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7) ABSTRACT

An clectric rotating machine capable of lowering the tem-
perature of a rotor disposed, wherein at least one of closed
ventilation loops for cooling is formed, one of the loops
constituting a ventilation passage communicating with an
exhaust side through a heat source of the end of the
generator to a cooler, thereby to supply cooling wind to the
rotor after it passes through the cooler.
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FIG. 2
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US 2006/0055255 Al

42 41
13 P / 24
2 I\ 1
J )
— —
EJII//I//I? .. ////////I//J_/_/_I/J_/_/_/_///I/f/I\-/12
4 20 i
”
A
NI
¢ :
: S N N
8 LHJ
20 |
N~ s\ 7777777777727, -
sBR% " :
oy 23 : j j / 5
1 1 61 62| {63 64
: A ¢ ] 4
/ / M~
~41 ¥
3 AT ‘*---72
/ / » —
; A
/ v o N STl
P
2 11\ L
P4 4 1 E\z ) 51 \
14/ 122, 52 [ 53 54
) T
y 71 72
16 \ 9 6 5 50



Patent Application Publication Mar. 16,2006 Sheet 5 of 9 US 2006/0055255 Al

FIG. 5

41
42 1
)\ (F
VAL j)g 1
— O__I I
22220 I\l V4 222 2 2 2 7 L. L LA, LLL LYl 12
1 A} '
/ 20 2
/ { -
’ ey
1/ 4
[
; / N N
8. |l
20_ TIY
\_V'—"E\ / 77777777777
| RPN
AVEEE :
AW 61 62| (63| 164
[ ' 4
/ / M'\'/
3 E; | "r--.__72
AV 1
A 222 L
v

—r
S
—te
O
=
N \
N
- [
e T o
\./-\-‘, .
N D F
H
'
N .
Py W, 8 :
o] :
H
@ —
(6]
—h
(4]
)
(4]
(%)
on
s



Patent Application Publication Mar. 16,2006 Sheet 6 of 9 US 2006/0055255 Al

FIG. 6

13

24
\ L

t g -
:I]///Ij// VIJII///////I///1///.///’;1//' _!“Z““ 12
E 20 L~
2 N |
/ .
% H
’ :
/] :
208\"\; / (R
\’/—NE\ ] IIIIIIIIIII,
5 .
A0 23 j ; f C j
2 / 61 62 63: 64
" :
|l i ITIm—*
3 Al ""\_/2
11 7
A L2227 77D ]
[ cqoscnsscernansn
[
ya—_l /
)I L 2\2 ) 51 i
14 J S, 52 \ 53 >4
10 87 95 5 ( Q 72
6 5 50



Patent Application Publication Mar. 16,2006 Sheet 7 of 9 US 2006/0055255 Al

FIG. 7

13
42

[
( ‘) g |
Ll L L LN L L L Ll LLLLLLLLLLLLLLLLL gl bl ll L il Ll

+ — 12
20 | —~—~

VITT TSI IIIS E
23 ; ; f
3

™ no
v'b_/\‘h

N\
S

rs

AMAA M AN IMANI N AN N N NN S S SSSIKINSNNRNTNTY

61 62 6 64
. J )= '\/4 ;
3 I | 2
/ »
i AT WY T
e
Y 71 12
10 9 6 5 50
15 17



SLHVd ONIYLOH : [7]

_ // | .« L _, |

US 2006/0055255 Al

101
20l v\A\
€01
. J N 901 ﬁﬂ\\ \\\_\\\\\\\\\
/7 (S ALY S S S \\\\
ﬁ_\h —~ © A
|1

LLLLL
T

19

+—

Patent Application Publication Mar. 16,2006 Sheet 8 of 9

g ‘OlId



Patent Application Publication Mar. 16,2006 Sheet 9 of 9 US 2006/0055255 Al

FIG. 9
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ELECTRIC ROTATING MACHINE

BACKGROUND TECHNOLOGY

[0001] An electric rotating machine is a machine for
rotating a rotor located in an opposite relation with a stator.
The rotor and stator are heat generation sources due to iron
loss or copper loss, etc. In order to suppress the temperature
elevation in the rotating machine, the machine is cooled with
a coolant. Generally, gaseous coolants such as hydrogen gas
or air are widely used as the coolant. When air is used as the
coolant, ducts that penetrate the radial direction or the axial
direction are disposed in the rotor and stator, the ducts. A fan
for compressing air is disposed at the end of the rotating
shaft; the rotor and the stator are cooled by causing the air
to pass through the ducts.

[0002] A technology for cooling the rotor and stator is
disclosed in Japanese Patent Laid-open print 10-150740,
Japanese Patent Laid-open print 2000-125511. According to
the technology, air streams merge in front of the fan disposed
to the end of the rotor shaft, after the air passes through the
ducts that penetrate the rotor and stator.

The air stream is energized by the rotation of the fan and
again distributed. One of the distributed cooling air streams
is guided to the stator, and the other is guided to the rotor.

[0003] In the technology disclosed in Japanese Patent
Laid-open print 10-150740, the merged air streams are
cooled with a relatively large cooler. After the air is cooled
in the cooler, it is distributed to the stator and the rotor.

[0004] In the technology disclosed in Japanese Patent
Laid-open 2000-125511, the merged air streams are distrib-
uted into two streams, and then the streams are guided to
different coolers to be cooled separately. One of the air
streams is guided to the stator and the end of the windings,
and the other to the rotor.

DESCRIPTION OF INVENTION

[0005] In the above-mentioned prior art, a sufficient cool-
ing was not performed. That is, since one of the distributed
air streams is guided to the stator, and the other to the rotor;
cooling of the rotor was not sufficient because the air is
guided to the rotor after it is heated by passing through the
fan.

[0006] Although a technology was known wherein the fan
was disposed in the opposite direction, wherein air that has
passed through the cooler is supplied to the rotor and stator,
cooling air of highest temperature concentrates on the end
portions of windings of the stator. At the same time, supply
of cooling air to the end portions of the ventilationing was
insufficient. Moreover, the structure was complicated and
the machine should become large in size.

[0007] An object of the present invention is to provide a
rotating machine that eliminates one or more of the above-
mentioned problems.

[0008] In order to achieve the object, the present invention
provides an electric rotating machine comprising a stator
ventilation duct or ducts disposed in a stator, a rotor venti-
lation duct disposed in a rotor, an entrance port communi-
cated with the rotor ventilation duct, and a first ventilation
passage for guiding gas that has passed through the rotor
ventilation duct and then passed through the stator duct to
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the entrance port, wherein gas to be aspirated by a fan is
separated in the vicinity of the fan to prevent mixing of the
gas with gas introduced into the entrance port, wherein the
gas compressed by the fan is guided through the first
ventilation passage to the entrance port, and wherein the gas
that has passed through the rotor ventilation duct and then
passed through the stator ventilation duct is guided to the
first ventilation passage after the gas passes through the
stator ventilation duct.

[0009] The present invention provides an electric rotating
machine comprising a stator ventilation duct disposed in a
stator, a rotor ventilation duct disposed in a rotor, an
entrance port communicated with the rotor ventilation duct,
and a first ventilation passage for guiding the gas that has
passed through the stator ventilation duct after passing
through the rotor ventilation duct to the entrance port,
without passing through the fan, wherein the gas that has
passed through the stator ventilation duct after passing
through the rotor ventilation duct is guided to the first
ventilation passage after it is cooled in the cooler.

[0010] The present invention provides an electric rotating
machine comprising an entrance port communicated with a
rotor ventilation duct, wherein gas that has passed through
the rotor ventilation duct is guided to a stator ventilation
duct, the gas having passed through the stator ventilation
duct is guided to a first cooler, the gas having passed through
the fist cooler is guided to a second cooler, and the gas
having passed through the second cooler is guided to the
entrance port, without passing through a fan.

[0011] The present invention provides another electric
rotating machine comprising a stator ventilation duct dis-
posed in a stator, a rotor ventilation duct disposed in a rotor,
an entrance port communicated with the rotor ventilation
duct, and a first ventilation passage for guiding gas that has
passed through the rotor ventilation duct and the stator
ventilation duct to the entrance port, wherein gas to be
aspirated by a fan is separated in the vicinity of the fan to
prevent mixing of the gas with gas introduced into the
entrance port, wherein the gas compressed by the fan is
guided through the first ventilation duct to the entrance port,
and wherein the gas that has passed through the rotor
ventilation duct and the stator ventilation duct is guided to
the first ventilation passage after the gas is cooled with a
cooler.

[0012] The present invention further provides an electric
rotating machine comprising a stator ventilation duct dis-
posed in a stator, a rotor ventilation duct disposed in a rotor,
and a first ventilation passage for guiding gas that has passed
through at least one of the rotor ventilation duct and the
stator ventilation duct to an entrance port, wherein gas to be
aspirated by a fan is separated in the vicinity of the fan to
prevent mixing of the gas with gas introduced into the
entrance port, wherein the gas compressed by the fan is
guided through the first ventilation passage to the entrance
port, and wherein the gas that has passed through the rotor
ventilation duct and the stator ventilation passage is guided
to the first ventilation duct after the gas passes through the
stator ventilation duct.

[0013] The present invention also provides an electric
rotating machine comprising a stator ventilation duct dis-
posed in a stator duct, a rotor ventilation duct disposed in a
rotor, a first ventilation passage for guiding gas that has
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passed through the stator ventilation duct and gas that has
passed through the rotor ventilation duct, an entrance port
communicated with the rotor ventilation duct, and a cooler
disposed on a ventilation passage communicated between an
exhaust side of the fan and the entrance port, wherein gas
aspirated into a fan is separated in the vicinity of the fan to
prevent mixing of the gas and the gas introduced into the
entrance port near the fan, and wherein the gas compressed
by the fan is introduced into the entrance port and the gas
that has passed through the rotor ventilation duct passes
through the stator ventilation duct.

[0014] The present invention provides an electric rotating
machine having a rotor ventilation duct, wherein gas biased
by a fan passes through an end of a stator, and the gas that
has passed through the end of the stator passes through a
cooler, and wherein the gas aspirated into the fan is sepa-
rated from mixing of the gas with gas introduced into the
entrance port, and the gas is introduced into the entrance port
side.

[0015] The present invention provides an electric rotating
machine having a stator ventilation duct disposed in a stator,
a rotor ventilation duct disposed in a rotor and a ventilation
passage that rotates together with a shaft, the passage being
disposed inside of the radial direction of the fan, the passage
being communicated with the rotor ventilation duct, and
wherein the gas compressed by the fan is guided to the
passage after it is cooled with the cooler.

[0016] The present invention also provides an electric
rotating machine having a stator ventilation duct disposed in
a stator, a rotor ventilation duct disposed in a rotor, and a
ventilation passage disposed in the inner side of the radial
direction of a fan, a ventilation passage rotating together
with a rotating shaft, wherein a pressure difference between
a pressure of the downstream of the fan and a pressure of the
ventilation passage is no less than 2 kPa.

[0017] In order to solve the above-mentioned problem, the
present invention provides an electric rotating machine
comprising a stator ventilation duct disposed in a stator, a
rotor ventilation duct disposed in a rotor, an entrance port
communicated with the rotor ventilation duct, and a first
ventilation passage for guiding the gas that has passed
through the stator ventilation duct after passing through the
rotor ventilation duct to the entrance port, without passing
through the fan, wherein the gas that has passed through the
stator ventilation duct after passing through the rotor ven-
tilation duct is guided to the first ventilation passage after it
is cooled in the cooler.

[0018] The electric rotating machine of the present inven-
tion comprises an entrance port communicated with a rotat-
ing ventilation duct, wherein gas that has passed through a
rotor ventilation duct is guided to the stator ventilation duct;
gas that has passed through the stator ventilation duct is
guided to a first cooler; and air that has passed through the
first cooler is guided to a second cooler, the gas that has
passed through the second cooler being guided to the
entrance port without passing through a fan.

[0019] The electric rotating machine of the present inven-
tion comprises a first ventilation passage for guiding gas that
has passed through a stator ventilation duct, together with
gas that has passed through a rotor ventilation duct, an
entrance port communicated with a rotor ventilation duct,
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and a cooler disposed in a passage communicating an exit
side of a fan to the entrance port side, wherein gas that has
passed through the first ventilation passage is guided to the
entrance port without passing through the fan, and gas that
has passed through the rotor ventilation duct is guided to the
stator ventilation duct.

[0020] The present invention provides an electric rotating
machine wherein gas compressed by a fan is guided to pass
through the end of a stator, then pass through a cooler,
thereafter is guided to a rotor ventilation duct, without
passing through the fan.

[0021] The present invention provides an electric rotating
machine comprising a first ventilation passage for guiding
the gas that has passed through the end of a stator to a first
cooler, a second ventilation passage for guiding the gas that
has been cooled by the first cooler to the rotor ventilation
duct, a third ventilation duct for guiding the gas that has
passed through the rotor ventilation duct to the stator ven-
tilation duct, a fourth ventilation duct for guiding the gas that
has passed through the stator ventilation duct to the second
cooler, and a fourth ventilation duct for guiding the gas that
has passed trough the second cooler to the rotor ventilation
duct, again.

[0022] The present invention provides the electric rotating
machine comprising a first ventilation passage for guiding
gas that has passed through the end of a stator to a first
cooler, and a second ventilation passage for guiding the gas
that has passed through the first cooler to the stator venti-
lation duct, wherein the second ventilation duct guides the
gas along the outer periphery of the first cooler to the rotor
ventilation duct.

[0023] The present invention further provides an electric
rotating machine comprising a first ventilation passage for
guiding the gas that has passed through the end of the stator
to a first cooler, a second ventilation passage for guiding gas
that has passed through the stator ventilation duct to a
second cooler, and a third ventilation passage for guiding the
gas that has passed through the first cooler to the rotor
ventilation duct without passing through the fan, wherein the
first ventilation passage and the second ventilation passage
intersects each other.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 shows a perspective view of a turbine
generator according to the present invention.

[0025] FIG. 2 is a diagrammatic view of a turbine gen-
erator according to the first embodiment of the present
invention.

[0026] FIG. 3 is a diagrammatic view of a turbine gen-
erator according to the second embodiment of the present
invention.

[0027] FIG. 4 is a diagrammatic view of a turbine gen-
erator according to the third embodiment of the present
invention.

[0028] FIG. 5 is a diagrammatic view of a turbine gen-
erator according to the fourth embodiment of the present
invention.

[0029] FIG. 6 is a diagrammatic view of a turbine gen-
erator according to the fifth embodiment of the present
invention.
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[0030] FIG. 7 is a diagrammatic view of a turbine gen-
erator according to the sixth embodiment of the present
invention.

[0031]
the rotor.

[0032]

[0033] FIG. 10 is a graph showing a pressure change
along the ventilation passages.

FIG. 8 shows ventilation passages in the vicinity of

FIG. 9 is a detailed structure of the fan.

THE BEST EMBODIMENTS FOR PRACTICING
THE INVENTION

[0034] In the following, the present invention will be
explained by reference to FIG. 1 that shows the whole
structure of the turbine generator of the first embodiment
according to the present invention.

[0035] FIG. 1 shows the whole structure of the turbine
generator. As shown in FIG. 1, the generator comprises a
stator core 2 and a rotor core 6 in a stator housing 1, wherein
the stator core 2 has ventilation passage sections separated
from each other in the axial direction. There are ventilation
passages 61, 63 that guide the gas from the inner periphery
to the outer periphery, and ventilation passages 62, 64 that
guide the gas from the outer periphery to the inner periphery.
Coolers 41, 42 for cooling a cooling medium are disposed on
the outer periphery of the stator core 2.

[0036] The ventilation duct 13 disposed outside of the
stator housing 1 constitutes a ventilation passage connecting
the exit ports of the coolers 41, 42 through the rotor. Cooling
gas preferably air is supplied to the end of the passage. The
end of the ventilation passage 14 is static, and the gaps
between the rotating shaft 7, the fan 10 and the fan-ring 15
for fastening the fan have a sealing structure for preventing
leakage of wind.

[0037] Further, the stator housing has the ventilation duct
80 for guiding the cooling medium exhausted from the fan
10 to the coolers 42, 44, and there is a ventilation duct 90 by
which cooling wind exhausted from the coolers 41, 43 is
guided to the fan 10.

[0038] The ventilation duct 80 guides the cooling medium,
which was cooled with the cooler, to the rotor without
passing through a heat source such as the fan. The cooling
medium in the ventilation duct 80 has been compressed by
the fan and has the same pressure as that of the exit of the
rotor, that is, the air gap between the rotor core 6 and the
stator core 2; as a result, the cooling medium flows out from
the entrance port of the rotor to exit of the rotor by the action
of the centrifugal force due to the rotation of the rotor core
6 thereby cooling the every part of the rotor.

[0039] Since the cooling medium impinging the rotor does
not pass through the heat source such as the fan after it has
passed through the coolers 42, 44, it keeps low temperature
until it arrives at the entrance port of the rotor.

[0040] On the other hand, the ventilation duct 90 guides
the cooling medium to the fan to compress it, after the
coolers cool it. In this structure, the cooling medium that has
passed through the fans to have a turbulent flow impinges
the end of the stator without receiving affect of the tem-
perature increase by a heat source other than the fan, and
hence it cools the end portion effectively.
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[0041] FIG. 2 shows a ventilation structure of the turbine
generator according to one embodiment of the present
invention. As shown in FIG. 2, the structure has the stator
housing 1 and the stator core 2 therein. The stator core 2 has
a cylindrical shape, and the stator core has slots for receiving
stator windings 3. The slots are formed in the axial direction
of the core in the inner periphery thereof.

[0042] The rotor core 6 is disposed around the inner
periphery of the stator core 2 with the air gap 5. The rotor
core 6 has the rotating shaft 7 that is united with the rotor
core 6. The rotating shaft 7 extends from the center of the
both ends of the rotor core 6 in the axial direction of the
shaft. The rotating shaft is supported by bearings disposed in
the inner periphery of the end-bracket for closing the both
ends of the stator housing 1.

[0043] A plurality of slots extending in the axial direction
of the rotating shaft is formed in the outer periphery of the
rotor core, thereby receiving rotor windings. The retaining
ring 9 fixes the both ends of the rotor windings. The rotor
core 6 has a plurality of ventilation ducts 50 that are
continuous around the radial direction and divided into
several sections arranged in the axial direction. The end of
the rotating shaft has the fan 10. The retaining ring 15 fixes
the fan 10. There are ventilation passages 16, 21 that run
from the fan ring 15 through the lower part of the retaining
ring 9 to the rotor core 6.

[0044] The axial end of the retaining ring 9 has a cover 17
that prevents the cooling medium in the ventilation passage
22 from interference with the cooling medium in the ven-
tilation passage 21 outside of the rotor. The ventilation
structure is symmetric with respect to the central axial line
12.

[0045] The fan 10 rotates together with the rotating shaft
7, thereby circulating the cooling medium such as hydrogen
gas or air filled in the machine. The machine has ventilation
passages 20, 22, 23 therein, and the coolers 41, 42 for
cooling the cooling medium are disposed in the middle of
the passages.

[0046] The stator core 2 is divided into several sections in
the axial direction; accordingly, there are ventilation pas-
sages 61, 62, 64 that ventilate from the inner diameter to the
outer diameter, and ventilation passages 63 that ventilate
from the outer diameter to the inner diameter. The ventila-
tion duct 13 disposed in the outside of the stator housing 1
constitutes the ventilation passage connecting from the exit
of the cooler 42 to the rotor, thereby introducing the cooling
medium into the rotor from the end thereof. Since the end of
the ventilation duct 14 is static, and the gaps between the
duct 14 and the rotating shaft 7, the fan 10, fan ring 15, etc
constitute the sealing structures for preventing the leakage of
the wind.

[0047] FIG. 8 shows details of the entrance port of the
rotor 7. The numeral 1 to 10 are locations indicating
pressures. Details will be explained later. The cooling
medium that leaves the cooler 42 arrives at the rotor through
the ventilation passage 24. The hatched part in FIG. § is the
structure of the rotor, which is constituted by the fan 10, the
fan ring 15, the cover 107, the retaining ring 9 and the rotor
coils, and rotates together with the rotor. On the other hand,
the fan side air-seal 106 and the shaft end air seal 101 Are
substructures for the stator 2.
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[0048] A sealing structure is constituted, around the
entrance 5 of the rotor, by the fan side air-seal 106 and the
axial end air-seal 101, thereby maintaining the gap between
the fan ring 15 and the rotor 7. Since the rotor 7 moves in
the axial direction, the seal structure allows such the move-
ment of the rotor.

[0049] The fan ring 15 holds the fan 10 and has a venti-
lation passage 102. Details of the fan ring 15 is shown in
FIG. 9 as a sectional view along A-A' line. Fans 10 are
formed, with equal pitches, coaxially on the outer periphery
of the fan ring 15. The ventilation passages 102 are formed,
with equal pitches, coaxially on the inner periphery.

[0050] The cooling medium that has passed through the
ventilation passage 102 formed in the fan ring 15 arrives at
the inside 6 of the rotor 7 as shown in FIG. 8. The cover 107
separates the ventilation passage at the rotor side from the
ventilation passage at the stator side. The structure cover 107
is supported by connecting with the fan ring 15 and the
retaining ring 9 or fixed with a small gap. The cold wind that
has passed through the section 6 travels below the rotor coils
103 and travels towards the axial center through sections 7,
8. The rotor 7 is supported by the bearing 105 and rotated
(though the bearing is present on the other side, it is not
shown).

[0051] The ventilation route till the rotor in this embodi-
ment will be explained in detail. The ventilation passage is
constituted as follows. The ventilation passage is constituted
by the ventilation passage 20 from the exit of the cooler 41
to the fan 10 (a pressure 1 in front of the fan), the ventilation
passage 23 (a pressure 3) that runs from the fan 10 (a
pressure 2 at the exhaust gas) through the axial end of the
stator coils 3 to the second cooler 42, the ventilation passage
24 from the exit of the second cooler 42 (a pressure 4 at the
exit of the second cooler) to the entrance of the rotor, the
ventilation passage 16 passing through the fan ring 15 (a
pressure S in front of the fan ring 15, and a pressure 6 after
the fan), the ventilation passage 21 passing below the cover
17 and the retaining ring 9 to the rotor core 6, the ventilation
passages 51, 61 (a pressure 7 in front of the ventilation
passage 51, and a pressure 8 in the ventilation passage), and
the ventilation passage 20 at the outer diameter side of the
stator (a pressure 9 in the ventilation duct 4, and a pressure
10 at the air gap 5). The cooling medium finally arrives at the
first cooler 41.

[0052] Though the ventilation passages 51, 61 were
explained as ones running in the radial direction, there are
other ventilation passages 52, 62, 54, 64, ctc through which
the cooling medium passes, or the cooling medium passes
through the ventilation passage 53, the air gap 5, ventilation
passages 71, 72, etc, ventilation passages 62, 64 to the
passage 20 at the outer diameter of the stator.

[0053] There are loops wherein the cooling medium
passes through only the stator, without passing through the
rotor. That is, the ventilation passage 22 that guides towards
the air gap 5 after passing through the fan 10, and the
ventilation passages 63, etc that flows towards the air gap §
from the exit of the second cooler 42 to the stator core. The
cooling medium gets together the cooling medium
exhausted from the ventilation passages 51, 52, 53, 54, etc,
and goes through the ventilation passages 61, 62, 64, etc and
arrives at the ventilation passage 20 formed at the outer
periphery of the stator.
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[0054] Now, the relationship between the flow of the
cooling medium and the pressure will be explained. Since
the flow in the whole interior of the rotating machine is
roughly determined by a flow resistance at the stator side,
the rotor 6 is exposed to a certain pressure distribution. Since
the ventilation duct 4 of the stator 2 is a flow resistance, the
cooling medium loses pressure when it passes through the
ventilation duct 4. That is, a pressure at a position (0) is
almost zero (0.01 pu: the pressure difference generated by
the fan is set to be 1.0 pu).

[0055] The cooling medium loses pressure as it passes
through the cooler 41, and the pressure becomes nearly zero
pu in the vicinity of the position 1. Although the pressure 1
of the cooling medium that has passed through the cooler 42,
it is compressed by the fan 10 to become the highest pressure
2 (1.0 pu) cooling medium in the stator side. This wind
enters the air gap 5 between the stator 2 and the rotor 710.
Although the pressure 10 becomes lower than the pressure
at the position 2, the pressure 10 becomes close to that of 2,
because the pressure drop between the positions 2 and 10 is
not large.

[0056] On the other hand, to the point of the rotor side, it
is necessary to increase the pressure at the stator side so as
to give a sufficient volume of cooling medium, because the
position 10 is the exhaust side.

[0057] The pressure distribution observed from the rotor 7
side 1s shown in FIG. 10. The cooling medium compressed
by the fan 10 passes through the cooler 42, and arrives at the
position 4. Then, the cooling medium passing through the
ventilation passage 24 by way of the position 5 flows
through the fan ring 15 below the fan 10 to the nside 6 of
the rotor and the position 7. The cooling medium loses
pressure by roughly 0.01 pu at every position as it passes
through the positions 4, 5, 6 and 7. The cooling medium at
position 8 has a pressure of about 0.8 pu. The cooling
medium that has arrived at the interior 8 of the rotor 7 is
again compressed by the action of centrifugal force of the
interior of the rotor 7 to 1.9 pu. The pressure at the position
9 is a motive force of cooling wind that for flowing through
the rotor, and the pressure at the exit 10 finally becomes 0.8
pu. The volume of the cooling wind is determined by the
pressure difference from this pressure.

[0058] Since the pressure at positions 1 and 2 is around 1.0
pu, the cooling device in an amount in accordance with the
pressure difference is supplied as a driving force. As shown
in FIG. 10, a large amount of the cooling medium that flows
in the rotor 7 can be supplied, becauge the pressure differ-
ence between the positions 9 and 10, 2 kPa or more is
preferable for the pressure difference of the positions 9 and
10, and 4 kPa or more is preferable, and 6 kPa or more is a
further preferable pressure difference.

[0059] The relationship among the heat source, coolers
and ventilation passages is as follows. The cooling wind
passes through the ventilation passages 20, 23, 24, 16 and
21, where there are heat sources such as the fan 10, the end
of the stator windings 3 that generates heat by copper loss.
That is, the ventilation passages have an alternate arrange-
ment of the heat sources and the coolers, such as the first
cooler 41, the heat source, and the second cooler 42.

[0060] The relationship between the flow of the cooling
medium and the temperature rise will be explained. The
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cooling medium of low temperature elevates its temperature
when it passes through the fan 10, and flows into the
ventilation passages 22 and 23. The cooling medium, which
has entered the ventilation passage, cools the end of the
stator windings to further elevate its temperature, and it
flows towards the second cooler 42.

[0061] The cooling medium that has passed through the
second cooler lowers its temperature and flows into the
ventilation passage 63 and 24. The cooling medium towards
the ventilation passage 24 passes through the ventilation
passages 16, 21, 51, 52, 53, 54, etc to cool down the rotor
and it elevates its temperature. Thereafter, the cooling
medium of higher temperature, which is exhausted from the
ventilation passage 51, merges with the cooling medium of
lower temperature at the air gap 5, thereby flowing in the
ventilation passages 61, 62, etc to conduct heat-exchange
with the stator core 2. The cooling medium that has heat-
exchanged with the stator core 2 and elevates its temperature
to return to the first cooler by way of the ventilation passage.

[0062] The cooling medium of high temperature
exhausted from the rotating ventilation passage 53 merges
with the cooling medium exhausted from the ventilation
passage 63 at around the center of the shaft, and it flows
through the ventilation passages 71, 72, etc in the axial
direction to merge with the cooling medium of higher
temperature exhausted from the ventilation passages 52, 54.

[0063] The cooling medium exhausted from the ventila-
tion passage 63 heat-exchanges with the stator core 2 to
elevate its temperature, but its temperature is lower than the
temperature of the cooling medium exhausted from the rotor
ventilation passages 52, 53, 53, elc, so that the temperature
of the merged cooling medium exhausted from the rotor is
lower than that of the cooling medium before merging. The
cooling medium passes through the ventilation passages 62,
64 to heat-exchange with the stator core 2 and elevates its
temperature, followed by flowing towards the cooler 41.

[0064] According to the first embodiment having been
described, the cooling medium is passed through the heat
source such as the ends of the stator coils 3 from the exhaust
side of the fan 10, and then it is passed through the second
cooler to lower its temperature; thereafter, the cooling
medium for the rotor being introduced. In this structure,
since the temperature of the cooling medium can be made
low, the temperature of the cooling medium after passing
through the rotor can be lowered. Since the cooling medium
exhausted from the rotor always passes through the venti-
lation duct 4, the temperature of the stator can be lowered.

[0065] FIG. 3 shows the second embodiment, wherein
two or more of ventilation sections that are partitioned in the
axial direction of the stator core and coolers 41, 42, 43, 44,
etc at the outer periphery side of the stator core 2 are
disposed so that an electric rotating machine has a section
where the cooling medium passes through the coolers 41, 43
after it is exhausted from the inner periphery of the stator
housing 1 and a section where the cooling medium flows
into the inner periphery of the stator core 2 from the inner
periphery of the stator housing 1 after it passes through the
coolers 42, 44.

[0066] The second embodiment is an example of applica-
tion to an electric rotating machine having the ventilation
passages 62, 64, etc. The cooling medium passes through the
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heat sources at the end of the shaft such as the fan 10, the
stator coils 3, etc, and then passes through plural ventilation
passages such as coolers 42, 44. The cooling medium is
distributed into plural passages from the outer diameter side
to the inner diameter side.

[0067] In this case, the ventilation passages 32, 34, etc are
disposed in the same number as that of the ventilation
sections that are directed towards the inner periphery from
the outer periphery. The ventilation passages are disposed to
the ventilation sections 62, 64, etc that are directed towards
the inner periphery from the outer periphery. The parallel
introduction of the cooling medium from the plural cooling
passages can distribute load on the coolers.

[0068] FIG. 4 shows a ventilation-cooling structure of the
turbine generator of the third embodiment according to the
present invention. The structure has the second cooler 42
disposed outside of the stator housing 1. This structure can
be applied to an electric rotating machine, which ha no
second cooler in the ventilation passage passing through the
fan 10 and the end of the stator coils 3.

[0069] FIG. 5 shows the fourth embodiment of the struc-
ture, which has an apparatus 11 for pressurizing the cooling
medium on the ventilation passage 24 that is directed to the
rotor. This embodiment is useful for increasing the volume
of the cooling medium in the ventilation passages 24, 21
directed to the rotor. The pressurizing apparatus 11 is
disposed to the ventilation passage 23 side in front of the
second cooler 42 in this case, but it can be disposed to the
ventilation passage 21 side closer to the rotor than the fan 10.

[0070] FIG. 6 shows the fifth embodiment wherein the fan
10 is disposed at the end of the retaining ring 9. In this case,
the structure allows installation of another object such as a
ring for fixing the fan 10 between the retaining ring 9 and the
fan 10. Since this structure allows omitting the above-
mentioned fan ring, it is possible to reduce ventilation
resistance caused by the fan ring.

[0071] FIG. 7 shows a ventilation-cooling structure of the
turbine electric generator of the fourth embodiment of the
present invention, wherein a ventilation improving appara-
tus 18 is disposed in the ventilation passage 13 at a position
near the rotor. The ventilation improving apparatus 18
increases the pressure of the cooling medium. This structure
may be a structure such as a whirl structure for imparting
whirl motion to the cooling medium that has passed through
the ventilation passage 24, thereby to reduce ventilation
resistance of the cooling medium directed to the ventilation
passages 16, 21. Further, the fan ring 15 may have a function
of a compressing mechanism or a structure for generating a
whirl motion.

INDUSTRIAL APPLICABILITY

[0072] According to the present invention, a temperature
rise of the electric rotating machine is avoided. It is possible
to cool the rotor effectively by increasing the volume of the
cooling gas. It is also possible to reduce a temperature rise
of the rotor without local temperature rise of the rotor and
stator, because the temperature of the cooling medium
introduced into the rotor can be lowered without changing
the ventilation passage of the cooling medium that is
exhausted from the rotor.
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1-38. (canceled)

39. An electric rotating machine comprising a stator, a
rotor rotating in opposite relation with the stator, a rotating
shaft rotating with the rotor, a fan disposed in the vicinity of
the end portion of the rotating shaft, a first cooler, a second
cooler disposed on the axial line extending in the first cooler
to the rotating shaft, a rotor ventilation duct disposed in the
rotor, a stator ventilation duct disposed in the stator, and an
entrance port communicated with the rotor ventilation duct,
wherein gas that has passed through the rotor ventilation
duct is guided to the stator ventilation duct; the gas that has
passed through the stator ventilation duct is guided to the
first cooler; the air that has passed through the first cooler is
guided to the second cooler by way of the end portion of the
stator; and part of the air that has passed through the second
cooler is guided to the entrance port of the rotor ventilation
duct, without passing through the fan.

40. An electric rotating machine comprising a stator, a
rotor rotating in opposite relation with the stator, a rotating
shaft rotating with the rotor, a fan disposed in the vicinity of
the end portion of the rotating shaft, a rotor ventilation duct
disposed in the rotor, a stator ventilation duct disposed in the
stator, and an entrance port communicated with the rotor
ventilation duct, wherein gas compressed by the fan passes
through the end portion of the stator; the gas that has passed
through the end portion of the stator is guided to the first
cooler; the gas that has passed through the first cooler is
guided to the rotor ventilation duct, without passing through
the fan; the gas that has passed through the rotor ventilation
duct 1s guided to the stator ventilation duct: the gas that has
passed through the stator ventilation duct is guided to the
first cooler; and the air that has passed through the first
cooler is guided to the fan.

41. An electric rotating machine having a first cooler and
a second cooler, which comprises a stator, a rotor rotating in
opposite relation with the stator, a rotor ventilation duct
disposed in the rotor, a stator ventilation disposed in the
stator, a first ventilation passage for guiding gas that has
passed through end portion of the stator to the stator venti-
lation duct, and a second ventilation passage for guiding gas
that has passed through the first cooler to the stator venti-
lation duct, wherein the second ventilation passage guides
gas to the rotor ventilation duct by way of the outside of the
first cooler in the peripheral direction.

42. An electric rotating machine having a first cooler and
a second cooler, which comprises a stator, a rotor rotating in
opposite relation with the stator, a rotating shaft rotating
with the rotor, a fan disposed on the rotating shaft, a stator
ventilation duct disposed in the stator, and a rotor ventilation
duct disposed in the rotor, which further comprises a first
ventilation passage for guiding gas that has passed through
the end portion of the stator to the second cooler, a third
ventilation passage for guiding the gas that has passed
through the stator ventilation duct to the first cooler, and the
second ventilation passage for guiding the gas cooled in the
second cooler to the rotor ventilation duct.

43. The electric rotating machine as defined in claim 39,
wherein the rotor and the stator are encased in a housing, and
the second cooler is disposed outside of the housing.

44. The electric rotating machine as defined in claim 39,
wherein the rotor has windings wound on an iron core, and
a retaining ring for holding the end portion of the windings,
the fan being disposed adjacently to the outside of the
retaining ring.
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45. The electric rotating machine as defined in claim 39,
wherein a ventilation improvement means is disposed in the
vicinity of the entrance port of the first ventilation passage.

46. The electric rotating machine as defined in claim 45,
wherein the ventilation improvement is to give a swirl
motion to the gas.

47. The electric rotating machine as defined in claim 39,
wherein the rotor and the stator are encased in a housing, and
the first and second cooler are disposed in the housing,

48. The electric rotating machine as defined in claim 40,
wherein the rotor and the stator are encased in a housing, and
the second cooler is disposed outside of the housing.

49. The electric rotating machine as defined in claim 40,
wherein the rotor has windings wound on an iron core, and
a retaining ring for holding the end portion of the windings,
the fan being disposed adjacently to the outside of the
retaining ring.

50. The electric rotating machine as defined in claim 40,
wherein a ventilation improvement means is disposed in the
vicinity of the entrance port of the first ventilation passage.

51. The electric rotating machine as defined in claim 50,
wherein the ventilation improvement is to give a swirl
motion to the gas.

52. The electric rotating machine as defined in claim 40,
wherein the rotor and the stator are encased in a housing, and
the first and second cooler are disposed in the housing,

53. The electric rotating machine as defined in claim 41,
wherein the rotor and the stator are encased in a housing, and
the second cooler is disposed outside of the housing.

54. The electric rotating machine as defined in claim 41,
wherein the rotor has windings wound on an iron core, and
a retaining ring for holding the end portion of the windings,
the fan being disposed adjacently to the outside of the
retaining ring.

55. The electric rotating machine as defined in claim 41,
wherein a ventilation improvement means is disposed in the
vicinity of the entrance port of the first ventilation passage.

56. The electric rotating machine as defined in claim 55,
wherein the ventilation improvement is to give a swirl
motion to the gas.

57. The electric rotating machine as defined in claim 41,
wherein the rotor and the stator are encased in a housing, and
the first and second cooler are disposed in the housing.

58. The electric rotating machine as defined in claim 39,
wherein the rotor and the stator are encased in a housing, and
the second cooler is disposed outside of the housing.

59. The electric rotating machine as defined in claim 42,
wherein the rotor has windings wound on an iron core, and
a retaining ring for holding the end portion of the windings,
the fan being disposed adjacently to the outside of the
retaining ring.

60. The electric rotating machine as defined in claim 42,
wherein a ventilation improvement means is disposed in the
vicinity of the entrance port of the first ventilation passage.

61. The clectric rotating machine as defined in claim 60,
wherein the ventilation improvement is to give a swirl
motion to the gas.

62. The electric rotating machine as defined in claim 42,
wherein the rotor and the stator are encased in a housing, and
the first and second cooler are disposed in the housing.
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