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(54) Fuselage airframe and tank

(57) The invention relates to a fuel tank (19) and a
differential frame (3) in a fuselage airframe (1) of a heli-
copter, the fuel tank (19) being installed between the fu-
selage lower cover shell (4) and the floor panel (5). The
differential frame (3) separates the fuel tank (19) into two
individual compartments, the differential frame (3) having
a web (15) below the floor panel with a variable-height
(23) with a minimum height at the symmetry axis (18) of
the fuselage cross-section and a maximum height at lat-

eral frame roots regions (27). A transversal beam (7) is
attached at each of its both ends to the differential frame
(3) bridging the entire variable-height (23) of the differ-
ential frame (3) and the fuel tank (19) with two front and
rear fuel bladders (20, 21) covering both individual tank
compartments with a middle bladder (22) installed be-
tween the transversal beam (7) and the variable-height
web (15) of the differential frame (3).
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Description

[0001] The invention relates to a fuselage airframe for
a specific fuel tank design of a helicopter with the features
of the preamble of claim 1. The invention relates as well
to the fuel tank design specific to the fuselage airframe
of the helicopter with the features of the preamble of claim
7 and to a specific integration procedure for this fuel tank
with the features of the preamble of claim 9.
[0002] A typical integration of a fuel tank below a floor
panel, within a typical airframe of e. g. a helicopter is
characterized by the following difficulties:
[0003] Continuous frames and/or longerons of a typical
airframe, covering the entire cross section of a subfloor
compartment below the floor panel of said typical air-
frame, enforce to divide the subfloor compartment into
several individual cells. This requires the use of several
individual fuel bladders which have to be interconnected
to each other by means of special fuel system devices
such as transfer pipes for fuel transfer between two ad-
jacent fuel bladders and scavenge lines for fuel transfer
from e. g. main tanks to feeder tanks. These special fuel
system devices have to be conducted through these
structural elements, i. e. the frames and/or longerons, so
the frames and/or longerons have to be provided with
suitable cut-outs. Since the fuel bladders’ integration is
accomplished after the structural airframe assembly,
considerable integration efforts have to be made in terms
of installing the fuel systems and connecting the corre-
sponding fuel bladders.
[0004] Once the whole fuel system of fuel bladders and
fuel system devices is installed within the airframe, the
fuel system has to be tested in its final integration con-
dition within the airframe, leading to large disadvantages
in the final assembly, since the test process delays further
structural integration processes and causes time con-
suming defect detection procedures as well as large dis-
assembly and reassembly efforts for defect remedy. The
same applies for maintenance operations of the fuel tank.
[0005] Drilling operations in the fuel tank area repre-
sent a serious risk of damaging the fuel bladders. Drilling
operations affecting the fuel tank’s compartments are
hence strictly avoided. This requirement sets consider-
able limitations in the structural design with respect to
alternative fuel tank integration approaches.
[0006] The fuel tanks of typical helicopters are allocat-
ed within the subfloor compartment of a fuselage center
section between a floor panel and a fuselage lower cover.
The fuel tanks are composed of several cells each en-
closing individual fuel bladders of reinforced elastomeric
material. Each cell is housed and supported by the sur-
rounding structural elements: frames, floor panels, lower
cover shell and longerons. The fuel tanks are separated
into main tanks and feeder tanks, the main tanks supply-
ing the feeder tanks and the feeder tanks supplying di-
rectly the engines. The bottom of each cell compartment
is provided with foam inserts which are specially shaped
in order to ensure an adequate fuel extraction at each

flight condition.
[0007] The fuel tank integration procedure is complex.
After the structural assembly the floor panel has to be
removed, the individual fuel bladders are mounted within
the subfloor structure, connected to each other and sub-
sequently the floor panel has to be reinstalled. Especial
care has to be paid to a leakage-free installation of the
fuel transfer lines.
[0008] The structural elements determining most of all
the fuel system compartment design are the frames and
longitudinal members such as longerons. The frames are
transversal elements enclosing the entire perimeter of
the load carrying fuselage, hence ranging from its upper
deck to the lower cover shell. The longerons are longitu-
dinal elements being basically arranged along the longi-
tudinal axis of the aircraft and spanning the entire length
of the subfloor structure. The frames are key elements
of the structural architecture of the helicopter supporting
the upper deck systems, e. g. engines, gear box, ..., in-
troducing loads, e.g. inertia loads, rotor loads, fuel loads,
crash loads, landing gear loads, payload loads, ditching
loads..., supporting and stabilizing peripheral structural
elements, e. g. longerons, shells, beams, stringers if
present, and providing for energy dissipation in crash
scenarios. The frame is composed of an essentially pla-
nar web essentially perpendicular to the longitudinal axis
and flanges extending along inner and outer contour pe-
rimeters of the web essentially perpendicular to the web’s
plane. The frame comprises an upper section above the
floor plane with two lateral essentially vertical portions
and an upper essentially horizontal portion at the airframe
deck, and a lower section with the web and its two con-
touring flanges below the floor plane. The cabin compart-
ment is confined between the inner perimeter of the
frame’s upper section and the floor panel. The design of
the upper section of the frames is mainly driven by stiff-
ness and strength requirements, the latter being essen-
tially set by very demanding crash scenarios with their
associated large load factors, e. g. large inertia loads
excited by significant upper deck masses such as gear
box and engines. The lower section of the frames below
the floor plane is essentially designed in view of the sub-
floor loads, e. g. payload and fuel for flight and ground
load, said subfloor loads being considerably less than
crash loads. The lower section of the frames is further
designed in view of the landing gear loads for some of
the frames, as well as in terms of energy dissipation in
case of crash, and most of all in charge for energy dissi-
pation for a vertical crash scenario. In case of a crash,
the horizontal subfloor frame portions hold the vertical
lateral frame portions in place avoiding their entire sep-
aration from the airframe structure. The web height of
the lower section of the frame in the subfloor compart-
ment is typically larger than the frame’s web height of the
frame’s sections above the floor plane. Hence, strength
and stiffness in the subfloor compartment of the frame
are not very demanding, the critical locations being rather
allocated within transitions between horizontal subfloor
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frame portions and the lateral frame portions above floor
panel level. The transition region between the frame’s
upper section and the frame’s lower section at floor plane
level is called frame root region representing a critical
area in terms of strength. At the transition region the inner
cap’s trajectory is strongly diverted between an essen-
tially vertical and an essentially horizontal direction.
[0009] The document US 5451015 (Bell) discloses a
dual-purpose bulkhead structure to support normal air-
craft operational loads and to absorb energy in a control-
led manner during a crash. An integral fuel tank compris-
es a fuel compartment and a crashworthy flexible fuel
cell. The fuel compartment includes two dual-purpose
bulkheads and crushable foam disposed between the
sides of the fuel cell and the bulkheads and sides of the
fuel compartment. The foam limits fuel pressure loads
on the fuel compartment bulkheads and sides during a
crash, thereby preventing their failure. US 5451015 fur-
ther discloses a rigid anti-crash tank, forming an integral
part of the structure of the equipment implying disadvan-
tages with regard to structural flexibility.
[0010] The document US 5371935 (United Technolo-
gies Corporation) discloses a method for removing a fuel
cell from an aircraft fuselage cavity with the steps of: seal-
ing the fuel cell by securing complementary covers and
gaskets or O-rings in combination with the ports of the
fuel cell, installing an evacuation system in combination
with the fuel cell, operating the evacuation system to
evacuate the sealed fuel cell wherein the ambient air
pressure of the aircraft fuselage cavity collapses the fuel
cell to a predetermined height, and removing the col-
lapsed fuel cell from the aircraft fuselage cavity.
[0011] The document FR 2756255 (Eurocopter
France) discloses a fuel tank with a suction opening with
at least one filler for liquid outside the tank. A feed tank
is fixed to the inside of the tank and is in communication
with it so that the liquid contained in the tank can pass
into the feed tank. The suction opening of the filler opens
into the feed tank of which the volume is such that, when
the tank is subjected to a negative or zero load factor or
is turned over for a predetermined time, the suction open-
ing is filled continuously by the liquid in the feed tank.
[0012] The document US 4860972 (de Era Aviation)
discloses an auxiliary tank under and not integrated in
the helicopter.
[0013] It is an object of the invention to provide an im-
proved fuselage airframe for fuel tank integration con-
cepts. It is a further object of the invention to provide an
integration procedure for a fuel tank into the fuselage
airframe with reduced process complexity inclusive the
final assembly line. It is a still further object of the inven-
tion to provide a fuel tank suitable for integration into the
fuselage airframe.
[0014] A solution is provided with a fuselage airframe
with the features of claim 1 of the invention. A further
solution is provided with an integration procedure for a
fuel tank into the fuselage airframe with the features of
claim 9 of the invention. A still further solution is provided

with a fuel tank with the features of claim 7 of the inven-
tion.
[0015] According to the invention a fuselage airframe
of a helicopter comprises a subfloor compartment en-
compassed by a concave cover shell, standard frames
and a floor panel covering substantially entirely said sub-
floor compartment above the concave cover shell. At
least one differential frame of the fuselage airframe is
mounted to the concave cover shell between two stand-
ard frames. Said at least one differential frame is perpen-
dicular and substantially symmetric with regard to a lon-
gitudinal axis of the fuselage cross-section. The differ-
ential frame has a web contoured by flanges respectively
in a lower section below the floor plane and in an upper
section above the floor plane, the latter being composed
of lateral essentially vertical portions and an upper es-
sentially horizontal portion, similar to the upper section
of standard frames. Said lower section of the at least one
differential frame partitions the subfloor compartment in-
to two individual cells provided between the concave cov-
er shell, the adjacent standard frames and the floor panel
for reception of a fuel tank. The web of the lower section
of the at least one differential frame has a variable-height
with a minimum height at the longitudinal axis of the con-
cave cover shell cross-section and a maximum height at
the lateral frame root regions, the maximum height cor-
responding to the distance from the cover shell to the
floor panel. At least one transversal beam is provided for
each differential frame. Said at least one transversal
beam bridges the entire variable-height portion of the
lower section of the at least one differential frame and is
attached at its both ends to the lower section of the cor-
responding differential frame. The non continuous lower
section of the differential frame of the inventive fuselage
airframe has a decreasing height that becomes smaller
from respective left and right sides towards the aircraft’s
longitudinal symmetry axis until said lower section of the
differential frame reaches at a lowest height a level which
is essentially flush with an inner surface of the fuselage’s
lower concave cover shell. The portion of the lower sec-
tion of the differential frame with the lowest height acts
like an elastic hinge between the left and right sides of
the lower section of the differential frame. The transversal
beam of the inventive fuselage airframe connects both
the left and right side of the lower section of the differential
frame at the height of the floor plane through respective
hinged attachments. The differential frame with its V-
shaped lower section and the transversal beam provide
a differential frame-work structure capable of taking the
structural duties of a conventional frame design with a
continuous and constant height frame web. The trans-
versal beam transfers corresponding cabin floor loads to
the differential frame’s left and right sides while the left
and right portions of the differential frame are supported
by the transversal beam for structural integrity within a
crash scenario. Since the bending stiffness about the lon-
gitudinal axis of the lower section of the differential frame
at its lowest height is considerably less than its respective
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bending stiffness at floor panel level, i. e. the frame root
regions, the fuel tank loads are mainly reacted at the
frame root regions. Hence the left and right variable-
height portions of the differential frame act as cantilev-
ered beams hinged to one-another, clamped at the frame
root regions and being laterally supported by the trans-
versal beam. Each hinged attachment of the transversal
beam to the differential frame is accomplished by means
of a single bolt joint. Preferably each transversal beam
is attached to the differential frame at the lateral frame
root regions - in case of an extension of the V-shaped
variable height covering the whole fuselage width - or
each transversal beam is attached to the inner flange of
the frame and or the frame’s web of the lower section of
the differential frame - in case of a V-shape variable
height of reduced extension. Since the attachment of the
transversal beam is hinged, no bending moments are
transferred from the transversal beam to the differential
frame.
[0016] According to a preferred embodiment of the in-
vention said beam attachment is a shear bolt connection.
The installation of only two bolts using a metallic fitting
allows for an easy tolerance and assembly management
without the need of drill operations once fuel bladders
have been installed. This allows as well a simple disas-
sembly and removal of the fuel bladders from the subfloor
compartment in case of repair.
[0017] According to a further preferred embodiment of
the invention the bolt attachment of the transversal beam
to the differential frame is arranged at the frame root re-
gions of the differential frame, i. e. to its webs and/or to
the inner flanges of the lateral frame portions or the lower
frame section on the left hand and right hand side of the
differential frame.
[0018] According to a further preferred embodiment of
the invention the variable-height portion of the lower sec-
tion of the differential frame covers the entire fuselage
width less twice the width of the lateral frame portions at
the frame root regions.
[0019] According to a further preferred embodiment of
the invention the variable-height portion of the lower sec-
tion of the differential frame covers 20% to 95% or pref-
erably 20% to 80% of the fuselage width, the remaining
web portion of the lower section being of full height and
the transverse beam being attached to the web and/or
inner flange of the lower frame section with full height
[0020] According to a further preferred embodiment of
the invention at least two additional joints are provided,
connecting the transversal beam to variable-height por-
tions of the lower section of the differential frame and
hence forcing the transversal beam to carry to a certain
extent the loads excited by a purely vertical crash. The
V-shaped lower section of the differential frame still fea-
tures a concentration of material, i. e. a large web height,
in the lateral regions where the energy dissipation is de-
manding. Said two additional joints prevent in case of an
asymmetric loading an overstressing of the elastic hinge
area at the lowest height of the differential frame in the

middle of the lower cover and its subsequent premature
fracture. The additional attachment points are allocated
between the two outermost attachments of the trans-
verse beam, symmetrically arranged with respect to the
longitudinal axis, the distance between these two addi-
tional attachments covering 10% to 80% of the fuselage
width at floor panel level.. Tension bolt joints are prefer-
ably used for the additional connection of the transverse
beam to the lower section of the differential frame, taking
advantage of the easy installation and the simple toler-
ance management, since the tension bolts do not have
to be installed with a close fit. Said tension bolts are suf-
ficient as additional attachment since the main loads are
compression in a crash scenario, said main loads not
being transferred by the tension bolt but by the contact
area of the fitting to the transversal beam. Alternatively
shear bolt connections can be provided.
[0021] According to a further preferred embodiment of
the invention the minimum height of the web with the
variable-height of the lower section of the differential
frame is flush with the concave cover shell cross-section
at the longitudinal axis.
[0022] According to another preferred embodiment of
the invention a fuel tank for integration within the subfloor
compartment of a fuselage airframe of a helicopter, com-
prises two fuel bladders connected by a middle bladder
with a reduced cross section. Two single fuel bladders
of one main fuel tank are physically connected to each
other by the middle bladder hence eliminating the need
of any associated interconnecting devices, such as
pipes, pumps. This translates to an increase of system
robustness, less weight, reduced installation and assem-
bly times, less access openings in the airframe structure
for maintenance and increased crashworthiness of the
inventive fuselage airframe. The invention allows two ad-
jacent fuel bladders of the inventive integrated fuel tank
to extend longitudinally on two sides of the web with the
variable-height of the lower section of the differential
frame. Said two adjacent fuel bladders are integrally ar-
ranged for connection to each other by the middle bladder
portion trespassing the lower section of the differential
frame at positions with reduced height for fuel supply
between both fuel bladders. The web of the lower section
of the differential frame with reduced height is coincident
with the middle portion between the fuel bladders of the
integral fuel tank allowing to house the middle portion of
the integral fuel tank within the airframe structure whilst
ensuring both the differential frame’s structural duties
and an effective fuel tank integration during the final as-
sembly line.
[0023] According to a further preferred embodiment of
the invention a bottom part of the middle bladder is adapt-
ed to the V-shape of the lower section of at least one
differential frame with the lowest level of the middle blad-
der being flush with the lowest level of the front fuel blad-
der and the rear fuel bladder for an obstruction free trans-
fer of fuel in the fuel tank, hence allowing for an optimal
fuel flow between these two connected fuel bladders.
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[0024] According to a preferred embodiment of the in-
vention a procedure for an integration of a fuel tank within
the subfloor compartment of a fuselage airframe com-
prises the following steps:

o Putting the fuel tank with two fuel bladders con-
nected by a middle bladder with a reduced cross
section from inside of the fuselage on a lower cover
shell of the subfloor compartment between standard
frames and with the reduced cross section of the
middle bladder on the lower section of the differential
frame at the web region with the variable-height,

o Attaching the transversal beam across the middle
bladder and the differential frame by means of in-
stalling the bolts connecting the transverse beam to
the differential frame, and

o Attaching the floor panels on top of the standard
frames, and on top of the transversal beam of the
differential frame with the fuel tank below.

[0025] The transverse beam is connected to the differ-
ential frame by means of the main bolts at both ends of
the transverse beam and, if present, the additional bolts
in the middle portion of the transverse beam. For a dif-
ferential frame with reduced extension of the variable
height region the floor panels can be additionally at-
tached to the inner flange of the lower section of the dif-
ferential frame.
[0026] The inventive fuel tank integration procedure is
simply made from inside the fuselage with the fuselage
lower cover shell as supporting structure. The frame’s
lower section with the variable-height of the differential
frame in the lower portion of the inventive fuselage air-
frame allows the installation of one integral fuel tank with
two fuel bladders into the subfloor compartment without
requiring difficult and risky structural assembly steps
once the integral fuel tank has been installed. In a pre-
ferred embodiment of the invention only two shear bolts
(one per side) have to be installed in order to connect
the transversal beam to the differential frame. The bolts
are preferably attached to the differential frame’s web.
In a further embodiment with improved crashworthiness
only four bolts have to be installed in order to connect
the transversal beam to the differential frame. Loads in
the critical frame root region, i. e. in the critical area of
the lower frame portion, are estimated to be only about
50% larger in comparison to a standard frame with one
continuous web height below the floor plane. Due to
smoothened trajectories of respective inner flange of the
differential frame however, the consequences of these
larger loads in terms of ultimate strength capabilities of
the critical frame root are alleviated to a considerable
extent.
[0027] The web of the lower section with the variable-
heights of the differential frames and the corresponding
middle bladder portions act as slosh walls to dampen any

dynamic movement of the fuel between the fuel bladders.
[0028] Preferred embodiments of the invention are de-
scribed with reference to the following description and
drawings.

Figure 1 shows an overall perspective view of a hel-
icopter’s fuselage airframe according to the inven-
tion,

Figure 2 shows another overall perspective view of
the helicopter’s fuselage airframe according to the
invention,

Figure 3 shows a frontal view of a standard frame of
the helicopter’s fuselage airframe according to the
invention,

Figure 4 shows an exploded view of an essentially
lower part of the helicopter’s fuselage airframe ac-
cording to the invention,

Figure 5 shows two cross sectional views of the hel-
icopter’s fuselage airframe according to the inven-
tion,

Figure 6 shows a perspective view of a partly cut fuel
tank according to the invention,

Figure 7 shows a cross sectional view of another
helicopter’s fuselage airframe according to the in-
vention,

Figure 8 shows a cross sectional view of still another
helicopter’s fuselage airframe according to the in-
vention, and

Figure 9 shows a cross sectional view of a further
helicopter’s fuselage airframe according to the in-
vention.

[0029] According to Figure 1 a central fuselage air-
frame 1 of a heavy helicopter (not shown) is composed
of standard frames 2 and a differential frame 3 with a
multipart design. The standard and differential frames 2,
3 enclose the whole perimeter on a concave side of a
carrying subfloor compartment 30 of the fuselage air-
frame 1. The standard and differential frames 2, 3 are
essentially perpendicular to a longitudinal helicopter axis
31 and essentially parallel to a Z-axis 18 (see Figure 5).
The standard frames 2 and the differential frame 3 are
provided respectively with a web 15, an inner flange 13
extending along the inner contour perimeter of the web
and an outer flange 14 extending along an outer contour
perimeter of the web. A cover shell 4 closes the bottom
of the carrying subfloor compartment 30 and is concave
towards a floor panel 5 along the respective outer caps
14 of the frames 2 and 3. A fuel tank 19 is integrated
between the lower cover shell 4, the floor panel 5 and
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floor side panels 6 on top of both sides of the concave
cover shell 4. The differential frame 3 is allocated be-
tween two standard frames 2. A transversal beam 7 ex-
tends between both sides of the concave cover shell 4
above the fuel tank 19 and above the V-shaped web of
a lower section 8 (see Figure 3) of the differential frame
3. The standard frames 2 have a lower section 8 with a
frame web 15 below the floor plane with a full web height,
i. e. with a web-height extending from the concave cover
shell 4 to the floor panel 5. An upper section 9 (see Figure
3) of the frames 2, 3 with lateral portions above the floor
panel 5 might be in two parts riveted to each other.
[0030] According to Figure 2 corresponding features
are referred to with the references of Figure 1. The lower
section 8 of the differential frame 3 between the standard
frames 2 is provided with a V-shape with the lowest point
in the middle of the concave cover shell 4 and the highest
points laterally at the respective left hand and right hand
sides of the differential frame 3 at the transition from the
frame’s lower section 8 below the floor plane 5 to the
upper section 9 of the differential frame 3 above the floor
plane 5. A trajectory of the inner flange 13 along an upper
contour perimeter of the variable height web 15 of the
lower section 8 of the differential frame 3 is straight be-
tween a lowest point in the middle of the concave cover
shell 4 and highest points at the lateral portions. The
transversal beam 7 is attached to the differential frame
3 at floor level at the lateral portions by means of joints
of shear bolts 17 and metallic fittings 16. The transversal
beam 7 is parallel to the differential frame 3.
[0031] According to Figure 3 corresponding features
are referred to with the references of Figures 1, 2. The
standard frame 2 is composed of the frame web 15 with
its inner flange 13 and the outer flange 14. The outer
flange 14 defines the outer perimeter of the load carrying
fuselage airframe 1. The upper section 9 of the frame
web 15 is allocated above a floor plane 12 provided by
the floor panel 5. The lower section 8 of the frame web
15 is allocated below the floor plane 12. The floor panel
5 is placed on top of the inner flange 13 within the lower
section 8 of the frame web 15. The transition of the frame
web 15 from the upper section 9 to the lower section 8
is the respective frame root 27 with an inner flange 13
that makes a sharp and localized trajectory deviation
within the frame root region 27, resulting in a structurally
weak region. The frame web 15 at the frame’s lower sec-
tion 8 has a full height along the entire width 24 of the
subfloor compartment 30 between the lower cover shell
4 and the floor panel 5 almost entirely on level for a fuel
tank’s perimeter 11. A lower surface 10 of the fuel tank
19 rests on top of an inner surface of the concave cover
shell 4 covered with foam elements (not shown). The
standard frame 2 is essentially symmetric with respect
to a vertical axis 18 perpendicular to the longitudinal hel-
icopter axis 31.
[0032] According to Figure 4 corresponding features
are referred to with the references of Figures 1-3. For the
sequence of the assembly of the fuel tank 19 into the

fuselage airframe 1 in a first step the integral fuel tank
19 is lowered onto the lower sections 8 of the parallel
standard frames 2 and the differential frame 3 and the
lower cover shell 4. Subsequently the transversal beam
7 is attached at its both lateral ends to the root regions
27 of the differential frame 3 by installing the joints with
the shear bolts 17. The floor panel 5 and the side floor
panels 6 are mounted above the integral fuel tank 19
onto upper caps of the lower section 8 of the standard
frames 2 and the transverse beams 7. The fuel tank 19
features a forward fuel bladder 20 and a rear fuel bladder
21, interconnected to each other by a middle bladder
portion 22 with a reduced cross section parallel to the
differential frame 3. The fuel bladders 20, 21 and the
middle bladder 22 compose the fuel tank 19, with the
middle bladder 22 allowing for fuel transfer between both
fuel bladders 20, 21.
[0033] According to Figure 5 corresponding features
are referred to with the references of Figures 1-4. The
differential frame 3 in the frame’s lower section 8 has a
linear variable height 23 along its extension, with maxi-
mum heights at the lateral frame root regions 27 and a
minimum height at the middle portion at the Z-axis 18 =
symmetry axis for the fuselage airframe 1. The minimum
height is at least 5 times less than the maximum height.
The differential frame 3 with its minimum height at the
middle portion provides a type of an elastic hinge 25 at
the symmetry axis of the fuselage airframe 1. The differ-
ential frame 3 with its linear variable height 23 provides
a smooth transition of the web 15 at the inner flange 13
from the upper section 9 to the lower section 8 at the
respective frame root regions 27, providing a smooth lo-
calized trajectory deviation within the frame root regions
27 partially compensating the impact of the larger loads
on the load bearing capabilities of the frame root regions
27.
[0034] The transversal beam 7 is attached to the var-
iable height web 15 of the differential frame 3 at its lateral
frame root regions 27 by means of a metallic fitting 16
and a shear bolt 17 at each side. The distance between
the transversal beam 7 and the V-shaped web 15 of the
lower section 8 of the differential frame 3 is sufficient for
the installation of the middle bladder 22 with its reduced
cross section below the transversal beam 7. The mini-
mum height of the variable height web 15 of the lower
section 8 of the differential frame 3 corresponds to the
lowest level of the middle bladder 22 for fuel transfer with-
out obstruction between both front and rear fuel bladders
20, 21 with respective outer perimeters 11 between the
standard frames 2 and the differential frame 3.
[0035] According to Figure 6 corresponding features
are referred to with the references of Figures 1-5. The
integral fuel tank 19 with its front fuel bladder 20 and its
rear fuel bladder 21 is interconnected by the middle blad-
der 22. A bottom part of the middle bladder 22 is adapted
to the V-shape of the differential frame 3 with the lowest
level of the middle bladder 22 being flush with the lowest
level 10 of the front fuel bladder 20 and the rear fuel

9 10 



EP 2 905 228 A1

7

5

10

15

20

25

30

35

40

45

50

55

bladder 21. The transversal beam 7 mounted by means
of the respective joints of metallic fittings 16 and shear
bolts 17 to the respective frame roots 27 passes on top
of the reduced cross section of the middle bladder 22
between the front fuel bladder 20 and the rear fuel bladder
21.
[0036] According to Figure 7 corresponding features
are referred to with the references of Figures 1-6. The V-
shape of the differential frame 3 is symmetric with regard
to the symmetry axis for the fuselage airframe 1 and does
not cover the entire but a reduced portion 28 of the width
24 with the elastic hinge 25, while along the remaining
portion of the entire width 24 the web height of the differ-
ential frame 3 is full. The transversal beam 7 has a re-
duced length only covering the V-shaped region of the
lower section 8 of the differential frame 3 being hence
attached by means of the respective joints of metallic
fittings 16 and shear bolts 17 to the upper part of the
lower section 8 of the differential frame 3 at the transition
from constant height to variable-height. The transversal
beam 7 is connected symmetrical with regard to the sym-
metry axis 18 for the fuselage airframe 1 to the inner
flange 13 and/or the web 15. The reduced cross section
of the middle bladder 22 is installed between the trans-
versal beam 7 and the V-shaped region of the lower sec-
tion 8 of the differential frame 3.
[0037] According to Figure 8 corresponding features
are referred to with the references of Figures 1-7. The V-
shape of the differential frame 3 is symmetric with regard
to the symmetry axis 18 for the fuselage airframe 1 and
extends along the entire fuselage width 24 less the width
of the lateral frame portions. The transversal beam 7 is
supported symmetrical with regard to the symmetry axis
for the fuselage airframe 1 by two additional shear bolt
connections at the lower section 8 of the differential frame
3 between the respective joints of metallic fittings
16/shear bolts 17 and the minimum height of the differ-
ential frame 3, thus allowing alleviation of stress levels
at the elastic hinge 25 under asymmetrical load condi-
tions and improving the crash behavior of the differential
frame 3. The middle bladder 22 is housed between the
additional shear attachments 26.
[0038] According to Figure 9 corresponding features
are referred to with the references of Figures 1-8. The
transversal beam 7 is additionally attached symmetrical
with regard to the symmetry axis for the fuselage airframe
1 by two additional tension attachments 29 with bolt fit-
tings at the web 15 of the lower section 8 of the differential
frame 3 between the respective joints of metallic fittings
16/shear bolts 17 and the minimum height of the lower
section 8 of the differential frame 3. As in case of a crash
of the helicopter the driving loads on the additional at-
tachments of the transversal beam 7 to the differential
frame 3 are mainly compressive, there is no need for
connections by means of joints with shear bolts 17. The
additional tension attachments 29 with bolt fittings sim-
plify the installation and fixation and the tolerance man-
agement, since the tension bolt fittings do not require a

close fit contrary to the shear bolt connections. The load
in compression is not transferred by the tension bolt but
by the contact area of its attachment’s fitting to the trans-
versal beam 7.

Reference Characters

[0039]

1. Fuselage airframe
2. standard frame
3. differential frame
4. concave cover shell
5. Floor panel
6. Floor side panels
7. transversal beam
8. Frame lower section
9. Frame upper section
10. lower tank surface
11. Bladder perimeter
12. Floor plane
13. inner flange
14. outer flange
15. web
16. Fitting
17. Bolt
18. Z-Axis
19. Integral fuel tank
20. front bladder
21. rear bladder
22. middle bladder
23. Frame web height
24. Fuselage width
25. Elastic hinge
26. Additional bolt
27. Frame root region
28. Reduced V-Shape extension
29. Tension bolt joint
30 subfloor compartment
31 longitudinal axis

Claims

1. A fuselage airframe (1) of a helicopter comprising a
subfloor compartment (30) for a fuel tank (19), en-
compassed by a concave cover shell (4), standard
frames (2) and a floor panel (5) covering substantially
entirely said subfloor compartment (30) above the
concave cover shell (4), wherein at least one differ-
ential frame (3) is mounted to the concave cover shell
(4), said at least one differential frame (3) being per-
pendicular and symmetric with regard to a longitudi-
nal axis (31) and having an upper section (9) above
the floor panel and a lower section (8) below the floor
panel and respectively lateral frame root regions (27)
merging the upper and lower sections (8, 9), said at
least one differential frame (3) partitioning the sub-
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floor compartment (30) between the standard frames
(2), characterized in that the lower section (8) of
the at least one differential frame (3) has a web (15)
with variable-heights (23) with respect to the cover
shell (4) between a minimum height at the longitudi-
nal axis (31) and a maximum height at the lateral
frame root regions (27), and in that at least one
transversal beam (7) is provided, said at least one
transversal beam (7) bridging the entire web portion
of the lower section (8) with the variable-height (23)
of the at least one differential frame (3) and being
attached at its both ends to the lower section (8) of
the at least one differential frame (3).

2. The airframe (1) according to claim 1,
characterized in that the attachment of the at least
one transversal beam (7) to the at least one differ-
ential frame (3) is provided by at least one shear bolt
(17) at each of the lateral ends of the transversal
beam (7), the transversal beam (7) connecting the
opposed to each other frame root regions (27) of the
differential frame (3).

3. The airframe (1) according to claim 1,
characterized in that the portion of the web (15) of
the lower section (8) with variable-height (23) of the
at least one differential frame (3) covers the entire
fuselage width (24) less the width of the lateral frame
portions at floor plane level (12).

4. The airframe (1) according to claim 3,
characterized in that the portion of the web (15) of
the lower section (8) with variable-height (23) of the
at least one differential frame (3) covers 20% to 80%
of the fuselage width (24).

5. The airframe (1) according to claim 1,
characterized in that at least two additional shear
or tension attachments (26, 29) are provided be-
tween the respective metallic fitting and a shear bolt
joints (16, 17), connecting the at least one transver-
sal beam (7) to the frame’s lower section (8) with
variable-height (23).

6. The airframe (1) according to claim 1,
characterized in that the minimum height of frame’s
lower section (8) of the at least one differential frame
(3) is flush with an inner surface of the concave cover
shell (4) at the longitudinal axis (18).

7. A fuel tank (19) for integration within the subfloor
compartment (30) of a fuselage airframe (1) of a hel-
icopter airframe according to any of the preceding
claims, wherein said fuel tank (19) comprises at least
one front fuel bladder (20) and at least one rear fuel
bladder (21) connected by a middle bladder (22) with
a reduced cross section relative to said at least one
front fuel bladder (20) and/or said at least one rear

fuel bladder (21).

8. The tank (19) according to claim 7,
characterized in that a bottom part of the middle
bladder (22) is adapted to the V-shape of the web
(15) of the lower section (8) of the at least one dif-
ferential frame (3), covering the opening between
the web (15) with variable height and the transverse
beam (7) with the lowest level of the middle bladder
(22) being flush with the lowest level (10) of the front
fuel bladder (20) and the rear fuel bladder (21).

9. A procedure for an integration of the fuel tank (19)
according to the preceding claims 7, 8 within the sub-
floor compartment (30) of the fuselage airframe (1)
according to any of the claims 1-6 characterized by
the following steps:

s Putting the fuel tank (19) with two fuel bladders
(20, 21) connected by a middle bladder (22) with
a reduced cross section from inside of the fuse-
lage airframe (1) on a lower cover shell (4) of
the subfloor compartment (30) between stand-
ard frames (2) and with the reduced cross sec-
tion of the middle bladder (22) on the web (15)
with variable-heights (23) of the differential
frame (3),
s Attaching the transversal beam (7) across the
middle bladder (22) and the differential frame
(3) by means of installing the bolts (17, 26, 29),
and
s Attaching the floor panels (5) on top of the
standard frames (2), the web (15) with variable-
heights (23) of the differential frame (3) and on
top of the transversal beam (7) with the fuel tank
(19) below.
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