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This invention relates to improvements in elec 
tric ?oat controls. ' 

Float controls which have moving parts ex 
tending from inside to outside of a container 

5 have, so far as I am aware, required some sort of 
stuffing-box or packing, particularly if the parts 
are below the liquid level or if the container is at 
a pressure different from that of the atmosphere 

' surrounding it. Where appreciable pressures are 
10 present the packing must be kept so tight as to 

interfere with a desirably free action of the con 
trol and even where such pressures are not ex 
perienced the packing required is not generally 
satisfactory. In the art of refrigeration, for ex 
ample, especially where ammonia is used, the 
packing about movable parts must be carefully 
watched and great care exercised to see that it is 
kept tight.v This, as before stated, makes the 
moving parts move stiliiy and a desired sensitiv 
ity in the control is not enjoyed. 

It is an object of this invention to provide a 
control having a ?oat member within a con 
tainer and actuated by changes of liquid level 
therein and having means outside the container 
which are actuated by the movement of said 
member although there is no physical or mechan 
ical connection between them. Thus all stu?ing 
boxes and other forms of packing are eliminated. 
More speci?cally it is a feature of the invention to 
provide electric circuits whose characteristics are 
governed by the position of the ?oat member to 
the end that di?erent liquid levels e?ect differ— 
ent reactions in the circuits. Such a control is 
exceptionally sensitive. . 
The best modes in which I have contemplated 

applying the principles of my invention are 
shown in the accompanying drawings but these 

' are to be taken as merely illustrative because it 
is intended that the patent shall cover by suit 

40 able expression in the appended claims whatever 
features of patentable novelty exist in the inven 
tion disclosed. a ’ 

. In'the drawings: 

Figure 1 is an elevation partly in section show 
ing how the level actuated means may be at 
tached to a container and be actuated by the 
main body of the liquid; 

Figure 2 is a diagrammatic showing of the elec 
50 trical circuits which may be associated with the 

level actuated means of Figure 1; 
Figure 3 is another elevation, also partly in 

section, showing a modi?ed form of ?oat and 
means associated therewith; and 

Figure 4 is a diagrammatic showing of the elec 
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trical circuits vwhich are adapted to cooperate 
with the means shown in Figure 3. 
Referring more particularly to the drawings, 

and especially to Figure 1, the wall I represents 
that of a container holding liquid 2 whose level 
is subject to change. Suitably attached to the 
container is what may be calleda base plate 3, 
having a hole 3a therethrough leading to the in- I 
terior of the container. Mounted on the base 
plate are supports 4, at the upper end of which 
is a top plate 5. Between the two plates is a 
tubular member 6, its ends being tightly sealed in 
circular grooves 312 and 5a of the respective plates. 
This member is made of non-magnetic material 
and preferably of material having low electric 
conductivity or high dielectric strength. It is ar 
ranged with respect to the hole 3a in the base 
plate so that a rod 8 may extend from a ?oat 9 
inside the container through the hole and to a 
metalcylinder Ill having high magnetic permea 
bility. As the ?oat moves upward and down 
ward with changes of level of the liquid the mem 
ber Ill, hereinafter called an, armature, moves 
correspondingly within the tubular member. 
Surrounding the latter near its upper endlis a 25 

coil of wire II connected to a source of alternat 
ing current. Outside of this coil are two U 
shaped laminated magnetic bars l2 having high 
magnetic permeability and so disposed that their 
ends are separated by the tubular member. 
These bars together with the space through the 
middle portion of the coil (being the space con 
taining the‘ tubular member) constitute a path 
for the magnetic ?ux generated by the current 
?ow in the coil. The latter and these bars, 
which serve as the ?xed portion of the magnetic 
circuit and are hereinafter termed the ?xed mag 
netic conductor, are adjustably mounted'on the 
supports] by a plate 1 and nuts ‘la. When the 
?oat is at a relatively low level so that the arma 
ture I0 is below the coil and the ?xed magnetic 
conductor l2, the electrical characteristics of the 
coil are unaffected by the armature, ‘but when 
the latter moves upward to the position indicated 
in dotted outline, its high magnetic permeability 
cooperating with the ?xed magnetic conductor, 
appreciably a?ects the characteristics of the coil 
by changing the impedance. Thus it is that the 
moving parts within the space of the container 
(the interior of the tube 6 being treated as a part 
of such space) are able to affect an electricalv 
vagency outside of this space, which agency has 
no physical or mechanicalconnection with the 
moving parts inside the container. , _' 
To appreciate the effect of changing the char 
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acteristics of the coil I I reference is had to Figure 
2 showing diagrammatically a preferred arrange 
ment of circuits and electrical agencies. The 
wires i3, i4 of some suitable alternating current 
power line are separately connected to the pri 
mary windings i5a and iGa of a pair of duplicate 
transformers I 5 and i6 respectively. The second 
ary windings l5!) and I6?) of these transformers 
are connected together and form part of a circuit 
which comprises a wire I‘! connecting winding 
iBb with the coil ii already described and shown 
in Figure 1. This coil is connected by wire i8 
with an identically similar coil i9 and the latter is 
in turn connected by wire 20 with the secondary 
‘winding I5b of the transformer i5. Associated 
with coil i9 is a ?xed magnetic conductor 2i 
which is a duplicate of conductor i2, vand ‘within 
coil i9 is a ?xed armature 22 which is a duplicate 
of armature Hi. It is clear that when armature 
i0 is in its upper position and occupies the same 
position relative to coil ii and the ?xed mag 
netic conductor l2 that the ?xed armature 22 
bears to coil i9 and conductor 2i, the electrical 
characteristics of the two coils are the same. In 
other words, the value of the impedance of coil 
Ii is the same as the value of the impedance of 
coil i9. ‘ 

Between the coils ii and IS, the wire i8 is 
connected to another wire 23 which leads to the 
energizing coil 24a of a relay 24, from which an 
other wire 25 is connected midway between the 
secondary windings I51) and 16b.’ Since these 
windings have the same impedance and electro 
motive force, and since the coils ii and i9 have 
equal impedances when armature l0 occupies the 
same position with respect to coil Ii as the ?xed 
armature 22 occupies with respect to coil l9, it 
follows that the current flow (alternating cur 
rent flow) along wire i1, through coil Ii and 
wire i8, is the same as the ?ow through coil [9 
and wire 20. Accordingly-the voltage drop or 
difference in potential along wire 23, through 
coil 24a and wire 25 is zero, and hence no cur 
rent will flow along these last mentioned ele 
ments. .. 

If, however, the level of liquid falls and arma 
ture in is withdrawn from within coil II, as 
shown in Figures 1 and 2, then the impedance 
‘of this coil is altered, being reduced because of 
the decrease in the inductive reactance of the 
coil. In other words, removal of the armature 
increases the reluctance to the flow of magnetic 
flux, thus decreasing the impedance of the coil. 
As a result more current can now flow along 
wire 11, through the coil H and along wire l8. 
Since the impedance of coil i9 has remained uri 
changed, substantially the same amount of cur 
rent as before will flow through this coil and 
'along wire 20, and the excess of current ?ow 
through coil ii will now pass along wire 23, 
through the relay coil 24a and thence along wire 
25 to the transformer. _ ' , , 

The energization of the coil 24a. by the flow of 
current just described effects movement of its 
armature 24b against the continuous tension of 
a spring 26. This relay 24 alone might be de 
pended upon to control other agencies directly 
but is here shown as an intermediary element 
for closing an auxiliary circuit comprising the 
secondary winding 2'") of another transformer 
21, whose primary winding 21a is connected to 
branch wires I30. and “a leading from the power 
mains. This secondary winding 21b is connected 
by a wire 28 to a coil 29a of a second relay 29, 
which in turn is connected by a wire 30 to the 

switch of relay 24. Wire 3i returns from this 
switch to the secondary‘winding 21b. Since an 
alternating current is always ?owing through the 
primary winding 21a an induced current will flow 
along wire 28, through relay coil 29a, wire 30, and 
wire 3i whenever relay 24 is energized to close 
its switch. 

This current ?ow energizes relay 23 and its 
armature 29b is moved against the force of spring 
32 to close its switch. This is a part of a circuit 
comprising the wire‘ I30, some electrically actu 
ated element 33, a wire 34 leading thence to the 
switch of relay 29, and the wire l4a. When this 
circuit is made by the closing of the relay switch 
the current ?ows through the element 33 and 
effects its operation as desired. As here shown. 
this element is a solenoid valve in a supply line 
35 which may lead to container I, but it is clear 
that this is merely representative of any other 
equivalent element such as a compressor, indi 
cator, etc. Here, since this valve controls the 
supply line to the container and since ?oat 3 
therein was assumed to fall and thus withdraw 
armature ill from within coil Ii, it follows that 
valve 33 will be opened to permit ?ow of liquid 
to container I to restore its level. Upon such 
restoration to a point where armature Hi again 
effects the coil ii so that it corresponds electri 
cally with coil IS, the excess current flow along 
wire 23, through relay coil 24a and wire 25 will 
cease. Upon the consequent deenergization of 
relay 24, its controlled circuit will be broken and 
relay 29 in turn deenergized. Thus the electrical 
element 33 is affected in accordance with the 
change in level. , 
The principles of the invention thus far dis 

closed are likewise applied in the‘ arrangements 
‘shown in Figures 3 and 4. Here the armature 
i0’ is itself a float and moves within a tubular 
member 6' held between two plates 3' and 5' by 
supporting bolts 4'. Each plate (they preferably 
are duplicates) has a hole (3’a and 5’b) con 
necting the interior of the tube with pipe ?ttings 
i' by which the interior of the tube may be placed 
in communication with a container much in the 
same manner as an ordinary gauge glass. In~ 
deed, the tubular member 6' may be constructed 
of transparent material such as glass or quartz 
and perform the function of a gauge glass. The 
liquid in thec'ontainer ?nds its level in the tube 
and changes in this level move the ?oat or arma 
ture upward or downward. 
Mounted on the supports 4' is a coil i i' and 

a relatively ?xed magnetic conductor i2’ similar 
to those ?rst described. This is held in position 
by a plate 'I' and nuts ‘I'm at any selected ele 
vation. Below, onthe supports 4’ is another coil 
36 and another relatively ?xed magnetic conduc 
tor 31, these being likewise adjustably held by 
another plate '38 and nuts 38a. Thus there is 
provided separated electromagnetic ?elds which 
may be separately affected by the armature. As 
willxpresently appear, the amount or distance be 
tween these ?elds determines the delay or pause 
between one actuation and the other of a con 
trolled electric element, such as the valve 33 
shown in Figure 2. 
Figure 4 shows diagrammatically the preferred 

arrangement of circuits to be associated with the 
coils ii’ and 3B. In this embodiment the wires 
i3’ and M’ of the alternating current power line 
are connected to a transformer 15' having a 
single primary winding Wu and a single second 
ary winding _i5’b, although obviously the same 
arrangement of two transformers as is shown in 
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Figure 2 might be employed. Wire I'I’ leading 
from one end of the secondary winding connects 
with coil II' and from this a wire I9’ connects 
with a corresponding coil I9’. This has a fixed 
magnetic conductor 2|’ and a ?xed armature 22' . 
like conductor I2’ and armature II)’ respectively, 
so that when the latter is within coil II’, the 
value of the impedance of coil II’ and coil I9’ 
will be the same. The latter coil is in turn con 
nected by wire 20' with the other end of the 
secondary winding l5'b. ‘ 
An extension I'I’a of wire II’ also leads to 

coil 36 and another wire I8" connects this coil 
to still another coil' 39 having a ?xed magnetic 
conductor 39 and a ?xed armature 40 such that 
the value of the impedance of this coil 39 will 
be the same as that of the impedance of coil 
36 when armature III’ is within the latter coil. 
Coil 38 is connected to wire 20' by the extension 
2Il’a. 
The central portion of the secondary winding 

I5’b is connected by a wire 25' and its branch 
25'a with a coil 24'a of a'relay 24'. This coil 
is also connected through the switch terminals 
of anotherrelay 4|, and by wire 23' with wire 
I8’. The switch terminals-of relay 4| are nor 
mally maintained closed by a spring Ma and, 

' assuming at the moment that this switch is closed, 
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it is evident that the action of the coils II’ 
and I9’ and the relay 24’ are similar to those 
of coils I I and I9 and relay 24 of Figure 2. When 
the armature I0’ is withdrawn from coil I I’, then 
current will ?ow along wire 23', coil 24’a and 
wire 25’, (assuming the switch of relay H to be 
closed) and relay 24' will be energized to close 
its switch. The latter is part of a circuit com 
vprising a wire 42 leading from wire II’, the 
switch of relay 24', a wire 43 leading thence to 
a coil 44a of a double switch relay 44, and wire 
45 running backto the wire 20’. Accordingly, as 
the switch of relay 24' is closed, current will flow 
in the last mentioned circuit and energize the 
coil 44a. This will cause terminal 46 to disengage 
from another terminal 41 and move terminal 43 
into contact with the terminal of wire I4'a. The 
main circuit is thus established along wires I3'a 
and I4'a (plus its extension I4'a’ connected to 
terminal 48) through an electric element 33, (not 
shown in Figure 4) which may be a solenoid 
valve as indicated in Figure 2. This valve is 
held open while the armature III’ is/out- of coil 
II’ and within coil 36. While this condition pre-. 
vails there will be equal current flow through 
coils 36 and 38 since the value of the impedance 
of each coil is the same. Consequently no ?ow 
will occur along a wire 49 which leads off from 
wire I8" to- the coil 4") of relay 4I. This coil 
is also connected by wire 50 with the terminal 
46, previously mentioned as being out of engage— 
ment with another terminal '41. 
But now assume the liquid level changes so that 

armature I0’ moves out of coil 36. This will 
a?ect the impedance of the coil and more cur 
rent will flow along wire I1’ ("'11) and the coil, 
and wire I8". This would be expected to cause 

, current ?ow along wire 49 but it will be recalled 

70 
' current ?ow along wire 23’. 
‘the coil 241a of relay 24’\is dcenergized and its 

that terminals 46 and 41 are still disengaged. 
Accordingly no change takes place until arma 
ture I0’ moves into coil II' and so affects the 
impedance of that coil as to e?ect stoppage of 

When this occurs, 

switch opened under the pull of spring 26’. This, 
of course, breaks the circuit through coil 44a‘ 
and thus allows terminal 48 to separate from wire 

I4'a thus opening the circuit controlling the 
electrical element 33. At the same time terminal 
46 moves to engage terminal 41 and completes 
a circuit for current ?ow alongwire 49, coil 4Ib, 
wire 50, and thence along a ‘branch 25'b con 
necting terminal 41 with the wire 2!’. 
Completion of the last mentioned circuit and 

consequent ?ow of current through coil 4Ib 
causes the switch of relay 4I to open against the 
pull of spring “a. This, of course, breaks the 
circuit between wire I9’ and the transformer 
along wire 23’ etc., although, as just described, 
there is at the moment no flow along wire 23' 
because armature III’ is within coil II’. The 
purpose of thus opening the switch of relay H 
is to prevent any change in the position of the 
terminals of relay switch 44 until armature I3’ 
is again moved within coil 39. That is to say, 
when the armature moves out of coil II ’, a ?ow 
of current would occur along wire 23’ if the 
switch of relay H were not open. Since it is 

3. 

15 

held open by the current ?ow along wire 49, no ’ 
current can ?ow along wire 23' until the arma 
ture moves into coil 36 and establishes condi 
tions which stop the flow along wire 49. As this 
takes place, coil 4": is deenergized, the switch of 
relay 4| is closed and then current will flow, 
along wire 23' to energize coil 24’a. As previ 
ously described, this brings about the opening of 
terminals 46, 41 and closure of terminal 43 with 
the wire I4'a, and the consequent actuation of 
the electrical element 33. , ‘ 

’ Thus the modi?cation of the invention shown 
in Figures 3 and 4 enables a predetermined delay 
in the control of the element 33, and this delay 
may be determined by the relative positions of 
the coils II’ and 36 on the support rods 4'. 

I vclaim: . 
‘1. Electric ?oat control apparatus for restoring 

the level of liquid in a container comprising a 
transformer connected to a source of alternating 
current; a pair of circuits connected to the sec 
ondary winding of said transformer; a pair of 
coils in ‘each of said pairs of circuits; one coil 
in each of said pairs of, circuits having associ 
ated therewith a ?xed‘ magnetic conductor ar 
ranged externally of said coil and a ?xed arma 
ture arranged internally of said coil; the other 
coil in each of said pairs of circuits having a cor 
responding ?xed magnetic conductor arranged 
externally thereof; a ?xed tubular member ex 

> tending through each of the last mentioned coils, 
having an open connection with the container; 

-' an armature movable within said tubular mem 
ber in response to changes of the liquid level in 
the container, and adapted when positioned in 
the path of magnetic ?ux of either of the last 
mentioned coils to increase the ?ow of said flux 
and thereby increase the impedance and corre 
spondingly reduce the current flow through the 
coil surrounding said movable armature; a sec 
ond‘ pair of circuits, one of which is connected 
between one of the ?rst mentioned pair of cir 
cuits and the secondary winding, and the other 
of which is connected between the other of the 
?rst mentioned pair of circuits and the secondary 
winding; and means associated with said second 
‘pair of circuits for controlling the admission of 
liquid to the container; the said apparatus being 
so organized that when the liquid is at a desired 
level the movable armature is positioned in the 
magnetic path of one of the last ‘mentioned coils 
with respect to which it is movable whereby ad 
mission of liquid to the container is cut oil, and 
when the liquid falls to a predetermined lower 
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4 
level the movable armature is positioned in the 
magnetic path of the other of the last mentioned 
coils with respect to which it is movable whereby 
admission of liquid to the container occurs to 
restore the desired level; and said apparatus be 
ing further organized so that the control deter 
mined by the presence of the movable arma 
ture within the magnetic path of one of the coils 
with respect to which it is movable continues 
until the movable armature has moved within 
the magnetic path of the other of the coils with 
respect to which it is movable. 

2. Electric ?oat control apparatus for restor 
ing the level of liquid in a container comprising 
a transformer connected to a source of alternat 
ing electric current; a connection between the 
secondary winding of said transformer and a 
coil; said coil; a connection between said coil and 
a relay; said relay; a connection between said 
relay and said secondary winding at a point re 
mote from the ?rst mentioned connection; means 
actuated by a predetermined current ?ow through 
said relay to effect admission of liquid to said 
container; a ?xed magnetic conductor arranged 
externally of said coil having high magnetic per 
meability; a ?xed tubular member, extending 
through said coil and in open connection with 
the container, having low magnetic permeability 
and a high electrical resistance whereby the ?ow 
of magnetic ?ux through the ?xed magnetic con 
ductor is retarded and the formation of eddy 
currents is rendered negligible; and an armature 
of high magnetic permeability movable in said 
tubular member in response to changes of liquid 
level in the container; the apparatus being so 
organized that when the liquid is at the desired 
level the armature is withinthe said coil and 
coacts with said ?xed magnetic conductor to 
increase the ?ow of magnetic ?ux and. the im~ 
pedance of the coil with consequent reduction of 
the current ?ow whereby the current ?ow through 
said relay is below the said predetermined ?ow, 
and when they liquid level falls the armature is 
removed from said coil thereby e?ecting a de 
crease oi ?ow of magnetic ?ux and the imped 
ance of the coil with consequent increase of cur 
rent ?ow to provide the predetermined ?o 
through said relay. ‘ ‘ 

3. Electric ?oat control apparatus for restor 
ing the level of liquid in a container com 
prising a transformer connected to a source of 
alternating electric current; a circuit connected 
to the secondary winding of said transformer; a 
coil in said circuit; a ?xed magnetic conductor 
arranged externally of said coil having high 
magnetic permeability; a ?xed tubular member 
extending through said coil and in open con 
nection with the container, having low magnetic 
permeability and high electrical resistance where 
by the ?ow of magnetic ?ux through the ?xed ' 

2,190,048 
magnetic conductor is retarded and the forma 
tion of eddy currents is rendered negligible; an 
armature of high magnetic permeability movable 
within said tubular member in response to 
changes of liquid level in the container; the said 
armature being positioned within said coil when 
the liquid is at the desired level to increase the 
?ow of magnetic ?ux through the ?xed magnetic 
conductor and the impedance of the coil with 
corresponding reduction of current ?ow in said 
circuit, and being withdrawn from said coil when 
the liquid falls below the desired level to e?’ect 
reduction of ?ow of magnetic flux through the 
?xed magnetic conductor and the impedance oi‘ 
the coil with consequent increase of current ?ow 
in said circuit; and means associated with said 
circuit and responsive to changes in the current 
?ow therethrough for controlling the admission 
of liquid to the container so that upon fall of the 
liquid level and consequent withdrawal of the 
armature from said coil said responsive means 
are actuated to admit liquid to the container 
and restore the level. 

4. A circuit for electric ?oat control apparatus 
having an armature member of high magnetic 
permeability movable, within a ?xed tubular 
member of low magnetic permeability and high 
electrical resistance, in response to changes of 
level of a liquid; said circuit comprising a trans 
former connected to a source of alternating elec 
tric current; a lead from the secondary wind 
ing of said tranformer to a coil surrounding 
the said ?xed tubular member and having a 
?xed magnetic conductor of high magnetic per 
meability arranged externally of the coil; a lead 
from said coil to another coil having electrical 
characteristics corresponding to the ?rst men 
tioned coil with a ?xed armature member with 

~ in said other coil and a second ?xed magnetic 
‘conductor arranged externally of said other coil 
both with electro-magnetic characteristics cor 
responding respectively to the movable armature 
member and to the ?rst mentioned ?xed mag 
netic conductor; a lead from said other coil to 
the said winding of the transformer; a lead from 
the lead intermediate‘ of said coils to a relay; a 
lead from said relay to the secondary winding 
intermediately of the other said leads connected 
thereto; and means actuated by said relay for‘ 
effecting a change in the level of the liquid; the 
de-energization of said relay being e?ected when 
the movable armature member is moved within 
the tubular member to a position with respect to 
the ?rst mentioned coil corresponding to the 
position of the ?xed armature member with re 
spect to the second mentioned coil, and the en 
ergization of said relay being e?ected when the 
movable armature member is moved to without 
the magnetic ?eld of the ?rst mentioned coil. 
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