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volatile or hazardous fluid, particularly such as fuel in an aircraft fuel supply system. Each fluid storage tank (10) comprises a tank
body (18) In combination with a movable base wall (22) defining a variable volume internal chamber (14) for receiving and storing
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(S7) Abstract

A variable volume storage tank (10) or reservoir and related fluid (12) transfer
system are provnded for storing and transferring volatile or hazardous fluid, partncularly
such as fuel in an aircraft fuel supply system. Each fluid storage tank (10) comprises |  [s55
a tank body (18) in combination with a movable base wall (22) defining a variable
volume internal chamber (14) for receiving and storing fluid (12).
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FLUID TRANSFER SYSTEM

BACKGROUND OF THE INVENTION

This invention relates generally to devices and systems for storing
and trans;ferring volatile and/or potentially hazardous fluids, particularly such
as aircraft fuel in a fuel delivery system for an aircraft. More specifically, this
invention relates to an improved variable volume storage tank or reservoir for
storing and dispensing a selected fluid such as aircraft fuel or the like, wherein
the storage tank substantially precludes the formation of a residual air space
~ or vapor space within the storage tank as fuel is dispensed therefrom, and
further wherein the storage tank is provided with externally mounted fiuid level
sensor means for monitoring the ievel or volume of fuel remaining within the
tank. The variable voiume storage tank may be utilized in a variety of fluid
transfer applications, such as transfer of potentially hazardous fiuids, or
transter of fluids in an outer space environment.

‘ Modern aircraft are commonly equipped 'with multiple fuel tanks
mounted at different positions along the aircraft fuselage and wings, wherein
such multiple fuel tanks are designed to carry a substantial quantity of fuel and
thereby provide the aircraft with a significant potential range of flight. The fuel
tanks are normally interconnected with each other to accommodate inter-tank
fuel transfer and thereby permit substantially uniform or balanced distribution
of the fuel load throughout the aircraft, particuiarly as the fuel is depleted
during flight operations by delivery to one or more aircraft engines. Moreover,
for relatively short range flights, it is common for the aircraft to take off with
only a partial fuel load, sometimes with one or more of the fuel tanks in an
empty condition in order to reduce overall aircraft weight and thereby improve
tuel efficiency. Internal fuel transfer pumps are commonly mounted within the
various fuel tanks and can be operated on the ground or in-flight to transfer
fuel from one tank to another, or to empty one or more fuel tanks preparatory
to short range flight operations. In addition, aircraft fuel tanks are normally

equipped with fuel level sensors mounted inside the various tanks to provide
the flight crew with an indication of the remaining fuel volume in each tank.
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In recent years, a number of aircraft accidents have been
attributed to malfunctions associated with fuel tanks and related systems for
delivering fuel to the aircraft engines. More specifically, aircraft fuel tanks are
normally provided in a fixed volume configuration for containing a specified
maximum quantity of fuel in a substantially filled condition. As the fuel is
transferred from a tank in the course of fuel usage or as a result of fuel
transfer to another tank, a substantial air or vapor space is created within the
tank above any fuel remaining therein. This air or vapor space undesirably
provides a site for the formation and accumulation of volatile fuel vapors in a
high concentration. This accumulation of fuel in vapor form not only wastes
fuel and represents a source of air pollution, but also presents a safety hazard
in the presence of air and any source of ignition. One potential ignition source
comprises the electrically powered and/or friction generating fuel transfer
pumps mounted directly within the aircraft fuel tanks. Another potential

- Ignition source comprises other electrically powered devices such as fuel level
sensors mounted directly within the fuel tanks.

The present invention seeks to overcome these problems and
disadvantages, by providing an improved fuel storage tank or reservoir of
variable volume design to substantially eliminate residual air or vapor space
when the tank is in an empty or partially empty condition, and further wherein
the fuel level within the storage tank is monitored by an externally mounted
fuel sensor. The improved variable volume tank of the present invention can
be ganged together in a multiple tank system, in an aircraft or other fluid

transfer environment, to provide safe and efficient fluid transfer from one
location to another.

SUMMARY OF THE INVENTION

In accordance with the invention, an improved fluid storage tank
or reservoir is provided, wherein the storage tank is particularly suited for safe
and efficient fluid transfer such as in an aircraft fuel supply system or the like.
The improved storage tank has a variable volume construction with
substantially no residual air or vapor space as fiuid is delivered therefrom, and

further wherein the storage tank is adapted for fluid level monitoring by means
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of a sensor unit mounted outside the tank. The variable volume fluid storage
tank of the present invention is adapted for use in an interconnected multiple
tank system for safe and efficient delivery of fuel to aircraft engines or the like,
and also for safe and efficient transfer from one tank to another. The storage
tank is also adapted for safe and efficient transfer of fluid in a controlied

manner from one location to another in a variety of different fluid handling
environments.

In one preferred form, the improved fluid storage tank or reservoir
‘comprises a tank body having an outlet or dispense port at one end and a
movable base wall mounted on the tank body generally at an opposite end
thereof by a flexible bellows like membrane.. The tank body cooperates with
the movable base wall to define a variable volume internal chamber for
receiving and storing a fluid such as fuel or the like. As fuel is delivered from
the storage tank, the base wall displaces progressively into the tank body to
substantially preclude the presenée of an air or vapor space within the internal
chamber. The fluid level sensor unit includes means mounted outside the
internal chamber for tracki'ng the displacement of the base wall to provide an
indication of the fluid level or volume remaining within the tank.

A plurality of fluid storage tanks of the present invention may be
ganged together in a multiple tank system, such as in an aircraft fuel supply
system, with each storage tank including at least one transfer port to permit
fluid transfer between tanks. During normal operation, fuel can be delivered.
proportionally from each storage tank in the system to one or more aircraft
engines, with the movable base wall within each tank following the fuel level
therein to substantially preciude any air or vapor space within which volatile
fuel vapors might otherwise collect. In the event of malfunction within one of
multiple aircraft engines and related shut-off of fuel supply thereto, fuel will
continue to be delivered proportionally from the muitiple storage tanks in the
system to the remaining operational engines. In the event of damage to one

by appropriate advancement of the base wall within the damaged tank and a
corresponding retraction of the base wall within one or more tanks into which
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the fuel is to be transferred. Such fuel transfer is accomplished without

Introducing any significant air or vapor space in the system.

In one preferred multiple tank system arrangement, the plurality
of storage tanks comprise a series of storage tanks mounted end-to-end and
adapted for nested reception one within the other as the fluid supply therein
is depleted. For exampile, in an aircraft fuel supply system, a first storage tank
has the dispense port thereof coupled to a fuel manifold or the like for delivery
of fuel to aircraft engines. A second storage tank of smaller size has the
dispense port thereof coupled to the movable base wall of the first storage
tank for delivery of the fuel therein to said first storage tank. A third and
subsequent storage tanks of progressively smaller size may be coupled
respectively in a similar serial manner to the movable base walls of the second
and subsequent storage tanks. As fuel is depleted, the second and
subsequent storage tanks will track the displacement of the base walls to
which they are mounted, resulting in nesting of the storage tanks wuthm each
other.

Other features and advantages of the invention will become more
apparent from the following detailed description, taken in conjunctiori with the
accompanying drawings which illustrate, by way of example, the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate the invention. In such
drawings: ' |
FIGURE 1 is a fragmented vertical sectional view illustrating a
variable volume storage tank or reservoir constructed in accordance with the
- novel features of the invention:

FIGURE 2 is a fragmented vertical sectional view of the storage
reservorr of FIG.1, depicting dispensing of a fiuid such as fuel therefrom;
FIGURE 3 is an enlarged and fragmented vertical sectional view

of a portion of the storage reservoir of FIG. 2, showing operation of a flow rate
controller to reguiate fluid dispensing from the reservoir:
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FIGURE 4 is an enlarged and fragmented horizontal sectional
- view taken generally on the line 4-4 of FIG. 1;

FIGURE 5 is an enlarged and fragmented horizontal sectional
view taken generally on the line 5-5 of FIG. 2:

FIGURE 6 is a schematic diagram lllustrating use of muitiple
storage reservoirs of the type shown in FIGS. 1-5, arranged in a system for
fueling a pair of aircraft engines or the like:

FIGURE 7 is a schematic diagram similar to FIG. 6, but lllustrating
operation of the multiple fuel storage reservoirs in the event of malfunction by
one of the aircraft engines; | '

FIGURE 8 is a schematic diagram similar to FIG. 8, but showing
use of multiple storage reservoirs of the type shown in FIGS. 1-5. arranged in
a system for fueling four aircraft engines or the like:

FIGURE 9 is a schematic diagram snmllar to FIG. 6, depicting
multaple storage reservoirs of the type shown in FIGS. 1-5 arranged in a
system for fueling a pair of aircraft engines or the like, and further including an
auxiliary or standby fuel storage reservoir: '

FIGURE 10 illustrates a pair of variable volume fluid storage tanks
or reservoirs of the type shown in FIGS. 1-5, shown in vertical section. and
Hlustrating transfer of fluid from one storage reservoir to the other:

FIGURE 11 depicts transfer of fluid from a collapsible and
disposable supply container to a variable volume fluid storage tank or reservoir
formed in accordance with the invention:

FIGURE 12 shows a plurality of variable volume fluid storage
tanks or reservoirs of the type shown in FIGS. 1-5, provided in different sizes
and interconnet:ted to accommodate space efficient nesting of the storage

reservoirs as fluid is dispensed therefrom;:

FIGURE 13 shows the multlple storage reservoirs of FIG. 12 in a
substantlaliy hested configuration:

FIGURE 14 illustrates a military jet aircraft equipped with nestable
variable volume fuel tanks of the type shown in FIGS. 12 and 13:

FIGURE 15 shows a network of variable volume fiuid storage

tanks or reservoirs formed in accordance with the invention, and
interconnected to a common dispense line: and
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FIGURE 16 illustrates a pair of variabie volume fluid storage tanks
or reservonrs of the type shown in FIGS. 1-5, shown in vertical section, and
illustrating transfer of fluid from one storage reservoir to the other, and
employed for use in controlied docking of space vehicles or the like.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in the exemplary drawings, an improved storage tank
or reservoir referred to generally by the reference numeral 10 is provided for
storing and handling a fiuid 12, such as fuel or the like in an aircraft or motor
vehicle fuel supply system. The fluid storage tank 10 defines a variable
volume chamber 14 from which the selected fiuid 12 can be dispensed,
substantially without creation of any residual air or vapor space. Moreover, a
flud level sensor unit 16 is provided for indicating the volume of fiuid
remaining within the storage tank 10, wherein the sensor unit 16 is mounted
outside the fluid-containing chamber 14 and is thus isolated from direct
contact with the fluid 12. A plurality of storage tanks 10 constructed in
accordance with the invention may be ganged together in a fluid supply
system, such as a fuel supply system for an aircraft or the like. Alternately, the
storage tank 10 may be utilized in a variety of fluid handling applications for
safe and efﬁCient transfer of potentially hazardous materials.

As shown in F IGS. 1-5 in accordance with one preferred form of
the invention, the fluid storage tank or reservoir 10 comprises a relatively rigid
hollow tank body 18 of selected physical size and shape, and having an open
outlet or dispense port 20 formed at a lower end thereof. An upper end of the
tank' body 18 is open for sliding reception of a base wall 22 having a cross
sectional shape for relatively close sliding conformance with the cross
sectional geometry of the tank body 18. The base wall 22 is coupled generally
at its periphery to a flexible beliows like annular membrane 24 which is in turn
secured to the tank body 18 at or near the upper end thereof. With this
construction, the base wall 22 comprises a movable wall which cooperates
with the tank body 18 to define the variable volume chamber 14 within which
the fluid 12 is contained. FIG. 1 shows the base wall 22 in a substantially
retracted position with the storage tank 10 in a substantially filled condition,
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whereas FIG. 2 shows the base wall 22 in a partially advanced position with
the storage tank 10 in a partially emptied condition. The storage tank 10 may

be mounted on a suitable frame 26, such as a frame for supporting the tank

within or on an aircraft in a fuel system environment or the like.

The fluid 12 is delivered through the dispense port 20 in a
controlled manner for use. More particularly, FIGS. 1-3 illustrate one form of
a flow rate controller 28 coupled to the dispense port 20 for regulating delivery
of fluid 12 such as liquid fuel to a fuel manifold 30 via which the fuel is
déliver_ed to one or more aircraft engines (not shown) in an aircraftfuel supply.
system application. The illustrative flow rate controller 28 cbmprisés a ported
resilient nipple 32 attached to the tank body 18 at the dispense port 20 by
means of a cap fitting 34 or the like, preferably to include a suitable fuel filter

36 seated within the dispense port 20. Fluid flow through the nippl-e 32 may
be regulated by a ciamp having movably adjusted jaws 38 and 40 engaging

- the nipple on opposite sides thereof slightly above or upstream from a nipple
port 42 which may have a generally X-shaped‘slit configuration as viewed In
FIGS. 4 and 5. A control block 43 (FIG. 1) is provided for adjustably setting
the clamp jaws 38, 40 to partially compress or squeeze the nipple 32 to
enlarge the open flow area defined by the nipple port 42, as shown by wéy of
example in FIGS. 2, 3 and 5, or to allow the nipple '32 to return to a
substantially undeformed state with the port 42 closed as viewed in FIGS. 1
‘and 4. Alternately, the ciamp jaws 38, 40 may be displaced toward each other
sufficiently to tightly clamp and positively close the nipple 32 to fluid flow
therethrough. When the nippie pdrt 42 is open, fiuid dispensing from the tank
10 may proceed by gravity flow, or with the assistance of one or more fuel
p_umps 44 as would typically be provided in an aircraft fuel system, or by
means of a venturi-type fluid pressure differential to create suction on fluid

~ within the tank 10. Alternative fluid flow regulator devices for providing a
variably set outflow orifice may aiso be used, such as a pair of adjustably set
overlymg flow ports of the type shown and descnbed in U.S.

| ) Patent No. 6,053, 888
issued on April 25, 2000.

~ The rate of fluid flow from the storage tank 10 1s monitored by the fluid
~ level senor unit 16. FIGS. 1 and 2 show the sensor unit 16 to include a sensor
housing 46 mounted at the upper end of the tank body 18 by means
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of a mounting collar 48 or the like. The sensor housing 46 encases a sensor

track arm 50 which is movably carried for displacement in response to
changes in the level of the fluid 12 withing the tank chamber 14.

More specifically, the sensor track arm 50 comprises a vertically
oriented element having a lower end coupled by a weighted slug 52 or the like
adapted to rest upon and preferably connected to an upper outboard face of
the movable base wall 22. As shown in FIG. 1 with the tank 10 in a
substantially filled condition, the sensor track arm 50 extends upwardly within
the sensor housing 46 to terminate at an upper end positioned at or near the
upper end of the housing 46. However, as fluid is dispensed from the tank 10,
the sensor arm 50 descends in a manner following or tracking the base wall
22, whereby the upper end of the sensor arm 50 also translates downwardly
within the sensor housing 46. Importantly, the upper end of the sensor arm
50 carries a conductive contact 54 past a vertically spaced succession of
conductive pads 56 on the sensor housing 46, resulting in a succession of
electrical signals which can be detected by a monitor 58. The monitor 58 may
be programmed to translate this movement of the sensor arm 50 to determine
and indicate the remaining fluid volume within the storage tank 10.

In addition, the sensor track arm 50 is desirably linked to the
monitor 58 or other suitable mechanical actuator device for positively
advancing or retracting the sensor arm 50 relative to the associated fiuid
storage tank 10. Advancing displacement of the track arm 50 causes the
movable base wall 22 to advance or descend into the tank body 18, with the
result that the fluid contained within the chamber 14 is positively displaced or
transferred from the tank to another location via the dispense port 20 or
through one or more fluid transfer ports 62 formed on the tank body 18 at
locations generally adjacent to the dispense port 20. Conversely, retraction
movement of the track arm 50 causes the movable wall 22 tb retract or move
upwardly within the tank body 18 to draw additional fiuid from another location
via the dispense port 20 or through one or more transfer ports 62 into the tank
chamber 14. Importantly, during such fluid transfer from or to the associated
storage tank 10, the liquid is displaced substantially without creation of any air
or vapor space within the tank chamber 14. MOreover, if desired, portions of
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the storage tank exterior such as the sensor unit 16 may mclude inert or
relatively fireproof materials or coatings to further reduce the risk of fire.

Of course other types of sensors may be utilized, such as
ultrasonic level transmitters. , |

FIGS. 6 and 7 llustrate multiple storage tanks 10 of the type
shown and described in FIGS. 1-5, utilized in a system arrangement for
supplying fuel to a pair of engines 60 in a aircraft. For such system
arrangement, the multiple tanks 10 are conveniently interconnected to each
other by means of the transfer ports 62 positioned adjacent the associated
dispense port 20 near the lower end of each tank body 18, as viewed in FIGS.
1-3. These transfer ports 62 are normally closed and sealed yet permit quick-
connect lnterconnectlon of multiple storage tanks 10, three of which are shown
In the exemplary embodiment of FIGS. 6 and 7. Specifically, the three storage
tanks 10 are interconnected in-line, with one tank mounted centrally between
the other two tanks and flow coupled therewith by means of fluid transfer lines
64 coupled between the associated transfer ports 62. These fluid transfer
lines 64 may comprise resilient tubing with clamp-type control valves 66
mounted thereon, constructed as shown and described in FIGS. 3-5, for
selectively closing the associated fluid transfer line 64 on an as-needed basis.
Alternately, other fluid conduit materials and other types of control valves may
be used such as the flow rate controller 28.

The outboard pair of the fuel storage tanks 10 shown in FIGS. 6
and 7 have their respective dispense ports 20 coupled to a corresponding pair
of fuel manifolds 30 each shown to include a fuel pump 44. During normali
operatlon all three of the interconnected fuel storage tanks 10 deliver fuel to
the engines 60. That is, the fuel storage tanks 10 are open for fuel flow
therebetween, and thereby essentially comprise a common fuel reservoir for
supplying the engines 60. In each tank 10, as fuel is dispensed therefrom, the
associated base wall 22 descends within the tank body 18 to maintain the
absence of any significant air or vapor space above the residual volume of
fuel. Asa result, there is virtually no opportunity for any significant amount of
potentially explosive fuel vapor to be present. In addition, the sensor unit 16
associated with each of the multiple tanks 10 provides a current indication of
the unused voilume of fuel, without requiring any portion of the sensor unit 16
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to be mounted-directly'within the fuel-containing chamber 14. With thie
construction, potential for a catastrophic fire or explosion attributable to
accumulated fuel vapors and/or the presence of electrical components as a
source of ignition within the fuel chamber 14 are substantially avoided.

In the event of system malfunction, such as an engine failure or
a fuel pump failure, the storage tanks 10 of the present invention continue to
function as a common fuel reservoir for all remaining operational engines 60
of the aircraft. As shown in FIG. 7, a failed engine 60 and/or a 'failed fuel
pump 44 are shown in dotted lines. In this event, fuel supply to the failed
engine 60, or from the failed pump 44, is normally terminated simply by de-
energizing the selected fuel pump 44. Alternately, if desired, such fuel supply
can be terminated by actuating the associated flow rate controller 28 to
positively halt fuel flow through the dispense port 22 of the tank 10 connected

to the inoperative pump or engine. Thereafter, the transfer ports 62 and
related transfer lines 64 interconnect the array of storage tanks 10 to permit

unrestricted fuel flow through the series of tanks and further to the manifold 30
for supply to operational engines.
FIG. 8 depicts a further variation of the system concept shown in
FIGS. 6 and 7, wherein a series-connected plurality of five storage tanks 10
are interconnected via fuel transfer ports 62 and related transfer lines 64, in
a fuel system for supplying four aircraft engines 60. In this embodiment in the
event of a malfunction of any one of the aircraft engines 60, or of any one of
the fuel pumps for delivering fuel to each engine, cessation of fuel delivery to
the failed component results in the array of tanks 10 thereafter providing a
common fuel reservoir to supplying fuel to all remaining operational engines.
FIG. 9 depicts another system variation, showing an auxiliary or
standby fuel storage tank 10' which conforms in construction and operation to
the tank 10 shown and described above. As shown, the standby tank 10'is
coupled via a plurality of transfer ports 62 and associated transfer lines 64 to
each of a piurality of primary tanks 10, three of which are shown in accordance
with the system configuration of FIGS. 6-7. In the event of failure of or
- damage to one of the primary tanks 10, the control valves 66 mounted ,along
the respective transfer lines 64 can be appropriately closed to disconnect the
damaged tank from adjacent primary tanks, and to connect the damaged tank

. R . ) . e T T T T B L A T T R ey A o TN T S B T T o W (U W 1 AR A A ey v WL S L Y EOV IO T W S
G T s s g 7 bt 0 B i g e T TR ———— — T R I B D T T R e L X N Ty ATy I T A A TN AT I =4



CA 02354151 2001-06-08

WO 00/35752 . ' PCT/US99/28154
11 -

 to the standby tank 10'. Appropriate retraction of the sensor arm 50 and
associated base wall 22 within the standby tank 10', which is desirably
accompanied by advancement of the sensor arm 50 and associated base wall
22 within the damaged primary tank 10, is effective to quickly and efficiently
transfer the remaining fuel from the damaged primary tank 10 to the standby
tank 10'. As soon as this fuel transfer is completed, the control valve 66
mounted along the transfer line 64 interconnecting the standby tank 10’ with
the damaged primary tank 10 can be closed, thereby isolating the damaged
tank from the remainder of the fuel supply system. While such isolation of the
damaged primary tank 10 may result in failure of one aircraft engine 60, the
standby tank 10' and the remaining primary tanks 10 provide a common fuel
reservoir for continued supply of fuel to all remaining operational engines on

- the aircratft.

Fluid transfer between a standby storage tank 10' and a primary
storage tank 10 is shown in more detail in FIG. 10, wherein it will be
recognized and appreciated that such fluid transfer may occur in an aircraft
fuel supply system of the type shown and described in FIG. 9. or in any other
fluid transfer application particularly such as those involving potentially
hazardous liquid agents. As shown, a primary storage tank 10 is partially filled
with fluid 12 and may be coupled via a flow rate controller 28 of the type
previously described for delivering the fiuid 12 at a regulated flow rate to a fuel
manifold 30 or other selected site. A transfer line 64 Including a clamp type
control valve 66 interconnects the primary tank 10 with the auXiliary or standby
tank 10’ by suitable coupling between transfer ports 62 on the pair of storage
tanks. The dispense p:ort 20 of the standby tank 10' is shown closed by a cap
fitting 34'. The sensor arm 50 coupled to the base wall 22 of the standby tank
10' can be retracted under the control of the monitor 58, and the sensor arm
50 coupled to the base wall 22 of the primary tank 10 can be advanced under
the control of the monitor to deliver the fluid 12 quickly and easily from the
primary tank 10 into the standby tank 10'. As soon as the fluid delivery is
completed, the control valve 66 may be closed and/or the transfer line 64 may
be disconnected from the two tanks. Importantly, the fluid transfer occurs with
the fluid passing as an uninterrupted or solid stream. substantially in the

- absence of any gaps or voids within which volatile vapors can accumulate.

A PR CASS e o 55.'!-.35\"’-’!2 B 'a? Ewm a !‘:Ql. A Ri'k?/\!nﬂhi’-'w' L] AT )T, . VY %D,W..M. m?,"v‘ps?m": A v . b . . DL - s ddad by 0 ”-'m-.ﬂ.‘” ,.‘@ AT TR T ARSI YW T AN » o= . e aETEw - LA 4 TVRSNT TR
j\ PN ON R s =m v sz‘ Eﬂm(F Fl:’n!”m me AR -~ k) * A WU — e
- = AN N i . -



CA 02354151 2001-06-08

WO 00/35752 PCT/US99/28154
~12- '

Transfer of the fluid without creates gaps or volds can be especially desirable
when handling certain hazardous fuels and the like, e.g., transferring highly
volatile fuels such as hydrazine in a spacecraft environment. Moreover, fluid
transfer in this manner may take place irrespective of the orientation of the two
storage tanks and/or the presence gravity, whereby such fluid transfer may
occur quickly and easily in an outer space environment.

A related fluid transfer application using the improved storage tank
10 of the present Invention is shown in FIG. 11, wherein the storage tank 10
is adapted to be filled or refilled from a collapsible and typically disposable
su'pply container 70. The supply container 70 is filled with a selected fluid
such as fuel or other potentially hazardous material, and comprises a resilient
collapsible container body 72 with an open—mouthed neck 74 having a
normally closed cap 76 mounted thereon. The cap 76 is designed for quick
and easy coupling to a transfer port 62 on the storage tank 10, directly' as
viewed in FIG. 11 or indirectly by means of a transfer conduit 64 of the type
previously shown and described. When the cap 76 is coupled to the transfer

- port 62, the fluid 12 within the collapsible container 70 is free to flow into the

variable volume chamber 14 of the storage tank 10. In a preferred transfer
procedure, ﬂuid flow from the supply container 70 to the tank 10 is facilitated
by retracting the sensor arm 50 and associated base wall 22 of the tank 10 to
draw the fluid 12 into the chamber 14. Such fluid transfer may occur in any
orientation and without regard to gravity, whereby the transfer procedure may
take place on the ground, or on an aircraft during flight operations, or on a
spacecraft in an outer space environment. When the fluid transfer is
complete, the collapsible supply container 70 may be disconnected from the
tank 10 and appropriately discarded. Alternately, it will be understood that the
fluid transfer may proceed in reverse. namely, to transfer fluid 12 from the tank
10 to the supply container 70, if desired. '

FIGS. 12-14 show a system configuration utiizing a plurality of
storage tanks constructed in accordance with the present invention to form a
fuel tank system for an aircraft 80 (FIG. 14), wherein the multiple tanks are
adapted to nest together in a substahtially reduced profile geometry as fuel is
dispensed therefrom. More particularly, as shown in FIGS. 12 and 13, a first

storage tank 110 of relatively large size has the dispense port 20 thereof
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coupled via a flow rate controller 28 or the like to a suitable fuel manifold 30
to supply fuel to an aircraft engine \(not shown) or the like, all as previously
shown and described herein. The movable base wall 22 of the first tank 110
has an inflow port 112 formed therein, and is coupled to a second smaller
storage tank 210 for fuel flow through the dispense port 20 of the smaller tank
into the larger storage tank 110. The movable base wall 22 of the second tank
210 also has an inflow port 212 formed therein. and is coupled to a third
progressively smaller storage tank 310 for fuel flow through the dispense port
20 thereof into the second tank 210. A selected number of such progressively
smaller storage tanks can be assembled in series relation in this manner, with
three tanks 110, 210 and 310 being depicted in FIGS. 12-13, wherein the final
tank in the series includes an unported base wall 22 having a sensor arm 50
of a fluid level sensor unit attached thereto.
FIG. 12 shows the progression of storage tanks 110, 210 and 310
In a substantially filled condition and oriented in an elongated end-to-end
geometry. As fuel is dispensed from the series-connected tanks, the movable
base walls therein each advance into the associated fuel-containing chamber
14 to reduce the volumetric size thereof, and additionally to cause the tanks
to progressively nest one within the other. FIG. 13 illustrates the series of
tanks 110, 210 and 310 in a substantially empty and substantially nested
configuration. Suitable guide means (not shown) such as a guide rail or the
like supporting the individual tanks for linear sliding motion may be provided.
FIG. 14 depicts the series of fuel tanks in an extended and substantially filled
condition suspended from the underside of the aircraft 80.
A plurality of four storage tanks 10 constructed in accordance with
the invention are shown in FIG. 15 coupled to a common supply manifold 30.
Each storage tank 10 is designed for delivering a selected fluid at a controlled
rate of flow via a flow rate controller 28 or the like to the common manifold 30,
with individual fluid level sensor units 16 on the tanks 10 being coupled to a
monitor 58 for monitoring and indicating the fluid level within each tank. In the
- event of damage to or malfunction in one or more of the tanks 10, the
remaining ﬂuid therein may be transferred quickly and easily to one or more
of the remaining tanks by appropriate advancement and retraction of the tank
base walls 22 More specifically, as viewed in FIG. 15, remaining fluid can be
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expelled from a pair of the tanks 10 by appropriate advancement of the sensor
arms 50 and associated base walls 22 therein, as indicated by reference
arrows 82, and drawn into the other pair of the tanks by appropriate retraction
of the sensor arms 50 and associated base walls 22 therein, as indicated by
reference arrows 84. Once again, this transfer may occur irrespective of tank

orientation and gravitational fields, whereby the system is fully functional in an
outer space environment.

The storage tank of the present invention has numerous
applications wherein fluid transfer may be employed for controlling a
mechanical movement. For example, as shown in FIG. 16, a first fluid storage
tank 410 constructed in accordance with the invention includes a movable
base wall 22 coupled with a sensor arm 50 for controlied advancement and
retraction thereof relative to a fluid-containing chamber 14 within a tank body
18. The tank 410 is shown coupled via a transfer conduit 64 connected
between a pair of transfer port 62 with a second storage tank 510 for fluid
transfer exchange between the two tanks 410 and 510. In this regard, FIG. 16
shows the dispense ports 20 of the two tanks 410, 510 closed by caps 86, but
it wili be understood that the tanks may be coupled together via the dispense
ports 20 in lieu of connection via the transfer ports 62.

The movable base wall 22 within the second tank 510 (FIG. 16)
carries a modified sensor arm 150 comprises a docking arm or element
adapted for mechanical attachment to another body, such as a docking
member 87 on a spacecraft 88 in an outer space environment. In this regard,
the two tanks 410, 510 ahd the associated docking arm 150 would be
mounted on one space vehicle to which the spacecraft 88 is to be docked.
Appropriate retraction of the sensor arm 50 within the first tank 410 results in
fluid transfer from the second tank 510 into the first tank 410, and a
corresponding advancement of the docking arm 150 into the second tank 510
In the direction of reference arrow 89. Such disp!acement functions to draw
the spacecraft 88 into secure docking engagement. Importantly, this docking
process may procedure smoothly and under accurate control as a result of
smooth fluid transfer between the storage tanks 410, 510.

A variety of further modifications and improvements in and to the
improved fluid transfer system and related variable volume storage tank of the
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present invention will be apparent to those persons skilled in the art
Accordingly, no limitation on the invention is intended by way of the foregoing

‘description and accompanying drawings, except as set forth in the appended
claims.
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WHAT IS CLAIMED |IS:
1. A variable volume fluid storage tank, comprising:

a hollow tank body having an open first end and a dispense port
formed in a second end disposed generally opposite said first end;

a base wall movably received within said open first end of said tank
body, said base wall and said tank body cooperatively defining an interior
chamber for receiving a selected fluid, said base wall displacing within said tank

body to vary the volumetric size of said chamber in accordance with the volume
of fluid within said chamber;

means for sealingly interconnecting said base wall to said tank
body, said interconnecting means including a flexible bellows annular membrane

interconnecting said base wall with said tank body generally at said first end
thereof; and

a fluid level sensor unit coupled to said base wall and disposed
outside said chamber, said sensor unit including means for tracking the position

of said base wall relative to said tank body to indicate the fluid volume within said
chamber.

2. The variable volume fluid storage tank of claim 1 wherein the
fluid within said chamber is a liquid, said base wall displacing within said tank
body in accordance with the volume of fluid therein substantially without any

residual air or vapor space within said chamber.

3. The variable volume fluid storage tank of claim 1 further

including a flow rate controller coupled to said dispense port for regulating the
rate of fluid flow from said chamber through said dispense port.
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4. The variable volume fluid storage tank of claim 3 wherein said
flow rate controller comprises a resilient nipple having a nipple port formed
therein, and clamp valve means for constricting said nipple to set the open flow
area defined by said nipple port and thereby regulate the fluid flow rate through
said nipple port.

5. The variable volume fluid storage tank of claim 1 wherein said
fluid level sensor unit comprises a sensor housing having a sensor arm movably
mounted therein, said sensor arm having one end for engaging and tracking the
position of said base wall relative to said tank body, and monitor means
responsive to the position of said sensor arm for indicating the volume of fluid

remaining within said chamber.

6. The variable volume fiuid storage tank of claim 1 further
including means for controllably and selectively advancing said base wall ina

direction toward said dispense port to dispense fluid from said chamber.

/. The variable volume fluid storage tank of claim 1 further
including means for retracting said base wall in a direction away from said

dispense port to draw fluid into said chamber.

8. The variable volume fluid storage tank of claim 1 further
including means for controllably and selectively advancing said base wall in a
direction toward said dispense port to dispense fluid from said chamber, and for
retracting said base wall in a direction away from said dispense port to draw fluid

into said chamber.

9. The variable volume fluid storage tank of claim 1 further
including at least one normally closed transer port mounted on said tank body at

a position generally adjacent to said dispense port, said at least one transfer port
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being adapted for connection to another fluid container for selectively transferring

fluid between said chamber and said another fluid container.

10. The variable volume fluid storage tank of claim 1 further
including a filter element mounted within said dispense port.

11. The variable volume fluid storage tank of claim 1 further
including a pump mounted in flow communication with said dispense port for
drawing fluid from said chamber through said dispense port.

12. A fluid transfer system, comprising:

a piurality of fluid storage tanks each including a hollow tank body
“having an open first end and a dispense port formed in a second end disposed
generally opposite said first end, a base wall movably received within said open
first end of said tank body and cooperating with said tank body to define an
interior chamber for receiving a selected fluid, said base wall displacing within.
said tank body to vary the volumetric size of said chamber in accordance with the
volume of fluid within said chamber, and a fluid level sensor unit coupled to said
base wall and disposed outside said chamber, said sensor unit including means

for tracking the position of said base wall relative to said tank body to indicate the
fluid volume within said chamber; and

means for interconnecting said interior chambers of said plurality
of storage tanks to permit transfer of fluid therebetween.

13. The fluid transfer system of claim 12 wherein the fluid within
said storage tank chambers is a liquid, said base wall of each of said storage
tanks displacing within said tank body in accordance with the volume of fluid

therein substantially without any residual air or vapor space within said chamber.
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14. The fluid transfer system of claim 12 wherein each of said
storage tanks further includes a flow rate controller coupled to said dispense port

for regulating the rate of fluid flow from said chamber through said dispense port.

15. The fluid transfer system of claim 12 wherein said fluid level
sensor unit of each of said storage tanks comprises a sensor housing having a

sensor arm movably mounted therein, said sensor arm having one end for

engaging and tracking the position of said base wall relative to said tank body,

and monitor means responsive to the position of said sensor arm for indicating
the volume of fluid remaining within said chamber.

16. The fluid transfer system of claim 12 wherein each of said
- storage tanks further includes means for controllably and selectively advancing

said base wall in a direction toward said dispense port to dispense fluid from said
chamber.

17. The fluid transfer system of claim 12 wherein each of said
storage tanks further includes means for retracting said base wall in a direction
away from said dispense port to draw fluid into said chamber.

18. The fluid transfer system of claim 12 wherein each of said
storage tanks further includes means for controllably and selectively advancing
said base wall in a direction toward said dispense port to dispense fluid from said

chamber, and for retracting said base wall in a direction away from said dispense
port to draw fluid into said chamber.

19. The fluid transfer 'system of claim 12 wherein each of said
storage tanks further includes at least one normally closed transfer port mounted
on said tank body at a position generally adjacent to said dispense port, said at

least one transfer port being adapted for connection to another one of said
storage tanks for selectively transferring fluid therebetween.
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20. A fluid transfer system, comprising:

a plurality of fluid 'storage' tanks each including a hollow tank body
having an open first end and a dispense port formed in a second end disposed
generally opposite said first end, a base wall movably received within said open
first end of said tank body and cooperating with said tank body to define an
interior chamber for receiving a selected fluid, said base wall displacing within
said tank body to vary the volumetric size of said chamber in accordance with the
volume of fluid within said chamber, and means for controllably and selectively
advancing said base wall in a direction toward said dispense port to dispense
fluid from said chamber, and for retfacting said base wall in a direction away from

said dispense port to draw fluid into said chamber; and

means for ihterconnecting said interior chambers of said plurality
of storage tanks to permit transfer of fluid therebetween.

21. The fluid trénsfer system of claim 20 wherein the fluid within
said storage tank chambers is a liquid, said base wall of each of said storage
tanks displacing within said tank body in accordance with the volume of fluid

therein substantially without any residual air or vapor space within said chamber.

22. The fluid transfer system of claim 20 wherein each of said
storage tanks further includes a flow rate controller coupled to said dispense port
for regulating the rate of fluid flow from said chamberlthrough said dispense port.

23. The fluid transfer system of claim 20 wherein each of said
'storage tanks further includes at least one normally closed transfer port mounted
on said tank body at a position generally adjacent to said dispense port, said at

least one transfer port being adapted for connection to another one of said
storage tanks for selectively transferring fluid therebetween.
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24. A fluid transfer system, comprising:

a plurality of fluid storage tanks comprising at least first and
second storage tanks each including a hollow tank body having an open first end
and a dispense port formed in a second end disposed generally opposite said
first end, a base wall movably received within said open first end of said tank
body and cooperating with said tank body to define an interior. chamber for
receiving a selected fluid, said base wall displacing within said tank body to vaky

the volumetric size of said chamber in accordance with the volume of fluid within

said chamber;

said base wall of said first storage tank having an inflow port
formed therein, and said second storage tank being coupled to said base wall of
said first storage tahk with the dispense port of said second storage tank in flow
communication with said inflow port, whereby fluid from within said second

storage tank is dispensed to said first storage tank for dispensing in turn via said
dispense port of said first storage tank;

said second storage tank being provided in a size for nested

reception within said tank body of said first storage tank as fluid is dispensed
from said first and second storage tanks.

25. The fluid transfer system of claim 24 wherein the fluid within
said storage tank chambers is a liquid, said base wall of each of said storage
tanks displacing within said tank body in accordance with the volume of fluid

therein substantially without any residual air or vapor space.

26. The fluid transfer system of claim 24 further including a fluid
level sensor unit coupled to said base wall of said second storage tank and

disposed outside said chamber thereof, said sensor unit including means for
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tracking the position of said base wall relative to said tank body to indicate the
fluid volume within said chamber. |

27. The fluid transfer system of claim 24 further including means
for controllably and selectively advancing said base wall of said second storage
tank in a direction toward said dispense port thereof to dispense fluid from said

chamber, and for retracting said base wall in a direction away from said dispense
port to draw fluid into said chamber.

28. The fluid transfer system of claim 24 further including a flow
rate controller coupled to said dispense port of said first storage tank for
regulating the rate of fluid flow from said chamber through said dispense port.

29. A fluid actuated docking system, comprising:

K ﬁrst ﬂUId storage tank including a hollow tank body havmg an
open fi first end and a flow port formed in a second end dlsposed generally
opposite said first end, a base wall movably recelved within said open first end
of said tank body and cooperating therewith to define an interior chamber for '

'recelvmg a selected ﬂuud and means for controllably and selectively

advancing said base wall in a d:rectlon toward said fiow port to dispense fluid

from said chamber, and for retractmg sald base wall in a direction away from
sald flow port to draw fluid into said chamber;

‘a second ﬂurd storage tank including a hollow tank body havmg

an open first end and a flow port formed In a second end disposed generally

- opposite said first end, a base wali movably received within said open first end

of said tank body and cooperatlng therewnth to define an interior chamber for
recelvmg a selected fluid:

means for interconnecting said flow ports of said first and second
. tanks for fluid transfer between said first and second tanks; and

a docking element carried by said base wall of sald second
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- storage tank in a direction to extend said docking element, and retracting
movement of said base wall of said first storage tank is effective to transfer
fluid from said second storage tank to said first storage tank and thereby

displace said base wall of said second storage tank in a direction to retract
said docking element.
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