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DESCRI PTION El ectrically Driven Potter's éo(& 5
*144144* TECHNI CAL FI ELD The present |nvent

WO BoQkdosr ' s wheel for working clay and ot %&32003,004425
pottery material on a turntable to nmake pots, E ,

pl ates, cups and the I|ike, and rmre partl cuI arly -
pertains to such a potter's

ggrfg'r §?Sm"ﬁ;°geo§f‘§%§§;?‘§?§§9ﬁf (he T oo Mgy

otter's wheel of which turntable is driven by an =*teses

etticad lioPsivesuPRthpres d¥heiedal |y driven potter's
vvheel is provided with the turntable for supporting a
work of wet cla and other material, an electric

TEREBENICAREIERPthe turntable, a pedal for
ad| Uﬁ‘ﬂ?%ﬁﬁeﬁm nRR o3P G005 180% 41 PRARUrCONKRAL] for

for erotatlona see not or as
warﬂ:umgt pbmcﬁn Uhercnobiﬁematmgﬁerbal e peduirntiakde to

mARE BL L BewREda1 4% dlephgesed ab¥ng A, ah £ nkiee Of
oper at or holi pottery material other I a
P%ahlwblalt}é’eﬁefbﬂllihéopémcilr9 p@mraﬁaw:mk/ﬁmveé %ﬁcPeDC

bPgERIBREtGltoWM th reference to clay as a
representative of the material for the pottery.

However, it is to be noted that the present invention

Iﬁscﬁég@gwbcg@rp to other pottery material than

ay. Upon throw ng pottery, a user deposits a nass of
vet lal shecfieddeof moatitanve madh@eeleapse pa adectripnlly

dhgv ;?ﬁ’éﬂézﬁg mrémwmlvﬁh&ghnmgnt%lébirsnh'ci%%n by hag

row n Sgrocess orce Is Inparted to the wet
elcqcetylasmpﬁer usenchceaselactnicadl ndriyed prodteareavheel is

pPGY318d RitRaAd PuE!ﬁ%abqleefor ‘sﬁfﬂ'ﬂlﬁ‘%ﬁntgoaVﬁb)bkt B8 wet clay
rot at] onal speed_of the notor

and other material, an electric motor for driving the
turntable, a pedal for adjustment of the motor speed, and a
speed control for controlling the rotational speed of the
motor as a function of amount of operation to the pedal, i.e.
how much the pedal is depressed by a foot of a user or
operator. Although pottery material other than clay can be
used for the pottery, explanation will be made hereinafter
with reference to clay as a representative of the material for
the pottery. However, it is to be noted that the present
invention is also applicable to other pottery material than
clay.

Upon throwing pottery, a user deposits a mass of wet
clay on the turntable and hand-shape the wet clay to a
desired form while turning the turntable. During that
throwing process, a force is imparted to the wet clay as the
user accesses the clay, and the force acts as a load to the
electric motor to vary the rotational speed of the motor.
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*ACTI ONF WO 2004/ 016402 PCT/ JP2003/ 004425 Such
vari ation of notor speed is not preferable for the
formation of the pottery. In order to maintain the

t ed constant, the user has to delic
128(2{01?9@2 anount., of operation of the pedal Q’E’i‘"di‘zs?lojsg?%mzs
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range ordance ocgurs in synchronlzatlon
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ofTohat:haitrcbrthsemb@vmvﬂ&ratngmed Db et dlacseah@fces 0%0aels in
ordln q% resen I nventi on |ncﬁ§$§$
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t Hkdb ctPic @urtieitt hREl rotatabheo f 3 WP HHd At b&ﬁs'iﬁrgber
to be ope and .i s charact er’i zed
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shaped.

DISCLOSURE OF THE INVENTION

Accordingly, an object of the present invention is to
provide an electrically driven potter’s wheel which operates
smoothly and stably. without being affected by the load due
to user’s access to the work of clay.

To attain the above mentioned object, a potter’s wheel
according to the present invention includes a turntable for
supporting the pottery material, a motor for driving the
turntable, a manipulation member to be operated by a user,
and is characterized by a speed signal producer for
producing a directive speed signal in response to the
operation to the manipulation member, a speed detector for
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2 WO 2004/ 016402 PCT/ JP2003/ 004425 detecting the
rotational speed of the npotor and generating a
detected speed signal representative of the detected

@B%'g‘/oqmﬁpeed control signal producer for p%@‘i'}dﬂoﬁ‘ﬂooﬁ‘ntzs
notor Speed control signal as a function of the

di fference between the directive speed signal and the

det ect ed speed signal; and tor controller for
dejrahiand 5 car pbe b1oWA] 60 o6 hRd ThomohaKi 7B I FRnepRLInE 2

dERUTA sP e Rlsi290 Ak SEALAGI ¢ OO MK OTd et dteql speed ,a
signal to the rmtor Wth the arrangEmsnt of the
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dPRDeLiegnHIee tHE mPPEPr control generates such a
not or gnw ng signal as to makh%e t he m)tqr dri vi ng
€
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Aot &L BSvE heharogpéedtdiem@xmseaw&éﬂém& BS the speed
rotational sp eed of the turntable to be of .a directe

deks ¢leor p%gfa.ddbe% o theesPoad eppirelsignalLenenebor @and

t %bh@r\wﬁln@ceamwg shi n@ltr]. m‘g@dﬂtmﬂe@fastmefuncnon of
pre I nvenil on, el.ectric. notor 1s a
éﬁ?@genﬁﬁt thr?am&ﬁﬁgda tecied, mofipg épﬁﬁ:‘j’tc Andh g

dﬁQatc,(tre d@ﬂré%td nE%t@ﬂ%E@ukmetﬁb% éed dlditeioih &esponse

of t iment is i de a ition
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mmb@rc@ﬁtwl Qe NGLNESs eRAH iVen bPot hpnsztmtgomg\htall a@s to
hi gherhr?ar esol utjon . than the t;l)l t.ch t he pol f the
madie gnetor ing: 6P EBAL e zﬁrﬁerﬂﬂ‘&f e motor

d Sivdid 181 gnRUSKe tag fedVEo th%Vﬁioﬁdlgnﬂiér@B?C&jﬁiﬁﬂl\i\hkhthe
therot ti onal gsul nof tlg]f rotor V%J]I
rqHA iR At @n@erﬁag il IR thebP bR dikef
rﬁ@ﬂ&t@éﬁs afMPherlodid \almlaldgaaltﬁé Q@ﬂﬂ‘tﬁﬂﬁhﬁ@@a the work.
contr,ol gnal and a IeB/e(Ii Si q{]al |ch S reg\ ut
fronﬁ‘}f'eor ing to an em imenht of preésen 1nvent10n
the electric motor is a DC brushless motor including a stator
and a multi-pole rotor magnet which opposes the stator.
The potter’s wheel of the embodiment is provided with a
position detector which detects the rotational position of the
rotor or rotor magnet relative to the stator with a higher
resolution than the pitch of the poles of the rotor magnet.
The motor control has a memory for storing sinusoidal wave
level signals associated with the rotational position of the
rotor magnet within a pitch of the magnetic poles of the rotor
magnet, and produces a motor driving signal from the speed
control signal and a level signal which is read out from the

memory as a function of the position detected by the position
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menory as a function of the position detected by the
position 3 WD 2004/ 016402 PCT/ JP2003/ 004425 det ect or
and inputted to the notor control. According to this

ﬁf%ﬁ@%’f&'ﬂ{p the position detector detects tRer pr003/004425
rotational position of the rotor relative to tﬁe

stator with a resolution higher than the pitch of the
pol es of he rotor magnet, and a | evel _signal

dgbe kb e iR BEEhd tqibhec WoSPRitERli s read out

fr omA beo F@IWE Voo TheB, e e ditRbak, GHY Y siRi6HUEESe dtor
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to drive the notor. ThUlS, hhe, rmtf)r is driven, by a
the fptaramagned andva leivel1emal g regnnngingito the

dépt@ted p SHRALM ¥s ddb @AAit EPOmM 3B el Bfe Y BE 1 ONBen, the
position of the _rotor relative to the stator is

mpdodcERBERPL PO BEBR LA iSdR Usighady o neih (B VeI Bt ogt

diheiPelagf] theatobPdalRENR thi fIBe 1GRHI 8l L RA1SPLRM
is highly responsive &ohthe operatiqn of ,the_ speed

sp
d g qteth sge ehddd U r edih oMo bR shtdivig & signadng fed to the

mdPeCto Al rivie teb ot fBNt afhd 5 thR e8¢ r iBVERIVEOR by a
Ihe el cirlc motor IS an |Ener r ot or type ﬁDLOf
sigheseidal i popoV ave pigaplanfstiye rrnfable deorotated

sMiciot H1je eMpl QHARBio®f alshthbWeratildd] poRetI®A T thise

C%DZ v:inl Eg wWhi ch_ regge{qent,s g\n inertia,characteristics
rofkor gelafiyg o e spatetdp dghected Withohae wrlutian
hi@hof t10ahhEhe dp 1t 0Tt 108 Alldld B9 tHe tritR oML gEBEER he

w | | lane nproved to. enable the operator to formthe
cqiroMechsReen ¢k {;}haeE‘?Iﬁ’é’p%lV&stﬂe‘?]%hé)MR%%l.On of the
sf@wrfé]mﬂgtaﬁ&t Ebleeadnﬂlihféti%&ﬂ?ﬂ |0f t he p{esent

I nve 1 oNn, . tne spee ontrol sign ener r, ma

appl ccalidfé}go‘wga&otflb%aépe&tgﬁgﬁhgeoﬁnaﬁﬁﬁaaqe%wf the
pt &4 €Gt aitr Wén t ToN| Kdle bDe ¢t cdidd 1€ DS B RENEER Hdidr type

IR ER T R
Wiehstheié igrloana ealt biehy ¢paklr 86tor type motor, the GD?2
value which represents an inertia characteristics of the
motor, will be small and the response of the motor to the
direction or setting of the motor speed will be improved to
enable the operator to form the work with a thickness and
shape as he/she likes.

According to still another aspect of the present
invention, the speed control signal generator may apply
either one or both of proportion control and integration
control to the difference between the directed speed and the
detected speed. In this case, the speed control signal is
produced by applying at least either one of the proportion
control and integration control to the signal representative
of the difference between the directed speed and the detected
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control and integration control to the signal
representative of the difference between the directed
speed and the detected 4 WO 2004/ 016402

@g%&l}gg@@;/ 004425 speed. Consequently, the gaichPoosn0da2s
control factor of the speed control signal is

i ncreased and the rotational speed of the notor may
coincide with the directed speed. According to
SRA8 hergaélp%dl“%?lt :ﬁetﬁﬁe%%m 01 ?lQ/’ég%'PL%?chﬁ-ngéﬁrSpeed

cSRRF SLEEE LS £ i BRY 0B o QY et el RothCioh gl ap &8&dPthe
bet ween the ampunt of opﬁra ion foy the spee setting

m@tof PY iHR e PHdhdtheclve s FP8Yhal . For

exa”m&:o_ﬂd‘ﬁl@iﬂoefy'b%daﬁﬂ%h@rs&gg@bt”@ﬁ/thféa @8sent
. exponenti al | .I'n response to,the anount, of t

f he, )
inperhionn o tipeaseeharasterigtics Mmardts OFf Heifsd in the

r éNW0F i@ DA MRSy & nt tike L£hd At OFi 6pbeati®N fer thatspeed
the rotatiopnal speed Id; &ga es r adual Ig al ong, a
sgklime ogudike stioq, R E ddieestRd snee 1.- For

e R AP NG KETdiG el eRUBpLRA sAI A X1 h Ay dWahlpe Hk?@'n%ntially
. speed region and the speed increase substantially
in inpspanse fo shri amepaéaet heonp esadroprbvitd o sred

sdDEPBS dlire SNV RGhEM 6+.CS AbthERL &Qa&d’fléﬁﬁ’eﬁjhe
control of the turntable to the feelin

{ of the
chpapstoFisticsamAy ke ththPh’éOt%ﬂé’r%]?éPieset‘{] dgcgegses
gPﬁﬂ\ﬁ'a?fﬁl é.IhbiEGa i £le %u\ﬁ%eintao 16ey 57 e&tiafkivn ! tlRe

oper.ator, he or she pmy choose,t racteristi,
sppefofar PEing aacraredaweummnh@ﬁar Fliek 15 Bhpomide
s 58840 SOV @Aln Git@rAk peedei REPEa §8 B UGt adei@llffllinearly in
(Phase Loc Loo,%ymr uif which generates the sé)leed
achigh apeed girgian coTBs | PEOYHEQIh dekh B fgla
cHetraet &8 SHIRRGwI I Ddh tcRNthd R @ d @ead 0IPELUhel Bdhtable
Th%;ﬁPkL ];: rcui illm [l inprove the siabl it ?f
t‘?d"t_ :%?l _n%ﬂé{ea SfOPﬁéa_ltBFnt | 8, Pi}ed of the
cﬁaela_htéﬂismst_afg?ﬁ@&?met@nitrpfth@l batgernd Z&Eebgato be
require ability of rotatiopal speed. According to
S?fﬁ%wé’r%érs%b&OBPr@ﬁ@rp#b%éms Av Ydﬂ“,o‘”i?]é;hneotor
cEanheob r et cisnépuilenally iivi Agcordamide foith his or her
taste.

The speed control signal generator may include a PLL
(Phase Lock Loop) circuit which generates the speed control
signal by comparing the phases of the detected speed signal
and the directed speed signal. The PLL circuit will improve
the stability of rotational speed of the turntable, thereby
facilitating the production of a large plate that requires
stability of rotational speed.

According to further aspect of the present invention,
the motor control may include a driving circuit for
generating a motor driving current, a current detector for
detecting the electric current fed to the motor, an upper
limit current memory for storing an upper limit value of the
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generating a notor driving current, a current detector
for detecting the electric current fed to the notor,
an upper limt current nmenory for storing an upper

%b%&,galoye of the 5 WD 2004/016402 PCT/ JP20Q34RPAbd5604425
mot or

riving current, a current conparator for
conparing the current detected by the current
detector with the current value stored in_ the uppe
m ot o td rimingnt umrg sty a itr e ot coabpaK ateapt %rcofnée&urhag

th%aff LOG+ U{{teq{ b ?h‘ég#ﬁ nt ‘H%%%rt%troﬁvﬁﬁ {K& current

FAG-Citeu e motor driving current.
vaAuzosdbngdtin yidte fugrp éerliasifectrve n Ha RO e, at he

fegg:porceﬁch é%%oﬁ%ed‘]&%“#‘acﬁx iy Vbﬁgp‘ﬂtr Sl.f“tthé Qurrent

hot or ving curr pul se” si gnal
cogenarattor fmmhgaede'nallnlggcpmw §<|> gwaltsrerlot &r DAY t he

ar] 191 an, QHltse controller for controlling width of
& gque Sighal s, an g per limt current npenpry for
storArq:g:oaldluﬂp'Q‘D Watnfury Bm&@ﬁe@h@fnﬂére@hmlﬁent the

mC%Irre 2t 1°0Y g;lrlcqu.lcié){ah‘aqmrﬁﬂglél%dlllefofjr%é/ﬁ@ﬂatlng a

rCUI I N acCo ance W he conmpari son of
motor edtivietgecuad emt,t Ach Bl e @ignddt sen@T atioh fehe

ge?}g%gﬁn%*gh%ee %‘i?ﬂ heds Foi RGi VSngtflb nfntot%Li-r r€Rlpulse

ter provi et ween the pul se
coaltgmdllegeﬁme'r avotrabtingevipih of thatpvilsersign gkt.cat

que%hﬁhﬁéql Eﬂg?eﬁft fn%%n%%?p%r %ftoﬁ‘lggt 24! ﬁﬁpgaelnfflﬁti?rvalue

I or han a erm ned val ue,
oft hhelmmtperdai\rm mgmtﬁenb,uapmnblroltlﬁé for congixgdhing the

dﬂ%ﬁgtc%cﬁﬁ ?ﬁeéécblrdhic\w hhﬁhMOésﬁﬁﬁafﬁsmtof the

redeterm ned val ue, whil
cunmmbrdatwtcrbatdt bargtbe curregs @etﬁﬂoroﬂ'ttﬂb the current
" n ! highes nihan
S IR R, o pRETIGR vokRt  omiiachn
11m;1|ctem alrbqubedvbgtmeedi tthee Dy lget ign e heg e bator and the

pQI%(%I (%)q'nt‘"r'glfé‘* tto”@ééké%tcﬂeﬁ‘ﬂe'ﬁopc%sée ANghENSudPLRof the
ecel erated before nmotor i s made unst abl e
pulse @eatdxatar ispdahanermarbdightor Fhame BEedgéermined

vagytgé , }tgggl%ﬂlﬁ{:ﬁ alTBiAn e the BREDAHOL fMYe Pl f& siha al
generator to be as it is when the voltage is not higher than
the predetermined value, while the limiter outputting a
voltage signal of the predetermined value when the voltage
is higher than the predetermined value. With such
arrangement, especially provision of the limiter, the motor
driving circuit may be cheap in cost, and the motor will be
decelerated before the motor is made unstable in rotational
speed and makes abnormal noise due to over-load to the
motor. The operator may notice the over-load by the
deceleration of the motor speed.

Still further, a mechanical or electrical amplifier may
be provided between the manipulation member and the speed
setter to amplify the output of the speed setting responsive
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decel eration of the notor speed. Still further, a
mechani cal or electrical anplifier may be provided
bet ween the mani pul ati on nmenber and the speed setter

W0 2A0hidhy the output of the speed setting r@gRgpRbYc2s
6 WO 2004/ 016402 PCT/ JP2003/ 004425 to the anount of

the operation to the mani pul ati on nmenber so that the
of the turnt

rotati onal spe ble will response to
0, Ao BE GRRLIOE Ghen PR AtIAPaLs b GBI BIARGI 0Py B gmber
s&@hatthﬁhe\i\%tﬂfaﬁtibmaltll)/spgéedp@f thegﬂﬁkrrﬁbﬁbﬂ)elfwfifllofe*shenbse to
potter's whe Wi e | npraved. amplifi.er e
tHe ARAEHT O 1orthe HAR IR (oT TheBRAR SanitAvely 5o
tHdt @Eﬂeﬁ{hﬂi?’ﬁtﬁbr@p _B]?_B.iﬁﬂh%(hrpr(z@eﬂ}e@grﬂ;}ﬁ@tp danerdsichheel
n electric, anpljfier. e above and further |,
woil; Be Smprg iahvol T oat 4P BRahds g, BedhBpaRARIGH one
sWh!adof gefail ve AWRAAEnf 3t NEchObhOMdNgr SRdchhffsm, or
description when the sane i read in conpection wth
2R Rl eateS RBA MR g Ui hAh@n o oPEre AP LEATs s y

underTsH @ ath o FOWRVEfuitfBdr g edtavaAdsnavelffature of the
as

purposed of  jillustration qgn and is npot intend .
D SR ERE oor? o 11l R oke SRL B Hne ARt o B de11owing
d Sk | {dDH{eGUr@EFiT&iE whaW FES Eh@ﬁﬂéelslréfﬁdaiﬁcchﬁmﬁbbcion
ilJustration of an outger appearanpce of .a potter’
Wik ¢ A AT ARIOE BT R WAR B Dh ek bt SOt 43 et
uh?‘é&ﬁﬂ:b@ﬂ:,tlifb@léﬁr%rg ﬂlfaﬁhﬂ&ﬁd tdjﬁv;_cngss:aﬁ@cﬂgrogaadrp\dm of
] e, .. po r's eel shown 1 n,Fl.gure, 1.. Fl gure LS
150 EBE ki 6 it b SL Pt d O & A Gt g of the
lieoindy effl e ihhe nidbimer ' s wheel shown in Figures 1 and
2; Figure 4 is a diagramshow ng rel ationship between

a directive speed and the voltage signal generated in
BRISWPNBE S CRIMEION@F THE DR AGMENGSigure 5 is a

O g am ShOW 10 L0 I C, (Ll e TRLOR:
app @ alriaf 0t of @t tfe@’ st b eel in accordance with an
embodiment of the present invention;

Figure 2 is a partial cross-sectional view of the
potter’s wheel shown in Figure 1;

Figure 3 is a block diagram showing the control system
for controlling the potter’s wheel shown in Figures 1 and 2;

Figure 4 is a diagram showing relationship between a
directive speed and the voltage signal generated in response
to the operation to a pedal;

Figure b is a circuit diagram showing in more detail
the motor driving circuit shown in Figure 3;

Figures 6A and 6B are timing charts for the
explanation of the operation of the potter’s wheel according
to the embodiment;

Figure 7 is a diagram showing the relationship
between the directive speed and the voltage signal generated
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expl anation of the operation of the potter's wheel
according to the enbodinent; Figure 7 is a diagram
showi ng the relationship between the directive speed

g@%},%@ggggl tage signal generated 7 WO 2004/ 0}3848382003/004425

/004425 in response to the operation to a
pedal ; Figure 8 is a diagram showi ng the rel ationship
bet ween the directive speed and tg@tvol tage signal

iy aREPATIE tonthespRptation (e 20B&M# Y on to a pedal ;

Fi Quirg g es 82161 AQH APV RE Wity R@leakePASIH Pshi
bet ween {lhe | oad .applied.to aotrg)tor and rotati

bepgeg ot het i affiige; swpgdran %V&l&ﬁ@a}ﬁ%ﬁgvﬁ%ﬂated

id R spPdd aRshhB opsiwmtmal ?@@aqppl ied to a notor
and rotational speed e ll is.a

schefdBUre 9 88 altlﬁgrxada %hewclalrs/éﬂosq aﬁﬁablromﬁ iR

bét\eeeln ‘tﬁeppééﬁ Sh PR & 1&f adid d S8 ain IMr@ATiH¥ allN€peed of
nparl son of the 1 nput signal with triangular wave

tlk‘?g}ﬂﬁ 8T and Figure 12 is a schematic illustration of
rel atpigAsid A0 @@te\/\@ﬁ'&gczheﬁﬂ%h@fwﬁ{% %Qlé’\"r@‘lﬁﬁl@ﬁ‘ﬂhlp

effectlve outp in_t form of sinusoidal form
betwee epmammimf ¢gTaTRED hawvernd anebakipnal speed of

tH&fRabepee to Figure 1, a potter's wheel according to
an enbodi nent of the present invention is provided .
wi t hEguraudilngs 2 agheanagiqidbretpatian of the grmyension

oPinbhe sheHEIND bul@er @i@ﬁslawamf&mtf th/ﬁié iBalthe
axi s. The oysing 1 is edal

C QPRSP %éInBr‘l‘ta“%PBgWé}‘?dh &Flﬁi‘f@ swr?gvasasnaals'
ahdwer portion thereof to be depressed by an
oper r's foot and turn r onse. t he e SIO
A po&térg"‘s’(/ﬁ tichig g ¢ edvla&éﬁ ﬁiﬁéﬁrﬁbb%pﬂﬁdégl tionshi
b &@PFele@N chhi e o falsk! wetlthBea RAUSIFRdC i vaS o HRQPWMYE iR the
t he i gure. ﬁjustabl feet 6 are provided on the

fagant fnsanuapidal wave T

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Figure 1, a potter’s wheel according
to an embodiment of the present invention is provided with a
housing 1 and a turntable 2 centrally mounted on the
housing 1 to rotate about a central vertical axis. The
housing 1 is provided with a pedal 3 pivotally mounted on a
sidewall of the housing 1 at a lower portion thereof to be
depressed by an operator’s foot and turn in response the
depression. A power switch 5§ is provided at an appropriate
portion on the sidewall of the housing 1 as shown in the
Figure. Adjustable feet 6 are provided on the bottom of the
housing 1to support the housing 1. The height of each foot
6 is adjustable in a conventional manner to stabilize the
housing 1 on a ground or floor. A switch 8 located above the
power switch 6 is for switching the rotational direction of
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housi ng Ito support the housing 1. The hei ght of each
foot 6 is adjustable in a conventional manner to
stabilize the housing 1 on a ground or floor. A

L&, ocat ed above the power switch 5 i $ci8p2003/004425
ﬁazt c4 |1§48£the rotational direction of 8 WO 2004/ 016402

PCT/ JP2003/ 004425 the turntable 2. A power suppl y code

or cabl e 7 is derived out of_the ou3|n é neath .
thyeh & WFaukAD Layi2k-c h A5 P OTRRT [SHRP 1% LRabderd TeeferiBed

o@t W¥eths HBusQB%r at Eénéaﬁ:ﬁoth@nﬂohﬁeﬁ%ﬁ@ﬂfcﬂf‘S on the
housi ng wﬁai@ hori zontal I y extendj ng shaft (not

showd heatt 6t 8P AR LR FECEHE Feder3s Othe
@fé%@fﬁsa%b;t e%ﬁ&npg @qup%mfetd o it RlehOUYIaLE qdb#ahh a

ot ent1 onet er ar mechani sm such t

hoh:szmt/@hlsmexdferxd:ﬂea@@dveﬂftu ahhewad wduighdst he
cdf AU BR %tkﬁ’t gau Qﬂaa!”l QEChTB'eSK‘oq"igoh'%%quhalextendlng

Ot enti oneter ces vol t age si gnal coyrespon %
slmft helnetﬁmcuomre@c é‘h’é"rlilta ny %ntm@eatﬁrrahgjevﬁéﬂto ghgear

mQWHM i g O hatet RRANAES nh eV 8l ¥nt b ff FRBOPS G all Gt aﬁlphfled

epressin operation to the pedal 3, thereby e g
AUz R Bt daRerTR 168108 Ry t8eagPaRam eean s Pﬁ'éia? atithe

p &6 B AR ter ﬁ‘rl)ﬁ‘ﬁ%res"ra volthplee8i@hhY coF P AdiMERo the

the pedal 3 or the horizontally extending shaft to be

apanliifie e viemRatd tW@éu&hl@h%rrs%se%wéct OM&“
véﬂfhegéiwmgeﬁdﬂrgayg%er@sﬁsn@eswec}pé segdipal

vi ew of r|V|ng mechani sm of i} ter s wheel
oReBHAH1 QR tm theepedahsd.shereby eng #bng %hcat@cwnérol of

H@tﬁta]t:iohsalngfm%ﬂdo\ﬁ"ttmé mutrfiﬁ;ameual NgAl1é e 1s
posture. The tor i.S mneill r ot,or T
Itf@%‘f%]slm gea nafted aﬁ%ﬁb& Bﬁdélsaa?’t')r ® zsnta y
ex P RUiIAZ Qhﬁﬁ@%%dbbrﬁa(iﬁp‘iﬂatﬂ%@. styahamd Thecstabthe same
I ncludes . an jnverted cup s aloed stator hub 121 and

etfgictsagthat qdomedy g @eadsl.y and Wnounted inside
of ”]ﬁéﬁf’é o iBup s&% chE‘@ ﬁﬁl@ha]lzvlﬂélﬁr bfeyHe/ ddW¥ing

pol_es he rotor rises.a cup %gped r ot or ,hub

mpgh SRS E 5o Hﬁéﬁ%f 0y %‘oﬁb&%’a 197 K4gmTe &t i 14-SoFeen
iRl P ECER BPHOEEE BIbEJIE 11 is mounted within the

housing 1 in an uprighf posture. The motor 11 is an inner
rotor type DC brushless motor composed of a stator 12 and a
rotor 13 disposed inside of the stator. The stator includes
an inverted cup shaped stator hub 121 and coils 122 of three
phases U, V and W mounted inside of the stator hub 121.
The stator 12 has twenty-four poles. The rotor 131
comprises a cup-shaped rotor hub 131 and a rotor magnet 132
composed of a plurality of magnet pieces mounted on the
flange portion of the rotor hub 131 with the plurality of N
and S pole magnet pieces being arranged alternately
gside-by-side opposing the coils 122. The number of the
magnet pieces is twenty in the present embodiment, i.e. the
number of the N pole magnet pieces is ten and the number of
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flange portion of the rotor hub 131 with the plurality
of N and S pole magnet pieces being arranged
alternately side-by-side opposing the coils 122. The

WB’E@@Ol&fozth? magnet pieces is twenty in thecefpmiMossrs
iment, i.e. the nunber of the N pole magnet

pieces is ten and the nunber of 9 WO 2004/016402
PCT JP2003/ 004425 the S pole nag ieces is .
eé Bya gned st Biagee 13t a ?ﬁflaugﬁ%ﬂn& |1a1iﬂﬁer€ﬂed

watnaartlﬁfo@ hl hb@élflailgﬂhéﬂ& @iy B$tlﬁdtlleﬁea'5filﬁghaihl are
bear.in 4‘%3( pp. a ot or %haft 14 whic

lwrathle 9 rariagexbddcyunRpord t‘h’é“ﬂ’&&s?h&fi 14

w‘ﬁhehwénmbiny%k%eﬁqsr 2h At APl p s heso ¥ & ttmﬁhto%ﬁi‘g 1.
rmtor shaft 14. A holder 1 Crsh%éxed[tgn the u

Téﬁrmé@ aﬂolﬁha Hoger ngtatalply tda, tothe 1804

midi® rMeharrtshaft 14 extending through the hol der 18
Theturntable2|sf|xedtotheto portion of the
shaf A hplgpra18ots fige doa F%epwiptelroﬁeafa%\fhf thpdousing

1hey dep 8- of\H&I@rIeemeﬂeth@lm'o&olrosﬁta@el PA dh®nding
bottog1O end i rtion Ee shaft %411 to de%ect t he
thpeugtokhe B8 fiﬁFo?‘]S of Betwbpgpbis Gnischi%ed doethe top
pb Pt R Il mw éHa‘fEeltﬁhﬁsf t Bﬂlttl'@leaﬂ@tﬁbf )bo%'iﬁﬁﬂ@édzé-bove
e el er chanl ca or optica ype . a
t%xy}l‘g]ed?’béeﬁ ed ‘At oFedr epseeitod 1 f%%é%&ﬁ& at “%& bmg om
e AtAElb £t 10k td PBhef s hagt Shaftb, ds@ebdrtlas ﬂd%%.t@ﬁﬁ%qeﬁobﬁtlon
{;;1 oci at ed th_the shaft 142 r%ég odet |ts
&b&: rohar Losvhieh rafatesintyes }ﬂe‘P“ éﬁbeetf
Tﬂ%nﬁéﬁiﬁym&i@@de?lmahﬁyfwé etliﬂhedehﬁéw@ﬁl@&ltoheopmcal or
rotor 13 with, resql ution

rotatlonal sitiaon f t he
erfémevaﬁgf FORE D g Jesededi hbothek posibinRe opypxpmple,
a’@‘tfhlet Eﬁm&wsf%rﬁfonao@qf’dd Ls@%%etﬁﬁtﬂaﬁga§eﬂﬁé Q{hctﬁ@er is
see. Fi S e C SW c i ng
¥ Chrke ik 1 Wt Tof 41 ¥ TGOGT LNRbAAA B80E S1Hh Che
rfESoal poadiernt, the rotary encoder 21 generat es
100 | ses . during rotational or ?ingul ar ment of

rot orl 49X S AAHGECO RN &8 3rRAangs Heg?)PPEﬁ SfPPh%e
sTONKS iferpohesdetection of the rotational position of the

rotor 13 with resolution or resolving power greater than that
detected by a position sensor of a position detecting section
60 (see Figure 3) which detects the change or switching of
the magnetic poles of the rotor magnet 132, In the present
embodiment, the rotary encoder 21 generates 100 pulses
during rotational or angular movement of rotor for a single
pole, i.e. for one pitch of the magnetic poles.

With the electrically driven potter’s wheel constructed
as described above, when the coil 122 is energized, magnetic
field is generated in the coils 122 of the stator 12 and rotates
the rotor 13 and the shaft 14 by the interaction of the
generated magnetic field and the magnetic power of the rotor
magnet 132, thereby rotating the turntable 2 connected to
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Wth the electrically driven potter's whee
constructed as described above, when the coil 122 is
energi zed, magnetic field is generated in the coils

é;ﬁ,é%,@%&fggyst ator 12 and rotates the rotor 1’%TM05/&@425

the interaction of the generated magnetic
field and the nagnetic power of the rotor magnet 132,
t hereby rotating the turntable 2 connected to 10 WO
thoh dltodde PCT/ JP2003/ 004425 the shaft 14. Three Hal

sensqrm?@ I(I&lqe df'_ehg%diﬁs Ao ésee dFS@ﬁ&@d3%)hrhrd faflsgto@te@r on
I N rva [0} ee ose e roto
tﬁﬁﬁ&t% 2 ﬁ*l‘ie“”a‘?‘f"% @%ﬁﬂ%@ cko Pmmﬁ@@ gptor
mwgﬁ@l?lﬂnﬁz of Th@tmllqs?@f%&h@ Lf@thété’@lg?hfe %E&:@gvti or
ec e 0OSI e rotor nagn lve

SPStEhingrsk 5R1pol She T Fobod S ARG gt the
pbfhﬂz[lﬁ(ﬂ @lftmgnaitdmt @%gnetl %32 f@hﬁ%@%bdﬂie}Jﬁt?? €3,

(0] e ro ne | S wen . CCOr di , e
A AESEriTed ahaNg: W foHBb g, 8f Fhe T Gidy BAELE Dieces,
i.et hdre wﬁebeﬁ Bftth@ podsetf § Wy aditiodNm BEne DI 2ES tBhenty.
Arrech ni c 3 | e ciorrgigtends to 60 dgg ees of

&FaLHtReg V’ ﬂ% R01¢hek, hel%}lle seWabreese eabYI 18 be
db@@@ésd aInthﬂléfltvelels Qh ﬂRedpﬁéssﬁtl mVEeabash Cd6

120 d reefqa of electri

d%ﬁ %rofrnheshémﬁ s2Rgle fpsraspen ﬁe @&gﬁjrosdeqm%s of

eH%btggeglihilﬁEFéi %}fm&s diﬁgéqeélla@?ﬁ@ddmw s?totdhllﬂ Eglal
(0] |1 S use e Sl zes,0
lozafes atabha, nteryal g?ef fﬁaff egreps Iyjmechgnica] angles,

i.ar rm@eié@feesl-&f kleetsiwal 48 gWet hi NHdweaRg 6 0the36
PLRFTREd YL Bl Bodhee %1'9"%ﬁfe?%?c‘s{i“%af’éi‘sf?spﬁnaynﬁée
depeets dhd saﬁ&nfgfefd?(htt iWdivadhefag0adggress. of Thie is
bifafae T sigef SLEReREIhG e BOVRTS oher apdhat it is
dsﬂfgml's thLhri—h/ngradt]Irwai—IashewnsdrstuwetﬁAn ch@larregHe of

Sk SH e he PR R0 8o SBLE) YT a0 are
skifteld by 180 degrees by electrical angle, bringing about
the same effect. With the arrangement of the rotor magnet
pieces and Hall sensors 40 as described above, the Hall
sensors 40 respectively generate signals HU, HV and HW as
shown in Figure 6A.

Figure 3 is a block diagram showing a control system
for controlling the rotational operation of the potter’s wheel
shown in Figures 1 and 2. The control system includes a
CPU, a ROM and a RAM, and the CPU controls and executes
the process of each functional section.

A speed detection or detecting section 50 detects edges
of pulse signals outputted from the rotary encoder 21 and
calculate the rotational speed of the motor 30. A position
detecting section 60 is provided with a counter and the like
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shown in Figures 1 and 2. The control system i ncl udes

a CPU a ROMand a RAM and the CPU control s and
executes the process of each functional section.
a,;aezg&jwq;k;ctl on or detecting section 50 deteg d@ﬂg@ﬁmzs
of pu(se Ssignals outputted fromthe rotary enco er

and calculate the rotational speed of the mptor 30. A

sition detecting sec ion 6Q.is provided wt
aBe, AL TR ha NG By %m&m&eagéhe 10t05" 8 as a

f&ﬁ?&tmw{;ﬁ@i@a@sar@hg}ﬁam B el &BS&H ahePOBA Ll §8nsor

as a , function t he se signals

u%aattfégtﬁéﬁ?tw%H ot e O‘L(framjtt rﬁ&aga encoder

231, gnph SmewkPHetadl,f ER® H L1 il t%rmﬁgr sedfiod BOReBets
detail, the pdiltlon det ctln section resets a.

B GRMR EPT HRNR dke ERE o of fHrpEocsidianiR @fangKaising or

faiﬂhﬁ'gngd@'é ofal Iﬁmee@lggnafl GubpitCed HEh QWPYLECHS the
fromany one of sensors 40, starts to count

3d sRMBRFS 0 pataatsi iharantothsupigaberont mHelsosagpals

oa'ﬂﬁw%dZﬂr@ﬁdtﬁut PHESr P esmw@ér ZPpiﬁae@ﬁ%h\tQ ffsilghtal
count ed nu ;ge count e esponds to the

car
repEpesnbpt Hﬁ% qfu g %?‘@H&Pg %upbh?red LPO%’FH‘éeﬂoPéhngrber
c@ﬂ@@@&%nab 86 tthd gy Off $1e POBdd isdBnfls blephaied
net 132 with reference to t e magnet g k‘é’o
t@ﬁ?n@%@fﬁw ef el &f By E‘Héti-&}llo dhgopogation of
tﬂ'éluﬁotort ifa pASItt 182 Rfithheefdidicd 3 %h@ehﬁ{?he‘@dpbye
t he., .nunber of thﬁy tufilse si.gnal s ouf putted

Qun
S‘fVF—B HH position dategded @%S%t Q- t hhhus,

tm@ep@mubhoafemeeqtdtr@& 18erd u@&e@%mudbsyaédaﬁgﬁ&gttqle
cou rtlms of fhe yémber 0 se signal s

f
n 5 it (R RFORIAG PIRRRYS GCRAL rotnhefrhewotary

ehb6deas2ng thte s B dye Qfotréqsrthlaqntﬂetpsbm@n Ide&ectmg
i ncrea

BT e L5 S5 Th AT 18P o LRSS0, ShSnber
oBtparies dagﬁalofouebhagedtﬁrdm thié ptd L8y igh GsEeF dBnce

B Y N A kR A e b A dadn ot

i dvee Delitrg tthed reqlolagéonVBLR hiehdetermination of the
position.

A speed setting section 70 has a ROM which stores data
of voltage to be outputted in accordance with the extent of
the operation of the pedal 3 and speed values corresponding
to the levels or vlaues of the outputted voltage. When the
speed setting section 70 receives a voltage signal from the
potentiometer interconnected with the pedal 3, the speed
setting section 70 reads, from the ROM, a directive speed
value corresponding to the received voltage signal. 1In the
present embodiment, the level of the voltage signal linearly
increases with the increase of the directive speed value as
shown in Figure 4.

A directive speed judging section 80 receives the signal
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speed setting section 70 receives a voltage signal
fromthe potentioneter interconnected with the pedal
3, the speed setting section 70 reads, fromthe ROM

@odito&%‘iﬂoye speed val ue corresponding to th?ﬁgﬁ?@%@gns

agé signal. In the present enbodi nent,
of the voltage signal linearly increases wth the
i ncrease of the directive speed value as shown
of-t§ar divectivei sRepidveaipedy omddingrecedt rokt Bog section 70

ahACEh UBPat&E ﬁwm're%%lw @&9&&04%@3 with a
PCT/ JP 003/ 004425 of the dj rect ive speed vaI ue from

proadespead ned ingt Jded o b Lex9d gBfparesedpéermined

s@é&ﬁ&tt].‘(ﬁe@]%?@ P@&etWééh@raQé eded 6t &% Nh fid1Skignal for
hr esh [ evel and predeterm ned second threshold

maehmgttélegén@ﬁa} ) athﬁ)tmptean-'f%qersq grafteppinggikhagnotor

3ghe @ﬁ%esreaette%n{rfn@a é’&@ﬁa%msﬁ{muegem% 8%t than
0. The predeterm ned second threshold | evel is |ower

theanrede lpméa@tderfm%dhfrersgxoltdwre%@edl thwedirpetive
?héﬁcﬁh}hge 1%0? e‘éa'tH%éi $hleOPEf 5! E‘ﬁ?e%!ﬁ (}fd' [&¥el, the

res eve t he Irective spee gl ng sect 1 ONn
d Bre efdmeaneige dnl RAgéngeve ation 89 eemamtaradmlbrmdfmtreel 110

t S 1 w3l ellot Sr tc%d‘l?ﬂﬂﬂ H‘ na!lo&ﬁtlbﬁn?é t9PRAMk Tt Hd1e

turntable 2 zero and | ock notor at Sstop position.

rofrtionsl gpeed: Pf’él@péﬁln\tﬂlbl]é 2 geronan d lpgk thgemotor at
s 685 Yuhik D6 #Sholh b aVeh e &mc%llv@<3§15asdwsp@ehlédmwer than

section 80 _commands the .inverter 11 de- energi ze
t]?hese%%‘ﬂ§h1129251&ﬁbddlelvc% 14 rdérte@whvameeeé Fudgine

sé ey soﬂéoﬂ]maelﬁ&gnﬁsé\&@!vémldurl@cew&espﬁsggw@gﬂm
section ilo be confi gured have a sing

c@Hped Rl an|de@é wiag tbﬁawifaéahé?ofro |r§téé3efr’é?‘§bﬁed

to aldowd Iﬂﬁtb‘z‘&l@tiﬁblee t2hé Qilrre‘bttﬂfg é}%@@liy]d\@?{‘néh@ectlon
directive speed value'is | ower e sin

| 89hm@s>hé’|edconﬁ1gw§dcagehameatqunﬁ @brbrzmh@l%aa%ve* s h

tNht ol nbetée 1|s03l§@é’n*éQfg%6dt bs 8% the AusHlaAG 20FL
section 90 cal cul ates the djfference between,the

refakrdroal s JEBO & dhecddne et vy spie &gkt e figolaWeKethan
t POt IQNER 86 shiptl@r confesh Bl chide) 106 NekhataBle ANdsth&ide

free without being locked before the freeing.

A subtraction section 90 calculates the difference
between the directive speed represented by the signal from
the potentiometer interconnected with the pedal 3, and the
detected speed represented by the signal from the speed
detecting section 50, thereby feeding a signal indicative of
the difference to a PI control section 100. ‘

The PI (Proportion and Integration) control section
100 includes a proportion section 101 for generating an
output signal proportional to the difference signal received
from the subtraction section 90 and an integration section
102 for integrating the signal outputted from the proportion
section 101, and an addition section 103 for adding the
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detected speed represented by the signal fromthe
speed detecting section 50, thereby feeding a signal
indicative of the difference to a Pl control section

(Proportion and Integration) cont@lipacesnosszs
‘ivg’%t"“%‘ﬁ&“goo i ncludes a proportion section 1 % f“c;r

generating an output signal proportional to the
di fference signal received fromthe subtraction
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thef amnplsindis eifdde mmmsw atade t4rs qrigiteidofhegpogfgion
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ddiﬂﬂ:ﬂ‘,&ntgl sekyioml@0 pl YT hhemouktpn sca)#lotrhrs@@tpﬁageblgz V
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frommtthd rsemtoxpn 111(1D3)3cd:m/earsmseerdem@cttno\levabﬂpwstbﬂtted
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hs“are fun the output_ o
1rm3taqmveats are speortiige audRuha of the @Fléht:@]tléaF':F%Er e

d P L |
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ofi hhat o wtgmdl o futd et piwhigoilacatibee stgdam 139% t he

uppe h r
PR A0SERASo EOEL SOSELS 96 Bietion o
PWM will be explained in more detail. Flgure 11 which

shows comparison of input signal and triangular wave signal
(see the upper portion of the Figure) and converted pulse
width (lower portion of the Figure 11) derived from the
comparison. As seen in the upper portion of the Figure 11,
an input signal and a triangular signal are compared with
each other and pulse signals shown in the lower portion of
the Figure 11 are produced. In other words, the pulse
signals have respective widths corresponding to the time
periods while the input signal is higher than the triangular
signals.

In the inverter 110, an amplitude of a sinusoidal wave
at its electric angle corresponding to the position of the
rotor 18 is read out from the memory 1101 and read out data
is multiplied by the multiplication section 1102, and then
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conpari son. As seen in the upper portion of the Figure

11, an input signal and a triangular signal are

conpared with each other and pul se signals shown in

portion of the Figure 11 are prod

%’pﬁgé“%ﬁ{% the pul se signals have respectl\gzﬂl\/)\%og:p??gns

correspondlng to the tine periods mhlle t he i nput

signal is higher than the trlaﬁaular_ nals WQ t.he
conweried tripulse signeludy &W. o7 PEtioTdiL Qe Whtile the
mbksreif-‘%f b%&%ﬂ&@dce&r@ﬁewawa §igdd18, pﬂ§étdd¥ls0@3f the

rot or is read”out fromthe menory
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/
e%ﬁ%@o@%‘b %q%%%%\rﬁe%t%egpte@&al gé@gl%snaflslebvyndths of
theepuiloe pigaalwehenges inpiie prmsofeﬁexagusz@éaﬂywmee as
sl%%iflﬁ' By ?llﬁ'e ihe ﬁa' kﬁeofnottl'bq' frdrﬂrelﬁa‘ﬁ%r bl8Btric

constants to snDot the change o ectric current
cwuppt ef sbnuheidal Iwavieuormhe widths of the pul se

Si gnglys, %Eiqgsecﬁdffg Whevd %E‘yoﬁnélaﬂﬁohgé‘hewaﬂﬁrﬁ?onlc

shown 1 n Figure and t he frotor driven b
weWeccomponamrtent Tte Snﬁ@é'd}ﬁ@aillﬁ/a%@ﬂ%rtrhe v ply of
erf‘éf‘ B H4 E8% 'cmlvtiﬁg RiBEELt hazrm%gn ARl

onen he ‘i nverter

stops the supp
cosnmgh@q@bg ghal dine etigre wﬁ@cﬁuuégmgmec{m@h 8Q tiogstop
elgg @H)ﬁ))bfthﬁedddﬁﬁtlﬁﬁ speed judgi ng section 80 to

energi zation of the coils 122. The drivjng
C| rClThe 100 viig go e brg wild 14 Q thp;zogweéh‘@sth(%lée sy e s

(s@e B i8S B@Cfdﬁ/%xpw&@mf%m ?fcfn tJEdfeﬂV\‘th‘éf flow

l'ectric current he col hree phases_of

oﬁ e chmitcoe uz@endspr dih & o 15 rpfp&bettbée%lrmhﬁéeat?fxé e

[ c§po h [
o8008 nms Sy ety S8t et vy denar didcstgh.

h
Thet eWisohes ebeagéze endndeopnsgeirpcis worlenl 22U, 122V
a Rl Yoo of ThiRet RYe6! PRASER blaAle BbPsF@BE A0 dbtHEBIthe

mﬁstoihg\ams:nnoolztlh uyr $v15t'h tahg.rgxrrlu\llign orcxlnrl():g{rtlgla%slen%loufjdeeal
sinusoidal driving.

As shown in Figure 5, the driving circuit 120 includes
switching elements UH and UL for the driving of U phase coil,
switching elements VH and VL for the driving of V phase coil
and switching elements WH and WL for the driving of W
phase coil. The switching elements UH, VH and WH may be,
for example, PNP type bipolar-transistors, while the
switching elements UL, VL and WL may be, for example,
NPN type bipolar-transistors. The energization signals
UHG and ULG outputted from the inverter 110 are inputted.
to the respective bases of the switching elements UH and UL.
The energization signals VHG and VLG are inputted to the
respective bases of the switching elements VH and VL. The
energization signalse WHG and WLG are inputted to the
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switching elenents UH and UL for the driving of U
phase coil, switching elements VH and VL for the
driving of V phase coil and switching el enents WH and

%20@4/01“3% driving of Wphase coil. The sw t%kﬁgﬁoﬁé‘g"ms

nents UH, VH and WH may be, for exanple,
bi pol ar-transistors, while the switching elenents UL,
VL and, W. _nay be, f or examl e, type hipol ar-
rq&m@ws%rbsasem@fetmgwatqlbhng.%gn toH¥ Brand W L.

EQehPHEiak fSwildii® ¢ B8 &htd IOFRRA doh tWE, isttuiNed on
respective hases of the switching elenents UH and UL.
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ﬁﬁé@&)pﬁeﬂ‘ﬁ:&ﬂ\&ﬁéhéf‘%v@iﬁfEM§ Mdmeat¥l. Each of
e

switching elenments, UH_through WL is turned on
uponA ﬁﬁ@pafrarterres/%tl%elr%@ zlatvfbrprsqwt sup Pl ofase

e:@@&ssﬁ@@l'e%%ri’c ‘i‘fdeéthoS't%réako'iPs qQuZ esm&‘@'&gm%ﬂator
swi t chi ng e enents, nmay be field effe

swtdﬁsw slt&ﬂ £03RPaEREr the hekvige %m%euép&ttg\ﬂ fepmnghe
AR S r c0iEOMPAI K SEChHPBrIBG IS chqrra&ﬁ;veatlufzstored

. supply of _excessive electric power to the coil 2
inTigen dgpar digrit euEre B m@eneaafp%%‘él%é—‘i& t9i Rgstrict the

d 81 ined cQtMMﬁ ethdspProdd@pple b Viiagitci rcuit 120 wit h an
upper_Jlimt curre[;t val ue stqred _in an, up

[
cur r ETHE WSSy adit BB R reabl i Dige h AT EE fi%”eghﬂr?’w nation

opuhreeabettrad%nt HE thRPpothe s wEb@@lraﬁc(ﬁﬂ'(ﬁﬁﬂg &% ahe
timn rts, for the xplanatlon Ofﬁﬁlé? nof

PYeReR t*f’é‘r Wpeat. Jih ity akpeisea g eleciridal
a gD @dwlﬂ”ﬁntea&htlfhﬂdﬁaﬂb@@ &%@e&’tqwgwoeuegtr@e%al Figure

6B Ehow* BAISASTRAGEU; JRY) S mH WoR s Svagid W mhases,
oafglu¥ phasesm tREHULL afbid 66 t4@. Hal| g $LOBBSsHOw s

0% L1 GRS e ARl Lalh I8 VR Sl aPhD wa o
olepatte AofiomFtBEriqwdxter 110. Referring to Figure 6B,
the rectangular lines schematically illustrate, in a
simplified form, the pulse signals shown in Figure 12, while
the round curves schematically illustrates the sinusoidal
wave signals as the signals in effect.

When the driving of the motor 30 is started and any
one of the Hall sensors 40 detects switching of the poles of
"the rotor magnet 132, one of the pulse signals HU, HV and
HW corresponding to the detected magnet is outputted.
Receiving the pulse signal from the Hall sensor 40, the
position detecting section 60 resets the counter and starts
counting of the pulse signals outputted from the rotary
encoder 21 and outputs a count signal representative of the

counted value corresponding to the position of the rotor 13
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the rectangul ar lines schematically illustrate, in a
sinplified form the pulse signals shown in Figure 12,
while the round curves schematically illustrates the

WWI%& wave signals as the signals in efpl@Gb003/004425
en the driving of the notor 30 is started and any
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QLres ing to the counted val ue.represent.e t he
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ircuit 120 .turns.qn relevant switghi | enpnt t .
IS B BT BB RSP Rg e wien
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ause electromagnetic field in the stator 12 which
I'nteracts with the nagnetic power of the rotor magnet
132 #e desertibe d abovel 3thésimlescyéd bad Bpavdludde the
eﬂewglrztienrg 1s]i%nparlo lfr(:l%Sulttri]Slying the speed control signal by
the output of the memory 1101. Accordingly, the inverter
- 110 generates an energizing signal that makes the rotational
speed of the motor 80 higher as the level of the detected
speed provided by the speed detecting section 50 is lower in
comparison with the level of the directive speed value
supplied from the potentiometer interconnected with the
pedal 3. Accordingly the motor 30 is controlled to rotate at
a directed speed irrespective of the torque and load applied
to the motor 30. Consequently, the user or operator need
not adjust the amount of the operation to the pedal 3 in
accordance with the force applied to the work of wet clay on
the turntable 2 to maintain the speed of the turntable
constant and enable the user or operator to make the

thickness of the work uniform.
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energi zing signal by multiplying the speed control
signal by the output of the nenory 1101. Accordingly,
the inverter 110 generates an energi zi ng signal that

m rotational speed of the notor 30 hicgBiooHeoaazs
he ﬁevéﬁ of the detected speed provided by the speed

detecting section 50 is lower in conparison with the
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si gnal havi ng anpl i tude correspondlng to the

madicda & v i ih atrhye sdgectod sPeRd-the notor 30 being
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rotates snoothly’ Further, the Pl control sectlo O%he
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turntable 2 js nore accur tely mat ched wi.th

GdF aaxlae §pdeBO™R 39 o HALHE Shofe! aPeet d¥tect and
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Fiving notor so that the e s. snal |
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upper limit current value stored in the upper limit current
memory section 140 and the result of the comparison is fed
back to the driving circuit 120. This system requires a
converter circuit for converting the current derived from the
driving circuit 120, to a voltage of the level to be treated by
the control circuit, resulting in increase of cost of the total
system.

Instead of deriving the current from the wirings to the
motor, an electric current may be derived from the driving
circuit 130 and inputted to the comparison circuit 130 of
which output, in turn, fed back to the driving circuit 120.
In this case, the current is somewhat roughly controlled but
is practically effective and may save the cost. However,
this rough control may have some problem. When the load
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notor 30 is controlled by current |oop system wherein
output current fromthe driving circuit 120 is
conpared with the wupper limt current value stored in

%ofhﬁﬁ@{oz' imt current nenory section 140 4‘314/.11’%3/004425
t o r

resu the comparison is fed back to the VI ng
circuit 120. This systemrequires a converter circuit
romthe drivi
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vl B 8BS Ehkinn BPERE iRt Cinbhst TRETREEE soms
a gy nbhewn dbely thittH dhd €8 rW 20Q4/QIEHO? of the chopper
.PCT/.%PZOO:%/ 004425 to the notor 11 increases, during
1§ hr owi ng operation, to enter the region B shown
i n Filpukce p® waithothkas pwd Iske 16 Calé So r @iz A BUE e b OREUE

of the not,or becones unstable. This. is because P
o B R SR B T e St RBYPaUBR AR ke, 14 P 446 40 d
beiowakimonhle Pdeednotol hectvbar 100 ahdeshecinveroér 110 to

i ncrease of, | pad. but n the | oad t he tor 11 i
adfES33% Snd 086t ot hathEh bR%aERelba g ns PSR Ronbrol
segpdoat 49 disgnbhghroudi an va tpr ¢ dhet epmrinerd lindoensyuef and

l...Cl [ To. . cqQpe with thi r opl .
Olggégggtﬁg%%t%tpaﬁégc%&%%geel%g%ieng?lfmoﬁst eP rg%gﬂe inverter
1IOvehteimrheaohitpiutevolbageois ded hiighweeththetRe limit
110, t ter.m ne

v 04 B B, A0 A s BACe b T P
whect the 23 piwt odbeget iwahighpedataar thretihitfitalue.
AVGLPEinBRY, 184 Ryl PR B, KL RO oh 060 8 PP
isnbtmht gfhefo tohaxetdedelrimined upper limit value. As the
result, the motor 11 automatically decreases its rotational
speed along the line ¢ shown in Figure 10 with the motor
maintaining the relationship between the rotational speed
and the load torque that can be produced with that pulse
width. In this way, the rotational speed of the motor slows
down before reaching the region B where noise occurs.
Then, the user or operator recognize in advance from the
slowing down of the motor that he or she applied too much
load to the work and accordingly to the motor.

In addition, as compared with the case where no
limiter is provided and the torque of the motor becomes
unstable suddenly when the load characteristics reaches the
point a in Figure 10, i.e. the point of rated torque, the
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val ue, but output a voltage corresponding to the limt
val ue when the output voltage is higher than the
limt value. Accordingly, the duty cycle, i.e. the

Wﬁ&/q ﬂ&h of the PWM is limted to a predei»ﬁhﬁioﬁ%ﬁuzs
|

upper mt value. As the result, the noto

automatically decreases its rot atl onal speed al ong

the ljne shown in Fi e 10 wit e notor,. .
prpdo biem hg A R Bt o Trkhop B ELEERBIY WP 4 TR tiom dapline
withEethe a6t dPald oIt adigge gl Badtu LAY hﬁat@ldduhﬂdawthle

that pulse wdth, In_this way, ,the rot t|on eed
tosfwene it bhe shismit V&é%gﬁe‘fsoﬁétr]é’é’&ﬁf ?ﬂeai?%g‘i)%ﬂeﬁ

1: 18" €aPRbSEo IAKS theTP@f‘atitd}ﬁall%WeeQI offpﬁlﬁétﬂrotor
recogni ze I n advance fromth sl owi,.ng .down of

d qryted s @ L o 6&165|11bnmﬂo|1pe51g&}69ni'19h heayoter °rPeerat1°n
erﬁoﬂr@nﬁ‘éfq}% %ﬁf{ofﬂatlhﬁo'mé focd Fir ﬂﬁ@lﬂdgircb,n B,

conpared wth case no limte OVI de

and Ehewr@@q@eaafd ttheShet“brt g8hationf fablP %’G&Jbgh‘?
ro%%@oh'&q Eﬁ@@dcﬁfrﬁ% @ 656+ Gon d U E T olrlg@re PP pllied to the

igure 10, i
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ecelerating gra uaIIy until it Iosest tor%l% f?
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g"ﬂllﬂﬁlh‘% d‘%lé‘i‘n&%tr Oiﬁé'meﬁp%%@tinid‘tﬁ Upithle motor

ecreases along the line d in Fi 10, the not
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bet ween the rotatiopnal speed of t (ﬁr and

oad
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tWheba d B& dddtid ehe ponm; anmpwlme |9 tth'g(mgah 10 shows
control of notor dr| V\?1 q ad incre to th
the tpotRe W)’f%ﬁ‘lodhﬁn 8 l‘bse@ﬁ’gfor 1ng 0 e
eﬂ%‘c{&ﬁh@‘iﬁsCQP&llﬁé‘tprds%tCUﬁb%@itlﬁﬁnWH@ﬁe by the notor

I ncreases. The rotatiqnal speed ntal d up
cqyniergRanKefatie t(?ﬁ‘%’hea dHYS kﬁ}’ccqhk?% Pé’ 8e.

0CCUrMSh @l e & Oh Btiiie ©fidhen AR DﬁkbeﬁaﬂE@ubnﬁh&bbeaﬂdd
decr eases when
modification such as:
(1) The motor may not necessarily be a direct drive motor
but may be any of other types of DC brushless motors.
(2) The motor may not necessarily be inner rotor type
motor but may be outer rotor type of direct drive motor.
(3) In the embodiment described above, the speed control
signal is produced by the subtraction section 90 and PI
control section 100. As a modification, a PLL (phase lock
loop) circuit may be employed in lieu of the subtraction
section 90 and PI control section 100. When PLL circuit
is employed for the control of the speed control signal,
stability of the motor speed is further improved so that

fluctuation or unevenness of the motor rotation is reduced
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the | oad exceeds the point a in Figure 9. Figure 10
shows the notor rotation and | oad characteristics
according to the enbodinents of the present invention

Wog‘w%ﬁ,gnterneasures are taken against such, cﬁ%ﬁﬁfomuzs

ol se e present invention may take various
and modi fication such as: (1) The nmotor may not

ce sarll be, .a direct e not but nm e any. of
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r or e 0 i r,ect not 0
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ﬁg@ugtL circuit is enployed for the control of the
S

]n]tﬁﬁlnsé’irgﬁgl stability of the notor speed is

(5)thhehelim¢r@yearspw haby bLyptutabtBarOfy peCYLRRASS Of
t he not.or ot aiégn is redq&lﬁfd 20 WO 2004/ 016402

PEFETBIG0ERB0AADE FLRRARILRI Y BVERP AR AY® O1° 4P Bhe
dlesjﬁbardlm@hat@emm“edrmé es slow rotation of the
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(7) In the embodiment described above, the speed setting
section 70 produces directive speed value with a
-characteristics linearly increasing with the increase of
the level of the voltage signal outputted from the
potentiometer linked with the pedal 3. Instead thereof,
the directive speed signal may be produced to show a
characteristics (see Figure 7) that increases
exponentially with the increase of the level of the voltage
signal outputted from the potentiometer linked with the
pedal 3. With this output speed characteristics, the
rotational speed of the turntable increases gradually in
low speed range used by the operator frequently, and
increases rapidly in high speed range used for finishing
the work.
(8) Still further, the directive speed signal may be changed
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Further, differentiation section my be added to both
the proportion section 101 and the integration
section 102 to produce the speed control signals by

Or?t : o‘{lgﬂ?rtl on, Integration and Differenti %%%003/004425

In the enbodi ment descri bed above
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t he speed contr pedal little. In the high speed

ragp@ewhat curved or fluctuated so long as the speed
increases as the pedal is moved further. The term
“substantially linear” may include those cases.

In this way, the operational feeling of the user or
operator matches the relationship between the amount of
pressing-down of the pedal and the rotational speed of
the turntable 2 responsive to the pedal operation,
resulting in improvement in the operational property of
the potter’s wheel.

(9) As a further modification, the potter’s wheel may be
arranged such that the various types of the pedal
operation responsive speed control characteristics are
provided to be selected by the user or operator optiona‘llly.

(10) Although the embodiment has been described in the

above as being composed of hard-wares to be shown by a
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the rotational speed increases in proportion to the

anount of the operation to the pedal. It is to be

understood here that the characteristic in the high
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Pag£%¥YHB&tueﬁlﬁgé)naao6wn§sa ﬁ@ Bakpdatsorbowls, plates,
ctiplda WAl eRet DIRE, SHAWH bih & d%%v\éﬂcgm%@wgﬁe DC motor
P /JP2003/OO44 5 b ock diagram the present invention
dpiyeBep R EHE Y &0 yﬂcaréémg tarth e Aav e tigmsthpe
teafACabuacs f Qﬁé_rﬁﬁti@@’?sewqeelt e @Red] BRAh1y! Mﬁ%é&ted
APPL | CAB LITY ent |nvent|on is applied
spePdeWdbhomd baing ag ¢tad dvhead épep‘ewewrmeepess to
therclwss kirngt Bbayp abee Of hRbte PP4L %w tHR! ehkdlta®led
turntable to nmake pots, bows, plates, cups and the
like. Wth the drive control of the DC motor driven
potter's wheel according to the invention, the
turntable of the potter's wheel is driven stably at a
directed speed without being affected by | oad due to
user's access to the clay or other pottery materia
on the turntable.
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23 WD 2004/ 016402 PCT/JP2003/ 004425 CLAIMS 1. A
potter's wheel for working pottery material including
a turntable for supporting the pottery material, a

W?)tﬁgﬂdcl@a{ozd“ ving the turntable, a manipul at iPQﬂ./ Gilaazs
e operated by a user, characterized by a spee

signal producer for produ0|ng a directive speed
signal in response to th g&@%lon to the
mani pul ati on nenber, gﬂég tector for detecting
the rotational speed of the notor and generating a

e of the detected

det ect ed spe i gpal resenta Vv

speedf a spgeé?oég t"r%IWEPﬁ dox Wroé‘gﬁ}é’e% Progt eg o Bt g ad
ineledispesd ontdple Sf'og'nélhp@%r%lnﬁuﬂﬁé ' 196‘1:\95”‘ r'iﬁatemal a
di fference between the directive speed signal® and_t

mptexfey lb'éfeldl%utéwarwraw@ ent? OB REGRILST BR mﬁmber to

bﬁeﬂ?éﬁhté‘& Byr@twéeﬁrbmr%lcﬂ@@hzé&rbymkl ng the speed
con zero and feeding the mptor drive

assPAY %icg%bnﬁﬁfbvcez ox papdarciaapedir aetigraliomes ad

sfEAMih reBpitidb tbh@hgowérm@n e PhUSH £85p HPAf on
|nclud|ngast£df% and a ti-pqle rotor magnet

Ingfl 9L &¢ ftRfector Aob qiadiinmibe Kot mmal speed
oE't&iMotd@Q{@dngeﬁBQamgra'Méﬁ%ﬁi %tprefétcprm phih

ports the ro gnet and the ro I S arranged
rPH§FE%“6PtH’1% %£ &Elé‘r eiecﬁ\eﬂoﬁw%? s Asdese heodrigiolgsignal
pebdiuBek, fyNq) 8 ducihg §Hﬁ%@o§0§ﬁé@& S HPRH1 RigHWICAs a
i ncl udes roportion nt r ol tputting a si naI
f‘ﬁP&bb%. %ﬁet%f{ ﬁéeahcrer pEHES 0 6‘5 éﬁe?ﬂé’%sﬁ’@@tdg%gnal
a%ﬂ?fﬂfsdGgﬁle:ié?@gsc%@?gdﬁigiﬁﬁdaﬁﬂ%ﬁim%cgn@bntﬁﬁolfer for
otter's [
8B BeatiBaL  gRosPG LI A SAEBal T AR IR RIhAIED AR santrol
5 M4h 200411 6402 fRCHihR2 A3/ M&devegﬁgwn teO0PhEOhotor.

for integrating the output of the
2. A potter’s wheel according to claim 1, wherein

the motor is a DC brushless motor'including a stator and a

multi-pole rotor magnet opposing the stator.

3. A potter’s wheel according to claim 2, wherein
the motor includes a rotor which supports the rotor magnet,

and the rotor is arranged inside of the stator.

4, A potter’s wheel according to claim 1, wherein
the speed control signal producer includes a proportion
control for outputting a signal proportional to the difference
between the directive speed signal and the detected speed
signal,

5. A potter’s wheel according to claim 4, wherein

the speed control signal producer further includes an
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proportion control, and an adding unit for adding the
out put of the integration control to the proportion
control. 6. A potter's wheel according to claimb5,

WOEJAM6405he speed control signal producer f‘frctrﬂ%oos/ 04425
I'ncludes a ?

differential control. 7. A potter's
according to claiml, wherein the speed control

. Si L. d { ncl ud t t t f
N e N g R
pzctiﬂcﬁﬂnemceohegweramlhmxdlarchd:atng/mm;ieé@ir a‘cbdnmgahigb phdput
ect eed sian ot t e in
of, Bhi5 vE R et Gr A vroleb s RLBGPERR YR RC o BEF8L O
produces a speed signal of the characteristics that
I h t th at f
Iminpggl altln r?%vlw‘rﬂfeﬁ ngeeﬁoggf?gal%g\i}] eﬁegrécclorgwglg rteg%
thd aipweld cohedreilnsidhel gpeatiségifalr thraadinel udesdace a
dﬁjﬁr ective Egiﬁﬂfﬁi gnal of the characteristics that
' I

erential ty along a gentle curve in a |ow
speed region, that is substantially flat in the

m ddle sp re Qnadthatln S ti
linedrly fgrP%\“% i ¥hesd PS&PS %90&“1%?%?2% g) roa
tlﬁ@@q:refﬂm@otrar(bllasrgﬁalvﬂmdaumertllmezlstpw agi gnztlegratlon
roducer is arr ed t roduce a pl raI|t
c‘E‘h‘éﬁ' cf‘é’? |°§ﬁ1b%€%g‘ Haeséggﬁj af’r?%ﬁéle(fgsﬁ gt}rglé)lnsovaltt#]e
diﬂfereﬁﬁaublétwfeetme:kcqaelnabmrv@fsmdaed reciginell amidohhe
sel elctor for selecting the

nber
d%ﬁ%‘ft&q @lp|eﬁ‘f@§ A potter's wheel according to
claim1, wherei n 25 WO 2004/ 016402 PCT/ JP2003/ 004425

the gpeed ont %' %glae% 195%%9@5 Lﬁqeﬁn? f’LlNhereln

circtirt f He spee ndl
tlmcsqrMcseg\matlhpu'bduma:rmdsme s;fa Bhe ephasesadfOf ftbe

peed, s d tv [
C}ﬁra E?ﬁ)‘t Sty eel ggglorlblsggr @?Jhn?effﬁ\?h%gl}giognme
oﬁhﬁat\tﬂmrofcbhbrmldmrputmtnaiesnamiréx/.i ng circuit for
generati ng

9. A potter’s wheel according to claim 1, wherein
the speed signal producer produce a directive speed signal of
the characteristics that increases gradually along a gentle
curve in a low speed region, that is substantially flat in the
middle speed region and that increase substantially linearly

in a high speed region.

10. A potter’s wheel according to claim 8, wherein
the speed signal producer is arranged to produce a plurality
of characteristics of the change in speed signals with the
amount of the operation of the manipulation member, and a

selector for selecting the characteristics.

11. A potter’s wheel according to claim 1, wherein
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a notor driving current to be fed to the notor, a
current detector for detecting the current fed to the
m)tor an upper |imt nmenory section for storing an

dia fyupper limt value of the electric geqfpaiadnosdas
a conpar ator for conmparing the detected current

vvlth the upper limt value stored |n the wupper limt
menory section, the output_of the aratqQr. _bejn

thednrak con el gERRAP e ABGRT ISP 8@ Rl ercdtit for
pgéﬂﬁxﬁl Cﬁ%é%e@&t@&ﬁiﬁgl foh @ Mall Nin Qfdc\dmaﬁbécmfh the

according_.to claim erein
cqmepamts@m orth ol bR sPACHLALS QGH?PW%SEPP LP1ER 8} and

tlggr@mtcltpge @pgggogléiﬁhyl ng current to be fed to the

| se generator for generating pul se signals
for dr|V|ngthe nmotor, a pulse width controller for

contrgl li nﬁyﬁb@té“f‘ét gfl?éef I&%coQ'dhﬁ% %bgﬂadﬁn BN wPPESin

limt menory section for_ storing a I'owabl € upper
the rmptvmc@eﬂafoltlne isdades act&n\elmg cahauat fesrgrmarating

al @l t%@n@ d‘deeﬁ€0ttoegecwa qat t Wbt & Jths, A'RRBFrent
ore I N

21t the upper |imt nmory section,
dahelctaon tfﬁrtcbﬁatwbmjé@eoépmeﬁttf?éi&@lﬁ eyt r, an upper

‘;ﬁm rn?% ey %@twﬁ Posy %%o@?ﬁ@ré‘hoéllcﬁvﬂ%ﬂSCﬁpF&‘éQt hiehit

e voltagé at the pulse signal generatar
vahue of Pheddestniasnrrgnio, and a SHMEagadody %Pomﬁarlng

FH'c?@te%t%‘@h%r@%xfth%)itﬁr?h%\"\gﬁpEPQmi’R' {adqfel §t6‘ﬂ$d in the

arger than the predeterm val ue and feeding a
upipgralimby e PoMLY rite ¢id obhet b cubi ki Helhear B P fpRtPT

I e t
bE g R Mk %o BRI NATe (g cRAEAS ?\65“3? B 412e o3P

daicinegliony rertloattputted frgar theyddivdpggchr el fier
provi ded between the mani pul ati on nenber and the
potentiometer for anplifying the electric

r espokisi veAt Bother shatae bt aco ridia evkRi ‘fﬁPr’sPFl i Wherein
tFENRRkor o n fr AQkkein clu b el d@?@ﬁi@“oﬁgch@t o gederating

af%@%drf&@élcﬂp@egtdtlor Ct%ey p%ﬁd {nuodtgc;rngaupntll{ for
generator for generating pulse signals for driving the motor,
a pulse width controller for controlling the width of the
pulse signals, an upper limit memory section for storing an
allowable upper limit value of the electric current, and a
comparator for comparing the detected current with the
upper limit value stored in the upper limit memory section,
and a limiter provided between the pulse width controller
and the pulse generator to detect whether the voltage at the
pulse signal generator is larger than a predetermined value,
allowing passage of the pulse signals as they are when the
voltage is not larger than the predetermined value and
feeding a signal corresponding to the predetermined value

when the voltage is larger than the predetermined value.
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whet her the directive speed is |ower than a first _
threshold I|evel and a second threshold | evel mh!ch i s
lower than the first threshold |evel, and wherein

| yor controller is interrelated w tRddy82003/004425
ir%gﬁlﬁg speed judging unit such that the notor iIs

| ocked at zero speed of rotation when the directive
speed is lower than the first threshold | evel but

hi gher than the second threshold I evel, and that the
motorl4ds depeisey’zadheel adow dineg tter Bl @bhe 1 Futrdhe r

z o j.rective. dis lo t han t he .
chufirt it 3 harnt B D HIE EET e Bee X Theegianip Slation
mpewmdredi agd ¢ hel pioheh tibw ¢ ter foroamyp Kifping gﬂlé egllelct@ic

' [ uni t_f.gr judgi whet her the .directive
oMBE LRIV ke He o arb R NEE R S0
mmbeirn said a notor controller is interrelated wth

the directing speed judging unit such that the notor

is de-energized to allow the turntable to turn freely
when the Ai pedtbvé sspdesk] actondinghto dlhdnsi Nof€rther

csglrpelsilg?h% laeaﬂ'écl.zive speed judging unit for judging
whether the directive speed is lower than a first threshold
level and a second threshold level which is lower than the
first threshold level, and wherein said a motor controller is
interrelated with the directing speed judging unit such that
the motor is locked at zero speed of rotation when the
directive speed is lower than the first threshold level but
higher than the second threshold level, and that the motor is
de-energized to allow the turntable to turn freely when the
directive speed is lower than the second threshold level.

16. A potter’ s wheel according to claim 1, further
comprising a directive speed judging unit for judging
whether the directive speed is lower than a single threshold
level, and wherein said a motor controller is interrelated
with the directing speed judging unit such that the motor is
de-energized to allow the turntable to turn freely when the
directive speed is lower than the single threshold level.
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