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This invention relates to single-phase induction

motor, a method of controlling the single-phase induction
5 motor used for a compressor, and a refrigerator or air
conditioner or and other electric apparatus using it.

In the accompanying drawings, Fig. 13 is a circuit
diagram of a conventional compressor drive apparatus used
for such devices as an air conditioner disclosed in

10 Unexamined Japanese Patent Publication SHO 64-29682. The
circuitry is configured with a compressor (motor) 1, a
capacitor 2 for low load, a capacifor 3 for high load, a
change-over switch 4, and a starting relay 5. The
change-over switch switches from one capacitor to the

15 other. The starting relay operates only on starting
compressor 1 to connect contacts 5a.

The operation of such a conventional compressor
drive apparatus 1s described with reference to Fig. 14.

On the starting the compressof 1, capacitor terminal

20 voltage is low, causing contact 5a of starting relay 5 to
be closed, upon which capacitors 2 and 3 are connected in
parailelfﬁ}th the auxiliary winding of cdmpressor 1 to
obtaiﬁia 1a£ge starting torque (the torque_curve shown in
Efg%’ig with use of the starting capacitor). The

i25 compressor therefore starts deépite high initial ldad.
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capgacitor to the other. The startin rela oper t onI T

conpressor 1 to connect contacts 5a! ' ?aceéif sﬁ ﬁg%%ééﬁ%@%ﬁ&@ '
conpressor drive apparatus is descrli ' nce t !
starting the conpressor 1, capacitor lIkBage i s Iom1 causi ng
contact 5a of starting relay 5 to be closed, upon which capacitors 2 and 3
are connected in parallel with the auxiliary mﬁnding of conpressor 1 to

obtain a Iarge startln tor ﬁg@t%ﬁg&gegggrf é¥§ orem@? gggs’ gnth use

of the starting ca §C| SSor £3 despite high
In :
itial load capacitor terminal voltage also rises. At the operating

point of relay 5 shown in Fig. 14, contacts 5a are
opened. Then, the operation capacitor only operatgs
5 (see the torque curve in Fig. 14 for using the operation
capacitor). At this time, change-over switch 4 switches
between the capacitors over depending on the load on the
compressor 1. When the load on the compressor is low,
capacitor 2 is used as the operation capacitor while
10 capacitor 3 is used as the starting capacitor.
Conversely, when the load is high, capacitor 3 is used as
the operating capacitor while the capacitor 2 is used as
the starting capacitor. Switching in this way allows the
compressor to drive with sufficient starting torque and
15 high operating efficiency.
The configuration of a conventional compressor drive
apparatus has posed the.problems as follows:
1. When there is a signifidant-difference in the amount
of torque on starting of the compressor and during
20 regular operation, capacitor 2 is used as the operation
capacitor while capacitor 3 is used as the starting
capacitor. However, the capacity of capacitor 3 is much’
too high when it is used as the operation capacitor at
high load which gives low efficiepcy.

25 2. . Similarly, excess capacity of capacitor 3 invariably
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the torque curve in Fig. 14 for u3| n capaC|tor) At thIS
ti me, change-over switch 4 swtches etmeen capaC|tors over depending
on the |l oad on the conpressor 1. Wen the Ioad on the conpressor is |ow,

capaci tor 2 1o useds a3, LIRPPELAL 2" S MRS hSLo L SRRRSH odaghd feyed o

further resulting in unstable operation of starting relay
5.
3. A large current charging the operation capacitor

5 runs through the contacts of change-over switch 4
everytime when capacitors 2 and 3 are switched over.
Moreover, large current generates arc, significantly
degrading contact life. Strengthening of contacts
requires high cost.

10 Accordingly, it is a primary object of this
invention to overcome these problems associated with the
techniques in the prior art. According to the pfesent
invention, there is provided a single-phase induction
motor which includes a main winding, an auxiliary winding

15 installed at electrically different angle from the main
winding, a plurality of operation capacitors connected to
the auxiliary winding, a relay that connects and
disconnects the operation capacitors, and a controller
that closes the relay only when power to the motor is cut

20 off.

The invention also provides a method of controlling
a single-phése induction motor having a main winding, an
auxiliary winding ihstalled at electrically different
angle from the main winding, a plurality of operation

25 capacitors connected to the auxiliary winding, a relay
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wherein the controller closes the relay only when power
to the motor is cut off.

5 _ , The invention can be used with a compressor, e.g.
for a refrigerator. It can start the compressor with
large starting torque using all capacitors and can select
an optimal capacitor depending bn the load. |

In one embodiment it is possible to power off the
10 compressor at the occurrence of an abnormality and
generate maximum starting torque using all capacitors at
restart.
The invention will be further described by way of
non-limitative example with reference to the accompanying

15 drawings, in which:

- Fig. 1 is a circuit diagram showing a single-phase
induction motor in accordance with Embodiment 1 of the
present invention;

Fig. 2 depicts a cross sectional view of a

20 refrigerator containing the single—phaée induction motor

in accordance with Embodiment 1 of the present invention;

Fig. 3 is a flowchart setting out the controlling
operation of the refrigerator in accordance with
Embodiment 1 of the 1nvention;-

25 Fig. 4 is a flowchart setting out the controlling
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2. ¢ Simlarly, excess capacity of capacitor 3 invariably :
errors in the absolute val ue of s Bee Repldosr 1 esul ti fgrHIA SEET AHSBEEN
operation of starting relay 5. E J : e current fhar gi REPEAEED
operation capacitor runs through f change-over—swtch 4
everytime when capacitors 2 and 3 are switched over. Moreover, |arge
current generates arc, significantly degrading contact life. Strengthening

of contacts reo%%ilraq'ﬁom %f} q:?l%t refrigerator in accordance with

Embodiment 1 of the invention;

Fig. 5 is a flowchart setting out the controlling

operation of the refrigerator in accordance with
5 Embodiment 1 of the invention;

Fig. 6 is a circuit diagram showing the single-phase
induction motor in accordance With Embodiment 2 of the
invention;

Fig. 7 is a flowchart setting out the controlling

10 operation of the refrigerator in accordance with
Embodiment 2 of the invention;

Fig. 8 is a flowchaft setting out the controlling
operation of the refrigerator in accordance with
Embodiment 2 of the invention;

15 Fig. 9 shows output voltage of the current detector
in accordance with Embodiment 2 of the invention;

Fig. 10 is a flowchart setting out the controlling
operation of the refrigerator in accordance with
Embodiment 2 of the invention;

20 Fig. 11 is a flowchart showing the controlling
operation of the refrigerator in accordance with
Embodiment 5 of this invention;

Fig. 12 is a flowchart showing the controlling

operation of the refrigerator in accordance With

25 Embodiment 6 of this invention;
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wherein the second

single-phase induction motor.
5 Embodiment 1
Embodiment 1 will set forth the basic operation of a
réfrigerator containing a compressor drive apparatus to
which a single-phase induction motor of the present
invention is applied. The single-phase induction motor
10 has thrée capacitors, one starting capacitor and two
operatibn capacitors, all of which are controlled by a
controller. On starting the compressor, all three
capacitors are employed to get the maximum starting
torque. Then, to ensure higher operation efficiency,
15 either of both operation capacitors are employed
depending upon the operating load of the compressor.
Because a large current running through contacts
generates arc, especially at the time of connecting the
operation capacitors, the coﬁtacts are set to be closed
20 '_ only when the compressor is in the stopped state.
Referring now to Fig. 1, a compressor 1 contains a
motor. The compressor 1 includes a main winding la and
an auxiliary winding 1b. A positive temperature
coefficient (PTC) thermistor 5 connecté a starting

25 capacitor 6 with auxiliary winding 1b of the compressor



caba0|tor I s enpl oyed as an addltlonal
wi th high | oad. 4 The inventi
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starting capacitor connected to the aUX|I|ary wi ndi ng vi a smﬁtch neans at
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operation cap% and
capacitor 7 is connected in parallel with the PTC

thermistor and starting capacitor, and keeps on operating
as the load enters a steady state. Connected in parallel
5 with the first operation capacitor via contacts 4a of a
relay 4, a second operation capacitor 8 is added when
load becomes high. A controller 10 controls the
operation of compressor 1. A temperature sensor 11
detects temperature of a cooler (not shown). A relay 12
10 powers compressor 1 on or off via contacts 12a. An
electric discharge resistance 13 discharges the second
operation capacitor when relay éontacts 4a are open.
Fig. 2 shows a cross sectional view of the
refrigerator equipped with the compressor drive apparatus
15 of the present invention. In Fig. 2, a main refrigerator
body 100 has a freezer compartment 101 placed above a
refrigerator compartment 102. ‘A fan 103 for circulating
cqoling air is made up of vanes and a motor. A damper
104 is driven by an electric motor and regulates the
20 amount of cooling air flow into the refrigerator
compartment 102 to keep it at appropriate temperature. A
cooler (evaporator) 105 is provided in the freezer
compartment. A heater 106 is provided to defrost cooler
105.

25 Compressor 1 is installed at the bottom of the main
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With reference to the flowchart in Fig. 3, the
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second controlling operation of the réfrigerator will be
5 discussed first.

At step 200, temperature data is read from the
freezer compartment and refrigerator compartment and
temperature sensor 11 as a defrost thermistor. Then, at
step 201 it is checked whether the cooler is being

.10 defrosted. Defrosting is started by a separate sub-
routine (not shown) in response to automatic detection or
an operator's request. Continuation or termination of
defrosting is determined based on the temperature read by
temperature sensor 11 of cooler 105. A heater 106 is set

15 off to end defrosting and on to continue defrosting in

| steps 203 and 204. Then operation proceeds to step 213

to reguiate the refrigerator compartment temperature
using the damper 104. If at step 201 defrosting is not
being performed, whether the compressor is needed to run

20 is determined at step 205 by thé freezer compartment
temperature. When the freezer compartment temperature is
high, so that the compressor is needed, and operation of
the compressor is éllowed (see the operation inhibit flag
K below), compressor 1 and fan motor 103 are set to start

25 in step 206 if they are not in operation, a start
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-accordance with Enbodi ment 1 of t

F is set to 1 at step 208 to indicate that the compressor
is running. When the freezer compartment temperature is
or becomes low, compressor 1 and fan motor 103 are

5 stopped at step 209 and an operétion inhibit flag K is
set to 1, the compressor operation flag F is cleared to
zero, and start prevention timer TM is set for 10
minutes. The setting of the operation inhibit flag K for
10 minutes prevents too frequent operation of the

10 compressor. After 10 minutes, the operation inhibit flag
K is zero cleared at step 212.

In steps 213 to 215 the damper driven by an electric
motor is operated to maintain the refrigerator at an
appropriate temperature.

15 The above procedure is periodically repeated, e.g.
every minute, to keep the refrigerator under control.

The detailed operation of the compressor drive
apparatus (and thus particularly steps 205, 206, 208, and
209 of Fig.3) will be further described with reference to

- 20 the flowchart in Fig. 4.

In Fig. 4, in step 21 it is determined whether the
compressor 1 is in the stopped state (the compressor
operation flag being set to 0). If it is, and an
operation is requested based on the temperature (at step

25 22), whether or not the compressor is ready to start must



Fig. 5is a flowchart settin
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~circuit diagram show ng the s

NSIShéerBa thesrEY of t he i-aventd
- uct i on W&WISlSHE&TdM_gﬁﬁE'é Wm
Enbodi nent 2 of the inventio ' @lg f1 owchart setti REPBAPEPhe
controlling operation of the refriger n accor dance Wt hmErbodi ment 2

of the invention; Fig. 8 is a flowhart setting out the controlling
be determined first by checking the operation inhibit

flag K at step 23. When it is in the ready state, relay
contacts 4a are closed to connect all three capacitors 6,
7, and 8 in parallel ready for starting the compressor.

1) The operation flag of compressor 1 is also set to 1.
Then after one second, relay contacts 12a are closed at
step 27 to supply power to start the compressor. Thus
the relay 4a 1s operated while the circuit is powered-
down.

10 Thus starting capacitor 6 and operation capacitors 7
and 8 connected in parallel with the auxiliary winding of
compressor 1 will help obtain high starting torque,
.thereby enabling compressor 1 to start despite high
initial load. At the same time, cufrent also runs

15 through PTC thermistor 5. When its resistance grows
infinitely large at the Curie point, starting capacitor 6
will be electrically disconnected from the auxiliary
winding. This leaves the two operation capacitors 7 and
8 connécted. After a certain time, whiéh is dependent on

20 ' whether a defrost operation is occurring or not, the
capacitor 8 needs to be disconnected. So at step 28,
time from the start of compressor 1 is counted. Then in
steps 29 to 33 rélay contacts 4a will open after two
minutes (T1l) on account of high compressor load in case

- 25 defrosting has been complete or after 2 seconds (T2) in

10



operation of the refrigerator in accordance with” Ehbodlnent 2 of
invention; Fig. 9 shows output v&his
accordance with Enbodi nent 2 of t
setting out the controlling oper a - 2
wi th Enbodi nent 2 of the invention,; ' shomnng t he
controlling operation of the refrigerator I n accordance wth Enbodi nent 5

of this invenpikBBy cases, to operate compressor 1 with operation
capacitor 7 only. When the operation flag of compressor
1 is determined as 1 at step 21 (i.g. the compressor 1is
already operating), and if the operation is still
5 requested based on the temperature at step 26, then at
step 27 relay contacts 12a are maintained closed to
supply power to the compressor and operation 1s as above.

When at step 26 the compressor is operating but an
operation request is not present, relay contacts 12a are

10 opened at step 34 to disconnect power from the compressor
and the operation flag of compressor 1 1s set to 0.
After one second (S35), relay contacts 4a are opened at
step 38 so as not to waste power of relay coil 4. It is
better to open relay contacts 4a after capacitors 7 and 8

15 are dischafged to avoid contact troubles. It is for this
reason that relay contacts 4a are opened after relay
contacts 12a are opened.

However, as shown in the flowchart in Fig. 5, it is
possible to open relay contacts 4a first by changing the

20 step 34 with 36.

Controlling the torque of compressor 1 according to
operating status of the refrigerator allows the
compressor to operate with high efficiency as well as
large starting torque.

25 Mqreover, large current will not run through relay

11
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contacts 4a nor will arc be generated because relay
contacts 4a are closed only when compreésor 1 is in
stopped state. They are not closed while compressor 1 is
connected to power source, e.g., capacitor 7 is being

5 charged.
Embodiment 2

A second Embodiment of the invention is similar to

the above but has an additional troubleshooting
capability. I1If the compressor begins to stall and then

10 stops operating for some reason, an abnormality is
quickly detected and the compressor ié powered off. When
an operation request is reissued, all capacitors are
connected so as to obtain maximum starting torque
according to this invention.

15 In Fig. 6, the configuration for Embodiment 2 is
identical to that of Embodiment 1 except a current
detector 9 (hereinafter referred to as the CT) and a
protective device 14 for compressor 1. The CT detects
current that runs compressor 1.

20 At CT 9, output voltage 1is generated based on the
current that runs compressor'l as indicated in Fig. 9.
Depending upon the output voltage, controller 10 stores
the status of the compressor by (1) operating, (2)
stalling or locked, or (3) stopped or disconnected.

25 Then at step 37 in Fig.7, whether or not compressor

12
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any abnormality is detected, a further check is made at
step 38 to determine if the abnormality is attributed to
b stalling or locked condition. If it is determined to be
caused by stalling or locked condition, relay contacts
12a are opened, the operation flag of compressor is set
from 1 to 0 and the operation inhibit flag K is set to 1.
After one second, relay contacts 4a are opened (steps 34
10 to 36). If stalling or locked condition is not the cause
of abnormality, the circuit must be disconnected at
somewhere including compressor 1, or compressor 1 is
being stopped for some reason since relay contacts 12a
are cloéed. In this case, the discontinuation flag D is
15 set to 1 at step 39. Then at steps 34 to 36, power to
compressorll is cut off. This power off will be carried
out prior to the power off by protective device 14.
In Fig. 7, after relay contacts 12a are opened at
step 34, at step 38 the relay contacts 4a are opened for
20 the reasons given in Embodiment 1. However, as shown in
Fig. 8, it is possible to open.relay contacts 4a before
relay contacts 12a.
When compressor 1 stalls or becomes locked for some
reason during operation, controller 10 detects the

- 25 abnormality according to the current detected at CT 9 and

13



térque Then, to ensure hi gher operation efficiency, elther
operation capacitors are enpl oy®ils she emdB@@R the op
scompressor. Because a large curr ough contr
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opened. At the restart of the operation, controller 10
first closes relay contacts 4a again and then ;elay
contacts 12a. Thus, being re-connected with all
5 capacitors, compressor 1 is allowed to re-start operation
with large starting torque.
If CT 9 is unavailable and controlling operation by
CT 9 shown in Fig. 7 or 8 is not performed, protective
device 14 eventually disconnects the compressor from
10 power source in an event of stalling or locked condition.
If the event oflstalling or locked condition happens
after relay contacts 4a are opened, relay contacts 4a
remain open when the protective device connects the
compressor to power source again after a recovery
15 operation. Therefore, only starting capacitor 6 and
operation capacitor 7 are activated at starting time,
thereby getting insufficient starting torque.
Embodiment 3
Instead of current detector CT 9 set forth in the
20 above Embodiment, a shunt resistance or vibration sensor
can be used and will;prove equally effective to detect
the operating status of compressor 1.
Embodiment 4
Referring now to Fig. 10, at plug-in time of the

25 refrigerator to a power source outlet, the temperature of

14



coé?ficient (PTC) therm stor 5 conhects a starting capacitor 6 with
auxiliary wwnding | b of the corrpressg;lsSheethaéee&Eﬁ' tart of [is—eperat

Afirst operation capacitor 7 is conn with hﬁﬂ?ﬁEEETHASBE&N ‘
therm stor and starting capacitor EH” Em
enters a steady state. Connected in p '

ating as the IBaﬂLAGED
the evaporator 105 is detected by temperature sensor 11.

If the temperature remains below A degrees centigrade for
an hour, then relay contacts 4a are opened (steps 40 to
45), producing the same effect as in Embodiment 1, in

5 which the combinéd use of capacitors 7 and 8 at high and
low load is determined by the time period. The judgement
of plug-in time at step 40 can be made by the plug-in
Flag P. The plug-in flag is set to 1 by controller 10
only at the plug-in time of the refrigerator to a power

10 source outlet and set to 0 at step 46 when the
temperature remains beléw A degrees centigrade for an
hour. According to this embodiment, the refrigerator can
continue one hour operation with high torque to make sure
the sufficient cooling at the plug-in time of the

15 refrigeratof.
Embodiment 5

In the above it is possible that a failure of the CT

9 could result in the controller incorrectly determining
that the compressor is stalling and cutting power to the

20 compressor. To avoid such a misjudgment from being made,
in this embodiment the CT 9 is checked and power is
supplied to the compressor as long as operation is
requested when a failure is detected at the CT, to keep
the refrigerator cool.

25 Embodiment 5 will be set forth below referring to

15
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Fig. 11. At step 50, failure detection is periodically

. conducted at CT 9. Failure occurrence is determined if

controller 10 receives an ON signal despite the fact that
the current is not running. If compressor 1 is in the
stopped state with its operation flag being set to 0 at
step 21, whether or not an operation is requested is
checked at step 22. If yes relay contacts 4a are closed
and the operation flag of compressor 1 is set to 1 at
step 24. After one second (S25), relay contacts 12a are
closed to supply power to compressor 1 at step 27.

On the other hand, 1f the compressor is in the
operating state with its operation flag being set to 1 at
step 21, whether or not an operation is requested is
checked at step 26. When an operation is requested, and
if any abnormality has been detected at CT 9 at step 51,
power is kept supplied to both the compressor and motor
fan until all operation requests for compressor 1 have
been met because the stalling judgement cannot be made
correctly.

At step 51, if it turns out that CT 9 is operating
normally, stalling is checked at step 52. If stalling is
detected at step 53,‘relay contacts 12a are opened and
the operation flag of compressor 1 is set to 0. After

one second, relay contaéts 4a are opened to power off

16



of "t he present invention. In Fig. 2, a main refrigerator body 100 has a
freezer conpartnent 101 pl aced Q\%H ?HJ%;E LAl or conpart
103 for circulating cooling alraﬁl ee T aanes and g ﬂﬂggpegAHdaﬁﬁ@N
104 is driven by an electric nDto s the a @nt cﬁRanNQEﬁg air
flowinto the refrigerator conpar eep it atl.apps
tenperature. A cool er (evaporator) 105 |s prOV|ded in the freezer

conpart nment. ébﬂ%%%g }0? (EtBrOVergot839?fr°St cool er 105.

If a failure is detected at CT 9 at step 51, an

error indication may be made. Even if compressor 1 is
kept poweréd on after it starts stalling, it is possible
5 to determine that the abnormality has occurred not to
compressor 1 but to CT 9.
In Embodiment 5, even when a failure is detected at
CT 9, power will be kept supplied to compressor 1 until
all operation requests for compressor 1 have been met to
10 cool inside the refrigerator without making a judgement
of stalling. A failure at CT 9 thus will not halt
refrigerator operation.
The operation described in Fig. 11 can be carried
out either separately from or jointly in a series with
15 operation in Fig. 7 or Fig. 8.
Embodiment 6
Embodiment 6 will be described below referring to
flowchart in Fig. 12. If compressor 1 starts stalling
while its operation flag is being set to 1, power supply
20 to compressor 1 is once stopped, counting the number of
continuous stallings as one (S54). When power is
supplied again after 10 minutes, and if compressor starts
stalling again, power to compressor 1 is stopped again,
counting the number of continuous stallings as two (S55).

25 At this time, controller 10 determines that high load is

17



Conpressor 1 is installed at the bottom of the nain 8 body. Tenperature —
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reference to the flowchart in Fig| mllHI "ﬂm IIJ control | iing "OpgEAL AGED Of

the refrigerator will be dlscusse
being applied. Therefore, when compressor 1 is restarted

10 minutes later, operation with high torque is extended
to 30 minutes. If stalling continues to occur, when
compressor 1 restarts after 10 minutes, its operation
b with high torque will be extended by half an hour each
time as stalling occurs, up to two hours (S56).
The number of continuéus sfalliﬁgs is reset when
compressor 1 terminates its operatioﬂ normally. Thus the
operation with high torque at the next time compressor 1
10 restarts returns to normal time length (steps 57 and 58).
If continuous stalling occurs more than twice, the
operation with high torque at the restart of compressor 1
after 10 minutes can be extended by half an hour up to
two hours, thereby preventing compressor 1 from -
15 continuously stalling at the start of its operation.
Having thus described several particular embodiments
of the invention, various alterations, modifications, and
improvement will readily occur to those skilled in the
art within the scope of the invention as defined by the

20 following claims.

25
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A&ustep 200, tenperature data is read fromthe freezer conggLLﬂgﬂL_aﬂdw,__,,_
refrigerator conpartnen sensor 11 as a degfTx ~LDeF MiAStEHEN
Then, at step 201 it 'Slllmmnmgﬂlﬂm! the cooler is bei 16!_ Pﬁ)ﬂ.‘ﬁ‘f@@gp

Defrosting is started by~a separ at essu routi ne (not shomb) Fn—Tesponse to
automati c detection or an operator's request. Continuation or termnation

of defrosting is determned based on the tenperature read byTh Replaced
sensor 11 of <X g 105. A heater 106 is set off to end:defr01 I II'II
to continue deffosting in :

1. A single-phase induction motor, comprising.

a main winding,
an auxiliary winding installed at electrically
5 different angle from the main winding,
a plurality of operation capacitors connected to the
auxiliary winding,
a relay that connects and disconnects the operation
capacitors, and
10 a controiler that closes the relay only when power
to the motor is cut off.
2. A single-phase induction motor according to claim 1
wherein
the plurality of operation capacitors are connected
15 in parallel with a starting capacitor which is connected
to the auxiliary winding via a switch means.
3. A single-phase induction motor according to claim 1
or 2, wherein the relay disconnects at least one of the
operation capacitors after load has been lowered after
20 the motor has been staffed.
4. A single-phase induction motor according to claim 3,
comprising a first operation capacitor connected to the
auxiliary winding and a second operation capacitor
connected to the auxiliary winding via the relay, wherein

25 the second operation capacitor is employed as an

19



stéps 203 and 204. Then operati-en—proceeds t ,g%ﬁmelaxdegulate t he

refrigerator conpartnen ng t
defrosting is not being !h F er thgl ‘ %%aga g%gﬁn
Is determ ned at step 2 reezér conp atULe+—— an

th
freezer conpartnment tenperature I's high, so that the conpressor I s needed,
and operation of the conpressor is allowed (see the operation inhibit flag

fhgslgr% ng?np %g:g%la%gp%%gfggtQﬁeﬁo%h@rﬁo§8§ bpeshebt WDtR!RPgRO6 i f
load.
5. A single-phase induction motor according to any one
of claims 1 to 4, further comprising:

5 a current detector that detects electrical current
running in the motor, wherein the controller is operable
to cut power off the motor and open the relay when the
detector detects stalling.

6. A single-phase induction motor according to any one

10 of the preceding claims wherein the relay is disconnected
a predetermined time after power to the motor is cut off.
7. A refrigerator comprising compressor drive apparatus
including the single-phase motor of any one of claims 1
to 6, wherein all operation capacitors are connected at

15 the start of the motor.

8. A refrigerator according to claim 7, wherein the
relay that connects and disconnects the operation
capacitors is opened when the load on the compressor
drive apparatus is lowered.

20 9. A refrigerator according to claim 7 or 8, wherein the
relay that connects and disconnects the operation
capacitors is opened when the temperature in the
refrigerator compartments or refrigerator evaporator

falls below a predetermined level.

25 10. A refrigerator according to claim 7, 8, or 9,

20



9-prevention timer is- cleared A CONPHASKQS uRABSIHepadflag F is set to 1

at step 208 to indi conpre
conpartnment tenp &\!DD ones IE‘“‘“HMMI'W ﬂ 1 Iamld o sHERTOIt &S BEBN
are stopped at s an dperatio K j s seREPBACEDt he

conpressor operation flag Fis cleared to

10

15

20

25

comprising means for performing a defrosting operation
and wherein a time period from the time the operation
capacitors are connected by the relay after a defrosting
operation is completed to the time the operation
capacitors are disconnected is set longer than during
normal operation.

11. A refrigerator according to any one of claims 7 to
10 when dependent from claim 5, further including means
for detecting an abnormality at the current detector, and
wherein the controller does not perform compressor
stalling detection when an abnormality has occurred to
the current detector.

12. A refrigerator according to claim 11, further
includes a set means that sets a time period between the
connection and the disconnection of the operation
capacitors by the relay longer each time the compressor
stalls.

13. A method of controlling a siﬁgle—phase induction
motor having a main winding, an auxiliary winding
installed at electrically different angle from the main
winding, a plurality of operation capacitors connected to
the auxiliary winding, a relay for connecting and
disconnecting the operation capacitors, and a controller
for controlling the relay, wherein the controller closes

the relay only when power to the motor is cut off.

21



z&éro, and start prevention -ti-mer TM ’rlﬁ S%@JtHLscﬁeeringe ace'EIUt es. The setting

t-he operation inhibij oe:tteqﬁ? R
of the coﬁpres m‘ta“ﬂﬂw@ut es, Hliﬁlm I E nhi blrtnai‘%\ %’E%N "
¢l eared at ste 13 to drilven by SEhAe

notor is operated to maintain the refrigerator at an appropTlate
tenperature. The above procedure is periodically repeated, e.g. every

mnute, to k?ff.thf $§%ﬂ686£5%6¥dfﬁﬁk¥o‘%Hﬁfﬂﬂxs wherein the relay

disconnects at least one of the operation capacitors

after the load has been lowered after the motor has been
started.

5 15. A method according to claim 14 for use with a motor
comprising a first operation capacitor connected to the
auxiliary winding and a second operation capacitor
connected to the auxiliary winding via the relay, wherein
the second operation capacitor is connected as an

10 additional capacitor when the motor operates with high
load.
16. A method according to any one of claims 13 to 16
comprising detecting electrical current running in the
motor, and cutting power to the motor and opening the
15 relay when the detector detects stalling.
17. A method according to any one of claims 13 to 16
wherein the relay is disconnected a predetermined time
after power to the motor is cut-off.
18. A method according to any one of claims 13 to 17
20 comprising connecting all operation capacitors to the
motor at the start of the motor.
19. A method according to any one of claims 13 to 18,
wherein the motor is used as a compressor drive for a
refrigerator and_wherein the relay that connects and

25 disconnects the operation capacitors is opened when the

22



Thé detail ed operation of'thE'conpressor dr aﬂg thus
particularly steps 20 209 o ’ Uaner
described with refere | "“ art in égg%?éiﬂz
it is determ ned whet her the cenpsessor 1 is |n t he stopped s%%%
conpressor operation flag being set to 0). If it is, afd an operation is
request ed based on the tenperature (at step 22), mhether or not the

conpressor istefmpeyatarst aht tAdStefrigerator compartments or of

refrigerator evaporator falls below a predetermined
level.
20. A method according to claim 19 wherein a time period
5 from the time the operation capacitors are connected by
the relay after a defrosting operation is completed to
the time the operation capacitors are disconnected is set
longer than during a normal operation.
21. A method according to any one of claims 17 to 20
10 when dependent from claim 17, further comprising
detecting an abnormality in the current detection, and
suspending compressor stalling detection when an
abnormality is detected.
22. A method according to claim 21 comprising setting a
15 time period between the connection to the disconnection
of the operation capacitors by the relay longer each time
the compressor stalls.
23. A single phase induction motor constructed and
arrange to operate substantially as hereinbefore
20 described with reference to and as illustrated in Figures
1 to 12 of the accompanying drawings.
24. A method of controlling a single phase induction
motor substantially as herein before described with
reference to and as illustrated in Figures 1 to 12 of the

25 accompanying drawings.

23




This Sheet Has Been

10%be determ ned fji t he o °fd f IMSISH&ETﬁA@FBE_@’ \

Wiaen it is in the HHEIUMIIMKI“IMIW cont ﬁ mumﬁb al |

three capacitors 6,7, and 8 ih parall eI uupressor

The operation flagof co SS SO set to n after one secgond,

rel ay contacts 12a 23,. e c%g“'&ﬁ ea"f“"&“@’i“ ?8"%‘8{?3’?% ytaomgff’érc?“stuf'l‘étea _

conpressor. Thus in accordance with claim 23 or controlled in accordance with claim 24.

26. A refrigerator substantially as herein described with reference to

Figures 1-12 or the accompanying drawings.

5 27. A method of controlling a refrigerator, said method being substantially
as herein described with reference to Figures 1-12 of the accompanying

drawings.

24
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th‘e;rel ay 4a is operated while the cir HM“’HMMM’E aiTHISTAHEETE HAPBERY!
d |r1 par alﬂﬁﬁl—/’\ﬁspn t he

capacitor 6 and operation ‘capacitors 7

auxiliary wi nding_of conpressor 1 will help obtain hi gh starting ror o
t her eby enabSHHe- gHﬁﬁﬁrI&@%l"nNP@r%ﬁeﬁ% P usipg the SingleiPhase lgductio OEQKe

sane time, current also runs through PTC therm stor 5. Wen its resistance

grows infinitely large at the Curie po ting capamtor 6 wll be
el ectrically disconnected fromthe aux@?g}é\t@f

5 The present invention discloses a single-phase induction motor (1) that contains a main
(1a) and an auxiliary (1b) windings installed at electrically different angle from each
other, a starting capacitor (8) connected with the auxiliary winding (1b) via a starting
relay (4, 4a), a plurality of operation capacitors (6, 7) connected in parallel with the
starting capacitor (8), a relay (4, 4a) that connects and disconnects operation capacitors,

10  and a controller (10) that closes the relay (4, 4a) when the motor is powered off. The
single-phase induction motor (1) of the present invention thus overcomes problems
associated with the prior art, most notably, a large current that runs through the relay
contacts each time any operation capacitor is connected or disconnected. Furthermore,
the arrangement can eliminate arcing of the relay contacts. The single-phase induction

15 motor in accordance with the presént invention thus achieves highly efficient motor

operation with large starting torque.

Figure 1



B et

wi,nding. This |eaves the two operation capacitors 7 and 8 connected. After
a certain time, which is dependent on whether a defrost operation is -
Gceurring or not, the - capacitor 8 needs to be disconnected. So at.step
28, time fromthe start of conpressoriijz;counted. Then in steps 29 to 33
relay contacts 4a wll open after two mnutes (T1l) on account of high

conpressor ‘load in case defrosting has been conplete or after 2 seconds
(T2) in '

Fig.1

=f— ﬁ ® 12 ~10
{
|
|

13

1 : COMPRESSOR ( MOTOR)
4 : RELAY

4 a : CONTACTS
5 : PTC THERMISTOR
6 : STARTING CAPACITOR
7 : OPERATION CAPACITOR 1
8 : OPERATION CAPACITOR 2

1 0 : CONTROLLER

1 2 a : CONTACTS
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REPLACEMENT SHEET 11 other cases, to operate conpressor 1 with operation
capacitor 7 only. Wien the operation flag of conpressor 1 is deternined as
1 at step 21 (i.g. the conpressor is already operating), and if the AT
operation is still requested based ongﬁZgl enperature at step 26, then at”
step 27 relay contacts 12a are nmainta osed to supply power to the
conpressor and operation is as above. '

Fig.2

101 105

1027 || ¢

1
105 : EVAPORATOR
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When at step 26 the conpressor is operating but an operation request is not
present, relay contacts 12a are opened at step 34 to disconnect power from
the conpressor and the operation flag of conpressor 1 is set to 0. Afters
-one second (S35), relay contacts 4a Qpened at step 36 so as not to
waste power of relay coil 4#j' g better to open relay contacts 4a after
capacitors 7 and 8 are disc aﬂgbégto avoid contact troubles. It is for this
reason that relay contacts 4a are opened after relay contacts 12a are

" opened. - .
{ SuBot1 i

READ COMPARTMENT
TEMPERAURE DATA

200

201
NO

BEING

DEFROSTED? 205

202 NO
209
YES A~
DEFROSTED? COMPRESSOR OPERATION
' FLAG F=0
NO | 206 OPERATION INHIBIT
HEATER FLAG K=1
OPERATE o :
106 OFF . STOP COMPRESSOR 1
X COMPRESSOR 1 AND FAN MOTOR 103
204 :152“(5)?\1 FAN MOTOR .103 ¥
oy * 207 Ty=TuH1
TMe4)
203
- Y
COMPRESSOR
OPERATION
FLAG F=1 OPERATION
A\ INHIBIT FLAG K=0
Y

IS TEMPERATURE

OF REFRIGERATOR
COMPARTMENT . 102

NO

TOO HIGH? -
215
N
OPEN DAMPER 104 CLOSE DAMPER 104

- |



A

However, as shown in the flowchart in Fig. 5, it is possible to open relay
contacts 4a first by changing the step 34 with 36. Controlling the torque_
of conpressor 1 according to operating status of the refrigerator allowss

the conpressor to operate with high eéyjzncy as well as large starting
torque. Mreover, large current wll t n through rel ay

Fig.4

SuB02

COMPRESSOR

OPERATION FLAG? 26

IS OPERATION

REQUESTED? 34

IS OPERATION A~
REQUESTED? SET RELAY CONTACTS
—> 12a OFF, COMPRESSOR

OPERATION FLAG F=0
OPERATION INHIBIT
FLAG K=1

IS OPERATION
INHIBIT K=17?

' - O
SET RELAY
CONTACTS 12a ON

35

SET RELAY CONTACTS 27 l COUNT 1 SEC.
4a ON, COMPRESSOR 28 :
OPERATION FLAG F=1 \A TIMER T=T+1 N 36
| l SET RELAY CONTACTS
29 4a OFF
COUNT 1 SEC. ‘DEFROSTED? ~_NO
25

SET RELAY CONTACTS 4a OFF

o




3 b

12 contacts 4a.nor will arc be generated because relay contacts 4a are
closed only when conpressor 1 is in stopped state. They are not closed .
while conpressor 1 is connected to power source, e.g., capacitor 7 is berﬁg
charged. Enbodi ment 2 A second Enbodi r% of the invention is simlar to

t he above but has an additional thou oot i ng

COMPRESSOR

OPERATION FLAG? 06

22 IS OPERATION
REQUESTED? 36
IS OPERATION "
UESTE SET RELAY CONTACTS
4a OFF
SET RELAY 35
- IS OPERATION CONTACTS 12a ON /\/
INHIBIT K=1? Y — /A
' 27 COUNT 1 SEC.
. | /\/ 34 l
e o oovermseon. || Y | ser neay cowmacts
OPERA’TION FLAG F=1 TIMER T=T+1 12a OFF, COMPRESSOR
| r— OPERATION FLAG F=0,
OPERATION INHIBIT
COUNT 1 SEC.
A\
25

SET RELAY CONTACTS 4a OFF

> Y«
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capability. If the conpressor begins to stall and then stops operating for
sonme reason, an abnormality is quickly detected and the conpressor is -
powered of f. Wen-an operation request is reissued, all capacitors are. =&
connected so as to obtain naxinunlstaéﬁy torque according to this
“invention. In Fig. 6, the configurati Enbodinent 2 is identical to
that of Enbodi nent 1 except a current detector 9 (hereinafter referred to
as the CT) and a protective device 14 for conpressor 1. The CT detects

——

%X(:da 7 . 0
Ir: ?
f6

T 1

9 : CURRENT DETECTOR
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current that runs conpressor 1. At CT 9, output voltage is generated based-
on the current- that runs conpressor 1 as indicated in Fig. 9. Depending .

upon the out put voltage, controller %0 gjﬂges the status of the conpressor
by (1) operating, (2) stalling or |of N ~“or (3) stopped or di sconnect ed.
Then at step 37 in Fig.7, whether |grc>7 conpr essor

ANY ABNORMAL YES

21 W

LOCKED OR

=1 STALLED?
IS OPERATION DISCONTINUITY
22 F= 06 ~>~_REQUESTED?_—Ty0 | LFAG D=1

IS OPERATION

YES | SET RELAY CONTACTS
REQUESTED? > 12a OFF, COMPRESSOR
53 YES /\/ OPERATION FLAG F=0,
a4 OPERATION INHIBIT
YES IS OPERATION FLAG K=1
. INHIBIT K=17 o
‘ | 24 i SET RELAY
: \n\ NO i CONTACTS 12a ON
: Y
SET RELAY ¢ CONTACTS 28, 27 35\ counT 1 Sec.
a s PRESSOR
OPERATION FLAG F=1 TIMER T=T+1 ‘
- | SET RELAY CONTACTS
v o9 4a OFF
COUNT 1 SEC. TE—— NO Wl
(e 36
25

SET RELAY CONTACTS 4a OFF

> Y«




3 A

13 1 is operating normally with relay contacts 12a being closed is

determ ned by the current detected at CT 9. If any abnormality is detectedz
a further check is nade at step 38 to detern1ne if the abnormality is
attributed to stalling or |ocked cogdgl it is determned to be
caused by stalling or | ocked condlt relay contacts 12a are opened, the

operation flag of conpressor is sef &1 to 0 and thé operation inhibit
flag Kis set to 1. After one second,

.-

rel ay contacts 4a are opened (steps
34
SUB0S
: 37
ANY ABNORN YES 38
OCCURRED?
STALLED?
COMPRESSOR F=1

OPERATION FLAG?

& operATION ~—r_., | _|Disconmurry
22 . F=0 26 REQUESTED? NO FLAG D=1
‘ NO IS OPERATION YES SET RELAY CONTACTS$
REQUESTED? 4a OFF
23 YES SET RELAY g;
YES IS OPERATION CONTACTS 12a ON
24 INHIBIT K=1? r T
\r\ ) _ 27 /\) COUNT 1 SEC.
. ) NO
' ® o l
4SETOI:IEI-3;MGONTACTS 28\/\ Y SET RELAY CONTACTS
a ON, PRESSOR B 12a OFF, COMPRESSOR
OPERATION FLAG F=1 TIMER T=T+1 OpaERAmN FLAG F=0,
OPERATION INHIBIT
+ FLAG K=1
COUNT 1 SEC.
)
25°

SET RELAY CONTACTS 4a OFF

> Y
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to 36). If stalling or |ocked condition is not the cause of abnormality,
the circuit nust be disconnected at somewhere including conpressor 1, or .. .
conpressor 1 is being stopped for s keason since relay contacts 12a afe
closed. In this case, the discontin _ﬂén flag Dis set to 1 at step 39.
Then at steps 34 to 36, power to Eﬁg&&}ssor 1 is cut off. This power off
wll be carried out prior to the power off by protective device 14. In Fig.

7, after relay contacts 12a are opened at step 34, at step 36 the relay

contacts 4a are_opeped for
vl
: LOCKED OR

G A \\ STALLING
= 4 RANGE -
= .s\\\\\\\ .
Q RANGE OF
51 , NORMAL
% OPERATION
O N Yy COMPRESSOR
© —> 10A  DISCONTINUED

CURRENT RUNNING CT9 RANGE

F i'g. 10
| " ) NO
PLUG-IN FLAG P=1 ‘
STEPS 28-33
(Fig.4)
IS TEMPERATURE
SENSOR (11) <A°C
42
TH =TH+1 TH =0
44 < i
' as Ty<TH -
\A YES
SET RELAY CONTACTS. 4a OFF
PLUG-IN FLAG P=0
< Y
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t he reasons given in Enbodi rent 1. However, as shown in Fig. 8, it is
possible to open relay.contacts 4a before relay contacts 12a. \Wen
conpressor 1 stalls or becones | ocked for some reason during operation,, =
controller 10 detects the abnormali t)i@yq'gZdi ng to the current detected at

CT 9 and 14 Flg11
e

DETECT FAILURE AT CT9

COMPRESSOR
OPERATION FLAG?

IS OPERAﬁON
REQUESTED?

26

IS OPERATION

| REQUESTED?
24

B ' 51
SET RELAY -
CONTACTS IS CT9 !,
4a ON, FAILED?
COMPRESSOR
OPERATION FLAG| . NO ~J 52
F=1 DETECT STALLING

| l | 53
' NO
COUNT 1 SEC.

M 34
25 l YES /\/
SET RELAY SET RELAY CONTACTS
CONTACTS 12a 12a OFF, COMPRESSOR
ON OPERATION FLAG F=0
\,\ L
27 35
| 36 - COUNT 1 sec. |V
\1\ *
SET RELAY CONTACTS 4a OFF
Y >V ¢



¥ 3
cuts power off conpressor 11 and relay contacts 4a are opened. At the
restart of the operation, controller 10 first closes relay contacts 4a .
again and then relay contacts 12a. Thus, being re-connected with all _ =&F
capacitors, conpressor 1 is allowedgg$212;start operation with |arge
starting torque. If CT 9 is unavailz¢ d controll.ing operation by CT 9
shown in Fig. -7 or 8 is not perfoqugh1d20tective device 14 eventual ly
di sconnects the conpressor from power source in an event of stalling or
| ocked conditi on. '

F= COMPRESSOR 1
OPERATION FLAG?

STALLING?

~

| STALLING COUNT
COUNTER +1

57

COMPRESSOR
ON—OFF
NORMALLY?

STALLING COUNT
COUNTER = =2

PJr58
RESET STALLING
COUNT COUNTER

EXTEND OPERATION
TIME TO NEXT HIGH
TORQUE




| f the event of stal ling or | ocked ﬂ_Q?_tM_Q I on happens after rel ay cont acts

4a are opened, relay contacts 4a rgﬁﬁzn1 en when the protective device
connects the conpressor to power s e sgal n after a recovery operation#-

Therefore, only starting capaa%eggts ﬁ-rtlon capacitor 7 are .
activated at starting tine % sufficient starting torque.

Enbodi ment 3 Instead of current detector CT 9 'set forth in the above
Enbodi ment, a shunt rfEsTstance or Vvibrtron Sensor
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Single-Phase Induction Motor and Refrigerator using the
Single-Phase Induction Motor

This-invention relates to single-phase induction
motor, a method of-controlling the single-phase induction
motor used for a compressor, and a refrigerator or air
conditioner or and other electric apparatus using it.

In the accompanying drawings, Fig. 13 is a circuit
diagram of a conventional compressor drive apparatus used
for such devices as an air conditioner disclosed in
Unexamined Japanese Patent Publication SHO 64-29682. The
circuitry is configured.with a compressor (motor) 1, a
capacitor 2 for low load, a capacitor 3 for high load, a

change-over switch 4, and a starting relay 5. The

change-over switch’switches from one'capacitor to the

other. The starting relay operates only on starting

compressor 1 to connect contacts 5a.
The operation of such a conventional compressor’

-

drive apparatus is described with reference to Fig. 14.

On the starting the compressor 1,.eapacitor terminal
voltage is lowl_eausingecontect 5a of starting relay 5 to
.be closed, -upon which capacitors 2 and 3 are connected in
paralleliwith the auxiliary winding of cdmpressor 1 to

obtain a large starting torque (the torque curve shown in
Fig.

14 with use of the starting capacitor). The

compressor therefore starts despite high initial load.

REPLACED SHEETS SG
%E&1Descﬂpﬁon pagad ..... 4{to paged .fé."
j Z}/Claim(s) paged /? to paged 7.4..

3 Drawing(s) : paged ....... to paged .......
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1§ 't he rt*errperature I ermid Shcet el Rewn Bepderdr ees centigrade for an hour, then

relay contacts 4a are 0 to 45), producing. as
in Embodi ment 1, in.thEg d use of capacitﬁ@ggiAmeHNﬁﬁHﬁﬁb -
and low load is determ y the time period. The judgenent gf fﬁ g%nJL -
time .at step 40 can be made by the plug-in Flag P. Thé .-p;l-:-ug.-_z. F égbt

to 1 by controller 10 only at the plug-iﬁ time of the refri-gerarér—to a

power source outlet and set to 0 at step 46 when the tequrature remai ns
bel ow A degr ees certd &8s of, compressor rotation increases, the

capacitor terminal voltage also rises. At the operating
point of relay S5 shown in Fig. 14, contacts 5a are
opened. Then, the operation capacitor only operétes
(see the torque curve in Fig. 14 fbr using the operation
capacitor). At this time, change-over switch 4 switches
between the capacitors over depending on the load on the
compressor 1. When the load on the compressor is low,
capacitor 2 is used as the operation Capacitor while
cépacitor 3 is used as the starting capacitor.
Conversely, when the load is high, capacitor 3 is used as
the operating capacitor ﬁhiie the éapacitbr 2 1s used as
the starting capacitor. 'Switching in this way allows the
compressor to drive with sufficlent starting torque and !
high operating efficiency.

The configuration of a conventional compressor drive
apparatus has posed the problems as follows:

1. =';Vhen there is a sign;ficant.difference in tﬁe amount
of torque on starting of the compressor and during
regular operation, capacitor_z is used as the operation
.capacitor while capacitor 3 is used as the starting
capacitor. However, the capacity of capacitor 3 is much’
too high when itlis used as the operation capacitor at
high load which givés low efficiency.

2. .Similarly, excess capacity of capacitor 3 invariably



hour. According to timhisSieensBsRREplackhe refrigerat or Nt
operation wi-th high t ure the sufficient cagqla

plug-in time of the r odiment 5 In the{labove it. #éh: le .
that a failure of the C ult in the contro I@;qtﬁb ). @ﬁ%ﬁ HIRE
determning that the conpressor is stalling and cutt|mgﬁpew£¢;¢4¥4¢ﬁr”"“'

conpressor. To avoid such a m sjudgnent frombeing nade, in this

enbodi ment the CT 9 is checked and power is
causes greater errors in the absolute value of capacity,

further resulting in unstable operation of starting relay
5. -

3. A large current charging the operation capacitpr
runs through the contacts of change-over switch 4
everytime when capacitors 2 and 3 are switched over.
Moreover, large current generates arc, significantly
degrading contact life. Strengtheniné'of contacts
requires high cost.

Accordingly, it is a primary object of this
invention to overcome these problems associated with the
techniqués in the prior art. According to the present
inventioh, there is provided a single-phase induction
motor which includes a main winding, an auxiliary winding
installed at electrically different angle from the main
winding, a plurality of operation capacitors connected to
the auxiliary winding, a relay ‘that connects ahd.
disc:hnects the operation capacitors, and a controller
that closes the relay only when power-tozthe motor is cut

. off.

The invention also provides-a method of controlling.
a single—phése inQuction motor having a main winding, an
éuxiliary winding installed at electrically different
angle from the main winding, a plurality of operation

capacitors connected to the auxiliary winding, a relay



stpplié&d to the c as operation is re
I s detected at the refrigerator cool.
set forth bel ow ref 6 the configuration i

flowchart given in

Led whep--g--f-ai-tnr e
ﬁ h&emen& sm'aen e

anddé
ep 50, failure detecthpq

for connecting and disconnecting the operation
capacitors, and a controller for controlling the relay,
wherein the controller closes the relay only when.power
to the motor is cut off.

The invention can be used with a compressor, e.g.
for a refrigerator. It can start the compressor with
large starting torque using all capacitors and can select
an optimal capacitor depending on the load. |

In one embodiment it is possible to power off the
compressor at the occurrence of an abnormality and
generate maximum starting torque using all capacitors at
restart.

The invention will be further described by way of
non-limitative example with reference to the accompanying
drawings, in WhiCh:

Fig. 1 is a circuit diagram showing a single-phase
induction motor in accordance with Embodiment'l of the
pres;;t invention;

Fig. 2 depicts a cross sectional view of a
refrigerator containing the singlg-phaée induction motor -
.in accordance with Embodiment 1 of the present invention;

Fig. 3 1s a flowchart setting out the controlling
operation of the refrigerator in accordance with

Embodiment 1 of the invention;

Fig. 4 is a flowchart setting out the controlling



conducted at CT 9. Failure occurrence is determned if cQOLLO] A==t
receives an ON signal despite the fact that the curren§ PﬁPQ&@EMEnnSHgETI

conpressor 1 is in the stopped state with its operatio bei ng sgt to}iQ
at step 21, whether or not an operation is requested i &ha@%h&ﬂ&ﬂgg ep_%?

If yes relay contacts 4a are closed andthe operation flag:of:conpressor
Is set to 1 at step 24. After one secona (S25), relay contacts 12a are

cl osed to supply power tao c%ﬁpressor 1 at step 27. On the other hand, if
t he conpressoPpPEatﬁothf the refrigerator in accordance wit

Embodiment 1 of the invention;

Fig. 5 is a flowchart setting out the contralling
operation of the refrigerator in accordance with
Embodiment 1 of the invention;

Fig. 6 is a circuit'diagram showing the single-phase
induction motor in accordance with Embodiment 2 of the
invention;

Fig. 7 1s a flowchart setting out the controlling
operation of the refrigerator in accordance with
Embodiment 2 of the invention;

Fig. 8 is a flowchart setting out the controlling
operation of the refrigerator in accordance with
Embodiment 2 of the-inﬁenéion;

Fig. 9 shows output voltage of the current detector
in accordance with Embodiment 2 of the ;nvention:

Fig. 10 is a flowchart setting out the controlling
oper;;ion of the refrigerafor in accordance with
Embodiment 2 of the invention;

Fig;.L; is.a-flowchart shoWing the controlling

. operation of.the refrigerator in accordance with
Embodiment 5 of this invention;

Fig. 12 is a flowchart showing the controlling

operation of the refrigerator in accordance with

Embodiment 6 of this invention;



operating state with its operation flag being set trﬂif . )
or not an operation is requested is checked at step| 2fEPLAGENENT atli on
is requested, and - if any abnormality has been detécted at CK;% tep -
51, power is kept- supplied to both the conpressor nﬁﬂﬂnbargfgﬂﬂjgggzﬂ al+"
operation requests for conpressor 1 havesbeen nmet bécause=tfig-stalling

j udgenent cannot be nmade correctly. At step 51, if it turns out that CT 9

is operating normally, stalling is checked at step. 52. If stalling is
Fig. 13 1s acircuit diagram of a conventional

compressor drive apparatus; and

Fig. 14 shows the characteristics of a conventional
single-phase induction motor.
Embodiment 1

Embodiment 1 will set forth the basic operation 6f a
refrigerator containing a compressor drive apparatus to
which a single-phase induction motor of the present
invention is applied. The single-phase induction motor
has three capacitors, one starting capacitor and two
operation capacitors, all of which are controlled by a
controller. On starting the compressor, 311 three
capacitors are employed to get the maximum starting
torque. Then, to ensure higher oﬁerdti;n efficiency,
either or both operation capacitors are:employed
depending upon the operating load of the compressor.

Because a large current running through contacts
gene;htes arc, especially at the time of-connecting.the
operation c¢apacitors, the contacts are Set to be closed
only when the compressor-is in the StOpped_state.

Referring now to Fig;.l. a compressor 1 contains a
motor. The compressor 1 includes a main winding la  and
an auxiliary winding 1b. A positive temperature

coefficient (PTC) thermistor 5 connects a starting

capacitor 6 with auxiliary winding 1b of the compressor



det'ect ed at'step 53, relay contacts 12a are opened.ang-LhepepeLaLLen—LLai

of conpressor 1 is set to 0. After one $econd, relay cOp=p¢hEEMENRSHERTE
to power off 17 conpressor 1 (steps 34 to 36). If f lure is detect

at CT 9 at step 51, an error indication nmy be nade. Even,szq@qﬂﬂpﬁmﬁr i“;.ﬁ

S . 7 | e

~at the start of its operation. A first operation
capacitor 7 is connected in parallel with the PTC.
thermistor and starting capacitor, and keeps on operating
as the load enters a steady state. Connected in parallel
with the first operation capacitor via contacts 4a of a
relay 4, a second operation capacitor 8 is added wheﬁ:
load becomes high. A controller 10 controls the
operation of compressor 1. A temperature sensor 11
detects temperature of a cooler (not shown). A relay 12
powers compressor 1 on or off via contacts 12a. An
electric discharge resistance 13 discharges the second
operation capacitor when rélay contacts 4a are open.

Fig. 2 shows a cross sectional view of the
refrigerator equipped with the compressor drive apparatus
of the'present invention. In Fig. 2, a main refrigerator
body 100 has a freezer compartment 101 placed above a

.reffigerapbr compartment 102. A fan 103 for c1rcuiat1ng
coo;fgg air is made up of vanes and a motor. A damper
104 is driven'by-an electric motor and regulates the

-amount of cooling air flow into the refrigerator
:compartment 102 to keep it at appropriate temperature. A
cooler (evaporator) 105 is provided in the freezer
compartment. A heater 106 is provided to defrost cooler
105. |

Compressor 1 is installed at the bottom of the main



keﬁt powered on after it starts stalling, it is possible eLaine that _
the abnormality has occurred not to conpressor 1 but to EeL ACENERPSLERPT
5, even when a failure is detected at CT 9, power will b! Eep supplied to |
conpressor 1 until all operation requests for conpressor iiln;}a\/_e_mgﬁ'm.ﬁ
cool inside the refrigerator w thout nak%ng a j udgenent ¢LW§L3LLLng:_7A____
failure at 'CT 9 thus will not halt refrigerator operation. The operation
described in Fig. 11 can be carried :

- body. Temperature sensor 11 is set near cooler 105 to

act as a defrost thermometer.

With reference to the flowchart in Fig. 3, the
second controlling operation of the refrigerator will be
"discussed first.

At,sfep 200, temperature data is read from the’
freezer compartment and refrigerator compartment ahd
temperature sensor 11 as a defrost thermistor. Then, at
step 201 it is checked whether the cooler is being
defrosted. Defrosting is started by a separate sub-
‘routine (nbt shown) in response to automatic detection or
an operator's reguest. Continuation or-términatioﬁ of
defrésting is determined based on the temperature read by
températuré sensor 11 of cooler 105. A heater 106 is set
off'to'end:defrosting and on to continue defrosting in
stéps 203 and 204; Then operétion proceeds to step 213

*-to regulate the refrigérétor compartment temperaﬁure
usinééthe démper 104. If at step 201 defrosting is.hot
"being performed, whether the compressor is needed to run
'1s.determined at step 205 by thé.freezéf_compartmept
temperature. ﬁhen the freezer compartment temperature is
high, so that the compressor is needed, and opération of
the compressor is allowed (see the operation inhibit flag

K below), compressor 1 and fan motor 103 are set to start

in step 206 if they are not in operation, a start



out either separately fromor jointly in a series with op o :
or Fig. 8. Enbodinent 6 Embodinent 6 will be described bél BRPLAGEVENT

flowchart in Fig. 12. If conpressor 1 starts stalling whiie |t€§0@?g@n
P oppe s

flag is being set to 1, power supply to conpressor 1. is ‘0REE&*

et §

counting the nunmber of continuous stallin8s as one (S54).-"Wigi power is

supplied again after 10 mnutes, and if conpressor starts stalling again,

power to conpressor 1 is stopped again,
prevention timer is cleared. A compressor operation flag
F is set to 1 at step 208 to indicate that the compressor
is running. When the freezer compartment temperature is
or becomes low, compressor 1 and fan motor.loa are
stopped at step 209 and an operétion inhibit flag K is
set to 1, the compressor operation flag F is cleared fo
zero, and start pfevéntion timer ™ 1is set for 10
minutes. The setting of the operation inhibit flag K for
10 minutes prevents too freqﬁent operation of the
compressor. After 10 minutes, the operation inhibit flag
K is zero cleared at step 212.

In steps 213 to 215. the damper:dniven by an electric
motor is operated to maintain the refrigerator at an
appropriate temperature.

‘The above procedure is periodically repeated, e.g.
every minute, to keep the refrigeratér under control.

The detailed operation of the compréésor dfive
appa;;tus (and thus particularly steps 205, 206, 208. and
209 of Fig;ﬂ) will be further described with reference to
‘the flowchart in Fig. 4. - |

In Fig. 4, in .step 21 it is determined whether the
compressor 1 is in fhe stopped state (the compressor
operation flag being set to 0). If it is, and an
operation_is requested based on the temperature (at step

22), whether or not the céhpressor is ready to start must



counting the nunber of continuous stallings as two (S55). At.thi
controller 10 determ nes that high load is 18 being-
when conpressor 1 is restarted 10 mnutes | ater, operat\

is extended to 30 mnutes. If stalling continues to occ i \Lvhegas
1 restarts after 10 nminutes, its operatiln A

be determined first by checking the operation inhibit
flag K ét step 23. When it is in the ready state, relay
contacts 4a are closed to connect all three capacitors 6,
7f and 8 in pgrallel ready for starting the compressor.
The operation flag of compressor 1 is also set to 1.
Then after ohe second, relay contacts 12a are closedhat
step 27 tolsupply power to start the compressor. Thus
the relay 4a is operated while the circuit is powered-
down.

Thus starting capacitor 6 and operation capacitors 7
and 8 connected in parallel with the auxiliary winding of
compressor 1 will help obtain high starting torque,
'thereby enabling compressor 1 to start despite high i
initial load. At the same time, cufrent also runs |
through PTC thermistor 5. When its resistance grows
infinitely large at the Curie point, starting capacitor 6
will be electrically disconnected from the auxiliary
win&?ng. This leaves the two operation capacitors 7 and
8 connécted. After a cerfain time, which is dependent on
whether a defpost_operation is occurfing or not,_the

. capacitor 8 needs;to be disconnected. So at step 28,
time from the start of compressor 1 is counted. Then in
steps 29 to 33 rélay contacts 4a will open after two
minutes (T1) on account_of high compressof load in case

defrbsting has been complete or after 2 seconds (T2) in



wi't h hibh torque will be extended by half an hour each tipeas—stadti-ng _
occurs, up to two hours (S56). The nunber of continuous sj #AIALAGCEMENT SHEHT -
when conpressor 1 termnates its operation normally. Thusjthe g?eratlon '
with high torque at the next tinme conpressor 1 restarts rgthakd: .ﬁQEEﬂﬂﬂ!iﬁif
time fength (steps 57 and 58). If continuous stalling occ 4 ==
tw ce, the operation with high torque 3 the restart of conpressor 1 after:

10 m nutes can be extended by half an hour up to two hours, thereby
preventing co sG@SeS.s Jif operate compressor 1 with operation

capacitor 7 only. When the operation flag of compressor
1 is determined as 1 at step 21 (i.g. the compressor is
already operating), and if the operation 1s.st111
requested based on the'temperature.at step 26, then at
step 27 relay contacfs 12a are maintained closed to
supply power to the compressor and operation is as above.
When at Step 26 the compressor 1e operating but an
operation request is not present, relay contacts 12a are
opened at step 34 to disconnect power from the compressor
and the operation flag of compressor.1 is set to 0.
After one second (S35), relay contacts 4a’'are opened et
step 36 so as not to waste.power of relayi coil 4. It is
better to open relay ebngacts 4a after capacitors 7 and 8
-are discharged to avoid contact troﬁbles. It is for this
reason that relay centacts 4a are obened after relay

contacts 12a are opened.:

-
b

However, as shown_in-the flowchart in Fig. 5, it is
possible to open relay contacts 4a first by changing the
'step 34 with 36.

Cehtroiiing the_torque of compressor 1 accordinﬁ to
operating status of the refrigerator allows the
compressor to operate with high efficiency as well as
Iarge starting torqﬁe.

Moreover, large current will not run through relay



coﬁtinubusly stalling at the start of its operation. Havi#tig— STT ]
several particular enbodi nents of. the invention, variousﬂeﬂﬁﬁhﬁﬁﬁMﬁﬂ{SH'

modi fications, and inprovement will readily occur to thoge Skz# | gﬂe g
art within.the scope of the invention as defined by the fol1ohihd e e Al
' . 12 L e S oo
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contacts 4a nor will arc be generated because relay
contacts 4a are closed only when compreésor 1 is in
stopped state. They are not closed.while compressor 1 is
conhected to power source, e.g., capacitor 7 is being
charged. |
Embodiment 2

A second Embodiment of the invention is similar to
the above but has an additional troubleshooting
capability. If the compressor begins to stall and then
stops operating for some rgéson, an abnormality is
quickly detected and the compressor is powered off. .When
an operation request is reissued, all capacitors are |
connected so as to obtain maximum starting torque
according to this invention. !

.In Fig. 6, the configuration for Embodiment 2 is
identical to that of Embodiment 1-except a currenf
detector 9 (hereinafter referred to.as the CT) and a
proﬁtctive device 14 for compressmr 1. The CT detects
current that runs compressor 1.

At CT‘93 Qutput-volmage.is-generated based on the .

. current- that runs compfeésof'l as indicated in Fig. 9;
Depending upon the output voltage, controller 10 stores
the sfatus of fhe cqmpressor_by (1) operating, (2)
stalling or locked, or (3) stopped or disconnected.

.Then at step 37 in Fig.7, whether or not compressor



CLAINB 1 A

auxiliary winding installed at an electrlcally differen EE@#AGEME”W EFT
a starting capacitor connected to the aUX|I|ar¥%§n
nneeted

mai n wi ndi ng,
swi tch means,

the auxiliary winding, at |east the secqgd operation ca
the auxiliary winding via a relay, and a controller that

connected to

si ngl e- phase i nduction notor, conprising: g=

at |least first and second operation capacijtDsis

cl oses the re&ax only when power to the notor is cut
. s

of f,
operating normally with relay contacts 12a being

-_._..-___

closed is determined by the current detected at CT 9. If

any abnormality is detected, a further check is made et
step 38 to determine if the abnormality is attributed to
stalling or locked condition. If it is determined to be
caused by stalling or locked condition, relay contacte

12a are opened, the operation flag of compressor is set

from 1 to 0 and the operation inhibit flag K is set to 1.

After one second, relay contacts 4a are opened (steps 34
to 36). If stalling or locked condition is not the caus
of abnormality, fhe circuit must be disconnected at
somewhere including compressor 1, or compressor 1 is
being stopped for some reason since relay contacts 12a
are cloeed. In this case, fhe discontinuation flag D is
set to 1 at step 39. Then at steps 34 to 386, power_to
compressor 1 is cut off. This power off will be carried
out prior to‘the power off by protective device 14.

=in Fig. 7, after relay contacts 12a are opened at

step 34, at step 36 the relay contacts 4a-are'bpened_for

the reasons given in Embodiment 1. However, as shown in

. Fig. 8,_1t ie possible to open relay contacts 4a before

relay contacts 12a.
When compressor 1 stalls or becomes  locked for some

reason during operation, controller 10 detects the

e

abnormality according to the current detected at CT 9 and



t he reléy di sconnects at |east the second operation capaght-gf—ifteer—tgad=—3
has been | owered after the nmotor has been started, and whergppa¢tEMENTSHEET || -
operation capacitor is enployed as an additional capacitqr when gfg{gnbgs )
operates with high load. 2. A single-phase induction i ppeaceor. s
claim11, further conprising: a current d.iector t'hat det eets—etectrrear—
current running in the notor, wherein the controller is operable to cut
power off the notor and open the relay when the detector detects stalling.
3. A singl e-PRh8ePPRELCcPLEnCABPELSEO 0L dRRE telayarantastschai are,

wherein the relay is disconnected a predetermned time after power to the
motor is cut O@pznea. At the restar% of the operation, controller 10

-
v

first closes relay contacts 4a again and then relay
contacts 12a. Thus, being re-connected with all
capacitors, compressor 1 is allowed to re-start operation
with large starting torque.
If CT 9 is unavailable and controlling operation by
CT 9 shown in Fig. 7 or 8 is not performed, protective
device 14 eventually disconnects the compressor from
power source in an event of stalling or locked condition.
If the event of stalling or locked condition haﬁpens
after relay contacts 4a are opened, relay contacts 4a
reméin oren when the protective device connects the
compressor -to'power source again after a recovery
operation. Therefore, only starting capacitor 6 and
_opefation capacitor 7 are activated at starting time,
- thereby géﬁting insufficienf'stérting torque.
Embodiment 3 |
Instead of current detector CT 9 set forth in the
_-above_Embodiment, a shunt resistance'qr'Vibration_sensqr -
.éan bg used and will_p?ove-equally effecfive to detecf
the operating status of compressor 1.
Embodiment 4
Referring now to Fig. 10, at plug-in time of the

refrigerator to a power source outlet, the temperature of



4:" A refrigerator conprising conpressor drive apparatqrﬁﬁﬁﬁﬁbGTn %R&Eﬂ‘
si ngl e- phase motor of any one of claims 1 to 3, wherein [aIREPSHEE

capacitors are connected at the start of the notor. 5. -||A reg ] 4996
according to claim 4, wherein the relay that connects apda® sconnect S ar"
| east .t he second operation capacitor is opgged when t he Foad—on the
conpressor drive apparatus is |owered. '

oo
.. .

vy

]

the evaporator 105 is detected by temperature sensor 11.

" If the temperature remains belbw A degrees centigrade for
an hour, then relay contacts 4a are opened (steps_40 to
45), producing the same effect as in Embodiment 1, in
which the combin;d use of capacitors 7 and 8 at high and
1§w load is determined by the time pefiod. The judgément
of plug-in time at step 40 can be made by the plug-in
Flag P. The plug-in flag is set to 1 by controller 10
only at the plug-in time of the refrigerator to a power
source outlet and set to 0 at step 468 when the
temperature remains beléw A degrees centigrade for an
hour. According to this embodiment, the refrigerator can
continue one hour operation with high torque to make sure
the sufficient cooling at‘tﬁe plug-in time of the
refrigeratof. | '

Embodiment 5
" In the above it is possibile thaﬁ-a'fﬁilufe of the CT
9 c&ﬁld result in the controller incorrectly determining
that the compressor is stalling and cutting power to the
. compressor. _fo avoid such a misjudgment from being made,

. in .this eﬁbo&iﬁent the CT 9 is éheckgﬂ and power is |
supplied to the compressor as long as operatioh is
requested when a failure is detected at the CT, to keep

the refrigerator cool.

Embodiment 5 will Be set forth below referring to



6.° Arefrigerator according claim4 or 5, wherein the rehs
and di sconnects at -l east the second operation capacitor
tenperature in the refrigerator conpartments or refriger tor ev%tpgtgtﬁgﬁn ‘_
falls below a predetermned level. 7. A refrigerator acgqj 4§“
5, or. 6, conprising nmeans for perform ngea defrosting opgrati-or FeFWher ei n
atine perlod fromthe time the operation capacitors are connected by the
relay after ef rostin ation is conpl o the tine the operation
capaci tors ar rkﬁ’tré‘gt{%né'e‘f Tyt ac‘?f%rﬂb‘hrﬂrﬂ"%%l ‘b"eﬁ‘a Ron. 8.

A refrigerator accordin ne of claing 4 to en depe from
claims, furtKd®idd udl%rﬁ; ?15%%550 kg |dr?gt%ﬁ1tjéﬂh\(;wir]§rd?‘?'f§°‘gf

current detector d re he roIIer does not, perform sor
stal ling dete&ﬂ99?4$ﬁ§y1 ééhéﬁrmﬁ? oeecurrence 18 deterninel’ f§ |

controller 10 receives an ON signal despite the fact that

the current is not running. If compressor 1 is in the
stopped state with its operation flag being set to O ét
step 21, whether or not an operation is requested is
checked at step 22. If yes relay cdntacts 4a are closed
and the operatioh flag of compressor 1 is set to 1 at
step 24. After one second (S25), relay contacts 12a are
closed to supply power to compressor 1 at step 27.

On the other hand, if the compressor is in the
operating state with its operation flag being set to 1 at
step 21, whether or not an operation'1S"reduested is
checked at step 26. When an operation is requested, and
if any abnormality has been detected at CT 9 at sﬁep'51,
power is kept supplied to both the compressor_and:motof |
fan ;htil all operation requests for compressor 1 have

_been-met because the stalling judgement cannot be made
correctly. .

At step 51, if it turnsn out that CT 9 is 6pera1:1ng
normally, stalling is checked at step 52. If stalling is
detected at step 53, relay contacts 12a are opened and

the operation flag of compressor 1 is set to 0. After

- one second, relay contabts 4a are opeﬁéd to power off



occurred to the current detector. 9. A refrigerator acc
whi ch further includes a set neans that sets a tine period
connection and the disconnection of the operation cajpadarid t refllay -
| onger each time the conpressor stalls. 10. A nmethodjjof comx§ BB a T
si ngl e- phase i nduction notor having a ngzn wi ndi ng, @maexi-ti-ary WiHdiag
installed at an electrically different angle from thé&=mef=w ndi ng, a
starting capacitor connected to the auxiliary winding via switch neans, at
| east first ancmpressaroper(gtieps Sbdw B)s connected to the auxiliary

wi nding, a relay for connecting and di sconnecting at |east the second
operation capacitolf anfadluge As |datected @it €I 19 &F tHHer Slay aMherein

the controller closes the relay only when power to the notor is cut
error indication may be made. Even if compressor..l is

kept powered on after it starts stalling, it is possible
to determine that the abﬁormality has occurred not- to
compressor 1 but to CT 9.
In Embodiment 5, even when a failure is detected at
CT 9, power will be kept supplied to compressor 1 until
all operation.requests for compressor 1 have béen met to
cool inside the refrigerator without making a judgement
of stalling. A failure at CT 9 thus will nof halt
refrigerator operation. |
The operation described in Fig. 11 can be carried
out either separatély"frém or jointly in a series with
. operation in Fig. 7 or Fig. 8. |
Embodimgnt 6 | _ .
Embodiment 6 will'ﬁe déScribed béldw referring to
flowéﬁart in Fig. 12. If.compressorll starts stalling
while its operation flag is being set to 1, power supply
to compressor 1 is once stbppgd,.c0unt1ng the number of
.continuous sfaliingé as one (S54). When power is
supplied again aftér 10 minutes, and if compressor starts
stalling again, power to compressor 1 is stopped again,
counting the number of continuous stallings as two (S55).

At this time, controller 10 determines that high load is



off, the relay disconnects at |east the second operatign.capaes ' 2
the | oad has been | owered after the.notor has been sta LARBMMENTESSHEET tihe
second operation capacitor is enployed as-an additional Capacitar the _
notor operates with high load. 11. A'nethod according % gainﬂ o
conprising detecting electrical current yginning in thejn

power to the notor and opening the relay when the detector detects

stalling. 12. A pethod a rd|n to claim10 or claim 11, erein the rel ay
"l sconnect e Mt QR LSt nelleFREORFr VAPBMEPRPRCTREF bt bF FESLRF LM
10 minutes later, operation with high torque is extended

to 30 minutes. If stalling continues to occur, when
compressor 1 restarts after 10 minutes; its operation
with high torque will be extended by half an hour each
time as stalling occurs, up to two hours (S58).

The number of continuous stallings_is reset when
compressor 1 terminates i1ts operation normally. fhus the
operation mith high torque at the next time compressor 1
restafts returns to normal time length (steps 57 and 58).

If continuous stalling occurs more than twice, the
operation with high torque at the restart of compressor 1
afterllo minutes.can be extended by half an hour up to
two hours, thereby preventing combresso; 1 from -
continuously stalling at the start of its operation.

Having thus-described several parnicular embodiments

" -of the invention, various alterations, modifications, and
improvement will readily occur to those skilled in the
-art within the scope of the invention as defined by the

Tollowing olnims,



.21 “ —bate—313—Aethod according to any one of _¢lai
further conpri sj § | operation capacitors
start of the rm“mn:mﬂmg"m“m;accordi ng 'to any one
wherein the notok 16 use@® as a=conpressor- drive for a %L%
wherein the relay that connects and di sci®nnects at |ea
operation capacitor is opened when the tenperature in the refrigerator

conpartments or of refrigerator evaporator falls bel ow a predeterm ned

level . 15. A FEAEME according to claim 14, wherein a time period fromthe

time the operation capacitors are connected by the relay after a defrosting
operation i s donplefddsle-Phase ganduction motor, comprising:

a main winding, - . —-

an auxiiiary wipding installed at electriéally
different angle from the main winding,

a plurality of operation capacitors connected té the
auxiliary winding,

a relay that connects and disconnects the operation
capacitors, and

a controiler thét closes the relay only when power
to the motor is cut off.
2. A single-phase induction motor according to claim 1
wherein

! ~the plurality of operation capacitors are connected

in pafallel with é starting capacitor whiéh is connected
to the aﬁxiliary;windiﬁg via a switch means.
3.. A.single;phase induction motor according to claim 1
‘or i? wherein the relay disconnects at least one qf the
operation capacitors after load has been lowered after
ﬁhe.motor.has_been_started.
4.__A single-phase inductién motor according to claim 3,
comprising a first operation capacitor cénnected-to.the
auxiliary winding and a second operation capacitor
connected to the auxiliary winding via the relay, wherein

the éecond operation capacitor is employed as an

I —
eet Has Been Replaced

T



t hre operation capacitors are disconnected is set |onger t han dur}
operation. E\ mngrdl ng to any one of cl
dependent from cl BHW“ m“ml nprisi ng detecting an Eﬁﬁ s
current detection, and stsp&ndfng’ conpressor stalling det
abnormality is detected. 17. A method a@pording to clai mil|

nor na

setting a time period between the connectlon to the disconnection of the
operation capaghiof foddh 'ESphel Er' RES" eRE Potrob LFabOIPRERR h1gh | o

load.
5. A single-phase induction motor according to any one
of ciaims 1 to 4, further comprising:

a current detector that detects electrical current
running in the motor, wherein the controller is operaﬁle
to cut power off the motor and open the relay when the
detector detects stalling.

6. A single-phase induction motor according to any one
of the preceding claims wherein the relay is disconnected
a predetermined time after power to the motor is cut off.
7. A refrigerator comprising compressor drive apparafus
including the single-phase motor of any one of claims 1 -
to 6, wherein'all operation capacitors:are connectéd at
the start of the motor.

8.- A refrigerator aécording to claim 7, wherein the

. relay that connects and disconnects the operation

capacitors is opened when the load on the compressor

drive apparatus is lowered.

- 9. _A refr1gerator.aceording to claim 7 or 8, wherein the.

.relay that connects and disconnects the operation

capacitors is opened when the temperature in the
refrigerator compartments or refrigerator evaporator
falls below a predetermined level.

10. A fefrigerator_according to claim 7, 8, or 9,

This Sheet Has Been Rgﬂlaced




,22"14. A nethod accordi-ng—te claim 13 wherein the rela 1st,@oameu’rgﬂgﬁ
" | east one of 't citors after the | oad has be er
the notor has 'mmﬁmﬂ"mi H f A met hod according to Cl‘*airnil& We With
a notor conprising atfi«s ation capacitor connectied. 4ot

wi ndi ng and a second operation capacktor connected to the auxiliary mnndlng
via the relay, wherein the second operation capacitor is connected as an.

comprising means for performing a defrosting operation.
and wherein a time period frbm the time the operation
capacitors are connected by the relay aftef a defrosting
operation is completed to the time the operation
capacitors are disconnected is set longer than during
normal opération.

11. A refrigerator according to any one of claims 7 to
‘10 when dependent from claim 5, further including means
for detecting an abnormality at the current detector, and
wherein the controller does not perform compressor |
stalling de?ection when an abnormality has occurred to
the current detector.

12. A refrigerator according to claim 11, further
includes a set means that sets a' time period between the
connection and the disconnection; of the operatidn
capacifors by the relay longer each timé the compressor
stalls | ”

13. A méthod of controlling a single—phase induction
motor having a main winding, an auxiliary winding
ihstalled at electrically different angle ffom.the main
winding. a plurality of operation capacitors connected to
the auxiliary winding, a relay for connecting and -
disconnecting the operation capacitors, and a controller
for controlling the relay, wherein the controller closes

the relay only when power to %he motor is cut off.

- g ap— e T
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-addi ti"onal capacitor when the notor operates with high load.. bE==p -
according to E l mlﬂ‘u“ Elm 13 to 16 conprising det éogém(mMTrsﬁ@ﬁT

current runni and cutting power to the nmot or gl .-
the relay when the det &ctor detects stalli ng. 17. thad Z@%@)@;: 0.

any one of  clainms 13 to 16 wherein thejkelay is dlscon
predetern1ned time after power to the notor is cut- off 18. A nethod

according t°1%ﬂy %P é?hé: acconﬁing tJ7c1aim 13 wherein the relay

disconnects at least one of the operation capacitors
after the load has been lowered after the motor has been
started.

15. A method according to claim 14 for use with a motor
comprising a first operation capacitor connected to the
auxiliary winding and a second operation capacitor
connected to the auxiliary winding via the relay, wherein
the second operation capacitor is connected as an
additional capacitor when the motor operates with high
load.

16. A method according to any one of claims 13 to 16
comprising detecting electrical current running in the
motor, and cutting power to the motor and“opéning the
relay when the detector detects stalling.

17. A method according to any one of claims 13 to 16
wherein the relay is disconnected a predetermined ﬁime ”
aftersiower to the motor is cut-off.

18. A method according to any one of claims 13 to 17
comprising connecting all operation capacitors to ‘the
motor at the start of the motor.

19. A method according to any one of claims 13 to 18,
wherein the motor is used as a compressor drive for a
refrigerator and wherein the relay that connects and

- disconnects the operation capacitors is opened when the

\\\\\\\\\\\\\\\\\\\T‘“ :



c&npriéing connecting all operation capacitors to the. ._ptarat—timp

start of the . according to any on EAgEnmNtSHEETl
wherein the ‘”Dnmllumfun”mumgonpressor drive. for 2 RE rr| gerato 3
wherein the relay that c8nn&cts and di sconnects the gﬁﬁyggb or s
opened when the 23 23 .

température in the refrigerator compartments or of
refrigerator evaporator falls below a predetermined
level. | . -
20, .A method according to claim 19 wherein a time period
from the time the operation capacitors are connected by
the relay after a defrosting operation is completed t6
the time the operation capacitors‘are'disconnected is set
longer than during a normal operation. |
21. A method according to any one of cléims 17 to 20
when dependent from claim 17, further comprising
detecting an abnormality in the current detection, and
suspending cdmpressor stalling detection when an
abnormality is deteéted.
22. A ﬁethod according“tojclaim 21 comprising setting a °
time period'between~the connection td the disconnection
of the operation capécitors by thé rélay longer each time
the compressor stalls. |
23. "A single phase induction motor constructed and
arrange to operate subsfantially as hereinbefore
_ described with reference to and as illustrated in Figures
,1 to 12 of the accompanying drawings '
24. A method of controlling a single phase induction
motor substantially as herein before described with

reference to and as illustrated 1h Figures 1 to 12 of the

accompanying'drawings.
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terrperature rn—dtﬁeﬁ—ef—r—kg%r—amr compartments or of refrig
falls bel ow ed | evel. 20. A method accor HES
wherein a t| mgm& e time the operation capcitor F ed
by the relay a ng operation is conpl et ; e the:
operation capamtors are di sconnected is set |onger thag—dwH =i

operation. 21. A nethod according to agy one of clains 17 to 20 when
dependent fromclaim 17, further conpriSing

25. A refrigerator including a compressor driven by a motor constructed in accordance
with claim 23 or controlled in accordance with claim 24. | |

26. A refrigerator substantially as herein described with reference to Figures 1-12 or the
accompanying drawings.

27. A method of controlling a refrigerator, said method being substantially as herein

described with reference to Figures 1-12 of the accompanying drawings.

Sheet Has Been Replaced
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detecting an abnornmality in the current detection, and 5 1iag _
conpressor stalling detection when an abnormality is def eaEprhcmEN'ASHEEh
according to claim 21 conprising setting a tinme period fetween the ?
connection to the disconnection of the operation capaci Dstehﬁ/& ﬁEBﬂBﬁy :
| onger- each tine the conpressor stalls. 285 A single ph FEHER 5ot
constructed and arrange to operate substantially as hereinbefore descrl bed
with reference to and as illustrated in Figures

SINGLE-PHASE INDUCTION MOTOR AND REFRIGERATOR USING THE SINGLE-
PHASE INDUCTION MOTOR |

ABSTRACT

The present invention discloses a single-phase induction motor (1) that contains a main (1a)
and an auxiliary (1b) windings installed at electrically différent angle from each othef, a
starting capacitor (8) connected with the auxiliary winding (1b) via a starting relay (4, 4a), a
plurality of operation capacitors (6, 7) connected in parallel with the starting capacitor (8), a
relay (4, 4a) that connects and disconnects operation capacitors, and a controller (10) that
closese the relay (4, 4a) when the motor is powered off. The single-phase induction motor (1)
of the present invention thus overcomes problems associated with the prior art, most notably, a
large current that runs through the relay contacts each time any operation capacitor is
connected or disconnected. Furthermore, the arrangement can eliminate arcing of the relay
~contacts. The single-phase induction motor in accordance with the present invention thus

échigves highly efficient motor operation with large starting torque.
-

Figure 1.
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l1#to 12 of the acconpanyi ng draw ngs.

phase induction notor substantially as herein before described with

reference to and as illustrated in Figures 1 to 12 of the acconpanyi ng
dr awi ngs. 24 25. ‘A refrigerator including a conpressor driven by a
not or constructed in accordance 1

Single-Phase Induction Motor and Refrigerator Using the
Single-Phas¢ Induction Motor i
This invention relates to single-phase Induction Motor, a method of controlling the
single-phase Induction Motor used for a compressor, and a refrigerator or air conditioner
and other electric apparatus using it.
In the accompanying drawings, Fig. 13 is a circuit diagram of a conventional

compressor drive apparatus used for such devices as an air conditioner disclosed in

 Unexamined Japanese Patent Publication SHO 64-29682. The circuitry i configured

with a compressor (motor) 1, a capacitor 2 for low load, a capacitor 3 for high load, a
change-over switch 4, and a starting relay 5. The- change-over switch switches from one
capacitor to the other. The starting relay operates only on starting compressor 1 to
connect contacts Sa.

Thei operation of such a conventional compressor drive apparatus is described with
reference.to Fig. 14. |

On starting the compressor 1, capacitor terminal voltage is low, causing contact 5a
of starting relay S to be closed, uporl which capacitors 2 and 3 are connected in parallel
with the auxiliary winding of compressor 1 to obtain a large starting torque (the torque
curve shown in Fig. 14 with use of the starting capacitor). The compressor therefore

starts despite high initial load.

24. A nmethod of controlling a single
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wi'th claim 23 or controlled in accordance with claim24. 26. A
refrigerator substantially as herein described w ti ref ence to Figures
1-12 or the acconpanyi ng drawi ngs. 27. A nethod F'sdﬁ ¢ s9lacrment sheet
refrigerator, said nmethod being substantjally as herein described with
reference to Figures 1-12 of the accorrpainyl ng dr awbDags. T )Q)sﬁeet Has Been
Repl aced

As the rate of compressor rotation increases, the capacitor terminal voltage also
rises. At the operating point of relay 5 shown in Fig. 13, contacts 5a are opened. Then,
the operation capacitor only operates (see the torque curve in Fig. 14 for using the
operation capacitor). At this time, change-over switch 4 switches between the capacitors
over depending on the load on the compressor 1. When the load on the compressor is
low, capac'itoq: 2 is used as the operation capacitor while capacitor 3 is used as the
starting capacitor.

Coﬁvcrsely, when the load is high, capacitor 3 is used as the operating capacitor
while the capacitor 2 is used as the starting capacitor. Switching in this way allows the
compressor to drive with sufficient startihg torque and high operating efficiency.

The configuration of a conventional compressor drive apparatus has posed the
problems as follows:

1.  When there is a significant difference in the amount of torque on starting of the
compressor and during regular operation, capacitor 2 is used as the oberation capacitor
while capacitor 3 is used as the starting capacitor. However, the capacity of capacitor 3
is much too high when it is used as the operation capacitor at high load which gives low
efficiency. _ |

2.  Similarly, excess capacity of capacitor 3 invariably causes greater errors in the

absolute value of capacity, further resulting in unstable operation of starting relay 5.
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3. A large current charging the operation capacitor runs through the contacts of
change-over switch 4 everytime when capacitors 2 and 3 are switched over. Moreover,
large current generates arc, significantly degrading contact life. Strengthening of
contacts requires high cost. |

Accordingly, it is a primary object of this invention to overcome these problems
associated with the techniques in the prior art.

According to the present invention, there is provided a single-phase induction
motor, comprising: a main winding. an auxiliary winding instal_led at an electrically
different angle from the main winding. a starting capacitor connected to the auxiliary
winding via a switch Iﬁeans, at least first and second operation capacitors connected to
the auxiliary winding, at least the second operation capacitor being connected to the
auxiliary winding via a relay, and a controller that closes the relay only when power to
the motor is cut off. the relay disconnects at least the second operation capacitor after
load has been lowered after the motor has been started, and wherein the sécond operation

capacitor is employed as an additional capacitor when the motor operates with high load.
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The invention also provides a method of controlling a single-phase induction motor
having a main winding, an auxiliary winding installed at-an electrically different angle
from the main winding, a starting capacitor connected to the auxiliary winding via switch
means, at least first and second operation capacitors connected to the auxiliary winding,
a relay for comiecting and disconnécting at least the second operation capacitor, and a
controller for controlling the relay, wherein the controller closes the relay only when
power to the motor is cut off, the relay disconnects at least the second operation
capacitor after the load has been lowered after the motor has been started, and wherein
the second operation capacitor is employed as an additional capacitor when the motor
operates with high load. |

The invention will be further described by way of non-limitative example with
reference to the accompanying drawings, in which:

Fig. 1 is a circuit diagram showing a single-phase induction motor in accordance
with Embodiment 1 of the present invention;

Fig. 2 depicts a cross sectional view of a refrigerator containing the single-phase
induction motor in accordance with Embodiment 1 of the present invention;

Fig. 3 i_§ a flowchart setting out the controlling operation of the refrigerator in
accordance with Embodiment 1 of the invention; |

Fig. 4 is a flowchart setting out the controlling
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CLAIMS .

1. A single-phase induction motor, comprising:

a main winding,

an auxiliary winding installed at an electrically different angle from the main
winding,

a starting capacitor connected to the auxiliary winding via a switch means,

at least first and second operation capacitors connected to the auxiliary winding, at .
least the second operation capacitor being connected to the auxiliary winding via a relay,
and |

a controller that closes the relay only when power to the motor is cut off,

the relay disconnects at least the second operation capacitor after load has been
lowered after the motor has been started, and wherein

the second operation capacitor is employed as an additional capacitor when the
motor operates with high load. i |
2. A single-phase induction motor according to claim 1, further comprising:

a current detector that detects electrical current running in the motor, wherein the
controller._ is operable to cut power off the motor and open the relay when the detector
detects stalling.

3. A single-phase induction motor according to claim 1 or claim 2, wherein the relay
is disconnected a predetermined time after power to the motor is cut off.

4. A refrigerator comprising compressor drive apparatus including the single-phase
motor of any one of claims 1 to 3, wherein all operation capacitors are connected at the
start of the motor. |

5. A refrigerator according to claim 4, wherein the relay that connects and
disconnects at least the second operation capacitor is opened when the load on the

compressor drive apparatus is lowered.
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6. A refrigerator according claim 4 or 5, whereih the relay that connects and
disconnects at least the second operation capacitor is opened when the temperature in the
refrigerator compartments or refrigerator evaporator falls below a predetermined level.
7. A refrigerator according to claim 4, 5, or 6, comprising means for performing a
defrosting operation and wherein a time period from the time the operation capacitors are
connected by the relay after a defrosting operation is completed to the time the operation
capacitors are disconnected is set longer than during normal operation.
8. A refrigerator according to any one of claims 4 to 7 when dependent from claim 5,
further including means for detecting an abnormality at the current detector, and wherein
the controller does not perform compressor stalling detection when an abnormality has
occurred to the current detector.
9. A refrigerator according to claim 8, which further includes a set means that sets a
time period between the connection and the disconnection of the operation capacitors by
the relay longer each time the compressor stalls.
10. A method of controlling a single-phase induction motor having a main winding, an
auxiliary winding installed at an electrically different angle from the main winding, a
starting capacitor connected to the auxiliary winding via switch means, at least first and
second operation capacitors connected to the auxiliary winding, a relay for connecting
and disconnecting at least the second operation capacitor, and a controller for controlling
the relay, wherein the controller closes the relay only when power to the motor is cut
off, the relay disconnects at least the second operation cﬁpacitor after the load has been
lowered after the motor has been started, and wherein the second operétion capacitor is
. employed as an additional capacitor when the motor operates with high load.
11. A method according to claim 10, further comprising detecting electrical current
running in the motor, and cutting power to the motor and opening the relay when the
detector detects stalling.
12. A method according to claim 10 or claim 11, wherein the relay is disconnected a

predetermined time after power to the motor is cut-off.
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13. A method according to any one of claims 10 to 12, further comprising connecting
all operation capacitors to the motor at the start of the motor.

14. A method according to any one of claims 10 to 13, wherein the motor is used as a
compressor drive for a refrigefator and wherein the relay that connects and disconnects
at least the second operation capacitor is opened when the temperature in the refrigerator
compartments or of refrigerator evaporator falls below a predetermined level.

15. A method according to claim 14, wherein a time period from the time the operation
capacitors are connected by the relay after a defrosting operation is completed to the time
the operation capacitors are disconnected is set longer than during a normal operation.
16. A method according to any one of claims 12 to 15 when dependent from claim 12,
further comprising detecting an abnormality in the current detection, and suspending
compressor stalling detection when an abnormality is detected.

17. A method according to claim 16 comprising setting a time period between the
connection to the diséonnectio_n of the operation capacitors by the relay longer each time

the compressor stalls.
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SINGLE-PHASE INDUCTION MOTOR AND REFRIGERATOR USING THE
SINGLE-PHASE INDUCTION MOTOR

ABSTRACT

The present invention disclosed a single-phase induction motor (1) that contains a main
(1a) and an auxiliary (1b) windings installed at electrically different angle from each
other, a starting capacitor (6) connected with the auxiliary winding (1b) via a starting
relay (4, 4a), a plurality of operation capacitors (7,8) connected in parallel with the
starting capacitor- (8), a relay (4, 4a) tat connects and disconnects operation capacitofs,
and controller (10) that closes the relay (4, 4a) when the motor is powered off. The
single-phase induction motor (1) of the present invention thus overcomes problems
associated with the prior art, most notably, a large current that runs through the relay
contacts each time any operation capacitor is connected or disconnected. Furthermore,
the arrangement can eliminate arcing of the relay contacts. The single-phase induction
motor in accordance with the present invention thus achieves highly efficient motor
operation with large starting torque.

Figure 1.



