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FLUID DRIVEN PNEUMATIC DISPLAYS 
This application is a continuation of copending appli 

cation Ser. No. 716,378, ?led Mar. 27, 1968, and now 
abandoned. 
The present invention relates to an apparatus which 

may be employed as an animated display simulation 
device or a toy and, more particularly, to a display 
device employing a hollow body which can be made to 

, selectively dive or rise in a tank and may be selectively 
propelled either directly forward or with rotation to the 
right or left as desired. The device employs a movable 
body which may take the form of almost any freely 
movable body such as various types of vehicles or 
animals such as submarines, airplanes, space vehicles, 
?sh, birds, etc. 

In accordance with the present invention, a small 
hollow body or craf is provided with a flap or one-way 
valve. The body is located in a closed tank of liquid 
such as water. The valve permits water to enter the in 
terior of the body but does not permit water to escape 
through the valve. When the craft is initially placed in 
the water, it has air therein and the weight of the craft 
causes water to enter the craft. The weight of the ap 
paratus may be designed such that with the tank at am 
bient pressure an equilibrium condition is established 
with the craft ?oating on the surface of the water with a 
part of the hull submerged as with normal surface ves 
sels. A jet pipe extends out of the back of the craft so 
that if and when water within the craft is pressurized, it 
may escape through the pipe. 

In operation, by increasing the pressure in the tank, 
the air in the hollow body is compressed by water en 
tering through the one-way valve until the pressure of 
the compressed air equalizes the pressure of the water. 
The water added to the craft is sufficient to cause the 
craft to seek a new level and, if the pressure developed 
interiorly of the vessel is sufficient, the craft sinks to the 
bottom. Propulsion of the craft can be effected by caus 
ing the pressure to fluctuate. Fluctuating pressure 
causes the craft to act as a pump since, when the tank is 
pressurized, water enters the craft and, when the pres 
sure in the tank is reduced, water escapes through the 
tail pipe of the craft. By relatively rapidly ?uctuating 
the pressure, the craft can be made to travel at a rela 
tively interesting velocity at a level determined by the 
average pressure in the tank. 

In one form of the invention, the tail pipe or jet pipe 
is angled outwardly from the back of the body in one 
direction and a rudder is angled in the other direction. 
If the duty cycle of the pressure fluctuation is large, 
then water is expelled from the body over only a short 
period of time and the effect of the rudder prevails. If 
the duty cycle is small, water is expelled from the craft 
over a long period of time (over half each pumping in 
terval) and the direction control exerted by the jet pipe 
prevails. 
The air bubble in the craft is analogous to a spring in 

its elasticity characteristics so that the craft may be 
made selective as to the frequency of the pressure ?uc 
tuations to which it will respond by choosing the size of 
the air bubble. The sensitivity of the system to control 
flow to and from the tank is determined by the surface 
area of the liquid in the tank exposed to variation in air 
pressure. As an example, if a piston is used to introduce 
and withdraw air from the system, a surface area ratio 
of 100 in the tank to one in the piston provides a system 
that is quite sensitive and easily controlled. 
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2 
It is an object of the present invention to provide a 

display device or toy which can be made to dive or rise 
in a tank at will. 

It is another object of the present invention to pro 
vide a display device or toy which can be made to dive 
or rise and/or can be propelled through a tank in which 
it is situated. 

In accordance with still another object of the present 
invention, there is provided an animated display which 
can be steered by increasing and decreasing the ?uid 
pressure in a tank in which the craft is situated, the 
direction of steering being determined by the rate of 
fluctuation of pressure. 
The above and still further objects, features and ad 

vantages of the present invention will become apparent 
upon consideration of the following detailed descrip 
tion of speci?c embodiments thereof, especially when 
taken in conjunction with the accompanying drawings, 
wherein: 

FIG. 1 is an illustration in elevation of an embodi~ 
ment of apparatus of the invention; I 

FIG. 2 is a bottom view of the vessel illustrated in 
FIG. 1; 

FIG. 3 is a side view of a portion of the wall of the 
tank illustrated in FIG. 1 with a trigger mechanism for 
releasing a tank pressurizing apparatus; and 

FIG. 4 is a diagrammatic illustration of a fluidic 
system for controlling operation of the vessel illustrated 
in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring speci?cally to FIG. 1 of the accompanying 
drawings, there is illustrated a tank or chamber 1 sub 
stantially ?lled with water to a level generally as in 
dicated by the reference numeral v2. The interior of the 
chamber 1 is connected via a pipe or other means of 
connection 3 to a variable source of pressure which is 
illustrated for purposes of example only as a piston 4. 
Located within the tank 1 is a body 6 which may be ini 
tially selected to have one of a wide variety of forms 
such as an aircraft, a ?sh, a bird, a diver, a space vehi 
cle, a heavenly body or any other appropriate form. In 
the example selected for discussion purposes only, the 
body is chosen as a submarine having a flap valve 7 
located in the bottom thereof and having a hollow in 
terior chamber generally designated by the reference 
numeral 8 which communicates through the valve 7 
with the water in the surrounding tank. The interior 8 
of the body 6 further communicates with the interior of 
the tank through a jet pipe 9 located at the back of the 
body. The body is provided with a rudder 11 although 
this is not essential. It will be noted that the tank 1 is 
provided with a removable cover‘ 12 schematically il 
lustrated as a screw-on type cover. The pump and con 
nection assembly to the interior of the tank is illus 
trated as being connected through the top 12 but, of 
course, it may just as well be connected through any of 
the walls of the tank. 

In operation, the top 12 of the tank 1 is removed; the 
device is substantially ?lled with water; and the body or 
craft 6 is placed therein. The craft may be made of a 
material such as rigid plastic or very lightweight metal 
such that it will normally ?oat on the surface of the 
water in the tank. Of course, some water will enter 
through the flap valve 7 into the interior of the vessel 
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but the amount will be minimal until the tank is placed 
under pressure. Continuing, the cover is placed on the 
tank 1 and the pressure is increased, moving the piston 
4 toward the tank forcing air into the vessel. The air in 
the tank is compressed and increases the pressure in 
the water. The pressure of the water rises above the 
pressure of the air in the interior 8 of the body 6, water 
enters the vessel through the ?ap valve 7. The air bub 
ble in the vessel is compressed to, for instance, a level 
indicated by the water level line 13. The addition of 
water to the interior of the vessel 6 increases the weight 
of the vessel and when the weight of the water and the 
weight of the vessel is greater than the weight of the 
water displaced thereby at the surface, the craft sinks 
to a level where the weight of displaced water is equal 
to the combined weight of water interiorally of the craft 
6 and the material from which the craft is manufac 
tured. 
When the pressure in the tank is reduced by 

withdrawing the piston 4, for instance, the water in the 
vessel cannot escape through the ?ap valve 7 and 
therefore it must escape through the jet pipe 9. If the 
pressure is released gradually the vessel will simply rise; 
if the pressure is decreased rapidly the relatively rapid 
?ow of water through the pipe 9 causes the vessel to 
travel in the direction opposite to the ?ow water 
through the pipe or as illustrated in FIG. 1, causes the 
vessel to travel from right to left. If the piston 4 is oscil 
lated so that the pressure in the tank 1 is pulsed, rapid 
increases and decreases in pressure are produced and a 
relatively large ?ow of water passes through the jet pipe 
9 so that the vessel moves at a relatively uniform rate 
through the water. The rate at which the vessel travels 
is determined by the quantity of water moving through 
the jet pipe per unit of time. Both the amplitude of the 
pressure ?uctuations and the frequency of pressure 
variations affect water flow per unit of time. It is ex 
pected that usually the amplitude of ?uctuations will be 
?xed and thus frequency will be used to control speed 
of the vessels. 
From the above it is apparent that average pressure 

controls depth of the craft, and frequency controls its 
speed. However, design of the craft is also important. 
Vessels having different weights, for instance, seek dif 
ferent levels in the tank. In this respect the size of the 
cavity 8 is also of importance since the quantity of 
water which enters the vessel, and thus the weight 
change, is determined by the size of the cavity. Taking 
into account both weight and cavity size, a light craft 
with a small cavity requires a large pressure change to 
change levels whereas a heavy craft with a large cavity 
is very sensitive to pressure changes. 
The size of the cavity also determines the frequency 

of pressure ?uctuations to which the craft is particu 
larly sensitive. An air bubble has an elastic charac 
teristic and thus responds in a resonant manner to 
speci?c frequencies. The water ?ow in and out is much 
greater at the resonant frequency of the bubble than at 
any other frequency and thus craft may be selectively 
controlled by use of appropriate frequencies. Thus, if 
two vessels are in the tank, one with a small and one 
with a large air bubble, use of an appropriate high and 
an appropriate low frequency respectively will produce 
selective control of the vessels. 
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4 
In this respect, one vessel may have two cavities of 

different sizes so that the two cavities respond to dif 
ferent frequencies. This concept is illustrated in FIG. 1 
as applied to the faint-line position of the vessel 6 
designated in this position by the reference numeral 6'. 
A solid partition 10 divides the interior of the vessel 6' 
into two cavities, a larger cavity 8’ and a smaller cavity 
8". Each cavity 8' and 8" communicates with the ex 
terior of the vessel through distinct ?ap valves 7’ and 
7" and tubes 9 and 9’ respectively. 

It is apparent from the drawing that the cavity 8" is 
considerably smaller than the cavity 8'. Thus, the cavi 
ty 8" resonates at a higher frequency than the cavity 8' 
and the craft is propelled left to right in FIG. 1 if the 
cavity 8" is excited and is propelled from right to left if 
the cavity 8’ is excited. 
The tubes 9 and 9' may both extend from one end of 

the vessel but at different angles so as to effect steering 
by frequency selection rather than by duty cycle. Also, 
the passages may be positioned at right angles relative 
to one another so that one propels axially and the other 
rotates the vessel. 

Referring now speci?cally to FIG. 2 of the accom 
panying drawings, if the rudder ll of the craft is set so 
that as the craft moves the rudder tends to produce 
steering in one direction and the jet pipe 9 is directed in 
the opposite direction from the rudder 11, control of 
direction of movement of the craft may be achieved. 
Speci?cally, if the reaction produced by water ?owing 
through the pipe 9 is relatively small, then the steering 
action produced by the rudder 1 1 predominates and in 
the illustration of FIG. 2 the craft tends to rotate coun 
terclockwise. However, if reaction to ?ow through the 
pipe 9 predominates the craft rotates or steers 
clockwise as illustrated in FIG. 2. 
Whether the effect of the rudder 11 or jet pipe 9 

predominates is determined by the average length of 
time liquid is expelled from 9. If the time interval of 
?ow from the pipe 9 is suf?cient, the effect of the pipe 
will predominate. The time interval of flow from the 
vessel is determined by several factors but only the duty 
cycle of the pressure ?uctuations may be controlled 
once the system is put into operation. By the duty cycle 
of the pressure ?uctuations is meant the ratio of the in 
terval during which pressure is increased to the interval 
during which it is decreased. High duty cycle is when 
pressure increases for more than half the time and low 
duty cycle is the opposite. Therefore, in a high duty 
cycle system, the rudder effects will usually 
predominate since it is effective over half the time. In a 
low duty cycle system, water is expelled from pipe 9 for 
over half the time and the jet pipe effect tends to 
predominate. 

In summary, the average pressure controls depth of 
the vessels, frequency controls speed, and may be used 
to select one craft relative to another and duty cycle 
controls direction of turning of a moving vessel. 

It is apparent that if steering is not desired, the jet 
pipe 9 may be directed straight into the back of the 
craft and the rudder may be dispensed with or if desired 
for stabilization may lie along the main axis of the craft. 
The apparatus has been described as employing a 

water-air system. Actually any combination of an in 
compressible and a compressible ?uid may be em 
ployed so long as they are relatively immiscible or some 
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other means; such as, a thin elastic membrane, is em 
ployed to maintain separation of the ?uids. Further, the 
apparatus is described in terms of pressurizing the 
system. Actually, the system may be initially pres 
surized so that control is effected by reducing pres 
sures. Thus, in FIG. 1, the piston 4 may be moved away 
from tank 1 to reduce pressure therein to cause vessels 
which normally lie on the bottom to rise to prescribed 
heights. 
An application of the latter approach to operation of 

the system is illustrated in FIG. 3 of the accompanying 
drawings. The figure actually illustrates a partial 
horizontal section through the tank 1 to which is ap 
plied a device consisting of a piston 16 located in a 
passage 17 in communication with the interior of a tank 
1. The piston 16 may be withdrawn; that is, moved out— 
wardly away from the interior of the vessel 1 by means 
of a handle 18 operating against a compression spring 
19. A latch arrangement 21 is provided for holding the 
piston 16 in its retracted position. 
The operator manipulates the piston 4 to cause the 

vessel to rise to the height of the latch mechanism 21 
and operates the piston at a duty cycle such as to steer 
the vessel to the latch 21 from the direction indicated 
by the arrow 22. If the vessel is made to contact the 
portion of the latch 21 extending into the interior of the 
vessel, then the latch 21 is withdrawn from in front of 
the piston 16 and the piston 16 moves toward the in 
terior of the vessel 1 under the force supplied by the 
compression spring 19. This action increases the pres 
sure in the tank and causes the vessel to fall to the bot 
tom indicating a hit. The interior pressure of the vessel 
is initially such that when the piston 16 is in its forward 
most or leftmost position, the interior of the vessel 1 is 
pressurized suf?ciently to cause the vessel to be at the 
bottom and when the piston 16 is withdrawn to the 
position illustrated in FIG. 3, the interior pressure of 
the vessel is such that the piston 4 may readily select 
the height at which the vessel is to operate. 

Thus, the apparatus of FIG. 3, if incorporated in the 
vessel 1, provides a child playing with the toy an oppor 
tunity to practice and assess his skill at manipulating 
the vessel and also if two are playing the game may per— 
mit an “enemy” to capture a vessel and cause it to be 
sunk by tripping the latch 21. Two latches may be pro 
vided each increasing pressure a different amount. If 
two vessels are of different bouyancies then releasing 
one latch may cause only one vessel to sink while 
releasing both latches may cause both to sink. 
As an additional feature, the latch 21 may be em 

ployed to release a depth charge which could be a mag 
net. If the magnet contacts the vessel which in this case 
would have to contain a high permeability material, the 
magnet adheres to the vessel and causes it to sink. 
The piston 4 may be replaced by a bellows and either 

the piston or the bellows may be driven by a variable 
speed, variable stroke drive. Relatively complex link 
ages would be necessary to provide variable duty cycle 
and, although such are known and could be provided, 
the better approach would appear to be to employ 
?uidic controls throughout thus permitting ready con 
trol of the various factors involved in the system. 

Referring now speci?cally to FIG. 4 of the accom 
panying drawing, there is illustrated a ?uidic system 
which may be employed to control the apparatus of 

3,695,607 

10 

25 

45 

50 

55 

6 
FIG. 1. Specifically, the apparatus comprises a variable 
frequency oscillator 23 which may be of the type illus 
trated in Warren US. Pat. No. 3, l 58,166. The variable 
frequency oscillator 23 is connected to supply periodic 
pulses to a pulse width modulator generally designated 
by the reference numeral 24. The pulse width modula 
tor may be of the type illustrated in Warren et al. U.S. 
Pat. No. 3,228,410 particularly as illustrated in FIG. 1. 
The oscillator of FIG. 1 of the Warren et al. patent is 
replaced with the variable frequency oscillator of the 
aforesaid Warren patent. Obviously, any of the variable 
frequency oscillators of the Warren patent or other 
known ?uidic oscillators may be employed with any of 
the various pulse width modulation schemes of the 
Warren et al. patent. 
The pulse width modulator does not change ap 

preciably the basic frequency supplied by the oscillator 
23 but does vary the duty cycle of the pulses supplied to 
output passages 26 and 27 of the modulator. The 
passages 26 and 27 are connected to supply signals to 
the control nozzles 28 and 29 of a pure ?uid analog am 
pli?er 31. An output passage 32 of the ampli?er 31 is 
connected to the passage 3 supplying air to the tank 1 
of FIG. 1. Bias control signals for the pulse width 
modulator are applied through passages 33 and 34 and 
bias signals are applied to control nozzles 28 and 29 via 
passages 36 and 37 respectively. 

In operation, the frequency of the oscillator 23 may 
be varied to determine the speed of the craft. The bias 
signals supplied via passages 33 and 34 to the modula 
tor 24 determine the duty cycle of the ?uid supplied to 
the tank 1 and thus determine the turning or direction 
of movement of the craft. By controlling the ?uid sup 
plied to the passages 36 and 37 the quiescent position 
of the power stream of the ampli?er 31 is adjusted to 
determine the average dc level of ?uid supplied to the 
passage 3. Thus, with the various sets of adjustment an 
operator may control speed, direction of movement 
and level of the craft in the tank. Where frequency 
selective type vessels are used, the variable frequency 
oscillator may have its frequency varied to determine 
the particular craft to be manipulated. Actual control 
of the oscillator is by control of a pair of valves 38 and 
39 which control ?ow of ?uid from the feedback path 
of the ?uid ampli?er and thus,as explained in the War 
ren patent, control its frequency of oscillation. 
As indicated in the introduction of the application, 

the apparatus of the present invention may be em 
ployed as a toy or may be employed for display pur 
poses. If it is desired to independently and concurrently 
control two or any number of vessels in a tank any 
number of apparatus as illustrated in FIG. 4 may be em 
ployed although it is to be pointed out that the interac~ 
tion between the devices would tend to produce an 
average internal pressure and also disrupt operation ex 
cept where frequency selective vessels are employed. 

While I have described and illustrated one speci?c 
embodiment of my invention, it will be clear that varia 
tion of the details of construction which are speci?cally 
illustrated and described may be resorted to without 
departing from the spirit and scope of the invention as 
de?ned in the appended claims. 

I claim: 
1. A pneumatic device comprising: 
a closed tank containing an incompressible liquid; 
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a body adapted to be immersed in said tank and hav 
ing a predetermined axis, an interior cavity in said 
body containing a compressible ?uid, a one-way 
valve for admitting said liquid into said cavity 
when the pressure of said liquid in the vicinity of 
said body is greater than the pressure in said cavi 
ty, a ?uid passage communicating between said 
cavity and the exterior of said body, said ?uid 
passage having an impedance to ?ow therethrough 
which is large relative to the impedance of said 
one-way valve to inflow of said liquid when the 
pressure of said liquid in the vicinity of said body 
exceeds the pressure in said cavity, whereby sub 
stantially all liquid in?ow to said cavity is via said 
one-way valve and substantially all liquid out?ow 
from said cavity is via said ?uid passage, said ?uid 
passage being oriented such that liquid out?ow 
from said cavity has ?ow components parallel and 
perpendicular to said predetermined axis, and a 
rudder member extending from said body for 
producing a turning force to turn said body rela 
tive to said predetermined axis whenever said body 
has a component of momentum along said axis and 
no liquid is ?owing out of said cavity via said ?uid 
passage; 

said valve and said ?uid passage being located below 
the top of said cavity; 

control means for cyclically varying the pressure of 
said liquid in said tank at a frequency which is suf 
?ciently great to propel said body in a direction 
opposite the direction of out?ow through said ?uid 
passage; 

wherein said perpendicular ?ow component from 
said ?uid passage is oriented to provide a turning 
force on said body which is directed oppositely to 
the turning force produced by said rudder 
member; and 

additional means for selectively varying the duty 
cycle of the cyclically varying liquid pressure 
variations provided by said control means; 

wherein said control means comprises a ?uidic oscil 
lator for providing a train of ?uid pulses and addi 
tional means for selectively varying the frequency 
of said ?uid pulses, and wherein said additional 
means comprises a ?uidic pulse width modulator 
responsive to said ?uid pulses from said ?uidic 
oscillator for selectively varying the duration of 
said pulses and applying said pulses to said tank to 
cyclically vary the pressure of said liquid. 

2. A pneumatic display device comprising: 
a tank adapted to be closed and to contain an incom 

pressible liquid; 
a body adapted to be immersed in said tank and hav 

ing an interior cavity; 
means for dividing said interior cavity into ?rst and 
second ?uid-isolated sub-cavities each adapted to 
contain a compressible ?uid; 

?rst and second ?uid passages extending into said 
tank from said ?rst and second sub-cavities, 
respectively; 

said ?rst sub-cavity being substantially larger than 
said second sub-cavity, whereby said ?rst sub~cavi 
ty has a ?rst resonant frequency different from a 
second resonant frequency possessed by said 
second sub-cavity, 

5 

15 

25 

35 

40 

45 

55 

65 

8 
said ?uid passages being located below the top of 

said sub-cavities; and 
control means for cyclically varying the pressure in 

said tank over a range of frequencies including the 
resonant frequencies of said sub-cavities, wherein 
said control means comprises a ?uidic oscillator of 
the type wherein a stream of pressurized ?uid is 
cyclically de?ected relative to at least one outlet 
passage by at least one relatively low pressure ?uid 
stream, said outlet passage being arranged to issue 
stream into said tank. 

3. The device according to claim 2 wherein said first 
and second ?uid passages comprise ?rst and second 
tubes, respectively, extending from said ?rst and 
second sub-cavities, respectively, and wherein said 
control means further includes: means for at will vary 
ing the duty cycle of said cyclically varying pressure. 

4.. A pneumatic display device, comprising: 
a tank adapted to be closed and to contain an incom 

pressible liquid; 
a body adapted to be immersed in said tank, said 
body having ?rst and second interior cavities each 
adapted to contain a compressible ?uid, means for 
permitting entry of said liquid into said cavities in 
response to increasing pressure in said tank, and 
for expelling said liquid from said cavities in a 
predetermined direction in response to decreasing 
pressure in said tank; and 

control means for translating said body through said 
liquid in a direction generally opposite said 
predetermined direction by cyclically varying the 
pressure in said tank, 

said control means including: a ?uid passage in pres 
sure communication with said tank; means for is 
suing a stream of pressurized ?uid generally 
toward said ?uid passage; and means for cyclically 
de?ecting said stream relative to said ?uid 
passage. 

5. The device according to claim 4 wherein said cavi 
ties have different volumes and different resonant 
frequencies, and wherein said control means includes 
means for at will varying the frequency of said cycli 
cally varying pressure, said frequency being variable 
over a continuous frequency range which includes the 
resonant frequencies of said cavities. 

6. A pneumatic device comprising: 
a tank adapted to be closed for containing an incom 

pressible liquid; 
control means for cyclically varying the pressure of 

said liquid in said tank; and 
a body adapted for insertion into said tank and hav 

ing an internal cavity adapted to contain a com 
pressible ?uid and means for admitting said liquid 
into said cavity when the liquid surrounding said 
body is at a pressure in excess of the pressure in 
said cavity and expelling said liquid from said cavi 
ty when the pressure of said liquid in the vicinity of 
said body exceeds the pressure in said cavity, 

wherein said control means comprises a ?uidic oscil 
lator including: a ?uid passage; means for issuing a 
?uid stream generally toward said ?uid passage; 
means for cyclically de?ecting said ?uid stream 
relative to said ?uid passage; and means for pres 
surizing the liquid in said tank as a function of the 
pressure in said ?uid passage. 

* * * * * 


