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pound (104). There is also provided use of such insulation element in a high-voltage
device (100) as well as a high-voltage device comprising such insulation element,
wherein the high-voltage device may be a power transformer.
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MFC IN PRESSBOARDS FOR HV DEVICES

TECHNICAL FIELD

[0001] The present disclosure relates to a pressboard for use as an insulation
barrier and/or supporting structure in high-voltage (HV) devices, e.g. power

transformers.

BACKGROUND

[0002] Modern power transformers normally comprise an oil-immersed core

surrounded by winding conductors, which are covered by insulation material.

[0003] Aselectrical insulation, oil-impregnated pressboard is frequently used in
power transformers. One of the main functions of the pressboard is to create barriers
in the insulation system that prevents electrical flashovers between potential and
ground or between different potentials. A limiting property of the pressboard is its
electrical withstand emerging from poor matching between pressboard and oil with
respect to dielectric constants; large differences result in that the oil is highly stressed
under capacitive voltage. It is known that the ratio between dielectric constants of oil
and pressboard can be decreased if the density of the pressboard, regularly being
about 1.0-1.3 g/cm3, is decreased. One explanation is that a lower density allows the
oil to distribute more evenly in the porous structure of the pressboard. However, to
merely reduce the density is not an option since a decreased density will also reduce
the electrical withstand as well as the mechanical strength of the pressboard.
Furthermore, a reduced density will increase the mechanical compressibility that also
has negative influence on the design of power transformers. In other words, there is a
trade-off between mechanical and electrical properties, and one problem is thus to
decrease the electrical stress of the oil without compromising electrical withstand or

mechanical strength.

SUMMARY

[0004] An objective of the present disclosure is to provide an improved
pressboard that may be used as insulation barriers and supporting structures in

power transformers.

[0005]  According to a first aspect of the present disclosure there is provided a

pressboard for high-voltage devices, the pressboard having a density of 0.6-1.3 g/cms3
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according to IEC60641-2, and comprising 1-15% microfibrillated cellulose (MFC)
based on the total dry weight of the pressboard.

[0006] By inclusion of MFC in the pressboard and at the same time maintaining
or decreasing the density of the pressboard compared with a regular pressboard free
of MFC, a pressboard with a low density which has satisfactory mechanical properties
is provided that balances electrical withstand with mechanical strength. The electrical
withstand includes various voltage shapes, such as direct current (DC), alternating

current (AC), lightning impulse (LI) and switching impulse (SI).

[0007]  According to a second aspect of the present disclosure there is provided an
insulation element comprising a pressboard having a density of 0.6-1.3 g/cms3
according to IEC60641-2, wherein the pressboard comprises 1-15 % MFC based on
the total dry weight of the pressboard, and wherein the pressboard is impregnated
with an electrically insulating compound, e.g. a liquid or a resin, such as a cured

resin.

[0008] According to an aspect of the present disclosure there is provided an
insulation element (101) comprising a pressboard (204) for high-voltage devices, the

pressboard (204)
having a density of 0.6-1.3 g/cms,

comprising 1-15 % microfibrillated cellulose, MFC, based on the total dry weight of
the pressboard

having a thickness of 0.8-10 mm, such as 1.0-9.0 mm, such as 4.0-9.0 mm; and
wherein the MFC is homogenously distributed in the pressboard

wherein the pressboard is impregnated with an electrically insulating compound

(104), e.g. aliquid or a resin, such as a cured resin,
wherein

a ratio of a permittivity of the pressboard (204) in mineral oil (board, mineral) and a

permittivity of the mineral oil (€lig, minera) is within a range of:
E€board, mineral/ Elig, mineral = 1-1.9, preferably 1-1.6, more preferably 1-1.4

and/or
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a ratio of a permittivity of the pressboard (204) in ester oil (epoard, ester) and a

permittivity of the ester 0il (&liq, ester) is within a range of:
Eboard, ester/eliq, ester =1-1.35, preferably 1-1.2, more preferably 1-1.1.

[0009] Addition of MFC in the pressboard while keeping the density low in
comparison with a regular pressboard free of MFC provides for reduced electrical
constants of the pressboard, which reduces the difference in electrical constants
between the pressboard and the insulating liquid or resin that the pressboard is
impregnated with. As a consequence, the electrical stress in the liquid or resin
volumes next to the solid insulation element is reduced and impregnated pressboards

with tailored dielectric matching are provided.

[0010]  As athird aspect of the present disclosure, there is provided a use of an
insulation element in a high-voltage device, wherein the insulation element
comprises a pressboard having a density of 0.6-1.3 g/cm3 according to IEC60641-2,
and wherein the pressboard comprises 1-15 % MFC based on the total dry weight of
the pressboard, and wherein the pressboard is impregnated with an electrically

insulating compound, e.g. a liquid or a resin, such as a cured resin.

[0o011]  Asafourth aspect of the present disclosure there is provided a high-
voltage device comprising an insulation element, wherein the insulation element
comprises a pressboard having a density of 0.6-1.3 g/cm3 according to IEC60641-2,
and wherein the pressboard comprises 1-15 % MFC based on the total dry weight of
the pressboard, and wherein the pressboard is impregnated with an electrically
insulating compound, e.g. a liquid or a resin, such as a cured resin. The HV device
may be a power transformer, e.g. a liquid-filled power transformer. The HV device

may be a liquid-filled HV device, e.g. a liquid-filled power transformer.

[0o012]  What is described above with respect to the second aspect applies to the
third and fourth aspects mutatis mutandis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  Figure 1illustrates an exemplary embodiment of a HV device (100)
according to the present disclosure comprising insulation elements (101) comprising

MFC, a HV element (102), a housing (103), and an insulating compound (104).
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[0014]  Figure 2 illustrates an exemplary embodiment of an insulation element
(101) according to the present disclosure comprising a pressboard (204) constituting

of a first outer layer (201), and inner layer (202) and a second outer layer (203).

DETAILED DESCRIPTION

[0015]  The pressboard (204) for high-voltage devices according to the present
disclosure is having a density of 0.6-1.3 g/cms3 according to IEC60641-2, preferably
0.8-1.2 g/cms3, such as 0.8-1.1 g/cms3, such as 0.8-1.0 g/cms3. The pressboard (204)
comprises 1-15% MFC, preferably 1-10% MFC, such as 1-7% MFC, such as 1-5% MFC,
such as 2-5% MFC, such as 3-5% MFC based on the total dry weight of the pressboard
(204).

[0016]  Generally, when MFC is added to cellulose-based paper or board, the MFC
fills up the voids causing the density to increase. It has now surprisingly been found
that providing a low density of the pressboard upon addition of MFC, high

mechanical strength as well as electrical withstand are both achieved.

[0017]  Inpreferred embodiments of the present disclosure the MFC is
homogenously distributed throughout the pressboard (204). Homogeneity is in the
context of the present disclosure referring to that the MFC is well-distributed and not
concentrated to certain regions of the pressboard. In one embodiment, the
pressboard consists of only one pressboard layer, and in an alternative embodiment
the pressboard comprises multiple pressboard layers (201, 202, 203), and in such an
embodiment, preferably all layers comprise MFC, preferably homogenously
distributed.

[0018]  The thickness of the pressboard (204) according to IEC60641-2 may be
0.8-10 mm, such as 1.0-9.0 mm, such as 4.0-9.0 mm. Pressboard is many times
thicker than general purpose insulation paper and presspaper. General insulation
paper that is used e.g. as a winded insulation has according to IEC60554-1 a
thickness of 15-250 um, while presspaper has a thickness of 0.075-0.80 mm
according to IEC60641-1. The production method of pressboard is also different from
the production method of insulating paper. Insulating paper is produced according to
standard paper-making methods on a paper machine, whereas pressboard is
produced through a process of building up the specified thickness by varying pressing

and feeding of furnish in specified cycles.
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[0019] In the context of the present disclosure, MFC means nano-scale cellulose
particle fibres or fibrils with at least one dimension less than 100 nm. MFC comprises
partly or totally fibrillated cellulose or lignocellulose fibres. The liberated fibrils have
a diameter of less than 100 nm, whereas the actual fibril diameter or particle size
distribution and/or aspect ratio (length/width) depends on the source and the
manufacturing methods. The smallest fibril is called elementary fibril and may have a
diameter of approximately 2-4 nm, while it is common that the aggregated form of
the elementary fibrils, also defined as microfibril is the main product that is obtained
when making MFC e.g. by using an extended refining process or a pressure-drop
disintegration process. Depending on the source and the manufacturing process, the

length of the fibrils may vary from around 1 to more than 10 micrometers.

[0020] There are different synonyms for MFC which are, sometimes confusingly,
used in the literature, such as cellulose microfibrils, fibrillated cellulose,
nanofibrillated cellulose (NFC), fibril aggregates, nanoscale cellulose fibrils, cellulose
nanofibres, cellulose nanofibrils (CNF), cellulose microfibres (CMF), cellulose fibrils,
microfibrillar cellulose, microfibril aggregrates and cellulose microfibril aggregates.
MFC may also be characterized by various physical or physical-chemical properties
such as large surface area or its ability to form a gel-like material at low solids content
(1-5 wt.%) when dispersed in water. The cellulose fibre is preferably fibrillated to such
an extent that the final specific surface area of the formed MFC is from about 1 to
about 200 m2/g, or more preferably 50-200 m2/g when determined for a freeze-dried
material with the BET method (Brunauer, Stephen, Paul Hugh Emmett, and Edward
Teller. "Adsorption of gases in multimolecular layers." Journal of the American
chemical society 60.2 (1938): 309-319.). Nitrogen (N2) gas adsorption isotherms are
recorded using an ASAP 2020 (Micromeritics, USA) instrument. Measurements are
performed at liquid nitrogen temperatures (i.e., 77 K), and the specific surface areas

of the samples were obtained from the isotherms using the BET method.

[0021]  Various methods exist to make MFC, such as single or multiple pass
refining, pre-hydrolysis followed by refining or high shear disintegration or liberation
of fibrils. One or several pre-treatment step(s) may be conducted in order to make

MFC manufacturing energy efficient including enzymatic or chemical pre-treatment.

[0022]  The nanofibrillar cellulose may contain some hemicelluloses; the amount

may be dependent on factors such as plant source and pulping process. Mechanical
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fibres may be carried out with suitable equipment such as a refiner, grinder,
homogenizer, collider, friction grinder, ultrasound sonicator, fluidizer such as
microfluidizer, macrofluidizer or fluidizer-type homogenizer. Depending on the MFC
manufacturing method, the product might also contain fines or e.g. other chemicals
present in wood fibres or in papermaking process. The product might also contain
various amounts of micron size fibre particles that have not been efficiently
fibrillated. MFC may be produced from wood cellulose fibres, both from hardwood or
softwood fibres. It may alternatively be made from agricultural fibres such as wheat
straw pulp, bamboo, bagasse, or other non-wood fibre sources. It is preferably made
from pulp of virgin fibre, e.g. mechanical, chemical and/or thermomechanical pulps,

preferably never-dried fibres.

[0023] The above described definition of MFC includes, but is not limited to, the
proposed TAPPI standard W13021 on cellulose nanofibril (CNF) defining a cellulose
nanofibre material containing multiple elementary fibrils with both crystalline and
amorphous regions, having a high aspect ratio with width of 5-30 nm and aspect ratio

usually greater than 50.

[0024] There is further provided an insulation element (101) according to the
present disclosure comprising the pressboard (204), wherein the pressboard is
impregnated with an electrically insulating compound (104), e.g. a liquid or a resin,

such as a cured resin.

The inclusion of MFC provides for a low ratio between dielectric constants of
electrically insulating liquid and pressboard while at the same time the pressboard

has good mechanical properties.

In some embodiments, the insulating element comprises a pressboard which
comprises 1-10% MFC, such as 1-7% MFC, such as 1-5% MFC, such as 2-5% MFC,
such as 3-5% MFC based on the total dry weight of the pressboard.

In further embodiments the insulating element comprises a pressboard which has the

density 0.8-1.2 g/cm3, such as 0.8-1.1 g/cms, such as 0.8-1.0 g/cms.

In some embodiments the insulating element comprises a pressboard which

comprises a plurality of pressboard layers 201, 202, 203.

In some embodiments of the insulating element all layers comprise MFC.
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[0025] In some embodiments, the electrically insulating compound is or
comprises an oil, such as mineral oil, or an ester-based liquid. The mineral oil is
derived from crude oil or natural gas, while the ester-based liquid is an ester fluid,
preferably an ester fluid derived from plants or crops, such as from rapeseed, canola

or soybean.

[0026] Infurther embodiments, the electrically insulating compound (104) is or
comprises a cured resin, such as an epoxy-based resin, a polyester-based resins or a

phenolic resin, or a combination thereof.

[0027]  The insulation element (204) may have a direct current (DC) and/or
alternating current (AC) and/or lightning impulse (LI) and/or switching impulse (SI)
electrical breakdown Weibull a-value that is 5-50 %, preferably 15-50 %, even more
preferably 30-50 % higher compared with a corresponding insulation element being
free of MFC. The insulation element is having an increased breakdown Weibull a-
value for at least some of the voltage shapes DC, AC, LI and SI due to the density of
the insulation element. That the corresponding insulation element is free of MFC is in
the context of the present disclosure referring to an insulation element without MFC

but otherwise identical. The Weibull a-value is a measure of breakdown strength.

[0028] The DC and/or AC and/or LI and/or SI electrical breakdown Weibull (-
value of the pressboard (204) may be above 7, preferably above 9, more preferably
above 12. The Weibull B-value is a measure of the statistical spread of the breakdown
strength around the alpha value. A higher beta value implies a low statistical spread.
In some embodiments, the permittivity determined according to IEC62631-2-1 of the
pressboard in mineral 0il (&board, mineral) and permittivity of the mineral oil (&lig, mineral)

have a ratio of: epoard, mineral/ €liq, mineral = 1-1.9, preferably 1-1.6, more preferably 1-1.4.

[0029]  Alternatively, the permittivity of the pressboard (204) in ester oil (evoard,

ester) and permittivity of the ester oil (eliq, ester) may have a ratio of:
Eboard, ester/eliq, ester =1-1.35, preferably 1-1.2, more preferably 1-1.1.

[0030] The permittivity-ratio between pressboard and insulating compound may
beneficially be close to 1. A permittivity-ratio close to 1, or equal to 1, means that the
insulating compound is under low stress under capacitive voltage. The permittivity-

ratio is dependent on what type of insulating compound that is used.
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[0031]  There is further provided the use of an insulation element (101) in
accordance with an embodiment of the present disclosure in a high-voltage device
(100), wherein the pressboard (204) is impregnated with an electrically insulating

compound (104), e.g. a liquid or a resin, such as a cured resin.

[0032] There is further provided a high-voltage device (100) comprising an
insulation element (204) in accordance with an embodiment of the present
disclosure, wherein the pressboard (204) is impregnated with an electrically
insulating compound (104), e.g. a liquid or a resin, such as a cured resin. The

insulating compound is the same as the one that is impregnating the board.

[0033] Embodiments of the present invention may be described in any one of the

following points.
1. A pressboard (204) for high-voltage devices, the pressboard (204)
having a density of 0.6-1.3 g/cms3, and

comprising 1-15 % microfibrillated cellulose, MFC, based on the total dry weight of
the pressboard.

2, The pressboard (204) according to point 1, comprising 1-10% MFC, such as
1-7% MFC, such as 1-5% MFC, such as 2-5% MFC, such as 3-5% MFC based on the
total dry weight of the pressboard.

3. The pressboard (204) according to any one of the preceding points, wherein

the density is 0.8-1.2 g/cms, such as 0.8-1.1 g/cms3, such as 0.8-1.0 g/cms.

4. The pressboard (204) according to any one of the preceding points, having a

thickness of 0.8-10 mm, such as 1.0-9.0 mm, such as 4.0-9.0 mm.

5. The pressboard (204) according to any one of the preceding points, wherein

the pressboard comprises a plurality of pressboard layers (201, 202, 203).
6. The pressboard (204) according to point 5, wherein all layers comprise MFC.

7. The pressboard (204) according to any one of the preceding points, wherein

the MFC is homogenously distributed in the pressboard.

8. An insulation element (101) comprising a pressboard (204) according to any

one of the points 1-7, wherein
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the pressboard is impregnated with an electrically insulating compound (104), e.g. a
liquid or a resin, such as a cured resin.
9. The insulation element (101) according to point 8, wherein

the electrically insulating compound (104) is or comprises an oil, such as mineral oil,

or an ester-based liquid.
10.  The insulation element (101) according to point 8, wherein

the electrically insulating compound (104) is or comprises a cured resin, such as an
epoxy-based resin, a polyester-based resin or a phenolic resin, or a combination
thereof.

11.  The insulation element (101) according to any one of points 8-10, wherein the
direct current, DC, and/or alternating current, AC, and/or lightning impulse, LI,
and/or switching impulse, SI, electrical breakdown Weibull a-value of the pressboard
(204) is 5-50%, preferably 15-50%, even more preferably 30-50% higher compared

with a corresponding insulation element being free of MFC.

12.  The insulation element (101) according to any one of points 8-11, wherein the
direct current, DC, and/or alternating current, AC, and/or lightning impulse, LI,
and/or switching impulse, SI, electrical breakdown Weibull B-value of the pressboard

(204) is above 7, preferably above 9, more preferably above 12.
13.  The insulation element (101) according to any one of the points 8-12, wherein

a ratio of a permittivity of the pressboard (204) in mineral oil (board, mineral) and a

permittivity of the mineral oil (€lig, minera) is within a range of:
Eboard, mineral/ Elig, mineral = 1-1.9, preferably 1-1.6, more preferably 1-1.4
and/or

a ratio of a permittivity of the pressboard (204) in ester oil (epoard, ester) and a

permittivity of the ester 0il (liq, ester) is within a range of:
Eboard, ester/eliq, ester =1-1.35, preferably 1-1.2, more preferably 1-1.1.

14.  Use of an insulation element according to any one of the points 8-13 in a high-

voltage device (100).
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15. A high-voltage device (100) comprising the insulation element (101) of any

points 8-13, wherein the high-voltage device is a power transformer, e.g. a liquid-

filled power transformer.
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CLAIMS
1.  Aninsulation element (101) comprising a pressboard (204) for high-voltage
devices, the pressboard (204)
having a density of 0.6-1.3 g/cms3,

comprising 1-15 % microfibrillated cellulose, MFC, based on the total dry weight of
the pressboard

having a thickness of 0.8-10 mm, such as 1.0-9.0 mm, such as 4.0-9.0 mm; and
wherein the MFC is homogenously distributed in the pressboard

wherein the pressboard is impregnated with an electrically insulating compound

(104), e.g. a liquid or a resin, such as a cured resin,

wherein a ratio of a permittivity of the pressboard (204) in mineral 0il (€voard, minerat)

and a permittivity of the mineral oil (&liq, minera) is within a range of:
E€board, mineral/ Elig, mineral = 1-1.9, preferably 1-1.6, more preferably 1-1.4
and/or

a ratio of a permittivity of the pressboard (204) in ester oil (epoard, ester) and a

permittivity of the ester 0il (&liq, ester) is within a range of:
Eboard, ester/eliq, ester =1-1.35, preferably 1-1.2, more preferably 1-1.1.

2.  The insulating element (101) according to claim 1, wherein the pressboard
comprises 1-10% MFC, such as 1-7% MFC, such as 1-5% MFC, such as 2-5% MFC,
such as 3-5% MFC based on the total dry weight of the pressboard.

3. Theinsulating element (101) according to any one of the preceding claims,
wherein the pressboard has the density 0.8-1.2 g/cm3, such as 0.8-1.1 g/cm3, such as

0.8-1.0 g/cm3.

4. Theinsulating element (101) according to any one of the preceding claims,

wherein the pressboard comprises a plurality of pressboard layers (201, 202, 203).

5. Theinsulating element (101) according to claim 4, wherein all layers comprise
MFC.

6. The insulation element (101) according to any of the preceding claims, wherein
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the electrically insulating compound (104) is or comprises an oil, such as mineral oil,

or an ester-based liquid.
7. The insulation element (101) according to any of claims 1-5, wherein

the electrically insulating compound (104) is or comprises a cured resin, such as an
epoxy-based resin, a polyester-based resin or a phenolic resin, or a combination
thereof.

8. Theinsulation element (101) according to any of the preceding claims, wherein
the direct current, DC, and/or alternating current, AC, and/or lightning impulse, LI,
and/or switching impulse, SI, electrical breakdown Weibull a-value of the pressboard
(204) is 5-50%, preferably 15-50%, even more preferably 30-50% higher compared

with a corresponding insulation element being free of MFC.

9. The insulation element (101) according to any of the preceding claims, wherein
the direct current, DC, and/or alternating current, AC, and/or lightning impulse, LI,
and/or switching impulse, SI, electrical breakdown Weibull B-value of the pressboard

(204) is above 7, preferably above 9, more preferably above 12.

10. Use of an insulation element according to any of the preceding claims in a high-

voltage device (100).

11. A high-voltage device (100) comprising the insulation element (101) of any
claims 1-9, wherein the high-voltage device is a power transformer, e.g. a liquid-filled

power transformer.



WO 2021/185913 PCT/EP2021/056830

1/1

iy
0a [ [ [
= o o (@]
s N s
Y
<
Y
o \
w
Y
o
o
- ] [¥] [\¥]
oo (®] (@] (e
os] [ P
N

v0¢ —

10T



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/056830

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1B3/52
ADD.

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

B. FIELDS SEARCHED

HO1B

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

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

EPO-Internal, CHEM ABS Data, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

of nanofibrillated cellulose",

(ICHVE), IEEE,

XP033029944,
DOI: 10.1109/ICHVE.2016.7800608
figures 1, 4-6

mechanical strength and breakdown behavior
of insulating presspaper by introduction

2016 IEEE INTERNATIONAL CONFERENCE ON HIGH
VOLTAGE ENGINEERING AND APPLICATION

19 September 2016 (2016-09-19), pages 1-4,

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 2 867 012 Al (WICOR HOLDING AG [CH]) 1-11

6 May 2015 (2015-05-06)

claims 1-19
A HUANG JIANWEN ET AL: "Enhancing 1-11

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

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

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)

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

U=

'K

"Qr

"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

4 June 2021

Date of mailing of the international search report

14/06/2021

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

Lehnert, Andreas

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/056830

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

A

US 2014/186576 Al (HARMER MARK ANDREW [US]
ET AL) 3 July 2014 (2014-07-03)

claims 1-9

HOLLERTZ R ET AL: "Novel cellulose
nanomaterials",

2014 TEEE 18TH INTERNATIONAL CONFERENCE ON
DIELECTRIC LIQUIDS (ICDL), IEEE,

29 June 2014 (2014-06-29), pages 1-4,
XP032637018,

DOI: 10.1109/1CDL.2014.6893152

figures 4a, 4b

EP 3 012 282 Al (ABB TECHNOLOGY LTD [CH])
27 April 2016 (2016-04-27)

claims 1-15

1-11

1-11

1-11

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/EP2021/056830
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2867012 Al 06-05-2015 CN 104395068 A 04-03-2015
CN 107672236 A 09-02-2018
DK 2867012 T3 04-12-2017
EP 2867012 Al 06-05-2015
ES 2650948 T3 23-01-2018
HR P20171842 T1 12-01-2018
JP 6212114 B2 11-10-2017
JP 2015527697 A 17-09-2015
NO 2867012 T3 10-02-2018
PL 2867012 T3 28-02-2018
PT 2867012 T 20-12-2017
RU 2015101814 A 20-08-2016
WO 2014001223 Al 03-01-2014

US 2014186576 Al 03-07-2014 US 2014186576 Al 03-07-2014
WO 2014105798 Al 03-07-2014

EP 3012282 Al 27-04-2016 CN 107075806 A 18-08-2017
CN 112681002 A 20-04-2021
EP 3012282 Al 27-04-2016
US 2017321378 Al 09-11-2017
WO 2016062638 Al 28-04-2016

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




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

