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Title of Invention
Arrangement for cecling of an electrical generator

Detailed Explanation of the Invention

The invention relates to an arrangement for cooling of an
electrical generator, to be used in a wind-turbine prefera-
bly.

During the operation of a generator in a wind turbine mag-
netic fislds are induced from & rotor. The rotor contains
permanent magnets or wo&hd poles, which induce the magnetic
fields inteo stator-cores and stator-coils. This leads to in-
duced currents, which generate significant heat in the sta-
tor-cores and stator-coils.

Additional eddy currents contribute to the generaticn of
heat. Eddy currents are generated when a conductor is exposed
to a changing magnetic field due to a relative motion of the
conductor and the magnetic field force. Eddy currents are
alsc generated due to variations of the magnetic field over

time.

The eddy currents create magnetic fields, which opposes a de-
sired magnetic field between stator components and rotor com-

ponents. This results in a eddy current loss.

The eddy current loss may reach a significant level, espe-
cially for a large electrical machine like a direect drive
generator in a wind turbine. Thus the efficiency of the rotor

is reduced.

Furthermore the heat, which is generated by the eddy cur-~
rents, leads to an increased temperature in the stator-
components.

A typical stator contains stacked laminate plates, which are
made of metal. The laminate plates are punched out from a

sheet of iron, for example.
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FIG 9 shows the shape of a known laminate plate LP, which is

part of a stator in a generator.

A first side S1 of the laminate plate LP is aimed to an air
gap, which is between the stator and a rotor of the genera-
tor. At this first side S1 there are a number of slots SL.
The slots SL are punched out from the laminate plate LP pref-
erably,

A number of laminate plates LP will be stacked, sc the slots
81. form channels CH within the stack of laminate plates LP.
The channels CH support metal windings MW of a stator coil.

Each metal winding MW is formed by a conductor CON, which is
surrounded by a conductor-iscolation CONI. Each slot SL shows
a slot iseclation lining SIL to insulate the metal windings
MW.

There is a recess RC on each top of the slot SL. The recess
RC is constructed te support a wedge WDG. By the wedge WDG
the metal windings MW inserted are kepfL in place,

Heat is generated if the electrical machine 1s at work. The
heat is generated mainly by the metallic windings MW of the
stator. Due to the heat the isolation of the metallic winding
MW may be damaged, thus the temperature of the winding needs
to be cooled down to achieve a predetermined lifetime of the

electrical machine.

" Various arrangement and methods are known to cool large elec-
trical machines. A very common one 1is the circulation of a
gaseous medium like air inside the electrical machine. This

gaseous medium is kept cool by & heat exchanger, for example.

The drawback of this methoed is that large gas-to-alr or gas-
to~water heat exchangers are needed. Furthermore additional

power is needed to circulate the cocling medium.
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Another common method is to circulate a ligquid coclant on the
stator-side, which i1s not adjacent or facing to the air gap.
Thus heat is transferred from the metallic winding by conduc-
rion Tto the laminate plates and from the laminate plates by
conduction to the cooling medium.

The drawback of this method is that a considerable tempera-
ture gradient will exist between the stator winding and the
cooling medium due to the moderate heat conductivity of the
laminate iron. Thus it is difficult to maintain the tempera-

ture of the winding below a required maximum value.

Another common method is to introduce a liguid or dgaseous me-
dium in hcllow copper bars. These bars are installed below
the windings of the stator coll or they are connected with
the rear side of the stacked laminate plates by welding. The
copper bars exceed the channels of the laminate plates.

The drawback of this method is that numerous Jjoints are
needed - for the electrical connection and for the connection
of the hollow copper bars. Therefore this method is only used

in very large generators.

Another drawback is that the c¢ooling pipes are exposed to the
same electromagnetic fields as the coil-windings, thus wvolt-
ages will be induced in the c¢ooling pipes, which are made of
metal.

Another method is known from document US 2005 0067 904 A,
Here the stator laminate, made of iron, comprises C-shaped
slots on the stator side, which points away from the rotor.
Cooling tubes are inserted in said slots and the tubes are
deformed to fit into the C-shaped channels.

The drawback of this method is that the deformation of the
cooling tubes may lead to small cracks in the tubes. These

cracks may enlarge over time, for example due to corrosion,
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environmental influences or material characteristics. Thus

the cracks will result in leaks later.

Another drawback of this method is that the length of the
cooling tubes increases 1if the method is used in large elec-
trical machines. In this case the cooling tube is shaped like
a long “serpentine”. The cooling liguid is heated during its
flow through the long serpentine. Thus the secticon of the
stator, which contains the main part of the serpentine, will
not be cooled sufficiently. Furthermore a temperature gradi-
ent will arise within the stator laminate, made of iron for

example.

It is therefore the aim of the present invention, to provide
an improved cooling arrangement for an electirical generator,
gspecially for a large electrical generator like a direct

drive generator in a wind turbine.

This aim is achieved by the features of claim 1. Further con-
figurations of the invention are subject of the dependent

claims.

The arrangement invented relates to a generator, which con-
tains a rotor and a stator. The stator contains at least two
stator segments. At least one of the stator segments contains
a number of stacked laminate plates. The stacked laminate
plates contain a number of slots at a first side, while the
first side of the stacked laminate plates is aligned to the
rotor. The slots support a metal-winding of an stater coil.
At least one hollow cooling-~pipe is partly integrated into
the stacked laminate plates of the stator segment to cool its
laminate plates by a cooling-medium, which is located into
the cocling-pipes.

The stator is partitioned into segments. Preferably the
partly integrated cooling pipe is designed in a way that an
exchange of at least one stator segments together with the

dedicated cooling pipe is allowed,.
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As a major part of the surface of the cooling pipe is inte-
grated in the stator the surface of the cooling-pipe is in
close contact with the stator segment. Thus the heat transfer
is increased. This ensures an optimal cooling of the dedi-
cated segment.

Eddy currents in the stator segment are eliminated around the
cooling pipe due to the leocation of the cocoling pipe and due
to the material used for the cooling pipe.

Due to the reduced or eliminated eddy currents less heat is
produced.

Preferably the partly integrated coocling-pipe penetrates the
stacked laminate plates on a second side, which is opposite

to the first side. Thus the cooling-pipe is in close contact
with the stator segment to improve the cooling.

Preferably the cooling-pipe is filled with a cooling medium,
while the cooling-pipe is part of a cooling system. Thus the
cooling medium is used for an active cooling of the stator

segment.

Preferably the cooling-pipe is filled with a liquid cooling
like water for example. Preferably water is used while anti-
freeze agents or oil may be added te the water.

Anti-freeze agents are ethylene glycol, diethylene glycol or
propylene glycol for example. Mineral ¢il, silicone oil or
fluosrocarpon oil may be used as oils for example. Thus a
suitable liguid cooling-medium may be used to ensure a de-
sired conling range.

Preferably the ccoling medium enters the coocling-pipe at
separate "cold" input and exits at separate "hot" output of
the cooling pipe. Thus the cooling of the stator can be con-
trolled by the fixed flow of the ccoling medium.
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Preferably each stator segment comprises a t least one cool-
ing-pipe, while each cooling pipe contains a separate cold

input and a separate hot cutput.

Preferably the generator comprises one common cooling means,
like a heat exchanger for example. Each cold input and each
hot output of all needed cooling pipes are connected to this
common heat exchanger, Due to this short connection-~lines are
created between the cooling-pipes and the heat exchanger,
thus an improved cooling of the generator is ensured.

The cooling of an individual stator-segment is not influenced
by the cooling of other stator-segments. Thus a more uniform

and efficient cooling of each single segment is achieved.

Preferably the generator contains two or more cocling means,
like heat exchangers for example. Each separate cooling means
is connected to a dedicated stator-segment via the in-
put/output of the cooling-tube. Thus an improved cooling of
the dedicated segment is achieved.

Furthermore the cocling is divided into a number of smaller

cooling units, thus the mechanical complexity 1s decreased.

Preferably the cooling-pipe is made of a non-magnetic mate-
rial. As the coocling pipe(s) does not form part of magnetic
pathways inside the laminate plates the production of heat is

reduced, too.

Preferably the cooling-pipe is made of metal. Thus it can be
used for an efficient heat transfer from the laminate plates

to the ceoeling medium.

Preferably the cooling-pipe is made of stainless steel. Thus
the cooling pipes are very robust and corrosion is avoided.
Thus a long lifetime of the whole generator is ensured.

Preferably a heat transfer compound is arranged between said

cooling-pipe and said stacked laminate plates. Thus a mazimal
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heat-transfer between the laminate plates and the cocoling

system is ensured.

Preferably the cooling~pipe show a number of hairpin bends,
which are placed in slots or channels of the stacked laminate
plates. They are designed and constructed in a way that veli-
ages, which are induced intec the cooling pipes by the revolv~
ing rotor, are reduced.

Thus only a minimum of excessive heat is induced in the cool-

ing pipes.

Preferably the cooling-pipe is part of a structure, which is
used to support elements of the stator segment. Thus the
means for mechanical construction and support are reduced.
Especially the laminate plates are fixed by help ¢f the cool-

ing~pipes.

Furthermore a close physical and/or thermal connection be-
tween the strucitiures is ensured, to optimize the heat-
transfer.

Preferably the c¢ooling-pipe contains threaded portions on the
pipe. They are used to apply bolts to tighten sides of the
stator. This is an effective method of tightening the stator
laminate plates together and also ensures that the bolts can

e re-tightened is needed.

Preferably the cooling-pipe contains one or more supportlng
filanges, which are connected by welding on the saild pipe for
example. Thus the support structure can be build up during
the manufacture of the machine.

The invention is described in more detail now by the help of
the figures. The figures show examples and therefore do not
limit the scope of the arrangement invented.

Brief Explanation of the Drawings
FIG 1 shows a part of the cocling-arrangement invented,
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FIG 2 shows a laminate plate according to the invention in a

side~view,

FIG 3 shows in reference to FIG 1 and FIG 2 a 3D-view of a
part of the arrangement invented,

FIG 4 illustrates schematically a first preferred configura-
tion according to the invention,

FIG 5 illustrates schematically a second preferred configura-
tion according to the invention,

FIG 6 and FIG 7 show stacked laminate plates, which are fixed
by help of the cooling-pipe, to be used in the arrange-
ment invented,

FIG 8 illustrates the position of cooling-pipes CP in view of
the laminate plates, and

FIG 9 shows a known laminate plate as described in the intro-

duction.

FIG 1 shows a part of the cooling-arrangement invented,

A number of laminate plates LP are stacked. Each laminate
plate LP shows a number of slots SL. Because of the stacking
the sleots 8L form & number of channels CH, which are used to

support metal-windings MW of a stator-coil.

The stacked laminate plates LP are part of stator-segment,
The stacked laminate plates LP show a first side S1, which is
aligned to the rotor of the generator. The slots 5L are lo-
cated on thig first side 51.

At least cne cooling-pipe CP is partly integrated into the
stacked laminate plates LP. The partly integrated cooling-
pipes CP penetrate the laminate plates LP on a second side 52
of the stacked laminate plates LP. The second side 82 is op-
posite to the first side S1.

2 heat transfer compound {(not shown here) is arranged between
the cooling-pipe CP and the stacked laminate plates LP. Thus
the thermal conductivity of the thermal interface between ir-

regular surfaces of the stacked laminate plates and the cool-
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ing-pipes is enhanced. Alir gaps between the components are
reduced or even eliminated, thus the cooling is improved.

The compound may be ceramic, metal, carbon or & liguid.

FIG 2 shows a laminate plate LP according to the lnvention in
a side-view.

A first side 81 of the laminate plate LP is aligned or aimed
to an air gap, while the air gap is between the stateor and
the rotor of the generator. The first side 51 contains a num-
ber of slots SL. The slots SL may be punched out from a sheet
of metal. The laminate plate LP may be manufactured by the
same way.

With reference to FIG 1 a number of stacked laminate plates
LP will form channels CH due to the slots SL. This channels
CH are used to support the metal windings MW of the stator-

coil.

Each metal winding MW is formed by a conductor CON, which is
surrounded by a conductor—iselation CONI. Each slot SL shows
a slot isolation lining SIL to insulate the bundle of metal
windings MW.

On top of each slot SL there is a recess RC. The recess RC is
built to support a wecdge WDG. When the metal windings MW of
the electrical celils are inserted they are kept in place by
help of the wedge WDG.

A number of cooling-pipes CP is partly integrated into the
{stacked) laminate plates LP and on the second side 352, which
is opposite to the first side S1.

Preferably the cross=-section of the cooling-pipes CP is inte-
grated by more than 50% into the {stacked) laminate-plates
LP.
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This FIG 2 shows only a part of the stator segment, which
comprises the stacked laminate plates. The stacked laminate

plates are shaped circular.

FIG 3 shows in reference to FIG 1 and FIG 2 & 3D-view of a

part of the arrangement invented.

FIG 4 illustrates schematically a first preferred configura=-
tion accerding to the invention.

The generater (not shown here) contains a commen cooling
means like a heat exchanger HX for example.

The common heat exchanger HX is connected to four segments
segl, seg?, seg3 and segd of the segmented stator of the gen-
erator.

Each of the segments segl to segd shows a "cool" input and a
"hot" cutput of the dedicated cooling-pipe, which are con-
nected appropriate as shown here. Thus long connection-lines
between the stator-segments segl to seg4 and the heal ex-

changer HX are avoided.

The cooling-medium is divided and brought into four cooling-
paths, each cocling path is dedicated to one of the segments
segl to seg4d.

The divided c¢ooling medium is combined after it leaved the
dedicated cooling-path.

Seen from the heat exchanger HX the cooling-pipes are re-
garded to be paraliel coupled.

FIG 5 illustrates schematically a second preferred configura-

tion according to the invention.

The generator {(not shown here) contains a number of four

cooling means like heat exchangers HXX for example.
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Each heat exchanger HXX is connected to a dedicated segment
segl, seg2, seg3 and segd of the segmented stator of the gen-

erator.

Thus a number of four independent cocling-circuits are built,
while each circuit contains a cooling-pipe of one of the sey-

ments segl to seg4.

Preferably the cooling system according to FIG 1 and accord-
ing to FIG % may be combined,

As an example if the stator is partitioned into 8 segmants,
the cooling-system may comprise two cooling means. Each of
the cooling means may supply and receive cooling medium from

the cooling pipes of 4 stator segments.

FIG 6 and FIG 7 show stacked laminate plates LP, which are
fixed by help of the coocling-pipe CP, to be used in the ar-

rangement 1lnvented,

FIG 8A illustrates schematically cooling-pipes CP, which are
arranged in slots SL of the laminate plates LP accoxding to

the invention.

FIG 8RB illustrates schematically cooling-pipes CP, which are
mounted on a surface of the laminate plates LP. This configu-

ration is known hefore.

According to FIG 8A the cooling-pipes CP are integrated part
of the laminate plates LP. The cooling-pipe CP contains an
inner perimeter with a length Ll.

The length L2 represents the distance between two adliacent
cooling pipes CP. As shown here the perimeter length L1 is
substantial egqual to the length L2Z.

According to FIG 8B the cooling pipes CP are no integrated
part of the laminate plates LP, they are located on heat
transferring plates HT substantially on the inner surface of

the stator. The maximum width of the plates HT is egual to
the distance of LZ.

The illustration in FIG BA show an improved cooling effi-

ciency compared to the illustration in FIG 8B.
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Claims
1. Arrangement for cooling of an electrical generator, to be
used within a wind-turbine,

-~ where the generator comprises a stator, which contains
at least two statdr segments, and a rotor,

- where at least one of the stator segments contains a
number of stacked laminate plates (LP),

- where the stacked laminate plates (LP} contain a number
of slots (SL) at a first side (31), while the first side
(51) of the stacked laminate plates is aligned to the
rotor,

- where the slots (3L} support a metal-winding (MW) of an
stator coil,

characterized in,

- that at least one heollow cooling-pipe (CP) is partly
integrated into the stacked laminate plates (LP) of the
stator segment to ceel its laminate plates (LP) by a
cooling-medium, which is located inte the cocling-pipes.

2. Arrangement according to claim 1, characterized in that
the partliy integrated cooling pipe (CP} is designed in a
way that an exchange of the stator segment together with
the cooling pipe (CP} is allowed.

3. Arrangement according to claim 1 or 2, characterized in
that the partly integrated cocling~pipe (CP} is located on
a second side (S2) of the stacked laminate plates (LP),
while the second side (S2) is opposite to the first side
{51).

4. Arrangement according to one of the claims 1 to 3, charac-
terized in
- that the cooling pipe (CP) contain an input-connection
and an output~connection for the cooling-medium,
~ while the cooling-medium enters the cocling-pipe (CP}
via the input-connection with a first temperature and

while the cooling-medium leaves the cooling-pipe (CP)
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via the output—-connection with a second temperature,

which is warmer than the first temperature.

Arrangement according to claim 4, characterized in that
gach of stator segment contains at least one cooling-pipe
{CP}, which is dedicated to the stator segment.

Arrangement according to one of the claims 1 to 3, charac-
terized in that the generator contains a common heat ex-
changer, which is connected with each cooling pipe used in
the stater~segments by the respective input-connections

and output~conneciions.

Arrangement according to one of the claims 1 teo %, charac—
terized in that the generator contains a number of heat
exchangers, while each heat exchanger 1s conhected with
the cooling pipe of a dedicated stator-segment by the re-
spective input=-connection and output-connection of the

cooling pipe.

Arrangement according to one of the c¢laims 1 to 7, charac-
terized in that a heat transfer compound is arranged be-
tween the cooling pipe (CP) and the stacked laminate
plates (LP).

Arrangement according to eone of the claims 1 to 8, charac-
terized in that the cooling-pipe contain a number of hair-
pin bends, which are shaped and arranged in the stator
segment that voltages induced in the cooling-pipe (CP) are
reduced.

Arrangement according to one of the claims i1 to 7, char-
acterized in that the cooling-pipe is part of a support-
structure, which is constructed to support the laminate

plates of the stator segment.
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11. Arrangement according to claim 10, characterized in that
the cooling-pipe contains threads, which are constructed
to tighten at least the stacked laminate plates.

12. Arrangement according to claim 11, characterized in that
the cooling-pipe contains one or more supporting flanges,

which are preferably welded to the cooling-pipe.

13, Arrangement according to claim 1, characterized in
- that the generator contains an outer-rotor and an in-
ner—stator, or
- that the generatcr is used a direct drive generator of

a wind=turbine.

14. Arrangement according to claim 1, characterized in that

rhe cooling medium is liguid,

15. Arrangement according to <¢laim 14, characterized in that
the cooling medium is liquid and/or that the liguid cool-

ing medium comprises an anti-freeze agent or oil,

16. Arrangement according £o one of the preceding claims,
characterized in that the cocling-pipe {(CP} 1s made of a
non-magnetic material, preferably made of stainless-

steel.

ABSTRACT

The arrangement invented relates to a generator, which con-
tains a rotor and a stator. The stator contains at least two
stator segments. At least one of the stator segments contains
a number of stacked laminate plates {LP). The stacked lami-
nate plates (LP) contain a number of slots (SL) at a first
side (81), while the first side (81) of the stacked laminate
plates is aligned to the roter. The slots (SL) support a
metal-winding (MW} of an stator coil. At least one hollow
cooling-pipe (CP) is partly integrated into the stacked lami-
nate plates (LP) of the stator segment to cool its laminate
plates {LP} by a cooling-medium, which is located into the

cooling-pipes.

FIG 1
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FIG 2
& b
WDG
Rz e /
- SIL
SLA
- CONI
- CON }MW
P~
A/ cp
S2
F
63
CH
. o000
\\\ S O O f) % AJA
O S/ A 5
YD,
O/
S2
77
FIG 4 cooling
mjans FIG7
Welded connection
between Pipe
cold and Flange
’ ’ ’ hot
{mu {m L\m Lru A
HX
- o5 2UY JYY
Seg 1 Seg 2 Seg 3 Segn
FIG 5 cooling means HXX cooling means HXX
FIG 8 L /L}P
3 2 8 2 8 2 8 2 A @ O CO)_[
LU\J m M tﬂ/\J v :
Rl Rl R R
Seg 1 Seg 2 Seg 3 Segn
o W
)/
FIG 6 B CO CO C




FIG9

RCH

St

LP~L

-SIL

- CONI
~CON

}MW

(28)

JP 2011-99442 A 2011.5.19



	biblio-graphic-data
	abstract
	claims
	description
	drawings
	overflow
	foreign-language-body

