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(54) Title: RIPPLE DAMPER

(57) Abstract: A ripple damper (10) for an aircraft hydraulic system is disclosed.
The ripple damper (10) comprises a hollow, substantially spherical body (20)
formed of first (34) and second (36) body portions the adjoining surfaces of which
are connected at a join line (52) such that the body portions cooperatively define a
substantially spherical fluid chamber (24). The body (20) further comprises a join-
ing portion (50), the joining portion extending between first and second spaced apart
parallel planes, the join line (52) being intermediate to said parallel planes. The in-
ternal diameter of the substantially spherical fluid chamber (24) is constant within
the joining portion (52) such that the joining portion (52) has a locally cylindrical
inner wall (54).
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Ripple Damper

FIELD OF INVENTION

The present invention relates to a ripple damper for an aircraft hydraulic system. In particular,
the invention relates to a ripple damper for an aircraft fluid system. The invention also relates to
an aircraft hydraulic system, or an aircraft fluid system, including a ripple damper and an aircraft

structure including a ripple damper.

BACKGROUND OF INVENTION

Aircraft hydraulic systems generally comprise a ripple damper in line with the fluid flow. Ripple
dampers may also be known as pulsation dampers, hydraulic pressure resonance suppressors,
and hydraulic attenuators. The ripple damper acts to allow the volume of the fluid system to
change slightly and absorb pulses or ripples generated by a pump or other components within

the system.

A ripple damper is generally used to maintain constant fluid flow in a hydraulic system. Such
ripple dampers are designed to reduce fluid pressure pulsations generated by equipment within
the system, for example, aircraft hydraulic pumps. These pulsations can otherwise lead to system
damage; for example, damage may result in check valve failure, tubing or hose rupture, loosened
connections and cracked manifolds. In addition to the potential for system failure, hydraulic
pressure pulsations can dramatically increase noise levels within the aircraft cabin. Ripple

dampeners contain no moving parts and require no servicing. Ripple Dampers are designed to



10

15

20

WO 2019/224360 PCT/EP2019/063480

minimize the effects of hydraulic line vibration. In aircraft, such vibrations may be caused by
cavitation, fluid momentum effects, and variations in pump output. Dampers may be designed
around the principle of Helmholtz resonance, which describes the harmonic frequencies
generated when pressure is increased in a cavity. Thus, a ripple damper creates a cavity that
“cancels” offending pulsations. By reducing line vibration, ripple dampers also decrease audible

noise and have been found to increase component life.

The damper housing is typically spherical. The damper housing is attached to a base which
includes an arrangement for connection to a hydraulic system. The spherical fluid chamber
defined by the housing comprises a fluid inlet on the side of the fluid chamber. A constant wall
thickness is provided by the housing between the inlet and the valve. For ease of manufacture,
the housing is typically formed in two generally hemispherical sections. The housing sections are

attached around a circumferential join to form the chamber of the damper.

As ripple dampers are used in aircraft, they must be manufactured to precise tolerances and their

weight must be minimised.

There is a desire to provide an improved ripple damper design which may provide one or more of
the following advantages: increased fatigue life; ease of manufacture (including, for example,
simplified joining of the body portions and/or reduction in weld spatter) and relatively low
weight. Embodiments of the present invention seek to provide a ripple damper for an aircraft
hydraulic system provide one or more of the above advantages in comparison to conventional

aircraft hydraulic system ripple dampers.
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SUMMARY OF INVENTION

Accordingly, in one aspect of the invention, there is provided a ripple damper for an aircraft

5 hydraulic system comprising:

a hollow, substantially spherical body formed of first and second body portions the adjoining
surfaces of which are connected at a join line such that the body portions cooperatively

define a substantially spherical fluid chamber; wherein

the body further comprises a joining portion, the joining portion:

10 extending between first and second spaced apart parallel planes, the join

line being intermediate to said parallel planes, and wherein

the internal diameter of the substantially spherical fluid chamber is constant
within the joining portion such that the joining portion has a locally cylindrical inner

wall.

15
In accordance with a second aspect of the invention, there is provided a ripple damper for an
aircraft hydraulic system comprising:
a hollow, substantially spherical body that defines a substantially spherical chamber
having a first and second end;
20 a base disposed at one of the ends of the body, the base comprising:

a fluid inlet; and

a fluid pipe bracket adapted to connect the ripple damper to an aircraft

hydraulic system;
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wherein the body comprises a central portion extending between first and second
spaced apart parallel planes and wherein the internal diameter of said central portion is

constant such that a locally cylindrical inner wall is defined in said central portion.

In a third aspect of the invention, a ripple damper for an aircraft hydraulic system comprises:

a chamber which, in use, is in fluid communication with the fluid of the hydraulic system,

the chamber having an internal profile which is initially spherical at a first end, transitions to
a cylindrical internal profile around a central portion and then transitions back to a spherical

internal profile at the other end of the damper; and wherein

the chamber is formed of first and second body portions and the central portion includes a

join between the first and second body portions.

Embodiments of the invention are particularly suitable for use in an aircraft fluid system.

It will be appreciated that a damper in accordance with embodiments of the invention will not
have an internal chamber profile which is fully spherical as seen with existing dampers. In
embodiments of the invention, it can be noted that the damper has a chamber having an internal
profile (defined by the inner surface of the damper chamber) is from one end initially spherical,
transitions to a cylindrical internal profile around a central portion and then transitions back to a
spherical internal profile at the other end of the damper. The skilled person will appreciate that,
in contrast, a conventional ripple damper may follow a typical Helmholtz design having a fully

spherical internal and external surface profile with a constant wall thickness.
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Advantageously, the cylindrical internal surface at and adjacent to the join has been found to
assist precision keyhole Electron beam. Thus, embodiments of the invention may provide a
reduction in weld spatter and/or the need for subsequent manufacturing processes for removal
of undesirable weld splutter. As such, embodiments of the invention may provide a reduced

weight damper whilst maintaining a high fatigue life.

One of the body portions may further comprises a base disposed at an end of the body. The base
may base comprising: a fluid inlet; and a fluid pipe bracket. The pipe bracket may be adapted to

connect the ripple damper to an aircraft hydraulic system.

The joining portion may be generally central relative to first and second ends of the substantially
spherical body. The joining portion may comprise a circumferential band extending around the

middle of the spherical body.

The first and second body portions are substantially hemispherical.

The external diameter of the joining portion may be non- constant. The external surface of the
body may be spherical. The external profile of the body may have a continuous spherical profile
extending from the first end of the body, through the joining portion to the second end of the

body.

The adjoining surfaces of the first and second body portions may be connected by means of

electron beam welding.
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The joining portion may extend equally above and below the join line.

The chamber may comprise a spherical internal wall outside of the joining portion.

The fluid chamber is fed by the fluid inlet at the second end of the body. The fluid inlet may be

fed by the fluid pipe.

The cylindrical inner wall may have a height of between 15 and 25% of the internal radius of the

spherical portion of the chamber.

According to a further aspect of the invention, there is provided a method of making a ripple
damper as disclosed herein, wherein the body sections are assembled together and attached by

means of electron beam welding.

The base may comprise threaded holes for attachment to the aircraft structure.

A further aspect of the invention may comprise an aircraft hydraulic system may include a ripple

damper as described herein.

A yet further aspect may comprise an aircraft structure comprising a hydraulic system including a

ripple damper as described herein.
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Whilst the invention has been described above, it extends to any inventive combination set out

above, or in the following description or drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be performed in various ways, and an embodiment thereof will now be
described by way of example only, reference being made to the accompanying drawings, in

which:

Figure 1A shows a three-dimensional schematic view of the ripple damper in accordance

with an embodiment in use in an aircraft hydraulic system;

Figure 1B shows a cutaway view of the ripple damper;

Figure 2 shows the ripple damper (A}, as section view (B) across section A-A, and a detail

view (C) of detail B; and

Figure 3 shows the ripple damper in use attached to an aircraft fluid pipe.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows the ripple damper 10 comprising a body 20 and a base 46. The ripple damper 10 is
formed of two body sections 30 and 40 which meet at a join line 52. Figure 2A shows a side view
of the ripple damper 10 running perpendicular to the pipe of the aircraft hydraulic system. Figure
2B shows a section view (B) across line A-A, and figure 2C shows a detail view of the cylindrical

profile. The ripple damper 10 is divided into a first section 30 and a second section 40. For
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convenience, the terms upper and lower may be used herein to refer to parts of the damper 10;
it will be appreciated that such terms are not limiting the damper to any specific orientation in

use and lower merely means the parts proximal to the base 46.

Each of the body portions 30 and 40 define approximately half of the damper body 20 and, for
example, include substantially hemispherical body portions 34 and 44. When joined together the
body portions 34 and 44 cooperatively define the chamber 24 of the ripple damper 10. The
chamber 24 is therefore formed of a first chamber portion 32, defined by the internal wall 22 of
the body portion 34, and a second chamber portion 42, defined by the inner wall 22 of the body

portion 44,

The first section 30 comprises the gas chamber 32, the first body portion 34 and the tip 36. The
top 35 forms the uppermost portion of the body 20. The tip 36 is diametrically opposed to the
base 46. The tip 36 may include a threaded bore (or other attachment means} to provide

structural support for instaliation purposes.

The second section 40 comprises the fluid chamber 42, the second body portion 44, the base 46,
the fluid iniet 47 and the fluid pipe bracket 48. The base 46 comprises a fluid inlet 47 and a fluid
pipe bracket 48 adapted for connection to a pipe within the aircraft fluid system. The fluid inlet
47 and pipe bracket 48, are best seen in the cutaway three-dimensional view of the ripple
damper 10 in Figure 1B. The base 46 may also include a number of bolt holes to allow structural
support of the damper 10 for installation purposes. Thus, the damper may generally be

supported at both ends in use.
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The ripple damper body 20 is substantially spherical between the tip 36 and the base 46.

The first section 30 and the second section 40 meet at the join line 52. The join line 52 is
circumferentially extending and is formed at the adjoining surfaces of the body portions 34, 44. In
the illustrated embodiment the join line is centrally located between the ends of the body 20 (as
such the join line is a great circle and/or may be considered to at the equator of the sphere
defined by the body 20). The join between the body portions is attached by welding, particularly

by means of electron beam welding.

The join line 52 bisects the chamber 24 such that a first chamber portion 32 is defined by the first
body portion 34, and a second fluid chamber 42 is defined by the second body portion 44. It may
be noted that, as shown in figure 2C, there is a distinct central/joining portion 50 of the body 20
positioned around the join line 52. The central/joining portion 50 extends above and below the
join line 52 between the body portions 30 and 40 from a first plane 55 to a parallel spaced apart
second plane 56. The first 55 and second 56 planes bounding the central portion 50 are
perpendicular to the join line 52. The diameter of the central inner wall 54 in the central portion
50 is constant such that the internal wall in the central portion is locally cylindrical. In other
words, the central portion 50 has a cylindrical inner profile. The internal wall 22 of the body on
either side of the central portion 50 is spherical. The height of the central portion (between the
planes 55 and 56) is only a small percentage of the internal radius of the chamber 24. For
example, the height may be between 15 and 25% of the internal radius of the spherical portion of
the chamber (for example the illustrated embodiment has a height of approximately 19% of the

radius). As such, whilst the chamber 24 is not fully spherical embodiments of the invention it may
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be considered to provide a substantially spherical chamber 24. For example, the chamber 24 may
be sufficiently spherical to ensure that an appropriate resonance damping response is provided in
use and may therefore be considered to be equivalent to a true spherical chamber for the

hydraulic system.

Figure 3 shows the ripple damper 10 in use within an aircraft hydraulic system. The ripple damper
10 is attached to a fluid pipe 60 of the system at the pipe bracket inlet 49 such that the fluid can
flow into the ripple damper 10 via the pipe bracket inlet 49. The fluid chamber 42 is fed by the
fluid inlet 47 which, in turn, is fed by the pipe bracket inlet 49 {(which is adapted to connect to a

fluid pipe in use).

Whilst the invention has been described above with reference to preferred embodiments, it will
be appreciated that various changes or modifications may be made without departing from the

scope of the invention as defined in the appended claims.

10
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CLAIMS

1.  Aripple damper for an aircraft hydraulic system comprising:

a hollow, substantially spherical body formed of first and second body portions the
adjoining surfaces of which are connected at a join line such that the body portions cooperatively

define a substantially spherical fluid chamber; wherein

the body further comprises a joining portion, the joining portion:

extending between first and second spaced apart parallel planes, the join

line being intermediate to said parallel planes, and wherein

the internal diameter of the substantially spherical fluid chamber is constant
within the joining portion such that the joining portion has a locally cylindrical inner

wall.

2. Aripple damper as claimed in claim 1, wherein one of the body portions further comprises a

base disposed at an end of the body, the base comprising: a fluid inlet; and a fluid pipe bracket

adapted to connect the ripple damper to an aircraft hydraulic system.

3. Aripple damper as claimed in 1 or 2, wherein the joining portion is generally central relative

to first and second ends of the substantially spherical body.

4. A ripple damper as claimed in claim 3, wherein the first and second body portions are

substantially hemispherical.

11
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10.

11

A ripple damper as claimed in any preceding claim, wherein the external diameter of the

joining portion is not constant.

A ripple damper as claimed in any preceding claim, wherein the external surface of the body

is spherical.

A ripple damper as claimed in claim 6, wherein the external profile of the body has a
continuous spherical profile extending from the first end of the body, through the joining

portion to the second end of the body.

A ripple damper as claimed in any preceding claim, wherein the adjoining surfaces of the

first and second body portions are connected by means of electron beam welding.

A ripple damper as claimed in any preceding claim, wherein the joining portion extends

equally above and below the join line.

A ripple damper as claimed in any preceding claim, wherein the chamber comprises a

spherical internal wall outside of the joining portion.

A ripple damper as claimed in any preceding claim, wherein the fluid chamber is fed by the

fluid inlet at the second end of the body.

12
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12.

13.

14.

15.

16.

17.

A ripple damper as claimed in any preceding claim, wherein the fluid inlet is fed by the fluid

pipe.

A ripple damper as claimed in any preceding claim, wherein the cylindrical inner wall has a

height of between 15 and 25% of the internal radius of the spherical portion of the chamber.

A method of making the ripple damper of the preceding claims wherein the body sections

are assembled together and attached by means of electron beam welding.

An aircraft hydraulic system including a ripple damper in accordance with any preceding

claim.

An aircraft structure comprising a hydraulic system including a ripple damper in accordance

with any preceding claim.

A ripple damper for an aircraft hydraulic system comprising:

a hollow, substantially spherical body that defines a substantially spherical chamber

having a first and second end;

a base disposed at one of the ends of the body, the base comprising:

a fluid inlet; and

a fluid pipe bracket adapted to connect the ripple damper to an aircraft hydraulic

system;

13
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18.

wherein the body comprises a central portion extending between first and second spaced
apart parallel planes and wherein the internal diameter of said central portion is constant

such that a locally cylindrical inner wall is defined in said central portion.

A ripple damper for an aircraft hydraulic system, the ripple damper comprising:

a chamber which, in use is in fluid communication with the fluid of the hydraulic

system,

the chamber having an internal profile which is initially spherical at a first end,
transitions to a cylindrical internal profile around a central portion and then transitions back

to a spherical internal profile at the other end of the damper; and wherein

the chamber is formed of first and second body portions and the central portion

includes a join between the first and second body portions.

14
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