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ELECTRIC MOTOR 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to an elec 
tric motor, and more. particularly, to an electric motor 
having cooling circuits Which permit How of cooling media 
in the motor housing. 

BACKGROUND OF THE INVENTION 

[0002] A knoWn type of electrical motor device is dis 
closed in Japanese Patent Laid-Open Publication No. 
11-69672 published on Mar. 9, 1999. The disclosed electric 
motor includes a frame. The frame is substantially composed 
of a cylindrical outer frame and a inner frame Which 
supports a stator core and seal mechanism Which is arranged 
at an outer peripheral edge portion. A groove is formed on 
the Whole surface of the inner frame. A cooling path is 
de?ned betWeen the inner surface of the outer frame and the 
outer surface of the inner frame. The leakage of the cooling 
media is prevented by using a seal mechanism. 

[0003] In terms of loW-cost, light Weight and a high heat 
discharge efficiency, the frame is made by using a diecasting 
process. According to the Japanese Publication No. 
11-69672, a high efficiency heat discharge can be obtained, 
hoWever, a complicated cooling path structure is required. 
The complicated cooling path structure causes a relatively 
high manufacturing cost. 

[0004] The object of the present invention is to produce a 
frame for an electric motor Which has a high heat discharge 
efficiency with a loW manufacturing cost. 

SUMMARY OF THE INVENTION 

[0005] To achieve the object of the present invention, an 
electric motor having a heat discharge structure comprises a 
frame having a cylindrical shaped bore Which accommo 
dates an electric coil and a stator core, the frame having a 
diecast block Which having a rectangular shaped cross 
section, the diecast block having a plurality of grooves and 
paths Which alloWs a How of cooling media, the diecast 
block having a plurality of communication paths Which are 
formed along With outer surface of the casting block and 
communicate betWeen the grooves. 

[0006] According to the invention, high heat discharge 
efficiency with loW manufacturing cost can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURES 

[0007] Additional features and characteristics of the 
present invention Will become more apparent from the 
folloWing detailed description considered With reference to 
the accompanying draWing ?gures in Which like elements 
are designated by like reference numerals and Wherein: 

[0008] FIG. 1 shoWs a longitudinal sectional vieW of the 
electric motor according to the invention; 

[0009] FIG. 2 shoWs a cross sectional vieW of the electric 
motor according to the invention. 

[0010] 
cover; 

FIG. 3 shoWs a top vieW Which eXcludes an upper 
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[0011] FIG. 4 shoWs a bottom vieW Which eXcludes a 
loWer cover 

[0012] FIG. 5 shoWs a top vieW Which eXcludes an upper 
cover and cooling media guide members; and 

[0013] FIG. 6 shoWs a bottom vieW Which eXcludes a 
loWer cover and cooling media guide members. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0014] The invention Will be described according to a 
preferred embodiment Which is shoWn in attached draWings. 
FIG. 1 shoWs a longitudinal sectional vieW of the electric 
motor 10 in accordance With the present invention. The 
electric motor is used as a poWer source for a vehicle and is 
formed as a three-phase tWin-salient-pole type sWitched 
reluctance motor. The electric motor 10 has a rotatable shaft 
11, a rotor core 12, a stator core 14 and a frame 15. The rotor 
core 12 is secured on the shaft 11 and rotates altogether. The 
stator core 14 has an electric coil 13 and the frame 15 
supports the stator core 14. 

[0015] The shaft 11, Which has a holloW pillar structure, is 
supported on the frame 15 by using ball bearing members 16 
and 17 at opposite ends of the shaft 11. The rotor core 12 and 
the stator core 14 are formed by stacking up a plurality of 
soft magnetic steel plates. 

[0016] The frame 15 has a block 18 Which is diecast from 
aluminum material. At the one end of the cast block 18 (left 
side end in FIG. 1), a bracket 19 is attached to the cast block 
18 and the bracket 19 supports one end of the shaft 11 by 
Way of the bearing member 16. At the other end of the 
casting block 18 (right side end in FIG. 1), a bracket portion 
20 and a reduction gear case 22 are integrally formed With 
the casting block 18. The bracket portion 22 of the cast block 
18 supports the other end of the shaft 11 by Way of the ball 
bearing member 17. A reduction gear unit 21 is disposed in 
the reduction gear case 22 and the shaft 11 is engaged With 
the reduction gear unit 21. The output from the reduction 
gear unit 21 is transmitted to the Wheels. 

[0017] FIG. 2 shoWs a cross sectional vieW of the electric 
motor 10. As shoWn in FIG. 2, the cross section of the cast 
block 18 is substantially rectangular, hoWever the cast block 
18 has a cylindrical shaped bore 23. The bore 23 is formed 
from a steel tube 24 and the tube 24 is diecast into the block 
18. A regular machined steel tube is used as the tube 24. The 
stator core 14 is disposed in the tube 24 by a press-?tting 
connection. 

[0018] FIG. 3 shoWs a top plan vieW of the electric motor 
10 eXcept for an upper cover 25. FIG. 4 shoWs a bottom plan 
vieW of the electric motor 10 eXcept for a loWer cover 26. 
FIG. 5 is similar to FIG. 3, hoWever FIG. 5 eXcludes 
cooling media guide members 27 and 28 shoWn in FIG. 3. 
FIG. 6 is similar to FIG. 4, hoWever FIG. 6 eXcludes 
cooling media guide members 29, 30, 31, 32, 33 and 34 
shoWn in FIG. 4. The cast block 18 has a plurality of 
grooves 35, 36, 37, 38, 39, 40, 41, 42, and 43. The grooves 
35, 36, 37, 38, 39 and 40 eXtend from an upper plane 66 to 
a loWer plane 67. The grooves 41. 42, and 43 eXtend from 
the loWer plane 67 to the upper plane 66. The grooves 35, 36, 
37, 38, 39, 40, 41, 42, and 43 having substantially triangle 
shape. The grooves 35, 36, 37, 38, 39, 40, 41, 42, and 43 are 
formed When the block 18 is diecast. 
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[0019] The grooves 35 and 41 are connected through a 
communication path 44. The grooves 36 and 42 are con 
nected through a communication path 45. The grooves 37 
and 43 are connected through a communication path 46. The 
grooves 38 and 41 are connected through a communication 
path 47. The grooves 39 and 42 are connected through a 
communication path 48. The grooves 40 and 43 are con 
nected through a communication path 49. These communi 
cation paths 44 to 49 are formed on an outer periphery of the 
tube 24. 

[0020] The grooves 35 and 36 are communicated through 
a groove path 50 Which is formed on the upper plane 66 of 
the casting block 18. The grooves 39 and 40 are communi 
cated through a groove path 51 Which is formed on the upper 
plane 66 of the casting block 18. 

[0021] Cooling media paths 53, 55 are formed on the 
upper plane 66. The cooling media path 53 is connected to 
a cooling media inlet port 52. The cooling media path 55 is 
connected to a cooling media outlet port 54. The inlet and 
outlet ports 52, 54 are connected in a ?uid tight manner to 
the cast block 18. The groove paths 50, 51 and the cooling 
media paths 53, 55 are formed during diecasting process of 
the cast block 18. 

[0022] Aplurality of ?ns 56, 57, 58, 59, 60 and 61 project 
upWardly from the bottom of the grooves 35. 36, 37. 38, 39 
and 40. Similarly, a plurality of ?ns 62, 63 and 64 project 
doWnWardly from the bottom of the grooves 41, 42 and 43. 
The ?ns have a heat exchange function. In this embodiment, 
there are four ?ns in each groove and the ?ns are formed 
along the outer periphery of the tube 24. These ?ns are 
formed during the diecasting process of the block 18. 

[0023] As shoWn in FIGS. 2 and 3, the cooling media 
guide member 27, Which is secured to the upper cover 25, is 
disposed over the grooves 35, 36 and 37. The cooling media 
guide member 28, Which is secured to the upper cover 25, is 
disposed over the grooves 38, 39 and 40. The cross section 
of the cooling media guide member 27 is substantially 
triangle. One plane, that has a cooling media path 65, faces 
toWard the upper cover 25, the other plane faces toWard the 
inner surface of the cast block 18 and another plane, Which 
has an arc-shaped surface 27a, faces toWard the ?ns 56, 57 
and 58. A plurality of media paths are de?ned betWeen the 
cooling media guide member 27 and the ?ns 56, 57 and 58. 
The cross section of the cooling media guide member 28 is 
also substantially triangle. One plane faces toWard the upper 
cover 25, the other plane faces toWard the inner surface of 
the casting block 18 and another plane, Which has an 
arc-shaped surface 28a, faces toWard the ?ns 59, 60 and 61. 
A plurality of media paths are de?ned betWeen the cooling 
media guide member 28 and the ?ns 59, 60 and 61. 

[0024] As clearly shoWn in FIGS. 2 and 3, the cooling 
media path 65 communicates betWeen the media path 53 and 
the groove 37. In this embodiment, the cooling media guide 
members 27, 28 are made of cast aluminum material. 
HoWever, the cooling media guide members 27, 28 can be 
made of resin material instead. 

[0025] As shoWn in FIG. 4, the cooling media guide 
members 29, 30, 31, 32, 33 and 34 are disposed over the 
grooves 41, 42, and 43, respectively. In this embodiment, the 
cooling media guide members 29,. 30, 31, 32, 33 and 34 are 
produced by a mechanical pressing process using steel 
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plates. HoWever, as With the cooling media guide members 
27 and 28, the cooling media guide members 29, 30, 31, 32, 
33 and 34 can be made of resin material instead. The cross 
sections of the cooling media guide members 29, 30, 31, 32, 
33 and 34 are substantially triangle. Arc-shaped surfaces 31a 
and 34a as shoWn in FIG. 2 face toWard the ?ns 62, 63 and 
64. A plurality of media paths are de?ned betWeen the 
cooling media guide members 29, 30, 31, 32, 33 and 34 and 
the ?ns 62, 63 and 64. 

[0026] The upper cover 25 and the loWer cover 26 are 
made of conventional steel plates and these covers 25 and 26 
are secured to the cast block 18 by a plurality of bolts. Some 
electric motor control devices (eg an inverter etc.) are 
disposed on the upper cover 25. 

[0027] Acooling media (eg Water) is supplied to the inlet 
port 52 from a pump (not shoWn). The cooling media ?oWs 
from the inlet port 52 to the outlet port 53 by Way of 53, 65, 
37, 46, 43, 49, 40, 51, 39, 48, 42, 45, 36, 50, 35, 44, 41, 47, 
38, and 55. The cooling media outlet port 54 is connected to 
a reservoir tank. The generated heat from the electric coil 13 
is transmitted to the cast block 18 by Way of the stator core 
14 and the tube 24. The generated heat, that is transmitted to 
the cast block 18, is released to the cooling media Which 
?oWs in the plurality of cooling media paths, grooves, 
groove path, media paths and communication paths. The 
cooling media ?oWs almost over the Whole outer surface of 
the stator core 14 and the ?ns 56 to 64 accelerate heat 
discharge to the cooling media. These cooling media paths 
(53, 55 and 65). grooves (35, 36, 37, 38, 39, 40, 41, 42, and 
43), groove paths (50 and 51), media paths and communi 
cation paths (44, 45, 46, 47, 48, and 49) are formed by a 
diecasting process by using an upper casting mold and a 
loWer casting mold. The diecasting process is useful if the 
reduction case 22 is integrally formed With the cast block 18. 
According to above mentioned present embodiment, the 
upper cover 25, the loWer cover 26 and the cooling media 
guide members 27 to 34 can be manufactured With a 
relatively loW cost. 

[0028] According to the present invention, the cooling 
media paths, grooves, groove paths, media paths and com 
munication paths are formed around the heat source. These 
paths and grooves provide a high heat discharge ef?ciency. 
Further, the cooling media paths, grooves, groove paths, 
media paths and communication paths are formed using the 
diecasting process along With the cast block so as to reduce 
manufacturing costs. 

What is claimed is: 
1. An electric motor having a heat discharge structure on 

a frame comprising; 

a frame Which has a cylindrical shaped bore for accom 
modating an electric coil and a stator core; Wherein 

the frame being comprised of a diecast block having a 
rectangular shaped cross section; 

the diecast block has a plurality of grooves and paths 
Which alloW for the How of a cooling media, and 

the diecast block has a plurality of communication paths 
Which are formed along With an outer surface of the 
diecast block for communicating betWeen the grooves. 
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2. An electric motor as set forth in claim 1, Wherein a 
plurality of grooves Which are arranged in serial are com 
municated With each other by Way of a groove path. 

3. An electric motor as set forth in claim 1, Wherein a 
plurality of cooling media guide members are disposed over 
the grooves and de?ne media paths betWeen the cooling 
media guide members and the diecast block. 

4. An electric motor as set forth in claim 1, Wherein a 
plurality of ?ns are formed at the bottom of the grooves With 
the ?ns surrounding the stator core. 

5. An electric motor as set forth in claim 1, Wherein a 
reduction gear case is integrally formed With the diecast 
block. 

6. An electric motor as set forth in claim 3, Wherein the 
cooling media guide member has an arc-shaped surface 
Which faces the ?ns and de?nes media paths. 

7. An electric motor as set forth in claim 1, Wherein a tube 
is molded into the diecast block to de?ne the cylindrical 
bore. 

Jun. 21, 2001 

8. An electric motor having a heat discharge structure on 
a frame comprising; 

means for controlling a How of cooling media disposed 
over an outer surface of the heat discharging structure; 

the means for controlling a How of cooling media is made 
by a diecasting process or a mechanical press process 
using steel plates. 

9. An electric motor having a heat discharge structure on 
a frame comprising; 

means for controlling a How of cooling media disposed 
over an outer surface of the heat discharging structure; 

the means for controlling a How of cooling media being 
made of a resin material. 


