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Title:
EXCHANGE OF BUSHING IN DRUM
Technical Field:

The present invention relates to a drum assembly as defined in the preamble of
claim 1, and a method for exchanging a bushing of the drum assembly.

Background and prior art:

Bushings or bearings in winches wear down and must be exchanged at irregular
periods, including periods where the winches are on a vessel at open sea. In order to
allow exchanges of these bushings or bearings, the winch drum must be removed
from its main shaft. However, due to the heavy weight of the winch drum, typically
2-5 tons, it is basically impossible to perform such an exchange operation at open
sea without damaging the drum and/or the shaft. The result is very expensive
repairs.

Methods for exchange of bearings in engines with rotating shafts are known. In
patent publication US 4,810,175 the bearing of a motor shaft is accessed and
exchanged by sliding the bearing axially on the motor shaft after removing exterior
parts and then disassembling the bearing in two arcuate parts. A similar method of
splitting the bearings and their exterior parts during exchange may be found in WO
90/14524.

However, even if the above mentioned prior art avoid a complete dissemblance of
the bearing carrying structure, the method described still involves fairly complex
operations involving removals of overlying parts, making exchange of bushings or

bearings at open sea challenging.

It is thus an object of the present invention to provide a drum assembly and a
method allowing exchange of bushings in drums with a minimum need of

disassembly.

Summary of the invention:

The present invention is set forth and characterized in the main claims, while the
dependent claims describe other characteristics of the invention.

In particular, the invention concerns a drum assembly for a mooring winch comprising a
rotatable drum shaft having a rotational axis along the drum shaft, a drum support
comprising a first pedestal supporting a first axial end of the drum shaft and a second
pedestal supporting a second axial end of the drum shaft and an axially slidable drum
arranged between the first and second pedestals. Both a first axial end of the drum and a
second axial end of the drum is supported on a bushing axially surrounding the drum
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shaft. A drum length difference (L,L’) corresponding to the minimum distance between
the two pedestals minus the axial length of the drum is equal or longer than the axial
length of ecach bushing, i.e. the length of the bushing along the drum shaft when
assembled. The term ‘bushing’ is hereinafter defined as any support able to carry the
weight of the drum onto the drum shaft. This definition also includes other objects
surrounding the drum shaft such as radial bearings and the like.

In an advantageous embodiment each bushing is divided into a plurality of arcuated
bushing parts, thereby rendering easy removal from the drum shaft possible, i.c. without
necessitating use of any destructive force such as cutting, dissolving, etc.

In another advantageous embodiment at least one of the bushings comprises a cylindrical
section (axial part) and a radial section (stopper) oriented perpendicular to the cylindrical
section, wherein the cylindrical section is arranged between the drum and the drum shaft
and the radial section abuts the adjacent axial end of the drum.

In yet another advantageous embodiment the axial ends of the drum displays one or more
threaded cavities and each of the bushings displays through-going apertures being in
alignment with the threaded cavities. These apertures may conveniently be arranged in
the radial section of the bushing. A threaded bolt or screw is inserted in at least one of the
aligned cavity and aperture at each axial ends of the drum, thereby creating one or more
removable fixations of the bushings to the drum.

In yet another advantageous embodiment the axial ends of the drum shaft are supported
on the first and second pedestals, respectively, via radial bearings.

In yet another advantageous embodiment at least one spacer is arranged on the drum
shaft within the open area between the drum and the pedestals, the at least one spacer
having a total length equal to, or nearly equal to, the drum length difference (L,L").

In yet another advantageous embodiment the drum is in a position where the first axial
end of the drum and/or its respective bushing abuts the first pedestal and that at least
one spacer is arranged on the drum shaft within the area between the second axial end
of the drum and the second pedestal .

In yet another advantageous embodiment the at least one spacer is divided into a plurality
of arcuated spacer parts, thereby rendering easy removal from the drum shaft possible for
the same reasons as explained above.

The invention also concerns a method for exchanging a bushing arranged between a
drum and a drum shaft of a drum assembly in accordance with any one of the above
mentioned features.

The method comprises the following sequential steps:
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A. removing at least one spacer arranged on the drum shaft in the area between
the drum and the pedestals,

B. sliding the bushing arranged beneath the second axial end of the drum
towards the nearest pedestal,

C. removing the bushing from the drum shaft,

D. sliding the drum across the area previously covered by the at least one
spacer,

E. sliding the other bushing arranged beneath the first axial end of the drum
towards the nearest pedestal and

F. removing the other bushing from the drum shaft.

In an advantageous embodiment each bushing is divided into a plurality of arcuated
bushing parts, wherein the removal of the bushings from the drum shaft in steps C
and F is performed by removing one and one of these bushing parts entirely from
the drum shaft.

In another advantageous embodiment the at least one spacer is divided into a
plurality of spacer parts enabling removal of the at least one spacer in step A by
removing one and one of these spacer parts entirely from the drum shaft.

In another advantageous embodiment the first axial end of the drum is in abutment,
or near abutment, with the first pedestal and the at least one spacer is arranged on
the drum shaft and is covering the area between the second axial end the drum and
the second pedestal, wherein the at least one spacer is divided into a plurality of
spacer parts enabling removal of the at least one spacer in step A by removing one
and one of these spacer parts from the drum shaft.

In another advantageous embodiment step D involves sliding the drum from the
position where the first axial end of the drum is in abutment, or near abutment, with
the first pedestal to a position where the second axial end of the drum is in
abutment, or near abutment, with the second pedestal.

In another advantageous embodiment steps C and F also comprise inserting a new
and/or modified bushing as replacement for the removed bushing.

In the following description, numerous specific details are introduced to provide a
thorough understanding of embodiments of the drum assembly and method. One
skilled in the relevant art, however, will recognize that these embodiments can be
practiced without one or more of the specific details, or with other components,
systems, etc. In other instances, well-known structures or operations are not shown,
or are not described in detail, to avoid obscuring aspects of the disclosed
embodiments.
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Brief description of the drawings:

Fig. 1A is a schematic side view of a drum assembly in accordance with the
invention, without a spacer.

Fig. 1B is a schematic side view of a part of the drum assembly in in fig. 1A
comprising a bushing.

Fig. 1C is a schematic side view drawing of a part of the drum assembly in fig. 1A
comprising a bushing and the drum framework.

Fig. 2A is a perspective side view of a drum assembly in accordance with the
invention, the bushing being partly disassembled.

Fig. 2B is a schematic drawing of a perspective side view of a drum assembly in
accordance with the invention, the bushing being partly disassembled.

Fig. 3 shows the drum assembly of fig. 1 with the bushing slid out from beneath the
drum,

Fig. 4 shows the drum assembly of fig. 1 with the bushing slid axially into the area
of the removed spacer,

Fig. 5 shows the drum assembly of fig. 1 with the drum slid axially towards the
spacer end.

Detailed description of the invention

Figs. 1A, 3, 4 and 5 show the main components of a drum assembly suitable for
winching mooring cables / ropes during mooring operations on a vessel at open sea.
With particular reference to fig. 1A the drum assembly comprises a drum shaft 1, a
drum support 2 with a first and second bearing pedestal 2a,2b arranged at each axial
end la,1b of the drum shaft 1 and a drum 3 rotatably supported around the drum
shaft 1 and arranged between the two bearing pedestals 2a,2b. The distance between
the first axial end 3a of the drum 3 and the second axial end 3b of the drum 3 is less

than the axial length constrained by the pedestals 2a,2b, for example less than 90 %.

In order to enable rotatable movement, the drum shaft 1 is supported on the
pedestals 2a,2b via bearings 4a,4b having rotational axis congruent to the axial axis
of the drum shaft 1.

The drum 3 includes a drum framework 3¢ for axially constraining cables or ropes 7
being winded onto a winding surface 3d of the drum 3. In the particular embodiment
of fig. 1A, the drum framework 3¢ comprises three radially extending plates. The

drum 3 further comprises a drum base 3¢ having the winding surface 3d facing the
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winding area of the drum 3 and a drum shaft surface 3f facing the drum shaft 1. In
the embodiment shown in fig. 1A-C and fig. 3-5 the drum base 3¢ is hollow and the
figures show that the drum framework 3¢ comprises the drum shaft surfaces 3f
facing the drum shaft 1. The drum shaft surface 3f is supported on bushings 6,
bearings or the like at both axial ends 3a,3b of the drum 3. The arca of one of the
bushings 6 marked with a dashed small circled is shown in more detail in fig. 1B.
As seen herein, the bushing 6 includes an axial part 6’° and a stopper 6’ protruding
radially out from the drum shaft 1 when squeezed between the drum shaft surface 3f
of the drum 3 and the radial surface of the drum shaft 1. The abutment of the
stopper 6’ towards the drum’s 3 framework 3¢ ensures that the bushings 6 remain at
or near the drums 3 axial ends 3a,3b. The areca of one of the bushings 6 marked with
a dashed big circle in fig. 1A is shown in more detail in fig. 1C. As described above
(fig. 1B), the bushing 6 includes the axial part 6°° and the stopper 6’ protruding
radially out from the drum shaft 1 when squeezed between the drum shaft surface 3f

of the drum framework 3¢ and the radial surface of the drum shaft 1.

The difference in axial length between the drum 3 and the space between the
bearing pedestals 2a,2b, indicated in fig. 1A, 3-5 by the letter L, allows the operator
to have casy access to at least one of the bushings 6 for performing exchange and/or

repair operations.

An example of an exchange of bushings 6 is illustrated in fig. 2A and fig. 2B. The
bushing 6 comprises a plurality of arcuate bushing parts 6a,6b surrounding the drum
shaft 1 and fixed with bolts or screws 6’’’ to the drum framework 3c. The lower part
6b of in total two arcuate bushings parts 6a,6b is halfway slid out along the drum
shaft 1 after partly loosing the relevant bolt 6’’°. After the relevant bolt 6°°° has
been removed from the drum framework 3¢, the lower part 6b can be completely
removed. The same procedure is performed for the other part 6a in order to
completely remove the bushing 6 from beneath the drum 3. Due to the splitting of
the bushing into several circumferential parts, the operator may then easily remove

the bushing completely from the drum shaft 1.

Note that the term ‘bushing’ should not be interpreted narrowly. It may involve any
kind of cylinders resisting the pressure exerted by the drum 3, for example radial

bearings.

Fig. 3 shows the drum assembly after having slid the bushing 6 entirely from
beneath the drum 3 and into the open space between one of the pedestals 2b and the

drum framework 3c.
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Now with particular reference to fig. 4, after having removed completely the old
bushing 6 and replaced it with a new bushing (or inserted the old bushing 6 after
repair / modifications), the drum 3 is slid / moved along the drum shaft 1 in the
direction of the double lined arrow until the stopper 6’ abuts the radially inward
facing surface of the pedestal 2b, thereby forming a mirror space with length L~ at
the opposite side of the drum 3. The same exchange procedure may thus be
performed on this side since the operator now has access to the bushing 6 via the

created mirror space L.

Finally, fig. 5 shows a completely assembled drum assembly where the drum 3 has
been slid back to the original position, again creating the initial open space of axial
length L. Into this space, an adapted spacer 5 has been added in order to prevent
undesired axial movements of the drum 3. Of course, the same spacer 5 may be
arranged into the mirror space L’ at the opposite side, that is, without moving the
drum 3 back to the original axial position shown in fig. 1A. Other means for
preventing axial movements may also be envisaged, such as spacers 5 on both sides
of the drum 3 and/or use of blocking objects having forms different from cylinder
forms. An example of the latter may be a plurality of rods distributed around the
circumference of the drum shaft 1. The spacer 5 should thus be interpreted as any
kind of object serving the purpose of stabilising the position of the drum 3 during

normal operation.

In the preceding description, various aspects of the drum assembly according to the
invention have been described with reference to the illustrative embodiment. For
purposes of explanation, specific numbers, systems and configurations were set
forth in order to provide a thorough understanding of the drum assembly and its
workings. However, this description is not intended to be construed in a limiting
sense. Various modifications and variations of the illustrative embodiment, as well
as other embodiments of the assembly, which are apparent to persons skilled in the
art to which the disclosed subject matter pertains, are deemed to lie within the scope

of the present invention.
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CLAIMS

1. A drum assembly for a mooring winch, the drum assembly comprising
- a rotatable drum shaft (1) having a rotational axis along the drum shaft (1) and
- a drum support (2) comprising

a first pedestal (2a) supporting a first axial end (1a) of the drum shaft (1) and

a second pedestal (2b) supporting a second axial end (1b) of the drum shaft (1),
characterized in that the drum assembly further comprises
- an axially slidable drum (3) arranged between the first and second pedestals (2a,2b),
wherein both a first axial end (3a) of the drum (3) and a second axial end (3b) of the
drum (3) is supported on a bushing (6) axially surrounding the drum shaft (1), wherein
cach bushing (6) is divided into a plurality of arcuated bushing parts (6a,6b), and
wherein a drum length difference (L,L’) corresponding to the minimum distance between
the two pedestals minus the axial length of the drum (3) is equal or longer than the axial
length of each bushing (6), thereby rendering removal from the drum shaft (1) possible.

2. The drum assembly (1) in accordance with claim 1, characterized in that at least
one of the bushings (6) comprises

a cylindrical section (6°”) and

a radial section (6’) oriented perpendicular to the cylindrical section (6°’),
wherein,

the cylindrical section (6°") is arranged between the drum (3) and the drum shaft
(1) and

the radial section (6”) abuts the adjacent axial end (3a,3b) of the drum (3).

3. The drum assembly (1) in accordance with claim 1 or 2, characterized in that
the axial ends (3a,3b) of the drum (3) displays one or more threaded cavities and
cach of the bushings (6) displays through-going apertures being in alignment with

the threaded cavities,
wherein a threaded bolt or screw (6°”’) is inserted in at least one of the aligned

cavity and aperture at each axial ends (3a,3b) of the drum (3), thereby creating one or

more removable fixations between the bushings (6) and the drum (3).

4. The drum assembly (1) in accordance with any one of the preceding claims,
characterized in that the axial ends (1a,1b) of the drum shaft (1) are supported on the
first and second pedestals (2a,2b) via radial bearings (4a,4b).

5. The drum assembly (1) in accordance with any one of the preceding claims,
characterized in that at least one spacer (5) is arranged on the drum shaft (1) within the
open area between the drum (3) and the pedestals (2a,2b), the at least one spacer (5)
having a total length equal to, or nearly equal to, the drum length difference (L,L’).

AMENDED SHEET
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6. The drum assembly (1) in accordance with any one of the preceding claims,
characterized in that the drum (3) is in a position where the first axial end (3a) of the
drum (3) and/or its respective bushing (6) abuts the first pedestal (2a) and that at least
one spacer (5) is arranged on the drum shaft (1) within the area between the second axial
end (3b) of the drum (3) and the second pedestal (2b).

7. The drum assembly (1) in accordance with claim 5 or 6, characterized in that
the at least one spacer (5) is divided into a plurality of arcuated spacer parts, thereby
rendering removal from the drum shaft (1) possible.

8. A method of exchanging a bushing (6) arranged between a drum (3) and a
drum shaft (1) of a drum assembly in accordance with any one of claims 1-7,
characterized in that the method comprises the following sequential steps:

A. sliding the bushing (6) arranged beneath the second axial end (3b) of the drum
(3) towards the nearest pedestal (2b) of the second axial end (3b),

removing the bushing (6) from the drum shaft (1),

replacing the removed bushing (6),

sliding the drum (3) along the drum shaft (1) towards the opposite pedestal (2b),
sliding the other bushing (6) arranged beneath the first axial end (3a) of the
drum (3) towards the nearest pedestal (2a) of the first axial end (3a),

F. removing the other bushing (6) from the drum shaft (1) and

monw

G. replacing the removed other bushing (6).

9. The method in accordance with claim &, characterized in that the method
comprises the following step:

- removing at least one spacer (5) arranged on the drum shaft (1) in the area
between the drum (3) and the pedestals (2a,2b),

wherein the at least one spacer (5) is divided into a plurality of spacer parts
enabling removal of the at least one spacer (5) by removing one and one of these
spacer parts from the drum shaft (1).

10. The method in accordance with claim 9, characterized in that
the first axial end (3a) of the drum (3) is in abutment, or near abutment, with

the first pedestal (2a) and

the at least one spacer (5) is arranged on the drum shaft (1) and is covering
the area between the second axial end (3b) of the drum (3) and the second pedestal
(2b),

wherein the at least one spacer (5) is divided into a plurality of spacer parts
enabling removal of the at least one spacer (5) by removing one and one of these
spacer parts from the drum shaft (1).

11.  The method in accordance with claim 10, characterized in that step C
involves

AMENDED SHEET



PCT/EP 2017/066 121 - 29.05.2018

- sliding the drum (3) from the position where the first axial end (3a) of the drum
(3) is in abutment, or near abutment, with the first pedestal (2a) to a position where
the second axial end (3b) of the drum (3) is in abutment, or near abutment, with the
second pedestal (2b).

12. The method in accordance with any one of claims 8-11, characterized in
that steps C and D also comprise
- inserting a new and/or modified bushing (6) as replacement for the removed

bushing (6).
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