
;LMe3eBx?,"N6$Tx+0A SINGLE-PHASE INDUCTION MOTORAND ROTOR ASSEMBLING
APPARATUS  BACKGROUND OF THE INVENTION 5 Field of the Invention The present
invention relates to a single-phase induction motor in a hermetic
compressor used in a refrigerator or an air conditioner. Description of the
Prior Art FIG. 11 is a cross sectional view of a rotor 9 of a conventions!
sine-phase 10 15 induction motor disclosed in the Japanese Laid-open
Utility Model publication No. 58 172015. In FIG. 11, the rotor 9 comprises
a circumference 9a of the rotor 9, slot portions 12 filled with die-cast
aluminum, which constitutes a closed space in the rotor 9, teeth 13 between
each slot portion 12, and bridges 14 for connecting each tooth 13 on the
rotor circumference 9a side, respectively. FIG. 12 is a cross sectional
view of a rotor 9 of a conventional single-phase induction motor disclosed
in the Japanese Laid-open Patent No. 60-3932. In FIG. 12, the rotor 9
comprises a circumference 9a of the rotor 9, slot opening portions 12a, and
teeth 13, respectively. In the rotor 9 in FIG. 11, the slot portion 12
constitutes a closed space in the 20 25 rotor 9. The inside of the closed
space is filled with the die-cast aluminum. Since the shape of the slot
portion 12 is closed, it is generally referred to as a closed slot. In
other words, the bridges 14 are laid between the rotor circumference 9a and
the respective slot portions 12 to connect each tooth 13. The efficiency of
a motor is improved, if the width of the bridge I4 is made narrower.
However, a narrower bridge 14 tends to generate magnetic saturation and
causes electromagnetic noise. A large electromagnetic noise is generated
particularly during a high-torque operation when a capacitance of a driving
capacitor is large.   18 November 2002 2 The rotor 9 in FIG. 12 shows an
example of open slots, having slot apertures 12a instead of the bridges I4
connecting each tooth 13 between the slot portion 12 and the rotor
circumference 9a. However, the rotor circumferences 9a have to be cut off
or buffed up after die-casting process which is carried out after a core
laminating 5 process, because aluminum spouts out of the slot aperture 12a
toward the 



circumference during the aluminum die-casting process. A conventional
single-phase induction motor constructed in the above mentioned way has
following problems. (1) The rotor 9 having closed slots tends to generate
magnetic saturation 10 due to narrow bridges 14 during a high torque
operation when a capacitance of a driving capacitor is large, and generates
a electromagnetic noise which makes a large noise during operation. (2) The
rotor 9 having open slots needs cutting-off or buffing-up of the rotor
circumference 9a after die-casting, because aluminum spouts out of the slot
15 apertures 12a toward the circumference during the aluminum die-casting
process. It is an object of the present invention is to provide a
single-phase induction motor which can suppress the generation of
electromagnetic noise even during a high torque operation when a
capacitance of a driving capacitor is large. It is another object of the
invention is to provide a rotor assembling apparatus 20 which eliminates
the need of cutting-off or buffing-up the surface of the rotor
circumference after die-casting if a rotor having open slots is used, by
preventing aluminum from spouting out of the slot apertures during the
aluminum die-casting. SUMMARY OF TES INVENTION 25 According to one aspect
of the invention, a single-phase induction motor comprises,a main winding;
an auxiliary winding which is arranged so that an electrical   18 November
2002 3 angle of the auxiliary winding is different from that of the main
winding; a plurality of driving capacitors connected to said auxiliary
winding; a relay for controlling on/off of said driving capacitors in
response to a driving load; and a rotor having apertures on the gap side
(circumference side) of the slots. According to another aspect of the
invention, a rotor assembling apparatus comprises a bush to which a rotor
core assembly is inserted for die-casting, wherein a clearance between said
bush and said rotor core assembly is narrower to the extent that said rotor
core assembly can be taken out after die casting; and a core band having a
clearance between the core band and the bush in the circumferential
direction of said 



10 bush, said core band is engaged with said bush so that movement in the
axis direction is restricted. According to further aspect of the invention,
a rotor assembling apparatus comprises an oil pressure chuck into which a
rotor core assembly is inserted for aluminum die-casting, wherein, the
clearance between said rotor core assembly and IS the oil pressure chuck is
larger during inserting said core assembly by decreasing the oil pressure,
and said clearance is narrower during die-casting by increasing the oil
pressure. BRIEF DESCRIPITON OF THE DRAWINGS 20 FIG. 1 is a circuit diagram
of a single-phase induction motor according to a first embodiment of the
invention. FIG. 2 is a diagram showing a noise level of electromagnetic
noise generated in the single-phase induction motor according to the first
embodiment of the invention. 25 FIG. 3 is a diagram showing a curve of
noise level to frequency of the electromagnetic noise generated in the
single-phase induction motor according to the first embodiment of the
invention.   18 November 2002 4 FIG. 4 is a diagram showing a curve of
noise level to frequency of the electromagnetic noise generated in the
single-phase induction motor according to the first embodiment of the
invention. FIG. 5 is a cross sectional view showing how to press-fit a
rotor core 5 assembly into a bush in a rotor assembling method according to
a second embodiment. FIG. 6 is a cross sectional view of a die-casting jig
according to a second embodiment. FIG. 7 is a cross sectional view showing
the state of taking-off the rotor care assembly from the bush according to
the second embodiment. 10 FIG. 8 is a flow chart showing how to manufacture
the rotor assembly according to the second embodiment. FIG. 9 is a cross
sectional view of the rotor assembling apparatus of the thud embodiment of
the invention. FIG. 10 is a flow chart showing how to manufacture the rotor
assembly 15 according to the third embodiment. FIG. 11 is a cross sectional
view of a (closed-slot) rotor of a conventional 



single-phase induction motor. FIG. 12 is a cross sectional view of an
(open-slot) rotor of a conventional single-phase induction motor. 20
DETAILED DESCRIPTION OF TILE PREFERRED EMBODIMENT Embodiment 1. A first
embodiment of the present invention is described by referring to the
drawings. FIG. 1 is a circuit diagram of a single-phase induction motor
according to a 25 first embodiment of the invention, which comprising a
single-phase induction motor 1, a main winding 2 which is wound around
stator of the electric motor 1, an auxiliary winding 3, a first driving
capacitor 4 which is energized while the electric motor 1 is   18 November
2002 5 energized, a second driving capacitor 6 which is energized only
during the high torque operation, and is cut off by a relay 5 during a low
torque operation, a starting capacitor 7, and a PTC thermistor 8 which is a
starting relay to cut off the starting capacitor 7 immediately after the
motor is started-up. Electromagnetic noise when using an open-slot rotor of
FIG. 12 or a closed slot rotor of FIG. 11 in the single-phase induction
motor of FIG. 1, is explained below. FIG. 2 is a diagram showing the
experimental result during a high-torque operation (i.e. the relay 5 turns
on and both the first driving capacitor 4 and the second capacitor 6 are
energized) and a low-torque operation (i.e. the relay 5 turns off and 10
only the first driving capacitor 4 is energized). The electromagnetic noise
generated by the open-slot rotor is lower than the noise generated by the
closed-slot rotor during a low-torque operation and also during a
high-torque operation. For the electromagnetic noise during the high-torque
operation, the difference is remarkably large. FIG. 3 and FIG. 4 are
diagrams showing the noise level in case of using 15 rotors 9 having a
different width of the slot aperture 12a, respectively. As shown in FIG. 4,
when the width of the slot aperture is 1 mm or more, the electromagnetic
noise of the open-slot rotor is lower than the closed-slot rotor at around
400 Hz. On the other hand, the electromagnetic noise of the open-slot rotor
generated by the groove harmonic is higher than the closed-slot rotor at
around 1000 Hz. However. an 20 overall level of the electromagnetic noise
generated by the open-slot rotor is lower than that of generated by the
closed-slot rotor. FIG. 3 is a diagram showing an experimental result of
the electromagnetic noise when the width of the slot aperture 12a is 0.5
mm. The level of the electromagnetic noise generated by the open-slot rotor
is lower than that of the closed-slot rotor over whole frequencies,
especially the level 25 difference between the closed-slot rotor and the
open-slot rotor is large at around 4 00 Hz. The present invention
especially concerns the electromagnetic noise at around   



18 November 2002 6 400 Hz, which generally belongs to a low frequency tone.
Since this low frequency tone is, for example, radiated from the surface of
the compressor and permeated from the refrigerator main frame, it is very
difficult to cut off the noise perfectly. Therefore, the most effective way
for preventing the noise radiation and noise permutation is to 5 lower the
level of the sound source. According to the first embodiment, when a
driving-load is high, the capacitance is increased to obtain a high torque,
and when a driving-load is low, the capacitance is decreased to obtain a
low torque. Accordingly, the motor operates very efficiently during a low
driving-load, and overall it results in a highly efficient 10 operation.
Moreover, the rotor core includes slot apertures 12a which have no bridges
14 which exist between each slot 12 and the rotor circumference 9a to joint
each tooth 13. Therefore, it is possible to avoid the magnetic saturation
and to suppress the generation of the electromagnetic noise even during a
high-load and high torque operation. As a result, a low-noise single-phase
induction motor can be obtained. 15 Embodiment 2. A second embodiment of
the present invention is described by referring to the drawings. FIG. 5 is
a method for press-fitting a rotor core assembly into a bush in a rotor
assembling method according to the second embodiment. FIG. 6 is a cross 20
sectional view of a die-casting jig. FIG. 7 is a diagram showing a state
for taking off the rotor core assembly from the bush. In FIG. 5 -- FIG. 7,
the figures comprises a rotor core assembly 15 which is laminated by
punched steel plates of open-slot rotor shape, a bush 16 into which the
rotor core assembly 15 is inserted when die-casting, a concave portion 16a
which is formed on the periphery of the bush 16, a removable jig 25 17, a
fixed jig 18, a core band 19 which is engaged with the bush 16 leaving a
clearance between their surfaces, and a convex portion 19a which is
interlocked with the concave portion 16a of the core bush 16.   18 November
2002 7 FIG. 8 is a flow chart showing how to manufacture the rotor
assembly. In step 30, a core assembly is inserted into the bush 16. In step
31, the removable jig 17 and the fixed jig 18 closely contact to the
respective edges of the core assembly 15. In 5 step 32, a load is applied
to the removable jig 17 to fix the location of the rotor. After die-casting
in step 33, only the rotor is taken out in the step 34. In the drawing, the
convex portion 19a of the core band 19 is engaged with the concave portion
16a of the bush 16, leaving a clearance between them. Since the convex
portion 19a exactly interlocks with the concave, the bush 16 never slides
out of 10 the core band 19, if the frictional force acts on the bush 16 in
the axial direction, when the core assembly 15 is inserted or taken out.
The same effect results if the core band 19 has a convex portion and the
bush has a concave portion on its periphery. By making a clearance between
the core assembly 15 and the bush 16 narrower, it can prevent the aluminum
from spouting out from clearance between the core 15 assembly 15 and the
bush 16 during die-casting. Accordingly, the core assembly 15 can be taken
out easily after die-casting. This also eliminates the need of cutting-off
or buffing-up of the rotor circumference 9a after die-casting, since
spouting out of aluminum between the core assembly 15 and the bush 16 can
be prevented, even if the open-slot rotor 9 is used. As a result, the cost
required for manufacturing the open-slot 20 rotor can be significantly
decreased. Moreover, since the bush 16 is fixed to the die-casting machine
together with the core band 19, this stabilizes the accuracy of
press-fitting. Furthermore, since only the rotor 9 is taken out, this
facilitates the mass production as well as the automation. 25 Embodiment 3.
A third embodiment of the present invention is described by referring to
the drawings. FIG. 9 is a cross sectional view showing an assembling
structure by the oil  



18 November 2002 8 pressure chuck system according to the rotor assembly
method of the third embodiment of the invention. FIG. 10 is a flow chart
showing a rotor assembling process. According to the manufacturing process
of the third embodiment, the core assembly 15 5 is inserted into the oil
pressure chuck 20 in the core band 19 (step 40). The removable jig 17 and
the fixed jig 18 closely contact to the respective edges of the core
assembly 15, and then the oil pressure in the oil pressure chuck 20 is
raised (step 41) which makes the clearance between the core assembly 15 and
the oil pressure chuck 20 narrower (step 42). Then, the aluminum is
die-casted (step 43). Then the oil pressure 10 in the oil pressure chuck 20
(step 44) is lowered. Then, only the rotor is taken out (step 45), which
prevents the aluminum from spouting out from the slots apertures 12a of the
circumference portion. The internal diameter of the oil pressure chuck 20
is finely-controlled by changing the oil pressure, which makes it possible
to make the clearance between the core assembly 15 and the oil pressure
chuck 20 zero. 15 On the other hand, since the clearance between the core
assembly 15 and the oil pressure chuck 20 is large before raising the oil
pressure, the core assembly 15 can be easily set in the oil pressure chuck
20. Moreover, in the present embodiment) spouting out of aluminum from
between the core assembly 15 and the oil pressure chuck 20 can be prevented
during die-casting, and therefore the core assembly 15 can 20 be easily
taken out by lowering the oil pressure after die-casting. As described
above, this eliminates the need of cutting-off or buffing up the
circumference of the rotor 9 after die-casting, and therefore an open-slot
rotor can be manufactured cost-effectively compared with a conventional
process which requires cut-off or buff up. Moreover, since the core
assembly 15 is set quite easily, it is possible to reduce both 25
manufacturing time and cost. Furthermore, the process of the third
embodiment is preferable in the durability of the jig in comparison with
the process in which the bush 16 is engaged, because none of the jig is
worn down.   18 November 2002 9 What is claimed is: I. A single phase
induction motor comprising: a main winding; 5 an auxiliary winding which is
arranged so that an electrical angle of the auxiliary winding is different
from that of the main winding; a first driving capacitor permanently
connected in series to said auxiliary winding; a starting capacitor and
means for selectively connecting said starting 10 capacitor in series to
said auxiliary winding and in parallel with the first driving capacitor
only during start-up of the motor; a second driving capacitor and a relay
for selectively connecting the second driving capacitor in series to said
auxiliary winding and in parallel with said first driving capacitor and
said starting capacitor in response to a driving load; and 



a rotor having apertures on the gap side (circumference side) of the slots.
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