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(57) ABSTRACT

This disclosure includes a hybrid magneto-active membrane,
which can be used as part of a Magneto-active Propellant
Management Device (MAPMD), to actively control free sur-
face effects of liquid materials, such as fuels, and to reduce
tuel slosh. The disclosed MAPMD merges aspects of a dia-
phragm membrane with a magneto-active inlay to control the
membrane during 1n-flight conditions.
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HYBRID MAGNETO-ACTIVE PROPELLANT
MANAGEMENT DEVICE FOR ACTIVE
SLOSH DAMPING IN SPACECRAFT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present Patent Application 1s a formalization of
previously filed, co-pending U.S. Provisional Patent Appli-
cation Ser. No. 62/101,180, filed Jan. 8, 2015 by the inventors
named in the present Application. This Patent Application
claims the benefit of the filing date of this cited Provisional
Patent Applications according to the statutes and rules gov-
erning provisional patent applications, particularly 35 U.S.C.
§119(e), and 37 C.F.R. §§1.78(a)(3) and 1.78(a)(4). The
specification and drawings of the Provisional Patent Applica-
tion referenced above are specifically incorporated herein by
reference as 11 set forth in their entirety.

TECHNICAL FIELD

[0002] Embodiments of this disclosure generally relate to
liguid management devices. For example, devices configured
tor damping slosh of propellants, such as liquid tuels or other
liquid matenials 1n a tank.

BACKGROUND

[0003] Liquid propellants can be used in spacecratt, aircrait
and other projectiles. Although liquid propellants provide
highly etficient thrust, the movement of the propellant inside
a fuel tank 1s often unpredictable. During the process of stage
separation, one fuel tank may be separated from the payload
and the other fuel tanks of a spacecratt. The vibration caused
by the stage separation may be transferred into the remaining,
tuel tank(s), impacting forces and moments on the fuel. These
forces can cause the fuel to move around within the tank 1n an
uncontrolled oscillatory fashion, which may lead to a phe-
nomenon known by the term fuel slosh. Fuel slosh can also be
caused by other maneuvers, such as when a spacecrait
attempts a change 1n attitude. Generally, fuel moves as a bulk
mass 1nside the tank, where the upper portion of the fluid
produces larger displacement than the lower portion.

[0004] Sloshing of fuel or other liquid imparts unwanted
forces and moments on the tank’s walls, and produces oscil-
latory forces that can cause a spacecrait to wobble (known as
nutation). Nutation tends to increase exponentially with time,
and 1s governed by a Nutation Time Constant. If left unat-
tended, nutation can cause undesirable trajectory change.
Fuel slosh can also negatively impact the fuel consumption
characteristics of the spacecratt.

[0005] Anti-sloshing 1sthe process of damping slosh waves
from their resonant frequency condition. Some research has
been carried out seeking to minimize the energy dissipation of
fuel slosh, and seeking to limit the impact of the slosh
momentum on fuel tanks. Scientists have developed several
systems to counteract the forces and moments produced by
tuel slosh, known collectively as propellant management
devices (PMD). These devices include active and passive
batftle structures, as well as elastomeric membranes. In some
instances, passive ballle structures are placed along the inner
walls of the tanks, which apart from mimmizing the propel-
lant slosh, also act as formers providing structural integrity to
the tank design. In other cases, active batlles are structures
that are present within or on top of the liquid surface within
the tank. The active bafifles move along with the liquid and

Jul. 14, 2016

constrain the slosh behavior of the liquid by the application of
external stimuli. Example active baitles are described in com-
monly owned application PCT/US15/10602 entitled “Float-
ing Active Bailles, System and Method of Slosh Damping
Comprising the Same”, which 1s incorporated herein by ret-
erence. Although batfles (both active and passive) provide
considerable damping effect on the slosh, baitles add to the
overall structural mass of the tank, making the tank heavier
and reducing the volume of the tank available for propellant.
Another type of PMD 1ncludes the use of elastomeric mem-
branes. Elastomeric membranes are often thin polymer struc-
tures that are resistant to the effects of hydrocarbons present
in the fuel. Passive elastomeric membranes are used as fixed
diaphragms 1nside the tank to provide slosh suppression. The
clfectiveness of slosh damping may depend on the elastic
coellicient of the elastomeric membrane. Active elastomeric
membranes may be activated to vibrate using external stimuli.
[0006] There remains aneed for additional propellant man-
agement devices that combine the strengths of the existing
devices.

SUMMARY

[0007] This disclosure includes a hybrid magneto-active
membrane, which can be used as part of a Magneto-active
Propellant Management Device (MAPMD), or generally a
fuel tank management device. The hybrid magneto-active
membrane 1s designed to actively control free surface effects
of liguid materials such as fuels, and to reduce fuel slosh. The
MAPMD of the present disclosure merges aspects of a dia-
phragm membrane with a flexible magneto-active inlay to
control the diaphragm membrane during in-tlight conditions.
[0008] The effective changes 1in diaphragm shape, stiflness
or configuration according to variations created in a generated
magnetic field allow for the damping of free surface effects
and slosh of the liquid fuel. The MAPDM 1is configured to
provide damping across various slosh amplitudes, various
tuel fill levels, and also at various attitudes of the spacecratt.
As such, the magnetic field may be varied, e.g. switched on
and off, 1n response to at least one of a vaniation 1n slosh
amplitude of the liquid fuel within the fuel tank, fuel fill
levels, an attitude of the vehicle, an anticipated maneuver, or
combinations thereof. The versatile shape adaptability of the
disclosed MAPMD has been found effective when used 1n
microgravity applications.

[0009] Embodiments of the present disclosure include a
fuel tank management device for damping liqud fuel slosh
within a fuel tank of a vehicle. The fuel tank management
device comprises a hybrid magneto-active membrane and a
magnetic field source. The hybrid magneto-active membrane
may 1nclude at least one polymer membrane and a magneto-
active matrix comprising a layer of magnetically permeable
material configured to move with the at least one polymer
membrane. The magnetic field source may be for generating
a magnetic field of a suificient strength to effect a change 1n
shape or stifiness or configuration or combinations thereof of
the hybrid magneto-active membrane for damping liquid fuel
slosh.

[0010] Embodiments of the present disclosure also include
a magneto-active propellant management device (MAPMD)
for a fuel tank comprising a hybrid membrane and a magnet in
proximity to the hybrid membrane. The hybrid membrane
may 1nclude at least one polymer membrane and a magneto-
active matrix comprising a layer of magnetically permeable
material configured to move with the at least one polymer
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membrane. The magnet 1s configured to generate a magnetic
field for activating the magneto-active matrix and to vary a
configuration of the hybrid membrane so as to substantially
dampen fuel slosh within the fuel tank.

[0011] Other embodiments of the present disclosure
include a method for damping fuel slosh within a fuel tank.
The method comprises positioning a hybrid magneto-active
membrane within the fuel tank and generating a magnetic
field proximate to the fuel tank. The hybrid magneto-active
membrane may comprise at least one polymer membrane and
a magneto-active matrix. The magneto-active matrix may
comprise a flexible layer of magnetically permeable material
configured to move with the at least one polymer membrane.
The magnetic field 1s intended to activate the magneto-active
matrix to effect a change in shape or stifiness or both of the
hybrid magneto-active membrane suificient to absorb energy
from sloshing fuel within the fuel tank to substantially
dampen sloshing movement of the fuel.

[0012] These and other advantages and aspects of the
embodiments of the disclosure will become apparent and
more readily appreciated from the following detailed descrip-
tion of the embodiments taken 1n conjunction with the accom-
panying drawings, as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows an experimental fuel slosh test setup.
[0014] FIG. 2A shows hybrid membrane with a magneto-
active sheet according to one embodiment.

[0015] FIG. 2B shows a hybrid membrane with a magneto-
active mesh according to another embodiment.

[0016] FIG. 2C shows a schematic exploded cross section
of the hybrid membrane of FIG. 2B.

[0017] FIG. 3 shows an example electromagnet for activa-
tion of the disclosed hybrid membranes.

[0018] FIG. 4 1s a graph showing low amplitude free slosh.
[0019] FIGS. 5a-¢ are normalized graphs of slosh for vari-
ous test conditions at low amplitude.

[0020] FIGS. 6a-¢ are normalized graphs of slosh for vari-
ous test conditions at high amplitude.

DETAILED DESCRIPTION

[0021] The following detailed description 1s provided as an
enabling teaching of embodiments of the invention. Those
skilled 1n the relevant art will recognize that many changes
can be made to the embodiments described, while still obtain-
ing the beneficial results. It will also be apparent that some of
the desired benefits of the embodiments described can be
obtained by selecting some of the features of the embodi-
ments without utilizing other features. Accordingly, those
who work 1n the art will recognize that many modifications
and adaptations to the embodiments described are possible
and may even be desirable 1n certain circumstances. Thus, the
tollowing description 1s provided as illustrative of the prin-
ciples of the invention and not 1n limitation thereot, since the
scope of the invention 1s defined by the claims.

[0022] This disclosure includes a hybrid magneto-active
membrane, used as part ol a Magneto-active Propellant Man-
agement Device (MAPMD), to actively control the free sur-
face effect and reduce fuel slosh within a fuel tank. The fuel
tank may be found 1n several types of vehicles, but may be
particularly suitable for vehicles traveling through the air,
including aircrait, spacecraft or projectiles. The MAPMD
may be more generally referred to as a fuel tank management
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device. The MAPMD merges aspects of a diaphragm mem-
brane with a magneto-active inlay to control the membrane
during in-flight conditions.

[0023] As seen 1n FIGS. 1 and 2, a hybrid membrane 10
may be formed from the combination of one or more layers of
a polymer membrane 12, similar to those used 1n diaphragm
type propellant management devices, combined with, embed-
ded with, or impregnated into a magneto-active matrix 14
tformed of a material that has high magnetic permeability. The
matrix 14 1s therefore capable of being stimulated, e.g. acti-
vated, by a magnetic field. The magneto-active matrix 14 may
be 1n a sheet form as shown 1n FIG. 2A or may be formed by
a plurality of woven strips 16 to form a grid or mesh as shown
in FIGS. 2B and 2C. The mesh embodiment may be preferred
because the structure allows for increased tlexibility and sur-
face area of the matrix 14. Such enhanced or increased tlex-
ibility 1imparts an ability to absorb energy from the sloshing
action of the fuel. In a further embodiment, the magneto-
active matrix may be laid out on the polymer membrane 12 1n
series of small concentric dots or similar surface features
spaced across and substantially covering the surface area of
the polymer membrane. In this way, substantially the entire
polymer surface may be patterned with the magneto-active
material, but each dot or other surface feature of magneto-
active material generally will not be directly interlinked with
the adjacent ones, so that each dot can act individually on the
polymer membrane. An embodiment having dots also may be

less stiff, and capable of greater control by the magnetic field,
than the sheet or mesh embodiments.

[0024] FIG. 2C shows the polymer membrane 12, which
may be substantially transparent, disposed adjacent to the
matrix 14. The polymer membrane 12 could provide a barrier
to prevent the liquid fuel from sloshing into the gaps in the
mesh.

[0025] A Magneto-Active Propellant Management Device
combines the hybrid membrane 10 with a magnetic field
source, such as an electromagnet 18 or a permanent magnet.
An electromagnet 18 may be preferred 1f the hybrid mem-
brane 10 1s to be selectively activated. For example, the mag-
netic field source may include an electromagnet 18 and a
power supply for providing varying power levels (e.g. on and
oll, and/or hi, low, medium, etc. power) to vary the strength of
the magnetlc field. The strength of the magnetic field may be
varied 1n response to at least one of: a variation in slosh
amplitude of the liquid fuel within the fuel tank, fuel fill
levels, an attitude of the vehicle, an anticipated maneuver, or
combinations thereof. In one embodiment, the anticipated
maneuver 1s stage separation, and the magnetic field 1s gen-
crated by applymg current to an electromagnet ahead of stage
separation. The effective change in shape, stiflness, configu-
ration or combinations thereof of the hybrid membrane 10
according to such variations 1n the magnetic field allows for
the damping of free surface effect and slosh at various slosh
amplitudes, fuel fill levels, and also at various attitudes of the
spacecrait, when the hybrid membrane 10 1s provided in the
fuel tank. The versatile shape adaptability of this system
makes 1t very effective when used 1n microgravity applica-
tions.

[0026] One skilled 1n the art will also recognize that use of

the MAPMD may be described in terms of a method of
damping, particularly the damping of liquid slosh, and more
particularly the damping of fuel slosh 1n a spacecratt.
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Tests and Results

[0027] Anexemplary test setup 1s shown in FIG. 1. A slosh
test bed 20 was used to experimentally show the benefits of
the described MAPMD. The test bed 20 includes a force
balance 22 with actuators 24 and an Aerotech’s soloist CP
soltware that 1s coupled with the test bed. LabVIEW was used
for system actuation, while a few load cells 26 were utilized
for the slosh energy calculation on the walls of the test tank
28. Tests were conducted 1n this slosh test bed 20 using a
spherical tank 28 having an 8" diameter attached at three
locations to the actuators 24. The magnetic field 1s generated
by using one or both of electromagnets 18 and permanent
magnets.

[0028] In the tested embodiment, the magneto-active

matrix 14 (FIG. 2C) was built out of an 1ron-based magnetic
alloy called Metglas® 2605SA1 available from Metglas, Inc.

of Conway, S.C. The Metglas® 2605SA1 (herealter “Met-
glas™) 1s provided as a thin metal alloy ribbon. Metglas used
in this experiment 1s an 1rron-based material having extremely
low core losses. The advantage of this material 1s its high
permeability and core loss, up to 40% of the core loss com-
pared to that of M3 electric steel. Because of this advantage,
Metglas 1s used 1n power transformers, motors and devices
requiring high permeability and low core loss at low frequen-

cies. The maximum permeability of Metglas 1s given as 600,
000.

[0029] When selecting a material, metal oxidization should
be mimimal as a result of the material contacting the fuel or
being subject to a magnetic field. Suitable materials should
also be tough, as deduced by the mechanical properties of the
material, including the modulus of elasticity and the tensile
strength thereof. Other maternials that may be suitable for the
magneto-active matrix 14 may include annealed stainless
steel, for example, martensitic stainless steel of the 400 series,
which 1s composed of 11.5%-18% chromium with higher
levels of carbon. The stainless steel undergoes high treatment
for hardness and strength levels. A typical 420 stainless steel
1s magnetic in both annealed and hardened conditions. The
relative permeability of this material varies from 750-950.
Stainless steel 1s also highly corrosion resistant and readily
available.

[0030] Mu-Metal, another magnetic alloy with a composi-
tion of 77% nickel, 16% 1ron, 5% copper and 2% chromium
or molybdenum, may be used. The magnetic permeability of
Mu-Metal becomes 40 times greater when annealed with
hydrogen. An advantage of Mu-Metal may be 1ts ductility,
allowing it to be drawn into sheets. When used 1n AC mag-

netic circuits, hysteresis losses are very low. The magnetic
permeability of Mu-Metal 1s 80,000-200,000.

[0031] Supermalloy, available from Magnetics® of Pitts-
burgh, Pa., may also be a suitable material. Supermalloy 1s a
specially processed 80% nickel-iron alloy. Often used for
pulse transformers and ultra-sensitive magnetic amplifiers,
supermalloy has permeability i the range of 40,000-100,
000. Further, supermalloy exhibits low core loss.

[0032] Another high magnetic permeability matenal 1s
amumetal as used by Amuneal Manutacturing Corp. of Phila-
delphia, Pa. Additionally, Hipernom® available from Car-
penter Technology Corporation of Reading, Pa., could be
suitable for the magneto-active matrix 14. Hipernom® 1s an
80% nickel alloy along with about 15% 1ron and about 4.20%
molybdenum. This soit magnetic alloy exhibits high perme-
ability with mimnimum hysteresis loss. Hipernom® 1s also
known as EFI alloy 79. This alloy 1s used 1n high quality
motor laminations and stepping motors. The permeability of
hipernom 1s given as 230,000.
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[0033] Thetested matrix 14 was used as an embedded layer
within a polymer diaphragm type PMD. The matrix size and
shape were cut to the tank size and were tested for correct fit.
The tested mesh was created mitially by interweaving the
Metglas ribbons to form the matrix 14 to increase surface area
as well as to improve tlexibility of the MAPMD. Two embodi-
ments of the hybrid membrane 10, one with the matrix 14 as

a plain sheet (see FIG. 2A) and another with the mesh matrix
14 (see FI1G. 2B) were tested.

[0034] The polymer membrane 12 may be manufactured
out of industrial pneumatic sealing high performance poly-
mers that are designed for the use 1n high temperatures and
with corrosion resistance, which can be used 1n a rotary
environment. These polymer membranes 12 embedded with
the Metglas matrix 14 inlay are configured to provide a block
force to absorb the energy transfer present 1n sloshing fuel
when a magnetic field 1s applied to the hybrid membrane 10
during fuel slosh. The hybrid membrane 10 1s placed 1n the
tank 28 with the hybrid membrane positioned along the top
surface of the test liquid. This position of the hybrid mem-
brane 10 along the top surtace of the test liquid may be the
result of the hybrid membrane 10 floating on top of the test
liquid. The hybrid membrane 10 may not be fixed to the walls
of the tank 28. The liquid was filled to 60% of the tank
volume. It 1s believed that maximum slosh 1ntensity may be
generated when a tank 1s 60% full of liquid. For the prelimi-
nary test of the MAPMDs, modified electromagnetic sole-
noids 18 with a power supply 30 were used, as shown 1n FIG.
3. A number of tests were also performed 1n the presence of
strong, €.g. neodymium, permanent bar magnets 32 as also

shown 1n FIG. 3.

[0035] The tests were conducted 1n accordance with the set
up shown 1n FIG. 1. Particularly, the electromagnet 18 was
suspended above the hybrid membrane 10. The electromag-
net 18 was oriented such that the magnetic field (see arrow M)
was acting substantially parallel with the plane of the hybnd
membrane 10. When the hybrid membrane 10 was activated
in the presence of a parallel magnetic field, the hybrid mem-
brane 10 substantially stiffened into a more planar configu-
ration. The hybrid membrane 10 thus became more rigid,
acting similar to a thin walled batile.

[0036] The experiment was conducted 1n three phases. The
first phase, known as the free slosh characterization phase,
included taking and analyzing the baseline sloshing values. In
the second phase, the slosh test was conducted with the hybrnid
membrane 10 without the presence of a magnetic field, and
the slosh characterization was performed. In the third phase,
the magnetic field was applied, and the hybrid membrane 10
was controlled to achieve a higher damping ratio and the slosh
characterization was once again performed.

[0037] These three phase experiments are performed under
two conditions, namely low amplitude and high amplitude
slosh conditions. The parameters used 1n the test are given

below 1n Table 1.

TABL.

L1l

1

Test case parameters.

Lateral Frequency,
Test Case Ampliltude, A (mm) f (Hz) Cycles, N_
Low slosh condition 2.5 2.0 10
High slosh condition 3.0 2.0 10
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[0038] During testing, the slosh was allowed to form later-
ally by excitation under simple harmonic motion until a natu-
ral frequency was reached, after about 6 seconds of excita-
tion, and the phase one test was conducted. The forced motion
on the tank 28 provided by the actuators 24 was then stopped.,
and the liquid was allowed to achieve natural damping until
complete damping was witnessed.

[0039] The signals from a FUTEK load cell 26 were used
tor the slosh characterization. The characterization was done
by taking into account the signals after the actuator 22 had
stopped, which gives the remnant slosh. The free slosh con-
dition without any PMD 1s shown 1n FIG. 4. The free slosh
condition shows high amplitude remnant slosh which can be
detrimental to any aircraft or spacecratt.

[0040] Adfter the free slosh experiments, various cases were
tested. The test was conducted with and without activating the
hybrid membranes 10. When activated, a magnetic field was
applied substantially uniformly 1n both direction and magni-
tude to the hybrid membrane. In other words, the magnetic
field source was generally stationary to maintain the direction
of the magnetic field, and the electromagnet 18, and when
engaged, provided a substantially constant field strength.
When activated, the hybrid membranes 10 were subject to the
magnetic field for approximately 4-6 seconds. The same test
case 1s repeated for both the sheet and mesh embodiments of
the matrix 14, and the results, taken over a measurement
period of ten seconds, are obtained through the data acquisi-
tion system of the test bed 20 working with a 0.01 second time
step.

[0041] FIG. 5 shows the normalized slosh amplitude char-
acterization for various conditions after being excited under
the low amplitude test case. FIG. 5a shows the case were no
PMD is present in the tank 28. FIG. 55 shows the results of the
inactive hybrid membrane with the sheet matrix. FIG. 5¢
shows the results of the mnactive hybrid membrane with the
mesh matrix. FIG. 54 shows the results with an activated
hybrid membrane with the sheet matrix, and FIG. Se shows
the results with an activated hybrid membrane with the mesh
matrix. It can be seen that the slosh amplitude decreased
dramatically with the use of an active hybrid membrane 10. It
1s seen that the mesh embodiments display better results 1n
terms of damping due to the increased flexibility and the
ability to absorb energy on a much better scale. The slightly
stiffer sheet embodiment, though not as effective as the mesh,
still displayed appreciable damping characteristics.

[0042] The same test was conducted for the high amplitude
test case with the results shown in FIGS. 6a-e. FIG. 6a shows
the case were no PMD 1s present in the tank 28. FIG. 65 shows
the results of the mactive hybrid membrane with the sheet
matrix. F1G. 6¢ shows the results of the mnactive hybrid mem-
brane with the mesh matrix. FIG. 64 shows the results with an
activated hybrid membrane with the sheet matrix, and FIG. 6e
shows the results with an activated hybrid membrane with the
mesh matrix. As shown similar results 1n terms of damping
characterization are obtained under the high amplitude test as
under the low amplitude test. This supports both the repeat-
ability of the results 1n various conditions as well as the
elfectiveness and efficiency of the magneto activated hybrnid
membrane 10.

[0043] The corresponding structures, materals, acts, and
equivalents of all means plus function elements 1n any claims
below are intended to include any structure, material, or acts
for performing the function 1n combination with other claim
clements as specifically claimed.
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[0044] Those skilled 1n the art will appreciate that many
modifications to the exemplary embodiments are possible
without departing from the scope of the present invention. In
addition, 1t 1s possible to use some of the features of the
embodiments disclosed without the corresponding use of the
other features. Accordingly, the foregoing description of the
exemplary embodiments 1s provided for the purpose of 1llus-
trating the principles of the invention, and not 1in limitation
thereof, since the scope of the invention 1s defined solely by
the appended claims.

We claim:

1. A fuel tank management device for damping liquid fuel
slosh within a fuel tank of a vehicle, comprising;:

a hybrid magneto-active membrane comprising:

at least one polymer membrane; and

a magneto-active matrix comprising a layer of magneti-
cally permeable material configured to move with the
at least one polymer membrane; and

a magnetic field source for generating a magnetic field of a

suilicient strength to effect a change in shape or stifiness
or configuration or combinations thereof of the hybnd
magneto-active membrane for damping liquid fuel
slosh.

2. The fuel tank management device of claim 1, wherein the
magnetic field source comprises an electromagnet and a
power supply for providing varying power levels to vary the
strength of the magnetic field.

3. The fuel tank management device of claim 2, wherein the
strength of the magnetic field 1s varied 1n response to at least
one of: a variation 1n slosh amplitude of the liguid fuel within
the fuel tank, fuel fill levels, an attitude of the vehicle, an
anticipated maneuver, or combinations thereof.

4. The fuel tank management device of claim 2, wherein the
magnetic field source 1s arranged to generate the magnetic
field acting substantially parallel with the hybrid magneto-
active membrane.

5. The fuel tank management device of claim 1, wherein

the layer of magnetically permeable material comprises a
mesh.

6. The fuel tank management device of claim 1, wherein

the layer of magnetically permeable material comprises
Metglas.
7. The fuel tank management device of claim 1, wherein the
at least one polymer membrane 1s combined with, embedded
with, or impregnated into the magneto-active matrix.

8. A magneto-active propellant management device
(MAPMD) for a fuel tank, comprising:

a hybrid membrane, comprising:
at least one polymer membrane, and
a magneto-active matrix comprising a layer of magneti-

cally permeable material configured to move with the
at least one polymer membrane; and

a magnet 1n proximity to the hybrid membrane,

wherein the magnet 1s configured to generate a magnetic field
for activating the magneto-active matrix and to vary a con-
figuration of the hybrid membrane so as to substantially

dampen fuel slosh within the fuel tank.
9. The MAPMD according to claim 8, wherein

the layer of magnetically permeable material comprises a
mesh.

10. The MAPMD according to claim 8, wherein

the layer of magnetically permeable material comprises
Metglas.
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11. The MAPMD according to claim 8, wherein the at least
one polymer membrane 1s combined with, embedded with, or
impregnated into the magneto-active matrix.

12. The MAPMD according to claim 8, wherein the magnet
comprises a selectively energizable electromagnet config-
ured to generate a variable magnetic field for eflecting
changes 1n stiffness, shape, configuration, or combinations
thereol in the hybrid membrane for damping of free surface
elfect and fuel slosh at varying slosh amplitudes, fuel fill
levels, an anticipated maneuver, or attitudes of the fuel tank.

13. The MAPMD according to claim 12, wherein the mag-
netic field 1s provided substantially parallel with the hybrid
membrane.

14. A vehicle, comprising:

a fuel tank; and

the MAPMD according to claim 8, wherein at least the

hybrid membrane 1s positioned within the fuel tank.

15. The vehicle of claim 14, wherein the hybrid membrane
floats on a surface of the fuel within the fuel tank.

16. A method for damping fuel slosh within a fuel tank,
comprising:
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positioning a hybrid magneto-active membrane within the
fuel tank, the hybrid magneto-active membrane com-
prising:
at least one polymer membrane, and
a magneto-active matrix comprising a tlexible layer of
magnetically permeable material configured to move
with the at least one polymer membrane; and
generating a magnetic field proximate to the fuel tank to
activate the magneto-active matrix to effect a change 1n
shape or stifiness or both of the hybrid magneto-active
membrane, sufficient to absorb energy from sloshing
fuel within the fuel tank to substantially dampen slosh-
ing movement of the fuel.

17. The method of claim 16, wherein generating the mag-
netic field comprises generating the magnetic field to act
substantially parallel with the hybrid magneto-active mem-
brane.

18. The method of claim 16, wherein generating the mag-
netic field comprises providing current to an electromagnet in
anticipation of a stage separation maneuver.
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