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WASHI NG MACHI NE Fi el d of the Invention 5 The present

invention relates to a washing machine; and, nore

particularly, to a washing machine for perforn1ngmwmm“mmm
*159159*

washi ng, rinsing and water-extracting processes mmmm
hori zontal or slanted rotational axis. 10 Background

laundry in a rotary drum having a substantially

of the Invention A conventional washing nachlne “mmmmemmmnm“
includes a rotary drum having a substantially

hori zontal or slanted rotational axis, 15 for “G00002*
accommodating laundry therein; a water tub that

i ncorporates the rotary @%%EHQQMMAQW$N§nd i s supported

in a washing machi ne nmain body; a supporting netallic
part for supporting the water tub; a washing machi ne
bagsea fiar o rSYpPOrtddi tde washi ng nmachi ne mai n body; a
notor for 20 rotating the rotary drum an input setup
unit for setting up operations of the washing

machi ne; _and a controller for controlling a washing
oper at | o%f PFRECHasAPNE  Fbehi AEL18EES (F Y Wﬁéhﬁﬂ%uﬂaChlne'

Set%%.“ﬂ!% ?ﬁ%r%99t59+#'”gtéhe IPLOL o Ynder ! E%ﬁhggfformlng

cont rdl e control TEr mashlng, rinsing an
washlng, rinsing and water-extracting processes of laundry

in a rotary drum having a substantially horizontal or

slanted rotational axis.

Background of the Invention

A conventional washing machine includes a rotary drum,
having a substantially horizontal or slanted rotational axis,
for accommodating laundry therein; a water tub that
incorporates the rotary drum therein and is supported in a
washing machine main body; a supporting metallic part for
supporting the water tub; a washing machine base for
supporting the washing machine main body; a motor for
rotating the rotary drum; an input setup unit for setting up
operations of the washing machine; and a controller for
controlling a washing operation of the washing machine set
up by the input setup unit and controlling the motor. Under
the control of the controller, washing, rinsing and water-
extracting processes of the washing machine are regulated

precisely.
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25 extracting processes of the washing machine are
regul ated precisely. -1 Wen the washing and rinsing
processes are conpleted, laundry in the rotary drum
contains water therein, so the water-extracting
process is perfornmed to renove water from the |aundry
by way of rotating the rotary drum At this 5 tineg,
however, the laundry articles may be placed in an

i mbal anced state within the rotary drumwith regard to
the rotation novenment during the water-extracting

process p i he types, .materials and_shapes
thereofwhgﬁ %ﬁ%cﬁ%ﬁ%g§§e%“ﬁhélP8%3?yPaPﬁﬁFa%a fRe FPReieteds

Wouh GndiPr ahe thd0 ansideall Yoordthenab kil NhdiiSE. so the
Thus, in order to detect an abnormal vibration during
t heatat esxexdataciyd Norqureacesiss périmsnddeatv prapeeedvier from
accomodat e the |aundry and detergent in a rotary drum
supper tednesy atablWaY nonrPhakENg r 4he, roReryneunf.r afkt this
being 15.in turn s orted.in an_outer fra by ,
bu};f”g?f nélogFVSEturtgPépsE%W%%y a®Shriny® 4Ad t dB?@E?daln an
Mechani gakeyi Dratd of; &fin the i AR ST Wiﬂ?ap?ﬁ Ha 8o the
vi bration detecting unit |sposed:|n the outer Fianme
(seetatdon exanopteendapaneseg Pahent wadied-6R€Racting process
Application No. S61-98286: Reference 1). 20 In this
mefRBENdi ke Qat &heexaybesti Mpherdedss ardl gfaades neltetgof. In
execubing first a balancing o eratigntggl rotating the

I

rofBFY dr uri 31t h* RS NS dr | at? dpe€g would vibrate

considerably, thereby making noise.

Thus, in order to detect an abnormal vibration during
the water-extracting process, it has Dbeen proposed to
accommodate the laundry and detergent in a rotary drum
supported rotatably in an inner frame, the inner frame being
in turn supported in an outer frame by a buffering structure
such as a spring, and to detect a mechanical wvibration of
the inner frame by means of a vibration detecting unit
disposed in the outer frame (see, for example, Japanese
Patent Laid-open Application No. S61-98286: Reference 1).

In this method, the water-extracting process 1is
performed by executing first a balancing operation of
rotating the rotary drum with a motor driven at a low speed
so that the laundry accommodated in the rotary drum is
uniformly attached to the inner wall of the rotary drum by a
centrifugal force, and then rotating the rotary drum at a

higher rotational speed. If an abnormal vibration occurs
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so that the laundry accommodated in the rotary drumis
uniformy attached to the inner wall of the rotary
drum by a 25 centrifugal force, and then rotating the
rotary drumat a higher rotational speed. If an
abnormal vibration occurs -2 during these steps, the
rotary drumis imredi ately stopped. Further, there
have been proposed ot her nethods for detecting an
abnormal vibration due to an inbal anced distribution
of laundry in a rotary drum before rotating the

rotary drumat a high rotational speed, ,to ther

5
endBFenant SR YT oftPE SaFRTANY dﬁ-é@ﬁ?éﬁéﬁg$¥ stopped.
wat er - ext racting ce F
Pat ont AT R GRen BB cETonooRe, TBPDT0080 (Ret drensss o

2) disel0ses anneLbesdor defipcliing aneabmer mah  imbalanced
vi bration of a washing nmachi ne that includes an 10

i nduetironutbdorof arauratrat iimgaarpbéay ymurhedfisgdeaotating the
inverter «circuit for driving the induction notor. In

t heoterbodrun ahwas M GreratrBAl Wi 1 He® ridedfpYdraaPLie an
is rotated in _forward and backward directions, ' .
balsFFEPhy°Bpetat iaons?/\ﬁeer &ndy i o_te%rfﬁc Py Satsizeggracting
at g Jawsrotati o Reedh, andsa 3o Nt of 5 RIIJAGE iBp®1icat |
opé%gfioﬁ'mhere %ﬁ%mﬁbfarfpdruﬁ1is ?otatég' agﬁg h?ghlcatlon
rotzal.i @ral 7speed (R Lo A0S Mekbylpess of megkliad tiher detecting
order. Upon starting the bal ancing operation, an

ef fagctabrermaldr véhraFsotee &ct edr $higiE arp Adtputthgft fReludes an
inverter circuit, _and a difference _of curren

. ti .
caF§H¥§Fé8nb§P%€énfPﬁerﬁéaﬁﬁ§9nﬁnF95Fﬁ% ﬁamtﬁgasan inverter
rn'%fggyfgﬂfgi(HrfJT%gGQB%CHM%ECQHBEeﬂBtor. In the method, a

washing operation where the rotary drum is rotated in
forward and backward directions, a balancing operation where
the rotary drum is rotated at a low rotational speed, and a
water-extracting operation where the rotary drum is rotated
at a high rotatioral speed are successively performed in the
order. Upon starting the balancing operation, an effective
current is detected from an output of the inverter circuit,
and a difference of current 1s calculated between the
maximum value and the minimum value of the effective current.
Then, the calculated difference of current is compared with
a preset threshold current value representing an excessive
vibration. If the difference of current exceeds the preset
threshold, an excessive vibration is detected based on the
current, and a warning of an occurrence of excessive

vibration is outputted.
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Then, the calculated difference of current is conpared
wWth a preset threshold current val ue representing an
excessive vibration. If the difference of current
exceeds the preset threshold, an excessive vibration
I's detected based on the 25 current, and a warning of
an occurrence of excessive vibration is outputted. -3
However, in case of the configuration disclosed in
Reference 1, during the bal ancing operati on wherein

t he rotary drumis rotated at a | ow rotational speed,
an abn vi bration may not yet be detected due to

the smal owgvﬁﬁp|ﬁﬁhd838? 2 imethaniCEiguBRraL PBN, disrdipsed  in
t
'ngggfgnéé %ﬂ EP@*@”QE@ dﬁéiiﬂé%§ ncep?%e£f%5 Qﬁqfeln the

articles wthin t fotary drum anpl i

of rbheryi bimin onsdoestavdd hacose hakgere&nNauUGh410 BBeed, an
detected until the rotational speed of the rotary
dréhﬂPEmﬁth%Q@ﬁﬁ#QQ)M§ﬂﬂqy¢ vetabeodaketBedpéed, tot the small

ficult to detect .the occurrence of the
%Wﬁh %ﬁ gt |aorf“%‘?sl7‘86}“]é:atlot‘é‘tlﬁ?gtltoﬁe rotedy yifir GReae is an

dingly, .th t .
t h%mgigﬁ%é’d)t a&lscmﬂ u%@ a?f‘ CP{IH%CP y ar:n%l%l\r?lob?rg)r(pahn the

drum can st oppe bno

ha&o@hfﬁadyumOCQMﬁk%dtHEh%ﬁ@ﬁQEQdetB?rghésv§byégboﬁ'§§és not
that the laundry 15 or the washi ng nachi ne may be

subgecme t daagdanagmighantoarme udeeeessar uhyigr eater rotational
amount of time may be required until the rotary drum
i sSBEBPpel. thar Fﬁgf‘ryt feufet hodnereqrddrence Righhirehational

degsgéglagt may be difficult to detect the occurrence of the
abnormal vibration before rotating the rotary drum at the
high rotational speed. Accordingly, the rotary drum can be
stopped only after the abnormal vibration has already
occurred. Therefore, there is a high risk that the laundry
or the washing machine may be subject to a damage, and an
unnecessarily greater amount of time may be required until
the rotary drum is stopped.

Further, the method of Reference 2, which detects an
abnormal vibration indirectly from an effective current of
the induction motor, is based on the assumption that an
imbalance of laundry is reflected on the effective current
of the induction motor and that the imbalanced state leads
to an abnormal vibration. However, a wvariation of the
effective current of the induction motor can be caused not
only by an imbalanced distribution of laundry within the

rotary drum but also by mechanical factors, e.g., due to a
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abnormal vibration indirectly froman effective
current of 20 the induction notor, is based on the
assunption that an inbal ance of laundry is reflected
on the effective current of the induction notor and
that the inbal anced state | eads to an abnor mal
vi brati on. However, a variation of the effective
current of the induction notor can be caused not 25
only by an inbal anced distribution of |aundry within
t he rotary drum but al so by nechani cal factors, e.g.,
of . the induction  notor, or

d t - ,
yggagﬁa?tﬁgrgg§|ﬁggucﬁho%c%%??ence éH”%?ce§§§586r’ since

vi hratd on,.,$ det erm ged e%ées%%EaR}l%QattQ%nVaIé ahiOfrhihed by
the effective current with a preset threshold current

valcuepaexf@sanee vibratigan war nimgsebroayibe icaswedt with a
nore often than necessary, thereby stopping the

r orarpetr bhr e oo I¢ equrerarity vadusyaeycefstire Vilwattiogn warnings
10 1t is, therefore, an _object of the gresent

i NVt ih 1T HOVIEES aChathi i adRCRESELPablcBesrPY stopping
pr n N:.0QCC abnormal vi bration or

noﬁé% 3099{2 dr [ alangﬁggaﬂgtribution of laundry in

a rotary drun1dur|ng a water-extracting process. 15

I n accordance with the present invention, there is

pr dumded yaowashe ntnveadhiare i ncl uding: a rotary drum

having a substantially horizontal or slanted

rotational axis, for accommodating |laundry therein; a

wat er tuPtnggﬁkae§gPQPé}egn object of the present invention

to provide a washing machine capable of preventing an
occurrence of an abnormal wvibration or noise due to an
imbalanced distributicn of laundry in a rotary drum during a
water-extracting process.

In accordance with the present invention, there 1is
provided a washing machine including: a rotary drum having a
substantially horizontal or slanted rotational axis, for
accommodating laundry therein; a water tub movably supported
in a washing machine main body, for accommodating the rotary
drum therein rotatably; a supporting metallic part for
supporting the water tub; a washing machine base for
supporting the washing machine main body; a motor for
rotating the rotary drum; a controller for controlling the
motor; and a vibration detecting unit disposed between the
supporting metallic part and the washing machine base, for

detecting a vibration of the water tub, wherein the
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in a washing machi ne mai n body, for acconmodating the
rotary 20 drumtherein rotatably; a supporting
netallic part for supporting the water tub; a washing
machi ne base for supporting the washing machi ne main
body; a notor for rotating the rotary drum a
controller for controlling the notor; and a vibration
detecting unit disposed between the 25 supporting
nmetallic part and the washi ng machi ne base, for
detecting a vibration of the water tub, wherein the -5
vibration detecting unit includes a differentia

tr SHSFSLABP IRRYFhE G PHr difclyO8F Boft T el transtormer
magnet.i ¢ body. | ef scri;pti f | 5 The
ab vaé”élﬁdao{%lé]r:%fbﬁéc?s an %f 3§ u%e@i%feﬁcg% pge'sent

invention will becone apparent fromthe foll ow ng
description of preferred enbodi nents given in

corguiredt iDescrupt hot hef ddeopramyngg drawi ngs, in which:

10 Fig. 1 represents a cross sectional view of a

washi ng machine in accordance with a first preferred
enbodi nent of . the pr sené?lnve iaon; Fi nggﬁékfs of the

t ; ,
forth a pefspEttie M ew’of€a vi FﬁFFonaggetec

uniﬂrélsfenttheir\’\@esrmi%gl NRChi NS ddhACsOpLance whih the A 1owing
first preferred enbodi nent; Fig. 3 provides a cross
secddalptioaw of pryfdradd osmboeimatinggimét ah aconjunction

washi ng machi ne in accordance with a
with the accompanying drawings, in which:

Fig. 1 represents a cross sectional view of a washing
machine in accordance with a first preferred embodiment of
the present invention;

Fig. 2 sets forth a perspective view of a vibration
detecting unit of the washing machine in accordance with the
first preferred embodiment;

Fig. 3 provides a cross sectional view of a vibration
detecting unit of a washing machine in accordance with a
second preferred embodiment of the present invention;

Fig. 4 presents a graph describing the characteristic
features of the vibration detecting unit in accordance with
the second preferred embodiment; and

Fig. 5 shows a «circuit -diagram of a vibration
detecting unit for use in a washing machine in accordance

with a third preferred embodiment of the present invention.
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second preferred enbodi mrent of the present invention;
Fig. 4 presents a graph describing the characteristic
20 features of the vibration detecting unit in
accordance with the second preferred enbodi nent; and
Fig. 5 shows a circuit diagramof a vibration
detecting unit for use in a washing machine in
accordance wth a third preferred enbodi nent of the
present invention. -6 Detailed Description of the
Preferred Enbodi nents Hereinafter, preferred
emhodi nents_of the present invention will be

DE] §3C LRG0 0L £hey Prekerrad Bnbeodilggnts

drawi ngs. that the description is intended to further
illustrate, but not limt, the present invention.

(First PrebenbaedeEbogdiaBat)ed O ditbdikehssd 3Fde+EEO0SSresent
sectional view of a washing machine in accordance

w thvantiest prhéfer el edbodiitent ofithhe rpifezente to  the

invention and Fig. 2 presents a perspective view of a

vi BFEPTRM Gt ectiOh it (1868 ChEr €PACcTrABtEpBWAS| Antended to
Fi yl ical r r rum .1l having a 15 bottom
curPacehr e B aE H e s e pBrat FereLLon-

2 onits cylindrical surface is rotatably installed in

water tub 3. Rotary drum 1l is also provided with

rot ati ngFshatt PréfentedlEndddmehtyotation) 4 and is

di sposed such that the direction of its rotationa

axis is declined toward a rear 20 portion of the

mashingfnachine. Further, notor 5 installed,
1g. 1 "is a 'sid€ cross sectional view of a washing

machine in accordance with a first preferred embodiment of
the present invention and Fig. 2 presents a perspective view
of a vibration detection unit used therein.

As shown in Fig. 1, cylindrical rotary drum 1 having a
bottom surface and provided with multiple drum perforations
2 on its cylindrical surface is rotatably installed in water
tub 3. Rotary drum 1 is also provided with rotating shaft
(central axis of rotation) 4 and is disposed such that the
direction of its rotational axis is declined toward a rear
portion of the washing machine. Further, motor 5 installed
at a rear portion of water tub 3 is connected to rotating
shaft 4, and rotary drum 1 is driven by motor 5 to rotate in
forward and backward directions.

Agitation Dblades 6 are disposed on an inner
cylindrical surface of rotary drum 1. Further, water tub 3

is provided with opening 3a at an inclined surface of a
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at a rear portion of water tub 3 is connected to
rotating shaft 4, and rotary drum1 is driven by
notor 5 to rotate in forward and backward directions.
Agitation bl ades 6 are di sposed on an inner 25
cylindrical surface of rotary drum 1. Further, water
tub 3 is provided with opening 3a at an inclined
surface of a -7 front portion thereof which faces
upwar d, and opening 3a can be opened or closed with
door 7. By opening door 7, laundry can be |oaded into
unl oaded from.rotar drun11 through |aundry

|o£apﬁ5/aﬂ¥5hm nfd“ 5180 Enfee WOGHY if9dsopening 3a can

othebLetatol ey L1050 B Lage PR ARy aunae

f oghngea lLb%Qfedt omtkberwl» deMio d Reonmed efddaky [t 1 through
setup unit 9 for setting up, for exanple, an

opérabidop cherdeafuniaskiing nepdnitey mdi.n botndkd ideor 7 is
prepared 10 above door 7. And, dlsgosed ina front
|oxfoérstaé%ffiioﬁt o¥hwgm%+@eﬁaéﬁrﬁécm BBy Pe L loading and
cont. IIe 1 ce|V|ng | or nat on fro

npu% R éﬁl aBnan% %%%tp%l |%% v %e Ypet? %ﬂ?(ﬁ user to

HDE@ﬁdegQg secdordhi hasgd on the input information.
Controller 11 includes a mcroconputer for 15

control lImgta setwesuofitoperadt oastthwd udpng Asashéigyple, an

rinsing, and water-extracting processes. Further,

WattPeTEGBOB FRURY &bl yiasilidper neahire vieail ﬁgvdywé@hpﬁeprepared

el %O?f ydo Q V’ a Sgrl ngd%gpgsngd d?gper 9'3 ntanlowoere portion of
washing machine main body 10 is controller 11 for receiving
input information from input setup unit 9 and controlling
the operation of motor 5 and so forth based on the input
information. Controller 11 includes a microcomputer for
controlling a series of operations including washing,
rinsing, and water-extracting processes.

Further, water tub 3 is movably supported in washing
machine main body 10 via spring 12 and damper 13, and one
end of drain hose 14 1is connected to a bottom portion of
water tub 3. The other end of drain hose 14 is coupled to
drain valve 15 to drain washing water from water tub 3. In
addition, supporting metallic part 16 for supporting water
tub 3 1is installed at a bottom portion of water tub 3, and
vibration detecting unit 18 for detecting a vibration of

water tub 3 is installed between supporting metallic part 16

and washing machine base plate 17, which is one of the
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end of drain hose 14 is connected to a bottom portion
of 20 water tub 3. The other end of drain hose 14 is
coupled to drain valve 15 to drain washing water from
water tub 3. In addition, supporting netallic part 16
for supporting water tub 3 is installed at a bottom
portion of water tub 3, and vibration detecting unit
18 for detecting a vibration of 25 water tub 3 is

i nstal |l ed between supporting netallic part 16 and
washi ng machi ne base plate 17, which is one of the -8
bo%ton1co onents of the washing machi ne. Vibration

de

8EEPRg GRATPCARES 2L FFRF enfasiing arsrEmer ) dVibration
i | i f  cpi 9 and magnetic_bo .
Eg?ggghg%%gnuﬁ%ny%{£¥2$ gfﬁ%é§%¢§153 %ran%%arper Pg%udlng a

opéeration an tunc

of plieavashi sy dmich ne Whhhmaéﬂétﬁ@QMﬁaﬁgﬁﬁrb@e@hown in Fig.
configuration will now be descri bed. en the washi ng
an@.rinsing processes are conpleted, laundry in

rotary drum1 is still wet, so the water- extracting _
process 11§ pEereihel fpdekvr@ieiometlertife siashiagl@achine with

| a r way of .rotating.rotary drum.l. Duri t he _
ma#gg-¥%§¥ﬁgb%Sﬁél%Fgcéggghﬁgﬁ€5éP? ﬂﬁéﬁiaﬂﬁﬁrg%hageﬁgrlbed'
di ghehbutgd Jdsi@md Malsancedspranes ydidy ratary . mpleted,
drum 1 depending on the type, naterial and shape of

t heahaondryin | mosaelh adoase,l ifotagtildrumed, Mdo the water-
vi brate considerably, which in turn may 15 nake water

t uB*8ragetRImbEace sy fot eyfdruadl toherdinact wWaireat efrom the

to%hundry by way of rotating rotary drum 1. During the water-
extracting process, however, the laundry may be distributed
in an imbalanced manner within rotary drum 1 depending on
the type, material and shape of the laundry. 1In such a case,
rotary drum 1 may vibrate considerably, which in turn may
make water tub 3, accommodating rotary drum 1 therein,
vibrate, too.

As described earlier, installed between supporting
metallic part 16 that supports water tub 3 and washing
machine base plate 17 is vibration detecting unit 18 for
detecting a vibration. Further, vibration detecting unit 18
is formed of a differential transformer including coils 19
and magnetic body 20. Coils 19 are fixed on washing machine
base plate 17, while magnetic body 20 is secured to
supporting metallic part 16 installed at water tub 3. Since
magnetic body 20 is configured to move vertically in

response to a vibration of rotary drum 1, wvoltages are



As described earlier, installed between supporting
netallic part 16 that supports water tub 3 and washi ng
machi ne base plate 17 is vibration detecting unit 18
for 20 detecting a vibration. Further, vibration
detecting unit 18 is forned of a differentia
transfornmer including coils 19 and magnetic body 20.
Coils 19 are fixed on washing machine base plate 17,
whi | e magnetic body 20 is secured to supporting
nmetallic part 16 installed at water tub 3. Since 25

magneti ¢ body 20 is confiqured_to npve vertically in
recg%%enrsagtetdg %/.nVICBIlZ?i gﬁ c?fgS rot APYCTT UM 28 Gol Fijdecsent of
- : ' ils,1 ungt | o) : : :
PSP b 20 BB TS EO E Re e vibrnion s
depescdire .of aotiebiati onid s ispossddl oshbbeevearo hbbtbsSt the
al so possible to detect the weight of the laundry in
rof@¥ghtdr UM 1 Wie udiavgdays dhsprkatementdrmwasur enent using a
obtai ned fromvibration detecting wunit 18 when the

| 0Nty T adbd THIG G H3F PG 8 of T it i drecting
th@ni’\@sﬂj Q@ie‘?lf tthlge llaﬂHﬁg%yis %Aaleébcﬁ)i%%%t %gga?t\js Hm?sl before
nmed by i nput “se

of washi ng operations progra tap unrt
9, seortim ltele ¥hshBYgr egutid € aukdAhe operations based

on a vibration | evel detected by vibration detecting

unit 18WhI¥debeemeretspeci hi c,serdent r afl erwddhimay operations
reduce the rotational speed of notor 5 if the

vi BFRET Gl 1PBvhi EAFEP aibrledet @opitaed lpangk, mehategulate
isthe operations based on a vibration level detected by
vibration detecting unit 18. To be more specific,

controller 11 may reduce the rotational speed of motor 5 if
the vibration level is within a predetermined range, that is,
if the vibration 1level is not greater than a first
predetermined value but exceeds a second predetermined value.
Further, if the vibration level is abnormally high, that is
to say, if the wvibration level exceeds the first
predetermined value, it may stop the rotation of motor 5, or
may stop the rotation of motor 5 temporarily and then resume
its rotation at a low rotational speed, to thereby
redistribute the off-balance laundry. As a consequence,

abnormal vikbration or noise of rotary drum 1 and so forth
can be prevented. Furthermore, since the weight of the

laundry in rotary drum 1 can be obtained from the level

detected by vibration detecting unit 18, the amount of water

to be supplied during the washing process or rinsing process

-10-
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if the vibration level is not greater than a first 15
predet erm ned val ue but exceeds a second predeterm ned
value. Further, if the vibration level is abnormally
high, that is to say, if the vibration |evel exceeds
the first predetermned value, it may stop the
rotation of notor 5, or nmay stop the rotation of
notor 5 tenporarily and then resune 20 its rotation at
a low rotational speed, to thereby redistribute the
of f - balance | aundry. As a consequence, abnor nal

V|brat on n0| otar drum 1l a so forth can
bene Qi PRES thelad e the a4l

be preven &, dﬁ?‘of t he
laundry in rotary drum 1l can be obtained fromthe

| evel 25 detected by vibration detecting unit 18, the
anount ofSawatrer Priedebee8upmbe®idhetitn)i Ng t he washi ng
process or rinsing process -10 can be adjusted based
on the detected level. (Second Preferred Enbodinent) 5
Fig. 3 is a cross sectional view of [

vi bratiopn _
detecting-dini £ of a Washiol§ nBEhiTE@an IEE8r dahcd wiikration

a d%%%QQQnBrQﬁﬁErQQEegb%@%ﬁ?ﬂ& QQCBQﬁep i®S€Mcordance with a
invention, "and Fig. 4 shows a graph descri bing

Ch&ﬁ@@hdrm&mﬁEin@H tdioadimenat icdn tled eptésgntinihvention, and
Further, parts identical to those 10 described in the
f|ﬁ§@'préféﬂﬁé@ eﬁbdﬂﬁﬁﬁhtdﬂFFrlbkﬁgdé%@gﬁatedlﬁk¥¢ﬁ of the
l'ike.reference nuneral s, and_description thereqof wll

be ‘OMELE8” FREERRISBCBHE pr EFEFPRY Sidd Hefntical to those

V'Qﬁ%k&@%ed in the first preferred embodiment will Dbe
designated with 1like reference numerals, and description
thereof will be omitted.

In the second preferred embodiment, vibration
detecting unit 18 is formed of, e.g., three coaxial coils
and a magnetic body, as shown in Fig. 3. Specifically, one
of the three coils is primary coil 21 for input, and the
other two are secondary coils 22 and 23 for output,
respectively. Further, shaft-shaped magnetic body 20 1is
embedded in shaft 24 made of a non-magnetic material such as
a synthetic resin to pass through the three coaxial coils.
Shaft 24 having magnetic body 20 therein moves vertically in
an axial direction.

As for the positional relationship between the three
coils and magnetic body 20, secondary coil 22 is disposed at
a side where vertically moving shaft 24 is inserted, and

primary coil 21 is disposed adjacent to secondary coil 22,

-11-
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detecting unit 18 is fornmed of, e.g., three coaxia
coils 15 and a nagnetic body, as shown in Fig. 3.
Specifically, one of the three coils is primary coi

21 for input, and the other two are secondary coils
22 and 23 for output, respectively. Further,
shaft-shaped magnetic body 20 is enbedded in shaft 24
made of a non-magnetic material such as 20 a synthetic
resin to pass through the three coaxial coils. Shaft
24 having magnetic body 20 therein noves vertically |n

anF@%ﬁﬁng“Jnéghéywsé%%ndgr tgglEOE tlonal Eegftlopo surround

between the three Ccoils an nagnée i & boay

sesoney il 22 drig dﬂosﬂfés%@j%tcen%St@ skdgn¥hereccil 22. a
vertically noving shaft 24 is inserted, and primary

copds i ars whesposed adwaceﬂmdtmfsmagmmiabybodyl2221n dlaft 24
Further, another secondary coil 23 is installed to
suﬁom‘.‘fﬁ& lBrltt?ﬁryr%%‘i’? 2f #Td"EEYbecHldj adéntis opdefined as a

sndlg CoLbo 2o (oL o abene dle over epd ol

nagnetlc

DVTMQVMM%@Fhg21nu§b@§fkﬂfds@éo§6§&§e&§ﬁ§n052pQ§!t%%@ to be
for a vertical vibration of shaft 24. The w ndi ng

nuagreroxgfmegedondaay conds 22hats set pkOmbey coil 21 while the
approximately ten tines that of primary coil 21 while

th ln%frﬂjuwﬂ?ﬁﬁrb%? §FceRedRarylEorf 23 |%etset0tbeb@b0ut 7
ab | Jres. t hat of I

co e | of
rragﬁé? oy 1P 2daY sethagxibe H&ﬁ i?n?ﬂé ’? agnetlc body
wi ngli pg MégtBOOEeSQQQQQQthaﬁotﬁe2§1nd1ng width of secondary

coil 23.

Referring to Fig. 4, there is shown a graph describing
the characteristics of vibration detecting unit 18. The
graph shows a relationship between a vertical displacement
of shaft 24 from the reference position and a secondary
voltage for each of the secondary coils, wherein an input of
the pfimary coil is regulated constant and shaft 24
including magnetic body 20 is moved up (direction of
extension) and down (direction of contraction).

The operation and function of vibration detecting unit
18 with the above-described configuration will now be
described.

As can Dbe seen from the graph in Fig. 4, the
relationship between a displacement triggered by a movement
of shaft 24 having magnetic body 20 therein and the output

voltage of secondary coil 22 forms a virtually straight line
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Referring to Fig. 4, there is shown a graph descri bing
the characteristics of vibration detecting unit 18.
The graph shows a rel ationship between a vertica

di spl acenent 15 of shaft 24 fromthe reference
position and a secondary voltage for each of the
secondary coils, wherein an input of the primary coi
is regul ated constant and shaft 24 including nagnetic
body 20 is noved up (direction of extension) and down
(direction of contraction). 20 The operation and
funthon qf V|br t|on d ectin uni t

abOve- déscri Bed coﬁFl %loﬁ PP en ﬁpﬂew%88§cﬂ%bgw in the

eﬁ@8n§§o§e§ﬂdér9@1Eﬂgugr?@hmhnlg'ghe cohPfaction side when
rel ati onshi p between a displacenent triggered by a

noveaeninp@S off shafima24 havibg mAgnN&naC nkodyod8tant, while
therein and the output voltage of secondary coil 22
foph’éaaant@anwlr@w aiggve ldtnghe1puibth #olarge &t opeout 15
within a ran froq%gbout 10 mmin the extension side

t 0"™%bdlt “49 T THE " SAfPact F oI TsiTde whef rERES| hpek 10 mo

of 4 Br iLhRYN Ve ,6Qid s 12k T &R N80 CQBSLANt 1 WALk e agplé'rg gﬂse is a
a maxi mum val ue of the output voltage at about 1

i nrehge cont daspi arersdrds wWHeven shhat thembasgewheé®Mdddndry is
mm in the extension side to 10 mMmmin contraction side
islﬁad?@ng%niﬁ didsiracedsils Whereeginafary24 capkes2dhenay  be
Iaundr oaded into_rotary drum 1, secondary coi

22fiHy %%re%o CHPEE atiquire fbt G8E°PRIBBt i nyeiont of

the wehosht ofpnar 15 to say, a more precise detection of
laundry weight can be realized with secondary coil 22
because a.slope of voltage per a unit displacement is large
in spite of the narrow range of detection.

Further, the relationship between the displacement due
to the movement of shaft 24 having magnetic body 20 therein
and the output voltage of secondary coil 23 forms a
virtually straight line within a range from about 10 mm in
the extension side to about 40 mm in the contraction side
when the input of primary coil 21 remains constant. Given
that the range from 10 mm in the extension side to 40 mm in
the contraction side is a range of displacements where shaft
24 moves when laundry is loaded into rotary drum 1 and water
is supplied thereinto up to a maximum level during the
washing ©process, secondary coil 23 may be considered
adequate for use in detecting a vibration. That is to say,

a more precise detection of a vibration during the
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10 laundry. That is to say, a nore precise detection
of laundry weight can be realized with secondary coi
22 because a slope of voltage per a unit displacenment
is large in spite of the narrow range of detection.
Further, the relationship between the displacenent due
15 to the novenent of shaft 24 having magnetic body 20
therein and the output voltage of secondary coil 23
forms a virtually straight line within a range from
about 10 nmin the extension side to about 40 mMmmin

the _contraction side when the input o rimary coil _

Zlopgﬁﬁlgh%nsco st Zorﬁ BCHLFERB Hha e??{bJaF%né:é’lflr érh pgcause it
i hg; gxt L on: S [ th tract

o e o P rara o naP ™ B3 oubaoe Per

whenuhaundlt gplscdremdedcient not atatt e drimmehiandawat er

is supplied thereinto up to a maxi mum | evel during the

washi ng Ipr eesydagegomdany thei Iseegnanprboéecovadi gobediment of

25 gdequate for use in detecting a vihration, That is

tot§3y,pr%$%%?e 1ﬂ%§ﬁ%§8nde 8RET e?ﬁ.%PQﬁebraPWonvarYi”g the
dugi Ag; tHe nukdoRer gki ong, P‘E‘Qcﬁgoslég;t‘:lm%gagqgw b9 and 23, the

secondary coil 23 because it etection

r angeaanch shiggel | betwpen of tuel t ageppeEem@ntfi t of  shaft 24
di spl acenent does not matter in this case. In
acéBfdanted wi ndgnHe Sedmdd préf emndd éhbodirgepecbive5 output

h t J ti d i b b b ing the
i RO RS Frbbr ARy CBLORGREy-E0I 18 DI HRATEBU 1 pgbus, it

rehati,gaships Petween hbe disphacenenis 95 sbafl,2% ctection

of laundry weight, while employing the other secondary coil

23 to detect a vibration.
(Third Preferred Embodiment)

Referring to Fig. 5, there 1is provided a circuit
diagram of a vibration detecting unit for use in a washing
machine in accordance with a third preferred embodiment of
the present invention.

In Fig. 5, primary input waveform circuit 26 generates
a triangular wave with a voltage supplied to microcomputer
25 of controller 11 that controls operations of the washing
machine set up by input setup unit 9 and controls motor 5,
and then inputs thus generated triangular wave to primary
coil 21. Outputs of two secondary coils 22 and 23 depending

on the position of magnetic body 20 are rectified and
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i ncl udi ng magnetic body 20 and the respective out put
vol tages of secondary coils 22 and 23 are changed.
Thus, it 10 is possible to use one secondary coil 22
for the detection of laundry weight, while enploying
the other secondary coil 23 to detect a vibration.
(Third Preferred Enbodi nent) 15 Referring to Fig. 5,
there is provided a circuit diagramof a vibration
detecting unit for use in a washing machine in
accordance with a third preferred enbodi nent of the
resent. i nvention. 20.1pn Fig. 5,, primary.input
NS TrorHT e TauPh pet gerbrarer s TG ar W VRitRoes of
a vRhtage SUMkicedat® NI REQEPULEF by D %frecogét%_o'éoerbe not
11 that controls operations of the washing machine

sepreptédy thpot thet yplurigt Suppd iedntdool i dBid@mpIter 25 and
and then inputs thus generated triangular wave to

pr RRAr ynRsttasd [t R/ DOFOPUESS 591 tRwr we Conddr icoprsmpeter 25.
angd. 23 dependi n Qn the positjion of magnetic body 2
argh?e%g?‘?é%”én&ufff §ﬁ80%§%ﬁ T?F%nﬁﬂnl %&§t88ﬁﬁaxbeg in the
Ci kguit 2ha THRD !@k%ﬁge%w%&erggaseﬁﬁﬁbﬁ%@ﬁgsanQHM% detailed
snoot hed outputs are set 'to be not greater than the
voleageistijppl iwe deo fnvéLOCHaPOhIte2h and are inputted

to A/D conversion ports 28 of mcroconputer 25. 5 The

ot her stifucthsr expire ¢oehiduraltics t Hose destefdsadlien that an
t he f%gst a?d thef§econd:Preggifeglenbodlnentsﬂ and

de%%?? waveform of primary of vibration detecting
unit 18 is a sine wave. However, many components afe
required to generate a sine wave with the voltage supplied
to 'microcomputer 25, and, therefore, it may be cost-
ineffective and space-consuming. Alternatively, therefore,
one way considers to divide a square wave of microcomputer
25 and supply them to primary coil 21. In this method,
.hcwever, inductance of primary coil 21 may affect secondary
coils 22 and 23, which may cause generation of resonant
waveforms therein and thus failure of creating precise
waveforms.

Therefore, by creating a triangular wave in primary
input waveform circuit 26 and supplying it to primary coil
21, voltages depending on a displacement of magnetic body 20
can be generated in secondary coils 22 and 23 without being
affected by the inductance of primary coil 21. Then, the

output voltages obtained from secondary coils 22 and 23 are

rectified and smoothed in output detection circuit 27, and
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description thereof will be omtted. In the above
configuration, it is preferable that an i nput

wavef orm of primary coil 21 of vibration detecting 10
unit 18 is a sine wave. However, nany conponents are
required to generate a sine wave with the voltage
supplied to mcroconputer 25, and, therefore, it nmay
be cost- ineffective and space-consum ng.
Alternatively, therefore, one way considers to divide
a square wave of mcroconputer 15 25 and supply them

FO REiWQh%ag EL ggé Lgttgksé%?tggg’gfgg e%i%@&&arghe voltage

I nduct ance rrmary coi may a

COishippZ2e@ntlo 281 c WOt Sy Callse TgeRehatbPN fie voltages are
resonant waveforns therein and thus failure of

cr éeabuhgepreci s awmwelrcins. p20t Thed ef Hme,cdoycmpaakirngs, and
a triangular wave in Erinary i nput waveformcircuit
26 TRRE SUFPPYPRGUEET t 85piekgrpines | @ 2ibrgsipagdnsed on the

de%%ﬁggg %8@ %e%h%%lqggﬂ?n% p%g&%%pgﬁhgiggai?ﬁgU%C%Qbration.

be 'genérated in sécondary co

beirRgn, af egted1by-t he1i ndugiapnee ofoPpimary GRIde2l.-0n  the
Then, the 25 output voltages obtai ned fron1seconé3ry

coidese2@imadi @3 aseult.ectlf i atliaridbnsnoat hed dnNsOUbPsEible to
detection circuit 27, and -15 the voltages are set to

be IREECHr ddtCer e HEt t RE ViGlwelgy Suppbredyt girum 1 with the
ni%%ogggguggr an_Thereafter, the vol tages are

I nput't ed t9" A1 D toriver si on ports 28 of m croconputer

25, and 14 hgRcBALELQEOMRMLRS ééed%&%%ghgesiﬁbéﬂéygﬂ” QBscribed

based on the
above, by detecting a vibration of the water tub in the
washing machine directly by means of the vibration detecting
unit, an occurrence of abnormal vibration or noise due to an
imbalanced distribution of laundry in the rotary drum can be
prevented during the water-extracting process. Furthermore,
the weight of the laundry in the rotary drum can also be
obtained from the detection «result of the vibration
detecting unit. With these advantages, the present
invention can be applied to various washing machines used in
household and commercial environments to wash and try

laundries.
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 wvarious changes and

modifications may be made without departing form the spirit

and scope of the invention as defined in the following
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5 conversion result with a preset threshold of
vi bration. Then, controller 11 controls notor 5 based
on the determnation result. In addition, it is also
possible to detect the weight of laundry in rotary
druml1l with the conversion result. 10 In accordance
Wi th the present invention described above, by
detecting a vibration of the water tub in the washing
machi ne directly by neans of the vibration detecting
unit an occurrence of abnormal vibration or noise due
nbal anced di stribution of laundry in the
ro%ary drum can be 15 prevented during the
wat er - extracting process. Furthernore, the weight of
the laundry in the rotary drumcan al so be obtained
fromthe detection result of the vibration detecting
unit. Wth these advantages, the present invention
can be applied to various washi ng machi nes used in 20
househol d and commercial environnents to wash and try
| aundries. Wile the invention has been shown and
described with respect to the preferred enbodi nents,
it will be understood by those skilled in the art
that various changes and 25 nodifications my be made
W t hout departing formthe spirit and scope of the
invention as defined in the following -16 clains. Wat
is clained is:
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1. A washing machi ne conprising: a rotary drum having
a substantially horizontal or 5 slanted rotationa
axis, for acconmodating |laundry therein; a water tub
novabl y supported in a washing nachine min body, for
accommodating the rotary drumtherein rotatably; a
supporting netallic part for supporting the water 10
tub; a washi ng nachi ne base for supporting the washing
machi ne mai n body; a notor for rotating the rotary
drum a controller for controlling the notor; and 15 a

viﬁﬁg{igg gﬁ;%it'qg,unit di sposed between the
i 2

supporting me iC part and the washi ng nachi ne base,
for detecting a vibration of the water tub, wherein
the vibration detecting unit includes a differentia
transf oAnweshhayi mgclaipd wraalpirtipiof: coil s and a

magneti c bod%;_i:1 20 2. The washi ng machi ne of _claim 1,
wher ei n 3% hE° WD afF8R  stidéGt i dg SURSEaPhepbdes nogizontal  or

RSP SO 300,010, 0Y B SERTTHRT oGRS shoresn
wher ei n &t hga t@gnetbc edp1ys shafdreelapad andidshinl8 machine
main body, for accommodating the rotary drum therein
rotatably;
a supporting metallic part for supporting the water
tub;
a washing machine base for supporting the washing
machine main body;
a motor for rotating the rotary drum;
a contrcller for controlling the motor; and
a vibration detecting unit disposed between the
supporting metallic part and the washing machine base, for
detecting a vibration of the water tub, wherein the

vibration detecting unit includes a differential transformer

having a plurality of coils and a magnetic body.

2. The washing machine of claim 1, wherein the vibration
detecting unit includes:

an input primary coil; and

two output secondary coils disposed to be coaxial to
the primary coil,

wherein the magnetic body 1s shaft-shaped and is
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di sposed to pass through the three coils and to be
nmovabl e. 3. The washi ng nmachi ne of claim2, wherein
the two secondary coils generate respective voltage
outputs in 5 response to a constant input to the
primary coil and a displacenent of the magnetic body
due to a novenent thereof, and the slopes of the
respective voltage outputs of the two secondary coils
per a unit displacenent are different from each
other. 10 4. The washi ng machine of claim2 or 3,

fuEEQ?Bse&QH?&&%#FQh%%ungHRe fﬁfg% fiéf%Eds%ttbng gﬁble.

oper at | ons e wash ere t e

controller controls the operations set up 15 by the

i nput setup unit and controls the. notor, and wherein

a ﬁriangmbarwaahéngenea@nxnk bagedcbaim Vo)t agerein the two
plied to a mcroconputer of the controller is

mﬁsf:%aa% @%elsprugﬁélﬁyaésu|re%wwetag@l&@1g§ut§uéputs in

t he dasy are r ct|f| g

srmgtgﬁlg%ﬁ ng;%argé lézé)%gtg be 1"&¢ % Ha % y oprrlé“qauré’i ggil and a

t hai¥plh hodresup ivod H@gﬁ@@lﬂ1ﬁé@§QﬂﬁyH§r@ %%@em%g%nthereof

the outputs are inputted to A/D conversion ports of

t hendntbeoebopet esf the respective voltage outputs of the two
secondary coils per a unit displacement are different from

each other.

4. The washing machine of «claim 2 or 3, further
comprising an input setup unit for setting up operations of
the washing machine,

wherein the controller controls the operations set up
by the input setup unit and controls the motor, and

wherein a triangular wave generated based on a voltage
supplied to a microcomputer of the controller is inputted to
the primary coil; the voltage outputs of the two secondary
coils are rectified and smoothed—and are set to be less than
or equal to the voltage supplied to the microcomputer; and
then the outputs are inputted to A/D conversion ports of the

microcomputer.
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