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PATENT
CLOSED-FIELD CAPACITIVE LIQUID LEVEL SENSOR
'BACKGROUND OF THE INVENTION

L Field of the lnvention: ‘
- The present/ invention relates to an apparatus for -detecting liduid level. In

partrcular the apparatus utilizes a closed field capacntlve sensor. The apparatus utlhzes a i
‘nng oscrllator circuit and an odd number of plates dlstnbuted symmetncally Asa result =
; }the sensor requrres no ground reference and is v1rtually immune to external
electromagnetlc mterference The Umted States Govemment has nghts in this invention .
pursuant to Contract No DE-AC09 89SR1 8035 between the Umted States Department
| of Energy and Westmghouse Savannah River Company ‘
2. Dlscussron of Background

quurd level and hqund presence defection »are critical to‘ a wide variety ’of :
processes both in the chem:cal mdustry and e]sewhere A great many methods of sensing N
hquxd level or presence have already been developed These include devices whrch |
respond toelectrlcal and thermal condu_ctmty,i capacrtance, densrty, and surface tensron. ’
Oth,er devices also respond to chemical optical and acoustic.propertie's.,

In certam condmons such as extreme temperatures wnth slurnes w1th hlghly

corrosive or ultra-pure hqu1ds or Wlth liquids whxch tend to coat the sensors the above

methods are unusable Densrty methods, for example usually employ movable ﬂoats
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which ar,e carned up :vor down by the liquids to be sensed. Thermal sensing tdvevice’s;may .
not be use"able'with -heat-Sensitive materialssuch as pharmaceuticals‘ foodstuﬂ“.s’ or |
5 specralty chemicals. Most electncal and chenucal sensors require contact between quurds
and potentlally contamlnatmg or corrosmnprone matenals Sensors of complex form are }'
‘ drfﬁcult to clean and potentxally carry contammatlon from one process stage to another -
| quunds may also leak mto sensor crrcultry along the mterfaces between sensor parts whrch
'often results in crrcu1t faxlure or degraded response ‘In addrtlon, many sensors are T
undesrrably bulky E | | \
. An 1deal liquid level or lquId presence detector would have no. movmg ‘parts and
would be cOmpletely’\sealed ;m’- a compact one pleCe housmg of simple easily cleaned form’ ‘ s
" made of inert material, ’.Fur‘ther, an ideal detector would work with virtually any fiquid
. regardless of_ i_ts density, electrical or optical‘properties, and would'not,ad‘d \energy» to_ the ,
liquid m theform of heat or 'otherwlse- : Another desirable property /w0ul'd be simple | :
- mterconnecttorr between multxple sensmg regxons w1thm a smgle housmg, so that sensmg y

' could be performed at multlple pomts usmg a smgle probe No such sensor is known to -

be avallable. :

SUMMARY OF THE INVENTION « -
According:tolts major aspe‘cts’ this invention isan apparatuS to detect liquid level -

by utllrzmg a capacmve sensor The apparatus utrhzes three or more ﬂat or cylmdncal

plates or plate umts arranged symmetncally in combmatlon w1th a rmg oscrllator to




| %z-e@eén fhe_gz;;;es or plaé;:z Lsits.

- Another ij_éct of the iny‘ention is £o provide ‘é'sgrisor which requirés no gr;iuhd
r_efererice. ThlS ;:auses the sensor to bé viﬁuaily inimune{to extemai eiectrqmagnetic
‘interfér‘e‘nc’;c. | | |

. Aﬂoth’e; ¢Bject of the invention i‘s’fo provide multiple}sensing’ regions wit’hi’n‘ a
o single housfng SO ;Bat_senSing n'lay'_be pérfor‘rjrtkled:a‘t mﬁltiplg ;;’oints ina S’ingle pmb_e* oy
| /Ax-‘lotlhyér ’-obrj-ect of tﬁé invention ibs to \provide' fhe plates with isolatién from ’tf\é B
liquiq. | - o
_ Aﬁother ,object of the\inveqtion isto pi;éyide inﬁeriplat‘es',to sﬁéfd the plates fr‘or‘n» g
effects caused by éat:h ofhc; | | | o
Aﬁo@hér object of the inve_nti(‘)‘n is t§ include a dry po‘nvcoﬁ‘densvable gé.s inthe
v iﬁteﬁof.pf tﬁg p\rob‘%e aﬁd inéidé of thé sehsing platés. This gas reciuée"s the "cva;')a;:it.ance '
bétwcen the mner surfa‘cesi of the biatés. L B
Another emﬁodiﬁlentfof the k\inVe‘ntion is to provide mult-ipie» plafes for each plate
 unit which hé‘ls’vthev_ safne,‘ﬁxpciién as aﬁ ‘in_div‘idueill svehsir‘xg’fplate. L |
' A ﬁzrther prefg'rred erﬁbodi@ent Qf the invéﬁtibn includes al“'rrangingrth;ev elécgﬁcal R :
| circuitry for the de\;ice inside 4ofbtthé probe. |
Othef featufes and _advanta'g"es: éf the prééént'~ in,ventioﬁ Qill be apparerit to those»

skilled in the art from a careful readiqg of the Detailed Description of a Plfeférred ”

EmbOdiméntA prese_ﬁted below and accompanied by the drawéngii




BRIEF DESCRIPTION OF THE DRAWINGS

- Inthe dra,Wings,l |
l:_igure 1A v:shows:a ring oseillatOr cxrcunt w'ith three gates.
:Figure 1B sh_ows a ring oscillator eircuit where the capaeitors have a comrrroh o
-,node]~:‘ | | | 7
. ;Figure 1C shows ari‘ng,oseillatorc‘ireuit having single plates instead of capaeitors. o
7’ Figure ll) shows the rirrg\oscillator veir’cu‘it of Figurei 1C with a body of electrically'.
,‘ conduetlve rnaterial near the ;plates..‘ | | |
” Figure 1E »sho-ws the eleetrieal eﬁ’ects'when the ﬁng oscillator eircult, of Figure 1C
‘has a body of nOneonduetive material nearby the plates. - | “
: Fxgure 2A contpnses a ﬁrst cylmdncal sensmg probe
Frgure 2B shows a cylmdncal sensxng probe whlch has plate omts whxch contam a
,plurahty of electncally connected sensmg plates
F1gure 3 compnses a second sensmg probe having a seeond set of plates for
:] ; shxeldmg the outer sensmg plates | | )

~Fi igure 4 shows a rmg oscxllator circuit for the apparatus of Frgure 3

Frgure 5 shows a cylmdncal sensmg probe having a thxck extemal sheath or layer )

- Figure 6 shows a two pomt liquid leyel sensmg probe.




- TFigure 7 shows a liquid jevel probe which continuously measures the depth of level

of aliquid. -~

. [

- DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

- This mventron is based in part upon the rmg oscrllator c1rcu1try set forth inU. S,
: ‘_ Patent 5 315 884 whxch lssued on May 31, 1994 to James W Kronberg and whrch is
herebyrmcorporated by reference |
| The above mventron includes a sensor consxstmg of three or more ﬂat plates
., arranged symmetncally and connected as capacrtwe timing elements ina nng oscrllator
‘made up of, for example CMOS mverters The output of the sensor takes the form ofa
‘ Varlable frequency pulsetram whlch decreases in frequency with i mcreasmg capacitance
| between the plate"s.‘ - | -
The ring oscillator drives the plates at diﬁ’erent phase angles. Since the plates are
| arranged'symmetrically, the sum of the instantaneous‘voltages around' the circuit is
' approx1mately constant Therefore the sensor requlres no ground reference and is
: v1rtually immune to extemal electromagnetrc mterference The cxrcurt detects objects _
. whlch are not grounded and have llttle capac1t1ve couphng to the surroundmgs » No real or
virtual return current path is needed beyond that provnded through the mteractron of the

'sensor plates themselves The closed or self sufficient nature of the sensmg ﬁeld around

| the plates is consrdered umque in the ﬁeld of hqurd level sensmg




The s“ensoreircuitof F igure.ylA comprises an odd number of 404‘9-type_.C.MOS ,
inverters or operational' _arnpliﬁers 3, preferably three, '_e’ach driving a series 'resistoriz,
o shunt capacitor 4 and vthe next gate of the,ring,oscillator so that a delay IS introdu‘ceds
, between thie output transition of each gate ‘and the input"transition of the next gate. ”l'he”li |
three resrstors have constant values and the three capacrtors are formed by plates 4 which
' may exhtbnt varymg degrees of capacrtance wrth respect to each other The oscrllation
frequency 1’s mversely proportxonal tothe capacntance ‘of the plates 4. Othertypes of o i
in_verters may also be utilized to drive the gates.

The behavior of the oscrllator is best descnbed by ﬁrst consrdenng all the
‘ capacltors as bemg connected to ground as shown in Frgure lA Here the mterstage delay
D will be approximated by O.48RC, and thus the os‘crllation frequency is 1/(1 .44RC),where ’
v~ o R is_vthe. value of resistance forelem_ent' 2 and Cish the eapacitance value for the plate 4
| | If the three capacitors' are ‘connected to a common node as shown in Figure 1B,
the oscillation take‘s fplacetin the same way with littlechan‘g“'e‘ in ﬂ'equency.‘ Thi.s is ‘becaus‘e
the three capacntors transfer dlsplacement currents whrch are’ equal but symmetrically
.dlstnbuted in phase S0 that the common node takes ona voltage whrch remains nearly
t constant over. time. | " e :

For use as a hould level sensor theoscrllator c1rcult is modiﬁed by replacmg each S
capac1tor w1th a smgle plate facmg toward the region ¢ of mterest as shown in Flgure lC

If the space is empty the capacrtance seen by each plate wdl be that between 1t and the

‘other two plates ina vacuum.. This small capamtance value wxll give the circuit a high




, oscillatidﬁ fi‘équency. Tﬁe ’ﬁe‘Id’E)f displacement currents will extend oﬁtwavrd‘ from_the _
platesby a aiétméé devterﬁlin‘ed by their geometry. | |
Ifa Body of electrically cbor‘iductivg‘ma;terial Vi/s’;brbught‘i‘rit,o' the field of -
vdi’spla_(‘;t:menf currents anfe’é,s.ie‘r path 'is brovidéd és shoWn in ’Figure 1D. This causes tbe B
~ capg_citance aci'os§ the pléte§ to increase and the io>scillation ﬁ'eq;l:eﬁéy t_or lower. Thisv wxll
happen regérd'léss of Whether or 'hof"the'éohdu}ctive méterial is electﬁ»cally» ﬂééting or .
coﬁﬁected to §ome j,extervnal ~ground.' The conductive materialdoes not need to~$e l;:e%ai. ,‘
Any 'su'bstar‘lce',hav’i_ng mbbile_ electﬁc ch‘argés \{Qill cause thxs effect. 01-1.6 example is:
diésbived ions in a liquid. | »
| Similar éfféct's will occur ;’f'g b'ody‘of: material which is éleaﬁgally noneoﬁducﬁve, e
~ but posSe.sses a diel'ecti"icv:r déﬁétant higher’trhan thét of vacuum is 'pl#dcd in the field of
r disbiacemént currents as s,howlri’in/ Fi‘gﬁre*l_E.I Nearly ail solids and liqu'kids,‘ ha.\:/_.e this
Proéeﬁy in vafyirig degrees. - | : |
g | .The mbsf suit’ya‘.bflez shape for mést liquid 'senSing‘ applicatibns_ comprises a smooth |
wéll_ed cylinder-. ‘This- shaple‘allowsv for insé;tion into a tﬁnk through’ a bhole ér pipg fitting
~ of rmmmum diameter. »'vfhis serisor should i)e ablé to déteé’t t‘he presence of a liquid at
: v}_rxjul‘ti'p‘lé, ﬁqints éfong its lge‘hgthk olr aé én analog funﬁﬁon ove.r‘ the entire length of the
prbBe; k | | ”
| 'Slich an mangemént i‘s sh‘qwn in Figﬁfe 2A wﬁefe the cyl\in'der” has plgtes or plate
’ ”ur’xitsA 6a, Sb,_ 6¢ which téké tl;e form of k.“:eg'ment's ‘eac‘h making ﬁp slightly less than one

third of the cylinder’s Circ;imference with insulating gaps‘bet\i)een the plates. A thin layei'

- of nonconducting materialformé an outer cylinder cover 7. This cover is preferably




i ;esistan,t to Ctl{lm attat;k and ‘nasa low czetectnc constant. 'S.uitabl‘e mat‘erials for thzs :
cover or layer include ﬂuorinated«‘polymers ar_:‘d;mo’re preferably a tetraﬂuoroethylenel

: ;polyrner which has a particularlylow dielectric constant. A n'gid rinner Cylinder'is als'o\ '

| nonconductlve and of low dielectric constant The inner cylmder hes w1thm the plate
- umts 6a, 6b 6c and preferably has outward extensmns ﬁlhng the gaps between the plate '
edges. ‘The cyhnder cover 7 and i mner cyhnder may preferably compnse a smgle mtegral
- element ThlS element may be formed of tetraﬂuoroethylene or polyvmyl chlonde
~To reduce the capacltance b‘etween the inner surfaces of the plates, the i inner \
. ‘ cyhnder is preferably hollow sealed and ﬁlled with very dry air or another dry,

v .'noncondensable gas. Examples of nonconductrve gases which may be utxhzed w1th thxs

' 'mventlon mclude but are not llmrted to, nltrogen neon and argon Therefore the hquxd

bemg detected cannot enter the probe 1ntenor msxde of the set of sensing plates and may -

only contact the probe on the out31de of the sensmg plates

| As descnbed earherv the three plates are connected as capacrtrve plates 6ina rmg :
| . osclllator Wlth the probe dry, the oscﬂlatmg frequency is. detennmed mamly by the -

: capacrtance between each plate unit and the other two plate umts The mner cylmder and

- air space acts as the dxelectnc When the probe of Flgure 2A is wet much hlgher |

| capacltance' ercrsts between‘the outer plate.surfaces especna’lly near thetr ed‘ges' o

F ora s1ngle pomt hqu1d level probe these segments are made relatrvely short

-parallel to the axis of the whole assembly A practlcal mmlmum dlstance is hkely about

- one half of the probe s dlameter A multn-pomt probe may be made by placmg multlple

sets of plates at various posmons along the probe s length




" To runmize lead capatitance, the sies cronics for each Setof plates may be weated
. nea‘rby or w1thm the' probe, yet ata sUfﬁcient distance from.the space :enclos'ed by the.
plates 6't’}o lcee'p 'the chip and its metallization from adding‘ to the capacitance between the
: rear plate vs‘urfaces; | L |
~ Figure 2B shows ‘an arrangement wherein the plate units each comprise a set of |
three plat,es. The plate‘ unit 6a lS formed by three plates ’6ak,\which are‘electr‘ically E L
connected in parallel. Plate units 6b, 6c are also forrned by multipleplates electricall)r
3 'conne_cted injparall‘el. The plate: ‘units are insulated from‘one another m the sarne manner. '
as the segments sh0wn in Figure 2A. Usl‘hg a .plurality of plates in eaCh plate unit
increases the total number of gaps betp/een plates. Since it is near these gaps 'that-'rnost of o
~the dtsplacement currents ﬂow thxs increases the sensmVlty | |
‘ Whlle Flgure 2B shows the plate unit 6a contammg three mdlwdual plates any
_ number of platesj from‘one to any greater number_(odd or even) ,may be utilized. However; ‘

the three different plate units 6a, 6, 6¢c preferably will all have the same number of plates

i for each plate umt Increasmg the number of plates for each plate unit also increases the

sens1t1v1ty and detectlon ab111ty of the apparatus Whrle Flgure 2B shows every thll'd plate
i isa member of the same plate unit, any odd number of plate units will functlon properly
'w1th respect to the apparatus dlsclosed The plate units are also dlsposed symmetncally m
’4 an ordered arrangement as shown in Fl‘gure 2B. |

Altematlvely, a second set of plate units 8a could be placed 1n51de the first set of

plate units 6a, 6b, 6c as shown in Flgure 3. Each inner plate umt 8a, 8b, 8¢ may have the .

same length and angular extent asa correspondmg outer plate umt but a smaller radrus




o The inner plate unit 8a may be dnven bya fast hrgh-input-rmpedance umty-gam voltage
E ,follower takmg its mput from the correspondmg outer plate unit 6a This would shreld or
,guard the plate umt from the effects of the others makmg the effective capacrtance
| \'between the rear surfaces of the plate umts almost zero Plate units 8b, | 8¢ are operated in-
asmu]arfashion,l L v v o R
- 'Figure 4 shovvs this circuit arrangernent wherein the unity gain follower or
: /operation’al‘. ampliﬁer 9 dri'ves Ihej‘innef .plate_»unit ’8a.’ 'This.arrange‘ment protects outer" W |
plate unif' 6a ‘from/ any efl‘écts ﬁom- the’Other outer plateunits.i‘Inner plate units 8b, 8(:an d g
.o‘uter- ‘plate unit 6b 6¢c operate ’ina similar fashjon The output ~frornb‘each oscillator in s |
‘Figure 4 may be brought out directly in digital compatible frequency form or converted to :
' v 'another form such asan analog voltage ora s1mple on-off srgnal to control the flow of
liquld; Further, both digital and ,analog display devices may be ,used to signal the ‘presence
or asence of a liquid. | ’ | | |
- Continuous liquid depth- indications may be accompli_shed by making a single set of ’ _y
plates extend _vertically;over the fulllength of desrred measurement whilekoccupying the
same angular extent. Greater or le’SSer immers‘ion of this section of the prohe m liquid
»would' give: greater or :lesse_r capacitance and .therefore alovv'er“or:higher output frequency.
| lf the dielectric constant of the liq’u’id’ rs known, :a _useahle depth' readmg is easily
obtained. 'l’he cap’acitancei per- umt length,' including the ‘outer sheath~o£ the,probe may be "
'calculated and -a‘cur,ve of depth vers’usoutput may be-‘prepared. | S'imila_rly, if the liquid’s
'dielectric constant is unknown, but 1s 'knovvn to he’i much higher than 'th‘at\"of, th"'e’sheath o_r‘

outer layer, the sheath ‘dominates. The overall capacitance is,meas'ured by the equation

10




'\ which fotlowst U/Coert = I/Cshealh}'_"_ I/Cuquiq. ' Frptn this equation the capacitance per unit.
length .ntay be approximated. and a kcalibr.atien cuvrve prepared. The simig s true th’ere the
liquid IS eleetr-i;eallyv condudive due to ,the:pre_senc‘e of dissolved rnobile lons

k ‘The dielectric conStant ofa vacuum is 8.849xv 10'?2 »Faradrs pet rneter,f cemmbnly - L} ‘-
.teptesented by &o. bk"I'he v.dieleétric eenstant of any material bmay he reg_arded as the prqqﬁct'
of g \;vith arelative produ‘ctja’,ir Values of &, are tabulated fora great ma__ny diffetent Vv

materiaIS including solids in the table which follows. B

Material =~ ; g
Air . . 1.0006
Distilled Water 80
Ethyl alcohol 28
‘Glycerin. . 40
Hexane @ = 1.89
Benzene - 228
Pyrex Glass SRR & 65(typ1cal)

.- Polyethylene 226
Polystyrene - 253
Polyvinyl chloride (PVC) 455

- 'Neoprene® =~ 660

 Nylon® 375
Teflon® -~ - 2.10

E ~Diele_c_tric ,va)uee shown above are t'yp»ical' at audio freqnencie's. Senvlermaterialks,

" such as Pvc;_ have much tewer valnee at ﬁecjuenciefs lof 1 megahe’rt'z‘ Or‘highzer. By a |
fottunate coincidence, Qater not only ‘has_the }nghest ‘Valne'of & kf‘br any ‘cornmc‘)n tnaterial,'
but it atso eemprises the chief compenent ef rnost indnetﬁal envirentnental’and biological
- thIdS mcludmg beverages The dxelectnc constant of water is more than an order of
magmtude hxgher than that of any commonly used nonconductmg sohd Therefore a

continuous hquld level or depth probe may be made merely by sheathmg or formmg an

1




_ outer‘lay'e_r with reasonahly, thick, low dielectric.’ constant bmaterial.! Thrs outer layer may
."compriseﬂ.ﬂuorinated and preferal)ly perﬂuorinated 'plastic mjaterlal, gn&,mo.m preferably
tetraﬂuoroethylene (TFE) polymer. For instance" heat-shrlnlt tubing of polyvinyl chloride
,:(PVC) or Teflon ®(wh1ch isa form of tetraﬂuoroethylene) would functron properly
dependmg on the expected temperature and chemical propertres of the hqurd to be sensed. ‘_ ')
' ‘PVC would serve well in the detectron of inorganics mcludmg water and most aqueous -

' solutrons. -_ An outer layer of tetraﬂuoroethylenefwrll detect or-gamcs, ‘lnorgamcs and .
, 'almost any ot'her ‘medium; i | |
Forlow,dielectric constant Ilquids such as hex‘ane and "other hydrocarbons, or for o
. po'wdered solids a different approaoh may he'utilized. As’shown m ‘Figure 5 'an' external ‘
sheath ’or layer of low drelectnc constant may be used the thrckness bemg such that the
o drelectnc constant of the sheath dommates the extemal capacrtance when the contnbutron
from the liquid or powder is small Teﬂon ® or another perﬂuormated hydrocarbon
polymer isan 1deal matenal for thls purpose To mmlmrze mterference from the probe s ;
‘internal capacrtance an inner set of umty gam ampllﬁer /dnven plate units is needed as
~ 'shown earller in Frgures 3 and 4. The sensed capacrtance and oscrllatmg frequency are -
strongly dependent on the extemal capacrtance of the hqurd or powder actmg through the
' tthk sheath Thrs is the case desprte the fact that thrs capacrtance is low Relatrvely hlgh_'-
'value resistors are needed in the oscrllator stages to help compensate for the low
: capacrtance | | |

Another embodrment 10 of the mventlon is shown in Flgure 6. The apparatus

consists of a s1mple on-oﬁ‘ two pomt quurd level probe 12 equrpped for use in'a high

12




B dielectric Constunt l_iquid 14, surias an aqueous SULiJn Sucha pz“obe ma’y,»for instance,
be used to control the liquid level.in a tank by tuming on a pump when liquid rises aboye ,
the upper sensmg level 16 and turmng the pump off agam when the liquid falls below the
" second lower sensmg level 18 Further the probe may open or close a valve or place
another control devrce ina ﬂrst or second state for example on or oﬂ‘ dependmg upon the a
: quurd level which is detected | |
Sensmg is- accompllshed by two groups of three plates 20a, 20b and 20c at level 16 -
and 22a, 22b and 22c at sensmg level 18 The plates are driven by rmg oscillator |
} electromcs located in modules 24 and 26 respectlvely The modules 24, 26 are Iocated in
the inner channel of the probe »12'and connected to t_he plates an'd thef.outsrde by wires (not
‘ shoyvn)._ Modules ‘24, 26 are shown separately, but also may be formed as a ‘single unit.
Output sjgna]s from modules 24, 26 take the.tbrm of a—variab]e ﬁ'equencysduare wave
‘_pulse ~train. These signals may b‘e converted to other signal forms bif deslred /using analo‘g
or dlgltal srgnal processmg elements ngrd mner cylinder 28 may SUpport all components
of the probe Outer layer or sheath 30 protects the electromcs and plates from d1rect
contact wrth‘the lxqurd to be ‘senSe‘d;\ The bottom.of theprobe is vclosed, of course, to seal
in the noncondensable gas contalned within thehollow cylindriéalprobe.w - ’\

A final embodrment of the mventlon is shown in Fi 1gure 7. The apparatus
_comprtses a‘probe 52 for. contlnuously measurmg the depth or level ofa hlgh dlelectnc
_constant quurd 54 such as an aqueous solutron The apparatus is 1dent1cal wnth the : ,'
embodtment shown in Frgure 6 except that only one set of plates 56a, 56b and 56¢ s -

uttllzed along wrth a smgle electromcs module 62. The plates extend from upper sensmg R

13




~level 5}8} to lower sensmg level 60 l‘he output consxstsof a square wave pulse tram whose
| frequency decreases with nsmg hqurd level The electncal crrcurtry may be modlﬂed by
means of analog or drgrtal crrcurtry to change the output into any desired format
Further each of the sensmg plates descnbed earher in the embodlments of |
= thures 1E, 6 and 7 may be replaced by a plate umt wluch ‘may compnse a plurahty of
| plates connected electncally in parallel and symmetncally spaced w1th respect to each '
other as shown in Flgure 2B The parallel connected plates of the plate unit functron ina’
»manner smular to the sensmg} plate umt formed by a smgle plate. However the sensmg
plate unit with multrple sensmg plates enhances the sensrtrvrty and vertrcal resolutxon of
: the. apparatus Whrle Frgure 2B shows only three plates for each of three plate umts each
plate unit’ may be formed by one two or a greater number of plates Further while all of :
- the drawings show three p]ate unrts per sensor, any odd number of plates unlts may be ’ .
" rutrhaed ’ | | | .
It wrll be apparent to one haymg ordmary skrll in the art that many changes and
modlﬁcatlons may be made to the foregomg descnptron of the preferred embodlments

~

w1thout departmg from the spmt and scope of the mventlon as deﬁned by the appended

claims.




. ABSTRACT OF THE DISCLOSURE

A‘li‘qUid lével sensor ba;ed ona closed ﬂél_d ;ircxiit comprises a ring oscilla»tojr
o | using a Symmetﬁcal, array of plateftiriits fhét ‘C;reatve’s’ja;'diSplaCement_léprr'ehti ,The ;
: diﬁplac;ement Clirrént vaﬁes asa fun%:tioh of the pfoXimity ofa iiquid to the plate L‘mi'ts/. '7
The ring ‘oscillator‘ Ciré‘uit:kprodﬁces an 0_ut§utsignal With a frgqueﬁgﬁy inversely |
'prdbgi‘tional fo the p’réséhcé ;f_g li"quid; A c.ontinuodsv liquid lévgi sensiﬁg c}eviée anda
two point seﬁ'siﬁg&de?ic'c aré both propoéed sensing arrang:émehts; A second set of plates R

may be yloéateq inside of the probe housing r_élatix}g to the sensing plate units. The second

set of plates p'révent any interference between the sensihg"plate units. -
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