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(57) Abrege/Abstract:

An aircraft spring assembly (10) includes a helical spring (12) having a hollow core (12¢). A polymer damping member (16) Is
confined within the core (12c¢) and Is narrower than the internal spring diameter so as to be free to move along the core (12c¢). The
damping member being longer than the distance between adjacent colls of the spring when the spring Is In a fully extended
condition, such that the damping member Is confined to the hollow core as the spring moves between extended and contracted

conditions.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02914609 2015-12-09

10

ADbstract

An aircraft spring assembly (10) includes a helical spring (12) having a hollow core (12¢). A
polymer damping member (16) is confined within the core (12c) and is narrower than the
internal spring diameter so as to be free to move along the core (12¢). The damping member
being longer than the distance between adjacent coils of the spring when the spring 1s in a
fully extended condition, such that the damping member is confined to the hollow core as the

spring moves between extended and contracted conditions.
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Aircraft Spring Assembly

BACKGROUND OF THE INVENTION

One type of aircraft assembly is an aircraft landing gear assembly.

An aircraft landing gear assembly is generally movable between a deployed condition for

take-off and landing, and a stowed condition for flight.

An actuator may be provided for moving the landing gear assembly between the deployed
and stowed conditions. This type of actuator is known in the art as a “retraction actuator™. A
retraction actuator may have one end coupled to the airframe and another end coupled to the
main strut such that extension and retraction of the actuator results in movement of the main

strut between deployed and stowed conditions.

One or more stay assemblies may be provided to support the orientation of the main strut
when the landing gear assembly is in the deployed condition. A stay assembly generally
includes a stay and a lock link arranged to maintain the stay in a condition which corresponds
to the landing gear assembly being in the deployed condition. The lock link must be “broken’
to enable the stay to be folded, permitting the main strut to be moved by the retraction

actuator towards the stowed condition.

It is common for landing gear assemblies to be arranged to move towards the deployed
condition in the event of a failure of the retraction actuator. Initially the assembly will move
by way of gravity and in doing so the landing gear assembly forces the stay to move towards
the condition which corresponds to the landing gear assembly being in the deployed
condition. Down lock springs may be provided to assist in moving landing gear assembly to
the deployed condition and locking it in that state by making the lock link. Landing gear
assemblies for larger aircraft may be provided with a pair of down lock springs on each stay

assembly.

Failure of a down lock spring has the potential to affect operation of the landing gear
assembly. Similar considerations apply to other aircraft spring assemblies, such as aircraft

landing gear spring assemblies.
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The present inventor has identified that the potential lifespan of known aircraft spring

assemblies can be improved.

SUMMARY OF THE INVENTION

As an overview, embodiments of the invention relate to an aircraft spring assembly including
a helical spring having a hollow core. A polymer damping member is contined within the

core and is narrower than the internal spring diameter so as to be free to move along the core.

In accordance with a first aspect of the invention there is provided an aircraft spring assembly
comprising;

- a helical spring having a first end region and a second end region and a hollow core
defined between the end regions;

- a first anchor element coupled to the first end region;

- a second anchor element coupled to the second end region; and

- a polymer damping member provided within the hollow core, the diameter of the
damping member being less than the diameter of the spring such that the damping member
can freely move along the hollow core, the length of the damping member being greater than
the distance between adjacent coils of the spring when the spring is in a fully extended
condition such that the damping member is confined to the hollow core as the spring moves

between extended and contracted conditions.

Thus, the damping member has a 'free' fit within the spring and can damp at least some
operational spring vibrations because it falls under the influence of gravity into contact with
an internal surface of the spring; the vibration damping can therefore increase the potential
lifespan of the spring. Also, the damping member does not affect operation of the spring
because it has a smaller diameter and thus does not form an abrading, interference fit with the

spring; this can further increase the potential lifespan of the spring.

The damping member can have a mass that is at least about 1/20 or at least about 1/10 the

mass of the spring. In some embodiments the damping member can have a mass ot at least

about 0.3kg or 0.5kg.
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The damping member can comprise an elastomer material such as rubber. An elastomer can

be particularly effective at damping spring vibrations.

The damping member can have an nner core which does not contact the spring, the core
being formed from a relatively dense material in comparison to the polymer, such as metal.

The mass of the inner core can be chosen to fine tune the damping effect without affecting

the overall size and shape of the damping member.

The length of the damping member is preferably less than the axial distance between inner
axial surfaces of the anchor elements when the spring is in a contracted state. The contracted
state can be a natural contracted state and/or a fully contracted state. This means that the

spring can assume the contracted state without opposition from the damping member.

According to a second aspect of the invention, there is provided an aircraft landing gear
assembly comprising:

- an aircraft spring assembly according to the first aspect;

- a first part attached to the first anchor element;

- a second part movably mounted with respect to the first part and attached to the

second anchor element.

The first and second parts can be elements of a side stay, a lock link or elements of each.

According to a third aspect of the invention, there is provided an aircraft including one or

more aircraft landing gear assemblies according to the second aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described with reference to the accompanying

drawings, in which:

Fig. 1 is a diagram in cross section along the longitudinal axis of an aircraft spring assembly

according to an embodiment of the invention;
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Fig. 2 is a diagram in cross section along the longitudinal axis ot part of the spring assembly

of Fig. 1, illustrating the gap between the spring and the damping member;

Fig. 3 is a diagram in cross section orthogonal to the longitudinal axis of the spring assembly

of Fig. 1;
Figs. 4a and 4b illustrate the spring assembly of Fig.1 in different orientations; and

Fig. 5 is a diagram of an aircraft landing gear assembly according to an embodiment of the

imvention.
DETAILED DESCRIPTION OF EMBODIMENT(S)

Fig. 1 shows a spring assembly 10 according to an embodiment of the invention. The spring

assembly 10 is suitable for an aircraft assembly such as an aircraft landing gear assembly.

The spring assembly 10 in this example includes a conventional helical spring 12 having a
first end region 12a and a second end region 12b. The end regions 12a, 12b have the same
internal diameter as the rest of hollow core 12¢ defined between the end regions 12a, 12b, but
can have larger or smaller diameters.  The spring 12 can be a titanium spring, as IS

commonly used in an aircraft assembly.

A conventional first anchor element 14a is coupled to the first end region 12a in a known
manner, such as via a threaded portion that is wound into the spring 12. The first anchor

element 14a is used to couple the spring 12 to part of an aircraft assembly in a known

manner. Likewise, a conventional second anchor element 14b is coupled to the second end

region 12b in a known manner.

The present inventor has identified that, in use, a spring of an aircraft assembly can vibrate
due to incident airflow and/or vibration of other parts of the assembly. This can cause

premature failure of the spring.

The spring assembly 10 further includes a polymer damping member 16 that 1s provided

within the hollow core 12¢. The damping member 16 can comprise any suitable polymer
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material; it is preferred that the damping member 16 is formed from an elastomer material
such as rubber: an elastomer can be particularly effective at damping high frequency spring

vibrational energy.

The damping member 16 has a 'free' fit within the spring 12 i.e. it is not positionally
restrained within the hollow core 12c. It is preferred that the damping member 16 is
generally cylindrical in shape with tapered relatively narrow end regions to help it slide along

the inner core 12c¢ of the spring 12.

Referring additionally to Figs. 2 and 3, the diameter DD of the damping member 16 1s less
than the diameter DS of the spring 12 such that a radial gap G exists between them. The
damping member 16 can therefore freely move along the hollow core 12¢ between the inner
axial face 14a' of the first anchor element 14a and the inner axial face 14b' of the second
anchor element 14b. Although the spring diameter DS reduces in size as the spring 12 is
extended. the variation is substantially less than the gap G meaning that the damping member
16 can freely move along the hollow core 12¢ as the spring 12 moves between extended and
contracted conditions. As the spring 12 orientation changes, the damping member 16 falls by
way of gravity against the lowest portion of the spring 12 which forms a damping contact
region C, as illustrated in Figs. 4a and 4b. The centre of gravity of the damping member 16 is

shown at point CG and the gravitational direction indicated by arrow G.

The length LD of the damping member 16 is greater than the distance between adjacent coils
of the spring 12 when the spring is in a fully extended condition such that the damping
member 16 is confined to the hollow core 12¢ as the spring 12 moves between extended and

contracted conditions. It is preferred that the length LD of the damping member is less than

the inner length LS of the spring i.e. the axial distance between inner axial surfaces 14a’, 14b
of the anchor elements 14a, 14b when the spring is in a contracted state. The contracted state
can be a natural/default contracted state in the case of a tension spring and/or a fully

contracted state in the case of a compression spring.

Thus the damping member 16 can absorb and damp at least some high frequency operational
spring vibrations through contact with an internal surface of the spring 12, which can increase
the potential lifespan of the spring, without affecting the spring properties at low frequencies

such as during extension and retraction. Also, the damping member 12 does not affect
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operation of the spring 12 because it has a smaller diameter and thus does not torm an

abrading, interference fit with the spring 12; this can further increase the potential lifespan of

the spring 12.

The damping member 16 can have an inner core 17 which is at least partially encapsulated so
that it does not contact the spring 12, the core 17 being formed from a relatively dense
material in comparison to the polymer, such as metal. The mass of the inner core 17 can be
chosen to fine tune the damping effect provided by the damping member 16 without affecting

the overall size and shape of the damping member 16.

As will be appreciated by a skilled person, an appropriate mass for the damping member 16
for a given spring 12 can be established by frequency testing; for example, a rigged up Spring
can be excited to vibrate at an expected operational spring frequency. The spring is then
provided with a damping member of, for example, a mass that is at east about 1/10 the mass
of the spring 12, and the spring 12 is excited in a corresponding manner such that the effect
of the damping member 16 can be observed. In some embodiments the damping member 16
can have a mass of at least about 0.3kg or 0.5kg. In one specific example, the damping
member can have a mass of 0.65kg when used in conjunction with a titanium down lock

spring having a mass of 4.8kg.

Fig. 5 shows an aircraft landing gear assembly 20 including a pair of spring assemblies 10
according to an embodiment of the invention each provided as a down lock spring coupled
between an arm of the side stay 22 and an arm of the lock link 24. However, aircraft spring
assemblies according to embodiments of fhe invention can usefully be applied to other

aircraft assemblies where it is desired to reduce spring vibration.

It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be capable of designing many alternative
embodiments without departing from the scope of the invention as defined by the appended
claims. In the claims, any reference signs placed in parenthesis shall not be construed as
limiting the claims. The word "comprising" does not exclude the presence of elements or
steps other than those listed in any claim or the specification as a whole. The singular
reference of an element does not exclude the plural reference of such elements and vice-

versa. Parts of the invention may be implemented by means of hardware comprising several
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distinct elements. In a device claim enumerating several parts, several of these parts may be
embodied by one and the same item of hardware. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a combination of these

measures cannot be used to advantage.
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Claims

1. An aircraft spring assembly comprising:

- a helical spring having a first end region and a second end region and a hollow core
defined between the end regions;

- a first anchor element coupled to the first end region;

- a second anchor element coupled to the second end region; and

- a polymer damping member provided within the hollow core, the diameter of the
damping member being less than the diameter of the spring such that the damping member
can freely move along the hollow core, the length of the damping member being greater than
the distance between adjacent coils of the spring when the spring is in a fully extended
condition such that the damping member is confined to the hollow core as the spring moves

between extended and contracted conditions.

2. An aircraft spring assembly according to claim 1, wherein the damping member

comprises an elastomer material.

3. An aircraft spring assembly according to claim 1 or 2, wherein the damping member

has a mass that is at least 0.05 times the mass of the spring.

4. An aircraft spring assembly according to any one of claims 1 to 3, wherein the

damping member includes a core formed from a relatively dense material in comparison to

the polymer.

J. An aircraft spring assembly according to any one of claims | to 4, wherein the length
of the damping member is less than the axial distance between inner axial surfaces of the

anchor elements when the spring is in a contracted state.

6. An aircraft spring assembly according to claim 5, wherein the contracted state is a

natural contracted state and/or a fully contracted state.

7. An aircraft landing gear assembly comprising:
- an aircraft spring assembly according to any one of claims 1 to 6;

- a first part attached to the first anchor element; and
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- a second part movably mounted with respect to the first part and attached to the

second anchor element.

8. An aircraft landing gear assembly according to claim 7, wherein the first part 1s a stay

arm and the second part is a lock link arm, the spring serving as a down lock spring.

9. An aircraft including one or more aircraft landing gear assemblies according to any

one of claims 7 or &.

10. An aircraft assembly including an aircraft spring assembly according to any one of

claims 1 to 6.
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