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(54) Crash load attenuator for water ditching and floatation

(57) An apparatus comprising a float bag (120) com-
prising an air bladder (210) configured to inflate when an
aircraft (100) lands in the water, a girt (220, 230, 240)
coupled to the air bladder (210) and configured to attach
the air bladder (210) to the aircraft (100) via at least one

airframe fitting (160), and a load attenuator (250) coupled
to the girt (220, 230, 240) and configured to be positioned
between the girt (220, 230, 240) and the airframe fitting
(160) when the float bag (120) is attached to the aircraft
(100).
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Description

BACKGROUND

[0001] Aircraft may be forced to make an emergency
landing in water. In some cases, the aircraft may be
equipped with inflatable devices, for example, float bags.
The float bags may be inflated prior to, simultaneous with,
or subsequent to the aircraft landing in water. The struc-
ture of the aircraft may be designed to withstand the force
of the landing on the float bags.

SUMMARY

[0002] In an embodiment, the disclosure comprises an
apparatus comprising a float bag comprising an air blad-
der configured to inflate when an aircraft lands in the
water, a girt coupled to the air bladder and configured to
attach the air bladder to the aircraft via at least one air-
frame fitting, and a load attenuator coupled to the girt and
configured to be positioned between the girt and the air-
frame fitting when the float bag is attached to the aircraft.
[0003] In an embodiment, the disclosure comprises an
aircraft comprising an airframe comprising an airframe
fitting, an engine positioned within the airframe, and land-
ing gear coupled to the airframe, wherein the airframe
fitting is configured to couple to a float bag via a load
attenuator, wherein the airframe fitting is sized to allow
the float bag to stay connected to the aircraft when the
aircraft makes a water landing, and wherein the airframe
has less mass than the mass that is needed in another
airframe when there is no load attenuator positioned be-
tween the other airframe and the float bag.
[0004] In an embodiment, the disclosure comprises a
method comprising selecting a sea state and an aircraft,
wherein the aircraft comprises an airframe fitting, sizing
at least one float bag for the aircraft, wherein the float
bag is configured to keep the aircraft afloat and allow
crew egress when the aircraft makes a water landing,
and selecting a load attenuator to be positioned between
the aircraft and the float bag, wherein the airframe fittings
are configured to couple to the float bag via the load at-
tenuator, wherein the airframe fitting is sized to allow the
float bag to stay connected to the aircraft when the aircraft
makes the water landing, and wherein the airframe has
less mass than the mass that is needed in another air-
frame when there is no load attenuator positioned be-
tween the other airframe and the float bag.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] For a more complete understanding of the
present disclosure and the advantages thereof, refer-
ence is now made to the following brief description, taken
in connection with the accompanying drawings and de-
tailed description:

FIG. 1 is a perspective view of an embodiment an

aircraft comprising float bags;

FIG. 2 is a perspective view of an aircraft float bag
installation location;

FIG. 3 is a perspective view of another embodiment
an aircraft comprising float bags;

FIG. 4 is a perspective view of a float bag and the
load attenuator;

FIG. 5 is a perspective view of a textile load attenu-
ator;

FIG. 6 is a cross-sectional view of a frangible load
attenuator;

FIG. 7 is a graph of forces experienced with and with-
out load attenuators installed; and

FIG. 8 is a flowchart of a method for selecting and
using a float bag comprising a load attenuator.

DETAILED DESCRIPTION

[0006] It should be understood at the outset that al-
though an illustrative implementation of one or more em-
bodiments are provided below, the disclosed systems
and/or methods may be implemented using any number
of techniques, whether currently known or in existence.
The disclosure should in no way be limited to the illus-
trative implementations, drawings, and techniques illus-
trated below, including the exemplary designs and im-
plementations illustrated and described herein, but may
be modified within the scope of the appended claims
along with their full scope of equivalents.
[0007] Aircraft may occasionally make emergency
landings or be forced to ditch in bodies of water. Certain
regulations may specify certain ditching certification re-
quirements for emergency water landings to minimize
the probability of immediate injury to or provide es-
cape/egress provisions for the occupants of an aircraft.
In order to allow occupants of the aircraft a better chance
to escape after a water landing, flotation devices (e.g.
float bags) may be installed on the aircraft. As used here-
in, the term float bag may refer to any flotation device
used on an aircraft for water landings whether temporary
(e.g. inflatable float bags) or permanent (e.g. pontoons
or floats). The float bags may allow for the aircraft to
remain sufficiently upright and in adequate trim to permit
safe and orderly evacuation of all personal and passen-
gers of the aircraft.
[0008] Float bags may be required for aircraft that op-
erate over water. The float bags may be attached to the
airframe using airframe fittings, and the float bags may
be inflated prior to, simultaneous with, or subsequent to
the aircraft making a water landing. The airframe may be
designed to support the load experienced by the float
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bags during a water landing. In order to reduce the load
transmitted to the airframe, a load attenuator may be in-
stalled between the float bag and the airframe. The load
attenuator may reduce the load transmitted to the air-
frame and may therefore allow a lighter weight airframe
(e.g. an airframe with less mass) and/or float bag sup-
ports to be used. In addition, the load attenuators may
allow the aircraft to sit lower in the water, thereby lowering
the center of gravity and reducing the possibility of the
aircraft capsizing after a water landing.
[0009] FIG. 1 is a perspective view of an embodiment
of an aircraft 100 comprising float bags 120. The aircraft
100 comprises an airframe 110 (e.g. fuselage) that may
comprise an engine, transmission, avionics, main and
tail rotors, tail boom, landing gear (e.g. fixed or retractable
landing gear), etc. that allow the aircraft to be operated.
The aircraft 100 may comprise one or a plurality of float
bags 120. While four float bags 120 are depicted, any
number of float bags 120 may be used depending upon
the characteristics of the airframe 110 and/or the char-
acteristics of the float bags 120. The float bags 120 may
be coupled to the airframe 110 at float bag installation
locations 150, an embodiment of which is shown in FIG.
2. It will be appreciated that the float bags 120 may be
attached to the airframe 110 using any suitable connec-
tions that maintain the aircraft 100 in an orientation that
permits safe egress of the occupants (e.g. passengers
and flight crew) in the event of a water landing. The float
bags 120 are typically attached to the airframe 110 in a
compact or deflated state during ground and air opera-
tions (although an inflated configuration is included within
the scope of this disclosure). The float bags 120 may
automatically deploy if a water landing is detected by
sensors on the aircraft 100 and/or the float bags 120.
Alternatively, the flight crew may deploy or inflate the float
bags 120 when needed. Finally, although a helicopter is
illustrated in FIG. 1, the disclosed systems and methods
may be applied to any type of aircraft, such as airplanes
or tilt-rotor aircraft, as well as any other types of vehicles.
[0010] The airframe 110 may be manufactured such
that it withstands the load placed on it when the aircraft
100 makes a water landing with the float bags 120 in
either an inflated or a deflated state. In order to reduce
the load placed on the airframe 110 during a water land-
ing, a load attenuator may be installed between the float
bags 120 and the airframe 110. For example, one end
of a load attenuator may be coupled to the float bag 120
and a second end of the load attenuator may be coupled
to the airframe fittings that are part of the airframe 110.
In aircraft without load attenuators, the float bag peak
retention load under probable water conditions (e.g. sea
state 4 or sea state 6) is significantly high such that the
airframe fittings may need to be enlarged to properly carry
such a high load. Typically, aircraft without load attenu-
ators may require a relatively heavy frame compared to
the airframe 110, which comprises float bags 120 with
load attenuators.
[0011] FIG. 2 is a perspective view of a float bag in-

stallation location 150. The float bag installation location
150 may be located on the outside of the airframe 110
(e.g. on the sides, front, back, or bottom, such as the keel
boom, of the airframe 110, or on the tail boom), on the
inside of the airframe 110 (e.g. on the floor of the airframe
110), or combinations thereof. In some embodiments,
the float bag installation location 150 may be covered
with a panel when the float bags 120 are not installed on
the airframe 110 (e.g. to promote aerodynamic efficien-
cy). In other embodiments, the float bag installation lo-
cation 150 may comprise a cavity sized such that the
float bags 120 are installed therein and an aerodynamic
cover may be placed over the float bags 120. The aero-
dynamic cover may open or be disconnected from the
airframe 110 upon deployment of the float bags 120. Al-
ternatively, the float bags 120 may be aerodynamically
shaped. In any of these embodiments, float bags 120 are
not sufficiently constrained such that the float bags 120
are prevented from opening and/or deploying in the event
of a water landing.
[0012] The float bag installation location 150 may com-
prise a plurality of airframe fittings 160. In FIG. 2, the float
bag 120 has been removed to better illustrate the air-
frame fittings 160. The expected sea conditions, the air-
craft size, as well as the specific type of float bag 120
may dictate the location and number of the airframe fit-
tings 160. The airframe fittings 160 may be sized and/or
otherwise configured to allow the float bag 120 girts
(shown in FIG. 4) to be attached. The airframe fittings
160 may be a loop, stud, any other suitable attachment
point, or combinations thereof. While five pairs of air-
frame fittings 160 are shown, any number of airframe
fittings 160 may be used.
[0013] The airframe fittings 160 may be configured
such that some airframe fittings 160 have differing func-
tions than other airframe fittings 160. It should be under-
stood that the primary responsibility of the airframe fit-
tings 160 is to maintain connectivity between the airframe
110 and the float bags 120. However, some of the air-
frame fittings 160 may be further configured to support
drag loads (e.g. aerodynamic drag forces during forward
flight or water drag caused by the water acting on the
float bags 120), other airframe fittings 160 may be further
configured to support the weight of the float bags 120,
and yet other airframe fittings 160 may be configured to
keep the float bags 120 close to the airframe 110 once
the float bags are deployed. Various types of such air-
frame fittings 160 may be used on the aircraft 100.
[0014] FIG. 3 is a perspective view of another embod-
iment of an aircraft 180 comprising float bags 120. The
aircraft 180 is similar to the aircraft 100 described above,
and thus only the differences are discussed herein. Un-
like aircraft 100 which contains retractable landing gear,
aircraft 180 comprises fixed landing gear 130 (e.g. skids).
In FIG. 3, the float bags 120 are coupled to the landing
gear 130, but in some instances the float bags 120 may
be coupled to both the airframe 110 and the landing gear
130. For example, the float bags 120 may be coupled to
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both the airframe 110 and the landing gear 130 either
separately (e.g. some float bags 120 coupled to the land-
ing gear 130 and some float bags 120 coupled to the
airframe 110) or in combination (e.g. at least one float
bag 120 simultaneously coupled to the landing gear 130
and the airframe 110). Alternatively, the float bags 120
may be coupled to an intermediary surface or device that
may be coupled to the airframe 110 (e.g. a pylon). As
with the aircraft 100, the float bag installation locations
150 may be selected such that upon a water landing, the
aircraft’s 180 points of egress are above the expected
waterline, thus preventing excessive amounts of water
from entering the aircraft 180.
[0015] FIG. 4 is a perspective view of a float bag 120.
The float bag 120 may comprise an air bladder 210, an
upper load girt 220, a lower load girt 240, a drag girt 230,
and several load attenuators 250. The air bladder 210
may be any non-permeable material capable of contain-
ing air or other gasses and that is configured to provide
bouncy for the airframe while in the water. The air bladder
210 may be divided into several air chambers, such that
if one of the chambers is punctured, the float bag 120
retains buoyancy. The air bladder 210 may also comprise
water sensors and compressed air (or other gas) tanks
that allow the float bag 120 to deploy when a water land-
ing occurs.
[0016] The upper load girt 220 may be attached to the
air bladder 210 and may be configured to attach to the
airframe (e.g. via the airframe fittings 160). The upper
load girt 220 may be made of the same material as the
air bladder 210, or any other material suitable for attach-
ing the upper load girt 220 to the air bladder 210. The
upper load girt 220 may be made of a material that is
flexible such that the air bladder 210 and upper load girt
220 may be stored in a deflated state, e.g. in a storage
container or within a cavity in the aircraft. Also, the upper
load girt 220 is shown with two arms 221a, 221b, but may
comprise any number of arms 221.
[0017] The lower load girt 240 may be attached to the
air bladder 210 and may be configured to attach to the
airframe (e.g. via the airframe fittings 160). The lower
load girt 240 may be made of the same material as the
air bladder 210, or any other material suitable for attach-
ing the lower load girt 240 to the air bladder 210. The
lower load girt 240 may be made of a material that is
flexible such that the air bladder 210 and lower load girt
240 may be stored in a deflated state, e.g. in a storage
container or within a cavity in the aircraft. Also, the lower
load girt 240 is shown with two arms 241a, 241b, but may
comprise any number of arms 241.
[0018] The drag girt 230 may be attached to the air
bladder 210 and may be configured to attach to the air-
frame (e.g. via the airframe fittings 160). The drag girt
230 may be made of the same material as the air bladder
210, or any other material suitable for attaching the drag
girt 230 to the air bladder 210. The drag girt 230 may be
made of a material that is flexible such that the air bladder
210 and drag girt 230 may be stored in a deflated state,

e.g. in a storage container or within a cavity in the aircraft.
Also, the drag girt 230 is shown with one arm 231, but
may comprise any number of arms 231.
[0019] Any number or all of the upper load girt 220, the
lower load girt 240, and the drag girt 230 (collectively,
girts) may comprise a load attenuator 250. As used here-
in, the term load attenuator may refer to any device that
decreases a shock load on at least one end of the device,
typically by mechanized deformation of the device. Load
attenuator may also be referred to as a load limiter. The
load attenuators 250 may be part of the girts (e.g. the girt
arms) or may be an intermediary device positioned be-
tween the girts and the airframe. The load attenuators
250 are typically designed to mechanically deform but
not disconnect two bodies (e.g. the airframe and the float
bag) when a tensile force is applied to the load attenuator
250. By incorporating the load attenuators 250, the peak
retention load of the float bags during a water ditching or
water emergency landing may be greatly reduced relative
to a similar situation where no load attenuator 250 is in-
stalled. For example and with reference to FIG. 7, the
energy absorption can be increased in the case where a
load attenuator is installed, because the stroking distance
(e.g. distance over which a load is carried) may be in-
creased, and thus the integrated area under the load-
deflection curve 730 can be increased relative to the case
where the load attenuator is not installed, curve 710.
[0020] FIG. 5 is a perspective view of a textile load
attenuator 250a. The textile load attenuator 250a may
be any device that comprises a fabric body and a plurality
of stiches in the fabric body that are configured to tear
without compromising the fabric body when a tensile load
is applied to the textile load attenuator 250a. The fabric
in the textile load attenuator 250a may be selected to
withstand saltwater environments and other environmen-
tal conditions that may be experienced in a water landing.
[0021] Textile load attenuator 250a may have a lower
strength limit defined by the stitch strength (e.g. a load
under which the stiches will not break) and an upper
strength limit defined by the load limit of the fabric (e.g.
a load that exceeds the tensile strength of the fabric). In
some embodiments, the stitch thread and/or stitch den-
sity may be consistent throughout the load attenuator
250a such that the load required to break the stitches is
consistent as the stitches tear or become undone. Alter-
natively, the stitch thread and/or stitch density may be
varied throughout the load attenuator 250a such that the
load required to break the stitches varies (e.g. increases)
as the stitches tear or become undone.
[0022] The textile load attenuator 250a illustrated in
FIG. 5 comprises a single length of fabric comprising a
first arm 251, a fold 252, and a second arm 253. The fold
252 comprises a plurality of stitches 254 sewn into the
fold 252. When a load is applied to the textile load atten-
uator 250a and the stitches tear, a straight piece of fabric
remains. Although the load attenuator 250a in FIG. 5 is
shown in a "T" configuration, other configurations are also
available. For example, a "Z" configuration could be cre-
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ated by moving the fold 252 up to the first arm 251 and
passing the stitches 254 through all three layers of fabric.
In another example, a "ZS" configuration could be made
by creating a "Z" configuration next to a mirror image of
the "Z" configuration. Alternatively, the load attenuator
250a could comprise multiple folds 252, or perhaps a
combination of different folds 252 (e.g. one "T" configu-
ration and one "Z" configuration).
[0023] The textile load attenuator 250a illustrated in
FIG. 5 but modified to be a tear-fabric configuration rather
than a tear-webbing configuration with stitches. The tear-
fabric configuration is comprised of a length of fabric 252
having two sides woven together such that when the two
sides are pulled apart, the weaving elongates and tears.
In such an embodiment, the fabric layers will tear apart
(and thereby attenuate the load) to a point, after which
the fabric will maintain its structural integrity. This is sim-
ilar to the embodiment described above where the stitch
tear to a point (to attenuate the load), and then the fabric
maintains its structural integrity.
[0024] FIG. 6 is a perspective view of a mechanical
load attenuator 250b. A mechanical load attenuator may
be any device configured to mechanically deform when
a tensile load is applied thereto, but will not mechanically
fail to the point where the two ends of the attenuator to
which the tensile load is applied become separated from
each other. In the embodiment illustrated in FIG. 6, the
mechanical load attenuator 250b is a frangible load at-
tenuator. A frangible load attenuator may be any device
that comprises a body that is designed not to break under
the tensile load and an internal structure that is designed
to break under the same tensile load. The materials the
mechanical load attenuator 250b may be selected to
withstand saltwater environments and other environmen-
tal conditions that may be experienced in a water landing.
The mechanical load attenuator 250b may have a lower
strength limit defined by the internal material strength
(e.g. a load under which the internal material will not de-
form) and an upper strength limit defined by the load limit
of the body material (e.g. a load that exceeds the tensile
strength of the body material). In some embodiments,
the internal material may be consistent throughout the
load attenuator 250b such that the load required to de-
form the internal material is consistent as the internal
material deforms. Alternatively, the internal material may
be varied throughout the load attenuator 250b such that
the load required to deform the internal material varies
(e.g. increases) as internal material is deformed.
[0025] The mechanical load attenuator 250b illustrated
in FIG. 6 comprises a non-frangible casing 260 surround-
ing a frangible support material 264. The frangible sup-
port material 264 may have a lower strength (e.g. a lower
shear, tensile, or compressive strength) than the non-
frangible casing 260 material. For example, the frangible
support material 264 may be aluminum or plastic, while
the non-frangible casing 260 material may be steel. A
non-frangible fastener 262 may be placed in the frangible
support material 264. The non-frangible fastener 262

may shear the frangible support material 264 upon ex-
periencing a sufficient load. Upon experiencing an impact
with enough force to shear the frangible support material
264, the non-frangible fastener 262 may move to the po-
sition indicated at index 266.
[0026] Several other examples of mechanical load at-
tenuators exist. For example, the mechanical load atten-
uator may comprise a pre-twisted length of material (e.g.
metal) that untwists when a tensile load is applied thereto.
Alternatively, the mechanical load attenuator may com-
prise a convoluted piece of material (e.g. metal) that
straightens when a tensile load is applied thereto. Further
in the alternative, the mechanical load attenuator may
include a torsion bar that twists when a load is applied
thereto. In addition, the mechanical load attenuator may
comprise a chamber that is configured to compress when
a tensile load is applied thereto (e.g. where the chamber
comprises two plates at a proximate end and a distal end,
the distal plate is connected to the proximate end and
the proximate plate is connected to the distal end. In such
a case, the chamber may comprise any suitable com-
pression load attenuator, such as a beam convoluted in
cross-section that is forced through a straightener when
a force is applied thereto. Such technologies are used in
highway guardrails. Furthermore, the mechanical load
attenuator may comprise a spring that stretches when a
tensile load is applied thereto, but may optionally return
to at least part of its original length. Doing so may be
desirable because it may bring the float bags closer to
the aircraft after a water landing and improve stability
and/or raise in the aircraft in the water, which can reduce
the amount of water entering the aircraft.
[0027] FIG. 7 is a graph 700 of the forces experienced
with and without load attenuators installed. Curve 710 is
a representation of the forces encountered during a water
landing on an aircraft with float bags installed without
load attenuators. Curve 730 is a representation of the
forces encountered during a water landing on an aircraft
with float bags installed with load attenuators. The max-
imum force experienced without load attenuators 720
may be significantly greater than the maximum force ex-
perienced with load attenuators 740. As described
above, the load attenuators may function in a progressive
failure fashion which may result in limiting the peak load
while maintaining a constant load 740. The resulting en-
ergy absorption, which is the integrated area under the
load-deflection curve, is equal or greater with the load-
attenuators installed. It will be appreciated that the load
740 is not required to be constant but can increase or
decrease to meet design requirements. Thus, while the
graph 700 shows a horizontal line for maximum force
experienced with load attenuators 740, the maximum
force may in some embodiments vary with deflection (e.g.
linear distance) based upon the configuration of a load
attenuator used in a progressive failure fashion.
[0028] FIG. 8 is a flowchart of a method 800 for pro-
viding and using the float bag with load attenuators as
described herein. Steps 810-840 generally are referred
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to as providing the float bag with load attenuators, while
steps 850 and 860 describe the use of the float bags with
load attenuators. The method 800 may begin at step 810
by selecting a sea state and an aircraft. Sea state con-
ditions are defined by various organizations and scales
(e.g. the world meteorological organization, the Douglas
Sea Scale, or the Beaufort scale), and various type of
aircraft (e.g. helicopters, tiltrotors, airplanes, etc.) are
known. The sea state and aircraft are selected so that
the loads applied to the float bags can be calculated
based on the expected airspeeds, aircraft weights, wave
heights, wave configurations, and so forth. For example,
the expected loads that the float bag may encounter may
be calculated, and then a safety factor may be applied
to the expected loads. The method 800 may continue at
step 820 by sizing at least one float bag suitable for the
aircraft and sea state. The float bags may be sized based
on the sea conditions and aircraft weight, and may in-
clude a safety factor (e.g. float bags sized for twice need-
ed size).
[0029] The method 800 may continue at step 830
where the load attenuators are selected. The load atten-
uators may be selected based on the expected loads that
the float bag will encounter. The type and size of load
attenuator selected for use in certain embodiments may
depend on one or more of the following factors: charac-
teristics of the aircraft, characteristics of the float bags,
and probable water conditions upon landing. The water
conditions may be based on various sea states defined
by the world meteorological organization, the Douglas
Sea Scale, or the Beaufort scale. Certain regulations may
require that the aircraft be able to withstand a water land-
ing in certain sea states, for example a sea state 4 or sea
state 6. For example, in some embodiments using four
float bags, load attenuators may be selected based on
the aircraft landing in a body of water under sea state 4
conditions, the selected load attenuators may be able to
withstand 3,500 pounds of force without failing (e.g. they
attenuate at less than 3,500 pounds, but do not decouple
the float bag from the aircraft). Using the same aircraft
and float bag characteristics, with an expected sea state
of 6, load attenuators may be selected with a value of
6,000 pounds.
[0030] The method 800 may continue at step 840
where the airframe and airframe fittings are sized. The
load attenuators allow the airframe and/or airframe fit-
tings to be smaller than the airframe and/or airframe fit-
tings used on aircraft with no load attenuators on the float
bags. For example, the load attenuators may allow the
airframe and/or airframe fittings to be about 30%, about
40% or about 50% smaller than the airframe and/or air-
frame fittings used on aircraft with no load attenuators
on the float bags.
[0031] The method 800 may continue at step 850 by
installing the float bags with load attenuators on the air-
craft. For example, the float bags may be attached to the
load attenuators, and the load attenuators may be at-
tached to the airframe fittings. Installing a load attenuator

between the float bags and the airframe may allow a light-
er weight airframe (e.g. an airframe with less mass) to
be selected for use on the aircraft. Finally, the load at-
tenuators are used at step 860 when an aircraft makes
a water landing. Specifically, the load attenuators may
deform as described above. Additionally, the load atten-
uator may allow the aircraft to sit lower in the water and
consequently decrease the chance of the aircraft capsiz-
ing in higher sea states. In the case of a helicopter, a
large overhead mass of equipment may be present, for
example, the transmission, rotor, and engines may all be
located at the top of the aircraft. Thus, lowering the entire
aircraft will decrease the center of gravity and increase
flotation stability.
[0032] At least one embodiment is disclosed and var-
iations, combinations, and/or modifications of the em-
bodiment(s) and/or features of the embodiment(s) made
by a person having ordinary skill in the art are within the
scope of the disclosure. Alternative embodiments that
result from combining, integrating, and/or omitting fea-
tures of the embodiment(s) are also within the scope of
the disclosure. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations
should be understood to include iterative ranges or lim-
itations of like magnitude falling within the expressly stat-
ed ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11,
0.12, 0.13, etc.). For example, whenever a numerical
range with a lower limit, R1, and an upper limit, Ru, is
disclosed, any number falling within the range is specif-
ically disclosed. In particular, the following numbers with-
in the range are specifically disclosed: R=R1+k*(Ru-R1),
wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, ..., 50 percent,
51 percent, 52 percent, ..., 95 percent, 96 percent, 97
percent, 98 percent, 99 percent, or 100 percent. Unless
otherwise stated, the term "about" shall mean plus or
minus 10 percent of the subsequent value. Moreover,
any numerical range defined by two R numbers as de-
fined in the above is also specifically disclosed. Use of
the term "optionally" with respect to any element of a
claim means that the element is required, or alternatively,
the element is not required, both alternatives being within
the scope of the claim. Use of broader terms such as
comprises, includes, and having should be understood
to provide support for narrower terms such as consisting
of, consisting essentially of, and comprised substantially
of. Accordingly, the scope of protection is not limited by
the description set out above but is defined by the claims
that follow, that scope including all equivalents of the sub-
ject matter of the claims. Each and every claim is incor-
porated as further disclosure into the specification and
the claims are embodiment(s) of the present invention.
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Claims

1. An apparatus comprising:

a float bag comprising:

an air bladder configured to inflate when an
aircraft lands in the water;
a girt coupled to the air bladder and config-
ured to attach the air bladder to the aircraft
via at least one airframe fitting; and
a load attenuator coupled to the girt and
configured to be positioned between the girt
and the airframe fitting when the float bag
is attached to the aircraft.

2. The apparatus of claim 1, wherein the load attenu-
ator is a textile load attenuator having a "T" config-
uration, or wherein the load attenuator is a textile
load attenuator having a "Z" configuration.

3. The apparatus of claim 1, wherein:

(i) the load attenuator is a textile load attenuator
comprising a fold and a plurality of stitches in
the fold, and wherein a density of the stiches is
varied across the fold; or
(ii) the load attenuator is a textile load attenuator
comprising a fold and a plurality of stitches in
the fold, wherein the stitches comprise a plurality
of thread types, and wherein the thread types
are varied across the fold.

4. The apparatus of claim 1, wherein the load attenu-
ator is a textile load attenuator comprising tear-fab-
ric, and wherein the fabric is comprised of a fabric
woven together.

5. The apparatus of claim 1, wherein the load attenu-
ator is a frangible load attenuator comprising:

a casing having a first strength;
a frangible support material positioned within the
casing and having a second strength less than
the first strength; and
a fastener positioned within the frangible sup-
port material and having a third strength greater
than the second strength, wherein the fastener
is configured to deform the frangible support ma-
terial when a tensile load is applied to the fran-
gible load attenuator.

6. The apparatus of claim 1, wherein the load attenu-
ator is a mechanical load attenuator comprising a
material that deforms but does not break when the
aircraft lands in water; or wherein the load attenuator
is a mechanical load attenuator comprising a com-
pression load attenuator.

7. The apparatus of claim 1, further comprising an air-
frame comprising the airframe fitting, an engine, and
landing gear.

8. The apparatus of claim 7, wherein the float bag is
configured to attach to the airframe, or wherein the
float bag is configured to attach to the landing gear.

9. The apparatus of claim 1, further comprising:

an upper load girt comprising two upper arms,
wherein the upper load girt is coupled to the air
bladder and configured to attach the air bladder
to the aircraft via the two upper arms and a pair
of upper load girt airframe fittings;
a pair of upper load girt load attenuators coupled
to the upper load girt arms and configured to be
positioned between the upper load girt arms and
the upper load girt airframe fittings when the float
bag is attached to the aircraft;
a lower load girt comprising two lower arms,
wherein the lower load girt is coupled to the air
bladder and configured to attach the air bladder
to the aircraft via the two lower arms and a pair
of lower load girt airframe fittings; and
a pair of lower load girt load attenuators coupled
to the lower load girt arms and configured to be
positioned between the lower load girt arms and
the lower load girt airframe fittings when the float
bag is attached to the aircraft,
wherein the girt is a drag girt comprising only
one drag girt arm, and
wherein the load attenuator is a drag girt load
attenuator.

10. An aircraft comprising:

an airframe comprising an airframe fitting;
landing gear coupled to the airframe,
wherein the airframe fitting is configured to cou-
ple to a float bag via a load attenuator,
wherein the airframe fitting is sized to allow the
float bag to stay connected to the aircraft when
the aircraft makes a water landing, and
wherein the airframe has less mass than the
mass that is needed in another airframe when
there is no load attenuator positioned between
the other airframe and the float bag.

11. The aircraft of claim 10, wherein the airframe fittings
and the load attenuator are both sized based upon
characteristics of the aircraft and an expected sea
state.

12. The aircraft of claim 10, wherein the airframe com-
prises a cavity, and wherein the airframe fitting is
positioned within the cavity, and optionally or pref-
erably wherein the aircraft further comprises a cover
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plate configured to cover the cavity and provide an
aerodynamic shape to the aircraft near the cavity,
wherein the cover plate optionally does not cover the
float bag when the float bag is inflated on the aircraft.

13. The aircraft of claim 10, wherein the float bag com-
prises:

an air bladder;
an upper load girt comprising two upper arms,
wherein the upper load girt is coupled to the air
bladder and configured to attach the air bladder
to the airframe via the two upper arms and a pair
of upper load girt airframe fittings;
a pair of upper load girt load attenuators coupled
to the upper load girt arms and configured to be
positioned between the upper load girt arms and
the upper load girt airframe fittings when the float
bag is attached to the airframe;
a lower load girt comprising two lower arms,
wherein the lower load girt is coupled to the air
bladder and configured to attach the air bladder
to the airframe via the two lower arms and a pair
of lower load girt airframe fittings; and
a pair of lower load girt load attenuators coupled
to the lower load girt arms and configured to be
positioned between the lower load girt arms and
the lower load girt airframe fittings when the float
bag is attached to the airframe;
a drag girt comprising only one drag girt arm,
wherein the drag is coupled to the air bladder
and configured to attach the air bladder to the
airframe via the airframe fitting; and
wherein the load attenuator is coupled to the
drag girt arm and the airframe fitting and is con-
figured to be positioned between the drag girt
arm and the airframe fittings when the float bag
is attached to the airframe.

14. A method comprising:

selecting a sea state and an aircraft, wherein
the aircraft comprises an airframe fitting;
sizing at least one float bag for the aircraft,
wherein the float bag is configured to keep the
aircraft afloat and allow crew egress when the
aircraft makes a water landing; and
selecting a load attenuator to be positioned be-
tween the aircraft and the float bag,
wherein the airframe fittings are configured to
couple to the float bag via the load attenuator,
wherein the airframe fitting is sized to allow the
float bag to stay connected to the aircraft when
the aircraft makes the water landing, and
wherein the airframe has less mass than the
mass that is needed in another airframe when
there is no load attenuator positioned between
the other airframe and the float bag.

15. The method of claim 14 wherein selecting a load
attenuator comprises:

calculating a load that the aircraft will experience
when the aircraft makes the water landing; and
selecting a load attenuator that has a tensile
strength greater than the load.
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