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a wheel suspended from the supporting structure, and a shock absorbing member which has a bottom end portion-hinged to the

SEaoReE /[ [ ]
T N
N [ /[ 4
Ry
N

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2413595 A1 2003/05/30

(21) 2 413 595
(13) A1

(57) Abréege(suite)/Abstract(continued):
wheel, and Is interposed, In use, between the wheel and the fuselage; the supporting structure has an attachment fixable to the

fuselage, and a first and a second beam having first connecting portions hinged about a first axis to each other and to a top end
portion of the shock absorbing member, and second connecting portions connected to separate portions of the attachment in

articulated manner and lower down with respect to the first connecting portions.
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ABSTRACT

There is described an undercarriage for 'z;.i helicopter,
having a Supporting structure connectable to the fuselage of
the helicopter, a wheel suspended from the supporting
structure, and a shock absorbing member which has a bottom
end portion hinged to the wheel, and 1is interpbsed, in‘use,
between the wheel and the fuselage; the supporting structure
has an attachment fixable to the fuselage, and a first and a
second beam having first connecting portions hinged about a
first axis to each other and to a top end portion of the
shock absorbing member, and second connecting portions
connected to se?arate portions of the attachment in

articulated manner and lower down with respect to the first

connecting portions. (Figure 1)
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HELICOPTER UNDERCARRIAGE

The  present invention rélates to a helicopter
undercarriage, in particular a main undercarriage.

As 1s known, helicopters normally feature a nose
undercarriage, and two main undercarriages on elthexr side of
the fuselage. An important function of the undercarriages is
to absorb the dowhward enexrgy of the helicopter when
landing, so, depending on the conditions in which they are
expected to operate, undercarriages may differ widely in
type. -

For example, military ﬁelicoPters_ normally feature
nonretractable undercarriages designed to stfict
spécifications governing resistance to crash landings, and
which normally comprisé a supporting lever mechanism
connected to the fuselage and from which one or more wheels
are suspended; and a shock absorbing member connected at
opposite ends to the wheel and a relative side of the
fuselage, and for absorbing the downward | enerqgy of the
helicopter. More specifically, the supporting lever
mechanism - often defined by a single arm hinged to the

supporting structure of the helicopter - keeps the relative
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wheel at a given distance from 'the_ underside' of the
fuselage, and, when landing, allows vertical travel of the
wheel under control of the shock absorbing member.

Civilian helicopters, on the other hand, which are
designed to less stringent cresh resistance specifications
than military types, normally Ifeature retractable
undercarriages, i.e. with wheels that, during flight, can be
withdrawn or stowed within the body of the helicopter to
reduce drag. In this case, the l'ever | mechani'sms supporting
the wheels of the undercarriages are normally designed to
permit a first rotation of the wheels towards the fuselage
in their vertical planes, and a second rotation, in vertical
planes perpendicular to the former, to stow the wheels
horizontally inside the wheel housings. More specifically,
retractable undercarriages normally comprise a housing
structure which is fixed to and projects from the fuselage,
carries the supporting lever mechanism from which the
relative wheel 1s suspended, and defines the housing for the

wheel 1in the stowed position.

The difference in the way ret:ractable and
nonretractable undercarriages interface with the fuselage 1is
the main obstacle preventing the same fuselage being used
for both civilian and military helicopters. And, s.ince a
fuselage currently takes about two vyears to complete, this
means production can only be commenced upon | recelpt of the
purchase order, thus seriously delaying delivery of the
finished helicopter.

It is an object of the present invention to provide a
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helicopter undercarriage which meets the crash resistance
- specifications governing military héliCOpters, and at the
same time provides a straightforward, low-cost soiution to
the aforementioned drawback. ‘

According to the present 1invention, there is provided
an undercarriage for a helicopter, comprising a supporting
structure connectable to a fuselage of the helicopter; at
least one wheel suspended from salid supporting structure;
and at least one shock absorbing' member which has a first
end portion hinged to said wheel, and is interposed, in us-e,
between the wheel and said 'fuselage; characterized in that
sald supporting structure comprises an attachment fixable to
said fuselage; and .a first and a second beam having first
connecting portions hinged about a first axis to each other
and to a second end porticn of said shock absorbing member,
and second connecting portions connected to separate
portions of said attachment in articulated manner and lower
down with respect to said first connecting portions.

Two preferred, non-limiting embodiments of the present
inirention will be described by way of example with reference
to the accompanying drawings, in which:

Figu.re 1 shows a view in perspective of a
semiretractable helicopter undercarriage in accordance with

the teachings of the present invention and in an extended

configuration;
Figure 2 shows a side view of the Figure 1

undercarriage fitted to the helicopter fuselage:

Figure 3 shows a side view of the Figure 2
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undercarriage in a withdrawn configuration;

Figure 4 shows a top plan view of the Figure 3
undercarriage;

Figure '5 shows a side view of a nonretractable
helicopter ﬁndercarriage in accordance with the teachings of

the present invention.

In Figures 1 to 4, number 1 indicates as a Whole a
helicopter semiretractable main undercarriage, particularly
suitable for military helicopters. .

The helicopter itself being known, only thé components
necessary for a clear understanding of the preseht invention
are shown, 1.e. two bulkheads 2, 3 forming part of a
fuselage 4 and defining a bottom lateral seat & for
receliving uhdercarriage 1.

As shown 1in Figures 1 to 4, undercarriage 1
subétantially ccmprises a supporting structure 6 connectable
to fuselage 4 of the helicopter; a wheel 7, of axis A,
suspended from supporting structure 6; and a known shock
absorbing member 8, which .has ‘a bottom end .portion 9 hinged
to wheel 7, and is interposed, 1in use, between wheel 7 and
fuselage 4.

An 1important aspect of the present invention lies 1in
supporting structure 6 comprising an attachment 10 fitted
rigidly inside seat 5 of fuselage 4, between|bu1kheads 2 and
3; an arm 11 supporting wheel 7 and hinged to attachment 10,
adjacent to bulkhead 2; and two beams 12, 13 having first
end portions 14, 15 hinged to each other and to a top end

portion 16 o©of shock absorbing member 8, and second end
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portions 17, 18 connected to attachment 10 in articulated
manner and lower down with respect to end portions 14, 15.
More specifically, attachment 10 is in the form of a

hollow parallelepiped and 1is elongated in the moving

direction of the helicopter.

One end 19 of arm 11 is hinged to attachment 10 about a
pin 20 having an axis B parallel to axis A, and wheel 7 is
fitted to and projects from the opposité end 21.

More specifically (Figﬁres 1'and 4), pin 20 comprises a
Cruncated-cone-shaped portion 22 connected rigidly to
attachment 10; and a cylindrical portion 23 projecting
outwards from attachment 10 and supporting for rotation end
19 of arm 11 and end portion 17 of beam 12. More
specifically, arm 11 and beam 12 extend on opposite sides of
pin 20;

Arm -11 18 su.bs-tantially cylindrical and pex"pe‘ndicular
to axes A and B along a trunk 24, énd 1s cylindrical and
coaxial with axes A and B at ends 19 and 21.

End 19 is fitted in 'rotary manner to cylindrical
portion 23 of pin 20, and end 21 is fixed to and projects
from a hub 25 of wheel 7.

Beam 12 has a U-shaped section, and comprises two
parallel lateral edges 26 fitted through with pin 20 at exid
portion 17 and supporting, at opposlite end portion 14, a pin
27 having an axis C parallel to axes A and B, and to which
are hinged end portions 15 and 16 of beam 13 and shock
absorbling member 8 (Figure 4).

The bottom end portion 9 of shock absorbing member 8 is
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hinged about an axis D, parallel to axes A, B and C, between
two lugs 28 (Figures 1 and 4) projecting from end 21 of arm
11.

As shown 1in Figures 1 to 4, beam 13 comprises two
telescopically cennected members\ 29, 30, .which define end
portions 15, 18 respectively, and are fixed 1in the desired
relative position by a number of screws 31.

More specifically, member 29 1is 1n the form of a
parallel.epiped-—s*haped box, is hinged at one end to pin 217,
and partly houses meﬁlber 30 at the opposite end.

More specifically, member 29 is engaged between lateral
edges 26 of beam 12, and tapers towards an open end from
which member 30 projects; and member 30 is in the form of a
plate of limited thickness, in a direction parallel to axes
A, B, C, D, with respect to its other dimensions (Figures 1
and 4) .

End portion 18, defined by member 30, of beam 13 is |
advantageously hinged, about a pin 32 of axis E parallel to
axes A, B, C, D, to a crank member 33, which ih turn 1s
hinged to attachment 10 about an axis F parallel to axis E,
and is activated by a known hydraulic jack 35 to move wheel
7 between an extracted landing position (Figures 1 and 2)
and a withdrawn or stowed position (Figures 3 and 4).

More specifically, crank member 33 comprises a

cylindrical intermediate portion 36, of axis F, extending
through and connected in rotary manner to attachment 10; a
first lug 37 projecting radially from intermediate portion

36, and having a free end hinged by pin 32 to end portion 18
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of beam 13; and a second lug 38 projecting radially from

intermediate portion 36, forming an obtuse angle of less

than 180° with lug 37, and hinged to jack 35.

Lug 37 projects from an axial end of 1intermediate
portion 36 projecting from attachment 10, and is U-shaped to

engage and house end portion 18 of beam 13.

Jack 35 and ‘lug 38 are preferably housed inside
attachment 10. More specifically, jack 35 comprises a jacket
40 elongated subst..anti’al_l? in the maximumwextensien
direc_tion of attachment 10, and having one end hinged to
attachment 10 about an axis G parallel and adjacent to axis
B; and a rod 41, which is housed and slides inside jacket
40, projects from the opposite end of jacket 40, and is
hinged to lug 38 of crank member 33 about an axis H paral‘le]'_
to axis G.

More 3pecificelly, jack 35 1s movable between two,
respectively fully withdrawn (Figures 1 and 2) arid fully
extended (Figures 3 and 4), operating configurations
correeponding to respective minimum- and maximum—ex_traction'
operating positions of rod 41 with respect to jacket 40.

By virtue of the movement of rod 41 between said
operating positions, undercarriage 1 1s movable between an
extended configuration (Figures 1 and 2) in which wheel 7 is
\maintained in the extracted position, and -a withdrawn
configuration (Figures 3 and 4) 1in which wheel 7 1is

maintained in the stowed position.

In the extended configuration of undercarriage 1,

corresponding to the fully withdrawn configuration of jack
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35, lug 37 of crank member 33 rests on an appendix 42
projecting from attachment 10 on the bulkhead 3 side, and is
engagéd along 1ts whole length by' member 30 of beam 13;
movabie axes C and E are located on opposite sides of fixed
axis F; and shock abéorbing member 8 and arm 11 extend
obliquely downwards from respective hinge pins 27, 20 to
keep wheel 7 1n the extracted landing position at a
‘predetermined distance from attachment 10.

In thé extended configuratioﬁ of undercarriage 1, fixed
axlis F is advantageously 1o¢ated slightly higher than the
line joining\axes C and E, so as to avoid_subjecting jack 35
to bending stress.

In the withdrawn configuration of undercarriage 1,
corresponding to the fully extended configuration df jack
35, 1lug 37 of crank member 33 1is rotated towards beam 12
with respect to the extended configuration, so that axié E
moves closer to fixed axis B, axis C moves away from fixed
axis F, and wheel 7 moves up i1into the stowed position in
which a top angular portion of the wheel faces attachment
10, and a bottom angular portion of the wheel projects from
attachment  10. In the withdrawn configuration of

undercarriage 1, axes C and F are loca‘ted on opposite sides

of axis E.

Undercarriage 1, in short, constitutes a preassembled

unit fixable to seat 5 of fuselage 4, between bulkheads 2

and 3.

In actual wuse, undercarriage 1 switches from the

extended to the withdrawn configuration as described below,
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when jack 35 1is moved from the fully withdrawn to the fully
extended configuration.

More specifically, as rod 41 slides gradually out of
jacket 40 of jack 35, lug 38 is': rotated about axis F,
'together with the whole of crank member 33. As a result, lug
37 rotates towa:fds beam 12 and, by exerting thrust on beam
13,' moves beam. 13 téwards bulkhead 2, SO that movable axis E
moves closer to fixed axis B, and moiréble axis C moves away
from fixed axis F." The angle between beams 12 and 13 _closes
gradually, and wheel 7, suspended from arm 11 and shock
absorbing member 8, moves up towards bulkhead 3 so that its
top pdrtion faces attachment 10. More specifically, at this
stage, shoc:k absorbing member 8, whose length does not wvary, |
rotates together with piri 27 about axis B to produce a
similar rotation of wheel 7, which moves up towards
attachment 10.

When undercarriage 1 1is fitted to a military
helicopter, in which case, crash. resistance requirements are
only met in the extended configuration of undercarriage '1,
the switch from one configuration to the other may be
governed automatically by an altitude sensor or radar, thus
reducing in-flight drag of the helicopter as compared with
conventional military helicopters featuring, as stated in
the ihtroduction, fixed undercarriages.

Number 1' 1in Figui:e 5 1ndicates as a whole a fixed
helicopter undercarriage in accordance with the teachings of
the present invention, and the component parts of which are

indicated, where possible, using the same reference numbers
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as for the . corresponding or equivalent parts already
described with reference to undercarriage 1.

More specifically, undercarriage 1° ' can be obtained
from undercarriage 1 by simply eliminating jack 35 and crank
member 33, and by hinging end portion 18 of beam 13 directly
to attachment 10 about axis F. The resulting i‘eduction in
the length of beam 13 can easily be compensated by
repositioning members 29 and 30 : 1n the example shown,
member 30 is slid inside member 29 to the desired length,
' and then fixed to member 29 by screws 31. \

‘Inl'this casé, too, undercarriage 1' constitutes a
preassembled unit fixable 1nside seat 5 of fuselage 4,
between bulkheads 2 and 3.

‘The advantages of undercarriages 1, 1' according to the
present invention i«rill be c¢lear from the foregoing
description.

In particular, by connecting shock absorbing member 8
directly to the hinge point between beams 12 and 13, in turn
connected to attachment 10 lower down with respect to said
common hinge point, supporting structure 6, while allowing
shock absorbing member 8 sufficient travel to meet strict
requirements governing the c¢rash resistance of military
helicopters, is extremely compact and enables the
construction of a preassembled dndercarriage (L, 1)
 interfaceable with the fuselage in exactly the same way as a
retractable civilian helicopter undercarriage.

The undercarriages according to the present invention

therefore enable the same fuselage to be used for both

. - - [ T R S
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military and civilian helicopters, thus enabling
considerable scale economy and reducing the delivery time of
the finished helicopter, by fuselage fabrication being
independent of the type, i.e. military or civilian, purchase
order.

Moreover, as  shown, the undercarriage described
provides for switching' quickly and easily from a
semiretractable (1) to a fixed (1') undercarriage solution,
by simply eliminating jack 35 and ciank member 33 and
hinging end portion 18 of beam 13 directly to éttachment 10.

Clearly, changes may be made to undercarriages 1, 1' as
described and illustrated herein without, however, departing

from the scope of the accompanying Claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS :

1) An undercarriage for a helicopter, comprising a
supporting structure connectable to a fuselage of the
helicopter; at least one wheel suspended from said
supporting structure; and at least one shock absorbing
member which has a first end portion hinged to said wheel,
and 1s interposed, 1in use, between the wheel and said
fuselage; characterized in that said supporting structure
comprises an attachment fixable to said fuselage; and a
first and a second beam having first connecting. portions
hinged about a first axis to each other and to a second end
portion of sald shock absorbing member, and second
connecting portions connected to separate portions of said
attachment in articulated manner and lower down with respect
to said first connecting portions.

2) An undercarriage as claimed in Claim 1,
characterized in that said supporting structure comprises a
supporting arm having a first end portion connected to'eaid
wheel, and an opposite second end portion hinged to said
attachment.

- 3) An undercarriage as claimed in Claim 1,
characterized 1in that said second connecting portions of
said first and said second beam are hinged to sgaid
attachment respectively about a second and a third axis,
both fixed and parallel to said first axis.

4) An undercarriage as claimed in Claim 1,
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characterized i1n that said second connecting portion of said
first beam is hinged to said attachment about a fixed second
axis parallel to said first axis; and in that said second
connecting portion of said seéondbeam 1s hinged to a crank
member to permit movement of said wheel between an extracted
landing position and a stowed in-flight position.

5) An underéarriage as ciaimed in" Claim 4,
charaéterized in that said crank member 1is hinged to said
attachment a.bolit a fixed third axis parallel to said ‘ first
and said second axis, and to said second conneCting portion
of said second beam about a fourth axis prarallel to said
first, said second, and said third axis; said undercarriage
comprising actuating means acting on said crank member to
vary 'the distance between said first axis and the fixed
salid third axis, and between said fourth axis and the fixed
said second axis, S0 as to move said wheel up and down
between.said-extractéd and stowed positions.

6) An undercarriage as claimed in Claim 3,
characterized in that said second and said third axis are
located at opposite lateral ends of said attachment.

7} An undercarriage as claimed in Claim 5,
characterized in that, in said extracted position of said
wheel, saild third axis 1is located higher with respect to a
line joining said first and said fourth axis.

8} An undercarriage as claimed in Claim 2,
characterized 1in that said second énd portion of said
supporting arm is hinged to said attachment about said

second axis.
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9) An undercarriage  as claimed in Claim 5,
characterized in that said attachment is box-shaped; and in
that at least said actuating means and part of said crank
member are housed in said attachment.

10) An uﬁdercarriage as claimed in Claim 5,
characterized 1in that said actuating means comprise a jack
having one end hinged to said attachment, and an opposite
end hinged to said crank member.

11) An undercarriage as claimed 1in Claim 5,
characterized 1in that said crank member comprises an
intermediate portion connected to said attachment to rotate
about said third axis; a first 1lug projecting from said
intermediate portion radially with respect to said third
axis, and having a free eﬁd hinged to said second connecting
-portion of said second beam; ‘and a second lug projecting
from said intermediate portion radially with respect to said
third axis, and connected to said actuating means.

12) An undercarriage as claimed. in Claim  1,
characterized 1in that said second beam comprises two
telescopically connected members respectively defining said
.first and sald second connecting portion-of the second beamn,
and fixed 1in the desired relative position by releasable
fastening means.

13) An undercarriage as claimed in Claim 1,
| characterized 1in that said shock absorbing member, said
wheel, and said supporting structure define a preassembled

unit fixable to a receiving section of said fuselage.
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