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1

My invention relates to a control device of the
type using an initially balanced Wheatstone
bridge made up of two potentiometers and in
which the displacement of the center arm of a
first potentiometer at a control position results
in operation of a heater or rotation of a motor or
performance of other work and in which the per-
formance of the work re-acts to re-set the second
potentiometer so as to bring the Wheatstone
bridge to a balance.

The construction preferred includes a pair of
balanced potentiometers connected at their exds
so that between them they form a Wheatstone
bridge. The contact of the center arm of one
potentiometer may be shifted by hand or auto-
matically (thermostatically, as one example),
producing a current flow due to the unbalancing,
greater with more extensive unbalancing.

Through associated mechanism the movement
of this contact of the first potentiometer causes
corresponding operation of the central contact
of the other potentiometer, again to balance them.

The current produced by the unbalance of the
first (hand controlled or automatically con-
trolled) potentiometer acting through one or
other of two snap switches energizes a relay cir-
cuit by which a motor is operated in one direc-
tion or in the reverse, or a heater is increased
or reduced in temperature or other work is per-
formed or varied, according to the direction of
unbalance and the motor (following it as the
preferred example) performs specific work and
meantime shifts the center contact of the sec-
ond potentiometer so as again to balance the
two potentiometers, i. e., balance the Wheatstone
bridge.

As soon as the bridge balance is disturbed by
shift of the center contact of the first poten-
tiometer, current flows and this current ulti-
matelyand correctively causes shift of the contact
of the second potentiometer so as to bring the
Wheatstone bridge again to a balance and shut
off all current. The effect of this is that the two
potentiometers not only operate, the one in ad-
vance and the other following, to give compen-
sating movement of the second contact, but the
riotor or thermostat which ultimately resets the
contact of the second potentiometer to reach a
new balanced position of the Wheatstone bridge
rerforms work meantime and the extent of work
varies with the extent of unbalance. :

Since the work started ultimately resets the
second potentiometer to cut off all current flow,
it will be seen that a predeterminable amount of
motor operation, either forward or reverse, can
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te started which need not be followed up or
watched, because the motor will stop automati-
cally.

A sensitive balanced armature relay is con-
nected in the Wheatstone bridge circuit, designed
tc operate snap switches ‘which in turn start a
motor either in a forward or a reverse position or
apply and relieve other load.

The sensitive balanced armature relay consists
of two cores, each having two windings on each
core. Two windings, one on each core, are en-
ergized when the armature is in a balanced po-
sition. These coils are in series across a line of
standard voltage, 24 volts in airplane practice.
They act as polarizing coils.

The other two coils, coupled in parallel, are
together in series with the center arms of the
two potentiometers. As the resistance of one
potentiometer is varied, it causes g voltage dif-
ferential in the bridge circuit and a current flow
through the parallel coils. The coils in parallel
are oppositely energized according to the direc-
tion of unbalancing movement of the arm of the
first potentiometer. Correspondingly one of the
core poles is strengthened and the other weak-
ened with consequent throw of a balanced arma-
ture in one direction or the other.

Tilting of the armature operates g light pres-
sure switch. The switch, besides energizing a load
relay, also disconnects the continuous coils.

When the relay is energized, it causes a motor
to operate either forward or reverse, depending
upon the direction of unbalance. The motor per-
forms the work which is the ultimate “load,”
and, at the same time, moves the center arm
of the second potentiometer and brings it to an
electrically balanced position with respect to
the first potentiometer, at which point no current
flows.

One purpose of the invention is at the time
of adjusting a first potentiometer of a pair of

. balanced potentiometers forming a Wheatstone

bridge, to secure positive switch energization of
a circuit in which or by which work is to be ac-
complished, and to maintain the current in this
circuit up to the time when the ‘Wheatstone
bridge shall again have been balanced by auto-
matic corrective variation of the unbalance by
adjustment in the second potentiometer,

A further purpose is to use the current due to
initial unbalance of a Wheatstone bridge to effect
snap switch control of work circuits which are
alternatively energized and which ultimately
correct the unbalance. .

A further purpose is to use a difference, such
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as that in temperature within an area to be kept
at uniform temperature, as & means of operating
corrective temperature changing mechanism, the
correction restoring the desired relation and then
ceasing to operate.

A further purpose is to produce a control relay
having a balanced relay armature and cores which
are magnetized to create poles in said armature
by series core windings, to strengthen one and
weaken the other of said poles selectively by core
windings in parallel supplied by current due to
unbalance of one potentiometer of a pair of
potentiometers normally balanced in a Wheat-
stone bridge, to operate s spring retracted snap
switch in either of two work circuits selectively
by reason of tilt of the armature in one direction
or the other, preferably shutting off current to
the series at the same time, and to reset the
Wheatstone bridge by altering the second poten-
tiometer to compensate for the change in the
first, reducing the current in the parallel coils
meantime to a point where the snap switch
automatically opens.

A further purpose is to use & pair of poten-
tiometers in an initially balanced Wheatstone
bridge to throw an armature by which snap
switches are actuated selectively in work circuits,
to maintain the snap switches in closed position
by currents due to the unbalance of the poten-
‘tiometers, to again and automatically balance
the Wheatstone bridge by setting a second po-
tentiometer to compensate the first, thus pro-
gressively reducing the current due to unbalance,
and opening the work circuit current as soon as
the magnetic effect of the current due to un-
balance is insufficient to hold the snap switch
against opening movement. :

. A further purpose is to control operation of
switches for work circuits, permissible forward
and reverse motor circuits, or heaters to be
turned on and cut off or reduced in heating ef-
fect, by a sensitive coil-operated balanced arma-
ture, in whose coils both series and parallel coil
connections are used, the series coils to give po-
larity to the armature in its neutral position and
the parallel coils, energized for example, as a
result of unbalance of a Wheatstone bridge—
selectively to increase the magnetization of one
or other of the positive or negative magnet poles
controlling the armature, and to reduce the
strength of the other pole, whereby a much
greater contrast of magnetization of the arma-
ture is secured and the armature becomes effec-
tive for snap switch actuation.

A further purpose is to use the unbalance of
a Wheatstone bridge as a basis for throwing a
snap switch against reversing pressure, utilizing
the snap switch in a load circuit and resetting
the bridge by means of the current flowing in
the load circuit.

A further purpose is to use the unbalancing
of one potentiometer of a pair of potentiometers

making up a Wheatstone bridge as a means of -

diverting current supplied from an outside source
into a sensitive control relay, magnifying the
effeet upon the relay armature so that one or
other of work-circuit-controlling snap switches
is thrown against a resetting pressure such that
when the current becomes greatly reduced the
snap switch is reversed.

A further purpose is to use a minute current
from unbalance of a Wheatstone bridge to op-
erate controlling coils in an electromagnetically
polarized relay. so.that one pole is strengthened
and another weakened and to close one or other
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of two snap switches in alternative load circuits
through the relay armature, resetting the bridge
by the operation of the load circuit.

A further purpose is to supply work circuits
which are opposite in their effects one with re-
spect to the other through a snap switch control
and control the snap switch by an armature
whose strength of attraction and repulsion is due
to series polarizing coils upon which are impressed
parallel control coils.

A further purpose is to provide pairs of electric
coils upon separate magnetic cores, respectively,
in series across a source of energy and in parallel,
receiving current through the center arms of
potentiometers, between which arms voltage dif-
ferences have been created, and to operate snap
switches in work circuits by combinations of
currents flowing in these coils. v

A further purpose is to polarize an armature,
to unbalance a Wheatstone bridge in order to
magnify the effect of one pole and reduce that
of the other; and use the armature to throw a
snap switch against spring retardation in order
to energize a load -circuit or shut it off sharply.

A further purpose is to provide a pair of elec-
tro-magnetic cores and pole pieces with two
coils in series and two coils in parallel, using the
series coils to balance an armature and the
parallel coils to add to the strength of one pole
and reduce the strength of the other pole whereby
the armature can be thrown strongly in one
direction or the opposite at will and contacts
made by it can be used to close work circuits.

A further purpose is to operate a load by un-
balancing one of two potentiometers making up
8 Wheatstone bridge, to use the current set up
as a means of operating a current balanced relay
and to cut off the total current except when the
relay is in use.

A further purpose is to balance a control
armature by adjusting its pivot point with respect
to poles by which it is affected or to vary its
leverage for switch operation. .

Further purposes will appear in the specifica-
tion and in the claims.

I have preferred to illustrate the invention by
one main form only with minor modifications,
selecting a form which has proved to be practical,
effective, reliable and relatively inexpensive, but
which has been selected primarily because of the
advantage to which it shows the principles of the
invention.

Figures 1 and 9 are diagrammatic illustra-
tions showing a Wheatstone bridge application
passing current through delicately balanced con-
trol armatures and local motor circuits.

Figures 2 and 3 are a front elevation and a
side elevation, largely in diagram, showing a
balanced armature construction through which
the invention may be applied.

Figure 4 is a perspective view of a structure
embodying the disgrammatic material of Figures
1, 2 and 3 and which has been successfully used.

Figure 5 is a top plan view of the structure
seen in Figure 4. )

Figure 6 is an end elevation of the structure

" seen in Figure 5.
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Figures 7 and 8 are fragmentary views show-

ing armature adjustment.
- Figure 10 is a schematic view, partially in

elevation, showing a switch for use in Figure 9.

Figure 102 is a detached fragmentary perspec-
tive of parts shown in Figure 10.

Figure 100 is g fragmentary perspective of the
switching arrangement shown in Figure 10,
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is moved. The current due to unbalance of the
Wheatstone bridge snaps one or other of the
snap switches, closing one or other of the load
relay circuits 89, 68 through relay coils 61, 62.
‘The load circults fed by the relays contain each
not only the load but means for resetting the
center arm of the second potentiometer, with the
result that the snap switch opens and shuts off
the circuit in which the load is included.

It will be seen that current through the parallel
coils 55 and 56 will magnetize both of the poles
of the cores alike, since the coils are so wound
and connected as to be polarized alike, and will
magnetize them reversely according to the direc-
tion of current through these parallel coils. For
instance, if the current through the parallel coils
tends to make both of the core poles south poles,
its magnetizing effect will be added to the mag-
netizing effect at the initial south pole and will
be subtracted from the magnetization at the
initia]l north pole and may thus be used greatly
to increase the strength of the south pole and
greatly to reduce or even tc reverse the mag-
netism at the initial north pole.

Likewise if the unbalance be opposite to that
considered above, the current in the parallel
coils will greatly increase the magnetization of
the north pole of the core and will reduce or
reverse the strength of what was initially the
south pole. As a result of the above the balanced
armature will be tilted (thrown) in clockwise or
counter-clockwise direction and by a strength of
maghetic reaction much in excess of that which
would be available if the current of unbalance
through the parallel coils were depended upon
alone to tilt the armature, . )

The tilt of the armature is used to throw one
snap switch or the other against a continuing
resistance, thus closing one or other of two relay
work circuits 59 or 60 and coincidently opening
the circuit through the series coils.

The coils 61 and 62 in the relay load circuits
control, respectively, switches 63 and 64, thus
passing current from the mains through connec-
* tions 65 or 66 to supply forward or reverse motor

windings 67 or 68 of a motor 69 shown in Figures
4 and 5. The common return is shown at 10
and limit switches are inseried at 71 and 12 in
the forward and reverse connections. In Figure 1
forward and reverse directions of drive of the
same motor are intended.

The rotation of the motor, forward or reverse,
in addition to its use for any intended service,
such as opening or closing & ventilator, is used
to throw the central arm 19 of potentiometer
1T in the proper direction to a position where
the two potentiometers are balanced and the
Wheatstone bridge is therefore balanced and at
which or approaching which the current through
the parallel balanced relay coils becomes low
enough to permit automatic opening of that
snap switch whizh had been thrown.

In Figures 4 and 5 an opertive mechanism is
shown embodying the structure illustrated dia-
grammatically in Figures 1, 2 and 3 and in which
the motor 69 is the reversing motor which is
operated in either direction, responsive to the
movement of an arm upon a potentiometer 1§
not there shown, through series and parallel coils
upon the relay. The balanced armature operates
snap switches 40 and 41 and, through them, suit-
able load relay coils.

Through ample speed reductions, rotation of

. the motor armature shaft within cover 13 is made
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!
to turn contact arm 14 (effectively .{9) over
potentiometer contacts 18. .

The armature shaft is extended by any suit-
able coupling, not shown, for connection with
any suitable work. In Figures 4, 5 and 6 the
various parts are shown as they have actually
been used, except that the first potentiometer
is separate from the base.

For convenience in display, the motor unit
(Figures 4, 5 and 6) is mounted upon the same
base 16 as the frame of the polarized relay. The
first potentiometer and lever for setting it are
mounted separately at 11. The second potenti-
ometer is mounted upon the upper right of the
motor unit in Figures 4 and 5. In these figures
the cover 13 for the rotating shaft appears as
well as brackets supporting the motor, the motor
housing, relays, ete.

In the figures above appear gear box 718 for
the motor housing, limit switches 11, 12, extra
mount 19 for the motor, by which the motor may
be mounted “upside down” as compared with
the illustration in Pigure 4, if it prove more con-
venient to the user. Brackets for support of the
parts and conduit 80 for wires also appear.
Sockets 81 are shown for outside connection and
indicator 82 appears in Figure 4.

The sensitive relay is supported upon a three-
poin;)bearing, having the points 83, 84, 88 (Fig-
ure 5).

After the center arm of the first potentiometer
has been shifted, the operation of the motor, in
whichever direction driven, resets the arm (8 so
as to balance the potentiometer 17 with the po-
tentiometer {6, balance the Wheatstone bridge
and reduce and finally cut off the current caused
to flow through the parallel windings by the ini-
tial unbalance of the bridge.

The balanced armature is best shown in Fig-
ures 2, 3 and 5 in which a mounting bracket 8§
(Figure 5) supports return magnetic circuits for
the two cores 36 and 31. A three-point suspen-
sion is used for the bracket and frame, compris-
ing resilient supports 81, 88, 89, each of which
includes spaced resilient (such as rubber) wash-
ers 80 between which is gripped a part of the
bracket or frame s0 as resiliently to support the
balanced armature, the coils and the switches as
a unit. The cores are connected with strips 81,
92 (Figure 2) of magnetizable material which are
bent parallel to each other at 83 and 84, and are
fastened together back to back. The magnetic
circuit thus provided extends to the armature
and is there interrupted to provide a pivot sup-
port for the armature as seen in Figures 2 and 3.

The strip 95 fits between two snap switches 48
and 41. These snap switches are of & type which
snap to position by pressure of armature-car-
ried lugs 96 and 97 pressing against operating
pins 98 and 89 by which the switches are thrown.
The lugs 86 and 87 maintain pressure against
the pins in proportion to the current passing
through the parallel windings.

Snap switches suitable for this purpose are
well known in the art under trade names “Micro”
and “Acro.”

In each of the switches above, the throw of
the switch takes place by snap action in both
directions of throw. In one direction of throw,
the snap takes place by reason of pressure of a
pin movable to an extent of pin throw movement
less than snap throw. In all of them, the switch
levers automatically reverse when throwing
(maintaining) pressure has been removed.

The two cores support spools 188, 101 having
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Figure 10¢ is a section of Figure 10 along the
line 105{8¢, )

Figure 104 is a circuit diagram showing the
circuit arrangements in Figure 10.

Figure 11 is a perspective of a contact ring in
Figure 10.

Figure 12 is a diagrammatic view showing
thermostatic operation.

There are many functions fo be performed
where the actual duty is at a distance from the
point at which the functions are to be con-
trolled and where it is desirable to complete a
limited purpose electrically and then shut off
the current. Though these uses are by no means
restricted to work upon an airplane, the number
and variety of such needs on an airplane are
such as to make airplane uses excellent illustra-
tions and the difficulty of performing them on
the spot and of following them up to make sure
that they have been performed as well as the im-
portance of their satisfactory performance make
airplane applications excellent examples.

For instance, many parts are to be moved to a
limited or to the total possible extent and sub-
sequently are to be moved back again—such as
takes place in the closure and opening of venti-
lating ports in compartments and where a ther-
mostat switch shifted by reason of change in
temperature of a compartment is relied upon to
close or open a switch or to slide a switch con-
tact along the surface of a plurality of contacts.
The thermostat provides automatic variation of
the position of a center arm along a potentiom-
eter scale. ]

A similar center arm may be moved by hand
along this potentiometer scale. In either event
the potentiometer may be used as in Figure 1
as part of a Wheatstone bridge whose unbalance
sets in motion a motor, let us say in clockwise
direction, using a thermostatically operated con-
tact arm to engage with the contacts of a re-
sistance or with a single switch or a plurality
of switches so as to operate a cooperative poten-
tiometer. Thus, automatically, a second poten-
tiometer may be adjusted to balance the Wheat-
stone bridge and to cut off the current due to
unbalance.

In diagrammatic Figure 1 the following parts
are shown:

A Wheatstone bridge 15 is made up of poten-
tiometers 16 and 7 having center arms {8 and
19 dividing the potentiometers into resistance
segments 20, 21 for the first potentiometer 16
and 22, 23 for the second potentiometer 1.
Current is supplied to the Wheatstone bridge
terminals 24, 25 from positive main 26 and nega-
tive main 27 by conductors 28 and 28. The middle
arms are intended normally during inaction to
be so located along their contact scales that no
current tends to flow between them—i. e., in
balanced position—but in Figure 1 are shown
as unbalanced.

In the first potentiometer the arm 18 may be
thrown about its center 30 by hand or auto-
matically (see Figure 1). One example of auto-
matic operation would be thermostatic opera-
tion, by a thermostat 31 (Figure 12) in a com-
partment 32 whose temperature is to be con-
trolled, a rise or fall in temperature above or
below a predetermined standard turning the arm
18 in one direction or the other and unbalancing
the system. The amount of unbalance will bear
a relation to the extent of movement of the arm
and difference in potential is then created be-
tween the middle arm {8 of the first potentiom-
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eter and the middle arm 19 of the second poten-
tiometer. This difference in potential is applied
to a balanced armature control relay 33 through
conductors 34 and 35 (see Figure 1).

The control relay as shown comprises a pair of
relay cores 36 and 37 magnetically reacting upon
a balanced armature 38 pivoted at 39 (see Figure
9). The armature and its relation to the cores
are seen in Figures 2 and 3, which also show
the magnetic circuit for the cores. Swiiches 40
and 41 are closed, one at a time, against a
resilient opening pressure as the result of tilting
movement of the relay. Later the closed switch
is allowed to open.

The cores 36 and 37 are both double wound
as indicated diagrammatically in Figures 1, 2
and 3.

Following now Figure 1, the coils 42, 43 of
one pair are polarizing coils surrounding the re-
spective cores, connected in series through con-
ductor 44 and supplied with current by con-
ductors 45, 46. This polarizing current passes
through switch arms 47, 48 and contacts 49 and
50. These series coils normally give opposite
polarity to the terminal poles §! and 52 of cores
36 and 31. This polarity has been indicated
arbitrarily upon the poles in Fig. 9 as north at the
left hand and south at the right hand.

By induction the polarization of the cores
creates ovposite polarity south and north re-
spectively in the ends of the balanced armature
so as, in the absence of other magnetization, tu
hold the armature in balanced position, when
it is initially balanced, as it will normally be due
to the springs, for example in the snap switches.

The switch arms 47 and 48 (Figures 1 and 9)
are capable of making contact at 53 and 54,
closing one or other of two relay load circuits.

It is understood that tilting of the soft iron
armature about its pivot 39 will open the switch
at contact 49 or 50 according to the direction
of tilf, and at the same time will close one of
the snap switches through contact 53 or 54, the
switches being permissibly single pole double
throw switches and being of the snap switch
variety.

A snap switch is used of a type which snaps
open under pressure and will snap back if the
pressure be not maintained. It is very desirable
that the switches shall not be subject to chatter
or other trouble from vibration and that in each
direction of movement each switch shall definitely
close and definitely open, rather than close and
open gradually or uncertainly. )

It will be seen that the opening of either switch
contact at 49 or 50 opens the series coil circuit
as completely and entirely as if the circuit were
opened at both these contacts; also that but one
contact is closed by swinging movement of the
armature, namely contact at 53 or contact at 54.

The second windings, coils 5% and 56, one on
each of the cores 36 and 37, are connected in
paralle] at 57 and 58, and are supplied with cur-
rent by junction points 34 and 35 connected to
arms (8 and 19 so that current from the mains
will flow through these coils in parallel when-
ever the relative positions of the contacts con-
trolled by arms 18 and 19 unbalance the Wheat-
stone bridge. In other words, when arm I8 has
been adjusted by hand or automatically, the cir-
cuit will be unbalanced and current will flow
through the parallel coils about the cores until
the potentiometers have again been balanced.

The current will flow in different directions
according to the direction in which the arm 18
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Insulating ends 102, 103. The spools carry one
winding each of the series pair of colls and one
winding each of the parallel pair of coils, thus
having two windings upon each core.

Plates 104, 105 between strip 98 and the magnet
return circuit form a convenient support for the
pivot upon which the light balanced armature is
carried so that the armature will reach over the
two poles.

The pivotal pin for the balanced armature is
adjustable lengthwise of the armature, or, alter-
natively, lengthwise of the pole pleces in order
to make it possible very exactly to balance the
armature when it is polarized by the series coils
upon or about the control cores. In Figure 7 this
adjustment is shown as corresponding with the
position of the parts in Figure 2 except that in
Figure 2, plates 106, front and back, and screws
107, have been omitted. The screws fit through

slots {08 into threaded holes {08. The plates:

carry bearing openings 110.

In Figure 8 the pivot is carried by a bracket {11
fastened to the armature plate 112 by bolt 113
passing through a slot |14 extending longitudi-
nally with respect to the armature. The bracket
carries rods 116 which serve as the pivots.

As thus constructed, two types of pivot adjust-
ment are available.

If it be desired to maintain the pivot in the cen-
ter of the electrical armature, as by permanent
pivot location with respect to the length of the ar-
mature, but to adjust the armature bodily with
respect to the poles, this can be done by changing
the position of the bearing supports with respect
to the plates, maintaining equal lengths of arma-
ture on one side or the other of the pivot but
slightly altering the relative leverages between
the armature and the two operating positions of
the pins by which the switches are thrown.

By slacking bolt 113 the pivot can be adjusted
longitudinally of the armature itself, so as to
leave unequal lengths of armature on opposite
sides of the pivot location, and in this way to
balance the armature even if there be slightly
unequal strength of core poles,

In the illustration in Figure 3, a guide 118 in
each snap switch supports a pin ({7 which is
prevented from falling through the guide, so that
the pin is in line with a properly supported dia-
phragm 1i8, of any one of the types indicated.
The pins for the two snap switches are in line,
each with one or other of projections 96, 91 (Fig-
ure 2) which are carried by the armature on op-
posite sides of its center. These projections are
supported from the armature body by rods 118,
120 (Figure 2) which are threaded into the arma-
ture and are locked in adjusted position by nuts
12I. By these rods the height of the limit of
movement of the snap-switch~operating pins can
be adjusted.

It will be understood that all of the adjust-
ments referred to .respecting the pilvot of the
armature and height of the projections from the
armature are very small and make no appreci-
able difference in the accurate engagement of
the projections with the pins, as seen in Figure 2.
The throws of the switch pins are also short.

Figure 9 is a diagrammatic construction cor-
responding generally to Figure 1 but having sev-
eral marked differences from that of Figure 1.

-The first is that the armature and cores have
not been put into place though it is intended to
use an armature and snap switches of the charac-
ter described in connection with Figures 2 and 3
which snap to an extent greater than the amount
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to which their pins have been pushed but snap

»backmlnwhenthcmeuurehreleased.
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A second difference of Figure 9 with respect to
Figure 1 is as to the two potentiometers, In
Figure 1 they are separated widely to indicate
that the first potentiometer can be at any suit-
able control point and the second potentiometer
wherever the motor—let us say—is located. In
Figure 9 the potentiometers have been brought
together into something more nearly approach-
ing the normal Wheatstone bridge though it is
the intention still that the second potentiometer
neednotbeclosetotheﬂrstbutcanbespaoed
from the first fo meet the requirement of motor
location, etc.

The third difference is that an indicator (sig-
nal) light 122 is shown in Pigure 9 connected to
show when either of the relays is in operation,
whereas in Figure 1, while such an indicator (sig-
nal) light can be used in the same location, it
has not been shown.

A further difference lies in the fact that the
Figure 9 form is suited to mechanical operation
instead of the hand throwing of the first potenti-
ometer middle arm for which the Figure 1 form
is primarily intended. In this last change a
double swilch is shown as connected with the
throwing mechanism, so that the act of throw-
ing the switch will electrically energize the series
and also the parallel windings or colls which
will be dead except when the middle arm of this
potentiometer is actually being moved. One
form of such a switch is shown in Figure 10
with a detail in Pigure 11.

As will be seen in Figure 8, double switch con-
tacts 123, (24 energize conductor 125 when pres-
sure is placed upon (23 or 124 to cause move-
ment of the middle arm. The middle arm is in-
sulated from conductor 125 but is mechanically
connected with it so that this middle arm can
be moved by moving either of the operating
mechanisms 123 or 124. The conductor 128 is
thus energized in either event, causing energi-
zation of both series and shunt coils, until open-~
ing of one of the relay switches at 49 or §¢ in-
terrupts current through the series coils. Re-
setting of the middle arm of the potentiometer
reduces holding pressure upon a snap switch
which has been thrown until the switch snaps
open.

In Figure 10, one form of operating switch
to put into effect and make automatic the switch
operation occurring at 123 and 124 is shown
(see Figures 10, 10s, 10b, 10c, 10¢ and 11).

The operating button or mechanical lever for
the middle arm of the first potentiometer is not
shown in Figure 10 but the shaft connected with
it is shaft 126. It is used when the unbalance
of the first potentiometer is effected through
this shaft 126, electrically conducting pin 127
and an insulating collar 128, 'The insulation
collar carries an electrically conducting annulus
129 shown in Figure 11 whose ends are trans-
versely turned at 130 and 131 so as to present
contacts to be closed against the pin. These
contacts are given an allowance for play with
respect to the electrically conducting pin.

Current is furnished throigh an “amphenol,”
plug connector (32 having four contacts, one of
which is grounded.

The grounded “amphenol” contact 133 is con-
nected with one side 134 of the first potenti-
ometer for the Wheatstone bridge. A second
“amphenol” contact 135 is connected with the

contact {36 of the potentiometer and a third
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“amphenol” contact 137 is connected with the
center pin 127 by a contact 138. The fourth
“amphenol” contact is connected to the tang
139 of the annulus 129.

The spacing of the center pin from the con-
tacts 130 and 181 is effected by a spring 140
which is wrapped about a supporting pin 141
and extended so that it will bear against the
two sides of pin 127 and will also bear against
or lie close to a non-conducting stop pin 142
so that the spring will prevent pin 127 from
moving either way far enough to make contact
with either contact 130 or 13i except as the
spring bends.

Threads are shown at 143 by which the poten-

_ tiometer is mounted to the housing 144,

A signal light 122 is shown supplied with cur-
rent by conductors {46 and 146’. This light is
operative when the switch 127, 130, 131 of Fig-
ure 10 is turned in either direction and remains
operative until the complete control has been
effected, i. e. until the snap switch actuated by
the polarized relay has returned to open posi-
tion due to the holding action of relay contacts
63 and 64. -

In whichever direction the central shaft is
turned the pin 127 is electrically connected with
one or the other of the contacts 130, 131 of the
same annulus to close contact at either 130 or
131 seen in Figure 11. )

The cut-out switch at the potentiometer arm
in the hand thrown form (Figures 10 and 11)
makes it possible to cut the current from the
whole system during times when the device is
not in operation. The series coils are opened
when one relay circuit or the other is closed in
order that the parallel coils will have complete
control of the polarized relay, improving the ac-
curacy of resetting. This frees the armature
from series coil control for return to balanced
position when the pressure of the armature
against one or other of the switch pins is less
than the retracting pressure of the load relay
circuit snap switch. )

It will be evident that the two potentiometers
making up a Wheatstone bridge will not ordi-
narily be located close together in a construc-
tion of this character, as one will be located at
the point at which the proposed movement or
operation of the load circuit is to be initiated and
the other will be located near enough to the
motor which is being operated so that the motor
itself by its operation will reset the bridge by
turning the second potentiometer arm.

Tt will be seen that use of the switch at the
first potentiometer in the hand thrown form
of Figure 9 will have another advantage in that
while a. considerable current may pass through
the potentiometer after its arm has been thrown,
as soon as the operating arm has been released
this current no longer passes through the po-
tentiometer middle arm contacts. Consequent-
ly a higher current can be passed through the
potentiometer and a larger number of operating
‘points for the middle arm can be provided.

It will be evident that in the automatic form
in Figure 12 the second potentiometer may be
located physically so closely adjacent to the
motor which is being operated (see Figure 5 also)
that the motor may be used to swing the second
potentiometer middle arm to its compensating
position.

In Figure 12 an automatic oil cooling system
is shown such as is suitable for protection of
oil from over-heating in an airplane oil system.

[————
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The oil cooler 147 is fed by a rotary valve closely .
in juxtaposition to it through which the oil passes
in that part of its eirculation at which tempera-
ture correction is to be made. Within the rotary
valve is a spiralled bimetallic thermostat 31 whose
expansion and contraction cause rotation of a
shaft upon which is carried a first potentiometer
middle arm (8. Because of the small range of
rotary movement available, this arm need not
travel over an entire potentiometer scale but in-
stead a few potentiometer points may be taken
out at intervals and placed close together so as
to be within the range desired. Under condi-
tions yielding considerable thermostat travel a
correspondingly larger potentiometer range of
scale can be covered. In the potentiometer scale
shown the end 148 is grounded at 149.

As the rotary valve turns it opens passages
for the oil to flow down into and up from the
radiator of the oil cooler 147. In the meantime,
operation of the first potentiometer arm causes
operation of a control relay including relay switch
and armature such as are shown in Figures 1, 2,
3 and 8 with the result that one or other of two
load relay circuits is closed and current is passed
through the forward or reverse windings of
motor 150.

As a result of the motor operation, two func-
tions are performed. The one function is that
the armature through gearing 154, 152 operates
a screw (53 whose nut {54 throws a ventilating
flap 155 to “closed,” “faired” or “full open” posi-
tion, or some fraction of this distance, cooling
off the oil in the system. The nut is swiveled to

‘the flap.

If the oil be too cool, the action is reversed
and the ventilating flap 155 is progressively closed
from “full open” to “faired” position or to
“closed” position as may be needed, resulting in
angular movement of the potentiometer arm (8
either clockwise or counterclockwise as the case
may be and resulting in requiring correction
by corresponding movement of the second poten-
tiometer arm {9 to balance the Wheatstone bridge.

At the same time that this control of ventila-
tion is taking place the movement of the arma-
ture compensates by physical movement of the
arm {9 of this second potentiometer so that
whether the first potentiometer arm has moved
in clockwise or counterclockwise direction, the
second potentiometer arm is moved so as to com-
pensate for the movement of the first and fo
bring the flap to a position which may -be made
standard until operation conditions change and
to change the position of the flap as may be re-
quired to meet new conditions.

Balancing the bridge causes either cooling or
heating of the oil in the ol cooler radiator with
corresponding reaction upon the spiral thermo-
stat and corresponding retractive movement of
the arm of the first potentiometer.

In a given case the action of the second poten-
tiometer arm will not be complete because on its
corrective movement it will reach a balancing
position with the first potentiometer arm before
it is wholly compensated for the initial change
in the first potentiometer. In other words, the
changes in position of arm 18 because of the
corrective effect upon the thermostat will re-
duce or perhaps in individual cases obviate the
corrective movement of the second potentiometer
arm.

There may thus be a relative see-saw between

“the two potentiometer arms, one controlled by

the thermostat and the other controlled by the
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operating motor in that higher temperature or
lower temperature surrounding the thermostat
valve will cause resetting of the first potentiom-
eter arm, on either side of the center according
to the character of the change of temperature,

shifting the first potentiometer arm to a position-

which reduces the amount of compensation
required.

It will be evident that the actuating shaft in
Figure 10 is insulated from but is mechanically
connected with the potentiometer shaft in line
with it, and the potentiometer shaft in turn is
insulated from the potentiometer middle arm
but mechanically operates it. As a result when
the actuating shaft is turned in either direction
to close one or other of the contacts 30 and 31
against the pin the potentiometer shaft is ener-
gized but the middle arm of the potentiometer
is not energized except as it 15 energized because
of the unbalance of the rotentiometer,

In Figure 5 is shown a construction by which
the sensitivity of the armature may be adjusted.
Brass screws 156 pass’ through the armature
plates so that the ends of the screws may be made
to engage with the faces of the cores 38 and 37.
The screws are preferably threaded into the
plates and are held in adjusted positions by lock
nuts {87 above the plates. As g result the screws
can be backed off so that they have no effect in
spacing the armature at its closest point from
the faces of the poles of the cores or they can
be screwed down to space the magnetizable arma-
ture from the poles of the cores to varying de-
grees giving a very delicate adjustment of the
amount of magnetic effect in the cores which is
required to throw the armature.

In order that the screws may operate in a
greater length of thread, and at the same time
giving more magnetizable body to the armature
at these points opposite the cores, threaded wash-
ers 158 may be screwed to the armatures.

In view of my invention and disclosure varia-
tions and modifications to meet individual whim
or particular need will doubtless become evident
to others skilled in the art, to obtain all or part
of the benefits of my invention without copying
the structure shown, and I, therefore, claim all
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Having thus described my invention what I
claim as new and desire to secure by Letters
Patent is:

1. A control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture, disposed transversely to the armature on
opposite sides of the pivot and each adapted to
pull magnetically on the armature, a polarizing
coil around each core, a source of current con-
nected to the polarizing coils in a direction to set
up opposing pulls by the coiis and cores on the
armature, a control coil around each core, re-
versing control voltage means connected to the
control coils in a direction to set up pulls by the
control coils and cores on the armature in the
same direction, a pair of switches, one operatively
connected to the armature for displacement when
the armature pivots in each direction from mid-
position, each switch having a set of contacts open
when the armature is in midposition and closed:
when the armature pivots from midposition in
one direction, a pair of load relays, a. pair of
load relay circuits, each including one switch and
one load relay, switch means operative when the
armature is displaced from midposition in either
direction for disconnecting the source from the

55
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polarizing coils and operative when the armature
is restored to midposition for connecting the
source to the polarizing coils. )

2. A control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed ly to the armature on
either side of the pivot and each adapted to pull
magnetically on the armature, a polarizing coil
on each core, a source of current connected to the
polarizing coils in a direction to set up opposing
pulls by the colls and cors on the armature, a
control coil around each core, reversing control
voltage means conected to the control coils in a
direction to set up pulls by the control coils and
cores on the armature in the same direction, a
pair of double throw switches, one operatively
connected to the armature for displacement when
the armature pivots in each direction from mid-
position, each switch having a set of contacts
closed when the armature is in midposition and
opened when the armature pivots from mid-
position in one direction and another set of con-
tacts closed when the armature plvots from mid-
position in that direction and opened when the
armature returns to midposition, connections in-
terposing the sets of contacts closed when the
armature is in midposition and opened when the
armature pivots from midposition between the
source and the polarizing coils, a pair of load
relays, and a pair of load relay circuits each in-
cluding one of the load relays and one of the
sets of contacts closed when the armature pivots
from midposition and opened when the arma-
ture returns to midposition.

3. Ina control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed transversely to the armature on
either side of the pivot and each adapted to pull
magnetically on the armature, a polarizing coil
around each core, a source of current connected -
to the polarizing colls in a direction to set up
opposing pulls on the coils and cores of the arma-
ture, a control coil around each core, reversing
control voltage means connected to the control
coils in a direction to set up pulls by the control
coils and cores on the armature in the same di-
rection, spring means urging the armature to-
ward midposition, a pair of double throw switches,
one operatively connected to the armature for
displacement when the armature pivots in each
direction from midposition, each switch having a
set of contacts closed when the armature is in
midposition and opened when the armature pivots
from midposition in one direction, and another
set of contacts closed when the armature pivots
from midposition in that direction and opened
when the armature is restored to midposition, a
pair of control relays, a pair of control relay cir-
cuits each including one of the control relays and
one of the sets of contacts closed when the arma.
ture pivots from misposition and opened when
the armature is restored to midposition, and con-
nections for interposing the contacts closed when
the armature is in midposition and open when
the armature pivots from midposition between
the source and the polarizing coils,

4. A control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed transversely on either side of the
pivot and each adapted to pull magnetically on
the armature, a polarizing coil around each core,
a source of current connected to the polarizing
colls in a direction to set up opposing pulls by
the coils and cores on the armature, a control
cofil around each core, reversing control voltage
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means connected to the control coils in a direction
to set up pulls by the control coils and cores on
the armature in the same direction, a pair of
double throw snap acting switches, one operatively
connected to the armature for displacement when
the armature pivots in each direction from mid-
position, each switch having a set of contacts
closed when the armature is in midposition and
opep when the armature pivots from midposition
in one direction and another set of contacts closed
when the armature pivots from midposition in
that direction and open when the armature is
restored to midposition, a pair of load relays, a
pair of load relay -circuits each including one of
the load relays and one of the sets of contacts
open when the armature is in midposition and
closed when the armature pivots from midposi-
tion, and connections interposing the sets of con-
tacts which close when the armature is in mid-
position and open when the armature pivots from
midposition between the source and the polariz-
ing coils.

5. A control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed transversely to the armature on
either side of the pivot and each adapted to act
magnetically on the armature, a polarizing coil
around each core, a source of current connected
to the polarizing coils in series in a direction to
set up opposing pulls by the coils and cores on
the armature, a control coil around each core,
reversing control voltage means connected to the
control coils in parallel in a direction to set up
pulls by the contro coils and cores on the arma-
ture in the same direction, a pair of double throw
switches, one operatively connected to the arma-
ture for displacement when the armature pivots
in each direction from midposition, each switch
having a set of contacts closed when the armature
is in midposition and open when the armature
pivots from midposition in one direction, and
another set of contacts closed when the armature
pivots from midposition in that direction and
open when the armature is restored to midposi-
tion, a pair of load relays, a pair of load relay
circuits each including one of the relays and one
of the sets of contacts closed when the armature
pivots from midposition and open when the
armature is restored to midposition, and connec-

tions for interposing the sets of contacts closed -

when the armature is in midposition and open
when the armature pivots from midposition be-
tween the source and the polarizing coils.

6. A control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed transversely to the armature on
either side of the pivot and each adapied to pull
magnetically on the armature, a polarizing coil
around each core, a source of current connected
to the polarizing coils in series in a direction to
set up opposing pulls by the coils and cores on the
armature, a control coil around each core, re-
versing control voltage means connected to the
control coils in parallel in a direction to set up
pulls by the control coils and cores on the arma-
ture in the same direction, a pair of double throw
snap switches spring urged toward midposition,
one operatively connected to the armature for
displacement when the armature pivots in each
direction from midposition, each switch having a
set of contacts closed when the armature is in
midposition and open when the armature pivots
from midposition in one direction and another
set of contacts closed when the armature pivots
from midposition in that direction and open when
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the armature is restored to midposition, a pair
of load relays, a pair of relay circuits each in-
cluding one of the relays and one of the sets of
contacts closed when the armature pivots from
midposition and open when the armature is
restored to midposition, and connections inter-
posing the sets of contacts closed when the arma-
ture is in midposition and open when the arma-
ture pivots from midposition between the source
and the polarizing coils,

7. A control re'ay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed transversely to the armature on
either side of the pivot and each adapted to pull
magnetically on the armature, a polarizing coil
around each core, a source of current connected
to the polarizing coils in a direction to set up
opposing pulls by the coils and cores of the arma-
ture, a control coil around each core, a Wheat-
stone bridge having balancing arms, a source con-
nected to opposite points of the bridge from the
arms, connections from the balancing arms fo
the control coi's in a direction to set up pulls by
the control coils and cores on the armature in the
same direction, a pair of switches, one operatively
connected to the armature for displacement when
the armature pivots in each direction from the
midposition, each switch having a set of contacts
closed when the armature rocks from midposition
and open when the armature refurns to midposi-
tion, a pair of control relays, a pair of relay
circuits each including one of the relays and one
of the sets of contacts, and means for discon-
necting the polarizing coils from the source when
the armature is displaced from midposition.

8. A control relay comprising a centrally piv-
oted armature, cores on either side of the arma-
ture disposed transverse'y to the armature on
either side of the pivot and each adapted to pull
magnetically on the armature, a polarizing col
around each core, a source of current connected
to the polarizing coils in a direction to set up
opposing pulls by the coils and cores on the arma-
ture, a control coil around each core, 2 Wheat-

5 stone bridge having balancing arms, a source con-

nected to opposite points on the bridge from the
balancing arms, connections from the balancing
arms of the bridge to the control coils in a direc-
tion to set up pu'ls by the control coils and cores
on the armature in the same direction, a pair of
double throw snap switches spring urged toward
midposition connected to the armature for dis-
placement when the armature pivots in each di-
rection from midposition, each switch having a
set of contacts closed when the armature is in

midposition and open when the armature pivots

from midposition in one direction and another
set of contacts closed when the armature pivots
from midposition in that direction and open when
the armature is restored to midposition, a pair
of relays, a pair of relay circuifs each including
one of the relays and one of the sets of contacts
open when the armature is in midposition and
closed when the armature pivots from midposi-

Y tion and connections interposing the sets of con-

tacts closed when the armature is in midposition
and open when the armature pivots from mid-
position.

9. In a motor control, a control relay compris-
ing a centrally pivoted armature, cores on either
side of the armature disposed transversely to the
armature on either side of the pivot and eacn
adapted to pull magnetically on the armature,
a polarizing coil around each core, a source of
current connected to the polarizing coils in a
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direction to set up opposing pulls by the coils
and cores on the armature, a control coil around
each core, reversing control voltage means con-
nected to the control coils in a direction to set
up pulls by the control coils and cores on the
armature in the same direction, a pair of switches,

&

one operatively connected to the armature for -

displacement when the armature pivots in each

direction from midposition, each switch having -

a set of contacts closed when the armature pivots
from midposition in one direction and open when
the armature is returned to midposition, means
for disconnecting the source form the polarizing
coils when the armature is pivoted from mid-
position, a ‘Wheatstone bridge having balancing
arms, a source connected to the bridge at points
opposite to the balancing arms, connections from
the balancing arms to the control coils in a direc-
tion to set up pulls by the control coils and cores
on the armature in the same direction, a reversi-
ble motor having reverse windings, motor circuits,
one including each of the windings and one of
the switches, and mechanical connection between
the motor and one of the balancing arms to
restore the bridge to balance when the motor is
operated.

10. In a motor control, a control relay com-
prising a centrally pivoted armature, .cores on
either side of the armature disposed transversely
to the armature on either side of the pivot and
each adapted to pull magnetically on the arma-
ture, a polarizing coil around each core, a source
of current connected to the polarizing coils in
a direction to set up opposing pulls by the coils
and cores on the armature, a control coil around
each core, spring means urging the armature
toward midposition, a pair of double throw
switches, one operatively connected to the arma-
ture for displacement when the armature pivots
in each direction from midposition, each switch
having a set of contacts closed when the arma-
ture is in midposition and open when the arma-
ture pivots from midposition in one direction and
another set of contacts closed when the arma-
ture pivots from midposition in that direction and
open when the armature is restored to midposi-
tion, a Wheatstone bridge having balancing arms,
a source connected to opposite points on the
bridge from the balancing arms, connections from

the balancing arms to the control coils in a direc- -

tion to set up in the control coils and cores pulls
on the armature in the same direction, a pair
of relays having load contacts, a pair of relay
circuits each including one of the relays and one
of the sets of contacts closed when the armature
pivots from midposition and open when the arma-
ture is restored to midposition, a motor having
reverse windings, a pair of motor circuits each
including one of the motor windings and the load
contacts of one of the relays, connections placing
the sets of contacts closed when the armature
is in midposition between the source and the
polarizing coils, and mechanical connection be-
tween the motor and one of the balancing arms
to restore balance.

11. A control relay comprising a centrally
pivoted armature, cores on either side of the
armature disposed transversely to the armature
on either side of the pivot and each adapted to
pull magnetically on the armature, a polarizing
coil around each core, a source of current con-
nected to the polarizing coils in a direction to
set up opposing pulls by the coils and cores on
the armature, a controlling coil around each core,
& Wheatstone bridge having balancing arms, a
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source connected to opposite points on the bridge
from the balancing arms, a pair of switches, each
operatively connected to the armature for dis-
placement when the armature pivots in one direc-
tion from midposition, each switch having con-
tacts closed when the armature pivots from mid-
position in one direction and opened when the
armature is restored to midposition, a pair of
load relays, load circuits each including one of
the sets of contacts and one of the relays, an
operating member for one of the balancing arms
and a switch actuated by the operating member
for closing the circuit to the source when the
operating member is inactive.

12. A control relay comprising a centrally
pivoted armature, cores on either side of the
armature disposed transversely to the armature
on either side of the pivot and each adapted to
pull magnetically on the armature, a polarizing
coil around each core, a source of current con-
nected to the polarizing coils in a direction to
set up opposing pulls by the coils and cores on
the armature, a control coil around each core,
a Wheatstone bridge having balancing arms, a
Source connected to opposite points on the bridge
from the balancing arms, a pair of switches, each
operatively connected to the armature for dis-
placement when the armature pivots in one direc-
tion from midposition, each switch having con-
tacts closed when the armature pivots from mid-
position in one direction and open when the
armature is restored to midposition, a pair of
load relays, load circuits each including one of
the sets of contacts and one of the Joad relays,
an operating member for one of the balancing
arms, a switch actuated by the operating mem-
ber for closing the circuit to the source when
the operating member is manipulated and open-
ing the circuit to the source when the operating
member is inactive.

13. In a contro] circuit, a Wheatstone bridge
having balancing arms, an operating member for
one of the balancing arms, a source of current
connected to opposite points of the bridge from
the balancing arms, a switch actuated by the
operating member for closing the circuit to the
source when the operating member is manipulated
and opening the circuit when the operating mem-
ber is inactive, and automatic means including
& relay and a motor operatively interconnected
for restoring balance to the operating arms.

14. In a control circuit, a Wheatstone bridge
having balancing arms, an operating member for
one of the balancing arms, a source of current
connected to opposite points of the bridge from
the balancing arms, a switch actuated by the
operating member for closing the circuit to the
source when the operating member is manipulated
and opening the circuit when the operating mem-
ber is inactive, automatic means including a relay
and a motor operatively interconnected for re-
storing balance to the operating arms and con-
nections from the source to the opposite points
of the bridge for holding current on the bridge
during a period of unbalance notwithstanding
that the switch actuated by the operating mem-
ber may open. '

15. In a motor control, a control relay compris-
ing a centrally pivoted armature, cores on either
side of the armature disposed transversely to the
armature on either side of the pivot and each
adapted to pull magnetically on the armature,
& polarizing coil around each core, a source of
current connected to the polarizing coils in a-
direction to set up opposing pulls by the polariz--
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ing colls and cores on the armature, a control
coll around each core, a pair of double throw
snap switches spring urged toward midposition,
one operatively connected to the armature for
displacement when the armature pivots in each
direction from midposition, each switch having
a set of contacts closed when the armature is
in midposition and open when the armature
pivots from midposition in one direction and an-

. other set of contacts closed when the armature
pivots from midposition in that direction and
" open when the armature is restored to midposi-
tion, a Wheatstone bridge having balancing arms,
8 source connected to opposite points on the
bridge from the balancing arms, connections from
the balancing arms to the control coils in the
direction to set up in the control coils and cores
pulls on the armature in the same direction, a
pair of relays having load contacts, a pair of
relay circuits each including one of the relays
and one of the sets of contacts closed when the
armature is pivoted from midposition and open
when the armature is restored to midposition,
a motor having reverse windings, a pair of motor
circuits each including one of “he motor windings
and the load contacts of one of the relays, con-
nections placing the sets of contacts closed when
the armature is in midposition between the source
and the polarizing coils and a mechanical con-
nection between the motor and one of the
balancing arms to restore balance.
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