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ABSTRACT OF THE DISCLOSURE

Axially aligned coils surround a tubular container. The
seH-inductance of each coil changes as a conductive liguid
column fills the tubular spaces within the coils. The self-
inductance of each coil is sequentially compared with
that of a reference coil.

The invention described herein may be manufactured
“and used by or for the Government of the United States
of America for governmental purposes without the pa}-
ment of any rovalies thereon or therefor.

The present invention relates generally to the deter-
mination of liquid levels and relates more specifically to
a method and apparatus for detecting the position of and
variations in the liguid level of a conductive fluid in a
closed, opaque comainer.

Many of the present prior liguid level indicating sys-
1ems have the same general disadvantages. Most are slow
responding to variations in the liquid level detected. They
also provide poor resolution of the positien of the liquid
interface within a particular segment of the conlaining
vessel. Finally, most have very poor control capability
when interlocked in a complex control system,

In addition fo the above general disadvaniages, the
prior liguid level determining devices have disadvantages
which are inherent in their construgtion, For example,
one prior liguid level determining device comprises elee-
trical contact probes which sense liguid level changes by
completing electrizal circuits. These electrical contact
probes must peneirzte into the containing vessel and are
affected by the .conductance of liquid metal vapors. In
addition, they are subject directly to corrosive attack by
highly corrosive materials, There are also resistance
probes which sense liquid level changes through resistance
changes. These also must penetrate into the wvessel and
are unduly sensitive to variations in temperature. Radio-
aclive devices detect liquid levels by emplo}mz high

energy radiation to which the contaifiing vessel is trans-

parent. These radioactive devices are slow responding
to changes in liguid level and have poor resolving tapa-
bilities. Sonic deviczs are_ also provided and depend or
the refiection or transmission of sonic vibrations. These
sonic devices also require penetrations into the container,
are difficult to calibrate, and reguire elaborate arrange-
ments -for sending and receiving signals. Prior self- or
mutual-inductance probes which utilize changes in mag-
netoelectric properties are also nsed to sense changes in
Jevel. These induciance probes require peselrations into
the chamber and uwsually require such fine geometrical
configurations that they are adversely aﬁected by lead in-
ductances and bigh temperatures.

In the pre<e~xt apparatus, a tubblar container is pro-
vided which is suitable for comammg the particular liquid
metal or other Liguid the level of which is to be detér-
mined and conm_mously sensed. A plurality of inductor
coils ‘are arranged in axial 2lignment and coaxiplly with
the tubular coniaiper so that each coil corresponds to 2
particular tubular segment of the container. The tubular
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container is orientated so that the liguid metal will form
a liquid column filling at least some of the fubular seg-
ments. As the ¢conductive liquid fills the tubular spaces
within the coils, their self-inductance changes.

One coil which will generally always have the same
self-inductance is used as a reference coil for comparison
to the seif-inductance of the remaining coils which are
test coils. Swvitable apparatus is provided for sequentially:
comparing cach of the test coils to the reference coil.
Indicating circuits, cne corresponding to each of the test
ceils, are provided. As each test coil is examined, its cor- -
responding indicator circuit is energized if the inductance
comparison determines that the liquid fills the particular
segment defined by that coil by more than a predeter-
mined amount. A hoelding circuit is provided to maintain
the indicator circuits energized during a scanning cycle so
that the liquid level is indicated pictorially by the ener-
gization circuits, particuiarly if they have indicalors ar-
ranged in 2 vestical line at intervals cerresponding to the
tubular scgments associated with the test coils. The se-
quential examination of the inductance of each of the
test coils is continuously repeated uniil the system is shut
off or until a suitable swilchinz device is actuated to place
a stlected coil in an incremental readout circuit for de-
termining the height of the liquid level within that par-
ticular scgment alone. At the introduction of the incre-
mental readout circuit, the cyclic sequential scanning of
the remaining inductance coil stops and the entire system
is shut down until after the incremental determination
of liquid level within the selected coil has been accom-
plished.

The present system has the advantage thet peaetrations
into the containing vessel are not required, The system
is not affected by metal vapors. The inductance coils are
not subject 1o corrosive altack because they can be pro-
tected by suitable encasement or by the containing vessel
when the coils are disposed around the outside of the
vessel. In addition, good resolution is provided by the
present system and can b2 designed for the needs of each
application by sclecting the proper number of coils. Fur-
ther, the present system is relatively insensitive to fluctua-
tions in temperature since the inductances of the coils are
not uffecied appreciably by changes in temperatures of
the conduclive Hguid within its core space.

Accordingly, an object of the present invention is to’
provide a new and improved apporatus for determining .
the presence of fluids within a container. ’

Another object of the present invention is to provide
a new and improved apparatus for determining liquid
level within a coniaining vessel and for providing 2 con-
tinoous indicatfon of variations in that qumd Jevel

S:ll another object of the present invention is to pro-
vide a new and improved sysiem for indicating levels of .
quuids of high temperature, parzicularly those of a cor-

rosive nature,

Yet another object of the present invention is to pro-
vide a new and improved system for determining the
level of a conduciive liquid within 2 necessary opaque
container and providing' a continuous visual indication
of that liguid level and dny variations in the liquid level,

A further object of the present invention is to provide
2 new and improved method of dﬂterm:mm the psesence
of a fluid within a vessel.

Other objects and a fuller undzrstanding of the inven-

“ticn may be had by referring to the following descrip--

tion and claims taken in conjunction with the acccmp:iny..
ing drawings in whichr .

FIGURE 1 is an elévational view, in Ixmcnudmal cross-
section showing the relative arrargement of a tubular
coniainer and the reference and ..:tmﬂ coils umszeﬁ in’
i€ presenl apparatus,
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FIGURE 2 is 2 block daigram of 2 contm! system of
‘the present invention.

FIGURES 3-§ are across-the-line diagrams of a spe-
cific ¢embodiment of the control s»stcm shown ia FIG-
URE 2

Referring now to the drawing, a lxqmd sensing unit is
provided which inclndes a tubular coniainer 11 and 3 plo-
rality ‘of sensing or testing coils 14-20. The present
sensing unit is intended for operation with any conduciive
liquid and is particularly suitable for liquid alkali metals,
A liguid column 10 shown filling tic poriions of con-
tainer 11 that are surrounded by coil assemblies 17-20.
The tubular container 11 is an elongated c¢ylindrical tube
of a material suitable for the liquid 10 whose level is

to be sensed and indicated. The material for the tubular

container 11 may be any one of a number of different
materials, metallic and non-metallic, depending upen the
requirements dictated by the type of liquid 16 whose
level is 1o be sensed. As an example, in cperational tests
ran with mercury at temperatures ranging from 70° to
600° F., the tubular container material was stainless steel
and HS25, a high strength, corrosion resistant alloy.

The tubular container has u Jower outlet end opening
12 and an upper inlet end opening 13 which will be in
communication with a large vessel'or a clesed loop con-
taining more. of the liquid. The tubular container is dis-
posed preferably in a vertical position on ihe vessel such
that the liquid level within the vessel will always be dis-
posed Detween the outlet and inlet ends 12, 13 of the
tubular container 11 in @ manner similar 10 water level
indicators_for hot water boilars. An interface 19 of the
liquid column is therefore disposed between the ends 12,
13 of the tubular container 11.

‘The size of the tubular container 1 will also vary with
the particular application in which it is nsed. As an ex-
ample, in the.test run using liquid mercury, the tubular
container used has an outside diameter of one inch, a
wall thickness of 0.035 inch and a length of 2 feet.

The coil assemblies 14-20 are each. physically and
electrically identical. As shown in connection with coil
assembly 14, the coil assemblies 14-20 each include a
coil spool 21 and a wire coil 22. Each spool 21 incindes
a tubular portion 23 and flange portions 24, 25 extending
radially from the ends of the tubular portion 23. The
spool material will be determined by the requirements of
each apphca‘.xon <G that it is compatible with the induct-
ance characteristics required of the coil assemblies and
the temperature of the liquid. In the tests using mercury
and a stainless steel tubular container, porous zlumina
was found to be a suitable spool material.

The inside diameter of the tubular pofiion 23 of each
spool is sized 1o closely telescope over the oulside surface
of the tubular comtainer 13. The spools are preferably
of equal height sc that the coil assemblies represent equiv-
alent integral units of the total columnar height 10 be
monitored. As an example, in the tesis run with the stain-
less steel tubuiar container of 2 feet in length, each of
the spools 21 were 2 inches in height so as 10 reguire 12
coils to complezc!y cover the tubular container 11.

The wire coils 22 are wound on the spools 21 with
care to assure that each coil asscmbh will be zs identical
as possible in -electrical characteristics, particularly their
se‘lf-inductances. As an example, in-the fesis run with
heated mercury as the liquid, each coil assembly inclnded

. one thousand turns of wire of a 24 AWG size. The seif-
inductance of each coil with an air core was determined
to bz 1.7 millihenrys. A suitable conductor wire is a nickel
clad copper with a ceramic insulation. A preferred insu-
Iating matesial for the condnctor wire is the ceramit ma-~
terial, becaus¢ it maintains its insulating qualities for
extreme temperatures, e.g. 700° F. :

As shown in FIGURE 1, the coil assemblies 14-20 are
telescoped over the tubular contaiver 11, so that they
are aligned and are co-axial with the tubular container

11. The coll assemblies 15-20 are stacked in abutment
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between the lower and upper ends 12, 13 of the con-
tainer 11. The coil assemblies as placed. in this closely
assotiated relation provide complete coverage of those
portions of the tubular container betweén the minimum’
and maximum expected level limits defined by the stacked
coil assemblies. 15-20. In anocther embodiment (not-
shown) the coils 14-20 are stacked within the tubular
container and excased within a suitable hezt and cor-
rosion resistant material.

One of the coil assemblies is chosen as a reference coil.
The self-inductance of the reference coil is compared
against the self-inductances of the remaining coils, the
latter being designated as testing or scnsiag coils. The
reference coil chosen is one which is in such a position
that its self-inductance does not change appreciably for
all variations in the height of the liquid column 10. In
the preferred arrangement shown, coil assembly 14 is
designated as the tesling of sensing coil because it is
disposed adjacent the upper end 13 of the tobular con-
tainer 11 and is beyond the reach of the liguid column

Lo

10, In other words, excepl under unusual circumstances,

_the liguid columa will not enter into the columnar space

within the confines of the coil assembiv 14. The remain-
ing testing coil assemblies 15-20 are placed arcund those
portiens of the tubular container 11 which will assure
coverage of all variations in the level of the liquid column
10:

Referring now 1o FIGURE 2, a block diagram of a
control system 30 is.shown for detecting the level of the
liquid column 26 by means of the coil arrangement shown
in FIGURE 1. The control system 30 includes an im-
pedance comparator circuit 31 having a *first input con-
necied to the reference coil 14 as is indicated by the line
32 and a second input connected 10 one of the test coils
15-20 (coil 17 being shown as an example) as is indi-
cated by the hine 33, The system further includes a control
rchy circuit 34, an auxiliary relay circuit 35, an mdlcat-
ing relay circuit 36, a rotary slcppmg smtch 37, an in-
terrupter circuit 38, an indicator circuit 29 znd a cop-
troller circuit 40, The indicator cirenit 3% includes indi-
cating lights L1-L& #rranged in a vertical column so as
to correspond to the test coil assemblies 15-20 respective-
ly. An incremental indicating meter 111 is included to

‘provide a scale reading of the degree to which any given

coil segment is filled.

The function of the control system 39 is to compare
the self-inductance of each of the test coils 15-20 to the
seif-inductance of the reference coil 14, If the self-in-
ductances differ between a test coil and the reference
coil 14, then the control system 34 lights the correspond-
ing light in the indicator light circuit 39 to indicate that
the liguid column 26 fills the segment of the container
11 within a corresponding coil assembly by more than a .
predetermined amounl. The coils are sequentially come-
pared 10 the reference coil so that the indicator lights
corresponding 1o the coils which surround container seg~ .
ments filled by the liquid column will be energizéd to

‘provide a vertical indication of liquid column height. In -

the cxample shown in FIGURE 1, the liguid column
10 fills the container segments defined by the test coils
18-29 and part of the test coil 17. Indicator lights L3-Lé§
corresponding to the coils 17-20 will be energized as
long as the liquid level remains within the segments of
the container surrounded Dy the coils 17-20. The system .
30 cycles in that it conlinuously repeats the sequential
connection of the test coils to the impedance comparator.’
31 so that changes in the liquid-colurn level will be de- .
tected and indicated by the indicator lights LI-L6. - -
In the control sysitera of FIGURE 2, the rBlafy sXep :
switch 37 connects the test coils 15-20 one at a time in
the sequence of their stacked order to the input of the

. impedance compdrator 31 each time it receives 2 stepping
“impulse from the interrupter circnit 38. This is diagram-

matically indicaied by the ne 42, The mtemjpt’r circnit -
38 is arranged fo run continsously uni stopped and pro-
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vides sjepping impulses continuonsly to the rotary step
switching circpit 37 as is indicated by the line 43. The
impedance comparator 31 compares the self-inductance
of each test coil 1o the reference coil 14. If there is no
difference in the self-induciance of the coils, as when

" there is no liquid within the particular test coil contdected,
then thé impsdance comparator 31 provrdes an appropri-
ate signal to the cootrol relay 34 as is indicated by the line
45. For the purpose of clarity of explanation, this signal
will be termed 2 *“YES” or “SAME” signrl indicating
that the self-inductances of the test and reference coils
are the same or nearly so. I the self-inductance of the
test coil differs by a predeteninined amount from the
self-inductance of the reference coil, then the impedance
comparator provides a “NO™ or “DIFFER"™ signa] to the
control relay circuit 34.

Each time the rotary Stepping switch 37 connects an-
other test coil to the input of the impedance comparator
31, it also connects another corr..spondmg indicating re-
lay from the indicating relay circuit 36 in an energxzmg
circuit which must be completed by the control relay ¢ir-
cuit 34, Line 47 designates this connection between the
sxeppmg switch 33 and the indicating relay circuit 36.
The relationship between the control relay circuit 34 and
the indicating relay circuit 36, as is indicated by the line
49 is such that the control relay circuit finally connects
the indicating relay selected by the rotary step switch
37 to an energizing supply if the impedance comparator
3] provides a “DIFFER” signal to the control relay cir-
cuit 34 for the particular test coil being examined. In
other words, an indicating relay is energized if the self-
inductance of the corresponding test coil differs by a pre-
determined amount from the self-induciance of the refer-
ence coil 14. The indicating relay selected from the in-
dicating relay circuit 36 makes an energizing circuit for
the indicator light corresponding to the selected test coil
and aizo a holding circuit for maintaining the corre-
sponding light encigized, as is indicated by the line 50, if
the control relay circuit 34 provides the “DIFFER”
signal.

Each time the rolary step S’WNCh circuit 37 conpects
a different test coil to thé input of the impedance com-
parator 31 and a corresponding indicating relay in a cir-
cuit for energ;zauon, it also connects a corres;mndmg
auxiliary relay in a circuit 1o be energized as is indicated
schematically by the line 48.

When energized, an auxiliary relay in the suxiliary re-
lay circuit 35, breaks the holding circuit for the corre-
sponding indicating relay in relay circuit 36 thréugh the
line 51. Energxzatmn of the selecied corresponding auxil-
iary relay in the relay circuit 35 is controlled by the con-
trol relay circuit 34 as indicated schematically by the line
52. The control relay circuit 34 connects the auxiliary re-
lay circuit 35 to an energizing supply each time the contrel
relay receives a “SAME” s:gna! {rom the impedance com-

parator indicating there is ne dxfference betwen  seif- .

inductances of the test coil and the reference coil. Thus,
if the seif-inductance .of the test coil does not differ from
the reference coil, then the auxiliary relay corresponding
to the selected test coil is energized and breaks the hold-
ing circuit for the indicator light for that particular test
coil. As the system cycles, it is continuously rechecking
the .liquid level and energizing those lights necessary to
indicate mew higher levels of the liguid or decnergizing
the lights necessary {o show drops in the jevel of the
liguid 10,

The imerrupter circuit 38 is also connecxed to the con-
trol relay circult 34 as is indicated by the line $3. The
interrupter circuit permits the control relay circuit 34 to
cohnect or disconnett the znergizing circuifs for the auxil-
iary. relays in circuit 35 and for the indicator rejays in
circuit 36 after it provides a stepping impulse to the ro-
tary step switch 37. This assures that the relays in the
indicator and ayxiliary relay circuits 36, 35 will not be en-
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ergized vmil after the selected test coil is connected fo
tke impedance comparator 31.

The auxiliary contrller circuit 40 is connected to the
indicater relay circuit 36, The auxiliary controller cir-
cuit 48 provides for further centrol of equipment as-
seciated with the present liguid level sensing apparatus.
The amxiliary controller is cperated by suifable control
elements in the indicator relay circuit 36, ¢.g, the con-
tacts of the indicator relays.

Referring now to FIGURES 3-5, a specific illustration
of the conuwol system 30 is shawn in detail. Wherever
pracucz::%c, conventional electrical nomenclature for
across-the-Jine diagrams has been used to designate the
elements of the control system 30 to assure simplicity of
illusiration. In FIGURE 3, the impedance comparator 31
includes @rst input terminals 61, 62 connected to the ref-
erence coil 14, second input terminals 63, 64 connected
to conduciors 65, 66 for connecting the test coils 15-20
sequentizily 1o the comparator 31. Internally, the compara-
tor 31 inciudes a normally open switch contact IC (indi-
cated in broken Hines) connected between ompm switching
terminals 67, 68. The switching terminal 67 is connected to
a-relay coil RD which in turn is connected to a 250 volt
supply through a resistor 69. Each time the seif-induct-
ance of one of the test coils 15-20 connected across the
conductors 65, 66 does not differ from the self-inductance
of the test coil 14, the impedance compara!or 31 closes
its pormzlly open contact IC to encrgize the relay coil
RD and-to provide the “SAME” signal.

The impedance comparator compares the mductances
of the coils by imposing an audie frequency voltage acress
the referénce and test coils and determines any differences
in the inductances by means of a null-balance, If there is
a null-balance, then it closes its contacts IC to energize
the reizw coil RD. There is an optimum frequency at
which the comparison of the coils shouid be carried out.
This optimum frequency must be determined for each
par’m,uﬁ application and depends on the physical dimen-
sions of the coil inducters 14-20, the diameter and wall
thicknesses of the tubular container 11. One suitable im-
pedance comparator usable in the ccntrol system 30 is
model 1605A by Géneral Radio Corporation. The opti--
mum frequency used in the operational tests run with
liquid m:er“t;ry' was 10 kilocycles.

Each of ibe test coils’ 15-20 has ene side connected

. to the secondary inpul conductor 66. The other sides of

55

70

the test coils 15-20 are connectable to a conductor 70 via
the normally closed contacts of push button switches $1B
to S6B znd normally open contact T1B through T6B. The
test coils 27e connected to conductor 65 via the conductor
70 which is connécted to the secondary input conductior
65 throsgh a normally closed contact RV

Referring to FIGURE 3, a pair of supply lines 71, 72
are cogmecizd 10 a svilable 120 veli alternating current
source for providing power to the control system 38. A
starting <ircuit 73 is connected across the supply conduc-
tors 71. 72. The starting circuit 73 includes a starting
relay coi? RS, normally open start conmtact 74 and a nor-
mally closed stop contact. 75 in series. A normally open
contact RS2 operated by ife relay coil RS is connected
in parale! with the stant switch 74 to provide a maintain-
ing circoit for the starting circuit 73. A normal}y open
contact RS operated by the starting relay RS is provided-
for conrizcling a holding circuit supp!y conductor 76 to
the supoly conductor 71 when the coil RS is energized.

The imterrupter circuit 33 is connected acioss the sup-
plv line 72 and the holding supply line 76 and-inciudes a
normally: closed contact RV2 and motor circuit 77 of a
timer TXC. The timer TRC has a one second repeating
cvele and Is equipped with two (fovr notch) break out
cams 78. 79 10 provide possible one gquarter second
closores. A suitable timer is 4 Hagen Model No. 72. As
shown by ihe broken lines 80, 81, the cams 78, 79 opesr-
ate normally open contacts P1, P2. The cam 78 has one
noich broken out so that it closes the contact P1 for one
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quarter second ont of ecach one second repeating cycle.
The cam 79 has two adjacent notches broken out so that
it closes the open swiich contact P2 for one-hatf second
out of each one second repeating cycle. The break out
portions removed from the cams 78, 79 are such that
the zam 79 closes the contact P2 for cne-half second and
the cam 78 closes the contact P1 for a quarter second as
the contact P2 is Gpening when the timer TRC is oper-
ating. This may be secn by imagining that the cams are
rotating in a counterclockwise direction. The timer, when
connected across the supply Hnes 71, 72 is running ¢on-~
tinuously causing the cams 78, 79 to make one complete
" cycle cach second so that the contact P2 is closed for a

10

half second, the contact P1 is closed for the next quarter .

second, and both contac:s P1, P2 are open for the final
quarter second.

An incremental liquid level readout control circnit 83

is connected across the supply lines 72, 76 and includes a
relay coil RV in series with parallel connected normally
- open contacts of push buiton switches StTA-SoA. The
normally open push button switches SIA-S6A are me-
chanically interlocked with the push buiton switches
51B through S6B so that whea one of the push bulton
switches S1A-S6A are closed, a corresponding push but-
ton SIB-S6B i5 moved 10 open iis normally closed con-
tact and close its normally open contact

An indicator relay supply circuit conductor 86 is con-
neciable to the supply conductor 76 via a normally
closed contact RC2, the normally open contact P2 and a
normally closed contact RV3. An auxiliary relay supply
circuit cenductor 87 is connsctable to the supply line
conductor 76 through a normally open contact RCI, the
normally open contact P2, and the normally closed con-
tact RV3.

A plurality of auxiliary relay circuits having auxiliary
relays IRA-SRA are connected through normally open
contacts TIA-T6A from the supply conducter 72 to the
auxiliary relay supply circuit conductor 87. A plurality
of indicating relay circuits having indicating relays IR-
6R are connected from the supply line 72 to the indi-
cator supply circuit conductor 86 through normally open
contacts TI-Té respecmeiy The indicuting relay cir-
cuits include holding circuit conductors 91-96 respectively
which are conaected from between the indicating relays
1R-6R and- the normally open contacts TI-T6 to the
holding supply circuit conductor 76. The holding circuits
91-96 include normally open indicating relay contacts
1RI-6R1 and pormally closed auxiliary relay contacis
1IRAI-6RA] respectively.

A continuation of the control circuit 30 is shown in
FIGURE 4. The control relay circuit 34 is connected
across the supply lines 72, 76 and includes control relay
coil RC and normally open coatact RDY which is oper-
ated by the rélay RD in the impedance comparator out-
put circuit..

The rotary stepping switch 37 is connected across the
supply lines 72, 76 and inctudes a normally closed contact
RV4 operated by the incremental readout relay RV, the
normally open pulsing coniact Pl, and 1he siepping sole-
noid RSS of the rotary siepping switch 37. The rotary
stepping switch 37 has the contzcts T—T6, TIA-T6A
and T1B-T6B arranged in thres costact banks' respec-
tively so that corresponding contacts in each bank are
being simultaneously closed as the stepping swilch is
caused to cycle by stepping impuises energizing the step-
ping solenoid RSS. In other words, during the stepping

- process, the first bank of contacis T1~T6 which are pon-
bridging contacts, steps T1 through T6 and then returzs to
ceaiact T1 by way of an OFF normal spring arrange-
ment, 93. Simultaneously, the bank of contacts TIA-T6A,
which are ulso non-bridging contacts, steps T1A through
T6A and then returns to T1A by way of the same OFF
normal spring 98. Agein simultaneously, the third-bank
of contacts T1B through T6B and thep returns to T1B by
.way of the OFF normal spnng 98. A suitabie stepping
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switch is an Automatic Flectric type 45 with IBIC inter-
rupter spring and 2C OFF normal spring.

A plurality of indicater circnits 181106 are connected
across the supply lines 72-76. The indicator circuits 101~
166 include the indicator lights LI-L§ in series with nor-.
mally open contacts 1R2-6R2. respeciively. Each of the
indicator lights L1-L6 is opposite a corrésponding push-
button 51A-36A on an indicator panel designaled by the
breken lines 55. The indicator lights L1-1$6 are prefer-
ably ‘arranged in a veniical column in closely adjacent rela-
tion on the pancl 35. The indicator lights are covered or
otherwisc made opague except for vertical translucent
lines of bright color, e.g., ned. The lines of all the in-
dicator }uza!s are aligned and form a continuous indicator
line which graphically depicts a liquid column. Preferably,
the numbers 1-6 are inscribed on the mdnca{or lights
L1-L§, respectively.

Refemng to FIGURE 35, an mcrcmemal readou! meter
circuit 110 is connecied across the secondary input con-
ductor 65, 66 and includes a normally open contact RVS
and an incremental liquid Jevel readout meter 111, The
meter 111 provides a scale reading in terms of the dcgrce
10 which ciach coll segment of the tubvlar container 11 is
filled with liquid. Preferably, the incremental readout
meter is a vertical meter, a volt meter in the arrangement
sho“n suitably connecied to the control system to provndc

@ scale reading in terms of the degree to which a festing
cox] assembly segment of the tubular container is filled
with liguid, .

Operation

Opcmuon of the interrupter circuit 38 js initiated by
closing the starl switch 74 to energize the start relay coil
RS. The cnerpized relay coil RS closes its contuets RS,
RS2. RS2 seuls the start switch 74, The closed contact
RS1 connects the supply circuit conductior 76 1o supply
circuit conductor T1. The timer inetor 77 is energized
and bégins rotating the cams 78, 79 in a counterclockwise
diréction. .

Initially, the number one contacts T1, T1A, T1B in the
three contact banks of the stepping switch 37 are closed.
The closed T1B contact connezts the test coil 15 1o the
secondary input terminals 63, 64 of the impedance com-
parator 31. If the liquid is not within the segment of the
tubular container 13 within coil 15 then the self-induc-
tance of the coil 15 does not difler from the self-induc-
tance of the coil 14 and the :mpedaﬁce comparator con-
tact IC closes 10 energize the re! ‘ay coil RD. The relay
coil RD closes its contact RD1 in the control relay cif-
cuit 34 to energize the control relay RC. The control relay
RC closes its contact RC1 in the auxiliary relay supply
conductor 87, Opefis its contact RC2 in the indicator
relay supply circuit conductor 86, The closed contact
RC1 permits the auxiliary relay coil 1RA to be energized
through the closed coniact T1A as soon as contact P2
closes. The auxiliary relay coil IRA opens its contact
IRA1 which would break the holding circuit 91 for the
indicating relay 1R had the md:cmmg rehy been en-
ergized and held during a previous scanning cycle. The
cam 79 rotates ong guarter turn and closes the nermally
Open contact P2 for one-half second. .

The open contact RC2 prevents the indicating coil IR
from being energized through the now closed contacts
Ti and P2. The indicating relay coil 1R not being ener-

gized, does not clese its contact 1R2 in the indicator light

circuit 101 so tha: the indicator light L1 remains de-
energized.

If the liquid 16 fills the segment of the tubu!ar con-
tainer 13 within the test col 15 by more than a préde-
termined amount, so that the sélf-inductance of the test
coil 15 differs from that of coil 14, then the impedance

--comparator contact ¥C remains open and the coil RD

ki

remains de-energized. The control relay circuit 34 is mof
energized- and the contacts RC1 and RC2 remain opened
and closed, respéctively. The contact T1 is in its initial
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closed condition and the Indicating relay coil 1R is con-
nected across the supply lines 71, 72 for the half second
period that the pulsing contact P2 is closed by the inter-
rupter circuit 38. The indicating relay coil IR closes its
_conitacts 1R1 and IRA. The closed contact 1R2 completes
the indicator light circuit 181 and energizes the indicator
light LL. The contact 1R 1 closes to form a holding circuit
for the indicaior relay coil IR across the conductors 76,
72 s0 as to maintain the indicator light L1 energized since
the auxiliary relay coil 1RA cannot be energized to open
its contact 1RA1 through the open contact RCE.

At the termination of the one-hulf sccond closure pe-
riod for the pulsing contact P2, the cam 79 opens the con-
tact P2 as the cam 78 closes the pulsing contact P1. The
closed pulsing contact P1 thus places the stepping solencid
RSS across the supply conductor 76, 72 and the rotary
stepping switch sieps its three banks of contacts to their
néxt numerical or scquentin]l position so that contacts
Ti, TiA, TIB open and contacts T2, T2A, T2B close.
The contacts T2B connect tcs!inz coil 16 across the com-
parator input terminals 63, for comparisen with the
reference coil 14,

The system pauses for a quarter of a second until the
cam 79 again closes the pulsing contact P2. During the
quarter second pause, the impedance compantor is com-
paring the impedance of the selected coil to the imped-
ance of the reference coil 14, If the self-inductance of the
test coil differs {rom that of the reference coil 14, then
the impedance comparator contact 1C 1remains open end
the indicating relay 2R is energized to encrgize the corre-
sponding indicator light L2 and close its holding circuit
92 as soon as contact P2 closes. If the self-inductance of
the test coil does not differ {rom that of the reference coil
14, then the indicating relay 2R is not energized and the

indicator lieht L2 remains dark, The contacts TiB-T6B.

are bridging contacts. In other words, the previous closed
contact e.g., TIR, opens after the succeeding contuct, e.g.,
T2B, closes. The testing coils are thus imerted or con-
nected to the secondary input terminals 63, 64 of the im-
pedance comparator by a “make-before-break™ contact
arrangemest which avoids transient current surges.

As Jong as the starting circuit 73 is- closed, the timer
continues to run stepping the rotary stepping switch 37
every second to sequentially compare the test coils 15-20
to the reference coil 14, For each segment of the con-
tainer tube 13 filled or at least partially filed by the liquid
190, a corresponding indicating relay IR-6R is encrgized
to énerpize a corresponding indicator light L1-L6 so that
the height of the liguid column can be determined by
viewing the indicator lights Li-Lé. The scanning cycle
performed by the stepping switch 37 repeats continuously
as long as the starting circeit 73 is closed.

Each time the scanning cycle is repeated, the testing
coils 15-20 are again examined and if the level of the
Tiquid has changed during the interim, the indicator lights
L1-16 will remaia energized or be de-energized accord-
ingly. For example, if during one scanning cycle, it is
determined that the liquid !evcl 18 within the coils 17, 20
and ona snbscquem scanning ¢ycle it is determined that
the liquid Jével has dropped to within the test coils 1828
only, then the indicator light 1.3 corresponding to coif ¥7
will be de-energized on a subseguent scanning cycle and
the indicator lights 14-L6 corresponding in the testing
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coils 18-20 will remain energized. The indicator light L3

is de-energized on the snbsequent scanming cycle because
when the coil 17 is again compared to the reference coil
14, their self-inductances are substantialy the same 2nd
the impedante comparator contact IC closes energizing
relay coil RD which cleses its contact RC1 and the. con-
1act. RC2 opens. The auxiliary relay supply circuit con-
ductor 87 then connects the auxiliary relay coil 3RA
across the supply lines 71, 72 through thz now closed con-
tact T3A to open its codftact 3RA1 ir be holding circnit
94 which was closed on the previous scanning cycle when
the liquid columun was disposed within the coil 17. The
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holding circuit for the relay coil 3R having been broken,
#s conlact 3R2 opens and de-energizes the indicaior
light L3,

Should it be desired to examine the exact level of the
lieuid column within a particular segment of the. tubular
con‘:aim:; 11, the scanning cdcle is stopped by selecting
the push button which corresporas 1o that segment. For
example, if it is desired to determine the exact height of
the liquid column within the testing ceil 17, then the push
button S3A is pushed 1o close its normelly open coniacls
which opens the normally ciosed contacts of the mechani-
cally intereonnccted push botton switch S3B and closes
the normally open contacts of the latter switch. Closing
the push button switch S3A energizes the incremental
readout relay RV and it opens its coatacts RV1, RV2,
R¥3, and RV4, and closes its contacts RVS, The open
contacts RV1 disconnect the conductor 78 from the con-
ductor 65 in the testing coil circuits shown in FIGURE §.
The open contact RV2 de-enernizes the interrupter circuit
38 so that the timer TRC stops. The open contact RV3
assures disconncction of the auailiary reluy sapply circuit
conductor 87 and the indicator relay supply circuit con-
ductor 86 from the main supply conductor 71. The opened
contact RV4$ assures disconnection of the rotary stepping
switch 37 during the incremental readouwt. The closed
contact RVS connects the incremental-readout meier 111
across the coil 17 via the now closed normally open cen-
tacts of the push button switch $3B and the circuit con-
ductors 65, 66. The scale of the meter 111 then gives a
reading in terms of the degree to which the liguid level
fills the coil 17. Thus, the scanning cycle can be stopped
at any time o determine the degree to which any particu-
Inr segment of the tubular container 11 is filled by de-
pressing the push button which corresponds to that seg-
ment.

The present invention is thus believed to have several
advantages. The inductor coils 14=20 ase not reguired 10
penetrale into the containing vessel but can be placed
around an outside surface or entirely within the vessel if
desired. The plurality of stacked inductor coils provides
good resolution. In the tests involving mercury, one-cighth
inch changes in the mercury level were casily detected.
The response time of the incremental indicator to changes
in liquid level whs extremely fast and nearly instantane-
ous with rercury level changes in the liquid column.

The system may be used with very high temperature
liquid metals. The maximum temperature of the sysiem is
probably limited orly by the materials used ia the induct-
ance coils. The usc of the plurality of test coif inductors
provides for wide spans in detectable level changes and
also afidrds relisble interlocking with other systems for
further contro} porposes. The inductance coils also form
a heat insulator or barrier arcund the contziner and do
not contact the liquid. Finally, the system is relatively
insensitive to influctustions in the xcmpc atere of the |
liquid.

Although the invention has been described in its pre-
ferred form with a certain degree of particularity, it is
understood that the present disclosuse of the preferred
form has been made only by way of example and that
numerous changes in the details of construclion and the
combination and arrangement of paits may be pesorted 1o’
without depanting from the spirit and ihe scope of the
invention as hereinafter clazmed. ‘

What is claimed is:

1. An apparatus comprising:

(a) 4 tubnlar member dcﬁmﬂo an elongated fuid re- .

ceiving cavity;

{b) a plurahty of inductive coils disposed amund and
along said cavity with each coil surreunding different
portions of the cavity; and, )

{cy impedance comparison means selectively connect-

able to each mf thé coils 1o messure the inductance
in each coil and to compare the inductive character-
istics thereof with a constant reference so as to indi-
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cate the presence of conductive or non-condective
fivid in the cavity.

2. Xn apparates comprising:

(a) a tubular member dzﬁmng an elongated fluid receiv-
irg cavitys

(b)Y a plurality of sendag caﬁs disposed around and
along said cavty with each sensing coil surrounding
a different test portion of said cavity so that the in.
ductance of each vorl is affected by the conductivity
of the fluid within its portion of the cavity:

{c) a reference coil surrounding a reference portion of
said caviry wherbin the conducivity of the fluid with-
in 1.2 feference portions of the cavity remains sub-
stantially constant reiative to the conductivity of the
fluid within sa'd test portions of the cavity; and,

{d) impedance comparson means connected to said ref-
erence coil and being sclectively. connectable to-said
sensing coils individuaily to compare the inductive
characteristics of said sensing coils to said reference
coils and thercby semse changes in the conductivity
of fluid in cuch of the tost poriions of the cavity,

3. A fluid Jeve] indicating appatalus comprising?

(8} a tubular member dcfining an clongated fluid re-
Leivine cavitys

tb) a pluraiity of seasing devices disposed along said
cavily and being opersinely assotiated with different

portions of said tubular member so that the inductive.

characteristic of each device is affected by the con-
ductivity of the fl;ad within the cavity defined by its
portion of the tuhular member;

(c) onc of the scnsing devices being operatively asco-
ciated with a portion of said tubular member such
that the condustivity of the fluid within the cavity
defined by its portion of the tubular member remains
substantinily comians: and,

{d} compurison means connected 10 said sensing devices
and wmpmnng the inductive: characteristics of said
one device selectively to the inductive characteristic
of the other devices ‘sshrrcby&hc fevel of conductive
fiuid within the cavity s determined.

4. A fluid level indicating apparatus comprising:

(a) a tubular momber defining an clongated fluid re-
ceiving cavity;

fb) a plurality of sensing devices dx\postd along said
cavity and being operatively associated with different
portions of said tubular member so that the inductive
characteristic of each device is affected by the con-
ductivity of the fluid within the cavity defined by its

" portion of the tubular member;

_{c) one of the sensing devices being operatively asso- ;

ciated with a portion of said mbular member such
that the conductivity of the fluid within the cavity
defined by its portion of the tubular member remains
substantially constant; ’

{d) indunctance comparison means connected to said
sensing devices and comparing the inductive charac-
teristics of said one sensing device to the induclive
characteristies of said other sensing devices: and,

{e) indicator means having a plurality of indicator out-
puts corresponding t6 smd other sensing devxces, said
indicator means being operatively responsive 1o said
comparison means and providing a first signal indica-
tion at its outputs corresponding to those other sens-
ing devices having indisclive characteristics similar to
said one sensing device and a second signal indica-
‘tion at its outpuls corresponding to those other sens-
mg devices having inductive characteristics differing
from said one sensing device. -

5. An apparatos for determining finid level compris-

{a) an elonvated tubulzr container having an elongated
cavity for receiving the fluid wherein the fluid forms
a colunn having an interface between upper and
lower ends of the tubular container;

(b) a plaraiity of inductance coils disposed around the
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cavﬂy defined by the tubular container. szid coils be-

ing disposed in closely adjacent relation so that ad-

jacent coils correspond to adjacent segments of the
cavity;

{c) the indoctance of each coil when the cavity segment
within the coil is empty differing substantially from
the inductznce of the coil when the flusd column fills -
the cavity segment within the coil beyond a predeter-
mined amouat;

{d) one of the coils being d:sposed around a3 portion of
the tubular container whose cavity segment has 2
constant filed Auid condition, said one coil compris-
ing a reference coil:

(¢) an induciance comparator having first and second .
inductance comparison inputs and a signal output,
said reference coil being connccted to one of said
inductance comparison inpuls;

() swilching means sequentially connecting the other
of said cosls as test coils to the secand inductance
comparison input, the inductance comparater com-
puring the induciance of cach lest coil 10 the induct-
ance of the reference coil and providing an inductance
difference xignal if the inductiance of the connccled
test coil differs from the indoctance of the reference
coil by a predelermined induclance and an induct-
ance same signal if the induciances of the compared
coils do not differ by a predeiermined inductance;
and,

{g) indicator means having 2 plurality of indicators cor-

responding 10 the test codls, said indicator means

being connected 10 the output of the inductance com-
parator and enerpizing the indicator corresponding
to the connected coit if an inductance dfference sig-
nal is received from the outpm of the inductance com-
parator.

6. An apparatus for dexcrmmmg ﬁmd level comprising:

(a) an clongsted tobular containkr having an clongated
cavity for receiving the fluid wherein the fluid forms
a column having an interface between upper and low-
er ends of thé tubular container;

{b) a plurality of inductance coils disposed dround the
cavity defined by the tubular container, said coils
being disposed in closely adjacent relation so that
adjacent coils correspond 1o adjacent segments of

~ the cavity;

{c) the inductance of each coil when the cavity segment
within the coil is empty differing substantially from
the inductance of the coil when the ficid column fills
the cavily segment within the coil beyond a predeter-
mined amount;

(d) one of the coils being dispoied around a portion of
the tubular container whose cavity segment has a
constant filled Buid condition, said one coil compris-
ing a reference coil;

{e) an inductance comparator having first and sccond

inductance companson inputs and a signal output,

said reference coil being connected to one of said
inductance comparison inputsy

{f) swilching means sequentially conneciing the other” i

of said-coils as test coils lo the second inductance
- comp:mson input, the induclance comparalor coms
paring the inductance of each test coil to the induct-
ance of the refererc: coil and providing an induct-
ance difference signal if the induciznce of the con-
nected test coil differs from the inductanve of the ref-
erence ‘coil by a predetermined inductance and an
inductance sare signal if the inductance of the com-
pared coils do not difier by a predetermined induct-
ance;
(g) indicator circsit means having a plurality of indi-
cators, one cormresponding to each of said test cbils;
(h) said switching means connecling said indicaters in
an energizing circoit as ifs corresponding test coil i§
connected to the second inductance comparison in-
put of the inductance comparator; and,
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(i) a control circuit means connected to the outpot of

the induciance comparator and the indicator circuit

means. said control circuit means completing the

" energization circuit for the connected indicator whea

the inductance comparator provides the inductance
differcnce signal at its output.

7. An appuratus for determining fiuid level comprisiog:

{a) an clongated wubular container having an ¢iongated .

cavity for receiving the fluid wherein the fluid torms
a column having an interface betiveen upper and
lower ends of the tubtiar conainer:

{b) a plurality of inductance coils disposed around the
cavity defined by the tubular container, said coils
bcmg. dasposcd in closely adjacent relation so that
adjucent coils correspond 10 adjucent segmeats of the
cavity:

(¢) the inductance of each coil when the cavity scpment
within the coil is empty differing substantially from
the inductance of the coil when the fluid column
fills the cavily xegment within the coil beyond a pre-
determined amount;

(d) onc of the coils being disposed around a portion of
the tubular Container whose cavily scgment has a
coastant filled fuid condition, said one coil com-
prising. a reference coil;

(¢) an inductance comparator having first and second
inductance comparison inputs and a signal oupat, suid

teference coil being connected to onc of said in-

ductance comparison inputs;

(f) switching means sequentindly connecting the other
of suid coils s test coils 1o the sceond inductance
comparisen input, the inductance comparator com-
paring the inductance of each test coil to the in-
ductance of tihe reference coil and providing an in-

ductance difference signul i the inductance of the.

connecied test coil differs from the inductance of the
reference coil by a predstermined inductance and an
indutiance same sipnal if the inductances of the com-

ared coils do not differ by a predeiermined n-
ductance: '

(g) o plurality of indicator lights arranged in a column
und corresponding (o the test coils around adjacent
cavity scpments respectively;

(h) an indicotor relay circuit having a plurality of
indicator relays corresponding to the plurality of test
coils and to the corresponding imdicator hights re-
spectively, said indicator relays connecting their cor-
sesponding indicator ights in an energizable circuit
when actuated;

(i) said switching means being connected to the indi-

cator relay circuit meuns dnd sequentially actuating
the indicator relay ¢orresponding to the test coil con-
nected sequentially to the sccond inductance com-
parison mput and,

(j) control circuil means connccled 1o the output of
the inductance comparator z2nd to the indicator re-
lay circuit and completing the energizing circuit for
the connected indicator light when the corresponding
test coil inductance differs from the inductance of
the reference coil und the inductance comparalor pro-
vides an inductance difference signal on its output 10
the control circuit means.

8. The apparatus of claim 7 mcludmg:

{k) said indicator relay circuit means including a pla-

rality of holding circuits corresponding to ibe plo-
mhty of mdrcahno relays so as to maintain a2 com-
pkied energizing circuit for aa indicator hght.
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9. The apparatus of claim 8 including:

(1) an auxiliary telay circuit having a plurality of”
auxiliary rclays connected to corresponding ories of
the holding circuits “in the indicating reldy circuit;

{m) said swiching means sequentially connecting tbe
suxiliary relay in energizing circuits as it sequentiadly
cohnects the correspomdmg test coils to the szcond in-
ductive comparison input of the impedance come
purator: and,

{n) suid control circuit means. being connecied 1o the .
suxiliary relay circuit means and completing the en-
ergizing circuit for a connected anxiliary relay when
the inductance comparator provides. an inductance
samie signal on its output whereby the auxiliory-relay
encrgized breaks the correiponding holding cireuit |
if previously established.

10. The apparatus of claim.9 incheding:

{0) interrupler ¢ircuit means connected to the switche
ing means and providing stepping impulses to the
switching means whereby the switching means cop-
tinues 10 cycle the sequential connections of the .
coils, the tndicating relays and the auxiliary velays
as long s suid stepping impulses are provided 10
the switching means,

11. The apparatus of claim 10 including:

(p) suid inlerrupler circuit means being connected 1o
suid control relay meuans and permitting the control
relay means 1o comnplete the energizing circuits for
the indicating relays and auxiliary reloys only afier a
corresponding test coil has been conm:ctcd to ibe
inductunce comparator,

12, The .mp.smim of claim 11 v'hcrem the indicator

lights are arranged in a vertical column is ¢losely ad-
jucent relation whereby the ifluminated lights blend and
muormlb represent the fluid column within the mbul:u'
conlainer., .

13. The apparatus of claim 11 including: -

(gq) incrememal readout circuit meafs having a plu—»
rality of switches corresponding 1o the plurality of
test coils and to the indicator lights respectively,
said switches being connected 1o said test coils and
conneciing said test coils to an incremental readout
meter when actuated; and,

{r) said incremental readout meter having 2 rcadout
scale providing ar indicmion of the proportion to
which the fluid celumn flls the particular segment
surrounded by tne corresponding coil by mensuring:
proporiional changes in the inductive characteristics
of that coil,

14. The apparatus of claim 13 wherein said iacremental

readout circuit means furiher includes:

(s) disconnect relay means connecied to the switching
means, the test coils, the contrd! circuit means, the .
auxiliary circuit means, the indicating circuit means

and the imterrupler circuil to stop the operation of -

all of the latter whenever one of the incremental read-
out switches is actuated.
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