wo 2015/185237 A1 | [ A0 OO A0 A A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/185237 Al

10 December 2015 (10.12.2015) WIPO | PCT
(51) International Patent Classification: (74) Agent: HELIN, William; Ingenj6ér Baaths Gata 11, S-721
HO1C 7/12 (2006.01) 83 Visteras (SE).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/EP2015/056508 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
g : BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
26 March 2015 (26.03.2015) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
14171190.3 4 June 2014 (04.06.2014) EP SD, SE, G, SK, SL, SM, ST, 8V, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ABB TECHNOLOGY LTD [CH/CH]; Aftol- . o
ternstrasse 44, CH-8050 Ziirich (CH). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventor: JOHANSSON, Daniel; Stallbacken 17, S-772 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

40 Gréngesberg (SE).

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page]

(54) Title: SURGE ARRESTER MODULE AND SURGE ARRESTER

(57) Abstract: A surge arrester module (1 ) comprising : - first and second end electrodes (2,
3); and - a stack (4) of cylindrical elements (5) including at least one varistor block. The first
end electrode comprises a first part (7) and a second part (8). A connecting element (20) is
provided between said parts (7, 8) in order to keep them electrically connected to each other if
a gap is formed between them. At least one clamping member (12) is connected to the second
end electrode (3) and to the first part (7) of the first end electrode (2) in order to press them to -
wards each other in the axial direction. Said at least one clamping member or at least one other
clamping member ( 16) is connected to the second end electrode (3) and to the second part (8)
of'the first end electrode (2) in order to press them towards each other in the axial direction.



WO 2015/185237 A1 AT 00T 0 AR AU

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, Published:
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, __
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

with international search report (Art. 21(3))

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))



10

15

20

25

30

35

WO 2015/185237 PCT/EP2015/056508

Surge arrester module and surge arrester

FIELD OF THE INVENTION AND PRIOR ART

The present invention relates to a surge arrester module accord-
ing to the preamble of claim 1. The invention also relates to a
surge arrester comprising two or more such surge arrester mod-
ules.

Different types of surge arresters are today used in switchgears
in order to protect power network equipment against incoming
overvoltages. A surge arrester is connected between a live wire
and ground and may comprise one or more gapless surge ar-
rester modules with varistor blocks of metal oxide, for instance
zinc oxide, arranged between two end electrodes. In a varistor
block of metal oxide, the electrical resistance is high at low volt-
ages but low at high voltages. When the voltage level in the live
wire exceeds a critical value, the surge arrester will allow the
electric current to be conducted to ground through the varistor
blocks, whereby the overvoltage is reduced.

When the normal operating voltage in the live wire is so high
that a single varistor block is not capable of resisting the operat-
ing voltage, several varistor blocks are connected in series in a
stack between the end electrodes of the surge arrester module.
To carry large currents through a stack of varistor blocks and to
give the surge arrester module a good stability, a sufficient con-
tact pressure must be maintained between the varistor blocks.
The required contact pressure between the varistor blocks may
be achieved by means of elongated clamping members of elec-
trically insulating material which are connected to the end elec-
trodes and prestressed so as to press the end electrodes to-
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wards each other in the axial direction of the surge arrester
module and thereby achieve contact pressure between the varis-
tor blocks. The clamping members may for instance have the
form of endless loops, as shown in US5517382 A, US5912611 A
and W02012098250 A1, or rod-like elements, as shown in
US5291366 A and US6777614 A.

A surge arrester to be used in a power network of high system
voltage is often formed by one or more groups of surge arrester
modules of the above-mentioned type, wherein each group com-
prises two or more surge arrester modules mounted in parallel
with each other between a lower support member and an upper
support member. The support members may for instance have
the form of plates or beams. In order to adapt the surge arrester
to the system voltage, two or more such groups of surge arrest-
er modules may be stacked on top of each other and fixed to
each other with the surge arrester modules in one group con-
nected in series with the surge arrester modules of each adja-
cent group.

If a multi-module surge arrester of the above-mentioned type is
placed on a foundation and consequently supported from below,
some of the surge arrester modules may be subjected to an axi-
al tensile force when other surge arrester modules, due to une-
ven load distribution on the surge arrester, are axially com-
pressed. Such an uneven load distribution on the surge arrester
may for instance occur due to uneven ice formation on the surge
arrester, heavy wind or earthquakes. Heavy connecting cables
hanging obliquely from the top of the surge arrester may also
cause an uneven load distribution on the surge arrester, particu-
larly when the cables are trembling due to overvoltages. In the
worst case, the axial tensile force on a surge arrester module
may become so high that the prestress force of the clamping
members is lost, which in its turn would result in an unaccepta-
ble loss of contact pressure between the varistor blocks in the
surge arrester module.
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In order to avoid high tensile forces in the surge arrester mod-
ules of a multi-module surge arrester of the above-mentioned
type and thereby prevent a loss of contact pressure between
varistor blocks of the surge arrester modules, the surge arrester
is normally suspended through the uppermost group of surge
arrester modules, for instance in a bus bar. However, it is not
always possible or desirable to use a suspended surge arrester
and there is therefore a need for an alternative solution to the
above-mentioned problem, to thereby make it possible to place
a multi-module surge arrester of the above-mentioned type on a
foundation without running the risk of losing contact pressure
between varistor blocks of the surge arrester modules due to
uneven load distribution on the surge arrester. Besides, high
tensile forces may also occur in a suspended surge arrester and
cause loss of contact pressure between varistor blocks of a sus-
pended surge arrester if the suspended surge arrester is big and
heavy and/or supports additional equipment or long cables.

OBJECT OF THE INVENTION

The object of the present invention is to achieve a new and fa-
vourable solution to the above-mentioned problem.

SUMMARY OF THE INVENTION

According to the invention, said object is achieved by means of
a surge arrester module having the features defined in claim 1.

The surge arrester module of the present invention comprises
first and second end electrodes, a stack of cylindrical elements,
including at least one varistor block, arranged between the first
and second end electrodes, and an outer casing of electrically
insulating material, wherein the surge arrester module is charac-
terized in;
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- that the first end electrode comprises a first part of electrically
conductive material and an adjacent second part of electrically
conductive material, the first part being located between the
second part and said stack and being provided with a first con-
tact surface configured to abut against a corresponding second
contact surface of the second part;

- that an electrical connecting element is provided between the
first and second parts of the first end electrode, the electrical
connecting element being configured to keep these parts electri-
cally connected to each other in case of the formation of a gap
between said first and second contact surfaces;

- that at least one clamping member of electrically insulating
material is connected to the second end electrode and to the
first part of the first end electrode and configured to press the
second end electrode and the first part of the first end electrode
towards each other in the axial direction of the surge arrester
module to thereby achieve contact pressure between the cylin-
drical elements of said stack and clamp the stack between the
second end electrode and the first part of the first end electrode;
and

- that said at least one clamping member or at least one other
clamping member of electrically insulating material is connected
to the second end electrode and to the second part of the first
end electrode and configured to press the second end electrode
and the second part of the first end electrode towards each oth-
er in the axial direction of the surge arrester module to thereby
achieve contact pressure between said first and second contact
surfaces.

The surge arrester module is constructed in such a manner that
the effects of an axial tensile force on the surge arrester module
will be concentrated to the interface between the first and sec-
ond parts of the first end electrode, and the contact pressure
between the elements in the stack between the second end
electrode and the first part of the first end electrode is always
maintained, no matter how high the tensile force might be. By
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introducing an electrical connecting element that secures the
electrical connection between the first and second parts of the
first end electrode, it can be secured that the surge arrester
module will continue to be capable of functioning properly even
in a situation when the surge arrester module is subjected to
such a high axial tensile force that a gap is formed between the
first and second parts of the first end electrode. Except for a
modification of the end electrodes, the surge arrester module of
the present invention may be constructed in a conventional
manner. Thus, the present invention can be implemented in a
rather simple and cost-efficient manner.

According to an embodiment of the invention, the electrical con-
necting element is flexible or elastic and may thereby adapt it-
self to possible displacements between the first and second
parts of the first end electrode.

According to another embodiment of the invention, the electrical
connecting element is accommodated in a cavity formed by a
recess in said first contact surface and/or a recess in said sec-
ond contact surface. In this way, the electrical connecting ele-
ment is hidden inside the first end electrode and thereby effi-
ciently protected from the environment and also prevented from
interfering with other components of the surge arrester module.

According to another embodiment of the invention, the electrical
connecting element comprises a compression spring, which at a
first end abuts against a surface on the first part of the first end
electrode and at an opposite second end abuts against a sur-
face on the second part of the first end electrode. Hereby, the
electrical connecting element may in a simple manner adapt it-
self to possible displacements between the first and second
parts of the first end electrode.
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According to another embodiment of the invention, said at least
one clamping member has the form of an endless loop and ex-
tends in a meander-like pattern around the stack with:

- at least two first meander-like loops, each of which extending
from a shoulder on the second end electrode, over a shoulder
on the first part of the first end electrode and back to another
shoulder on the second end electrode, and

- at least two second meander-like loops, each of which extend-
ing from a shoulder on the second end electrode, over a shoul-
der on the second part of the first end electrode and back to a
shoulder on the second end electrode.

If the surge arrester module according to this embodiment is
subjected to an axial tensile force striving to pull the end elec-
trodes a part, the tensile force will act on said second meander-
like loops of the clamping member and these second meander-
like loops will in their turn exert a tensile force on said first me-
ander-like loops of the clamping member, which will result in in-
creased contact pressure between the varistor blocks and the
other elements in the stack between the second end electrode
and the first part of the first end electrode. The tensile force on
said second meander-like loops of the clamping member may
cause the formation of a gap between the first and second parts
of the first end electrode. However, the above-mentioned elec-
trical connecting element will make sure that the electrical con-
nection between the first and second parts of the first end elec-
trode is maintained in such a situation.

Another embodiment of the invention is characterized in:

- that one or more first clamping members of electrically insulat-
ing material are connected to the second end electrode and to
the first part of the first end electrode and configured to press
the second end electrode and the first part of the first end elec-
trode towards each other in the axial direction of the surge ar-
rester module to thereby achieve contact pressure between the
cylindrical elements of said stack and clamp the stack between
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the second end electrode and the first part of the first end elec-
trode; and

- that one or more second clamping members of electrically in-
sulating material are connected to the second end electrode and
to the second part of the first end electrode and configured to
press the second end electrode and the second part of the first
end electrode towards each other in the axial direction of the
surge arrester module to thereby achieve contact pressure be-
tween said first and second contact surfaces.

If the surge arrester module according to this embodiment is
subjected to an axial tensile force striving to pull the end elec-
trodes a part, the tensile force will act only on the above-
mentioned second clamping members between the second end
electrode and the second part of the first end electrode and not
on the above-mentioned first clamping members between the
second end electrode and the first part of the first end electrode.
Thus, the varistor blocks and the other elements in the stack be-
tween the second end electrode and the first part of the first end
electrode will remain essentially unaffected by the tensile force.
If the tensile force is higher than the prestress force of the sec-
ond clamping members between the second end electrode and
the second part of the first end electrode, a gap will be formed
between the first and second parts of the first end electrode.
However, the above-mentioned electrical connecting element
will make sure that the electrical connection between the first
and second parts of the first end electrode is maintained in such
a situation.

Further advantages as well as advantageous features of the
surge arrester module according to the invention will appear
from the following description and the dependent claims.

The invention also relates to a surge arrester according to claim
14, which comprises two or more surge arrester modules of the
above-mentioned type vertically mounted in parallel with each
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other between a lower support member and an upper support

member.

Further advantages as well as advantageous features of the
surge arrester according to the invention will appear from the
following description and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will in the following be more closely described by
means of embodiment examples, with reference to the enclosed
drawings. In the drawings:

Fig 1

Fig 2

Fig 3

Fig 4

Fig 5

Fig 6

Fig 7

is a vertical section through a surge arrester module
according to an embodiment of the present invention,

is a perspective view of the surge arrester module of
Fig 1, as seen without the outer casing,

is a cut according to the line III-IIT in Fig 2,

is an exploded view of the parts of a first end elec-
trode included in the surge arrester module of Fig 1,

is a perspective view of a second end electrode in-
cluded in the surge arrester module of Fig 1,

is a perspective view of a surge arrester comprising
twelve surge arrester modules of the type illustrated in
Fig 1; and

is a schematic illustration of a surge arrester module
according to another embodiment of the invention, as
seen without the outer casing.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig 1 schematically illustrates a surge arrester module 1 accord-
ing to an embodiment of the present invention. The surge ar-
rester module 1 comprises:

- a first end electrode 2 and a second end electrode 3 spaced
apart in the axial direction of the surge arrester module 1;

- a stack 4 of cylindrical elements 5 arranged between the first
and second end electrodes 2, 3; and

- an outer casing 6 of electrically insulating material.

The cylindrical elements 5 are preferably circularly cylindrical
and are stacked on top of each other. In the illustrated embodi-
ment, the stack 4 comprises several series connected cylindrical
element 5 in the form of varistor blocks of nonlinear resistance
material, preferably zinc oxide. The stack 4 may also comprise
one or more cylindrical spacer elements (not shown) of electri-
cally conductive material, such as aluminium, steel or any other
suitable metal. In the illustrated embodiment, the stack compris-
es twenty-seven cylindrical elements 5 in the form of varistor
blocks. However, the stack 4 may comprise a greater or lesser
number of varistor blocks.

One of the end electrodes 2, 3 is to be electrically connected to
a live wire or another surge arrester module, whereas the other
end electrode is to be electrically connected to ground or anoth-
er surge arrester module. When the voltage applied to the surge
arrester module 1 exceeds a critical value, a current can flow
between the end electrodes 2, 3 via the varistor blocks in the
stack 4.

The first end electrode 2 comprises a first part 7 of electrically
conductive material and an adjacent second part 8 of electrically
conductive material. The first part 7 is located between the sec-
ond part 8 and the stack 4 and is provided with a first contact
surface 9 configured to abut against a corresponding second
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contact surface 10 of the second part 8. The contact surfaces 9,
10 are shaped to fit to each other while establishing a good
electrical contact between the first and second parts 7, 8. In the
illustrated embodiment, said contact surfaces 9, 10 are planar
and extends perpendicularly to the longitudinal axis of the surge
arrester module 1. However, the contact surfaces 9, 10 may
have any other suitable shape, for instance conical. The second
part 8 of the first end electrode 2 is to be electrically connected
to a live wire, ground or another surge arrester module, and the
second part 8 is in its turn electrically connected to the stack 4
via the first part 7 of the first end electrode 2.

The second end electrode 3 and the first and second parts 7, 8
of the first end electrode 2 are made of metal, preferably alumin-
ium or steel.

One or more first clamping members 12 of electrically insulating
material are connected to the second end electrode 3 and to the
first part 7 of the first end electrode 2 and are configured to
press the second end electrode 3 and the first part 7 of the first
end electrode towards each other in the axial direction of the
surge arrester module 1 to thereby achieve contact pressure be-
tween the cylindrical elements 5 of the stack 4 and clamp the
stack 4 between the second end electrode 3 and the first part 7
of the first end electrode. The first clamping members 12 are rig-
id but capable of expanding somewhat in the axial direction. In
the illustrated embodiment, the surge arrester module 1 is pro-
vided with three such first clamping members 12 in the form of
endless loops evenly distributed about the centre axis 13 of the
surge arrester module, as illustrated in Fig 3. However, the
surge arrester module 1 may comprise a greater or lesser num-
ber of first clamping members 12, including one single loop-
shaped clamping member arranged in the manner described in
W02012098250 A1.
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Each loop-shaped first clamping member 12 extends over a
shoulder 14 on the second end electrode 3 and a shoulder 15 on
the first part 7 of the first end electrode 2.

One or more second clamping members 16 of electrically insu-
lating material are connected to the second end electrode 3 and
to the second part 8 of the first end electrode 2 and are config-
ured to press the second end electrode 3 and the second part 8
of the first end electrode towards each other in the axial direc-
tion of the surge arrester module 1 to thereby achieve contact
pressure between the first contact surface 9 on the first part 7 of
the first end electrode 2 and the corresponding second contact
surface 10 on the second part 8 of the first end electrode 2. The
second clamping members 16 are rigid but capable of expanding
somewhat in the axial direction. In the illustrated embodiment,
the surge arrester module 1 is provided with three such second
clamping members 16 in the form of endless loops evenly dis-
tributed about the centre axis 13 of the surge arrester module,
as illustrated in Fig 3. However, the surge arrester module 1
may comprise a greater or lesser number of second clamping
members 16, including one single loop-shaped clamping mem-
ber arranged in the manner described in W02012098250 A1.

Each loop-shaped second clamping member 16 extends over a
shoulder 17 on the second end electrode 3 and a shoulder 18 on
the second part 8 of the first end electrode 2.

In the illustrated embodiment, the first clamping members 12 are
of the same length as the second clamping members 16. To
make it possible to use first and second clamping members 12,
16 of the same length, the shoulders 14 on the second end elec-
trode for the first clamping members 12 are located closer to the
outer end of the second end electrode 3 than the shoulders 17
on the second end electrode for the second clamping members
16 (Fig 5), the axial distance between a pair of shoulders 14, 15
for a first clamping member 12 being the same as the axial dis-
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tance between a pair of shoulders 17, 18 for a second clamping
member 16.

As an alternative, the shoulders 14 on the second end electrode
for the first clamping members 12 and the shoulders 17 on the
second end electrode for the second clamping members 16 may
all be located at the same distance from the outer end of the
second end electrode 3. Hereby, the second end electrode 3
may be constructed with a shorter axial extension and thereby
set space free for a longer stack 4 between the first and second
end electrodes 2, 3.

The loop-shaped first and second clamping members 12, 16 are
preferably formed of a wound, glass fiber reinforced strip em-
bedded in a polymer matrix. Such a loop-shaped clamping
member is formed in advance and then arranged on the shoul-
ders upon assembly of the surge arrester module. A clamping
member could alternatively be formed by a fiber being wound a
plurality of turns between the shoulders during assembly. It
would also be possible to use first and second clamping mem-
bers in the form of rods as an alternative to endless loops.

If the surge arrester module 1 is subjected to a high axial tensile
force, a small gap may be formed between the first contact sur-
face 9 on the first part 7 of the first end electrode 2 and the op-
posite second contact surface 10 on the second part 8 of the
first end electrode. An electrical connecting element 20 (see Fig
4) is provided between the first and second parts 7, 8 of the first
end electrode 2, this electrical connecting element 20 being con-
figured to keep the first and second parts 7, 8 of the first end
electrode electrically connected to each other in case of the
formation of a gap between said first and second contact sur-
faces 9, 10. The electrical connecting element 20 is preferably
flexible or elastic. In the illustrated embodiment, the electrical
connecting element 20 comprises a helical compression spring
21, which at a first end abuts against a first surface 22 on the
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first part 7 of the first end electrode 2 and at an opposite second
end abuts against an opposite second surface 23 on the second
part 8 of the first end electrode, and a flexible strip 24 of electri-
cally conductive material, preferably copper. The strip 24 ex-
tends along the compression spring 21 and is at a first end
clamped between the first end of the compression spring 21 and
said first surface 22 and at the opposite second end clamped
between the second end of the compression spring 21 and said
second surface 23. In the illustrated embodiment, the electrical
connecting element 20 is accommodated in a cavity 25 formed
by a recess in said second contact surface 10. As an alternative,
the electrical connecting element 20 may be accommodated in a
cavity formed by a recess in said first contact surface 9 or in a
cavity formed by a recess in said first contact surface 9 and an
opposite recess in said second contact surface 10. The electri-
cal connecting element 20 may also be formed by a flexible
band of electrically conductive material, which at a first end is
fixed to and electrically connected to the first part 7 of the first
end electrode 2 and at the opposite second end is fixed to and
electrically connected to the second part 8 of the first end elec-
trode. As a further alternative, the electrical connecting element
20 may be formed by a pin of electrically conductive material
which is fixed to the first or second part 7, 8 of the first end
electrode 2 so as to project, in the axial direction of the surge
arrester module 1, from the contact surface of this part towards
the opposite contact surface of the other part, the pin being
slidably received in and in electrical contact with a correspond-
ing bore in the other part of the first end electrode 2.

In the embodiment illustrated in Figs 1 and 2, the surge arrester
module 1 comprises a combined length adjustment and pivot
unit 26 of the type described in closer detail in EP1936639 B1,
the unit 26 being very schematically shown in Fig 1. This unit 26
is located between the stack 4 and the second end electrode 3
and comprises an upper part 27 and a lower part 28. These two
parts 27, 28 are interconnected by means of corresponding
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threads on the upper and lower parts. By mutual rotation be-
tween the upper and lower parts 27, 28, the total length of the
unit 26 can be adjusted to thereby increase the distance be-
tween the second end electrode 3 and the first end electrode 2
so that the first and second clamping members 12, 16 are pre-
stressed to a desired extent when the surge arrester module 1 is
assembled.

The outer casing 6 is of an elastic material, for instance silicone
rubber or EPDM rubber, and surrounds all the components be-
tween the second end electrode 3 and the second part 8 of the
first end electrode 2 and also the first and second clamping
members 12, 16. The outer casing 6 also surrounds the second
end electrode 3 and the second part 8 of the first end electrode
2, except the outer ends thereof. The outer casing 6 is prefera-
bly applied to the surge arrester module 1 by casting.

The casing 6 is with advantage provided with a bellows-like sec-
tion (not shown) or the similar at the part of the casing located
on the outside of the interface between the first and second
parts 7, 8 of the first end electrode 2 to thereby make it easier
for the casing 6 to stretch in the axial direction in case of the
formation of a larger gap, for instance in the order of 1 cm, be-
tween the first and second parts 7, 8 of the first end electrode 2.
As an alternative to such a bellows-like section, the casing could
be formed of two separate casing portions which were allowed
to move in relation to each other in case of the formation of such
a gap. Preferably, one of the casing portions could be config-
ured to cover any interspace formed between the casing por-
tions when moved from each other. The portions could be tele-
scopically arranged. Alternatively, an additional cover portion
could be arranged to cover any interspace formed between the
casing portions.

The first end electrode 2 is preferably arranged at the upper end
of the surge arrester module 1 and the second end electrode 3
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at the lower end of the surge arrester module 1, as illustrated in
Figs 1 and 2.

A surge arrester module 1 according to an alternative embodi-
ment of the invention is schematically illustrated in Fig 7. For
the sake of clarity, the surge arrester module 1 is shown without
the outer casing in Fig 7. In this embodiment, the surge arrester
module 1 comprises one single clamping member 112 in the
form of an endless loop, which extends in a meander-like pat-
tern around the stack 4 with:

- two first meander-like loops 112a arranged on opposite sides
of the stack 4, each of which extending from a shoulder 114
(shoulders not shown in detail) on the second end electrode 3,
over a shoulder 115 on the first part 7 of the first end electrode
2 and back to another shoulder 114 on the second end electrode
3, and

- two second meander-like loops 112b arranged on opposite
sides of the stack 4, each of which extending from a shoulder
114 on the second end electrode 3, over a shoulder 118 on the
second part 8 of the first end electrode 2 and back to a shoulder
114 on the second end electrode 3.

The first and second meander-like loops 112a, 112b are alter-
nately arranged in the circumferential direction of the surge ar-
rester module 1. In this case, the first meander-like loops 112a
of the clamping member 112 are configured to press the second
end electrode 3 and the first part 7 of the first end electrode to-
wards each other in the axial direction of the surge arrester
module 1 to thereby achieve contact pressure between the cy-
lindrical elements 5 of the stack 4 and clamp the stack 4 be-
tween the second end electrode 3 and the first part 7 of the first
end electrode, whereas the second meander-like loops 112b of
the clamping member 112 are configured to press the second
end electrode 3 and the second part 8 of the first end electrode
towards each other in the axial direction of the surge arrester
module 1 to thereby achieve contact pressure between the first
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contact surface 9 on the first part 7 of the first end electrode 2
and the corresponding second contact surface 10 on the second
part 8 of the first end electrode 2. The clamping member 112 is
of electrically insulating material and is rigid but capable of ex-
panding somewhat in the axial direction. The clamping member
112 is preferably formed of a wound, glass fiber reinforced strip
embedded in a polymer matrix. Except for the clamping member
112 and the arrangement of the shoulders 114, 115, 118 on the
end electrodes 2, 3, the surge arrester module 1 illustrated in
Fig 7 corresponds to the surge arrester module illustrated in Fig
1.

A multi-module surge arrester may be formed by one or more
groups of surge arrester modules 1 of the above-mentioned
types, wherein each group comprises two or more surge arrester
modules 1 vertically mounted in parallel with each other be-
tween a lower first support member and an upper second sup-
port member located above the first support member, preferably
with the second end electrode 3 of each surge arrester module 1
located at the lower end of the surge arrester module and with
the first end electrode 2 of each surge arrester module 1 located
at the upper end of the surge arrester module.

A surge arrester 30 formed by two groups 31, 32 of surge ar-
rester modules 1 is illustrated in Fig 6. In the illustrated embod-
iment, each group 31, 32 comprises six surge arrester modules
1 vertically mounted two and two in pairs, with one surge arrest-
er module 1 in each pair mounted vertically above and connect-
ed in series with the other surge arrester module 1 in the pair
and with the pairs mounted in parallel with each other. The illus-
trated surge arrester 30 comprises a lower support member 33,
through which the surge arrester 30 is to be mounted to a foun-
dation, an intermediate support member 34 and an upper sup-
port member 35. The surge arrester modules 1 of the first group
31 are mounted between the lower support member 33 and the
intermediate support member 34, preferably with the second end
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electrode 3 of each lower surge arrester module 1 in the group
31 fixed to the lower support member 33 and with the second
part 8 of the first end electrode 2 of each upper surge arrester
module 1 in the group 31 fixed to the intermediate support
member 34. The surge arrester modules 1 of the second group
32 are mounted between the intermediate support member 34
and the upper support member 35, preferably with the second
end electrode 3 of each lower surge arrester module 1 in the
group 32 fixed to the intermediate support member 34 and with
the second part 8 of the first end electrode 2 of each upper
surge arrester module 1 in the group 32 fixed to the upper sup-
port member 35.

In the embodiment illustrated in Fig 6, the support members 33,
34, 35 have the form of beams. However, support members in
the form of plates could also be used. Furthermore, the number
of surge arrester modules 1 mounted vertically above each other
in each group, the number of surge arrester modules 1 mounted
in parallel with each other in each group and the number of
groups stacked on top of each other may differ from what is il-
lustrated in Fig 6.

The general idea underlying the present invention is to improve
the prior art surge arrester modules, which comprise first and
second end electrodes, a stack of varistor blocks and clamping
means arranged to press the electrodes towards each other, by
configuring the module such that the stack is sufficiently
pressed together even if large forces pull the electrodes apart.
The invention is of course not in any way restricted to the em-
bodiments described above. On the contrary, many possibilities
to modifications thereof will be apparent to a person with ordi-
nary skill in the art without departing from the basic idea of the
invention such as defined in the appended claims.
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Claims

A surge arrester module comprising:
- a first end electrode (2) and a second end electrode (3)
spaced apart in the axial direction of the surge arrester mod-
ule (1);
- a stack (4) of cylindrical elements (5) arranged between the
first and second end electrodes (2, 3), at least one of these
cylindrical elements (5) being a varistor block; and
- an outer casing (6) of electrically insulating material,
characterized in:
- that the first end electrode (2) comprises a first part (7) of
electrically conductive material and an adjacent second part
(8) of electrically conductive material, the first part (7) being
located between the second part (8) and said stack (4) and
being provided with a first contact surface (9) configured to
abut against a corresponding second contact surface (10) of
the second part (8);
- that an electrical connecting element (20) is provided be-
tween the first and second parts (7, 8) of the first end elec-
trode (2), the electrical connecting element (20) being config-
ured to keep these parts (7, 8) electrically connected to each
other in case of the formation of a gap between said first and
second contact surfaces (9, 10);
- that at least one clamping member (12; 112) of electrically
insulating material is connected to the second end electrode
(3) and to the first part (7) of the first end electrode (2) and
configured to press the second end electrode (3) and the first
part (7) of the first end electrode towards each other in the
axial direction of the surge arrester module (1) to thereby
achieve contact pressure between the cylindrical elements
(5) of said stack (4) and clamp the stack between the second
end electrode (3) and the first part (7) of the first end elec-
trode; and
- that said at least one clamping member (112) or at least
one other clamping member (16) of electrically insulating ma-
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terial is connected to the second end electrode (3) and to the
second part (8) of the first end electrode (2) and configured
to press the second end electrode (3) and the second part (8)
of the first end electrode towards each other in the axial di-
rection of the surge arrester module (1) to thereby achieve
contact pressure between said first and second contact sur-
faces (9, 10).

A surge arrester module according to claim 1, charac-
terized in that the electrical connecting element (20) is flexi-
ble or elastic.

A surge arrester module according to claim 2, charac-
terized in that the electrical connecting element (20) is ac-
commodated in a cavity (25) formed by a recess in said first
contact surface (9) and/or a recess in said second contact
surface (10).

A surge arrester module according to claim 2 or 3,
characterized in that the electrical connecting element (20)
comprises a compression spring (21), which at a first end
abuts against a surface (22) on the first part (7) of the first
end electrode (2) and at an opposite second end abuts
against a surface (23) on the second part (8) of the first end
electrode.

A surge arrester module according to any of claims 1-
4, characterized in that said at least one clamping member
(112) has the form of an endless loop and extends in a me-
ander-like pattern around the stack (4) with:
- at least two first meander-like loops (112a), each of which
extending from a shoulder (114) on the second end electrode
(3), over a shoulder (115) on the first part (7) of the first end
electrode (2) and back to another shoulder (114) on the sec-
ond end electrode (3), and
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- at least two second meander-like loops (112b), each of
which extending from a shoulder (114) on the second end
electrode (3), over a shoulder (118) on the second part (8) of
the first end electrode (2) and back to a shoulder (114) on the
second end electrode (3).

A surge arrester module according to claim 5, charac-
terized in that said first and second meander-like loops
(112a, 112b) are alternately arranged in the circumferential
direction of the surge arrester module (1).

A surge arrester module according to any of claims 1-
4, characterized in:
- that one or more first clamping members (12) of electrically
insulating material are connected to the second end electrode
(3) and to the first part (7) of the first end electrode (2) and
configured to press the second end electrode (3) and the first
part (7) of the first end electrode towards each other in the
axial direction of the surge arrester module (1) to thereby
achieve contact pressure between the cylindrical elements
(5) of said stack (4) and clamp the stack between the second
end electrode (3) and the first part (7) of the first end elec-
trode; and
- that one or more second clamping members (16) of electri-
cally insulating material are connected to the second end
electrode (3) and to the second part (8) of the first end elec-
trode (2) and configured to press the second end electrode
(3) and the second part (8) of the first end electrode towards
each other in the axial direction of the surge arrester module
(1) to thereby achieve contact pressure between said first
and second contact surfaces (9, 10).

A surge arrester module according to claim 7, charac-
terized in that the surge arrester module (1) comprises two
or more first clamping members (12), preferably three or
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more first clamping members (12), evenly distributed about
the centre axis (13) of the surge arrester module.

9. A surge arrester module according to claim 7 or 8, character-
ized in that the surge arrester module (1) comprises two or
more second clamping members (16), preferably three or
more second clamping members (16), evenly distributed
about the centre axis (13) of the surge arrester module.

10. A surge arrester module according to any of claims 7-
9, characterized in that each one of said first and second
clamping members (12, 16) has the form of an endless loop.

11. A surge arrester module according to claim 10, char-
acterized in that each first clamping member (12) extends
over a shoulder (14) on the second end electrode (3) and a
shoulder (15) on the first part (7) of the first end electrode

(2).

12. A surge arrester module according to claim 10 or 11,
characterized in that each second clamping member (16) ex-
tends over a shoulder (17) on the second end electrode (3)
and a shoulder (18) on the second part (8) of the first end
electrode (2).

13. A surge arrester module according to claim 12 in
combination with claim 11, characterized in:
- that the axial distance between a pair of shoulders (14, 15)
for a first clamping member (12) is the same as the axial dis-
tance between a pair of shoulders (17, 18) for a second
clamping member (16); and
- that said first and second clamping members (12, 16) are of
the same length.

14. A surge arrester, characterized in that the surge ar-
rester (30) comprises two or more surge arrester modules (1)
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according to any of claims 1-13 vertically mounted in parallel
with each other between a first support member (33) and a
second support member (34) located above the first support
member (33).

15. A surge arrester according to claim 14, characterized
in that each one of said surge arrester modules (1) is mount-
ed with the first end electrode (2) located at the upper end of
the surge arrester module and with the second end electrode

10 (3) located at the lower end of the surge arrester module.




WO 2015/185237 PCT/EP2015/056508

NN
\\\\\\\\\\\\\ﬁ —

e
///////////\%4

AN

T
NSy

W

SININTRINTANINY

MW
AT

/""
/
e

T
TN~

17 28

16 / &14
5 12




WO 2015/185237 PCT/EP2015/056508

2/5

7 m

16

L —12

26
17

—~ 3




PCT/EP2015/056508

WO 2015/185237

3/5

N
b

4
R
e

Fig 5



PCT/EP2015/056508

WO 2015/185237

4/5

R ggéggﬂ

DI

D))=

A
A
¥
™M

) f il

3




WO 2015/185237 PCT/EP2015/056508

5/5
,/1
' T8
1118
7
/ Ve
2 ]
vd 1 5
115
| _112b
1123 —1 4
] 112
27\
. 26
28 —F «
114~ 114
I i NS
114

Fig 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/056508

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1C7/12
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1C HOIT

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 5 942 968 A (

24 August 1999 (1999-08-24)
column 2, line 9
figures 1-3

15 July 2009 (2009-07-15)
cited in the application

paragraph 21; figures 2,3

AL) 19 May 2005 (2005-05-19)

figures 1, 8

SCHMIDT WALTER [CH])

- column 3, Tine 57;

A EP 1 936 639 B1 (ABB TECHNOLOGY LTD [CH])

column 3, paragraph 16 - column 4,

A US 2005/105238 Al (SCHMIDT WALTER [CH] ET

page 2, paragraph 23 - paragraph 24;

1-15

1-15

1-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

29 May 2015

Date of mailing of the international search report

10/06/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Frias Rebelo, Artur

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/056508

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2004/097858 Al (ABB TECHNOLOGY LTD 1-15

[CH]; SILJEHOLM ROGER [SE]; EKEROTH REIJM

KERSTIN [) 11 November 2004 (2004-11-11)

page 6, line 5 - page 8, line 2; figures

1-3
A US 5 191 503 A (KAWAMURA TAKESHI [US] ET 1-15

AL) 2 March 1993 (1993-03-02)
column 4, line 8 - line 34; figure 7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/056508
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5942968 A 24-08-1999 AU 713453 B2 02-12-1999
AU 2466397 A 11-12-1997
BR 0703423 A 08-09-1998
CA 2202967 Al 01-12-1997
CN 1170939 A 21-01-1998
4 9701664 A3 16-12-1998
DE 19622140 Al 04-12-1997
DE 59712450 D1 01-12-2005
EP 0810613 A2 03-12-1997
ES 2252772 13 16-05-2006
HR P970302 A2 28-02-1998
HU 9700976 A2 28-04-1998
JP 3951255 B2 01-08-2007
JP H1070013 A 10-03-1998
KR 100453028 Bl 17-12-2004
PL 320246 Al 08-12-1997
us 5942968 A 24-08-1999
ZA 9703633 A 25-11-1997

EP 1936639 Bl 15-07-2009  BR PI0720691 A2 25-02-2014
CN 101553887 A 07-10-2009
EP 1936639 Al 25-06-2008
JP 5329427 B2 30-10-2013
JP 2010514179 A 30-04-2010
RU 2009126103 A 27-01-2011
US 2010053837 Al 04-03-2010
WO 2008077808 Al 03-07-2008

US 2005105238 Al 19-05-2005 AT 442654 T 15-09-2009
AU 2004200337 Al 02-09-2004
BR PI0400487 A 16-11-2004
CA 2456474 Al 12-08-2004
CN 1525515 A 01-09-2004
EP 1447822 Al 18-08-2004
HR P20040141 A2 31-12-2005
JP 4659370 B2 30-03-2011
JP 2004247727 A 02-09-2004
KR 20040073353 A 19-08-2004
RU 2320044 C2 20-03-2008
TW 1321325 B 01-03-2010
UA 85161 C2 12-01-2009
US 2005105238 Al 19-05-2005
ZA 200401102 A 26-08-2004

WO 2004097858 Al 11-11-2004 AT 519206 T 15-08-2011
BR PI0409901 A 25-04-2006
CN 1781164 A 31-05-2006
EP 1625600 Al 15-02-2006
JP 4740121 B2 03-08-2011
JP 2006525670 A 09-11-2006
SE 0301254 A 31-10-2004
US 2006227484 Al 12-10-2006
WO 2004097858 Al 11-11-2004

US 5191503 A 02-03-1993 AU 638817 B2 08-07-1993
AU 7398491 A 03-10-1991
CA 2038720 Al 03-10-1991
us 5191503 A 02-03-1993

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/056508
Patent document Publication Patent family Publication
cited in search report date member(s) date

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

