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(57) Abrege(suite)/Abstract(continued):

Intersecting at a point, with the cross member being interrupted at the point of intersection. The deck also has an anchoring device
for connecting the longitudinal member and the cross member at the point of intersection; and the anchoring device has at least
one local permanent deformation section lying in a plane crosswise to the deck and for dissipating the energy transmitted to the

deck In the event of impact. The deck comprises at least one hourglass-shaped plate lying in a plane coincident with a plane
perpendicular to said second direction.
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ABSTRACT

A helicopter collapsible deck for absorbing impact energy
without transmitting the energy to the crew or passengers has at
least one longitudinal member and at least one cross member.
These members extend respectively 1n a first and second
direction and intersecting at a point, with the c¢ross member
being interrupted at the point of 1intersection. The deck also

has an anchoring device for connecting the longitudinal member

and the cross member at the point of intersection; and the
anchoring device has at 1least one 1local permanent deformation
section 1lying 1in a plane crosswise to the deck and for
dissipating the energy transmitted to the deck in the event of

impact. The deck comprises at least one hourglass-shaped plate
lying in a plane coincident with a plane perpendicular to saild

second direction.
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HELICOPTER COLLAPSIBLE DECK

The present 1invention relates to a helicopter
collapsible deck.

Number 1 in Figure 1 indicates as a whole a
helicopter substantially comprising a fuselage 2 housing
the crew and on-board equipment; and a rotor 3 projecting
from a top portion of fuselage 2 and for generating a
force by which to sustain helicopter 1.

In more detail, on the opposite side to rotor 3,
fuselage 2 1s bounded by a deck 4 for supporting the crew
and on-board equipment.

More specifically, deck 4 is of Known type,
comprises a frame 5 for imparting to deck 4 the necessary
structural strength to support the c¢rew and on-board
equlipment, and defines a crew tread surface 6 on one side
of frame 5, and, on the opposite side, a portion 7 of the
outer surface of fuselage 2.

Frame 5, shown partly 1in Figures 2 and 3, comprises
a lattice defined by a number of longitudinal members 10
(only one shown) extending in respective parallel
directions A, and by a number of cross members 11 (only
one shown) extending in respective parallel directions B
intersecting directions A perpendicularly at a number of
nodes 12 (only one shown).

. Cross members 11 are interrupted at each node 12 to

avold 1interfering with longitudinal members 10, and are
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fixed to longitudinal members 10, at each node 12, by an
anchoring device 13 (only one shown in detail).

More specifically, longitudinal members 10 are
defined by elongated flat walls, and are bounded, on
6pposite sides of direction A, by respective surfaces 21,
22. Similarly, cross members 11 are defined by elongated
flat walls, interrupted at the various nodes 12, and are
bounded, on opposite sides of direction B, by respective
surfaces 17, 18.

More specifically, anchoring device 13 comprises two
pairs 27, 28 of connecting members 14, which are located
on opposite sides of direction B to connect respective
surfaces 17 and 18 to surfaces 21 and 22.

More specifically, connecting members 14 in pair 27
are located on opposite sides of direction A; a first
connecting member 14 connects surface 17 to surface 21;
and a second connecting member 14 connects surface 17 to
surface 22.

Similarly, connecting members 14 1in pair 28 are
located on opposite sides of direction A4; a first
connecting member 14 connects surface 18 to surface 21;
and a second connecting member 14 connects surface 18 to
surface 22.

More specifically, connecting members 14 are
ldentical, and each comprise a portion 29 and a portion
30, which are of equal extension, are perpendicular to
each other, are fixed to longitudinal member 10 and cross

member 11 respectively, are pérallel to directions A and
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B respectiVely, and are therefore joined at node 12.

Figure 4 shows a graph of the force F exerted at a
given node 12 versus ‘the displacement s of a point on
deck 4 corresponding to given node 12, in the event of
impact in a direction perpendicular to deck 4.

The graph comprises a portion 31 increasing steadily
to a maximum value corresponding to reversible elastic
deformation o©f anchoring device 13; and a decreasing
portion 32 following portion 31 and corresponding to
permanent global deformation of anchoring device 13.

More specifically, along portion 31, the energy
acquired by deck 4 during impact 1s transmitted back to
tread surface 6, and from tread surface 6 to the crew and
on-board equipment.

Along portion 32, on the other hand, as opposed Co
being transmitted to tread surface 6, the energy acquired
by deck 4 during 1impact is dissipated in the form of
permanent deformation of deck 4.

Deck 4 1s therefore only able to dissipate energy in
the form of permanent deformation after transmitting the
maximum force to tread surface 6, which may correspond to

an 1intolerable amount of energy transmitted to the crew

and passengers.

A need 1s therefore felt in the industry to reduce
the amount of energy transmitted by the deck to the tread
surface, 1n the event of impact, to safeguard the crew
and passengers. .

Moreover, for certailn missions, helicopter
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certification regulations require that the helicopter
deck be capable of absorbing a given amount of 1mpact
energy, without transmitting it to the crew orx
passengers.

It is an object of the present invention to provide
a helicopter collapsible deck designed to meet the above
reguirements in a straightforward, low-cost manner.

According to the present 1nvention, there 1s

provided a helicopter collapsible deck.

A preferred, non-limiting embodiment of the present
invention will be described by way of example with
reference to the accompanying drawings, 1n which:

Figure 1 shows a view 1n perspective, with parts
removed for clarity, of a helicopter comprising a known
deck;

Figure 2 shows a larger-scale view 1n perspective of
a detail of Figure 1;

Figure 3 shows a section along 1line III-III in
Figure 2;

Figure 4 shows a graph of the force exerted on a
given area of the Figure 1 deck versus displacement of
the area;

Figure 5 shows a view in perspective of a deck in
accordance with the teachings of the present invention;

Figure 6 shows a larger-scale view 1n perspective of
a detail of the Figure 5 deck;

Figure 7 shows a section along 1line VII-VII in
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Figure 6;

Figure 8 shows a graph of the force exerted on a

P

given area of the Figure 5 deck versus displacement of

the area;

Figure 9 shows a larger-scale view 1n perspective of
a further detail of the Figure 5 deck.

Figure 5 shows a collapsible deck 35 of helicopter
1, which, like deck 4, substantially comprises a.frame 36
for 1mparting to deck 35 the necessary structural
strength to support the crew and on-board equipment, and

defines, on opposite sides of frame 36, a crew tread

surface 37 and a portion 38 of the outer surface of
fuselage 2 of helicopter 1.

At opposite lateral ends, deck 35 comprises two
walls 39 laterally joining tread surface 37 and portion
38, and curving to blend with respective sidewalls of
fuselage 2 of helicopter 1.

Frame .36 comprises a lattice defined by a number of

longitudinal members 40, 41 extending in respective
directions C parallel to one another and to walls 39, and

by a number of cross members 42 extending between walls

39 and 1in respective directions D parallel to one another
and perpendicular to directions C.

More specifically, longitudinal members 40 are
located adjacent to walls 39, while longitudinal members
41 are 1interposed between longitudinal members 40.
Directions C of longitudinal members 40 intersect

directions D at a number of points or nodes 43 arranged
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in two lateral rows, and directions C of longitudinal
members 41 intersect directions D at a number of further
points or nodes 44 interposed between said rows.

Each longitudinal member 40, 41 comprises an
elongated flat wall, and 1s bounded, on opposite sides of
relative direction C, by respective lateral surfaces 50,
51.

Like longitudinal members 40, 41, each cross member
42 1s defined by an elongated flat wall, which extends
between walls 39 and has two opposite end portions 48
curving 1n a plane perpendicular to deck 35 and ¢to
longitudinal members 40, 41 so as to blend with walls 39;
and each cross member 42 comprises a rectangular portion
49 interposed between portions 48 and elongated in said
plane.

Cross members 42 are 1nterrupted at each node 43,
44 to avoild interfering with longitudinal members 40, 41,
and are each bounded, on opposite sides of relative
direction D, by respective surfaces 46, 47.

As shown 1n more detaill 1n Figures 6, 7 and 9, cross
members 42 are fixed to longitudinal members 40, 41, at
each node 43, 44, by respective anchoring devices 52, 53.

According to an 1mportant aspect of the present
invention, each anchoring device 52, 53 comprises at
least one local permanent deformation section 54, 64 (54

indicated as a whole in Figure 6) crosswise to deck 35

and for dissipating the energy transmitted to deck 35 in

the event of impact.
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More specifically, as explained 1in detail below,
each anchoring device 52, 53 has a weak point at section
54, 64, so that section 54, 64 1s permanently deformed
and so dissipates energy at 1mpact force values incapable
of permanently deforming anchoring device 52, 53 as a

whole.

The maximum force value transmitted by each
anchoring device 52, 53 to tread surface 37 without
dissipatihg any energy 1s therefore extremely low, and
lower than the maximum force value transmitted by known
anchoring devices 13, which dissipate energy Dby
permanently deforming globally. .

More specifically, anchoring devices 52 fix cross
members 42 to longitudinal members 41 at respective nodes
44, and anchoring devices 53 fix cross members 42 to
longitudinal members 40 at respective nodes 43.

More specifically, most of the weight of the crew
and on-board equipment weilighs on nodes 44, and the rest

on nodes 43.

With particular reference to Figures 6 and 7, each
anchoring device 52 advantageously has a closed polygonal
contour 55 surrounding relative node 44 at a
predetermined distance.

More specifically, each anchoring device 52 is
symmetrical with respect to its own axis E - which is
perpendicular to deck 35, when the anchoring device is
fixed - and 1is of <constant section in planes

perpendicular to axis E.
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More specifically, contour 55 surrounds relative
node 44 at a predetermined distance which 1s less than
the axial extension of anchoring dévice 52 and greater
than the thickness of contour 55 measured perpendicularly
Co contour 55.

As shown in Figures 6 and 7, anchoring device 52 is
therefore a thin-section solid with a closed contour 55,
which, 1n the event of 1impact perpendicular to deck 35,
1s subjected to compressive stress.

As is known, compressed thin-section solids give
rise to undulated permanent deformation lines parallel to
the direction of the compressive force, and which, due to
local elastic instability, are generated at an
1mperfectly shaped section of the solid substantially
crosswise to the compressive force.

More specifically, the above deformation is produced
under applied forces lower than those necessary to
permanently deform the solid due to global instability or
static yileld.

Each anchoring device 52 1is therefore permanently
deformed at the section indicated as a whole by 54, which
has shape 1imperfections not shown, so that the energy
acquired during 1impact 1s dissipated by each anchoring
device 52 as of low transmitted force values
withstandable by the crew and passengers.

More specifically, contour 55 of each anchoring
device 52 is defined by two pairs 56, 57 of connecting

members 58, which are located on opposite sides of
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relative direction D and connect surfaces 46 and 47 of
relative cross member 42 respectively to surfaces 50 and

51 of relative longitudinal member 41.

More specifically, connecting members 58 1n pair 56
are located on opposite sides of direction C; one of
connecting members 58 connects surface 46 to surface 50;
and the other connecting member 58 connects surface 46 to
surface 51.

Similarly, connecting members 58 1n pailr 57 are
located on opposite sides of direction CC; one of
connecting members 58 connects surface 47 to surface 50;
and the other connecting member 58 connects surface 47 to
surface 51.

More specifically, connecting members 58 are
identical, and each comprise, at opposite ends, a flat
portion 60 and a flat portion 61 extending 1in directions
perpendicular to each other, and a flat portion 62
extending obliquely with respect to portions 60 and 61.

Portions 60 and 61 are fixed to relative
longitudinal member 41 and relative cross member 42
respectively at a predetermined distance from relative
node 44, so that portion 62 1s also a predetermined

distance from node 44.

Closed polygonal contour 55 of each anchoring device

R

52 1s therefore defined by portions 62 of the four

connecting members 58 surrounding relative node 44.

The arrangement of portions 60, 61 and 62 of each

connecting member 58 facilitates permanent deformation of
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anchoring device 52 following deformation of section 54.
That 1s, by virtue of contour 55 surrounding node 44 at a
predetermined distance, the force of the 1mpact generates
highly intense bending moments on portions 60, 61, 62,
which are therefore permanently deformed - literally
"crushed" - in the direction of relative axis E.

The flat shape of oblique portion 62 of each
connecting member 58 1s particularly advantageous by
maximizing the bending moments on portions 60, 61, 62
with no need, between portions 60 and 61, for
noncontinuous curved or polygonal portions which are
difficult to produce.

Figure 8 shows a graph of the force F exerted at a
given node 44 versus the displacement ' s of a point on
deck 35 corresponding to givén node 44, 1n the event of
impact 1n a direction perpendicular to deck 35.

The graph comprises a portion 75 increasing steadily
to a maximum force value corresponding to reversible

elastic deformation of node 44; and a portion 76

following portion 75 and which first decreases and then

oscilllates about a mean value.

Along portion 75, the energy acquired by deck 35
during 1mpact 1s transmitted back to tread surface 37,
whereas, along portion 76, as opposed to beilng
transmitted to tread surface 37, the energy acquired by
deck 35 18 dissipated 1in the form of permanent
deformation of deck 35.

More specifically, the maximum force wvalue 1is
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reached upon local deformation of section 54 due to local

instability; and, after the maximum wvalue, portion 76

oscillates and comprises a number of secondary maximum

and minimum force values corresponding to gradual

permanent deformation of respective portions of anchoring
device 52 due to static yield.

As can be seen by comparing the Figure 4 and 8
graphs, anchoring device 52 according to the invention
deforms permanently and transmits a lower force wvalue
than known 'anchoring device 13; and, in the event of
impact, the total energy dissipated by deck 35 - as shown
by the X axis 1n the Figure 8 graph - is greater than the
energy dissipated by deck 4 - as shown the X axis in the
Figure 4 graph - by virtue of portion 76 oscillating
about a mean value.

The maximum force value transmitted by deck 35 to
tread surface 37 1is reduced, by anchoring device 52
according to the invention deforming locally, due to
local instability, at lower force wvalues than CLhose
required to permanently deform known anchoring device 13
as a whole.

The force transmitted by deck 35 to tread surface 37
without dissipating any energy 1is therefore lower than
that transmitted by deck 4 to tread surface 6, and
therefore better.tolerated by the crew and passengers.

Figures 5 and 9 show partly an anchoring device 53,
which 1is advantageously of minimum size at 1local

permanent deformation section 64, which extends parallel
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to deck 35 when fixed.

As 1s known, section 64 constitutes a weak point
which, 1n the event of compression perpendicular to deck
35, results 1n local permanent deformation at applied
force values lower than those necessary to permanently
deform anchoring device 53 as a whole.

Like anchoring device 52, anchoring device 53
therefore deforms permanently at section 64, and begins
dissipating i1mpact-acquired energy at extremely low
impact-transmitted force values withstandable by crew and
on-board equipment.

More specifically, each anchoring device 53
comprises a connecting member 65 for connecting one end

gu—

45, opposite wall 39, of portion 48 of relative cross

member 42 to relative longitudinal member 40; and two
connecting members 67 (only one shown in Figure 5) for
connecting portion 49 of cross member 42 to longitudinal
member 40.

More specifically, connecting member 65 comprises
two hourglass-shaped plates 70 (only one shown in Figure
9) located on opposite sides of relative direction D and
projecting perpendicularly from end 45, so that each
hourglass-shaped plate 70 is parallel to direction C when

fixed to longitudinal member 40.

More specifically, when fixed, each hourglass-shaped

"plate 70 1lies 1in a plane coincident with a plane

perpendicular to direction D, and comprises  two

rectangular end portions 71 which are fixed to relative
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longitudinal member 40; a portion 72 smaller than
portions 71 and defining permanent deformation section
64; and two 'trapezoidal portions 73 connecting portions
71 to opposite ends of portion 72.

Connecting members 67 (Figure 5) are 1located on
opposite sides of relative direction D. More
specifically, a first connecting member 67 in the pair
(not shown) connects surface 47 of relative cross member
42 to surface 50 of relative longitudinal member 40,
while the other connecting member 67 connects surface 46
of cross member 42 to surface 50 of longitudinal member
40 .

More  specifically, connecting members 67 are
identical, and each comprise two hourglass-shaped plates
70 as described above and fixed respectively to relative

cross member 42 and relative longitudinal member 40.

The advantages of helicopter collapsible deck 35
according to the present invention will be clear from the
foregoing description.

In particular, by wvirtue of local permanent

deformation of sections 54, 64 of anchoring devices 52,
53, 1n the event of impact, deck 35 has proved highly
effective 1in dissipating most of the impact enerqy,
without transmitting force wvalues intolerable to the crew
and passengers, thus also conforming with certification
regulations governing missions of given duration.
Clearly, changes may be made to helicopter

collapsible deck 35 as described and illustrated herein
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without, however, departing from the scope as defined in

the accompanyling Claims.
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CLAIMS

1. A helicopter collapsible deck (35) for a helicopter
comprising:

- at least one longitudinal member (40) and at least one

cross member (42), which extend respectively in a first (C) and
second (D) direction intersecting at a point (43); sald cross
member (42) being 1interrupted at said poilnt (43) of

intersection; and

- an anchoring device (53) for connecting said longitudinal
member (40) and said cross member (42) at said point (43) of
intersection;

said anchoring device (53) being of minimum size 1n a plane
parallel to said first and second directions (C, D) at a section
(64), so as to permanently dissipate the energy absorbed by said
deck (35), in the event of impact, by deformation of said
section (64) ;

characterized in that said anchoring device (53) comprises
at least one hourglass-shaped plate (70), which lies 1in a plane
coincident with a plane perpendicular to said second direction
(D) ;

said hourglass-shaped plate (70) comprising:

- two end first portions (71) which are fixed to saild

longitudinal member (40); and
- a second portion (72) smaller than said first portions

(71) and defining said permanent deformation section

(64) .
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2. A deck according to claim 1, characterized 1n that said

first portions (71) are rectangular.

3. A deck according to c¢laim 1 or 2, characterized by
comprising two third portions (73) connecting said first
portions (71) to opposite end of said second portion (72).

4, A deck according to claim 3, characterized in that said
third portions (73) are trapezoidal.

5. A deck according to any one of claims 1 to 4,
characterized by comprising, at opposite lateral ends, two walls
(39) curved to blend with respective sidewalls of a fuselage (2)
of said helicopter (1), and two longitudinal members (40)
located adjacent to respective walls (39).

6. A helicopter comprising a fuselage (2) with sidewalls and

a deck (35) according to any one of claims 1 to 5.
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