pressure, e.g., 3,500 pounds per square 
inch, the inner shell is spaced from the outer shell by a 
substantially uniform diametral clearance, e.g., between 
0.06 and 0.08 inch, forming an annular space'3 be 
tween the' two shells. The end walls 4 of the tank are 
of an outwardly domed shape and are of single thickness. 
The thickness of each of the end walls 4 is such that it 
has a higher factor of safety than the composite cylindri 
cal wall. Thatis to say, if the tank should fail, the 
failure will occur in the cylindrical wall of the inner shell 
and not in the end walls. 
‘ The connections between’ the end wall and the inner , 
and outer shells at each end of the tank are similar, the 
connections at one end being shown in FIGURE 2. Re-} I 
ferring to that ?gure, the end wall 4 is welded to the inner 
shell 2 of the cylindrical wall at 5 by a circumferentially 
continuous weld and the outer shell 1 is extended at 6 
axially beyond the position where the end wall 4 joins 
the inner shell 2. A‘circumferentially continuous ring 
7 is weldedto the extension 6 of the outer cylindrical shell 
at 8 by a circumferentially continuous weld. The ring 
7 is in circumferential abutment with the end wall 4 at 
18 and 19, the end wall 4 being urged into sealing con 
tact with the ring 7 at these positions, by the gas pressure 
inside the tank. A second circumferentially continuous 
ring 9 is welded to the outer casing 10 of the hull of the 
torpedo at the adjacent end of the tank. The two rings 
7 and 9 are held together by a third ring 11, which is 
circumferentially discontinuous and is clamped around ~ 
the rings 7 and 9. The radiallyv inner circumferential 
face of the ring 11 and the radially outer circumferential 
faces of the rings 7 and 9 have interengaging circum 
ferentially-extending tongues and recesses, whereby the 
rings 7 and 9 are held from axial movement. A de 
formable sealing ring 12 is provided between engaging 
faces of the rings 7 and 9. The inner shell 2 and the 
end walls 4 form a completely gas-tight container, by 
virtue of the weld 5; but there is a leak path or paths from 
the space 3 between the inner and outer shells, formed 
by a hole 13 or holesdrilled through one or both the 
rings 7 and communicating at one end with the space 3 
and at the other end with the remainder of the hull in 
terior between the outside of the end-wall 4 and the outer 
casing 10. ' ‘ . 

In normal use, at a' pressure of, say, 3,500 pounds per 
square inch, the thinner inner shell expands until it comes 
into contact with the thicker outer shell; The stress in 
the inner shell is substantially equal to the 0.1% proof 
stress of the shell, while the stress in the outer shell is 
only one third of the ultimate tensile strength of the steel 
and is therefore well below its fatigue or endurance limit. 
A single cylindrical wall giving the same strength factor 
as a composite wall according to this invention would be 
thicker than the inner and outer shells together and there 
fore heavier. 

If failure of the inner shell should occur, gas will 
leak into the space 3 between the inner and outer shells 
and the stress in the outer shell will increase, but due 
to the leakage path 13 provided, this increase will be 
temporary only, as the gas will leak away comparatively 
slowly into the hull so that the resulting pressure in the 
remainder of the hull can be kept to an acceptable value 
by relief valves (not shown). The thickness of the outer 
shell is such that it will be able to withstand this stress 
more than once; but preferably the tank is withdrawn 
from service after the failure of'the inner shell. The con‘ 
tainerv according to this invention may therefore" be 
regarded as a “fail-safe” container and will- not explode 



9 3,132,618 

3 
on failure as would a container having a single cylindrical 
wall. ‘ 

As the tank forms an intermediate part of the torpedo ' 
hull it is necessary to provide a connecting passage for 
controls connected between the rear part 14 of the torpedo 
and the head 15. The controls conveniently pass through 
a tube 16 which passes through the tank and is welded to 
each end wall 4. The tube therefore does not interfere 
with the expansion of the inner shell 2. ,"A pipe 17, 
passing through one of the end walls 4, conveys oxygen 
from the tank to an engine (not shown) in the rear part 
14 of the torpedo. ' . 

As stated hereinbefore, although this container is pri 
marily intended to be used as an oxygen tank for a 
torpedo, the invention may have other applications, for 
example, where a pressurised gas container is to be re 
charged several times and which may therefore tend to 
fail by fatigue. . . i 

What we claim as our invention and desire to secure by 
Letters Patent of the United States is: 

1. A container for high pressure gas, at least one of 
the walls of the container comprising two shells posi 
tioned one within the other, the inner shell being thinner 
than the outer shell and, when the container does not 
contain gas at high pressure, being spaced from the outer 
shell by a substantially uniform diametral clearance, at 
least one leak path being provided from the space between 
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container is designed, the inner shell will be stressed more 
highly than the outer shell and will expand into contact 
with the outer shell, a wall at each end of the composite 
cylindrical wall, each said end wall comprising a single 
wall of thickness sufficient to withstand the pressure of 
the gas with a safety factor greater than that of'the com 
posite cylindrical wall, both shells being attached to the 
end Walls, so that under normal conditions the longitudinal 
loads are shared between the shells and, where complete 
failure of the inner shell has occurred, the end walls are 
still retained by the outer shell, the connection between 
the inner shell and each end wall being sealingly con— 
tinuous and at least one of the connections between the 
outer shell vand the end walls providing the aforesaid leak 
path from the annular space between the shells. 

6. A container as claimed in claim 5 forming a part 
of the hull of the torpedo intermediate its ends, the con 
tainer also including a pipe passing through and sealingly 
connected to each end wall, the pipe providing a commu 
nication through which control connections can be passed 
between the forward and aft parts of the hull. 

7. ‘A torpedo having an oxygen’ tank comprising a 
. cylinder wall constituting part of the hull of the tor 
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the two shells and the thicknesses of the two shells and ‘ 
‘the clearance being such that, when the gas pressure with 
in the inner shell is that for which the container is de~ 
signed, the inner shell will be stressed more highly than 
the outer shell and will expand into contact with the outer 
shell. . . . 

2. A container as claimed in claim 1 in which the thick 
nesses of the inner and the outer shells are such that, when 
the gas pressure within the inner shell is substantially said 
design value, the inner shell will be stressed to substantial~ 
ly 0.1% proof stress and the outer shell will be stressed to 
a stress below its fatigue limit. 

3. A container as claimed in claim 1 of substantially 
cylindrical shape, the cylindrical wall being of composite 
structure comprising inner and outer shells as aforesaid 
and the end walls, each comprising a single wall of thick 
ness sufficient to Withstand the pressure of the gas with 
a safety factor greater than that of the composite cylin 
drical wall, both shells being attached to the end Walls, 
so that under normal conditions the longitudinal loads are 
shared between the shells and, where complete failure 
of the inner shell has occurred, the end walls are still 
retained by the outer shell, the connection between the 
inner shell and each end wall being sealingly continuous 
and at least one of the connections between the outer shell 
and the end walls providing the aforesaid leak path from 
the annular space between the shells. 

4. A container as claimed in claim 3 in which the con 
nection between the outer shell and the end wall at at 
least one end of the container comprises a circumferen~ 
tially continuous ring joined to the outer shell by a cir 
cumferentially continuous weld and having a circumferen 
tially-extending‘abutment, the end wall having a similar 
abutment engaged by the abutment on the ring and the 
said ring having at least one hole therein, providing a leak' 
path from the annular space between the shells to the ex 
terior of the container. 

5. A container forming an oxygen tank for a torpedo 
and having a cylindrical wall, constituting part of the 
hull of the torpedo and of composite structure comprising 
two shells positioned one within the other, the inner shell 
being thinner than the outer shell and, when the con 
tainer does not contain gas at high pressure, being spaced 
from the outer shell by a substantially uniform diametral 
clearance, at least one leak path being provided from the 
space between the two shells and the, thicknesses of the 
two shells and the clearance being'such that, when the 
gas pressure within the inner shell is that for which the 
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pedo and comprising two sheills positioned one within 
theother, the inner shell being thinner than the outer 
shell and, when the tank does not contain gas at high 
pressure, being spaced from the outer shell by a sub 
stantially uniform diametral, clearance, at least one leak 
path being provided from the space between the two 
shells and the thicknesses of the two shells and the clear 
ance being such that, when the gas pressure within the 
inner shell is that for which the tank is designed, the inner 

, shell is stressed more highly than the outer shell and can 
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expand into contact'with the outer shell, a wall at each 
end of the composite 'cylindrical‘wall, each said end wall 
comprising a single wall of thickness su?icient to with 
stand the ‘pressure. of the gas with a safety factor vgreater 
than that of the composite cylindrical wall, both shells 
being attached to the end walls, so vthat under normal 
conditions the longitudinal loads are shared between the 
shells and, where complete failure of the inner shell has 
occurred, the end walls are still retained by the outer 
shell, the connection between the inner shell and each 
end wall beinJg sealingly continuous and at least one of 
the connections between the outer shell and the end walls 
providing the aforesaid leak path from the annular space 
between the shells. ' 

8. A torpedo as claimed in claim 7 \in which the tank 
includes at each end thereof means connecting the end 
wall vto the adjacent ends of the inner and outer'shells 
of the tank and for connecting the tank to an adjacent 
part ‘of the hull of the torpedo, the said means compris 

. ing a ?rst circumferentially continuous ring, joined to the 
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outer shell by a ciroumferentially continuous Weld and 
having a oircumferentially-extending abutment thereon 
the end wall also being joined to the inner shell by a cir 
curnferentially continuous weld and having-7 a circumfer 
entially-extending abutment thereon, the two said abut 
ments being in engagement ,one with another, a second 
ciroumferentially continuous ring welded to the said adja 
cent part of the hull and a circumferentially discontinu 
ous ringshaped to restrain the ?rst and second rings 
from morvemen-t axially of the torpedo, the said ?rst ring 
at at least one end of the tank having at least one hole 
therein, providing a leak path between the annular space 
between the shells and the interior of the said adjacent 
part of the hull. 
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