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PERMANENT MAGNET FELD TYPE 
ROTATING MACHINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a rotating machine Such 
as an electric motor or a generator. 

Conventionally Such rotating machines have been of the 
induction type which is Suitably connected to a three-phase 
current. In recent years, however, brushleSS DC-type rotat 
ing machines with utilization of permanent magnet fields 
and reluctance type rotating machines are increasing for 
high power applications due to an appearance of a high 
capacity permanent magnet and developments in the 
computer-aided magnetic field analysis technology and the 
power electronics, while conventionally the induction type 
rotating machines have been predominantly used in Such 
high power applications. The brushleSS DC-type rotating 
machines and the reluctance type rotating machines can 
have higher operational efficiency and cooling efficiency 
than the induction type rotating machines Since rotors 
thereof do not require to receive current. 

FIG. 10 shows an essential part of a conventional brush 
leSS DC motor in a croSS Sectional view, which has a Surface 
magnet type rotor 60. 

In FIG. 10, a plurality of permanent magnets 1 are 
attached to the Outer periphery of a rotor core 2 at a 
predetermined interval with one another. The permanent 
magnets 1 each having an arc Segment shape are radially 
magnetized. The rotor core 2 is mounted on a rotor Shaft 8 
to form a Surface magnet type rotor 60. A Stator core 3 is 
opposite to the rotor 60 with an air gap 9 therebetween. The 
reference numeral 4 denotes a Stator winding and 20 a Stator. 
Magnetic flux A from the magnetic pole N of a permanent 
magnet 1a attached to the outer periphery of the rotor 60 
forms a closed loop which passes through a portion of the 
respective Stator cores 3a and 3b, two air gap portions 9, a 
permanent magnet 1b having reverse polarity to the perma 
nent magnet 1a and the rotor core 2, and returns to the 
permanent magnet 1a at the magnetic pole S as indicated by 
arrows. When a current passes through the Stator winding 4, 
the rotor 60 rotates under torque produced by the armature 
interaction between the rotor 60 and the stator winding. 

However, in the case where the rotor 60 rotates at a high 
or has a large diameter, there is a risk that the permanent 
magnets 1 Separate from the rotor core 2 under a large 
centrifugal force, Since the permanent magnets 1 are Secured 
to the circumferential Surface of the rotor core 2 with 
utilization of an adhesive, for example. 
On the other hand, there has been a conventional Surface 

magnet type rotor 70 with a cylindrical cover as shown in 
FIG. 11, in which the cylindrical cover 5 is provided to 
Surround the Outer Surfaces of permanent magnets 1 each 
having an arc Segment form in order to Support a centrifugal 
force which acts on the permanent magnets 1 So as to 
prevent them from Separating from a rotor core 2. In the 
drawing, numeral 8 denotes a rotor Shaft. The cylindrical 
cover 5 may be made from a ferromagnetic or nonmagnetic 
material, Such as an integral metallic member or a member 
made of wound artificial fibers including carbon fibers. Such 
covers have been brought into practical use in air condi 
tioner motors, for example. 

With respect to the separation problem of the permanent 
magnets, another example rotor is shown FIG. 12, which is 
a conventional internal magnet type rotor 80 comprising a 
rotor core 2 in which permanent magnets 1 are embedded. 
When the rotor 80 rotates, a centrifugal force acting on the 
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2 
permanent magnets 1 is born by the outer periphery region 
of the rotor core 2. 

If the cylindrical cover 5 in FIG. 11 is made of a 
nonmagnetic material, the Space between the rotor 70 and a 
Stator (not shown), that is, an air gap 9 increases by the 
thickness of the cylindrical cover 5, thus reducing the 
number of effective lines of magnetic force from the per 
manent magnets 1, namely, the amount of effective magnetic 
flux as compared with the Surface magnet type rotator 60 in 
FIG. 10 in which the surfaces of the permanent magnets 1 
directly face to the air gap 9. 

If the cylindrical cover 5 of FIG. 11 is made of a 
ferromagnetic material, leakage flux C occurs, which Starts 
from the permanent magnets 1a and reaches to the perma 
nent magnet 1b which has an opposite polarity to the 
permanent magnet 1a through the cylindrical cover 5. The 
leakage flux C does not intersect stator windings (not 
shown), thus it does not contribute to torque of the motor or 
power generation in a generator. In Such rotor 70, the 
number of effective lines of magnetic force is also Smaller 
than that in the surface magnet type rotor 60 of FIG. 10 in 
which the Surfaces of the permanent magnets 1 directly face 
to the air gap 9. 

In the case of the internal magnet type rotor 80 of FIG. 12, 
the magnetic flux from the permanent magnets 1 must be 
taken out toward the Stator (not shown) through the outer 
surface of the rotor 80 and the air gap 9. From this, the rotor 
core 2 is inevitably required to be ferromagnetic. In Such 
rotor core, So-called leakage flux B is produced around the 
magnetic poles of the permanent magnets 1 So that the 
number of effective lines of magnetic force from the per 
manent magnets 1 is reduced as compared with that of the 
Surface magnet type rotor 7 having the cylindrical cover 5 of 
FIG 11. 

FIG. 13 is a cross sectional view of an essential portion of 
a conventional rotor used in a reluctance type rotating 
machine. 

A reluctance type rotor 90 of FIG. 13 comprises a rotor 
core 2 which consists of alternately layered magnetic mate 
rial layerS 6 and nonmagnetic material layers 7 and which is 
mounted on a rotor Shaft 8. When a rotating and alternating 
magnetic field acts on the rotor 90 from a stator side (not 
shown) through an air gap 9, the flux of the rotating 
magnetic field is liable to pass the magnetic material layer 6 
indicated by axis d of the rotor 90 but hardly pass along a 
direction crossing the alternate magnetic material layerS 6 
and nonmagnetic material layerS 7 indicated by axis g. 
Considering the relationship between a winding at any 
position of the stator (not shown) and the rotor 90, there will 
occur a difference in inductance according to a rotating angle 
of the rotor 90, which is a principle of the reluctance motor 
and the like. Herein, a rotor of the reluctance motor is 
referred to as a inner magnetic barrier type multilayered 
rotor, which comprises the rotor core 2 (FIG. 13) and 
consists of alternately Superimposed magnetic and nonmag 
netic material layers 6 and 7, and which is mounted on the 
rotor shaft 8. With regard to producing a conventional inner 
magnetic barrier type multilayered rotor, there are proposed 
a way disclosed in JP-A-6-311677 in which magnetic and 
nonmagnetic plates 6 and 7, having a predetermined form, 
respectively, are alternately Superimposed and combined 
with one another by Screws or the like, and another way in 
which a plurality of disks, each of which is made from a 
Silicon Steel sheet and has a plurality of openings formed in 
other than a peripheral region of the disk, are Superimposed, 
the openings being of nonmagnetic Zones. None of Such 
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rotor cores for the reluctance type rotor has good reliability 
in mechanical Strength and good fabricability. 

Composite magnetic materials, on the other hand, have 
been used to complement mechanical Strength and increase 
magnetic efficiency. Disclosed in, for example, JP-A-7- 
11397, is a composite material in which portions differing in 
magnetic properties (magnetic and nonmagnetic portions), 
that is, in microStructure, coexist with each other. JP-A-6- 
245418 discloses a motor using Such a material, in which an 
alloy Steel is processed to have mechanical deformation and 
thermal hysteresis So that the magnetic properties thereof 
differ from portion to portion.JP-A-6-245418 describes that 
the cylindrical cover 5 of FIG. 11 is arranged so that the lines 
of magnetic force from the permanent magnets 1 are effec 
tively taken out of the rotor 70 by providing nonmagnetic 
portions 663 radially outside between the magnetic poles of 
the permanent magnets 1 and ferromagnetic portions 650 
radially outside the permanent magnets. The nonmagnetic 
portions 663 are made by heating and Subsequent cooling 
them locally in the range from the austenite transformation 
temperature or higher to below the melting point. 
The maximum magnetic flux density (Bs) of the 

composite, magnetic material disclosed in JP-A-7-11397 is 
0.8 tesla (T) as measured at a magnetic field intensity of 
3980 A/m (50 Oe). For a rotor including permanent magnets 
with a residual magnetic flux density (Br) of 0.8 T or more, 
if the maximum magnetic flux density (Bs) of the rotor core 
constituting the rotor is less than 0.8 T, the flux from the 
permanent magnets is magnetically Saturated at the rotor 
core, thus preventing effective flux from being efficiently 
taken out to the Outer Surface of the rotor, So that the 
magnetic efficiency of the rotor is significantly reduced. For 
the above reason, magnets having a residual magnetic flux 
density of 1.2 or more, especially Nd-Fe-B anisotropic 
Sintered magnets at Such residual magnetic flux density 
levels must have a maximum magnetic flux density of 1.2T 
or more, preferably 1.3 T or more as composite, magnetic 
materials for rotating machines. 

Rotating machines, especially for automobiles must meet 
Stringent low temperature requirements including a mini 
mum ambient temperature range of lower than at least -40 
C. or leSS. 
The maximum magnetic flux density of the composite 

magnetic material described above can be set to 1.3 T or 
more by reducing the chromium or nickel content thereof. 
However, there is a problem that a reduction in chromium or 
nickel content, leads to lack of austenite Stabilizing elements 
(Such as nickel) and thus the austenitic phase of the non 
magnetic portions in the composite magnetic material is 
unstable and at the above low temperature range trans 
formed to another magnetic phase around minus(-) 10 C. 

FIG. 14 is a phase diagram of a modified Fe-Cr binary 
System at 0.6 wt % carbon. AS Shown in the diagram, the 
austenite phase is present at a high temperature range of 
from about 700° C. to not lower than 900 C. at a Cr content 
range of 0 to 15 wt %. A nonmagnetic material composed of 
austenite phases can be obtained by heating an alloy com 
posed of 0.6 wt % C, 0 to 15 wt % Cr, and balance of Fe and 
unavoidable impurities at about 1000 C. and then rapidly 
cooled the alloy at Such a cooling rate that austenite phase 
can be kept without occurrence of ferrite phase. 

Below is described a method of forming a rotor core that 
includes both ferromagnetic and nonmagnetic portions, pro 
duced by heating, for example, stainless steel JISSUS420.J2 
locally and then cooling it. Martensitic stainless steel JIS 
SUS420J2 comprises 0.26 to 0.40 wt % C, not more than 
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4 
1.00 wt % Si, not more than 1.00 wt % Mn, not more than 
0.040 wit% P, not more than 0.030 wit % S, 12.00 to 14.00 
wt % Cr and unavoidable impurities. If the stainless steel is 
subjected to a heat treatment of heating at 700 to 900 C. 
for from one to two hours followed by gradual cooling, as 
usually conducted, in order to improve ferromagnetic 
properties, it has a composite structure (ferromagnetic 
Structure) at the room temperature, which consists of ferrite 
phase and Segregated carbides. The Segregated carbides, 
even if heated to a temperature of not lower than the 
austenite transformation temperature and lower than the 
melting point of the StainleSS Steel, do not readily dissolve 
into ferrite phase. Thus, with regard to a rotor core which 
consists of a ferromagnetic portion and a nonmagnetic 
portion and which is produced from the JIS SUS420.J2 
material, which comprises carbon depleted portions 
(namely, portions where carbides are segregated) (carbon 
being an austenite Stabilizing element), by Subjecting it to a 
heat treatment of partially heating it followed by rapid 
cooling to obtain a nonmagnetic portion, namely the heat 
treatment being of partially heating the material to a tem 
perature range of from not lower than the austenite trans 
formation temperature to lower than the melting point and 
Subsequently rapidly cooling it, if Such rotor core is applied 
to a rotating machine of an automobile, which is exposed to 
a low temperature, for example minus(-) 40 C., the auste 
nite phase of the nonmagnetic portion, which is partially 
formed in the rotor core, is transformed to ferromagnetic 
ferrite phase. This causes the nonmagnetic portions of the 
rotor core to loose their capacity of restraining leakage flux. 
Merely heating JIS SUS420.J2 alloy partially to a tempera 
ture range of not lower than the austenite transformation 
temperature and lower than its melting point and Subse 
quently cooling the alloy cause the relative permeability (us) 
of partially formed nonmagnetic portions to be considerably 
high at around minus(-) 40°C. Thus the magnetic efficiency 
of motors and generators using parts made of thus heat 
treated JIS SUS420.J2 alloy extremely decreases at around 
minus(-) 40 C. 

SUMMARY OF THE INVENTION 

Under Such technical background Stated above, it is an 
object of the present invention to provide a rotating machine 
having a fully high magnetic efficiency at least minus(-) 40 
C. 

According to a first aspect of the invention, there is 
provided a permanent magnet field type rotating machine 
comprising an inner magnet type rotor whose rotor core has 
a plurality of permanents magnets mounted therein, wherein 
the rotor core is made of a Single chemical composition 
material comprising ferromagnetic and nonmagnetic Zones, 
the nonmagnetic Zones consisting of a remolten and Solidi 
fied metal Structure and of a merely heated and cooled metal 
Structure (or heat-affected Structure), and being present at 
portions of the rotor core where leakage flux is produced. 
According to Such rotor core, the magnetic efficiency of the 
rotating machine can be kept good in a low temperature 
range in the case where the nonmagnetic Zones comprise not 
less than 30 vol% remolten and Solidified metal structure. 

According to a Second aspect of the invention, there is 
provided a permanent magnet field type rotating machine 
having a Surface magnet type rotor which comprises a rotor 
core, permanent magnets mounted on the peripheral Surface 
of the rotor core and a cylindrical cover which covers the 
permanent magnets, wherein the cylindrical cover is made of 
a single chemical composition material comprising ferro 
magnetic and nonmagnetic Zones, the nonmagnetic Zones 
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consisting of a remolten and Solidified metal Structure and of 
a merely heated and cooled metal structure (or heat-affected 
Structure), and being present at portions of the cylindrical 
cover where leakage flux is produced. According to Such 
cylindrical cover, the magnetic efficiency of the rotating 
machine can be kept good in a low temperature range in the 
case where the nonmagnetic Zones comprise not less than 30 
vol % remolten and Solidified metal structure. 

According to a third aspect of the invention, there is 
provided a reluctance type rotating machine having a rotor 
which comprises a rotor core being made of a single 
chemical composition material comprising ferromagnetic 
and nonmagnetic Zones, the nonmagnetic Zones consisting 
of a remolten and Solidified metal Structure and of a heated 
and cooled metal structure (or heat-affected structure). 
According to Such rotor core, the magnetic efficiency of the 
rotating machine can be kept good in a low temperature 
range in the case where the nonmagnetic Zones comprise not 
less than 30 vol% remolten and Solidified metal structure. 

In the present invention, known martensitic Stainless Steel 
and/or ferritic Stainless Steel can be used as a composite 
Structural material, which comprises ferromagnetic and non 
magnetic Zones, for the rotor core. 

If it is acceptable that the nonmagnetic Zones locally 
formed in the ferromagnetic Zone are Stable at a low tem 
perature down to minus(-) 40 C., martensitic Stainless 
steels, such as JIS SUS420.J2 and JIS SUS403, can be used 
as a material for the rotor core of the invention. The 
martensitic stainless steel of JIS SUS420.J2 consists of 0.26 
to 0.40 wt % C, not more than 1.00 wt % Si, not more than 
1.00 wt % Mn, not more than 0.040 wt % P, not more than 
0.030 wt % S, not more than 0.60 wt % Ni, 12.00 to 14.00 
wt % Cr, and balance of Fe and unavoidable impurities. 

In the case where carbon is a primary Stabilizer at a low 
temperature range for the rotor core Steel, an alloy Steel can 
be used, which are Similar in chemical composition to JIS 
SUS440A which consists of 0.40 to 1.20 wt % C, not more 
than 1.00 wt % Si, not more than 1.00 wt % Mn, not more 
than 0.04 wt % P, not more than 0.03 wt % S, not more than 
0.60 wt % Ni, 12.00 to 14.00 wt % Cr, and balance of Fe and 
unavoidable impurities. 
A known magnetic StainleSS Steel can be used for the rotor 

core, which comprises an increased amount of Ni as a 
Stabilizer for the austenite phase instead of increasing carbon 
Since an exceeding amount of carbon causes the rotor core 
Steel liable to corrode and whose chemical composition is, 
for example, 0.26 to 0.70 wt % C, not more than 1.00 wt % 
Si, not more than 1.00 wt % Mn, not more than 0.40 wt % 
P, not more than 0.03 wt % S, not more than 8.00 wt % Ni, 
12.00 to 14.00 wt % Cr, and balance of Fe and unavoidable 
impurities. 

Putting an importance to the low-temperature Stability of 
the nonmagnetic Zones of the invention rotor core, it is 
effective to considerably increase carbon and nickel contents 
in the rotor core Steel. In Such case, a known magnetic 
Stainless Steel can be used, which comprises not more than 
1.20 wt % C, not more than 1.00 wt % Si, not more than 1.00 
wt % Mn, not more than 0.40 wt % P, not more than 0.03 wit 
% S, not more than 8.00 wt % Ni, 12.00 to 14.00 wt % Cr, 
and balance of Fe and unavoidable impurities. 

In the present invention, the nonmagnetic Zones 
(remolten/Solidified and heated/cooled Zones) can be pro 
duced by a heating means of laser beam, electronic beam, 
high-temperature plasma, high frequency induction heating 
or the like. However the heating means is not limited to 
those raised above and may be known locally heating means. 
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6 
According to the present invention, a rotating machine, 

which have a high efficiency and a high reliability in 
mechanical Strength and So on, can be produced with utili 
Zation of the rotor core made of the material which com 
prises ferromagnetic and nonmagnetic Zones, the ferromag 
netic having a fully large maximum magnetic flux density 
(BS) and the nonmagnetic Zones, which has relative perme 
ability of not greater than 2 us, being Stable at least an 
environment temperature at least down to about minus(-) 
40° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing an essential portion 
of a rotor of the invention; 

FIG. 2 is a croSS Sectional view showing an essential 
portion of a rotating machine of the invention; 

FIG. 3 is a croSS Sectional view showing an essential 
portion of another rotor of the invention; 

FIG. 4 is a perspective view showing an essential portion 
of another rotor of the invention; 

FIG. 5 shows a magnetic property (B-H curve) of a 
ferromagnetic portion of a rotor core according to the 
invention, which has 565 of maximum magnetic permeabil 
ity (u) 10.5 (Oe) of coercive force (Hc), and magnetic flux 
density of Bo 12.3 (kG) (at 50 Oe) and Boo 13.6 (kG) (at 
100 Oe), and in which the unit of “B” is “kG” and the unit 
of “H” is “Oe”; 

FIG. 6 shows a magnetic property (B-H curve) of a 
nonmagnetic portion of a rotor core of the invention which 
has 1.1 of maximum magnetic permeability (uy) and, in 
which the unit of “B” is “kG and the unit of “H” is 

FIG. 7 is a photograph of a remolten/Solidified metal 
Structure of the invention; 

FIG. 8A is a photograph showing a microStructure of a 
remolten/Solidified Zone according to the invention, in 
which a1 denotes the matrix phase and a2 carbide particles, 

FIG. 8B is a photograph showing a microstructure of a 
merely heated/cooled Zone according to the conventional 
way, in which b1 denotes the matrix phase and b2 carbide 
particles, 

FIG. 9 shows the results of line analysis of a nonmagnetic 
portion of a rotor core according to the invention; 

FIG. 10 is a cross sectional view of an essential portion of 
a convention rotor; 

FIG. 11 is a cross sectional view of an essential portion of 
a conventional rotor; 

FIG. 12 is a cross sectional view of an essential portion of 
a conventional rotor; 

FIG. 13 is a cross sectional view of an essential portion of 
a conventional rotor; and 

FIG. 14 is a phase diagram of a carbon modified Fe-Cr 
binary system at 0.6 wt %. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

In FIG. 1, a rotor core 65 consists of a plurality of thin 
plates 67 which are Superimposed with one another in the 
longitudinal direction and which are mounted on a rotor 
shaft 8. In the rotor core 65, shaded portions 660 show 
nonmagnetic Zones consisting of a remolten/Solidified metal 
Structure and a heated/cooled metal Structure, while portions 
650 are ferromagnetic Zones. As described later, the both 
type portions 660 and 650 were confirmed that they have 
Substantially the same chemical composition which varies 
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within a range of error of the thin plate material. In the view 
point of stability of the portions 660 at a low temperature 
range of around minus(-) 40 C., preferably they comprise 
not less than 30 vol % remolten/Solidified structure. The 
portions 650 are provided with magnetic poles N and S at the 
periphery regions, respectively. The rotor core 65 (thin 
plates 67) has four through holes 68 to which permanent 
magnets 1 are embedded. The permanent magnets 1 are 
fitted in the through holes 68 and bonded to the rotor core 65 
with an epoxy System adhesive, for example. AS shown in 
the drawings, the permanent magnets 1 have magnetic poles 
N and S, and total four magnetic poles N and S are provided 
to the periphery region of the rotor 10 at a regular interval 
therebetween via nonmagnetic Zones 660. 

FIG. 2 is a croSS Sectional view of an essential portion of 
a motor having the inner magnet type rotor (FIG. 1). The 
shaded nonmagnetic Zones 660 are arranged at the positions 
where leakage flux occur in the rotor core 65, So that no 
Short-circuits of flux B, shown by phantom lines, are pro 
duced resulting in little leakage flux. Flux A Schematically 
represents an effective flux which contributes to output of 
the motor. In FIG. 2, the leakage flux B will be produced if 
the portions 660 are not present. Thus the nonmagnetic 
Zones 660 can be formed at any position in the rotor core 65, 
which can interfere the Supposed leakage flux B. The rotor 
core 65 of the rotor 10, which has an outer diameter of 74 
mm and an axial thickness of 23 mm, comprises a center 
hole 200 having a diameter of 30 mm for the rotor shaft 8 
and rectangular through holes 68 to which the permanent 
magnets 1 are inserted, the permanent magnets 1 having 3.5 
mm of thickneSS in the magnetization direction, a width of 
16 mm in the radial direction and a length of 23 mm in the 
axial direction. Any distances at the minimum between the 
respective through holes 68, and the Outer Surface and the 
center hole 200 of the rotor core 65 are 3 mm, respectively. 
The thin plate is 0.45 mm thick. A minimum distance t of 3 
mm is provided between a stator 20 and the rotor 10, by 
which the motor is constituted. Such minimum distance of 
3 mm can be achieved by minimizing the rotating eccen 
tricity of the rotor 10 under a good dimensional accuracy 
condition in which the eccentricity of the outer periphery of 
the rotor 10 is not more than 0.05 mm and the perpendicu 
larity or deflection of portions 20a of the stator core 20 is not 
more than 0.05 mm. The permanent magnets 1 are of 
Sintered anisotropic magnets of Nd-Fe-B (a trade name 
of HS-32BV produced by Hitachi Metal Corporation) hav 
ing a residual magnetic flux density (Br) of 1.15 T were 
used. 

The rotor core 65 is formed from, for example, a mar 
tensitic stainless steel consisting of 0.6 wt % C (carbon), 13 
wt % Cr, and balance of Fe and unavoidable impurities. The 
Stainless Steel is annealed in a magnetic field to provide it 
with ferromagnetism, thereby it can have a maximum Satu 
ration magnetic flux density (Bs) of 1.4 T and a coercive 
force (He) of 10 Oe at 20° C., as shown by the B-H 
characteristics in FIG. 5, which are enough to the material 
for the rotor core 65. 
A sheet made of Such material, which has the above 

ferromagnetic properties and a size of 100 mmx100 mmx1 
mm, for example, is cut to produce the thin plates 67 (FIG. 
1). The obtained respective thin plates 67 is locally heated by 
means of CO laser beam in a condition of 3.5 kW output and 
2 m/minute Sweeping Speed to melt and Subsequently cool 
predetermined areas to Solidify So as to produce the non 
magnetic portions 660. The formed nonmagnetic Zones 660 
were 2 to 4 mm wide and Substantially Straight. Hereinafter, 
the way of heating an object to melt and Subsequently 
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8 
cooling it to Solidify is referred to as “remelting heat 
treatment'. The heat treatment is carried out in the air and 
argon gas is blown to the front Surface of the thin plate from 
the laser head and to the opposite Surface thereof. 

FIG. 7 shows a radial croSS Sectional view of a nonmag 
netic Zones 660 formed on the outer peripheral Surface of a 
thin plate 67. In FIGS. 1 and 7, the same numerals indicate 
the relevant objects. 
As shown in FIG. 7, a nonmagnetic Zone 660 consists of 

a remolten/Solidified Zone 661 which has a dendrite 
Structure, and heat affected Zones 662 adjacent to the remol 
ten and Solidified Zone. The heat-affected Zones 662 are 
formed by heating to a temperature not lower than the 
austenite transformation temperature and lower than the 
melting point of the ferromagnetic base material 65. In FIG. 
7, the volumetric rate of the remolten/Solidified Zone 661 to 
the heat-affected nonmagnetic Zones 662 is 70% to 30%, the 
heat-affected Zones 662 being formed by heating below the 
melting point and thereafter cooled. 

Next, a comparison test was conducted with respect to the 
nonmagnetic Zone 660. In the test, a portion of the thin plate 
67, which corresponds to the nonmagnetic Zone 660, was 
heated under another heat treatment condition which was 
different from the remelting heat treatment and which was of 
heating with utilization of CO2 laser beam to a temperature 
not lower than the austenite transformation temperature and 
lower than the melting point of the thin plate material in an 
argon gas atmosphere and of Subsequent cooling in the argon 
gas atmosphere to form a nonmagnetic Zone (corresponding 
to the Zone 663 in FIG. 11) which was not melted. Herein 
after Such heat treatment is referred to as “non-molten heat 
treatment' and comprises, for example, heating the relevant 
portion to a heat treatment temperature of 1100° C. for one 
Second. 

The Zones 660 formed in the thin plate 67 (FIG. 7) with 
regard to the croSS Section thereof were Subjected to an 
electron beam analysis with utilization of an electron beam 
microanalyzer (EPMA) under a scanning condition of 15 kV, 
0.1 uA and a beam diameter of 5 um, in which the Scanning 
was performed on the ferromagnetic Zone 650 (namely, the 
base material 65), the heat-affected Zones 662 and the 
remolten/solidified Zone 661 in this order as indicated by an 
arrow E (FIG. 7). The result of the electron beam analysis is 
shown in FIG. 9. It is noted that the electron beam analysis 
is performed with regard to amounts of indispensable ele 
ments of carbon and Cr, and unavoidable impurity elements 
of Si and Mn. In FIG. 9, the abscissa indicates scanning 
positions of the specimen of the thin plate 67 and the left side 
ordinate indicates the respective elements of carbon, Cr, Si 
and Mn. 
From the graph of FIG. 9, it is confirmed that there are no 

Significant differences in amounts of carbon, Cr, Si and Mn 
between the ferromagnetic Zone 650 (the base material 65), 
the heat-affected Zones 662 and the remolten/Solidified Zone 
661 and that such respective differences is within a variance 
range of that of the base material 65 and thus the three Zones 
have Substantially the same chemical composition. 

Further, the Zone 660 Subjected to the “remelting heat 
treatment' and the corresponding portion Subjected to the 
“non-melting heat treatment' (which corresponds to the 
portion 663 in FIG. 11) were examined at room temperature 
of 20° C. by means of the X-ray diffraction method with 
respect to those crystal Structures. The result was that the 
both portions or Zones have a nonmagnetic austenite Struc 
ture. 

Also with regard to magnetic properties, the Zone 660 
Subjected to the “remelting heat treatment' and the corre 
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sponding portion Subjected to the “non-melting heat treat 
ment” (which corresponds to the portion 663 in FIG. 11) 
were examined at room temperature of 20° C., which have 
the austenite Structure, were examined. The result is shown 
in FIG. 6, which is a B-H curve. We can see from the graph 
that the both nonmagnetic portions or Zones Stated above 
have a relative magnetic permeability (us) of about 1.1 at 
room temperature of 20° C., which fulfills the nonmagnetic 
property of liSS2, and thus they can well restrain leakage 
flux in the invention rotating machine at the room tempera 
ture. It is noted that Such relative magnetic permeability (us) 
of about 1.1 is of excellent nonmagnetic property which is 
Substantially equal to that of air. 

Next, the both nonmagnetic portions or Zones having 
austenite Structure were immersed in a liquid methanol 
coolant for thirty minutes, which was adjusted to a tempera 
ture of from minus(-) 10° C. to minus(-) 60° C. by adding 
dry ice, in order to examine them regarding a temperature of 
transformation from austenite phase to ferrite phase. 
Thereafter, the both nonmagnetic portions or Zones were 
drawn out from the coolant to turn those temperature up to 
the room temperature of 20° C. and those crystal structures 
were examined. Table 1 shows the experimental results. 

TABLE 1. 

Melting heat treatment 
(remolten?solidified 

Zone 661) 

Non-melting heat 
treatment 

(nonmelted zone 663) 
Temperature 

(°C) 
2O 

-10 
-20 
-30 
-40 
-50 
-60 

*Note: A = Austenite phase, F = Ferrite phase 

With respect to Table 1, it was confirmed that the “non 
melting heat treatment” portion (which corresponds to the 
portion 663 in FIG. 11) was transformed from the austenite 
phase into the ferrite phase below minus(-) 20° C. It was 
also confirmed that a motor, whose rotor core corresponds to 
that of FIG. 2 and comprises the “non-melting heat treat 
ment” portions (which corresponds to the portion 663 in 
FIG. 11) instead of the nonmagnetic Zones 660, was dete 
riorated in the motor efficiency due to Suddenly increased 
leakage flux in a temperature range of lower than minus(-) 
20° C. 
On the other hand, it was confirmed that the remolten/ 

solidified Zone 661 of the Zone 660 subjected to the “remelt 
ing heat treatment' was stable and not transformed in its 
metal structure even at minus(-) 60° C. of temperature. It 
was also confirmed that the motor shown in FIG. 2, whose 
rotor core comprises the remolten/Solidified Zone 661 as the 
nonmagnetic Zone, was good in the motor efficiency even at 
minus(-) 60° C. like as that at the room temperature (20 
C.). 

Regarding the heat-affected Zone 662 which is a part of 
the nonmagnetic Zone 660, it was also confirmed that the 
metal Structure was transformed from the austenite phase to 
the ferrite phase in a temperature range of lower than 
minus(-) 20° C. like as the “non-melting heat treatment” 
portion (which corresponds to the portion 663 in FIG. 11) in 
Table 1. 

There are shown metal structures of the remolten/ 
solidified Zone 661 and the “non-melting heat treatment” 
portion (which corresponds to the portion 663 in FIG. 11) in 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
FIGS. 8A and 8B, respectively, which were observed by 
means of an electron microscope. While, a few number of 
precipitated carbide particles can be observed from FIG. 8A, 
a large number of precipitated carbide particles can be 
observed from FIG. 8B. With regard to an occupation area 
Size of the precipitated carbide particles in the respective 
whole areas of the microphotographs of FIGS. 8A and 8B, 
that of FIG. 8A (the remolten/Solidified Zone 661) is about 
/40 of that of FIG. 8B (the “non-melting heat treatment” 
portion). AS to grounds of this, it is believed that, in the case 
where the object thin Steel plate is partially Subjected to the 
“non-melting heat treatment' in order to make the treated 
Zone nonmagnetic, already precipitated carbide can not be 
dissolved into the matrix, and that Such precipitated carbide 
can be dissolved into the matrix only by means of the 
“remelting heat treatment” of the invention thereby the 
matrix can comprise an increased amount of effective carbon 
So that the austenite phase partially formed in the thin Steel 
plate can be more Stable So as to be maintained at least 
minus(-) 60° C. of temperature. 

While, in FIG. 7, the volumetric rate of the remolten/ 
Solidified Zone 661 and the nonmagnetic heat-affected Zone 
662 is 70% to 30%, in the view point of practical use in 
accordance with the present invention, preferably Such rate 
is optionally chosen within a Specific range. 

For example, as to the rotating machine shown in FIG. 2, 
whose rotor core 10 has a plurality of nonmagnetic Zones 
660 each of which has 2 to 4 mm of width on the outer 
peripheral Surface of the rotor core 10, if the volumetric rate 
of the remolten/Solidified Zone 661 and the nonmagnetic 
heat-affected Zone 662 is changed, in the nonmagnetic Zone 
660, the rate of a width Wes of the remolten/solidified Zone 
661 and a width Wee of the nonmagnetic heat-affected Zone 
662 is naturally changed. In the case where the remolten/ 
Solidified Zone 661 is less than 30 vol%, it will be hard to 
restrain the leakage flux B to occur at minus(-) 40° C. of 
temperature because the portions of the width We are 
transformed from the nonmagnetic phase to a magnetic 
phase resulting in that the width We of the remolten/ 
Solidified Zones 661, each of which is the nonmagnetic Zone 
adjacent to the air gap between the rotor core 10 and the 
stator core 20a (FIG. 2), may be equal or less to the 
respective distance of the above air gaps. Thus, it is practical 
for the remolten/Solidified Zone 661 to set its amount to be 
not less than 30 vol% so that the leakage flux B can be 
restrained at minus(-) 40° C. of temperature to about 30% 
of that in a conventional rotating machine having a rotor 80 
shown in FIG. 12. 

If the remolten/Solidified Zone is not less than 50 vol% in 
the nonmagnetic Zone 660 (FIG. 2), the leakage flux B can 
be restrained at minus(-) 40° C. of temperature to about 
10% of that in the above conventional rotating machine. 

Further, if the remolten/Solidified Zone is not less than 70 
vol% in the nonmagnetic Zone 660 (FIG.2), the leakage flux 
B can be restrained at minus(-) 40° C. of temperature to 
several percent (%) of that in the above conventional rotat 
ing machine. 

It should be noted that it is actually impossible to form the 
nonmagnetic Zone 660 only by the remolten/Solidified Zone 
661 taking account of the thermal conductivity of the rotor 
core material and that the upper limitation of the Volumetric 
amount of the remolten/Solidified Zone 661 in the nonmag 
netic Zone 660 should be appropriately determined taking 
into consideration that the remolten/Solidified Zone 661 
cause the dimensional accuracy of the Outer Surface, which 
is adjacent to the air gap between the rotor core 10 and the 
stator core 20a (FIG. 2), of the rotor core 65 to deteriorate. 
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Another embodiment of the invention rotating machine is 
shown in FIG. 3 which is a cross sectional view of an 
essential portion of the machine and in which the same 
reference numerals as those in FIG. 11 indicate identical 
components. 

In FIG. 3, a rotor core 30 comprises a cylindrical cover 15 
being formed from the above mentioned material which 
consists of ferromagnetic Zones 650 and nonmagnetic Zones 
660 and which has a chemical composition of, by weight, 
0.6% carbon, 13% Cr, and balance of Fe and unavoidable 
impurities. The nonmagnetic Zones 660 are present at posi 
tions where leakage flux is produced between magnetic 
poles of permanent magnets 1. The cylindrical cover 15 had 
a thickness of 1 mm, and an air gap distance 9 between the 
cover 15 and a stator (not shown) was 0.5 mm. 

According to the rotor core 30, the effective magnetic flux 
was increased by 10% in amount as compared with a rotor 
core which has the same Structure and Size as those of the 
rotor core 30 but whose cylindrical cover is made of an 
entirely nonmagnetic material. A motor according to the 
invention (not shown), which comprised the rotor core 30 
having the cylindrical cover 15 consisting of the ferromag 
netic Zones 650 and the nonmagnetic Zones 660, exhibited 
Substantially the same good motor capacity even at minus(-) 
60° C. as that at the room temperature (20°C.). Contrasting, 
a conventional motor, which comprised the rotor core 70 
(shown in FIG. 11) having the cylindrical cover 5 compris 
ing nonmagnetic Zones 663 of the “non-melting heat treat 
ment” portions, was notably deteriorated in the motor effi 
ciency at a low temperature range of lower than minus(-) 
20 C. due to greatly increased leakage flux. 

Still another embodiment of the invention rotating 
machine is shown in FIG. 4 which is a perspective view of 
an essential portion of the machine and in which the same 
reference numeral and characters as those in FIG. 13 indi 
cate an identical component and objects. 
A rotor core 50, which is a multilayer inner magnetic 

barrier type, was formed of a plurality of thin disk plates 77 
each of which had a central through hole 80 and consisted 
of alternately layered ferromagnetic Zones 650 and nonmag 
netic Zones 660 that were formed by means of the “remelting 
heat treatment” with utilization of CO laser beam and 
which were Superimposed and fixed with one another Such 
that all of the ferromagnetic Zones 650 and all of the 
nonmagnetic Zones 660 of the thin disk plates 77 were, 
respectively, in alignment with one another. The rotor core 
50 had a considerably good salient pole ratio (S=Ld/Lc=12) 
which is defined as a ratio of an inductance at a direction 
along the axis “d” of easy magnetization to that at a direction 
along the axis “q' of hard magnetization. A reluctance motor 
(not shown) comprising the rotor core 50 exhibited Substan 
tially the same good motor capacity even at minus(-) 60° C. 
as that at the room temperature (20 C.). Contrasting, a 
conventional reluctance motor, which comprised the rotor 
core 2 (shown in FIG. 13) having the nonmagnetic Zones 7 
of the “non-melting heat treatment' portions which corre 
spond to the nonmagnetic Zones 663 (FIG. 11), was notably 
deteriorated in the motor efficiency at a low temperature 
range of lower than minus(-) 20 C. due to greatly increased 
leakage flux. Here, a further discussion is provided about the 
width of the nonmagnetic Zone with regard to the rotor cores 
30 and 50 (FIGS. 3 and 4). 

Regarding the rotor core 30, it was confirmed that, in the 
case where the remolten/Solidified Zone 661 has 1 mm width 
(W) on its Surface adjacent to the air gap 9 and the 
nonmagnetic heat-affected Zones 662, also on its Surface 
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adjacent to the air gap 9, which exist on the both sides of the 
Zone 661, and each of which has 1 mm width (W), the 
Zones 661 and 662 constituting the nonmagnetic Zone 660, 
the nonmagnetic heat-affected Zones 662 were transformed 
to the magnetic phase at minus(-) 40 C. of temperature 
resulting in 1 mm width (W) of the nonmagnetic Zone 
660. In this case, if the width (W) of the nonmagnetic 
Zone 660 is not more than a distance of the air gap 9 (for 
example, 1.0 mm), it will be hard to restrain the leakage flux 
C (FIG. 3). Thus, it is practical to produce the remolten/ 
Solidified Zone 661 to have not less than 30 vol % in the 
nonmagnetic Zone 660 in order to keep the width (W) of 
the remolten/solidified Zone 661 in the cylindrical cover 15 
larger than the distance of the air gap 9 at minus(-) 40° C. 
of temperature. This is the case, according to a rotating 
machine comprising the rotor core 30, it is possible to 
restrain an amount of the leakage flux to about 30% of that 
in the rotating machine comprising the conventional rotor 
core 70 (FIG. 11) at minus(-) 40° C. of temperature. If the 
remolten/solidified Zone 661 is 50 vol% in the nonmagnetic 
Zone 660, it is possible to restrain an amount of the leakage 
flux to about 10% of that in the rotating machine comprising 
the above conventional rotor core 70 at minus(-) 40° C. of 
temperature. In the case of not less than 70 vol% of the 
remolten/solidified Zone 661, the above value may be sev 
eral percent of that of the conventional rotating machine. 

Also in a reluctance motor comprising the rotor core 50, 
in the case where the width (W) of the remolten/Solidified 
Zone 661 in the nonmagnetic Zone 660 is less than a distance 
of the air gap 9 between the rotor core 50 and a stator (not 
shown), the alternating magnetic field passes not only along 
the axis “d” of easy magnetization but also along the axis 
“q of hard magnetization resulting in decrease of the Salient 
pole ratio (S). Thus, in order to keep the width (W) of the 
remolten/solidified Zone 661 in the rotor core 50 larger than 
the distance of the air gap 9 at minus(-) 40° C. of 
temperature, it is preferable to produce the remolten/ 
Solidified Zone 661 to have not less than 30 vol % in the 
nonmagnetic Zone 660, more preferably not less than 50 vol 
% and most desirably not less than 70 vol%. 
AS Stated above, the composite magnetic material for the 

rotor core of the invention rotating machine consists of the 
ferromagnetic phase and the nonmagnetic phase, wherein 
the ferromagnetic phase consists of the ferrite phase and 
carbide, the nonmagnetic phase is formed by partially 
remelting an initial or Starting material having the ferromag 
netic phase and Subsequently Solidifying the remolten 
portions, and wherein the nonmagnetic phase has a Substan 
tially identical chemical composition to the ferromagnetic 
phase, in other words, the nonmagnetic phase has a chemical 
composition which is within a variance range of that of the 
initial or starting material of the ferromagnetic phase. The 
ferromagnetic Steel material used in the invention rotor core 
comprises an appropriate amount of Cr in order to ensure 
corrosion resistance and may comprise increased amounts of 
carbon and/or Ni to make the austenite phase Stable. Since 
Such alloying elements make the ferromagnetic Steel mate 
rial to be deteriorated in the maximum magnetic flux density 
(BS), it is practical to set them to the amounts of, by weight, 
not more than 1.20% carbon, not more than 8.00% Ni and 
12.00 to 14.00% Cr in order to keep not less than 0.8 T of 
maximum magnetic flux density (Bs) of the material, pref 
erably not less than 1.2T and more preferably not less than 
1.3 T. 

In the case of attaching importance to the maximum 
magnetic flux density (BS) of the magnetic material, the 
afore mentioned magnetic StainleSS Steel can be used, which 
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corresponds to JIS SUS420.J2. According to an rotating 
machine comprising the above rotor core which is made of 
Such magnetic StainleSS Steel, the rotor core can have stably 
the austenite phase of the nonmagnetic Zone even in a low 
temperature range of about minus(-) 40 C. So that the 
rotating machine can have a good magnetic efficiency even 
at Such low temperature. 

Further, in the present invention, Since the rotor core is 
provided with the nonmagnetic Zone by means of the 
“remelting heat treatment', the rotor core has little Strain and 
thus it has good machinability including punching. 

Hereafter, Some modifications will be described with 
respect to the embodiments shown in FIGS. 1, 2, 3 and 4. 

The rotor core 65 shown in FIGS. 1 and 2 is produced by 
Superimposing a plurality of the thin disk plates 67 with one 
another Such that all of the ferromagnetic Zones and all of the 
nonmagnetic Zones of the thin disk plates 67 are, 
respectively, in alignment with one another. Alternatively, 
for example, the thin disk plate 67 may consist of four 
separate sections as indicated by phantom lines 31 (FIG. 1). 
Such divided Separate Sections can be made Such that each 
Separate Section comprises both of the ferromagnetic Zone 
650 and the nonmagnetic Zone 660, and the number of the 
divided Sections can be appropriately determined taking 
account of designing and fabricating conditions of the rotor 
core. On the other hand, it is not always needed that the rotor 
core 65 is formed from a plurality of thin plates but also it 
may be made of a Single bulk material which comprises the 
ferromagnetic Zone 650 and the nonmagnetic Zone 660 like 
as the rotor core shown in FIG. 1. 

While the cylindrical cover 15 of the rotor core 30 shown 
in FIG. 3 is made of a single member, alternatively, for 
example, it may consist of two separate Sections as indicated 
by dotted lines 35 (FIG. 3). Such divided separate sections 
can be made Such that each Separate Section comprises both 
of the ferromagnetic Zone 650 and the nonmagnetic Zone 
660, and the number of the divided sections can be appro 
priately determined taking account of designing and fabri 
cating conditions of the rotor core. 

While the rotor core 75 shown in FIG. 4 is produced by 
Superimposing a plurality of the thin disk plates 77 with one 
another, each of which is made of a single member, 
alternatively, for example, the thin disk plate 77 may consist 
of four Separate Sections as indicated by phantom lines 38 
(FIG. 4). Such divided separate sections can be made such 
that each Separate Section comprises both of the ferromag 
netic Zone 650 and the nonmagnetic Zone 660, and the 
number of the divided Sections can be appropriately deter 
mined taking account of designing and fabricating condi 
tions of the rotor core. On the other hand, it is not always 
needed that the rotor core 75 is formed from a plurality of 
thin plates but also it may be made of a Single bulk material 
which comprises the ferromagnetic Zone 650 and the non 
magnetic Zone 660 like as the rotor core shown in FIG. 4. 

For the permanent magnet used in the present invention, 
those conventional are available. On the other hand, it is 
preferred that the permanent magnet has a residual magnetic 
flux density (Br) of not less than 0.8T, more preferable not 
less than 1.0 T and most preferable not less than 1.2 T. 

The permanent magnet embedded in the inner magnet 
type rotor is not limited to Such rectangular shape shown in 
FIG. 1 but is capable of an arc Segment, a plate, a form 
having a Semicylindrical croSS Section and So on which can 
be embedded in the rotor core. 

The other permanent magnet installed in the Surface 
magnet type rotor which has the cylindrical cover is not 
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limited to such a shape shown in FIG. 3 but is capable of an 
integrally formed Single ring magnet. 

It should be noted that the rotors of the invention rotating 
machine is not limited to having the number of magnetic 
poles and the size raised in the embodiments. While such 
conditions can be appropriately determined in accordance 
with application purposes, the invention rotorS have most 
appropriately from four to one hundred number of magnetic 
poles. 

Further, while the respective embodiment rotors of the 
invention rotating machine have Symmetrically arranged 
magnetic poles on the peripheral Surface Side, an asymmetri 
cal arrangement thereof is also acceptable. 
AS will be apparent from the above, according to the 

present invention, the following advantages can be obtained. 
a) The rotating machine has a high effective flux amount 

at a low temperature range. 
b) Since the rotating machine comprises the rotor core or 

the cylindrical cover which consists of the ferromagnetic 
phase and the nonmagnetic phase and is made of a single 
material, the ferromagnetic phase having a maximum mag 
netic flux density (Bs) which is enough to introduce mag 
netic flux from rare earth element type magnets to the Stator 
with a high efficiency and the nonmagnetic phase being 
Stable even in a low temperature range, the rotating machine 
is improved in efficiency of using effective flux of the 
permanent magnets and also Significantly improved in the 
effective flux amount thereof in a low temperature range. 

c) The reluctance type rotating machine of the invention 
comprises the inner magnetic barrier type multilayered rotor 
core can be Simple in Structure and has a high reliability, 
Since the rotor core consists of the ferromagnetic phase and 
the nonmagnetic phase and is made of a Single material, the 
ferromagnetic phase having a high maximum magnetic flux 
density (Bs) and the nonmagnetic phase being stable even in 
a low temperature range. 
What is claimed is: 
1. A permanent magnet field type rotating machine com 

prising an inner magnet type rotor whose rotor core has a 
plurality of permanent magnets mounted therein, wherein 
Said rotor core is made of a single chemical composition 
material comprising ferromagnetic and nonmagnetic Zones, 
Said nonmagnetic Zones including a remolten and Solidified 
metal Structure and a non-melting heat treatment metal 
Structure, and being present at portions of Said rotor core 
where leakage flux is produced. 

2. A permanent magnet field type rotating machine 
according to claim 1, wherein Said nonmagnetic Zones 
comprise not less than 30 vol% of remolten and solidified 
metal Structure. 

3. A permanent magnet field type rotating machine having 
a Surface magnet type rotor which comprises a rotor core, 
permanent magnets mounted on the peripheral Surface of 
Said rotor core and a cylindrical cover which coverS Said 
permanent magnets, wherein Said cylindrical cover is made 
of a Single chemical composition material comprising fer 
romagnetic and nonmagnetic Zones, Said nonmagnetic Zones 
including a remolten and Solidified metal Structure and a 
non-melting heat treatment metal Structure, and being 
present at portions of the cylindrical cover where leakage 
flux is produced. 

4. A permanent magnet field type rotating machine 
according to claim 3, wherein Said nonmagnetic Zones 
comprise not less than 30 vol% of remolten and solidified 
metal Structure. 

5. A reluctance type rotating machine having a rotor 
which comprises a rotor core being made of a single 
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chemical composition material comprising ferromagnetic 
and nonmagnetic Zones, Said nonmagnetic Zones including a 
remolten and Solidified metal Structure and a non-melting 
heat treatment metal Structure. 

6. A permanent magnet field type rotating machine 
according to claim 5, wherein Said nonmagnetic Zones 

16 
comprise not less than 30 vol% of remolten and solidified 
metal Structure. 


