
EP 0 322 804 B1 Description Background of the Invention 5   Field of the
Invention The present invention relates to an air conditioner equipped with
a scroll type compressor and an electro- motor directly coupled to a
driving shaft of the compressor, and further relates to a method of
operating such air conditioner. 10 Description of the Prior Art Hitachi
Revue, Vol. 36, 1987, No. 3, pages 155-162 discloses an air condition
having a compressor and an electromotor coupled to a driving shaft of the
compressor, the electromotor comprising a brushless motor 15  having a
star-connected stator and a four-pole permanent magnet rotor. A
120-electrical-degree type inverter Is used as the commutator of the motor.
A control circuit for the motor comprises a microcomputer, a position
sensing circuit, a currentdetectorand an inverterdrive circuit. Since the
back EMF of the motor is zero at stand- still, separatelycontrolled signals
of a sychronous motorare generated in the computer. The frequency of these
signals is accelerated by degrees, and when the motor back EMF is
sufficient to allow the determination of 20  the rotor position by the
terminal voltages, the computer changes the operation stage from a
separately con- trolled synchronous motor to a self-controlled brushless
one. The position sensing circuit is formed as a ter- minal voltage sensing
circuit which substitutes a mechanical sensor and comprises three low pass
filters and three voltage comparators. US-A4 621 993 discloses a
refrigerant scroll compressor having an electromotor directly coupled to a
driv- 25 ing shaft of the compressor. A particular design of the scroll
compressor is suggested for restraining lubricating oil from foaming and
from being emptied out of the compressor. US-A-4 587 468 discloses a sudden
stop circuit for a brushless micromotor used for a dental headpiece, for
example. The circuit comprises detection means for detecting the state of
an on/off switch of the brushless micromotor and means for applying a
locking pulse signal to at least one motor coil for a specified period de-
30  pending on the off state detection signal generated by the detection
means, whereby the rotor is braked by the electromagnetic force generated
in the motor coil by the locking pulse signal. The background of the
present invention will be briefly outlined hereinafter. The typical
conventional air conditioner for control of the room temperature has
usually employed the com- pressorof reciprocating type orrolling piston
typeasthe compressorforcoolant used in the refrigerating cycles 35  and the
induction motor as the electromotor to drive this compressor. However, the
compressor of reciprocating type or rolling piston type exhibits a large
compressive torque variation with respect to the turning angle, as
indicated by characteristic curves a, b in Fig. 11 of the accom- panying
drawing, so such compressor has had to be provided with a large inertia
mass in order to smooth a driving torque. Note that the characteristic
curve a corresponds to the reciprocating 2 cylinder type while the 40
characteristic curve b corresponds to the rolling piston type. The
compressors of both types have inevitably been subject to a significant
efficiency reduction during a high velocity operation, since their
constructions have necessarily resulted in relatively high sliding
velocities of the respective sealing parts. In addition, a start- ing
torque of the induction motor has usually been limited to a relatively low
level and, to overcome this problem, there has been proposed the
countermeasure such that, during a restarting of the compressor, the latter
is 45  forcibly braked for several minutes until a desired balance is
established between the high pressure side and the low pressure side or a
pressure balancing is achieved by use of a bypass valve. However, the
forcible brak- ing has disadvantageously deteriorated the controllability
and use of the bypass valve has unacceptably in- creased the energy loss.
Thus, the enclosed motor compressor employing the scroll type compressor
has recently been used in 50  practice. This scroll type compressor
comprises a plurality of compression chambers provided between a pair of
scrolls adapted to be moved eccentrically with respect to each other and,
as indicated by a characteristic curve c in Fig. 11, exhibits a compressive
torque variation relative to the turning angle, which is substantially
smaller than those in the compressors of other types, enabling a restarting
of the compressor to be achieved by a relatively small motor torque. In
this compressor, moreover, the compression cycles continuously occur 55
and, therefore, adifferential pressure between each pair of adjacent
compression chambers is correspondingly reduced. This feature is
advantageous In that a possible gas leakage during each compression cycle
may be 



reduced and the compression efficiency may be improved by 10% or higher in
comparison to the compressors of other types. Furthermore, the respective
slidably movable parts locally perform only their orbital movement 2    EP
0 322 804 B1 and the sliding velocities of the sealing parts are
correspondingly reduced, making high velocity rotation and, therefore,
miniaturization of the compressor possible. This particular scroll type
compressor of the prior art is advantageous also In that compression of
coolant can be achieved without provision of a non-return valve on the
inlet side or the outlet side for coolant, because 5   a plurality of
independent compression chambers are defined between said inlet side and
said outlet side for coolant and thereby a quantity of coolant is prevented
from flowing backward. Nevertheless, after the com- pressor has ceased to
be driven, a quantity of coolant flows reversely from the compression
chambers of the outlet side towards the compression chambers on the inlet
side under a high coolant pressure on the outlet side, causing the movable
scroll member to be reversely rotated. As a result, the direction In which
the sta- 10  tionary scroll member and the movable scroll member should be
otherwise loaded varies and the locations at which these scroll members
should wear are displaced from each other. This event may often provide
unde- sirable effects, for example, produce noisy sound and deteriorate the
durability. In such case, it might be conceivable to lockthe rotorof the
induction motordirectlycoupled to the movable scroll member In an
electrical manner and thereby to block the movable scroll member against
its reverse ro- 15  tation. However, the principle of driving peculiar to
the induction motor in general makes it extremely difficult to lock the
rotor of the induction motor in the electrical manner. It is for this
reason that the scroll type compressor of the prior art has been provided
on the inlet or outlet side (often on the outlet side) for coolant with a
non-return valve to prevent the movable scroll member from being reversely
rotated when the compressor is deenergized. 20     In spite of such
countermeasure, the maximum in- and output efficiency of the electromoter
is in order of 70%, since the conventional air conditioner comprises a
combination of the scroll type compressor and the induction motor. With a
consequence, the output torque of the electromotor is lower than that
obtained from the electromotor utilizing a permanent magnet. To assure an
adequate starting torque, it will be inconveniently necessary to employ a
large-sized electromotor. As an additional inconvenience, the previously
mentioned 25  manner, i.e., forcible lock of the induction motor must be
still relied on to obtain a desired pressure balance for the restarting at
the cost of the controllability. Furthermore, even if the scroll type
compressor adapted to be rotatable at a high velocity is employed to
decrease a discharge per each rotation and thereby to reduce both the
volume and the weight of the compressor section, 80 to 90% of both the
volume and the weight has usually been occupied by the electromotor section
in the enclosed motor compressor and accordingly miniaturization 30  of the
compressor section by adoption of the scroll type compressor has not
necessarily brought an immediate result on the compressor as a whole. Also
with respect to the efficiency, It has been impossible to make the best of
a high compression efficiency proper to the scroll type compressor and the
motor efficiency has gov- erned the efficiency of the entire cooling
system. Additionally, the scroll type compressor has required to be
provided either on the Inlet side or on the outlet 35  side for coolant
with a non-return valve, as has previously been mentioned, and such
requirement has neces- sarily led to a problem that a coolant flow
resistance is increased by the presence of said non-return valve and a
volume efficiency is thereby decreased during a high velocity driving of
the compressor, precluding a desired improvement of the compressor
performance. In view of these problems which have been encountered by the
conventional air conditioner, the present 40  invention has been made to
solve them efficiently. Summary of the Invention An essential object of the
present Invention is to provide an air conditioner equipped with a
compressor 45  including no non-return valve, which is high in its
compression efficiency as well as in its velocity controllability and well
adapted for rotation at a high velocity. This object is achieved, in
accordance with the present invention, by providing an air conditioner
according to claim 1. 



The present invention also provides a method of operating an air
conditioner according to claim 10. Pre- 50  ferred embodiments of the
invention are Indicated In the dependent claims. The features, objects and
advantages of the invention will be readily apparent from reading the
following description of preferred embodiments In reference with the
accompanying drawing. Brief Description of the Drawings 55 Figs. 1 through
5 illustrate a first embodiment of the present invention, wherein Fig. 1 is
an axial section of a scroll type compressor; Fig. 2 is a block diagram
illustrating a driving circuit and a braking circuit; 3    EP 0 322 804 B1
Fig. 3 is a flow chart schematically illustrating how to control braking of
an electromotor; Fig. 4 Is an isoefficiency graphic diagram of the
electromotor during its pulse modulation driving; and Fig. 5 is a graphic
diagram plotting the rotational velocity versus the efficiency of the
compressor; Figs. 6 and 7 illustrate a third embodiment of the present
invention, wherein 5         Fig. 6 is a schematic sectional view of an
extruder; and Fig. 7 Is a cross-sectional view of an extruded rotor; Fig. 8
is a schematic sectional view illustrating a rear extruder in connection
with a fourth embodiment of the present invention; Figs. 9 and 10
Illustrate a fifth embodiment of the present Invention, wherein 10
Fig. 9 Is a side view of a rotor; and Fig. 10 is a schematic illustration
of a solid state assembly of a permanent magnet and a main yoke; and Fig.
11 is a graphic diagram plotting the turning angle versus the compressive
torque in various compres- sors of prior art. 15 Detailed Description of
Preferred Embodiments Figs. I through 5 illustrate a first embodiment of
the present invention. Referring to Fig. 1, reference numeral 1 designates
a compressor, 1A, 1B compression casings joined to- 20  gether in a sealed
relationship, 2A, 2B upper bearing support members secured to the casing
1A. 3 is a lower bearing member secured to the casing I B. A driving shaft
8 of an electromotor 7 is rotatably supported in the upper bearing support
member 2A or 2B by a bearing 4 or 5 and in the lower bearing member 3 by a
bearing 6. A cylindrical rotor 9 is unrotatably mounted on the driving
shaft 8 and this rotor 9 comprises a magnet car- 25  rying yoke 10 and
permanent magnets 11 carried therearound so as to define N- and S-poles
around the per- ipheral surface of said yoke 10. Around the permanent
magnets 11, there is provided a cylindrical stator 12 comprising a
laminated core and secured to the lower bearing support member 3. Said
stator 12 is provided with a plurality of coils 14 so as to define a three
phase magnetic field. The components as set forth above constitute
togetherthe brushless DC motor7 and thecoils 14thereof are connected by
lead wires 15 toa driving 30  circuit 25 which will be described late more
in detail, which serves to excite the coils 14. An eccentric piece 8A which
is eccentric with respect to the driving shaft 8 by a predetermined radial
dis- tance [err] is integrally joined to the upperend of said driving shaft
8, and said eccentric piece 8A is received within a coupling portion 16A of
a movable scroll member 16 by a bearing 17 so that the movable scroll
member 16 is driven as said eccentric piece 8Ais rotated. The movable
scroll member 16 is in engagementwith a stationary 35  scroll member 18
secured to the casing 1A and there are provided balls 24 between the
rearside of the movable scroll member 16 and the upper bearing support
member 2A so as to prevent the movable scroll member 16 from rotating
around its own axis but to allow only an orbital movement of said movable
scroll member 16. The movable scroll member 16 is slidably moved in
accordance with an eccentricity between the stationary scroll member 18 and
the driving shaft 8, progressively decreasing a volume of an enclosed small
chamber defined 40  by said engagement, thereby compressing a quantity of
coolant, and discharges said quantity of coolant 



through an outlet 19 of the stationary scroll member 18. Reference numeral
21 designates a coolant inlet pipe and reference numeral 22 designates a
coolant outlet pipe. Opposed tothe magnets 11 corresponding tothe
respective phases, said uppersupport member 13 carries Hall elements 23 by
which the respective phase magnets 11 of the rotor 9 are position-detected
and detection 45  signals u, v, w for the respective magnets 11 are input
to the driving circuit 25. These Hall elements 23 are free from any
influence of contamination and other factors and able to perform a
stabilized magnet position detection even within the enclosed motor in
which a quantity of gas is mixed with lubricating oil. Based on the magnet
position detection performed by these Hall elements 23 during rotation of
the rotor 9, the latter is driven under a proper voltage control by the
pulse rate modulation (pulse width modulation referred to hereinafter as 50
PWM) and thereby the r.p.m. control can be easily achieved at a high
efficiency. The permanent magnets 11 of said rotor 9 comprise rare earth
magnets of resin-binded type and were made in a manner as described below,
In view of the requirements that they should be magnets of low cost and
high performance. A composition of rare earth metal (R) and transition
metal (TM) such as and [ERR] 4    EP 0 322 804 B1 was molten to ohtain an
alloy mass which was, in turn, subjected to a heat treatment suitable for
magnetic hardening and then powdered by the ball mill method. Average
particle size was from 5pm to 28pm. Preferable particle size distribution
was from 5[err] to 120[err]. After thermosetting two-liquid epoxy resin of
2% by weight had been added as binder to said powder of 98% by weight this
mixture was compression-molded in a radial 5   magnetic field Into a
cylindrical shape. After such molding, each magnet was subjected to a
curing treatment and then bonded onto the magnet carrying yoke 10. The
assembly thus obtained was used as the rotor 9. The magnets thus molded
exhibited excellent magnetic performance as set forth in Table 1. 10
Table   1 (BH)max(MGOe)         bHc(KOe)       Br(KG) 16
15              6.8           8.3 As shown in Fig. 2, said driving circuit
25 comprises a controller 28 adapted to control a PWM oscillator 20  27
when a driving start switch or a driving stop switch for the compressor is
dosed, a predriver 28 and a tran- sistor bridge 29 adapted to produce three
phase rotating field in the coils 14 of the electromotor 7 in response to a
driving command signal Po (PWM signal) outputfrom the PWM oscillator 27,
and a braking circuit 30serv- ing to stop the rotor 9. The braking circuit
30 comprises a waveform shaper 31 used to shape the waveforms of the
position detection signals u, v, w provided from the Hall elements 23 which
serve togetheras the magnet 25  position sensor, an OR circuit 32 adapted
to convert the output pulse signals u, v, w of the respective phase
produced by the waveform shaper 31 to a pulse train, a direction detector
33 to detect a rotational direction of the rotor on the basis of the output
pulse signals u, v, w coming from the waveform shaper 31, a switching
circuit 34 adapted to be switched by a rotational direction signal F
provided from said direction detector 33, an up-down counter 35 to count
the pulse train output from the OR circuit 32, and a D/A converter 36
adapted to 30  D/A convert the count value Cn of said up-down counter 35
and thereby to control the pulse width of the com- mand signal Po provided
from the PWM oscillator 27. Driving of the compressor 1 constructed as has
been mentioned above is started in a manner as will be described. Upon
closure of the driving start switch, the controller 26 controls the PWM
oscillator 27 so as to output the driving command signal Po In response to
which the predriver 28 and the transistor bridge 29 begin 35  to supply the
coils 14 of the stator 12 with DC exciting currents U,V,W of three phases
so as to produce the corresponding rotating fields, thus rotating the rotor
9 and thereby driving the compressor 1. Driving of this compressor 1 is
stopped in a manner as will be described. Upon closure of the driving stop
switch, the controller26 controls the PWM oscillator27 to output the
driving stop signal Po in response towhich the respective coils 14 cases to
be supplied with said respective phase currents U V W and thus the rotor 9
40  is stopped. 



Immediately after the compressor 1 has ceased to be driven, the rotor 9
together with the movable scroll member 16 tend to be reversely rotated by
a high coolant pressure developed on the outlet side. To avoid this, the
braking circuit 30 controls the rotor 9 to be effectively braked as shown
by the flow chart of Fig. 3. Specifically, after the compressor has ceased
to be driven (S101), the direction detector 33 determines 45  on the basis
of the pulse signals u, v, w of the respective phases whether a reverse
rotation occurs or not (S102). If itisdetermined thatthe reverse rotation
occurs, the rotational direction signal F controls the switching circuit 34
to be connected to the (up) side of the up-down counter 35 so that the
count value Cn thereof is set to an initial value K (S103). Then the
controller 26 drives the PWM oscillator 27 and the pulse width of the PWM
oscillator27 is controlled by the D/A converter 36 based on the count value
Cn. The coils 14 are thereby 50  supplied with the current of a magnitude
corresponding to said count value Cn and excited so that a turning moment
of positive direction is developed between the coils 14 and the permanent
magnets 11 as a part of the rotor 9. Thus, the desired braking Is achieved.
In this case, the controller 26 applies pulses Pc at regular pulse
intervals Tc to the (down) side of the up- down counter 35 and it is
determined whether a pulse Interval Ts of the pulses Ps applied from the OR
circuit 55   32 to the (up) side of the up-down counter 35 is smaller than
said pulse interval Tc of said pulses Pc or not (S104). If Ts < Tc, it Is
determined that the rotor 9 is reversely rotating at a velocity higher than
the set value and a further higher exciting current is necessary for
effective braking. Based on this determination, the counter 5    EP 0 322
804 B1 value is increased by 1 through an operational addition, i.e., Cn =
Cn + 1 performed in the up-down counter 35 (S105) and a higher exciting
current corresponding to this new count value is used to brake the rotor 9.
Such control based on said new count value continues until a relationship
of Ts > Tc is established. In this man- ner, it Is effectively avoided that
an excessive current might cause the rotor 9 to be rotated in the positive
di- 5   rection and said excessive current might cause a heat generation in
the coils, because the exciting current can be controlled with a
progressive addition of the count value. If not Ts < Tc, it is suggested
that the acceleration for reverse rotation of the rotor 9 has been
progressively reduced under an effective braking control. Based on such
determination, an operational subtraction, i.e., Cn = Cn - 1 is performed
in the up-down counter 35 (S106) and a braking control is effected by the
exciting current 10 corresponding to a new count value thus obtained as a
result of said subtraction. Such braking control is re- peated according to
every subtracting processing until the count value Cn = 0 is reached
(S107). When the count value Cn = 0 has been reached (S107), the pressure
within the compressor 1 is balanced, namely, the rotor 9 is no more
rotated. In a consequence, the rotor 9 is released from its HOLD mode
(S108) and the braking control is completed. 15      Should the rotor 9
begin to be rotated in the positive direction during the braking control
for some cause, such rotation of positive direction is detected by the
direction detector 33 which outputs, in turn, the rotational direction
signal F with which the switching circuit 34 is changed over from the (up)
side to the (down) side and the up-down counter 35 performs an appropriate
subtraction processing. As a result, the exciting current flow- ing in the
coils 14 decreases and thereby the uncontrollable operation of the motor 7
is avoided. 20      The present embodiment constructed as mentioned above
is advantageous in that the entire system can be drastically miniaturized
in comparison with the conventional system, the starting torque is
substantially im- proved and an adverse Influence of a differential
pressure possibly developed during the restarting is negligi- ble, since
this embodimentemploys the brushless DC motor as the electromotor section.
Adoption of the scroll type compressor provides further advantages of this
embodiment, because the scroll type compressor is in- 25  trinsically free
from vibration generating factors such as variation of compressive torque.
Specifically, such nature of the scroll type compressor makes it possible
to start the system smootherthan in the system of prior art, and makes it
unnecessary to provide separate vibration suppressing elements, for
example, vibration-proof material, thick wall casings, etc. as the prior
art has conventionally required, not only for the scroll type com- pressor
itself but also for the system as a whole. Furthermore, various controls
are facilitated by adoption of 30 the Hall elements for detection of magnet
position. 



In addition, the magnetic performance of the permanent magnets forming a
part of the rotor is improved in this embodiment and thereby the driving
efficiency of the electromotor is correspondingly improved, as will be
apparent from Fig. 4 which is an Iso-efficiency graphic diagram plotting
the efficiency characteristic of the electromotor section in the enclosed
motor compressor of the present invention. As seen, the stablized high 35
efficiency is maintained even as the r.p.m. and the compressive torque
change. In the operating range of the r.p.m. from 0 to 7000 r.p.m. and the
motoroutputtorque from 0 to I Kgm, 80% orawider portion of this operating
range Is occupied by the extent in which the motor output efficiency is 85%
or higher. According to this embodiment, such brushless DC motor 7 was
combined with the scroll type compressor 1, resulting in that the
efficiency of the compressor itself in a range of high velocity rotation
was also improved, 40 as shown by Fig. 5 which plots the r.p.m. versus the
efficiency in the enclosed motor comporessor (charac- teristic B)
comprising the reciprocating type compressor of the prior art combined with
the induction motor and the enclosed motor compressor (characteristic A) of
the present invention. As will be apparent from Fig. 5, the efficiency was
improved over the system of prior art over the entire operating range,
since, according to the present embodiment, the advantages intrinsic to the
scroll type compressor are multiplied by the advantages 45 of the brushless
DC motor. It should be understood that the Hall elements serving as the
position sensor may be replaced by MR ele- ments or photo-sensitive
elements, or the coil current may be superimposed with high frequency to
detect the relative position of such sensor and the magnetic poles. It is
also possible to position-detect the magnetic poles and then to perform the
driving control by use of the back feeding voltage of the coils so far as
an appropriate 50 countermeasure is taken to assure a smooth starting. This
embodiment employs the brushless DC motor as the electro-motor to drive the
compressor and pro- vide the braking circuit to block the rotor against
further rotation after the rotor has ceased to be driven. In this way, the
reverse rotation of the rotor possibly occurring after the rotor has ceased
to be driven can be prevented in an electric manner, making it possible to
avoid discomfortable noise generated by the compressor as well 55   as
deterioration of the durability both due to said reverse rotation. Finally,
the non-return valve which has con- ventionally been required to be
incorporated can be eliminated in this embodiment. This advantageously de-
creases the coolant flow resistance but increases the volume efficiency
during high velocity driving of the com- pressor, thus improving the
general performance of the system.    EP 0 322 804 B1 Then, a second
embodiment of the permanent magnets forming a part of the rotor will be
discussed. In this embodiment, magnet powder having a composition (% by
weight) of [err] and particle sizes of 1[err] to 120[err] was mixed with
epoxy resin at a ratio of 98.5: 1.5% by weight to obtain a magnet com-
position which was then kneaded and granulated. This granulated composition
was subjected to compression 5   molding in a metal mold and then thermoset
to obtain a rotor permanent magnet 11 of a predetermined shape. The magnet
thus obtained exhibited an excellent magnetic performance as shown by Table
2. Table 2 10 (BH)max(MGOe)          bHc(KOe)         Br(KG) 8.9
5.3            6.6 15 Also corrosion resistance and best resistance of
neodymium-iron-boron system which would otherwise be poor for such
particular application were improved by the process of resin-bonding to a
necessary and satis- 20  factory value. Then, a third embodiment of the
rotor permanent magnet will be discussed. In this embodiment, said
permanent magnet 11 of the rotor 9 comprises a rare earth permanent magnet
substantially made of R (at least one of rare earth elements inclusive of
Y), transition metal and boron, and was formed by a process as will be
described from an alloy composition shown in Table 3. 25 Table 3
Composition          [err] 



30 To form a rotor a, rare earth, transition metal and boron were properly
weighed, then the mixture was mol- ten in an induction furnace, and cast
into an ingot The ingot thus cast was ground to an average particle di- 35
ameter of 5[err] (by Fischer's subsieve sizer, then mixed with Freon gas,
and preliminarily molded into a ring- shaped wet magnet having outer
diamter of 100mm, inner diameter of 40mm and thickness of 30mm. Then, a
cylinder 102 of soft magnetic material such as pure iron was placed inside
of said wet magnet 101 and 200mm thick pipe 103 of SUS304 having Its inner
surface coated with boron nitride was puton the outside of said wet magnet
101. Thereafter, this assembly was deaerated, closed at opposite ends and
pressed by an 40  extruder as indicated in Fig. 6 until the pipe 103 had
its thickness reduced to 10% of the initial thickness. The assembly was
then subjected to a heat treatment at a temperature of [err] for 24 hours
and, after removal of the pipe 103, the cylinder 102 of soft magnetic
material, i.e., theyoke 10 was centrally provided, as illustrated by Fig.
7, with an insertion opening 9a into which the driving shaft 8 was fixedly
fit to obtain the rotor 9. It should be noted that the composition of the
magnet is not limited to the particular composition as set 45  forth in
Table 3 and at least one or a combination of two or more elements may be
selected as the rare earth metal from a group includingY, La, Ce, Pr, Nd,
Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb and Lu. The highest magnetic
characteristic is presented by Pr. As the transition metal, at least one
ora combination of two or more elements may be selected from a group
including Fe, Ni and Cu. It should be noted also that a small quantity of
additive elements such as some heavy rare earth, forexample, Dy and Tb, and
Al, Si, Mo, Ga, In, Ag and Au is effective 50  to improve the coercive
force. In case of this embodiment, the rotor 9 obtained by the process as
has been mentioned above exhibited a magnetic performance as set forth
below in Table 4. 55 7    EP 0 322 804 B1 Table 4 Direction
(BH)max(MGOe)          iHc(KOe) 5 r                  20.5
10.5 u                  20.5               10.5 10                        z
5.0                5.0 As will be apparent from Table 4, such permanent
magnet 11 is an intraface anisotropic magnet that in- trinsically exhibits
high magnetic performance particularly in the r-direction (radial
direction) and the u-direc- 15  tion (circumferential direction). Owing to
hot working in an atmosphere at a temperature of [err], this perma- nent
magnet was solid-state joined to the soft magnetic body which had been
worked together with the per- manent magnet and no separation occurred
between these two components even during a high velocity ro- tation. Said
soft magnetic body serves also as a reinforcing material for the magnet.
Strength of the magnet itself was also improved over the conventional
ferrite magnet. 20      The high magnetic performance as shown by Table 2
allowed the amount of material to be reduced and the magnet itself to be
correspondingly miniaturized and weight-reduced. As a result, a centrifugal
force exert- ed on the magnet was sufficiently reduced to realize a rotor
reliably operating even during the high velocity rotation. Thus, the
present embodiment of the rotor magnet is adequately adaptable for high
velocity rotation of the scroll type compressor and effectively contributed
to miniaturization and weight-reduction of the com- 25  pressor as a whole.
Now a fourth embodiment of the rotor will be explained in reference with
Fig. 8. According to the present embodiment, the rotor 9 comprises the
magnet 11 molded integrally with the yoke 10 by a process as will be
described below. After melting a mixture of ingredients in an induction
furnace and then casting so as to result in the com- 30  position of Table
3, the ingot thus obtained was ground to an average particle diameter of
5[err] (by Fischer's subsieve sizer) and molded in a graphite mold into a
magnet having an outer diameter of 60mm and a height of 40mm. 



Then, utilizing a rearward extruder as illustrated in Fig. 8, said molded
magnet 201 was placed in a mold 202 and a mandrel 204 having outer diameter
of 52mm and provided around its front end with a flanged shell 35  203 was
pushed in the direction as indicated by an arrow in Ar-atmosphere at a
temperature of 900C and thereby the molded magnet 201 was extruded in the
direction opposed to said direction indicated by the arrow in which the
mandrel 204 was pushed, i.e., rearwards to provide a radially orientated
ring-shaped magnet. This rearward extrusion was performed so that the ratio
of the cross-sectional area before the extruding process to the
cross-sectional area after the extruding process of the magnet should be
approximately 4. Then, the 40  magnet/shell subassembly was removed from
the mandrel, and after a front end portion of the subassembly was cut off,
this magnet/ shell subassembly was directly clamped on the driving shaft 8.
Clamping may be ach- ieved by so-called force-fit or by screw-clamping the
subassembly through the flange portion on the driving shaft. In accordance
with this embodiment, the magnet itself was solid-state bonded to the yoke
with a cohesive 45  force sufficient to accommodate a centrifugal force
developed during the high velocity rotation of the motor, since the rotor 9
was formed by hot working in the Ar-atmosphere at a temperature of [err].
Magnetic meas- urement which was conducted with respect to r-direction
(i.e., radial direction), u-direction (i.e., circumferential direction) and
z-direction (i.e., axial direction) of the rotor 9 indicates, as seen in
Table 4, that the present em- bodiment provides a rotor which exhibits the
highest magnetic performance in the r-direction and has been 50  radially
orientated by the rearward extrusion. 55 8    EP 0 322 804 B1 Table 5 5
Direction         (BH)max(MGOe)          iHc(KOe) r                 30.5
12.5 10                       u                   5.3                 6.3 z
3.5                  5.0 15      Furthermore, this embodiment of the rotor
allowed its construction to be simplified by configurating said flange
portion so as to serve also as a member which compensates undesirable
unbalance due to the eccen- tricity of the movable scroll member. Then, a
fifth embodiment of the rotor will be discussed According to the present
embodiment, the rotor 9 was constructed as shown by Fig. 9 which is a side
view 20  as viewed in the axial direction. Referring to Fig. 9, reference
numeral 301 designates permanent magnets substantially made of rare earth,
transition metal and boron, 302 main yokes solid-state bonded by the hot
working to the permanent magnets, and 303 an auxiliary yoke. The main yokes
302 and the auxiliary yoke 303 were clamped together by a tie-plate 304 and
set screws 305. The driving shaft 8 was incorporated by force-fitting it
into the insertion opening of the auxliary yoke 303. The permanent magnets
301 were arranged 25  so that their S-poles are diametrically opposed to
each other. Accordingly, the entire rotor 9 comprises a 4- pole rotor in
which, as seen in Fig. 9, the circumferential portions of the auxiliary
yoke 303 and the main yokes 302 Immediately adjacent the auxiliary yoke 303
define the S-poles while the main yokes 302 immediately adjacent the N-pole
sides of the respective permanent magnets 301 define the N-poles. Such
rotor 9 was formed in a manner as will be mentioned. 30     The magnet
alloy of the composition as in the first embodiment was molten, then cast
in a mold of soft magnetic material such as pure iron, cooled, thereafter
hot-worked at a temperature of [err], and finally sub- jected to a heat
treatment to obtain a solid-state bonded subassembly of the permanent
magnet 301 and the main yoke 302 as Illustrated by Fig. 10. The permanent
magnet 301 exhibited a magnetic performance as set forth in Table 6. 35
Table 6 40                             iHc        Br        (BH)max 



9.5      10.3          30.0 45 The solid-state bonded subassembly was cut
by a slider 307 into trapezoidal pieces and the main yokes 302 to be
disposed adjacent the driving shaft 8 were provided with threaded holes.
Then, said subassembly was assembled bythe tie-plates 304 with the
auxiliary yoke 303 including the driving shaft8 force-fit thereinto. Then,
this assemblywas ground to a desired diameter and magnetically impressed
bya repulsive field to obtain 50  the rotor 9. Although the magnet was
subjected to a hot rolling togetherwith the mold in this embodiment, it is
possible to obtain a magnet having the equivalent performance also when the
Ingot is placed in a sheath of soft magnetic material and then subjected to
the hot working. Finally, a sixth embodiment of the rotor will be
described. 55      Utilizing a vacuum melt spinning equipment usually used
to make amorphous alloy, a quenched slice hav- ing a thickness In order of
30 m was obtained from an alloy of a composition as indicated In Table 7.
This slice was hot-pressed, bulked, and then subjected to the rearward
extrusion to obtain a rotor comprising a radially oriented permanent magnet
solid-state bonded to a yoke. 9    EP 0 322 804 B1 Table 7 5
Composition           [err] As will be apparent from the aforegoing
description, the present invention adopts a scroll type compressor, 10
thereby providing a compressor which is of a small torque variation and
maintains a high efficiency even during a high velocity rotation, on one
hand, and employs a brushless DC motor having its rotorcomprising permanent
magnets each of which may substantially be made of rare earth, transition
metal and boron, thereby achieving a high magnetic performance which, in
turn, allows the electromotorsection to be miniaturized aswell as allows
the strength to be improved. The present invention thereby protects the
rotor against a rupture thereof due to 15   a centrifugal force developed
during its rotation and permits the rotor to be reliably rotated even at a
high ve- locity, eliminating the non-return valve which has conventionally
been required to be incorporated in a system of the priorart and thereby
improving the general performance of the entiresystem. The present
invention com- bines the scroll type compressor with the brushless DC motor
both of which have respective advantages in- trinsic to them, and thereby
compatibly achieves the miniaturization, the smooth restarting and the high
ve- 20  locity operation. Claims 25  1.  An air conditioner having a scroll
compressor (1) and an electromotor (7) directly coupled to a driving shaft
(8) of said compressor (1), characterized by said electromotor (7)
comprising a brushless DC motor in- cluding a rotor (9) provided with a
permanent magnet (11); a driving circuit (25) forsaid motor (7) including a
braking circuit (30) adapted to excite coils (14) of said motor (7) and
reverse rotation sensing means (33) for sensing reverse rotation of said
rotor (9) and said braking circuit is adapted to brake said rotor (9) 30
in accordance with a signal from said reverse rotation sensing means (33).
2.  An air conditioner as recited in claim 1, characterized by means for
presetting a reverse rotation speed value, and said braking circuit (30) is
adapted to apply a higher braking force if the sensed rotation is greater
35      than the preset reverse rotation speed value and to apply a lower
braking force if the sensed rotation is less than said preset reverse
rotation speed value. 3.  An air conditioner as recited in claim 1 or2,
characterized in that the permanent magnet (11) carried by the rotor (9) of
said electromotor (7) comprises an integral, cylindrical, radially
orientated magnet. 40 4.  An air conditioneras recited in any of claims 1,
2 or 3 characterized in that a stator (1 2) of said brushless motor (7) Is
provided with a detecting means (23) adapted to detect a relative position
of said rotor (9) and said stator (12). 45  5. An air conditioner as
recited in claim 4, characterized In that said detecting means (23)
comprises Hall 



elements (23). 6.  An air conditioner as recited in any of claims 1 to 5
characterized in that said permanent magnet is com- posed of rare earth
elements including yttrium, transition metal and boron. 50 7. An air
conditioner as recited In any of claims 1 to 5, characterized in that the
permanent magnet (11) carried by the rotor (9) of said electromotor (7) is
made of a magnetic composition comprising magnet powder of 98.5% by weight
having a % by weight composition of [err] and a particle diameter of 1
[err] to 120 [err] and epoxy resin of 1.5% by weight. 55 8. An air
conditioner as recited in any of claims 1 to 5, characterized In that the
permanent magnet (11) carried by the rotor of said electromotor is made of
a magnetic composition having a % by weight com- position of [err]  and a
particle diameter of 5 [err]. 10    EP 0 322 804 B1 Table 7 5
Composition            [err] As will be apparentfrom the aforegoing
description, the present invention adopts a scroll type compressor, 10
thereby providing a compressorwhich is of a small torque variation and
maintains a high efficiency even during a high velocity rotation, on one
hand, and employs a brushless DC motor having its rotor comprising
permanent magnets each of which may substantially be made of rare earth,
transition metal and boron, thereby achieving a high magnetic performance
which, in turn, allows the electromotorsection to be miniaturized as well
as allows the strength to be improved. The present Invention thereby
protects the rotor against a rupture thereof due to 15   a centrifugal
force developed during its rotation and permits the rotor to be reliably
rotated even at a high ve- locity, eliminating the non-return valve which
has conventionally been required to be incorporated in a system of the
prior art and thereby improving the general performance of the entire
system. The present invention com- bines the scroll type compressor with
the brushless DC motor both of which have respective advantages in- trinsic
to them, and thereby compatibly achieves the miniaturization, the smooth
restarting and the high ve- 20  lociy operation. Claims 25   1. An air
conditioner having a scroll compressor (1) and an electromotor (7) directly
coupled to a driving shaft (8) of said compressor (1), characterized by
said electromotor (7) comprising a brushless DC motor in- cluding a rotor
(9) provided with a permanent magnet (11); a driving circuit (25) for said
motor(7) including a braking circuit (30) adapted to excite coils (14) of
said motor (7) and reverse rotation sensing means (33) for sensing reverse
rotation of said rotor(9) and said braking circuit is adapted to brake said
rotor (9) 30      in accordance with a signal from said reverse rotation
sensing means (33). 2.  An air conditioner as recited in claim 1,
characterized by means for presetting a reverse rotation speed value, and
said braking circuit (30) is adapted to apply a higher braking force if the
sensed rotation is greater 35      than the preset reverse rotation speed
value and to apply a lower braking force if the sensed rotation is less
than said preset reverse rotation speed value. 3. An air conditioner as
recited in claim 1 or 2, characterized in that the permanent magnet (11)
carried by the rotor (9) of said electromotor (7) comprises an integral,
cylindrical, radially orientated magnet. 40 4. An airconditioneras recited
in any of claims 1, 2 or3 characterized in that a stator (12) of said
brushless motor (7) is provided with a detecting means (23) adapted to
detect a relative position of said rotor (9) and said stator (12). 45   5.
An air conditioner as recited in claim 4, characterized in that said
detecting means (23) comprises Hall elements (23). 6. An air conditioner as
recited in any of claims 1 to 5 characterized In that said permanent magnet
is com- posed of rare earth elements including yttrium, transition metal
and boron. 



50 7. An air conditioner as recited in any of claims 1 to 5, characterized
In that the permanent magnet (11) carried by the rotor (9) of said
electromotor (7) is made of a magnetic composition comprising magnet powder
of 98.5% by weight having a % by weight composition of [err] and a particle
diameter of 1 pm to 120 [err] and epoxy resin of 1.5% by weight 55 8. An
air conditioner as recited in any of claims 1 to 5, characterized In that
the permanent magnet (11) carried by the rotor of said electromotor is made
of a magnetic composition having a % by weight com- position of [err] and a
particle diameter of 5 [err]. 10    EP 0 322 804 B1 9. An air conditioner
as recited in any of claims 1 to 5, characterized in that the permanent
magnet (11) carried by the rotor (9) of said electromotor (7) is made of a
magnetic composition having a % by weight composition of [err] by weight. 5
10. Amethod of operating an air conditioner including a scroll
compressorand a permanent magnet brushless DC electromotor having a rotor
and coupled to a drive shaft of said compressor, comprising the steps of: -
sensing a reverse rotation of said rotor; and - exciting the coils of said
electrornotor for braking said rotor in accordance with said sensed reverse
rotation. 10 11. A method of operating an air conditioner in accordance
with claim 10, characterized by pre-setting a re- verse rotation speed
value, braking said rotor with a higher braking force when said sensed
reverse ro- tation exceeds the preset reverse rotation speed value, and
braking said rotorwith a lower braking force when said sensed reverse
rotation is less than the pre- 15      set reverse rotation speed value
until said sensed reverse rotation becomes zero. PatentansprOche 20  1.
Kiimagerat miteinem Schraubenkompressor(1) und einem direkt an eine
Antriebswelle (8) des Kompres- sors (1) gekuppelten Elektromotor (7),
dadurch gekennzelchnet, dall der Elektromotor (7) einen bOrstenlosen
Gleichatrommotor aufweist, der mit einem Rotor (9) versehen ist, der einen
Permanentmagneten (11) aufweist; eine Treiberschaltung (25) fOr den Motor
(7) mit einer 26      Bremaschaltung (30), die zur Erregung von Spulen (14)
des Motors (7) ausgebildet ist, und eine Rflckwflrtsdrehungsmeaelnrichtung
(33) zur Erfassung einer Rfckwartsdrehung des Rotors (9), wobei die
Bremsschaltung dazu ausgebildet ist, den Rotor (9) entsprechend einem
Signal von der ROckwgrtsdrehungsmesleinrichtung (33) abzubremsen. 30  2.
Kilmagerat nach Anspruch 1, gekennzelchnet durch eine Elnrichtung zur
Voreinstellung eines ROckwartsdrehungsgeschwindigkeits- wertes, wobel die
Bremsschaltung (30) dazu ausgebildet ist, eine h8here Bremskraft anzulegen,
wenn die erfafte Drehung grOBerals dervoreingestelite
Ruckwirtsdrehungsgeschwindlgkeitswert !st, und eine niedrigere
Bremskraftanzulegen, wenn die erfaBte Drehung ideinerist als
dervoreingestellte Rfckwarts- 35      drehungsgeschwindigkeitswert 3.
Kilmagerat nach Anspruch I oder 2, dadurch gekennzolchnet, daB dervon dem
Rotor(9) des Elektromotors (7) getragene Permanentmagnet (11) elnen
einstOckIgen, zylindrischen, radial ausgerichteten Magneten aufweist. 4.
Kilmagerlt nach einem derAnsprflche 1, 2 oder 3, dadurch gekennzelchnet,
daB ein Stator (12) des bfrstenlosen Motors (7) mit einer Mefoeinrichtung
(23) versehen lst, die zur Erfassung der Relativposition des Rotors (9) und
des Stators (12) ausgebildet ist 45  5.  Kiimagerat nach Anspruch 4,
dadurch gekennzelchnet, dai die Meleinrichtung (23) Hall-Elemente (23)
aufweist. 6.  Kiimagerat nach einem der AnsprOche I bis 5, 



dadurch gekennzelchnet, dai% der Permanentmagnet Seltenerdelemente
einschileflich Yttrium, ein 50      Obergangametall und Bor aufwelst. 7.
Kiimagerat nach einem der AnsprOche I bis 5, dadurch gekennzelchnet, dall
der Permanentmagnet (11), dervon dem Rotor (9) des Elektromotors (7)
getragen wird, aus einer Magnetzusammensetzung mit Magnetpulver in einem
Anteil von 98,5 Gewichts- 56       prozent, welches eine Zusammensetzung
von Nd27FeGCo4B1 in Gewichtsprozent und einen Tellchen- durchmesservon I
pam bis 120 pm aulweist, und aus EpoxyharzmitelnemAnteilvon
1,5Gewichtsprozent hergestellt lst.    EP O 322 804 B1i| l!     IIl 1111 L
IlI 8. Kiimagerat nach einem der Ansprflche 1 bWs 5, dadurch
gekennzelchnet, daiS dervon dom Rotor des Elektromotors getragene
Permanentmagnet (11) aus einer magnetischen Zusammensetzung mit einer
Zusammensetzung an Pr17FmA,6CuI,SBB in Ge- wichtsprozent und elnem
Tellchendurchmesser von 5 Pm hergestelit ist. 5 9.  KWlmagerat nach einem
derAnspruche I bis 5, dadurch gelcennmlchnet, daB dervon dem Rotor (9) des
Elektromotors (7) getragene Permanentmagnst (11) aus einer magnetischen
Zusammensetzung hergestellt Ist, die eine Zusammensetzung von Nd15FenB8 in
Gewichtsprozent aufwolst. 10 10. Verfahren zum Betrelben sines Kilmagerits
mit einem Schraubenkompressor und einem bflrstenlosen
Permanentmagnet-Gleichstrom-Elektromotor, der einen Rotor aufweist und an
eine Antriebawelle des Kompressors gokuppelt ist, mit foigenden Schritten:
- Erfassung einer Ruckwartsdrehung des Rotors; und 15        - Erregen
derSpulen des Elektromotors zum Abbremsen des Rotors entsprechend
dererfaten RlOck- wartsdrehung. 11. Verfahren zum Betreibon eines
Kimagerits nach Anspruch 10, dadurch gekennzelchnet, daB eln
Rfckwartsrichtungsgeschwindlgkeitswert voreingestelltwird, der Ro- 20
tor mit einer h8heren Bremskraft abgebremst wird, wenn die orfalfte
ROckwartadrehung den voreinge- stellton
Rflckwgrtsdrehungsgeschwindigkeltswert Oberschreltot, und der Rotor mit
einer niedrigeren Bremskraft abgebremst wird, wenn die erfaSBt
RfckwArtsdrehung kleiner ist als der vorslngestellto
R0ckwirtsdrehungsgeschwindigksitswert, bis die erfalBt Rlckwartsdrehung
gleich Null wird. 25 Revendlcatlons 1. Conditionneur d'air comprenant un
compresseur A volutes (1) st un moteur electrique (7) couple directs- 30
ment A un arbre d'entratnement (8) dudit compresseur(1), caracteris6
parlefait quo ledit motourelectrique (7) est constltuh d'un motbur A
courant continu sans balais comprenant un induit (9) dote d'un aimant per-
manent (11), un circuit d'attaque (25) pour ledit moteur (7) comprenant un
circuit de freinage (30) conqu pourexcitordes bobinages (14) duditmoteur(7)
et des moyens de d6iection de la rotation en sons Inverse (33) pour
ditocter la rotation en sons Inverse dudit induit (9), et par le fait quo
ledit circuit de freinage est 95      concu pour frelner ledit Induit (9)
conformement A un signal provenant desdits moyens de detection de la
rotation on sons inverse (33). 2.  Conditionneur d'air selon la
revendlcation 1, caracterise par des moyens pour prediterminer une valour
de vitosse de rotation on sens inverse, et par le fait quo 40
ledit circuit de freinage (30) est congu pour appliquer une force de
freinage plus importante s la rotation d~tectie est superioure A la valour
de vitosse de rotation on sons inverse preetablie et pour ap- pliquer une
force de freinage moins importanto si la rotation d6tectie est inf6rieure A
laditb valeur de vi- tease de rotation en sons Inverse pr6tabile. 45  3.
Conditionneur d'air selon la revendication I ou 2, caract6ris6 en ce quo
l'aimant permanent (11) port6 par l'induit (9) dudit moteur 61ctrique (7)
comprend un aimant int6gral cylindrique orient6 radialement. 



4. Conditionneurd'airselon l'une quelconque des revendicatlons 1, 2 ou 3,
caract6rls6 en ce qu'un inducteur (12) dudit motour sans balaes (7) est
dot6 d'un moyen de d6tection (23) congu pour detecter une position 50
relative dudit induit (9) et dudit Inductbur (12). 5.  Conditionneur
d'airselon la revendlcation 4, caractrisI6 en ce quo leditmoyen de
d6taction (23) comprend des 616ments A offet Hall (23). 55   6.
Conditionneur d'air selon l'une quelconque des revendications I t 5,
caracterism en ce quo ledit aimant permanent est compos6 d'616ments de
trres rares comprenant de l'yttrium, de m6tal de transition et de bore. 12
7. Conditionneur d'air salon i'une quelconque des revendications I a 5,
caract6ris an coe quo l'aimant per- manent(11) porte par l'induit(9) dudit
moteurelectrique (7) ostfaitd'une composition magn6tique compre- nant de la
poudre magn6tique en quantit6 de 98,5 % en poids ayant une composition en %
en polds de NdMF1eeeCo4B1 et un diametre de particule compris entre I pm et
120 pm et de la r6sine 6poxy on quantite 5       de 1,5 % en poids. 8.
Conditionneur d'alr solon l'une queiconque des revendications I A 5,
caract6ris6 en ce quo I'aimant per- manent (11) porte par l'induit dudit
motour electrique est fait d'une composition magnetique ayant une
composition en % en polds de Pr17Fe76,oCujB6 et un diambtre de particule de
5 Pm. 10 9. Conditlonneur d'air selon l'une quelconque des revendications I
A 5, caracteris6 en ce quo l'aimant per- manent (I1) port6 par I'induNt (9)
dudit motour 6lectrique (7) est fait d'une composition magnetique ayant une
composition en % on poids de NdlrFeo7B8 on poids. w6  10. Proocd6 de miso
en oeuvre d'un conditbonneur d'air comprenant un compresseur A volutbs et
un motour electrique a courant continu sans balais A almant permanent
comprenant un Indult et coupl6 a un arbre d'entratnement dudit compresseur,
comprenant les 6tapes consistant A: - d6tector uno rotation en sons inverse
dudit indult, et - excitr les bobinages dudit motour lectrique pourfroiner
ledit induit conform6ment a ladit rotation 20          en sens inverse
dteoctee. 11. Procede de miso en oeuvre d'un conditlonneur d'airselon la
revendication 10, caractinse par les 6tapes consistanta
pr66tabilrunevaleurde vitosse de rotation en sons Inverse, freiner ledit
induit avec une force de freinage plus importante lorsque laditb rotation
en sons Inverse d6tectbe depasse la valeur de vitbsse 25      de rotation
on sons inverse preetablie, et frelner ledit Indult avec une force de
freinage moins Importantb lorsque ladito rotation en sons in- verse
d6tectoe est Inf rieure A la valour de vitesse de rotation en sens Inverse
preetablie jusqu'A ce quo ladito rotation en sons Inverse d6tect6e devionne
nulls. 30 35 40 45 50 55 13    


