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(57) ABSTRACT 
A diver's buoyancy compensator employs a constant 
volume chamber which is controllably pressurized with 
air from the diver's SCUBA tank, and water is admitted 
to or emitted from the tank by one or the other of two 
manually operated valves. 
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1. 

CONSTANT VOLUMEBUOYANCY 
COMPENSATOR 

The present invention relates in general to controlled 
buoyancy compensation systems for use in SCUBA 
diving, and it relates in particular to a new and in 
proved constant volume system which maintains a con 
stant buoyancy compensation irrespective of changes in 
the depth of the diver. 

BACKGROUND OF THE INVENTION 

Buoyancy control systems as used in SCUBA diving 
generally employ a collapsible bag carried by the diver 
and into which air is supplied to inflate the bag and 
increase the buoyancy of the diver. A major disadvan 
tage of these systems is that the buoyancy compensation 
provided by the bag changes as the depth thereof 
changes unless air is supplied to or removed from the 
bag. For example, as the diver descends, the bag con 
tracts under the increased ambient pressure and thus 
displaces less water and provides less buoyancy com 
pensation. The reverse is true as the diver ascends. 
Consequently, when using such prior art systems the 
diver is frequently required to supply air to or release 
air from the bag in order to maintain his buoyancy 
relatively constant. 

In U.S. Pat. No. 3,161,028 there is described a buoy 
ancy control system using a constant volume tank into 
which water is admitted or expelled to adjust the buoy 
ancy thereof. In the system described in the said patent 
the pressure in the tank is maintained within 2 p.s. i. of 
the ambient by means of a pair of check valves. The one 
of the two check valves which opens when the tank 
pressure falls more than 2 p.s.i. below ambient pressure 
is connected to the line between the conventional de 
mand regulator and the mouthpiece through which the 
diver normally breathes while under water. An inherent 
danger in using this system is that should the diver 
descend with the mouthpiece in his mouth, the substan 
tial pressure differential between the ambient and his 
internal cavities connected to the mouthpiece is ex 
tremely dangerous. Other problems associated with the 
said patented system are one, he cannot increase his 
buoyancy while he is in an inverted position, two, the 
time required to initially fill the tank with water is rela 
tively long, and three, should the diver exhaust his main 
air supply, he cannot use the system to increase his 
buoyancy by any substantial amount to enable him to 
get to the surface as soon as possible. 

SUMMARY OF THE INVENTION 
Briefly, there is provided in accordance with the 

present invention a constant volume buoyancy compen 
sating system having a short response time to a demand 
by the diver for increased or decreased buoyancy irre 
spective of his orientation, which is relatively safe to 
use, and which is dependable in operation. This system 
employs a rigid tank having a constant volume chamber 
connected through a hand held valve and an elongated 
flexible hose to the ambient or to output of the first 
stage regulator of the SCUBA system of the diver. 
Second and third manually operated valves are respec 
tively provided at the top and bottom of the tank for 
admitting or releasing water to or from the tank to 
adjust the buoyancy thereof, these latter valves also 
being automatic pressure relief valves which prevent 
exploding of the tank. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Further objects and advantages and a better under 

standing of the present invention can be had by refer 
ence to the following detailed description, wherein: 
FIG. 1 is a rear elevational view, of a buoyancy com 

pensator embodying the present invention; 
FIG. 2 is a front elevational view, partly in cross-sec 

tion of the buoyancy compensator of FIG. 1; 
FIG. 3 is a side elevational view of the buoyancy 

compensator of FIG. 1; 
FIG. 4 is a top view of the buoyancy compensator of 

FIG. 1; 
FIG. 5 is a cross-sectional view taken along the line 

5-5 of FIG. 2; 
FIG. 6 is a cross-sectional view taken along the line 

6-6 of FIG. 2; 
FIG. 7 is an enlarged view of the weight chute of the 

buoyancy compensator of FIG. 1; 
FIG. 8 is a view, partly in section, of the air control 

valve of the buoyancy compensator of FIG. 1; 
FIG. 9 is a cross-sectional view of the automatic 

pressure relief and manually operable valve positioned 
at the top of the buoyancy compensator of FIG. 1; and 
FIG. 10 is a cross-sectional view of the automatic 

pressure relief and manually operable valve positioned 
at the bottom of the buoyancy compensator of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings and particularly to 
FIGS. 1 through 4, a buoyancy compensator 10 for use 
in conjunction with a self-contained underwater breath 
ing system includes a tank 11 formed of a rigid plastic 
material such, for example, as linear polyethylene. The 
tank 11 has a concave front surface 12 contoured to fit 
the back of the diver. The rear side of the tank 11 has a 
vertically elongated recess 13 which is adapted to re 
ceive a pressure cylinder 14 containing pressurized air 
for use by the diver in breathing under water. 
The tank 11 is adapted to be strapped onto the back of 

the diver and the cylindrical air vessel 14 is strapped to 
the tank by suitable means such, for example, as the 
metal strap 16. The tank 11 is hollow and defines therein 
a sealed buoyancy chamber 17 which is symmetrical 
with respect to the vertical centerline of the tank. 
The underwater breathing system with which the 

tank 11 is adapted to be used is conventional and in 
cludes a pressure regulator 18 mounted to the top of the 
tank 14 for reducing the tank pressure to an intermedi 
ate pressure of, for example, 110 p.s.i. The regulator 18 
has three outlet ports at the intermediate pressure. One 
of these is connected through a flexible hose 19 to a 
pressure guage 20 to enable the diver to know the pres 
sure within the tank 14 and thus the amount of air which 
remains therein. Two intermediate pressure outlets 
from the regulator 18 are identified in FIG. 1 as 22 and 
23. The outlet 23 is connected by a conventional flexible 
conduit 24 to a demand regulator 25 which includes a 
mouthpiece (not shown) which the diver normally 
carries in his mouth while under water. When the diver 
inhales the demand regulator 25 opens to supply air to 
the diver. When the diver exhales the valve between the 
regulator 25 and the conduit 25 closes and air is ex 
hausted from the regulator through suitable check 
valves therein. 
The intermediate pressure outlet port 22 is connected 

by a flexible hose 26 to a control valve mechanism 28 



3 
which includes a mouthpiece 29 and a convoluted flexi 
ble hose 30 connected between the valve mechanism 28 
and an airport 31 opening into the top of the chamber 
17. The valve mechanism 28 includes a manual valve 
actuator 33, which, when depressed, opens a valve 34 to 
connect the line 26 to the flexible hose 30. The mouth 
piece 29 includes a suitable valve which is opened by 
depressing the mouthpiece. toward the body of the 
valve 28 thereby to open the mouthpiece and the hose 
30 to the ambient. It may thus be seen that the buoyancy 
chamber is pressurized by activating the button 33. 
Pressure is released by depressing the mouthpiece 29. 
The valve 34 is more fully described in copending appli 
cation Ser. No. 797,198, filed on May 16, 1977 and auto 
matically operates to prevent implosion of the tank 11. 
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An automatic pressure relief valve 35 is mounted to 
the top of the tank 11 on the side opposite the port 31 
and is in communication with the top of the chamber 17 
in the tank 11. The valve 35 can be manually opened by 
means of a control rod 41 to adjust the buoyancy of the 
system. The details of the valve 35 are best shown in 
FIG. 9. ; : . 

With reference to FIG. 9, the valve 35 comprises an 
annular valve seat member 36 which includes a gasket 
37 which seats on the end of a neck 38 on the tank 11. 
A cap member 39 is threaded onto the neck 38 and 
holds the valve seat 36 against the reentrant flange 40 on 
the neck 38. The cap 39 is provided with a central open 
ing 42 surrounded by a boss 43 which provides a seat for 
a compression coil spring 44 compressed between the 
inner upper surface of the cap 39 and a circular valve 
member 45. A sealing disc 46 is fastened to the under 
side of the valve member 45 by means of a nut and bolt 
47 and is biased into sealing engagement with the seat 
member 36 by means of the spring 44. The spring 44 
preferably maintains the valve in closed sealing condi 
tion until the pressure differential thereacross is about 2 
p.s. i. or greater. When the pressure within the tank is 2 
p.s. i. or more greater than the ambient the valve mem 
ber compresses the spring 44 to relieve the pressure. 
within the tank. . . . 

In order to permit the diver to manually open the 
valve 35 an L-shaped bracket 48 is secured to the valve 
member 45 and the upper end portion of the rod 41 
extends through a slot 49 in the side wall of the cap 35 
and is fastened to the bracket 48. In the illustrated em 
bodiment of the invention the end portion of the rod 41 
extends through a hole in the upstanding portion of the 
bracket and the end 41a of the rod is bent over to pre 
vent inadvertent separation of the rod 41 from the 
bracket. As best shown in FIGS. 1 and 2 this rod is 
slidably mounted by clips along one side of the tank 11 
and has a knob 41b at the bottom to facilitate actuation 
of the rod 41 by the diver by pushing upwardly on the 
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knob the valve member 45 is moved against the force of 55 
the spring 44 away from the valve seal 36. 

Referring particularly to FIGS. 1 and 2, an automatic 
pressure relief and manually controlled water inlet-out 
let valve 50 is mounted at the bottom of the tank 11. The 
details of the valve 50 are best shown in FIG. 10. 

Referring to FIG. 10, the valve 50 is there shown in 
detail and may be seen to be similar in construction to 
the pressure valve of FIG. 9 with many of the parts 
being interchangeable. The manual water inlet-outlet 
valve 50 includes a cap member 51, identical incon 
struction to the cap member 39, which is threaded onto 
a downwardly extending neck 52 on the tank 11. The 
cap 51 when secured in place holds a valve seat member 
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4. 
53 and its annular gasket 54 in sealing relationship with 
a reentrant flange 55, at the distal end of the neck 52. A 
valve disc 56 is mounted to a circular valve member 57 
and is biased into sealing relationship with the seat 53 by 
means of a compression spring 58. A handle 63 assembly 
is attached to a valve rod 59 having a threaded upper 
end 60 which extends through the central apertures in 
the valve member 56 and 57, and a nut 61 is threaded 
thereon over washer 62 to secure the valve members 
together and to the valve rod 59. The spring 58 has the 
same spring constant as the spring 44 and will automati 
cally permit, the valve member 56 to move away from 
the seat 53 to relieve the pressure within the tank cham 
ber 17 if the pressure differential is 2 p.s. i. or more. 

In order to facilitate the manual operation of the 
valve 50 by the diver, the handle assembly includes a 
cam operating member 64 which is pivotally attached to 
the downwardly extending end of the valve stem 59. A 
cam surface 64a is provided at the upper distal corner of 
the member 64 for engagement with the lower face of 
the cap 51 when the handle 63 is pushed downwardly. 
Since the cam surface 64a is closer to the pivot point 
than is the handle 63, a mechanical advantage is pro 
vided. The angle between the handle 63 and the mem 
ber 64 may be adjusted by the diver to that position 
which is most comfortable. 
For emergency use only in order to quickly increase 

the overall buoyancy of the diver and his equipment, a 
plurality of lead weights 65 are arranged one above the 
other in a chute 66 at the rear side of the tank 11. As best 
shown in FIG. 5, the weights 65 are held in place by the 
tank 14 which defines one wall of the rectangular chute 
in which the weights 65 are disposed. The forward and 
side walls of the chute are defined by the tank itself. A 
manually operated release latch is provided at the bot 
tom of the chute so that in the event of emergency the 
diver can trip the latch and thereby permit the weights 
65 tO slide downwardly out of the chute. 

OPERATION 

In use, the diver first straps the pack to his back and 
enters the water. He then holds the mouthpiece oper 
ated valve 59 open above the water surface and pushes 
the valve handle 63 downwardly to open the valve 50 
and permit water to enter the tank. As water enters the 
tank it displaces the air therein which exits through the 
emergency mouthpiece. 29. The diver may open the 
valve 35 at this time to permit air to exit the tank. As 
water enters the tank, the tank and the diver are auto 
matically shifted into an upright position. When a con 
dition of neutral buoyancy exists the diver may descend 
simply by holding the valve 50 open and either the 
valve 28, the valve 35 or both open. By holding the 
valve 28 above his head a maximum pressure differen 
tial between the valves 28 and 50 is provided. Another 
way in which the diver may descend is simply to release 
the valve 28 and swim downwardly. Preferably the 
diver also actuates the valve 34 and holds it actuated to 
supply air pressure to the tank until such time as one of 
the relief valves 35 and 50 pops, open. He then releases 
the actuator 33 knowing that there is approximately 2 
p.s. i. of air in the tank 11. Should he thereafter wish to 
increase his buoyancy while he is in an upright position, 
the diversimply pushes down on the handle 63 to open 
the valve 50 and water is expelled through the valve 50 
to the ambient. If, on the other hand, the diver wishes to 
increase his buoyancy. while in an upright position he 
first depresses the valve 28 to relieve the pressure 
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within the tank 11 and he than opens the valve 50. The 
rate at which water flows into the tank is, of course, 
dependent on the pressure differential between the 
valve 50 and the opening in the mouthpiece 29. There 
fore, in order to rapidly increase the negative buoyancy 
of the compensating system the diver may hold the 
valve assembly 28 in an extended position over his head 
whereby the pressure differential between the valve 50 
and the opening of the mouthpiece 29 is equal to about 
the head of four feet of water. In order to increase the 
negative buoyancy of the compensator while the diver 
is in an inverted or head down position he may open the 
valve 35 and either or both of the valves 28 and 50 to 
relieve the pressure within the tank and admit water 
thereto. 
A particular advantage of the present invention over 

the flexible bag type compensators is that once set, the 
buoyancy compensation of the compensator remains 
fixed irrespective of the ambient pressure or depth of 
the diver. Moreover, when cave diving or when diving 
in confined areas, the diver can control his buoyancy 
irrespective of whether he is in a head up or head down 
position. Another advantage of this system is that it is 
comfortable to wear, does not interfere with the normal 
under water activities and is not a part of the under 
water breathing system whereby failure of the compen 
sator does not affect the normal breathing of the diver. 
Importantly, the mouthpiece of the scuba system is not 
connected to the compensator whereby the pressure in 
the tank 11 is completely unrelated to the ability of the 
diver to use his normal self contained breathing system. 

In the event the diver runs out of air while on the 
bottom, he does not have to worry about kicking franti 
cally to reach the surface. Since the average diver uses 
only about one-half to two-thirds of the chamber filled 
with water to obtain neutral buoyancy, there will al 
ways be air contained within the chamber. All the diver 
has to do is open the water inlet valve 50 and kick once 
or twice towards the surface. With the diver already in 
a neutrally buoyant state, this will be easy to do. As the 
outside water pressure decreases, the volume of air 
inside the tank will increase and begin to displace the 
water in the chamber. As the water leaves the unit, the 
diver's buoyancy becomes more positive and the diver 
begins to ascend. 
When the desired ascent rate has been reached, he 

closes the water inlet valve 50 so the ratio of air to 
water contained within the chamber will stabilize and 
become constant, and the proper rate of ascent will be 
maintained. The excess air will be vented through the 
automatic overpressure relief valve 35 as the diver as 
cends, keeping the ratio and the ascent rate constant. 
While the present invention has been described in 

connection with particular embodiments thereof, it will 
be understood by those skilled in the art that many 
changes and modifications may be made without de 
parting from the true spirit and scope of the present 
invention. Therefore, it is intended by the appended 
claims to cover all such changes and modifications 
which come within the true spirit and scope of this 
invention. 
What is claimed is: 
1. An underwater buoyancy compensator for use by 

divers, comprising 
a buoyancy tank adapted to be carried by a diver and 

having therein a sealable chamber of constant vol 
une, 

gas inlet valve means connected between said cham 
ber and a source of gas under pressure, 
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6 
first pressure relief valve means mounted at the top of 

said tank for connecting the top of said chamber to 
the ambient when the pressure across said first 
valve means exceeds a predetermined amount, 

second pressure relief valve means mounted at the 
bottom of said tank for connecting the bottom of 
said chamber to the ambient when the pressure 
across said second valve means exceeds a predeter 
mined amount, 

first manually operable means connected to said first 
pressure relief valve means for enabling the diver 
to manually open said first valve means, and 

second manually operable means connected to said 
second pressure relief valve means for enabling the 
diver to manually open said second valve means. 

2. An underwater buoyancy compensator according 
to claim 1, comprising 

a first elongated flexible conduit connected between 
said source of gas and said gas inlet valve means, 

a second elongated flexible conduit connected be 
tween said gas inlet valve means and said chamber, 
and 

said gas inlet valve means incorporating a manually 
operable valve for connecting said second flexible 
conduit to the ambient. 

3. An underwater buoyancy compensator according 
to claim 2 wherein 

said first and second manually operable means are 
located in proximity to the bottom of said buoy 
ancy tank. 

4. An underwater buoyancy compensator according 
to claim 3 wherein said second manually operable 
means comprises 
a cam operating means providing a mechanical ad 

vantage for facilitating the manual opening of said 
second valve means, 

5. An underwater buoyancy compensator according 
to claim 2, wherein 

said second elongated flexible tube is connected to 
the top of said chamber. 

6. An underwater buoyancy compensator according 
to claim 1, wherein 

said first and second pressure relief valve means both 
operate at substantially the same predetermined 
pressure differential thereacross. 

7. An underwater buoyancy compensator according 
to claim 1 wherein 

said first and second manually operable means are 
located in proximity to one another and to the 
bottom of said tank to permit the actuation of both 
valves by one hand of the diver. 

8. An underwater buoyancy compensator according 
to claim 7 wherein said first manually operable means 
comprises 

a rod slidably mounted to the side of said tank and 
extending from said first pressure relief valve 
means to a location in proximity to the bottom of 
said tank. 

9. An underwater buoyancy compensator according 
to claim 7 wherein 
both said first and second manually operable means 

are moved in opposite directions to open the re 
spective valves. 

10. An underwater buoyancy compensator according 
to claim 1 wherein 

said second manually operable means opens said sec 
ond pressure relief valve means in response either 
to a downward push or an upward pull thereon by 
the diver. 
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