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Background Art

Generally known brushiess motors consist of a
permanent magnet rotor which has a plurality of
permanent magnets for a field inserted in a yoke
made by laminating stee! sheets and a stator which
has magnetic poles opposing to the outer periph-
ory of magnetic poles of the above permanent
magnet rotor with a small space therebetween.

Fig. 35 is a sectional view in a diraction inter-
secting at right angles with the rotatable shait of a
brushless motor using a conventional permanent
magnst rotor. In this drawing, a conventional brush-
less motor 51 consists of a stator 52 and a perma-
nent magnet rotor 53; The stator 52 has the perma-
nent magnet rotor 53 rotatably supported therein
and many stator magnetic poles 54 protruded In-
ward. The stator magnetic poles 54 have a coil {not

in the above permanent magnet rotor 53, the
repulsion of the N pales of the- permanent magnets
58 for the field causes the magnetic fluxes to get
out of the magnetic pole faces 60 without the
permanent magnet for the field as shown in the
drawing, 1o pass through the stator, and to enter
“the yoke 57 from the magnetic pole faces 60 with
the permanent magnet for the field. Accordingly,
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netic poles 59 of the permanent magnet rotor 53,
to N pole. The permanent magnet rotor 53 is
rotated by being attracted to the excited stator
magnetic poles 54. Then, the stator magnetic poles

" 54 which are further dispfaced with respect to the

rotated permanent magnet rotor 53 are excited to’
N pole. The permanent magnet rotor 53 is further
rotated by being attracted to the newly excited
stator magnetic poles 54. This procedure is re-
peated to continugusly rotate the permanent mag-
net rotor 53.

The known conventional brushless motor uses
a back slectromotive force generated by the rota-
tion of the permanent magnet rotor 53 to determine
the position of the above permanent magnet rotor.

- Specifically, the rotation ot the permanent magnet

rotor §3 causes the magnetic fluxes of the perma-
nent magnets 58 for the field to cross the colls (not
shown) wound on the magnetic pole faces 55 of
the - stator 52 to generate the back electromotive
force in the coils of the stator 52. The position of

shown) wound thereon. Passing a current through 30  the back electromotive force is detected to detect
the coil excites a prescribed magnetic pole of the - the position of each permanent magnet for a field
stator magnetic poles 54. A magnetic pole face §5 of the permanent magnet rotor 53, and the position
at the end of the stator magnetic poles 54 is of the magnetic poles to be excited on the stator
positioned above a cylindrical face at an equal - side is determined and excited.
distance from the center of a rotatabla shaf\ 56 of 35 . Fig. 36 shows a conventional permanent mag-
the motor. ' net rotor in an exploded state. A conventional per-
-The permanent magnet rotor §3 consists of a manent magnet rotor 53 has a yoke 57 and perma-
yoke 57 made by laminating many steel shests nent magnets 58 for a fisld. The yoke 57 is formed
and & pair of permanent magnets 58 for a field. by laminating a large number of steel sheets B1.
The yoks 57 has four magnetic poles 59 protruded <4  The yoke 57 has magnetic poles 57 formed on the
externally on its outer periphery, and the perma- outer periphery, and at the bases of the magnetic
nent magnets 58 for the field are inserted in every poles 59, slots 62 are respectively formed to insert
other bases of the magnetic poles 59 with N poles the permanent magnets 58 for the field, Further-
. opposed to each other. A magnetic pole face 60 at more, each steel shest 61 is pressed to form
‘the end of each magnetic pole 59 .is formed to 45 caulking sections 63 recessed in the form of a
have a curved shape at an equal distance from the roctangle. The steel sheets 61 are integrally lami-
center of the rotajable shaft 56, and opposed to the nated by mutually press-fitting the caulking sec-
magnetic pole face 55 at an equal distance at tions 63. )
every point on the face of the rotatab!e magnetlc The permanent magnets 58 for the field are
: pole face 60. s0 -~ formed to a size capable of being housed in the -

slots 62. In assembling the permanent magnet rotor
§3, an adhesive is applied to the surfaces of the
permanent magnets 58 for the field, which are then
inserted in the slots 62 with their same magnetic
poles opposed to each other as shown in the
drawing. Arrows Q in the drawing indicate the. di-
rections that the permanent magnets 58 for the
field are inserted. -
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Fig. 35.,is a sectional viewin a direction intersect |11pgsq,t§4ggrg{p13 BEEN PSS
with the rotatable shaft of a brushless notpr usingla Cony Ccma
per manent- magnet rotor. In th| s drawi ng, a*conventi r 51
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56 of thesHdRh P'the drawing by a pneumatic device so as is to provide a permanent magnet rotor which pre-
to be forced into the siots 62. Therefore, a force is vents the permanent magnets for the field from
applied, in centrifugal directions R, to bridges 64 70  being come out due to a refrigerant or pressurizing
connecting the leading end of the magnetic pole fluid, makes positioning of the permanent magnets
and the base of the magnetic pole at both ends of for the field, can be produced easily, and has high
the siot. performance.

~ Fig. 37 shows a permanent magnet rotor in an And, the permanent magnet rotor (see Fig. 37)
exploded state developed by the present applicant. 16  invented by the applicant has an advantage that a
It is shown that engagement pawls 62a are formed force for press-fitting the permianent magnets for
to protrude té engage with a permanent magnet 58 the field is reduced extensively. But, the engage-
for a field on the inner periphery of slots 62 for ment pawls of each steel sheet are gradually bent
inserting the permanent magnet for the field. The in the press-fitting direction when the permanent
permanent magnet 58 for the field can be inserted 20 magnet for the fieid is press-fitted, this bending of
in the slots 62, and has a sectional shape to the engagement pawls is accumulated to heavily
engage with the engagement pawls 62a. ‘bend the engagement pawis at the end in the
With the above permanent magnet rotor, the laminating direction of the yoke, and this bending
permanent magnet 58 for the field is engaged with exceeds a binding force of the caulking sections of
the engagement pawis 62a only and its frictional 25 the steel sheets to partly separate the steel sheets.
resistance is small, allowing to press-fit the perma- Besides, in a conventional permanent magnst rotor,
nent magnet 58 for the field into the yoke 57 by a because of different tolerances of the permanent
small pressing force. And, when the permanent magnet for the feld and the yoke length in the axial
magnet 58 for the field is press-fitted into the yoke direction, the leading end of the permanent magnet
57, the engagement pawis 82a can hold the perma- 30  for the field does not completely engage with the
‘nent ‘magnet 58 for the field to prevent it from engagement pawis of the stee! sheets at the end of
coming out. - the yoke when the permanent magnet for the fieid
" In_the above prior arts, the permanent magnet is shorter -than the yoke, resulting in an unstable
 rotors which apply an adhesive 1o the outer periph- pross-fitted state and sometimes separating the
ery of the permanent magnets for the fieid before - 35  steel sheets due to vibration or the.like.
inserting in the slots of the yoke have disadvan- - Accordingly, another object of this invention is
tages that the adhesive is dissolved with a refriger- to remedy the unsolved problems of the permanent
ant or pressurizing fluid and the permanent mag- magnet rotor invented by the present applicant and
nets for the field come out. ' to provide a parmanent magnet rotor of a brushiess
On the other hand, in the conventional perma- 40  mator in which the permanent magnet for the field
nent magnet rotor which directly forces the perma- can be inserted by a small pressing force and
nent magnets for the field into the siots of the yoke prevented from coming out, and the steel sheets at
without using an adhesive, a large torce is used to the end of the yoke are not separated when press-
press-fit the permanent magnets for the field, and fiting the permanent magnet for the field and us-
this force sometimes breaks the permanent mag- 45 ing, and to provide a method for producing it.
nets for the field, or an inserting force is applied to Furthermore, in the above permanent magnet
the bridges in the centrifugal directions, possibly rotor (see Fig. 37) invented by the applicant, part of
resulting In their breakage. And, the above perma- the magnetic fluxes of the permanent magnet for
nent magnet rotor is required to have a high pro- " the fieid getting out from the N poles passes
cessing precision for fitting the permanent magnets so  through the bridges of the yoke to reach the P
for the field in the siots of the yoke in view of a poles of the permanent magnet for the fieid. The
dimensional tolerance, making it difficuit to produce magnetic fiuxes passing through the bridges do not
the permanent magnet rotor. Besides, the intimate cross the stator of a motor and do not contribute to
contact of the permanent magnets for the fisld with rotate the permanent magnet rotor. Therefore, the
the bridges at both ends of the siots causes the 55  efficiency of the magnetic force of the permanent
magnetic fluxes of the permanent magnets for the magnets for the field is lowered in inverse propor-
field to leak at the bridges and prevent them from tion to the magnetic fluxes of the permanent mag-
passing the outside space of the magnetic poles, * nets for the fleld passing through the bridges. _.
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The, permanent magnet rotor 53 consists of a yoke 57 ‘:ET %Q{:E‘\}l many
steél sheets and a pair of permanent magnets 58 for. {a fle yoke
has four nagnetic poles 59 protruded externBIIy on its outer per.i phery, and
t He: permanent magnets 58 for the field are inserted in every other bases of
~zmagnet i ¢ Poltwsotid hand, thd\repaelionsof dppessed t 0 Sunwhanpdfiterinvestionagnet i ¢ pol e
face 60 at toha arsasiofthe bridgbs ofetepywke caneduee 59 is forned to have a curved
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rafly { % by a punch-out pr 8s8, 1S . charactenzed by that the above permanent magnet
quite difficult to punch out the steel sheets for the " for the field is inserted in slots formed on the
yoke having the bridges with a very small sectional magnetic poles, and the slots are provided with
area. Besides, in the yoke having the bridges with ~ protrusions at both ends to come in contact with
a very small sectional area, the bridges of the yoke 15 the side faces of the permanent magnet for the
are required to have a high mechanical strength . field.
because the magnetic poles and the permanent And, in a brushless motor comprising a stator
magnets for the field suffer from a centrifugal and a rotor rotatably supported within the stator,
bregkage due to the centritugal' force when the - wherein the rotor has a yoke which is formed by
-yoke is rotated at a high speed. And when the 20 laminating many steel sheets, the yoke has an
_bridges have a high mechanical strength, there is a even number of magnetic poles protruded exter-
disadvantage that the utilization efficiency of the nally, and a permanent magnet for a field is in-
permanent magnets for the field is lowered. serted in each magnetic pole or every other mag-

_In view of the above, another object of this . netic poles, this invention is to provide a permanent
invention is, in a permanent magnet rotor of a 25 magnet rotor characterized by that the above per-
brughless motor having permanent magnets for a " manent magnet for the field is inserted in slots
field, to provide a permanent magnet rotor which -~ formed on the magnetic poles, the slots have en-
forms a yoke by a pluraiity of steel sheets lami- . gagement pawis disposed to protrude so as to
nated, and has an optimum bridge width of the engage with the permanent magnet for the field,
yoke among a wictth which can be punched out, 2 -~ 30 = and among the laminated steel sheets of the yoke,
width allowable in view of the number of passing those corresponding to the engagement pawls
magnetic fluxes, and a width allowable in view of a ‘have relisfs for absorbmg a bend of the engage-
mechanical strength by a centrifugal force. -ment pawis.

Besidas, in a conventional permanent magnet . And, in a brushless motor comprising a stator
rotor, the magnetic fluxes of the permanent mag- . 35 and a rotor rotatably supported within the stator,
nets for the field are concentrated on a position wherein the rotor has a yoke which is formed by
deviated in the rotating diréction from the circum- laminating many stee! sheets, the yoke has an
ferential center of the magnetic poles due to the : even number of magnetic poles protruded exter-
relation between the bridge width and the width in nally, and a permanent magnet for a field is in-
a radial direction at the magnetic poles, or the 4  serted in each magnetic pole or every other mag-
relative positional relatuon of the permanent magnet netic poles, this invention is to provide a permanent
rotor and the -stator of the brushiess motor, the magnet rotor characterized by that at least one end
back electromotive force generated by the mag- - of the yoke has a steel sheet deviated in a rotating
netic fluxes is detected earlier than the actual posi- direction.
tion of the permanent magnets for the field, the s - And, In a brushless motor comprising a stator
magnetic.poles of the stator are excited earlier than and a rotor rotatably supported within the stator,
a prescribed timing, and the permanent magnet ' wherein the rotor has a yoke which is formed by
rotor has a failure in its rotation. : ‘laminating many stoel sheets, the yoke has an

In view of the above, another object of the even number of magnetic poles protruded exter-
invention is to provide a permanent magnet rotor 50 nally, and a permanent magnet for a field is in-
which is formed to concentrate the magnetic fluxes serted in each magnetic pole or every other mag-
of a magnet for a field to a prescribed position of a - netic poles, this invention is characterized by that
magnetic pole and can accurately detect the posu- . the above permanent magnet for the field is in-

tion of the magnetic pole. . serted in slots formed on the magnstic poles, and a
. : 8§ bridge width at either end of the slots is deter-

mined, among a width which can be punched out,
— - @& width allowable in view of the number of passing
magnetic fluxes, and a width allowable in view of a
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netic poles, this invention is to provide a permanent
magnet rotor characterized by that each magnetic
pole has at least one connectlng portion or gap for
laminating the steel sheets.

And, in a brushless motor comprising a stator
and a rotor rotatably supported within the stator,
wherein the rotor has a yoke which is formed by
laminating many steel sheets, the yoke has an
even number of magnetic poles protruded exter-
nally, and a permanent magnet for a field is in-
serted in each magnetic pole or every other.mag-
netic poles, this invention is to provide a permanent
magnet rotor characterized by that the above per-
manent magnet for the field is inserted in slots
formed on the magnetic poles, and a bridge width
at either end of the slots is disposed to be smaller

" than a width between the outside of the permanent
magnet for the field and the outsude edge of the
magnetic pole.

And, in a brushless motor compnsmg a stator
and a rotor rotatably supported within the stator,
wherein the rotor has a yoke which is formed by
laminating many ' steel sheets, the yoke has an
even number of magnetic poles protruded exter-
nally, and a permanent magnet for a field is in-
serted in each magnetic pole or every other mag-

- netic poles, this invention is to provide a permanent
magnet rotor characterized by that a width of the
magnetic pole in a radial direction is about 1.5
times of a pole width of the stator.

Furthermore, in a brushless motor comprising a
stator and a rotor rotatably supported within the
‘stator, wherein the rotor has a yoke which is
formed by Iaminating many steel sheets, the yoke
has an even_number of magnetic poles protruded
externally, and a permanent magnet for a field is
inserted in each magnetic pole or every other mag-
netic poles, this invention is to provide a permanent
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magnet rotor characterized by that the front or

back of the outer periphery and in a rotating direc-

tion of the magnetic pole is notched to a ‘cortain _

shape.

Brief Description of the Drawings

Fig. 1 is a perspective view showing the per- ~
manent magnet rotor in an exploded state of this .
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'_ tion.

of this Invenﬁon

Fig. 6 is a sectional view of the end in the
laminated direction of the permanent magnet rotor
of this invention..

_Fig. 7 is a sectional view showing the perma-
nent magnet rotor in a partly enlarged state of this

invention.

Fig. 8 is a view showing the process for punch-

" ing out a steel sheet for the permanent magnet

rotor of this invention.

Fig. 9 is a sectional view showing a punch die
used in this invention.

Fig. 10 is a perspective view showing the per-
manent magnet rotor in an exploded state of this
invention.

Fig. 11 is a sectional view of the permanent
magnet rotor of this invention.

Fig. 12 is a sectional view of the steel sheet of
this invention turned in a rotating direction by m*.

Fig. 13 is a sectional view of the steel sheet of
this invention turned in a rotating direction by m*.

_Fig. 14 is a sectional view of the permanent
magnet rotor of this invention.

Fig. 15 is a sectional view of the permanent
magnet rotor of this invention.

Fig. 18 is a perspective view showing the per-
manent magnet rotor in an exploded state of an-
other embodiment of this invention.

Fig. 17 is a sectional view of the permanent
magnet rotor of another embodiment of this inven-
tion.

Fig. 18 is a perspective view of the permanent
magnet rotor of another embodiment of this inven-

Fig. 19 is a perspective view of the permanent

 magnet rotor of another embodiment of this inven-

tion.

- Fig. 20.is a perspective view of the permanent
magnet rotor in an exploded state of another em-
bodiment of this invention.

" Fig. 21 is a sectional view of the permanent
magnet rotor of another embodiment of this inven-

" tion.

Fig. 22 is a perspective view of the permanent
magnet rotor of another embodiment of this inven-
tion.

Fig. 23 is a sectional view of the permanent
magnet rotor of another embodiment of this inven-.
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rotatiqn.of the permanent nmagnet rotor 53 to detiefgneHtdATEHNPBEENQN of the
aboeve pernanent magnet rotor. Specifically, §he fotat 'R@PLR@EU he par manent
maghet rotor 53 causes the magnetic fluxes of the perrahent ||ug|IULS 58 for
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magnet rotor of another embodiment of this inven- both ends of the slots formed a plurality of prot-
tion. uberances 9, 9 in the shape of a triangle.

- Fig. 26 is a sectional view of the permanent The permanent magnets 3, 3 for the field are
magnet rotor of another embodiment of this inven~- 10 formed into a hexahedron having a rectangular
tion. - cross section, and respectively inserted into the

Fig. 27 is a fromt view of the yoke of the slots 6, 8 in the directions P shown in the drawing
parmanent magnet rotor of this invention. . s0 that the faces having the magnetism of S pole
Fig. 28 is a sectional view of the yoke of the are faced to the hole 7.
permanent magnet rotor of this invention. 15 Fig. 2 is a sectional view of a permanent mag-
Fig. 29 is a computer-anaiyzed diagram show-. net rotor, showing a cross section in a direction
ing the flow of magnetic fluxes on a.cross section - intersecting at right angles to the rotatable shaft of
intersecting at right angles to the rotatable shaft of the yoke 2. The slots 8, 6 are bases of the mag-
the permanent magnet rotor of a three-phase, four- netic poles 5a, 5¢c of the yoke 2 and disposed at
pole motor of this invention with the rotor rotating 20  substantially equal distance from the rotatable
satisfactorily. shaft. The permanent magnets 3, 3 for the field are
Fig. 30 is a computer-analyzed diagram show- disposed with their faces having the magnetism of
ing the flow of magnetic fluxes on a cross section N pole opposed to each other, and the magnetic
intersacting at right angles to the rotatable shaft of- fluxes get out of the magnetic poles 5a, 5¢ of the
the parmanent magnet rétor of a three-phase, four- 25 yoke 2 by the repulsion of the magnetic poles and
pole motor of this invention with the rotor rotating. reach the magnetic poles §b, 5d as shown in the
Fig. 31 is a computer-analyzed diagram show- drawing. As a result, the magnetic poles 5a, 5¢
ing the flow of magnetic fluxes on a cross section show the magnetism of S pole, and the magnetic
intersecting at right angles to the rotatable shaft of poles 5b, 5d show the magnetism of N pole. Thus,
the permanent magnet rotor of a three-phase, four- 30  the outer periphery of the yoke 2 has four magnetic
pole motor of this invention with the rotor rotating. poles which have N and S poles alternately.
Fig. 32 is a graph showing a gap magnetic flux Furthermore, either end of the siot 6 has a
density. ' bridge 10 to connect the base and the leading end
Fig. 33 is a graph showing a gap magnetic flux "~ of the magnetic pole §, and there is a space
density. 35  between the bridge 10 and the permanent magnets
Fig. 34 is a diagram showing a relation be- 3, 3 for the field, so that the magnetic fluxes from .
tween the permanent magnet rotor and the stator. the N pole side of the permanent magnets for the
Fig. 35 is a sectional view showing a conven- field pass through the bridges 10 to reach the S
L tional permanent magnet rotor and stator. pole side of the permanent magnets for the field,
Fig. 36 is a perspective view showing a con- 40 but the magnetic fluxes passing through the brid-
ventional magnet rotor in an exploded state. ges 10 are reduced because of a large distance
Fig. 37 is a perspective view showing a con- from the permanent magnets for the field.
ventional magnet rotor in an exploded state. : As shown in the drawing, the permanent mag-
' nets 3, 3 for the field have their surfaces partly
Best Mode for Carrying Out the Invention 45 engaged with one side of the protuberances 9
- ’ when press-fitted, and the protuberances 9 suffer
Fig. 1-shows the permanent magnet rotor in an from deflection or plastic deformation in the centri-
exploded state of this invention. A permanent mag- fugal directions R due to a dimensional difference
net rotor 1 has a column yoke 2 and a pair of plate of the magnets and are held within the slots 6, 6.
permanent magnets 3, 3 for a fleld. The yoke 2is 50 The protuberances 9 prevent the permanent mag-
formed by laminating a large number of steel _nets 3, 3 for the field from contacting to the bridges
sheets 4, 4 into one body. The yoke 2 has four 10 and the inner periphery of the slots 6, 6 on the
magnetic poles 5 (5a, b, 5¢ and 5d) protruding side of the rotatable shaft. Therefore, the friction
outward radially formed on the outer periphery. due to the contact between the permanent magnets
Among these magnetic poles, the two magnetic =~ s6 3, 3 for the field and the siots 6, 6 is smail, and the
poles 5a, 5¢ opposing to each other have at their permanent magnets for the field can be inserted by
bases a pair of slots 6, B for inserting the perma- a small force and positioned. As shown in the
nent magnet 3 for the field. Furthermore, at the - drawing, when press-fitted, the outer periphery of
i iTIilc )




Fig. 36,shows a conventional permanent nagnet rof dHI$ SHERT &ASI BRRM) state. A
con\LentlonaI per manent magnet rotor 53 hasg} yokeé 57 am:':PL;#éJEBanent magnet s

58 for -a field. ~The yoke 57 is forned by I nat itrg—ertarge nunber of steel
sheets 61, The yoke 57 has nagnetlc o es 57 formed on the outer perlphery,
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shown i n fluldoeddusd\thd @ahebivd @S nddissolve in the disposed to protrude from the inner periphery of
refrigerant or pressurizing fluid. Besides, the per- the siots 6 so as to engage with the permanent
‘manent magnets for the field can be fixed regard- magnet 3 for the field. On the other hand, the
less of the processing precision of the permanent several number of the steel sheets 4a at either end
magnets for the field. ' 15 in the laminated direction of the yoke 2 have reliefs
Fig. 3 shows the yoke of another embodiment 13 disposed to absorb a bend of the engagement
of the permanent magnet rotor of this invention. pawis 12 on the inner periphery of the siots 6
In this embodiment, protuberances 8 of the corrasponding to the engagement pawis 12 of the
steel sheet 4 has a horn shape to engage with the steel sheets 4b at the middle.
permanent magnet for the field (not shown) and 2 20 Fig. § shows a sectional view at the middie of
notch 11 disposed on one side of the bottom of the the yoke 2 having the permanent magnets 3 for the
horn shape of the protuberances 9. The protuber- field inserted. In the steel sheets 4b at the middle
ances 9 are connected to the inner edge of the in the laminated direction of the yoke 2, the en-
steol sheet 4 forming the slot § via the notch 11. gagement pawls 12 engage with the permanent
To engage with the permanent magnet for the field, 25 magnets 3 for the field to reduce a press-fitting
the protuberances 9 must be inclined fo a pre- resistance of the permanent magnets 3 for the field
scribed level. When the protuberances 9 are ex- and prevent them from coming out.
cessively large, the magnetic flux of the permanent Fig. 6 shows a sectional .view of the end por-
magnet for the field leaks at the protuberances 9, . fion in the press-fitting direction of the yoke 2
resulting in increasing the lsaked magnetic fluxes. 30  having the permanent magnets 3 for the field in-
And, when the protuberances 9 are not incClined to . serted. The leading end of the permanent magnet
the prescribad level, the protuberances 8 are de- 3 for the field which is first press-fitted has the
formed by press-fitting the permanent magnet for inclined faces to reduce its sectional area, and the
the field. Positioning of the notch 11 on the side of stesl sheeots 4a at the ends of the yoke 2 in the
the permanent magnet for the field of the prot- 35 press-itting direction have only the reliefs 13 on
uberances 9 secures an appropriate inclination of the inner periphery of the slot 8, so that the leading
the protuberances 9, its appropriate deflection re- - end of the permanent magnet for the field is not in
duces a force for inserting the permanent magnet contact with the inner periphery of the slot & of the
for the field and eliminates the necessity of cham- steel sheets 4a as shown in Fig. 6.
fering the horn part of the permanent magnet for 4 The operation of the permanent magnet rotor
the fieid required in press-fitting the permanent of the second embodiment will be described based
magnet for the field. in other words, the permanent on the above structure with reference to Fig. 7.
magnet for the field can be inserted in the slots Fig. 7 shows the yoke 2 with its part expanded,
easily. Furthermore, either side of the slot has the ~ ilustrating the laminated state of the steel sheets
bridge 10 to connect the base and the leadingend 45  4b at the middle part and the steel sheet 4a at the
of the magnetic pole, and there is a space between end in the laminated direction, and the engaged
" the bridge 10 and the permanent magnets for the state of the steel sheets 4a, 4b. and the permanent
field, so that a base 10a of the bridge 10 can be magnet 3 for the field.
made thick, resulting in increasing a strength of the Fig. 7 shows that the permanent magnet 3 for
bridge 10, and in the production, breakage of the so0  the fieid is slightly engaged with the engagement
bridge 10 is reduced as much as possible. In pawis 12 of the steel sheets 4b at the middie of the
addition, the space provided reduces the leaked yoke 2, so that the permanent magnet 3 for the
magnetic fluxes of the bridge 10 due to the perma- - field can be press-fitted in the yoke 2 by a small
nent magnets for the field and the heat generation pressing force with a small frictional resistance at
due to the core loss at the bridge 10 can be cooled &5  the leading end of the engagement pawls 12. It is
because the base 10a has a large area. experimentally known that when the permanent
The above protuberances 9 engaging with the magnet for the field is being press-fitted, the en-

permanent magnets for the field have been de- gagement pawis 12 of each steel sheet 4b is

This Sheet Has Been R laced

R




in the deawi ng indicate the directions that the perrmefggtsHERYNEASBEEN ] or
the field are inserted. On the other hand, f?' t he der mangpp; et rotor
53, Whi ch cannot use an adhesive because of s appl it the

perrranent magnets 58 for the field are fornmed so as to be fitted in the

sl bts 62 wigtadeally beatdw thecpressiittingagdirectifo dug denbl e Ardseribed position e maigmolt 15 of the punch
53, the perieasnspgemenypnst fictios vithrthe Rermpneat d ar edigyig Hrowght downt t @unth PetdhroughheCsteel
'shown in t eoest é’v\ﬂ"h%‘ 'B'y'd-aa"ﬁrféﬂjh!{'ﬂﬁ of the\ance so HWestmateridl 14 gnctocpnienthe female mold 16

slots 62. PRISMen Yated greiat | n cefitheipuagllie. dhysethe slagl shart matgrial 14

bri dges 64 "@o‘w é?f:'f‘? ¥ t"’h‘é-’ shawnin Fig- &e sl ¢ he @&m@&uﬁa@@%%%@eww 15
t he nmagnet | g‘ g‘P 0 {Mthe A qiragtiog oby 8 punch die

this embodiment has the reliefs 13 - As shown in Fig. 9, the male mold 15 of the

posmonaﬂy matchmg the engagement pawls 12 punch die of this embodiment has different-shaped

formed on the inner periphery of the slot 6 to bottom and top ends, a lower part 15a has a shape:

absorb the bends of the engagement pawls 12, 10  to punch out the slots 6 and the engagement pawls

resulting in preventing the stee! sheet 4a from 12, and an upper part 15b which is above the part

separating. And, by inserting the permanent mag- 16a has a shape to punch cut the reliefs 13. Thus,

net 3 for the field, the engagement pawls 12 and when a driving depth is in a range to the part 15a,

the permanent magnet 3 for the field are mutually the siots 8 having the engagement pawls 12 can be

engaged, enabling to prevent the permanent mag- 15 punched out and, when the driving depth reaches

net 3 for the field from coming out. the part 15b, the slots 6 having the reliefs 13 can

According to this embodiment, the steel sheets be punched out. '
4a having the reliefs 13 are laminated at the ends The production method of this embodnment
of the yoke 2 to make the permanent magnet 3 for first punches out a prescribed number of the steel
the field always longer than those having the en- 20 sheets 4a for one end of the yoke 2 at a driving
gagement pawis 12 of the yoke 2, so.that all depth in a range using the part 15b and laminates
engagement pawls 12 are completely engaged with - them, punches out the steel sheets 4b for the
the permanent magnet 3 for the field to provide a middle of the yoke 2 at a driving depth in a range
stable press-fitted state. Thus, the disadvantages of using the part 15a and laminates them, and
a conventional permanent magnet rotor in which 25 punches out a prest_:i'ibed number of the steel
some engagement pawls at the ends of the yoke sheets 4a for the other ‘end of the yoke 2 at a
do not engage with the permanent magnet for the driving depth in a range using the part 15b and
field, falling in an unstable press-fitted state and - laminates them to complete the production of the
causing the separation of the steel sheets by vibra- yoke 2.
tion or the like can be remedied. 30 According to the above production method, the

A method for easily producing the permanent yoke 2 which has the stee! sheets 4a having the
magnet rotor of this embodiment will be described reliefs 13 at the ends and the yoke 2 which has the

- with reference to Fig. 8 and Fig. 9. . stesl sheets 4b having the engagement pawlis 12 at

Fig. 8 shows one process for punching out the the middie can be continuously produced by the
steel sheets to be laminated {o form the yoke from 35 same production device, the production device can
a bolt steel sheet. As shown in Fig. 8, the steel be simplified, and work efficiency can be improved
sheets 4a, 4b of this embodiment are punched out extensively.
by sending a beit steel- sheet material 14 through a But, it is obvious that this invention is not
punch die in the direction P at a prescribed pitch. limited to the above but can also be applied to a
Punch-out position A punches out the siots 6 hav- 4  permanent magnet rotor in which the permanent
ing the engagement pawls 12 or the slots 6 having magnets for the field are inserted into the yoke
the reliefs 13, punch-out position B punches out formed of the steel sheets having a prescribed
the rotatable shaft hole 7, and punch-out position C “shape.
punches out an outward form-of the stesl sheet 4a in the above description about the production
or 4b to be laminated and laminates at.the same 45 . method, three punch dies are used to successively
time. The steel sheet punch-out process of this punch out one steel sheet, but it is to be under-
embodimént uses a punch die which punches out stood that one punch die may be used to punch
the slots 6 with dufferent shapes according to a out steel sheets with different shapes in the driving
driving depth. depth.

Fig. 9 shows the punch die which punches out  s0 As described above, the yoke of the permanent
the slots with different shapes according to a driv- magnet rotor according to the second embodiment
ing depth. The punch die consists of a male mold disposes the steel sheets having the engagement
15 and a female mold 18, the male mold 15 of the pawis for reducing a resistance at press-fitting of
punch die is supported to be vertically movable the permanent magnets for the field and preventing
above the steel sheet material 14, and the female 55 them from coming out at the middle in the lami-
mold 168 of the punch die is fixed below the steel nated direction, and disposes the stee! sheets hav-
sheet material 14, After the steel sheet material 14 ing the reliefs to absorb the bend of the engage-
is sent at a prescribed pitch and stopped at a ment pawls at press-fitting of the permanent mag-
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the part having the engagement pawis of the yoke, 10 And, a gap 9a is close to the caulking section
so that all engagement pawis engage. with the 8a so as to be able to be press-fitted with the
permanent magnets for the field to provide a stable - caulking sections 8a, 8b, 8¢ and 8d, and a gap 9b
press-fitted state, and the possibility of the steel is close to the caulking section 8d so as to be able
sheets from. being separated by vibration can be to be press-fitted with the caulking sections 8a, 8b,
reduced. 15 8¢ and 8d. An interval T (an angle with respect to
And, the method for producing the permanent the rotatable shaft) between the gap 9a and the
magnet rotor of this embodiment has the punch die caulking section Bais settobe T=p xm - 360°* {p
which can punch out the stesl sheets with different x m > 360°), and an interval q (an angle with
shapes according to a driving depth, and can vary rospect to the rotatable shaft) between the gap 9b
only the driving depth to continuously produce the 20  and the caulking section 8d is set to be q=360°-p
yoke having the steel sheets having the reliefs at xm (px m> 360°). And, the caulking sections 8a,
the ends and the steel sheets having the engage- 8b, 8¢ and 8d and the gaps 8'a, 8'b are on the
ment pawis at the middle by the same production same circumference with respect to the rotatable
device, so that the production device can be sim- shaft. .
plified, and the work efficiency can be improved 25 Fig. 12 shows a sectional view (steel sheet 4")
extensively. . . of the steel shoet 4 deviated in a rotating direction
Fig. 10 shows the permanent magnet rotor in by m*. Caulking sections 18a, 18b, 18¢c and 18d of
an exploded state of a third embodiment. A perma-- the steel sheet 4" correspond to the caulking sec-
nent magnet rotor 1-has two pairs of plate perma- - tions 8a, 8b, 8¢ and 8d which are not deviated, and
nent magnets 3, 3 in this case. The yoke 2 is 3 gaps 18'a, 18'b correspond to the gaps 8'a, 8'b
formed by punching out many steel sheets 4 by a which are not deviated.
die and laminating in the same way as in the above Fig. 13 shows a sectional view (steel sheet 4')
embodiment. One end of the yoke 2 is made of a of the steel sheet 4 deviated in a rotating direction
steel sheet 4’ by having the steel shest 4 deviated by m* and all caulking sections 8a, 8b, 8¢ and 8d
in a rotating direction. The steel sheets 4 have 3s pulled out to leave gaps. Gaps 19a, 19b, 19¢ and
caulking sections 8 which are formed by denting 19d of the steel sheet 4’ comespond to the caulking
the steel sheets in part, and the caulking sections 8 sections 8a, 8b, 8c and 8d which are not deviated,
are mutually press-fitted to be laminated into one and the gaps 18'a, 19'b correspond to the gaps
body. The permanent magnets 3, 3 for the field are 8'a, 8'b which are not deviated. The gaps 19a, 19b,
moved in the direction R shown in the drawing to <«  19¢c and 19d, when a die is lowered deeper to
be respectwely inserted into the slots 8, 6d. Then a press the steel sheets, provide completely hollow
steel sheet 4" deviated in a rotating direction with caulking sections, and when lowered shallow, pro-
the hole 7 as the center is mtegrally press-fitted by vide caulkings.
the caulking sections 8. Fig. 14 shows that the steel sheet 4 is caulked
Fig. 11 shows a sectional view of the steel 45 to the steel sheet 4" from above. The caulking
sheet 4. The slots 6, 6 are bases of the magnetic ' sections 20d, 20a, 20b and 20c of the steel sheset
poles 5a, Sh. 5¢ and 5d of the steel sheet 4 and 4" are placed on the gap 8'a and the caulking
disposed at substantially equal distance from the sections 8b, 8¢ and 8d of the steel sheet 4. And, .
rotatable shaft of the yoke. The permanent mag- the steel sheet 4" can be turned in the opposite
nets 3, 3 for the field are respectively inserted in 50  direction to place the caulking sections 20b, 20c,
the siots 8, 6. The permanent magnets 3, 3 for the 20d and 20a of the steel sheet 4" on the caulking
field are disposed so that the outer periphery of the sections 8a, 8b and 8c and the gap 8'b.
yoke 2 has the magnetisms of N and S poles The gap 8'b of the steel sheet 4 is required to
alternately. Furthermore, the steel sheet 4 has be put on the above steel sheet by turning in the
caulking sections 8a, 8b, 8c and 8d inside of the & opposite direction and eliminates directionality in
permanent magnets for the field to mutually press- laminating the steel sheets. In addition, when the
fit tho steel sheets, and the caulking sections 8a, steel sheet 4" is stacked, the permanent magnets
8b, 8¢ and 8d are mutually press-fitted for faminat- 3, 3 for the field have the slots 6", 8" of the steel
T
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Besi des, t magnets 3, 3 for the field and the rotor is used in a manent magnet rotor. in this embodiment, the steel
refrigerant or pressurizing fluid, the dissolution of sheet has caulking sections 23a, 23b, 23¢ and 23d
the adhesive in the refrigerant or pressurizing fiuid and ovai gaps 24a, 24b, 24c and 24d capable of
does not cause the permanent magnets 3,3forthe 15 press-fiting the caulking sections 23a, 23b, 23c
field to come out by virtue of the steel shest 4". and 23d by turning the steel sheet, and is lami-
Besides, the permanent magnets for the field can - nated by mutually press-fitting the caulking sec-
be fixed regardiess of the processing precision of tions 23a, 23b, 23c and 23d. The caulking sections
the permanent magnets for the field. 23a, 23¢ and the gaps 24b, 24d are on the same

Fig. 15 shows that the steel sheet 4 is caulked 20 circumference, and the caulking sections 23b, 23d
to a steel shéet 4' from above. In the drawing, the and the gaps 24a, 24c are on a circumference
cautking sections 8a, 8b, 8¢ and 8d of the steel different from the above circumference, so that the
sheet 4 are placed on gaps 19a, 19b, 18¢ and 19'b gap area can be made long on the circumference,
of the steel sheet 4'. The stacking of the steel thus forming an oval shape in Fig. 18, Forming the
sheet 4 can result in the same effect as in Fig. 14. 25 gaps to an oval shape further enables to rotate at a

Fig. 18 shows an exploded view of the perma- desired very small angle. Furthermore, the caui-
nent magnet rotor according to another embodi- kings and the gaps are point symmetrical with
ment of the permanent magnet rotor. A yoke 2 is respect to the rotatable center and the steel sheets
divided into two, steel sheets 4 are caulked to sach are well balanced at a high-speed rotation. In addi-
steel sheet 4’ from above, and these yokes 2 are 320  tion, the position of the gaps and the caulkings on
moved in directions R to insert the permanent - _  a plurality of circumferences enables to form the
magnets 3, 3 for the field. Positioning of the mag- gaps into a desired shape, thus allowing to reduce
netic poles of each yoke 2 is determined by the a weight of the yoke itself. The above caulkings are
permanent magnets 3, 3 for the field and, in this round, but not limited to it. They may be a rectan-
case, the positioning can be made easily because. 35 gular V-shaped caulking for example. The yoke is
plate permanent magnets for the field are used. not limited to the laminated steel sheets, but can
Since the permansent magnets for the field have a be made of one solid metal.
deviated steel sheet and slot at either end of the Fig. 19 shows another embodiment of the per-
yokes, they do not come out by being prevented manent magnet rotor. In this embodiment, a yoke 2
by them. And the same effect can be obtained 40 has a twist at a very small angle formed by a
when the slots of the end steel sheet of the yokes "deviation of the pitch between the caulkings with
have a different shape. ' . . the rotatable shaft 7a as the center, and the slots 6,

Fig. 17 shows a sectional view of the steel . 8 of the permanent magnet rotor 1 are aiso de-
‘sheet according to another embodiment of the per- viated by a very small angle within the psrmanent
manent magnet rotor. Slots 6, 6 are disposed in 5  magnet rotor 1, making it possible to fix the perma-
bases of magnetic poles Sa, 5b, 5¢c and 5d of a nent magnets for the field: and at the magnetic
steel sheet 4 at substantially equal distance from poles, the highest back electromotive force is al-
the rotatable shaft of the yoke. A permanent mag- ways generated at the circumferentiai center of
net for a field is inserted in these slots 6, 6. each rotating magnetic pole face, thus allowing to
Furthermore, the steel sheet 4 has caulking sec- 50 hold tile-shaped permanent magnets 3, 3 in the
tions 21a, 21b, 21¢c and 21d formed ingide of the _ slots 6, 8.
permanent magnets for the field to mutually press- ' Fig. 20 shows an exploded view of the perma-
fit the steel sheets and gaps 22a, 22b, 22¢ and 22d nent magnet rotor according to another embodi-
capable of press-fitting the caulking sections 21a, ment. A permanent magnet rotor 1 forms a yoke 2
21b, 21¢ and 21d even when the steel sheets are 55 by laminating a large number of steel sheets 4 into
turned, and by turning the above caulking sections one body by the same way as above, the steel
21a, 21b, 21¢ and 21d by m*, the caulking sec- sheets 4 have caulking sections 8 formed by den-
tions 21a, 21b, 21¢ and 21d are fitted in the gaps ting them partly, and the caulking sections 8 are
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permanent magnets 3, 3 for the field to integ-
raliy press-fit by the caulking sections 8 (see Fig.
21). The structure as described above aliows to
caulk the gaps in the yoke through a positioning
pin in a rotating direction when caulking the stes)
sheets, preventing the permanent magnets for the
field from coming out axially, and after shrinkage
fitting of the yoke to the rotatable shaft, the perma-

nent magnets for the field can be inserted, then the .

iron sheet 25 can be caulked last. Besides, even
when an adhesive is used to fix the permanent
magnets for the field and the rotor is used in a
refrigerant or pressurizing fiuid, the dissolution of

even when used in.a refrigerant or pressurizing
fluid, and the permanent magnet rotor which can
be easily produced and assembled can be ob-

10
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plate permanent magnets 3, 3 in this case. The
yoke 2 is formed by punching out a large number
of stee! sheets 4 by a die and laminating. The steel
sheets 4 have caulking sections 8 which are
formed by partly denting the steel sheets, and are
laminated into one body by mutually press-fitting
the caulking sections 8. And, in this embodiment,
bridges 10, 10 are produced to have a width of
0.35mm.

in Fig. 23, the magnetic fluxes passing through
the bridges 10 do not cross the stator of a motor
because they do not pass the outer space of the
yoke 23. Therefore, a force for rotating the perma-

the adhesive in the refrigerant or pressurizing fluid 20  nent magnet rotor is not produced. The reduction

does not cause the permanent magnets for the of the magnetic fluxes passing through the bridges

field to come out from the slots by virtue of the 10 can use the magnetic force of the permanent.

steel sheet 25. And, the permanent magnets for the magnet 3 for the field more effectively.

field can be fixed regardiess of the processing The magnetic fluxes ¢ passing through the

precision of the permanent magnets for the field. . 26 bridges 10 are calcuiated from the following for-
Thus, the permanent magnet rotor of the third mula. Assuming that the sectional area of the brid-

embodiment has the deviated steel shest having ges 10 is S and the magnetic flux density of the

the. same shape with the steel sheets of the yoke steel sheet 4 is B, the foilowing formula is estab-

by a pitch of the caulking at least at one end of the lished. .

slots for inserting the permanent magnet for the a0

field to enable to axially fix the permanent magnet ¢ =BxS

for the field, and can set the deviated degree of the

steel sheets by a pitch of the caulking; this de- It is obvious from the above formula that the mag-

viation can be set to a very small angle and pre- netic fluxes passing through the bridges 10 can be

vents the magnetic fluxes at the end face of the 35 reduced by making the sectional area S of the

permanent magnet for the field from leaking. And, bridges 10 smaller. On the other hand, a centrifugal

since the steel sheet at one end is deviated, it has breakage applied to the bridges is calculated from

an effect of preventing the steel sheets from falling the following formula. Assuming that the centrifugal

in the axial direction. Furthermore, the gaps in the force is F and the yielding point of the steel sheet

stee! sheets make it easy to press-fit and position 40 is D, the following formula is established.

the caulkings of the steel sheets. Since the gaps

can be formed to a desired shape, the yoke itself FiS<D

can be made lightweighted, and the caulkings and :

the gaps are point symmetrical with respect to the And, the sectional area S is calculated from the

rotatable shaft, thus making the yoke well bal- «5 following formula. In Fig. 22, assuming that the

anced. After shrinkage fitting of the yoke to the bridge width is M, the steel sheet thickness is T,

rotatable shaft, the permanent magnets for the field and the yoke thickness is N, the following formula

can be inserted easily, and after inserting, another-  is established.

shaped iron sheet can be easily fixed by caulking

- with reference to the gap. In addition, since high s0  S=MxTx(N/T)x2

processing precision is not required thanks to the ' )

positional matching of the siots and the permanent it is obvious from the above formula that when the

magnets for the field, the permanent magnet rotor yoke length is fixed, the allowable width M can be

can be produced easily. And, the permanent mag- increased according to the mechanical strength of

nets for the field can be prevented from coming out 55  the bridges 10. in the above formula, (N/T) is the

number of steel sheets 4, and (x2) means that one
magnetic pole has two bridges 10. -
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magnet's for the field, can be produced eas'il , and
And, the permanent magnet rotor (see Fig 731 i nve
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sheet s at of being punched out by a die and point b with a when the width capable of being punched out and
width of an allowable magnetic flux density, and the width allowed from the mechanical strength due
shows that the magnetic flux density is gradually to the centrifugal force are equal to or larger than
lowered with a width larger than the width of the 15 the width allowed in view of the magnetic flux
point b, density, it is determined to be a larger one or more
The width capable of being punched out by a between the width capable of being punched out
die of the point a depends on the stesl sheet and the width allowed from the mechanical strength
thickness, and the thickness is 0.1mm, 0.35mm or due to the centrifugal force.
0.5mm. And the relation of the bridge width ca- 20 Fig. 25 shows a perspective view of the perma-
pable of being produced by a die is expressed as ~ nent magnet rotor of a fifth embodiment, and Fig. -
M/T21. For example, when the steel sheet thick- 26 shows a cross section intersecting at right an-
ness is 0.35mm and the bridge width is 0.35mm or . gles to the rotatable shaft of the permanent magnet
more, the production can be made easily. But, the rotor. The permanent magnet rotor 1 has a pair of
bridge width is influenced by a width allowed from 25 plate permanent magnets 3, 3 in this case. The
the mechanical strength due to the centrifugal yoke 2 is formed by punching out a large number
force. Therefore, when the width aliowed from the of steel sheets 4 by a die and laminating. In this
mechanical strength due to the centrifugal force is embodiment, the steel sheets 4 have caulking sec-
within the width capable of being produced by a tions 8, which are formed by partly denting the
die, highly efficient performance with a less loss of 3¢  steel sheets; disposed on each magnetic pole. The
the magnetic fluxes of the permanent magnets for caulking sections 8 are formed by partly denting
the field and the minimum width capable of being the steel sheet by pressing by means of a die.
produced by a die can be obtained by determining Therefore, each magnetic pole has gaps formed by
to either of the width capable of being produced by the dented portions of the caulking sections 8. .
a die or the width allowed from the magnetic flux 35 . In Fig. 26, arrows in the drawing show the flow
density. : of magnetic fluxes between sach magnetic pole
-And, when the width allowed from the méchani- and stator magnetic poles. The stator 26 has a
cal strength due to the centrifugal force is between permanent magnet rotor 3 therein, and stator mag-
the width capable of being produced by a die and netic poles 27 are excited by coils not shown. Siots
the width allowed from the magnetic flux density, 40 6, 6 are in the bases of magnetic poles 5a, 5¢ of a
by determining to either of the width allowed from yoke 2 and positioned at an equal distance from
the mechanical strength due to the centrifugal force the rotatable shaft of the yoke 2. As described
or the width allowed from the magnetic flux den- above, the permanent magnets 3, 3 for the field are
sity, highly efficient performance with a less loss of . inserted in these slots 8, 6 with the faces having
the magnetic fluxes of the permanent magnets for «5 the magnetism of N pole opposed to each other,
the field and capable of punching out quickly by a and the magnetic fluxes get out of the magnetic
die can be-realized. poles 5a, 5¢ of the yoke 2 due to the repulsion of
And, when the width aliowad from the mechani- the magnetic poles as shown and reach the mag-
cal strength due to the centrifugal force is equal to netic poles Sb, 5d. As a resuit, the magnetic poles
or greater than the width allowed from the mag- 50 ' 5§a, 5¢ bear the magnetism of S pole, and the
netic flux density, the width allowed from the me- magnetic poles 5b, 5d the magnetism of N pole.
chanical strength due to the centrifugal force is And, the outer periphery of the yoke 2 has the four
selected. In this case, it is advantageous- that the. magnetic poles alternately having N and S poles.
production is easy by virtue of rigidity against the The yoke 2 has on each magnetic pole a
punching out by the die and the production cost is 55  caulking section 8 for laminating steel shests, and
lowered because the steel sheet material can be a the flow of the magnetic fluxes of each magnetic
low-saturated steel sheet material. _ - pole detours around the caulking section 8 and

reaches the magnetic pole face of the yoke 2 as
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sides of the caulkmg section 8 of the magnetic pole
and not concentrated toward the rotating direction.
Thus, the back electromotive force generated by
the magnetic fluxes is largest at the center of the
magnetic pole, allowing to prevent an erroneous
detection of the position of each magnetic pole of
the permanent magnet rotor.

And, the caulking section 8 disposed on the
magnetic poles 5a to 5d makes an external force
ditficult to be applied to bridges 10 connecting the
base and the leading end of the magnetic pole.
And even when an unexpected external force is

10

15

The connecting portion or space is not limited
to be one on each magnetic pole and may be

“disposed in more than one. The above embodi-

ment has been described using the rotor having
the structure that the four magnetic poles are
formed on the outer periphery of the yoke and the
permanent magnet for the field is inserted in every
other magnetic poles. But, this embodiment is not
limited to the above structure and can be applied
to a case that a desired even number of magnetic
poles is formed and the permanent magnet for the
field is inserted in each magnetic pole.

applied to the leading end of the magnetic pole, 20 In the permanent magnet rotor of this embodi-
the steel sheets of the yoke 2 do not suffer from ment, the portion for connecting the steel sheets is
the occurrence of separation and gaps. disposed on each magnetic pole, so that the mag-
Fig. 27 and Fig. 28 are explanatory views of netic resistance at the connecting portion is in-
another embodiment of the permanent magnet ro- creased to suppress the concentration of the mag-
tor, showing a front view and a sectional view of 25 netic fluxes toward the rotating direction. And the
the yoke 2. The above embodiment has used caul- disposition of the connecting portion on each mag-
kings by denting the steel sheets for connecting netic pole so as to accelerate the magnetic fluxes
the steel sheets 4. But, this embodiment forms a to concentrate on the center of each magnetic pole
through hole in magnetic poles 5a, 5b, Sc and 5d, generates the back electromotive force largest at
and inserts a shaft 28 to connect the laminated 20 the center of the magnetic pole, thus enabling to
steel sheets 4, thereby forming the yoke 2. The- obtain a position sensorless brushless motor which
shaft 28 is aluminum, stainless steel or other non- can accurately detect the position of the magnetic
magnetic materials to increase a magnetic resis- pole of the permanent magnet rotor.
tance at the shaft, resulting in obtaining the same Besides, the disposition of the connecting por-
effect as in the above embodiment. In this embodi- 35 tion on each magnetic pole makes the external
ment, each end of the connection shaft 28 is fixed force hard to be transmitted to the bridges con-
by caulking, but desired ways such as screwing necting the base and the ieading end of the mag-
and welding can be adopted. netic pole, and even when the unexpected external
The connecting portion and the space of the force is applied to the leading end of the magnetic
magnetic poles 5a to 5d are not required to be <4  pole, the steel sheets of the yoke forming the
positioned at the center of the magnetic poles. permanent magnet rotor are prevented from suffer-
They may be positioned on the side of the rotating ing-the occurrence of separation and gaps, thus
direction of the rotor with respect to the center of capable of providing the permanent magnet rotor
the magnetic pole and approached just next to the excelling in strength.
leading end of the magnetic pole. Disposition of the 45 Fig. 28 is a computer-analyzed diagram show-
space or connecting portion on the side of the ing the flow of magnetic fluxes on a cross section
rotating .direction interrupts the fiow of the magnetic intersecting at right angles to the rotatable shaft of
fluxes which are concentrated toward the rotating the permanent magnet rotor of a three-phase, four-
direction, thus enhancing the effect of accelerating pole motor (24 poles) with the rotor rotating sat-
_ the concentration of the magnetic fluxes on the so0 isfactorily. it is seen from the flow of the magnetic
center of the magnetic pole. The magnetic fluxes fluxes that the magnetic pole above the permanent
which are prevented from concentrating toward the magnet for the field bends the magnetic fluxes
rotating direction are dispersed at the space or from the stator magnetic pole (pole) and the mag-
connecting portion, and again concentrated toward netic fluxes from three stator magnetic poles flow
the rotating direction on the magnetic pole. But, the 65 to one permanent magnet for the field. Since a half

disposition of the space or connecting portion at
the position immediately next to the leading end of
the magnetic pole in the rotating direction of the
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of the quantity of magnetic fluxes of the magnet
passes through the magnetic pole above the per-
manent magnet for the field, a width a between the
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because both magnetic flux densities are equal, 10

resulting in a remarkable motor efficiency with a
less loss,

Since the width b of the stator magnetic pole is
generally fixed, when the width a is larger than (1.5
x b), the permansent magnet for the field is rela-
tively close to the rotatable shaft because the gap
between the rotor and the stator is fixed and the

magnetic pole outside the permanent magnet for .-

the field has a large area, reducing a gap magnetic
flux density outside the rotor. Furthermore, when
the magnetic pole has a large area, the bridge

width is increased to retain the magnitude of a

centrifugal force, increasing a loss and lowering a
motor efficiency. Besides, the magnet has a long
magnetic path, and a leakage quantity is increased.

Conversely, when the width a is smaller than

(1.5 x b), the permanent magnet for the field is -

relatively away from the rotatable shaft and ap-
proaches to the stator, the magnetic pole outside
the permanent magnet for the field has a small
area, making the magnetic fluxes difficult to bend
and easy to be saturated. Thus, the magnetic flux
density increases and a loss (core loss) is in-
creased, making the magnet demagnetized easily

the quantity of magnetic fiuxes is in order of the
magnetic flux of the magnetic pole 103, the mag-
) _ngtlc flux of the _ma_gqetic pole 104, and the mag-
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205, the magnetic fluxes do not bend extremely at
the rotor magnetic poles, saturation is not much at
the magnetic poles, each stator magnetic pole has
the same torque, and the rofor rotates without

- many changes or vibrations. Fig. 34 is a diagram

]

a0

showing a relation between the permanent magnet
rotor and the stator of a three-phase, four-pole
motor {24 poles), where A is an intérval between
the ends of two stator magnetic poles (2 poles).
and a width of the cutoff 29 corresponds to the
above interval. In other words, the angle A is a
cutoff angle. in Fig. 34, a gap G at a non-cutoff part
is 0.5mm, a maximum gap B at the cutoff part is
1.3mm, an angle of the maximum gap B from the
rotor center is 25°, and an angle of the cutoff end .
part from the rotor center is 34 . The above values
are same in the cases of 12 poles and 36 poles of
a three-phase, four-pole motor. In the cases of 18
poles and 38 poles of a three-phase, six-pole mo-
tor, the cutoff angle A is 16.7°, and an angle of the
cutoff end part from the rotor center is 22.7°. '

Industrial Applicability

This invention is suitable for a rotor of a brush- -

by heat. 35 less motor used for compact disc players, various
As described above, when a is almost equal to types of acoustic equipment, OA squipment and
(1.5 x b), the above disadvantages can be re- others which need accurate rotation and durability.
madied, and a cutoff can be disposed on the rotor
magnetic poles (removing a local concentration of Claims
" magnetic fluxes) to be described afterward while 40
securing the strength of the bridges. It is to be 1. In a brushless motor comprising a stator and a
understood that the above width a is larger than the rotor rotatably supported’ within the stator,
-bridge width. wherein said rotor has a yoke which is formed
Fig. 30 and Fig. 31 are computer-analyzed ‘by laminating many steel sheets, said yoke
diagrams showing the flow of magnetic fluxesona 5 has an even number of magnetic poles projec-
cross section intersecting at right angles to the ' ted externally, and a permanent magnet for a
rotatable shaft of the permanent magnet rotor of a field is inserted in sach magnetic pole or every
three-phase, four-pole motor {24 poles) with the other magnetic poles, characterized by that a
rotor rotating. Fig. 30 shows the rotor magnet pole permanent magnet rotor has said permanent
with a cutoff 28, and Fig. 31 shows it without the &0 magnet for the field inserted in slots formed in
same. Fig. 32 and Fig. 33 are graphs showing a said magnetic poles and said slots provided at
gap magnetic flux density, corresponding to Fig. 30 their either end with a protuberance to come
and Fig. 31 respectively. When the cutoff 29 is not into contact with the side faces of said perma-
disposed, the magnetic fluxes concentrate on stator nent magnet for the fieid.
magnetic poles 103, 104, and 105 respectively, and  ss

2. In a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
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less loss. the magnetic poles, each stator magnetic pole has

Since the width b of the stator magnetic pole is the same torque, and the rotor rotates without
generally fixed, when the width a is larger than (1.5 many changes or vibrations. Fig. 34 is a diagram
x b), the permanent magnet for the field is rela- 15 showing a relation between the permanent magnet
tively close to the rotatable shaft because the gap rotor and the stator of a three-phase, four-pole
between the rotor and the stator is fixed and the motor (24 poles), where A is an interval between
magnetic pole outside the permanent magnet for the ends of two stator magnetic poles (2 poles).
the field has a large area, reducing & gap magnetic and a width of the cutoff 29 corresponds to the
flux density outside the rotor. Furthermore, when ‘20 above interval. in other words, the angle A is a
the magnetic pole has a large area, the bridge cutoff angle. In Fig. 34, a gap G at a non-cutoff part
width is increased to retain the magnitude of a . is 0.5mm, a maximum gap B at the cutoff part is
centrifugal force, increasing a loss and lowering a 1.3mm, an angle of the maximum gap B from the
motor efficiency. Besides, the magnet has a long rotor center is 25°, and an angle of the cutoff end .
magnetic path, and a leakage quantity is increased. 25  part from the rotor center is 34°. The above values
Conversely, when the width a is smaller than " are same in the cases of 12 poles and 38 poles of

(1.5 x b), the permanent magnet for the field is - a three-phase, four-pole motor. In the cases of 18
relatively away from the rotatable shaft and ap- poles and 36 poles of a three-phase, six-pole mo-
proaches to the stator, the magnetic pole outside tor, the cutoff angle A is 16.7*, and an angle of the

the permanent magnet for the field has a smali 30  cutoff end part froT the rotor center is 22.7°.
area, making the magnetic fluxes difficult to bend T

and easy to be saturated. Thus, the magnetic flux Industrial Applicability
density increases and a loss (core loss) is in-
creased, making the magnet demagnetized easily This invention is suitable for a rotor of a brush-
by heat. 35 less motor used for compact disc players, various
As described above, when a is almost equal to types of acoustic equipment, OA equipment and
(.5 x b), the above disadvantages can be re- others which need accurate rotation and durability.
medied, and a cutoff can be disposed on the rotor '
magnetic poles (removing a local concentration of Claims
" magnetic fluxes) to be described afterward while 40
securing the strength of the bridges. it 'is to be 1. In a brushless motor comprising a stator and a
understood that the above width a is larger than the rotor rotatably supported within the stator,
- bridge width. wherein said rotor has a yoke which is formed
Fig. 30 and Fig. 31 are computer-analyzed ‘by laminating many steel sheets, said yoke
diagrams showing the flow of magnetic fluxesona 45 has an even number of magnetic poles projec-
cross section intersecting at right angles to the ted externally, and a permanent magnet for a
rotatable shaft of the permanent magnet rotor of a field is inserted in each magnetic pole or every
three-phase, four-pole motor (24 poles) with the other magnetic poles, characterized by that a
rotor rotating. Fig. 30 shows the rotor magnet pole ' permanent magnet rotor has said permanent
with a cutoff 29, and Fig. 31 shows it without the 50 magnet for the field inserted in slots formed in
same. Fig. 32 and Fig. 33 are graphs showing a said magnetic poles and sald slots provided at
gap magnetic flux density, corresponding to Fig. 30 their either end with a protuberance to come
and Fig. 31 respectively. When the cutoff 28 is not into contact with the side faces of said perma-
disposed, the magnetic fluxes concentrate on stator - nent magnet for the field.
magnetic poles 103, 104, and 105 respectively, and &5 :
the quantity of magnetic fluxes is in order of the 2. In a brushless motor comprising a stator and a
magnetic flux of the magnetic pole 103, the mag- rotor rotatably supported within the stator,
netic flux of the magnetic pole 104 and the mag- wherein said rotor has a yoke which is formed
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nating steel sheets to laminate a yoke of a
brushless motor having a different shape ac-
cording to a driving depth in a punching pro-
cess, having a step of punching out and lami-
nating the steel sheets having engagement
pawls to engage with a permanent magnet for
a field on the inner periphery of slots for insert-
ing the permanent magnet for the fleld accord-
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magnet for the field inserted in slots formed in dies.
said magnetic poles, said slots provided with
protuberances to come into contact with the 6. In a brushless motor comprising a stator and a
side faces of said permanent magnet for the 10 " rotor rotatably supported within the stator,
field, and notches disposed on the bases of wherein said rotor has a yoke which is formed
said protuberances. by laminating many stee! sheets, said yoke
' has an even number of magnetic poles projec-
3. In a brushiess motor comprising a stator and a ted extemally, and a permanent magnet for a
rotor rotatably supported within. the stator, 15 field is inserted in each magnetic pole or every
wherein said rotor has a yoke which is formed other magnetic poles, characterized by that a
by laminating many steel sheets, said yoke _permanent magnet rotor has said yoke which
has an even number of magnetic poles projec- at least one end has a deviated stesl sheet
ted externally, and a permanent magnet for a having the same shape as the stesi sheets of
field is inserted in each magnetic pole or every 20 the yoke.
other magnetic poles, characterized by that a
permanent magnet rotor has said permanent 7. In a brushless motor comprising a stator and a
magnet for the fisld inserted in slots formed in rotor rotatably supported within the stator,
said magnetic poles, bridges connecting the wherein .said rotor has a yoke which is formed
leading end and the base of the magnetic 25 by laminating many steel sheets, said yoke
poles at either end of said slots, and a space has an even number of magnetic poles projec-
between said bridges and said permanent ted externally, and a permanent magnet for a
magnet for the field inserted in said slots. field is inserted in each magnetic pole or every
' . other magnetic poles, characterized by that a
4. in a brushless motor comprising a statoranda 30 permanent magnet rotor has said yoke which
rotor rotatably supported within the stator, at least one end has a slot deviated in a
wherein said rotor has a yoke which is formed rotating direction.
by laminating many steel sheets, said -yoke
has an even number of magnetic poles projec- 8. In a brushless motor comprising a stator and a
ted externally, and a permanent magnet for a 35 rotor rotatably supported within the stator,
field is inserted in each magnetic pole or every wherein said rotor has a yoke which is formed
other magnetic poles, characterized by that a by laminating many steel sheets, said yoke
permanent magnet rotor has said permanent has an even number of magnetic poles projec-
magnet for the field inserted in slots formed in . ted externally, and a permanent magnet for a
said magnetic poles, engagement pawis dis- 40 field is inserted in each magnetic pole or every
posed to protrude in said slots to engage with other magnetic poles, characterized by that a
said permanent magnet for the field, and re- permanent magnet rotor has a projection of a -
liefs for absorbing a bend of said engagement caulking section for press-fitting the steel
pawis disposed on the laminated steel sheets sheets mutually and a gap for press-fitting by
of said yoke corresponding to said engage- 45 turning the projection disposed at least at one
ment pawls. ' place on the steel sheets.
5. A method for producing a permanent magnet 9. In a brushless motor comprising a stator and a
rotor of a brushless motor which comprises rotor rotatably supported within the stator,
having punch dies for punching out and lami- S0 wherein said rotor has a yoke which is formed

by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has on the yoke of the
rotor at least one gap on the circumference of
caulking sections for press-fitting the steel
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other magnetic poles, characterized by that a
permanent magnet rotor has caulking sections
for press-fitting the steel sheets mutually and
gaps for press-fitting with the caulking sections
by turning, at least on the same circumference
of the caulking sections.

11. In a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a -
field is inserted in each magnetic pole or every -
other magnetic poles, characterized by that a
permanent magnet rotor has a pitch interval of
caulking sections for press-fitting the steel
sheets mutually or & pitch interval of projec-
tions of the caulking sections and gaps for
engaging with the projections of the caulking
sections by turning provided unbalanced at
least at one place with respect to the rotatable
shaft.

12. in a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed

-by laminating many stee! sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has a pitch interval of
caulking sections for press-fitting the steel
sheets mutually determined to be p x m
+360° (p is the number of caulkings, m an
interval of caulkings) with respect to the rotat-
able ghaft.

13. In a brushless motor comprising a stator and a

rotor rotatably supported within the stator,

wherein said rotor has a yoke which is-formed
by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-

ted externally, and a permanent magnet for a

field is inserted in each magnetic pole or every

other magnetic poles, characterized by that a

permanent magnet rotor has a pitch interval of

caulking sections for press-fitting the steel
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by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has projections of
caulking sections for press-fitting the steel
sheets mutually and gaps for press-fitting with
the projections of the caulking sections deter-
mingd to be ovat and a turning angle capable
of being changed as desired.

In a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
by laminating many stee! sheets, said yoke
has an even number of magnetic poles projec-

- ted externally, and a permanent magnet for a

16.

17.

field is inserted in each magnetic pole or every

_other magnetic poles, characterized by that a

permanent magnet rotor has caulking sections
for press-fitting the steel sheets mutually and
gaps for press-fitting with the caulking sections
by turning determined to be point symmetrical
with respect to the rotatable shaft,

in a brushiess motor comprising a stator and 2
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poies, characterized by that a
permanent magnet rotor has at least one end
of the yoke made of an iron sheet having a
different shape from the yoke steel sheets so
as to slightly contact with the permanent mag-
nets for the field.

In a brushiess motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has the position of the
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rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed

by laminating many steel sheets, said:yoke "“10

has an even number of magnetic pdles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has the permanent
magnets for the field held by being held from
their both ends by two split yokes whose one
end is closed.

In a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a ‘'yoke which is formed

by laminating many steel sheets, said yoke

has an even number of magnetic poles projec-

ted externally, and a permanent magnet for a’

field is inserted in each magnetic pole or svery
other magnetic poles, characterized by that a
permanent magnet rotor has said permanent
magnet for the field inserted in siots formed in
said magnetic poles, and a bridge width at

either end of the siots, among a width capable -

of being punched out, a width allowed in view
of the number of passing magnetic fluxes, and
a width aliowed from a mechanical strength
due to a centrifuga! force. determined to be
equal to or larger than the greater one of the

‘width capable of being punched out or the

width allowed from the mechanical strength
due to the centrifugal force and equal to or
smaller than the width allowed in view of the
number of passing magnetic fluxes when the
width capable of being punched out and the
width aliowed from the mechanical strength
due to the centrifugal force are equal to or
smaller than the width allowed in view of the
number of passing magnetic fluxes, and deter-
mined to-be equal to or iarger than the greater
one of the width capable of being punched out
or the width allowed from the mechanical
strength due to the centrifugal force when the
width capable of being punched out and the
width” allowed from the mechanical strength
due to the centrifugal force are equal to or
larger than the width allowed in view of the
number of passing magnetic fluxes.

20. A permanent magnet rotor according to Claim

19, wherein the relation of the bridge width
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23.

24,

25.

by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externaily, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has gaps in said mag-
netic poles.

In a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
whersin said rotor has a yoke which is formed
4!2: laminating many steel sheets, said yoke

“"has an éven number of magnetic poles projec-

ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has at least one con-
necting portion for laminating said steel sheets
on each magnetic pole.

A permanent magnet rotor according to Claim
21 or Claim 22, wherein said connecting por-
tion or gaps in the magnetic poles of the rotor
are formed close to the leading ends of the
magnetic poles on the side of a rotating direc-
tion with respect to the center of the rotor.

In a brushless motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
by laminating many stesl sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
other magnetic poles, characterized by that a
permanent magnet rotor has -said permanent
magnet for the field inserted in slots formed in
said magnetic poles, and a bridge width at
oither end of sald siots determined to be
smaller than a width between the outside of
said permanent magnet for the field and the
outer edge of said magnetic pole.

in a brushiess motor comprising a stator and a
rotor rotatably supported within the stator,
wherein said rotor has a yoke which is formed
by laminating many steel sheets, said yoke
has an even number of magnetic poles projec-
ted externally, and a permanent magnet for a
field is inserted in each magnetic pole or every
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ted externally, and a permanent magnet for a .
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other magnetic poles, characterized by that a 15
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direction of said magnetic poles cut off a pre-
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a steel sheet deviated in a rotating direction. And, pefa—biushl-ess-nntor
conprising a stator and a rotor rotatably sugported \iTHE iBHERE HASIBEEN
wherein the rotor has a yoke which is forned | am jat i ngRBRUACES eel
sheets, the yoke has an even nunber of nagnetic pol es~protruded—extermal |y,
and a permanent magnet for a field is inserted in each magnetic pole or
every other magnetic poles, this invention is characterized by that the
above pernmanent nmagnet for the field iABSTRA@Erted in slots formed on the
magnetic poles, and a bridge wwdth at either end of the slots is

determ ned, anong a w dth which can be punched out,
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laminating a large number of steel sheets (4), the
yoke has an even number of magnetic poles (5)
protruding outward, and a permanent magnet (3} for
a field is inserted into each. or every other, magnetic
poles, the permanent magnet rotor of the present
invention has a structure in which the permanent
magnet for the field is inserted into a slot (6) formed
in the magnetic pole, and protuberances (8) striking
the side surfaces of the permanent magnet for the
field are disposed at the right and left end portions
. capable of being punched out, a width allowed from
the number of passing magnetic fluxes and the width
allowed from the mechanical strength due to the
centrifugal force. Further, at least one connecting
portion of gap is provided to each magnetic pole so
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are so disposed as to protrude, reliefs (13) for ab-
sorbing & bend of the engagement pawl are formed
in those of the steel sheets laminated to form the
yoke which correspond to the engagement pawl. The
steel sheets of the yoke are deviated on one or both
ends sequentially in the rotating direction. A bridge
width at both ends of the slot is set to be greater
than the greater one of a width capable of bsing
punched out and a width allowed from a mechanical
strength due to a centrifugal force between the width
as o laminate the steel sheets. The bridge width at
both end of the slot is set to be smaller than a width
from the outside portion of the permanent magnet
for the field to the outside edge of the magnetic
pofe.
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stator, wherein the rotor has a yoke which is formed by | am nati ng many
st'eel sheets, the yoke has an even nunber of magnetic pol es protruded
-gxternally, and a pernmanent nagnet for a field is inserted in each nagnetic
Eéle or every other magnetic poles, this invention is 9 to provide a

2r manent nmagnet rotor characterized by that each nagnetic pole has at
l.east one connecting portion or gap for Iaqinating t he steel sheets. And,
in a brushless notor conprising a stator and a rotor rotatably supported
Wi thin the stator, wherein the rotor has a yoke which is formed by
| ami nating many steel sheets, the yoke has an even nunber of nagnetic poles
protruded externally, and a pernanent magnet

FIG.1




for afield is inserted in each magnetic pole or every other nagnetic
poles, this invention is to provide a permanent magnet rotor characterized
‘by;that the above pernanent magnet for the field is inserted in slots
formed on the magnetic poles, and a bridgenidth at either end of the slots
i s. disposed to be smaller than a wi dth between the outside of the per manent
magnet for the field and the outside edge of the magnetic pole. And, in a

" brushl ess nmotor conprising a stator and a rotor rotatably supported within
the stator, wherein the rotor has a yoke which is formed by | am nati ng many
steel sheets, the yoke has an even nunber of nagnetic pol es protruded
externally, and a permanent magnet for a field is inserted in each magnetic
pol e or every other nagnetic poles, thiss invention is to provide a

per manent nmagnet rotor characterized by that a width of the nagnetic pole
in aradial directionis about 1.5 tinmes of a pole width of the stator.
Furthernore, in a brushless notor conprising a stator and a rotor rotatably

$upported F/G.Z




wi'thin the stator, wherein the rotor has a yoke which is fornmed by

| am nating many steel sheets, the yoke has an even nunber of nmagnetic poles
pLPtruded externally, and a permanent magnet for a field is inserted in
edach magnetic pole or every other nagnetig poles, this inventionis to
provi de a permanent nagnet rotor characterized by that the front or back of
the outer periphery and in a rotating direction of the magnetic pole is
notched to a certain shape. 10 Brief Description of the Drawings Fig. 1

is a perspective view showi ng the permanent nmagnet rotor in an expl oded.
state of

. FIG.3




this i'rnvention. Fig. 2 is a sectional view show ng the permanent nagnet
rotor of this invention. Fig. 3 is a sectional view of an essential part
showi ng anot her enbodi ment of this inventign. Fig. 4 is a perspective view
shpmﬁng t he permanent magnet rotor in an e&ploded state of anot her

enbodi ment of this invention. Fig. 5is a sectional view of the center in
t:he Il am nated direction of the permanent nmagnet rotor of this invention.
Fi.g. 6 is a sectional view of the end in the | aninated direction of the
per manent magnet rotor of this invention. Fig. 7 is a sectional view
showi ng the permanent magnet rotor in a partly enlarged state of this
I-nventi on. -

FIG.4
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Fi'g 8.-is a view showi ng the process for punching out a steel sheet for the
pef manent magnet rotor of this invention. Fig. 9 is a sectional view
shbwi ng a punch die used in this invention_Fig. 10 is a perspective view
showi ng the permanent nmagnet rotor in an exploded state of this invention.
~Fig. 11 is a sectional view of the permanent magnet rotor of this

iffiventi on. 11 Fig. 12 is a sectional view of the steel sheet of this

iinvention turned in a rotating direction by nferr].

FIG.5
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Fi'g. 13 is a sectional view of the steel sheet of this invention turned in
a totating direction by nferr]. Fig. 14 is a sectional view of the
permanent magnet rotor of-this inventio Fig. 15 is a sectional view of
t e permanent magnet rotor of this inver®ion. Fig. 16 is a perspective view
_ showi ng the permanent nmagnet rotor in an expl oded state of another

eitbodi ment of this invention. Fig. 17 is a sectional view of the pernmanent
magnet rotor of another enbodiment of this invention. Fig. 18 is a
perspective view of the pernmanent magnet .rotor of another enbodi nent of
this invention. Fig. 19 is a perspective view of the permanent nagnet rotor
of anot her enbodi nent of this invention. '
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Fi'g. 20 is a perspective view of the pernmanent nmagnet rotor in an expl oded

st ate.of anot her enbodi nent of this invenkion. Fig. 21 is a sectional view
¢ the permanent magnet rotor of another énbodi nent of this invention. Fig.
. is a perspective view of the permanent magnet rotor of another

~enbodi nent of this invention. 12 Fig. 23 is a sectional view of the
bernanent nagnet rotor of another enbodi nent of thi-s invention.
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Fig. 24 is a graph showing a relation anong the bridge width, the magnetic
flux density of the bridges, and the nechanical strength of the bridges.
Fig 25 is a perspective view of the permanegt nagnet rotor of another
efpodi nent of this invention. Fig. 26 is a s&tional view of .the permanent -
. magnet rotor of another enbodinent of this invention. Fig. 27 is a front
view. of the yoke of the permanent nmgnet rotor of this invention. Fig. 28
i &-a sectional view of the yoke of the pernanent nagnet rotor of this
invention. Fig. 29 is a conputer-anal yzed di agram showi ng the fl ow of
magnetic fluxes on a cross section intersecting at right angles to the
raof at abl e shaft of the permanent nagnet rotor of a three-phase, four-pole
motor of this invention with the rotor rotating satisfactorily. Fig. 30 is
& conput er-anal yzed di agram showi ng the flow of nagnetic fluxes on a cross

FIG.9




section intersecting at right angles to the rotatable shaft of the
. permanent nagnet rotor of a three-phase, four-pole notor of this invention
Mi.th the rotor rotating. Fig. 31 is a conputer-anal yzed di agram show ng the
E?;wvof magnetic fluxes on a cross sectiogiintersecting at right angles to
he rotatable shaft of the pernmanent magn rotor of a three-phase,
" four-pole notor of this invention with the rotor rotating. Fig. 32 is a
tgraph showi ng a gap magnetic flux density. 13 Fig. 33 is a graph show ng
‘a gap magnetic flux density. Fig. 34 is a diagram showing a relation
Jbetween the permanent magnet rotor and the

FIG.10




stator.” Fig. 35 is a sectional view showing a conventional permanent nagnet
rotor and stator. Fig. 36 is a perspective view show ng a conventi onal

ignet rotor in an exploded state. Fig. 37 is a perspective view show ng a

nventional magnet rotor in an exploded state. Best Mde for Carrying Qut
. the Invention Fig. 1 shows the pernanent {@pnet rotor in an expl oded state

 this invention. A permanent nmagnet rot™or 1 has a columm yoke 2 and a

air of plate permanent magnets 3, 3 for a.field. The yoke 2 is forned by
"ami nating a | arge nunber of steel sheets 4, 4 into one body. The yoke 2
lras four magnetic poles 5 (5a, 5b, 5c and 5d) protruding outward radially
ﬂorned on the outer periphery. Anong these magnetic poles, the two nmagnetic
pol es 5a, 5c opposing to each other have at their bases a pair of slots 6,
.for inserting the permanent magnet 3 for the field. Furthernore, at the
Eenter of the yoke 2, a hole 7 is '

FIG.T7




formed to pass a rotatable shaft (not shown) through it. The steel sheet 4
has its part recessed to form caul king sections 8, 8, and the caul ki ng
Eﬁctions 8 are mutually press- fitted to lam nate into one body. .The steel
ieet 4 formng the slots 6, 6 has at bothsends of the slots forned a
plurality of protuberances 9, 9 in the s ge of a triangle. The pernmanent
agnets 3, 3 for the field are fornmed into a hexahedron having a
rectangul ar cross section, .and respectively inserted into the slots 6, 6 in
the directions P 14 shown in the drawing so that the faces having the

Pagnetisn1of S pole are faced to the

[y

FIG.12

Rotating direction




hole 7. Fig. 2 is a sectional view of a permanent nagnet rotor, show ng a

cross .section in a direction intersecting at right angles to the rotatable

aft of the yoke 2. The slots 6, 6 are bases of the magnetic poles 5a, 5c

Ez_the yoke 2 and di sposed at substanti al yypequal distance fromthe -

. Fotatabl e shaft.. The permanent nmagnets 3, “3~for the field are disposed with
t.heir faces having the magneti smof N pole opposed to each other, and the
fignetic fluxes get out of. the magnetic poles 5a, 5c¢ of the yoke 2 by the

¥epul sion of the nmagnetic poles and reach the magnetic poles 5b, 5d as
shown in the drawing. As a result, the magnetic poles 5a, 5c show the

jmagneti sm of S pole, and the magnetic poles 5b, 5d show the magnetismof N

pole. Thus, the outer periphery of the yoke 2 has four nagnetic pol es which

have N and S poles alternately. Furthernore, either end of the slot 6 has a

bridge 10 to connect the base and the | eading

FIG.13
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end of- the magnetic pole 5, and there is a space between the bridge 10 and
thre permanent nmagnets 3, 3 for the field, so that the magnetic fluxes from
he N pol e side of the permanent magnets for the field pass through the
i bridges 10 to reach the S pole side of Efgepernanent magnets for the field,
put the nmgnetic fluxes passing through bri dges 10 are reduced because
" of a large distance fromthe permanent magnets for the field. As shown in
"the drawi ng, the permanent magnets 3, 3 for the field have their surfaces
partly engaged with one side of the protuberances 9 when press-fitted, and
t he protuberances 9 suffer fromdeflection or plastic deformation in the
centrifugal directions R due to a dinensional difference of the nmagnets and
are held within the slots 6, 6. The protuberances 9 prevent the. per manent
magnets 3, 3 for the field fromcontacting to the bridges 10 and the inner
peri phery of the slots 6, 6 on the side of the rotatable shaft. Therefore,
the friction due to the contact between the pernmanent magnets 3, 3 for the

field '
| FIG.14
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and the slots 6, 6 is small, and the permanent nmagnets for the field can be
inSerted by a small force and positioned. As shown in the draw ng, when
pr.ess-fitted, the outer 15 periphery of the permanent magnets 3, 3 for
JLhe field engages with one side of theiﬁrotuberances-Q to prevent the
_fpernanent magnets 3, 3 for the field fr Aaconing out, and no extra force is
-Lapplled to the bridges 10. Since the pernmanent magnet rotor of this
_invention does not use an adhesive to hold the pernmanent magnets 3, 3 for
‘the field in the slots 6, 6, the pernanent nmagnets 3, 3 for the field can -
-be prevented from com ng out even when the permanent magnet rotor is used
inarefrigerant or pressurizing fluid because the -

FIG.15
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adhesi ve does not dissolve in the refrigerant or pressurizing fluid.

Besi des, the permanent magnets for the field can be fixed regardl ess of the
processi ng preci sion of the permanent magnets for the field. Fig. 3 shows
{The yoke of another enbodi nent of the per ent magnet rotor of this
_li;nvention. In this enbodi ment, protubera 9 of the steel sheet 4 has a
horn shape to engage with the pernmanent nmagnet for the field (not shown)
iand a notch 11 disposed on one side of the bottom of the horn shape of the
‘protuberances 9. The protuberances 9 are connected to the inner edge of the
steel sheet 4 forming the slot 6 via the notch 11. To engage with the
;permanent magnet for the field, the protuberances 9 nust be inclined to a
‘prescribed | evel. Wen the protuberances 9 aré excessively large, the
‘fragnetic flux of the permanent magnet for the field | eaks at the
sprotuberances 9, - resulting in increasing the | eaked

FIG. _76




magnetic fluxes. And, when the protuberances 9 are not inclined to the
prescribed | evel, the protuberances 9 are deforned by press-fitting the
fﬁrnanent magnet for the field. Positioning of the notch 11 on the side of
1e permanent magnet for the field of Fﬁﬁiprotuberances-Q secures an
appropriate inclination of the protuber es 9, its appropriate deflection
feduces a force for inserting the permanent magnet for the field and
elimnates the necessity of chanfering the horn part of the permanent
magnet for the field required in press-fitting the permanent magnet for the
field. In other words, the permanent magnet for the field can be inserted
in the slots easily. Furthernore, either side of the slot has the bridge 10
to connect the base and the |eading end of the nagnetic pole, and there is
a space between the bridge 10 and the pernmanent magnets for the field, so
.that a base 10a of

FIG.177

L~
LA




16 the bridge 10 can be made thick, resulting in increasing a strength of

the bridge 10, and in the production, breakage of the bridge 10 is reduced
- &S nmuch as possible. In addition, the space provided reduces the | eaked

magnetic fluxes of the bridge 10 due to}t'He permanent magnets for the field

nd the heat generation due to the core |oss at the bridge 10 can be cool ed

'rbecause the base 10a has a |l arge area. The above protuberances 9 engagi ng

iWi th the permanent magnets for the field have been described with reference
“+o0 the shape of a‘-horn, but the shape is not |imted to it, and may be
formed into a round shape. Fig. 4 shows the pernmanent nagnet rotor | of a
!second enbodi nent in an expl oded state. In the same way as in the first
~enbodi ment, the yoke 2 is forned by lam nating a | arge

FIG.18




nunber " of steel sheets 4 (4a, 4b) so as to match one another. The steel
shéets 4b at the mddle in the am nated direction of the yoke 2 have
pngagenent paw s 12 di sposed to protrudié§r0n1the i nner periphery of the
ots 6 so as to engage with the pernman magnet 3 for the field. On the
. bther hand, the several nunber of the steel sheets 4a at either end in the
| ami nated direction of the yoke 2 have reliefs 13 di sposed to absorb a bend
of the engagenment pawl s 12 on the inner periphery of the slots 6
corresponding-to the engagenent pawl s 12 of the steel sheets 4b at the
mddle. Fig. 5 shows a sectional view at the m ddl e of "the yoke 2 having
he permanent magnets 3 for the field inserted. In the steel sheets 4b at
he mddle in the lam nated direction of the yoke 2, the engagenent paw s
12 -engage with the permanent magnets 3 for the field to reduce a
press-fitting resistance of the permanent magnets 3 for the field and

%revent them fromcom ng out.

( FIG.19
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Fi'g. 6 shows a sectional view of the end portion in the press-fitting
direction of the yoke 2 having the permanent magnets 3 for the field
tnserted. The | eading end of the permanent magnet 3 for the field which is
E}Jst press-fitted has the inclined faceslfh reduce its sectional area, and
he steel sheets 4a at the ends of the yoke 2 in the press-fitting 17
direction have only the reliefs 13 on the inner periphery of the slot 6,
that the | eading end of the permanent magnet for the field is not in
ontact with the inner periphery of the slot 6 of the steel sheets 4a as
shown in Fig. 6. The operation of the permanent magnet rotor of the second

ﬁhbodinent will be described

SO
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based on the above structure with reference to Fig. 7. Fig. 7 shows the
yoke 2 with its part expanded, illustrating the | am nated state of the

eel sheets 4b at the mddle part and the steel sheet 4a at the end in the
i%nlnated direction, and the engaged statéBﬁ} the-steel sheets 4a, 4b and
) e permanent magnet 3 for the field. Fig. 7 shows that the permanent

gnet 3 for the field is slightly engaged with the engagenent paws 12° of
{Ee steel sheets 4b at the m ddle of the yoke 2, so that the pernanent

gnet 3 for the field can be press-fitted in t he yoke 2 by a snal
pressing force with a small frictional resistance at the |eading end of the
¢ngagenent pawls 12. It is experinentally known that when the pernmanent
magnet for the field is being press-fitted, the engagenment pawl s 12 of each
steel sheet 4b is gradually bent in the press-fitting-direction due to the
engagenent and friction with the permanent magnet 3 for the field, and the
bends of the engagenent pawls 12 are accunulated to be great at the end of
t he

FIG. 21




yoke 2. As shown in Fig. 7, the steel sheet 4a at the end in the | aninated
di rection of the yoke 2 of this enbodinent has the reliefs 13 positionally
3t chi ng the engagenment pawls 12 forme n the inner periphery of the sl ot
L;t 0 absorb the bends of the engagement~pawl s 12, resulting in preventing
. the steel sheet 4a from separating. And, by inserting the pernmanent nmagnet
3*for the field, the engagenent pawls 12 and the pernanent nmagnet 3 for the
field are nutual |y engaged, enabling to prevent the permanent magnet 3 for
the field fromcom ng out. According to this enbodi ment, the steel sheets
4a having the reliefs 13 are |am nated at the ends of the yoke 2 to nake
t he permanent magnet 3 for the field always | onger than those having the
engagenment paw s 12 of the yoke 2, so that all engagenent pawl s 12 are

FIG.22
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18 conpl etely engaged with the permanent magnet 3 for the field to provide
a-Stable press- fitted state. Thus, the di sadvantages of a conventi onal

er manent magnet rotor in which some engagenent pawl s at the ends of the
éo.ke do not engage with the permanent madﬁa for the field, falling in an

nstabl e press-fitted state and causing the separation of the steel sheets
by vibration or the like can be renedied. A nethod for easily producing the
‘per manent magnet rotor of this enbodinment will be descri’bed with reference
.to Fig. 8 and Fig. 9. Fig. 8 shows one process for punching out the steel
sheets to be lamnated to formthe yoke froma belt steel sheet. As shown
«in Fig. 8 the steel sheets 4a, 4b of this enbodi nent are punched out by
'sending a belt steel sheet material 14 through a punch die

FIG.23
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in the direction P at a prescribed pitch. Punch-out position A punches out
the slots 6 having the engagenent pawls 12 or the slots 6 having the
Feliefs 13, punch-out position B punches out the rotatable shaft hole 7,
land punch-out position C punches out an @@ward formof the steel sheet 4a
~Or 4b to be laminated and | ami nates at the sane tine. The. steel sheet '
~ plnch-out process of this enbodi nent uses a punch di e which punches out the
islots 6 with different shapes according to a driving depth. Fig. 9 shows
*“he punch di e which punches out the slots with different shapes according
to a driving depth. The punch die consists of a nmale nold 15 and a fenal e
mold 16, the male nmold 15 of the punch die is supported to be vertically
novabl e above the steel sheet material 14, and the female nold 16 of the
punch die is fixed below the steel sheet material 14. After the steel sheet
cmaterial 14 is sent at a prescribed pitch and stopped at a prescribed
‘position, the male nold 15 of the punch die is brought down to punch out
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t hrough the steel sheet material 14 and to enter the female nold 16 of the
punch die. Thus, the steel sheet material 14 is punched out into the shape
Hf- the male nold 15 of the punch die. 19 As shown in Fig. 9, the nmale
inol d 15 of the punch die of this enbodi mefddhas different- shaped bottom
~and top ends, a lower part 15a has a shape to punch out the slots 6 and the
_engagenent paw s 12, and an upper. part 15b which is above the part 15a has
[ 'a shape to punch out the reliefs 13. Thus, when a driving depth is in a
wrange to the part 15a, the slots 6 having the engagenent paw s 12 can be
punched out and, when the driving depth

 ‘FIG.25




reaches the part 15b, the slots 6 having the reliefs 13 can be punched out.
The production nethod of this enbodi nent first punches out a prescribed
nunber of the steel sheets 4a for one endéggithe yoke 2 at a driving depth
iin a range using the part 15b and | am nates« hem  punches out the steel
. wheets 4b-for the mddle of the yoke 2 at a driving depth in a range using
the part 15a and | am nates them and punches out a prescribed nunber of the
ISt eel sheets 4a for the other end of the yoke 2 at a driving depth in a
ange using the part 15b and |am nates themto conplete the production of
the yoke 2. According to the above production nethod, the yoke 2 which has
fthe steel sheets 4a having the reliefs 13 at the ends and the yoke 2 which
'has the steel sheets 4b having the engagenent paw s 12 at the nmiddle can be
continuously produced by the sanme production device, the production device
;can be sinplified, and work efficiency can be inproved extensively.

FIG.26
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But, it is obvious that this invention is not limted to the above but can
al 50 be applied to a permanent magnet rotor in which the pernmanent nagnets
for the field are inserted into the yoke formed of the steel sheets having
a& prescribed shape. In the above descri pt?éh about the production nethod,
_Wwhree punch dies are used to successively punch out one steel sheet, but it
IS to be understood that one punch die nay be .used to punch out steel
Sheets with different shapes in the driving depth. As described above, the
oke of the pernmanent nagnet rotor according to the second enbodi nent
di sposes the steel sheets having the engagenent pawl s for reducing a 20
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rési stance at press-fitting of the permanent nagnets for the field and
preventing themfromcomng out at the mddle in the | am nated direction,
nd di sposes the steel sheets having t@gqﬁel|efs to absorb the bend of the
[?ngagenent paw s at press-fitting of th& permanent nagnets for the field at
“he ends in the lam nated direction, to allow the press-fitting of the
per manent nmagnets for the field by a small pressing.force. And, the steel
[Sheets at the ends of the yoke are not separated by the press flttlng, and

lafter the i nsertion, the permanent _r vented from
' com ng out. And, t he per manent mnmagney -‘ sily
[Set the permanent magnets for the r ch @ Vi ng
i{the engagenent pawl s of the yoke eng s\ eng W th
t he permanent magnets for the fj i\le a s\a preqstNitt gl state,
rand t he p055|b|I|ty of the ste ei ng e axate Vi tion

‘can be reduced.
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And, the method for producing the permanent magnet rotor of this enbodi nent
has the punch di e which can punch out the steel sheets with different
shapes according to.a driving depth, and cggivary only the driving depth to
canti-nuously produce the yoke having the s | sheets having the reliefs at
‘he 'ends and the steel sheets having the engagenent pawl s at the m ddl e by
t'he sanme production device, so that the production device can be
Sinplified, and the work efficiency can be inproved extensively. Fig. 10
ishows the permanent magnet rotor in an exploded state of a third
enbodi ment. A permanent magnet. rotor 1 has two pairs of plate pernmanent
magnets 3, 3 in this case. The yoke 2 is fornmed by punching out many st eel
sheets 4 by a die and lamnating in the same way as in the above
enbodi nent. One end of the yoéfbé;is de of a steel sheet 4' by having the
.steel sheet 4 deviated in ar 'ndB%Srection. The steel sheets 4 have
caul ki ng sections 8 which are forned by denting the steel sheets in part,
‘and the caul king sections 8

205//, ®
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are mutually press-fitted to be | anminated into one body. The pernmanent
magnet.s 3, 3 for the field are noved in the direction R shown in the
drawing to be respectively inserted into thﬁqslots 6, 6d. Then a steel

sheet 4" deviated in a rotating direction wth the hole 7 as the center is
integrally press-fitted by the caul king sections 8. 21 Fig. 11 shows a
sectional view of the steel sheet 4. The slots 6, 6 are bases of the
'magnetic poles 5a, 5b, 5c and 5d of the steel sheet 4 and di sposed at
‘.substantially equal distance fromthe rotatable shaft of the yoke. The
permanent magnets 3, 3 for the field are respectively inserted in the slots
6, 6. The pernmanent magnets 3, 3 for the field are

FIG.31
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di sposed so that the outer periphery of the yoke 2 has the magneti sns of N
and S.poles alternately. Furthernore, the steel sheet 4 has caul ki ng
sections 8a,. 8b, 8c and 8d inside of the pﬁgyanent magnets for the field to
mut ual |y press-fit the steel sheets, and t caul ki ng sections 8a, 8b, 8c
nd 8d are nmutually press-fitted for:lamnating. Furthernore, intervals of
the caul king sections 8a, 8b, 8c and 8d with respect to the rotatable shaft
“are m between the caul king sections 8a and 8b, between the caul ki ng
©sections 8b and 8c, and between the caul king sections 8c and 8d; and k
bet ween the caul ki ng sections 8d and 8a, -and determned to be p Xx
nerr]360[err] (p is the nunber of caulking) and nferr]k. And, a gap 9a is
.close to the caul king section 8a so as to be able to be press-fitted with
t he caul ki ng sections 8a, 8b, 8c and 8d, and a gap 9b is close to the
. caul king section 8d so as to-be=ahte to be press-fitted with the caul ki ng
: sections 8a, 8b, 8c and 8d. An interval T
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(an angle with respect to the rotatable shaft) between the gap 9a and the
cdul king section 8a is set to be T=p x m360[err] (p x nm> 360[err]), and an
d.nterval g (an angle with respect to the rotatable shaft) bet ween the gap
9h and the caul king section 8d is set tggig g=360-p x m(p x m> 360[err]
3. And, the caul king sections 8a, 8b, 8 nd 8d and the gaps 8 a, 8 b are
on the same circunference with respect to the rotatable shaft. Fig. 12
;shoms a sectional view (steel sheet 4") of the steel sheet 4 deviated in a
trotating direction by nferr]. Caul king sections 18a, 18b, 18c and 18d of
the steel sheet .4" correspond to the caul king sections 8a, 8b, 8c and 8d
twhich are not deviated, and gaps 18'a, 18'b correspond to the gaps 8 a, 8'b
_which are not devi at ed.

FIG.33
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22 Fig. 13 shows a sectional view (steel sheet 4') of the steel sheet 4
deviated in a rotating direction-by nferr] and all caul ki ng sections 8a,

80, 8c and 8d pulled out to | eave gaps. Gaps 19a, 19b, 19c and 19d of the

[:t,eel sheet 4' correspond to the caul ki ng’?Sections 8a, 8b,. 8c and 8d which
re not deviated, and the gaps 19'a, 19'b correspond to t he gaps 8 a, 8b
whi ch are not deV| ated. The gaps 19a, 19b, 19c and 19d, when a die is

'I ower ed deeper to press the steel sheets, provide conpletely hollow

tcaul ki ng sections, and when | owered shal |l ow, provide caul kings. Fig. 14
shows that the steel sheet 4 is caulked to the steel sheet 4" from above.

:The caul king sections 20d, 20a, 20b and 20c of the steel sheet 4" are

‘pl aced on the gap 8" a and the caul king sections 8b, 8c and 8d of the steel
sheet 4. And, the steel sheet 4" .can be turned in the opposite direction to
pI ace the caul ki ng sections 20b F?T@ Mand 20a of




the steel sheet 4" on the caul king sections 8a, 8b and 8c and the gap 8'b.
The gap 8 b of the steel sheet 4 is required to be put on the above steel
shieet by turning in the opposite direction and elinmnates directionality in
lgm nating the steel sheets. In addition, owhen the steel sheet 4" is
tacked, the permanent magnets 3, 3 for t field have the slots 6", 6" of
the steel sheet- 4" held inclined with respect to the slots of the steel
(bheet 4 as shown in the drawing. Since the inclination of the slots
.slightly interfere with a part of the outer periphery of the end faces of
t he permanent magnets 3, 3 for the field, nmagnetic fluxes substantially do
I'not leak fromthe magnet end faces. Furthernore, since the permanent
i magnets 3, 3 for the field are inserted in the slots 6, 6 of the steel
- sheet 4 in the same way as in prior art, no extra force is applied to the
: slots. And, even when an adhesive is used to fix the permanent magnets 3, 3
-for the field and the rotor is used in a refrigerant or pressurizing fluid,
t he dissolution of the adhesive in Ffmr@s gerant or




pressurizing fluid does not cause the permanent magnets 3, 3 for the field
t.0 cone out by virtue of the steel sheet 4". Besides, the permanent nagnets
Qr the field can be fixed regardless of the processing precision of the
!Eernanent magnets for the field. 23 Fig. ﬁS shows that the steel sheet 4
s caul ked to a steel sheet 4 fron1above.3 t he draw ng, the caul ki ng
l,s_"tactions 8a, 8b, 8c and 8d of the steel sheet 4 are placed on gaps 19a,
j19b, 19c and 19'b of the steel sheet 4'. The stacking of the steel sheet 4
:can result in the sane effect as in Fig. 14. Fig. 16 shows an expl oded view

of the permanent nmagnet rotor according to another

i
!
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enbodi nent of the pernmanent magnet rotor. A yoke 2 is divided into two,
steel sheets 4 are caul ked to each steel sheet 4' from above, and these

pkes 2 are noved in directions Rto insert the permanent magnets 3, 3 for
'Eﬁi field. Positioning of the magnetic polgggpf each yoke 2 is determ ned

t he permanent magnets 3, 3 for the fiel nd, in this case, the

positioning can be made easily because plate pernmanent- magnets for the
field are used. Since the permanent nmagnets for the fiel'd have a deviated
steel sheet and slot at either end of the yokes, they do not come out by
being prevented by them And the sane effect can be obtained when the slots
of the end steel sheet of the yokes have a different shape. Fig. 17 shows a
sectional view of the steel .sheet according to another enbodi nent of the
per manent magnet rotor. Sl ot 6 are disposed in bases of nagnetic poles
5a, 5b, 5c and 5d of a % &
the rotatable shaft e . . P& manent magnet for a field is inserted
. === &

in these slots 6, #Z5=X a

EaN
; '
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Technical Field

This invention relates to a permanent magnet rotor of a brushless motor, and particularly
to a permanent magnet rotor of a brushless motor which has a yoke made by laminating a
large number of steel sﬁeets, an even number of magnetic poles protruding outward on the
yoke, and a peﬁnanent magnet for a field inserted in each magnetic pole or every other

magnetic poles.
Background Art

Generally known' brushless motors consist of a permanent magnet rotor which has a
plurality of permanent magnets for a field inserted in a yoke made by laminating steel
sheets and a stator which has magnetic poles opposing to the outer periphery of magnetic
poles of the above permanent magnet rotor with a small space therebetween.

Fig. 35 is a sectional view in a direction intersecting at right angles with the rotatable shaft
of a brushless motor using a conventional permanent magnet rotor. In this drawing, a
conventional brushless motor 51 consists of a stator 52 and a permanent magnet rotor 53.
The stator 52 has the permanent magnet rotor 53 rotatably supported therein and many
stator magnetic poles 54 protruded inward. The stator magnetic poles 54 have a cbil (not
shown) wound thereon. Passing a current through the coil excites a prescribed magnetic
pole of the stator magnetic poles 54. A magnetic pole face 55 at the end of the stator
magnetic poles 54 is positioned above a cylindrical face at an equal distance from the

center of a rotatable shaft 56 of the motor.




Figg. 18 shows a sectional view of the steel sheet according to another
enbodi nent of the permanent nagnet rotor. 3an this enbodi nent, the steel
sheet has caul ki ng sections 23a, 23b, 23c and 23d and oval gaps 24a, 24b,
24c and 24d capable of press-fitting the caul king sections 23a, 23b, 23c
and 23d by t Theipemnaneat magest rotorei3, considts of 4 auke 57 aradey byridminiting many steel

press-fittin e aulkln sectlons 233, b, aul kin

sections - 23agh°§§ a‘“grf’d %8 0t nagnets %@g’rﬁﬁéaea@%?rﬁ@?‘&sr cE’rﬁé e%§nd

the caul king slegsgﬁmmaé@em@éﬂu Bﬁuwﬁteagaﬁm&fm@ﬁs ffarieht fa efs%%ﬂ nce

di fferent fromthe above circunterence ap area can be nm
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hi gh speed rotation. In addition, the position gaps an
caul ki ngs onoppgsed taathetmagaétic pole face 55 at an equal distance at every point on the face of the

rotatable magnetic pole face 60.

In the above permanent magnet rotor 53, the repulsion of the N poles of the permanent
magnets 58 for the field causes the magnetic fluxes to get out of the magnetic pole faces
60 without the permanent magnet for the field as shown in the drawing, to pass through
the stator, and to enter the yoke 57 from the magnetic pole faces 60 with the permanent
magnet for 'the field. Accordihgly, the magnetic poles having the permanent magnet of the
permanent magnet rotor 53 become S pole, and those not having the permanent magnet of

the permanent magnet rotor 53 become N pole.

As shown in the drawing, the permanent magnet rotor 53 is rotated by exciting the stator
- magnetic poles 54, which have been slightly deviated in the rotating direction from the
center of the magnetic poles 59 of the permanent magnet rotor 53, to N pole. The
pennanent magnet rotor 53 is rotated by bemg attracted to the excited stator magnetic
poles 54. Then, the stator magnetic poles 54 whlch are further displaced with respect to
the rotated permanent magnet rotor 53 are excxted to N pole. The permanent magnet
rotor 53 is further rotated by being attracted to the newly excited stator magnetic poles

54. This procedure is repeated to continuously rotate the permanent magnet rotor 53.

The known conventional brushless motor uses a back electromotive force generated by the
rotation of the permanent magnet rotor 53 to determine the position of the above
permanent magnet rotor. Specifically, the rotation of the permanent magnet rotor 53

~causes the magnetic fluxes of the permanent magnets 58 for the field to cross the coils




cizcunferences enables to formthe gaps into a desired shape, thus all ow ng
to reduce a weight of the yoke itself. The above caul ki ngs are round, but
nQt limted to it. They may be a rectangul ar V-shaped caul ki ng for exanple.
The yoke is not limted to the |am nated steel sheets, but can be nade of
one solid nefet shawn) waumdsmothe magneticpole fixed iSheoftthe Statdres2ptor gemasate: theetack t

forned by a SSHORAETR T i he'RS of s ey S2h one Ronfion S Yo B S Rotosiva
shaft 7a ag fohR Reddtetted 8 Wetcle tifd Pbsitiéh of eAh pEtnanGitNMASRE HRANGA g @E 1

are also deviated by a very small angle within the permanent magnet rotor
1, maki ng i tpeswerdnd magnes rotox 58 randsbhe position ofithe magretic poles hebé exditéd oand at

t he magneti c,pol es, .1 he, hi ghes ck.. el ectronotive force is always

gener at ed atthgﬁ'@F is}‘fEdW%F&}-P?‘gﬁ“%geéﬁit% of each rotating magnetic pole
face, thus allowing to hold tile-shaped permanent nmagnets 3, 3 in the slots
6, 6.

Fig. 36 shows a conventional permanent magnet rotor in an exploded state. A
conventional permanent magnet rotor 53 has a yoke 57 and permanent magnets 58 for a
field. The yoke 57 is formed by laminating a large number of steel sheets 61. The yoke
57 has magnetic poles 57 formed on the outer periphery, and at the bases of the magnetic
poles 59, slots 62 are respectively formed to insert the permanent magnets 58 for the field.
Furthermore, each steel sheet 61 is pressed to form caulking sections 63 recessed in the
form of a rectangle. The steel sheets 61 are integrally laminated by mutually press-fitting
the caulkiné sections 63.

The permanent magnets 58 for the field are formed to a size capable of being housed in
the slots 62. In assembling the permanent magnet rotor 53, an adhesive is applied to the
surfaces of the permanent magnets 58 for the field, which are then inserted in the slots 62
with their same magnetic poles opposed to each other as shown in the drawing. Arrows Q
in the drawing indicate the directions that the permanent magnets 58 for the field are
inserted.

On the other hand, for the permanent magnet rotor 53 which cannot use an adhesive.
‘because of its application conditions, the permanent magnets 58 for the field are formed so
as to be fitted in the slots 62 without leaving any gap. To assemble the permanent magnet
rotor 53, the permanent magnets 58 for the field are pushed in the directions Q shown in
the drawing by a pneumatic device so as to be forced into the slots 62. Therefore, a force
is applied, in centrifugal directions R, to bridges 64 connecting the leading end of the
magnetic pole and the base of the magnetic pole at both ends of the slot.




Fig. 20 shows an expl oded view of the permanent nagnet rotor according to
anot her enbodi nent. A permanent magnet rotgeor 1 fornms a yoke 2 by | am nating
a |large nunber of steel sheets 4 into one body by the sane way as above,

t e steel sheets 4 have caul king sections 8 forned by denting them partly,
and t he caul Kigng7 sbws o permangnt maguet abtoy ip mmloded Rtatef develoged by|therpresernt

i nto one body-. ..Per nets 3, 3 for fi re f d t
hexahedr on h%RHhﬁﬂ‘t' g@%&'ﬁ%ﬁ’“@ﬂ%ﬁ“@@\ﬂsl@ﬁ H“? @ggegf}r“&néw'q%ﬂgee\%ﬂba

into the sl| opgmaldf nalgriel 480k Is
attached to. gl I ghtly cover W|°t aoflflgh‘gﬁpgrzﬁlggﬁ‘p ere‘?ﬁtuﬁlébggﬁ%aqﬁérﬁ@gﬁﬁ n{ehés
3, 3 for t hepérmahehtmgnettfegﬂwl fiejd. pThe perfrianerisymagnet 58 for the field can be inserted in

the slots 62, and has a sectional shape to engage with the engagement pawls 62a.

With the above permanent magnet rotor, the permanent magnet 58 for the field is engaged
with the engagement pawls 62a only and its frictional resistance is small, allowing to
press-fit the permanent magnet 58 for the field into the yoke 57 by a small pressing force.
And, when the permanent magnet 58 for the field is press-fitted into the yoke 57, the
engagement pawls 62a can hold the permanent magnet 58 for the field to prevent it from
coming out.

In the abové prior arts, the permanent magnet rotors which apply an adhesive to the outer
periphery of the permanent magnets for the field before inserting in the slots of the yoke
have disadvantages that the adhesive is dissolved with a refrigerant or pressurizing fluid

and the permanent magnets for the field come out.

On the other hand, in the conventional permanent magnet rotor which directly forces the
permanent magnets for the field into the slots of the yoke without using an adhesive, a
large force is used to press-fit the permanent magnets for the field, and this force
sometimes breaks the permanent magnets for the field, or an inserting force is applied to
the bridges in the centrifugal directions possibly resulting in their breakage. And, the
above permanent magnet rotor is required to have a high processing precision for fitting
the permanent magnets for the field in the slots of the yoke in view of a dimensional -
tolerance, making it difficult to produce the permanent magnet rotor. Besides, the
intimate contact of the permanent magnets for the field with the bridges at both ends of
the slots causes the magnetic fluxes of the permanent magnets for the field to leak at the
bridges and prevent them from passing the outside space of the magnetic poles, resulting

in no cross of the magnetic fluxes with the stator of a motor. Therefore, the magnetic




caul king sections 8 (see Fig. 21). The structure as described above all ows
to caulk the gaps in the yoke through a pgsitioning pin in a rotating

di rection when caul king the steel sheets, preventing the pernmanent nagnets
for the field fromcomng out axially, and after shrinkage fitting of the

yoke to t he fluaesnd@hbeprotiade 3 farbefapeotting the pepgmRht magiet trbfdrf 1Aa1dd tiedeakage
inserted, then the iron sheet 25 can be caul ked | ast. Besi des, even when an

adhesi ve -i s Qjdagmagnetic “F‘P?é‘tﬁ@mﬁge%?ﬁe'!egt¢‘éﬁt°takf@fﬂ°é$d and the rotor
is used in a refrigerant or pressurizing fluid, the dissolution of the
adhesi ve ifi.the refrigerant or pressurizing f|UId does not cause the

per manent m?Ig Ividtve of tlre dbloee,f ancdljedt @f chisinventior isaoprévide b Pefmdngnt/magnet rétor t he
st eel sheet And fElgpermanent magnets for_the field can be fixed
e
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devi ai od St G2 SERRED PRGHIAHE IR, b hostloniafof s BEmBRGH Helibh 7 he 100,

yoke by a pidafi be pfodubed easily,tind hasthigh paiFérmance.

And, the permanent magnet rotor (see Fig. 37) invented by the applicant has an advantage
that a force for press-fitting the permanent magnets for the field is reduced extensively.
But, the engagement pawls of each steel sheet are gradually bent in the press-fitting
direction when the permanent magnet for the field is press-fitted, this bending of the
engagement pawls is accumulated to heavily bend the engagement pawls at the end in the
laminating directioh of the yoke, and this bending exceeds a binding force of the caulking
sections of the steel sheets to partly separate the steel sheets. Besides, in a conventional
permanent magnet rotor because of different tolerances of the permanent magnet for the
field and the yoke length in the axial direction, the leading end of the permanent magnet
for the field does not completely engage with the engagement pawls of the steel sheets at
the end of the yoke when the permanent magnet for the field is shorter than the yoke,
resulting in an unstable press-fitted state and sometimes separating the steel sheets due to

vibration or the like.

Accordingly, another object of this invention is to remedy the unsolved problems of the
permanent magnet rotor invented by the present applicant and to provide a permanent
magnet rotor of a brushless motor in which the permanent magnet for the field can be
inserted by a small pressing force and prevented from coming out, and the steel sheets at
the end of the yoke are not separated when press-fitting the permanent magnet for the
field and using, and to provide a method for producing it. |




atz= one end of the slots for inserting the permanent magnet for the field to
enable to axially fix the permanent magneté for the field, and can set the
devi at ed degree of the steel sheets by a pitch of the caulking; this

dévi ation can be set to a very small angle and prevents the magnetic fl uxes

at the end f Bethesmore,in the ahovepermaneygh magihes rotoh ések iFig. 37) invented by thecapplicait,
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ProcessINg  yrrough the bridges.

On the other hand, the reduction of the sectional areas of the bridges of the yoke can
reduce the number of magnetic fluxes passing through the bridges. This is because the
number of magnetic fluxes passing through the bridges is determined from the product of

a flux density determined according to the yoke material by a sectional area of the bridges.

But, in the yoke formed by laminating the steel sheets, the steel sheets forming the yoke
are generally formed by a punch-out process, but it is quite difficult to punch out the steel
sheets for the yoke having the bridges with a very small sectional area. Besides, in the
yoke having the bridges with a very small sectional area, the bridges of the yoke are
required to have a high mechanical strength because the magnetic poles and the permanent
magnets for the field suffer from a centrifugal breakage due to the centrifugal force when
the yoke is rotated at a high speed. And when the bridges have a high mechanical
strength, there is a disadvantage that the utilization efficiency of the permanent magnets
for the field is lowered.

In view of the above, another object of this invention is, in a permanent magnet rotor of a
brushless motor having permanent magnets for a field, to provide a permanent magnet
rotor which forms a yoke by a plurality of steel sheets laminated, and has an optimum
bridge width of the yoke among a width which can be punched out, a width allowable in
view of the number of passing magnetic fluxes, and a width allowable in view of a

mechanical strength by a centrifugal force.




preci sion is not required thanks to the positional matching of the slots
and t he per manent 26 bal anced. After shrinkage fitting of the yoke to
the rotatable shaft, the pernmanent magnets for the field can be inserted
easily, and after inserting, another-shaped iron sheet can be easily fixed
by caulking with reference to the gap. In addition, since high processing

precision ig-net required.thanks to the positignal mat.chin the slots
and the per%_ﬁﬂ@‘ﬁt I%WF%’WPW?W , gtt ‘F?é%@ﬁf&?%ﬁfm Hﬁﬁ%&qjtpf)f’mﬁﬂ be
produced eafiapets fO the fidld are donBéifited BN pbsitidPdeviabéd ihithd Foeafiy diRcREEREMA! ed
from com ng out even when used in a refrigerant or pressurizing flurd, and
t he per manethe citeyméerential centohpEf thecmagnstic poles|due to the relation between the bridge
width and the width in a radial direction at the magnetic poles, or the relative positional
relation of the permanent magnet rotor and the stator of the brushless motor, the back
electromotive force generated by the magnetic fluxes is detected earlier than the actual
position of the permanent magnets for the field, the magnetic poles of the stator are
excited earlier than a prescribed timing, and the permanent magnet rotor has a failure in its

rotation.

In view of the above, another object of the invention is to provide a permanent magnet
rotor which is formed to concentrate the magnetic fluxes of a magnet for a field to a
prescribed ﬁosition of a magnetic pole and can accurately detect the position of the
magnetic pole.

Summary of the Invention

In a brushless motor comprising a stator and a rotor rotatably supported within the stator,
wherein the rotor has a yoke which is formed by laminating many steel sheets, the yoke
has an even number of magnetic poles protruded externally, and a permanent magnet for a
field is inserted in each magnetic pole or every other magnetic poles, this invention is to
provide a permanent. magnet rotor characterized by that the above permanent magnet for
the field is inserted in slots formed on the magnetic poles, and the slots are provided with
protrusions at both ends to come in contact with the side faces of the permanent magnet
for the field. o

And, in a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein the rotor has a yoke which is formed by laminating many steel sheets, the
yoke has an even number of magnetic poles protruded externally, and a permanent magnet




produced and assenbl ed can be obtained. Fig. 22 shows a perspective view of
t he permanent magnet rotor of a fourth enBodi ment, and Fig. 23 shows a
cross section intersecting at right angles to the rotatable shaft of the
permanent magnet rotor. The permanent magnet rotor | has a pair of plate
per manent ndgnefield i inserted in ach magnetic Pole oy eiery Dthes niagnetispdles, thismiowentipndsit a
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And, in a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein the rotor has a yoke which is formed by 1aminating many steel sheets, the
yoke has an even number of magnetic poles protruded externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic pbles, this invention is
to provide a permanent magnet rotor characterized by that at least one end of the yoke has

a steel sheet deviated in a rotating direction.

And, in a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein the rotor has a yoke which is formed by laminating many steel sheets, the
yoke has an even number of magnetic poles protruded externally, and a permanenf magnet
for a field is inserted in each magnetic pole or every other magnetic poles, this invention is
characterized by that the above permanent magnet for the field is inserted in slots formed
on the magnetic poles, and a bﬁdge width at either end of the slots is determined, among a
width which can be punched out, a2 width allowable in view of the number of passing
magnetic fluxes, and a width allowable in view of a mechanical strength by a centrifugal
force, to be a larger one between the width which can be punched out and the width
allowable in view of the mechanical strength by the centrifugal force.

And, in a brushless motor bomprising a stator and a rotor rotatably supported within the
stator, wherein the rotor has a yoke which is formed by laminating many steel sheets, the
yoke has an even number of magnetic poles protruded externally, and a permanent magnet

for a field is inserted in each magnetic pole or every other magnetic poles, this invention is




fl uxes passing through the bridges 10 can use the magnetic force of the’
pernmanent magnet 3 for the field nore efgectively. The nagnetic fluxes
[err] passing through the bridges 10 are cal culated fromthe foll ow ng
formul a. Assumi ng that the sectional area of the bridges 10 is S and the
magneti c f keiprovides permaﬂeﬂt hmgn&ta-etorshmctedzddsbyﬁhattdaeh fmaghesici pode hasratlgast | s
establiShed.. [err] =B I S |Qusfromt e, above fornula that the

magneti ¢ fPG?(S%“H?&%‘ﬁ?@“?‘hP of Jarstegl sheets. o r educed by meking the

sectional area S of the bridges 10 snal I er. On the other hand, a
centri fugél breakage applied to the bridges is cal cul ated from t he
fol | owi ng And, in a brushless motor comprising a stator and a rotor rotatably supported within the

stator, wherein the rotor has a yoke which is formed by laminating many steel sheets, the
yoke has an even number of magnetic poles protruded externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, this invention is
to provide a permanent magnet rotor characterized by that the above. permanent magnet . |
for the field is inserted in slots formed on the magnetic poles, and a bridge width at either
end of the slots is disposed to be smaller than a width between the outside of the
permanent magnet for the field and the outside edge of the magnetic pole.

And, in a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein the rotor has a yoke which is formed by lé.minating many steel sheets, the
yoke has an even number of magnetic poles protruded externally, and a permanent magnet
for a field is inserted in each magnetic po[e or every other magnetic poles, this invention is
to provide a permanent magnet rotor characterized by that a width of the magnetic pole in
a radial direction is about 1.5 times of a pole width of the stator.

Furthermore, in a brushless motor comprising a stator and a rotor rotatably supported
within the stator, wherein the rotor has a yoke which is formed by laminating many steel
sheets, the yoke has an even number of magnetic poles protruded externally, and a
permanent magnet for a field is inserted in each magnetic pole or every other magnetic
poles, this invention is to provide a permanent magnet rotor characterized by that the front
or back of the outer periphery and in a rotating direction of the magnetic pole is notched
to a certain shape.




2% formula. Assuming that the centrifugal force is F and the yielding point
of the steel sheet is D, the following faomula is established. F/ S<D And,
the sectional area Sis calculated fromthe followng fornmula. In Fig. 22,
assum ng that the brldge W|dth is M the steel sheet thickness is T, and
the yoke_ thBakhbes aPrawineewi ng fornula i s established.

S= I\/ka(N/T)xZ It is ObVI ous fromthe above fornula that when the yoke
length is fixed, the allowable w dth Mcan be increased according to the
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bri dges 10. this invention.

Fig. 2 is a sectional view showing the permanent magnet rotor of this invention.

Fig. 3 is a sectional view of an essential part showing another embodiment of this
invention.

Fig. 4 is a perspective view showing the permanent magnet rotor in an exploded state of
another embodiment of this invention.
Fig. 5 is a sectional view of the center in the laminated direction of the permanent magnet

rotor of this invention. -
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Fig. 6 is a sectional view of the end in the laminated direction of the permanent magnet
rotor of this invention.

Fig. 7 is a sectional view showing the permanent magnet rotor in a partly enlarged state of

this invention.

~ Fig 8. is a view showing the process for punching out a steel sheet for the permanent
magnet rotor of this invention.

Fig. 9 is a sectional view showing a punch die used in this invention.

Fig. 10 is a perspective view showing the permanent magnet rotor in an exploded state of

this invention.




Fi:g. 24 shows a relation anong the bridge width, the magnetic flux density
of the bridges, and the nechanical strengtth of the bridges. Mire
specifically, the horizontal axis shows the bridge width, and the vertical
axi s shows the magnetic flux density of the bridges and the mechani cal
st r engt h_dudig. d2tih2 sentionalivieyy of the steebsheginof, thisinwestion tirnetl inza rgatingrdinpotidri ¢
flux densit%-cufrve;, and L2 indi-cates a nechanical strength curve due to the
centrifugal Y8 ce.” The curve L1 forns a strai ght line w thout any change
between pqoint a with a width capable of being punched out by a die and
point b with a wwdth of an allowable magnetic flux density, and shows that
t he magnet i &ig. [13s aleertional view of the steel shektoofithisdnvention turnediinta tosatingrditebtion t he
wi dt h of th% o nt b. The wi dth capabl e of being punched out by a die of
the point a Hg’bends on the steel sheet thickness, and the thickness is
0.1nmm 0.35mmor 0.5mm And the relation of the bridge w dth capabl e of
bei ng produced by a die is expressed as M T>1. For exanple, when the

Fig. 14 is a sectional view of the permanent magnet rotor of this invention.

Fig. 15 is a sectional view of the permanent magnet rotor of this invention.

Fig. 16 is a perspective view showing the permanent magnet rotor in an exploded state of
another embodiment of this invention.

Fig. 17 is a sectional view of the permanent magnet rotor of another embodiment of this
invention. '

Fig. 18 is a perspective view of the permanent magnet rotor of another embodiment of this

invention.

Fig. 19 is a perspective view of the permanent magnet rotor of another embodiment of this

invention.

Fig. 20 is a perspéctive view of the permanent magnet rotor in an exploded state of

another embodiment of this invention.

Fig. 21 is a sectional view of the permanent magnet rotor of another embodiment of this

invention.

Fig. 22 is a perspective view of the permanent magnet rotor of another embodiment of this

invention.




st-eel sheet thickness is 0.35mm and the bridge width is 0.35mm or nore, the
producti on 28 can be nade easily. But,12he bridge width is influenced by
a width allowed fromthe nmechanical strength due to the centrifugal force.
TRerefore, when the width allowed fromthe nechanical strength due to the
centrifugal force is within the width capable of being produced by a die,

hi ghly effi erf ce W a less |oss of the.ma uxes of the
per manent n?éi%lg oﬁeg?%[]ﬂegl %ittgﬁgemepﬁ Wﬁ?ﬂa@gﬁﬁtﬂn& SoiE iof ghi
produced hy iavesitien.can be obtained by determining to either of the w dth

capabl e of .being produced by a die or the width allowed fromthe nmagnetic
flux density.

Fig. 24 is a graph showing a relation among the bndge width, the magnetic flux density of
the bridges, and the mechanical strength of the bridges.

Fig. 25 is a perspective view of the permanent magnet rotor of another embodiment of this

invention.

Fig. 26 is a sectional view of the permanent magnet rotor of another embodiment of this

invention.

Fig. 27 is a front view of the yoke of the permanent magnet rotor of this invention.

Fig. 28 is a sectional view of the yoke of the permanent magnet rotor of this invention.

Fig. 29 is a computer-analyzed diagram showing the flow of magnetic fluxes on a cross

section intersecting at right angles to the rotatable shaft of the permanent magnet rotor of

a thrée-phase, four-pole motor of this invention with the rotor rotating satisfactorily.

Fig. 30 is a computer-analyzed diagram showing the flow of magnetic fluxes on a cross

section intersecting at right angles to the rotatable shaft of the permanent magnet rotor of
- a three-phase, four-pole motor of this invention with the rotor rotating.

Fig. 31 is a computer-analyzed diagram showing the flow of magnetic fluxes on a cross

section intersecting at right angles to the rotatable shaft of the permanent magnet rotor of

a three-phase, four-pole motor of this invention with the rotor rotating.

Fig,' 32 is a graph shotaving a gap magnetic flux density.




And, when the width allowed fromthe nechanical strength due to the
centrifugal force is between the w dth capabl e of being produced by a die
and the width allowed fromthe magnetic flux density, by determning to
erther of the width allowed fromthe nechanical strength due to the
centrifugal force or the width allowed fromthe magnetic flux density,
highly effigient.perforqance with a | | gss.of the magnetic fluxes of the
per manent nggng%é"r%?&% W%?ﬁa%mg’teigzlﬂf‘geﬁtypunchi ng out quickly by a
di e can be‘realized. And, when the width allowed fromthe nechani cal
strength due to the centrifugal force is equal to or greater than the width
al | oned froFigt 3é ismgdiagiam $howingl@ncelation betweceni the Ipeahdnent chagnetnnotdreand the
mechani cal strength due to the centrifugal force is selected. In this case,
it is advant@§ous that the production is easy by virtue of rigidity

agai nst the punching out by the die and the production cost is |owered

because t he _steel_ shegt mteri al can be a | owsaturated steel sheet
mat eri al .  Fig. 35 is a sectional view showing a conventional permanent magnet rotor and stator.

Fig. 36 is a perspective view showing a conventional magnet rotor in an exploded state.

Fig. 37 is a perspective view showing a conventional magnet rotor in an exploded state.

Best Mode for Carrying Out the Invention

Fig. 1 shows the permanent magnet rotor in an exploded state of this invention. A
permanent magnet rotor 1 has a column yoke 2 and a pair of plate permanent magnets 3, 3
for a field. The yoke 2 is formed by laminating a large number of steel sheets 4, 4 into one
body. The yoke 2 has four magnetic poles 5 (5a, 5b, 5c and 5d) protruding outward
radially formed on the outer periphery. Among these magnetic poles, the two magnetic
poles 5a, Sc opposing to.each other have at their bases a pair of slots 6, 6 for inserting the
permanent magnet 3 for the field. Furthermore, at the center of the yoke 2, a hole 7 is
formed to pass a rotatable shaft (not shown) through it. The steel sheet 4 has its part
recessed to form caulking sections 8, 8, and the caulking sections 8 are mutually press-
fitted to laminate into one body.

The steel sheet 4 forming the slots 6, 6 has at both ends of the slots formed a plurality of
protuberances 9, 9 in the shape of a triangle.

The permanent magnets 3, 3 for the field are formed into a hexahedron having a
rectangular cross section, and respectively inserted into the slots 6, 6 in the directions P




In summary, anong the wi dth capabl e of being punched out, the wdth all owed
In view of the nunber of passing nagneticl4 | uxes, and the width all owed
fromthe nmechanical- strength due to the centrifugal force, the bridge wi dth
ar either end of the slot is determned to be equal to or larger than

| ar ger one ¢howndn shepdrawingoseothet tie facssrhavingrtbé ergnetismoof $ ipelevardtficed| toched
fromthe rrealr-&?n.}cql strength due to the centrifugal force and equal to or
smal ler tharfothe width allowed in view of the nunber of passi hg magnetic
fluxes. Exceptionally, when the w dth capable of being punched out and the
wi dt h all owed fromthe mechanical strength due to the centrifugal force are
equal to or Higrds a sectisal view of a permanent magnet rotor, showing a cross section in a

direction intersecting at right angles to the rotatable shaft of the yoke 2. The slots 6, 6 are
bases of the magnetic poles .5a, Sc of the yoke 2 and disposed at substantially equal
distance from the rotatable shaft. The permanent magnets 3, 3 for the field are disposed

- with their faces having the. magnetism of N pole opposed to each other, and the magnetic
fluxes get out of the mé.gnetic poles 5a, Sc of the yoke 2 by the repulsion of the magnetic
poles and reach the magnetic poles 5b, 5d as shown in the drawing. As a result, the
magnetic poles 5a, 5¢ show the magnetism of S pole, and the magnetic poles 5b, 5d show
the magnetism of N pole. Thus, the outer periphery of the yoke 2 has four magnetic poles
which have N and S poles alternately.

Furthermore, either end of the slot 6 has a bridge 10 to connect the base and the leading
end of the magnetic pole 5, and there is a space between the bridge 10 and the permanent
magnets 3, 3 for the field, so that the magnetic fluxes from the N pole side of the
permanent magnets for the field pass through the bridges 10 to reach the S pole side of the
permanent magnets for the field, but the magnetic fluxes passing through the bridges 10

are reduced because of a large distance from the permanent magnets for the field.

As shown in the drawing, the permanent magnets 3, 3 for the field have their surfaces
partly engaged with one side of the protuberances 9 when press-fitted, and the
protuberances 9 suffer from deflection or plastic deformation in the centrifugal directions
R due to a dimensional difference of the magnets and are held within the slots 6, 6. The
protuberances 9 prevent the permanent magnets 3, 3 for the field from contacting to the
bridges 10 and the inner periphery of the slots 6, 6 on the side of the rotatable shaft. -
Therefore, the friction due to the contact between the permaneni magnets 3, 3 for the field
and the slots 6, 6 is small, and the permanent magnets for the field can be inserted by a

small force and positioned. As shown in the drawing, when press-fitted, the outer




than the wwdth allowed in view of the magnetic flux density, it is
determned to be a |larger one or nore betiseen the w dth capabl e of being
punched out and the width allowed fromthe nmechanical strength due to the
centrifugal force. Fig. 25 shows a perspective view of the pernmanent nagnet
rotor of a peripheryeoftit pemianemtnuoiaghiets 326 fonahe field engages avith one isidecofSthet i ng

at right  angles to the rotatabl e shaft of the r.m t t tor. Th
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sections 8.
-~ adhesive does not dissolve in the refrigerant or pressurizing fluid. Besides, the permanent

magnets for the field can be fixed regardless of the processing precision of the permanent
magnets for the field.

Fig. 3 shows the yoke of another embodiment of the permanent magnet rotor of this
invention. ..

In this embédiment, protuberances 9 of the steel sheet 4 has a horn shape to engage with
the permanent magnet for the field (not shown) and a notch 11 disposed on one side of the
bottorh of the horn shape of the protuberances 9. The protuberances 9 are connected to
the inner edge of the steel sheet 4 forming the slot 6 via the notch 11. To engage with the
permanent magnet for the field, the protuberances 9 must be inclined to a prescribed level.
When the protuberances 9 are excessivély large, the magnetic flux of the permanent
magnet for the field leaks at the protuberances 9, resulting in increasing the leaked
magnetic fluxes. And, when the protuberances 9 are not inclined to the prescribed level,
the protuberances 9 are deformed by press-fitting the permanent magnet for the field.
Positioning of the notch 11 on the side of the permanent magnet for the field of the
protuberances 9 secures an appropriate inclination of the protuberances 9, its appropriate
deflection reduces a force for inserting the permanent magnet for the field and eliminates
the necessity of chamfering the horn part of the permanent magnet for the field required in
press-fitting the permanent magnet for the field. In other words, the permanent magnet
for the field can be inserted in the slots easily. Furthermore, either side of the slot has the
bridge 10 to connect the base and the leading end of the magnetié pole, and there is a
space between the bridge 10 and the permanent magnets for the field, so that a base 10a.of




In Fig. 26, arrows in the drawing show the flow of magnetic fluxes between
each magnetic pole and stator magnetic polées. The stator 26 has a pernmanent
magnet rotor 3 therein, and stator nagnetic poles 27 are excited by coils
net shown. Slots 6, 6 are in the bases of magnetic poles 5a, 5c of a yoke 2
and positi oftkabridges cagbgimadeshigk gesultingrintitgreasinga sttengthsifthe bodge My apdie 2.
As descri beg;a e..th r manent t.S 3, for the field are lnserted
in these- sl esgrg’?i“%‘l% Eﬁgﬁﬁg #i&%@%&%ﬂﬁreﬁéﬂgﬂﬁg‘ﬂ‘é a§rﬂ°8§{’lﬁl_ E%P%A‘B?}bé d
to each oth@paceditbvillePrednediaht feaked Menele ukes ofthe bAdge FEBAE L the o¢C
of the yoke 2 due to the repul sion of "the magnetic pofes as, sho and reach
- the magnet i enagoete forsthe figld andshe heas generatiothduarmgthe core lpsd atthé bridgec1®emr bd he
magnet i sm of |l e, apd,the netic poles 5b, 5d the magneti sm of N pol e.
And, the out°8ae§§F‘f"Bﬁ% base }d@gﬁﬂhaégﬁg‘iﬁs the four nagnetic pol es
alternately having N and S poles. The yoke 2 has on each magnetic pole a
caul king section 8 for |amnating steel sheets, and

The above protuberances 9 engaging with the permanent magnets for the field have been

described with reference to the shape of a horn, but the shape is not limited to it, and may

be formed into a round shape.

Fig. 4 shows the permanent magnet rotor 1 of a second embodiment in an exploded state.
In the same way as in the first embodiment, the yoke 2 is formed by laminating a large
number of steel sheets 4 (4a, 4b) so as to match one another. The steel sheets 4b at the
middle in the laminated direction of the yoke 2 have engagement pawls 12 disposed to
protrude from the inner periphery of the slots 6 so as to engage with the permanent
magnéet 3 for the field. On the other hand, the several number of the steel sheets 4a at
either end in the laminated direction of the yoke 2 have reliefs 13 disposed to absorb a
bend of the engagement pawls 12 on the inner periphery of the slots 6 corresponding to
the engagement pawls 12 of the steel sheets 4b at the middle.

Fig. 5 shows a sectional view at the middle of the yoke 2 having the permanent magnets 3
for the field inserted. In the steel sheets 4b at the middle in the laminated direction of the
yoke 2, the engagement pawls 12 engage with the permanent magnets 3 for the field to
reduce a press-fitting resistance of the permanent magnets 3 for the field and prevent them

from coming out.

Fig. 6 shows a sectional view of the end portion in the press-fitting direction of the yoke 2
having the permanenf magnets 3 for the field inserted. The leading end of the permanent
magnet 3 for the field which is first press-fitted has the inclined faces to reduce its
sectional area, and the steel sheets 4a at the ends of the yoke 2 in the press-fitting




the flow of the magnetic fluxes of each nmagnetic pole detours around the
caul ki ng section 8 and reaches the magneflY¥c pole face of the yoke 2 as
indicated by the arrows in Fig. 26. This is because the caul king section 8
i$ formed by denting the steel sheet to forma space 30 by the dented
porti on, _ sodirection haee oplydhe reliefs 3| anthernnes pedphesy nf thsi slott & soithat thedgading t o
the steel s 1.ng, a t LG kesi stance at..the .caul ki. segtion
8. Therefor gh%eéq%é ﬁ%‘gﬁ@ﬁ%ﬁﬁrﬁg@%qﬁ? géiﬂ ils(/??}'éﬁ c?‘btaf}a‘g‘éh RS ipaggr}%& ofﬁxg
caul ki ng seslbt ®6f the 8feel heetd@d A bhdwr@/Fg dd not concentrated toward the

rotating di.rection. Thus, the back el ectronotive force generated by the
magnetic fluxes is largest at the. center of the nagnetic pole,

The operation of the permanent magnet rotor of the second embodiment will be described
based on the above structure with reference to Fig. 7.

Fig. 7 shows the yoké 2 with its part expanded, illustrating the laminated state of the steel
sheets 4b at the middle part and the steel sheet 4a at the end in the laminated direction,
and the engaged state of the steel sheets 4a, 4b and the permanent magnet 3 for the field.

Fig. 7 shows that the permaﬁent' magnet 3 for the field is slightly engaged with the
engagement pawls 12 of the steel sheets 4b at the middle of the yoke 2, so that the
permanent rhagnet 3 for the field can be press-fitted in the yoke 2 by a small pressing force
with a small frictional resistance at the leading end of the engagement pawls 12. It is
experimentally known that when the permanent magnet for the field is being press-fitted,
the engagement pawls 12 of each steel sheet 4b is gradually bent in the press-fitting
direction due to the engagement and friction with the permanent magnet 3 for the field,
and the bends of the engagement pawls 12 are accumulated to be great at the end of the
yoke 2. As shown in Fig. 7, the steel sheet 4a at the end in the laminated direction of the
yoke 2 of this embodiment has the reliefs 13 positionally matching the engagement pawls
12 formed on the inner periphery of the slot 6 to absorb the bends of the engagement
pawls 12, resulting in f:reventing the steel sheet 4a from separating. And, by inserting the
permanent magnet 3 for the field, the engagement pawls 12 and the permanent magnet 3
for the field are mutually engaged, enabling to prevent the permanent magnet 3 for the

field from coming out.

According to this embodiment, the steel sheets 4a having the reliefs 13 are laminated at
- the ends of the yoke 2 to make the permanent magnet 3 for the field always longer than
those having the engagement pawls 12 of the yoke 2, so that all engagement pawls 12 are




aklowing to prevent an erroneous detection of the position of each nmagnetic
pol e of the permanent nagnet rotor. And, t8he caul king section 8 di sposed on
the magnetic poles 5a to 5d nakes an external force difficult to be applied
te bridges 10 connecting the base and the | eading end of the nagnetic pole.
And even_wh@ampletely engaged adthothe permanentmagnet S fap the field to prdvidd 2 amblecpresse of
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view and a.sectional view of the yoke 2.” The above™ enbodi nent has use
caul ki ngs byfouiha fieldy falling intapainstahlecress+fitted staterant ¢auging ftiee sepasatios bf thestet]

But, this enpodiyent f.orns_a . through holg jin magnetic poles 5a, 5b, 5c and
5d, and insgg?*‘gsg‘ghwn%“te&h‘é&ﬁﬂ§8fe"ﬁﬁ’&dr anmi nated steel sheets 4, thereby
formng the yoke 2. The
| A method for easily producing the permanent magnet rotor of this embodiment will be
described with referenée to Fig. 8 and Fig. 9.

Fig. 8 shows one process for punching out the steel sheets to be laminated to form the
yoke from a belt steel sheet. As shown in Fig. 8, the steel sheets 4a, 4b of this
embodiment are punched out by sending a belt steel sheet material 14 through a punch die
in the direction P at a prescribed pitch. Punch-out position A punches out the slots 6
having the éngagement pawls 12 or the slots 6 having the reliefs 13, punch-out position B
punches out the rotatable shaft hole 7, and punch-out position C punches out an outward
form 'of the steel sheet 4a or 4b to be laminated and laminates at the same time. The steel
sheet punch-out process of this embodiment uses a punch die which punches out the slots

6 with different shapes according to a driving depth.

Fig. 9 shows the punch die which punches out the slots with different shapes according to
a driving depth. The punch die consists of 2 male mold 15 and a female mold 16, the male
mold 15 of the punch die is supported to be vertically movable above the steel sheet
material 14, and the female mold 16 of the punch die is fixed below the steel sheet material
14. After the steel sheet material 14 is sent at a prescribed pitch and stopped at a
prescribed position, the male mold 15 of the punch die is brought down to punch out
thr&ﬁgh the steel sheet material 14 and to enter the female mold 16 of the punch die.
Thus, i:he steel sheet material 14 is punched out into the shape of the male mold 15 of the

punch die.




shaft 28 is alum num stainless steel or other nonmagnetic materials to
I ncrease a magnetic resistance at the shgbt, resulting in obtaining the
same effect as in the above enbodinent. In this enbodi nent, each end of the
connection shaft 28 is fixed by caul king, but desired ways such as screw ng

and wel di ng Asahown imBigpOethe nidle nvid 1S oF thitgpuneh dieost thizenibodinihd higs Qiffetdne
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interrupts the flow of the magnetic fl uxes i ch are concentrated toward
the rotatinf§ havingcthe smgagement Pawln 42 regn thecpuriched oubpand, when the driving depth

reaches the part 15b, the slots. 6 having the reliefs 13 can be punched out.

The production method of this embodiment first punches out a prescribed number of the
steel sheets 4a for one end of the yoke 2 at a driving depth in a range using the part 15b
and laminates them, punches out the steel sheets 4b for the middle of the yoke 2 at a
driving depth in a range using the part 15a and laminates them, and punches out a
prescribed number of the steel sheets 4a for the other end of the yoke 2 at a driving depth

in a range using the part 15b and laminates them to complete the production of the yoke 2.

According to the above production method, the yoke 2 which has the steel sheets 4a
having the reliefs 13 at the ends and the yoke 2 which has the steel sheets 4b having the
engagement pawls 12 at the middle can be continuously produced by the same production
device, the production device can be simplified, and work efficiency can be improved

extensively.

But, it is obvious that this invention is not limited to the above but can also be applied to a
permanent magnet rotor in which the permanent magnets for the field are inserted into the

yoke formed of the steel sheets having a prescribed shape.

In the above description-about the production method, three punch dies are used to
successively punch out one steel sheet, but it is to be understood that one punch die may

be used to punch out steel sheets with different shapes in the driving depth.

As described above, the yoke of the permanent magnet rotor according to the second

embodiment disposes. the steel sheets having the engagement pawls for reducing a




31 accelerating the concentration of the magnetic fluxes on the center of
the magnetic pole. The nmagnetic fluxes whmpoch are prevented from
concentrating toward the rotating direction are dispersed at the space or
cdnnecting portion, and again concentrated toward the rotating direction on
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and may ends of the yoke are not separated by the press-fitting, and after the insertion, the

permanent magnets for the field are prevented from coming out. And, the permanent
magnet rotor of this embodiment can easily set the permanent magnets for the field to be
longer than the part having the engagement pawls of the yoke, so that all engagement
pawls engage with the permanent magnets for the field to provide a stable press-fitted
state, and the possibility of the steel sheets ﬁoin being separated by vibration can be
reduced.
And, the méthod for producing the permanent magnet rotor of this embodiment has the
punch die which can punch out the steel sheets with different shapes according to a driving
depth, and can vary only the driving depth to continuously produce the yoke having the
- steel sheets having the reliefs at the ends and the steel sheets having the engagement pawls
at the middle by the'. same production device, so that the production device can be

simplified, and the work efficiency can be improved extensively.

Fig. 10 shows the permanent magnet rotor in an exploded state of a third embodiment. A
permanent magnet rotof 1 has two pairs of plate permanent magnets 3, 3 in this case. The
yoke 2 is formed by punching out many steel sheets 4 by a die and laminating in the same
way as in the above embodiment. One end of the yoke 2 is made of a steel sheet 4' by
having the steel sheet 4 deviated in a rotating direction. The steel sheets 4 have caulking
sections 8 which are formed by denting the steel sheets in part, and the caulking sections 8
are mutually press-fitted to be laminated into one body. The permanent magnets 3, 3 for
 the field are moved in the direction R shown in the drawing to be respectively inserted into

the slots 6, 6d. Then a steel sheé.t_ 4" deviated in a rotating direction with the h/ole'%& sthe
A

center is integrally press-fitted by the caulking sections 8.



be di sposed in nore than one. The above enbodi nent has been described using
the rotor having the structure that the $pur magnetic poles are formed on
the outer periphery of the yoke and the pernmanent magnet for the field is

i nserted in every other nagnetic poles. But, this enbodinent is not limted
to the above structure and can be applied to a case that a desired even
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alternately. Furthermore, the steel sheet 4 has caulking sections 8a, 8b, 8c and 8d inside
of the permanent magnets for the field to mutually press-fit the steel sheets, and the

caulking sections 8a, 8b, 8¢ and 8d are mutually press-fitted for laminating.

Furthermore, intervals of the caulking sections 8a, 8b, 8c and 8d with respect to the
rotatable shaft are m between the caulking sections 8a and 8b, between the caulking
sections 8b and 8c, and between the caulking sections 8c and 8d; and k between the
caulking se&ions 8d and 8a, and determined to be p x m#360 ’ (p is the number of
caulking) and m#k.
And, a gap 9a is close to the caulking section 8a so as to be able to be press-fitted with the
caulking sections 8a, 8b, 8c and 8d, and a gap 9b is close to the caulking section 8d so as
to be able to be press-fitted with the caulking sections 8a, 8b, 8c and 8d.. An interval T
(an angle with respect to the rotatable shaft) between the gap 9a and the caulking section
" 8ais set to be T=px m-360° (p xm>360"), and an interval q (an angle with respect to the
rotatable shaft) between the gap Sb and the caulking section 8d is set to be g=360°-p x m
(pxm> 360°). And, the caulking sections 8a, 8b, 8c and 8d and the gaps 8'a, 8' are on
the same circumference with respect to the rotatable shaft.

- Fig. 12 shows a sectional view (steel sheet 4") of the steel sheet 4 deviated in a rotating
direction by m°. Caulking sections 18a, 18b, 18c and 18d of the steel sheet 4" correspond
to the caulking sections 8a, 8b, 8c and 8d which are not deviated, and gaps 18'a, 18'b

correspond to the gaps 8'a, 8'b which are not deviated.




epabling to obtain a position sensorless brushless notor which can
accurately detect the position of the magnpetic pole of the permanent magnet
rotor. Besides, the disposition of the connecting portion on each nagnetic
pel e nakes the external force hard to be transmtted to the bridges

connecti ng tFig 3ashewaracsetticnal eiedi (steeksiken#') 0f thensteel shest 4odeviatedrittla eyratingvhen
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and 8d which are not deviated, and the gaps 19'a, 19 correspond to the gaps 8'a, 8'b
which are not deviated. The gaps 19a, 19b, 19¢c and 19d, when a die is lowered deeper to
press the steel sheets, provide completely hollow caulking sections, and when lowered

shallow, provide caulkings.

Fig. 14 shows that the steel sheet 4 is caulked to the steel sheet 4" from above. The
caulking sections 20d, 20a, 20b and 20c of the steel sheet 4" are placed on the gap 8'a and
the caulking sections 8b, 8¢ and 8d of the steel sheet 4. And, the steel sheet 4" can be
turned in the opposite direction-to place the caulking sections 20b, 20c, 20d and 20a of
the,steel sheet 4" on the caulking sections 8a, 8b and 8c and the gap 8. '

The gap 8 of the steel. sheet 4 is required to be put on the above steel sheet by turning in
the opposite direction and eliminates directionality in laminating the steel sheets. In
addition, when the steel sheet 4" is stacked, the permanent magnets 3, 3 for the field have
the slots 6", 6" of the steel sheet 4" held inclined with respect to the slots of the steel sheet '
4 as shown in the drawing. Since the inclination of the slots slightly interfere with a part
of the outer periphery of the end faces of the permanent magnets 3, 3 for the field,
magnetic fluxes substantially do not leak from the magnet end faces. Furthermore, since
the permanent magnets 3, 3 for the field are inserted in the slots 6, 6 of the steel sheet 4 in
the same way as in prior art, no-extra force is applied to the slots. And, even when an
adhesive is used to fix the permanent magnets 3, 3 for the field and the rotor is used in a
refrigerant or pressurizing fluid, the dissolution of the adhesive in the refrigerant or
pressurizing fluid does not cause the permanent magnets 3, 3 for the field to come out by
virtue of the steel sheet 4". Besides, the permanent magnets for the field can be fixed

regardless of the processing precision of the permanent magnets for the field.




Fig. 29 is a conputer-anal yzed di agram show ng the flow of magnetic fluxes
bn a cross section intersecting at rightasgangles to the rotatable shaft of
t he permanent magnet rotor of a three-phase, four-pole notor (24 poles)
with the rotor rotating satisfactorily. It is seen fromthe flow of the .
magnetic fluxes that the magnetic pol e above the permanent nagnet for the
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width b of the stator nmagnetic pole. In other words, a half of the quantity
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stator magnefic poles. In the case of
embodiment of the permanent magnet rotor. A yoke 2 is divided into two, steel sheets 4
are caulked to each steel sheet 4' from above, and these yokes 2 are moved in directions R
to insert the permanent magnets 3, 3 for the field. Positioning of the magnetic poles of
each yoke 2 is determined by the permanent magnets 3, 3 for the field and, in this case, the
positioning can be made easily because plate permanent magnets for the field are used.
Since the permanent magnets for the field have a deviated steel sheet and slot at either end
of the yokes, they do not come out by being prevented by them. And the same effect can

be obtained when the slots of the end steel sheet of the yokes have a different shape.

Flg 1‘; shoivs a sectional view of the steel sheet according to another embodiment of the
permanent magnet rotor. Slots 6, 6 are disposed in bases of magnetic poles 5a, 5b, Sc and
5d of a steel sheet 4 at substantially equal distance from the rotatable shaft of the yoke. A
permanent magnet for a field is inserted in these slots 6, 6. Furthermore, the steel sheet 4
has caulking sections 21a, 21b, 21c and 21d formed inside of the permanent magnets for
the field to mutually press-fit the steel sheets and gaps 22a, 22b, 22c and 22d capable of
press-fitting the caulking sections 21a, 21b, 21c and 21d even when the steel sheets are
turned, and by turning the above caulking sections 21a, 21b, 21c and 21d by m°, the
caulking sections 21a, 21b, 21c and 21d are fitted in the gaps 22a, 22b, 22¢ and 22d. An
interval m between the caulking section 21a and the gap 22b is determined to be p x
m=360 (p is the number of céulkings, m an interval between the caulking and the gap).
And the caulking and the gap are point symmetrical with respect to the rotatable shaft and




the above (a= 1.5 x b), the magnetic fluxes flow easily and do not | eak
many because both nmagnetic flux densitiesyare equal, resulting in a
remar kabl e motor efficiency with a less loss. Since the wwdth b of the
stator magnetic pole is generally fixed, when the width a is larger than
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path, and amutualbgprestBitingthe ¢aulking sastionsR3a, 23b, 23¢ and 23d. The caulking sections
' 23a, 23c_ and the gaps 24b, 24d are on the same circumference, and the caulking sections
23b, 23d and the gaps 24a, 24c are on a circumference different from the above
circumference, so that the gap area can be made long on the circumference, thus forming
an oval shape in Fig. 18. Forming the gaps to an oval shape further enables to rotate at a
desired very small angle. Furthermore, the caulkings and the gaps are point symmetrical
with respect to the rotatable center and the steel sheets are well balanced at a high speed
rotation. In addition, the position of the gaps and the caulkings on a plurality of
cireumferences enables to form the gaps into a desired shape, thus allowing to reduce a
weight of the yoke itself. The above caulkings are round, but not limited to it. They may
be a rectangular V-shaped caulking for example. The yoke is not limited to the laminated

steel sheets, but can be made of one solid metal.

Fig. 19 shows another embodiment of the permanent magnet rotor. In this embodiment, a
yoke 2 has a twist at a very small angle formed by a deviation of the pitch between the
caulkings with the rotatable shaft 7a as the center, and the slots 6, 6 of the permanent
magnet rotor 1 are also deviated by a very small angle within the permanent magnet rotor
1, making it possible to fix the permanent magnets for the field; and at the magnetic poles,
the highest back electromotive force is always generated at the circumferential center of
each rotating magnetic pole fé.ce, thus allowing to hold tile-shaped permanent magnets 3,
3 in the slots 6, 6. '

Fig. 20 shows an exploded view of the permanent magnet rotor according tb another
embodiment. A permarient magnet rotor 1 forms a yoke 2 by laminating a large number of
steel sheets 4 into one body by the same way as above, the steel sheets 4 have caulking
sections 8 formed by denting them partly, and the caulking sections 8 are mutually press-




33 Conversely, when the width a is smaller than (1.5 x b), the pernmanent
magnet for the field is relatively away fasom the rotatable shaft and
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gaps in the yoke through a positioning pin in a rotating direction when caulking the steel

sheets, preventing the permanent magnets for the field from coming out axially, and after
shrinkage fitting of the yoke to the rotatable shaft, the permanent magnets for the field can
be inserted, then the iron sheet 25 can be caulked last. Besides, even when an adhesive is
used to fix the permanent magnets for the field and the rotor is used in a refrigerant or
pressurizing fluid, the dissolution of the adhesive in the refrigerant or pressurizing fluid
does not cause the permanent magnets for the field to come out from the slots by virtue of
the steel sheet 25. And, the permanent magnets for the field can be fixed regardless of the

processing i)recision of the permanent magnets for the field.

Thus, ‘the permanent magnet rotor of the third embodiment has the deviated steel sheet
having the same shape with the steel sheets of the yoke by a pitch of the caulking at least
at one end of the slots for inserting the permanent magnet for the field to enable to axially
fix the permanent magnet for the field, and can set the deviated degree of the steel sheets
by a pitch of the caulking; this deviation can be set to a very small angle and prevents the
magnetic fluxes at the end face of the permanent magnet for the field from leaking. And,
since the steel sheet at one end is deviated, it has an effect of preventing the steel sheets
from falling in the axial direction. Furthermore, the gaps in the steel sheets make it easy to
press-fit and position the caulkings of the steel sheets. Since the gaps can be formed to a
desired shape, the yoke itself can be made lightweighted, and the caulkings and the gaps
are point symmetrical with respect to the rotatable shaft, thus making the yoke well
balancéd. After shrinkage fitting of the yoke to the rotatable shaft, the permanent magnété
for the field can be inserted easily, and after inserting, another-shaped iron sheet can be
~ easily fixed by caulking with reference to the gap. In addition, since high processing
precision is not required fhanks to the positional matching of the slots and the permanent




Fig. 30 and Fig. 31 are conputer-anal yzed di agrans showi ng the flow of
magnetic fluxes on a cross section intersgcting at right angles to the
rot at abl e shaft of the pernmanent nagnet rotor of a three-phase, four-pole
notor (24 poles) with the rotor rotating. Fig. 30 shows the rotor magnet
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vari ed. refrigerant or pressurizing fluid, and the permanent magnet rotor which can be easily

-

produced and assembled can be obtained.

Fig. 22 shows a perspective view of the permanent magnet rotor of a fourth embodiment,
and Fig. 23 shows a cross section intersecting at right angles to the rotatable shaft of the
permanent magnet rotor. The permanent magnet rotor 1 has a pair of plate permanent
magnets 3, 3 in this case. The yoke 2 is formed by punching out a large number of steel
sheets 4 b}} a die and laminating. The steel sheets 4 have caulking sections 8 which are
formed by partly denting the steel sheets, and are laminated into one body by mutuaily

- press-fitting the caulking sections 8. And, in this embodiment, bridges 10, 10 are
produced to have a width of 0.35mm.

In Fig. 23, the inagnetic fluxes passing through the bridges 10 do not cross the stator of a
motor because they do not pass the outer space of the yoke 23. Therefore, a force for
rotating the permanent magnet rotor is not produced. The reduction of the magnetic
fluxes passing through the bridges 10 can use the magnetic force of the permanent magnet
3 for the field more effectively.

The magnetic fluxes & passing through the bridges 10 are calculated from the following
formula. Assuming that the sectional area of the bridges 10 is S and the magnetic fl -
density of the steel sheet 4 is B, the following formula is established. R\:_PLAGE@EM _i"_l'EET

)
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10 can be reduced by making the sectional area S of the bridges 10 smaller. On the other

It is obvious from the‘above formula that the magnetic fluxes passing

hand, a centrifugal breakage applied to the bridges is calculated from the following



On the other hand, when the cutoff 29 is disposed, substantially an equal
quantity of magnetic fluxes enters statopymagnetic poles 203, 204 and 205,
the magnetic fluxes do not bend extrenely at the rotor magnetic poles,
saturation is not nuch at the magnetic poles, each stator magnetic pol e has

the sane tofoptiala. 2urhing thA!the cémiifapdSoideiSIP dhd MR Wicldingpdaf offthe stéldheddns.
Fig. 347is a_diagramshowi ng a relation between the pernmanent nagnet rotor
and t he .st as®), thg folowingdermua iscestablishedpol e notor (24 poles), where A is an
34 interval between the ends of two stator magnetic poles (2poles), and a
wi dt h of t'he cutoff 29 corresponds to the above interval. In other words,

the angl e Apfgepa cutoff angle. In

And, the sectional area S is calculated from the following formula. In Fig. 22, assuming
that the bridge width is M, the steel sheet thickness is T, and the yoke thickness is N, the
following formula is established.

S=MxTx(NT)x2

It is obvious from the above formula that when the yoke length is fixed, the allowable
width M can be increased iccording to the mechanical strength of the bridges 10. In the
above formﬁla, (N/T) is the number of steel sheets 4, and (x2) means that one magnetic
pole has two bridges. 10.

Fig. 24 shows a relation émong the bridge width, the magnetic flux density of the bridges,
and the mechanical strength of the bridges. More specifically, the horizontal axis shows
the bridge width, and the vertical axis shows the magnetic flux density of the bridges and
the mechanical strength due to the centrifugal force. And, curve L1 indicates a magnetic
flux density curve, and L2 indicates a mechanical strength curve due to the centrifugal
force. The curve L1 forms a straight line .without any change between point a with a
width capable of being punched out by a die and point b with a width of an allowable
magnetic flux density, and shows that the magnetic flux density is gradually lowered with a
width larger than the width of the point b.

The width capable of being punched out by a die of the point a depends on the steel sheet
thickness, and the thickness is 0.1mm, 0.35mm or 0.5Smm.. And the relation of the bridge
width capable of being produced by a die is expressed as M/T>1. For example, when the

steel sheet thickness is 0.35mm and the bridge width is 0.35mm or more, the production




Fig. 34, a gap G at a non-cutoff part is 0.5nm a nmainmumgap B at the
cutoff part is 1.3mm an angle of the maxiJrumgap B fromthe rotor center
is 25 , and an angle of the cutoff end part fromthe rotor center is 34 .
The above values are sanme in the cases of 12 poles and 36 poles of a

three- phase, caf, 4dr mp ?Q tcﬁut e b ?ﬁﬂ?} ﬁ){nﬂkénogﬁlb%sa]%ﬂgthﬁglog%deﬁo fthd

t hr ee- phase, . si x-pol e the cu an angl e of

the cut of f emebhpmcal strength 'dbeta ﬂtemenlmﬁlyabforces Plhikrefote) siheh theawiddpatlowesdlFrdm t v
This inventi n |s su| abl e far a rotor brushl els“ﬁ nmot or _used for

conpact di’s \%‘F‘}% ug i the csp ‘?"F'E e ta¢ widthycapahle pfbeing and
others whic '}:rﬂ&ﬁ@d %9%@} Kighl{ eficienl p&StnfiHESRith '8l Wss loss of the magnetic fluxes of

the permanent magnets for the field and the minimum width capable of being produced by
a die can be obtained by determining to either of the width capable of being produced by a
die or the width allowed from the magnetic flux density.

And, when the width allowed from the mechanical strength due to the centrifugal force is
between the width capable of being produced by a die and the width allowed from the
magnetic flux density, by determining to either of the width allowed from the mechanical
strength due to the centrifugal force or the width allowed from the magnetic flux density,
highly efficient performance with a less loss of the magnetic fluxes of the permanent

magnets for the field and capable of punching out quickly by a die can be realized.

And, when the width allowed from the mechanical strength due to the centrifugal force is
equal to or greater than the width allowed from the magnetic flux density, the width
allowed from the mechanical strength due to the centrifugal force is selected. In this case,
it is advantageous that the production is easy by virtue of rigidity against the punching out
by the die and the pfoduction cost is lowered because the steel sheet material can be a

low-saturated steel sheet material.

In summary, among the width capable of being punched out, the width allowed in view of
the number of passing magnetic fluxes, and the width allowed from the mechanical
strength due to the centrifugal force, the bridge width at either end of the slot is
determined to be equal to or larger than larger one of the width capable of being punched
out or the width allowed from the mechanical strength due to the centrifuigal force and
equal to or smaller than the width allowed in view of the number of passing magnetic
fluxes. Exceptionally, when the width capable of being punched out and the width
allowed from the mechanical strength due to the centrifugal force are equal to or larger




Cl.ai ms- 1. In a brushless notor conprising a stator and a rotor
rotatably supported within the stator, wagrein said rotor has a yoke which
is formed by |am nating nany steel sheets, said yoke has an even nunber of
nmagnetic poles projected externally, and a pernanent magnet for a field is

i nsert ed_i nthantle wnlgnailowedpn wmvoofthumagnatdﬁux dengityeitiis dgretmined fobeg lagérzed
by t hat a perrranent rragnet t[; has sa‘%d perrranent magnet for the field

i nsert ed- i n°8§ of Borefiehk unshedopt aad the, width allowed frem at
their eithef.ehdnifitd t?er@d‘?&ﬁéfoathuerﬂﬁﬁ@&me.e pr ot uberance whi ch cones

Fig. 25 shows a perspective view of the permanent magnet rotor of a fifth embodiment,
and Fig. 26 shows a cross section intersecting at right angles to the rotatable shaft of the
permﬁnent magnet rotor. .The permanent magnet rotor 1 has a pair of plate permanent
magnets 3, 3 in this case. The yoke 2 is formed by punching out a large number of steel
sheets 4 by a die and laminating. In this embodimenf, the steel sheets 4 have caulking
sections 8, which are formed by partly denting the steel sheets, disposed on each magnetic
pole. The caulking sections 8 are formed by partiy denting the steel sheet by pressing by
means of a die. Therefore, each magnetic pole has gaps formed by the dented portions of
the caulking sections 8.

In Fig. 26, arrows in the drawing show the flow of magnetic fluxes between each magnetic
pole and stator magnetic poles. The stator 26 has a permanent magnet rotor 3 thefein,
and stator magnetic poles 27 are excited by coils not shown. Slots 6, 6 are in the bases of
magnetic poles Sa, Sc ofa yoke 2 and positioned at an equal diqtancé from the rotatable
shaft of the yoke 2. - As described above, the permanent magnets 3, 3 for the field are
inserted in these slots 6, 6 with the faces having the magnetism of N pole opposed to each
other, and the magﬁetic fluxes get out of the magnetic poles 5a, 5c¢ of the yoke 2 due to
the repulsion of the magnetic poles as shown and reach the magnetic poles 5b, 5d. Asa
result, the magnetic poles 5a, 5c bear the magnetism of S pole, and the magnetic poles Sb,
5d the magnetism of N pole. And, the outer periphery of the yoke 2 has the four magnetic
poles alternately having N and S poles.

The yoke 2 has on each magnetic pole a caulking section 8 for laminating steel sheets, and
the flow of the magnétic fluxes of each magnetic pole detours around the caulking section
8 and reaches the magnetic pole face of the yoke 2 as indicated by the arrows in Fig. 26.
This is because the caﬁlking section 8 is formed by denting the steel sheet to form a space




I pto contact with the side faces of said permanent nmagnet for the field. 2.
In a brushless notor conprising a stator qgnd a rotor rotatably supported
within the stator, wherein said rotor has a yoke which is formed by

| am nating many steel sheets, said yoke has an even nunber of magnetic

pol es proj ebyehe dented portioh] o thanthesspacd HRNECIdw MAGHUEC pPeftheability With rfeSpect to
inserted in each nagnetic pole or every other nmagnetic pole,” character-
i zed by t hathestpelsheatecincreasinga magnetis resistanceadt dhg caulicing section $n eTherefiora, lthe

field insert L slots faor i n_saj - tic poles .said s|ots .

br ovi ded v, eirepr st 3 BUREA o i ot SRt of s onfing Baeeo8 e 8 g

sai d per mangple 4fd0fMRtconcentrated toward the rotating direction. Thus, the back electromotive
force generated by the magnetic fluxes is largest at the center of the magnetic pole,
allowing to prevent an erroneous detection of the position of each magnetic pole of the

permanent magnet rotor.

And, the caulking section 8 disposed on the magnetic poles 5a to 5d makes an external
force difficult to be applied to bridges 10 connecting the base and the leading end of the
magnetic pole. And even when an unexpected external force is applied to the leading end
of the magnetic pole, the steel sheets of the yoke 2 do not suffer from the occurrence of
separation and gaps.

Fig. 27 and Fig. 28 are explanatory views of another embodiment of the permanent
magnet rotor, showing a front view and a sectional view of the yoke 2. The above
embodiment has used caulkings by denting the steel sheets for connecting the steel sheets
4. But, this embodimént forms a through hole in magnetic poles 5a, Sb, 5c and 5d, and
inserts a shaft 28 to connect the laminated steel sheets 4, thereby forming the yoke 2. The
shaft 28 is aluminum, stainless steel or other nonmagnetic materials to increase a magnetic
resistance at the shaft, resulting in obtaining the same effect as in the above embodiment.
In this embodiment, each end of the connection shaft 28 is fixed by caulking, but desired

ways such as screwing and welding can be adopted.

The connecting portion and the space of the magnetic poles 5a to 5d are not required to
be positioned at the center of the magnetic poles. They may be positioned on the side of
the rotating direction of the rotor with respect to the center of the magnetic pole and
approached just next to the leading end of the magnetic pole. Disposition of the space or
connecting portion on the side of the rotating direction interrupts the flow of the magnetic

fluxes which are concentrated toward the rotating direction, thus enhancing the effect of




for the field, and notches di sposed on the bases of said pr ot uber ances.
3. In a brushless notor conprising a stat®r and a rotor rotatably supported
within the stator, wherein said rotor has a yoke which is formed by

| am nati ng many steel sheets, said yoke has an even nunber of magnetic

pol es proj eatcierating the 'cBAdenitatictOf the MRAQHBHE MixeIRANRE cbitbr &f fhe kfic pole.
inserted in_each magnetic pole or every other magnetic pole, character-

i zed by t hafThe niagnetic@uxes miiphare pwente«% fromscoingentrating tasvrd the rotating direction

» are dispersed at the space or connecting portion, and again concentrated toward the

‘rotating direction on the magnetic pole. But, the disposition of the space or connecting

portion at the position immediately next to the leading end of the magnetic pole in the

rotating direction of the rotor causes the dispersed magnetic fluxes to reach the leading

end of the magnetic pole prior to concentrating toward the rotating direction, resulting in

concentrating the magnetic fluxes on the center of the magnetic pole. Thus, it is more

assured that an erroneous detection of the position of each magnetic pole is prevented.

The connecting portion or space is not limited to be one on each magnetic pole and may
be disposed in more than one. The above embodiment has been described using the rotor
having the structure that the four magnetic poles are formed on the outer periphery of the
yoke and the permanent magnet for the field is inserted in every other magnetic poles.
But, this embodiment is not limited to the above structure and can be applied to a case
that a desired even number of magnetic poles is formed and the permanent magnet for the

field is inserted in each magnetic pole.

In the permanent magnet rotor of this embodiment, the portion for connecting the steel
sheets is disposed on each magnetic pole, so that the magnetic resistance at the connecting
. portion is increased to suppress the concentration of the magnetic fluxes toward the
rotating direction. And the disposition of the connecting portion on each magnetic pole so
as to accelerate the magnetic fluxes to concentrate on the center of each magnetic pole
generates the back electromotive force largest at the center of the magnetic pole, thus
enabling to obtain a position sensorless brushless motor which can accurately detect the

~ position of the magnetic pole of the permanent magnet rotor.

Besides, the disposition of the connecting portion on each magnetic pole makes the
external force hard to be transmitted to the bridges connecting the base and the leading
end of the magnetic pole, and even when the unexpécted external force is applied to the




magnet for the field inserted in slots forned in said nmag- netic poles,
bri dges connecting the |eading end and theg, base of the magnetic poles at
either end of said slots, and a space between said bridges and said

per mmnent magnet for the field inserted in said slots. 4. A

met hod for pesfivie efd of the MEBAGIY pABINR! stéeP lshbetd bf thd yoied Fsiiing TRieOperah &l
conpri ses having dies each provi%ed’ wth a punch-outS’part for punghi ng out

and | ani nat -magngt sotoe lares hesvented fromm suffesing the potusrente af sepasationsandngaps; thus
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havi ng engagenent paw s to engage with
Fig. 29 is a computer-analyzed diagram'showing' the flow of magnetic fluxes on a cross
section intersecting at right angles to the rotatable shaft of the permanent magnet rotor of
a three-phase, four-pole motor (24 poles) with the rotor rotating satisfactorily. It is seen
from the flow of the magnetic fluxes that the magnetic pole above the permanent magnet
for the field bends the magnetic fluxes from the stator maghetic pole (pole) and the
magnetic fluxes from three stator rhagnetic poles flow to one permanent magnet for the
field. Since a half of the quantity of magnetic fluxes of the magnet passes through the
magnetic pole above the permanent magnet for the field, a width a between the permanent
magnet for the field and the outer periphery edge of the magnetic pole is preferably in a.
relation of (a=1.5 x b) (including a case that a is almost (1.5 x b)) with respect to a width
b of the stator magnetic pole. In other words, a half of the quanﬁty of magnetic fluxes of
the magnet passes through the part a and enters 1.5 stator magnetic poles. In the case of
the above (a=1.5 x b), the magnetic fluxes flow easily and do not leak many because both
magnetic flux densities are equal, resulting in a remarkable motor efficiency with a less

loss.

Since the width b of the stator magnetic pole is generally fixed, when the width a is larger
than (1.5 x b), the permanent magnet for the field is relatively close to the rotatable shaft
because the gap between the rotor and the stator is fixed and the magnetic pole outside the
permanent magnet for the field has a large area, reducing a gap magnetic flux density
outside the rotor. Furthermore, when the magnetic pole has a large area, the bridge width
is increased to retain the magnitude of a centrifugal force, increasing a loss and lowering a
motor efficiency. Besides, the magnet has a long magnetic path, and a leakage quantity is

increased.




a.permanent magnet for a field on the inner periphery of slots for

i nserting the permanent magnet for the figld ac- cording to a prescribed
driving depth, and having a step, before and/ or after the above step, of
punchi ng out and lam nating the steel sheets having reliefs for absorbing a

bend of the g&g&gﬁpﬁ‘wgﬁ%ﬁ ; [ ! difhah i ng
the driving _(%gpt_h of the pun%t&r&clls gl’sﬁ?“ega%l(gsaﬁg’]ﬁg%ﬁ ess %@@%ﬁ%ﬁﬁe\g&% a
stator and s relatively awiayifodn thesrotatable shaftvint pproaties 16 dieostatonyithe miagnetiei pble
r ot or . ) :
‘-l-__outmde the permanent magnet for the field has a small area, making the magnetic fluxes
difficult to bend and easy to be saturated. Thus, the magnetic flux density increases and a

loss (core loss) is increased, making the magnet demagnetized easily by heat.

As described above, when a is almost equal to (1.5 x b), the above disadvantages can be
remedied, and a cutoff can be disposed on the rotor magnetic poles (removing a local
concentration of magnetic fluxes) to be described afterward while securing the strength of

the bridges. It is to be understood that the above width a is larger than the bridge width.

Fig. 30 and Fig . 31 are computer-analyzed diagrams showing the flow of magnetic fluxes
on & cross section intersecting at right angles to the rotatable shaft of the permanent
magnet rotor of a thrée-phase, four-pole motor (24 poles) with the rotor rotating. Fig. 30
shows the rotor magnet pole with a cutoff 29, and Fig. 31 shows it without the same Fig.
32 and Fig. 33 are graphs showing a gap magnetic flux density, corresponding to Fig. 30
and Fig. 31 respectively. When the cutoff 29 is not disposed, the magnetic fluxes
concentrate on stator magnetic poles 103, 104, and 105 respectively, and the quantity of
magnetic fluxes is in order of the magnetic flux of the magnetic pole 103, the magnetic
flux of the magnetic pole 104, and the magnetic flux of the magnetic pole 105 in
proportion to the passage (torque magnitude) of a current through the stator winding, the
magnetic fluxes are locally saturated, the torque between the respective stator magnetic

poles is not uniform, and the rotation of the rotor is varied.

On the other hand, when the cutoff 29 is disposed, substantially an equal quantity of
magnetic fluxes enters stator magnetic poles 203, 204 and 205, the magnetic fluxes do not
bend extremely at the rotor magnetic poles, saturation is not much at the magnetic poles,
each stator magnetic pole has the same torque, and the rotor rotates without many
changes or vibrations. Fig. 34 is a diagram showing a relation between the permanent

magnet rotor and the stator of a three-phase, four-pole motor (24 poles), where A is an




has a yoke which is forned by |am nating nmany steel sheets, said yoke has
an even nunber of magnetic poles projected&px- ternally, and a pernanent
magnet for a field is inserted in each maghetic pole or every ,other
magneti c pole, character- ized by that- -a permanent nmagnet rotor has a pjitch

i nterval of datervel befwsenthesnds offwostator mpgnetic pgles (Rpoles) and grnddth-of ihe euipify

or a pitch i Wﬁo‘f?és*;&fds%%@ Sﬁ&\%r@ﬁ%ﬂt . gﬁ:@y%l'd}gth%e R Ss qrﬁt&?gﬁ%&f)gﬂ
engagi ng wi t it he proj ecti ons o e caul Ki'ng sectrons®oy turning provided
unbal anced.,atFi%.e:acs,ta §ip G'R PhGiFCuteiftpary 8 Msitih, & endxiiturh GaptBilat theshadff paft.is| n
a brushl ess® nmofor- conprising a stator -and a rotor rotatably supported

within the sth3om, apaegleof thesmaximymogap B from the rotor center is 257, and an angle of the
cutoff end part from the rotor center is 34 . The above values are same in the cases of 12

poles and 36 poles of a three-phase, four-pole motor. In the cases of 18 poles and 36
poles of a three-phase, six-pole motor, the cutoff angle A is 16.7 , and an angle of the
cutoff end part from the rotor center is 22.7 .

Industrial Applicability i

This invention is suitable for a rotor of a brushless motor used for compact disc players,
various types of acoustic equipment, OA equipment and others which need accurate

rotation and durability.




has a yoke which is forned by | am nating many steel sheets, _said_yoke has
an even nunber of magnetic pol es projectedysex- ternallﬁ and a per manent

magnet for a field is inserted in each nagnetic pole ”mm "Iﬂg”u, h
pitc

magneti c pole, character- ized by that a pernanent

i nterval of Claimsi ng sections for press-fitting the steel® sheef's frutual | y
det ernined to-be p-x m=360[err] (p is the nunber of caul ki ngs, m an
interval of caulkings) with respect to the rotatable shaft.

1. In a brushless motor comprising a stator and a rotor rotatably supported within the
‘ stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has said permanent magnet for the field inserted in slots
formed in said magnetic poles and said slots provided at their either end with a
protuberance to come into contact with the side faces of said permanent magnet for the
field.

2. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has said permanent magnet for the field inserted in slots
formed in said magnetic poles, said slots provided with protuberances to come into
contact with the side faces of said permanent magnet for the field, and notches disposed

on the bases of said protuberances.

3. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has said permanent magnet for the field inserted in slots
formed in said magnetic poles, bridges connecting the leading end and the base of the
magnetic poles at either end of said slots, and a space between said bridges and said

permanent magnet for the field inserted in said slots.
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7.- In a brushless notor conprising a stator and I\wmﬂ“u;lnnﬂﬂtmm
supported within the stator, wherein sai dsgotor f or ned
by | am nating many steel sheets, said yoke has an even®nuhbet of magneti c
pof’es projected ex- ternally, and a pernanent magnet for a field is

inserted |n 4adh abrysidessangtol eomprising b )staddharid ARGHOE rbtatably/ ﬁxpp@ﬂéd ithbi the
I zed by that a perrra nent, magnet rotor has, a pitch .interval caul ki ng

sections f or StIOESY qf?lf‘ts?’ﬁdmt‘)ﬁ bassy yoke whichvisJormed by lnspingting manssteelisheets, said
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the gap) wi t foradiehtis insered h&a&lﬁﬁﬁmb@omfekrery other magnetic poles, characterized by
that a permanent magnet rotor has said permanent magnet for the field inserted in slots

formed in said magnetic poles, engagement pawls disposed to protrude in said slots to
engage with said permanent magnet for the field, and reliefs for absorbing a bend of said
engagement pawls disposed on the laminated steel sheets of said yoke corresponding to

said engagement pawls.

5. A method for producing a permanent _maghet rotor of a brushless motor which
comprises having punch dies for punching out and laminating steel sheets to laminate a
yoke of a t_arushless motor having a different shape according to a driving depth in a
punching process, having a step of punching out and laminating the steel sheets having
engagement pawls to engage with a permanent magnet for a field on the inner periphery of

. slots for inserting the permanent magnet for the field according to a prescribed driving
depth, and having a step, before and/or after the above sfep, of punching out and
laminatiﬂg the steel sheets having reliefs for absofbing a bend of the engagement pawls on
the inner periphery of the slots by varyirig' the driving depth of the punch dies.

6. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said'
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has said yoke which at least one end has a deviated steel
sheet having the same Shape as the steel sheets of the yoke.

7. In a brushless motor comprising a stator and a rotor rotafably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said

yoke has an even number of magnetic poles projected externally, and a permanent magnet
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8.+%In a brushless notor conprising a stator and a rot ﬁ“l“fﬂm mmﬁnmorted
within the stator, wherein said rotor has sa yoke whic

| ami nating many steel sheets, said yoke has an even nufibef

of ragretic

pofes projected ex- ternally, and a permanent magnet for a field is

Inserted in @mafielhiyinserted ioéach aragaetie polodl @rryBtbaahaghefio poles, Charadtetigdd by
i zed by that a permanent nagnet rotor has at |east one end of the yoke made

of an iron sHibs DEEMANSR! magnet raterhas said yeke whishat leastyonr end hasa slehdeviatedsip 2as

to sli ghtly_‘. g&gﬁ&c&“&%yﬂ t he permanent magnets for the field.

8 Ina bmshles§ motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has a projection of a caulking section for press-fitting the
steel sheets mutually and a gap for press-fitting by turning the projection disposed at least

at one place on the steel sheets.

9. .In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wh&dn said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles piojected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has on the yoke of the rotor at least one gap on the

circumference of cziulking sections for press-fitting the steel sheets mutually.

10. In a brushless motor comprising a stator and a rotor rotatably supported within the

stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said

yoke has an even number of magnetic poles projected externally, and a permanent magnet

for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has caulking sections for press-fitting the steel sheets
mutually and gaps for press-fitting with the caulking sections by turning, at least on the

same circumference of the caulking sections.

11. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet

——
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39 9 In a brushless notor conpri si ng m\ﬁ \Sotor
rotatably supported within the stator, whgrein sai B@\wm e which
is formed by | am nating nany st eel sheets said yo as an ‘even nunber of
nmagnetic poles projected externally, and a perrranent magnet for afieldis
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engaging with the projections of the caulking sections by turning provided unbalanced at
least at one place with respect to the rotatable shaft.

12. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has a pitch interval of caulking sections for press-fitting the
steel sheets mutually determined to be p x m#360° (p is the number of caulkings, m an
interval of caulkings) with respect to the rotatable shaft.

13. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles prajected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has a pitch interval of caulking sections for press-fitting the
steel sheets mutuaily and gaps for press-fitting with the caulking sections by turning
determined to be p x m#360° (p is the number of caulkings, m an interval of the caulking
and the gap) with respect to the rotatable shaft.

14. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has projections of caulking sections for press-fitting the
steel sheets mutually. and gaps for press-fitting with the projections of the caulking
sections determined to be oval and a turning angle capable of being changed as desired.
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rot or

separate said pernmanent magnets. 10. In a brushless mot or ccﬁm | SEHg a
stator and a rotor rotatably supported w g#in the. alﬂ‘tmmummﬁal d

has a yoke which is formed by | am nating man

REPLACEMENT SHEET 40 said yoke has an even nunbef of magnetlc pol es
proj ected ex- ternally, and a permanent magnet for a field is inserted in
each rragnet—ii:-5 pi)ne or every ot her nmagnetic pole, character-

a-brushless motor comprising a stator and a rotor rotatably supported within the

.. stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said

yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that 2 permanent magnet rotor has caulking sections for press-fitting the steel sheets

mutually and gaps for press-fitting with the caulking sections by turning determined to be

point symmetrical with respect to the rotatable shaft.

16. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is _forrhed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for.a field i is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has at least one end of the yoke made of an iron sheet
having a different shape from the yoke steel sheets so as to slightly contact with the
permsnent magnets for the field.

17. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has the position of the slot at each section deviated by a
very small angle in a rotating direction, the steel sheets press-fitted mutually at each
section, and the steel sheets turned by the pitch interval of thé caulking sections and

laminated.

18. In a brushless motor corhpxising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet

for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
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i zed by that a pernmanent magnet rotor has said perrran for the
fleld inserted in slots forned in said ngy- netic poI dth
at either end of the slots, amobng a wdth capabl e of be| n IM

wi dth allowed in view of the nunber of passing magnetic fl uxes, and a width
al | oned fr ahatea petfiandit atdgnet rotordial tik perianent mgnets farghe fieldrheld bydesing helded

to be equal _to or larger than t reater one the w dt h capabl e of bein
punched outfr @P*W@WB?@%WG\/@Q‘Y&G% * OREAY: Fﬂ@%’?edstrength due to the )

centrifugal force and equal to or smaller than the width al- lowed in view
of the nuniber of passing nagnetic fluxes when the wi dth capabl e of being
punched out1gnth i beushlesk Motorconmpeising a stator and a rotor rotatably supported within the

stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has said permanent inagnet for the field inserted in slots
formed in said magneﬁc poles, and a bridge width at either end of the slots, among a width
capable of being punched out, a width allowed in view of the number of passing magnetic
fluxes, and a width allowed from a mecha_nicai strength due to a centrifugal force,
determined to be equal to or larger than the greater one of thé width capable of being
punghed out or the width allowed from the mechanical strength due to the centrifugal
force and -e:iual to or smaller than the width allowed in view of the number of passing
magnetic fluxes when the width capable of being punched out and the width allowed from
the mechanical stretigth due to the centrifugal force are equal to or smaller than the width
allowed in view of the number of passing magnetic fluxes, and determined to be equal to
or larger than the greater one of the width capable of being punched out or the width
allowed from the méchanical strength due to the centrifugal force when the width capable
of being punched out and the width allowed from the mechanical strength due to the
centrifugal force are equal to or larger than the width allowed in view of the number of

passing magnetic fluxes.

20. A permanent magnet rotor according to Claim 19, wherein the relation of the bridge
width capable of being produced by a die is expressed as M/T>1 when said bridge width is
assumed to be M and the steel sheet thickness be T.

21. In a brushless motor comprising a stator and a rotor rotatably supported within the
 stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said

yoke has an even number of magnetic poles projected externally, and a permanent magnef
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from the mechanical strength due to the centri fugal

saal l er than the width allowed in view of4t he nunber B‘ﬂ% m&m‘
fl'uxes, and determined to be equal to or larger than er one*of the
wi*dt h capabl e of bei ng punched out or the w dth all owed fromthe mechani -

cal strengt Hotaifield és insartedém eachfmagnkti¢ pole er every otheemagnittic poles Adhaeacterizedbyng
punched out tﬁ{}d the width allowed fromthe, nmechagnical strength due to the
centrifugal PARSTOAent magnet ratog hag gaps i said,maAenetic PRIe8t h al | owed i n vi ew of
t he nurrber\ﬂof ' '

'22. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has at least one connecting portion for laminating said steel

sheets on each magnetic pole.

23. A permanent magnet rotor according to Claim 21 or Claim 22, wherein said
connecting portion or gaps in the magnetic poles of the rotor are formed close to the
leading ends of the magnetic poles on the side of a rotating direction with respect to the

center of the rotor.

24. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has said permanent magnet for the field inserted in slots
formed in said magnetic poles, and a bridge width at either end of said slots determined to
be smaller than a width between the outside of said permanent magnet for the field and the
outer edge of said magnetic pole.

25. In a brushless motor comprising a stator and a rotor rotatably supported within the
stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by

- that a permanent magnet rotor has a width between the outside of said permanent magnet
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passi ng magnetic fluxes. 11. A pernmanent magnet rotor ac
19, wherein the relation of the bridge w & h capabl !l@@“ﬂﬂﬂ!‘! l“ied by a
dife is expressed as M T[err]1 when said bridge W|dt be M
and the steel sheet thickness be T. 12. In a brushl ess motor conprising a
stator and dor thedield mdamam;ersdg@of saidimagnéticrpolendeterminiedrto batabout hS simed of
rotor haS a yoke which rmed by |Iam nating many steel sheets, said yoke
has an even ﬁﬁﬁlgr '?“?fﬁ é‘?art%r pol es projected ex- ternally, and a
permanent magnet for a flel dis inserted in each magnetic pole or every

ot her magnétic pole, character- ized by that a pernmanent: magnet rotor has
sai d pernaneif. Ina brushless motor comprising a stator and a rotor rotatably supported within the

stator, wherein said rotor has a yoke which is formed by laminating many steel sheets, said
yoke has an even number of magnetic poles projected externally, and a permanent magnet
for a field is inserted in each magnetic pole or every other magnetic poles, characterized by
that a permanent magnet rotor has the outer periphery and the front or back side in a
rotating direction of said magnetic poles cut off a prescribed shape, and its cutoff shaped
so that a gap magnetic flux density passing between the cutoff face and the magnetic pole
of the stator is equal on the cutoff face.
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magnet for the field inserted in slots forned in said nmag- netic poles,
g bridge width at either end of said slojy determned to be smaller than a

\M dt h between the outside of said permanent magnet for the field and the

out er edge of said magnetic pole. 13. In a brushless notor conprising a
st at or and Abstra¢tor rot at ably supported within the stator, wherein said

rotor

has an even nunber of nagnetic poles projected ex- ternally, and a

per manent., IFghghe

magnéT] ' e " et ragR et =t of  has a

ot her

wi dt h bet ween

In a brushless motor which includes a stator (26) and a rotor (1) rotatably supported
inside the stator and wherein the rotor has a yoke (2) formed by laminating a large number
of steel sheets (4), the yoke has an even number of magnetic poles (5) protruding
outward, and a permanent magnet (3) for a field is inserted into each, or every other,
magnetic poles, the permanent magnet rotor of the present invention has a struct&fe in
which the permanent magnet for the field is inserted into a slot (6) formed in the magnetic
pole, and protuberances (9) striking the side surfaces of the permanent magnet for the field
are disposed at the right and left portions of the slot. Further, in the present invention, in

the-brushless motor of this kind, engagement pawls (12) engaging with the permanent -

magnet for the field are so disposed as to protrude, reliefs (13) for absorbing a bend of the

engagement pawl are formed in those of the steel sheets laminated to form the yoke which

correspond to the engagement pawl. The steel sheets of the yoke are deviated on one or
both ends sequentially in the rotating direction. A bridge width at both ends of the slot is
set to be greater than the greater one of a width capable of being punched out and a width
allowed from a mechanical strexigth due to a centrifugal force between the width capable
of being punched out, a width allow)ved from the number of passing magnetic fluxes and the
width allowed from the mechanical strength due to the centrifugal force. Further, at least
one connecting portion of gap is provided to each magnetic pole so as to laminate the steel
sheets. The bridge width at both end of the slot is set to be smaller than a width from the
outside portion of the permanent magnet for the field to the outside edge of the magnetic
pole.

Figure 1
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and

has "a yoke which is forned by |am nating many steel sheets, said yoke



the outside of said permanent magnet for the field and the outer edge of

sal d nagnet—C‘pbfe—deterﬂfﬂed—%o be about 1.5 ti IREPLAICEMENDGHEERSdt hsGf

said stator. I n a brushlleg® Depdriptiof CRREIE.ITNE Pagddat-or
and a rotor H“iuﬂ l}lj\"ﬂx!‘u!l d within the staﬁﬂ&amﬁrﬂ EEE@&EE&%@% A
yoke which IS ormne ting many 3st eel iﬁEﬁ%@wlﬁﬁ'éasﬁkﬁzﬂﬁﬁ .....

nunber of magnetic poles prOJected external | yi, R er NRRAN fer
fieldis %m%xﬁ NRREY . TR B&ged .OF
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1. In a brushless motor combrising a stator and a
rotor rofatab]y supported within the stator, wherein said
rotor has a yoke which is formed by laminating many steel
sheets, said yoke has an even number of magnetic poles
projected externally, and a permanent magnet for a field is
inserted in'each magnetié pole or every other magnetic pole,
characterizéd'by that’' a permanent magnet rotor has said
permanent magnet for the field inserted in slots formed in
said magnetic §o1es and said slots provfded at their either
end with a plastically deformable protuberance which comes
into contact with the side faces of said permanent magnet
for the field.

2. Ina brﬁsh1ess motor comprising a stator and a rotor
rotatably sUpported wiﬁhin the stator, wherein said rotor
has a yoke which is formed by Taminating many steel sheets,
said yoke has an even number of magnetié poles projected ex-
ternally, and‘a permanent magnet for a field is insertéd in
each magnetic pole or évery other magnetic pole, character-
ized by that a pefmanent magnet rotor has said permanent
magnet for the field inserted in slots formed in said mag-
netic poiés, said slots provided with protuberances to come
into contact with the side faces of said permanent magnet

for the field, and notches disposed on the bases of said




|nserted Ln_each_nagneLLc"nge or every other magnetic pole, characterized
at a permanent net rotor has the outer periphery and the front or

\ t
back S|de |B H“Hﬂl U!Hctlon of said magnetic poles cut off a
prescrlbed shaped so that a gap magnetic flux density
passi ng betmeen t he cutoff face and the ¥agnetic pole of the stator is

equal on the cutoff face, and said cutoff disposed so as to give a - -
prescribed inclination to said protuberances.

protuberances.

3. In a brushless motor comprising a stator and a rotor
rotatably suppbrted within the stator, wherein said rotor
has a yoke which is formed by laminating many steel sheets,
said yoke has an even number of magnetic poles projected ex-
ternally, and .a permanent magnet for a field is inserted in
each magnetic pole or every other magnetic pole, character-
ized by that a permanent magnet rotor has said permanent
magnet for the field inserted in slots formed in said mag-
netic poles, bridges connecting the leading end and the base
of the magnetic poles at either end of said slots, and a
space between said bridges and said permanent magnet for the
field inserted in said slots.

4. " A method for producing a permanent magnet
rotor of a brushless motor which comprises having dies each
provided with a punch-out part for punching out and laminat-
ing steel sheets to laminate a yoke of a brushless motor
having a different shape according to a_driving depth in a
punching process, having a step of punching out and laminat-
ing the steel sheets having engagement pawls to engage with
a permanéht'magnet'for a field on the inner periphery of
slots for inserting the permanent magnet for the field ac-

cording to a brescribed driving depth, and having a step,
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pefore and/or after the above step, of punching out and i
laminating thé éteel sheets having reliefs for absorbing a
bend of the engagement pawls on the inner periphery of the

slots by varying the driving depth of the punch dies.

5. In a brushless motor comprising a stator and a rotor
rotatably supported within the stator, wherein said rotor
has a yoke which is formed by lTaminating many stéel sheets,
said yoke has an even number of magnetic poles projected ex-
ternally, and a. permanent magnet for a field is inserted in
each magnetic pole or every other magnetic pole, character-
jzed by that a permanent magnet rotor has a pitch interval
of céﬁlking sections for press-fitting the steel sheets
mutuaily or a'pitdh interval of projections of the caulking
sections and gaps for engaging with the projections of the
caulking sections by turning provided unbalanced at least at
one place with respect to the rotatable shaft.

8. 1In a brushless motor comprising a stator and a rotor
rotatably supported within the stator, wherein said rotor

has a yoke which is formed by laminating many steel sheets,

said yoke has an even number of magnetic poles projected ex-
ternally, and a permanént magnet for a field is inserted in
each magqetic.po1e or every other magnetic pole, éharacter—
jzed by that a permanent magnet rotor has a pitch interval
of caulking sections for press-fitting the steel sheets
mutually determined to be p x m =380° (p is the number of
caulkings, m;an intefval of caulkings) with respect to the

rotatable shaft.
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. In.a brushless motor comprising a étator=and a rotor
rotatably supported within the stator, Wherein said rotor
has a yoke which is formed by laminating many steel éheets,
said yoke-has an even number of magnetic poles projected ex-
ternally, and'a'bermanent magnet for a field is inserted in
each magnetic pole or every other magnetic pole, character-
ized by that a.permahent magnet rotor has a pitch interval
of caulking sections for press-fitting the steel sheets
mutually and gaps for press-fitting with the caulking sec-
tions by turning determined to be p x m =360° (p is the num-
ber of cahlkings; m an interval of the caulking and the gap)

with respect toﬂthe rotatable shaft.

'g. In a brushless motor comprising a stator and a rotor

rotatably supported within the stator, wherein said rotor

has a yoke whidh'is formed by laminating many steel sheets,
said yoke has an éveﬁ number of magnetfc poles projected ex-
ternally, and a permanent hagnet for a field is inserted in
each magnetic:pole or every other magnetic pole, character-
ized by thét a permanent magnet rotor has at least one end
of the yoke méde_of an iron sheet having a different shape
from the yoke sféel sheets so as to slightly contact with

the permaneht magnets for the field.
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9. In a brushless motor comprising a stator and
a rotor rdtatably supported within tHe stator, wherein said
rotor has a yoke which is.fbrmed by laminating many steel
sheets, said yoke has an even number of magnetic poles
projected externally, and a permanent magnet for a field is
inserted in each_magnetic pole or every.other magnetic pole,
characterized by that a permanent magnet rotor has the
permanent magnets for the field whose each magnet is formed
to one body and which is held from their both ends by two
split yokes whose one end is closed so as to disable to
separate said permanent magnets.

10. fn a'brush1ess motor comprising a stator and a rotor
rotatably supported within the stator, wherein said rotor_

has a yoke which is formed by laminating many steel sheetsu

P
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said yoke has én even number of magnetic poies projected.ex-
ternally, and a permanent.magnet for a field is inserted in
each magnetic pole or évery other magnetic pole, character-
ized by that a permanent magnet rotor has said'permanent:
magnet for the field inserted in slots formed in said mag-
netic poles, and a bridge width at either end of the slots,
among a width'capable_of being punched out, a width allowed
in view of thé number of passing magnetic fluxes, and a
width allowed from a mechanical strength due to a
centrifugal force, determined to be equal to or larger than
the greater one of the width capable of being punched out or
the width allowed from the mechanical strength due to the
centrifugal force and equal to or smaller than the width al-
lowed in view of the number of passing magnetic fluxes when
the width capable of béing punched out and the width a11owéd
from the mechanical strength due to the centrifugal force
are equal to or smaller thén the width alliowed in view of
the number of passing magnetic fluxes, and determined to be
equal to or larger than the greater one of the width capable
of being punched out or the width allowed from the mechani-
cal strength due to the centrifugal force when the width
capable of being punched out and the width allowed from the
mechanical strength dQé to the centrifugal force are equal

" to or larger than the width a1lowed_in view of the number of
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passing magnetic fluxes. . o
11. A permanent magnet rotor according to Ciaim 19, wherein
the relation of the bridge width capable of being produced

by a die is expressed as M/T21 when said bridge width is as-

sumed to be M énd'the steel sheet thickness be_T.

e —
i) -

12. In a brushless motor comprising i;étator and a rotor
rotatably supported within the stator, wherein said rotor
has a yoke which is formed by laminating many steel sheets,
said yoke has én even number of magnetic poles projected ex-
ternally, and a permanent magnet for'a field is inserted in
each magnetic'pole or every other magnetic pole, character-
ized by that a permanent magnet rotor has said pefmanent
magnet for the field inserted in slots formed in s;id mag—'
netic poles, and a bridge width at either end of said slots
determined to be smaller than a width between the outside of
said permanent magnet for the field and the outer edge of |
said magnetic pole.

13. In a brushless motor comprising a stator and a rotof
rotatab]y.supported within the stator, wherein said rotor
has a yoke which is formed by laminating many steel sheets,

said yoke has_an even number of magnetic poles projected ex-

ternally, and a permanent magnet for a field is inserted in
each magnétic pole or every other magnétic pole, character-
fzed by that a permanent magnet rotor has a width between
the outside of said permanent magnet for the field and the

Quter edge of said magnetic pole determined to be about 1.5

times of the pole width of said stator.
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14, i fIn a br&shless motor comprising a stator and
a rotor rotatably supported:within the stator, wherein said
rotor has a yoke;which is formed by laminating many steel
sheets, said yoke has an even number of magnetic poles
projected exterﬁally. and a permanent magnet for a field is
inserted in each magnetic pole or every other magnetic poile,
characterized by that a permanent magnet rotor has the outer
periphery and the front or back side in a rotating direction
of said magnetic poles cut off a prescribed shape, its
éutoff shaped so that a gap magnetic flux density passing
between the cufoff face and the magnetic pole of the stator.
is equél on the cutoff face, and said cutoff disposed so as

to give a prescribed inclination to said protuberances.




