
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
9 

37
7

A
1

TEPZZ 779¥77A_T
(11) EP 2 779 377 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 11875500.8

(22) Date of filing: 09.11.2011

(51) Int Cl.:
H02K 11/00 (2006.01)

(86) International application number: 
PCT/JP2011/075803

(87) International publication number: 
WO 2013/069104 (16.05.2013 Gazette 2013/20)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:  
• SHIRAKATA Yuji

Tokyo 100-8310 (JP)

• NAKAJIMA Dai
Tokyo 100-8310 (JP)

• FUJITA Masahiko
Tokyo 100-8310 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwälte 
Arabellastrasse 4
81925 München (DE)

(54) ROTATING ELECTRICAL MACHINE

(57) A rotating electrical machine includes: a case
formed of a front bracket and a rear bracket; a rotor in-
stalled inside the case and having a field winding; a stator
installed inside the case and having a stator winding; a
control portion including a field circuit portion used to sup-
ply a current to a control circuit and the field winding; a
power circuit portion controlling a stator current flowed
to the stator winding; a heat sink installed so as to cool
the control portion and the power circuit portion; a first
waterproof portion providing waterproofing to signal ter-
minals of the power circuit portion and the field circuit
portion; a second waterproof portion provided with
through-holes from which a part of the control portion and
the power circuit portion is exposed and providing water-
proofing between the control portion as well as the power
circuit portion and the heat sink; and insulation portions
installed in the through-holes of the second waterproof
portion and isolating the control portion and the power
circuit portion from the heat sink.
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Description

Technical Field

[0001] The present invention relates to a rotating elec-
trical machine in which modules equipped with switching
elements are attached to a heat sink with insulation in
between, and to a controller-integrated rotating electrical
machine formed by integrating an electric motor and a
control portion including power circuits into one unit and
mounted, particularly, on an automobile.

Background Art

[0002] Power circuit portions used in a rotating electri-
cal machine are formed in modules phase by phase and
the bottom surface of each module is bonded to a heat
sink. PTL 1 discloses a configuration, according to which
each bonding surface is flat and formed of a single metal
plate. Herein, neither the bonding surface is isolated from
the heat sink, nor waterproof treatment is applied be-
tween the back surface and the heat sink.
[0003] PTL 2 discloses a configuration, according to
which the power circuit portions are formed of mold-en-
capsulated modules. Herein, a plurality of modules are
fixed to a disc-like heat sink with an insulating adhesive
and all the modules on the heat sink are potted with en-
capsulation resin.

Citation List

Patent Literature

[0004]

PTL 1: JP-T-2008-543266 (the term "JP-T" as used
herein means a published Japanese translation of a
PCT patent application)
PTL 2: JP-A-2011-147319

Summary of Invention

Technical Problem

[0005] In the rotating electrical machine in the related
art described above, when all the power circuit portions
mounted on the heat sink are resin-encapsulated collec-
tively to provide waterproofing between signal terminals
and the heat sink and between the module back surfaces
and the heat sink, because linear expansion coefficients
vary among materials, such as encapsulation resin,
switching elements, wires, and solder, a temperature
change readily gives rise to heat stress in the respective
portions. Hence, in order to enhance long-term reliability,
a huge amount of effort, such as adjustment of the linear
expansion coefficient of the encapsulation resin, is re-
quired. Because an amount of used resin is increased,
a weight as a whole and also the cost are increased. In

addition, workability becomes poor.
[0006] The invention was devised to solve the prob-
lems discussed above and has an object to provide a
rotating electrical machine capable of obtaining a struc-
ture that makes it possible to reduce encapsulation resin
while securing a waterproof structure.

Solution to Problem

[0007] A rotating electrical machine of the invention
includes: a case formed of a front bracket and a rear
bracket; a rotor installed inside the case and having a
field winding; a stator installed inside the case and having
a stator winding; a control portion including a field circuit
portion used to supply a current to a control circuit and
the field winding; a power circuit portion controlling a sta-
tor current flowed to the stator winding; a heat sink in-
stalled so as to cool the control portion and the power
circuit portion; a first waterproof portion providing water-
proofing to signal terminals of the power circuit portion
and the field circuit portion; a second waterproof portion
provided with through-holes from which a part of the con-
trol portion and the power circuit portion is exposed and
providing waterproofing between the control portion as
well as the power circuit portion and the heat sink; and
insulation portions installed in the through-holes of the
second waterproof portion and isolating the control por-
tion and the power circuit portions from the heat sink.

Advantageous Effects of Invention

[0008] According to the rotating electrical machine of
the invention, encapsulation resin can be omitted by pro-
viding the waterproof portions between the signal termi-
nals and the heat sink and between the module back
surfaces and the heat sink without resin-encapsulating
the components as a whole. Hence, the weight of the
power circuit portion can be reduced and time and effort
required for resin encapsulation can be saved, which can
in turn reduce the cost. In addition, by omitting resin en-
capsulation, it becomes possible to obtain a rotating elec-
trical machine capable of reducing influences of heat
stress applied to modules by a temperature cycle.

Brief Description of Drawings

[0009]

[Fig. 1] Fig. 1 is a cross section showing a rotating
electrical machine according to a first embodiment
of the invention.
[Fig. 2] Fig. 2 is a developed perspective view show-
ing a control portion and power circuit portions in the
rotating electrical machine according to the first em-
bodiment of the invention.
[Fig. 3] Fig. 3 is a plan view showing the control por-
tion and the power circuit portions in the rotating elec-
trical machine according to the first embodiment of
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the invention.
[Fig. 4] Fig. 4 is a perspective view showing the con-
trol portion and the power circuit portions in the ro-
tating electrical machine according to the first em-
bodiment of the invention.
[Fig. 5] Fig. 5 is a cross section showing the power
circuit portion in the rotary electrical machine accord-
ing to the first embodiment of the invention.
[Fig. 6] Fig. 6 is a cross section showing the control
portion in the rotating electrical machine according
to the first embodiment of the invention.
[Fig. 7] Fig. 7 is a cross section showing a power
circuit portion in a rotating electrical machine accord-
ing to a second embodiment of the invention.
[Fig. 8] Fig. 8 is a cross section showing a power
circuit portion in a rotating electrical machine accord-
ing to a third embodiment of the invention.
[Fig. 9] Fig. 9 is a cross section showing a power
circuit portion in a rotating electrical machine accord-
ing to a fourth embodiment of the invention.
[Fig. 10] Fig. 10 is a developed perspective view
showing one phase of a power circuit portion in a
rotating electrical machine according to a fifth em-
bodiment of the invention.

Description of Embodiments

First Embodiment

[0010] Hereinafter, a first embodiment of the invention
will be described according to Fig. 1 through Fig. 5. De-
scriptions will be given by labeling same or equivalent
members and portions with same reference numerals in
the respective drawings. Fig. 1 is a cross section showing
a rotating electrical machine according to the first em-
bodiment of the invention. Fig. 2 is a developed perspec-
tive view showing a control portion and power circuit por-
tions in the rotating electrical machine according to the
first embodiment of the invention. Fig. 3 is a plan view
showing the control portion and the power circuit portions
in the rotating electrical machine according to the first
embodiment of the invention. Fig. 4 is a perspective view
showing the control portion and the power circuit portions
in the rotating electrical machine according to the first
embodiment of the invention. Fig. 5 is a cross section
showing the power circuit portion in the rotating electrical
machine according to the first embodiment of the inven-
tion, that is, a cross section of a portion A of Fig. 4. Fig.
6 is a cross section showing the control portion in the
rotating electrical machine according to the first embod-
iment of the invention.
[0011] Referring to Fig. 1, a rotating electrical machine
1 of the first embodiment includes a case 4 formed of a
front housing 2 and a rear housing 3 both made, for ex-
ample, of aluminum, a shaft 6 installed inside the case 4
and to one end of which a pulley 5 is attached, a rotor 7
attached to the shaft 6, a front fan 8 formed, for example,
of a centrifugal fan and attached to the rotor 7 on the side

of front housing 2 to generate cooling air, a rear fan 9
formed, for example, of a centrifugal fan and attached to
the rotor 7 on the side of the rear housing 3 to generate
cooling air, a stator 10 fixed to the front housing 2 and
the rear housing 3 on an inner wall surface in the case
4, slip rings 11 fixed to the other end of the shaft 6 to
supply a field current to the rotor 7, a pair of brushes 12
sliding on the slip rings 11, and brush holders 13 fixed
on the side of the rear housing 3 and storing the brushes
12 therein.
[0012] The pulley 5 exchanges outputs in two direc-
tions with an unillustrated internal combustion engine and
is therefore connected to the internal combustion engine
via a belt. Also, a field current is supplied to the rotor 7
via the brushes 12 from the brush holders 13 having the
slip rings 11 and fixed on the side of the rear housing 3.
[0013] The rotor 7 includes a field winding 14 formed
by winding a conducting wire and generating a flux when
a current is flowed and a field core 15 provided so as to
cover the field winding 14 and generating a magnetic
pole using the flux.
[0014] The field core 15 is formed of a pair of a first
pole core body 16 and a second pole core body 17
meshed with each other alternately. The first pole core
body 16 and the second pole core body 17 are made of
iron and have claw-like magnetic poles 18 and 19 of a
claw shape, respectively. The adjacent claw-like mag-
netic poles 18 and 19 are installed so that a certain pole-
to-pole clearance is formed in between for the purpose
of preventing a flux from leaking between the claw-like
magnetic poles and making the clearance serve as a
passage for cooling air to cool the field winding 14.
[0015] The stator 10 includes a stator core 20 and a
stator winding 21 formed by winding a conducting wire
in slots (not shown) of the stator core 20 and generating
AC with a variance of the flux of the field winding 14 in
association with rotations of the rotor 7. The stator wind-
ing 21 is formed, for example, of a three-phase AC wind-
ing formed by connecting three winding portions (not
shown) by three-phase Y connection or three-phase del-
ta connection.
[0016] A resolver 22 is attached to the shaft 6 on the
side of the brush holders 13. A cover 23 covering and
thereby protecting a control portion 30, power circuit por-
tions 40 and the like described below is attached to the
rear side of the rotating electrical machine 1.
[0017] The rotating electrical machine 1 is provided
with the control portion 30 that controls a field circuit por-
tion and switching circuits, for example, in a side portion
of the brush holders 13. A field current is adjusted ac-
cording to an instruction from the control portion 30, which
is mounted on the rotating electrical machine 1 in the
form of one package.
[0018] The power circuit portion 40 collectively in-
cludes switching elements to supply a stator current dur-
ing driving and rectify a stator current during power gen-
eration as one phase of switching elements and periph-
eral circuits. As are shown in Fig. 2 and Fig. 3, three
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phases of the power circuit portions 40 are installed at
regular intervals.
[0019] A second waterproof portion 24, for example,
in the form of a single disc provides waterproofing be-
tween the control portion 30 including a field circuit por-
tion to supply a current to the control circuit and the field
winding 14 as well as the power circuit portions 40 pass-
ing a stator current flowed to the stator winding 21 and
a heat sink 25. The heat sink 25, for example, in the form
of a single disc is installed on the back surface of the
second waterproof portion 24 so as to cool the control
portion 30 and the power circuit portions 40. The heat
sink 25 is provided with a plurality of cooling fins 251 at
each of positions corresponding to the control portion 30
and the power circuit portions 40.
[0020] Also, regarding control device components,
such as the control portion 30 and the power circuit por-
tions 40, as is shown in the developed perspective view
of Fig. 2, the second waterproof portion 24 is mounted
on the heat sink 25 and through-holes 24a are provided
to the second waterproof portion 24 at positions corre-
sponding to the control portion 30 and the power circuit
portions 40. Insulation portions 36 provided with grease
37 on the both surfaces are stored in the respective
through-holes 24a of the second waterproof portion 24.
As is shown in Fig. 2, each of the power circuit portions
40 and the control portion 30 is formed of a single module.
[0021] The control portion 30 and the power circuit por-
tions 40 are placed along the peripheries of the respective
through-holes 24a of the second waterproof portion 24.
The control portion 30 and the power circuit portions 40
are closed by lids 32 and 35, respectively.
[0022] Further, a first waterproof portion 34 that pro-
vides waterproofing to signal terminals of the power cir-
cuit portions 40 and the field circuit portion and a wiring
member 31 are mounted. The wiring member 31 is pro-
vided with storing holes 31a in which to store sealing
materials 33.
[0023] A configuration of the module of the power cir-
cuit portion 40 will now be described. As is shown in Fig.
5, a resin case 41 having an insert-molded metal frame
38 is used. A power circuit semiconductor switching el-
ement (MOSFET or IGBT) 42 to supply a current to the
stator winding 21 is bonded to the metal frame 38 in the
resin case 41 using solder, resin, or the like.
[0024] A connection is established with power wiring
terminals, signal terminals, and the like in the metal frame
38 by a connection portion made of metal having satis-
factory conductivity (for example, gold, aluminum, and
copper).
[0025] A waterproof structure is formed by bonding the
lid 35 to the resin case 41 with liquid packing or the like.
The interior of the resin case 41 may be potted with resin
or the like in order to enhance resistance to vibration,
waterproof performance, and reliability.
[0026] The periphery of the through-hole 24a of the
second waterproof portion 24 provides waterproofing be-
tween the resin case 41 and the heat sink 25. The drawing

shows a case where a clearance G is provided between
the insulation portion 36 installed in the through-hole 24a
of the second waterproof portion 24 and the second wa-
terproof portion 24 by way of example.
[0027] The same applies to the control portion 30. As
is shown in Fig. 6, a resin case 43 having an insert-mold-
ed metal frame 38 is used. A field semiconductor switch-
ing element 44 to supply a current to the field winding 14
and electronic components, such as a capacitor, are
bonded to the metal frame 38 in the resin case 43. Fur-
ther, the second waterproof portion 24 incorporating a
control circuit is mounted thereon. A waterproof structure
is formed by bonding the lid 32 to the resin case 43 with
liquid packing or the like. Also, the interior of the resin
case 43 may be potted with encapsulation resin or the
like.
[0028] The periphery of the through-hole 24a of the
second waterproof portion 24 serves as the second wa-
terproof portion 24 that provides waterproofing between
the resin case 43 and the heat sink 25. The drawing
shows a case where a clearance G is provided between
the insulation portion 36 installed in the through-hole 24a
of the second waterproof portion 24 and the second wa-
terproof portion 24 by way of example.
[0029] In the power circuit portion 40, the metal frame
38 is exposed from the bottom surface of the resin case
41 in a portion corresponding to the through-hole 24a in
order to enhance heat-releasing performance, and the
respective metal frames 38 have potentials, such as P,
N, and AC. Likewise, in the control portion 30, the metal
frame 38 having potential is exposed from the bottom
surface of the resin case 43.
[0030] In the embodiment described above, the resin
cases 41 and 43 are used for the power circuit portions
40 and the control portion 30, respectively. It should be
appreciated, however, that mold resin-encapsulated
modules are also available.
[0031] Also, metal with satisfactory heat conductivity
and electrical conductivity, for example, copper or copper
alloy with good heat conductivity, is used for the metal
frame 38.
[0032] Signal terminals of the power circuit portions 40
and the control portion 30 are bonded to the wiring mem-
ber 31 by soldering, a laser, welding or pressure welding.
[0033] The power circuit portions 40 and the control
portion 30 are mounted on the disc-like heat sink 25. As
are shown in Fig. 5 and Fig. 6, the metal frames 38 are
exposed from the bottom surfaces of the resin cases 41
and 43 in portions corresponding to the through-holes
24a. It is therefore necessary to isolate these resin cases
41 and 43 from the heat sink 25.
[0034] To this end, a plurality of the power circuit por-
tions 40 and the control portion 30 are installed on the
heat sink 25 via the insulation portions 36 formed by coat-
ing the both surfaces of insulators, such as an insulating
sheet and ceramic, with the grease 37. Because the in-
sulation portions 36 are also used to release heat, it is
necessary to use an insulating material with high heat
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conductivity and reduce a thickness of the grease 37 ap-
plied between the insulation portions 36 and the heat sink
25 and between the modules and the heat sink 25.
[0035] Regarding a dielectric strength, an insulator can
be thin for a low strength system because a creeping
distance to secure a predetermined dielectric strength is
short. By tightening fixing screws of the resin cases 41
and 43, the applied grease 37 can be thinner and there-
fore heat resistance can be reduced.
[0036] It is also possible to use a heat-releasing adhe-
sive or the like instead of the grease 37.
[0037] The structure herein is as follows. That is, the
insulation portions 36 and the second waterproof portion
24 are installed on a same plane of the heat sink 25 and
the second waterproof portion 24 is present along the
outer peripheries of the insulation portions 36 via the
clearances G. The resin cases 41 and 43 of the power
circuit portions 40 and the control portion 30, respective-
ly, are fixed to the heat sink 25 with screws or the like via
the second waterproof portion 24 so that the second wa-
terproof portion 24 is pressed.
[0038] The rotating electrical machine can be manu-
factured by hardly providing a clearance between the
second waterproof portion 24 and the insulation portions
36. However, by providing the clearances G, a rejection
space for the grease 37 can be secured. It thus becomes
possible to gain a creeping distance by a quantity com-
parable to the grease 37 that has overflown.
[0039] The heat sink 25 is of a disc shape and provided
with the cooling fins 251 for cooling on the back surface
side of the power circuit portions 40 and the control por-
tion 30 mounted on the same plane. By forming the heat
sink 25 into a disc shape, an installation space within the
cover 23 of the rear bracket 3 can be used effectively
and the heat sink 25 can be increased to the maximum
size. It thus becomes possible to secure an installation
space for the power circuit portions 40 and the control
portion 30 and to secure the fin areas.
[0040] Because basic components of the rotating elec-
trical machine 1 undergo rotary motion, a volume thereof
can be minimized by forming the rotating electrical ma-
chine 1 in a cylindrical shape. In quest to increase the
vehicle chamber to the largest possible extent, the engine
room of an automobile is made compact. Also, from the
safety viewpoint, there is a demand to make the engine
and the rotating electrical machine installed inside the
engine room more compact.
[0041] Accordingly, it is crucial in overcoming the re-
strictions described above to form the power circuit por-
tions 40 in a circular shape and to install the power circuit
portions 40 intensively at the top of the cylinder as the
controller-integrated rotary electrical machine 1. In other
words, it is particularly necessary to install the power cir-
cuit portions 40 efficiently in a limited space on a circular
plate in achieving a more compact product.
[0042] Owing to the layout arrangement as above, it
becomes possible to provide waterproofing without col-
lectively resin-encapsulating the power circuit portions

40 and the control portion 30 of the rotating electrical
machine 1 and a region to be potted can be reduced. It
thus becomes possible to realize a structure that not only
makes it possible to reduce heat stress to the semicon-
ductor switching elements and bonding portions thereof
as well as the weight, but also makes it possible to reduce
the cost.
[0043] The bottom surface of the metal frame 38 is
exposed entirely or partially from the resin case 41 in the
module bottom surface of the power circuit portion 40.
[0044] It is therefore necessary to isolate the module
bottom surfaces of the power circuit portions 40 from the
heat sink 25. For example, in the case of an automobile,
about 20 mm is sufficient because a voltage exceeding
100 V is not applied. However, it is necessary to secure
insulation also in a case where conductive foreign matter
comes inside. Hence, by forming the insulation portions
36 using an insulating material, such as an insulation
sheet and ceramic, a least necessary withstand voltage
can be secured.
[0045] Also, heat resistance is decreased by applying
the grease 37 to the top and bottom of the insulation
portions 36. Because the modules of the power circuit
portions 40 are fixed to the heat sink 25 with screws or
the like, the grease 37 is ejected by the fixation. Also,
because the second waterproof portion 24 is present
along the outer peripheries of the insulation portions 36,
a waterproof measure can be provided by fixing the mod-
ules together with the second waterproof portion 24.
[0046] Regarding the signal terminals of the modules
of the power circuit portions 40, the first waterproof por-
tion 34 is attached to the vicinity of the terminals, on top
of which the wiring member 31 is fixed to the heat sink
25 with screws or the like and a pressure is applied at
the same time. A waterproof measure around the signal
terminal can be provided by potting the interior of the
wiring member 31 with encapsulation resin after the sig-
nal terminals and the wiring member 31 are bonded.
[0047] Also, by interposing the grease 37 between the
modules of the power circuit portions 40 and the heat
sink 25, it becomes possible to ease heat stress from the
heat sink 25 to the modules of the power circuit portions
40.
[0048] In Fig. 2, the mounting surface of the heat sink
25 for the modules of the power circuit portions 40 is a
flat surface. It should be appreciated, however, that the
heat sink 25 can be used without polishing the surface
when roughness or flatness falls within a range that can
be absorbed by the second waterproof portion 24 and
the grease 37 of the insulation portions 36.
[0049] In Fig. 2, both of the module bottom surfaces of
the power circuit portions 40 and the mounting surface
of the heat sink 25 are flat. Cases where neither of these
surfaces is flat will be described below.
[0050] The bottom surface of the metal frame 38 is
exposed entirely or partially from the resin case 43 in the
module bottom surface of the control portion 30. Hence,
as with the power circuit portions 40, it is necessary to
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isolate the module bottom surface of the control portion
30 from the heat sink 25. By configuring the control por-
tion 30 in the same manner as in the power circuit portions
40 described above, the same advantages can be ob-
tained.
[0051] In this manner, by using the first waterproof por-
tion 34, the second waterproof portion 24, and the insu-
lation portions 36 as insulation and waterproof measures
for the modules of the power circuit portions 40 and the
control portion 30, it is no longer necessary to resin-en-
capsulate the modules of the power circuit portions 40
and the control portion 30 as a whole and the measures
can be taken module by module. It thus becomes possi-
ble to reduce heat stress from the encapsulation resin.
[0052] Also, an amount of used resin is reduced, which
can in turn reduce the weight and the cost. Further, by
omitting resin encapsulation, influences of heat stress
applied to the modules of the power circuit portions 40
and the control portion 30 by a temperature cycle can be
reduced.
[0053] Because the modules of the power circuit por-
tions 40 and the control portions 30 are bonded to the
heat sink 25 without using an adhesive or the like, influ-
ences of heat stress applied to the heat sink 25 during
the temperature cycle can be eased. In addition, the pres-
ence of the insulator secures insulation even when for-
eign matter comes inside.

Second Embodiment

[0054] A second embodiment of the invention will be
described according to Fig. 7. Fig. 7 is a cross section
showing a power circuit portion in a rotating electrical
machine according to the second embodiment of the in-
vention.
[0055] As is shown in Fig. 7, the heat sink 25 can be
of a step configuration provided with convex portions 252
on the bottom surface side of the resin cases 41 and 43
of the power circuit portions 40 and the control portion
30, respectively.
[0056] The convex portions 252 provided to the heat
sink 25 increase a volume of the clearances G between
the insulation portions 36 and the second waterproof por-
tion 24 and a larger space can be secured for ejection of
the grease 37. It thus becomes possible to further gain
a creeping distance from the heat sink 25.
[0057] In this manner, by using the first waterproof por-
tion 34, the second waterproof portion 24, and the insu-
lation portions 36 as insulation and waterproof measures
for the modules of the power circuit portions 40 and the
control portion 30, it is no longer necessary to resin-en-
capsulate the modules of the power circuit portions 40
and the control portion 30 as a whole and the measures
can be taken module by module. It thus becomes possi-
ble to reduce heat stress from the encapsulation resin.
Also, an amount of used resin is reduced, which can in
turn reduce the weight and the cost.

Third Embodiment

[0058] A third embodiment of the invention will be de-
scribed according to Fig. 8. Fig. 8 is a cross section show-
ing a power circuit portion in a rotating electrical machine
according to the third embodiment of the invention.
[0059] As is shown in Fig. 8, the heat sink 25 is provided
with the convex portions 252 and the bottom surface side
of the resin cases 41 and 43 of the power circuit portions
40 and the control portion 30, respectively, are formed
in a concave shape. In this case, an insulation distance
can be increased. Accordingly, because a structure from
the resin cases 41 and 43 of the power circuit portions
40 and the control portion 30, respectively, to the heat
sink 25 can be close to a labyrinth structure, by which a
waterproof measure can be provided.
[0060] In this manner, by using the first waterproof por-
tion 34, the second waterproof portion 24, and the insu-
lation portions 36 as insulation and waterproof measures
for the modules of the power circuit portions 40 and the
control portion 30, it is no longer necessary to resin-en-
capsulate the modules of the power circuit portions 40
and the control portion 30 as a whole and the measures
can be taken module by module. It thus becomes possi-
ble to reduce heat stress from the encapsulation resin.
Also, an amount of used resin is reduced, which can in
turn reduce the weight and the cost.

Fourth Embodiment

[0061] A fourth embodiment of the invention will be de-
scribed according to Fig. 9. Fig. 9 is a cross section show-
ing a power circuit portion in a rotating electrical machine
according to the fourth embodiment of the invention.
[0062] In the first embodiment above, the insulation
portions 36 are used to isolate the module bottom sur-
faces of the power circuit portions 40 and the control por-
tion 30 from the heat sink 25. However, as is shown in
Fig. 9, insulation can be provided by integrating the sec-
ond waterproof portion 24 and the insulation portions 36
into one unit.
[0063] Because the second waterproof portion 24
serves also as the insulation portions 36, the same mem-
ber can be used, which can in turn reduce the number
of components and man-hours during the fabrication.
[0064] By providing the convex portions 252 to the heat
sink 25 at positions at which the power circuit portions
40 and the control portion 30 are installed, the second
waterproof portion 24 can be thinner, which can in turn
reduce heat resistance.
[0065] A material with satisfactory heat conductivity is
used for the second waterproof portion 24.
[0066] According to the fourth embodiment, because
the second waterproof portion 24 serves also as the in-
sulation portions 36, the number of components can be
reduced and man-hours can be reduced due to enhance-
ment of ease of attachment during the fabrication while
maintaining the waterproof performance.
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Fifth Embodiment

[0067] A fifth embodiment of the invention will be de-
scribed according to Fig. 10. Fig. 10 is a developed per-
spective view showing one phase of a power circuit por-
tion in a rotating electrical machine according to the fifth
embodiment of the invention.
[0068] In the first embodiment above, the heat sink 25
is a single disc-like body. It should be appreciated, how-
ever, that the heat sink 25 may be divided for each of the
power circuit portions 40 and the control portion 30.
[0069] As is shown in Fig. 10, by dividing the heat sink
25, a size of individual modules including the heat sink
25 becomes smaller and a shape variation caused by a
temperature change can be lessened. It thus becomes
possible to reduce heat stress applied to the power circuit
portions 40 and the control portion 30.
[0070] Because the size of the heat sink 25 becomes
smaller than that of the heat sink 25 of a disc shape, the
cost can be reduced due to enhancement of flatness and
enhancement of productivity.
[0071] According to the fifth embodiment, by dividing
the heat sink 25, it becomes possible to reduce the cost
because an amount of variation caused by heat stress
is reduced and productivity is enhanced.
[0072] It should be understood that the respective em-
bodiments of the invention can be combined without any
restriction and the respective embodiments can be mod-
ified or omitted as the need arises within the scope of the
invention.

Industrial Applicability

[0073] The invention is suitable to realize a rotating
electrical machine capable of obtaining a structure which
makes it possible to reduce encapsulation resin while
securing a waterproof structure.

Claims

1. A rotating electrical machine, characterized by
comprising:

a case formed of a front bracket and a rear brack-
et;
a rotor installed inside the case and having a
field winding;
a stator installed inside the case and having a
stator winding;
a control portion including a field circuit portion
used to supply a current to a control circuit and
the field winding;
a power circuit portion controlling a stator current
flowed to the stator winding;
a heat sink installed so as to cool the control
portion and the power circuit portion;
a first waterproof portion providing waterproof-

ing to signal terminals of the power circuit portion
and the field circuit portion;
a second waterproof portion provided with
through-holes from which a part of the control
portion and the power circuit portion is exposed
and providing waterproofing between the control
portion as well as the power circuit portion and
the heat sink; and
insulation portions installed in the through-holes
of the second waterproof portion and isolating
the control portion and the power circuit portion
from the heat sink.

2. The rotating electrical machine according to claim 1,
characterized in that:

the insulation portions are formed of an insulator
having low heat resistance and grease.

3. The rotating electrical machine according to claim 1,
characterized in that:

a clearance is provided between the insulation
portions and the second waterproof portion.

4. The rotating electrical machine according to claim 1,
characterized in that:

the insulation portions and the second water-
proof portion are integrated into one unit.

5. The rotating electrical machine according to claim 1,
characterized in that:

the heat sink is divided for each of the control
portion and the power circuit portion.
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