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FIG. 9 
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FIG. 13 
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PERMANIENT MAGNET TYPE GENERATOR 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application is based on and claims priority 
from Japanese Patent Applications 2004-284276, filed Sep. 
29, 2004, and 2005-184572, filed Jun. 24, 2005, the contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a permanent magnet type 

generator to be mounted on a motorcycle, a beach buggy, a 
Snowmobile or the like and, particularly, a generator that 
includes a rotor having 4n rare-earth permanent magnet poles 
and a stator having 3n teeth, wherein n is a positive integer. 

2. Description of the Related Art 
Recently a permanent magnet type generator is required to 

increase power in a lower speed range without increasing the 
axial size of the generator. However, it has been very difficult 
for a conventional permanent magnet type that includes a 
rotor having 2n rare-earth permanent magnet and a stator 
having 3n teeth. 

JP-A-2003-348784 discloses a generator that includes a 
rotor having 4n rare-earth permanent magnet poles and a 
stator having 3n teeth around which stator coils are wound. 
The stator is comprised of a pair of thick core end plates and 
laminated thin core sheets sandwiched between the core end 
plates. Each core end plate has an upright flange portion at the 
periphery of the stator to face the inside surface of the rotor. 
Because the flange portion holds the stator coil and introduces 
effective magnetic flux of the permanent magnetic poles, the 
end core plate has a thickness sufficient to hold the coils and 
to introduce the magnetic flux. 

Although the disclosed generator aims to meet the above 
stated requirement, the air gap between adjoining permanent 
magnet poles becomes So Small that it suffers a considerable 
amount of eddy current loss on the core end plate because a 
ineffective portion or a leakage of the magnetic flux of the 
permanent magnet poles flows through the upright flange 
portions. Such an amount of the eddy current loss excessively 
heats the stator coils to damage the insulation coatings on the 
coils. 

JP-A-2004-88955 discloses another generator that 
includes a rotor having 4n rare-earth permanent magnet poles 
and a stator having 3n teeth. However, the thick core end 
plates of the stator do not have upright flange portions. There 
fore, it is difficult to hold the same size of the stator coils 
around the teeth. In other words, it is difficult to increase 
electric power in a lower speed range. 

SUMMARY OF THE INVENTION 

Therefore, an object of the invention is to provide an 
improved permanent magnet type generator. 

Another object of the invention is to provide a compact and 
powerful permanent magnet type generator that reduces eddy 
current loss. 
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2 
According to a feature of the present invention, a perma 

nent magnet type generator includes a rotor having 4n (n is a 
positive integer) permanent magnet poles disposed in a cir 
cumferential direction of the rotor to have circumferential gap 
S between adjoining poles and a stator having a stator core 
with 3n teeth and a plurality of coils wound around the teeth. 
The stator core includes a pair of core end plates disposed 
opposite axial ends of the stator core and a laminate core 
disposed between the core end plates. Each core end plate has 
a circumferential width Cat portions opposite the permanent 
magnet poles, and the gap and the width. C has the following 
relationship: S+42C2S-1. 
The above structure is effective to reduce temperature rise 

of the stator core. 
In the above permanent magnet type generator, each core 

end plate preferably has upright flange portion at portions of 
the stator opposite the permanent magnet poles. Preferably, 
the stator core has chamfered corners at portions around 
which the coils are wound. Further, each permanent magnet 
poles may include a rare-earth permanent magnet. The 
upright flange portion may have a rectangular shape. The 
upright flange portion may be integrated with the core end 
plate. The upright flange portions is arranged to make the 
axial length of the stator correspond to an axial length of the 
permanent magnet poles. More preferably, the circumferen 
tial width of the upright flange portions is 3 mm or more. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and characteristics of the present 
invention as well as the functions of related parts of the 
present invention will become clear from a study of the fol 
lowing detailed description, the appended claims and the 
drawings. In the drawings: 

FIG. 1 is a cross-sectional side view of a permanent magnet 
type generator according to a preferred embodiment of the 
invention; 

FIG. 2A is a cross-sectional front view of the permanent 
type generator shown in FIG. 1, and FIG. 2B is an enlarged 
view of portion IIB of FIG. 2A; 

FIG. 3 is a cross-sectional view of a portion of the perma 
nent magnet type generator shown in FIG. 2B cut along line 
III-III: 

FIG. 4 is a perspective view of a portion of a stator core of 
the permanent magnet type generator according to the pre 
ferred embodiment; 

FIG. 5 is a cross-sectional view of a portion of the stator 
core shown in FIG. 4 cut along line V-V: 

FIG. 6 is a perspective view of a portion of a stator coil of 
the permanent magnet type generator according to the pre 
ferred embodiment; 

FIG. 7 is a cross-sectional view of the portion of the stator 
core shown in FIG. 5 covered with an insulation coating: 

FIG. 8A is a cross-sectional schematic front view of a 
portion of a stator of the permanent magnet type generator 
according to the preferred embodiment and FIG. 8B is a 
cross-sectional schematic side view of a portion of the stator; 

FIG.9 is a perspective view of a portion of a modified stator 
core of the permanent magnet type generator according to the 
preferred embodiment; 

FIG. 10 is a perspective view of a portion of another modi 
fied Stator core of the permanent magnet type generator 
according to the preferred embodiment; 

FIG. 11 is a perspective view of a portion of the stator core 
shown in FIG. 10 around which a stator coil is wound; 
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FIG. 12 is a perspective view of a portion of a modified 
stator core of the permanent magnet type generator according 
to the preferred embodiment; 

FIG. 13 is a cross-sectional side view of a modified perma 
nent magnet type generator according to the preferred 
embodiment of the invention; and 

FIG. 14 is a graph showing an output current characteristic 
of the permanent magnet type generator according to the 
preferred embodiment; and 

FIG. 15 is a graph comparing temperature of different core 
end plates. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment according to the present invention 
and some modifications of the preferred embodiment will be 
described with reference to the appended drawings. 
As shown in FIGS. 1 and 2A, a permanent magnet type 

generator includes a rotor 1 to be fixed to a crankshaft of an 
engine, a stator 2 disposed inside the rotor 1 and fixed to an 
engine cover. The rotor has 16 or 4n magnetic poles (n is a 
positive integer, e.g. 4), and the stator has 12 or 3n teeth. 
The rotor 1 is comprised of a hot forged rotary magnetic 

member 11, a nonmagnetic ring spacer 12, 4n rare-earth 
permanent magnets 13, a ring-shaped magnet case 14 and a 
magnet protection ring 15. 
The rotary magnetic member 11 includes a centerboss 11a, 

an end Surface 11c, a cylindrical yoke portion 11e and curled 
end portion 11f. The center boss 11a has a tapered surface so 
that the rotor 1 can be fixed to an engine crankshaft by a bolt 
via the tapered surface 11b. The end surface 11c has a plural 
ity of cooling air windows 11d. 
The ring spacer 12 and the 4n (here, n is 4) permanent 

magnets 13 are disposed on the inside surface of the yoke 
portion lie. The ring-shaped magnet case 14 has 16 (sixteen) 
projections 14a to space apart the permanent magnets 13 one 
from another at equal intervals in the circumferential direc 
tion of the yoke portion 11e. The magnet protection ring 15 is 
made of a stainless steel plate and covers the permanent 
magnets. One end of the protection ring 15 is fixed to the 
rotary magnetic member 11 by the curled end portion 11f. 
The stator 2 is comprised of a stator core 21 and 12 (twelve) 

of coils 24. The stator core 21 has twelve teeth and three 
through holes 21b and is comprised of a laminate core 22 and 
a pair of core end plates 23 each of which is made of an iron 
sheet and is as thick as 1.2 mm. The laminate core 22 is 
comprised of a plurality of thin core sheets each of which is 
made of a soft iron sheet and is as thick as 0.5 mm. The core 
end plates 23 and the core sheets are fixed by a plurality of 
rivets 25. The surface of the stator core 21 is covered with an 
epoxy-resin insulation coating 26, and the coils 24 are respec 
tively wound around the teeth of the stator core 21. The stator 
2 is fixed to an engine cover by a plurality of through bolts 
(not shown) via the through holes 21b. 

Each core end plate 23 has twelve teeth 23b, each of which 
has an axially extending upright flange portion 23c at the 
peripheral surface of the stator core 21 and chamfered corners 
23a1, 23b1 and 23c1 where the coils 24 are in contact there 
with. The laminate core sheet 22 also has chamfered corners 
22a1, 22a11 where the coils 24 are in contact therewith. Each 
of the chamfered corners 23a1, 23b1, 23c1, 22a11 has a 0.2 
mm or more radius, so that the insulation coating is effec 
tively prevented from thinning at the corners as shown in FIG. 
7. Therefore, the coils 24 are not damaged even if portions 24a 
of the coil 24 are pressed against the chamfered corners of the 
stator core 22, as shown in FIG. 6. 
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4 
The upright flange portions 23c on one side of the stator 

core 21 extend in an axial direction opposite to the upright 
flange 23c on the other side so that axial length of the periph 
eral Surface of the stator core can correspond to the axial 
length of the permanent magnets 13. Therefore, the flange 
portions 23c conduct or introduce a sufficient amount of 
effective magnetic flux from the permanent magnets 13 and 
hold coils of a large number of turns (i.e. T), as shown in 
FIGS. 8A and 8B. That is, the generator according to the 
preferred embodiment of the invention can generate much 
more electric power than a generator that has no upright 
flange, as shown in FIG. 14. It should be noted that the 
increase in the electric power of the generator according to the 
preferred embodiment is more significant in the lower speed 
range. 
As shown in FIGS. 2a and 2B, each upright flange portions 

23c has a circumferential width C that is more than 3 mm and 
less than 8 mm if the distance of the circumferential gap S 
between adjacent permanent magnets 13 at their inside Sur 
faces is 4 mm. It was found in a test, as shown in FIG.16, that 
the temperature rise of the upright flange portion 23c can be 
reduced if the circumferential width C of the upright flange 
portion 23c and the minimum distance of the circumferential 
gap S has the following relationship. 

As shown in FIG. 9, the upright flange portion 23c may 
have a different shape, such as a trapezoidal shape. As shown 
in FIG. 10, the tooth width of the core end plate 23 may be 
narrower than the width of the upright flange portion 23c. 
Because it is possible to provide a suitable gap L between 
adjoining coils over a comparatively longer radial length than 
the embodiment shown in FIGS. 4 and 8, the number of the 
coil turns can be increased as shown in FIG. 11, so that the 
output power at a lower speed range can be increased. 
As shown in FIG. 12, the upright flange portion 23c can be 

removed if only a small amount of the output power is nec 
essary. 
As shown in FIG. 13, the stator core 21 may have different 

core end plates 23 from those shown in FIGS. 1 and 2A. That 
is, the portion of the core end plates 23 radially inside the 
portions around which the coils are wound is removed. The 
upright flange portions 23c can be made separately, so that 
they are welded to the teeth of the stator core or the core end 
plates. 

In the foregoing description of the present invention, the 
invention has been disclosed with reference to specific 
embodiments thereof. It will, however, be evident that various 
modifications and changes may be made to the specific 
embodiments of the present invention without departing from 
the scope of the invention as set forth in the appended claims. 
Accordingly, the description of the present invention is to be 
regarded in an illustrative, rather than a restrictive, sense. 

What is claimed is: 
1. A permanent magnet type generator comprising: 
a rotor having 4n permanent magnet poles disposed in a 

circumferential direction of said rotor to have circum 
ferential gap S mm between adjoining poles; and 

a stator including a stator core having 3n teeth, a plurality 
of coils wound around said teeth, said stator core includ 
ing a pair of core end plates disposed opposite axial ends 
of said stator core and a laminate core disposed between 
said core end plates, wherein: 

n is a positive integer, 
each said core end plate has a circumferential width C mm 

at portions opposite said permanent magnet poles; and 
said gap Sand said width C has the following relationship: 
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2. The permanent magnet type generator as claimed in 
claim 1, wherein each said core end plate has upright flange 
portion at portions of said stator opposite said permanent 
magnet poles. 

3. The permanent magnet type generator as claimed in 
claim 1, wherein said stator core has chamfered corners at 
portions around which said coils are wound. 

4. The permanent magnet type generator as claimed in 
claim 1, wherein each said permanent magnet poles com 
prises a rare-earth permanent magnet. 

5. The permanent magnet type generator as claimed in 
claim 2, wherein said upright flange portion has a rectangular 
shape. 

6. The permanent magnet type generator as claimed in 
claim 2, wherein said upright flange portion is integrated with 
said core end plate. 

7. The permanent magnet type generator as claimed in 
claim 2, wherein said upright flange portions make the axial 
length of said stator correspond to an axial length of said 
permanent magnet poles. 

8. The permanent magnet type generator as claimed in 
claim 2, wherein the circumferential width of said upright 
flange portions is 3 mm or more. 

9. The permanent magnet type generator as claimed in 
claim 2, wherein n is 4. 

10. The permanent magnet type generator as claimed in 
claim 2, wherein said stator core has chamfered corners 
whose radius is 0.2 mm or more at portions with which said 
coils are in contact. 

II. A permanent magnet type generator comprising: 
a rotor having 4n permanent magnet poles, wherein n is a 

positive integer, the poles disposed circumferentially 
around the rotor and arranged with a circumferential 
gap of Smm between adjacent poles, and 

a stator including: 
a stator Core having 3n teeth, a plurality of coils wound 

around the teeth, 
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6 
a pair of core endplates disposed at opposite axial ends 
of the stator core, the core end plates having an 
upright flange portion located opposite the perma 
ment magnet poles, and 

a laminate core disposed between the core end plates, 
wherein. 
each core end plate has a circumferential width Cmm 

at portions opposite the permanent magnet poles, 
and 

the circumferential gap S and the circumferential 
width Csatisfi the following relationship. 

12. The permanent magnet type generator as claimed in 
claim I, wherein said stator core has chamfered corners at 
portions around which said coils are wound. 

13. The permanent magnet type generator as claimed in 
claim I, wherein each said permanent magnet poles com 
prises a rare-earth permanent magnet. 

14. The permanent magnet type generator as claimed in 
claim 2, wherein said upright flange portion has a rectangu 
lar shape. 

15. The permanent magnet type generator as claimed in 
claim 2, wherein said upright flangeportion is integrated with 
said Core end plate. 

16. The permanent magnet type generator as claimed in 
claim 2, wherein said upright flange portions make the axial 
length of said stator correspond to an axial length of said 
permanent magnet poles. 

17. The permanent magnet type generator as claimed in 
claim 2, wherein n is 4. 

18. The permanent magnet type generator as claimed in 
claim 2, wherein said stator core has chamfered corners 
whose radius is 0.2 mm or more at portions with which said 
coils are in contact. 
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