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[ 5 7] ABSTRACT 

Buoyancy regulating apparatus is provided which per 
mits a scuba diver wearing the apparatus to attain and 
maintain a desired‘ buoyancy while descending or 
ascending in the water and regardless of his depth. 
The apparatus includes ?exible bladders which are au 
tomatically in?ated when their volume tends to de 
crease, and which are automatically de?ated when 
their volume tends to increase, so that an equilibrium 
volume condition is maintained regardless of external 
water pressure. 

8 Clains, 4 Drawing Figures 
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BUOYANCY REGULATING APPARATUS 

BACKGROUND OF THE INVENTION 
It is usual for scuba divers to wear a wet suit com 

posed of rubber or rubber-like material. However, nor 
mally the internal cell structure of the wet suit material 
entraps a relatively large quantity of air, and this re 
duces the normal density of the suit and renders it rela 
tively buoyant. For that reason, at the initial stages of 
his descent, the diver finds it dif?cult to move down 
wardly in the water. To solve this problem, it is usual 
in the prior art for the diver to wear a weight belt whose 
weight in water substantially equals the buoyancy‘ of 
the diver. Usually, the effective weight'of, the weight 
belt is selected to be a little greater than the buoyancy 
of the diver, so that the diver can descend freely and 
effortlessly into the depths of the water. 
However, as the diver descends, the external water 

pressure increases, and this causes his wet suit to com 
press and lose its buoyancy. When that occurs, the ef 
fectiveness of the weight belt becomes excessive, and 
the diver ?nds himself pulled at a relatively high rate 
downwardly towards the bottom. To prevent this from 
occurring, it is usual in the prior artto provide the diver 
with an in?atable vest, which may be inflated from his 
pressurized air tank, by separate pressure cylinders, or 
by any other appropriate means. The in?ation of the 
vestrestores the desired buoyancy of the diver as he 
moves down into the depths of the water. On ascent, 
the vest is de?ated by the diver, as the wet suit itself re 
sumes its previous buoyant condition. 
The prior art approach to the buoyancy problem, as 

described above, is not entirely satisfactory. This is be 
cause it is necessary for the diver to make continuous 
adjustments in order for his buoyancy in anyway to ap 
proach a constant state, during his descent or ascent. 
This is because amont other things, the in?atable vest, 
itself, becomes compressed as the diver descends into 
the water. The apparatus of the present invention-is 
constructed to provide a desired buoyancy for the diver 
on an automatic basis, and it relieves the diver of any 
need to make any manual adjustments in order to main 
tain a desiredv buoyancy, after he has made a prelimi 
nary setting to the apparatus. 
Brie?y stated, in the embodiment of the invention to 

be described, a manual control is provided by which 
the diver can adjust his buoyancy to a desired set point. 
Then, as the water pressure changes during the descent 
or ascent of the diver, the equipment of the invention 
causes the set point to be automatically changed so that 
an essentially constant buoyancy condition is main 
tained for all water depths, and this is achieved without 
the requirement for any further manual adjustments on 
the part of the diver. The automatic buoyancy control 
apparatus of the invention not only controls buoyancy 
as a function of water pressure, but also introduces an 
additional buoyancy adjustment to compensate for 
changes in density in the wet suit itself for different 
water pressures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective representation of the buoy 
ancy control apparatus of the invention, in accordance 
with one embodiment of the invention; 
FIG. 2 is a schematic representation of one embodi 

ment of the invention, and shows the various compo~ 
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2 
nents which cooperate with one another to achieve the 
desired purpose of the invention; 

FIG. 3 is a side elevation of a control valve which is 
included in the assembly of FIG. 2, taken essentially 
along the line 3--3 of FIG. 2; and 
FIG. 4 is a section of the valve of FIG. 3, taken along 

the line 4-4 of FIG. 3. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT ' 

The apparatus of the invention in the embodiment of 
FIG. 1 is carried as a pack on the backof the diver in 
conjunction with the usual scuba tank 10. The tank 10 
contains compressed air which is used by the normal 
scuba diving apparatus. The internal mechanism of the 
apparatus of the invention to be described, is enclosed 
within a housing having a generally rectangular con?g 
uration, as shown in FIG. 1. The housing is made up of 
two sections 12 and 14, which are ?tted together as 
shown in FIG. 1 to encompass the scuba tank 10. The 
sections 12 and 14 are normally held together but sec 
tion 12 may be released by means of a release button 
16. When the release button 16 is depressed, the sec 
tion 12 may be removed to reveal the inner compo 
nents of the ‘apparatus for servicing and replacement 
purposes. ‘ 

The housing of FIG. 1 and the internal apparatus are 
worn on the back of the diver by means of a usual web 
bing suspension system comprising, for example, shoul 
der straps 18, a waist strap 20, and a crotch strap 22. 
A pair of usual weights 24 are carried on the sides of 
the housing, and may be released if desired, by means 
of a rip cord 26. The rip cord has a ring 28 mounted on 
one of the shoulder straps 18. A set point hand wheel 
30 for the apparatus of the invention is also provided, 
and it is conveniently mounted on the other shoulder 
strap 18. The weights 24 are usually in the form of lead 
slugs mounted on the left and right sides of the housing. 

The apparatus of the invention, as shown in FIG. 2 
includes a ?rst air bladder 50 and a second air bladder 
52, each of which is sandwiched between two plates P1, 
P3 and P2, P4, respectively. The air bladder'50, for ex~ 
ample, is sandwiched between the pair of plates P1 and 
P3, and the air bladder 52 is sandwiched between the 
pair of plates P2 and P4. In each case, the inner plates 
P1 and P2 are ?xed, and the outer plates P3 and P4 are 
transversely movable. The outer plates tend to be dis 
placed laterally in and out as the external water pres 
sure changes. The plates P2, P4 and P1, P3 are hinged 
together by hinged end plates, as shown. 
A control valve 54 is mounted in the housing of the 

system, and this valve is operated, in a manner to be de 
scribed, by means of a spring loaded control yoke 56. 
The control yoke 56 has an intermediate position in 
which the control valve 54 is closed. Then, if the con 
trol yoke is pulled downwardly, the yoke opens a first 
section in the control valve 54 to release air pressure 
from the air bladders 50 and 52. When the control yoke 
is permitted to move upwardly, however, a second sec 
tion of the control valve opens to introduce pressure 
from the scuba tank 10 into the interiors of the air blad 
ders 50 and 52. The control valve 54 is coupled to the 
air bladders 50 and 52 through ?exible hoses 60 and 
62, which extend through respective ?ttings 64 and 66 
into the interiors of the bladders; and the control valve 
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is coupled to the valve of the tank 10 through a ?exible 
hose 68. 
The control yoke 56 is moved relative to the body of 

the control valve by means of a cable 70 which, as 
shown, is affixed to one end to the bottom of the con 
trol yoke 56, and which extends around both‘the air 
bladders by means of a series of pulleys 72. The other 
end of the control cable extends through a bracket 76 
mounted on the plate P1, and through a tubular con 
duit 78 to the upper end of the apparatus. The end of 
the control cable is then looped around a rotatable 
drum 80 which is controlled by the set point hand 
wheel 30 of FIG. 1. 

- Two of the pulleys, designated 72a, are mounted on 
a plate P5 which, in turn, engages a pad 86 composed 
of wet suit material. The pad 86 is sandwiched between 
the plate P5 and the stationary plate P1. This pad pro 
vides a compensation for the changes in density of the 
wet suit material, since it also compresses or expands 
as water'pressure increases or decreases, introducing a 
compensation to the control of the bladders 50 and 52. 

In the operation of the equipment, the diver ?rst sets 
the hand wheel 30 to establish a predetermined buoy 
ancy condition to the apparatus. Then, as the diverde 
scends into the water, the apparatus functions automat 
ically to maintain the preset buoyancy condition- Spe 
ci?cally, and as noted above, as the ambient water 
pressure surrounding the equipment increases as the 
diver descends into the water, the water pressure com 
presses the air in the bladders 50 and '52, so that there 
is a tendency for the outer plates P4 and P3 to slacken 
the control cable 70, and cause the cable to release its 
tension on the control yoke 56. When that occurs, the 
spring bias within the control yoke moves it slightly up 
wardly in FIG. 1, causing more air pressure from the 
bank 10*to be introduced into the air bladders, so that 
their original volume may be maintained. 
On the other hand, any decrease in water pressure 

produces a tendency for the bladders 50 and 52 to ex 
pand and cause plates P3 and P4 to move outwardly. 
This tendency causes the control cable 70 to exert a 
tension on the control yoke 56 moving it downwardly, 
so as to release air pressure from the air bladders and 
maintain their original volume. At the same time, the 
pad of wet suit material 86 monitors the actual density 
of the diver’s wet suit, so that compensations are intro 
duced into the control of the system to take care of 
changes in density and buoyancy of the diver‘s wet suit. 

The control valve 54 may be constructed as shown in 
FIGS. 3 and 4. As shown in'FIG. 3, for example, the 
control yoke 56 completely surrounds the valve 54. 
The valve has a spring loaded control button 100 pro 
truding from its upper end, and the yoke 56 is secured 
to the control button by means of a screw 102. A spring 
104 biases the yoke upwardly against the normal ten 
sion of the control cable 70. 
As shown in FIG. 4, the valve 54 includes a valve 

body 106 which de?nes an inner chamber 108. The 
control button 100 is movable in a vertical passage 
which extends axially from the chamber 108 through 
the upper end of the valve body 106. This passage has 
an enlarged lower section, and a piston 110 is movable 
in the lower section. The piston 110 is sealed to the 
walls of the lower section of the passage by means of 
an O-ring 112. A second piston 114 is movable in the 
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4 
passage above the piston 110, the piston 114 being 
sealed to the wall of the passage by an O-ring'l 16.‘ A 
spring 118 is interposed between‘the control button 
100 and the piston 114, and a second spring 120 is in 
terposed between the piston 114 and the piston 110. 
The piston 110 has a central passage, and the spring 

120 is disposed down into the central passage. A ?rst 
intake port 130 is provided which receives the hose 68 
from the tank 10. This port communicates with the 
aforesaid passage, and the introduction of pressurized 
air from thevtank 10 into the internal chamber 108 is 
normally interrupted by the piston 114 which seats 
against the piston 110. However, when the piston 114 
is biased upwardly away from the piston ll0'by the 
spring 120, the pressurized air is free to flow through 
the piston 110 into the chamber 108, and into the blad 
ders 20 and 21 through ports 132 and 134. The hoses 
60 and 62 are respectively coupled to the ports 132 and 
134 through an appropriate ?tting 63 shown in FIG. 2. 

An exhaust valve 140 is provided at the ‘bottom of the 
chamber .108, and the exhaust valve is normally biased 
into a closed. position by means of a spring 142. The 
control button 100 is coupled to the exhaust valve by 
means of a push rod 144. When the push valve 140 is 
moved away from its seat by the push rod 144, the'pres 
surized air in the chamber 108 is vfree to ?ow through 
exhaust ports 150. An adjustment screw 152 is pro 
vided for the push rod 144. The control button 100 it 
self is sealed to the body 106 by means of an O-ring 
160. _ - 

The valve 54 of FIG. 4 is shown in its normal posi 
tion, in which there is no ?ow of pressurized air 
through the valve. Now, should the control button 100 
be permitted to move upwardly in FIG. 4, due to the 
fact that the .e?‘ective volume of the‘ bladders 50 and 52 
has decreased, the spring pressure 118 is relaxed, and 
the spring 120 overcomes the former spring ‘pressure to 
bias the piston 1 14 away from the top of the piston l 10. 
This opens an inlet passage for the air from the port 
130 into the chamber 108, so that pressurized air from 
the scuba tank 10 may ?ow through the ports l32and 
134 to the air bladders 50 and 52, to restore their origi 
nal volume. 
On the other hand, should the volume of the air blad 

ders 50 and 52 increase, the resulting movement of the 
plates P3 and P4 causes the control cable to pull the 
control yoke 56 downwardly. This causes the push rod 
144 to open the exhaust valve 140, so that air pressure 
in the bladders may be relieved through the ports 132 
and 134, and downwardly through the exhaust valve 
140. Similar action is caused under the control of the 
wet suit pad 86, for the additional compensation de 
scribed above. The pad 86 is removable, so that it may 
be replaced by other pads matching in each instance 
the actual wet suit worn by the diver. 
Because of the pressure gradient of the water, it is de 

sirable to raise the internal pressure of the bladders 50 
and 52 to a point slightly above the ambient pressure, 
so as to compensate for the otherwise crushing effect 
of the water on the bottom of the bladders when the 
system is in a vertical position. This is achieved, for ex 
ample, by means of a pair of resilient straps 103 (FIG. 
2) extending around the apparatus and embracing the 
outer plates P3 and P4. A spring 104 (FIG. 3) is posi 
tioned between the control valve and the yoke 56 to 
provide a small bias on the cable and control valve so 
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that the desired pressure differential between the air 
bladders and ambient pressure may be maintained at all 
times. 
The invention provides, therefore, a relatively simple 

and inexpensive apparatus which may be worn by a 
scuba diver, or the like, and which permits the scuba 
diver to set a desired level of buoyancy, which level is 
automatically maintained by the apparatus as the diver 
moves downwardly or upwardly in the water. The appa 
ratus also includes a simple compensation means for 
changes in density of the diver’s wet suit for different 
depths in the water. 

lt‘will be appreciated that while a particular embodi 
ment of the invention has been shown and described, 
modi?cations may be made. It is intended in the claims 
to cover the modi?cations which fall withinthe spirit 
and scope of the invention. 
What is claimed is: 
1. Buoyancy regulating apparatus for scuba divers, 

and the like, comprising: 
a housing; 
suspension means attached to said housing for sup 
porting the housing on a diver; 

20 

a source of compressed ?uid mounted on said hous- ' 

?exible bladder means mounted on said housing; 
valve means; 
means pneumatically'coupling said valve means to 

said source of compressed ?uid and to the interior 
of said bladder means to introduce compressed 
?uid from said source to said bladder means for a 
?rst position of said valve means and to exhaust 
?uid from said bladder means for a second position 
of said valve means; and 

control means mechanically intercoupling said blad 
der means to said valve to move said valve to said 
first position for decreases in the volume of said 
bladder means, and to move said valve to said sec 
ond position for increases in the volume of said 
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6 
bladder means. 

2. The buoyancy regulating apparatus defined in 
claim 1, and which includes a rigid member engaging 
said bladder means and movable upon changes in the 
volume thereof, and a cable interconnecting said rigid 
member with said valve means. 

3. The buoyancy regulating apparatus de?ned in 
claim 1, in which said control means includes a cable 
interconnecting said bladder means to said valve 
means, and a manual control coupled to said cable for 
establishing a particular tension in said cable to set a 
desired buoyancy level to be maintained by the appara 
tus. 

4. The buoyancy regulating apparatus de?ned in 
claim 3, in which said control means includes compen 
sating means coupled to said cable for introducing a 
further control effect into the apparatus as a function 
of the density of the wet suit worn by the diver. 

5. The buoyancy regulating apparatus de?ned in 
claim 3, in which said compensating means comprises 
a pad of wet suit material similar to the material of the 
suit worn by the diver. 

6. Buoyancy regulating apparatus de?ned in claim 1,, 
in which said control means includes ?rst and second 
rigid plate members and a bladder sandwiched therebe 
tween, one of said plate members being af?xed to said 
housing and the other of said plate members being 
movable laterally with respect to said ?rst plate mem 
ber for changes in volume of the bladder. 

7. Buoyancy regulating apparatus de?ned in claim 6, 
in which said valve includes a spring'loaded yoke, and 
in which said control means includes a cable intercon 
necting said movable plate with said yoke. 

8. Buoyancy regulating apparatus de?ned in claim 7, 
in which one end of said cable is attached to said yoke; 
and in which said control means includes a manually 
rotatable set point control, and in which the other end 
of said cable is wound about said rotatable control. 

* * * * * 
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