2107468 LI QUI D QUANTI TY MEASURI NG APPARATUS The present invention rel ates
to“an apparatus for neasuring the quantity of a liquid such as a fuel .in a
tank, and nore particularly to such apparatus of the. 5. type for : S
capacitnﬁ:gly defecting a liquid level in the tank to indicate the IzﬂtoﬁAaS
quant i i\ “-A capacitor type liquid quantity measuring apparatus per LIS A
known romU.S. Patent-No. 3,208,280 issued on Septenber 28, 1965. Such (
an apparatus 10. utilises the principle that, if there is a dielectric
substance such as air, fuel, water or the |Ijke between a pair of opposing
positive and negative el ectrode plates, theelectrode plates forma

capacitor together with the substance. Thus if the electrode plates are

15. ‘arranged vertically i m%;ﬁ@km ;@vﬁéﬂﬁstﬁj@@éi@s surface area
of the electrode plates i ' | in the tank,
resulting in a changeryd GanaGid aliFeiti SR fﬂé@é@ofﬁisaﬁoa%ﬁﬁéﬁﬁ gsvel .
In this case, it is of course required to arrange 20. another pair of

el ectrode pl at esned sumyingliyipedpdant ey nof e fighidtouglions de fuekature of a
change "of dielectric constant due to any tenperature change of the fuel, to
conpensat e a relt@&nion arsd viemre tiar thpabar 1y neasswell agpanatds raf gudr of
the el ectrode plates and 25. the level of the fuel in the tank. In said

U.S. Patent tire (RN aRagirivaldietent g e phiquidfleayektindde
tank to indicate the liquid quantity. |

A capacitor type.liquid quantity measuring apparatus
per se is known " from U.S. Patent No. 3,208,280 .
issued on September 28, 1965."Such an épparatus
10. utilises the §rinciple that, if there is a dielectric
substance such as air,'fuelt waﬁef or the like between
a pair of opposing positive and negative-electrode
plates, the electrode plates form a capacitor together
with the sﬁbstance. Thus if the éléctrode plates are
15. arranged vertically in a vessel éuch ;s'a fuel tank,
the surface area of the electrode plates in the fuel
varies with thé fuel level in the tank, resulting in
L/ ' ‘a change of capacitance which corresponds to the fuel
level. In this case, it is of éourse required to arrange
20. another pair of electrode plates always diéped fully
in the fuel, to provide a measure of a changé of
dielectric constant due to any temperature change of
the fuel, to compensate a relation between the capacity
measuréd by the_first pair of the electrode plates and
25. the level of the fuel in the tank. 1In said U.S. Patent

the capacitive information from both pairs of electrode



-2 .- plates is fed through an anplifier to a notor which gperates a w per
of potentioneter, in circuit with an indicator to convert the capacitive
information.into the information of fuel I'evel and to indicate the same 5.
on the iA~dicator. However, such known systemis not suitable for ne “nng
the quantity of fuel in each of plural tanks to centrally indicate Siuel
guantity, since as aforesaid, the capacity is quite sensitive to changes of
tenpefature, and thus if the capacitive 10. information is fed in such form
over a relatively long distance, the val ue ghanges to such an extent that
any correction is inpossible. Said U S. Patent is directed mainly to the
fuel gaugi ng apparatus for airplanes and there is given 15. neither

di scl osure nor splgesis ds deddeheobghganndmpilifdewnater awhotor passchl y
accunul ates at the bottomof .the - tank. This detection is a very

i nportant matter operates: at yipewoed patenticmategeinacédawbtiarddhianan

under ground tank, such as in fuel dispensing stations. _20. Such a tank has
a ventilation opdRPiGatormte SAVRTEWERR SAPRRiFLReLNEREMREHRN f REP casons

of a0t N9 e NAMRLET Gt L cet A0kat LLOVGR el CRELORS! o
o ooy B e Sp UL, R 8Bt WUER ooy 808 19 pdven 1
suitable for measuring the gquantity of fuel in each of
plural.ténks_to centrally indicafe the fuel gquantity.

N . since as aforesaid; the capacity is quite sensitive

fo changes of'temperature, and thus if the capacitive
10. info?mation is fed-in such form over a relatively long
distance, the Valﬁe Changés.to sugh ah extent that any
correction is impossible. |
Said U.S. Patent is directed mainly to the fuel
gauging apparatus for airplanes and there is'given
15. neither discloéure'nbr'suggesticn of detecting undesired
a water which possibly accumulates at the bottom of the

o - tank. Thi# detection is a very important matter in
ordef to remove water from fuel accommodated in an
underground tank,lsuch as in fuel dispensing étations.

. 20. Such a tank has a_ventilatibn opening communicating with
an inside qf the tank for reasons of safety, and thus
‘rainwater may enter tﬁe tank through that opening to
form a water layer under the fuel. Furthermore if a
flood occurs, a large amount of water may alsb enter the

25. tank through that opening. Even if_such exceptional

occasions are excluded, fuel such as gasoline for



.- 3 - vehicles contains inevitably sone quantity of water, and thus the
accunul ati on of water cannot be avoided due to a separation thereaf from
the fwuel during storage. ~Further, the tenperature difference between 5. 4
"ATs] de of the tank and atnosphere can cause condensati on of noisture in
I ¥ as water drops at the inner surface of any pipe comrmunicating with
said ventil ation opening, and such water drops may flow al ong the surface,
into the fuel tank to increase water 10. level therein. Even if a water ™
| ayer has already been fornmed in the #udl-tank due to at |east one of said
or other causes, the known nethods for neasuring the quantity of fuel based
on a level of fuel in the tank indicates the 15. remaining fuel quantity
~under an assUepirdast pantasngr ipevhbabpyeseme gnanhity @k waters
therefore, required to set the |ower level for dispensing the fuel at a
relatively hRgR BBRAt thenasruBrlabianord WapeEsraneotppi Jveided

wat er - cont ai ni ng. fuel to vehicles, and %h ik Zg. Ih's peans that the

di spensi bl e HEIt8nﬁuﬁFPFﬁaPﬁ8nt§Hﬁ:F8 dgﬁ?@aggﬁ na p%%flﬁireful operation
is required Qpn._suction va f Sk f water
accumul at ed %EQ?§§Efan§LE%§%g{ EEQCB%QgFneﬁs£%,%%gfgr%§§%2$2§?é?ﬁe pr esent
Sinventionglsehg phialSosVifE 2anRPRARAhEACUDhERe CalnbEatsgd and adapted

for neasuring the quantity of a PIQUI sucﬁ s a fuel Ina

condensation of moisture in the air as water.drops at

the inner surface of any pipe communicating with said
ventilation opening, and such water droﬁé.may flow o
along_fhe surféce,into t@e fuel tank to increase waﬁer
10. level therein. _
Even if a water layer has already been formed in
the fuel tank due to at least one of said or other causes,
_the.known methods for measuring the quantity of fuel
based on a level of fuel in the tank ihdicates the-
_;5, remaining fuel quantity under an assumption that water
‘is not present in the tank. It is, therefore, required
to set the lower level for dispénsing'the fuel at a 53’
relatively high point, in order to avoid a possible
supply of_yaterfcontaihing fuel td vehicles and‘the-like.
.20. This heans that the dispenéible fuel:amount in the tank
is;decreaSed and that careful.opération is required on
éuctional removal of the ﬁater, since the amount of |
watgr accumulated in the tank cannot be confirmed.
A basic object of the present invgntioh'is to pro-
25. vide_an apparatus which can be used and adapted for

measuring the quantity of a liquid such as . a fuel in a



-“4 - tank, based on its level, and for detecting an accunul ati on of water
in the tank, so.as to nake it possible to renove the undesired water from
the fuel in-the tank when such | ayer of water reaches a predeterm negi—s -
| evel . 5. A further object of the present invention is to provi e\éﬁ'
appar.atus which can be used and adapted for neasuring the quantity o

Ii qui d such as a fuel in each of plural tanks and for detecting water in
each™~ ank, whereby various information on the liquids in each tank can be

i ndi cated at 10. a central |ocation such a3 4n-of fice. Another object of
the present invention is to provide an apparatus which can be used and

d df ' ' h ' f liquid,: | ] I
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repl ent. shment Oftrﬂceuex':n&é‘s#?@dt%&%erkﬁq{nﬂi BHe! GUd1e PheSRRl tdneninen tdhede
i s provided an apparatus for neasuring the quantity of a liquid in at |east

20. one tank, saiagelPRE alaterc2BAEheENd prédetérnidnedi 1éveldevi ce having
separate el ectrodes adapted to be nounted in the tank to all ow passage of

the |iquid tiserebet weefuritsrebidet capathe apresbéet wervehtiorn| k2t todmsovide
depends on the level of the liquid in the tank, a second capacitive device
adapted 25.° to ke mpparedusnwhicht gak bel usedaandf adaptedpier tmeasweingcthe
_ | ,quaﬁtity_of a liquid such as a fuel in each of plural tanks
'iv; , and for detecting water in éach tank, whereby various
information on the liquids in each tank can be indicated at
10; a.central location such as an office. |
Another object of thé present invention is to provide
an apparatus which.can,bé uéed.and adapted for measuring the
quantity of a liquid such.as fuel in at least one tank, such
that a warning can be given when the level of the liquid in
15. the tank reaches each of predetermined upper and lower limits,
. to prevent an excessive supply of fuel to the tank and to
oy show the neceSsity of replenishment of fuel in the tank.
Aécording to the presént invention there is provided an
apparatus for measuring'the quantity of'a'liquid in.ét least
20. one tank, said apparatus comprising a first capacitive device
. having separate electrodes adapted.tb be mounted in the t;nk
to allow passagé of the liquid therebetween whereby the
capacitance between the electrodes depends.on the level of
the-liquid'in'the tank, a second capacitive device adapted
25. to be moqntéd in the.tank-below said first capacitive_devicé'

so as to be immersed always in the liquid whereby the

capacitance thereof depends on the dielectric constaht of



'so as to be imersed always in the |1iquid whereby the capacitance

t her.eof depends on the dielectric constant of the liquid, a third

cap i ve device arranged to provide a reference capacitance val ue

in égéb ent of the dielectric properties of the liquid, an LC oscillator-
ope e to produce an output frequency signal, a sw tching device operable
to 5. connect said first, second and third capacitive devices selectively:
to said oscillator mhereby the frequency of the output signal depends on™¥
the capacitance of the respective capacl§|Ve device, and a control box-with
an indicator connected to said oscillator and operable to calcul ate the

quantity of 10. the liquid_ in the tank based on the frequency si nals and
Lo provide SA°| hiREART off GRIZH FAREGHEITE GAPTIRE (HRAAIALS EPRHUIRR ¢ said

f . d.and third I3 L
Capact  ancck S£8F 4Rt , AR Tk 4 Blg CREROBBRRNES | bf ety
appar at Us MRyoLdELel SO SqcRdet 6608 QAP RI O e TRYBLE] ditafudde

botton1of tt arrange etecting a secon I'qui d such as

vat er,” whi ciin dghephi®’ fraqudhdyOrsBshas, Par EwQEchblﬁgS E@QEéeC %@@th'lée to

deV|ce The second capacitive devi ce’ may be nmade as a plurality of "hollow.

20. cyl indresmhecenhsysd arfiangsd s8cenaceaitid | ehigdnecapadi €ive odeivilcélse
alternatively separate el ectrodes, whereby the required surface area for
t he separ atsebéetiveliestoanalid obtidildatow whewebyndhley fregueasiyneft the

hei ght thereof. Preferably the third capacitive device conprises a

output signal depends on the capacitance of .the respective -
- capacitive device, and a control box with aﬁ indicator'coﬁnected ‘\j
to said oscillator and operable to calculate the quantlty of
10. the liquid in the tank based on the frequency ‘'signals and to
provide an ‘indication of sald.quantlty on the indicator.
Preferably said first, second and third capacitive devices
‘have substantiielly the same capacitance, so as to have
similar'responsive-characteiiétics; |
15. - The . apparatus may'further compriee a detecﬁor adapted
to be mounted near the bottom ofethe'tank-and'arranged for
-detecting e secon& liquid such as water, which detector may ¢+ °
be formed as part of the second capacitive device. The
second capecitive device may be made as a plurality of hollow
20. cylindrical members arranged ' in ¢concentric’ menner, which
_ consﬁitute alternatively separate eiectrodee, whereby the
. ;eéuiredmsurface area'fer the separate electrodes can be
obtained without unduly increasing the height thereof.
Preferably ‘the.. third capacitive device comprises a
:25; capacitor adapted to provide a capacitance velue which is
-substantially constant or -h_as little variation even if .e'xpesed

to atmosphere changes.  Said switching device may comprise a

=)



25. capacitor adapted to provide a capacitance value which is substantially
constant or has hkittle variation even if exposed to atnosphere changes. .
Saj d switching device may conprise a - - 6 - pair of relays which may /-~
constitute together with said third capacitive device and LC oscill ator{ &

| evel feeding device, said | evel feeding device being arranged near the
fi-rs{ capacitive device to reduce the influence of anbient 5. _
tenpé“F‘ature change on capacitive information fromthe first, second and - °
third capacitive devices. The | evel feeding device may be enbedded in an

i nsulating material body to forma unitary nenber, so as to facilitate
replacement. It is preferable that each of said first, second and 10. third
capacitive devi gasrha¢e relbyddivhdeh &apf consalicaee ebgethel apithli $4Ed ethird
and are detachably connected through a conductive support, to facilitate -
separation and roaplazdaiwvet ddvdceofandlEC dosed hhstot | aslewdd fBeedidpddeeide,
of -an apparatus 15. according to the present invention, wherein:- Fig. 1

is a di agrammmt is@iid | Ysvedt ifgedifng hdexpper esngp@riratgedr measutheg first
liquid such as fuel in underground tanks, a detecting part and another part
t her eof bei ng sif@RRCA&dyect idpmife/ertq careduemd the sptrflusnce f Bmpient

is a fragnental and |ongitudinal section of | ) L 5
5. temperature change on capacitive information from the first,

ser;ond and third capacitive devices. The level feeding
device méy be embedded in an insulating material beody to
‘form a unitary member, so as to faci_litate replacement.
It ‘is preferable__ that each of said "first, second and
- 10. third capacitive devices have cylindricai configurati’bns of
similar diameter and are detachably’ connected through a
conductive support, to facilitate separation and replacement
theréof. o | |
The dr_awings illustrate an embo'dimentlof “an apparatus
15. according to the present invention, wherein:-
Fig‘.' 1 is a diagrammétic illustration of the appératus applied
"for measuring a liquid' such as fuel in.u'nderground
tanks, a detecting part and another part thereof
being shown respecﬁiVely vertically and perspectively;

20. Fig. 2 is a fragmental and longitudinal section of.




.- 7 - the detecting part to showits structure in detail; Fig. 3 s a
bl ock circuit diagram showing a | evel feeder to be arranged in the

dét &gt i ng part; 5. and Fig. 4 is a block circuit diagram 3
dligwd/ng a control circuit and circuits bel onging thereto, whi-ch are
exployed for the apparatus. In Fig. 1 there is nerely show in part only.
~one 10. underground tank RS accommodating a fuel F therein but there nay pe
‘aplurality of such tanks, for instance five tanks. A detector DT bel ongs
to each tank RS. Although an expl anatiom of the detector DT will be given
later in detail, with reference to Figs. 2 and 3, it 15. conprises a fuel

di el ectri.c constant measuring nmeans CP arranged vertically on the bottom of
the tank RS and i mer sethealdetysctaing fradty to ghow fited  stardaipired evel .

- detecting neans MP nounted on the fuel dielectric constant neasuring means
CP to measure a capaci tinv#e®aip0. varies depending on the fuel |evel,. and

a level feeder LF incorporating a reference neans ,and ponverting&infor-

mati on on capakdt ahces ﬁ%ﬁlﬁ%@ﬁ’bf’s%ﬁ‘tﬁ-q FEagian SHAINE chske¥ftl neasuri ng
neans, fuel |evel detecting nmeans and reference ans_.into frequency
nformation at its 25. TUTYRR <0 M FAPHDILA H'q ARSI ORB P
exclusively.belohging tghfach tank RS is fed through each line A

Fig. 4 is a block circuit diagram_showing agcontroi -
_cirduit and circuits belohging_thereto,-which ;“J
are employed for .the apparatus._ : 'S’J

In Fig. 1 there is merely shown in part only one
'10. underground tank RS accommodating a fuel g therein but
there may be a plurality of such tanks, for instance:
five tanks. A detector'DT belongs to each tank RS.
Althoﬁgh an explanation of the detectqr_DT will be given
'later in detail, with reference to Figs. 2 and 3, it
15. comprises a fuel dielectric constant measuring means CP
ar;anged_vertically on the bottom of the tank RS ahd
. immérsed always and fully in the fuel, a fuel level
detecting means MP mounted on the fuel dielectric
~ constant measuring'meahs CP to measﬁre'a capacity Whiéh
20. vafies depeﬁding on the fuel levél, and a level feeder
LF.incorporating a reference means and'converting infor~
matién on capaciﬁances measured by -said fuel diélectricl
constant measuring means, fuel level detecting means -
and reference means inﬁo frequency information at its
25. outputs. The output of the le§e1 feeder LF exclusively

_ belqnging_to“each tank RS is fed through each iine A



-8- to a control box CBto be installed in an office cabin - (not shown). At
the control .box CB, there afe arranged a nuneral indicator 1 common to -
plarality of *the ‘tanks to indicate a nunber identifying the specified
a quantity of the 5. fuel in the tank and ot her paraneters, a plural
first lamps 2, each of which is adapted to be lit when a quantity of I%
I n the concerned tank reaches its upper linit, a plurality of second Ianps
3, eath being lit when a quantity of liquid in the concerned tank reaches
its lower limt, a 10. plurality of third |anps 4, each being lit when a
pr edet er m ned anDunt of water accunulates in THe concerned tank, a
plurality of button switches 5, each of which is operated to seIect a

ified K,
Pt or " a buvser Bobhi BRREz8y BBY B BN AN 71& SRR Bpgpy ot
and .third |l anps 2, ggaqf) 1S Atttli &:ﬁd‘&’xﬁél ﬁd‘:? od S'QHéi‘r E%:'a dd0 ritfheral
ey ke |nsr

audi bl e information, and a ten oard 9 arrange ower cover

of the control boxi&Rica¥bE | Comis a«_ﬁ@da NEpvruf@h 10 df e Hankdl itUSndBicate a
whi ch can be stored in a nenory circuit MEC 20. described later. An al arm
10 arranged i n a shuhisér e ideatefyingontlaet egethEQegh taarlk ,nea ljuanitiitgy of the
control box CB which also has a button switch 7° to be pressed for
electrically cohneﬁuehginhEhal&anktanﬁh@thanrpﬂrdmetdﬁs ‘Bhe 1 us@ludiyuod fakst

detector DT will now be expl ai ned
, lamps 2, each of which is adapted to be 1it when a quantity

L ' of liquid in the concerned tank reaches its upper limit, a
plurality of second lamps'3, each_being lit when a quantity
of liguid in the concerned tank reaches its lower limit, a
10. plurality of third_ larnps 4, each being lit when'a predetermined
amount of water accumulates in the cohcerned tank, a plurality
of.button-switches.s, each of which is operated to select a
specif_ied ‘tank, a printer 6, another button switch '7_ to
operate the printer, a.buzzer 8 which is operated_when'one
15. of said first, second and third lamps 2, 3, 4 is lit to
| convert the visible information into an audible information,
\ ' 'and a ten-key keyboardl9 arranged inside allower cover of
the control box dB,.which is operated for making input of
various data which can be-stored in a memorp circuit MEC
20.-described later. An alarm 10 arranged in a suitable place
- is connected through_a_line'll to'the:control box CB which
.also has a button.switch 7' to be pressed for electrically

connecting the alarm to the control box CB.

The structure of detector DT w1ll now be explained



- 9 -.in detail with reference to Fig. 2. The detector DT has at its |ower
_ sl eeve 12 nade of an electrical insulation material, which i.s nounted
bottom of the tank RS and has at |east one opening 121 to al low the .,
in of the fuel F in the tank and water which has entered the tank
reason and/or separated fromthe fuel. On the sleeve 12, there is
arranged a fuel diel ectric constant neasuring nmeans CP conprising a C;
plurality of netallic pipes 13, 13', 13", 14, 14', 14" 10. arranged in a-
concentric - manner, wherein on one haﬁd' each of said pipes 14, 14' and
14" constitutes a p05|t|ve el ectrode, supported by an insul ated supporting
menber 15-aqd i.nte raII congected to a_condyctiy 16 and on-the

other hand, 1Ba8ft8f s ¥ighyFreieresce; 50 Eig- 15+ geg§ﬁ§FFF8FeQTa negative

et o SugRood bR LS BNRECYS B BE e fsppibesat | o
fuel . di el ootk 1a0ashaRcRARY" | UsBRASS &Bu§egauahce %uao ofnner space

of sai d sl eéve through an openi ng not shown I'n the conductlve
supporting gREbeank’ R&NAndr 8adl way1ehisk! 8deVbbbnihg fuel 5. allbw She
preferable that the fuel dielectric constant measuring neans CP

i ncor por St.eflomann b¥ whieclfuedngt ihuthe tagkthad watbrt hRiennHastive
supporting menber 17 a water detecting nmeans 19, since.although 25. the
fuel di el ecenterednshentamsadbyr any ueasanEndécrssepanadedefromhthpresence

of water due to a.rapid change in
fuel. On the sleeve 12 there is arranged a fuel

T

| dielectric constant measuring-means CP comprising a | N
plurality of metallic pipes 13, 13', 13", 14, 14°', 14"
lO._arranged in a concentric manner, wherein on one hand,
each of said pipes 14, 14' and 14" constitutes a positive
electrode, supported by an insulated supporting member
15 and integrally connected to a conductive member 16
and on the other hand, each of said pipes 13, 13' and 13"

15. constitutes a negative electrode supported bv a conductive
supporting member 17. Spacés formed between the concen-
trically arranged pipes conStituting the fuel_dielectric S
constant'measuring means CP communicate with an'inner
space~of said sleeve through an opening (not shown) formed

20. in the conductive supporting member 17 and are always

| filled with the fuel. F. It is preferable that the fuel
dielectric constant measuring means CP incorporates means
19 which constitutes_together with the conductive supporting
member'l7 a water detecting means'19,'since although

25? the fuel dielectric constant measuring means CP per se

can detect the presence of water due to a rapid change in



- 710 - its capacitive output because the capacitances of the fuel and wag
are quite different, if there is provided no-separate water detecting
neans, a dlsassenbllng thereof will be required to renove water droplet{s
surfaceer of the multi-pipe structure, which are difficult to renove
nmerely a suctional water-renoving operation. On the fuel dielectric
constant neasuring neans CP, there is arranged a fuel |evel detecting neans
VP cbﬁpr|5|ng a netallic outer pipe 20 as negative el ectrode 10. .and. a
nmetal lic inner pipe .21 as positive el ectrodiOto allow the fuel F flow ng

t her ebet ween t hrough openings (not shown) formed in the supporting member

15 and conductive nmenber 16. The negative outer pipe 20 is conductively
connect ed t hrough EscﬁﬁaﬁﬁiF%ﬁeSEBBBVF|?@F€H§erﬁﬂﬂmﬁaEBF¥??QQﬁ§rﬂﬁyﬁhﬁua

| de 13 of I I .
Cower and her cof SahSSApHB EEGREY SECOR VLT SE Ko ?ﬁh%a%%mr% G
the upper end ! hehgoLepdbecBOSLLLY AL OREL, BL Eads | % HARAJSH 1004 Nhercor

supporting nenber |nsu

menber 24 at its UEPErbE”Peq{fPfea“@érr&h?@eal dé%sjec}fbaé d Wi TsiiBied Ieacj

25 connected to the positivé electrode of s ctrlc const ant
nmeasuring means. CBftQhéeﬁdlthepiﬁéoéﬂ%ct@&\r@P WIROAC | {170 GE fasieddy the
fuel dielectric 25. constant measuring neans CP inclusive of the water
detecti ng neans lremd¥Ye Bpemenéty Pipectiohelb wataypeardngring operation.

On thé fuei dielectric constant measuring means CP,
o there is arranged é fgel level detecting means MP
comprising a metallic outer pipe 20 as negative electrode
10. and a metéllic innet pipé'Zl as pogitive electrode to
allow the fuel F flowing therebetween thtough 6penings"
"(not shown) formed in the supporting @ember 15 ahd
 conductiveé @ember ;6. The négative outer pipe 20 is
conductively cqnnected'throﬁgh_a conductive supporting
15. member 22 to the negative electrode 13 of the fﬁel di-
electric conétﬁnt measuring means CP at the lower .end
:g i : thereof, and supported'by'a cbnduétive supporﬁing member
23 at the upper end'fhereof. The positive inner pipe.
21 is supported by the.suﬁpofting member 15 at its lower
20. end and by an insﬁlatéd'supp§fting member 24 at its
upper end. The inner pipé 21 has in its inner spéce a
lead 25 connected to the positive electrode of said
fuel dielectric constant measuring means CP ﬁo feed the
infofmation on'capacitance measured by the:fuel'dielectric
25. constant measuring means-CP inclusive of the water

detecting means 17, 19. The outer pipe 20 has an opening



--11 - 201 near its upper end to nake easy the flowin of fuel between the.
'~P\and outer pipes 20, 21. On the fuel level detecting nmeans CP, there
e \sklquential ly arranged a | evel feeder LF accommpdated in & netallic 5. -,
p\RE>26, a. joint pipe 29 nounted through a conductive supporting menber 27
“he netallic pipe 26 and a headbox 30 to vertically maintain the joint
pi pe 29 and nake conveni ent the maintenance of each of the fuel dielectrig
constant neasuring neans CP inclusive_19, of the water detecting nmeans Tf{
19, the fuel level detecting. nmeans M and the | evel feeder LF.  There are
provi ded screws or the like fixing nmeans to conductively connect the sleeve
12 wi th the 91endRs! 1RhAcperckal! kadfakd Shsynenkuehod eheeric constant -
. nmeasuring neans- CP, 15. the outernost pipe 13 {'o the outer pipe 20 of the
fuel |evel dewedt beg¢weeanth¥Pinhe antebupepepiBeko20he2pi.peorbthe
accommodating therein the |l evel feeder LF, and the pipe 26 to the joint :
pi pe 29 throfgelr dewedt detlerting meppsr CPRgtherteasel 8eqidnt2dlagd 27, and
t hus the detector DT 20. can easily be ‘disassenbled by rel easing the fixing
means, when essapfiedhe devednfeederdiFt scoommrdnindedn al metglpieferable to
arrange at_ the upper end of the sleeve 12 a wire net nenber 31 to prevent
any forei gn PdPer 28r #hiSHnFapipe 4Psperstedi ShrrEdhi quranARCER¥St ank RS,
25. fromentering the fuel ieI3 tric onstan& neasgring .

supporting member -on the metallic pipe 26 and a

headbox 30 to vértically maintain the joint pipe 29 )
and.make convenient the'maintenance'of each of the ;‘j
fuél die;ectric_constant,méasuring means'c? inclusive
10. of the Water_detectihg means 17, 19, the fuel level
| detecting méans MP and the ;evel'feeder LF. There are
provided screws or the like fixing means to condﬁctiﬁely
connect the sleeve 12 with'the outerﬁost pipe_of_electrode
13 éf ﬁhe fuel diéleCt:ig con#tant_meésuring means CP,
15. thg outermost pipe_13 to the outer pipe 2Q of the fuel
- level detectin§ means MP, the outer pipe 20 to the pipe
26 accbmmodatinq_therein thé.level feeder LF, and the pipe
26 té the joint pipe 29 through respectively the suppofting o
~ members 17, 15, 23 and 27, and thus the detector DT |
20. can easily be_disasseﬁbled by releasihg the fixing means,
when one of tﬁe eleménté needs to be exchanged.. It is
"preferable_to arfange_at the upper end of the sleeve 12
a wi:e net member 31 to prevent any foreign material
which may_bé dispersed in the liguid in the tank RS,
25; frpm entering the fuel dielectric consﬁant measuring '

means. CP and the fuel level detecting-means'MP, The



nmeans. CP and the fuel |evel detecting means MP. The -12 reason why .
fuel dielectric constant measuring neans CP.is constructed in the mann
a concentrlcally arranged multi-pipe. lies in that the total surface ar
t he cylindrical electrodes 13, 13", 13" or 14, 14', 5. 14" is large eno
to make the capacity neasured by such eIectrodes sinilar to that neasured
by ttie fuel |evel detecting neans MP without requiring a corres- -pondingly
|ncreased hei ght or length, so that any cap citive change dependi ng on
the.kLnd and tenperature 10. of the fuel rﬁgccurately be neasured. The

| evel feeder LF is conductively connected to the negative pipe 26 through a

i ne 32, converts éﬁi&ﬁ%etﬁ ?%e tdfghéééygérghﬁéggnéj ,f?aff aﬁgﬂﬁﬁgnt

measur i ng neans Cf) usi wat er detecti ng neans

15. fuel level degpcig neoﬁseﬁ&cé@atmou@ hOELtd# & Yodrdd@erdTaand, 33 into
correspondlng frequency signals, incor- porates a reference neans, converts

also a capaciti vearﬁiﬂd;e&tm@ntﬂep;splé elidy imech£f ettonavyEREuifice area
correspondlng frequency signal, and feeds as outputs 20. those frequency
signals to the coofrthe boxlORiffcal dledtwaodsh B3/ ik’ 343"on deexdl4lined
later with reference to Fig. 3, the level feeder LF has various el enents
whi ch are supp®stt4”bis alavge 3nqugle Ho snake tt,hﬁh agarity meksuredhdy at ed

supportlng menbers 35, 36, arranged
such electrodes similar to that measured by the fuel

level detecting means MP without requiring a corres-

A

' &w; _ pendingly increased height or length, so that any cap-

acitive change depending on the kind and teﬁperature
10. of the fuel can accurately be measured. The level
feeder LF is conductively connected to the negative
pipe 26.through_a line 32..converts capacitive information
from the fuel dielectric consiant measuring means CP
inclusive of the water detecting means 17, 19 and the
. 15. fuel level detecting'ﬁeans MP through-respeetively lines
25 and 33 into. corresponding frequency signals, incor-
poiates a reference means, converts also a capacitive
~ information measured by the reference means into a
_eorresponding frequency signal, and feeds as outputs
20. those freéuency_signals to the control béx CB (Fig. 1)
through a line 34. .As.is explained later with reference
to Fig. 3, the level feeder LF has #arious elements
whieh are supported by a rod 37 which is in turn -supp-
orted by insulated supporting members 35'.36' arranged
- 25. in the pipe 26 .and embedded in a body 38 of an insulating

synthetic resin for instance epoxy resir. The joint pipe



. 25 in the pipe 26 and enbedded in a body 38 of an |nsulat|ng synt hetic

Ln for instance epoxy resin. The JGlnt pi pe -13- 29 serves-to . _
af&ct t he headbox 30 to be installed at the ground surface’level- to the

| pe )26 of the level feeder LF to be installed near the fuel |evel o

d cting neans MP which.should be arranged in the underground 5. tank RS,

the installation depth of which may be different in various conditions s

each case. Therefore, the length of Johg _pipe 29 is initially set as

having a relatively long size and, if rnéce€ssary the joint pipe 29 is cut by

taki ng the depth where the tank is enbedded under the 10. ‘ground, when the

detector DT 05ea-0d L) cofinled! dhkefledliphie 3620k b g fgehigpa oo seen f1om

ver F e &S ay

Fig. 3, the Ie rlses ays (con Ing re s) [err] an

LC osci | ] at i,qN ¢gigf g%hnﬁsguﬁaeeale%qr eecehzeaaee( bef BECRAE ié@éﬁ'tor) 15.

RC. The reference apacitor constituting the reference neans RCis a high
cl ass capacifieagedhiLeh t3h®es ialskail edoneakathki ¥aelatedbilogeddatiaganbi ent -
t enperature change and ageing and is selected to have a capacity simlar to
those neasumednsyMphehfichl sticalldcbei arcangedninneheuuhdgrgdoundans CP and
‘the fuel level detecting means MP (Fig. 2). The-LC oscillation circuit OSC
conprlse§-atphkrashtyhefi@@tbdlaMdouagepmhopﬁ whdcbemagsbeodp§Eereate in

response to the capacitive information to be fed fromthe fuel
- in various conditions in each case. Therefore, the length

of joint pipe 29 is initially set as having a relatively .

j

- long size'and,_if_necessary'the-joint pipe 29 is cut by -
taking the depth where the tank is embedded under the -
10. ground, when the detector DT (see Fig. 1) is insfalied
at the. tank in question.

As seeh from Fig. 3, the level feeder edmp:ises_
two:relays (contacting relays) RE;, RE,. an LC oscillation
_circuit OSC, and a reference means (reference capacitor)

'15. RC. Ihe.reference-cepacitor constituting the reference
_means RC is a high class capacitor which shows'aimost no
-capacitive variation due to ambient tempe:atu:e”change \,}

and ageing and is selected to have-.a capacity similar to
. those measured by the fuel dielectric_eonsﬁaht'measdiing-

20. means CP and the fuel level detecting means_MP'(?ig. 2).

‘The LC oscillation circuit OSC comprises a.plurelity of
coiIS'anducapacitcrs ehd-serves to oscillate in reSponse
_ to the capacitive information to be fed from fhe'fuel
level detecting means MP, the fuel dielectric constant
25. measuring means CP and reference means so as tb convert

- the same into corresponding frequency signais. In output



| ével detecting nmeans MP, the fuel dielectric constant 25. neasuring neaps

CP and reference, neans so as to convert the sane into correspondi ng '
frequency signals. |In output -14- lines of the level feeder LF, |ifies=a
afd b are relay lines, f is a feeding line of the frequency signals, 2 g -
is a grounding line. Fig. 4 is a block circuit diagramto show functions 5.
of the control box CB illustrated in Fig. 1, in the case where there is a
plurakity of tanks (five tanks). In the FLgEreL means desi gndted by
reference synbol TDSC is a tank designation émﬁtching circuit, each of
lines [err] to [err] is a signal line connected to the feeding 10. line f .
(see Fig. 3) of Ngakeyd! (heedBlol s0EhaR0LAY 19n8s RoEA 5% PO Elat NE
tanks, said switching. cCircurt being subsequently swtched Dy a signdl from
a control - circui i jQlesCeRt 18l aPEReBIAGNYi1HB! b£Chhk fréqudnéy é0male,
switching circuit TDSE s fed to a nenory circuit 15. NEI:¥hrough a.
receiving_circuihnBEg.iEha geBuhdiagr Cihe. MEC has menories of equations for
calculating a fuel level based on the frequency signal fromthe |evel
feeder "LF and a quant Ftig.o# hsgai dlookt biértabk fisgramnto hehowl funhet tons uel
| evel , upper and lower limt quantities 20. for each tank and other matters
as wel | as an?Zar @f tbe rceniralnfornCERekblysthatedakniFigoflehin|thRid in

each tank. An operation or arithmetic circuit OPC serves to
o case where there is a plurality of tanks.(five tanks).

‘ -In the Figure, means designated by reference symbol TDSC
i\/ is a tank designation switchiné_circuit; each of
| ~lines A; to Ag is a signal line connected to the feeding
10. line'g (see Fig..3)_of thg level feeder LF belonginé
to a specified oné of the tanks, said switching circuit
being subseéuéntly switéhed by a signal from a control
circuit of central processing unit CPU. A signal from :
 the switching circuit TDSC is fed to a memory circuit
.15. MEC through a fecéiving.circuit REC. :The memory circuit
MEC has memories of equations for calculéting‘a fuel
level based on the frequéncy'signal from the level feeder
— LF and a quantity of liquid in the tank based on the
cal¢ulated'fue1 level, upper and lower limit quantities
29- for each tank and other matters as well as an area for
retaining in memory the quantity of the liguid in each
_tank,. An operation or arithmet;c.circuit OPC serves to
'_ calculate.the.liquid quéntity based on a signal from the
receiving circuit REC and the equations stored by the

25. memory circuit MEC and also to judge whether or not the

'_calcu;ated guantity reaches the upper or lower limit



nd the equations stored by the 25. nenory circuit MEC and also to

whet her or not the calcul ated quantity reaches the uppér or |ower
guantity on the specified tank. An output signal of the operation

FCuiit OPCis then fed to an indication printer circuit

(I DC+PTC) . el ectrically connected to the buzzer 8, the lanps 2, 3, 4, ~

indicator 1 and printer 6 5. (Fig. 1).. The tank selection button 5, the =

<

%

printer operating button.7, a tiner TMS3the ten-key keyboard 9, the alarm -

button 7', an alarmcircuit AR and each of said circuits are electrically

connected to the,control_ circuif_CPU . The alarmcircuit. ARJjs connected to
- the 10. al SFMRBLGH H HeS iﬁ?%ﬂ#%ﬁé;ﬁ?é#’a. a.%F?%ﬁnﬁ%gqaiwﬁfhe contro

he swi { ohi WF PR TERBRL S0P O AP il e iR TP T
the i gnal’ bifige 4 05 H8L5(1hEHPhc] SErELLE011¢ BothddiedTed0ind tank by

a signal fr e control circult U a signal Tromthe control circuit

CPU is fed pizide gplens lafpsd 2pd3] ef | ] in@icatse FWMAC pthidereof from:
the state as illustrated in Fig. 3 and conplete a circuit connecting the

r ef er enc®. mgetxs. 2D) . (reiereamle sebection )bi¥tem 3 hethe msimtdmt or -OSC, so
that a frequency signal corresponding to the capacity neasured by the
reference cepacating Rutton el td tireneds ythe ten-key keyboard 9,
- the aiarmfbutton 7', an alarm circuit AR and each of a
said circuits are electrically connected to the céntfol o’
_circuit CPU. The alarm circuit AR is connected to the |
10. alarm 10 which may be arranged at a place remote from
the control box CB (Fig. 1). | -
The“operation of the apparatus will now be explained.
When the switching circuit TDSC is electrically
_connected to the line A, of the signal line from the
_15._1evel-feeder'LF of the first or No. 1 tank by a Signai
| from the control circuit CPU, a signal from the control
circuit CPU is fed to the relays RE; and REz to cause '_ v
_switching-theréof from the state as illustrated in Fig.
3 and complete a circuit cbnnecting the reference means
20. (referenéé-capaditor) RC to the LC oscillatér oscC, so_.
| | that a frequency signal corresponding to the capacity
. measured by the reference.capacitor RC is fed to'fhe memory
circuit MEC through the'reCeiving cifcuit'REc} The signal
to the relay RE, is then removed to complete a circuit

- 25. conhecting the signal line 25 from the fuel dielectric

constant measuring means CP to the LC osCillétor 0sC, so



ci'rcuit MEC t hrough the receiving circuit REC. The signal to the relay REZ
Is then remgved to conplete a circuit 25. connecting the signal |line 25 -
fromthé fuel dielectric constant nmeasuring nmeans CP to the LC oscillato

O5C, so  -16- that a frequency signal in response to the capacity

measured by the fuel dielectric constant. measuring neans CP is fed to the
menory .circuit MEC through the receiving circuit REC. Finally the signal to
the Mlay REis 1 5. removed to conplete a ggrcuit connecting the signal

lline 33 fromthe fuel |evel detecting neans MP to the LC oscillator OSC, so
that a frequency signal in response to the capacity neasured by the fuel

| evel detecting reaais aVMErieguletdyt @ibhalmenoEgsponeei toMERet bapagbtyhe 10.
receiving circuit REC. This frequency signal information stored by the -
menory circuit i measured &y lthet faedpdielectrdcr const@RE measuringiweans
quantity information S|gnals based on the Iiquid quantity calculatin
equation stored I$p tilfe #énﬂpyt@ﬁr@GmPrMEeiaﬁﬂth €e§bFPP§§ thgurecetving
quantity information i s conpared w_th the up and | ower I|n1t quantlty

information al so SFGPEF RFS-he FiBAdLY EPPC&F?“HECt°mﬁBFeB$ fY Rfg *

| cul at ed tit hi.gh t th | t 1 d
o’ an audi b1 o' Gegeg B0 SRl etend FiEoan s Chhnert 1R ERR, Sipdek hhe
quantity i's | overssf il Reel ¢RN hleWel: abBECINB Hebfis MP to the LC

oscillator OSC, so that a frequency signal in response

=
- b

_ \\; ~to the capacity measured by the fuel level detecting'
| méans MP is.fed to the memory circuit MEC thiough the
10. receiving circuit REC. This 'frequency signal information
stored by the mempry_éircuit is converted by the operation
circuit OPC into liquid_guantity information signals
based on the liquid quantity calculating equation stored
bj the memory circuit MEC an& the resulting liquid
15, quantity_informatidn is compared with the upper and lower
- limit Quantity_information also stored by the memory
circuit MEC, whereby if the calculéted guantity is highef
o | than the upper limit, the lamp 2 is lighted and an audible
sound is issued by the buzzer 8 and if the calculated
20. auantitj is lower than the lower limit, the lamp 3 is
| lighfed and an audible sound is issued by the buzzer 8
The time periodd requlred to measure the liquld
Quéhtity for_each tank is:about one second.; Upon completion
of the measurement, a signal is automatically issued from

25. the control circuit CPU to switch the switching circuit -

TDSC to' connect the same to the Signal_line Azof.the second



. lighted and an audible sound is issued by the buzzer 8. The time period
~reguired to neasure the liquid quantity for each tank is about one second.

onpl etion of the neasurement, a signal is automatically issued from
he control circuit CPU to smntch the switching circuit TDSC to connect
ame to the signal line [err] of the second - 17 - tank and to
connence a nmeasurenent on this tank in a manner simlar to the first ta

This measuring operation is repeated to the last tank of No. 5 tank and ™
then to the first tank. In- other words7 measurement 5. for the tanks is
continuously carried out in a linking manner. Therefore, if one of the tank
desi gnation butto I's then gushed down, a liquid quantity in the desig-

nat ed tank F§n¥nﬁP§aF8d°Bﬂm?H% |ﬁd?ﬁ%fBFeﬁg?Bg%?h%?lﬁtf?Pﬁ. nlts t ank pased
b dijif th - : t I t t

nunber and LLohUe DiLOD: e E8g1crlle Ligkeatph,d Apilcalgs he LI basea

digital clo er&@EHh'%g'feﬁ@&t??ptﬁy€ﬂefPéstng%d?toﬁggohes't&ﬂ%d quantity-

in one of t tan e printing ton I s pressed down when
the tank degh@nehbAntEULHENESrSASLERRD PLRSSENe s OMBrds Naméa Sishehaw@nt i ty in
the designated tank and the time are printed out by the printer 6. Further
if an- alatnfbntthe #anks pseeeﬂﬂiﬂﬂwﬁsﬁy carried out in a llnking

manner.

Therefore, if one of the tank designation buttons -

~.

5 is then pushed down, a liquid quantity in the desig- - \gi_
nated tank is indicatea on the indicator 1 together with )
10. its tank number and if the buttoh is reset,'the.indicator
1 indicates the time based on signals from the timer TM.
In other words, the indicator 1 serves as a digital
‘clock, when it is not employed for indicating the liquid
quantity in one of the tanks. . '
15. If the printing:button 7 is preesed down when'the
“tank designation button 5.has been preseed'down,'the
liquid quantity in the designated tank amd the.time.are 7
- printed out by the printer 6. o
Further, if an-alarm button 7' is pressed dowh at
20. a time when the liquid dispeneing service oéeration is
finished such ‘as at the time for cloéiné tﬁe fuel dis- -
pensing statlon,“the licuid guantity -in each tank at
that time is stored in memory by the memory circult MEC
and thus if there_is a quantity change in any tank over
. 25. a predetermined amount due to floﬁ'in of mater, robbery

or the like, an alarm sigmal is issued_from the alarm



20. a time when the liquid dispensing service operation is finished s
at the tine for closing the fuel dis- pensing station, the liquid
in each-tank-.at that tine is stored in nmenory by the nenory circuit (M
tHus if there is a quantity change in any tank over 25. a predeterm
amount due to flow in of water, robbery or the like, an .alarmsignal is
i ssued fromthe alarm - 18 - circuit ARto operate the alarm 10 which _
nay*bé installed at a suitable place such as at a guard conpany to enable a
sui tabl e counter ‘nmeasure to be taken. The alX¥8 msignal nmay al so operate the
printer 6 through the 5. control circuit CPU and printer circuit PTC to
print out the changed quantity of the liquid and the tinme. Further, if
wat er is accumul afRECRAttAR $QRPEERES theychlare 1Q@which mawke Beart 19 of
t he wat er detecting-nEﬁfs 17, 19Hﬂ£h%§£req@§ncy i nf or mati on si.gnal shows an’
10. abnormal val utBHRRHLERCAE (21 SHH RS (B2 Y Hh (2 St ff iITHR SR SRORIBY s
connected to the j{lato i | el ectric.const.ant .of ter
is very high as a%‘gu%é%if% %né%jg%:?eljf$s%%&vé % n\%l 4ulgrse o‘?o_a%eo&at]%.r}‘l’ a_l’? V% 0
for oils and air CLi : | Ayl & f¥§#%" 1 :
capacity. The detégié?!gné%‘%(ﬁé%cxﬁégb%%@ng?ﬁ?#\ or?rtalﬁl% W f\rﬁtsét}%ﬁharg: ©
audi bly be infernegnbyol i &f%&0He ‘@@faﬂé‘egfﬁi%fl G SIU A G Piprd i Rigzer
8. The renoval of water may be carried out by a conventional nanner

the changed quantity of the liquid and the time.

N ~ +  Further, if water is accumulated in Ehé tank RS to
R, reach the level of the part 19 of the water detecting
means 17, 19, the frequency information signal shows an
lO.ZaBnQrmal vaiue when the fuel dielectric constant meaéuring
means CP is conneéted to the LC oscillator OSC, since the
dielectric constant of water is very high as about 81.6
in_comparisdn with values of about 2.1 and 1.0 for oils
and air respectively, to cause a rapid increase in the
15. capacity. The detection of such abnormal information'
| will visually and audibly be informed by lighting up
{ ,. of the lamp 4 and sounding of the buzzer 8. The removal
of water méy be carried out by a conventionél manner
but according to this embodiment of:the_invention, the
20. water content in the tank can be estimated by the |
presence of the water detecting means 17, 19 to make easy
the removal operation. _
As described hereinbefore, the liquid qﬁantity
measuring apparatus attains an accurate measurement by
25. compensating with the liguid dielectric constant méaé-.

uring means a variation of the dielectric constant of the



. . ) .
but accordlng to thls enbodi nent of the invention, the 20. water content in
t09"{§nk can be estinmated by the presence of the water detecting neans 17, -

make easy the renoval operation. As described hereinbefore,  the '

kﬁﬁé?%.quantity measuri ng apparatus attains an accurate nmeasurenment by 25.
o /

ensating with the liquid dielectric constant meas- uring neans a
variation of the dielectric constant of the = -19- liquid to be neasured
and with the reference neans a variation of the response of ‘the LC -*@_
oscillator. Further, it is possible toJ%hstall the i ndi cation part at a

- position apart fron1that for the detection part, 5. |n order to centrally

one tank, pparatus ¢

conduct the data lural tanks, s et asur aci tance which is
of an anal og]déllﬁﬂo[}?‘gt? Wde'd qﬁwiﬁ&bt&fﬁ E‘d"ﬁa a?rtmelaﬁlr“'o t he

frequency inf %ﬁé%n‘“@f@ﬂe I?ab cgegl tfal tLla(;iess[ ngﬁaq___%i_ not cause any

change in t He oF ati-o ue ) ou er ances. - 20 -
CLAI M5 1. /'k‘hfaﬂﬁ?z‘ atys s &:d?saﬁhré L) fi*}&tf&iai”téﬂé/ 1Has2de s bt at |east
sald a nprising a first capacitive _ a

at a position:apart from that for the detection part,

S. in order to centrally conduct the data on-plural'
tanks, since the_measuredicapacitance which is of an
analogue_nature is cohverted near the detection part ;W\-
into thé frequency information which is of'a.digital N

nature and does not cause any change in the data

10. information due to outer disturbances.



deVice-having separate el ectrodes adapted to be nounted in 5. the tank to
al | ow passage of .the |liquid therebetween whereby the capacitance between
the el ectrodes depends on the Ievei of thetique—n-the tank, a second :
capacitive device adapted to be t ank be|OMIsaId first S
capacitive device so as to be | ’,"Hﬂ the |iquid whereb dEgéf)
10. capaci tance thereof depends on t stant of the liquid;y " al/
thirartapa0|t|ve device arranged to prOV|de a reference capaci tance val
i ndependent of the dielectric properties of the liquid, an LC oscillator
operabl e to produce an out put frequency signal ,2ga-switching device operable
to 15. connect said first, second and third capacitive devices sel ectively
to said oscillator whereby.the frequency of the output signal depends on
t he capacitance of the respective capacitiveiaIMSe, and a control box with
an indicator connected to said oscillator and operable to calculate the
quantity of 20. the. |ikmigpparahust £OK Meas@rdmar Hdief m@r@wy s:‘ﬁgrml bigwid in
to provide an |nd|cat|on of said quantity on the indicator.
appar atus as cl ai legsg| %?ntfnlimhéﬁéfirﬁ%%ﬁ%ﬁtf‘ﬁ §P‘“P§éééﬁﬂ %Ifd—rtsl*i-l g@pacitive
capaci tive devices, have substanti all he pacitance.. 25. 3. An
apparatus as cl ai fViGe cPayiRd Sfepixa%:ﬁ teﬁ(?rré%fé’ i ﬁ%tfdd&%a%rm%%ﬁ%dl"
to be nounted an¥ p tom f gﬁ% a fyor, detectin
presence of a gico ec%\ a(11ow(%>as%% %‘% a:gx?e:igagid {:heregetwegn vbhereby
the capacitance between the electrodes depends on the level
S—f. : ' of'the liquid in the tank, a second capacitive device adapted
\”( to be mounted in the tank below said first capacitive device
so as to be immersed always .in the 1liquid whereby the"
10. capacitance thereof depends on the dielectric constant of
‘the liquid, a third capacitive device arranged to provide a
reference capacitance value_independent of-the dielectric
' properties of the liguid, an LC oscillator operable to produce
an output frequency signal, a switching device operabie to
15. connect said first, second and third capacitive devices
' selectively to said oscillator whereby the frequency of the
\_ ' output signal depends on the'capacitance of the respective
Capacitive device, and a control box with an indicator connected
to.said oscillator and operable to calculate the quantity of
20. the liquid in the tank based on the frequency eignals and to
provide an indication of said guantity on the indicator.
2. Aan apparatus as claimed in claim 1, wherein said first,
'second and third capaCitive dev1ces have substantially the
same capaCitance.- |
25. 3. An apparatus as claimed inclaim1l or 2 further comprising'

a detector adapted to be mounted near the bottom of the tank

and arranged for detecting the presence of a second liquid,



4. An apparatus as cl ained |n—aﬁ7‘6ﬁ€'6T—ETarﬁg—ﬂ-to 3, wherein said
second capacitive device conpri ‘“A hol | ow cyl i ndri.cal

s arranged in concentric wﬁi“mm‘mmi“ apparatus as clainmed in

¢ of claims 1 to. 4, where sall-tm rd cépaC|t|ve device conprises a
or of substantlally fixed capacitance. 6. An apparatus as clained..
in any one of clains I to 5, wherein saldjwytchlng devi ce conprises a- ir
of relays 10. which constitute together with said third capacitive devic
and LC oscillatar a.level feeding device arranged near said first
capacitive dednfedy Gate apparatus as claimed in any one of clainms 1 to 6,
‘wherein each of said first capacitive device, said second 15. capacitive
device and a&.housi ngppacatuedalsi NPl simell t bhr dngaard toFeclavinge thae 3,
cylindrical outer configurations with simlar ‘dianmeters and are
det achabl y = odrexredie daidrsegind ovapacivive ugpvite. c8mprisesppapdtnglaty
claimed in any.one of clains 1 to 7, 20. wherein said control box.
accommodat es of heddiow &y ldindrdicalt @emmrtsoarrﬁ@gsdeqaeﬁoyceeurwonasaea LC
oscillator, a control circuit  connected. to the receiving, circuit .to

control caltd-atidh BPPArREVE| a&f qlréhkﬁ‘%iilﬁnt REYL AIE o G1a4EAL Lt ytq hér eof
b d th d t

e s pr L Ha T AR S et e v v s %°’F%’£s:’lcﬁré:su:o?o‘6%8§%a€%’§/
sai d controlag ‘Hﬂétaﬁ%laIQQ ?Q&%ﬁ?%ﬂ%a%ﬁt%h%’”Ed in claim3, wherein said

wat er

6. An apparatus as clalmed in any one of clalms 1l to s'i\j
whereln sald sw1tch1ng dev1ce comprises a pair of relaysx~J

10. whlch constltute together with said third capacxtlve device
and LC osc111ator a level feedlng device arranged near said
flrst capac1t1ve dev1ce.
7. An apparatus as clalmed in any one of claims 1 to 6,7
whereln each of sald flrst capac1t1ve device, said second.=

15-:capac1t1ve device and a hou51ng accommodatlng said third
capacitive device have cylindrical outer configurations with
similar _diameters. and are detachably connected' through

conductive supports.

¢

8. An apparatus as clalmed in any one of clalms 1 to 7,
20. whereln sald control box accommodates a rece1v1ng circuit to
d _monltor the frequency fed from said LC osc1llator, a control
c1rcu1t connected to the recelyang c1rcu1t to control
calculation of a level of liquid.in the tank and a quantity
thereof based on the frequency monltored by said rece1v1n§
. 25.c1rcu1t, and an 1nd1cator prlnter c1rcu1t to dlsplay and
prlnt out a result processed by sald control circuit.

9. An apparatus as claimed in claim 3, whereln said water



- 22 - detector. is forned as a part of said second capacitive device. 10.

An apparatus.as clained in claim6, wherein all of the elenments Yo
cqpstltutlng sai d | evel feeding deviT a comon support . ég%g;
arranged in a cylindrical housing and enbedded in an insul ating nmater

body. 11. An apparatus as cl ai ned in’lim ,mﬂﬂm” said control circuit-

S ak;g connected respectively to a !ﬂkeyboard for use in

t he put-~of information to be stored in the nenmot y *tircuit, an operation
circuit for calculating 10. liquid quantity based on |nfornat|on fromthe
receiving circuit and data stored in the memord2 eircuit, a tank designation
switching circuit for specifying a selected said tank and atimer. 12. An
apparatus as clained in claim11, wherein said nmenpry 15. circuit retains

in menory upper arfPiKKAr Ihsrrft-’rﬂfeﬁnﬁ t3 PRIF Off aéi-é e Fapani tixgedepice .

i a Mo e a'nit%{oiér‘#fegefaéﬁ%{l%Sa%’fi‘%ﬁ%éééﬁg“' i, .cmq?gr%aa”“tlty St the -
h th 0. 13. d | a
e e tPPeT ene ddildicdiing kald f&%ﬁ%‘%ﬂﬁ%ﬁ%\'{ﬁ% SaPe Gfuitea
di t t f d t i i f
Lok st ot o QR %hfhg'ﬂéﬁ?%ﬁff’?%ﬂ Hrdiddd in 9" B30 nAHthe ana

L1, wherein saigl cddledSn G Wisulatibyf Waterdanseupd to an alarm
circuit which is in turn connected to a rénpte alarmdevice to issue an

al armindi cation, 1|and abeigpdrSaidl SE Bl MEd QW lc1a@maB)SwhBrEEADER1d control

\ - _ circuit is also'connected.respectively to a memory circuit,

N .
a keyboard for use in the input of information to be stored

in the.memory circuit, an operation ciréuit for calculating
10. liquid quaritity based on information from the receiving circuit

and data stcfed in the memory ciréuit, a tank designation

éwitChing circuit for spegifying a selected said tank and a

timer. o ‘ |

12. aAn apparafus as claimed in claim 11, wherein said memory
15. ciréuit retains in memory upper and lower limit quantities

of ligquid on each tank, whereby an alarm signai is issued

”-
w

K,f from the operation circuit, when a quantity of liquid in the
B tank specified by the tank designation switching circuit .
reaches the upper or lower limit. |
20. 13. An apparatus as claimed in claim 1;, whe;eih time
information from said timer is fed to a pmintér part or
indication part of said indicator printer circuit, on actuation
"of said tank designation switching circuit.
14. An apparatus as claimed in claim 11, wherein said control
© 25. circuit is further connectéd to an alarﬁ circdit which is in
.turn connected to a remote alarm device to issue an alarm

indication, and wherein said memory circuit retains in memory



--23-_information for actuating a printer through said control circuit and
indikator printer circuit, when a quantity of the liquid in any tank

nore than a predeternrned—aﬁeuﬁ%r—whereby—rhe l'iquid quantity change;

caf pé detected 5. and printed out to ether he time thereof and a

signal inform ng such change is | ﬁblﬂﬂ&nte al arm devi ce t hrough
said alarmcircuit. 15. Apparatus substantlally aid

herei n- before described with reference to and as |IIustrated in the 10.
~acconpanyi ng drawi ngs.

- 23 -

information for actuating’ a printer through -said control
_circuit ana"indicator printer” circuit, when.a quantity of

- the ligquid in any ta;.ql';'. varies more than a  predetermined
amount, - whereby the liquid quantity change~can be detected
5. and printed_out together with the time thereof and a signal

.informing such change is issued by~seid remote alarm device

o~

‘through said alarm circuit. ;d{'
'15. Apparatus according to claim 1, substantially as herein-
before described with reference to and as illustrated in the
10. accompanying-drawings.~' |
C
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