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WASHI NG MACHI NE Field of the Invention 5 The present
invention relates to a washing machine for performng
washi ng, rinsing and water-extracting processes in a
rotary drum having a horizontal or slanted rotati
axis; and, more particularly, to a washi ng machi ngmml !ﬂ”mﬂ”""”mmm
capable of performng a rotation control by dete
a di splacenent 10 of the rotary drum at the begi nni ng*!591ss+
of a water-extracting §£§§?§3'358§E %ounﬁ of Lhe
I nvention 15 Wth regar c onal washin
machine for performng washing, rinsing and NN
wat er - extracting processes in a rotary drun1having anm
rj tal_.qr -slanted rotational axis, there has bee 2
HROUA e e ontrolling water-extracting
rotati on by detecting an inbal ance of 20 laundry in
the rotary drum(see Japanese Patent Lai d-Qpen
Appl i cahboprdBent003v3A€983) reh AtaeC ¥ANGRMidy tMfchine for
met hod di scl osed in the above- nentioned application,
Gherr flogrmel At i s ek g AC img IMKOCHSS , waterolkaity aditifg Sprocesses
accelerated up to a first rotational speed 50 25 r/mn
dmd a heatstywlyuac delvimat eal uiprizoatadcomd slratednadtational

speed 70 r/mn. Thereafter, the rotary drumis '
&ddierated Ner@ppegticudiardyrott®l i anwRsHpagd MEdthine capable
r/m

n ich lies between the second rotational speed
] RPN @ ORI SPERPL BY (REGEHRG @r Wb Lacement
%%9 {Ag1go%ggyceﬂﬁﬁ§|égdt%%Iggégéﬂfhéhgf a water-extracting

process.

Background of the Invention

With regard to a conventional washing machine for
performing washing, rinsing and water-extracting processes
in a rotary drum having a horizontal or slanted rotational
axis, there has been proposed a method for controlling
water-extracting rotation by detecting an imbalance of
laundry in the rotary drum(see Japanese Patent Laid-Open
Application No. 2003-326093).

In accordance with the method disclosed in the above-
mentioned application, during a water-extracting process, a
rotary drum is accelerated up to a first rotational speed 50
r/min and then slowly accelerated up to a second rotational

speed 70 r/min. Thereafter, the rotary drum is accelerated
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third rotational speed for a certain tine. At this
time, a 5 first inbalance detection S1 is perforned.
In case a result of the first inbalance detection S
indicates a | ow degree of rotational unevenness,
thereby drawing a conclusion that an inside of the
rotary drumis not in a state of |aundry i nbal ance,
the rotary drumis accelerated up to a fourth 10

rotati onal speed 170 r/m n and a second i nbal ance
& idnt Js%du EopatisrARdSPRed 408N IimimanfiEicasl iee between

nmba detecti n case it i s concl uded
ftrhgefnt %00%492%(?:112‘3?1’7%%‘% n%@eege?gét iaoﬁe§2rtar¥’ab( i9tational speed

d
S LT A RS By o
%ﬂlﬂd'Pdt&%hdﬂbissﬁbé&eﬁgy §teE§taﬁﬂt4%H&palA§P%$9s time, a

hi gh-speed range in the water- extracting process

m&stﬂW&Iﬁ\batlféﬁlc&I eRfbedd e dotR | B orpeged 45 Sgse a result
mai ntai ned for a certain tine. Thereafter, the 2

odt arhe dfimst s isbappadet Adtduitsiont hel W@h&&c&%éé a%t iNGy degree
process. However, there are drawbacks in the

Qﬁﬂnﬂﬁaﬁmﬂnalrmm¢wﬁhmessdetberebg Haamdhy iardredloesion that
based on rotational unevenness of a rotational drum

Wi drifsidenpfofbe BPharwy 2drumote- mott ioned state of laundry
GO nti onal washi ng machine, in that a detection
F‘%@ggémlelﬂlerE%‘F TOLITY IR LS ACTPLeFabed nwneko- 2 fourth

sugfa'té'lge%tqd & reeddlgbe I ac% éher %%%Pé’i%epfg‘t&a]rﬁce detection

%@wﬁg)bé¥f6fﬁé§|Lﬁtho%lmllar manner as the first imbalance
detection S1.

In case it is concluded from the second imbalance
detection S2 that the laundry of the rotary drum is not
placed in an imbalanced state, the rotary drum is
accelerated up to 900 r/min which is a steady-state
rotational speed of a high-speed range in the water-
extracting process, and then, the steady-state rotational
speed is maintained for a certain time. Thereafter, the
rotary drum is stopped to finish the water-extracting
process.

However, there are drawbacks in the conventional
method for detecting laundry imbalance based on rotational
unevenness of a rotational drum, which is employed by the
above-mentioned conventional washing machine, in that a

detection process thereof is performed in an indirect manner
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conditions of the washing machine. 5 Summary of the
Invention It is, therefore, an object of the present
invention to provide a washing machi ne capabl e of
attenuating vibration or noise during a
wat er -extracting process by 10 detecting vibration of
a water tub during a water-extracting process at a
high accuracy, wherein the vibration i's generated due
nced distribution of

ro drj“br% hat?Phy anhSFFfaﬁFXI§§e§9° t%ﬁi?%ﬁaf?gﬁéFlent for
?ﬁ.es?:e r,ljng.rld; agC dan&ff%%%@nggg prgse.l.aurll lflyglmﬁald:onanstallatlon

rovi d a was machi he conpr
rdadﬁﬂtfyﬂgngfﬂfhéi tﬁi&h% Aerein laundry, the
rotary drum having a horlzont or slanted rotationa
axis; a water tub supported in a vibratable manner in
a mashing machi ne mai n body, the 20 rotary drum bei ng
iSwtmeldyech fi tHeheInvadrsridrub in a rotatable nanner; a
nmotor for driving the rotary drum an input setting
unit for setting an operation of the washing nmachine;
a control unit for controlling the notor and the . '
oper at Fbn 16t tHexREMreg AdcH %@tOEytbmanrﬁﬁﬁnt invention
zfttln 25 unit, the control uni t including

?fb’rﬂ%r AanFeShIH% p| BRShERS dglaé’éit’il&g Wit psEenuating

f -3 th t t
PP ) Wi Bt arocens o
Q@tle'ctqtn Qﬂ%rattég&w ﬁf%'v&’@t&xol h&\{fm? anwggge)éa?gtractlng

coaxi ally aligne e excitation ¢co
process at a high accuracy, wherein the vibration is

generated due to an imbalanced distribution of laundry in
the rotary drum having a horizontal or slanted rotational
axis.

In accordance with the present invention, there is
provided a washing machine comprising: a rotary drum for
accommodating therein laundry, the rotary drum having a
horizontal or slanted rotational axis; a water tub supported
in a vibratable manner in a washing machine main body, the
rotary drum being installed in the water tub in a rotatable
manner; a motor for driving the rotary drum; an input
setting unit for setting an operation of the washing
machine; a control unit for controlling the motor and the
operation of the washing machine set by the input setting
unit, the control unit including a microcomputer; and a

displacement detection unit for detecting a displacement of
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whi ch can nove along the axis, wherein one of the
detection 5 coils and the core can nove pursuant to
the di splacement of the water tub, wherein an end of
the excitation coil is coupled to an end of one of
the detection coils as well as an end of the other of
the detection coils, formng a neutral point
connecting to a OV voltage reference of a 10 power of
a,

U A e e e PSRy srcnsong
[ I ' d dj tl ected,
B "ebLE, [ FRlEE R ARERPhiERenic s chRving an
Rk 18 %é&k@&ﬂ?nglggﬁt??t kvg'ﬂhurﬂhte %Ehﬂéa@fgr?“&oﬂ' LAY a core
of which can be directly detected by a m croconputer

WhSicH |ch inbve COTGRG! LRE . akNBT eRUePBKhNGne! 0P A3 Bh€tection
to detect the vibration during a water-extracting

moddes sarl tthdli @hracean anyvel bledtiahtmodehy ssghadement of
a control of notor rotation can be perforned based on
the 2@ateredtilgn wheunéint mmsubstanif athy adteitwmtiion coil is
vi bration and noise during the water-extracting

. ttheamashiingfmediei f i theicdetreantenwephlshas well as
present. invention can directly detect water tub

Wor §RAorCHerfeiaat edheguecto thRindigraqidamnceilsuchforming a
e pee Rk (RS 58 (hab¥ toRLtasBninfarmice of a
i I RN S
With this configuration, a magnitude of water tub
vibration due to laundry imbalance in the rotary drum can be
directly detected in ' the form of a magnitude of a
displacement thereof by a displacement detection unit, an
output voltage of which can be directly detected by a
microcomputer installed in a controller, thereby making it
possible to detect the vibration'during a water-extracting
process at a high accuracy without time delay so that a
control of motor rotation can be performed based on the
detection result to substantially attenuate vibration and
noise during the water-extracting process.
The washing -machine in accordance with the present
invention can directly detect water tub vibration generated
due to laundry imbalance, such vibration being conspicuous

especially in a drum-type washing machine, so that it can

unfailingly attenuate vibration or noise during a water-
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5 The above and ot her objects and features of the
present invention will becone apparent fromthe
following description of preferred enbodi nents, given
in conjunction wth the acconpanying draw ngs, in
which: Fig. 1 shows a side cross sectional view of a
washing 10 nmachine in accordance with a first

enbodi ment of the present invention; Fig. 2 describes

a e%épective vi ew of a di spl acenent detection sensor
i%#ﬁ? BAhiBYPGREShi ne in accordance with the first

enbodi nent of the present invention; 15 Fig. 3
provi des a bl ock di agram of the washing nachine in

BAYEIIR A Mo AR BRAYJIPN Of Lhe BT e
' ' ai l ed bl ock di agram

of a disblaceﬁent detection unit in the washing
machine in 20 accordance with the first enbodi nent of

the prerentabbeensih@n; oth8r SoBiEeEs AaM@VeQAPLELE Lo the
for show ng waveforns at each part of a displacenent

deesenitoniovent toni ng 14n bepenat iappadferd WesbihNGhe following
machi ne in accordance with a second 25 enbodi nent of

descyieddon iof eprederredy.embadimemawef gioenhdm &eonjunction
showi ng waveforms at -5 each part of a displacenment

Haitec tthen agFompanYiifg Sy awdpesat iion wifich washi ng

machi ng. i n ccgrdance mh%h a third enbodinent of the .
pr esen igny nF'8W§ a slde cross sectional view of a washing
machine in accordance with a first embodiment of the present
invention;

Fig. 2 describes a perspective view of a displacement
detection sensor in the washing machine in accordance with
the first embodiment of the present invention;

Fig. 3 provides a block diagram of the washing machine
in accordance with the first embodiment of the present
invention:;

Fig. 4 represents a detailed block diagram of a
displacement detection wunit in the washing machine in
accordance with the first embodiment of the present
invention;

Fig. 5 offers a waveform chart for showing waveforms
at each part of a displacement detection unit during an
operation of a washing machine in accordance with a second

embodiment of the present invention;

Fig. 6 is a waveform chart for showing waveforms at
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Fig. 7 presents a waveformchart for show ng waveforns
5 at each part of a displacenent detection unit during
an operation of a washing nachine in accordance with
a fourth enbodinent of the present invention.; Fig. 8
provides a waveform chart for showi ng waveforms at
each part of a displacement detection unit during an
10 operation of a washing machine in accordance with a
fifth e odiqgnt of th resent invention; and Fig. 9

i93Chst PAtds fdefai IKEF Atagrigheitior uzlt during an
. ! ook arag L A |
GRS O SELhNALL LT, NS st a0, PR 1,0 . g
EaddaMaihions Pakail %%e%ets%Lv%t ., of the Preferred

Enbodi ment I n accordance wt e pr'esent invention,

there rsg. 29 preyeded a W@%@EB&M“@HHEEEfé?”éﬁ%%%?ﬁ‘waveforms
rotary drum for acconmodating therein [aundry, the

ragt acycllr partavong £ dieplaeementordétastednr Aldid OBRlring an
axis; a water tub supported in a vibratable manner in
@psasitipg methh neashingbadyhinee in ohacyrdanoebsiiRth a fourth
installed in the water tub in a rotatable 25 manner; a
gBbedimgntdeifvichg presestadypvéndrbonan i nput setting

unit for setting an operation of the washing -6

machi net9a BoRTPBLARR & Wavesorm ehanty fidre shrwinardaveforms
the operation of the washi machi ne set bx t he, i nput

n . .

S5 tTRY’ BAT, Phe ToftPBLaGRrE tncHobPRyign unit during an
erAEQBRULSY aa%s%ingf[ %%&?fr(@en&ndea{ce&gf&pnggl LilR" a fiftn
tecting a displacenge 0

embodiment of the present invention; and

Fig. 9 illustrates a detailed block diagram of the
displacement detection unit in the washing machine in

accordance with the fifth embodiment of the present

invention.

Detailed Description of the Preferred Embodiment

In accordance with the present invention, there is
provided a washing machine including a rotary drum for
accommodating therein laundry, the rotary drum having a
horizontal or slanted rotational axis; a water tub supported
in a vibratable manner in a washing machine main body, the
rotary drum being installed in the water tub in a rotatable
manner; a motor for driving the rotary drum; an input

setting unit for setting an operation of the washing
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5 the water tub, the displacenent detection unit
including an excitation coil, at |east two detection
coils having an axis coaxially aligned with the
excitation coil and a core which can nove al ong the
axi s, wherein one of the detection coils and the core
can nove pursuant to the displacenent of 10 the water
tub, wherein an end of the excitation coil is coupled

: d of f. the d ti il Il as an
S AR 2 Rt G (B GoEEE, eSS i  nfRer and the
AP a GIINCEE f a .pover .
R ARNCer o pue g PnpBHEE PR CIEE Bhel B secting

afrhiag MeALS EOnBEEDT dAHIGE WhbhudiRg PLesEM IO, and a
will be described with reference t0 the acconpanyl ng

drismp legemedtvwedetect fvn pigSENEokNeriec@ingSOW tkgi0icement of
be construed to be limted thereto. 20 (First

prher evaterr enbodi bhat JiFpdacémehowelezesitdenc nosis including an
sectional view of a washing machine in accordance _
ARH-ta%9rst cepbodiatenleastt Hevgpr debactipnvertdbhs having an
Fi.g. 2 descrjbes a perspective view of a 25 .

i a‘i:%%’rﬁiﬁ!ét BLiPBRAsHASHr the temcikation aaihi gad a core

iR d ith the first enbodi nent of the )
A W e Bhg. AR1pr oUPGESLA BRSCIO iR aptection

Sosdhe 49841 P65 B, BoERLITAES Wt L dd Floamone. o

i ment presen _
R engbés auY,ocknhdiedhamPfeng HsPLage itation coil is

detection unit in the washing machine In accor dance
widup et tfd ra enfodifnenle &f tde PHEEEBLion coils as well as
an end of the other of the detection coils, all of the ends
connecting to a 0V voltage reference of a power of the
microcomputer.

Hereinafter, preferred embodiments in accordance with
the present invention will be described with reference to

the accompanying drawings. However, the present invention

should not be construed to be limited thereto.
(First preferred embodiment)

Fig. 1 shows a side cross sectional view of a washing
machine in accordance with a first embodiment of the present
invention; Fig. 2 describes a perspective view of a
displacement detection sensor in the washing machine in

accordance with the first embodiment of the present
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invention. As shown in Figs. 1 to 4, cylindrical _
rotary drum1l having a base is rotatably installed in
water tub 3. Rotary drum 1, which has a plurality of
drumperforations 2 on its 10 entire cylindrical
surface and rotating shaft (central axis of rotation)
4 at its center of rotation, is disposed such that
its central axis of rotation is declined toward the

r.ear partion, pof the washipg machine. Motor 5 installed _
é’lnvﬁnﬁ:emf‘éa&%gdegofpwlé’}est up Plckofiegram o§ the washing

SR Y el dhoer LR TS AU lp foardoe

reverse diféec

tﬁ'x%@%%t6 q{veerfjdlwsecﬂic?nFi e 4! %rgae%gglrt%g %aiqaq‘}c diagram of

surface of rotary ‘drum 1. eni Ng

lancli I f entu P i i
ChaLTRSzERPte) tdacngl i S 1nd S PR ne o

eacorelancadedvitt 0 €heunifaadad fempbaohahY db¥M khe present
t hrough | aundry | oadi ng/unl oadi ng opening 8. Since
dogention.installed at an inclined surface, |oading

and un] oadi ng of laundry can be perfornmed w thout a

user MavFAgwho igenBidswn lcobsi der aty yin@5iakl erotaby3 drum 1
E%viﬁp ed in washing machine nmain body 9 by spring

%; £ 1f Jo%atab iy knsitabbedbbekwaner-gub 3. Rotary
BT YIS S R SIS PEE OO MBS LS ) o e
59185, WBhShgy D SAEULS AR BoRUALES S0P Blonra aie
of rotation) 4 at its center of rotation, is disposed such
that its central axis of rotation is declined toward the
rear portion of the washing machine. Motor 5 installed at
the rear side of water tub 3 is connected to rotating shaft
4 to rotate rotary drum 1 in forward and reverse direction.
Further, a number of agitation blades 6 are disposed on the
inner cylindrical surface of rotary drum 1.

Opening 3a formed at an inclined frontal surface of
water tub 3 can be opened and closed with door 7. By
opening door 7, laundry can be loaded into or unloaded from
rotary drum 1 through laundry loading/unloading opening 8.
Since door 7 is installed at an inclined surface, loading
and unloading of laundry can be performed without a user
having to bend down considerably.

Water tub 3 is supported in washing machine main body

9 by spring 10 and damper 11 so that it can rock back and



10

15

20

25

5 Di spl acenent detection sensor (displacenent
detection wunit) 22 for detecting a displacenent of
water tub 3 is installed in the vicinity of danmper 11
in such a manner that it can nove pursuant to
vertical novenment of water tub 3. Underframe 23
supports washing machi ne nain body 9 and every 10

el enent placed therein. Mreover, there are provided

t feed valve 14 for feeding water into water tub
FORED walOPMERERAY tookds LOVST RF Wderof Giater tub 3 is one

SO PV 1,0 S B s ot
1 v o,
?%t%\a’itehl %:gﬁls uez{.?,te }e']j%og{o'ﬁg.te o%?aré’errg{ a]fng‘JOI}l ‘?% vd 13 to drain

iwaSha k8@ rS Yeldmt Rkt SuBent r aI axis of rotation is
declined toward the rear portion of the washing

nachlnnlspléﬁémynﬂrd@tbdﬁﬂdﬁré&ﬁ%éﬁg(%ﬂ%@ﬁd&éﬁ@héxhetectlon
set up such that 20 its central axis of rotation is

omiignt e2l2 hdioirz ode edtyinds ash@wsplacEmgnt2,0f water tub 3 is
di spl acenent detection sensor 22 has first detection
d@isitaddged dacshe ddrcdaditon ofoidamg@lr dnd irexsiclata amanner that
Goil 22c (which is winded inside first detection coi
33a)CaBAVf PiRFERMfasanvektscebaoremerd! | gfiewaterh tub 3.

At th t f the axis, a shaft 22e
RS oy @3, sHnpREs: HACDind By hhdiatn dbdtppoand every

gqg%khggpggcggbkﬁeg%g Is attached to water tub 3 as

Power mounting table 22g is

adherq&ﬁéb&EperQB@gg %}el§E5@Eﬁéao@a€g¥n¥£580£alve 14 for

shown in Fig. 1, wash
feeding water into water tub 3 via water supply conduit 15

and water level detection unit 16 for detecting a water
level in water tub 3.

Further, although, in the above-described embodiment,
rotary drum 1 having rotating shaft 4 at its center of
rotation is installed such that its central axis of rotation
is declined toward the rear portion of the washing machine,
rotary drum 1 with rotating shaft 4 may be set up such that
its central axis of rotation is oriented horizontally.

As shown in Fig. 2, displacement detection sensor 22
has first detection coil 22a, second detection coil 22b and
excitation coil 22c (which is winded inside first detection
coil 22a), each of which has an axis coaxially aligned with
each other. At the center of the axis, a shaft 22e having

core 22d therein is slidably installed. Upper mounting
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machi ne main body 9 further houses therein fan 17 for
5 circulating warmair into rotary drum 1 and heater
18 for generating the warmair (see Fig. 3), so that
t he washing machine can further have a drying
function for drying laundry in rotary drum11. As
shown in Fig. 3, control unit 19 includes 10
controller 20 with a m croconputer for controlling a

TR o8 LPOABLANE S ﬁgj?gfpf@égiég%sn:%ﬁ@g%&t%- 1 and
. ' mot or wa

TRhlert B e Mg, WA To T fEngrantE .

(F) 17inheagert{&h, 18 @\eh150 A t Rholm CQBtrg%bggrgQ washing

inputs information frominput setting unit _

seiching @adn, Bo@9rt o NEOPEHSE | HbEHEY Serein NfFAWT™S 17  for
a user of the information through display unit 35.
Cigeudrtdpey avaon Bdrsdmntico sbtaty bdrunput Sedt hegter 18 for
unit 21, controller 20 controls the operations of

WEDEeT adridich Ve vwazd BIr weees Fégd \9l,vesd4thhan thie washing
and heater 18 via load driving unit 37 based on input _
FRCRENt CAPomfuEtger wBaEe Revery#Bgecfwrctionrorfor drying

etecting a water level in water tub 3, thereby
g Iﬁggﬂhfx%&ﬂﬁﬂ S5 %hd *dryi ng operations. At this
tinme, ntreoller coptrols._the rotation of , 25 tor
5 by c%%trgﬁPkﬁg %ﬁber?%?'263Via9ﬁqRﬁ?£ cPPehit 1¥5 1ncludes

Cose ) LT, L COROERH 80 (RN o series

off Sop&tHFidhs Mhen uddngl Ry o} %Hﬁ@ﬁndﬁnﬁﬁtékiéx@racting
brushl ess DC not or
and drying processes in sequence as well as controlling the
operations of motor 5, water drain valve (DV) 13, water feed
valve (FV) 14, fan (F) 17, heater (H) 18 and so forth.

Controller 20 inputs information from input setting
unit 21 for setting, e.g., a certain operation course and
informs a user of the information through display unit 35.
Once an operation is set to start by input setting unit 21,
controller 20 controls the operations of water drain valve
13, water feed valve 14, fan 17 and heater 18 via 1load
driving unit 37 based on input.data sent from, e.g., water
level detector 16 for detecting a water level in water tub 3,
thereby carrying out washing and drying operations.

At this time, controller 20 controls the rotation of

motor 5 by controlling inverter 26 via driving circuit 25

based on information sent from position detecting units 24

-10-
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including a stator wth three-phase w ndings and a
rotor wth a bipolar permanent magnet di sposed on a
ring. The 5 stator includes three-phase w ndings
conprised of first wnding 5a, second wi nding 5b and
third wi nding 5c wound around an iron core having
slots. Inverter 26 includes swtching devices each of
which has a parallel circuit of a power transistor

[ bi pol i st | GBT
Ry L v,
' ' ial_ci ' irst a secon
S crineiBLJABE onai Sndltd e s 8 a%lriar}uafh}eso% B motor
o ¢ el . 26d: and a
glgircflgﬁﬁg% r cgiu{g 0 t%%‘l% 1E?Ekggd&?‘%(%%%ggaw?%lﬁgsde%?gesa rotor

28amng %@fpol\&iierﬁéﬁnéﬁ@néema@nleﬁelrﬁyé dse@'on a ring. The

connected to each other in para re, both ends

aftatach dhclideser khkeel-phliseS %2hWengaS EBEPEised of first
termnals and are coupled to a DC power supply.

rumdiery, S@speeccond ywindphed So anfurgtiiren windbegt W& wound
20 switching devices in each serial circuit are output
BENEaIES, Ieine iFogiee hiay ingr 15 lsrect ed to U terninal ,

V termnal and Wterm nal of the three-phase .
wi ndi ngRVETFREpdst i RF NdahesWitehdng \Weekeesmarschr ©f which

3 L S e g P Y S T or (o,
B L0 el SPELLONE At e o reveree
edneulctaRRy iR, Ofpddie SV LRBI B%i9R%iAeS R ces includes a
serial circuit of first and second switching devices 26a and
26b; a serial circuit of third and fourth switching devices
26c and 26d; and a serial circuit of fifth and sixth
switching devices 26e and 26f, wherein the serial circuits
are connected to each other in parallel.

Here, both ends of each of the serial circuits serve
as input terminals and are coupled to a DC power supply.
Further, respectively coupled to a junction of the two
switching devices in each serial circuit are output
terminals, which are in turn connected to U terminal, V
terminal and W terminal of the three-phase windings,
respectively. The U, V and W terminals are controlled to be
set in a positive voltage, a zero voltage and a floating
state, respectively, by properly combining on-off operations

of the two switching devices in each serial circuit.

-11-
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controlled by controller 20 based on information from
three position detecting units 24a to 24c inplenented
by employing a hall IC Position detecting units 24a
to 24c are disposed 5 at the stator at intervals of an
el ectrical angle of 120 degrees to face the pernmanent
magnet provided in the rotor. Wiile the rotor makes

one revol ution, each of three position detecting units

24a t 4 t a pulse at intervals of the )
oot TOF iRt orSabteitgfses! thecwibphinazglevices are

i f i tio tect |
SRS TR A TR o o
, | S t .
sl st o deial o 20 L hod0e B0 ERotoving

kased onc ! heocsi@ndhs det@ERAY Wt JeiLLLN% #01 iSe disposed
24a to 24c, 15 thereby setting the U, V and W

tegr nthal sthaoke 4 dnpesvhilye ofOhhagleckZidd) Vahy28€ of 120
and a floating state, respectively. A magnetic field
idegrgaeddangppihe merittane ndomagiidtepret vddd | tn peverrotor.
to first, second and third windings 5a to 5¢c of the

st at or Vhifer e r 528@T ngakies roner re¥®lmiridier , eeabh of three

of sw. tchi devi.ces 26a, 26c¢c and 26e is subjected to
RASSE 1At HgﬁﬁaFﬂPaatﬁl%‘:ﬁ’( PR2 &R°d 2AE newkRRtsofe pulse at

r.t.ations, of the rotor is contrqlled by, for_exanple,
éjﬁggﬁ%%f a 8%tylﬁgﬁi(JegﬁégrﬂFgauen%99¥F 1P%kHz 120 degrees.
WasReVAar ho t hapges_IL p.at_| east. one of .

thr ee\bg'g'sei% i gg ggh%‘g%%ctq'lfﬁgggni %552(3 PR thrée position

Gtdcilngy Wi tdetast &4 %&@fé&%héﬁlﬁ&ig{ts CLSHL 21834 when a

t he nunber of rotations of the rotor™ -
change of the state is detected, controller 20 changes the

on-off states of the switching devices 23a to 23f based on
the signals from position detecting units 24a to 24c,
thereby setting the U, V and W terminals to be in a positive
voltage, a zero voltage and a floating state, respectively.
A magnetic field is formed by supplying thus controlled
electric power to first, second and third windings 5a to 5c¢
of the stator, thereby rotating the rotor.

Further, each of switching devices 26a, 26c and 26e is
subjected to pulse width modification (PWM), and the number
of rotations of the rotor is controlled by, for example,
adjusting a duty ratio at a frequency of 10 kHz. Whenever a
signal state changes in at least one of three position
detecting units 24a to 24c, controller 20 detects the period

thereof, calculates the number of rotations of the rotor
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based on the detected period, and then perforns the
PWM control of swi tching devices 26a, 26c and 26e
such that the rotor nakes as nany rotations as the
set rotation nunber. Current detector 27, which

i ncludes resistor 28 5 connected to an input term na
of inverter 26 and current detecting circuit 29
coupled to resistor 28, detects an input current of

TR Par o8 st PRy 280T s and, BARe ke TESTRS the Py
I t it
Bhfran or | ShHHenl 3o CHRpLE0L TERY Rsebdnd Y 4%k Ehat tne

Gl naehiys  deteaty %ﬁé\ﬁdw%dse%e% :eé;]%t gﬂfc?%%ly r%exrlumber

26 through the use ™ of current

connectagrbatl edetieditod8. AAUNAEN i AADUNNLARIRE Orrdfistor 28
detects the amount of Iaundry inrotary drum 1l base

wormeitgndl tor ansmiiger teemindd @F reAVedEEECRE #(d current
when rotary drum1l is driven at a specific rotationa

sed@t{iang). cize0it/ n29) .cagrirest citel peskstepurZ®, 3Hetects an

connected to inverter 26 via a DC power converter

ik FRF ER M eobr Lagerser eRokad @ippm%rmn output voltage
ot hi capaci tor. 34 for exanpl e. Is to, be 20

}g{) qqg"to 1i’:‘fﬁ?]lf}re'g’ﬁrzclq1 ori“’dgaﬁq B’é‘?ﬂt%oﬁlew saohryshless DC

X nd the ¢ urat of brushl ess
s T el el St sash %ﬁ%%?ﬁth%reai €5"its input
Q:Qﬂﬁ:t rHﬁd ai"hh ?fg&éobfl Qgcy{oée%t' Lt $tained by

ou not s |nc es a washi'ng
fﬂﬁﬁédﬂidﬁMEH@ Eﬁ?u%eEUﬁEld%\%F”HﬁﬁbftgF 2@e@ﬂ¥$u§h the use
rinsing nunber setting switch for setting t
of current detecting circuit 26 connected to resistor 28.

Laundry amount detector 30 detects the amount of
laundry in rotary drum 1 based on a signal transmitted from
current detector 27 when rotary drum 1 is driven at a
specific rotational speed (e.g., 200 r/min).

Commercial power source 31 is connected to inverter 26
via a DC power converter including diode bridge 32, choke
coil 33 and smoothing capacitor 34 for example. It is to be
noted that the configuration described above is only one
example, and the configurations of brushless DC motor 5,
inverter 26, and so forth should not be construed as limited
thereto.

Input setting unit 21, although not shown, includes a

washing time setting switch for setting a washing time

period, a rinsing number setting switch for setting the
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-13 nunber of rinsing operations, a water-extracting

time setting switch for setting a water-extracting

time period, a drying time setting switch for setting

a drying tine period, a start/pause switch, a

power-on switch, a power-off switch 5 and a course

setting switch. Display unit 35 includes, although not

shown, a washing time display subunit, a rinsing

nunber di splay, spybunit, a drging time display subunit i
AMPE ot e'%%ﬁ?+%% GPEhREYORBbuUNPt . WHTEH-SXtFGting  time

f.urt L Jdnacludin .10 nunber display unit, can )

gesi 3¥l A P ey e i fffeperion, a

' I I : j i t ' Fi.g,. . .
:arfé’fi 151 ggg: %cis%%ﬁﬁﬁyn (ycevllt%ﬁll tf%%S %}&g}ledd% od%lczf’q a‘ill‘l%en period,
@OistardYpdusedi Sl BaL B pERE BCHA 08w 8RB0 a2HRAR—off switch
detection 15 circuit 39 connected to first detection
anid a2Zouvane sedditg @etieehi.on coil 22b, as _
particularly illustrated in Fig. 4. An output signa
from detspiapn wnitui 8539inslpdesidedltthough not shown, a
m croconputer 40 included in controller 20. Further,
¥asBAadof téxei t dipphayoi ubepits caupriéusinmg 2umbeenddisplay
of first detection coil 22a as wel| as an end of .
S8bFRd tdePe AL T oF Mo 2pi spbaYi gbunatuendl apsianrse setting

AEbaR o aPBRRAS. ( WheB Vor B0 | 35 OFEASE including a

SRR Y IR, EGE S EEy HICURAILE! B hone ana
GhiremaQRlingUkakieQn oper at es.

Displacement detection unit 36, shown in Fig. 3,
includes oscillation circuit 38 coupled to excitation coil
22c¢ in displacement detection sensor 22 and detection
circuit 39 connected to first detection coil 22a and second
detection coil 22b, as particularly illustrated in Fig. 4.
An output signal from detection circuit 39 is provided to
microcomputer 40 included in controller 20.

Further, an end of excitation coil 22c is coupled to
an end of first detection coil 22a as well as an end of
second detection coil 22b, forming a neutral point having a
reference voltage OV in common with microcomputer 40,
thereby preventing a voltage variance among them.

Hereinafter, there will be given explanation as to how
the washing machine with this configuration operates.

When a water-extracting process is performed after
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Wien a water-extracting process is performed after -14
| aundry havi ng been | oaded into rotary drum1, and, if
the laundry are in an inbalance state, rotary drum 1
does not rotate in a manner that rotating shaft 4
keeps in a sanme position, but noves up and down, |eft
and right and back and 5 forth. Then, water tub 3
noves in the sanme nanner as the rotary drum1l so that

. . rur 0
TR diaria hlel L Poredonate moumsy adtun. 1) and, if the
[ ' | of t tub 3 is sent to
%%ﬁ%m ng% %rihg%%léﬁgﬁﬁaiﬁﬁegtﬁﬁe;?§Q$%ﬁMa@éH@nﬂ does not
Q%k% j i 0 [ [ t hat e .
di sp%tgcgfn%ﬁ{al gnlla;fﬁlaﬁrlo?ﬁ:? erwg_'tragzg%gt u%h%tfpn&i SRS o 2 same

ipdRaltaRee Put MEVEY Jd Irfd Hokefll WBEe A gff%ll&? P%Xg(ﬁ pack and

noi se of the washi ng machi ne can be reduce

dioyithg prrieess waterghubhea useves cantdrd | 8m@Omanner as the
whi ch gives a command signal to notor 5 via driving

gotogyt drsinPs @ed tihaterst efovfnerigt mdinly a vertical movement,
wat er - extracti on process be stopped or that the

ASnbeetectesy obyt | hspbacenangeddehecason t hensor 22 and a
i fbal.ance i s assessed to be greater than a

Iﬁlgg@é.fa&emeﬁé:d sighads il gvater (SeleoAd ipr sfearty etb . microcomputer
LN DT S A I

accor dameetatPindPEREL  Ehot o R R B St HBapr Bferiine water
LTS | 9010 e s A Moo SHETIAS G BT SHOLEY arum 1,
vibration or noise of the washing machine can be reduced
during a drying process through the use of controller 20,
which gives a command signal to motor 5 via driving circuit
25 and inverter 26 that the water-extraction process be

stopped or that the number of revolutions be changed in case

the imbalance is assessed to be greater than a predetermined

threshold.
(Second preferred embodiment)

Fig. 5 is a waveform chart for showing waveforms at
each part of a displacement detection unit during an
operation of a washing machine in accordance with a second
embodiment of the present invention. In the following,

elements thereof which are same as the first embodiment will
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-15 be given the sanme reference nunerals as the first

enbodi ment  and an expl anation thereof will be
abridged. In Fig. 5 waveform5la is applied to
excitation coil 22c, waveform 51b is outputted from

first detection coil 22a 5 and second detection coi
22b, waveform 51c is a half-wave rectified signa

whi ch is being processed in detection circuit 39 and
Wﬁyeforn15 dis a snoot hed signal _outputted

o et ch eOnS%’PGF?%‘? e@nc%&%rqﬁ i &b etﬁérSt embodiment

AR Tl AR, o owﬂogf T

gi ven andeseripg %@{f ﬁﬁsgpgr'i‘ . Q.fle%.l 4:ag§€egétlon coil

det ection unlt 36 Wt con at i on. FiFs
23aNgrlasfovay & 18 Ms %@Eﬁﬁﬁéé&dff&n V\Pi/:.@éer&étéét%@ coil 22a
is applied to excitation coil 22c as shown In

Hrel tsecowdl| detwavdbor moddn I8b Jehev @t 6EmbY1c is a half-wave
oscillation circuit 38 wwth a relatively sinple
dectyifiiesbnfsiigmadt | e idhaviisg, bedngexpaptesseadcoipl edetection
of operatlonal anplifiers, although not shown.

WC}H% eatniq a‘i’@‘{@%@rm/a\'iéﬂorlrﬁ t bha® exti aatsmmottwd signal

' g a d| rentiati on process qgccurrs with regard to
{

Hﬁme#SFﬁFFhoplﬂ§¥Q%ﬁRx§90n BBfepp2&orscthis, the

t hat form si Iar to ti,al | y snoot hed square
Jg%fl d@%éﬁéraf%d'% e§%ﬁ8?$f$@%°8§mﬁé$eﬂérﬁQ?ﬁ)a%\the first
wafomesubst antial Iy identical to waveform51b is

25 generated in second detection coil 22b.

In the following, there will be given a description on
an operation of displacement detection unit 36 with this
configuration.

First, a triangular waveform, exemplified by waveform
5la, is applied to excitation coil 22c¢ as shown in Fig. 5.
The triangular waveform can be generated by oscillation
circuit 38 with a relatively simple circuit configuration
having, for example, a couple of operational amplifiers,
although not shown. Applying the triangular waveform to
excitation coil 22c¢c, a differentiation process occurrs with
regard to the applied waveform in first detection coil 22a
so that a waveform similar to a partially smoothed square
wave is generated as exemplified by waveform 51b. A
waveform substantially identical to waveform 51b is
generated in second detection coil 22b.

Thereafter, the generated waveform is subject to a
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Thereafter, the generated waveformis subject to a -16
hal f -wave rectification and then snoothed by detection
unit 39 as illustrated by wavefornms 51c and 51d. The
wavef orm obtained by this process is provided to,
e.g., an AD converter in mcroconputer 40, thereby
transferring 5 information on the displacenent
detected by displacenent detection sensor 22 to

TSI 2 B A At
AEAE S BT AT 2 o
V@d‘ﬁﬂ{éa ok 1 ef Qrc%%senq_%d' d'é'dg 8,152 an AD

wavef or m ch rt for s W ng wavef o rrs edch pg t
(&oﬁVéH@§EaCQH?ntnﬁﬁﬁ%ﬁkh@ﬁ i t Q%r'ngtﬁ@r@B?rat£99nsferrlng

of a washing machine in accordance With a

eirbfiimentorof odnhetpees@idpldvanénon.dddedtal f gyl owi Bl acement
el ements thereof which are sane as the first

edffrtitieon sgngor B2 gioveronttheo skawe 2@f er ence nuneral s

as the first enbodi mrent 20 and an expl anati on t hereof

wi || b8Sabfeageibedn Fheves, ipvaasandsied swimpl | élle second

to ex Jtatlon coil 22c, waveform 61b is outputted
fEMRRFINERE deCdct | SREcoi PresRnt and Ve dHE et etiade output

recti

f 61 a hal f ed . ,
scﬁ’gaﬁaq%ﬁﬁ Vf%sorb;?f?fbcﬁl?%ce%%%m%ﬁd&’eﬂloﬁ 2g1r;ple circuit
acnfi t_of a ot he

Sl gnal‘j outpu tly\e@vlf‘g ete Jta o‘#%‘? cvfﬁ‘fe Except

for this, the

(Third preferred embodiment)

Fig. 6 is a waveform chart for showing waveforms at
each part of a displacement detection wunit during an
operation of a washing machine in accordance with a third
embodiment of the present invention. In the following,
elements thereof which are same as the first embodiment will
be given the same reference numerals as the first embodiment
and an explanation thereof will be abridged.

In Fig. 6, waveform 6la is applied to excitation coil
22c, waveform 61lb is outputted from first detection coil 22a
and second detection coil 22b, waveform 6lc is a half-wave
rectified signal which is being processed in detection
circuit 39 and waveform 61d is that of a smoothed signal

outputted from detection circuit 39. Except for this, the
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-17 configuration of the third embodiment is same as
the first enbodinent. In the followng, there will be
given a description on an operation of displacenent
detection unit 36 with this 5 configuration. First, a
si nusoi dal waveform exenplified by waveform 61la, is
applied to excitation coil 22c as shown in Fig. 6.

The sinusoi dal waveform can be generated by

oscid.l ation cirguit 38 with a relatively sinple

STt Iy bt FBA, TROTSl (aRhRhineRt shewsanapfs i tee first
gﬂ&)%fﬁg%gdal waveformto excitation coil 22c, a
I Terant | &

Iation process occurs with re?a;g to tﬂe ]

applie f Lnstirs tect.i.qn.coil. 22a, ere :

ggﬁera?Pﬁgxg %ggg?g%&?ﬁa&P%%et&@Jgaﬁgaéﬁﬁﬁ?ldi_fﬂ%;rlpflon on
Vv e : s [ [ i :

T e O ho BB, Ty B fn, Jrid 38 witn enis

gondiatedtibn.second detection coil 22b. Thereafter

the generated waveformis subject to a half-wave

recti fFLastpnaarsdiusen daipovfedt Symeleaeinpn £ield WY twaveform

39 as illustrated by wavefornms 61c and 61d. The 20

Wadef drsm apipbieddtoy exbils aprionesiils 220vadedhbwn in Fig. 6.

e.g., an AD converter in mcroconputer 40, thereby . _

FP%nsFéPPFH@dailnf‘ﬁimf??ém ofan hdali genecaredt byt ecseilllation

by _di spl ment detection sensor 22 to controller 20. ‘
et ria%idwé{%vé‘, Tt &fcebt Hang eMRieh GiRewi; reonpiguration,

?ﬂ%@h&?ﬂnt n8I: tg}l%v& ese%tppil?/\i%rc}t | gﬁé sinusoidal waveform to

enper at ur e-rnsensit’ive
excitation coil 22c¢c, a differentiation process occurs with

regard to the applied waveform in first detection coil 22a,
thereby generating a waveform having the same shape as the
waveform 61lb except that a phase thereof is shifted. A
waveform substantially identical thereto is generated in
second detection coil 22b.

Thereafter, the generated waveform is subject to a
half-wave rectification and then smoothed by detection
circuit 39 as illustrated by waveforms 6lc and 61d. The
waveform obtained by this process is provided to, e.g., an
AD converter in microcomputer 40, thereby transferring
information on the displacement detected by displacement
detection sensor 22 to controller 20.

As described above, in accordance with the third
embodiment of the present invention, temperature-insensitive

and stable output characteristics can be obtained by
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and stabl e output characteristics can be obtained by
-18 applying a sinusoidal waveformto excitation coi
22c because the sinusoi dal waveform does not change
its shape even after going through displacenent
detection sensor 22. 5 (Fourth preferred enbodi nent)
Fig. 7 is a waveformchart for show ng wavefornms at
each part of a displacenent detection unit during an

' f hi hi i dance with a
RRATHND Aot Wanp af?ﬁ@é%&é%n?‘:?%e%‘{lééﬁé“tpﬂnt heoil 22¢
i | . f i ch e sane as the
(R AN oC IR JIET R0 CMOLED L8 SATE B8LS its hape
[ ogli an e anation
TS S0 RSP BN 0B, Mo ELELE! L or 22,

applied to excitation coil 15 22c, waveform 71b is

outputted fromfirst detection coil 22a and second

det ect i(Boueahl p2dfervevebobodikenty a hal f-wave
rectified signal which is being processed in detection
circuit 39 and waveform 71d is that of a snoothed

signal _ outputted fromdetection circuit 39. Except

for thfdd-the 28 @rvageferhosheirtt o oshbwing waveforms at
enbadi nent i-s sane as the first enbodinent. In the _
fRATDOWRALE t IR e A 19ipRIFRINE iRkeehioBN @nltaﬂdurlng an
oper.at.i.on of _displacenent detectipn unit 36 with this
SERHEGOR 196, 22598000, RAChARE cLhadEFBrARNCe with a fourth

%’éﬁér&g ?ﬁomfﬁ?; : gsyérgt iinS\’re% |CJ).loine.d tOIrFX%ihteat i1:'8[]1.lowing,
elements thereof which are same as the first embodiment will
be given the same reference numerals as the first embodiment
and an explanation thereof will be abridged.

In Fig. 7, waveform 7la is applied to excitation coil
22c, waveform 71b is outputted from first detection coil 22a
and second detection coil 22b, waveform 7lc is a half-wave
rectified signal which is being processed in detection
circuit 39 and waveform 71d is that of a smoothed signal
outputted from detection circuit 39. Except for this, the
configuration of the fourth embodiment is same as the first
embodinent.

In the following, there will be given a description on
an operation of displacement detection unit 36 with this
configuration.

First, a square waveform, exemplified by waveform 71a,

is applied to excitation coil 22c as shown in Fig. 7.
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-19 Applying the square waveformto excitati on coi

22c, a differentiation process occurs with regard to

the applied waveformin first detection coil 22a so

that a waveform having high peaks and narrow w dt hs

is generated as 5 exenplified by waveform 71b. The

peak of waveform 71b can be set by adjusting a tine

constant of oscillation circuit 38 or a winding ratio

of each coil in displacenent detection sensor 22. A

Iﬁpﬁy\}é’igt agBecafdBer8pt WA REPHRSI 1Y EFCddgitiathecoil 22c, a

i catian af the above nethod. A waveform 10 ' .

B RedA s ar oo Rare | REFEEY | O ERnaededd | o sdboncpplied
' COl | ¢ .ter, th ner at e vef orm

?g\%&ttﬁrggt E]?o faJ'Z"ZE‘E‘:aI E Q %\S/gg%g‘ct?élrga%?gn ﬁﬂddﬂm& a waveform

HRAMPL Bgflet gk on 4641 rdw 2%ildehyst ed%%}Yerated as

c
wavefornms 71c and 71d. The gékmaveforn1obtalned

idHehpliFaRss By PaPEIEH Y0b.€. Ghe FPLaldbEORUSEESY M W1b can
m croconputer 40, thereby transferring information on

ee shtspbpcadgnstdayed etinyy dbnsptasenedt osdatiacdi®¥h circuit

sensor 22 to controller 20. As descri bed above, in

3Sc ord@n - NGty e ifowrft leac?0 aablodinrehtswfaddment detection
present invention, a hiﬂh out put can be obtained with

FHSHY 2% r chi thihiyglkage ofaanda obtasnedvieapidly through
ispl ace t d t 36 can be enhanced

n etection unj
ttoughPP bc%Bb?Pcaﬁﬂgn 5fea RRR¥E wWAPESCmto A waveform
%ﬁ%éé%ﬂﬁ%&ffy' f%%ﬁtf%%l thereto 1is generated in second

detection coil 22b.

Thereafter, the generated waveform is subject to a
half-wave rectification and then smoothed by detection
circuit 39 as illustrated by waveforms 7l1lc and 71d. The
waveform obtained by this process is provided to, e.g., an
AD converter in microcomputer 40, thereby transferring
information on the displacement detected by displacement
detection sensor 22 to controller 20.

As described above, in accordance with the fourth
embodiment of the present invention, a high output can be
obtained with a simple «circuit configuration and a
sensitivity of displacement detection wunit 36 can be
enhanced through the application of a square waveform to

excitation coil 22c¢.
(Fifth preferred embodiment)
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(Fifth preferred enbodinment) -20 Fig. 8 provides a
waveform chart for show ng waveforns at each part of
a di spl acement detection unit during an operation of
a washi ng machine in accordance with a fifth 5

enbodi nent of the present invention; and Fig. 9
illustrates a detailed block diagramof the

di spl acenment detection unit. In the follow ng,

el ements thereof which are sane as the first

enbodi nrent will be given the sane reference nunerals
as the enbodi.nent. and expl.anation thereof

o508 BP GRS P i el wavesomns
i Zd [ f ) CI. r Lo :

S PRE, G Pl T o3 R R, TROERERL' ks Orpring e

S rat idp! b£dat GratGidAt ih@Bh E/L ! i%ZCeché!Pdﬂé’é "}ﬁ’cﬁ a fifth

is outputted fromfirst” detection coil 22a and 1

srtodd réeitedf othe opteddht WaveheiBnlands ridald - MYEstrates
rectified signal which is being processed in detection

@ defiai 136 dridaka\kifagrmang ek itshd hiisplacemdmotdetection unit.
signal outputted fromdetection circuit 39. Except

fIor the s folleowingnf i glementsn chereoff i ¥hhcknaodi neane as the
IS same as the first__20 enbodinment. In the follow ng,

EHESE Gmrodinent ewi bl dbecraipterontbs sameop@tatancefnumerals

ispl.acepent, detection unit 36 with this | ,

A AT b SEPPeiRent And i apRpAdBRbiAp thereof will be

eMRJofd ed by waveform 25 8la, is applied to
g%bit Fﬁén coil 22c as shown in Fig. 8.

In Fig. 8, waveform 80 is a synchronizing signal sent
from microcomputer 40 to oscillation circuit 38, as shown in
Fig. 9, waveform 8la is applied to excitation coil 22¢c,
waveform 8lb is outputted from first detection coil 22a and
second detection coil 22b, waveform 8lc is a half-wave
rectified signal which is being processed in detection
circuit 39 and waveform 81d is that of a smoothed signal
outputted from detection circuit 39. Except for this, the
configuration of the fifth embodiment is same as the first
embodiment.

In the following, there will be given a description on
an operation of displacement detection unit 36 with this
configuration.

First, a triangular waveform, exemplified by waveform
8la, is applied to excitation coil 22c¢ as shown in Fig. 8.

Although not illustrated, the triangular waveform can be
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Al 't hough not illustrated, the triangular waveform can
be -21 generated by oscillation circuit 38 with a
relatively sinple circuit configuration having, for
exanpl e, a couple of operational anplifiers. Applying
the triangular waveformto excitation coil 22c, a
differentiation process occurs with 5 regard to the
appl i ed waveformin first detection coil 22a so that

f im | to . tially snoothed square. .
R TAE S R HE TSI HITRE b3 Bk of rFeABtively simple
bst.antial.ly ident,ical to waveform 8lb is
e AT o o B0 052D % eGP Rer oaf 1EPUPLE O
t ef 4 i's i.ect tqg a . half-wave
RSB LR AR.° RSls f lPHISITNE prpveorm o
%&c&&:dﬂﬂdﬁsté@i?dzbﬁ,\A’%Vecﬁfff@réﬂ‘giéaﬁm%lgaggggg occurs with

wavef or m obtai ned by this process Is prov

eegardinto Abh6ORYPILECH IWAVEFII9F OIPUESEs40 a8 coil 22a
transferring 15 information on the displacenent

det ethad by wiisfflcareneihiladet ot idnpaenasally?2 dbothed square
control ler 20. Herein, if a period of waveform 8la

¥avsut ied Peserased | st i exenipldifiiled3s bandwavedoirad 6flb. A
read-out operations, in mcroconputer 40 are not

YANEFOEH zetupStaREhabiYier 1N HiGFbcobpUt evav@formds 81b  is

wavef orm 81d such that a phase of,_ waveform 81d at a
YRR e SeE e Pt lero it 2 o br evi ous

e bR oED" AR hSR Sy BRELR L0 oot w0 o
?\%@dg—ggg%egg&ﬂi%%ﬂor{ | ne, 82b. gpd as&x@ortgxerdea(kyomdetectin
circuit ’39 as illustrated by waveforms 8lc and 8id. The
waveform obtained by this process is provided to, e.g., an
AD converter in microcomputer 40, thereby transferring
information on the displacement detected by displacement
detection sensor 22 to controller 20.

Herein, if a period of waveform 8la outputted from
oscillation circuit 38 and a period of read-out operations
in microcomputer 40 are not synchronized to each other,
microcomputer 40 reads waveform 81d such that a phase of
waveform 8ld at a read-out time is different from that at a
previous read-out time. For example, read-out operations on
waveform 8ld are performed at a first read-out time 82a, a
second read-out time 82b and a third read-out time 82c, as
shown 1in Fig. 8. As a result, an inconsistency or

instability may occur among a plurality of read-out data.
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25 shown in Fig. 8. As a result, an inconsistency or
instability nmay occur anong a plurality of read-out
data. -22 In order to solve this problem a _
synchroni zing signal such as waveform 80 shown in
Fig. 8 is sent from mcroconputer 40 to oscillation
circuit 38 so that a waveformto be read, i.e.,
waveform 81d in the exanple of 5 Fig. 8, can be nade

synchronous with the_read-qut operations. For o .
eianplg? PELRY obP SP&VEt itHHS HF ARIRET.ordm BRERIF@nizing signal

t i Ist d-out tine 83a, a second
BHCHC LY (o iatr anfifa B Mg rodu-obiSt i o3¢, dene  £rom
' [ 8. | ai ove, signals m
HRechyfiey, baghs BPALUANC, SRS W0 chae

¥aezdmCaib bee MRAE4SYNCIK .°,U°H§ve%§:{ﬂl ?:ld.zgnt.r?r ?ﬁér ésB{yample of

signal of mcroconputer 40 in contro

Fili.N@ ,i capOH@ Mlate! & yROHHTHIWRISIM PR HOBILaN O Wperations.
operations on a signal obtained by rectifying and

oot lexagplan outgad-oint t agpevitiGheCt bAN GRNefddh ald  are
22b. 15 In this way, a consistency or stability of

geréersgd il aacdirise ardadromdt t bimehisles, aahisgltond read-out
accuracy vibration detection. Al though the present _
FﬁW@n@?énaﬁgsab§8hrée§§ﬁﬁbéﬂtw¢ﬂme B8Gar @st ¢howan 1nL;;g. 8.
enmbodi yrent s where di spl acement detection 20 sensor .

i s ins?{% Féaﬂhnﬁdv Q& BtPReLPodframheeypitahion coil 22¢

i N T ST —
%%gg?égbﬁntE9§B§|E§8n5ﬁ %fh%HCQanmpdydfﬁ¥d(§h(goﬁé}éiler 20,
ihereby making it possible to synchronously perform read-out
operations on a signal obtained by rectifying and smoothing
an output voltage of detection coil 22a and 22b.

In this way, a consistency or stability of detected
data can be enhanced to achieve a high accuracy vibration
detection.

Although the present invention has been described with
regard to the embodiments where displacement detection
sensor 22 is installed in a vertical direction, the present
invention should not bel construed to be limited thereto.
For example, displacement detection sensor 22 may be
installed in a horizontal direction or in a slanted
direction such that it can detect a horizontally two-

dimensional displacement.

Further, although the present invention has been
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direction such that it can detect a horizontally two-
25 di nensi onal displacenent. Further, although the
present invention has been -23 described with regard
to the enbodi mrents where the coils of displacenent
detection sensor 22 is winded to be overl apped by one
anot her, the present invention should not be

construed to be limted thereto. It is also possible
to 5 wind the coils of displacenent detection sensor

2’? SFIRGCH ¥ e REAT] HeR  The SBPPQl@?nﬂﬁsmhﬁé’@wéﬁ‘te co:.ls of
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h|ng mach |ne omesETC or “conferdi
RerAUIReldl ’@é‘nb%esffr@i{b lEﬁ@EE‘EB andrpoijse 1esenl, e o
effectively detecting inbalance in |aundry to contro

el ithie @loid sTRIfOfdispRRENINtY ddtettdidindeioMasi g such a
machi ne. 15 While the i nventi on has been shown and

desweirbechat t hher espidld 66 idieplaefetiamd @sbedt IeNt Sensor 22
it will be understood by those skilled in the art

thigate Var iagds dmasgamoand nodification may be nmade

wi t hout departing fromthe spirit and scope of the

|nvent?‘%n §§ndefh91ed5¢%nthébpﬁlelrovmtﬁg? 2vaghangs. maAgdtine in

is cl i S. mashln nachlne conprisin
accor ance w:.th tf?‘e prese 1nventlonnpcan J.I%plement a low-

noise washing machine for domestic or commercial use,
because it can restrain vibration and noise thereof by
effectively detecting imbalance in laundry to control
rotation of a motor, especially in a drum-type washing
machine.

While the invention has been shown and described with
respect to the preferred embodiments, it will be understood
by those skilled in the art that various changes and
modification may be made without departing from the spirit
and scope of the invention as defined in the following

claims.
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a rotary drumfor accommodating therein [aundry, the
5 rotary drum having a horizontal or slanted
rotational axis; a water tub supported in a
vi bratabl e manner in a washi ng machi ne nai n body, the
rotary drum being installed in the water tub in a
rotatable manner; a notor for driving the rotary drum
10 an input setting unit for setting an operation of
the washi.ng machine; a control unit for controlling
CI&ddache s ‘operati on of the washing nachi ne
set by the input setting wunit, the control unit
i ncluding a mcroconputer; and 15 a di spl acenent

qetectAo agﬁ%hgfﬁgcﬁfﬁgcégﬁgagFégb?gLacenent of the

wat er di splacéenen uni t |nclud|ng

an excat 2@ yC Ot ﬁ)y %%ccsﬂﬁﬁ tﬂ?ﬂ%ﬁ&% h%ﬂergg aundry, the

havi ng an aX|s coaxl a I gned w € exXCi
GitlargN Arnt laty iy Gh h‘é@:"iz‘&i‘&lal&ngsien?c@a“lsoteg@lonal axis;
wherein one of the detection coils and the core can

nove par swetdr t aubhesapspresenein @f hBrwekBliet Whnner in a
wherein an end of the excitation coil is coupled to an
sra¢hdhgomeadifindendén ebbdyn cdi¢ srasane! ldrasm deianfl dhstalled
the other of the detection coils, formng a neutra

A& ﬁ@ezwaé@#né@h r%gl o TotOraldle apnner er ence of a

power of the conmputer. -25 2. The washi ng

machi n@ BPeF a ﬂ¥1 TikeRdi g YBtA&YedTHENI ng a

trlanggﬁalnpu s%ttlng %Bgi:eEo%osggglgécg%ath%&atlon of the

washing machine;

a control unit for controlling the motor and the
operation of the washing machine set by the input setting
unit, the control unit including a microcomputer; and

a displacement detection unit for detecting a
displacement of the water tub, the displacement detection
unit including an excitation coil, at least two detection
coils having an axis coaxially aligned with the excitation
coil and a core which can move along the axis,

wherein one of the detection coils and the core can
move pursuant to the displacement of the water tub,

wherein an end of the excitation coil is coupled to an
end of one of the detection coils as well as an end of the
other of the detection coils, forming a neutral point
connecting to a 0OV voltage reference of a power of the

microcomputer.
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coil. 5 3. The washing machine of claim1, wherein a
sinusoidal waveformis applied to the excitation

coil. 4. The washing machine of claiml1l, wherein a

vol tage 10 having a square waveformis applied to the
excitation coil. 5. The washi ng machi ne of any one of
clains 1 to 4, wherein the control unit provides a
synchroni zing signal, which is synchronous with an
internal clock of the 15 m croconputer, to the
excitation coil, an output signal of the detection

Goils ?ﬁian%is%ﬁq]&gfn.%cgglﬂ%ero%yné:fa{fnrl]ouls, Wiwfhheretirgle a voltage

synchronr zi ng 'si
having a triangular waveform is applied to the excitation

coil.

3. The washing machine of claim 1, wherein a sinusoidal

waveform is applied to the excitation coil.

4, The washing machine of claim 1, wherein a voltage

having a square waveform is applied to the excitation coil.

5. The washing machine of any one of claims 1 to 4,
wherein the control unit provides a synchronizing signal,
which is synchronous with an internal clock of the
microcomputer, to the excitation coil, an output signal of

the detection coils being read in a manner synchronous with

the synchronizing signal.
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