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(54) AN ON‑LOAD TAP CHANGER COMPRISING A FASTENER

(57) An on-load tap changer (OLTC) (1) comprising a
housing, said housing comprising a housing body (2) and
ametal body (3) attached to the housing body (2) using a
plurality of fasteners (4),
each respective one of said fasteners (4) comprising:
a bolt (5) configured to extend from an outside of the
housing body (2), through a respective hole of the hous-
ing body (2), and to engage with a threaded hole of the
metal body (3) on an inside of the housing body (2), said
fastener (4) further comprising a bushing (6) inserted in
the respective hole of the housing body (2), said bushing
(6) comprising a central opening through which the bolt
(5) extends.
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Description

TECHNICAL FIELD

[0001] The present invention relates to improvements
to fasteners between members of an OLTC. Specifically,
the invention relates to fasteners for OLTCs designed for
use in moving working conditions, such as at sea.

BACKGROUND OF THE INVENTION

[0002] On-load tap changers (OLTCs) typically com-
prise a housing formed by a housing body having oppo-
site open ends, each end being closed by a respective lid
attached to the housing body using fasteners. The hous-
ing body may be made from a rigid material, such as a
fiber-reinforced plastic material. When the OLTC is ex-
erted to accelerations, the fittings tend to wear at the
respective junction between fitting and housing body,
such that the risk of failure increases. For static installa-
tions this is not a problem, but when using the OLTC in
moving applications, for example on floating platforms at
sea, the problem increases.
[0003] Accordingly, it is an object of the invention to
make the OLTC more robust.

SUMMARY OF THE INVENTION

[0004] According to a first aspect, the object is
achieved by an OLTC according to claim 1, with alter-
native embodiment defined in the dependent claims. The
OLTC comprises a housing, said housing comprising a
housing body and a metal body attached to the housing
bodyusingapluralityof fasteners.Each respectiveoneof
said fasteners comprises:
a bolt configured to extend fromanoutside of the housing
body, through a respective hole of the housing body, and
to engage with a threaded hole of the metal body on an
inside of the housing body. The fastener further com-
prises a bushing inserted in the respective hole of the
housing body, said bushing comprising a central opening
through which the bolt extends.
[0005] The bushing provides a smooth interface to-
wards the bolt whichmitigates abrasion on the bolt whilst
the larger outer diameter of the bushing provides an
enlarged wear surface facing the housing body.
[0006] The bushing may extend into a respective re-
cess of the metal body, said recess extending around
each respective threaded hole in themetal body and said
recess being configured to provide a tight fit with the
bushing.
[0007] Since the bushing extends into the recess of the
metal body, and since the bushing has a tight fit with the
recess, relativemovementsbetween thebushingand the
metal body are prevented, which in turn reduces relative
movement between the bolt and the bushing, thus redu-
cing wear on the bolt.
[0008] Themetal bodymay be a lid configured to cover

an open end of the housing body. For cylindrical housing
bodies with two open ends, one lid is typically provided at
each open end of the housing body. However, the fas-
teners are able to attach any metal member component
to the housing body.
[0009] A resilient member, such as rubber or an elas-
tomer, may be provided between the bushing and the
housingbodyand configured toalign thebushingwith the
respective hole of the housing body.
[0010] The resilientmember enables proper alignment
of the bushing with respect to the housing body whilst
enabling relativemovementbetween thebushingand the
housing body. By allowing relative movement between
the bushing and the housing body, dynamic loading
conditions on the OLTC, typically occurring when used
at sea, may be absorbed without excessive internal
stress on or around fasteners. Also, larger tolerances
may be used at production of the OLTC without affecting
assembly of the OLTC negatively.
[0011] The resilient member may be attached to the
bushing using moulding or vulcanization. The resilient
member may alternatively be attached to the housing
body on a radial circumference of the respective hole of
the housing body.
[0012] Affixing the resilient member to either the bush-
ingor thehousingbodyenablesmoreexact positioningof
the resilient member and reduces the risk of misplacing
the resilient member at manufacturing ormaintenance of
the OLTC.
[0013] The bushing may be provided with a circumfer-
ential recess, wherein the resilient member extends into
said recess and protrudes radially outside of the recess
with respect to a central axis of the bolt.
[0014] The radially protruding portion of the resilient
member will deform elastically upon relative movements
between the bushing and the metal member. Since the
resilientmember extends into the circumferential recess,
a portion of the resilient member within the circumferen-
tial recesswill also deform, allowing greatermovement of
the protruding portion of the resilient member, which in
turn enables use of a tougher material of the resilient
member, thus increasing resistance to wear of the resi-
lient member.
[0015] The resilient member may be formed by a gash
et, such as an O-ring or cylindrical member.
[0016] The bushing may be made of an electrically
conductive material.
[0017] The electrical conductivity of the bushing en-
ables the bushing to improve distribution of an electric
field extending by the bolt/bushing.
[0018] The bushing may comprise a collar extending
around a head of the bolt.
[0019] The collar protects a head of the bolt from wear
and tear and if the collar is made from an electrically
conductive material, the electrically conductive proper-
ties of the bushing 6 enables the collar to improve dis-
tribution of an electric field extending by the bolt/bushing.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] All figures show schematic views not drawn to
measure. Figs. 2 and 4‑12 are cross-sectional views.

Fig. 1 shows an embodiment of an on-load tap
changer (OLTC).
Fig. 2 showsanembodiment of aprior art fastener for
attachingametal body toahousingbodyofanOLTC.
Fig. 3 shows an exploded view of a fastener accord-
ing to the invention along with a housing body of the
OLTC also shown in fig. 1.
Fig. 4 shows a cross-sectional view of the fastener
also shown in fig. 3 when used on the OLTC for
mounting a metal body in the form of a lid of the
OLTC to a housing body of the OLTC.
Figs. 5‑12 show various alternative embodiments of
the fastener of the invention.
Specifically,
Fig. 5 shows an embodiment without resilient mem-
ber between the bushing and the housing body;
Fig. 6 shows an embodiment where the bushing
extends into a corresponding recess of the metal
body (lid) of the OLTC;
Fig. 7 shows an embodiment with a resilientmember
in the form of an O-ring fitted between the bushing
and the housing body;
Fig. 8 shows an embodiment with a resilientmember
in the form of a cylindrical member fitted between the
bushing and the housing body;
Fig. 9 shows an embodiment in which the resilient
member is attached to thebushingusingmouldingor
vulcanization;
Fig. 10 shows an embodiment in which the resilient
member is attached to the housing body on a radial
circumference of the respective hole of the housing
body;
Fig. 11 showsanembodiment inwhich thebushing is
provided with a circumferential recess aligning the
gash et with the bolt; and
Fig. 12 shows a fastener comprising an alternative
embodiment of the bushing without collar.

DETAILED DESCRIPTION

[0021] Embodiments of the invention will hereinafter
be described with reference to the appended drawings.
[0022] A basic embodiment of a fastener used in an
OLTC 1 according to the invention is shown in fig. 5. The
OLTC comprises a housing, said housing comprising a
housing body 2 and a metal body 3 attached to the
housing body 2 using a plurality of fasteners 4. Each
respective one of said fasteners 4 comprises:
a bolt 5 configured to extend from an outside of the
housing body 2, through a respective hole of the housing
body 2, and to engage with a threaded hole of the metal
body 3 on an inside of the housing body 2. The fastener 4
further comprises a bushing 6 inserted in the respective

hole of the housing body 2, said bushing 6 comprising a
central opening through which the bolt 5 extends. Also,
the bushing 6 comprises a collar 7 extending around a
headof thebolt 5.Thecollar 7protects theheadof thebolt
5, thereby making subsequent service of the OLTC 1
easier by ensuring the bolt head is not damaged and can
thus be easily rotated. In other embodiments, the collar 7
may optionally be omitted. The bushing 6 provides a
smooth interface towards the bolt 5 which mitigates
abrasion on the bolt 5 whilst the larger outer diameter
of the bushing 6 provides an enlarged wear surface
facing the housing body 2.
[0023] The bushing 6 is made of an electrically con-
ductivematerial. Theelectrically conductive properties of
the bushing 6 enables the collar 7 to improve distribution
of an electric field extending by the bolt 5/bushing 6.
[0024] In other embodiments, other materials, includ-
ing electrically isolating materials, may alternatively be
used for the bushing 6.
[0025] If the screw is made from an isolation material,
such as a ceramicmaterial or a fibre-compositematerial,
a collar is typically not needed on the bushing.
[0026] Asshown in fig. 6, thebushing6mayextend into
a respective recess 9 of the metal body 3, said recess 9
extending around each respective threaded hole in the
metal body 3 and said recess 9 being configured to
provide a tight fit with the bushing 6.
[0027] Since the bushing 6 extends into the recess 9 of
the metal body 3, and since the bushing 6 has a tight fit
with the recess 9, relativemovements between the bush-
ing 6 and the metal body 3 are prevented, which in turn
reduces relative movement between the bolt 5 and the
bushing 6, thus reducing wear on the bolt 5.
[0028] In other embodiments, the bushing 6 may op-
tionally instead not engage with a recess of the metal
member 3.
[0029] In the embodiments of the appended figures,
themetal body 3 is a lid of theOLTC1 configured to cover
anopenendof thehousingbody2. In other embodiments
of the OLTC 1, the metal body 3 may be any member of
the OLTC 1 attached to the housing body 2, such as a
bracket or frame.
[0030] Asshown infigs. 4, and7‑12, a resilientmember
8, such as rubber or an elastomer, may, in any embodi-
ment, be provided between the bushing 6 and the hous-
ing body 2. The resilient member 8 is configured to align
thebushing6with the respectiveholeof thehousingbody
2.
[0031] The resilient member 8 enables proper align-
ment of the bushing with respect to the housing body 2
whilst enabling relative movement between the bushing
and the housing body 2. By allowing relative movement
between the bushing 6 and the housing body 2, dynamic
loading conditions on the OLTC 1, typically occurring
when used at sea, may be absorbed without excessive
internal stress on or around fasteners. Also, higher tol-
erancesmaybeusedat production of theOLTC1without
affecting assembly of the OLTC 1 negatively.
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[0032] As shown in fig. 9, the resilient member 8 may
be attached to the bushing 6 using moulding or vulcani-
zation. As shown in fig. 10, the resilient member 8 may
alternatively beattached to thehousingbody2ona radial
circumference of the respective hole of the housing body
2.
[0033] Affixing the resilient member to either the bush-
ing 6 or the housing body 2 enables more exact position-
ing of the resilient member 8 and reduces the risk of
misplacing the resilient member 8 at manufacturing or
maintenance of the OLTC 1.
[0034] As shown in figs. 4, 11 and 12, the bushing 6
may beprovidedwith a circumferential recess 10, where-
in the resilient member 8 extends into said recess 10 and
protrudes radially outside of the recess 10with respect to
a central axis of the bolt 5. The radially protruding portion
of the resilient member 8 will deform elastically upon
relativemovements between thebushing 6and themetal
member 3. Since the resilient member 8 extends into the
circumferential recess 10, a portion of the resilient mem-
ber8within thecircumferential recess10will alsodeform,
allowing greater movement of the protruding portion of
the resilient member 8, which in turn enables use of a
tougher material of the resilient member 8, thus increas-
ing resistance to wear of the resilient member 8.
[0035] As shown in figs. 4, and 7‑12, the resilient
member 8 may be formed by any suitable gash et, such
as anO-ring or cylindrical member. The resilient member
8 may be provided with geometries for engaging with
corresponding geometries formed on the bushing 6 an-
d/or on the housing body 2, thus improving alignment of
the resilient member 8 with the bushing 6 and/or with the
housing body 2.
[0036] It should be understood that the invention is not
limited to the specific combination of features illustrated
in the examples of the appended figures. For example,
the recess of the metal body 3 receiving an end of the
bushing 6 (examples in figs. 4 and 6‑12) may be omitted
fromanyof theembodiments in figs. 4and6‑12.Similarly,
the collar 7 omitted in fig. 12, may be omitted in any
embodiment of the bushing 6. Also note that a washer is
typically used between the head of the bolt 5 and the
bushing, although that washer may be omitted.

Claims

1. An on-load tap changer (OLTC) (1) comprising a
housing, said housing comprising a housing body
(2) andametal body (3) attached to thehousingbody
(2) using a plurality of fasteners (4),
each respectiveoneof said fasteners (4) comprising:
a bolt (5) configured to extend from an outside of the
housing body (2), through a respective hole of the
housingbody (2), and toengagewitha threadedhole
of themetal body (3) onan inside of the housingbody
(2), said fastener (4) further comprising a bushing (6)
inserted in the respective hole of the housing body

(2), said bushing (6) comprising a central opening
through which the bolt (5) extends.

2. AnOLTC (1) according to claim 1, wherein the bush-
ing (6) extends into a respective recess (9) of the
metal body (3), said recess (9) extending around
each respective threaded hole in the metal body
(3) and said recess (9) being configured to provide
a tight fit with the bushing (6).

3. An OLTC (1) according to any one of claims 1‑2,
wherein themetal body (3) is a lid configured to cover
an open end of the housing body (2).

4. An OLTC (1) according to any one of claims 1‑3,
wherein a resilient member (8), such as rubber or an
elastomer, is provided between the bushing (6) and
the housing body (2) and configured to align the
bushing (6) with the respective hole of the housing
body (2).

5. An OLTC (1) according to claim 4, wherein the re-
silient member (8) is attached to the bushing (6)
using moulding or vulcanization.

6. An OLTC (1) according to claim 4, wherein the re-
silientmember (8) is attached to thehousingbody (2)
on a radial circumference of the respective hole of
the housing body (2).

7. AnOLTC (1) according to claim 6, wherein the bush-
ing (6) is provided with a circumferential recess (10),
and wherein the resilient member (8) extends into
said recess (10) and protrudes radially outside of the
recess (10) with respect to a central axis of the bolt
(5).

8. An OLTC (1) according to claim 4, wherein the re-
silient member (8) is formed by a gash et, such as an
O-ring or cylindrical member.

9. An OLTC (1) according to any one of claims 1‑8,
wherein the bushing (6) is made of an electrically
conductive material.

10. An OLTC (1) according to any one of claims 1‑9,
wherein the bushing (6) comprises a collar (7) ex-
tending around a head of the bolt (5).
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