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[5 7] ABSTRACT 

A control system for continuously maintaining pres 
sure equilibrium between the outside and inside of a 
submersible body. The system comprises an inelastic 
accumulator lined with a gas charged ?exible bladder 
connected to a unique valve arrangement capable of 
passing ?ow in two directions and actuated by bellows 
apparatus. The bladder is precharged to a pressure de 
pendent on the expected depth of submergence. The 
system operates when ambient ?uid pressure com 
presses the bellows apparatus of the valve arrange 
ment allowing gas to ?ow into a pressure balancing 
chamber as the system is submerged. Upon ascending, 
?ow is reversed through the valve arrangement back 
to the bladder until a predetermined pressure differen 
tial between the inside of the system and ambient 
pressure is reached, at which point remaining gas pres 
sure is discharged to the ambient ?uid. 

15 Claims, 5 Drawing Figures 
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PRESSURE CONTROL SYSTEM 

STATEMENT OF GOVERNMENT IN'I‘ERES'I‘ 

The invention described herein may be manufac 
tured and used by or for the Government of the United 
States of America for governmental purposes without 
the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates generally to balanced pressure 
underwater acoustic projectors; and more particularly 
to pressure control systems therefor. 

In underwater acoustic projectors, for example as 
shown in U. S. Pat. No. 3,501,741 to Wallen et al., a 
low acoustic impedance of viscous medium is posi 
tioned opposed to the desired direction of sonic propa 
gation. The internal pressure of the viscous medium 
must be maintained equal to the external pressure of 
the ambient fluid in order to achieve maximum propa 
gation ef?ciency irrespective of continuously changing 
depth. The Wallen et a1 patent utilizes an open, com 
pressed air, pressure control system to maintain pres 
sure balance. This system is limited to relatively short 
operational periods because the air supply is exhausted 
by maintaining pressure equilibrium at continuously 
changing depths. Whenever the system ascends from a 
submerged depth, either because of currents, tides, or 
towing, air pressure is exhausted to the ambient ?uid in 
order to maintain the desired pressure equilibrium 
within the system. This open system is also limited to 
relatively few successive submergences at considerably 
reduced maximum depths before it must be recharged 
with compressed air. 

In the Wallen et al. patent, for instance, a pressurized 
tank of air is connected through a pressure regulator to 
the internal chamber of an acoustic projector to in 
crease internal system pressure as ambient ?uid pres 
sure increases with increasing depth of submergence. 
Upon ascent, a valve continuously releases air to the 
ambient ?uid as the internal pressure becomes greater 
than the decreasing ambient ?uid pressure. This system 
is seriously limited in that it can only be used for a lim 
ited period of time until all of the precharged air in the 
tank is exhausted. The usable period of time is depen 
dent on the quantity of air contained in the tank, and 
the frequency and depths of submergence of the pro 
jector. A typical usable period of time for such a system 
is of an order of magnitude of less than one hour. An 
other limitation is a maximum operating depth of ap 
proximately 300 feet. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general purpose and object of the . 
present invention to provide an improved pressure bal 
ancing control system. It is a further object to signi? 
cantly extend the time and increase the successive 
depths to which an underwater acoustic projector may 
be submerged. Another object is to provide a hybrid 
closed-open pressure balancing system to increase the 
operating efficiency of acoustic projectors. 

Brie?y, these and other objects are accomplished ac 
cording to the invention by a system comprising an in 
elastic accumulator housing lined with a gas-in?ated 
bladder which connects through a unique pressure acti 
vated valve arrangement to a pressure balancing cham 
ber of the acoustic projector. During descent the blad 
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2 
der provides gas to the chamber until completely col 
lapsed by the ambient ?uid pressure transmitted 
through an opening in the housing having a normally 
open, slidably mounted section of the housing. During 
ascent, the valve arrangement permits gas to flow from 
the chamber back into the bladder, and above a prede 
termined depth, the gas is exhausted to the abient ?uid 
as required to maintain pressure balance in the cham 
ber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a schematic view of a preferred em 
bodiment of a pressure balancing system in an under 
water acoustic projector constructed according to the 
invention; 
FIG. 2 represents a longitudinal cross-sectional view 

of a bellows-actuated differential pressure regulator of 
FIG. 1; 
FIG. 3 represents a longitudinal cross-sectional view 

of a bellows-actuated reversible check valve of FIG. .1; 

FIG. 4 represents a schematic view of another pre 
ferred embodiment of a pressure balancing system in 
an underwater acoustic projector constructed accord 
ing to the invention; and 
FIG. 5 represents a longitudinal cross-sectional view 

of a differential regulator, bellows-actuated reversible 
check valve of FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, which represents one of the pre 
ferred embodiments, the pressure balancing control 
system is contained within an acoustic projector 9 hav 
ing a shell 10 with a plurality of stabilizing ?ns 11, at 
tached to one end. The shell 10 represents a frag 
mented view of the aft end of an acoustic projector, for 
example as shown in Wallen et al. (FIG. 1). Although 
this con?guration is used for illustrative purposes, it 
should be pointed out that the pressure balancing con 
trol system as hereinafter described can be con?gured 
to suit acoustic projectors of any particular configura 
tion or any submerged chamber requiring pressure ' 
equalization. Contained within the shell and attached 
thereto is the control system comprising an inelastic ac 
cumulator housing 12 lined with an in?atable bladder 
13, and having a slidably-mounted housing section 35 
at its exterior which allows ambient ?uid to be trans 
mitted into a cavity 15. The bladder 13 is ?lled with a 
compressible medium, including but not limited to a 
gas, at a filler valve 16. The specific pressure in the 
bladder 13 is determined by the expected depth of sub 
mergence of the acoustic projector 9 and is high, for 
example, in excess of 500 pounds per square inch. Ini 
tial gas pressure in the bladder 13 must be greater than 
the pressure at the maximum ?uid depth at which the 
acoustic projector 9 is to be operated. 
The control system functions as the acoustic projec 

tor 9 begins to submerge. Ambient ?uid enters a con 
trol system cavity 17 through an annular opening 18 at 
the aft end of the shell 10. Ambient ?uid ?lls the cavity 
17 producing a hydrostatic pressure equal to the pres 
sure of the ambient ?uid at the particular depth of sub 
mergence. The hydrostatic pressure causes a differen 
tial pressure regulator 19 to actuate as a result of force 
exerted on a bellows 20. 



3,803,544 
3 

Referring to FIG. 2, the bellows 20 is compressed by 
the differential of the ambient pressure over the pres 
sure inside the bellows 20, which is initially at atmo 
spheric pressure. A downward force is exerted on a pis 
ton 21 contained in a housing 22 forcing a demand 
valve lever 23 of a demand valve assembly 24 to open 
a ?apper valve 25 and allow low pressure gas to enter 
an interior chamber 26 and ?ow through a bellows 
equalization port 27 into the interior of the bellows 20. 
When internal pressure in the bellows 20 equals hydro 
static pressure, the bellows 20 expands to a neutral po 
sition closing the ?apper valve 25 and cutting off fur 
ther gas ?ow into the interior chamber 26. This is an 
instantaneous condition which occurs only when inter 
nal gas and ambient ?uid pressure equilibrium exists. 
As the system continues to submerge the equilibrium is 
disrupted and this procedure is repeated continuously 
until a depth is reached where the ambient pressure 
equals gas pressure in the bladder 13. 

Referring now to FIG. 1, the slidably-mounted hous 
ing section 35 opens allowing ambient ?uid to enter the 
cavity 15 and exert a pressure on the bladder 13 equal 
to ambient ?uid pressure at the particular depth of sub 
mergence. 

Referring now to FIG. 2, the bellows 20 is com 
pressed due to the slightly higher ambient ?uid pres 
sure upon further descent, actuating the ?apper valve 
25, as before, and also transmitting the downward force 
through a diaphragm 28 by means of a spring 29 to a 
valve stem 30, which moves off of a valve seat 31 and 
allows the gas to ?ow from an inlet port 32 through the 
valve aperture into the interior chamber 26 and out of 
an outlet port 33. Due to the gas ?ow restriction caused 
by the small aperture at valve seat 31, an insufficient 
amount of gas is passed to maintain system pressure 
equalization with external ?uid pressure. 
Referring now to FIG. 1, ?ow must be directed 

through a bellows actuated reversible check valve 38 
by means of parallel tubing. Hydrostatic pressure in the 
cavity 15 compresses a bellows 39 causing gas to ?ow 
through the check valve 38. 
Referring to FIG. 3, the bellows actuated reversible 

check valve 38 is a novel check valve which allows ?ow 
in two directions depending upon system pressure con 
ditions, as more fully described hereinafter. The bel 
lows 39 is compressed due to an excess of hydrostatic 
?uid pressure over internal system gas pressure. A 
downward force is exerted upon an actuator 40 over 
coming the gas pressure acting on the underside of a 
seal 41 and compressing a spring 42 to open a revers 
ible check valve 43. Gas is allowed to ?ow through an 
inlet port 44 into an interior chamber 45 through a bel 
lows equalization port 46 into the interior of the bel 
lows 39, and out of an outlet port 47. 
Referring now to FIG. 1, gas ?ows from the bladder 

13 through port 33 of the differential pressure regula 
tor l9 and through port 47 of the bellows actuated re 
versible check valve 38 to a pressure balancing cham 
ber 50, as shown in Wallen et al. The pressure in the 
chamber 50, which is continuously maintained equal to 
ambient ?uid pressure at any depth, is transmitted 
through a plurality of piston assemblies 51 mounted in 
a baf?e plate 52 to a viscous medium 53 within the 
acoustic projector 9 to maintain a balanced pressure 
between the external ?uid and the viscous medium 53, 
resulting in maximum propagation ef?ciency. Gas ?ow 
continues until the bladder 13 becomes completely col 
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lapsed. This represents maximum equalized submer 
gence depth. 

()n ascending, ambient ?uid pressure begins to 1104 
crease below system gas pressure in the pressure hal» 
ancing chamber 50, the differential pressure regulator 
bellows 20, and the reversible check valve bellows 39, 
causing both bellows 20 and 39 to expand. Flow 
through the differential pressure regulator 19 is cut off 
and the reversible check valve 38 closes. 

Referring now to FIG. 3, an upward force exerted by 
the spring 42 on the seal 41 closes the reversible check 
valve 43 restricting ?ow from the inlet port 44 to the 
outlet port 47. Due to the increasing pressure differen 
tial of internal system gas pressure over ambient ?uid 
pressure on ascent, gas ?ows out of the pressure bal 
ancing chamber 50 (FIG. 1) through the outlet port 47 
and overcomes a preselected spring force, compressing 
the spring 42 and allowing gas to ?ow out of the inlet 
port 44 in a reverse free ?ow direction. 

Referring now to FIG. 1, as the system ascends gas 
continues to ?ow from the pressure balancing chamber 
50 back through the bellows actuated reversible check 
valve 38 to the bladder 13, which completely ?lls the 
accumulator housing 12 forcing all ambient ?uid out of 
the cavity 15 through the slidably-mounted housing 
section 35. The housing section 35 closes and gas pres 
sure builds up in the bladder 13 until it reaches a differ 
ential of three pounds per square inch above ambient 
?uid pressure. At this pressure differential, gas dis 
charges into control system cavity 17 through an ex 
haust valve 55 integral in the body of the differential 
pressure regulator 19. This condition does not occur 
until the system has ascended a considerable distance 
as more fully described hereinafter in a typical use. 

In FIG. 1, an alternate, but unessential method for 
returning the gas from the pressure balancing chamber 
50 to the bladder 13 is shown by introducing a ball 
check valve 57 operatively connected by a bypass tube. 
The ball check valve 57 is designed to operate at a 
lower pressure differential than the bellows actuated 
reversible check valve 19. For example, the reversible 
check valve 19 is set to operate at a 1/1 pound per 
square inch pressure differential, while the ball check 
valve 57 is set to operate at a V4 pound per square inch 
pressure differential. This alternate method produces a 
slightly more responsive return system and provides re 
dundancy and thus increased reliability of operation. 

Referring now to FIG. 1, in a typical use of the pres 
sure balancing control system the intended depth of 
submergence will be, for instance, 1,000 feet. The blad 
der 13 is pressurized to 500 pounds per square inch. As 
the acoustic projector 9 submerges, the pressure bal 
ancing control system operates to equalize internal sys 
tem pressure and external ?uid pressure as hereinbe 
fore described in detail. At a depth of 800 feet in this 
typical case, a state of pressure equilibrium exists with 
respect to the ambient ?uid, and ambient ?uid enters 
the cavity 15 and applies external pressure to the blad 
der 13. Both bellows, 20 and 39, are compressed due 
to the slight excess of ambient ?uid pressure over inter 
nal system pressure, and the gas continues to ?ow 
through the differential pressure regulator 19 and the 
reversible check valve 38 to the pressure balancing 
chamber 50. This ?ow process continues as the system 
continues to submerge until the bladder 13 expends its 
entire gas supply and collapses, which in this typical 
case occurs at approximately 1,400 feet. On ascending, 
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the system operates as hereinbefore described. Upon 
reaching a depth of approximately 800 feet, internal 
system pressure builds up as a result of decreasing am 
bient fluid pressure. When a differential of 3 pounds 
per square inch exists, the remaining gas in the cham 
ber 50 exhausts to the control system cavity 17 through 
the exhaust valve 55 in the body of the differential pres 
sure regulator 19. The total operating time on a single 
charge of the bladder 13 depends on the number of 
times the acoustic projector 9 is submerged and ele 
vated. In this typical case the degree of pressure equal-v 
ization is controlled so carefully that a range of 600 feet 
may be traversed without discharging the gas. In nor 
mal use the amount of ?uctuation due to fluid dynam 
ics is well below 600 feet, insuring that the system will 
remain operative for greatly increased periods of time 
of up to 1,000 hours over prior “open” pressure bal 
ancing systems, which were only operative for periods 
of 30-45 minutes. 

In the alternate embodiment of FIG. 4, a variation is 
shown of the embodiment of FIG. 1 wherein the be] 
lows actuated reversible check valve 38 is incorporated 
in the regulator housing 22 of the differential pressure 
regulator 19. The resultant apparatus is a unique differ 
ential regulator/reversible check valve 60 operated by 
a bellows 61. Functional operation of this alternate 
control system is as described in detail hereinbefore. 
Operation of the alternate control system begins 

when the acoustic projector 9’ begins to submerge. 
Ambient ?uid enters a control system cavity 17' 
through an annular opening 18' at the aft end of shell 
10'. Ambient ?uid ?lls the cavity 17’ producing a hy 
drostatic pressure equal to the ambient pressure of the 
surrounding ?uid at the particular depth of submer 
gence. Hydrostatic pressure causes the valve 60 to ac 
tuate due to the force it exerts on the bellows 61. 

Referring to FIG. 5, the bellows 61 is compressed by 
the differential of the ambient pressure over the pres 
sure inside the bellows 61, which is initially at atmo 
spheric pressure. A downward force is exerted on a 
push rod 62 contained in a housing 63 compressing a 
check valve actuator spring 64 housed in a spring cap 
65. The force, however, is not sufficient to overcome 
the force of the high pressure gas acting on the bottom 
of a seal 66 keeping the gas from ?owing through a 
check valve 67. A cage 68 is forced downward upon 
a demand valve lever 69 of a demand valve assembly 
70 opening a ?apper valve 71 and allowing low pres 
sure gas to enter an interior chamber 72 and ?ow 
through a bellows equalization port 73 into the interior 
of the bellows 61. When internal pressure in the bel 
lows 61 equals the hydrostatic pressure of the ambient 
?uid, the bellows 61 expands to a neutral position clos 
ing the ?apper valve 71 and cutting off further gas ?ow 
into the interior chamber 72. As hereinbefore men 
tioned, this is an instantaneous condition which occurs 
when internal gas and external ?uid pressure are equal. 
As the system continues to submerge, the pressure 
equilibrium is disrupted and the aforementioned proce 
dure is repeated continuously until a depth is reached 
where the pressure of the ambient ?uid equals gas pres 
sure in the bladder 13'. 
Referring now to FIG. 4, a slidably-mounted housing 

section 35' opens allowing ambient ?uid to enter a cav 
ity 15’ in an inelastic accumulator housing 12', and ex 
erting a pressure on the bladder 13' equal to the ambi 
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6 
ent ?uid pressure at the particular depth of submer 
gence. 

Referring now to FIG. 5, upon further descent the 
bellows 61 is compressed due to the slightly higher ex 
ternal ?uid pressure. Due to equal pressure on both 
sides of the seal 66, the downward force exerted on the 
push rod 62 compresses the actuator spring 64 over 
coming the force of the gas acting on the bottom of the 
seal 66, and opening the check valve 67. Gas is now al 
lowed to flow from a check valve inlet port 74 to an 
outlet port 75. Simultaneously, the ?apper valve 71 is 
opened, and the downward force exerted by the cage 
68 is transmitted through a diaphragm 76 by means of 
a spring 77 to a valve stem 78, which moves off of a 
valve seat 79 and allows the gas to flow from a regula 
tor inlet port 80 through the valve aperture into the in 
terior chamber 72' and out of the outlet port 75. Due 
to the restriction at the valve aperture, virtually no gas 
will ?ow through the regulator portion during this 
phase of the descent, with practically all of the gas 
?owing through the check valve 67 to the pressure bal 
ancing chamber 50' of FIG. 4. Flow continues in this 
manner until the bladder 13’ is completely collapsed. 

On ascent, reversed free ?ow through the check 
valve 67 from the outlet port 75 to the inlet port 74 oc 
curs when pressure in the pressure balancing chamber 
50’ of FIG. 4 overcomes the preselected force of a 
check valve return spring 81. 
The advantages of a single housing containing both 

a bellows operated differential pressure regulator and 
a reversible check valve are numerous. They include 
but are not limited to simplicity, compactness, manu 
facturing cost savings, ease of maintenance and trouble 
shooting procedures, and instant response to system 
pressure demands due to elimination of tubing and 
close proximity of components. 
Referring now to FIG. 4, as in the embodiment of 

FIG. 1, an alternate, but unessential method for return 
ing the gas from pressure balancing chamber 50' to 
bladder 13’ is shown by adding a ball check valve 57’ 
to the system. Its operation is exactly as described here 
inbefore. 
The pressure balancing system has been shown and 

described in a sonic projector only for illustration of 
one of its most practical applications. It will be under 
stood that many other situations exist where the inven 
tion’s capability of providing a closed pressure balanc 
ing system may have utility. 

It is to be understood that the above-described em 
bodiments are simply illustrative of the invention and 
that many other embodiments can be devised without 
departing from the scope and spirit of the invention. 
What is claimed is: 
1. A pressure balancing control system for an acous 

tic projector in an ambient ?uid and of the type having 
a transducer pressure balancing chamber, comprising, 
in combination: 
an accumulator means having an inelastic, vented 
housing formed to be secured to the projector, an 
in?atable bladder within said housing and having 
an opening therein, and a compressible ?uid con 
tained within said bladder; 

a ?rst valve means having an inlet and an outlet re 
sponsive to the pressure difference between said 
compressible ?uid at the outlet thereof and the am 
bient ?uid, operatively connected at the inlet 
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thereof to said bladder opening and formed to be 
connected at the outlet thereof to the chamber for 
opening when the ambient ?uid pressure exceeds 
the compressible ?uid outlet pressure; 

a second valve means having an inlet and an outlet 
operatively connected at the inlet thereof to said 
bladder opening and at the outlet thereof to the 
outlet of said first valve means, said second valve 
means including ?rst pressure differential means 
for opening when the ambient ?uid pressure ex 
ceeds the compressible ?uid inlet pressure, and 
second pressure differential means for opening 
when the outlet pressure exceeds the inlet pressure 
respectively of said compressible ?uid, the pressure 
differentials being predetermined; and 

a third valve means responsive to the pressure differ 
ential between the ambient ?uid and the compress 
ible ?uid outlet pressure of said ?rst valve means, 
operatively connected to said ?rst valve means for 
opening when the compressible ?uid outlet pres 
sure thereof exceeds the ambient ?uid pressure by 
an amount greater than the predetermined pres 
sure differential of said second pressure differential 
means. 

2. A pressure balancing control system as described 
in claim 1, wherein said accumulator means comprises: 
an inelastic housing formed to be secured to the pro~ 

jector; 
a ?rst opening in said housing for transmitting ambi 
ent ?uid therethrough; 

a slidably-mounted section of said housing urged nor 
mally open to produce said ?rst opening; 

a second opening in said housing; and 
an in?atable bladder within said housing internally 
communicating with said second opening and 
urging said slidably-mounted housing section co 
planar with internal surface of said housing when 
fully in?ated. 

3. A pressure balancing control system as set forth in 
claim 2, wherein said first valve means comprises: 
a housing formed to contain an internal chamber, 

?rst and second apertures; 
a bellows operatively connected to said housing sen 

sitive to pressure differential between said housing 
and the ambient ?uid; 

a valve formed in said housing for passing ?uid there 
through; and 

a piston operatively connected between said bellows 
and said valve. 

4. A pressure balancing control system as described 
in claim 3, wherein said second valve means comprises: 

a housing formed to contain an internal chamber, 
?rst and second apertures; 

a bellows operatively connected to said housing in 
ternal chamber sensitive to pressure differential be 
tween said housing and the ambient ?uid; 

a valve formed in said housing for passing said com 
pressible ?uid therethrough; and 

an actuator communicating with said bellows and 
said valve. 

5. A pressure balancing control system as set forth in 
claim 1, also including: 
a fourth valve means having an inlet and an outlet op 

eratively connected at the inlet thereof to said re 
spective first and second valve means outlets and 
at the outlet thereof to said bladder opening for 
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8 
passing said compressible ?uid therethrough from 
the chamber to the bladder when the outlet pres 
sure of said second valve means exceeds the inlet 
pressure thereof by a predetermined differential 
less than the predetermined pressure differential of 
said second valve means. 

6. A pressure balancing control system as set forth in 
claim 1, further comprising: 

said ?rst and second valve means combined in a sin 
gle housing each having an inlet and having a com 
mon outlet, being operatively connected at their 
respective inlets to said bladder opening and 
formed to be connected at said common outlet to 
the chamber. 

7. A pressure balancing control system as set forth in 
claim 6, wherein said combined ?rst and second valve 
means comprises: 
a bellows operatively connected to said housing sen 

sitive to pressure differential between said housing 
and the ambient ?uid; 

a ?rst valve formed in said housing for passing ?uid 
therethrough; 

a second valve formed in said housing for passing 
?uid therethrough; 

a cage surrounding said second valve and communi 
cating with said ?rst valve; and 

a push rod communicating with said bellows and said 
cage and operatively connected to said second 
valve. 

8. A pressure balancing control system as set forth in 
claim 7, further comprising: 

a third valve formed in said housing for passing said 
?uid therefrom when the compressible ?uid outlet 
pressure of said combined ?rst and second valve 
means exceeds the ambient ?uid pressure by an 
amount greater than a predetermined pressure dif 
ferential. 

9. A control system for a chamber in an ambient ?uid 
comprising, in combination: 
an in?atable accumulator means having a limited vol 

ume; 
a compressible ?uid contained within said accumula 
tor means; 

a ?rst valve means having an inlet and an outlet oper 
atively connected at the inlet thereof to said accu 
mulator means and connected at the outlet thereof 
to the chamber for transmitting said compressible 
?uid therefrom when the ambient ?uid pressure ex 
ceeds the pressure of said compressible ?uid at said 
first valve means outlet; 

a second valve means having an inlet and an outlet 
operatively connected at the inlet thereof to said 
accumulator means and connected at the outlet 
thereof to said ?rst valve means outlet for transmit~ 
ting said compressible ?uid therethrough when the 
ambient ?uid pressure exceeds the pressure of said 
compressible ?uid at said second valve means inlet 
and when the pressure at said second valve means 
outlet exceeds the pressure at said second valve 
means inlet respectively of said compressible ?uid; 
and 

a third valve means operatively connected to said 
first valve means outlet for transmitting said fluid 
therefrom when the pressure of said compressible 
?uid at said ?rst valve means outlet exceeds the 
ambient ?uid pressure. 
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10. A control system as described in claim 9, wherein 
said accumulator means comprises: 
an inelastic housing formed to be secured to a struc 

ture; 
a ?rst opening in said housing for transmitting ambi 
ent ?uid therethrough; 

a second opening in said housing; and 
an in?atable bladder within said housing internally 
communicating with said second opening. 

11. A control system as described in claim 10, 
wherein said ?rst valve means comprises: 
a housing formed to contain an internal chamber, 

?rst and second apertures; 
a bellows operatively connected to said housing sen 

sitive to pressure differential between said housing 
and the ambient ?uid; 

a valve formed in said housing for passing fluid there 
through; and 

a piston operatively connected between said bellows 
and said valve. 

12. A control system as described in claim 11, 
wherein said second valve means comprises: 

a housing formed to contain an internal chamber, 
?rst and second apertures; 

a bellows operatively connected to said housing sen 
sitive to pressure differential between said housing 
internal chamber and the ambient fluid; 

a valve formed in said housing for passing said com 
pressible fluid therethrough; and 

an actuator communicating with said bellows and 
said valve. 

13. A control system as described in claim 9, further 
comprising: 

said ?rst and second valve means combined in a sin 
gle housing each having an inlet and having a com 
mon outlet, being operatively connected at their 
respective inlets to said accumulator means and 
formed to be connected to the chamber at a com 
mon outlet. 

14. A control system as described in claim 13, 
wherein said combined ?rst and second'valve means 
comprises: 
a bellows operatively connected to said housing sen 

sitive to pressure differential between said housing 
and the ambient ?uid; 

a ?rst valve formed in said housing for passing ?uid 
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10 
therethrough; 

a second valve formed in said housing for passing 
?uid therethrough; 

a cage surrounding said second valve and communi 
cating with said first valve; and 

a push rod communicating with said bellows and said 
cage and operatively connected to said second 
valve. 

15. A pressure balancing control system for submers 
ible apparatus in an ambient ?uid, comprising, in com 
bination: 
a sealed chamber formed to enclose the apparatus; 
an accumulator means having an inelastic, vented 
housing formed to be secured to the apparatus, an 
in?atable bladder within said housing and having 
an opening therein, and a compressible ?uid con 
tained within said bladder; 
?rst valve means having an inlet and an outlet re 
sponsive to the pressure difference between said 
compressible ?uid at the outlet thereof and the am 
bient ?uid, operatively connected at the inlet to 
said bladder opening and connected at the outlet to 
said chamber for opening when the ambient ?uid 
pressure exceeds the compressible ?uid outlet 
pressure; I v 

second valve means having an inlet and an outlet 
operatively connected at the inlet thereof to said 
bladder opening and at the outlet thereof to the 
outlet of said ?rst valve means, said second valve 
means including ?rst pressure differential means 
for opening when the ambient ?uid pressure ex 
ceeds the compressible ?uid inlet pressure, and 
second pressure differential means for opening 
when the outlet pressure exceeds the inlet pressure 
respectively of said compressible ?uid, the pressure 
differentials being predetermined; and 

a third valve means responsive to the pressure differ 
ential between the ambient ?uid and the compress 
ible ?uid outlet pressure of said ?rst valve means, 
operatively connected to said ?rst valve means for 
opening when the compressible ?uid outlet pres 
sure thereof exceeds the ambient ?uid pressure by 
an amount greater than the predetermined pres 
sure differential of said second pressure differential 
means. 

* * * * * 


