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i DESCRI PTI ON MAGNET UNI' T, ELEVATOR GUI DI NG APPARATUS
AND VEI GHI NG APPARATUS 5 Technical Field The present
invention relates to the inprovenent of a nagnet unit
that is preferred to an el evator guidi ng apparatus
and the like. Background Art 19 In an elevator,
generally, guide rails are arranged in pairs on an

el evator shaft vertically. Being guided by these

guide rails, an el evat orDESCRIPIPOMNIed by a main rope
noves up and down the elevator shaft. In order to

allow the el evator car to be guided al ong the guide
|I S a car frame of
AN A EBERAROR STSHIG: RPrh £ &8 dvBewEIGHING
deV|ce and a gui deshoe-ty vice. Since these
gui de devi ces gui de the é?gvggggfggf Wi th-being in
contact MAth the guide rails directly, these guide
ﬁg@i %fpngdlsposed to generate vibrations and
Noi igldji stortion and connections of the gui de
r ai lbra ions and .noises are easily
pr (’)]!é)f;:\eggfe%g nf ﬂ}c‘ben;{ %’i?ét grihedmpneyementad & viaigaes unit that is
pefEridiPtd bl %lexﬂwf cﬁ@%} paratus that
Pa dopts a magnet ggﬁpng ggﬁﬂ%gyhﬁghgg1s proposed
(eB@pk@mpam@éﬁTPatent Application Laid-open No.
In the el evator guiding apparatus, an

20 1- 19
%ﬁ&atpg* %@@FU& gwigdgrnails wegﬁm%&ciem gryennt SRevator
| ral S I ron gui.al ng e
S e&%“g‘?a@gr e ﬁ%ﬁﬁyéﬁﬁswm railss s8celovator car

° per spect i vglr\ﬁuﬂgiw ﬁn@g@@%@?@%&n Elgg?le(yptqsq@]aﬁ,

bhl/erdmﬁnl albeet therlevdtopeat t@b@\gﬂhaéd Qb ’ﬁ?e uide rails, a
a atus. Fig. 2.is a plan view of magnet g ?
g Vicgfis pauntadn a gar framhe Bif dhe blemoﬂeaﬁhom in

Fi-Bficre'afdf rdfelt {5 engl%ﬁ%tdel{r%é .':ulldhafl E{undgesa geE‘,_y;Q ag%ige device.
Since these guide devices guide the elevator car with being in contact with
the guide rails directly, these guide devices are predisposed to generate
vibrations and noises due to distortion and connections of the guide rails, so
such vibrations and noises are easily propagated into the elevator car though
roliers and the like.

Thus, an elevator guiding apparatus that adopts a magnet unit for the
guide rails is proposed (e.g. Japanese Patent Application Laid-open No.
2001-19286). In the elevator guiding apparatus, an attracting force of a
magnet is generated between the opposing guide rails made of iron, guiding
the elevator car in a non-contact manner, based on detection signals of a gap
Sensor.

Fig. 1 is a perspective view of the substantial part of the
above-mentioned conventional elevator guiding apparatus. Flg 2 1s a plan
view of a magnetic circuit of the magnet unit of Fig. 1.

As shown in Figs. 1 and 2, the magnet unit 1 having an E-shaped
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2 configuration includes a center core 11, pernmanent
magnets 12a, 12b connected to both sides of the
center core 11 to have respective identical poles
opposi ng to each other and el ectromagnets 13a, 13b
connected to the permanent n#gnets 12a, 12b

respectively to have respective identical poles 5
the magnet unit 1 is

opposi ng each other. In Fig. 1,
CBP%&U@@ opingludep ageanter goref 1k pryoranent thagnety 1¢ap 12b
+~-Hhe.sensors .2 are adapt sq as to detect,the
DEHERER 0 DN OREHR ufs Ebdief E6F¢ TH 4B gnER eSpachye identical
ghnt [ t

PRERSOPROIRE ToCACNRRNEE ] ol trprBagREts 134, 13h Eilaapd o the
permdnentiiagmpis 12,0l terespecdvelydas have RespecBivisideatical poles
guantity in the nmagnetic circuit. As the el evator
OFRPEINSLAMRAMET.US control s attraction forces between

th | ect romagnets 13a, .13b and .the guide rail 3 in

e 48150 de U BRSEHRL UBikcl i AP viet e TBieAbiy of Semsors 2

3 1 [ ' l.s of ...

hiyig EATRENRS. £ The Seilofiea o MhaPRES0 a8 o HeiRE sl Yondition
ofi trha gveti cebﬂ'aaitc(mecgnedio’]fwthalap&hpk b2t@aBn ThY Poldd éfthe

down in. the elevator shaft whi e maintaining a .

magnet ¥Rtk end grenideanilskimbeth ofia, aptizections @rotizdigal

guide yail 3. In the, el evator _gui.ding appar.atus using,
el h o FPal e 8 pifsical Greitioa tbe avagmstic
cif@fiti s in a normal position to the guide rail 3 and
Its 20 operation is stable, it is possible to nmake

ex éist thegelevatos puddingr apsirhfuslS@ftrol sShdraeHioveosted Betvstz een the

zero, that is, so-called "zero power control™ ow ng

elegigomagaets §3anl h and shp guide end 3nmagaesardagee wilbthe exciting

R QR e e 1S RS Bgie Rl Bkt § Pabed e deiection signals of

R T T R R

appaeats @astmovetuplasd®dbvibih HoarsAes: S 'Bﬁﬁl@ﬁ[%iﬁféfiinjng a

allow the elevator car to elevate snoothly al ong the
nogoeertachrondition betaweamtesappiatusand dhe guidé giitiBt v.

Ng%l thi\t in the el evator quiding apparatus for

g fﬂ‘ﬂ& SYALOLS giapparatug Séllg&ﬁ@ @goyarccmswwd@agnet
unit vitferl Bld Sle¥atdrtelSs 3 8 RERIAT SodiiRRto MY Khidd TliS and its

operation is stable, it is possible to make exciting currents for coils 13aa,

13ba converge to zero, that is, so-called “zero power control” owing to the

- possession of the permanent magnets 12a, 12b.  Accordingly, it is possible
- to suppress electric power consumption in the stationary state. Additionally,

owing to the provision of the permanent magnets, an interval between the
guide rail 3 and the magnet unit 1 could be broadened furthermore to allow
the elevator car to elevate smoothly along the guide rail 3 with a long stroke
and a low rigidity. _

Note that, in the elevator guiding apparatus for guiding the movement of
the elevator car along the guide rails 3, there are sensors 2 and magnet units

-1 arranged at four (up, down, left and right) positions about the elevator car,
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30 1 arranged at four (up, down, left and right)
positions about the elevator car, 3 facing the guide
rails 3. In operation, with a cal culation based on
signals fromthe sensors 2 to detect the conditions
of magnetic circuits at respegtive gaps between the
guide rail 3 and the magnet unit 1 and signals from
the magnet units 1 to detect exciting currents, a
Inetghickguidetrails 3. s Bppperdion) with beatdatibi%hased on signals
ﬁurr nts. Regarding Figs. |I and 2, it is defined here
Py the senpars e b Aetect the conditions of tragneticatirduies at respective
' 056$ Lt he, gui de raj | (general |y,
R VR Bh 1t oBRPE BT 2 i MeebPhunil Sod i snatlgeom the
tha@metidrfitsent | ae cudr r ' Lon,.
s L SREtLExChing cnttorhOR R0 BoBicAt hBBlied on
areiting exrrentdept h direction of the el evator car);
ani "z" _replrrTesents a vertical direction. In
co digg kige. 1 and B, itindefined here dpate'sehrapresentsiandirection
' I e, directigns Xx,,y z as es
I i e R ullr Dpobses ik siidedod L edorally
leftiagdndgRpdirEai 0% o yon? iEOH Qo .
Il OSgROYIREA o of $hE ASVAUF LB o 16 e Ut
Y'agepresents ¥bdiresiien pevpendignddrsiofthe itdetionPRen #Merizontal

ors 2 in the directions x and the upper and

1 ower se
P 36‘665&-%% pily direconrf Tdnerle@vam car); ande'tattrepresenths aovertical
a0t STy RORBRIGRS £, et aider YoRpon ratptngitctions

currents
arvnd e @rRFOnd RN, Yhi LS | by the guide

rails 3 under post u?@acont% sog@&%ﬁgn'rol ling

di Simceitherabove enentiondd redevdton ghiding 2PparhtustisR@nstructed so

di rectiqn’ e. the direction ~ ) and "yaw ng

S0ty : eErilégnett llliélts diatdour positions withwetalcadatite based on
rebpEAN Y ERATRUFOTRE nhbet 85 JoWRE hetiors 2 the Gireeiens x and
th? sk ARd 18%er s8hiGMS2 i Ble H'&%cﬁ?ﬁg 202@#25 l%t}étﬁtétlgiyg% and

nd right ‘I ong surfaces in _
algpubased an respeativededlinns df axcitifg tairefits 68 cfe@é&itﬁﬁ‘, tAB%levator
a;seégari) gyide face 3b respectively, while a short -
Cagig ¢ ¢ ot mevingeup end dowafwhid being ghided byghedamide rails
tespecti.ve gneti c. pol.es of

ce 3 Co i ngl.y, »
3 SR ko SR Bt ko Aeciipn thg. Gecdigbrten ).

“pitehiitiy difectibh’®(%. HheHifedfdd "EY AR Aawing direction” (i.e. the
direction ¢ ) as well as the translating movement in the directions x and y.
The magnet unit 1 shown in Fig. 2, however, has a problem described as

follows.

For the description, firstly, left and right long surfaces in the section of
the guide rail 3 are defined as a first guide face 3a and a second guide face
3b respectively, while a short surface of the section is defined as a third
guide face 3c.  Correspondingly, respective magnetic poles of the magnet
unit 1 respectively opposing the guide faces 3a, 3b and 3c are defined as a
first magnetic pole 1a, a second magnetic pole 1b and a third magnetic pole
1c, respectively. In Fig. 2, two-dotted lines with arrows denote magnetic
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first magnetic pole Ia, a second magnetic pole | b and
a third magnetic pole 30 1lc, respectively. In Fig. 2,
two-dotted lines with arrows denote magnetic 4 fl ux
| ines by permanent magnets 12a, 12b. Consequently, it
wi Il be understood that magnetic flux (or flux

density) at the third nagnetic pole Ic becones |arger
at the first

AT i B PR, it e Loty

magnet i ¢ °p

wadprsidod fHatxmddmeke Alxt(@e fRE %Wgté ttﬂggﬁﬁlﬁ[&%&ﬁeﬁc pole 1c

12b are superi nposed on eac
brrgmees larger thanimagnatidifiuo (er flvx density) BettRdfitddhaghic pole

froma permanent magnet up to

%{1 %ﬂﬁ%&@%ﬁ%&@g %toliﬁ d bsiiace magnetiedfitay dines df the permanent

thh p net cones erefore, . the flux
LR 2t PR Sp RIS 08 FECh ol & Bedbimdsmagneic pole
Icarger than the flux density at the first magnetic

pole |a or the same at the second magnetic pole |b
bedwldiBoanlly, itds hbtedtina the sheseeatry SROPaH Frdiaths
P%g ween the permanent magnets 12a, 12b and the

ABER §up 40 3 magpetic psie ggimthe ymadlerat lonkage of flux
15 3c

he t hid i de f
ff;"ﬁ% o BERRRALTCmBEhIPBRChREs) ¢ TherPires tentiyx dangityiat the
: e thire . ) heof
S o o Bl Wecdthit Migel Ak BREARE Sy Jrint st
magnadepoled aswdbedams detfesaodil magnthe tp'i’ﬂé _‘ls'ﬂ)lecause of a
uni
RPSFEVE nagaetia pathskewdenrthepersianattanagnets 12a,

netic Pole |.b. The conventional magne
diisAETcH EY
1L H [ i ghi ng apparatus for
mgﬁﬁ%g@@mﬁcﬁ?ﬁsﬂg’ﬁ’gﬁ' obj ect in a non-contact
1,1n.

mEBoRsequeR ' 2 1Y th
{he. ol Ut or gul ol apaara farer A (kL gy fidp face
Swandthethivhmagnetiarpole 1¢ & ranatkiably !Hfgé'ih%rh?ﬁrikén with an
t&arra&ﬁag o{l)gg?t o the above difference of ” attraction
atigren forogdhehacen: the fivst ignideifacei3d andahe fitst anigretic pole 1a
i ' tio d the left-and-right
Ofg]!er“? eeh ?ﬁe E%@f‘f SH@%QC&% aﬂgm speondinagnsiie pole 1be
neas e i far . i to di st urbanc
b | o ekiondl BEREIc hil 1 RERLORRT Wb TS ePpRrall€Red for an
elm %vgi:im:ga fxppgmns offiasweRdENBppdrA@s fof Meurtf}fa weight
of an object in a non-contact manner. In the case of adopting the magnet
unit 1 in the elevator guiding apparatus, however, the stability of an elevator
car in its equilibrium situation is damaged due to the above difference of
attraction force in between the backward-and-forward direction (i.e. the
direction y) and the lefi-and-right direction (i.e. the direction X).
Additionally, the magnets unit’s reaction forces reactive to disturbance

applied to the elevator car are different from each other depending on

displacement directions of the elevator car.

The electromagnets 13a, 13b of the conventional magnet unit 1 have a
great influence on the first magnetic pole 1a and the second magnetic pole 1b,
respectively. While, the electromagnets 13a, 13b have little influence on



The el ectromagnets 13a, 13b of the conventional nmagnet
unit 1 have a great influence on the first magnetic
pole |la and the second magnetic pole Ib, so '
respectively. Wiile, the electromagnets 13a, 13b have
little influence on 5 the third nmagnetic pole Ic
because of interposition of the permanent nagnets 12a,
12b. In this way, the conventional nmagnet unit 1 has
great differences in both altraction force and
controllability between the directions (i.e. the
direction x and the direction y) since the

the thirdninhghétadipblé Yo bbcilie 6f RAEFRIRUNLLS tASperrhdRerORiaRRbts 123,
the third magnetic pole Ic i's small while, an

12b. attraction force of the per manent magnets 12a, 12b at

t fole L,c is large. Accordingly, an ghevator. .
RS ot R s BB e s
- force @1d cdidllabiRy bRbveen BEURRLLHSASHLL. ihey dirBctRREL JidPihe irection y)
. since both responsibility and controllability of the

. since the goetrellabilitydiffthe eleatromagnete 43h, ithagainks plen thirdgmagnetiepole Ic

i Ry S o B SRS b2 LR IR poe e i
lrge. BLAGHNAD b 40 ) 5 TR GG 18 b0 i 9o

- the like bpphyredieedestaliility mgpention 3nceIaith wspongibdity aexdcidritradlability
_ currents i.n.a ment .of . timge. However, this neasure
of the $raimgis e AiffEEt fioPheaphaiberdereniing Qi AIrEemRSampt | on,

ISR QUBIBRIGY p AT SR K fkhaion or o
. reduoedmmgbilahilim o]:y? iﬂgﬁel_eatrmgﬂm%s urBat 18bab the;nlﬁr@@ﬁzig‘l?tibsﬁble Ic, it
. reductLon o viations of attraction forces . o .
-~ might @%ﬂm‘%ﬁi o SHIPdY theglectiamagnets ks, éé%ivw#sg@at eX@Eting currents in a
. ic f :.C C i.I. Gonkk O ik
momefB 8N TAC 10580 M RSP S8 R BbophlaP e pover
An

- consunitibic téquiringa thsacipdoiier sofircd. power source.
exanpl e enbodi nent of the present invention provides

an el evator guiding apparatus and the |ike having
J et _unit and operates stably w th high
@%&%ﬁ%g&vﬁgﬁ%di ng to a first aspect of the present
ARVERSIE et o Phe \Hrefst frvEREBA hroWaks a Eﬁés@;d%g ufit that can
econ

N E-shaped confi guration, conprising: first an
accomphgnatéducpon ef deviapionedf attractiah fartéweof, pdraanagt magmets due to the

directi iy G dhe et sforsRoReA G poNEngh dhR CosgodRblIy to respective
magnelBPoEld, thatehy 1BPHE Y AGLEGSEM opP lc%dctlt%f of a power source. An
example embodiment of the present invention provides an elevator guiding apparatus
and the like having such a magnet unit and operates stably with high efficiency.
According to a first aspect of the present invention, there is provided a magnet
unit having an E-shaped configuration, comprising: first and second magnetic poles

- opposed to each - other, having same polarity; a third magnetic pole arranged at a center



fromthat of the first and second nmagnetic poles; a
first magnet defined between the first magnetic pole
and the third nmagnetic pole, the first magnet having
two el ectromagnets connected with each other through
the internediary of a permanent magnet; and a second
magnet defined between the second magnetic pol e and
the third nmagnetic pole, the second magnet having two
el ectromagnets connected wih each ot her t hrough the
i nternedi ary of another permanent magnet. Wth the
above configuration of both the first nmagnet and the
betwespethefitsnBaBAttic Boledid Ml RBond MRABEE bbld) Habmg! diffent polarity
each permanent magnet up to respective magnetic poles

- from thyt ofibe fisgjmad sepond magnptic pelgsca firstanagriet defised betwidensthe first

ensitie al, .respect.ive magnet.i ol es nay be

- magnefi§ BB, niE ihe i RaERF S, Polfh e it nadiiel Banis two <lectromagnets
- j i i At i ot ti . o

comec el R85 R A B DEIGRRSIACR BARERERC i and o

- secondimagriet defined bétisebi (the secofid ntegnetic pblerad the thirhigghetic pole, the -

respective magnetic poles, it may be possible to

n
- secondp maggle havingg %@9 elertrompgrgts qasnggeled - witha gedy athier through the

o i 1 le in both responsibility
Intermy an%gﬁafr?@{r}%ﬁ%{]g%%%@?ﬁ}a peration. According to a
Witle tlan dbavd eshfiiratibe dIMIRRE the FYECMHakAS add e sédond magnet, a

. .provided an el evator guiding apparatus conprising: a =
deviatipmgnaagoetic paths from eachBesmapent roagridt gprtatrespective magnetic poles

* of the pAnVlGioiChmay % seAioed ABA I Dy Mok deRfien) Magatlive magnetic

1 nl%gr'lfec'i‘:f negshats nter between the first nagnetic
poies pol e gr?gl%tﬁg scgf/:lgggﬁfrragneti c pole, having a different
- Thatoisarsiriog fheodirédimabidevtatiohi ins thea adiragtion rfdraes 9o thee permanent
' net _defi ned between the first

pol es, a fjrst rrglgl [ o
- magneti A%t e r«“plucgd aWH0 tafe INprovemeag et the panteollabilify of thet exciting

- curent SRS At R L R PR LS AEREB e BBl e whicn
- is well-BAlnded AF 8p&tafiBaRaH flRhénaableahvRmn ré%wgnﬁ%ﬂﬁg%d contrgllability

] magnetic pole and the third magnetic l'e, the secon
I operatgymet having two el ectromagnets connected with each

ot her through.,the internedi ary. of another .per mapgnt
AcqRiing: (0 %, pePar #5pe Of the PreSFaY invewigih dhaiRdS  Proviied an elevator

.9 1 . r 3 i .
svidina gl SONGPIE 3 HEET 50 PR SEaf Nelacin,
includirgafisst aad peevral mbgnetic polesopposdia cdeh ettidrBaving BaGLipotarity, a
. condjtions of nmgnetic circuits_ in_ the magnet
- third magnetic-pole arranged at a center between the first magnetic pole and the second

- magnetic pole, having a different polarity from that of the first and second magnetic
poles, a first magnet defined between the first magnetic pole and the third magnetic pole,
the first magnet having two electromagnets connected with each other through the
mtermediary of a permanent magnet, and a second magnet defined between the second
magnetic pole and the third magnetic pole, the second magnet having two
electromagnets connected with each other through the intermediary of another permanerit
- magnet, wherein that the first, second and third magnetic poles are arranged so as to

oppose a guide



unit; and a. control unit for controlling exciting
currents supplied to the - el ectronmagnets of the
magnet unit based on output signals fromthe sensors.
In the above el evator guiding apparatus, as the
control unit controls the exciting currents of the
magnet unit based on output signals fromthe sensors,
there nay be obtained, between the guide rail and the
magnet unit, appropriate atkraction forces and
controllability both having small deviations in
directions, allowng the elevator car to travel in an
menSheeV Fhale frh I OKJgH t [ egt :
t he reseﬁ?ﬁiH%%%??Q%Fnéﬁgréﬁﬁgghp?%%Fggﬁ{ggﬁﬁgi%hpggmny of
sensapp dontdeteatiogp réspeeiie aconditimink eob ouggraic wirenits nig #re  magnet
..object to be . neasured, thesnovabl e.body having a ..
unit 3456 3 ¢ GOBFOkRiHor 1k nicOBHBTIR HERFIHIEE o FUBRRE k Jaklicghdo  the -
' HOY:a begl ri LS oyt g ni Ny
decan Eggﬁ%pggx%gﬂgﬁgﬁgaPﬁgn?hgﬁhgmhggﬂg? %%P?giﬁ?ngﬁﬁg%ﬁBOHi
fir &t the dbewe oslevatey gaiding pappamtosg pass ¢k tclonafab lnitt battrols the
netic pole. ar

.havi ng sane larity, a thjrd na anged
* excitig LUSARoOf étnangt; pased RRQAEPHE SBIAS dFefy o sensors,
i havi ha: i i f .
e B TERA, BEN SO D8P S L5 L LRI, ot
- attraotignet fotkefsi nadd betwstesilabiiétyf | beth negneig c smpgll e didations  in

. the thiyd magnetic pole, the first_ npgnet having two
diretionsy (alleNgRET d1e cERHAST Rt toh teh BY hist elevaiggh shafe stably.

int. [ f t . n s 1o
oS 0. GBI OF RSk B0 3660, provided o

weighivgy tappadtuspgoripriging®| £, mobdlde slesiindonmagoeitin@\wnnebiesP to be
el ectromagnets connected with each other through the

- meagted the movebledrodyhaving a phrabitreritmagngt anits attacheddo sisiewalk of

~ oo rPRR DoPah 4% e, (1P e PRiAPbvib o ansi ontiguration,

_ the MBFRGNMit WRIedinb HROARE RcHBd © hiddnefi® PoREPORSUsEE th®ach other,

_the magnet units, respectively; a plurality ™ of

having sawe pdlanityd et hindi mgegnelsppold ewangmbiat aocenterf between the first .
ifcuits jn the.nma uni ts t respecti

mag R 50ls Sndisbi Seend HaeRGinBOR: hatPea ditfrm Trligniet fom that of
‘the it dndl R0B6nd 'i’i?a@'é tig ﬁ;olé%e, HIRES mﬁgﬁ%t"ﬁe‘ﬂ%ﬂ kwekH thel st ﬂwgneti_c
cltl 0O e t he

controlling e g currents ectromagnets o

pole raghdhe thirds mzgmetic gpoleytipetfirst gnagrsetf having heve edleciramagnets
S [T RN S C———
secof RS (Minch ERVER oo BafB bR and e BlifFlpalfitic pole,
- the sepondemagmdidravinggityo tlorhoneignetsroonaectet veith asdtedthies through the
- intermediary of another permanent magnet; a frame for supporting the movable body
movable in a vertical direction and  provided with a plurality of guide members

. made of magnetic material corresponding to the magnet units, respectively; a plurality

of sensors for detecting respective conditions of magnetic circuits in the magnet units
. at respective gaps each between the magnetic poles of the magnet units and the guide
member; and a control unit for controlling exciting currents to ~ electromagnets of the

- magnet units based on output signals from the sensors.



sidewal I s of the novable body on exterior sides; a
frame for supporting the novable body novable in a
vertical direction and provided with a plurality of
magnet units corresponding to the guide nenbers, the
magnet unit having an E-shaped configuration, the
magnet unit including first and second nmagnetic pol es
opposed to each other, having sanme polarity, a third
magneti c pol e arranged at & center between the first
magneti c pole and the second magnetic pole, having
different polarity fromthat of the first and second
- Amondhs o Rdbesh agpdet bEthefesat iRntibadhbR! MepRdVidie a weighing-
first nagnetic pole and the third nagnetic pole,. the
apparatps comprisgigsta hagvabde thadyefarcmounting ears objpehde thed msashred, the -

 movab 35305l » BRSNS BT e Sl R atached to
sidewalke6P 0k ARAIBT GodRPbE @Rriok l@ﬁie”sf‘h@arﬂ@%?%ﬂ%dgﬁ%g gh& Bffovable

second magnet having two electromagnets c
body mwivableedcta werttieal directigh and epriowvidedmedihan yplofaliayasfhamgnet units

er.manen magnet; a plurality of sensors for )
- corespREAIBe i rije eb siuRebErs homezaIst hatdas et i Serped sonSiguration,

. : ) ™ _

the magrfs ol n AR (4Cadd o TR TRIA OBnRR0 i S50 5RRr, having

same pdferiige b;thizd thapnedo pold aruiigedia®l cepttr bRbWEdOhe ikt imdmetic pole
currents to, electromagnets of the magnet units based

'~ and the gpoeng mgn@:tcgpdbshamg%ﬂﬁ@ememlam from that bf dfe fitsband second

wei aghi ng aratuses, as,the coptrgl unit contr,ols e ..
magnetifshAth 8 8P HBhEE B8andty beliechofhel firs 1hasnsi2pcia el e thira
[ | g.f j :
magne Q18| HATIHICE oplF’ WERTRRES, oSt cach ot
throughahp mutpriediaryaof & permanerftanagsetcadl a secundombgatét! defined between

baot h havi.ng smal| devi.ations in directions,_ allowng .
the secandemagnee Pefe mith% Q}l@fcm&%leta@ Dol dhe secendipragngh having two

f tivel bj j t
clecteor B e TR xR RS AR BB o RRYHE Fermanen
magnet; 2P PRSIy Jff RAbéRdof Atlebtthp Gespstvd BbhditomNf AARRRGE dircuits in -
clains taken in conjunction wth the acconpanied
the magnetunitgat respeddivieegapbeech bptween thie Dagwiticqeoléd of the inagaet unit
erspective view,of a convent.j onal t unit, Fig. 2 :
and  the 2o emmheE, o KGREOHNbOE. iR e oPxifiag irréhts to
: ' Fy r Fi : o Vi ew
clecronRR8of 8 aghs it baddon By sl
In ehchy af iabgveoveighine apshratasesypedhel dontwi aliceaitesls the exciting

| gutjt%i ng apparat us havi ng ) _.
- currents ‘of the magnet umt based on output signals from the sensors, there may be

attained, between the guide member and the magnet unit, appropriate attraction forces and
controllability both having small deviations in directions, allowing the weight of the
object to be measured stably and effectively.

These and other objectives and features of the present invention will become more
fully apparent from the following description and appended claims taken in conjunction

with the accompanied drawings.
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a magnet unit in accordance with the first enbodi nent
of the present invention; io Fig. 4 is an enlarged
perspective view of a substantial part of the el evator
gui di ng apparatus of Fig. 3; Fig. 5 is a perspective
view of the magnet unit of Figg 4, viewed fromthe
opposite side; Fig. 6 is a plan view showi ng a
magnetic circuit of the nmagnet unit of Fig. 15 4;
Fig. 7 is a structural view of a circuit of the

el i-di.ng apparatus of Fig. 3; Fig. 8 is a
pl %ﬁéf?\ﬁgg#lpboﬂ@ﬁﬁﬁwlﬁﬂsr cuit Iofg t he rr;agnet Iunit in
6 i g ' t of th . t
OIS Hfed e SFET M LORRIE N e "
weitigi 8ds agdanaties driviig h'i‘ﬁaﬁ?éﬁte&irglgftt.tof tﬁFz r@{i,gwt unit of Fig.

1present invention; and Fig. 10°1s a sectiona
taken along a line 10-10 of a frame of Fig. 9. Best

Mo for rying,Qut t I nvention 25 Now referrin

t oﬁg'gg 18 g%hﬁ%f'f}%l & ﬁe\é(rf{f)fb‘? piavater havingpieelevatar ccﬁrgin its

1 i BoReind i odi nent. of an. el evator )
'eaefc}%grr{ag[ us hg%/élﬂr?g %éecﬂggg%ﬁe‘?ﬂﬁrﬂnte Vaﬁnglav%?PBﬂaﬁiﬁhaWﬂg
aanagndfatitém acedrdanve iviith tHe fﬁ@@éﬁ%ﬁf\%@@? tegg@bg%e&l?e

. magnet unit will be described bel ow.
1y I enbodi nents, like elenments to those of .the

priy t et unit and the ao prior art_elevator
gull:%ir' @Sﬁﬂ%&@f&@ﬂ‘ BPISREGELVe VigHuoDa substantial pastofifherelevator
gl &Bpaf?ﬁﬁ§bfm§-p$uner al s, respectively. Their

ov%rg ?D_ppl ng descr fons are elimnated. Fig. 3 is a
silfig. biiew pérspocve vidwr i i eye
pérsp ofSthe rﬁﬁg efmllglb OTIEgp %,r \\}%tlﬁéd from the

ui di ng . apparatus. The el evator g Ing a a
O&WSIQBE his figure adopts the 5 magnet unit in

agg rﬁeig%e 1vvith ong enbodi nent of the present

i nventi oft. PRV IEHMP WHERdnagnetic garwiteif theimegned usit of Fig.
4;3, 3 made fromiron ferronagnetic bodies are laid

vertically in an elevator shaft 4. An el evator

Fig. 7 is a structural view of a circuit of the elevator guiding apparatus of
Fig. 3;

Fig. 8 is a plan view of a magnetic circuit of the magnet unit in
accordance with the second embodiment of the present invention;

Fig. 9 is a structural view of a weighing apparatus having the magnet unit
of the present invention; and

'Fig. 10 is a sectional view taken along a line 10-10 of a frame of Fig. 9.

Best Mode for Carrying Out the Invention |

Now refenmg to Figs. 3 to 10, an embodiment of a magnet unit of the
present invention, an embodiment of an elevator apparatus having the
magnet unit of the invention and an embodiment of a weighing apparatus
also having the magnet unit will be described below. Note that, in these
embodiments, like elements to those of the prior art magnet unit and the
prior art elevator guiding apparatus of Figs. 1 and 2 are indicated with like
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car 6 suspended by ropes 5 noves up and down while
bei ng guided by the guide rails 3, 3. 10 At four
corners of a car frame of the elevator car 6, E-shaped

magnet units 7 respectively opposing the guide rails
3, 3 and serve as a guide devige, and sensors 2 for
det ecti ng respectlve condi tions of magnetic circuits
]%ﬁg%netl rs) in ps between respectlve pol es of
e(Iﬁ % §GS/PE'§%H'B 1y he Thsineverlapping, descriptions are
éﬁ#ﬂﬂg@ to the elevator car 6 through pedestals 8. 15
e pedestals 8 nade of non-magnetic material, such as

al lFi“gnBI i} asidé ViOF Of & Rl aﬁﬁdecj;.hﬁ@éd @tﬂl %’;1% gié‘}%lz&i ér]?idlncr

the car frane of the el evator
apparatight Therelevator guidineapparanes shidwh m&hxé ﬂgure ado opts the
defin

dir ctlon to the el evator car 6

hori zont.al
ﬂfazt Ut BERcenRT ant?ﬁ igh oagramshodimenicof ﬁmpmzlseht inevenéion,

AS LRI i 83y 8 B0 P et R T wind fromm romr 1

v e
férr@malmefit Bddaéd Yre 188 R%‘fﬁbmy gﬁtaﬁtélggat%k shghi 2 o> An elevator

around the respective X, rections as axes
cawd suspendedeby atepeméd'nesreﬁ up and9dowﬁ \@hﬂ@@d]ﬁﬂsgmded by the
y. Each of the sensors 2 is formed by

gk
gap sensor" for detecting an interval

hE T‘?ﬂi‘ﬁ%ﬂié‘gfﬁecﬂ&aﬁh BfinR steviigr ci?%ﬁigﬁﬁn@ﬁfﬁﬂwﬂ

uni

umg Sﬁ@@édtﬁre\ly gé{: it ea:;éﬁfts?é 32%%&}] 3 {a?a.g%a@@ Gevice,

Fig. 57s a per
arf gensors Qifeneldtdating rés‘;)ecﬁwactﬁ:idd@mnﬁ ef n’fa@aetﬁ: Eitodits

an view of .a magnetic circuit of the maghet unit 7

|
(“g?gﬁt’é: pajhs) ipgaps b@&Wﬁgﬂ W@Qg:ltwvaqmlas lof 3he ppagetqutitss7 and
Ol B B i
'I‘Ipr@ééstﬂs%ifﬂﬁéeéf ﬁénlrﬁggﬁl i é@hﬁ,?ﬁuﬁiﬁ%ﬂ%ﬁﬁg@@tﬂﬂess

to the direction are as a

| Stf&d anﬂqﬂasussa caro cﬁmd ttetiieocs Bhme 6BORCE VIO e, S hown

gﬁﬁ'bdf and_6, One surface 5 of the guide rail 3

lﬂftaanql élghteilmtm lmﬂ'la(ﬁgure;ie:hahmd ths herizontal
5 and 6, the

m@”?ﬁﬁggf}ﬂ éﬁ%ﬁm}j ﬁiﬂ{ %ﬁsm% Jg:?leII'e%?mn the direction of the

normal line to the figure is defined as “y direction”; and the vertical direction
is defined as “z direction” in Fig. 1.  Similarly, respective rotating

defined as “ &, @, ¢ directions”, respectively.

Each of the sensors 2 is formed by a so-called “gap sensor” for detecting
an interval (distance) between each pole of the E-shaped magnet unit 7 and
the guide rail 3. '

Fig. 4 is an enlarged perspective view of the substantial part of Fig. 3 and

Fig. 5 is a perspective view of the magnet unit 7 of Fig. 4, viewed from the

opposite side.
Fig. 6 is a plan view of a magnetic circuit of the magnet unit 7 of Fig. 5,

including the guide rail 3 opposing the unit 7.
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first electromagnet 7la and a second el ectromagnet 71b
arranged so as to oppose the first guide face 3a and
the second guide face 3b of the guide rail 3, io
respectively, and a center el ectromagnet 73 conposed

of third and fourth electro nets 73a, 73b arranged
so as to oppose the third guide face 3c. Respective
coils 7laa, 7l1ba, 73aa, 73ba are wound about the

el eWitlor@egirditd redpdctivd Burfd f

supplied with E‘XCIétI ng cur rgﬁ% gFﬁfé egtlté\illt?%bp?ﬁmg the

Erﬂhﬁpedrmagn@tamwl émmpwngsuiﬂmes of m@gm@miegt ed
0 ird .15 _and.fourt ctronm nets 73a, 73b
R diculad {0 gie %@%%mw&{%m%a stizuidsofanedBa and 2
The fi rst
ReLIRIAle FRA0Sh, FahecivRRESh' WSt i Bl 4200 870 One surface

secon

ofrthie gulide rajl e éﬁiéﬂ&cmﬁ?% i§@UirePAbAN ﬁgﬂ’éﬁg ne?g % third guide

other. A first méAgnetic pole 7a, a secon
p@fﬁ@C?b and a third magnetlc 20 pole 7c are forned at

bot ds Ofx the, fj rst ge&%nd el ectrormgnets 71a,
710 ENERA B %&?e rdgnagnetienit 7 includes a

PSR T8 oW o

opﬁese ol Egbtsgiide ﬂabESJa e e éfa\‘l’btdb EP the guide rail 3,

rd electrorragnet 73a to form one magnet

respeshiyelis amedne nentexghectrodiagnen s @bmpmdsef:ﬂnﬁd ahd fourth
ctroma efa;#évvlthth fourth electrorra_gnet 73b to
efe&%ﬂ %@ 3 s @s tajoppese wae pairdgiide face 3c.
ve both
RESARELFe L6 7138, MIPE. 7500 7 G 0b T Wl O S naguers
TiayT B,
e

7c§l‘hbéi;r@tresd seadndelecinomagnetshelx 11 ae gvm@écted to the third
flux in the cour se of

a’i“i ﬁ{tﬁéﬁg‘l‘fggﬁééaé& %@ tlarough a fiest permanent magnet 72a

|cI

mmnwns orher7
P subst anti a qg Sper penzgljf"cul ar t%@d }%gﬂg‘ﬁr ec Ilesfje?ﬁ% identical
P gﬁEIKBEBa othér.the 5 third pole 7c. Further, the
3%7PO|6 /a, q@ econd pole 7b and the third pol e

fﬁp Fosaconbmppnetic pole &b and a3hirdimagnetic
poié %"&e%&&%df &%Both ends of the first and second electromagnets 71a,
71b and one end of the center electromagnet 71c opposing the first, second
and third guide faces 3a, 3b and 3c, respectively. The first permanent magnet
72a connects the first electromagnet 71a with the third electromagnet 73a to
form one magnet. The second permanent magnet 72b connects the second

electromagnet 71b with the fourth electromagnet 73b to form another

SHBEREE G P U T8 e

magnet.
That is, since the permanent magnets 72a, 72b have respective both ends

connected to the electromagnets 71a, 73a and 71b, 73b, a deviation in
magnetic paths from the magnets 72a, 72b up to the respective magnetic
poles (7a, 7c; 7b, 7¢) becomes smaller, so that there is no great difference in
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3b and the third guide face 3c, respectively, through
the internediary of gaps (intervals). Accordingly, by
controlling exciting currents to the el ectromagnets 71
a, 71b, 73a, 73b, it is possible to adjust an
attraction force 10 of the nagnet unit 7 to the guide

rails 3. In detail, (1) if supplying the exciting
7lb, 73 a, 73b

ufren t.0 t he electrona nets 71 a,
]i%ﬁkﬁb?ﬂﬁ’é‘clﬂ ‘bﬁ qopirse PEAgR¢iuRgthy rrespastmetp(cdesof t he
e attraction

el i e

- disthetferst bnd seahald ?)%@[é’sm?‘a P & p]:)gﬁl%s edth o lﬁlg‘]]‘ gflr%lggel% thg guide

gU|de rail 3 are Increased a

18t rfeare stdmmalloeperpamhenla tbrthé ld@re@hbh&?ﬂhﬁ ?i%qﬁes of the
n tion cancel each other as are t ant
%Fl gf ﬁ@%ﬁmfr pelenéa, dhe sectndh geise 7brm‘1d thethird

t hi oIe 7c of .

B RIETF ﬁ‘utrg g“%%ﬁg% %H;ﬁog?x etgle ARG o Crf‘:f E’é&h thaisecendguide face
| 3brm{dadﬁelﬂ1rd £ideqaLl I %ﬁ&é&tﬂ% qm&%lg%f%@ﬁglm of gaps

increased in the irectio
(Jébtwalﬂig Accardinglypby horet sltingeiRuies Sufierds 14 He
73b Iﬂ nil rection to weaken negnetic fluxes of
{amhlbet3a,763b, it I9pessible to( adjlist anrateraction force

'°€*Hé% et ROkt il aces sa 3 of

t he)de kaeplyand ffe BLEIHRCERARAE B b MecaBIR RIS 185710, 734,

each ot her, respective decrenen

73Immesiua¢tmheto stierggtheanmighens Shuxeaof (Rt &t ma agnets
the attraction force hardly ¢ ange

7%?(: tant force,
(2 2) since the magnetlc flux between the third
ui de

7 h 13 3 f th
poqﬁ% 8@2 e%%%‘iéo f-'i@?&ilttiiﬁ 3%2; @ﬁ@gﬁﬁéﬂgmlé% Tes7b and
thé €hikeane Qeédhd Etﬁlcﬁé T e33(if]| 1 S?f &P&é@gﬁ&gﬂl ¢4 argJ mcreased at the

exciting currents to t

saneelevebangach othet] respettive lﬁkc?eﬁbﬁﬁ;CEh' B8 ifatlioh %fraég‘m the

X of the pernmanent nmagnet

netic fI
dll?@%ﬁpﬁ fenG @3611 «1thengs aueseltnnt fmcbf@mm@io@ﬁfbrce hardly
ch&ﬂgést, Mnd

(1-2) since the magnetic flux between the third pole 7c of the third guide

faces 3c of the guide tail 3 is increased, the resulting attraction force is

increased in the direction x.
(2) X supplying the exciting currents to the electromagnets 71a, 71b, 73a,

73b in a direction to weaken magnetic fluxes of the permanent magnets 72a,

72b,
- (2-1) since attraction forces between the first and second poles 7a, 7Tb and

same level as each other, respective decrements in the attraction forces in the
direction y cancel each other as a resultant force, the attraction force hardly

changes; and
(2-2) since the magnetic flux between the third pole 7c of the third guide
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el ectromagnets 71b, 73b in a direction to weaken

magnetic flux of the permanent magnet 72b, (3-1)

since the magnetic flux increases on the side of the

first pole 7a while the magnetic flux decreases on

the side of the second pole 7fg3in the 10 direction vy,

a difference in attraction force is produced in the

Ieft and-right direction of the guide rail 3, so that
%ﬁ@ﬁ ¢he gnide 7ail § iakleordwsdd] teercbultife aftkHorHiee is

and (3-2) the change of magnetic

ce 3 roach
d%pg%wg th?%ﬁ‘¥ﬁ¥¥b£pole 7c is cancelled so that the

cokno I o B Mo AR ra e s Cond Bird sleaizomagnets

Téac7Ba g 2 divsdtitl & @eh 3%&16&1' mabnéhd tflfdgi Bf the permapent magnet

el ectromagnets 71 a, n'a dgirec
algo snpplyingtthe epeitimg entrereofetheacddhmal furth
currents to the second and

e&&ﬁ‘?ﬁ%‘%‘é& %&x&égé%lls; 31;501:1@@ oiweakendinagnetiofluo of the

ic flux of the pernmanent magnet 72b,

there I's ggﬂﬁg g%hnge in the dlrection x for
L) Saio 8 midfné e s fgg’g@% for {hggsgpoacfﬁﬂg :fﬁ?ﬁgole 7a

oward the second guide f
W, gimagyetic Aux emobmﬂm/ﬁdembcbeﬁgnﬁz;dlé &b in the

cted nmagnet unit 7, by controll

ve-cons
?@??1? Xo? GHHFEHCE trpction fonee @epmthm@dantthe rla@rmtdmght
73a,

d fourth el e
difeRiqn 6 BRI RiF ¥l YR St B3 ebighit 718 AbRprhes! foward the
ﬁmogmd&ﬁdecggaﬁb rbAgh a daCtI on forces of t he magnet
uni't_7 on the guu?eraﬂ in the directions x and y
i {dr2) Geathangel of magnetiotuxiaboui did Mird HER TOK éﬁhcéﬂed SO

nts. to._increase and decrease the fl uxes

th%gﬁ#%ﬂﬂgFﬁ§%&§HH3h@%ﬂﬁ&mﬁﬁgﬁ&nent magnets 72a, 72b can
¢ IGEAIR ih TR PHOS I The 3 Qtvgﬁﬁrﬁkéfeﬁﬁgphﬁa gfexcmno

romagne

s s oS il o s

obvi ous from above

weghenanagnetioflec ofihecperundnient mhgh&E7 24 hak a@éﬁb%ﬁﬁfﬁﬁg the

gui ding ap arat us and further

| t he el evato
ex aﬁ’é’tga?lil‘nf%tsf tgfhe §acord oty elegtromiagmets [7dbt, 78bdn a

t he eva car 6 through the
ik to FEREiairh e T R the Bfbmansntmataet 73b, there i
no change in the direction x for stabilization, while the magnet unit 7 is

-absorbed toward the second guide face 3b for approach in the direction y.

As mentioned above, according to the above-constructed magnet unit 7,
by controlling the exciting currents the first and second electromagnets 71a,
71b and the third and fourth electromagnets 73a, 73b forming the center
electromagnet 73, it is possible to adjust the attraction forces of the magnet
unit 7 on the guide rail 3 in the directions x and y individually.

+ In the above description, the control of exciting currents to increase and
decrease the fluxes of the first and second pemianent magnets 72a, 72b can
be accomplished by connecting the coils 71aa, 73aa of the electromagnets

.71a, 73a and the coils 71ba, 73ba of the electromagnets 71b, 73b in series.
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5 opposing the guide rails 3, the control of exciting
currents to the respective electromgnets allows the
el evator car 6 to be posture-controlled to a
transl ational direction (i.e. x-y directions) in the
hori zontal plane and a rotatilénal direction (i.e. e,
O, directions), whereby non-contact and stable guide
coq%rol pf the el evator car 6 .to the guide rails 3 can

be 40 0&’8&8% YR aPpove; gh cpudation of adepting) thei abevetmentioned

i s f at i din ratus pr.ovided b
et b B T P Bb ot A BREF P ot it appasetus and

fentindinsiling fout Gits TR%our fupiEn, 108 BTG ‘pgrmers of the

fgui di ng apparatus includes the*” el ectromag
gpator gar 67bbowgh the pedestals Sivogethier With 8RNSRsBre 2 While

15 detecting. physjcal values _ in the nmagnetic circuit
WREEHS gb‘? %ﬂﬂf%éﬂljl«sr{é thegeatrol of; qxcmng CuLgnts heﬂgiji'&!;pective
Astorhaehbls SN e sRRROFEET bo BipipEccontiolied soim

si zes of gaps

- tramalticikd dirécton @id, ﬁyiﬁrec@ﬁfﬂ&? %h rtﬁ? Ii]?gﬁ?p?acljﬂgn% gnd a

and a current detector a cal cula

Tofational dowetioangple f Egr 093¢ difectivms)) wherdtsi 86hicohtact and

hgnal s.fromthe current detector 91 for detecting
st guidy C%Q‘EPFPE élecﬁlewamrsc&n Qte the ghtdeatadlst ommeet s
&ﬁﬂn i; s fromthe sensors 2, as heretofore, the
aca célhg?%'g circuit 92 calculates voltage values to
beFERM isetls@tctihgl raﬁaﬁ ; f
theﬁégrm netsun?t 7 ﬁiaeﬁgbff %rt ertg’gg%?lp’%e%']a?%%g@%]{]éégggmms

Prayided byraddingla controliueto tirphiakinet udd-7 36 tHOEFS hBodiment
aglg?rdln t%thg el eyat or guiding apparatus, it is .
aftfg %‘FIS%F% - acklawpIthe glevalong | apparatusrinchudestthe

havi ng

cEKRBEETIA, AT oSG LR 65 Been for
detocting physi e vosinthe el S LA frmed by thp magaet

controllability. In a

- unih@ thrangh the gaidedrail 3J1fdr%3mﬁl?let, @abR@ns6s i died '%;he

s possible to allowthe exciting currents

.3, 3, it ] :
sizgs ol gapsbetyrgan e respeetive pobesyef the uritd and depguideveril 3 in

car 6 _and Its

boff SFieRHRES r And§, 3 stnrsi e BHRC, aslcabying aircuit 92 and

magni t
a [RIeee, I¥dr ¢3.can  be guided by only magnetic forces
of the permanent magnets 72a, 72b, that

Inputting detection signals from the current detector 91 for detecting
values of exciting currents flowing the electromagnets and signals from the

sensors 2, as heretofore, the calculating circuit 92 calculates voltage values

to be applied on the electromagnets 71a, 71b, 73a, 73b of the magnet unit 7
and further supplies the voltages to them through the power amplifier 93.
Therefore, according to the elevator guiding apparatus, it is possible to
accomplish a stable guide control of the elevator car 6 with uniform
attraction force having no directional deviation in the horizontal direction to
the guide rails 3, 3 and also uniform controllability.

In a normal state of the position of the elevator car 6 with respect to the
guide rails 3, 3, it is possible to allow the exciting currents of the magnet unit
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I's, "zero-power control", and thus the elevator car 6
is stabilized. 5 Note, in the above description,
respective end faces of the poles of the nagnet unit
7 may be covered with solid lubricating nmenbers nade
of material including e.g. Tefsl on (registered
trademar k), carbon or nol ybdenum disulfide, allow ng
the elevator car 6 to _eltev_ate snoot hly due to sliding
4dP enVSIRMIG peiadittespeictiatiofmzes in waighRePeRS Bvtor car 6
%@?trsd' ng.to tl;?% epbodi nent, the permanent magnets
: n}%@m&p@e .ﬂ&ﬁéﬁ@mﬂwb fericge whefreby ¢herenettor car 6 can
b bhided ne 7la, 73a, 71b, 73b are
b plided B St tnfu Rl RORETRE e phivadeht et 72 79D, that
iB2tzeroespwet coatmn]” Wrd diena" evae i s
since there is | ess di ffergtrt]l?eél et vveir:céﬁglgﬁgql%ﬁggd'

( meAk: 1B thahpve descriptione respeetivermadfices b e i:oiﬁ?f the

P ETHIE S, e oo vitheagia lutziving memmingeahide of
ihieta) MO o Toan BB Bl BRasmnsk caebon or molybdemum

magneti c po

ddsdlfidecnowdhe thé el@edil 71°NT i .

di ect,?on x. and the@geimr)ggﬁ gr@% 1%@%?%@@&%&8 to sliding using

Sﬂﬁgﬁphd luhscatipgenembiers.7 under an

approprjatel y-bal.anced condition. 20 Additionally,

ac %P%F‘@IY»&Y‘W@%%&W}Jodun@nt,tthe peaEgIasient mignéts 72a,
n the

70B%re AL l?ggﬁ gxfgfgg '&%ﬁ%ﬂ%&%&i@g 1 gp %(\Q%?ectromagnets

el ect romagnet s

Teh T34 0HHg I 7% ﬁﬁﬁg%d Pﬁgﬁgjﬁ's@ﬂ% éﬁﬂije?ﬁ%@aﬁ@xﬁtﬁﬁénets 72a,

recti

7$%attractionfgrce_ _ !
| egpeeiavelyontWith titei diraygerhenhEke abis] afifdeOhef @i SRk O
a whole. 25 Note

dt.-:_eﬁgir ctions x..and y is Inproved as
tHatics ﬁct‘ﬂ_%e% polistanshiimagneticspath) fromithe feomarieat magnet
728415 R, B REALDIS S A TR e ot
L2 , : . | _ bot h
PTtes o The o itk pAeLAaR. PAIE SSELBAT MufRhthd

TeppeAibie alagactctpalenimrdducedy [Consaple@dBethd Bifference of

onstruct the center el ectromagnet 73 by one common
at@gg:tllo% gowenlaq weeg therdireettema bt divectioh§rie ddegeased to
PSR SEREPHRECE g bR

Additionally, according to the embodiment, since the magnet unit 7 has
the center electromagnet 73 arranged between the electromagnets 72a and
72b and the center electromagnet 73 makes it possible to easily control an
attraction force in the direction x, the individual controllability of the
attraction force to the directions x and y is improved as a whole.

Note that, in the above-mentioned magnet unit 7 for the elevator guiding

'~ apparatus, the center electromagnet 73 is formed by two electromagnets 73a,

73b.  In a modification, if only arranging electromagnets on both sides of

- the permanent magnets 72a, 72b each, the number of electromagnets may be

decreased to construct the center electromagnet 73 by one common coil

winding,
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reference to Fig. 8 As shown in this figure
corresponding to Fig. 8 of the first enbodinent, 5 an
el ectromagnet 73c is arranged at a projecting part of
the third pole 7c of the center el ectromagnet 73 to
forma magnetic circuit (rmagnééic path) in comon

Wi th the permanent magnets 72a, 72b. Simlar to the
etic, path between the

first enbodjnent,.a ma
perﬁl&% afton edimsnt SHiereithe sentericlectiomagnet BIof the
. 1 72b . )
il e TS ORGSR PREFEmadtsr Rl Br sestaRed with
y .

PO

7 réfareacdad Feerg.t he directions becones small, b

controlling the exciting currents to the respective

g the
el ¢%t shomgnatthisrfigare dﬁrﬁsﬁ&wdihg%@‘ign 8t dthest@ etnFodiment,

inlt he adopt'gn_of the el evator guiding apparatus, it
anelpaiomagget g Eéﬁﬁfl@ﬁlgﬁgta{é’cﬂmﬂcuﬁ@wﬁs‘) thepilitd pole 7c of
' [ Padi . dual Ly, al.l owin he el evatar. .
1, ) Bty a1 YR hertic e titubmagneC Fath) in
centnon woith @isé pERRAAEn] Mg hohi 7opt al direction. By
reason that tﬁe magnet umt 7 In conmon with the first

andimlan telthefinstdimbodiment, amaghetiatgata betwBef ¢he permanent
ir(])_b t72 dire.%qtio s.x and y . to be controlled
n}am!i’legl fapdy H@&é@ﬁ@%ﬂﬁﬂﬁg%aﬂ Guthaé betweem the permanent
R REEY b AP pR. o Tl Wi A fiiferoned if e SR Joom force

nner 1 n

betwvdenahe difsctiBEWcdinb sﬂnaﬁﬁbyb@oﬁcgﬂt@d%%?e%%iﬁgg%enw to

wei ghi ng apparatus for measuring
theespectivenelectrontigremts 7d6, 72b, W8t Gaked oartharsehysrs 2 in the

et upit 7 of the present invention

aq"?‘adn‘?:f’éﬁoﬁp Hgél@i‘qg T guiding létpp_at&tu& it & po@ﬁlﬁlegtmomét_ml attraction
oo PR S o B e Gl e o

e wel gnin

 bescomeslleD BerwbAMRALAH AHAN3 2 ki -chfiatd Slﬁ%:fu?eér; {-dq/aﬂﬁ%

in Fig. 9. In the I ght ng appar at us
dimectimper part of the frame 101 is provided,
og)irtsint riﬁ{ side, with a magnet unit 102 for so
| reaspaAhabie magaet vail hdgn ¢commendvith thefirsabhd second
L& 1 nchud 17 in the frape 101, Wiile, the
ey Aokt onuPub i bt obtont x mia § 1S be
controlled individually thereby attaining the guide of the elevator car 6 as a

moving body in a non-contact manner in the horizontal direction due to
Zero-power control, the magnet unit 7 may be applied to a known weighing

apparatus for measuring the weight of an object.
- One embodiment of the weighing apparatus adopting the magnet unit 7
of the present invention will be described with reference to Figs. 9 and 10.
- Fig. 9is a structural view showing the embodiment of the weighing
apparatus of the invention. Fig. 10 is a sectional view taken along a line
10-10 of a frame in Fig. 9.
In the weighing apparatus 10, as already known, the upper part of the

- frame 101 is provided, on its interior side, with a magnet unit 102 for

levitation control directing downwardly. A movable body 103 is included
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provided, on its exterior side, with a guide 103 for
magnetic levitation made of ferromagnetic material,
such as iron, in an opposite position to the magnet
unit 102. 5 The novabl e body 103 is attracted by the
magnet unit 102 attached to ther ceiling of the frane

101. On the upper part of the franme 101 and on the
there are gap sensors 102a, 102a for -

interjor side,
H’e&@cﬁ?ﬁ{? 18 siWhieothegapper paxtiobef veemdvableBeaptios is

I 2 t he .qui 103a. On ti
BRYIGRTREE oy 5. Yol acepide TPt magnetiméovitation made
PORdrkd j - t its.7, 71
o araachip hteril, SRHEIRRC I R e nebisfn fo e

mhagnglimg ¥2bers 3 in the formof rails fromboth
Each of the guide nenbers 3 is made of

sidgs thereof. C

f erﬁ‘ﬁ’rﬁb‘h‘éﬁbl@ bediyet0his aﬁﬁrhacim:l boytthe mhgl.l%th enif00attiched to the
Sl ar to e el evator quiding

%S%féaégﬁ%sﬁ%am%e f‘bFlstileéﬂmegéz%haf meeh®$ andhen the

ihfed]By k84, t'tlﬁré ke B%’ SBHSs W.nltéﬁagé)gis fecting J@%es of gaps

det ecti ng e conf@itions of

epoly bietween the wedgradt urs PO tandetHFARFde: . aﬁiﬁ%@ﬁ'@%gﬁive inner

sI e@{%ﬁéof Bfﬁgfggﬁ?ﬂ:igg glgtdrﬁ?a?;gjﬂ:ag‘;i I(Iglgflimp@ﬁﬁbh& a pair of
E—ﬁi’drﬁeﬁ 1’9:}%%@%? ﬂmgs ?o ,ft iy a%gl( ancoarangechso akdo €ach

ive sensors 2 are
tramsm

intefleaee the SaRFSAentiVers O ﬂf# g%rh@h %tf ﬁgﬁ%gg{%%ﬁﬁ {sidefot@ereof.

respective el ectr omagnets |

Eaehi of ke pmjde meinbess 18 middd fofe?kﬁ?ﬂagg\eﬁﬂn%teeﬁa gnd-i dttached

ﬁ&?obj eci) 104 to be neasured is nount I NSI
tofB¢apoyablrpbhody d93. t has similas te dhé elsvedot suidih appatdtuses of
h

i te t I 105 I t
thE T 2l Bephd e Satintenss, thecavn 104 1aferther provided asith
net .unit, 1Q2

s foR b RSl g S Shehlfs AN T od 2

lifting up the
valusgat taspEctive $apk ehth Hefwe ' i ' i QU el

d&fi ned gs "X gl Pecti on"; gbﬁglil??cg{ligo%gt%?n%a{%@}%ﬁ' E&‘d the
guide,memberd. i gure is defined as "y direction"; and

t réical, direction i,s defined as "z direction".

RSl e i sensore d D25 for Soagndli e vitation and the

re

reslg);b]?ﬁ%t 'e‘é‘x?ofs 2%re feadshRfbE¥8% 85n8Y frrc?cgesrsglE fb5°" en, the

i ne
control processor 105.controls the operations of respective electromagnets in

both the magnet unit 102 and the magnet units 107 in the similar way.

Here, if an object 104 to be measured is mounted inside the movable
body 103, then it is subjected to a load. In this state, the control processor
105 calculates the weight of the object 104, based on an attraction force and
gap both generated between the magnet unit 102 lifting up the movable body

103 stably and the guide 103a.
In Fig. 9, left and right direction in figure is defined as “x direction”; a

direction of a normal line to the figure is defined as “y direction”; and the
- vertical direction is defined as “z direction”. Respective rotating directions

around the respective x, y, z directions as axes of rotation are defined as © E,
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8 , 45 directions", respectively. In the weighing
apparatus, the control of translating novenent of the
novabl e body 103 in the direction z is assumed by the
magnet unit 102, while the other translating novenents
inthe directions x, y and tR& control of the

rotational novements in the directions 5 C, 8, 0 are
. That js, with the

.th i, its 7
@ﬁﬁ%{%?ﬂﬁe’p%ﬁgﬁﬁ Egé esfé"f the weighing:anpageiug the control of
i di t .
Tona ega%%?%éﬁ%& <BPBLhe Blo ke BERT 0SB M Mg op g pssumed
i iagmst unity)02,iwhile the sy @aﬁﬂaﬁhgﬁﬁbireﬁi&ﬁts' the
vapl e body 3 corresponding to the el eévator car %]
Cﬁgﬁqﬂﬂ?ﬁtﬁl ¥y gndthe cootned of ¢the ratational moverenty i the dicections

h di t i d nb 3 ted th
b ovior € 456 35 Uihed B e aDBEREL UBKS The magnet unito 7
an r 01. ...
Thayafas SHNEhE SEflef priifceh Bbsr T e MRy puiding
appariuses of the fisstemdssaeping éiﬁbbﬂﬁn%h_ﬁkerégiaﬁ% BEhER0LEs and

body 103, it is 15 possible to sinmplify tructure
hgrizppial divegtien ictinmses,tyait isheossibls tosagport the

nfiatP oS th 20 abendingbiodHieAlgShish 16 hivizngllotin a

ngﬁkkﬁnaﬂﬂﬁgnPgﬁ sensors 2 on the side of the frane
101 in the above-nenti oned wei ghi ng apparatus of

Fi 4scoftliagctolthe dmbodithent, & tuide nidiBbERI Ghe ggi%rge& on the

and the 20 sensors 2 may be arranged on the si
monablabady d (kb while botn of dhelinsagmet wfits aaddhegehbers 2 are
of the framg 101. In any

miipis GRIBR dFamerlDs neTheiclarenginge ieeys negad fpaage any
cJTRAPREnt K0 BomkeL b S R MET Mof ity b vABRELGAY 4B, i

pastiblespaimiplifyake suaittaid of thehifvabds Bblle g provi de

a_25 wel | - bal anced and stabl e wei ghing apparatus. 19

ciipteshat therenisgieed tordrratiges componets bappower supply on the
S T AR TR I
sensors 2 on the side of the frame 101 in the above-mentioned weighing
apparatas of Figs‘. 9 and 10. 1In a modification, the magnet units 7 and the.
sensors 2 may be arranged on the side of the movable body 103 on condition
of arranging the guide members 3 on the side of the frame 101.

In any case, according to the weighing apparatus adopting the magnet

unit 7 of the invention, it is possible to realize an improved controllability in
the directions of respective axes and it is also possible to provide a

well-balanced and stable weighing apparatus,
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a third magnetic pole arranged at a center between the
first magnetic pole and the second magnetic pol e,
having a different polarity fromthat of the first
and second magnetic poles; a first magnet defined
between the first magnetic polig and the third to
magnetic pole, the first magnet having two
el ectronmagnets connected with each other through the
intermedi ary of a permanent @RgYE¥MS and a second
magnet defined between the second magnetic pol e and
the third magnetic pole, the second nmagnet having two
['ectar . cte i t h .each. ot her through. the
1ie'nt e%&ma argsho tlgfﬁgflﬁgp %@ﬁﬂ@ﬁ’grﬁo AHGRe FOMPIIsSIHE
magnetfitsiahde i ' i .S S n
third magneti ccgglégghéai?%ﬂ@aﬁpgéﬁgoe%ﬁ@gha@ ‘%aé:h @%‘E]&j@%ﬂﬁg Same
AEE ;menber of magnetic material through respective

gaps, 0 the magnet unit further conprises sensors
adapt @o‘%ﬂ%{ Crialp asrangedcatraicenten betweem gnefirst magnetic

18ie SR ook BT nl. haythe ARGl o that of

the Sinsipast secdndiadiietic. pdlag! uding first and second
sane

magneti ¢ pol es opposedto each ot her, having
pol ar pifast magnet defimgddictoveenl theafirsengsshetic poleeitidEthe third
magneti c, pol e and the second

| et ween t-he first
10 - nf?ﬁ’,vﬁ\’fglﬂ Rols, the ﬁﬁ%{\magn%t having tave elostrornagnéts connected with

cAUIPOURT (b EGoeh I A BRRRY bR Be e Se g anef andd) o

I'rst

and tsetdid dadmmn @Ie'fﬁleﬂ%&wée?lelihfﬁci sre%bﬁnﬁgtgﬁgéet?ﬁ%&gﬁnd the

twp el ectromagnets connected w eac

thixbmagmetieepnlas theosecondemmgnethavhgneio eldtramagaond

magnet . defi ned between the second magnetic pole and 5
c?’?ﬁ‘i’# P’Y}ﬂi‘rﬁaglé ﬂﬁaerﬁglr eugh fiae inteomediaryred amathien petmanent
giromagnets connected with each other through the
ernmedi ary of anot her permanent

m§
I nt

2. The magnet unit of claim 1, wherein
the first, second and third magnetic poles are arranged so as to

oppose a guide member of magnetic material through respective gaps,

the magnet unit further comprises
sensors adapted to detect respective conditions of magnetic circuits in

the magnet unit.

3. Anelevator guiding apparatus comprising:
a magnet unit having an E-shaped configuration, including
first and second magnetic poles opposed to each other, having
same polarity,
a third magnetic pole arranged at a center between the first
magnetic pole and the second magnetic pole, having a different polarity from
that of the first and second magnetic poles, | ' |
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magnet, wherein that the first, second and third
magneti c poles are arranged so as to oppose a guide
nmenber nmade of magnetic material through respective
gaps; 10 a plurality of sensors for detecting
respective conditions of magn@dic <circuits in the

magnet unit; and a control unit for controlling
el ectromagnet s of

exciting cu5%§nts supplied_to the :
the magnet? URFHIDAER hbptween gheifissttmagnetie pole and the

b AR A—
withi dachgother tigough e il oP 8ldcmalenf Wdgh?! fad

stabilized while the exciting rre
el ect r omagniscoadanagnetodeftfed befween g BecaRPAIANEEC pole and
e body_for nounting an objecCt to

[ : b
ig T ShAgaele ROl dhe seeondomenebaming triouslabiropmagnets
Beted Qifieedt! SORE M Uel SR ireinglioty R R ge permanent

body on exterior

niageetp echezolif ibay e ﬁ@ﬁ{ seddifd Hﬁ&rtﬁird“[g%é{l%ﬁé ?gﬂé%%?é%anged

first and second nagnetic pol es oppos

- SRavitaPPRee guideriember thade dfragpattic nméﬁalaﬂfraagﬁd
e

I‘,at a.center between the first nagnetic pole and t
SPESHYCSASet i ¢ pole, having a different polarity from

t hat gf £ cond magneti c pol es, .30 a i

Fi'r st SRR drSbnda B R dRE Pene N Rucitifond of anagnetic
ciaogits ive tRd mdgiiet dni@angti c pole, the first magnet

havi ng two el’ectronmagnets connected wth each ot her

t hr ougkontrel unitdorednarolling exciihgrnerintiBapslied v tha
defi ned between the second naghetic pole

R ond naegge i (
ghomagnels, of thempgmet angdpased: e osépiaingd rfrorhthe sepsors.
two el ectronmagnets 5 connected with each other through
the internmediary of another permanent nagnet; a frane

4.f or ThierslovatoR Guidid g AR RSO ARV S fietdin? Verti cal
the control unit controls the exciting currents so that the magnetic

circuits are stabilized while the exciting currents to the electromagnet are

ZETO0.

5. A weighing appérams comprising:

a movable body for mounting an object to be measured, the movable
body having a plurality of magnet units attached to sidewalls of the movable

- body on exterior sides, the magnet unit having an E-shaped configuration,

* the magnet unit including

| first and second magnetic poles opposed to each other, having
same polarity,
a third magnetic pole arranged at a center between the first

‘magnetic pole and the second magnetic pole, having a different polarity from
that of the first and second magnetic poles,

a first magnet defined between the first magnetic pole and the



10

15

20

25

30

direction and provided with a plurality of guide

nmenbers made of magnetic material corresponding to

the magnet units, respectively; 10 a plurality of

sensors for detecting respective conditions of

magnetic circuits in the magpet units at respective

gaps each between the nmagnetic poles of the magnet

units. and the guide nenber; and a control unit for
thinhtmadndtigpebe; the figst auAFREL BaviRgeivis ETRERIERtO Eonnected

the magnet upits based on output “signals frorfithe
Wldneals othes througlethesinggrmediapp of at permdnerit ahayfet, and

wherein the confrol upit.controls the exciting .
currents & Be‘fc_ﬁﬁ_ Wﬁ@eﬂﬂaﬁgﬁaéﬁt&ﬁeﬁa £ Segerd magnetic/pele and
A N A

cdmmbetédwitio enth otherthedige thd puteemed rcﬁﬂandr%&
novabl e body having a p%iﬁral_ity of g%?de e erp%?a%nem
magnpkignetic material attached to sidewalls of the

Soppot FERE Torctummpating the doveblechady mcapa f asrertical
CHFCHREL A0 pROVIRNAH A p il of ik hloko BersRBEE bt rapanetic

units cor

matetial h:mvtaspondil? ththieantagaBi Lfilis2FdspRetilélg; Magnet

unit including first and second nmagnetic pol es opposed
to eddiusalerof sensorgforadeteatingpekpedtive camlitiont hifrdagnetic

T i O R N e

pol eI TR Ak B BE AL 201 7

first coagrodtundt for comreliindeex@tind &drome 'iS@léctR%ﬁggets of

the first magnet having two el ectronmagnets connect
theymagneh ymitscbrsed o outpht stgndls feometic sensofs. a

per manent magnet, and

6. The weighing apparatus of claim 5, wherein

- the control unit controls the exciting currents so that the magnetic
circuits are stabilized while the exciting currents to the electromagnet are

Zero,

7. A weighing apparatus comprising:

a movable body for mounting an object to be measured, the movable
body having a plurality of guide member made of magnetic material attached
to sidewalls of the movable body on exterior sides:

a frame for supporting the movable body movable in a vertical
direction and provided with a plurality of magnet units corresponding to the
guide members, the magnet unit having an E-shaped configuration, the
magnet unit including

first and second magnetic poles opposed to each other, having

same polarity,
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a second magnet defined between the second magnetic
pole and the third magnetic pole, the second magnet
having two el ectronagnets connected with each other
through the internediary of another pernanent 10
magnet; a plurality of sensorggfor detecting
respective conditions of magnetic circuits in the
magnet units at respective gaps each between the

magnet i c aﬁbﬁﬁkmgneﬁe pubg netangeid atn dehfee bavES the first
PGl pBfads Bt éf?fa'avgﬂ&a%nf@f% Aeles havingdifforont palarity from
B B S o b Poler oi m ¢he cont ro
&ﬁgﬁ%ﬁfﬁgﬁ?&ﬁﬁ%ﬁw e st ARl ol pmd the
opoles the frstrmaggechasing twe el&tfomagnets connected
with each other through the intermediary of a permanent magnet, and

a second magnet defined between the second magnetic pole and
the third magnetic pole, the second magnet having two electromagnets

- connected with each other through the intermediary of another permanent

magnet;

a plurality of sensors for detecting respective conditions of magnetic
circuits in the magnet units at respective gaps each between the magnetic
poles of the magnet unit and the guide member; and

a control unit for controlling exciting currents to electromagnets of
the magnet units based on output signals from the sensors.

8.  The weighing apparatus of claim 7, wherein
the control umit controls the exciting currents so that the magnetic
circuits are stabilized while the exciting currents to the electromagnet are

Zero,



