2270580 WASHI NG MACHI NE Thi s invention relates to washi ng nmachi nes I

I ncl udi ng a singl e-phase induction notor provided for dri wi ypral -~
tup in a dehydrating operation and having a main 5 wﬁndinszggﬁiggigiégtﬂarf;§
w ndi ig, and nore particularly to such waghi ng machi nes wherein the )
rotational speed of the single-phase induction notor is controlled by
exciting selectively either one or both of the nmain and auxiliary w ndings.
10 A singl e- phase i nducti on not gasmascercHIaeer al |y used for wash
and dehydrating operations in washing machines. Tt 1s well known in the art
that a desired dehydrating operation can be perfornmed by controlling an
ascent curve of the rotational speed of the single-phase induction notor.

15 The prior art ha¥hpsoinyestion aelatesndeonewashing mapghinesy includjagofa
t he singl e-phase induction notor is controlled by controlling the phase of
an AC power suppipdtepphasgndnduckjongaate romrovibedefpgevidriming a
results fromthe phase control as described above. The generatjon of 20
such a large haFﬁgﬁF&°9B t 540 d8cAmsehvdrating QR 13Rd nBpetngyai spin

cavecs 'vPop i oh g o) i ecebeee Te salug (e sbove octerlped.
e Con bl A RO VAR, W, OB PLGHEL o e
proposed arranggeiRgh ASKLERAGEYEE fohNSiotor is controlled by exciting

selectively either one or both of the main and auxilidry

windings.

10 A single-phase induction mqtor has been generally used
for wash and dehydrating operatighs_in washing machines. It
is well known in the art that a desired dehydrating
operation can be performed by controlling an ascent curve of
the rotational spéed of the singléebhase induction motor.

15 The prior art has provided for an afréngement that a primary
voltage of the.single-phase induétion motor is controlled by
éontrolling the-phase'of an AC poﬁer supply output.
However, é_large'harmonié,voltage inevitably reéults,from'
the-bhase control as describéd above; The generation of

20 such a large harmonic voltage accompanies an electromagnetic
noise, which causes a problem of radio interference.

To solve the above-described problem, the prior art has
recently proposed an arrangement that the motor speed is
controlled by'selectively éxciting either one or both of the

25 main and auxiliary coils. The harmonic voltage can be

reduced in the proposed arrangement as compared with the

—



2 phase control. In the proposed arrangenent, a devel oped torque is
increased in a control pattern wherein both of the main and auxiliary coils
are exgited, when the nmotor speed is in the 5 |ow or nedium speed range or
when thé slip is relatively |arge. However2 the el ectromagnetic noise is

not abnormally increased since the nonuniformty in the torque is
relatively small. On the other hand, where a control pattern wherein only
the main coil i phase tahtirolsel ected 10 when the notor speed is in the | ow

or nmedium speed range, a relatively large torque nonuniformty is caused .
under the condition timtthaepsoRIIPddarsaqigenentar gerdevahopest torgne is
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frequency is detected and the notor is operated at the normal speed

dependi ng upon the) seigetsd $mgyugnNCcyonhaihd t other hand, where a control
pattern wherein only the main coil is excited is selected
— 10 when the motor speed is in the low or medium speed range, a
relatively large torque nonuniformity is caused under the
condition that the developed torque is larger than that in
the control pattern wherein only the auxiliary coil is
excited, resulting in' a relatively large . electromagnetic

15. noise.

Furthermore, the maximum speed differs betwéen at the
power supply frequéncies of 50 and 60 Hz when the single-
‘phase induction motor is controlled in the manner as

_ described above with the same load applied thereto. -
20 Consequéntly, the dehydrating performance of the washing
| machine differs between a region where the power supply
frequency of 50 Hz is employed and a region where the power
suéply frequency of 60 Hz is employed.

To solve the above-described problem, the prior art has

i

25 proposed the following countermeasure: the power supply
frequency is detected and the motor is operated at the

normal speed depending upon the detected frequency when it



3is at 50 Hz. Wen the .detected frequency is at 60 Hz, the final target
speed of the notor is controlled to correspond to the normal speed at- 50
Hz. However, this counterneasure necessitates the power supply frqugpcy
detecting neans and 5 control progy ans need to be changed in the power
supply frequencies of 50 and 60 Hz.” Consequently, the circuit arrangenment
I's conplicated. Therefore, a primary object of the present invention is to

provide 3gnaghisy FACh! HRehehe! Rdehtled | Abdleddly 18 aRAGRML, vald ace

can be restrained in the case where the speed si ngl e-phase 1 nducti on

notor drigYhBq R gt aldddiflos Ubhd SmbESE €8 CEohRrble edemylrdd b ik gt at i on,
which results in reduction of the el ectromagnetic noise. Another object of
the invepbl @hel hidrtal’ BHekd a oSt BY. 15SHoWRYRK)E tNiYY Riduntadisdadiidal | Y
the sanme dehydrating performance can be obtained at power supply o
frequenchesestit@tand the hower asuwpply i freduancandetentinghedanserdndn ¢
provi des a washi ng machi ne conprising a rotational tub, a single-phase

i nducd i opomitrrl 2Progrianisngnedd tot de onhhanigdd | inatdehyabwer ng ugeerat i on
and having a main and an auxiliary coils, speed detecting neans for :
det ecti nfresmndies ofe Stand lerldy gEensRIngnildoet dehé omigiapial

out put changeover neans for changing between an operati on node wherein both
of the narkangemestyds IcomPR}icgitied-are excited and the ot her operation node

Therefore, a primary object of the present invehtion is
to provide a washing machine wheiéin geﬁeration of.£hé C)'
10 harmonic voltage can be restrained in the case Where'thé
speed of the single—bhase induCtibh'mOtOr driving ‘the
rotational tub is increased in the dehydrating operation,
which results in reduction of the'elécﬁromagnetic ndise.
Another object of the invention:is'tb brovide a washing -
15 machine wherein substantially the same dehydrafiné
performance can be obtained at poWer”supply ffequénCies of .
‘50 and 60 Hz by a simplified arrangément. -
The invention provides a WashithMaChine
-“comprising-a“rotational tub, a'sinéle;phése'ihduétidn.motor N
20 .driving the rotational tub in.a Eehydrating dpération and |
having.a main and an auxiliary coils, speed déteéting means 
for detecting a speed of the‘mdtor, thereby'genéfating_é
detection signal, output changeover means for changing
between an operation mode wherein both-df the main and
25 auxiliary coils are excited and the bthef.qpérétiOn mode
"wherein either the main or auxiliary coil is éxcited, and

speed control means for feedback controlling the motor by



wherein either the main or auxiliary coil is excited, and speed control
means fer feedback:controlling the notor by 4 controlling the out put
changeower neans in a stage of increase of the notor speed in the
dehydrating operation, based on the detection signal fromthe speed
detecting neans and a control program stored tHerein, the control program
I ncluding data of a first control pattern wherein both of the main and
auxiliary coils of the notor are excited in | ow and nedi um speed ranges, a
second control pattern wherein only the auxiliary coil of the notor is
excited in the ow and nedi um speed ranges, a third control pattern wherein
both of the main and auxiliary coils of the notor are excited in a high.
speed range, and gohtgeihicgnthel opipudr changesvercmeans e anwitags of
auxiliary coil is excited in the notor high speed range, the speed control
neans executing t hBCFPASE @8nthel mekorespeed dme thewdahydrdding speed

ranges and furt her seleitively executing the second&ﬁontrol attern in the
| ow and medi um sp@REXREAGBs ﬁﬁéﬁdn€@e§§gr99§ﬁﬁtéﬁ@b G Lei SH7
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pattern wherein both of the main and auxiliary coils of
the motor are excited in low and medium speed ranges, a
- 8econd control_pattern wherein only the auxiliary coil.
of the motor is excited in the.low and medium speed
ranges, a third control pattern wherein both of the main
and auxiliary coils of the motor are excited in a high
speed range, and a fourth control pattern wherein either
the main or auxiliary coil is excited in the motor high
speed range, the speed control means executing the first
controi pattern in the low-and medium speed raﬁges énd
further.selectively executing the second control pattern
_ in the low and medium qpeea ranges when necessary and
executing either the third or fourth control pattern in
! | the high speed range. _
The invention will be described, merely by way of
example, with reference to the accompanying drawings, in
R which: | |
FIG. 1 is a circuit diagram showing an electrical

arrangement of the washing machine in accordance with a



arrangenment of the washing machine in accordance wi.th a 5 first

enbodi nrent of the invention; FIG 2 is a |longitudinally sectional side V|ew
of the washing machine; FIG 3 is a graph showi ng characteristic curvg?&
the increase in the motor speed; FIG 4 is a graph show ng characteri

curves of the noise induced in accordanceswith the notor speed; FIG 5 is a
viewsimlar to FIG 1 showing a second enbodinent; FIG 6 is a graph
showi ng characteristic curves of the increase in the not or speed at 50 Hz:
FIG 7 is a view showing characteristic curves of the increase in the_nDtor

speed at 60 Hz; 6 FIG 8 is a circuit diagramof the output changeover
nmeans enployed in a third enbodinent; and FIG 9 is also a circuit dlagrang
of the out ptﬁlﬁf@r&mmémr@fmw&deﬁﬂ@nfourth errbodi-ment. 5 A

first enbodi ment of the invention will be descrlbed with reference to FIGS
1to 4. Referrimgg.o i &, 1d:t§:rﬁxd5nsmywswtﬁuﬁ@mmemsbwngfnachl ne .iw

accordance with the
" the washing machine; _
'FIG. 3 is a graph showing cha:agﬁeiistic curves cf
the increase in the motor speed;
FIG. 4 is a graph showing Chéraéteristic curves of .

the noise induced in accordance7w1th?the'motor‘speed;

FIG. 5 is a view similar to‘FIG.31'showing-a‘second '.\)
‘embodiment;
FIG. 6 is a graph showing characteristic curves of
the increase in the motor speed at 50 Hz; |
'FIG. 7 is a view shoWingxcharadteriStic curves of
the increase in the motor speed at 60 Hz;
o/




I nventi on. An outer cabinet 1 encloses a water-receiving tub 2

el astically suspended therein. A rotational tub 3 10 serving both for
wash angd for dehydration is rotatably nmounted in the water-receiving tub 2.
An agitator 4 serving as water stream progucing nmeans in a wash operation
Is rotatably nounted on the inner bottomof the rotational tub 3. A

si ngl e-phase induction nmotor 5 which will be referred 15 to as "notor"
hereafter and a poweFIG.amssnissaoriresianidiadrdmr ofr aftsar dhtpgta dhandewyrer
force of the notor 5 to the rotational tub 3 and the agitator 4 are

provi ded beneat metne empdoyedcdinviandhtiold 2mbofidweait; @inde 2a is coupled to
the, bottom of the water-receiving tub 2. The drain pipe 2a is 20 provided
with an el ectromagneFils dr 8i ri ¥alPdes T @hichriocn ehedgizedam 0§ dpeechulpat
power transm ssion nmechanism 6 includes a belt drive mechanism a reduction
nmechani sm a cl GPERISAYCE PeaRs EABIOYSE dmed SRuwth eabogdmenthown in the
art. In a wash 25 oggr tian w@g&ijn the'grain valve 7 is deenergized to_be
cl osed, the Potation® HHAP% ¢ HRRRE oLt FdeprentigR n¥ilt oRendesshibad
6 to be held in the braked conditi 7 and, the_dgiving forc f the

notor 5 is deceVéFEt58%§ﬁﬁnfﬁe%qné§§§ﬂt%eﬁ?t%‘th%e ﬁ?f%ﬁ rgﬁ.EIg' 2,° there
Furthernore, ig_a drati Lat | i . ai_n, val 7 1S

energi zed to be98p3§§9¥ % eapgfggﬁgﬁahggggg§rﬁggpéggagéda%FS%F%%feSngpa%gﬁ

state simultanequsbytWoh? degRenged! | QbiHet N¢ Urildbses a water-receiving

tub 2 elastically suspended therein. A rotational tub 3
\/ 10 serving both for wash and for dehydration is rotatably
mounted in the water-receiving tub 2. An agitator 4 serving
as water stream producing means in a wash operation is
rotatablf mounted on the inner bottom of the rotational tub
3. A single-phase induction motor 5 which will be referred
15 to as "motor" hereafter and a power transmission mechanism 6
for transmitting a driving force of the motor 5 to the
rotational tub 3 and the agitator 4 are provided beneath the
water—reqeiving tub 2. A dfain pipe 2a is coupled to the
W bottom. of the.wate;-feceiving tub 2. The-drain pipe 2a is
20 provided with an electromagnetic dréin valve 7 which is
| energized to be opened.
The power transmission mechanism 6 includes a belt
d:ive mechanism, a reduction mechanism, a clutch and a brake
7 (none of them shown), as well known in the art. 1In a wash
25 operation wherein the drain valve 7 is deenergized to be
closed, the rotational tﬁb 3 is braked by the power

transmission mechanism 6 to be held in the braked condition



valve 7 and the driving force of the notor 5 is transmtted to the
rotational tub 3. An el ectromagnetic water-supply valve 9 is providedzin
the rear space defined by a top cover 8 of the outer cabinet 10 1. ‘Lhe
wat er-supply valve 9 is energized tg be opened, thereby supplying water
into the rotational tub 3. A water |evel sensor 10 is also provided in the
rear space for detecting the water level in the rotational tub 3 by way of

an air trapg (PRé &POWMhg £Ore8NbEOLhENIbtéE 5SiBl A¥cdldratedd andh@nehont -
space defined by the top cover 8 for controlling the wash and dehydrating
oper at i onsr aReé Alrd B8 A1okot & Hé Ga dgli tialtto B0t 5 Faprplsemd e ,Coi hsadba and
5b spaced 90 el ectrical degrees apart on the stator surface, as well known
in the ardelhfydsatijhg- ppasat26n whdmeinobheotivain valwet e isnendirmized
particularly, an effective turn ratio of the coil 5a to the coil 5b is set
at 1:1. %ocbenopernedinthesxratathool lorkuknds isf ntélbesselds HoomShtare &
connected is further connected to one termnnal 12a of .an AC power_ supply
12.. A% erbrajsedsetatevwnivnltapeonsdyhwithndegnergdzasiions L $heofradmed i s
further connected tqQ the ather, term nal 12b of the AC power. supply 12.via a
triac 13 “@}V¥eng ﬁ§dat§@nﬁ€&m&ﬂﬂ(ﬁ°¥ﬁﬂtQﬁﬂFEFEﬂ%ﬁ%ﬁtsha§iﬁgansmﬁ¥§e@ohtrol
gate. In the sane ga per,.a . terginal 5e to which the other end of the coi
5b i s conr@ctRd Fe ?E??ﬁé}'sﬁﬁn ¢ted to the terninal 12b via a triac .14

serving.as the.An electromagnetic water-supply valve 9 is provided in

the rear space defined by a top cover Sfof.the outer Cabiheﬁ'n

10 1. The water-supply valve 9 is ehérgized'to be opéhéé, 
thereby supplying water into-the'fotatioﬁal-tub 3. A watef-i
level sensor 10 is also provided.in_the rear space fdr 
detecting the water level ih the rotatidnal tub 3 by way of
an air trap (not shown). A contrbl*uﬁit'1T“is-provided.in

15 the front space defined by the top cover 8 for controlling )
the wash and dehydrating operations.-' -

Referring noﬁ to FIG. 1, the mOt6r 5;compfiseé two
coils 5a and 5b spaéed'ad electricai degrees apart ‘on the
stator surface, as well known_in=£he a#t of single-phase QJ

20 . induction motors. In the embodiment, particularly, an. |
| - effective turn ratio of the coil 5a-t6 the coil 5b is set at
‘121. A common terminal S5c to which one ends of the coils
5a, Sb are connécted is further connected to one terminal
12a of an AC power supply 12. A termiﬁél 5d to which the . ¢
25 other end of the coil 5a is connected[is'furtﬁef conneéted
to the other terminal 12b of the AC'powér supply 12 via a.-

triac 13 serving as a semiconductor switching element having



sem conductor swi tching el enent having the control gate. 5 One ends
of triacs 15 and 16 each serving as the sem conductor sw tching el enent
havi ng {he control gate are connected to the terminals 5d, 5e respectively.
The ot her. ends of the triacs 15, 16 are cognected in series to a phase
advance capacitor 17 and a coil 18 serving as an inductance 10 el enent
buffering.a discharge current of the capacitor 17 and further connected to

the ter i nal 120, ofohbigofCoRRUE! 1IRY dfne Qbhhbr CNANSLNERATEAS 49 bfiich

conprised 'of th ove- nentioned triacs 13-16, ch are change er

selaﬁ!vely 15 tReaWEE @Bdthf@HéW%BQIHE%aEENbaﬁwgétéh Hid Skurther
oper.ati on node: The triacs 13 and 16 are turned on and the triacs 14 and 15

are turned off idontéste@deo the eerhihalofi2bh&i@PlaOrtfids 1 réetving as the
connected to both termnals 12a, 12b of 20 the AC power supply 12, thereby

serei ng as a nuaigembtdéndudber cowitlhing ebament chlavingt tike pbastrallvaate.
capacitor 17 and the coil 18 to both ends of the AC power supply 12,

t hereby servisng as armomexigdndsyodoitirials thfsamstlel 6t kaaint sexry idegebepst lne
torque turning a rotor in a counterclockw se 25 direction. b) Second
operation node: Sericondectoriswitehingorlementhbavingcsheq corgnold gste ape

are turned off in this npde. Only the cqil 5a of the notor
connected to the terminals 54, 5e respectively. The other

_ends of the triacs 15, 16 are connected in series to a phase
advance capacitor 17 and a coil 18 serving as an inductance
10 element buffering a discharge current of the capacitor 17
and further connected to the terminal 12b of the AC power
supply 12. |
Output changeover means 19 is comprised of the above-
. mentioned triacs 13-16,'which are changed over selectively
- 15 to any one of the foliowing operation modes: |
a) First operation mode:
The triacs 13 and 16 are turned on and the triaés 14
and 15 are turned off in this mode. The coil 5a of the
U/ motor 5 is directlf connected to both terminals 12a, 12b of
20 the AC power supply 12, thereby serving as a main coil. The
coil 5b is connected via the phase advance capacitor 17 and
the coil 18 to both ends of the AC power supply 12, thereby
serving as an auxiliary coil. 1In this mode, ‘the motor 5
;o ® develops a torque turning a rotor in a counterclockwise
25 direétion.
b) Second operation mode:

The triac 13 is turned on and the triacs 14, 15 and 16



5 is directly connected to the termnals 12a, 12b of the AC power supply
12, thereby serving as a main coil. The coil 5b is disconnected fromthe
power supply 12. Wien the 5 output changeover neans 19 is changed oyer to
this node, the notor 5 devel ops trm§torque turning the rotor in.the sane.
direction as that at the tine of the changeover. The devel oped torque is
smaller than that in the first operation node. 10 c¢) Third operation node:

The triag 16 &%ﬁ%% ﬁh gﬂﬁ‘%% -h‘?ﬁ&éi' acénig the %Hill%a?‘rc?fzttﬁﬁgxﬂ% b 1N

“this node. e co e notor is connected viat ase

advance %ag@idi%eéglxﬁr@oﬁﬁl@c@é’a! td8the themigkiisnals 133y Iab ©lethe AC
power supply 12, 15 t'hereby serving as the auxiliary coil. The coil 5a is,

di sconnegicRé rsifp;stf PRyethereBly sbzvitkead e waiputoghangemeercoeans 19
i s changed over to this node, the notor 5 devel ops the torque turning the
rotor instheisadesdicmeécbadafidmt thle thewtrnsudppan@eovewhenlhighe v
devel oped 20 torque is snmaller than that in the second operation node. d)
Fourt & opertgputochamgmovEr nedare sl 94, s Ichanged wvex o Ginis thedée i the 13,
16 are turned off in this node. The coil 5b of the nmotor 5 is directly
connect edhoten he deveianss thea tormef tutining fheerretosuppl ythep, samer eby
serving as, the main coil. The coil 5a of the notor 5 is connected via the
phase adfdrcectdinri28r thatnat fheotimms 26 the hansgaavera, £Eheof the

ower - : -
P developed torque is smaller than that in the first operation

mode. -

10 c¢) Third operation mode: | ~

The triac 16 is.turned on and the triacs 13, 14 and 15 .
are turned off in this mode. Only the ddil-Sb ofﬁthe-motpr
5 is connected via the phase advance éapacito: 17.and the '
coil 18 to the terminals 12a, 12b of thé AC power supply 12,

15 thereby serving as the auxiliary coil. _The'coil S5a is:
disconnected from the power supply'12.“ When the outﬁﬁf”
changeover means 19 is changed over toithis mode, the ﬁotor
5 develbps the tbrque.turning thesrbtor in the samé”'
direction as that ét the time.of-changedéé:u The.deveioped &-)

20 torque is. smaller than that in the secbhd'operation-mOde. |
d) Fourth opefation mode:

The friacé 14, 15 are turned on.and the triacs 13, 16
are turnéd off in'this mode. The coil 5b of the motor 5 is '
directly connected to the terminals 12a, 12b of the AC power

25 supply 12, thereby serving as the main coil. The coil 5a of
the motor 5 is connected via the phase advance capacitor 17

and the coil 18 to the terminals 12a, 12b of the power



1 0 supply 12, thereby serving as the auxiliary coil. The notor 5 devel ops
the torgue turning:the rotor in the clockw se direction. The devel oped
torque 4s as large as that in the first operation node since the effective
turn ratio of the 5 coil 5a to the coil 5Bgs set at 1:1. e) Fifth
operation node: Only the coil 5b of the notor 5 is directly connected to
the ternminals 12a, 12b of the AC power supply 12, thereby serving as the
main coil. The euipprlycaid, Shdrebdi sEannert ek dhe faum Liker yawerl SupMey rdkor
When t he out put changeover means 19 is changed over to this node, the notor
5 devel ops the tSordprelopsi kel trguer tunntimyg e dotort Hon tdse tbhbckirise
the;time of the changeover. The devel oped torque is as large as that in the
second operat i odimegtions f)TIgt xdeveinped i toraueleisThe Large a5 ithatudmedhe
on and the triacs 13, 14 and 16 are turned off in this node. Consequent]ly,
only the coil 5§MQBQrR?Qﬁﬂ§*°QSW%@%lFé@??ytéénmiﬁﬁQFAM%iﬁ?ﬁppﬁa§é°a@¢amﬂ9
capacitor 17 and the coil 18 to 4; ernlnals 12a t hereby 20 serving as
the auxiliary c&l Ple tithesiFaid A et &k dm t he power supply 12.

When t he out put ver s 19 | changed over to this node, the notor
5 devel ops the Fé %ﬁgﬁgth%ﬁj i% in the same direction as that at

the time of the chanQﬁﬁ_er _ﬁg&ﬁd Beb %ﬁetWH¥6 mféhaire%ggge %ﬂgﬁted

in the third operation I'S provi Spee

means 20 conpri g3 "é%'éml‘%iaelréeﬂtza,oﬁ.ziﬁt&ctiﬂﬂég A@%Jﬂ@gﬁﬁy Slpﬁedchereby

. serving as the main coil. The other coil 5a is disconnected

N 10 from the power supply 12. When the ogtput changeover means

19 is changed over to this mode, the motor 5 develops the

torque turnihg"the_rotér in the same direction as that at

the time of the changeover. The developed torque is as
large as that in the second operation mode.

15 .f) Sixth operation mode:

The triac 15 is turned oﬁ and the triacs 13, 14 and 16

are turned off in this mode. Consequently, only the coil 5a

_ of the motor 5-is directly connected -via the phase advance

kJ/ capecitor'17 and'the coil_18 to the terminals 12a, thereby

20 serving as the-auxiliary coil. The coil 5b is disconnected

from the power supply 12. When the output changeover means

19 is changed over to this mode, the motor 5 develops the

torque turning the rotor in the same direction as that at

the time of the changeover. The developed torque is as

il

25 large as that in the third operation mode.
The motor 5 is provided with speed detecting means 20

comprising a Hall element for detecting the rotational speed



1 1 thereof. A detection signal generated by the speed detecting neans 20
I's supplied to a control circuit 21 serving as speed contrel neans. f{he
control circuit 21 is incorporated in the control unit 11 and conpri$gs a 5
m croconputer, gate circuits and an .analog-to-digital (A/D) converter, none
of which are shown. The control cilflcuit 21 has data of the above-descri bed
operation nodes and a control program Based on the data and the control -

; | £ CUI A . he. QL i ghi Ver gean ) -1 |
o That | ERERSRE o BrasbhCsin i a 1thas YaBlitat -?iﬁ_??ﬁ%d%%%?%i?ﬁnlg
@ and Peba graRads2R0Te ubpiatd o, A IEhErar YRthgkeAT Al S

respectiughy;gnd shaldSeddecOntPyi REahBS Cald ot SRl 8irdait! HAr ey
g of f t

;urning_on an e triacs 13, 14. Photo couplers 22 anq 23 are
i nter pose@dcof b rel €6HI IiGR! thies ubahitao 1beiveen 10Ut aHld tebfipIal Se 6B aAnd OF.

of the control circuit 21 and the control gates of the triacs 15, 16 of the
out pus chasgeevabutea)s ghtd ashrmiitel ynd dhe and logeto~digditaqui ¢a/Al)
outputs at the output termnals B, 4 gate signals to the.control gates of
t he tri acen¥Brtaf,ambnealdts wiiclormritsivdbwnhe Theecengroalls circtuwittha®1 t he -
“triacs 15, 16 _are turned on and off via the photo couplers 22, 23 -
respecti halsy.data of the Fabove-deseribed Jperptiomnesodesa DMdpaner
supply term nal at which a power supply current_is supplied to the

. control program. Based on the data and the control program,

the control circuit 21 controls the output éhangébver means QJ

10 19 so that the same is changed over to one of theIAbdve—-'
described operation modes. In this case, the control
circuit 21 outputs at output terﬁinals:QT'and:Q2 géte
signals to the control gates offthé triacs'13¢ 14
respectively and halts the'outpﬁt'of the control signals,

15 thereby turning on and off the triacs 13, 14. Photo
couplers 22 and 23 are interposed, for électricai
insulation, between output'terminals.QS'and Q4 of the
control circuit 21. and the control gateé of the triaés 15;

16 of ‘the output changebver means 19'respe¢tively. The &J

20 control circuit 21 outputs at the output terminals Q3, Q4
gate signals to the control gates of the”triacs'15, 16 and
halts the output of the gate signals such that the triacs
15, 16 are turned on and off via the photo coupleis 22, 23
respectively. | |

25 In FIG. 1, a terminal Vbpp1 serves as a DC'pOWer supply

terminal at which a power supply current is supplied to the

control circuit 21 and a primary current is supplied to the



control circuit 21 and a primary current is supplied to the 12 photo
couplers 22, 23. Termnals [err] and [err] serve DC power supply termnals
at whicg-gate currents are supplied to the triacs 15, 16 via secondary

sides of the photo couplers 22, 23 respectively. 5 The control
circuit 21 controls the notor 5 in wash angladehydration steps as well as
t he above-described control. In the wash operation, the control circuit 21

cyclically changes over the main coil of the notor 5 between the coils 5a,
5b via the out puphebangeamsler®ang,123.t harefyi A4l clé)_aﬁ@evggtzorsé:{r@ DC

the forward and reverse directions. Mre specifically or exanple, the
control circuit gdwennsuppliyt termimalts dlangkebykr gatensukT et heate | supplied
changed over to the first and fourth operation nodes alternately at
predet ermi ned i nter tales.t Chasequenti | ¥,6 thitaneegrondamy Ibi desoradi nighy, piiwto
agitator 4 are driven in the forward and reverse directions at the
predet erm ned i eyRdess 22, 122 HeePeCBiv@Yoperation, the control circuit
21 controls the notor_5 in a feedback panner on the basis of the detectjon
signal generated by tTRe sprbrelkt eb¥erit ndhneontrobs the pekepatkivoWefep| and
manner will be described, FI 3 shows target speeds N1 , N2, d N4
Correspondi ng t FREYFACIER UBESBE (3 FBLA! iAdhat Ne paBeY S5Aasing Tt cgntrol.
reached by the contypl, uhor & NEMRENGSMEne T0SHEREICLiRAEER 21038 idhny
o changes over the main coil of the motor 5 between the coils
\U 5a, 5b via the output changeover means 19, thereby driving
10 the motor 5 in the forward and reverse directions. More
specifically, for example, the control circuit 21 controls
the output changeover means 19 so that it is changed over to
the first and fourth operation modes alternately at
predetermined intervals. Conseguently, the motor 5 and
15 accordingly, the agitator 4 are driven in the forward and
reverse directions at the predetermined intervals.
In the dehydrating operation, the control circuit 21
- controls the motor 5 in a feedback manner on the basis of
the detection signal generated by the speed detecting means
20 20. The feedback control manner will be described. FIG. 3
shows target speeds N1, N2, N3 and N4 corresponding to
! target values of the rotational speeds of the motor 5
-reached_by the control, where NI<N2<N3<N4. The target
speeds are set in the control circuit 21, N1a and N1b
5_ R 25 designate upper and lower limit speeds with respect to the

i target speed N1 and N2a and N2b designate upper and lower

limit speeds with respect to the target speed N2,



25 designate upper and lower Iimt speeds wth respect to the target speed
N1 and N2a and N2b designate upper and lower limt speeds wth respecgt.to
the target speed N2, 13 respectively. In the sanme manner, the tahggt
speed N3 has upper and lower limt 3%2eds N3a and N3b and the t arget speed
N4 has upper and lower limt speeds a and Ndb. In the enbodi nent, the"
target speeds N1, N2 and N3 are ranged 5 in |ower and nedluntspeed ranges

and the tapgpbceReady Ouf rEs®OsdhnaUnhankls el tdpgaet speead N3 Hanged
in a high speed range. 1. Speed control in a.-time period [err] starting at

i nitiatiotpperdelydr dbweg dpaniti epeelds N3a ad@ru3basndfthée tdefyest at | ng
operation, the output changeover neans 19 is changed over  -to the

above- desspebdd Ndolrash uppentand doveri linditcspdesds rNéasand, N!b.anintwned
on and the triacs 13, 16 are turned off. Consequently, the coil 5b serves-
as the mathecembodimente ddie Errgettspeeds Hidxi NZarandoNB. areheangesdt 5 iss
operated in the control pattern that both-of the nain and auxiliary coils
are efcit 8. lopar mrérmsddapispred rengas a8d| thge tasire 599&@%/

cl ockwi se turns an .the torque s transnttted to the rotatignal tub 3t

Cher oby r 6PEFESPPRdsDS . to” than £Anal, SR B0Red HBaRERISY: Shc RalhER over

to the sixth 8perat|on node in mhlch t he trlac 15 is turned on and the
triacs 14°P%8 aﬁa 98 are turned off, so that only the

1. Speed control in a time perlod t1 startlng at'initiation:
of dehydrating operation: | ... ._._ | )
10 - Upon start of the dehydrating operation, the output ~
changeover means 19 is changed ove.r. to the abo_v'e'-;describe_'d_
fourth operation mode in wh1ch the trlacs 14, 15.are turned’
on and the triacs 13, 16 are turned off Consequently,'the~_
coil 5b serves as the main coil and the coil 5a as the
15 auxiliary coil. The motor 5 is operated in the control'
pattern that both of the main and aux111ary co;ls .are
excited. The motor 5 develops a relatlvely large torque'
producing clockw1se turns and the torque 1s transmitted to
the rotational tub 3 to thereby rotate it. B '_ NS
20 The output changeover means 19 is changed over to the |
sixth operation mode in which the triac 15 is turned on and
the triacs 14, 15 and 16 are turned'off;'so that only the o tg
coil S5a serving as the auxiliary“coil is excited.". |
_Consequently,.the torque deﬁelopedtby the motor S is. i
25 reduced. The rotational speed of the rotational tub 3 is.
‘decreased since a load torque of the tnb.jnis usually larger

than the developed torgue at the-initial'stage of its



coil 5a serving as the auxiliary coil is excited. Consequently, the torque
devel oped by the mptor 5 is 25 reduced. The rotational speed of the
rotatiadpal tub 3 is decreased since a |load torque of the tub 3 is usually

| arger than the devel oped torque at the im4ial stage of its 14

rotation. Subsequently, when the speed of the notor 5 is decreased to the
lower limt speed Nlb, the output changeover nmeans 19 is returned to the
fourth operati orgatidn.such that the rotational speed of the tub 3 is

i ncreased. The above-described control is thereafter repeated every tine
the rotational speed Sibseguehblys | wtreaastéhd ospleedippdr thei tnepeed 8lld s
and.decreases to the lower Iimt speed Nlb. Al the triacs 13-16 of the

out put changeoveltepreasad t® atbe ulpeenf lineh tdpeedhdN hbt,ortBei soutput
deener gi zed, when the speed of the notor 5 reaches the upper limt speed
Nlasin spite of chafigenvesh msans|lP tife rahyrmad & they founth eprsyatiney mode

coil or when the |qQad torque becones smaller than_the torque_devel oped by
the motor 5. 215Such thak ﬁBFoF°§a¢§Q§;ir§ﬂ9%§i?ﬁ FH@f?ﬁhﬂ%ﬁRsm%ﬂﬁﬁe%ﬁﬁd'

that it d hes the .t d NI as described above. There.i
case in the abodbeoRBPOR-AREFELORR, CRBCEDEI 45 SORTERSCAE (FEPRRFROCHTYorY

or b et EPEIRL PR ahe B EREH ML ChRSpERBL {oRfE BEReE R e

. upper limit speed N1a and decreases to the lower limit speed
N1b. All the triacs 13-16 of the output changeovér means 19
are turned off such that the motor 5 is deenergized, when
the speed of the motor 5 reaches the upper limit speed Nla
in spite of excitation of only the coil 5a serving as the
auxiliary coil or when the load torque becomes smaller than
the toréue developed by the motor 5.

15 The motor 5 is controlled in the feedback manner so
that its speed reaches the target speed N1 as described
above. There is no case in fhe above control where only the
coil 5b serving as the main coil is excited. The control

U circuit 21 completes thefabove-described control upon

20 expiration of the time period ty and advances to the
subsequent control.

2. Speed control in a time period tz after expiration of the
time period tg:
% The output'changeover means 19 is changed over to the

-25 fourth operation  mode so that the speed of the motor 5 is
built up in the control pattern that the coils 5a and 5b

serve as the auxiliary and main coils respectively. When



subsequent control. 2. Speed control in a time period [err] after

expiration of the time period [err]: The output changeover neans 19 is,;"
changed over to the 25 fourth operation node so that the speed of thekgntor
5is built upin the control pattern that the coils 5a and 5b serve as the
auxiliary and main coils respectivel¥. When 15 the notor .speed reaches
the upper limt speed N2a of the target speed N2, the output changeover
means 19 is changed over_to the sixth operatign node in:which.only the coil
5a servi fPastPherapnasdryersres Shacpprgr gimit sRERdeditent?y, thfen the -
speed of the tor 5.is_reduced to the lower limt spee 2pb, the output
changeovdr@ Tt sSReL? sﬁzet ed"‘ltcP‘lthec?%‘ﬁ‘F?ﬂV%ﬁeF&F?‘End'r%ld%éi ﬁp'ﬂﬁﬁﬁ the .

coil 5a serves, as,ihe _auxiliar ai |_and.the_coil 5b _serves-as_ths in
coi | caver s Fhe shthocHaksithon ag ofn; HbicB oY e o SRd
The abo -ggg | 1t : e t d every tine the .
rotati oxgﬁ spgl{eddbae(;%i 'fclﬁé; a{n‘g%lbjffifﬁhn%?g%sgés %ggtf eaﬁpper_ _I>/i mt speed N2a and

decr eages 10 diehd Wit 141 {vARCEnIPEpocdl be! e WA 1536 PabiBgaout put

changeover neans 19 are turned off such that the 15 nmotor 5 I's deenergized,
when t he paak dfoddie TTHRDE SpeERANES, t fife UpREHut | Bhan§B8OEr NR@ahB $pi te of

excitation of only the coil 5a serving as the auxiliary coil. In this case,
t 0o, therigs ifetirmadetonth8efooth operation mode in which'the'coil '
5a serves as the auxiliary coil ahd:thé.cdil 5b'éer§es as..
the main coil. Consequently, the rbtéti&nal-speed of the ;_)
10 tub 3 is increased. The above—deécribéd'cdhtroilis:
'thereaftér repeated every time thé'rotétibnai'Speediof the
motor 5 increases to the upper liﬁitISpeed'NZé éha decreaSés_
to the lower limit speed N2b. All the triacs 13¥56?of the
output changeover means 19 are_turhéd"Off such that fhe .
15 motor 5 is deenergized, wheh the's§eed'of éﬁe.motér 5
reaches the upper limit'speed NZé”in'spité'of.exciﬁation of 
only the coil 5a serving as the aukiliary.coil. |

In this case, too, there is no case in the above

control where'only'thé cbil.Sb séfvihg'as'the méih coil is o/
20 excited. The control circuit 21'cdﬁplétes tﬁe.above-_
described control upon expiration of the tiﬁé'beriod t, and
advances to the subsequent contiol. | .
3. Speed control in a time period t3'after.expirétion 6f
time period tg: | |
25 The speed of the motor 5 is buiit ﬁp in the control ';_

pattern that the coils 5a and 5b serve as the auxiliary and

main coils respectively, in the same manner as described



control where only the coil 5b serving as the main coil is 20 excited.

The control ci.rcuid 21 conpletes the above- described control upon

expi ration of the time period [err] and advances to the subsequent control.
3. Speed control in a tine period [err] after expiration of time period

[err]: 25 The speed of the notor 5 id6built up in the control pattern
that the coils 5a and 5b serve as the auxiliary and nmain coils
respectively, in the sane manner as, descri bed 6 abqve. \Wen_the notor

speed reaches tABOUBper WheR (t1ig RALREaSBEeEhECRSNES R ctPRRE LABIEUSHSEd
oo Toea" v ag 2 S Y Chob e NS, RFRD SbIP CnadstBiEt BRpts' 15
changeover moantsBnESeHRyEa° s, kel UBeralibn Witk IRCEHALA ool ol B
Shat the rotat i Shareiyily ap"Epk"Bukiliagd, FELICTaRAgRAT TATY COI. SO
above-descriged cont éabsgaubh%&?qf Whlen ePRATRIL RV &ipedd NEs t 88cF848LH088| the

speed of the notor 5 increases o the upper limt speed N3a and decreases

to the |over |inbwesPaeithiNBbsplkld 8D § rtRESobeplt hdMgebVeRUmddRe0eIVES
nmeans 19 are turned off such that the 15 notor 5 is deenergi zed, when the

speed of the nothangagdashes the thppesperaitii apasdddBan wispche ttfe coil Sb
excitation of _ :
serves as the main coil and the coil 5a serves as the
U auxiliary coil, éo that the rotational speed of the tub 3 is
' 10 increased. The above-described control is thereafter
repeated every time the rotational speed of the motor 5
increases to tﬁé upper limit speed N3a and decreases to the
lower limit speed N3b. All the triacs 13-16 of the
- output changeover means 19 are turned off such that the
15 motor 5 is deenergized, when the speed Qf the motor 5
reaches the upper limit speed N3a in spite df ekcitation of
- only the coil 5a serving as-the auxiliary coil. |
In this mode, too, there is no case in the above
- : _ control'whete'only the coil 5b serving as the main coil is
20 exéited. The control circuit 21 completes the above-
described control upon expiration of the time period tg and.
édvanceé‘to the subsequent control. | |

4., Speed control after expiration of the time period t3:
The output changéover means 19 is changed over to the
25 fourth operation mode so that the speed of the motor 5 is

built up in the control pattern that the coils 5a and 5b

serve as the auxiliary and main coils respectively. When



only the coil 5a serving as the auxiliary coil. In this node, too, there is
no case in the above control where only the coil 5b serving as the nmen
coil is 20 excited. The control circuit 21 conpletes the above-

descri bed control upon expiration the tine period [err] and advances to
t he subsequent control. 4. Speed control after expiration of the trme
period t3: The output changeover means 19 is changed over to the 25 fourth

oper at i o HOAgo 88t Q%teéd‘eréﬂéﬁés()ftﬁé‘%ﬁpéﬁr 13mit pééauR4an, dbetﬁent rol
pattern that the coil's 5a and 5b serve as the auxiliary and nain -coils

respecti @inget sihesd N4;L7thbe Juput speatgecesheneahe umpers | thahgegeed
Nda of the target speed N4, the output changeover neans 19 is changed over
to the fidver dpertie ofifithcopaerahioh moly tilme wiviicdc dnlly stheirtetaontidnd t he
other triacs 13, 15 and 16 are turned 5 off, so that only the coil 5b
serving astturnedrnnoahdl$ha«pth§: EximeﬂuéﬁtlyS aingh theaneot turseded | &
decreased to the |ower linit speed N4b, the output changeover neans 19 is
returﬁedQﬁfikﬁpfbb&thQﬂiﬂwﬁh%ncﬁbHe5§baﬁﬁﬁiQQKQ%thGSW@ﬂm ekl 8§ as
the main coil and the coil 5a serving as the auxiliary coil are excited.
Consequer®¥Si QQEerotational speed of the tub 3.is increased. - The out put

it S RENCECE T MERIE BT ke SR
lower limit speed-N4b, the output changeover means 19 1s_
returned to the fourth_operatlon mode so that the coil 5b \;J
10 serving as the main coil and_the.coilgSa;serving aé the -
auxiliary coil are excited. conseguently,_the.rotationalf.
speed of the tub 3 is 1ncreased. -The:output changeover-
means 19 is changed over to the 51xth operation mode so that
only the coil Sa serving as the auXiliary coil is exc1ted,_
15 when the motor speed-reaches_the_upper limit_speed_N4a_1n
the condition that the coil S5b serving as the'main coil is
excited or that the output changeover means 19 is in the
fifth operation mode.
The motor 5 is controlled by the feedback manner as. o/
20 descrlbed above so_that its speed reaches:the-target speed
. N4, .Subsequently,'the motor 5 is!deenergized upon’
expiration of the set.dehydratingitime_period so that the
dehydrating operation is completed
According to the above-described embodiment, either one .
25 or both of the main and auxiliary c01ls of the motor-s are

excited for the control of the motor speed when the motor

speed is increased in the dehydrating operation.



15 when the notor speed reaches the upper limt speed Nda in the condition
that "'the coil 5b serving as the main coil is excited or that the output
changeqyger neans 19 is in the fifth operation node. The notor 5 is
controll ed by the feedback nmanner as 20 dggcribed above so that its speed
reaches the target speed M. Subsequently; the notor 5 i's deenergi zed
upon expiration of the set dehydrating tinme period so that the dehydrating

operation is congéfletyudatry) n%ér?e%ﬁ%iacm;/%‘ﬁje@ﬁéi hesl- gohodt Y1 t 8lglhel s

one 25 or both of the main and auxiliary coils of the notor 5 are excited

for the control sdsthein®dor BELSdsPEEIfibL1IP) OEhePSedpi $si DEF§asel tRet NEw
dehydrati ng operation. Consequent |y, generation of the harnonic voltage

is restrai ned. Mrd® m@dihmi speéd, rahges!| 6P thel moter i and hthé oplastromaghatic
speed ranges of the nmotor and the el ectromagnetic noise is relatively |oud
whern only the nmois®iisisebativellySloud wheseonlgedheampdsn ressill tisgexoited
the large slip. However, the notor speed is controlled in these ranges by
application Bf tim thesatspesdsrangesdiegulbingoie the wharge odlipi heHawever,
coil is excited. Consequently, the generation of the el ectromagnetic noise
can be restrai ndghe mptor sperd theraortrol }ed hin hthese perrgesingy appbigetben
speed is controlled by applhcatiqg of eihﬁe t he, operatj on node, i '
8 BB

both main and aldf|FRRyoRSRuE e rxEd Ui ngetBBeP2ti®or hotRir m%ﬁh the
either coil is(%%iﬁegéil is excited. 'Cohsequently, the generatioh of the
electromagnetic noise can be restrained.
.\’; 10 Furthermore, in the high speed range, the motor speed
is controlled by application of either the operation mode in
which both main and auxiliary coils are excited or the
operation mode in which either coil is excited.
Consequently, the efficiency of the dehydration can be
15 - improved. Even when only the main coil is excited in the
high speed range in which the motor slip is small, the
electromagnetic noise is rendéred small as compared with the
case where the motor slip is large. Thus, the problem of
id, _ the electromagnetié-noise is not caused in this case.

.20 The target speed of the motor 5 is increased from the
target speed N1 to the target speed N3 stepwise in the low
and medium speed ranges in the dehydrating opefation every
time each predetermined-time period expires. 'Consequently,

- the motor speed can be built up smoothly, which results in
25 imprdvement of the dehydrating performance.

- Furthermore, only the final target speed N4 is set as

the target value of the motor speed in the high speed range.



Consequently, the efficiency of the dehydration can be 15 inproved. Even
when only the main coil is excited in the high speed range .in which the

motor slip is small, the electromagnetic noise is rendered small as \#
- conpared with the case where the nojgr slip is large. Thus, the_proﬁrem(ﬁ
the el ectromagnetic noise is not caused in this case. 20 ~ The target

speed of the notor 5 is increased fromthe target speed N1 to'thettarget
speed N3 Bheapy schen sidiet iay anfl aedi lurajdedy r efgesa rgeithes peledis atisng -
operation every tinme each predetermined tine period expires.  Consequently,
t he not orekspeinhived be bhel high sspeed| yanghi cwhiedulcan i si@plifipr dhenent
of -the dehydrating performance. Furthermore, only the final target speed M
i s set ascentrohrpeegramuef othenheontrol cpeeditn2fke high speed range. 1
9 Thus, the setting of a glurality of target speeds is elimnated in the
hi gh speed rarfee vPRr&PREN SRANTEPURE MMRAGR PP RMBF LtheScdhbrol -«
circuit 21. The out put changgover ans 19 copprises the 5 sem conductor
smﬁtcﬁruf%ﬂ%ﬁ@ﬂé%c PT  RUitFhipg. plementspRr  ERe, Ariacs of31HRe swtPehing
operation_can be |nproyved.as co ed with the case where switching _ - -
oFenont o REETPREVIFF RécHti PTEEhERe, sraratiaiosel B THRAEE 88 pose.
Mor eover, ﬂgk?e] %iq)t . LU r , re . ls . _e'%&é n : nt r ol
circuit Z(i‘S %P e&égﬁt ?é? gggés‘%%r{ghgs-- l;gcg{:lsi 4éjl - r¥\gr '?égheﬁ"g&i&gcal
'“SU'aU‘HbéH&h%@%ﬂwﬁsntacts are employed for the same purpose.
Moreover, the phota]couplersnzz, 23'aréfinterposedcbétween.,:
10 the control circuit 21 and the control gates of the ﬁriac§ S"(
14, 15 for the electrical-iQSulation-therebetwéen
respectively. Consequently, the malfunction of these't:iacs
due to noise can be prevented.
Furthermore,_the phase'advance.capacitor 17 is
15 connected selectively to the auxilia:y_CQil of the motor 4
and the coil 18 is connected in series to the phase advance |
capacitor_17 for buffering the discharge current thereof;
Consequently, the triécs,13-16 can be prevented from being
broken by the discharge current of the phase advance \/
20 capacitor 17. |
Curve H in FIG. 4 shows the relation-between'the speed
of the motor 5 and the-producedielect#omagnétic noise and
curve J shows the same relation in the prior art. The
excitation of only the main coil is: not done in the low and =
.25 .medium speed ranges in the foregoing  embodiment while- the

excitation of both of the main and auxiliary coils and the

~excitation of only the main coil are selectively done in the



respectively. Consequently, the malfunction of these triacs due to noise
can be prevented. ;Furthernore, the phase advance capacitor 17 is 15
connec(gd selectively to the auxiliary coil of the notor 4 and the coil 18
is connected in series to the phase advancggcapacitor 17 for buffering the
di scharge current thereof. Consequently, the triacs 13-16 can be prevented
from bei ng broken by the discharge current of the phase advance 20

capacitor 17. Clowe &hdnmedGumd spests tdwgeel dhi ahebqinian ahe., speraved J hen
notor 5 and the produced el ectromagnetic noi se and curve J shows the sane
relation in the PIGor 4arshowdhéhetri thei eledtoomggned itnimoisel is motlarge
done in the low and 25 nedi um speed ranges in the foregoi ng enbodi nent

while the excitafaetor ®bt hhef moboxyainphae duxither fosviandampedhem speed
excitation of only the main coil are selectively done in the 20 | ow and
nedj um speed rarkRRILH rt HhbleoCugite Hoghpwsy }ghaﬁ d&he preduatigntpd the
el ectromagnetic noise is a large factor Qf the potaor npoise in the | ow and
medi um speed ¥ a %?t%ﬁﬂqgQﬁﬁgﬁ HQQEﬁBlﬁuﬁeﬁﬁ€ﬁiQ%£cPHN¢BF1§E@8 speed
el ectromagnetic noise is restrained i.n the same speed ranges. FIGS. 5 to 7
illustrate a secdHP%Hbodi ment of the invention. A control circuit 24

serving as the speed £paki ok EaNs B33 Jdis SE0°a"YLISHS SHERRFALRE BF Yne

invention. A control circuit 24 serving as the speed
control means has the same hardware composition as of the
\/ | 10 control circuit 21 in the foregoing embodiment. The target
speeds N1-N4 in the dehydrating operation are set in the
control circuit 24 in the same manner as in the control
circuit 21. In the control circuit 24, particularly, the
final target speed N4 is set so as to be higher than a
15 normal speed Nx of the motor 5 at a power supply frequency
| of 50 Hz of the power supply 12 and lower than a normal
speed Nz of the motor 5 at the power supply frequency of 60

Hz of the power supply 12.
U | _ Based on the results of comparison between the signals -
20 from the speed detecting means 20 and the target speeds Ni1-
N4, the control circuit 24 controls the motor 5 in the.
feedback manner by changing over the output changeover means
19 to one of the first to sixth output modes described

above.

25 In the case of the power supply frequency of 50 Hz, the
motor 5 is switched between the control pattern that both of

the main and auxiliary coils are excited and the control



10 control circuit 21 in the foregoing enbodi ment. The target speeds
N1-N4 in the dehydrating operation are set in the control circuit 24 4n the
same manner as in the control circuit 21. In the control circuit 2452
particularly, the final target speeg N4 is set so as to be higher than a 15
normal speed Nx of the notor 5 at a bomer supply frequency of 50 HzZ:of the. -
power supply 12 and | oner than a normal speed Nz of the nmotor 5 at- the

power Yed S %Pif;hép EB; pf 1ghsx199*e§a sugpky EZthﬁag.sgoen Bea -

results conparlson et ween T he signal's 20’ fromthe spee etec I nNg' means

20 and t hed &Pt tR@CesSghl - sPhedshi1Canl Idtlquertau 1A CROERO8spRe Ot of
5 in the feedback manner by c angi ng over the output changeover neans 19 t.0

one of the ftHSttdgst xéPeadiny] theesofes6Li patitabavehadbboth ofnthle case
of the power supply frequency of 50 Hz, the notor 5 is switched between the

control|nﬁix§rhféwexéim@doistbenuﬁnuedndnaﬂxlthermotorlSpeed gsached and ®
t he control 21 pattern that either coil is excited, so that:the notor
speed 5 editiestatwet aspeed siieeds N1- N3 sequential ly. W th respect to the.
target speed N4, the control pattern that both of the coils are excited is
continued unti$inae #ﬂeorflqpiegdtﬁesﬁtesﬁﬁeeﬂeNﬂarlgﬁatS%beé@ ke Isigheérthe

final target speed N4 is set to be hlgher than the normal speed Nx at the
power [ﬁhapf hgungﬁgabfsgged Nx at the power supply frequency of 50

Hz in the above-described speed control the final speed cf_'
the motor 5 corresponds to the normal speed Nx dependingr\;)
10 upon the power supply frequency of 50 Hz, as shown in
FIG. 6. In the case of the power supply frequency cf 60-Hz,_h
furthermore, the speed control with respect'to tHeffinal'
target speed N4 is performed in the same manner as in the
case of 50 Hz. However, since the fihal"target.speequAIiS'

15 set to be lower than the normal speed Nz depending'upcn 60.
Hz, the final speed of the motor 5 COrreepondejto.theufinai
target speed N4, as shown in FIG. 7. In the abcye-deeCribed“u
control, the same speed control progfam is used in the.
control circuit for both frequency values. . R -\

20 According to the second embodiment, the final'tarQet.f
speed N4 of the motor 5 in the dehydrating operation is set.
to be higher than the normal -speed Nx at 50 Hz and lower
ﬁhan the normal speed Nz at 60 Hz. cOnsequently, a
sufficient dehydrating performance can be achieved since'the'

25 motor 5 is built up to the normal speed Nx without changesis
in the speed control program in the control circuit 24 in

the case of the power supply frequency of 50 Hz.



Hz in the above-described speed control, the final speed of the notor 5
corresponds to the normal speed Nx depending 10 wupon the power supply
frequeﬁgy of 50 Hz, as shown in FIG 6. 1In the case of the power supply
frequency of 60 Hz, furthernore, the speedgontrol with respect to the
final target speed N is perforned in the same manner as in the case of 50
Hz. However, since the final target speed N is 15 set to be |ower than

the normal speeguitrHionfid Nsuistadbidlly tbeef sant deesdreftinie ey fsrmance

corresponds to the final target speed N4, as shown in FIG 7. 1In the
above- descri bed caantbe| ackhbevednatsgeediz aas r thapr aqr &80 | Bz usédcen thee motor
control circuit for both frequency val ues. 20 According to the second

enbodi.nent, the sipewsl itsarmes trioeal Ndo othe hEinalotatget speedeNddrlaviery than
operation is set to be higher than the normal speed Nx at 50 Hz and | ower

t han the nornal theeabrnait spead NToptehleHal.y, Additippapddty delgydEhei iggh
performance can be achi eved since the 25 nmotor 5 is built up to the nornal
speed Nx wi thoutSRafshgandey ithe GedFdomatdiens ddaimhath irolbhigrs excited
Fur t her mor e, subgt SRTGTYOURLY SARECHERGa Ry T TBoH2RcBPeal BEoEbRRe e
Farget speed N Tt VAT HERRT AL s i naing ISP SHRRA (T Bhdre v 2R LY
the high 5 Speeﬂ)&%%%%d %e tci%”tfi%alpq;atfgfél: tg?éeé)cﬁ,p. coils are excited

FIGS. 8 and 9 illustrate third and fourth embodiments

) 10 of the invention respectively. These embodiments relate to
the arrangement of the output changeover means. In the
third embodiment as shown in FIG. 8, the output changeover"
means 35 comprises the triacs 31 and 32 serially connected
between the motor terminal 54 and the power supply terminal

15 12b. The meaﬂs 35 further comprises triacs 33 and 34

serially connected between the motor terminal 5e and the

power supply termiﬁal 12b. A series circuit of the phase

advance capacitor 17 and the coil 18 is connected between a

L connection common to the triacs 31, 32 and a connection
| 20 common to the triacs 33, 34.

According to the above-described arrangement of the
third embodiment, the triacs 31, 32 and 33 arelturned on so
that the coil 5a of the motor 5 serves as the main coil and

E - . the coil 5b thereof as the auxiliary coil. bn the other
25 hand, the triacs 31, 33 and 34 are turned on so that the

coil 5a serves as the auxiliary coil and the coil 5b as the

main coil. Furthermore, the triacs 31 and 32 are turned on



is continuously executed until the notor speed reaches the final target
speed N4. Thus, the notor speed can be rapidly increased to the finalks
target speed NA. FIGS. 8 and 9 illustrate third and fourth enbodi nents® 10
of the invention respectively. The?ﬁ enbodi nents relate to the arrangenent
of the output changeover neans. In e third enbodi mrent as shown -in FIG 8,
t he out put changeover neans 35 conprises the triacs 31 and 32 serially

connect ed kel WeRTyt BReMcANl (5 Wi g 280 thRe mAQWecLIPPLY: beeTitaal, 15
12b. The means 35 further conprises triacs 33 and 34 serially connected

bet ween tiige NBfoadsLrigd Nhd58 4aadtd uheedr oaumten tehlivnahel 2doi 1Asgeri es
circuit of the phase advance capacitor 17 and the coil 18 is connected .
bet ween sseamnimsgtasnthemmain cdile isi exsiBéd. 32 Thed tricmrmelt i and2G4
common to the triacs 33, 34. According to the above-described arrangenent
of the tHirel tudnefl nemtwhemeonly athe 3¢oiB25angesgingeasuthedavxiddaryat t He
coil 5a of the notor 5 serves as the main coil and the coil 5b thereof as-
the adxil9ekly it8i exchiedhe ofhertyiacgad® and 83 are Furml ;0@ Whenre
turned on so that the coil 5a serves as the auxiliary coil and,the coil 5b
as the ng@hl¥edhe ¢Q&¥r§9rﬁﬁ€¥1?%ea¥rF%%saéﬁlihargzcaii i8r REgitRd. 23
when only the coil, 5a serving he in.coil js excited. .The-triacs 33
and 34 are tur dLBﬁ t&hl?/maﬁ‘ﬁ 1RGH §B°§’é‘r'\ﬁ‘hg%§ t He fdih 88%‘?“?’5 '
excited. cggﬁﬁé3$§¥5h5§n§n94Bébmprises the triacs 41, 42 each serving

as the semiconductor switching element and é transfef reléy \;J

10 switch 43. More specifically, the triac 41 and dontacts'a,_
¢ of the relay switch 43 are serially'conhected-bétween the
motor terminal 5d and the power shpply terminal 12b. " The"
triac 42 and contacts b, ¢ are'sefially:cbnnected"betweén
‘the motor terminal 5e and the power'sﬁpply'terminal 12b;

15 The series circuit of the phase advance capacitor 17 and:the
coil 18 is connected between-the-contéCts'a, b of the.relay-
switch 43.

‘According to the above-described"arrangement’of the
fourth embodiment, the contacts a, C'6f the-relaY switch‘43.-\-J

20 are caused to close and the.triac5'41, 42 are turned on so
that the coil 5a of the motor 5 serves as the main coil and
the coil 5b as the auxiliary coil. The contacts b, ¢ of the
relay switch 43 are caused to close and the triacs 41, 42
are turned on so that the coil 5a sérves as the auxiliary

25 coil and the coil 5b as the main coil. Furthermore, the
contacts a, c of the relay switch 43 are caused to close and

the triac 41 is turned on so that only the coil 5a serving



are turned on when only the coil 5a serving as the auxiliary 5 coil is
excited., The triiacs 32 and 33 are turned on when only the coil 5b serving
as the guxiliary coil is excited. In the fourth enbodi ment shown in FIG 9,
t he output changeover neans 44 conprises t triacs 41, 42 each serving as

t he sem conductor switching elenent and a transfer relay 10 swtch 43.

More specifically, the triac 41 and contacts a, ¢ of the relay switch 43
are serially copgeqtRd figthi'een it NS EEGedEr Mo Khtatd e, ROVEY EiPHelay

term nal 12b. The triac 42:.and contacts b, ¢ are serially connected

between the not gwithigmlake cddsddetdorrsséuapy ther kriade 42D .islGurked on
series circuit of the phase advance capacitor 17 and the coil 18 is

connect ed bet ween thRatcat gt tlee bodfl thk selrayiawy tad dhe Awstndiowilois
t he - above-descri bed arrangenent of the fourth enbodi nent, the contacts a, ¢
of 4he relay swexdiZed20 The cantadti=n b} ose afidthke nelayssditcl? 4B8eare
turned on so that the coil 5a of the notor 5 serves as the main coil and
the coil 5b &s causgdxila azloseiand the &xdagctdl Lis cturnedconesgy that only
43 are caused to_close and the triacs 41, 42 are turned on so that the coi
5a serves as th&h@ug9ilar3a 2SeEBingaag the @wtiliprk qofel nbfnegsited. The

T e SRR 3,5 o e B SR b S
@i ncoil is e_X%il';teeq:'riTa%e £2 nié%ﬁr%édco%f stohetl{aefl agnly the coil 5b serving
| o as the auxiliary coil is excited.

— 10 ~ In the foregoing embodiments, the speed detecting means
may_be-arranged to detect the motor speed by a current
flowing in the dehydration_motor or the phase difference.

The foregoing disclosure and drawings are merely
illustrative of the principles of the present invention and
15 are not to be interpreted in a limiting sense. The only

limitation is to be determined from the scope of the

appgnded clains.



switch 43 are caused to close and the triac 42 is turned on that only
the coil 5b serving as the main coil is exci contacts b, c @& the
relay switch 43 are 5 caused to close and theL“ “ﬁ“‘““med on &eft hat

only the coil 5a serving as the aUX|I|ary Coi e contacts a,
c of the relay switch 43 are caused %% ci ose eLtrﬂaé 42 i's turned on
so that only the coil 5b serving as the auxiliary coil is excited. 10

In the foregoi ng enbodi nents, the (T&spetecting means may be. arranged to
detect the notor speed by a curren$£§¥bmnng in the dehydration notor or the
phase difference. The foregoing disclosure and draw ngs are nerely
Il'lTustrative of the principles of the present invention and 15 are not to -

be |nterpreted1|nAawggghhbngaggﬂgg Bﬁ@rq%hﬁg.lnltatlon is to be detern1ned
fromthe scope of the appended cl ains M5 1. A washi ng machi ne

conpri sing: a)a3 aoOkrathatAsdnalultup3) a singl e-phase induction notor. driving
the 5 rotational tub in a dehydrating operation and having a nmain and an
auxiliary coil®) @ spaegldetphtase Handadbiodetmotiony drshedc gf the
notor, thereby generating a detection signal; d) output changeover nmeans
for cr&ngrqgabeowaéntah it epetehydrating W@raetmnoandohamagm ek Ty
auxiliary coils
and an auxiliary coils;
c) speed detecting means for detecting a speed of the
motor, thereby generating a deﬁeéﬁioﬂ*éighal;' S : Q_)
d) output changeover means fo;-éhanging between'éh
10 operation mode wherein both of the méin'and auxiliary coils
are excited_énd the:otﬁér-operatibn mbde wherein either thé_
main. or auxiliafy coil is excited; and = |
e) speed control means for feedback controlliﬁg the
_motor by éontrolling the output changeover means in a stége .
15 of increase of the motor speed in the dehydrating opefation;
based on the detection signél from the speed detecting means
and a control program stored therein, the control program
~including data of a first control pattern wherein both of \o/
the main and auxiliary coils of the motor are excited in iow ”
20 and medium speed ranges, a second control pattern wherein
only the .auxiliary coil of the motor is excited in the low
and medium speed ranges, a third contfbl pattern whereih
both of the main and auxiliary coils_of-the motor are
excited in a hiéh speed range, and a fourth control péttern

25 wherein either the main or auxiliary coil is excited in the

motor high speed'range, the speed control means executing



are excited and the other operation node mhereln ei t her 't hig mairmor————
auxiliary coi] is,excited; and e) speed control neans

cont I‘O&LI ng the notor by controlling the output changemum MHNt age’
15 of increase of the nmotor speed in thejydehydrating operation,m

the detection signal fromthe speed deteciing neans and a control program
stored therein, the control programincluding data of a first control

pattern wher ei nghet biohtt BenERbD PAELAEHi hhakheCUbkSaal kaaium! @peade ranges
excited in low 20 and nedi um speed ranges, a second control pattern

wherein only thendugurthey seléctivebeg smeoutiagethet sdcondt benkeolapdttern
medi um speed ranges, a third control pattern wherein both of the nmain and
aumllary coi | sinf tthee Ioworamdemediumrdsipead hrghggeedheangeecassaxy and
fourth control pattern 25 wherein either the main or auxiliary coil is
exgited in the eseonthhgheifber theg&hirde oxpdanmidnicantrnhngatkernt ingthe
26 the first control pattern.in the | ow and nedi um speed ranges and further
sel ectively gexedighngread sapgfed control pattern in the | ow and medi um
speed ranges when necessary and executing either the third or fourth

control pattern in the 5 high speed range. 2. A washi ng machi ne according

target values of the2nobolaghity PRGBS SECte e i T andRer ety fhe
r
tine a predeterg%ggg 88n£9910Le£hE918L98§§85 stepwise control target values

of the motor speed in the low and medium speed ranges every

b time a predetermined period of time elapses.

10 3. A washing machine according to claim 1, wherein only
a final target value is set in the speed control means as a

control target valué of the high speed range.

4. A washing machine according to claim 1, wherein the

output changeover means includes a plurality of

15 semiconductor switching elements each having control

W ~electrodes, the semiconductor switching elements being
interposed between each coil of the Qingle-phase induction

motor and a power supply, and wherein the speed control

means controls the control electrodes of the semiconductor

20 switching elements.

5. A washing machine according to claim 4, further
comprising a plurality of photo couplers electrically

insulating between the speed control means and the control



10 3. A washing machine according to claim I, wherermonly a final
target value is set in the speed control Lol t arget vafue of
t he hi gh speed range. 4. A washi ng nachi Jmmmal qgmﬂrai m1, V\heMn

t he out put changeover neans includes,a pluraltsity o s€m conduct-or

switching el ements each having contfol el ectrodes, the sem conductor
swi tching el enments being interposed between each coil of the single-phase

i nduct i org AR ol BEPAMRY  SERRLYnARBEY oL el tEH iRy SBTeHenREl IO FRRNS
controls the control electrodes of the sem conductor 20 switching elenents.

5. A vash B ndegee¢er dheldng claim 4, further conprising a plurality
of photo couplers electrically insulating between the speed control neans >
and the control 27 el ectrodes of the sem conductor switching el enents of
t he out put changeover neans. 6. A washing machine according to claim.l1,
further comwi&ing_&thﬁngtmamhﬁnsiancmmdﬁnﬁstbtmiﬁimtﬂbmfumﬁhdrivin§ 
force of the notor to the rotational tub and wash stream produci ng neans '
suppl i ed cenprisingr iavi pgwedr cerafismigs honomedhaniam pdransmittdimessaon
mechanismin a wash operation. 7. A washing nmachine according to claim6,
wher eiSn tdriving sfagre- padde mMEeT ofondihe EGﬁ?FF@é@ltW&Qxﬁmé_gﬁﬁbched

to serve either as the nmain or auxilia[g coil so that the notor - :
~ stream producing means suppliéd with the driving force. of

_ fhe_motor via the power transmission'méchanism in a wash

operation. o 3 : s

7. A washing machine according'to élaim 6, wherein_thé

10 single-phase induction motor comprises two coils switched tq'
serve either as the main or.auxiliarf-éoil'56 that the motor '
develops torque in clockwise and countefcloCkWise directions

in accordance with the switching of the coils, whérein the
output changeover means changes'thefreiation bétween'thé

15 maiﬁ and auxiliary'coils such.that one of the’mdtor‘coils is
directly connected fo the power supply to thereby serve as

the main coil and such that the other coil is cdnnected_'¥):

through a phase advance capacitor to the power supply to
thereby serve as the auxiliary coil, and’ wherein the speed:

20 control means cyclically changes the relation between the.
.main and auxiliary coils by controlling the output
changeover means in the wash operation so that the motor
cyclically develops torque in clockwise and counterclockwise

directions alternately.



devel ops torque in clockw se and countercl ockw se directions in accordance
with tiE switehing of the coils, wherein the output changeover neans
change%réhe rel ati on between the 15 main and auxiliary coils such that one

of the motor coils is directly connected to the power s;mmm]ﬂ&“mﬂ“m Il :
serve as the main coil and such that the otherzgoil is ' A a

phase advance capacitor to the power supply to thereby sérvé ab the
auxiliary coil, and wherein the speed 20 control neans cyclically changes
the relation between the maih and auxiliary coils by controlling the output
changeover means in tBe WasWa§RELhgt m@BhEfAet BabokAEnHOLE! cCiEhi 73! Wherein
dewel ops torque in clockw se and countercl ockwi se directions alternately.
8. A washi ng nacthecoatpotdechgnyeovesi fiedns backiudesha plupalithapgeover
means includes a plurality of sem conductor sw tching el ements each having
corttrol el ect r odesemidenduotevnswitchingi etainagtel eacht bavdnggconteoposed
bet ween each coil of the single-phase induction notor and a power supply
and between each @be¢tredese thagsemppendurtaucevbhichbngr ehfnenke priss
advance capacitor, and wherein the speed control means, controls the control
el ectrodes of thetRESTROMAACPBEVERPt BAPRgCRL Lneft Ehegsingl@sRPABSachi ne

di | ai furth i si | ur al | h | _
lectrically | nod BEsGHER BRERET Red hobiavel P raplitane BREvERE SRR Boia

of the single-phase induction motor and the phase

. advance capacitor, and wherein the speed control means
\—

controls the control electrodes of the semiconductor

switching elements.

9. A washing machine according to claim 8, further
comprising a plurality of photo couplers electrically
insulating between the speed control means and the
control electrodes of the semiconductor switching

elements of the output changeover means.

o . 10. A washing machine.according to claim 8, further.
comprising an iductance element connected in series to
the phase advance capaditor for buffering a discharge

current of the phase advance capacitor.

>§“f° 11. A washing machine according to claim 1, wherein
a final target speed of the single-phase induction motor

in the high speed range in the dehydrating operation is



control electrodes of the sem conductor smngﬂu" t he out put
-~ changeover neans. 10. A washing machine acc Hm"ml! L fuet her. =~

conprising an iductance el ement connected in*sefies t® t ase advan%e
capacitor. for buffering a discharge current of the phase advance capacitor. . -
11. A washing machi ne according to claimdg wherein a final target speed of
t he singl e-phase induction notor in the high speed range in the dehydrating
operation is 29 set so as to-be higher than a normal speed depending
upon a supply voltage frequency of 50 Hz to the notor and | ower- than a

normal speegetepRNAEN XIS Wi gheP| thaw! 4 ag6rmaEdspacd aépéfaliagt o the
notor. 12. A washing nmachi ne according to claim 11, wherelin the speed -

control neanpdma aupply otobedder fréquencghodosdh BE tbethai mosbat auxiliary:.
coils are excited and continuously executes the control pattern in a high
speed range agfd tllavemtthan m tnernehspeed ndepprding onpont al stpplypeed of &
-the notor reaches a final target speed. 13.. A washing machi ne substantially

as descri beFHdagen fraguengerehctl tiz ¥ the oneteyi ng dramnngs

12. A washing machine according to claim 11, wheréin'
the speed control means has a controiipattefn in which
- both of the main and auxiliary coils are excited and = .
continuously executes the control pattern in a high
speed range of the motor in the dehydrating operation
until the speed of the ﬁotor reaches a final target

speed.

13. A washing machine substantially as described

herein with reference to the accompanying drawings.



