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This invention relates to control systems, more

particularly to electric valve control systems and
it has for an object the provision of a simple,
reliable, inexpensive and improved control sys-
tem of this character. _

Still more specifically the invention relates to
a control system for amplifying a direct signal
voltage of either polarity by converting the di-
rect voltage to a square wave periodically vary-
ing voltage and amplifier, and a further object
of the invention is the provision of a control sys-
tem of this character which is self-synchronous
arid which requires no contacts to be driven in
synchronism with an A.-C. line voltage.

In carrying the invention into effect in one
form thereof, a direct signal voltage is supplied
to the input terminals of a vibrator unit having
a pair of main vibratory contacts by means of
which the signal voltage is chopped and con-
verted into a square wave periodically varying
voltage. This voltage is amplified by means of
an A.-C. amplifier and the amplified voltage is
supplied to the input circuit of a discriminator
stage comprising a pair of electric valves which
are connected push pull and each of which is
provided with an anode, a cathode, and a control
grid, An auxiliary vibratory contact of the vibra-
tor unit is connected in circuit between the cath-
odes of the discriminator stage valves and one
terminal of the discriminator’s source of supply.
This auxiliary contact is mechanically connected
with the main contact of the vibrator unit and
is arranged to complete its circuit only in one
of the two contact making positions of the main
vibratory contact. . The voltage at the output ter-
minals of the discriminator stage is uni-direction-
al and its magnitude reverses with reversals in po-
larity of the direct signal voltage at the input
terminals.

For a better and more complete understa,nding
of the invention, reference should now be had to
the following specification and to the accompany-
ing drawing of which the single figure is a simple,
diagrammatical sketch of an embodiment of my
invention.

Referring now to the drawing, a vibratory con-
tact unit having stationary contacts la and 1b
and a vibratory contact lc is provided with input
terminals 2 and 3. The vibratory contact lc is
connected by means of a capacitive coupling to
the input circuit of an A.-C. amplifier comprising
the electric valve 4 and associated control circuits.
This valve is provided with an anode 4a, a cathode
4b, and a control grid 4c. It is supplied from a
suitable source of direct voltage .of which the
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positive terminal is represented by the conducétor
§ and the negative terminal is connected to

- ground.
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-4c.and the cathode.

As shown, the anode 4a is connected through
the primary winding 6a of a coupling transformer
% to the positive terminal 5 and the cathode is
connected to ground. The control grid 4c is con-
nected through the coupling capacitor T to the

-vibratory contact lc. A capacitor 8 is connected

between the vibratory contact lc and the cathode
4b, and a resistor 9 is connected between the grid
Normally, with no signal
voltage applied to the grid 4c, the valve 4 is con-
ducting in mid range.

The discriminator stage comprises two elec-
tric valves which are preferably included with-
in a single envelope 10.. One of the valves com-
prises the anode 10q, cathode 105 and control grid
{0c and the other comprises anode 10d, cathode
10e and control grid 10f. These valves are pref-

_ erably connected push pull. As shown, the anodes
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{0a and 10d are respectively connected through
resistors 11 and 12 to the positive terminal 5a of
a source of direct voltage of which the negative
terminal is connected to ground. Capacitors 13
and 14 are connected in parallel with resistors
i1l and 2 respectively. Cathodes {0b and l0e
are connected by means of a conductor 15 to the
negative side of the source. An auxiliary pair
of -vibratory contacts i6a and 16b is connected

" "between the cathodes and the negative side of
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the source. The auxiliary vibratory contact 16b
is mechanically connected by suitable means to
the main vibratory contact fc so that the con-
tacts I1b and 16a are made and broken synchro-
nously. Direct voltage for operating the vibrator
is supplied to the terminals of the operating coil
16d. A stationary contact 16¢ cooperates with the
vibratory-contact 16b to short circuit the coil to
provide the vibratory action of the reeds which
carry the vibratory contacts.

The grids 10c and 10f of the discriminator stage

~-are connected to opposite terminals of the sec-

. to 'a negative terminal of the source.

ondary winding 6b of the transformer 6 and the
midpoint of the secondary winding is connected
A suit-
able source of a biasing potential is included in

.- this connection. - The magnitude of this bias is
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such that with no signal voltage being supplied
to the grids, both valves of the discriminator are
conducting in approximately mid range.

When either of the valves of the discriminator
stage is conducting, it produces a uni-directional
voltage drop across the corresponding resistor 11
or-12, During the nonconducting half cycle of
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the valve which 1s conducting, the voltage drop”

across the resistor (1 or 12 is maintained as a
result of the charge on the capacitor 13 or {4
which is connected in parallel therewith.

A plurality of resistors 18, 19, 20, 21 and 22 are
connected in series relationship across the re-
sistors 14 and 12 and. thus constitute a voltage
divider of the output circuit voltage of the dis-
criminator stage. The resistor 20 is provided with

a sliding contact 20a which is adjusted as nec-:

essary to secure a balanced output with zero sig-
nal input,

A portion of the output circuit voltage of ‘the
discriminator stage which is obtained from this
voltage divider is supplied to the input circuit
of a power amplifier which comprises a pair of
electric valves connected in push pull. Prefer-
ably these electric valves are included within a
common envelope 23. These valves are supplied
from a source of direct voltage which is prefer-

- ably the same source as. that from which .the
discriminator stage is:supplied. ' As shown, the
anodes of the power amplifier stage are connected
through coils 24 and-25 to the positive terminal

Sa of the source and the cathodes are connected..

-through a resistor 26 to the negative terminal of
‘the source.. 'Coils 24 and 25 may be the operating
-coils of relays or.they may be opposed: field wind-
.rings of a dynamo-electric machine such as a mo-
“tor, a generator, or an amplidyne exciter.

- With the foregoing understanding. of the ele-
ments and their organization, the operation - of
the system will be readily understood from the
following description: It -is-assumed that the
terminals of the coil 16d of the vibrator are con-
nected to a source of direct voltage and' that
the vibrator is operating., - A signhal -voltage is
~applied to-the input terminals 2 and 3 of which
the polarity at'the terminal 3 may be assumed to
be positive.

‘The main vibrator contacts la, ‘I1b and 1ec
“chop this- direct signal voltage into a square
wave periodically varying voltage which is ampli-
fied by the amplifier 4. As a result, a periodi-
cally varying voltage of the same frequency is
nduced in the secondary winding .6b of .the
transformer 6. The transformer windings are
so poled that the polarity of the voltage at the
lower terminal of the secondary winding is posi-

tive. when the contact Ic is in engagement with

..the stationary contact Ib. and the. current . in
the primary winding is increasing. At this same
instant, the vibratory. contact 16b is in engage-
ment . with the stationary centact 16a, thereby
completing . the -cathode. circuit of .the discrim-
inator stage. The positive voltage of the lower
terminal - of the transformer secondary is-im-
pressed.on the. grid 107 and. consequently: cur-
rent flows from the positive terminal 5a of ‘the
source through resistor 12 and from anode 10d
to cathode 10e and thence through conductor (5
and contact 16a to'the negative terminal of the
source. - As a result of this current flow, a volt-
age drop appears. across the resistor {2 of which

- the polarity at the center terminal 12q. is . posi-
tive.: This:voltage drop charges the capacitor 14.

During' this same period when contacts 46a

‘and 16b are engaged there is a negative voltage
impressed on grid 10c.
voltage is less than the critical value above which
no plate current can flow, current will flow from

5a through (1, 10a, 10b, 16¢ and 16b to ground.

- However, :the magnitude of this current will ‘be

:dess:than that flowing. through resistor 12 and the

If the magnitude of this 7

4

voltage appearing across (1 will be less than
that across 12.

During the succeeding half cycle the movable
contact Ic is in engagement with the stationary
contact la. Consequently the polarity of the
voltage at the secondary terminals of the trans-
former is reversed, i. e: the voltage at the upper

-‘terminal is positive and the voltage at the lower
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terminal is negative. However, there is no con-
duction from the anode {0a to the cathode 10b
because. the auxiliary stationary contact 18b is
out of engagement with the stationary contact
{6a when main contact ¢ is in engagement with
stationary contact {a. During this half cycle in
which there is no conduction through either
valve of the discriminator stage the voltage drop
across the resistor 12 is maintained by the charge
on capacitor 14 and the voltage drop across re-
sistor 11 is maintained by the charge on capacitor
138. Thus, there is maintained across the resistors

“12:and (I uni-directional voltages of which the
~magnitude  is proportional to the magnitude of
- the signal voltage which is impressed on the in-
-put terminals 2 and 3.
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If the polarity of the signal voltage is reversed,

“ithe voltage at the lower terminal of the second-

.stationary contact Ia.
30"

ary- winding 6b will be positive when the main
vibratory -contact Ic¢ is in engagement with the
However, when the con-
tact Ic is in engagement with the contact la the
auxiliary contact 16b is out of engagement with
-the: stationary contact (6a. Consequently the

+-cathode circuit of the diseriminator stage is inter-
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upted and ‘although a positive voltage is applied
-to the grid 10f there is no conduction between
‘the :cathode 10b and 10e. However, during the

- next half cycle when the main vibratory contact

40

¢ is in engagement with the stationary contact
1 which is -connected to the now negative input
terminal, the polarity of the voltage at the upper
terminal of the secondary winding 6b is positive.

" During this half cycle the auxiliary vibratory con-
‘ tact '16b - is in ‘engagement with the stationary

&
S

_contact 16a, thereby completing the ‘cathode ecir-
cuit of the discriminator stage, and current flows

from the positive terminal of the source S5qg

“‘threugh resistor (1, and from anode 10a to cath.
ode ‘t8b- within the valve and thence by con-

duetor 15-and by the auxiliary contacts 6a and

48D to the negative terminal of the source. As a
~result, a voltage drop appears across the resistor

i1 of which the polarity at the center terminal

=42 is positive and the polarity at the end ter-
minal 11a isnegative, This voltage drop charges

the -capacitor 13 so that during the succeeding
half-cycle, when neither valve of the discrimina-
‘tor stage is conducting, the voltage across the

—resistor 11 is maintained.

60

Thus, the voltage appearing across resistor 11
is-elther greater or less than the voltage appear-

- ing across resistcr 12 ‘depending upon the polarity

65

of the D. C. input voltage and the magnitude of
‘each voltage depends upon the magnitude of the

~input voltage.

The voltage across resistor I1 is divided by re-

“isistors- 18, 19 and -part of 20 and the voltage

across ‘resistor 12 is divided by resistors 22, 24
~-and ‘part of 28.

These voltages are divided in
order-to provide:the proper operating grid volt-

~ages'on grids 23a and 23b. With no signal input
~‘on terminals 2
" 28a

and 3 the voltages of the grids
‘and 23b are equal and the currents flowing
through windings 24 and 25 are equal. With an
input signal of the proper polarity i. e. the ter-

"minal- 2 positive 'and the terminal 3 negative,
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the voltage across 11 increases the current
through winding 24 decreases and the voltage
across 12 decreases the current through 25 in-
creases. With an input voltage of reversed polar-
ity, the reverse action ocecurs.

Thus, from the foregoing, it is seen that the
magnitude and polarity of the voltage.at the out-
put terminals of the disecriminator stage corre-
sponds to the magnitude and polarity of the
direct signal voltage at the input terminals 2
and 3.

Although in accordance with the provisions of
the Patent Statutes this invention is described
as embodied in concrete form and the principle
thereof has been explained together with the best
mode in which it is now contemplated applying
that principle, it will be understood that the ele-
ments shown and described are merely illustrative
and that the invention is not limited thereto since
alterations and modifications will readily suggest
themselves to persons skilled in the art without
departing from the true spirit of this invention
or from the scope of the annexed claims.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. A control system comprising a pair of input
terminals adapted to be connected to a source
of direct voltage, vibratory contacts with ter-
minals for deriving from said direct voltage a

square wave periodically varying voltage, means !

for amplifying said square wave voltage com-
prising an electric valve provided with an input
circuit connected to said vibratory contacts and
an output circuit, a discriminator stage having
an output circuit nd having an input circuit con-
nected to the output circuit of said amplifier com-
prising a pair of electric valves connected push
pull and each having an anode, a cathode, and
a control grid, connections for energizing said
anodes and cathodes from a source of direct
voltage, auxiliary vibratory contacts included in
said cathode connection, and means for mechan-
ically connecting said auxiliary vibratory con-
tacts with said first mentioned contacts for in-
terrupting and completing said cathode connec-
tion synchronously with said square wave voltage
thereby to provide a rectified voltage at the ter-
minals of the output circuit having a polarity
that reverses with the polarity of the voltage at
said input terminals.

2. A control system comprising a vibrator hav-
ing a pair of input contacts arranged and
adapted to be connected to a source of direct
voltage, a cooperating vibratory contact, an aux-
iliary stationary contact and auxiliary vibrating
contact cooperating with said auxiliary station-
ary contact, means for operating said vibratory
contacts synchronously, an amplifier comprising
an electric valve having an anode, a cathode and
a control grid coupled to said first vibratory
contact, a discriminator stage comprising a pair
of electric valves connected push pull and having
an input circuit coupled to the output circuit of
said amplifier stage, an output . circuit network
for said discriminator stage comprising a pair
of resistors connected across the anodes of said
discriminator stage valves and a separate capa-
citor connected in parallel with each of said re-
sistors, a connection from an intermediate point
of said resistors to the positive terminal of a
source of direct voltage and a connection in-
cluding said auxiliary contacts from the cathodes
of said discriminator stage valves to the opposite
terminals of said source for increasing the con-
ductivity of one of said discriminator stage valves
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for one polarity of said input voltage and for in-
creasing the conductivity of the other of said
discriminator stage valves for the opposite polar-
ity of said input voltage.

3. A control system comprising a discriminator
stage having an input circuit and an output cir-
cuit and comprising & pair of push pull connected
electric valves each provided with an anode, a
cathode and a control grid, a pair of input ter-
minals adapted and arranged to be connected to
a source of direct voltage, vibratory contacts con-
nected to said terminals for deriving from said
direct voltage a square wave beriodically vary-
ing voltage, an electric valve alternating current
amplifier for amplifying said square wave volt-
age and supplying the amplified voltage to said
input circuit, connections from the anodes and
cathodes of said discriminator valves to a source
of direct voltage for energizing said push pull
valve, an auxiliary pair of vibratory contacts in-
cluded in said cathode connection, and means
mechanically connecting said auxiliary contacts
with said first mentioned contacts for interrupt-
ing and completing said cathode connection in
synchronism with said square wave voltage for
selectively rendering said discriminator valves
conducting thereby to provide at the terminals
of said output circuit a uni-directional voltage
varying in polarity with the polarity of the volt-
age at said input terminals.

4, A confrol system comprising a discriminator
stage having an input circuit and an output cir-
cuit and comprising a pair of push pull connected
electric valves each provided with an anode, a
cathode and a control grid, a pair of input ter-
minals adapted and arranged to be connected
to a source of direct voltage, vibratory contacts
connected to said terminls for deriving from said
direct voltage a square wave periodically varying
voltage, an electric valve alternating current
amplifier for amplifying said square wave voltage
and supplying the amplified voltage to said input
circuit, connections for energizing the anodes and
cathodes of said discriminator valves from: a
source of direct voltage, an auxiliary pair of
vibratory contacts included in said cathode con-
nection, means mechanically connecting said
auxiliary contacts with said first mentioned con-
tacts for interrupting and completing said cath-
ode connection in synchronism with said square
wave voltage for selectively rendering said dis-
criminator valves conducting thereby to provide
at the terminals of said output circuit a uni-di-
rectional voltage varying in polarity with the
polarity of the voltage at said input terminals, a
power amplifier stage having an input circuit
and an output circuit divided into two portions
comprising a pair of electric valves connected
push pull and having its input circuit connected
to the output circuit of said discriminator stage,
and a pair of electromagnetic devices having coil
windings connected differentially in said portions
of said output circuit.

EDWIN J. JACKSON.
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