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The present invention relates to an accumulator for 
the storage of mechanical energy, and more particularly 
to an accumulator of the gas-liquid type capable of stor 
ing potential energy to be later delivered as kinetic en 
ergy. 
Many different types of gas-liquid accumulators have 

been proposed in the prior art. For relatively high pres 
Sure applications, one common type of such accumu 
lator utilizes nesting, generally cylindrical, radially spaced 
inner and outer shells, the inner shell having disposed 
therein a freely floating piston which separates the inner 
shell in to a gas compartment on one side of the piston 
and a liquid compartment on the other side of the piston. 
the gas compartment is in free communication with the 
annular space between the two shells and surrounding the 
outer periphery of the inner shell. The gas compartment 
and the annular space are charged with a gas, usually 
nitrogen, under pressure, and then the gas compartment 
is sealed. The liquid compartment is adapted to re 
ceive a liquid, such a hydraulic oil, under pressure which 
forces the piston against the gas pressure to compress the 
gas to the liquid pressure. The compressed gas provides 
a source of potential energy which can be converted to 
kinetic energy upon subsequent release of the liquid 
from the liquid compartment. The liquid is forced from 
the liquid compartment under the pressure of the com 
pressed gas to provide a charge of pressurized hydraulic 
liquid, when needed. 

In the conventional or prior accumulators of this type, 
the gas pressure is the same within the gas compartment 
of the inner sleeve and within the annular space between 
the inner and outer shells, so that the inner shell is not 
subjected to any differential pressure which would tend 
to distort the inner shell. Thus, the outer shell is sub 
jected to a bursting force which is dependent upon and 
directly proportional to the pressure of the compressed 
gas. This type of accumulator is widely utilized for 
working at pressures of up to about 3000 pounds per 
square inch. The standard safety requirements for hy 
draulic accumulators of this type require a safety factor 
of 3 to 1, which means that the outer shell must with 
stand a maximum burst pressure of about 9000 pounds 
per square inch. This burst pressure can be attained by 
the use of a drawn or forged steel casing of such thick 
ness that the wall thickness of the outer shell is retained 
within reasonable limits and the weight of the accumu 
lator is within reason. 

However, in attempting to adapt this type of accumu 
lator construction to higher working pressures, on the 
order of 5000 pounds per square inch or greater, the 
minimum burst strength of the outer shell must be in 
creased to at least 15,000 pounds, which either requires a 
drawn or forged steel cylinder of such wall thickness as 
to be impossibly heavy and bulky for efficient installa 
tion or use, or the utilization of a hardened steel which 
becomes so brittle as to fragmentate upon actual bursting 
of the cylinder. Thus, one is given the choice of forming 
the outer cylinder of a brittle steel which poses an actual 
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and considerable safety hazard during use, or forming 
the outer cylinder of greatly increased thickness with the 
resultant impractical weight and size of the accumulator. 
Consequently, there is not available today a satisfactory, 
safe, practically usable accumulator of this type which 
is operable at higher pressures on the order of 5000 
pounds per square inch or greater. 
The present invention now proposes a modified type of 

accumulator which is novel in its construction and func 
tion and in which the outer shell is subjected to less than 
the actual working pressure, so that the shell thickness 
and weight may be reduced, while still retailing an ade 
quate safety factor, and while eliminating the possibility 
of shell fragmentation upon bursting. 
The accumulator of the present invention comprises 

inner and outer, generally cylindrical, radially spaced 
shells, the inner shell or sleeve containing a freely float 
ing piston. However, the inner and outer shells are iso 
lated from one another so that a sealed, annular gas cham 
ber substantially surrounds the outer periphery of the in 
ner shell, and this gas chamber is completely isolated from 
the working gas-liquid chamber within the inner sleeve. 
The inner and outer sleeves are thus isolated from one 
another and may be subjected to a differential fluid pres 
SIC. 

In charging the accumulator of the present invention 
with a gas and prior to its subjection to liquid pressure, 
the gas chamber between the two sleeves is charged to 
a pressure appreciably less than the final working pressure 
to which the gas in the working chamber will be subjected, 
i.e. the pressure to which the gas in the working chamber 
will be compressed by liquid during working of the ac 
cumulator. Of course, the gas compartment of the work 
ing chamber is also charged with gas under pressure, this 
initial charging of the gas compartment being at a pres 
sure considerably less than the final working pressure 
of this compartment. The initial charging of the gas 
chamber and the gas compartment of the working cham 
ber may be at the same pressure or at different pressures, 
depending upon the final working gas pressure which is 
desired in the gas compartment. 

After the gas chamber and the gas compartment of the 
working chamber have been separately charged initially, 
the chamber and the compartment are sealed, as by the 
utilization of conventional one-way check valves, and the 
accumulator is now ready to receive a working liquid 
exerting pressure on the liquid side of the floating piston 
in the working compartment. The introduction of such 
liquid under pressure into the working chamber will 
move the piston so as to compress the gas within the 
working chamber. 
Assuming that the working pressure of the accumula 

tor is 5000 pounds, the entry of liquid under this pres 
sure will compress the gas within the working chamber 
to 5000 pounds. The working chamber thus is filled 
with liquid and gas at the same pressure, namely 5000 
pounds, while the gas chamber between the two shells 
is subjected to a lesser gas pressure, say on the order of 
3000 pounds. 

Thus, there is a burst pressure upon the outer shell of 
3000 pounds per square inch, namely the pressure within 
the gas chamber. The inner shell defining the working 
chamber is subjected to a differential pressure which is 
the difference between the pressure in the working cham 
ber and the lesser pressure in the gas chamber. This 
differential pressure will result in the inner sleeve being. 
subjected to a burst pressure of 2000 pounds per square 
inch. Thus, although the accumulator is operating at 
a working pressure of 5000 pounds per square inch, 
neither of the shells is subjected to this extreme burst 

Each of the shells is subjected to a pressure. 
which is substantially less than the working pressure, 



3. 
and the actual pressures to which the shells are subjected 
may be readily accommodated by shells formed of drawn 
or forged steel and of reasonable thickness. 

It is, therefore, an important object of the present in 
vention to provide an accumulator of the gas-liquid type 
capable of operating at relatively high working pressures. 
Another important object is the provision of an ac 

cumulator of the double shell, floating piston type capable 
of operating at a relatively high working pressure with 
both of the shells being subjected to a burst pressure 
which is substantially less than the working pressure of 
the accumulator. 

It is a further object of this invention to provide an 
improved gas-liquid accumulator wherein a Working 
chamber is enclosed by a sleeve subjected to a differential 
pressure substantially less than the accumulator working 
pressure and an outer structural shell is subjected to a 
burst pressure substantially less than the working pres 
sure of the accumulator. - 

Still another important object of this invention is the 
provision of a gas-liquid accumulator having nested, 
spaced inner and outer shells isolated from one another 
and adapted to contain fluid at different pressures, the 
inner shell defining a working chamber adapted to be 
charged with fluid under pressure for subsequent dis 
charge and a space between the shells containing fluid 
at a pressure substantially less than the working pressure 
of the accumulator. 

It is a still further object of this invention to provide 
an improved liquid-gas accumulator having concentric, 
isolated working and gas storage chambers, the working 
chamber being subjected to a relatively high working 
pressure and the surrounding gas chamber being Sub 
jected to a lesser pressure, thereby reducing the burst 
pressure of the accumulator shell to a pressure substan 
tially less than the working pressure of the accumulator. 
These and other objects will be more apparent from 

the following detailed description of a preferred embodi 
ment of my invention and by reference to the drawings 
forming a part hereof wherein: 
On the drawings: 
The single figure of the drawing is a broken axial Section 

of an accumulator of the present invention and illustrating 
the manner of filling isolated gas and working chambers 
with a fluid under pressure. 
As shown on the drawings: - 
In the single figure of the drawings, reference numeral 

10 refers generally to an accumulator of the present in 
vention. The accumulator 10 comprises an outer, gen 
erally cylindrical shell 11 formed of forged or drawn 
structural steel or the like material and having its op 
posite ends interiorly threaded, as at 12 and 13. - 

Spaced inwardly from the threaded open ends of the 
outer shell 1 are a pair of end plugs indicated generally 
at 14 and 15, respectively, the plug 44 being provided 
with a radially enlarged flange 16 snugly received within 
the shell 11 axially inwardy beyond the threaded por 
tion 12 thereof and having a peripheral groove 17 with 
in which is seated an O ring or similar seal 18. Pro 
jecting axially inwardly from the flange i6 is an axial boss 
19 of lesser diameter than the flange 16 and having a 
cylindrical radially outward surface 22 which is provided 
with a peripheral groove 21 within which is seated a 
second O ring or similar seal 20. Projecting axially 
outwardly from the flange 16 is a reduced diameter em 
bossment 23 which is further reduced, as at 24, and in 
teriorly threaded, as at 25, for the reception of the 
threaded end of an hydraulic fitting or the like. 
The other end plug 15 is provided with a radially en 

larged flange 26 which snugly contacts the inner periphery 
of the shell 11 axially inwardly from the threaded por 
tion 13, this flange 26 merging through a shoulder 27 
with a reduced diameter embossment 28. The flange 
26 is provided with an annular peripheral recess 29 with 
in which is seated an O ring or similar seal 30, and the 
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4 
boss 28 has its outer peripheral surface 31 similarly pro 
vided with a recess 32 within which is seated an O ring 
or similar seal 33. - 

Located within the outer shell or casing 11 is an inner 
shell or sleeve indicated generally at 35, this inner sleeve 
35 having its opposite axial ends 36 and 37 abutting the 
shoulders 16a and 27 of the plugs 14 and 15, respectively. 
The inner peripheral surface 38 of the inner sleeve 35 
contacts the seal rings 20 and 33, respectively, so that 
the interior annular gas chamber 40 defined between the 
outer shell i and the inner shell 35 is completely isolated 
from the interior of the inner shell 35. The interior of 
the inner shell 35 defines a working chamber indicated 
generally at 41. 
The plugs 14 and 15 are retained in position with the 

shoulders 6a and 27 abutting the ends 36 and 37, respec 
tively, of the inner sleeves 35 by means of annular 
threaded locking rings 42 and 43 having their exterior 
peripheries threaded, as at 42a and 43a, respectively, for 
threaded engagement with the threads 12 and 13 of the 
outer sleeve. Thus, the locking rings 42 and 43 retain 
all of the fixed parts of the accumulator, namely, the 
exterior shell 11, the interior shell 35, and the end plugs 
4 and 15 in assembled relation. The seal rings 18 
and 30 interposed between the plugs 14 and 15, respec 
tively, and the outer shell i prevent any leakage of gas 
from the chamber 40 through the threads 12-42a and 
13-43a. To facilitate assembly of the locking rings, 
each ring is provided with a peripherally spaced series of 
spanner wrench holes 44. - 

Disposed within the working chamber 41 is a free 
floating piston, indicated generally at 45. This piston 
is provided with a medial, generally cylindrical portion 
46 which is of substantially the same exterior diameter 
as the interior diameter of the sleeve 35. This medial 
portion 46 is provided with a pair of axially spaced, an 
nular, peripheral grooves 47 within which are seated O 
rings or similar seals 48. Intermediate the two seals, the 
cylindrical portion 46 is provided with an axially elon 
gated, annular, exterior peripheral groove 49, for a pur 
pose to be hereinafter more fully described. 

It will be noted that the plug 14 is provided with a 
generally cylindrical annular interior surface 50 defined 
by the axially extending boss 19 and that end of the 
piston adjacent the plug 14 is provided with a reduced 
diameter embossment 51 loosely enterable into the space 
enclosed by the surface 50. The surface 50, in combi 
nation with the remainder of the plug. 14, defines an an 
nular shoulder 52 concentric with the sleeves 11 and 35 
and the adjacent radial face of the piston 45 is provided 
with an annular embossment 53 which is adapted to abut 
this face 42 to limit movement of the piston toward that 
end of the accumulator closed by the plug 14. The 
threaded aperture 25 communicates with a cylindrical 
opening 54 which is in full communication with the 
working chamber 41, and the piston is provided with a 
concentric, axially extending boss 55 guidingly insertable 
in, but in radially spaced relation to, the cylindrical open 
ing 54. The free end of the boss 55 is chamfered as at 
56, for a purpose to be hereinafter more fully described. 
To reduce the weight of the piston, and to increase 

the fluid capacity of the working chamber 41, the piston 
is provided with an interior bore 57 within the cylindrical 
portion 46, a reduced diameter bore 58 within the em 
bossment 55, and a generally frusto-conical bore section 
59 joining the bores 57 and 58. - 
The annular groove 49 formed in the cylindrical pe 

ripheral portion 46 of the piston is utilized to equalize 
the pressures upon the piston seal rings 48, through the 
communication of this groove, via a slot 60 and a pas 
sage 61, with the cylindrical opening 54. Of course, in 
the drawings, the piston 45 is shown in its fully dis 
charged position in which the piston boss 53 abuts the 
shoulder 52 of the plug 14. When the piston is in this 

75 position, it will be appreciated that the groove 49 is sub 
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and an inner shell separated by a sealed gas chamber 
Substantially surrounding said inner shell, said inner shell 
enclosing a working chamber containing both a liquid 
and a gas under pressure, a piston disposed in said inner 
shell and interposed between the liquid and the gas there 
in and freely movable axially of the shell in accordance 
with any differential liquid and gas pressures acting there 
on, said sealed gas chamber containing a gas under pres 
sure substantially less than the pressure in said working 
chamber, said outer shell being subjected to a substantial 
ly constant burst pressure , which is substantially less 
than the working pressures obtainable in said working 
chamber. - 

4. In an accumulator for the storage of mechanical 
energy in the form of a compressed gas, nesting structural 
elements defining a plurality of substantially concentric 
chambers each containing a fluid under pressure, said 
chambers being isolated from fluid communication with 
one another, an outer one of said chambers being filled 
with a fluid under a constant pressure, an inner one of 
said chambers being filled with a fluid at a fluctuating 
pressure normally substantially greater than the constant 
pressure in said outer chamber, and a free floating piston 
disposed in said inner one of said chambers for movement 
therein in accordance with said fluctuating working pres 
sure, the differential pressure between said chambers be 
ing exerted upon one of said chamber defining elements 
common to said chambers, and a constant burst pres 
sure being exerted upon a second of said chamber defining 
elements enclosing said outer chamber. 

5. A gas-liquid accumulator comprising an open-ended 
outer shell and an open-ended, cylindrical shell nested 
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in said outer shell, end plugs closing the ends of both 
shells and said shells being circumferentially separated by 
a sealed gas chamber surrounding said inner shell and 
isolated from fluid communication with the interior there 
of, said inner shell enclosing a working chamber con 
taining both a liquid and a gas under pressure, a free float 
ing piston disposed in said working chamber to separate 
the liquid and gas therein, means in one of said end 
plugs defining a passage for introducing liquid under 
pressure into said working chamber to charge the ac 
cumulator by compressing the gas in said working cham 
ber so that the compressed gas can later discharge said 
liquid under pressure, and means in the other of said 
end plugs for introducing into said sealed gas chamber a 
gas under a pressure less than the pressure of the com 
pressed gas in the working chamber when the accumulator 
is charged, the outer shell being subjected to a burst load 
determined by the lesser pressure in said sealed chamber 
and the inner shell being subjected to a maximum burst 
load determined by the differential pressure between the 
pressure in said sealed chamber and the pressure of the 
compressed gas and the liquid in said working chamber. 
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