2192461 LEVEL GAUGE APPARATUS This invention rel ates generally to | evel

gauge or neasuring apparatus and, nore patticularly, is d|r | eve
g:,du*%,_ apparatus suitable to detect or gauge the liquid - %ﬂeglzglﬁll evel

ok_¥he interfacé between different kinds of |iquids such as water, oil and
so on,wfor exanpl’e, within a tank. 2 Description of the Prior Art Fig 1
is a partially exploded perspective view illustrating a construction of a

known | evel gauge apparatus. REEVEL IGAUGE FAARPARATYUS exanpl e of the prior
art 5 | evel gauge apparatus wi T be described herelnafter. As shown in Fig.
1, there is provided a float or displacer -1 that is novably suspended by a
wre 2 so as to float on the surface of a liquid or the liquid | evel (not
.shown). This wiTi isveatidnarelates \Wereerklby 3tanlleved gauge supplied
t herefrom and/ or rewound therearound. The wire drum3 is rotatably
suppor t ed mgasuneisg depfarbyus daidgcmoare gafticul @y, t he digecteldevisd an
whi ch the displacer 1 floats changes and hence the di splacer 1 noves up and
down, the ltearesi agaage! appalra tuisr sud tabldr Ube 3debecyesr gaugei £hes ldrige in.
tensian is converted through a coupling outer

level or the level of the interface between different kinds

of liquids such as water, oil and so on, for example, within

a tank.
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magnet ring 4, which is fixed to the side 3a of the wire drum3 and.is
coaxial with the shaft 8, and a coupling inner magnet ring 5, fixed at its
center to the shaft 8, within the ring-shaped magnet 4, to a t_g);que whi ch
is applied to 20 the detection shaft 8 Jhis torque rotates tHhe detecti,on
shaft 8 and thereby displaces, through a metal nmenber 9 that is fixed

t he detection shaft 8 baI ance springs 11, one end of each of whi‘ch is
fixed to tHResSSEIPLEALE heyRriiern Bactdr awi ng shows the nmetal nenber 9 and
t he bal ance spr 2 s3 &1 Mg @Y r ee

which is rot Itoagﬁl ss 2 orlt edaby shaf;y thyat tr?e éﬁé 'lghs'wlgn #’é@?’

posi ti oned fe%? bﬁ& sPde SSMSHHAGtHen an@lft ha oﬂqmwnandbe’ﬂélspgange 11
are fixed, dgparabus: s RORsEPBAG! taFRES 9 5 ak? exdath ftlféeo%aféﬁe P?e& | n}_»o i

wheel 1 The | acenent of the hal ance springs |s conve
el ectri chl g?‘ﬁ%| 3928 ARPALRTES MidddBeo rr’?'gi harpinatterd an.
el ectromagnet i cAsr astsslie erinl 4Payt ached theddeisi @h_agaela 13 1¥atd or

I f '
e nstoner ULFTEROEL " et 85 holRIY a%ﬁ%m#& PG {ubte 2 dRars B9 1o a

-«

servo anpl ifkaat 1gnathet surfageargf id i bilquid Toe amd |]J‘mgdidilwﬁéll g$nblen
suppl i ed t GrbyiPf OF BR18"i+ES2" ¢52hblRa around a wire drum 3 and can
10 be supplied therefrom and/or rewound therearound. The wire
drum 3 is rotatably supported at one side 3a by a detection
shaft 8. When the liquid level on which the displacer 1
floats changes and hence the displacer 1 moves up and down,
the tension applied by wire 2 to drum 3 changes. This
15 change in tension is converted through a coupling outer
magnet ring 4, which is fixed to the side 3a of the wire
drum 3 and is coaxial with the shaft 8, and a coupling inner
magnet ring 5, fixed at its center to the shaft 8, within
the ring-shaped magnet 4, to a torgue which is applied to
20 the detection shaft 8. This torque rotates the detection
shaft 8 and thereby displaces, through a metal member 9 that
is fixed to the detection shaft 8, balance springs 11, one
end of each of which is fixed to the metal member 9. While
the drawing shows the metal member 9 and the balance springs
25
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drive'shaft 19 rotates through a worm 20, which is formed on 15 the outer
surface of the drive shaft 19, the wormwheel 13 in either a clockw se or
antickockw se direction, according to the direction of displacement of the
l'iquid |evel. v%en t he I|qU|d | evel for tRe di splacer 1 is not displaced
any nore, rotation stops since the systemis in equilibrium 20 During
rotation of #he dr|ve haft 19, a |l evel gauge counter 22 operates, through a

belt 21 and fre ?‘?’Eﬁl t 4303&F cBFOBe 3 cXOTM oWhesdnt &3, 2 MWhich tite
di spl acer 1 setatadlyA siﬁppoﬁed)eﬁyl ehare ¥d théonatal menpwywry tbe jghaft

8 and a ball ring. al l.ows .shaft 8 and,the e 13 to. 25 rotate

freely and r£§§§r§8§%ﬁ§°neﬂ gﬁ@ 8&'°H§n§ﬁ€ﬁbﬁgﬁﬁgkﬁg1é@bP Fhe gafherat us

must be consendstef sprihgs lheanmetfhctédn thirafught Lashdpgel wuam/lnmibe&% can

freely roFatf 2angat Bng Walle €% Hfaé}[té}xee Wdé)_i Pgl | bearing 15 or the like.
W

This conpli cat és the apparat us h™regar o construction and it is
t'her ef ore expensThe dispdacementhofirtbeabadancer spriingsydneist edniveredn

shaft 8 and Lhieober enasceiead 21AM12b30aDRRNRRE 160°61:0a b iRy 15

and wheel 13, degrades the sensitivit arat us and
cannot be i nﬁ?’éWEH Sand aP‘lOeEEGFEPHaQOGFBQ trgns@éxcameu patsached: to

apparat us cgRaolsidld esti whlkwlutil i g€ Tahegd@féiéﬁvéa% xﬁ;fmtbf e
whi ch i SlBI gnha ne;:at?l.oe. an hrél ge égtzq{rgaif I iagya%.n Exqg;aortratn@dsuc%rs 14 is
transmitted through a slip ring 16, fixed to shaft 8, to a
servo amplifier 17 and thereby amplified. The amplified
signal is then supplied to a motor 18 and its rotation or
| drive shaft 19 rotates through a worm 20, which is formed on
15 the outer surface of the drive shaft 19, the worm wheel 13
_ in either a clockwise or anticlockwise direction, according
D - to the direction of displacqment'of the liquid level. When
the liquid level for the displacer 1 is not displaced any
more, rotation stops since the system is in equilibrium.
20 During rotation of the drive shaft 19, a level gauge counter
22 operates through a belt 21 and the liquid level gauged
can be read from counter 22 when the displacer 1 settles.
A pair of bearings 6 and 7 rotatably support the shaft 8 and
a ball bearing 15 allows shaft 8 and the worm wheel 13 to
25 rotate freely and reciprocally.
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‘precl udes any enhancenment of its mechanical detection sensitivity. 15

It is therefore an object of this invention to provide an inprgwved |evel
gauge apparatus whi ch can overcone the shprtcom ngs encountered with the
prior art. Qther objects of at |east the preferred enbodi ment of this -~
invention are (a) to provide a | evel gauge apparatus of 20 sinple,’ J

construction anfhatapd@ay méﬂ’@ione& binowR lé@i%ﬁu&@cgﬁﬁhﬁéiugehﬁﬁﬁ' 88
sensitivity, (n{%\__to avoi d effects due to hystereSis, a secular variation of

a bal ance ssANREryYched 5o ot the. detection shafsd $.pnd £Be Wavmnyheehi gh
stability and agn ifréedly oFotaeé oand( ehlhomasuﬁiamlmewéevef paih

o acour 3L (13 b2, B £6ca. | VS FUIcRRNRALE bl DD B
wi th thats ofwittite yedard atd . cdnsbrdct_go_ho_ahkle i deertherefote oexpéhsivel s
Gauge vire SRneq YRy I R Elon NefafatB bR RER SRERE ¥, %,
wire drum aroghdthéi beazingsni 6 eand ouand apd sehiketweenoshafifl \8 suppdit ed
by said det §dd0fhshe6! and wheel 13, degrades the sensitivity of the
apparatus and its sensitivity cannot be improved above a
10 certain value, since the prior art apparatus cannot
effectively utilize the most-advanced servo amplifier, which
is highly stable and high in amplification factor, this also
precludes any enhancement of its mechanical detection
sens:.t1v1ty. _ | \/
15 It is therefore an object of this invention to provide
an improved level gauge apparatus which can overcome the
shortcomings encountered with the prior art.
Other objects of at least the préferred embodiment of
this invention are (a) to provide a level gauge apparatus of
20 simple construction and at low cost, (b) to improve
mechanical detection sensitivity, (c¢) to avoid effects due
to hysteresis, a secular variation of a balance spring, (d4)
to enable the use of a servo amplifier having a high
stability and amplification factor, (e) to measure lliquid
25 level with high accuracy, and (f) to provide a level gauge
apparatus in which a displacer can be considerably \/

-
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d) a coupling outer magnet ring fixed to said wire drum 10 e) a coupling -
fnner magnet ring fixed to said detection shaft; - f) an el ectromagnetic 15
transducer fixed to said coupling inner magnet ring; and g) means for
rotatng said detection shaft by the outpus of said el ectronmagnetic
transdocer, wherein when such a force is generated to cause a di spl acenent

bet ween said.coupling outer and inner magnet rings due to a displacenent of
said |iquid |Rie}atarized inize amaeppared widdndhat dfuthgepriaredrt.

bet veen sai d COUDALBEradhE! c&tHd\oFeSBAECinvoRtion; WA (A8 pPofidea

el ectrical signal bi/ sai d el ectronagneti c transducer 'an ction
shaft is rotd etPYSL sIRWNOR| REPAFALMSs CORPTifdng t o renove the di spl acenent

bet ween sai d £upai 8§splagerahspuiftiedBsych Ghlge ¥Wited cﬁ?é&g%éaigﬁuQE
said I|qU|g |l evel tai ned. .These and ot her objects, features an

i
advant ages® of P9 ¥Rt p‘?%s RtIPRIERAi i on wi I | become apparent fromthe fol | owi ng
det ai | ed desdr) ptaodetécthenpshb€Etr;ed enbodi ment taken in conjunction with

elenent s and a2, WEraLRrish Hicilhd (L4, B8 EA RIS oddd nd whidh) |
expl oded per sierotatably supported by said detection shaft;
d) a coupling outer magnet ring fixed to said wire drﬁm,-
10 e) a coupling inner magnet ring fixed to said detection
shaft; '
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~illustrating an exanple of a known | evel gauge apparatus; Fig ZQFS a

__ge;5Ig%pry?ﬂf)%égggelﬁgrﬁfs’ﬁg%ﬁr%{%%%%{{ﬂ{g%‘é;?ﬁogglgrgggg;}@%o; 2 leve
i ve ront Vi t ! _ * -
aprHﬂﬂﬂF?ﬁhﬁgﬁsﬁnséﬁgﬁo omg FﬁpFﬁbh E?eaggeL?;!oz ?L ;hgelggth?Sgg

Yine%ﬁjmﬁ it £8x PRoRARTRG® diif heh oL QP URREL iy AR itpdy RpT Lo e
an enbo s [ [ [
| @@*ﬁ%ﬁ%@it@@@é?&#ﬁ%&%ﬁ%@éﬁ%%’Sw-afﬁ"?S% Cence to Phe draw noe O
i g. i S a. per c ' Qdi

pppar Er SLECHRERC spYR, 8 BUXUN S e FHBAY! BRTLaRSe o OV IRUOR

vi ews ﬁ%gg#éﬁ;ghg E?’S%?}‘ Wg@g@ffgg%amn a®id iherC WRigrakioe

appar a own 1n e parts corresponding to those of

Fig. ngh&edoWat ¥4 akentef 6£ €858 2Rguid | cribed in
det ai Ilr.ﬁig?errlgngoto Etgéiﬁ? the di spl acer % ﬁg suslpée%(r?'g'e(t}fbof/het‘rS the liquid

| evel ho e t£ théwiéh ! geRezatedi ' s 53 wound
arounoéét\ﬁ%e%rénSPE%g%grﬁ cgé\ e * Elwx geheratedibetieen a5
coupling outer and inner magnet rings is converted to an
electrical signal by said electromagnetic transducer and
said detectibn shaft is rotated by said electrical signal so

as to remove the displacement between said coupling outer

" and inner magnet rings and a gauged value of said liquid ~

level is obtaingd.
~ These and other objects, features and advantages of the
é:esent invention will become apparent from the following
detailed description of the‘preferred embodiment taken in
conjunction with the accompanying drawingﬁlin which like
reference numerals identify like elements and parts.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a partially exploded perspective view \)

jllustrating an example of a known level gauge apparatus;

Fig 2 is a partially exploded perspective view
illustrating an embodiment of a level gauge apparatus
according to the present invention;

Figs. 3A to 3C are respectively front views used to
explain the operation of the level gauge apparatus of the
invention shown in Fig, 2; and

Fig. 4 is a perspective view illustrating an example of

an electromagnetic transducer element used in the present



suppl i ed therefirom and/ or rewound therkaround similarly to the prior art +
‘| pyel gauge apparatus as earlier described inrelation to Fig. 1. The
(ﬁxruklcal sqéped coupling outer magnet ring 4 is fixed in the inside of

the wirdn¥ieRhiPng |ts bottom surface 3a and nagnetic poles N and S are
alterwately forned
its C|rcunferent|.

nagneti zing the cqpollno out er net ring 4 along
eRIFTION OF THE PREFER R RENLnner magnet ring
unber Same. %Qﬂerl:d?!tnﬁﬂé' e fhaffi el %m”e“c Siﬁét%ﬁgépﬁg f'ht hel
Eﬁ???én;'”%aéﬁﬁé‘ﬁﬁé?ﬁ%ﬁeﬁ °r§'331¥*w§ra%‘ lz'” . Se R RbeR: 10 ansaucer
5
at the BebRh b P SheRGE. R IRbiana A Tront i ¢ ol oeas  Shown i
Fi 3. F h [
?'Wgy " part ﬁ?sfﬁ%&‘% BERBesRey T B AR 44 SEdGneheSo d '%fii
(001 | S48 G EAEEACHIN S AR U S d o ggpeonnecied 1o (e
Lhey ar g AR S, #19BLoSH &8 JCBOE{dIR |EkeE PlobgEe fELEE! LaRaohal

8 to the S|Ip ring own by a rok ne 1n eeI

13 is d'troe“etﬂﬁiéiﬁ‘e@héoobg‘fa‘é‘:?.to‘i'l“dforl:h%‘qrév& "&én‘i@é‘tafaﬁgrgéhk shown

in Fig. 2. 1In Fig. 2, like parts corresponding to those of

Fig. 1 are marked with the same references and will not be

described in detail.
Referring to Fig. 2, the displacer 1 is suspended over

the liquid level (not shown) to be detected by the wire 2

- and this wire 2 is wound around the wire drum 3 and can be

supplied therefrom and/or rewound therearound similarly to

the.prior_art level gauge apparatﬁs as eﬁrlier described in

relétion to Fig. 1. The cylindrical-shaped coupling outer

magnet ring 4 is fixed in the inside of the wire drum 3 to

its bottom surface 3a and'magnetic poles N and S are

— alternately formed by magnetizing the coupiihg outer magnet

ring 4 along its circumferential direction (see Fig. 3).
The cbupling inner magnet ring 5 is coupled to the detection
shaft 8 and magnetic poles N and S of the number same as
that of the magnetic poles N and S of the coupling.outer
magnet ring 4 are alternately formed by magnetizing the
outer peripheral portion of the coupling inner magnet ring
S. An eléctromagnetic transducer 14' is fixed to the outer
periphery of the coupling inner magnetic ring 5 at the

boundary portion between the different magnetic poles as

PR A
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‘beari'ng 15 unlike the prior art shown ?h Fig. 1. In Fig 2, oﬁHéT portions
Sfﬁfesponding to those of Fig. 1 are marked with the sane references and

i || noshoendidcFiged 3rer ForShekkar mrder shandisgat ithe woupkingvel gauge
apparatus of the invention shown in Fig. 2 are explained hereinbel ow w t-h
ref erereeten wagpet3ging dcisigut BwWay infpanst ¥oewhow kheating the
states of the coupling outer and inner pagnet rings 4 and 5 when_a tension
F gi verebgctremagpetic sransdunerckd ' Ap Fig.i 3.a f While/ifous|leadrating
the states of the_ coupling outer and ihnerégggge rings 4 and 5 when the

tensi orW¥rgsvef khe; gd egtromagnetis Eans &'r preyrpmnected £ a

o e AL 08 I G55 Sl D B e A
L SRS B LR ol kBt SRR il o
o S, BEeSERRLEL, b A, e O SRR R0 ML 1B
e kgl BN, BT SR B30, 50 SRR R e 1T

and 5 ag DO SBAEAed ‘eHlPhdEEcti ' SubPEh Liulolie IRy Over o0 Lo

break t
bearing 15 unlike the prior art shown in Fig. l. In Fig. 2,

other portions corresponding to those of Fig. 1 are marked
with the same teferénces and will not be described here. \
Subsequently, the operation of the level gauge
apparatus.of the invention shown in Pig. 2 are explained
~ hereinbelow with reference to Figs. 3A to 3C. |

Fig. 3A is a front view illustrating the states of the
coupling outer and ihner magnet rings 4 ahd 5 when a tension
F given by the wire 2 is not changed; Fig. 3B is a front
view illuétrating the states of the coupling outer and innér
magnet rings 4 and 5 when the tepsioh F given by the wire 2
is changed to F + Aé; and Fig. 3C is a front view
illustiating the states of the céupling outer and inner
‘magnet rings 4 and 5 when the tension F given by the wire 2
is chanéed to F - AF,

When the displacer 1 and so on are in equilibrium
state, the magnetic poles S and N of both the coupling outer
and inner magnet rings 4 and 5 are oppésed to each other on
the radius passing thrdugh the common center Q thereof as
shown in Fig. 3A and the coupling force oriented along the |

radial direction acts betwéen both the coupling outer and

PR M)



equilibrium'stdte and the displ acer 1<?s noved downward to change the
tension F given by the wire 2 to F + [err] as shown in Fig. 3B, the
rotation force in the direction shown by an arrow Ain Fig. 3B acts on the
coupl'i ninRRX cRAgRBRer 1ngRg442and Acso thatcdilpr ienuphivg eugast andng 5 is
kept Yseitl ed so.long as the worm 20 and the worm wheel .13 are not rotated
by the FRR®F @%9nﬁﬁﬁﬁénﬂ§ ﬁhénéhén@éqﬁgqqh(ﬁeﬁﬁkﬁﬁenslﬁnngvvéheby the wire

2, th di s d | h |

e et d PRrel B oEoE, ¢ KaRLe mkaHRtas |6 ﬁe@ﬂ%ﬁsfgntsﬁoﬁﬁuﬁy' the
A t.h t fl

er (rag}[/vr o?flﬁ"b’n&‘lgﬁli’?'aﬁggﬁ& ?4&’? 9&% e Ilgdtﬁ)ﬁ)‘( ﬁe$sﬁi%\9n‘ﬁﬁﬁﬁef:°rl ng 5is

5_22“2?" ""%ai% 8¢ chafsidp Eegihﬁﬁuﬁa%[‘%ﬂ‘wgﬁ%g | °t' 8F efesp §§§P8ﬁd°f

92" P%T““e%?foﬁéé"S?Eéte?gn%%%? Fih the tixﬁg%@?ﬁ%"%ﬁﬁﬂ i‘f%h:”iu?‘;ﬁi
g.f the ﬁsrwgnﬁ& ssaaé%cs;.g élpdrﬁégﬁg g rxshom in
I g. 'electro netic trans ucer es an al” “si.gna

correspgﬂggéwg;ﬁé) thn?p];,t,@qggerAF fet € S0 ven by the w re 2. Turning
back to Fig. 2, this electrlche§?gnan§?2 gu%e | ed through the slip ring 16

to the s@EwDedNBbi LbRE 4% kReWaoRh 20 isndratd ' & SPheslt P3r gkat aothe
notor 18. The rotation of the notor 18 rotates through the drive shaft 19,

Egﬁp}/\?;gb?%]eéapﬁytﬂ% WEECE WhpRwing dd1endiRngl OAFSBAT theBtedfieAr dingly, the
given by the wire 2, the coupling magnet outer rlng 4 is
— dlsplaced relative to the coupling inner magnet ring 5 by a
very small amount § in the directioh shown by the.arrow A in
Fig. 3B. As a result, the magnetic flux passing the
N electromagnetic transducer 14' fixed to the coupling inner
magnet ring 5 is changed as compared with the state shown in.
- Fig. 3A so that the change of the electrical signal
corresponding to the change AF of the tension given by the
wire.z appears in the.output of the électromagnetic
transducer 14'. If the electromagnetic transducer 14' is
W, adjusted such that the output of the electromagnetic
transducer 14' becomes zero under the state éhown in Figq.
3a, the electromagnetic transdﬁcer 14' generates an
electrical signal corresponding to the change AF of the
tension given by the wire 2. Turning back to Fig. 2, this
electrical signal is supplied through the slip ring 16 to
the servo amplifier 17 in which it is amplified so as to
rotate the motor 18. The rotation of the motor 18 rotates

through the drive shaft 19, the worm 20 and the worm wheel

13 the detection shaft 8, accordingly, the coupling inner

PN L
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. w
magnet ring 5 in the direction followi ng the coupling outer meftlet ring 4

Ty es 0 r i L il D) bl When
*he’ di gg]aggg#erﬁib@ ?&?V\r}ggcnﬂﬁoaf r?ﬁ%i?@ugﬁpﬁ.ﬁiﬁﬁer anda?‘trxl g%%gﬁgterri ngs 4

and 5 b I e e =G I &g t S : At e

becorresﬁgg?g% %;i\tdétrﬁ?q}lqrge oti‘%%,ttghgﬁ i?{){acerrer% %‘f %ﬁg g?é%f‘é’é’er 1_\".3

relativgiy@nt 'ﬂﬂ‘!ﬁﬂb@’ﬂ bﬁﬁ@ﬁeéhé?msg}%éé]ferﬁ@tS)rbé@wéé?pSoEﬂt ating,

t hus keéping tfe equilibriumstate again. ring the period of reaching to

this eqghlei RoupDiGRNYutidr" andei HRL S mh@net! Aidfgd e Akaes pavemesounter 22
through the drive shaft 19 and the belt 21 thereby to indicate the val ue of

the | evglerdgaties GutptaUse kWb eal bBe ref et ¢ ¥einSdslcert B4 rmagnet rings
S and 4 are both settled. Wen the liquidlevel is, for exanple, raised
from t hpeedwes eyl Stz ectd £ iRedpoindGerthle i ¥ SPVecenenBr g£t @hehange
the tension F given by the wire 2 to F - [err]F, arotation force oriented
in the dicpdlacet AQppasliditive tdetBer edgudd el eddiResr @0 Aandt s on the
coupling outer magnet ring 4 as shown by an arrow B in Fig. 3C
Consequehlel yotdie 19 stups hvogeting,] thus kedping thgi #goibybeliamwi re 2, a
di spl acement -[err] in the opposite direction to the case of Fig. 3B occurs
bet weenstlatec@gaimg @Uringnchéenpecrivdgiof veawsing aed ©his that the
magnetic flux is _ : ,

equilibrium condition, the motor 18 rotates the level gauge

»

counter 22 through the drive shaft 19 and the belt 21
thereby to indicate the value of the level measured or
gauged when the couéling inner and outer magnet rings 5 and
4 are both settled. _

- When the liquid level is, for example, raised from the
equilibrium state and the displacer 1 is moved upward to
change the tension F given by thé wire 2 to F - AF, a
rotation force oriented in the direction opposite to the
diredtion shown by the arrow A acts on the coupling outer
magnet ring 4 as shown by an arrow B in Fig. 3C.
Consequently, due to the change AF of the tension given by
the wire 2, a diéplacement -§ in the opposite direction to
the case of Fig. 3B occurs between the coqpling.outeﬁ and
inner magnet rings 4 and 5 so that the magnetic flux is
changed oppositely to that.shown.in Fig. 3B. Hénce, the
electromagnetic transducer 14'.generateé an electrical
signai with the opposite polarity to that shown in Fig. 3B
and corresponding to the change AF of the tension given by
the wire 2. Similarly as earlié; noted, all movements in

the opposite direction to those in Fig. 3B are presented and
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changed oppositely to that shown in Fig. '3B. Hence, the el ectromagnetic
transducer 14' generates an electrical signal with the opposite polarity th
that shovRei 8qlri JibZBuanéteade dapaytity presdwtedange AF of the tension
given by the wire 2. Sinmilarly as earlier noted, all novenents in the
opposhkte direat Hgblt elehent,i m Riagnedbresi graseat eemadt orthe equilibrium
state is agai.n presented. A H Il elenent, a nagnetoresistance el enent or

so- cal | edosealtbdcsehrchy dod lusey 4w tused|astthenghectromagneddacer 14'. In
this case, the Hall el enment used as the el ectromagnetic transducer 14" wl|
be descrtbansfecerndft'sr lin fehrisf dasee the Figll 4elengntqusedaagetdgecti ve
view illustrating the fundanental structure of a Hall elenent He. Referring
to Fig. elecheesagneticotiradsdusien Het HWilk| keedesepibagubereinnfses a and
b-and output termnals ¢ and d, respectively. Wien a control current ICis
suppl i edwithotgherpBCRNE® Ficgnidral FiFartl bStd PRESPRFELIEReNAAW He in the
presence  of a magnetic field C vertical to the surface_of _the Hal

el enent Fk;uﬁtFﬁFanoFP&g@“ﬂqﬁNQﬂiﬁ¥i%ﬁ&HCYQF?h@proBBE% gtepRatHsnet i c
field C and the_control current |IC.is generated across.the oputput .termnals
c and d. |f ReEersanfoltocfiGentd 1 Gh%‘g%e?’é%tgﬁl‘”lbdﬁé EBHSFEﬁt Eiattlllre Hal |

vol tage Lerl PeROmeapRtoRY s € 4RS BRERS' bebhe! delmifiyr g noly. I
and d, respectively. When a control current IC is supplied
through the input terminals a and b to the Hall element He

'\4/ in the presence of a magnetic field C vertical to the
surface of the Hall element He, a Hall voltage Vg
proportional to the produ;t o? the magnetic field C and the

P control current IC is generated .across the output tefminals

c and 4. If the control current IC is selected to be
constant, thé Hall voltage Vy becomes proportional to the
magnetic field C. Accordingly, if the Hall voltage VH

| provided under the condition shown in Fig. 3A, that is,

under the equilibrium state is adjusted so as to become zero
Volt, the Hall voltage Vp under the condition shown in Fig.
3B becomes, for example, a negative voltage; and the Hall
voltage Vi under the condition shown in Fig. 3C becomes a
positive voltage. When this voltage is amplified by the
servo amplifier 17 and the motor 18 is rotated in the
positive or negative direction such that the Hall vol_tage,VH
becomes zero Volt, even if the liquid level is displaced
relative to the displacer 1 and the tensiqn F given by the
wire 2 is changed, the equilibrium condition can be

recovered immediately and automatically.

PR
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" provided under the condition shownh in Fig. 3A, that is, undegqthe .
fﬁvilibriun1state I's adjusted so as to becone zero Volt, th 1 voltage :
{e

efr] under yhia & kit t1 9gus80Veviel Eisggaiﬁé&'%sé@ibeaaabb@e pynegative
voltage; and the Hall voltage [err] under the condition shown in Fig. 2

beconegay RESidianfp)e) t eHE. 1eVkan galige \WPpadeus eEPLhéi edvientlibm ser'vo
anplifier 17 and the notor 18 is rotated in the positive or negative

di rect jgnappllidd o toEhelel caselst adrer'd tire A erek c6p thét inteeface t he
liquid |level is displaced relative to the displacer 1 and the tension F

gi ven betweenlitwo Adisfehanteitindse ofqliquirdsyn sweldi aspnofdy wategcover ed
I mredi ately and automatically. While the liquid | evel is gauged as

descri aad skoon hys vgyugédexanpl e, the | evel gauge apparatus of the
invention is applied to other cases where the |level of the interface

bet ween two &di Widrkerive kchdarof riomgithes aboweh ment bohedvwekplaaation,on is
gauged. As will be clear fromthe above nentioned explanation, the present
‘i nvent ithie Eareseriti edmventibol can aghieve ke £ellewing Temar&ablegauge
apparatus of this invention can be sinplified in construction and

manuf aefffieetsst | ow cost. In the | evel gauge apparatus of the invention
the mechanical friction-is produced only in the wire drum si de '

The level gauge apparatus of this invention can be
simplified in construction and manufactured at low cost.

In the level gauge apparatus of the invention, the.
mechanical friction .is produced only in the wire drum side \
so that the level gauge apparatus can be considerably
improved in mechanical detection sensitivity.

Since the level gauge apparatus of the invention
employs no balance spring, the level gauge apparatus can be
prevented from being affected by a hysteresis, a secular
varfation and the like of the balance spring.

Further, since the level gauge apparatus of the
invention can effectively utilize the servo amplifier that
is most-advanced in electronics technology so as to become .
high in stability and in amplification factor, the liquid
level can be measured with very high detection sensitivity
and high acéuracy.

Furthermore, since thé level gauge'apparatus of the
invention is increased in the detection sensitivity greatly,
the displacer used therein can be miniaturized in size as
compared with that of the known levellgauge apparatus.

The above description is given on a single preferred

embodiment of the invention but it will be apparent that

. _-"i’ -



so that” the I-evel gauge apparatus can Yde considerably inproved in 93
hani cal detection sensitivity. Since the | evel gauge apparatus of the

ﬁgﬁﬁntion'enploys no bal ance spring, the |l evel gauge apparatus can be

prevented from being affected by a hysteresis, a secular variation and the

B A s ATy G R
Tl N bt M S LALE
appar ot GEQHE (0% ThOUREPER PBRCRERE BE e’ {AVEHRLGy, B ERaTRAFYTT 0%

wih e (HE RRECARYEEE oS BT e TGt LALIERTER TheT athaiEp Pl o
Sppar onLaEtE SRR T ol Tone and var i ati ons. coul d be ef fect ed by one
skilled in the art without departing fromthe spirits or scope of the novel

concepts of the invention so that the scope of the invention should be
determ ned by the appended clains only.

BT
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1111+ H T TTTTITIT111111111111111 CLAIMS: - 1. A level gauge apparatus -

IS wWo & rotatably support by said detection shaft; d) a_
coupling outer magnet ring fixed to said wire drum e) a coupling’innecs
magnet ri:&;ﬁ;@@&gxo sai d detection 10 shaft; f) an el ectromagnetic

t ransduce *+0 said coupling inner magnet ring; and g) neans for
rotating sai.d detleMelorgaigd tappatrdtusucpmprasiagisd el ectromagnetic

transducer 4415 M{%ﬂa £ nsﬁgﬁgnaeﬁogbg dars%gl?ﬁg r3ied e ald-’h%u%% a

di spl acenent between salr d coupling ou ner magnet rings
di spl acenedevel &4 Pe igandrdevel to be gauged, a change of a magnetic fl ux

gener at &d Bt Wae e dt L BRdge put er and inner magnet rings is converted
to an 20 el ectrical s'gnal al d electrg&a&netic tranggucer and sajd
a

| by s
detection Shaf® VWiTPof P@daﬁéuggiﬁhéFBc?? 1xeghs weBndsand VRighelshe

di spl aceneiotatialagn a@pbmwlﬁ*gs@medeaadtﬁahesumnet rings and a

gauged valgs 02‘%%é%iin‘“éhé§¥9ma§3e€b£953691xed to said wire drum;

conpri sl g, Iwwp! acer suspended by a gauge wire over 9he I'i qui d | evel
to beu Eﬁnj nﬂg etection shaft; ci a wire drumaround which said wire
C &
fi

e) a coupling inner magnet ring fixed to said detection
10 shaft; _ |

f) an electromagnetic transducer fixed to said coupling

inner magnet ring; and

g) means for rotating said detection shaft by the output of

said electromagnetic transducer, \/

15 wherein when such a force is generated to cause a
displacement between said coupling outer and inner magnet
rings due to a displacement of said liquid level to be
gauged, a change of a magnetic flux generated between said
coupling outer and inner magnet rings is converted to an

20 electrical signal by said electromagnetic transducer and
said detection shaft is rotated by said electrical signal so
as to remove the displacement between said coupling outer
and inner magnet rings and a gauged value of said liquid
level is cobtained.

25 2. A level gauge apparatus according to claim 1, in which
each of said coupling outer and inner magnet rings is \_/
provided with alternate N and S poles around its
circumference.

3. A level gauge apparatus according to claim 2, in which

1



25.2. -A | evel’ gauge apparatus according to cl ai rrU“ll mllm |Hﬂ H of said
eoupling outer and inner magnet rings i4>provide " A\ 'N and S 95_

pol es around its circunference. 3. A |level gauge apparatus according to
claim 2, sgigweilekrtrombgnetic Erldnsduddd 1141fikédltdltheCoutelr M S *
sai d Bectromagnetic transducer is fixed to the outer periphery of a
boundar y ppetipherybetfwee ibcungtany gioski an ppéteeen.a pait evl sgbdgpoappar at u
according to claim1l1, in which said rotating neans for rotating said :
det ecti oA.sha®t leyedr igaagen appanatus i yecehdingr boarcdaimy loaiim mhtisgh a
worm formed on said drive shaft and a worm wheel fixed to said detection
shaft angaddsmofaking meansydan mtatingegeidgdegectppesr shaftaccording to

claim4 further conprjsing a servo anplifier for anplifying said electrical
si gnal whi cFPPRE+HR %Gb‘bﬁ’fp?j qri gy shabt orotated Ry §add JFQL rafbar at us

Sai d dri YeTBnEpEme: iy iPa el Ly SHAFD FAY SarerBnuPes) £ ikAGED! said

nccor dingatd BEERAEROR FRAH G AL RETHRR CAEEP RBAAS YRS counter B A

evel gagqe a%Pi%%% Sd%ﬁé%‘Qéﬁ%éé&&%aé&é%rdiﬂgwﬁbcﬁlaim 4 further

| comprising a servo amplifier for amplifying said e;ecttfcal

signal which is then supplied to said motor.

6. | A level gauge apparatus according to claim 4 further

comprising indicator means which is ariven by said drive

shaft through a belt so as to indicate thereon a value of

said level gauged when said displacer is settled.

7. A level gauge apparatus acé;rding to claim 6, in which

said indicator means is a counter.

8. A level gauge apparatus according to claim 1, in which

said electromagnetic transducer is a Hall element. .

9. A level gauge apparatus according to claim 5 further

comprising a slip ring through which the output from said

o/ electromagnetic transducer ié supplied to said servo
amplifier.
10. A level gauge apparatus according to claim 8,,in which
said Hall element is provided with a pair of input terminals
and a pair of output terminals. | |
11. A level gauge apparatus according to claim 10, in which
said input terminals of the Hall element are supplied with a

control signal.



- \ - z

‘sai d el e ransducer is a Ha‘l\al el enent. 9. A l'eyel gauge .
APparatu W&@E’ aim5 further conprising a slip ri t hrough whi ch
t hg out put trorragneti c transducer is supplied to said servo

anplifier. 10. A | evel gauge apparatus according to claim8, i'n which said
Hal | elenment is provi ded with a pair of input termnals and a palr of "\wd
out put t%r m nal s. A | evel u apparatus according to claim10,in

whi ch sait@: | nputt Q‘@]m%‘ilseoﬁppﬁé'a%é‘lsl subsanthablyuppl heaedinh a control
si gnal . %;51(%1111111111111111111111 t 12. A |level gauge apparatus
subst ant F&Isf"f Nk, peterenes et W#&ﬁer%@fcthﬁgéccgma@wme

accorrpang n%idr awi ngs.
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