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TUNED MASS DAMPER FOR A PIPE

The present invention concerns a tuned mass damper for a pipe, and more'
specifically a tuned mass damper for a pipe including a limiter of excessive movements.

PWR (Pressurized Water Reactor) nuclear reactors comprise a primary circuit ih
which pressurized water is circulated between the pressure vessel and one or several
steam generators. The nuclear fuel elements are located in the pressure vessel.

‘The pressure in the primary circuit is controlled by mean of a pressurizer, fluidically
connected to the primary circuit via a so-called expansion line.

- The pressurizer is partially filled with water and partially filled with steam. It is
equipped with heating rods. When the pressure inside the primary circuit must be
increase_d, the heating rods are triggered on. A part of the water contained in the
pressurizer is evaporated into steam, thereby increasing the static pressure inside the
pressurizer. The pressure inside the primary circuit is increased as a consequence.

Conversely, the pressure inside the primary circuit is decreased by reducing the
amount of steam inside the pressurizer. '

The pressure variations inside the pressurizer create flows of water through the
expansion line, thereby possibly creating sudden changes of the expansion line
temperature. As a consequence, the expansion line might expand or retract as a function
of the thermal transient it is submitted to.

As fhe rest of the primary circuit, the surge line might also be subjected to vibrations
originating from fluid turbulence, acoustic modes or dynamical movements of the primary
circuit at its extremities.

"It is particularly important to reduce the vibrations of the expansion line to acceptable
levels, in order to ensure a sufficient life expectancy for the expansion line and reduce
maintenance requi;ements.

It is possible to use tuned mass dampers in order to reduce vibrations in a structure.
A tuned mass damper usually comprises a dynamic mass connected to the vibrating
structure by a resilient organ giving stiffness, and by a damper absorbing the mechanical
energy coming from the structure. The resilient organ is typically a metallic spring. The
damper is typically a viscous damper.

The weight of the mass and the stiffness of the resilient organ are chosen such that
the tuned mass damper interacts dynamically with the vibrating structure and energy is
transferred from the vibrating structure to the tuned mass damper.

The tuned mass damper can be enclosed in a box, directly secured to the line by a

collar.
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It is particularly difficult to arrange such a tuned mass damper on the expansion line
of a nuclear reactor. The expansion line is at a high temperature. It is covered by a layer
of thermal insulation material.

In that context, the purpose of the invention is proposing a tuned mass damper that
can be implemented on the expansion line of a PWR nuclear reactor or any pipes having
similar operational conditions.

To that end, the invention is directed to a tuned mass damper for a pipe
comprising:
- a mounting bracket secured to the pipe;
- a dynamic mass comprising an annuiar member extending around the pipe;
- at least one resilient damper, connecting the dynamic mass to the mounting bracket
such that vibrations transmitted from the pipe to the dynamic mass are damped by the
resifient damper; _
- at least one limiti\ng device, with a limited organ secured to one of the mounting bracket
and the dynamic mass, and a limiting organ secured to the other of the ﬁwounting bracket
and the dynamic mass, the Iimited organ having no contact with the limiting organ when
the tuned mass damper is at rest, the limiting organ defining stops for the displacement of
the limited organ with respect to the limiting organ along at least three mutually
perpendicular directions.

The dynamic mass is located away from the fine. A layer of thermal insulation, if
necessary can be arranged between the dynamic mass and the pipe. Only the mounting
bracket is secured to the pipe, and it can be arranged under the layer of thermal
insulation.

Since the dynamic mass comprises an annular member extending around the pipe,
it is possible to distribute the mass around the pipe and it is possible to avoid creating a
bending moment in the pipe. _

Since the at least one limiting device and the at least one resiiient damper are
arranged between mounting bracket and the annular dynamic mass, they can be located
radially outside the layer of thermal insulation.

The limiting device let the dynamic mass oscillate freely with respect to the mounting
bracket. However, it restricts the magnitude of the displacements of the dynamic mass,
particularly in case of earthquake. When a major earthquake happens, it prevents the
resilient damper from breaking. In absence of the limiting device, a major earthquake
could break the resilient damper, the dynamic mass becoming free from the mounting
bracket and being allowed to ride freely and damage other surrounding equipment.
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The tune mass damper may include one or several of the following features, alone
or according to any technically feasible combination:
- the mounting bracket comprises a clamp secured to the pipe, at least one guide arm
having a proximal end secured to the clamp and a distal end bearing the limiting organ or
the limited organ of the at least one limiting device, and at least one damper arm having a
proximal end secured to the clamp and a distal end connected to the dynamic hass by
the at least one resilient damper;
- the at least one resilient damper comprises an inner plate secured to the at least one
damper arm and an outer plate secured to the dynamic mass, the inner plate and the
outer plate having respective inner and outer holes, the at least one resilient damper
comprising a wire rope connecting the inner and outer plates to one another by passing
through the inner holes and throubgh the outer holes; .
- the clamp comprises two half-clamps clamping the pipe between them in a given
clamping direction, and securing means securing the two half-clamps to one another while
allowing a resilient displacement of the two half-clamps with respect to one another along
the clamping direction;
- the tuned mass damper comprises at least two of said limiting device, the at least two
limiting device being angularly shifted around the pipe with respect to one another;
- at least two guide arms bear the limiting organ or the limited organ of the at least two
limiting devices, the at least two guide arms being angularly shifted around the pipe with
respect to one another;
- the limiting organ dé;‘ines stops for the displacement of the limited organ with respect to
the limiting organ in two opposite axial directions substantially parallel to a central axis of
the pipe, in a radial direction toward or away from the central axis of the pipe, and in two
opposite tangential directions tangential to a circle centered on the central axis of the pipe;
- when the tuned mass damper is at rest, the limited organ is separated from the limiting
organ by first and second tangential gaps in said two opposite tangential directions, by a
radial gap in said radial direction, and by first and second axial gaps in said two opposite
axial directions;
- the first and second axial gaps are larger than the first and second tangential gaps and
larger than the radial gap; \
- the limiting organ is a box, with an internal volume where the limited organ is
accommodated, the internal volume being closed by a bottom toward or away from the
central axis of the pipe, by two transverse walls substantially perpendicular to the central
axis of the pipe, and two axial walls substantially paralle! to the central axis of the pipe;
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- the limited organ comprises a first rolling body for rolling against the bottom, and a
second rolling body for rolling against the axial walls;

- the limited organ is secured to the mounting bracket and the limiting organ is secured to
the dynamic mass. '

Other features and advantages of the invention will become apparent from .the
detailed description thereof provided below, purely by way of an indication and without
any limitation, reference being made to the following figures:

- the figure 1 is a view in perspective of a tuned mass damper according to the
ihvenﬁon;

- the figures 2 and 3 are sections of the limiting device of the figure 1, taken along
the lines II-1l and llI-1Il respectively; and

- the figure 4 is a view in perspective of the limited organ of the figures 1 to 3.

- The tuned mass damper shown 1 on the figure 1 is for damping the vibrations in the
pipe 3. '

The pipe 3 is typically the expansion line fluidically connecting the pressurizer of a
PWR nuclear reactor to the primary circuit.

Alternatively, the pipe 3 is another pipe submitted to high temperatures, and
particularly submitted to cycles of thermal expansions and contractions. |

The pipe 3 may as well be a pipe which is not submitted to high temperatures, and
which is not submitted to cycles of thermal expansions and contractions.

The pipe 3 belongs to a PWR nuclear reactor, or to another type of nuclear reactor,
or belongs to an industrial facility which is not a nuclear reactor.

The tuned mass damper 1 comprises:

- a mounting bracket 5 secured to the pipe 3;

- a dynamic mass 7 comprising an annular member 9 extending around the pipe 3;

- at least one limiting device 11, limiting the movements of the dynamic mass 7 with
respect to the mounting bracket 5, and

- at least one resilient damper 13, connecting the dynamic mass 7 to the mounting bracket
5 such that vibrations transmitted from the pipe 3 to the dynamic mass 7 are damped by
the resilient damper 13.

The annular member 9 is cylindrical or polyhedral. Its central axis X is aligned with
the central axis 6f the pipe 3. Weights 10 are secured to the inner surface of the annular
member by screws. '

The annular member 9 has a closed contour and extends all around the pipe 3. lts
inner section is empty, and sufficiently large to accommodate the mounting bracket 5, at

least one limiting device 11, and at least one resilient damper 13.
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The mounting bracket 5 comprises a clamp 15 secured to the pipe 3, at least one
guide arm 17 having a proximal end 19 secured to the clamp 15 and a distal end 21
connected to the at least one limiting device 11, and at least one damper arm 23 having a
proximal end 25 secured to the clamp 15 and a distal end 27 connected to the dynamic
mass 7 by the at least one resilient damper 13.

The clamp 15 comprises two half-clamps 29 clamping the pipe 3 between them in
a given clamping direction C, and securing means 31 securing the two half-clamps 29 to
one another while allowing a resilient displacement of the two half-clamps 29 with respect
to one another along the clamping direction C. '

Each half-clamp 29 has a central part 33 with a shape chosen to adapt around the
pipe 3. The central part 33 is directly in contact against the outer surface of the pipe 3,
and covers substantially half the perimeter of the pipe 3.

Each half-clamp 29 has two ends 35, one on each side of the central part 33,
defining a flange.

The two ends 35 extend in a plane substantially perpendicular to the clamping
direction.

The securing means 31 secure the flanges of the two half-clamps 29 to one another.

The securing means 31 comprise for example several screws 37, one nut 39
screwed on each screw, and resilient washers 41 interposed between each nut and the
corresponding flange.

The resilient washer 41 allows keeping the two half-clamps 29 tightly clamped to the
pipe, even though the pipe is submitted to thermal expansion/contraction cycles.

The mounting bracket 5 typically comprises severél damper arms 23 and a resilient
damper 13 associated to each damper arm 23. Each damper arm 23 has a proximal end
25 secured to the clamp 15 and a distal end 27 connected to the dynamic mass 7 by the
corresponding resilient damper 13.

The damper arms 23 extend substantially radially with respect to the central axis X
of the pipe 3.

The damper arms 23 are angularly shifted with respect to one another around the
central axis X, preferably regularly shifted with respect to one another.

In the example depicted on the figures, the mounting bracket 5 has three damper
arms 23 and three resilient dampers 13. The arms extend radially and are arranged at
120° from one another around the central axis C.

The at least one resilient damper 13 comprises an inner plate 43 secured to the at
least one damper arm 23 and an outer plate 45 secured to the dynamic mass 7.
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The inner plate 43 is secured to the distal end 27 of the correspohding damper
arm. The outer plate 45 is secured to the inner surface 47 of the annular member 9. _

The inner plate 43 and the outer plate 45 have respective inner and outer holes 49,
51.

The inner holes 49 are arranged in a line substantially parallel to the central axis X.

The outer holes 51 are arranged as well in a line substantially parallel to the
central axis X.

Advantageously, the at least one resilient damper 13 comprises a wire rope 53
connecting the inner and outer plates 43, 45 to one another by passing through the inner
holes 49 and through the outer holes 51.

The wire rope 53 is a rope made of wires of metal, the wires being weaved against
one another to constitute the rope.

The wire rope 53 is passed alternatively through one inner hole 49 and one outer
hole 51, forming substantially an helix having its axis parallel to the central axis X.

As indicated above, a usual tuned mass damper has a resilient organ giving stiffness
and a damper absorbing the mechanical energy coming from the vibrating structure. In the
invention, the at least one resilient damper 13 ensures the function of both the resilient
organ and the damper. It is rather stiff due to its structure with a wire rope arranged in an
helix. The mechanical energy coming from the pipe is dissipated by the wire ropes rubbing
against one another.

it must be pointed out that the damper is dry, and does not require using a liquid, for
example an oil of the type usually used in a viscous damper. This is a significant
advantage when the tuned mass damper is implemented in a nuclear reactor, since using
such organic liquid should be avoided in a nuclear facility.

The or each limiting device 11 comprises a limited organ 55 secured to one of the
mounting bracket 5 and the dynamic mass 7, and a limiting organ 57 secured to the other
of the mounting bracket 5 and the dynamic mass 7.

The limited organ 55 has no contact with the limiting organ 57 when the tuned
mass damper 1 is at rest or in normal operation. However, the limiting organ 57 defines
stops for the displacement of the limited organ 55 with respect to the limiting organ 57
along at least three mutually perpendicular directions.

The tuned mass damper 1 is at rest when it is not submitted to external actions,
such as vibrations or accelerations transmitted via the pipe 3.

The tuned mass damper 1 is in normal operation when it experiences vibrations

transmitted via the pipe 3 corresponding to the level of vibration it is designed for.
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Preferably, the limited organ 55 is secured to the mounting bracket 5 and the
limiting organ 57 is secured to the dynamic mass 7, as illustrated on the figures.

The tuned mass damper 1 preferably comprises at least two limiting devices 11.
The at least two limiting device 11 are angularly shifted around the pipe 3 with respect to
one another, preferably regularly angularly shifted around the pipe 3.

The mounting bracket 5 in that case comprises at least two guide arms 17.

The at least two guide arms 17 bear the limiting organ 57 or the limited organ 55 of
the at least two limiting devices 11, '

The at least two guide arms 17 are angularly shifted around the pipe 3 with respect
to one another, preferably regularly angularly shifted around the pipe 3.

In the example depicted on the figures, the mounting bracket 5 comprises three -
guide arms 17 angularly shifted of 120° around the pipe 3, the three corresponding limiting
device 11 being angularly shifted of 120° around the pipe 3. '

The guide arms 17 are substantially radial.

In the example depicted on the figures, the distal end 21 of a guide arm 17 bears

the limited organ 55 of the corresponding limiting device 11.

The limiting devices are typically all identical to one another. The description below
applies to all the limiting devices 11. |

The limiting organ 57 defines stops for the displacement of the limited organ 55
with respect to the limiting organ 57 in two\opposite axial directions substantially parallel
to a central axis X of the pipe 3, in a radial direction toward or away from the central axis
X of the pipe 3, and in two opposite tangential directions tangential to a circle centéred on
the central axis X of the pipe 3. ‘

The radial direction is defined here as a direction substantially perpendicular to the
central axis X and intersecting the central axis X.

The two tangential directions are tangential to a circle perpendicular to the central
axis X and having a center belonging to the central axis X. The circle passes through the
limited organ 55.

In the example depicted on the figures, the limiting organ 57 defines stops for the
displacement of the limited organ 55 with respect to the limiting organ 57 in the radial
direction away from the central axis X of the pipe 3.

When the tuned mass damper 1 is at rest, the limited organ 55 is separated from
the limiting organ 57 by first and second tangential gaps t, t' in said two opposite
tangential directions, by a radial gap r in said radial direction, and by first and second axial

plays a, a’ in said two opposite axial directions (see figures 2 and 3).
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In the example depicted on the figures, the first and second axial gaps a’ a’ are
larger than the first and second tangential plays t, t’ and larger than the radial play r.

For example, the first and second axial plays a’ a’ are about 60 mm. The first and
second tangential plays t, t’ and the radial play r are about 8 mm.

Advantageously, the limiting organ 57 is a box, with an internal volume 59 where
the limited organ 55 is accommodated.

The internal volume 59 is closed by a bottom 61 toward or away from the central
axis X of the pipe 3, by two transverse walls 63 substantially perpendicular to the central
axis X of the pipe 3, and two axial walls 65 substantially parallel to the central axis X of the
pipe 3.

The internal volume 59 is open at the opposite of the bottom 61.

In the example depicted, the bottom 61 is secured against the inner surface 47 of
the annular member 9. The box is open radially toward the center axis X. The bottom 61
defines the stop in the radial direction for the limited organ 55. _

The two axial walls 85 and the bottom 61 are one piece. Together, the two axial
walls 65 and the bottom 61 have the shape of a rail. The two axial walls 65 define the
stops in the two opposite tangential directions. |

The two transverse walls 63 are secured to the inner surface 47 of the annular
member 9. They are located at the two opposite axial ends of the rail defined by the two
axial walls 65 and the bottom 61. They close the rail at its two opposite ends. The two
transverse walls 63 define the stops in the two opposite axial directions. |

The limited organ 65 is depicted on the figure 4. It comprises a first rolling body 67
for rolling against the bottom 61, and a second rolling body 69 for rolling against the axial
walls 65.

More precisely, it comprises a circular hub 71 secured to the distal end of
corresponding the guide arm 17. The first rolling body 67 is a roller arranged on a face 73
of the hub 71 facing the bottom 61. The second rolling body 69 is a wheel, arranged
around the circular hub 71.

The axis or rotation of the second rolling body 69 is substantially radial. The axis or
rotation of the first rolling body 67 is substantially perpendicular to the radial direction and
parrallel to the central axis X. ,

Preferably, the pipe 3 is covered by a layer of thermal insulation material, not

~ depicted on the figures. The length of guide arms 17 and of the damper arms 23 is chosen.

such that the distal ends 21 and 27 are located outside the insulation material.
The behavior of the tuned mass damper 1 will be explained below.
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At rest, the dynamic mass 7 is connected to the mounting bracket 5 only by the
resilient damper(s) 13, and more precisely only by the wire rope(s) 53.

Vibrations are transmitted from the pipe 3 to the dynamic mass 7 through the
damper arms 23 and the or each resilient damper 13.

The displacement of the dynamic mass 7 with respect to the bracket 5 is damped by
the or each resilient damper 13. Said displacement changes the shape of the or each
resilient damper 13, making the wires of the wire rope 53 rub against one another. This
dissipates the mechanical energy transmitted by the vibrations from the pipe 3 to the
dynamic mass 7. ‘

As long as the movements of the dynamic mass 7 are moderate, the or each limiting
device 11 does not restrict the magnitude of the movements of the dynamic mass. There
is no interaction between the limited organ 55 and the limiting organ 57. The gaps
between the limited organ 55 and the limiting organ 57 are such that the dynamic mass 7
is free to move with respect to the mounting bracket 5 in translation in any direction and in
rotation around any axis. There are no interactions or shocks between the limited organ
and the limiting organ.

The or each limiting device 11 allow for rather large displacement of the dynamic
mass 7 along the central axis X, which is the main damping direction of the tuned mass
damper depicted in the figures.

In case of earthquake, thé limited organ 55 contacts the limiting organ 57. This:
restricts the movement of the dynamic mass 7 with respect to the mounting bracket 5.
This limits the .load applied to the resilient damper (s) 13, and prevents the resilient
damper(s) from breaking.

The contact between the limited organ 55 and the limiting organ 57 is facilitated by
the rolling bodies. The first rolling body 67 allows the limited organ 55 to roll axially against
the bottom 61. The second rolling body 69 allows the limited organ 55 to roll axially

~ against the axial walls 65. The limited organ 55 is guided in translation axially, until it

contacts the transverse wall 63. _

When the pipe 3 expands, for example because its temperature increases, the guide
arms 17 are displaced radially away from the central axis of the pipe 3. Said displacement
is possible because of the radial play existing between the limited orgah 55 and the
limiting organ 57. The same happens when the pipe 3 contracts.

The tuned mass damper 1 preferably includes at least two limiting device 11,
angularly shifted around the pipe with respect to one another, to make sure that the

displacement of the dynamic mass is limited along any possible direction.
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CLAIMS

1.- A tuned mass damper for a pipe, the tuned mass damper (1) comprising:

- a mounting bracket (5) secured to the pipe (3) ; v

- a dynamic mass (7) comprising an annular member (9) extending around the pipe (3) ;

- at least one resilient damper (13), connecting the dynamic mass (7) to the mounting
bracket (5) such that vibrations transmitted from the pipe (3) to the dynamic mass (7) are
damped by the resilient damper (13);

- at least one limiting device (11), with a limited organ (55) secured to one of the mounti'ng
bracket (5) and the dynamic mass (7), and a limiting organ (57) secured to the other of the
mounting bracket (5) and the dynamic mass (7), the limited organ (55) having no contact
with the limiting organ (57) when the tuned mass damper (1) is at rest, the limiting organ
(57) defining stops for the displacement of the limited organ (55) with respect to the
limiting organ (57) along at least three mutually perpendicular directions.

2.- The tuned mass damper according to the claim 1, wherein the mounting bracket (5)
comprises a clamp (15) secured to the.pipe (3), at least one guide arm (17) having a
proximal end (19) secured to the'clamp (15) and a distal end (21) bearing the limiting
organ (57) or the limited organ (55) of the at least one limiting device (11), and at least
one damper arm (23) having a proximal end (25) secured to the clamp (15) and a distal
end (27) connected to the dynamic mass (7) by the at least one resilient damper (13).

3.- The tuned mass damper according to the claim 2, wherein the at least one resilient
damper (13) comprises an inner plate (43) secured to the at least one damper arm (23)
and an outer plate (45) secured to the dynamic mass (7), the inner plate (43) and the
outer plate (45) having respective inner and outer holes (49, 51), the at least one resilient
damper (13) comprising a wire rope (53) connecting the inner and outer plates (43, 45) to
one another by passing through the inner holes (49) and through the outer holes (51).

4.- The tuned mass damper according to the claim 2 or 3, wherein the clamp (15)
comprises two half-clamps (29) clamping the pipe (3) between them in a given clamping
direction (C), and securing means (31) securing the two half-clamps (29) to one another
while allowing a resilient displacement of the two half-clamps (29) with respect to one

another along the clamping direction (C).
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5.- The tuned mass »damper according to anyone of the claims 1 to 4, wherein the tuned
mass damper (1) comprises at least two of said limiting device (11), the at least two
limiting device (11) being angularly shifted around the pipe (3) with respect to one
another.

6.- The tuned mass damper according to the claim 5 and to the claim 2, wherein at least
two guide arms (17) bear the limiting organ (57) or the limited organ (55) of the at least
two limiting devices (11), the at least two guide arms (17) being angularly shifted around
the pipe (3) with respect to one another.

7.- The tuned mass damper according to anyone of the claims 1 to 6, wherein the limiting
organ (57) defines stops for the displacement of the limited organ (55) with respect to the
limiting organ (57) in two opposite axial directions substantially parallel to a central axis
(X) of the pipe (3), in a radial direction toward or away from the central axis (X) of the pipe
(3), and in two opposite tangential directions tangential to a circle centered on the central
axis (X) of the pipe (3).

8.- The tuned mass damper according to the claim 7, wherein, when the tuned mass
~damper (1) is at rest, the limited organ (55) is separated from the limiting organ (57)4by
first and second tangential gaps in said two opposite tangential directions, by a radial gap
in said radial direction, and by first and second axial gaps in said two opposite axial
directions,

9.- The tuned mass damper according to the claim 8, wherein the first and second axial
gaps are larger than the first and second tangential gaps and larger than the radial gap.
10.- The tuned mass damper according to anyone of the claims 7 to 9, wherein the Iirhiting
organ (57) is a box, with an internal volume (59) where the limited organ (55) is
accommodated, the internal volume (59) being closed by a bottom (61) toward or away
from the central axis (X) of the pipe (3), by two transverse walls (63) substantially -
perpendicular to the central axis (X) of the pipe (3), and two axial walls (65) substantially
parallel to the central axis (X) of the pipe (3).

11.- The tuned mass damper according to the claim 10, wherein the limited organ (55)
comprises a first rolling body (67) for rolling against the bottom (61), and a second rolling
body (69) for rolling against the axial walls (65).

12.- The tuned mass damper according to anyone of the claims 1 to 11, wherein the
limited organ (55) is secured to the mounting bracket (5) and the limiting organ (67) is

secured to the dynamic mass (7).
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