WASHI NG MACHI NE This invention relates to a washing machine in which a
brushl ess notor is enployed as a washing machine notor. In conventi onal
washi ng machi nes, wash and rinse steps are pertg?gagggﬁ“digying an. agi.t.at or
by a washing machine 5 notor and a Hehydration‘§ ep is performed by dhﬂ&ing
an inner rotatable tub at a high speed by the notor. An induction notor

has conventionally been enpl s shi ng machi ne notor . ' |
Smal | -si zed and Iight-merghth G HREH &ﬁes wi th 10 hi gh-1evel cleaning
performance have recently been desired. These needs require a washing
machi ne notor of hi gh output torque. However, the induction notor

convent i onal | ym®| yeéhefoh NBe 18885 NG 0TRC Riakth iHY Qiaéxﬁﬁél' fnl %%Wfal y

| arge size and the output torque thereof is at arelatively low level.
Accor di n@pashless dotd® POt npleydd 0ds oat wabhiagonaching mtdmduction
notor, a rating power of the induction notor needs to be increased and
therefore, theamicdenwéntionabdwashingmmachimesds Wasibeandcrinsed stdpsch

15

further increases the size of the washing machine. In view of the 20
di sadvantaage pesforihed dyvdrivingaanbesyitatmosbg lay vashingemawisinenat a
brushl ess motor which is small in size but produces a high output torque be

enpl oysd mestoheands i niehpdiratd owt step riss eperdormad i byudtsd ioningt an
However, when the brushless notor. is enployed as the 25 washi ng machi ne
motor, tHetekl swhatadtlei swdy abupdhjegh speed by the motor. Aan
induction motor has conventionally been employed as such a -
washing machine motor. | g , L
Small-sized and l-ight-w_eighted _ viashing' machines with
10 high-level cleaning performance héVe técently.been'desired.
These needs require a washing machiné'motor of high output
torque. However, the induction motor cOnvenﬁionally empioyed
as the washing machine motor is offa felatively lafge size
and the output torgue thereof is at a relatively low level.
,'15 Accordingly, in order to obtain a high output torque from
.the induction motor, a rating power of the induction motor
needs to be increased and the:efére, the size of thé w
induction motor needs to be increased, which further
increases the size of the washing maéhine; In view of the
20 disadvantage described above, it haé beén proposed by the
inventors that a brushless motor_ﬁhich'is small in size but
- produces a high oufput.torque be employed as the washing
. machine motor, instead of the induction motor.
However, whén thé'p:ushless motor is employed .as the

25 washing machine motor, the following deficiency could be



2 found. That is, the agitator or the inner rotatable tub of the washing
machine is rotated.at a predetermned rate of revolution. Since the
change in the rate of revolution is sufficiently small with respect to | oad
varia{jons in the 5 case of the induction dotor, it is easy to control the
rate of revolution of the induction notor so that it is maintained at a
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vari ed based on t vl at1'on between the se nunber of revolution and a

target rate 5 Fad&VEEUWKE. indWiviod Wt awp! ied 9l £a4e o CRBLWERST the
until the sensed revol ution nunber reaches the target rate“of revolution.

20 In the ahove- deger reedlhieednacde Conér @dhduktiRnemotidke Bat &hat it is
of revolution is controlled so as to be increased and decreased to the

target rate of maAiaiiriedh.aticaoptedgtyrmihedacalale. r T tid o€vér Uhaad,ofin
the nmotor unstably oscillates relative to the target rate of 25 revol ution
repeat edly, thatthes caseapf tthe abrushlesse malfor evbhet i patef td mewvoluition
alternately increased and decreased repeatedly so as to sequentially
converge to thechanges to a large extent with variations in an amount of
W 10 load even though a voltage applied to the brushless motor
does not vary. To solve this problem, it is usually
considered that feedback control of the rate of revolution
of the brushless motor should be provided. TIn this feedback
control, the .rate of revolution of the brushless motor is
15 sensed and then, the voltage applied to the brushless motor
is varied based on the deviation between the sensed number
of revolution and a target rate of revolﬁtion. Vafying
the applied voltage is continued until the sensed revolution
O number reaches the target rate of revolution.
20 'In.the above-described feedback control, however, the
rate of revolution is controlled so as to be
increased and decreased to the target Eate of revolution.
Accordingly, the actual rate of revolution of the motor
unstably oscillates relative to the target rate of
25 revolution repeatedly, that is to say, the actual rate of

revolution of the mﬁtor”is alternately increased and

decreased repeatedly so as to sequentially converge to the



target rate of revolution. Further, the anmount of |oad applied to the
notor varies because of rotative novenent of clothes caused as.the result
of drive of the agitator in the wash or rinse step or novenent of the .~
clothes due to rotation of the inner tub jn the dehydration step. For tis
reason, too, the actual rate of revolution of the notor unstably oscillates
repeat edly. Consequently, .a disadvantage arises that an expected cl eaning
effect or dehydration effect cannot be achieved. Therefore, an object of
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effect. According to a first aspect of the present iInvention, “there is

provided a ﬂﬁSEhBQwQEH“dFEﬂﬂHHHWéﬁéﬁJoﬁﬂmdbéﬁ%ﬂ!fEE*@ﬁQ'GEoﬁHEQque
conprising a brushless notor; b) notor drive control nmeans varying a.

vol tage apptbegotatilm S iy vy ReubTat el depd e@bienWstpa Vol t age
command; c) revolution rate command producing means for producing a command
of a targetFoatEhmb msaﬂqnnxnoomtﬁheeaqnuﬂltrntémpﬁwmﬁwogution of
the motor unstably oscillates repeatedly. Conseqﬁently,
a disadvantage arises that an expecﬁed'cleaning effect )
or dehydration effect cannot be achieved. - NS
Therefore, an object of the presentainventiOn.is to
brovide a'washing machine wherein the rate of<revélutiop
of the washing machine motor can be prevented from
unstably oscillating repeatedly relaﬁivezto the target
rate of revolution in the prOCess_ofIQOntrQlling'the
- motoxr so that the target rate of revolution is reached,
resulting in achievement of the expectéd.c;eaning or
dehydration effect. |
According to a first aspect of the present. <
invention, there is provided a washingfmachina
comprising: a) a washing machine-motot comprising a
brushless_motor; b) motor drive control mgans varying a
voltage applied to the washing machine motdr in
- accordance with a.vpltagé command; c¢) revolution rate
command producing means for producing a:command of a

target rate of revolution with respect to the washing



4 machine notor; d) a storage section for storing notor drive control data
I ndicative of predeterm ned relations between the voltage applied to the
washi ng machi ne notor and the rate of revolution of the washing machine
motor\wi th respect to every different |oad applied to.the washing machine
motor; e) |oad anobunt detern‘hing neans for detérnining an anmount of | oad
applied to the washing. machine notor, the | oad anbunt determ ni ng neans
conprising: (1) nmeans for establishing the voltage applied to the washing
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establ i shed applied vol tage and sensed rate of revofutron w the notor

drive control dat%égﬁggaigﬁbt¢51§%§%aggﬂffﬁaigg ngfgﬁgﬁigggﬁa@ﬁgwyiMyfor

| oad corresponding to a paraneter e esta I'ted vol tage

and sensed rate ofafuHd!lidNe ?f‘dré*)oY%iéﬂeofo’EHEWaeﬁi?ﬂ CinB@h¥Bd N Motor
readi ng out data of the value of voltage to be applied to the washing

machi ne notor froRithe KdPede 66CévoLry basesepent NEoaaDph10Edl @adthe
determ ned by the | oad anount determ ning nmeans and the conmand of the

target rate of rewdsHimn ecitivedndton; tép Ieadl ahoantcasternipi adumeams
nmeans, thereby supplying the notor drive
. for determining an amount of load applied to the washing.
machine motor, the load amount determining means’

o comprising: (1) means for establiéhing the voltage
applied to the washing machine motor; (2) means for
sensing the rate of revolution of the washing machine
motor under the condition that an established voltage
has been applied to the washing machine motor; and (3)
means for collating the established appliéd voltage and
sensed rate of revolution with the motor drive control
data stored in the storage section to specify an amount
of load correspondihg to a parameter between the
established applied voltage and sensed rate of
revolution; and f) voltage command producing means
reading out data of the value of voltage to be applied -
to the washing machine motor from the storage section
based on the amouﬁt of load determined-by the load
amount determining means and the command of the target
.rate of revolution produced from the revolution command

© producing means, théﬁeby supplying the motor drive



control neans with the read voltage value data as the voltage command. The -
rate of revolution of the brushless notor depends upon the .magni tude of

| oad applied thereto and the nmagnitude of voltage applied thereto. Wen_the
anount of. | oad applied to the notor can_bg speci fied, the nunber of v
revol ution of the brushless notor can be controlled so as to reach the,.
target nunber of revolution by adjusting the voltage applied to the sane.
In accordance with the present inventiOn the target rate of revolution of
t he washi ng. machi ne not or e l-.uti on_rate conmand-produci ng
means. The FATERRL AR dwingEEPnﬁ aﬂ?XgBQPaWEQ“quﬁiﬁiﬁin ta of the
vol t age apmléikéo t he nntg based on the .anbunt of |oad determ ned by the
| oad anpunt T % AB%hs and the target rate of revolution. Thus, the

magni t ude of vougggu¥g§gl#ﬁdrggf%gglggtgg Ege Bl th%ﬁ%duﬁﬁﬁﬁp on the

vol t age data rea e voltage conmman u0|ng means. Slnce t he
not or drlvedgﬁg ,ﬁ&@gs eh VakY he not or
in accordance wth t es‘t:g |1 g?ﬁgt tggelégﬁu\e&%ﬁ% Sﬁﬁ VO t%ge i's
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amount of load at that tine. Consequen the target rate of revolution
can be reachatbunt téf Doaahapprieat €6 thhﬁbto& Eaadhbcclspwitmddthough it

i's enployed as the washi ng machi ne
the number of revolution of the brushless motor can be
controlled so as to reach the tamgeg,number-of
revolution by_adjusfing the'voltagé.applied to the same. 'QJ
In accordance with the presgent. inVention, the target

rate of revolution of the washing machine motor is set
by.the revolution rate commandﬁproducing means; The
voltage command producing means operatec.tofread out
data of the voltage applied to the motor based on the
amount of load determined by the-lcad amount determining
means and the target rate of revolutlon Thus, the
magnitude of voltage applied to- the motor is established
- based on the voltage data read_out-by the'voltage
command producing means. Since the mot0r=drive control
means operates to vary the voltégéfapplicd'to the motor
in accordance with the establiéhed voltége.yalue, the
épplied'voltage is optimum to obtain the target réte of
revolution~under-the-conditioh-of.the'aﬁount of load at

" that time. Consequently, the targét'rate-of-revolction
dan be reached by the brushlessimotor.without'a-feedback

control though it is employed as the washing machine



mot'or. The rate of revolution of the washing machi ne notor can thus .be
prevented fromunstably oscillating repeatedly relative to the target

nunber of revolution. According to a second aspect of the present

i nventi¥«on, there is provided @ washing machipe jgonprising: a) a washing
machi ne nmotor conprising a briishl ess motor; b) motor drive control neans
varying a voltage applied to the washing nachine notor in accordance with a-
vol tage conmand; c¢) revolution rate command produci ng neans for producing a

command of a targglotil.C Ofhd WEtdlldPNravdIutLERESE tRe [WEsNBRY RECHRARI NE
notor; d) a storage section for storing notor drive control data indicative

of predeterm ned mftdid Win v Sse (Hevohtéd L 2OR| 0lsi 4P ¥ hes vRS N8I ng
machi ne notor and the rate of revolution of the washing machine notor with

respect to every diefpleartadl y aoel sipipre et t thé hearget i mgmbee hofergvbdutiehn.

| oad amount determ-ni ng neans for determ ning an anmount of | oad applied to
t he washi ng machi ne nmdicerqrdimg |ttada ashecomd det pect ndfigthegpsesenpri si ng:

(1) means for detecting the voltage applied to the washing notor; (2) neans
for setting the ramyvesttiiguoltthers i¥ pirevidedi agraskingonaphbneat a
desirabl e value; and (3) neans for collating, with the notor drive control
data stored in thECRPFiFd NGEctab? aRhing JMchine meter @PHPFLRiRAJ2t he

dat a8 ks . RPBRF
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voltage applied to the washing machine motor in
k}' | accordance with.a voltage command; c) revolution rate
| command producing means for producing a command of a
target rate of'revolution with respect to the washing
machine motor; d) a storage section for storing motor
drive control data indicative of predetermined relations
between the voltage applied to the washing machine motor
and the rate of revolution of the washing machine motor
with respect to every different load épplied to the
‘'washing machine motor; e) load amount determining means
for determining an amount of load applied to the washing
.machine motor, the load amount determining means
| : comprising: (1) means for detecting the voltage applied
to the washing motor; (2) means for setting the rate of
revolution of thé.washing machine motor at a desirable
value; and (3) means for collating, with the motor drive
control data stored.in the stoage section, the target
rate of revolution d&nd the detected voltage applied to

| the washing machine motor being driven at the target



.rate.of revolution to thereby specify an amount of |oad correspondihg to a -
par amet er between the target rate of revolution and detected valtage
applied to the washi ng nachi ne notor being driven at the, target rate of,
revol ution; and f) voltage comrand producing nmeans readi ng out data of Jhe
val ue of voltage to be applied to the washi mg machi ne notor fromthe
storage section based on the anount of | oad determ ned by the | oad anount
determ ni ng neans and the command of .the target rate of revolution produced

fromthe reygtit b¥N reVPRAL g XY HHEX B2 WpediBf oY SHORhYI BE §BganOt Or

drive control neans wth the read vol tage val ue data as the voltage
command. AcgekteBponding g G FHeMiet¥r et wsas e | B¥LHét OPatkhoEe i s

provi ded a washi ng machi ne conprising: a) a washing machi ne not or
conpri sing gebblsitions and detdpted vl thge capplnigd| toeehe washing a _
vol tage applied to the washing nmachine notor in accordance with a voltage
command; c)machdnet mortoxatke icgméridren atudihey texgest fraterofiuci ng a command
of a target rate of revolution wth respect to the washing machine notor;
d) | oad anouavodutdom;niang foavolitagelctanmand mreducimynmeans| oad appl i ed
to the washi ng machine notor, the | oad anount determ ning means conpri sing
nmeans for speafipgn@uin daiduf dthe od Yl voldinge teoke amBléedthree
el enents of the voltagﬁ appl i ed o _ .
i to the was 1n43mach1ne_motor from the storage section
based on the amount of load determined by the load
~ amount determining means and the.command,df the target ;J
rate of revolution produced from the revqlutioh command
producing-meéns, thereby.supplying the.motor énive
control means with the read voltage value data as the
voltage command.

According to a third aspect of the present
invention, there is provided a washing machine
comprising: a) a washing machine'motor comprising a
brushless motor; b) motor drive control means varying a
voltage applied to the washing machine motor in QJ

accordance with a voltage command; ¢} revolution rate
command producing means for producing a command of a
target rate of revolution with respect to the washing
machiné'moto;; d) load amount determining means for
determining an amount of'load applied to the washing
machine motor, the load amount determining. means
comprising means for specifying an amount of load based

on at least two of three elements,of-the.voltage applied



to'the notor, a notor |oad current and the rate of revolution of the notor,
the two el ement:s having a functional relation with the | oad anount as a
paraneter; e) a storage section for storing notor drive control data

i ndi cagd ve of predeternining relations betweenghe voltage applied to the
washi ng nmachine notor and the“rate of revol orien—of the washi ng machi ne
notor with respect to every different | oad current flowed to the washing
machi ne notor; and f) voltage command produci ng nmeans readi ng out data of

the value of voltegethe kRt ihdivd MoaBdifneibdndeci®t satérom t he
storage section based on the anmount of |oad determ ned by the | oad anount

det er m ni ng neansrardliltd cco i theofmdtor,t algettwatel eetiey chaving ar oduced
fromthe revol ution command produci ng neans, thereby supplying the notor
drive control neafyngtilonale ned@ativgl twigsh wieid ot arsuntheas okt pgeameter;
command. The revol uti on command produci ng nmeans may be arranged so as to
output at |east ofé BnE&oFadcatBeatdrqetf et wtinewatar cirivel ¢onbrolar get
rate of revolution with a predetermined timng for the purpose of water
stream control ind&tRadmddcatiive: off BFednteImnt thdirka bty nPatveeRebhs

may be arranged so to determ_ne the anmount, of load in the condition that
t he washi ng rmtorvf"ziﬂgleng"l’é’ﬁiﬁ?én%ﬁ Fashineg 1aqmf AOkRF R4 1 FRa

target rate of re%ngtb%nféugiution of the washing machine motor with

respect to every different load current flowed to the’
L/ : washing machine motor; and f) voltage command producing
means reading out data of the value of voltage to be.
applied to the washing machine motor from the storage
seétion based on the amount of load determined by the
locad amount determining means and the command of the
target rate of :evolution produced from the revolution
éommand producing means, thereby supplying the motor -
drive control means with the read voltage value data as
the voltage command.

- The revolution command producing means may be
arranged so as to output at least one intermediate
target rate of revolution and final target rate of
revolution with a predetermined timing for the purpose
of water stream control in a wash or rinse step. The
load amount determining means may be arranged so as to
determine the amount of load in the condition that the
wasying motor is being driven at each of the |

intermediate and final target rate of revolution. The.



vol tage conmand produci ng neans nmay be arranged so as to read out data of
the voltage val ue applied to the washing notor fromthe storage section
based on the target rate of revolution and the anount of |oad determ ned
at the present 5 time when suppliedguth the conmand of the target rate of
revol ution, thereby supplying the read data of the applied voltage as the
command of the voltage value to the notor drive:control neans. The

revol uti ovalktageogamhanddprodycizenmeanshaay reegardrafiged asot asotgput
at |east one internmediate target rate of .revolution and final target
nunber of readolent odakat 0fa thedeodtageevalus ngppdiedhdputheswsashing
controlling a dehydrati.on step. Further, the revolution rate command
pr.oduci ng eEaTs ﬁﬁal“ 1hey storRgerseskion sbased: onr he sargefe rixtten f afin t he
storage sectign in such_an order that the tar et .rate of revolution i's
changed wFeyolatian Andsthecanapakt obf 1radd %9 the mFeemtount

?ELSEE S #lat %ﬂﬁqtheref’f?i wbh; LR, masd dvadqarp%ap*f%éé’%:?fe%-fiheﬁvn“gth
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t he present i AVERt 1 on a. bIoc dlagr shomnng an ectr
drive control means.

The revolution rate command pr’bdue.i'ﬁg means may be arranged -
10 so as to output at least one inté#médiafé targét raté of -
revolution and final target numberfdf'tévoiution with a
predetermined Eiming for the éu:pbsé of controlling a.
dehydration step. ”
Further, the revolutzon r'a‘be command pr'oducins means may
15 also be arranged so as to read out the data from the storage
section in such an order that_ﬁhe target rate of
revolution is changed with variaﬁiéﬁ;df'the amount of load
determined by the load amount determining means, thereby
outputting:the read data as a command value with respect to \)
20 the target rate of fevolution ﬁith'a'prédeterminéd timing.
The invention will be described, meréiy:by way of
example, with reference to the aécompanYing'arawings, in
which: - |
FIG. 1 is a longitudinal section of an automatic
‘25 washing machine of a first embodiment in accordance with the
present invention; - | |

FIG. 2 is a block diagram Showinq'ah'eleCtrical



arvr angenment of the washing nmachine; FIGS. 3(a), 3(b) and 3(c) are waveform
charts show ng. out put waveforns of a notor drive control circuit enployed
in the washing nmachine of the first enbodinent; 5 FIG 4 is a graph
showigg rel ati ons anong the voltage mmﬂi@ﬁf?o a washi ng machi ne notor, the
rate of revolution thereof agd: an anpbunt of |oad applied thereto; FIGS.

cout ses. 1 n a vaSh=aPatHEl B S, L WRRRBNGE 0% (Touchar s
shovi ng_cont ol Mnngedfl 4 AVl Sep) NafC @) FAES. wAQeRorinhAOE) Hhbwing

graphs showi ng changés of" the nu revol uti on of the washing nmachi ne

mot or and 15 vaphuRigh®SydvefOfnd ObEAGE mdd: Crive’ YontrdiCridddft Lhipiddeq

1(d) illustrate notor revolution patterns of various operation courses in-a
dehydration stegn Rhe whdHing mdEHWOh@réf stied fir St C@nbo@imentRer for
determ nation of the anmount of load in a second enbodi nent; 20 Fl GS.

13(a) and 13(d) are grEphs shevwangrapinosowing heelattonsofaniany! thé ovolftage
the notor controlled in the manner in FIG 12 and variations of the in the
vol tage appl i edappliied i ¢ ;washiing GradHine motopycthet hiosv ngfarevoilutiion
manner in the 25 case of setting the rate of revolution of the notor in a.
thi rd enbodi nenthexeafr sinde @mdanmmt «of t Ivadrapphied nbheretas;wi | | be
FIGS. 5(a) through 5(g) illustréte motor revolution
patterns of various operation courses in a wésh or rinse
N\ 10 step; |
FIGS. 6 through 9 are flowcharts showing control
manners of a device in FIG. 2;
FIGS. 10(a) and 10(b) are graphs showing changes of the
number of.revolution of the washing machine motor and
15 variations in the voltage applied thereto;'
FIGS. 11(a) through 11(d) illustrate motor revolution
_patterns of various operation éourses in a dehydration step;
FIG. 12 is a flowchart showing a control manner for
‘determination of the amount of load in a second embodiment;
zo. FIGS. 13(a) and 13(b) are graphs showing changes of the
rate of revolution of the motor controlled in the manner
._in FIG. 12 and variations of the in the voltage applied to
the motor; and
FIG. 14 is a flowchart showing a control manner in the
25 case of setting the rate of revolution of the motor in a

third embodiment.

A first embodiment of the present invention will be



described with reference to FIGS. 1 through 11 of the acconpanyi ng.
drawings. FIG 1 illustrates an autonmatic washi ng machi ne i n accordance
with the present invention. An ouLe[ wat er-receiving tub 3 is held by -an
elastic 5 suspension nechanism-2 in gn outer cabinet 1. An inner wash=nd
dehydration tub 4 is rotatably nmounted in the outer tub 3. A '

cont ai ner gghane i 1.8, ' OViadedai Re$de i -BNeEniih « t Ler
bot t om of dt he oﬁ?gra tvﬁ%@% g:}éeéﬁgﬁﬁtﬁlgdego&ﬁeﬁé ?Ta%tll%ggﬁg![ 0?"]6,5% ggltet

transm sshekdlsaAYing aAadihYysA drFYe . MBchanl a@ttatdye avr i fomaRel ne
notor- 6 is - fornmed into a three-phase brushless rotor. This brushl ess notor

i's subst aghistling i nacHIRe i1 kaevbrdanget GFitNEheofrésast a invin®idnaVvi ng
a field coil, a permanent magnet rotor and -a positional sensor for
swi t chi ngAn foektemiwditer ctecaivihy Roabt inbs hekd by tér wddébic
machine notor 6 is transmtted to the drive mechani.sm 8 through the belt
t r ansmisss sas pensian siechanilm 2iriveameouter scaBinetndni t Ant ianext eash
rotational force to the agitator 5 in wash and rinse steps, thereby
rotating and dshyduation tuke 4riscrotarebilynimouried ainnthe outervtab
rotational force to the agitator 5 and the inner tub 4-in a dehydration
step, theBeby & cFantagnereshapredl agddalkns .5 Alar provided din sther doaern t he
bottom of the outer tub 3 and an air trap 10-is provi ded on the outer |ower
portion 25u8f 4she Wyttdie QuFer bottoemof bhg couterstybodi azg meundgenieng
and closin e draiin hole 9. One 12a of two ends
. s%ﬂng macﬂlne_motor 6, a]béit transmission mechanism 7 and
10 a drive mechanism 8. The washing machine motor 6 is formed “w/
into a three-phase brushless motor. .Thié”btﬁshless motor is
substantially included in_kngwnldcfhétqrs”énd-comprises a
stator having a field coil, a-perménéntmmagnét rotor and a
positional sensor for switching;affigiﬂ winding current.
15 Rotational force of the Washiﬁgﬁpéchine motor'G is
transmitted to the drive mechanism 8 through the belt
transmission mechanism 7. Thé;drivé:mechanism 8 transmits
the motor rotational force to the égitétot 5 in wash and
rinse steps, thereby rotating the agitator 5. The drive \)"
20 mechanism 8 transmits the motor rotational force to the
agitator 5 and the inner tub 4 in a dehydration step,
thereby rotating them simultaneously. :_
A drain hole 9 is formed in the bdtpdmfof~the-outer tub
'3 and an air trap 10 is pro#ided on the outer lower portion
25 of the outer tub 3.. A drain valve 11 is provided for
opening and closing the drain hole 9. ‘One 12a of two ends

of an air tube 12 is connected to the air trap'10} The



of. an air tube 12 is connected to the air trap 10. The ot her end 12b of
the air tube 12 is, connected to a water | evel sensor 14 provided in the
rear interior of an upper cover 13 nountegd.on the top of the outer cabinet
1. The, water |evel sensor 14 conprises—a rtonduct or pressure 5 sensor. A
wat er “supply valve 15 is al sp:.provided in the rear i-nterior of the upper
cover 13. An opetitémrepdneblof sthWeuated tabé Me2 f LencorindbtedPRY £O¥Ster
13 and a control unit 17 is provided behind the operation panel 16.
Referring to Fl Teveli |densont i Ag provdlded ricakhé0 rearaniptenionf dfhean upper
washi ng nmachi ne, a power supply circuit of the washing nmachine notor 6 will
be described. Ac@¥ePve? Bapptedioruthel$ommmft i thagoatien dgebinede nd The
snoot hi ng capacitor is, connected to an ac power supply 18. A_dc output from
the dc power suBpitexilevied sensox pfl cempPrsi§@saadpeRrd eendurtor] gressuge
a part of a notor drive contraol circui&yzo servin fs mpt or drive contro

o]

means. The dr3 vEe&aSW: t B1WALer (SHBRLY: ¥adW# 1 Yol addSq RFPVARed cin|the
hecor dance i ¢ HEPREnSEEFd GHorRh HhE BBPSBOCORER, AP andih HRSRAL 198  anel 16
(Pwhy contr ol of 5 REUREREE aR v LERoRELRE Rhedsibel dvay T2 4pd 2 Pppsror
er] . The vol L gggs o il SbJ i sMEPERE bl EOE el g deur cos

from one another in the el rica n ener gl zati on ng control
with respect t0 the peferring to FIG. 2 illustrating an electrical

\J' 10 arrangement of the washing machine, a power supply circuit
of the washing machine motor 6 will be described. A dc
power supply circuit 19 comprising a bridge diode and a
smoothing capacitor is conneéted to an ac power supply 18.
A dc ouﬁput from the dc power supply circuit 19 is supplied

15 to a drive circuit 21 forming a part of a motor drive
control circuit 20 serving as motor drive control means.
The drive ciréuit 21 is arranged to apply voltages E,, E,
and E, td the motor 6 in energization patterns shown in
FIGS. 3(a)-3(c) in accordance with respective motor phases.

20 The voltagelapplied to the motor 6 (effective voltage) is

| established by a pulse width modulation (PWM) control of the
maximuﬁ voltage E and proportional to the duty ratio
tPon/(P°n+Poff)). The voltages Eu, E, and E, have phase
difference of 120 degrees from one another in the electrical

25 énglé. An enérgization timing control with respect to the

each phase coil of the motor 6 and a PWM control are

- pexformed by a control circuit 22 forming the motor drive



each phase coil of the notor 6 and a PWM control are perforned by a control-
circuit 22 formng the notor drive control circuit 20 wth t.he drive
circuit 21. The control circuit 22 operates to determ ne the energization
timng based on a signal generated PR a—position sensing el enent 6a o
conprising a Hall 1C chlp sensing the rotational position of 5 a rotor
magnet of the motor 6. The control circuit 22 further operates to
~det erni ne aontrRl yCiEFuétf 80 tHidhy khpsdrivet gdrpwite &« ol ThesePnhiral
vol t age conmand produced from vol tage command produci ng nmeans 29 which wl|
be descri kFeuids 22 pperatgs,ity (é%ﬁ&ﬁ@ inexihe gperpdzation biming
operatlon cont

washi ng o hri&nfeﬁﬁ%%m 49%‘&%‘%%8 Y Sﬁéé“’iﬁ‘io%ﬁé%‘%%%&hwr%a%m
S
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pr ovi ded 'ﬂutt{l?eong% 408s pégeéeﬂérxﬁfﬂefEﬁéhﬂﬁ§¥t P?E%CEBQO %ﬁr&%se

functions anount determ ning neans e revolu

conmand pr@%@@pmaaéné%insagaa or] @%W@oﬂﬁ%c99ﬂdﬁ€@ﬁs f%%

arranged in software. The | oad anount determ ning nmeans 27 utilizes t

posi tion seItdyk eb6RMAhA0 praduting’ tedndN29eRmith WiEL be described
later.

10 - A microcomputer 23 is provided with an operation\“J
control section 24 arranged in software to control an
overall washlng operation 1nc1uding ‘the dehydration step.
When switch input from various switchos 25 provided in the

- operation panel 16 and the signai'froﬁ the water level

15 sensor 14 are supplied to the microcomputer 23, the
operation control section 24 of the mlcrocomputer 23
operates to control the water supply valve 15, the drain
valve 11 and a display section 26 btovided_in the operation
panel 16 and further, the microcomputer .23 functions as load "y

20 amount determiriing means 27,_'-'{:h'e"""t;évo_lhtiori"raté'oommand
producing means 28 and the voltage oomhand broducing means
29 arranged in software. |
| oThe load amoﬁnt-determining ﬁeans 27 utilizes the
position'Senoing'element 6a as é"révolufioﬁ.sehsor. The

25 load amount determining means'27"oompri§es a tevolution
sensing section' 30 Seﬁéing the numbeér of revolution of the

.motor 6 based on the signal from the posiéion sensing



25 | oad anpbunt determ ning neans 27 conprises a revolution sensing section
30 sensing the nunber of revolution of the notor 6 based on the signal from
the position sensing el enent 6a, a conparison section 31 and a storage
sectigp 32. FIG 4 graphically shows~Tunmgt+enal relations between the
rate of revolution of the motor 6 and the voltage applied to the notor 6

with an amount %flé“%g&magﬁl-itﬁd ddindd¥Fi ol Pb8EL §oRS 1 PARE B! Feddhd¥ I8kction

that the relations e ap vol tage and the rate

revol ution are rgpresepted éoa;r&gﬁhcawgt aRBWat fubltt ifonaal IWBd t{&h8t beEReen

graphically shown in FI'G 4 have been obtai ned from experinents though

concrete numeri @nedl yggear e gPIrdPoRueIVH a6t the FiESHE6SUid 08hd2 WA DEEFe
a data table which is represented as the graph in FIG 4. In FIG 4, an

axi s of absci ssappldRide T tthed nictiories WitD R0 tamiint toF t head capptiedetd the
and an axis of ordinates the nunber of revolution N Relations between the
vol t age appl idmbkarhes nos oa Gazacetier lin rardexr bhatetheutralationdecbebireen
6 are presented-in the condition that the amount of |oad applied to the
motor 6 is showthy appilbéd verltaged didrtlhe Foratexanpife rewelubtibon Ere
revolution of the notor 6 is represented by N err] when the voltage [err] :
is applied to t kepyssented fameachdleadnanauntz) Mhe |f<mf:t'a#maf relations
represented by [err]. That is, in the case where the applied voltage is
gradual |y i ncr eS&APRAGHR DLYn ShevaonkPt FAL ¢ hdt haee Reeanmhtaiinedefyom

t he nunmber of revolution reaches NNerr] when the applieg¢ voltage takes the
experiments thoJﬁh Loncrete n@%ergc vaT%es-are not

(u) 10 presented. The storage section 32 stores a data table which
is represented as the graph in FIG. 4. In FIG. @, an axis of
abscissas represents a torque T proportional to the load
current and an axis of ordinates the number of revolution N,
Relations between the voltage applied to the motor 6 and the

15 number of rgvolution of the motor 6 are presented in the
condition that the amount of load applied to the motor 6 is
shown by each of Ly, Ly, Ly and Ly. For example, the number

- of revolution of the motor 6 is represented by Ny,.when the
voltage V44 is applied to the motor 6 in the condition that

20 the load amount is represented by L,. That is, in the case
where the applied voltage is gradually increased from 0 in
the condition that the load amount ié Ly, the number of
revolution reaches N,, when the applied voltage takes the
value represented by V4,4. In this case since the torque T

25 is_apprgximately proportional to the current, the amount of
load can be qbtained;%hen two of three elements, current,

g . applied voltage and number of revolution are obtained. The



val ue represented by [err]. In this case since the torque T 25 is
approxi mately proportional to the current, the anount of |oad can be
obtained when two of three elenents, current, applied voltage and nunmjer
of revolution are obtained. The __ledd_anount deternination neans 27
operates to determne the ambunt of [0ad when supplied with a control
command form the operation control section 24. The revol ution rate command
pr oduci ng losdhram@nprdetersina tionmearnsaBiupperates do determing the
revolution with respect to the notor 6 with.a predeterm ned timng based on
t he contr @mauntedfl Ieadh when opepplied vbkhral contriodn commanst fmzmtthe the
target rate of revolution is changed in accordance wiith each operation
courses sER|EALAR tFeRErAD %%%FE?P02460urse'selecting'smﬁtch i ncluded in

the switches 25, FIGS. a)-5(q) show patterns of changes in the rate of
revol ution of tHRe nﬂ'FB?l‘@(if’%\ 'é%(ggcfﬂ'qm&ﬁd isl °f'H°e{]'§ﬁas Hmeans; <& Bregucesha wash

' has, "B U STANDARD (WHE RLPQOL) L ' - " STANDARE
(oo AL AR S B D B bl Sl s
shi i N - - er. ‘at .
of revol uth"%onngﬁg gzécécg;éssévgll;ﬁ‘l fer agggﬂﬁklﬁﬁéggh%é‘?%& 1 g’&%{ﬁquB tt?(g'?' each
the t | | | il .S B , : i t _
" ST ANDARD SIS DAL FEon MY BBE R ERPR° Coneet) aTELED, 20 For o
r. p. m achhpeeOlhe 6 tiat Je¥ Wardh & Ot a 8d Heif o llu 81 89F ONES c HIERGEHTI4Ed

for 0.5 seconds, reverse rotated for_l.5 seconds and deener gi zed _
‘accordance with each operation courses selected with an
10 operation course selecting switch'iné'iude.d' in the switchesu
25. FIGS. 5(3)45(9) show patterns of'éhaﬁges in fhe rate
- of revolution of the motor 6 in'éxeéutiqh'bf the wash or
rinse step. The wash or rinse step has "EXTREME," "STANDARD
(WHIRLPOOL)," "STANDARD (AGITATION)," "BLANKET," "NIGHT
- 15. (QUIET)," "SOFT" and "SOAK" courses."'Thé washing machine
motor 6 is forwétd and reverse roﬁateafana'the rate of
revolution is successively increased during the starting
- period to reach the target rate Pof'revblution in each
- course. For example, in the hSTANDARD:(WHIRLPOOL)“ course, \ J
20 the'térget rate of revolution is'1}f55'r;'p. m. ahd the
motor 6 is forward rotated for 1.3'seébnds. deenergized for
0.5 seconds, reverse rotated for 1.5 seconds and deenergized
for 0.5 seconds sequentially. _This.paﬁtern is repeated.
FIGS. 11(a)-11(d) show patterns=6f motor revolution
25 build-up in "HIGH," "STANDARD," "NIGHT" and "LOW" courses in
. the ‘dehydration steg;" For example, in the "STANDARD"

course, the rate of revolution of the motor 6 is gradually



for 0.5 seconds sequentially. This pattern is repeated. FIGS. 11(a)-11(d)
show patterns .of notor revolution 25 build-up in "H GH,," "STANDARD, "

"Nl GH! and "LOW courses in the dehydration step. For exanple, in the
" STANRARD' course, the rate of revol uti onllb +he notor 6 is gradual l'y
increased to 800 r. p. m (400 r. p. m of the innér-tub 4) in the initial

coconde > The iRepEEsgn ESIBY W7 o o (A8 1L B P00 the Bad¥ £ 4)

seconds. The revol utioni's theh 1ncrease

the 5 fol | owi ngs 40 3REORMS 3 MHNISL8BHad! dnf00He MrotBr ' HevbThPYbE® is

and 10 seconds. The, rate of revolution is further 1 ncreased to

1,700 r. p. m hRihbRiALA! QW rEDO O SepOonds o3 NP0 NbacbAdsat 1TKEO FatB Mbf
for 50 seconds. The voltage command produci ng neans 29 conprises a 10

vol t age det er mife461uddiomn i33 B8REnt hinobeuseieseni bef4onorngepseat oin32he
which is comonly used both in | oad anbunt determ nation neans 27 and in
the vol tage sonfeblopindutOngeconds 2hd méirtaimsd iatl W 800t ke At m. for 5
revol ution rate command from theoperation control section 24, the voltage

15 conmand produinuteseand AP opeconds.t o Th& er thee trate/ol vfigeresmodiutdodrt ois
the notor 6 based on the data stored in the storage section 32 and sel ected
in accordance wfunthes tingreeas@d to bt 708y ut PenMandl » h&henoiml 1ow iingadl 0
determ ned at the present tine, which data being the same as 20 that shown
in FIG 4. The $ReRAS ndnd maintaiped: afe1ird00ufpl Ped M-o fidke SO R9cHNdS.

circuit 22 of the notor drive _ )
The voltage command producing means 29 comprises a

o L/ 10 voltage determining section 33 and the above-described
storage section 32, which is commonly used both in load
amount detefmination means 27 and in the~va1ta§e'command
producing means 29. When supplied with the set revolution
rate command from the operation control section 24, the voltage

15 command producing means 29 operates to determine the voltage
applied to the motor 6 based on the data stored in the
storage section 32 and selected in accordance with the
target rate of revolution and the amount of load
determined at the present time, which data being the same as

20 that shown in FIG. 4. The determined applied voltage is
supplied to the control circuit 22 of the motor drive
control circuit 20. |

Operation éf the washing machine will be described
together with operations of the operation control méans 24,

25 the load amount determining means 27, revolution rate command

producing means 28 and the voltage command producing means

29 with reference to FIGS. 6.and 7. For example,. execution



control circuit 20. Operation of the washing machine will be described:
together with operations of the operation control neans 24,. 25 the | oad
anount determ ning neans 27, revolution rate conmmand produci ng neans Zgrand
t he vol tage command produci ng neans | Mith reference to FIGS. 6.and 7. or
exanpl e, execution of the "STANDA (mHIRLPOCL)" course in the wash or
rinse step will be described. FIG % ows, a control. manner .of the

L
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step P3. ection of one of e forward and reverse rotation nodes is

per for med by HW ,Qi 8@ ¢ Bh @sdYn Al FeeWLIAg Laeal #8¢ 0 & PBREGn@S | S
of the nmotor 6. The notor 6 is energized for the predeternmined tinme period

(1.3 seconssquentidblyor weipdatiedlgt.at | Thembdrgeit Strait 4. of Theewelitidn
manner at step 4 is
is 1,155 r. p. m. First, the water supply is executed and .
10 water is supplied to the inner tub ¢’ until a predetermined“’
water level in accordance with the.“STANDARD'(WHIRLPOOL)
course is reached, at step P1.-“Su5§éguéhtlf;'a timing
_ operation is initiated at time ty in éI_c';'-*'-.-“-'1o-’,-iat'“step P2. A
forward-rotation mode is selected from-fbt@éré'add reverse
15 rotation modes of the motor 6 at step P3. “Selection of one
of the forward and reverse rotation modes is performed by
switching the order of energizatioh_of”tﬁe thfee phase coils
of the motor 6. The motor S'is ehefgized'for the
predetermined time period (1.3 seconds) in the forward;;)
- 20 rotation mode at step P4. The control manner ‘at step 4 is
shown in FIG. 7. The motor 6 is thén deenéfgized for 0.7
seconds at step PS5. Then, the ;éVetsé”fOtation mode is
 selected at step P6 and the mbtot:é'is~éhergized-for 1.3
seconds in.the reverse rotatioh:mode~at-stép-P7. The
25ucdntrol manner in the step P7 is shown in FIG. 7. —The ‘motor
| 6 iszthen-deenergized;for 0.7 seconds at step 8. The above-

described operation of the motor 6.i§jrepeated for a



shown in FIG 7. The notor 6 is then deenergized for 0.7 seconds at step
P5. Then, the reverse rotation node is selected at step P6 and the notor 6
is energized for 1.3 seconds in the reverfgsrotation node at step P7. The
25 cogrol manner in the step P7 is shown! ST FIG 7. The notor 6 is then
deenergi zed for 0.7 seconds @&i- step 8. The above- described operation of

the notor 6 is P : . _ n ol

ot orm e ot s EEUCPSlted opePAPigh pUacd ahal U e NESEORNTIA] | bt Step
I d. Th ' i - . b1
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forward and revanse ¢QERHIMR) ndchifeMotcscridedecheryiFedndtPsedp ! phe,
described in detail with retference to FIG 7. The final target nunber of

revolution (1, l1¥heredy dbnpldtinghtié *OPANDARDI (WHORLPOUE)Y¥ecbakaki.on of
the nmotor 6 is represented by Nerr] in 10 FIG 10(a) show ng an exanpl e of

revol ution changes. The tdbstrakemahneesyvofufdraardiiatidarkevérse argtation in
nunber of revolution N11, N21 and N31 in sequence fromthe smallest are set
wi th respect totHe dboyet-desdribefl sbepsitPédnahidl P71 Wibbl rbepdesdribed in
pronoti on of snooth rise in the nunber 15 of revol ution of the notor 6.
Referring to Fl @etadl syith nefeyencel to(BIG.a7econFhadfivaictarges wnumbgge of
value V11 for deternining a | oad anount is supplied to the contraol circuit
22 of the notor F@VYYbuEdMY of 1 e BSUiR - 2B-al -t ehn Seaich E the Theryand opnd

reverse rotation of the motor 6 is represented by N,y in
LJ 10 FIG. 10(a) éhowing_an example of revolution changes. 1In
this case three values of intermediate target number of
revolution N11, N21 and N31 in sequence from the smallest
are set with respect to the target number of revolution N41
(1,155 r. p. m.) for promotion of smooth rise in the number

15 of revolution of the motor 6.

Referring to FIGS. 7, 8, 9, 10{a) and 10(b), a command
to seleét a voltage value V4, for determining a load amount
is supplied to the control circuit 22 of the motor drive
control circuit 20 at step S1 in FIG. 7. The control

20 circuit 22 responsive to the command operates to PWM control
the drive circuit 21 at the duty ratio in accordance with
the voltage value V;4 such that the output voltage of the
drive circuit 21 corresponds to voltage E11 in accordance
with the voltage value Vq4. See FIG. 10(b). Consequently,

25 the voltage E;; in accordance with the voltage value V,, is
~applied to the motor é; Consequently, the motor 6 produces

the rate of revolution depending upon an amount :of load



20 circuit 22 responsive to the command operates to PWMcontrol the drive -
circuit 21 at the duty ratio in accordance with the voltage.val ue V11 such
that the output voltage of the drive circuit 21 corresponds to voltage . -

[err] in accordance with the vol tagival ue V11. See FIG 10(b). v
Consequently, 25 the voltage [err] in accordance with the vol tage val ue
[err] is applied to the nmotor 6. Consequently, the notor 6 produces the

rate of reﬂ@#%ﬁlﬁhedéﬁéﬁétﬁgnuﬁﬁnthﬁ appliedoivaldage Eypnder the condition
of the applied voltage [err] Determ nation.of. the amount of load is
executed at st peterphipatine phpthe PEH’PPﬁeQibd\%ddés?crqmﬁﬁdnaig step
tiat t h tial load 5
arount. dotE riWRER | Bhe. LAESE| ZFPR 4hesaBpverdesirabed dioac: InMIRkIomnne!
f t he | t, d t-h : | ut f th
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when the rate of revolution I's obtaln L|s

d I ¢
eterm nectf& opaithe | Qe POYBLUR ilPh oF- thtann{dﬁér C@E&@tﬁ&&ﬁ | s‘i 1 g of

.15 the obtained rate of revolution Is represented

t han NJ ergignd hegénetadidtninketrvhe sl oFd the si@iéﬂ si8nhli FromSPhd S

deternined froma | oad anount line on the load point P ([&érr]) represented
by V[err] posi tNdersénsing element 6a, at step K1 in FIG. 8. A load

10 point P (N, V) as- shown in FIG. 4 is detected based on the "
obtained rate . ~of revblution'aha'thé:applied_voltage Eq 4
(V44 in FIG. 4) at the time when the rate of revolution is
obtained at step K2. ' The load ahbﬁnt.L'is determined from
the load point P (N, V). 1In this case, for example, when

15 the obtained rate of*revolutidn is.represented by NO4q
which' is larger than NO,, the load_éﬁodnt L (the load amount
Lys in this caéei_is determined from-a'lbad_ambunf line on
the load point P (NOyy, Vqy) represented by V;; and NOg,.

' Subseguently, the miérocompdter 23“mdv§s'to-stép 54 in \;

20 FIG. 7. | | ; |

A-commandfis-ptoduced about the'first“intermediate
target rate of revolution at steplé4 add'the_voltage
command is executed at step S5. FIG, S”Shbwé'A'control

' manne:_for the voltage command. Data of the applied voltage
25 value is read out from the storage section 32 based on the
amount of load (Lg) dgfermined'at'the preéent'timé'and the .

target rate - of r_év-ol-ution Ny4 and the applied voltage



Subsequently, the m croconputer 23 noves to step S4 in 20 FIG 7. A conmand
I s produced ahout the first internediate target rate of revolution at
step S4 and the voltage command is executed at step S5. FIG 9 shows a
contrak manner for the voltage comand—De@ of~ t he applied vol tage 25
value is read out fromthe storage section 32 based on the amount of |oad

LT o, TR bRRAEETSS, R ) AL B TUrh N e
cstablshed ol <itp Orme HispPoskl GJ0rs | SoERMYLAC N e o2iowing

load is represer}agﬁﬁyah%{ﬂgt gagrg%%fpﬁﬂllaz,VH}xci ! %%R:‘Hi‘i'ditf}ﬁaéi Qoddifnt

revol uti on nunber a unt L4, thereby establishing

vol tage val ue VI@trhoalhe #stapkesitfte@! baoe valdie1¥4d igosnepip t
notor drive control g?rcuit ZOBat step GQ.? THe control g??cuit Zgg%ﬁ?fh2q4)

nmotor drive cgnté@heisrpaﬂdiag fthent Reeraivesl i 0i6antiythbé P tm,félouhptﬁhe load
voltage of the drive circuit 21 so that it takes the voltage 4 (FIG

10(b)) in accor cansenti L), t bheeebgbkistadd isblinggahen vl t4ge ryalue Vy,. The
Consequently, the notor Is rotated at the internediate target rate “of
revol uti on N err¢stahkishedovolbager vaBueh¥ypnbsesuppliedp te6 the moRor? drive
A command i s produced about the second internediate target rate of

revol ution at stepnigFohhedrecudt! 2% at rsheph&2abovtheecontrod t¢ivenitt 20t of
time to reaches the tine [err] '
the motor drive control circuit 20 then operates to control
L,; , 10 the output voltage of the drive circuiﬁ 21 so that it takes
the voltage Eq4 (FIG. 10(b)) in accordance with the
established voltage value Vige .Cthequently, the motor 6 is
rotated at the intermediate target rate of revoiution Nyqe
The microcomputer 23 then moves to step S6 in FIG. 7.

15 A command is produced about the second intermediate
target rate of revolution at step S7 when the iapse from
the above-described timing start time t, reaches the time t,
at step S6. Then, the voltage command is executed at step
S8. Execution of the voltage command is previously

20 described with reference to FIG. 9. Since the load -amount
.determined at the present time is shown by L4, the applied
voltage value is established so as to take the value V5,
b#sed'on the determined load aﬁgunt Ly and. the second
intermediate target rate = of revolution N,qy. A command

25 about the established applied wvoltage value Vag is supplied
to the motor drive céhﬁrol circuit 20. Accordingly, the

motor 6 is rotated at the second intermediate target rate



at step S6. Then, the voltage command is executed at step S8. Execution of -
the voltage command is previously 20 described with reference to FIG 9.
Since the | oad anobunt determ ned—at _present tinme is shown by [err] the
applied voltage value is established so as to take the value V24 based an

the detern1ged Ioid gnnunt [ er %Qand the second jnternmedi ate target raté
revol ut Pon*PEPAPEIOR Hanm Fhe, Anounte %t’a‘tﬂ‘? skecnekpyaeiedel t age

I V24 IR d to t.h dri t t. 20. A di ngly,
Yﬁe”?mtor o1 = e, Aeyere Bh T nd +eusFoaE oSl igten 1) aud the’

[ ﬁ_é";ﬁéhﬁ? vahER éd“c“in?ng&%@%@ PR @i‘drzée“ﬁém%e?geéﬁ%% ar k?&e"fp
the Sxffﬁé&?fé%ft 0, R P DEER  the .1“04?4‘#?%@ v Sfargeéa%m{aﬁazt =
step S85 {{ife PEL getéﬁrhésh e%ib{n e Akl ]o dféa% ¥°'§‘8$‘a‘5uon

conpensating pers son executlon of
(step S10)a@ngdebpesyol t @ d a
above. Thaat IS, Bt hg 10 ragt gama t&\/ol ution o€f3 t%ﬁ'nf é nfsgéllggg gi‘p%i]}'he
second tarmértrabnﬁeneat&a»;olpetﬁi@a Nirhe $88s6RNEbE %Eke%futti"&:n \O¢ LEgE
e

val ue V[err] when t anount of load is not hitherto varied. ‘However, when
the anountloédl amburst vaeted tilvn atstalp s%ﬂffandfthﬁN@dlt& eoEddﬁaﬁ@tor

6 is sonetines 15 deviated fromthe target ‘rate - of revolutlon N err].
The | oad atmtep Sdtie) ninathen s(afmepasldesmtd.hé& abbiage cnmaands, the
10 rate of revolution of the motor_6_is.set at the second\k)
target rate of revolution Néi-ih the cOndition of the
voltage value Va4 when the amount7of 1oad is not'hitherto
varied. However, when the amount of load is varied the
 actual rate of revolution of the motor 6 is sometimes
15 deviated from the target rate of revolution N21. The-load
.amount determination (step S10) and the voltage command
(step S11) are executed to compensate for the deviation of
" the rate of revolution of the motor 6 at an early stage of
operation. The established voltage value is again set at
20 the voltage value V24 in the case where the motor 6 is
actually rotating approximately at the second target rate
of revolution N21. In the embodiment, the voltage value is
maintained at the value V24.
Thereafter,'the command about the third 1ntermediate
25'target rate' of revolution N31 is produced, at step S13
: when the lapse from to reaches the time t4, at step S12.

The voltage command is executed based on the produced



(step S11) are executed to conpensate for the deviation of the rate of
revolution of the notor 6 at an early stage of operation. The established
voltage value is again set at 20 the voltage value V[err] in the case where
the nptor 6 is actually rotating appraoxigly at the second target rate of
revolution Nlerr]. In the eibodi ment, the voltage val ue i s maintained at
the value V[err]. Thereafter; the connand about the third internedi ate 25
target rate obmmandlabmuththeﬂtangetwdﬁﬂﬁéd cff seepldtsonhdiy4t et step
| apse fromto reaches the time t[err], at step S12. The voltage connand S
execut ed based 8h4the HIiGd eshows cﬂhﬁaﬂdnﬁbggt mapnperaedetstemt®l 4 of In this
revolution N31 at step S14. FIG 9 shows the control manner at step Sl14. In
this case, too, C#S€n ﬁW@Aaﬂﬁﬁﬁfﬁhﬁnliﬁs?lﬁ§°ﬂothéa@ﬁ&9tqu3ﬁ¢¢ﬁh9§e¥h? fime
step "S15, the | pad amobunt determ nation (ste Slq%#and ?Ita

command (step SIE)a$r§t§PE§Ut d the 1qad, A e??kﬁ%. t %Fegoﬁbs) and
Subsequent | vy, nthe.la se fron1 o) reacgﬁ t6 at ste

about the tarfgngFatVQ (sten st PEE <X¢ “*Sig’f?ﬁec%?’?ﬁaétion

command i s execu%egpbased 1(% # the{.ommnd "about the target rate of
revol ution N1 8 gp agogn e revol ution of the notor 6 is t hus

i ncreased successi Veb&b%%f{’,ﬂ%%(glﬁalwntﬂ% t e‘?se f&f,m rea%%ﬂgs at step

respect to the initial tatlon tor.

above- descr i bedsfl:%r""aédcéﬂhﬁtd&)rhﬂéuﬁo'%tﬂéltéﬁg@‘l”plxeit?éj W ée%%‘iﬁ’&? is

el apse fromthe
produced at step S19. The voltage command is executed based

— 10 on the command about the target_rate of revolution Ny, at
step S20. The rate .of_revolution of the motor 6 is thus
increased successively to the final targetlrate of
revolution with respect to the initial forward rotation of
the motor. Thereafter, the above-described forward rotation
15 control is completed when 1.3 seconds. elapse from the time
(tg) of start of the forward rotatidn of the motor 6. the
microcomputer 23 returns to step P5 in FIG. 6 and the motor
6 is deenergized for 0.7 seconds. Then, control for the
K/ reverse rotation of the motor 6 is executed in the same
20 manner as described above at steps P6 and P7 and, again, the
motor 6 is deenergized for 0.7 seconds after completion of

the reverse rotation control.
As the result of the above-described control of
rotation of the motor 6, the agitator 5 is forward and
25 reverse rotated, which causes the wash water and clothes in
thé inner tub 4.to glow in the same directions, thereby

performing the wash or rinse step for the clothes to be



(to) of start of the forward rotation of the notor 6. the n1croconputer 23
returns to step P5 in FIG 6 and the notor 6 is deenergi zed for.0.7
seconds. Then, control for the reverse rotation of the notor 6 is executed
in the sane 20 manner as descri bed . e_at steps P6 and P7 and, again,wt he
motor 6 is deenergized for 0.7 seconds after conpletion of the reverse
rotation control. ‘As the result of the above-described control of rotation
of the notwasledds he agitator 5 is forward and 25 reverse rotated, which
causes the wash water and clothes in the inner tub.-4 to flowin the sane
directions, theftebycortiol niagneneinatheol’ STANDARD d WHIRLROOL K| atdwasse o be
washed. The control manner in the "STANDARD (WHI RLPOOL)" course has been
descri bed.hasAberun @QQCFmb%dhm'%b&hﬂﬁghmﬂul@h%fpyheh Ceur EWEREME,

" STANDARD ( AG TATI " and 5 "BLANKET" coyrses. periods of forward a
reverse rcRaaﬁ‘PdW ¥r ppi ddheof Hﬁgﬁgﬁﬁwzat ﬁ#ﬂﬁ?“%ﬂle(ﬁﬁigﬁlﬁoﬂl)ffeﬂmdrom
t hose |n the ' STANpARD VH RLPOOL,) course, the control node is the sane as

in thi s5colANKET [ GayEses;  pardody forpard -and gEpveragy rofgfidon

, | h d d
Cotoarty and moPeFﬁefiaﬁfan%%ﬁmga%gﬁ?fvﬁﬁaofn Fhe motR Y, 1 ERRE e,

be per o WS, hofhe o} TEPBRERT A NERRETARL | efitde bt gBakE) "t'%ﬂ%ca”.
is the same as in this course. However, in the "NIGHT
(QUIET)," "SOFT" and "sozxx"--cours-es, the rate of
10 revolution of the motor 6 is decreased gradually but not d
instantaneously at a final stage of each of the forward and
reverse rotation. The control-for~such-revolution rate
reduction can be performed by éuecessively decreasing the
target rate of revolution. | |
15 .- . In accordance with the above-desciibed embodiment, the
amount of load applied to the motor 6 is determined by the
~ load amount determining means 27.  Based on the data read
out from the data table, the value of:voltage'applied to-the
~motor 6 is determined by the voltage.commgnd producing means Q;)
20 29 so as to correspond to the determined amount of load and
. the target rate -of revolution. _Theavbitage“applied to the..
motor 6 takes the value suitable for. obtaining the target
rate of revolution in the conditibn of the present amount
of load. Consequently, although thefbreéhless motor is used
25 as the washing machine motor 6, the target rate  of
revolution can be re;ehed without the feedback control.

Consequently, the rate. of revolution of the motor can be



15 I n accordance with the above-descri bed enbodi nent, the anmount of

| oad applied to the notor 6 is determ ned by the | oad anobunt determ ning
nmeans 27. Based on the data read out fromthe data table, the value of
vol tage applied to the notor 6 is det erri &bld- by the vol tage command
produci ng means 20 29 so as - 4.0 correspond to the determ ned anmount of Ioad
and the target rate of revolution,  The VOltbfe applied to the notor

t akes the vaIueEﬁﬁWﬁﬁﬂqgf@ﬁ°moBP§tﬂP%§19ﬁ9¥ %ﬁ&“gafelatéYeré¥bIGh¢o#aFBet

the condition of the present a %ﬁ Cbnse entl al t hough t he
brushl ess not or Tt &used ©% 5§ %Fn r"i'd‘ e n%" % Fﬁgectar gefteat eof
of revolution can be,reached \éﬂg?'&: feedbac control nse uen#é
the rate. of rev&{PLY %ﬁntﬁ r@fe i ®YC and

Carget - race - SRoBERIy M P“f?"ﬁ%‘% %a?ﬁi%g#%‘ic'ﬁg%ﬁggb%%? Fegect.
smoot hl'y, whigch provigdes ?Qtﬁ@?féfd h Plﬁl r@fe%ffc e?kte@‘ e ialcg target

particul ar, a pIurallty internmedfate targe rrevo |on an

final target rafgeeof IV QleidIAt i aifd £Sridf] (AL EGL T Rhake Ofofei‘?lzaih%on

of the nmotor 6. The rate of revolution of the notor I S successl ve

increased by pragecigit te ¥Ré! daege?MREdel Olo£aflvbRnEEbn10 £ &R moé%r 6.
revolutionwith a predeterm ned timng. Consequently, since the rate of

revol ution of tiheDtPate | DMatevolibiicanesssithd Ne6E6ee® tis t Bactierdively

target rate of revolution in the wash and rinse steps, swash of the wash
increased by producing the voltage command for each target
L/. 10 rate of revblution with a predetermined timing.
Consequently, since the rate of revolution of the motor 6

is not instantaneously increased to the final target rate

of revolution in the wash and rinse steps, swash of the wash
water can be reduced, which enhances the noise reduction.
15 More specifically, when the rate of revolution of the
motor is instantaneously inqreased to the final target
rate of revolution, the wash water ié caused to swash in
the innef tub in the wash and rinse steps, resulting in
noise. However, since the rate of revolution is increased
20 stepwise'in the foregoing embodiment, swash of the wash
water and the noise due to the wash water swash can be
prevented. In particular, since thé valge of voltage
applied to the motor is determined based on the present
amount of load and the following target rate of revolution
25 when the. target rate of revolution is increased stepwise,
~the voltage value caﬂjalways.be determined in accordance

with variations in the amount of load. Consequently, the



wat er can be reduced, which enhances the noise reduction. 15 Mre _
specifically, when the rate of revolution of the notor is i.nstantaneously
increased to the final target rate of revolution, the wash water is caused
to swash in the inner tub in the v and rinse steps, resulting in noiwe.
However, since the rate of revol ut TS increased 20 stepwse in the -

f oregoi ng enbodi nent, swash of the wash water and the noise due to the wash

wat er swaska€an bge Preysthelon ofNtha hotdrakansSbac gt yv andtdifsetOldarge
applied to the notor Is determ ned based on the present anount of |oad and

the foll oiRe tarddtr date Of bEVAUakODAtiDAER bReSrIfREer AifthOkhe
revolution is increased stepw se, the voltage value can al ways be

det er m necaniduE COf dboad evéeh whehathenamounthefaleadt vakiesad.
Consequently, the rate of revolution of the notor can be stably :

i ncreased to tHehe angdte r abf resfolkudvisinit 06nthe awdwmafcéswicon tided ladunt
of | oad even when the anount of |oad varies. The rate of revolution of the
not or 65i simwohheoldehiydratione skepdia ithe ssape maneerans rMescribed
descri bed above. For exanple, when the "STANDARD_DEHYDRATION"course S
sel ect ed fakonNehe Heryexampdg.cshencsthe, YSTANDARD REHYRRATION{' copsisgt i on
of the notor 6 is increased to the first internediate target rate of

revol uti ont®rsgdgcked fpompthey dehydga ticmecaeses ot FdGrenl dr atihen
P TRt 80 SBbRYOLMERER (4t Fhf notol 6 4s 1AcTRdTd "ES The
first intermeaiate-target rate of rfevolution or 800
10 r. p. m. 10 seconds after start of the dehydration e
operation. The rate of revblufioﬁ'of'the'ﬁbtor 6 is
maintained at 800 r. p. m. for 30”Sééénds.:'Théh..the rate
of revolution is increased to the 5edbnd7intermediate target
rate of revolution, 1,400 r. p. m. in 10 seconds. The
15 raté of revaiution'is maintained'at'1;400'r; p;:m. for 5
minutes and 10 seconds. Thereafter, the rate of
revolution is further increased to the_finai target rate
‘of revolution, 1,700 r. p. m. in 10 secdnds_and maintained
at 1,700 r. p. m. for 50 seconds.-'In'tﬁis case, too, the \-J
- 20 rate of revolution of the motor 6 is controlled in the
same manner as shown in FIG. 7 when the rate of revolution
is increased to each target rate of revolution.
. Accordingly, in the dehydration step, too, the aﬂdunt of
load applied to the motor 6 is determined”by'the load amount
25 determining means 27. 'Based on the data read out from the
- data "table, the”value}of'voltage applied to the motor 6 is

determined by the voltage command producing means 29 so as



of revolution is increased to the second internediate target rate of
revolution, 1,400:r. p. m in 10 seconds. The 15 rate of revolution is
mai ntained at 1,400 r. p. m for 5 mnutes and 10 seconds. Thereafter,

the pate of revolution is further neased to the final target rate of
revolution, 1,700 r. p. m I-n- 10 seconds and nmaintained at 1,700 r. p. m
for 50 seconds In this case, too, the 20 rate of revolutlon of the

motor 6 is cont¥®l CRFE@SPREAs &R hﬁﬁnéiefaer%m mmppgt PfHihdeadeandattche
of revolution is increased to each tar rate revol uti on.

Accordingly, int®R@edenidtati oREsEEyo %51°Phe %ﬂﬁnﬂ°%¥aﬂﬁaéaﬁkﬁ¢édtpbthe
Based on the ddASEPEAS GARTS ONENI e FAbHEBLEn S OPAIRELINTF; £E target
ggp'séegst-o ' Fo TBHT espBhdTPECaRE 108 dRvithen SRt FtEar FEakhehsteRenE P&e@”nt
i tabl e for Sorthi RPRg-  neoPEphBRRLIPE aIEpbRan EHE sRuspigel Hordit 48 Uik

the present amyp! £h e whaiftn g CHIRANRY o8l 'PHOBHd I ALUNY eSFaRBl of o

I's used as ‘the washi ng nmachi ne”not or the t rate revol ution .
can be reached woyBaWwtidye E8RIRAE 88 hed wP@ﬁéﬁ‘EUQ:'Hé yfeah%araé ecoﬁftrol.

revol ution of the notor can be prevented fromunstably oscillating relative
to the target lfohséguentlyl ctakut r@PeanNhbBNre&votatednt dfJ¢the rMbtor ehn be

revol ution of the notor can be reached pronptly and
prevented from unstably oscillating relative to the target
N\, 10 rate of revolution and an expecfed target rate of
revolution of the motor 6an be reached promptly and
smoothly, which provides an expected high dehydration
‘effect. In determination of the amount of load in the
dehydration step, data of the data table stored in the
15 storage section 32 differs from the data for the :wash step
but the kinds of data elements (voltage, rate of
revolution and amount of load) are the same as those for the

wash step.

in particular, in the dehydration step, too, a
20 plurality of intermediate target rate of revolution and a
fihal target rate of revolution are set as the target
.rate  of revolution of the motor 6. ' The number of
revolution of the motor 6 is successively increased by
producing the voltage command for each target rate of
25 revolution with a predetermined timing. Consequently, since
the  rate ofvreJélution of the motor 6 is not

‘instantaneously increased to the final target rate of



snoot hly, which provi des an expected high dehydration effect. In

determi nation of the anmobunt of |oad in the dehydration step, data of the
data table stored in the 15 storage section 32 differs fromthe data fot-
t he wash step but the kinds of daLa;@Qezents (vol t age, rate of R

revol uti on and anount of |oad) are the Same as those for the wash step."fh'

particular, in the dehydration step, too, a 20 plurality of internediate
target rateefokutdont ion thel dehydyiationgesten; e unbalandeit rotationsasf as
the target rate of revolution of the motor 6. - The nunber of revolution
of the not dihes imnercéubsidefni her RNRECHe pr odeRegspacificaddy ,cortramd
for each target rate of 25 revolution with .a predeterm ned timng.
CbnsequmﬂlﬂhesiﬁﬁgetWPf-F%Y81u§ﬁ°ﬁéqglGPPOWQﬁ°¥h%snéﬂ@taﬁﬁﬂsemﬂslx
the dehydr ANGHCEPES. ERLEPEnCaNbl AEPEIRE (A4 nndf (EBVALFigR, Fhe
"not ant aheol8F5 | neF eBeER PFieRe 4 ke (BPLEF 2arBed & ' Fudeytfomhich 5
2o Of RN D o Eol Tyl SR SuhRAge Rl I chude, i SE |
Cl ot hes doRSrereg Soen ey BHaE Lt UL L RO PIE IRy Vn HRe TR hul)%
result, theyer el @RI P priogrdakedicobownecdd igWe! 8% %the clothes
depending upon water content is Suffiéiently:reduced. As a _
10. result, there' is a-pQSSibility.thatgﬁhe-lew-SPeed unbalance\“)
rotation of the inner tub may cohtihuerféfia long périod.
However, siﬂce the rate = of 'reV'ol-utidn' -i'.s.- increased
stepwise in the foregoing embodiment;.fhe.dehydration of the
clothes has sﬁfficiently progressed*with“thé weight thereof
15 depending upon water content-redhbéd.when*the ~-rate of
revolution of the motor reaches the :5nge in which the
unbalance rotation of the inner:tuﬁ.is likely'io occur.
Consequently, even if the unbalance roﬁation of the inner
~ tub occurs, it can be overcome.siﬁée'it'is-slight. Inghj
20 particular, sipce the value of vbltage app1ietho the motor
is determined based on the present amount of load and the
following target rate of::evdlﬁtionfwhen the target rate
-of revolution is switched to.anothef;_the'voltage value can
‘always be determined  in accordanéevWith variations in the
25 amount of load. Consequently, the rate . of revolution of

the motor. can be_staﬁly increased to the target rate of

revolution in accordance with the ‘amount of load .even when



retation of the inner tub may continue for a | ong period. However, since
the rate of. revolution is increased stepwi se in the foregoing

enbodj nent, the dehydration of the cIothiggas'sufficiently progressed with
t he wei ght thereof 15 dependi ng upon wat sont ent reduced when the rate
of revolution of the notor reaches the range in which the unbal ance
rotation of the inner tuE-i %iik ly tqQ occur. Consequently, even if the
unbal ance rot att3% 3POPR ?ﬁﬁ pa uéaﬁgeérs, it-can be overcone since it is

li ght. In 20 ticyl ' h I f I li ed h

;Ssl get erm ngd -baggzl. %ﬁat ﬁizp%bgg%t taa%ﬁ\é%ln%gfe?'\ et etﬁ%dﬁelﬁf?&f%ﬁngte%n
t f | utd h t | Ut ' ' d

anot her, the vort8os TRl enrEFthebtss GhecEittioR o3 cfhbndBed) apount
lati’ int .3 ,ad D _ :

evol uti on of (ActeRpEtibn o medtfl 1o PREMANS on Eni 181, Meermingtion

revolution ing a&foigén%%ﬁé Ufenlgé‘ée’ﬁggé&fféﬁédf%t\sﬁﬁe L0 ipt ﬁfft?%gtiﬁs

| oad varies. FIG shows a seco iment o I nventi on.

second enbodi Medtipod ifehtDCt TAN tHe U400 JdPeFhiASEL6RT 52! LRBATRMBUY in

performng an initial determination 5 of the amount of load differs from

that in the prewi@Us7pnbRdi GRdunt! Bf Nbddiis adetietRineéaatiom ehel Opdce of
anount in FIG 7, the ambunt of load is determned fromthe rate of

revol uti on of thevoldtudtriontdft hhevamdttore wpph ¢hd heoktagenapgpl hed theldeto
predeterm ned val ue (V11). However, in :
maintained at the predetermined value (V44). However, in
k) " 10 the second embodiment, a reference number of revolution of
the washing machine motor 6 is provided. An amount of load
applied to the motor 6 is determined based on the voltage
applied to the motor 6 corresponding to the reference rate
of revolution. More specifically, the wvoltage applied to .
15 the motor drive control circuit 20 is increased stepwise
untii the sensed rate of revolution of the motor 6 reaches
the reference rate of revolution at steps Q1, Q2 and Q3.
FIG. 13(b) shows the values Eky and Ek, of the applied
voltage and output timing t, and tg4 of the applied voltage.
20 FIG. 13(a) shéws an example of changes in the rate of
revolution of the motor 6 and the reference rate of
revolution. .
When ﬁhe sensed rate of revolution of the motor 6
reaches the reference rate of revolution, the amount of
25 load is determined from the present applied voltage and the

referenée rate of ré&olution based on the. data table made

on data such as shown in FIG. 4, at step Q4. The rate of



-

10 the second enbodi nent, a reference nunber of revolution of the washing -
machi ne notor 6 is provided. An anmount of |oad applied to the nbtor 6 is _
determ ned based on the voltage applied to the notor 6 correspondi ng te-the
reference rate of revol ution. Mr)Qpeci fically, the voltage applied}?o
15 the notor drive control circuit 20 is increased stepw se until the
sensed rate of revolution of the notor 6 reaches the reference . rate of

revol uti oréyolutiolofQthedmdtor 6 datbbshprevdirtad Wsomkeiagand
Ek[err] of the applied voltage and output timng to and.t[err] of the
applied vadsitagmmePlP EhCredsed) simres thecamoant off chaadeds rdetermihed of
revolution of the notor 6 and the reference rate of revolution. Wen the
sensed |%£Emmotheeapbiﬁbdnvﬁlt&gﬁrnn:resbouéthestoh&heﬁnraﬂﬁtﬁrmbned of
revol ution, the anmount of 25 |oad is determ ned fromthe present applied
vol t age ameferencecr snte - r@@ereMbhugﬁﬂnn c?hﬁbs%%roﬁntﬁgedSﬁﬁﬁeﬂh%rﬁade
on data such as shown in FIG 4, at The rate of revolutlon of
the notbr hearmRUpteRft é@?ﬂorﬁ%eﬁt?gt%iﬂlimyfl%mem sintrtee t heof
amount of |oad is, determ ped fron1the‘a£flled voltgge corresponding to the

pLedetermrrﬁé]Ef’#‘é?b?‘én?g p:taxpemo&pr][ SRIMich a ?ﬁﬁ@ grm Helt‘ihé'%]e&aegf%ﬁ

t t t { t

motor Lo RRHSH pr LBeL of A Red oo MeYRAT o f chikehy EPatE SRETRSIT | on
is likely $0. De &X rvewggl Y oI SRSES VR 1 aQBSEReaf YL EPRIeRE 1 fs _t he

notor is
extremely-small, resulting in damage inlthe clothes.

10 Particularly, this tendency can be seen when thefamount of
 load is determined in the condition that the water level in
the inner tub is relatively’ 1ow. _However, in the second
embodiment, the reference rate of“fevoiution3is previously
provided and the amount of load is determined from the
15 applied voltage correspondiné-td-tﬁe :eference'}ate' of
revolution. Consequently, the rate ofd:evolntion of the
-motor can be prevented from being increased more than
necessary'and-accordingly, the amonnt of-load can be
determined without damaging the clothes. : = o/
20 - FIG. 14 illustrates a third embodiment of the
invention. The control manner from thefstart of control to
the determination of the load amount (atepS'W1;'WZ'and w3)
is the same.as‘that in steps S1-53 in FIG:.7; In the third
embodiment, however, the final target rate " of “revolution
. 25 and intermediate rate of revolution are determined so as
. to take larger values w1th increase in the determined amount

of load, at step Q4. 1In this case the data.table is made



extrenely small, resulting in damage ‘i n the clothes. 10 Particularly, this

t endency can be seen when the anount- of load is determned in the condition
that the water level in the inner tub is relatively low. However, in the
second~enbodi nent, the reference rate_ E%ggvolutlon S preV|oust

prOV|HEd and the anDunt of load is detern1 fromthe 15 applied voltage
corresponding to the reference rate revol ution. Consequently, the

rate of revol ubasedofon hehmtgraphndfe PEiGuerd doutr dhebeamgunicrefisddartbris
t han necessary and accordi ngky, the anount of |oad can be determ ned

wi t hout damagi nincreasedt fisom 2q to L4RIG 14 illustrates a third

embodi nent of the invention. The control manner fromthe start of control

to the detern1natlonxéfaFﬁérﬂ@&ﬁﬁmﬂiﬁh the cBhind empodimenty ﬁ?eth€a§§he of
as that in steps S1-S3.in FIG In the t hlrﬂ%enbodlnent however,
final target r&Ef¥e BFiPBv&ﬂnﬁQﬁ agitatorntder d?&FEeaF&@a1QﬁtP§vMQﬁhcﬁPd

::rgug? "o rﬂ%ﬁd: Red: aheas vh h' e %ﬁéﬁgfhe aheed aperied hicthe’ Bl s
Lore] s |ﬂr§§co?h%n@sraﬁ Uil ?F%L‘E%%% ife’ el SR 40, oy, e
the agi tator 5 Laolay epperlobl Llle ool aNdy3 T ESE STERS I PEGR M ehe

of | oad applie tor s large, ereby enhancing the eani ng

effect. Wien te;egedpt s0fid Oaédhaearreédchthﬁatr e ClotR¥s! B0 bidvidted

from being daméged. Furthermore, in the dehydration step,
\*’5_ 10 insufficiency in the dehydration can be prevented when the
| amount of clothes to be washed is large and occurrence of
rumples in the clothes due to OVer-dehydration can be
. prevented when the-amounﬁ of clothes to be washed is small.
Although the amount of load applied to the motor is
15 determined based on the voltage applied to the motor and the
rate of revolution of the motor in the foregoing
embodiments, the invention should not be limited to this.
Since the rate of revolution and the load current vary in
U accordance with the amount of load in the case of the
20 brushless motor,. it is noticed that the amount of load can
be determined easily and accurately from two of three
elements, that is, the applied voltage, the rate of
revolution and load current, these elements having a
functional relation with the amount of load as a parameter.
25 Although the waspiné machine motor 6 is forward and
reverse rotated inter;ittently in the wash or rinse step in

. the foregoing embodiments, it may be rotated in one



agitator S is reduced such that the clothes are prevented from being -
damaged. Furthernore, in the dehydration step, 10 insufficiency in the
dehydrati on can be prevented when the anmobunt of clothes to be washed ig:.

| arge and occurrence of runples +n tRefclothes due to over - dehydr at i on *#an
be prevented when the anount.-of clothes to be washed is small. Although the
anmount of |oad applied to the notor is 15 determ ned based on the voltage
appl i ed t didleeticoristernhttentdy. of revolution of the notor in the

f oregoi ng enbodi nents, the invention should not be limted to this. Since
the rate of rddbthough abhiet Henventiow riat applied &woadarmetomatide
anount of load in the case of the 20 brushless notor, it is noticed that

t he amunwaghinshdmaghipe @ndrtheeyastsing naghineumatory sevveswasofa
three elenments, that is, the applied voltage, the rate_ - of revolution and

| oad curr &AM ARiVR oRBNF S RALR) £07 hhe | 2GhFAERY A2R8NERF: thenelnnRint
For var cB Al 00D, ¢ O EARABFHREr MATSALRERGS « HEDROSREPNFAATE BRY, B ( he
|t o1 mi 0 AR SA PRy hRBLFRBc R YRSBHAR; Backd e, YRRERLR 2 wash ng
rach e SR AdE, VI §O AR TR 23R A BeBEEVAR IR SR
I nvention oifynBe APR! bk QaBiihl Whchie "BIUY TRCHHE Y ELB1hyasn
| - embodiments. ' . o ' | - 
10 The~forégoing disclosure'aﬁd.d:awihgs'are merely\‘u'
illustrativg_of the principléé of the present invention and |
are not ﬁo be interpreted in a limiting sense. The only
limitation is to be determined from the scope of the

appended claims.



notor and a dehydration notor are operated in the same manner as the .-

washi ng nachi tor in the f i nbodi nents. 10 __FheTOr egoi '.
g Ine nNnotor 1 n e oregol ng e odl nent s or eii)m!\\\\*‘\ I.

di scl osure and drawings are merely illustrative of the princi “m“
presert invention and are not to be interpret Ln a Iirﬁtinqem

only imtationis to be determ ned fromthe —of the apperdetl cl ai ns.
CLAIMS 1. A washing machi ne conprising: a) a washi ng machi ne not or
conprising a brushless notor; b) notor drive control neans varying a

vol tage applied to the washing machine notor in accordance with a voltage
command; c) revol BEMMS ate command produci ng means for producing a conmand
of a target rate of revolution with respect to the washi ng machi ne notor
d) a storage section for storing notor drive control data indicative of
predetermned relatio between the voltage applied to the washing nmachi ne
notor and the ratgl‘of- ewkﬁ&?%nm%‘?h{ﬂ% ﬁ\ggﬂfgglﬂﬁ%hi ne not or witﬁ respect

anount teterm ning moars T oraithd AP RE haRefTeoPE FRRS s BrubBifep .

washi ng machi ne myfarg..the

b) motor drive control means varying a voltage
~applied to the washing machine motor in accordance with
a voltage command;

— ¢) revolution rate command producing means for
producing a command of a target rate of revolution with
respect to the washing machine motor;

d) a storage section for storing motor drive control
data indicative of predetermined relations between the
voltage applied to the washing machine motor and the
rate of revolution of the washing machine motor with
respect to every different load applied to the washing
machine motor;

(~/ e) load améunt determining means for_determining an
amount of load applied to the washing machine motor, thé
load amount determining means comprising:

(1) means for establishing the voltage applied to
the washing machine motor;

(2) means for sensing the rate of revolution of
the washing machine motor under the condition that an

established voltagé.has been applied to the washing



| oad anmount determ ni ng neans conprising: (1) neans for establi | the
vol tage applied to the washing machi ne notor; (2) senS| the

rate of revolution of the washing machi ne mot or  under hat .an
est abl i shed vol tage has been applied to the mashlng t and
(3) nmeans for collating the established i ed voIt sénsed rate of
revolution with the notor drive control “Stored in the storage section

to specify an anount of |oad corresponding to a paraneter between the .
est abl i shed applied voltage and sensed rate of revolution; and f) voltage-
command pr oduddotgi meanstoeadand out data of the value of voltage to be
applied to the washing nmachine notor fromthe storage section based on the
amount of | oad det er 63 hemednst fier| catllatbogt tHet estrblighedarppdiead he
command of the target rate of revolution produced fromthe revol ution
command proditpdeanrd sensedyratippp§i ngvohutiorowighi thecowtax neans
with the read voltage value_data as the voltage command. 2. A washing
nmachi ne cowpﬂ%%?&)c%ﬁtﬁp%egﬁFﬁgsﬁﬁEﬁﬁnbnnﬁFBrSEBHﬁBPsFRSt&OQrG@hless

BN R BLRL N - B TR R L RS
between the established applied voltage and sensed rate
- of revolution; and '
£) veltage command producing means reading out data
of the value of voltage to be appiied to the washing \J
machine motor from the storage section based on the
amount of lead'determined by the'load'amount determining
‘means and the command of the fargét-rate of revolution
produced from the revolution command producing means,

thereby supplying the motor drive contrel means with the

read voltage value data as-the'voltagé-command;

2. A washing machine comprising:
- a) a washing.machine motof comprising a brushless W)
motor;
b) motor drive control meaﬁs varying a voltage

applied to the washing machine motor in accordance with
a voltage command;

- ¢) revolution rate command producing means for
producing a command of a target rate of revolution with

iespect to the washing machine motor;



a‘vol tage connandj c) revolution rate command pr oduci ng &;‘hh“?E?“B?Baaarﬁg—
a command of a target rate of revolution with respect to t %@rﬂmﬂ”’#ﬁ‘"&

machi ne not or; d) a storage section for storing notor-
i ndi ¢ative of predeternined relations between the voltage applied t& the *
washi ng machi ne notor and the rate of revoh&tdﬁtﬁﬁ_the washi ng machi ne
motor with respect to every different |oad applied to the washing nachine
notor; e) |oad anmount determ ning nmeans for determ ning an anount of | oad
applied to the washing machi ne notor, the |oad anmount determ ning neans
conprising: (1) rreans%f)ora FRURTH F 23l | £ox s tepl Re dmetor ndriiehcagtrol
notor; (2) neans for setting the rate of_revolution of the washi ng nmachine

nmotor at a desiraBPtavdnddcakiye 9 resfeterningd Felptions nbekwerst She
dri t | dat d i t.h { ect.i th t t f

revolution and t hOREAGE APRIGAh® i MAPHEM HASHERS HECTRENFRS FOfor
bei ng driven at tggtreaﬂﬁetrerv%l%t foeﬂrt ecz\;fjlt!ﬁe' cw?%l,giéie&g@yir%%):ﬁ%{gfgg%ﬁg?unt

of | oad corresponding {0 & parane et Wwee rge i on

and det ect ed Vol t aggoaap kel o MARNdHE "G NP QE D51 e WA ¥RTg!

the target rate o vol ution; a
machine motor;

e) load amount determining means for determining an
amount of locad applied to the washing machine motor, the
N\ load amount determining means comprising:
(1)_means for detecting the voltage applied to
the washing motor;
(2) means for setting the rate of revolution of
the washing machine motor at a desirable value; and
(3) means for collating, with the motor drive
control data stored in the gtoage section, the térget
rate of revolution and the detected voltage applied to
the washing machine motor being driven at the target
U _ - rate of revolution to thereby specify an amount of load
corresponding to a parameter between the target rate of
revolution and detected voltage applied to the washing
machine motor being driven at the target rate of
revolution; and
f) voltage command producing means reading out data
of the value of voltage to be applied to.the washing

machine motor from the storage section based on the



f) voltage conmmand produci ng neans readi ng out data of the value of voltage -
to be applied to the washing machine notor fromthe storage section based
on the anount of | oad determ ned by the | oad amnm umln I”I neans. ..
and the command of the target rate of revolution w
revol uti on command produci ng neans, bhereﬁ§§§upply|ng the nbtdr drive )
control means with the read voltage value data as the voltage command. 3. A
washi ng machi ne conprising: a) a washing machi ne notor conprising a

brushl ess nmotor; b) notor drive control neans varying a voltage applled to
t he washi ng rm:c&urne oDt Dbadindetepmilnadebyi thealvald agounimdtErmning
revolution rate conmmand produci ng neans for producing a command of a target
rate of revolmddarm awmd hthespennand odfietheskargetndiatee afotmevoldtiaad
amount determ ning nmeans for determ ning an anount of |oad applied to the
washi ng machiproduted  from thadrewolntignt eommandg predvsinsheansg neans
for specifying an anount of | oad based on_at |east two.of three el enents of
the vol t age dpIiehy (SUPREYABEoEReamAEPs AFdXe CORtER AfRnsh&itth &hp

revol ution of the notor, the tmo e enent s_havi a functional relation wth
the | oad ampdiftt&hsvel tagengethe 7 g8 §Fo%3§e7 g gﬁncﬂ&mﬁﬂ ring notor

drive contro

3.. A washing machine combrisingb

a) a washing machine motor comprising a brushless
motor;

" b) motor drive control meéns~varying a voltage
applied to the washing machiné'moﬁﬁr in accordance with
a voltage command; |

c) revolution rate command.producing means for
producing a command of a target rate of revolution with.
respect to the washing machine motor;

d) load amount determining“means for determining an
amount of load applied to the Washfng'machine motor, the
load amount determining means 6omprising means for _ Qu/
épecifying an amount of load based on at least two of
three elements of the voltage applied to the motor, a
motor load current and the rate of re?olution of the
motor, the two elements having a functional relation
with the load amount as a parameter;

e) a storage section for storing motor dfive control

data indicative of ﬁredetermining relations between the



hY

data indicative of:-predeternmining relati ons between the __voltage appli-ed—
to the washi ng machi ne notor and the rate of revolution of the washi

machi ae notor with respect to every different |oad Cu”entumnmmugﬂlﬁu“l

washi g machi ne notor; and f) voltage connaangggducing me

data of the value of voltage to be appliedTo —washi ng machi ne not or

fromthe storage section based on the anmount of |oad determ ned by the | oad
anount determ ning neans and.the command of the target rate of revol ution

Totor drive cont it wains AP ROIES L BE GHRRIRS ARR AR RO BUP LT L

not or drive control \ therea _ ev age
command. 4. A washifg JRCPLPE1aLE8RIbRIthe whdhihy machind myRLWA dHe

revol ution rate command produci ng nmeans operates fo output at |east one

internedi ate targedspede €b eoueLUlLeRepBdLl 1888 targaht’ Fhowel RV aHy i on
wWith a predetermned timng for the purpose of water streamcontrol in a

wash or rinse stepshing|wacéhfneunbtdet eaflini ng nmeans operates to determ ne
the amount of load in the condition that the washing notor is being driven
at each of the interngliabktagd tommhnfapgetiucihg méanevekatiay, owtd data
vol t age conmand produci ng neans operates to read out data of the val ue of
vol tage to be appf ethe ovaheewafhvaytageotof benaphdiedotagsheewasding

machine motor from the storage section based on the
amount of load determined by the load amount determining
&_/ means and the command of the target rate of revolution
produced from the revoluﬁion command producing means,
thereby supplying the motor drive control means with the

read'voltage value data as the voltage command.

4. A washing machine according to claim 1, 2 or 3,
wherein the revolution rate command producing means
operates to output at least one intermediate target rate
of revolution and final_ta:get rate of revolution with a
predetermined timing fgr the purpose of water streanm
control in a wash or rinse step, the logd amount
determining means operates to determine the amount of
load in the condition that the washing motor is being
driven at each of the intermediate and final target rate
of revolution, and the voltage command producing means
operates to read out data of the value of voltage to be

applied to the washihg motor from the storage section




based on each target rate of revolution and the anDunm 9@

_ ol ter i ned
at the present time when supplied with the comma \m)u ! p rate of
S gltage as the,

revol ution, thereby supplying the read data of the
command of the voltage value to the nntog$d§ive control means. 5. A w
washi ng machi ne according to claim1, 72 of 8™wherein the revolution rate
command produci ng neans operates to output at |east one internedi ate target
rate of revolution and final target rate of revolution with a predeterm ned
timng for the purpose of controlling a dehydrati.on step, the |oad anount:
det ermi ni ng RAERA PereAdy LITIRE FAT P Of HECEABYURE OBf apdaghen amesiondi ti on
that the washing notor is being driven at each oi-the i nt er medi ate and _
final target Hfat®ad dRFTRH atthe RreSeREGEIPEWRAD BHERYLEYY neans
operates to re oyt data of . the val ueof voltage to_be applied to the '
ehehing. ot oiTbrhhen e O 87 Chndeh HEaLEh FabBlntian or
revol ution ang t a f_lo d ) ak : | en
supplied wt ﬁq&ﬁ%%gom%#n%a@getgéé&em %ggeg’(%)f Hr}gvgi’g? ?%ﬁ R'to %ra%y
supplying th -rq&%- nfat | & t aS+ LN o] f..the
vol tage val ugsto g@érr'g'fagéd ri v?%o%@%%gérreggg?é £b"EnSORBRAE Eri

' control means. ' x o a

5. A waShing machine according to ¢laim 1, 2 or 3,
wherein the revolution rate command producing means .\y)
operates to output at least one intermediate target rate
of revolution and final target faté-of'revolution with a
predetermined-timing for the pﬁrpdée of controlling a
dehydration step, the load amount aetermining means
operatés to determine the amount of load in the
condition that the washing motcr'is5being-driven at each
of the intermediate and final ﬁarget rate of revolution,
and the voltage command producinngeans;operétes to read
out data of the value of voltage to be applied to the )
washing motor from the étorage_section'baSed:on'each .
target rate of revolution and-thé é¢ount of load
determined at the present time when supplied with the
 command'of'each target rate of revdiution, thereby
supplying the read data of the applied voltage as the
command of the voltage v&lue to the motor drive control

means.



6: A mashlng machi ne according to.claim1, 2 or 3, mhé?grﬁﬁfﬁé*FEVBTUTron
command produci ng-neans reads out the data fromthe stgﬂmuﬂﬁm uch
an order that the target rate of revolution is increas ”ﬁm,ﬂ'

the amount of |oad determined by the | oad amp deternlnlng reals

washi ng machi ne substantially as herein descr i ~ th reference to the

acconpanyi ng dr aw ngs.

6. A washing machine according to claim 1, 2 or 3,
wherein the revolution command producing means reads out
the data from the storage section in such an order that
the target rate of revolution is increased with increase-
of the amount of load determined by the load amount i

determining means.

o/ 7. A washing machine substantially as herein described

with reference to the accompé.nying drawings.




