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The present invention relates to an improved
dynamotor control circuit, and more particularly
for the speed regulation thereof.

1t is now the custom to install automatic tele-
graph apparatus on mobile units, either for air
or ground travel, which communicate between
each other or with a fixed station over radio
channels. It is thus necessary to provide some
 sort of operating motor, usually of a low voltage
direct current type, to run such telegraph
apparatus, which motor must be regulated as to
speed of operation within relatively narrow
limits. The size and weight of the motor and
speed control means are limited because of mo-
bile application, where such are kept to a
minimum and, therefore, it is desirable to pro-
vide compact small units.

Accordingly, an object of the present inven-
tion is to provide speed regulating equipment
which is compact and small but which will op-
erate satisfactorily and efficiently. -

Further, another object is to produce such
equipment at as low a cost as possible.

Likewise, it is desirable that the apparatus
be made in a manner to reduce the maintenance
- and replacement of parts due to wearing out,
arcing of governor contacts, etc.

Therefore, still another object of the inven-
tion is to provide apparatus which will require
replacement of parts to a minimum.

One of the disadvantages of previous regulat-
ing systems has been the amount of radio inter-
ference caused during its operation.

Accordingly, a still further object of the In-
vention is to provide a regulation system which
causes as little radio interference .as possible.

A first embodiment of the invention, utilized
with a dvnamotor provided with a shaft for op-
erating the telegraph recorder, comprises gov-
ernor contacts on the dynamotor shaft, a regulat-
ing fleld in the dynamotor, a power vacuum tube
preferably of a beam type which normally op-
erates in the negative grid region for varying the
current in the reculating fleld winding under

the control of the governor contacts, and a con-

denser in the grid circuit of the tube for prevent-.

ing sudden changes in vacuum tube operating
potentials and consequently destructive high volt-
age transients in the regulating fleld.

A second embodiment is similar to the first
embodiment except that it utilizes a zero bias or
Class B power tube normally o-erating in the
positive grid region, such tube being preferable
in mobile applications where a low voltage is
present, such as of the nature of 6 to 12 volts.
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The features and advantages of the invention
will become apparent from the following detalled
description, when read in conjunction with the
accompanying drawing, In which

Fig. 1 shows an embodiment of the invention
utilizing a negative bias tube controlling the
speed regulation, and
~ Pig. 2 shows a second embodiment of the in-
vention utilizing a zero bias tube controlling the
speed regulation. |

with reference to Fig. 1, g control circuit has
been provided for use with a dynamotor primarily
utilized for air mobile application where a direct
current source of 26 volts is usually supplied. It
is to be understood, however, that the instant
ap-lication is not limited to a 26 volt current
source only but instead by the supplying of proper
value resistances, etc., the circuit may be utilized
over a voltage range. It should be noted, how-
ever, that because of the type of tube used, in
this case a 25L#6, the circuit will not operate with
the current source being less than approximate-
ly 20 volts. . |

A dynamotor indicated generally by the nu-
meral 8 is provided which is formed with a (low
voltage) motor commutator 71, a (high voltage)
generator commutator 8, both of which operate
from separate windings on a common armature,
not shown, and which are provided with a com-
mon shaft 9. The motor commutator T receives
a relatively low (26 volt) direct current potential
from a battery {1, through a manually operable
switch 12, through a series field 13 to the com-
mutator T and thence from the commutator to
ground over an obvious circuit. A shunt field
|4 is provided and is further provided with a
variable resistor 16 for setting the upper speed
limit of the dynamotor §. |

The generator commutator 8 supplies a di-
rect current output voltage of approximately 250
volts over a conductor 11 to a load 18 which
in the present instance is an electronic device
of any desired type, and over a conductor I8 to
ground.

The shaft 9 is utilized for operating a telegraph
recorder, indicated generally as 20, which may
be of any suitable design. It is because of such
use that the speed of the shaft 9 must be regulat-
ed within narrow limits.

Secured to the shaft 9 is a large commutator
dise 2! provided with a pair of centrifugally op-
erated governor contacts 22 which are designed
so as to remain closed during the normal op-
erating speed of the dynamotor 6, that is, up to
a predetermined speed and which will thereaft-
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er open &s the speed of rotation increases above
the predetermined limit. A brush assoclated
with the commutator 21 is connected over & con-
ductor 23 to the grounded conductor (8. A small
commutator ring 24 on the shaft 8 is also con-
nected to the governor contacts and has an as-
soclated brush which is connected by conductor
26, through g resistor 27 to the control grid 28
of g yacuum tube 28.

Anode 81 of vacuum tube 29 is connected over

a conductor 32 to a regulating fleld 33 provided

to control the speed of rotation of the dynamo-
tor 6, the regulating field 33 being connected at
its opposite side to the output lead 7. The
control grid 28 of the tube 29 is also connected
through a resistor 34 and over a conductor 36
to the conductor joining the manually oper-
able switch 12 and the series field (3, the con-
ductor 36 serving as a source of potential from

the battery 11 for the control grid 28. A con- .

denser 371 is connected between the resistor 27
and the conductor 36 in parallel with the re-
sistor 34. The conductor 38 also provides po-
tential for a cathode 38 of the tube 29 and a
cathode heater 39.
nected through a resistor 42 to the 250 volt di-
rect current output lead 17 of the generator com-
mutator 8, the circuit being completed through

8 resistor 43 and over a ground return conduc-

tor 44 which is provided from the opposite side

of the cathode heater 88 to the negative side of
the battery 1§ and to ground. |

If it is assumed that the switech 12 is in its
closed position, the dynamotor 6 thus will com-

mence to operate thereby causing the commu- :

tators T and 8 to rotate and an output voltage
to be supplied over the conductor 1. Under the
starting speed of the commutators and the nor-
mal] operating speed thereof, the governor con-
tacts 22 will be closed which will result in the
control grid 28 of the vacuum tube 29 being
biased negatively with respect to the cathode
28 over the following circuit: From the positive
side of battery 11, through the now closed
switch 12, over the conductor 36, through the
resistors 34 and 27, over the conductor 26 to
the small commutator ring 24, through the
closed governor contacts 22 to the large commu-
tator ring 21, and over conductor 23 to ground-
ed conductor 8. Inasmuch as a potential is also
supplied over conductor 36 directly to the cath-
ode 38, it may be seen that the resistor 34, which
together with resistor 21 forms g voltage di-
vider, causes the control grid 28 of the tube 29
to be an gmount negative with respect to the

cathode 38 equal to the IR drop across the re-

sistor 34 which is adequate to block the tube 29.

During the time that the governor contacts
22 are closed, the condenser 31 will be charging
over & circuit which may be traced from posi-
tive battery {1, through the closed switch 12,
over the conductor 36, through the condenser
31, through the resistor 21, over the conductor
26, through the closed governor contacts 22 and
their associated commutators, and over the con-
ductor 23 to grounded conductor 8. |

It might be noted that once the generator com-
mutator 8 supplies output voltage to the con-
ductor i71 potential will be applied to the screen
grid 41 from the output lead I7, through the

resistors 42 and 43, and over the conductor 44

to ground. The potential actually applied to

the screen grid 41 will be the output potential
from conductor {7 minus the IR drop produced

A screen grid 41 is also con-
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by the resistors 42 and 43, which form a volt-
tage divider. -

Under the above conditions the apparatus will

- operate satisfactorily to produce an adequate

output potential for the load 9, which as stat-
ed In this case is a radio transmitter, whereas
the shaft 9 will operate at a speed within the
required limits for operating the telegraph re-
corder 20.

If It is now assumed that the speed of opera-
tlon of the shaft 8 has increased to such an

. amount as to be above the predetermined speed
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and under which condition the governor con-
tacts 22 will be opened centrifugally in a man- -
ner well known in the art, the circuit which had
previously been traced for supplying biasing
voltage to the control grid -28 and which was
indicated as being from the conductor 36,
through the resistors 34 and 21, over the con-
ductor 26 to the small commutator ring 24, and
thence through the closed governor contacts 22
and flnally to ground over conductor 23, will be
broken upon the opening of the governor con-
tacts and thus the control grid 28 will drop to s
zero value with respeet to the cathode which
receives potential directly over the conductor 36.
Under this condition and as previously described
because of the characteristic of the tube uti-
lized, the tube 29 will commence to conduct over
& circuit which may be traced from positive
output lead i7, through the regulating field 33,
over the conductor 32 to the anode 31, through
the tube 29 to cathode 38, and thence to ground
over conductor 36 and through the switeh (2
and battery 11. As a result of the flow of cur-
rent through the regulating field 33, the speed
of rotation of the dynamotor 6 will be reduced
due to the increase in the magnetic field in a
manner well known in the art. Thus, the speed
of rotation of the shaft § will be reduced until
such time as a speed is reached which is below
the predetermined maximum limit at which time
the governor contacts 22 will once again close
resulting in the grid 28 being again biased neg-
atively with respect to the cathode, all as previ-
ously described, which results in the tube 29
belng extinguished or rendered nonconductive.
Under this condition no current wili flow through
the tube and thus through the regulating fleld
33, resulting in the magnetic effect being elimi-
nated and allowing normal operation of the dy-
namotor 6. |

It may also be seen that at such time as the
governor contacts 22 were opened, if no means
were provided, the tube 29 due to its inherent
characteristics would immediately conduct at
its maximum value, which would result in a high
transient voltage appearing across the regulat-
ing fleld 33 which would exceed the safe oper- -
ating voltage of the tube 29. However, by pro-
vision of the condenser 371, at such time as the
governor contacts 22 were opened the condenser
31, which as previously described had been
charged from battery {1, will discharge through
resistor 34. As a result of such potential being
applied to the control grid 28, the anode cur-
rent of the tube 29 will not rise instantaneously
to a maximum value but instead will attain such
maximum value over a gradual ( exponential)
curve. Thus, by the provision of the condenser
31, high voltage transients which might ad-
versely affect the regulating flield 33 and the tube

28 are completely eliminated.

It ‘should be noted that while the instant cir-
culf{ might be designed with a tube which would
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operate on a positive grid blas prineiple rather
than on & negative grid bias principle, as in the
instant example, the use of such latter type of
tube is preferable because it reduces the amount
of current necessary through the various circuits
and primarily through the governor contacts 22,
thereby reducing the possible sparking and sub-
sequent radio inteference in the circuit which
otherwise would be present upon the opening
and closing of the governor contacts. Fm'ther,
it reduces the amount of pitting of the governor
contacts which otherwise would greatly reduce
the life thereof and necessitate frequent replace-
ments. |

While the above embodiment has been de-
scribed as supplying an output potential to a
load 19 which is in the form of an assoclated
electronic device, it is obvious that the output
may be connected to any desired load which
operates on & high direct current potential.
Further, the present use of a speed regulated
shaft is not limited to use for operating a tele-
graph recorder 20 but may be utilized for operat-
ing any suitable device. | -

While the above description included but =
single change from normal speed to too high a
speed and back again and the subsequent speed
regulation operation, it is to be notec that
because of the circuit employed, the speed regu-

lation is constant, that is, at any time as the .

speed becomes too high the governor contact will
be opened and the circuit will function to reduce
the speed of the dynamotor 6§ until the correct
operating speed is reached at which time the
governor contacts will again close and the op-
eration will continue until some subsequent time
at which too high a speed will be reached, at which
time the regulating circuit will once again
function. -

It might be noted that the variable resistor 16
has been provided in association with the serles
field 13 and the shunt fleld {4 so that at such
time as the governor contacts 22 are opened, the
motor will not “run away”’ as may otherwise
occur. |

The embodiment shown in Fig. 2 of the draw-
ings is provided primarily for ground mobile ap-
plication such as vehicles where the direct
current potential source is usually of the order of

68 or 12 volts rather than 26 volts as described .-

for the first embodiment. In order fo achieve a
speed regulation system for such application and
potential a different type of tube is utilized, such
as 8 6N7, which operates with positive grid bias
with respect to the cathode rather than negative

as described with respect to tube 28 in the em-
bodiment shown in Fig. 1.

Specifically, a dynamotor 1 is provided, which
is similar to that previously described, having a
motor commutator 52, a generator commutator
83. both of which operate from separate wind-
ings on 2 common armature, not shown, and
having a main shaft 84 to which is connected a
pair of centrifugally operated governor contacts
88 and associated commutators. The motor com-
mutator 52 is operated from a low current direct
voltage source 51, through a manually operable
switch 58, and thence through a series fleld 89
to the commutator §2, the other side of which is
grounded over an obvious circuit. A shunt fleld
8( is provided with a variable resistor 62 con-
nected across the two sides of the commutator
82, the variable resistor 62 being for a similar
purpose as resistor {8 of Fig. 1. The shaft 84 is
utilized to operate a telegraph recorder $3, and
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thus necessitates speed regulation thereof, as was
true with respect to Fig. 1.

The generator commutator 83 provides & high
direet current output over a conductor $4 to a
1oad 88 which in the present instance is an elec-
tronic device, the opposite side of which 1is
grounded over an chvious circuit. A regulating
fleld 88 is connected from the output conductor
84 to the anodes 87 of a twin triode vacuum tube .
88. The twin triode 68 is provided with a pair of
control grids 8% which are normally provided
with biasing current from the voltage source 51,
through the switch 88, over a conductor TH,
through a resistor 12, through a reslistor 13, over
a conductor 14 to the brush of a small com-
mutator ring 716, through the closed governor
contacts 58 to a large commutator ring TI,
through the associated brush and over a con-
ductor 18 to ground. Because of the value of
the resistors 72 and 713, which form a voltage
divider, the grids €9 will he biased approximately
to zero or slightly negatively. The cathode 719
and cathode heater 8§ receive full potential from
the source 57, through switch 58 and over the
conductor 1{. A condenser 82 is connected be-
tween the conductor T{ and the midpoint of the
resistors 12 and 13 forming the voltage divider.

As in the above description with respect to
Fig. 1, if it is assumed that the manually operable
switch 58 is closed the dynamotar 8f will func-
tion to arrive at a normal operating speed for
driving the shaft 54 and operating the telegraph
recorder 63 and will impress & high direct cur-
rent to the output conductor 64. Under this con-
dition the twin triode 68 will not be conducting
because as described above a circuit i3 traced
through the then closed governor contacts 56 for
biasing the grids 69 to approximatiely zero or
slightly negative which is below the grid voltage
for allowing the tube to conduct to any great
extent. At such time, however, as too high a
speed of rotation is attained the governor con-
tacts 86 will open thereby precluding the tracing
of & circuit therethrough to ground over con-

. ductor 18, which results in the high output lead

84 supplying potential through a resistor 83,
which previously had been shunted to ground
through the closed governor contacts, over the
conductor T4 and through the resistor 13 to the
control grids 69. As a result of such potential
being applied to the grids 89 their bias will rise
positively to a value which will allow the tube 68
to become conducting thereby establishing a cir-
cuit from the high potential conductor 64,

- through the regulating field 66 to the anodes 67,

thence through the now conducting tube 88 to
the cathode 79 and over the conductor 71 and
through the battery 51 to ground. Under this
condition, because of the current flowing in the
regulating fleld 66, it will, through a magnetic
eflect, cause a reduction in speed in the rotation
of the dynamotor 51 thereby resulting in the speed
of rotation of the shaft B4 being reduced. At
such time as the speed of the shaft 54 is reduced
to a value below the predetermined maximum
the governor contacts 56 will once again close
causing the circuit just descrikbed for biasing grids
69 positively to be shunted through the recistor
83 and the closed governor contacts to ground
and re-establishing the circuit from the poten-
tia]l source 57 to the grids 69 which is a value of
slightly negative voltage, as previously described.
Under this condition the regulating field 66 will
not be excited and the dynamotor 6 will increase

75 speed.




2,544,883

| 7

It should be noted that the condenser 82 does
not charge positively during the time that the
governor contacts 56 are closed as was the case
with the embodiment shown in Fig. 1, inasmuch
as the condenser is so placed in the circuit as to
obtaln its positive charge from the opposite side,
that is, from the dynamotor output circuit 64,
through the resistor 83, over the conductor 14,
and through the resistor 13, but instead is charged
slightly negatively at this time from battery 87.
However, at such time as the governor contacts
86 open indicating that the dynamotor 51 is op-
erating too fast and at which time the triode 68
Is rendered conductive, as described above, the
initial potential surge supplied from the output
conductor 64, through the resistor 83, over the
conductor 74, and through the resistor 13 will
be absorbed by the condenser 82 allowing the
condenser to become charged positively and there-
after will be applied directly to the grids 69 of
the triode. In this manner the triode 68 is pre-

vented from rising to its maximum ouftput in-.

stantaneously, the condenser acting to cause the
triode to reach its maximum output in g manner

as shown in an exponential curve. The result

of such action is to preclude high transient volt-
ages from appearing across the tube 68 and the

regulating field 66 which might otherwise cause

injury to the tube and/or fleld.

It may also be noted that at such time as the
tube 68 is extinguished due to the closure of the
governor contacts 56, as has been described be-
fore, the condenser 82 will then discharge through
the resistor 12, similarly as has been described
above to eliminate any transient voltages.

Thus, under the above description it has been
seen that the speed regulator circuit operates
constantly, that is, at every instance as the speed
increases to too great a value the regulator cir-
cuit will operate to reduce the speed to a value
below the predetermined maximum. In this
manner & constant speed is provided for the shaft
o4 operating the automatic telegraph printer 63.
It is obvious, of course, that the device 63 need
not necessarily be a telegraph printer but in-
stead may be any apparatus which it is desired
o operate in mobile applications which operates
from a regulated speed which speed must be
limited and kept within narrow limits.

It is also obvious that while particular values :

have been assigned to the sources of potential
and the potential output, and specific types of
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tubes have been indicated as to be utilized, that .

the circuit may operate within the scope of the
present invention in instances where both input
or output voltages may be different and with the
use of various other types of tubes. |

While the instant invention has been described
in two specific embodiments and for utilization
with particular apparatus, it is obvious that it
could be incorporated in or with apparatus of
other types where similar needs are present, and
further is not to be limited to the specific embodi-
ments shown but for any embodiments within
the scope and spirit of the present invention.

- Whatis claimed is:

1. In g speed regulation system, in combination
with a dynamotor including a regulating field
and speed responsive governor contacts, a source
of power for operating said dynamotor, an elec-
tron tube having at least an anode, a cathode
and a control grid, said anode being connected
- to said regulating field and said control grid
being connécted to said governor contacts, means
to normally bias said control grid to & negative
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| bias, whereby transient

- said governor contacts whereby when

8

value with respect to said cathode from said
source of power thereby rendering said tube none
conductive, said governor contacts opening upon
the attainment of a pPredetermined speed of said
dynamotor and thereby causing said control grid
to be biased to zero causing said tube to be
rendered conductive, said regulating field being
controlled by said tube to cause the speed to be
reduced, and means connected to said grid to
prevent said grid from being reduced to zero
Instantaneously, whereby transient voltages are
eliminated.

2. In 8 speed regulation system, a dynamotor
including a regulating field and speed controlled
contacts, a source of power for operating said
dynamotor, an electron tube biased from said
source of power and controlled by said contacts
for controlling the current in said regulating
field, said tube being normally biased to a non-
conductive condition under predetermined oper-
ating speeds of said dynamotor but being ren-
dered conducting upon the attainment of too
high a speed by said dynamotor and the resultant
opening of said contacts and the removal of bias,
and means connected in a circuit of said tube to
prevent said tube from attaining a maximum
output instantaneously upon said removal of

voltages are eliminated.
3. In a speed regulating system for a dyna-

motor including a regulating field and governor
contacts which are responsive to the speed of

current in said regulating fleld, said tube being
biased by said source of power and controlled by
said gov-
eérnor contacts are closed said tube is biased to
cut-off and when opened the cut-off bias is re-
moved allowing the output of said tube to at-
tempt to rise to g maximum valye instantane-
ously, and means connected in a circuit of said
tube to prevent the output of said tube from -
rising to a maximum valye instantaneously when
sald cut-off bias is removed, whereby transient
voltages are eliminated

4. In a speed regulation system, a prime mover
including a regulating field and speed controlled
contacts, a source of power for operating said
prime mover, an electron tube having its grid
connected to said contacts and being controlled
by said contacts for controlling the current in
sald regulating field, said tube being biased from

- Sald source of power to be normally noncondue-

thfe under predetermined operating speeds of
sald prime mover but being rendered conducting
through the removal of bias upon the aitain-
ment of too high a speed by said prime mover
and the resultant opening of said contacts, and
means connected in a circuit of said tube to
prevent said tube from attaining a maximum
output instantaneously upon said removal of

bias from said tube, whereby transient voltages
are eliminated.

9. In a speed regulating system, a prime mover,
8 source of power for said prime mover, speed
responsive contacts operated by said prime
mover, an auxiliary field in said prime mover,
an electron tube normally biased below cut-off
from said source of power having its anode con-
nected to said auxiliary field and its grid con-
nected to said speed responsive contacts, where-
by when said contacts are opened said grid will
be biased to cause said tube to conduct thereby
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regulating the speed of said prime mover through UNITED STATES PATENTS
said auxiliary fleld, and a capacitor connected Number Name Date

in shunt with a resistor between the grid cathode 1788733 Morton —_— oo Jan. 13, 1931

space of said tube for preventing said tube from 1844243 Crout —— oo Feb. 9, 1932
attaining a maximum output instantaneously, § 1954884 Mears . .. ______. Apr. 17, 1934
whereby transient voltages are eliminated. 2 010,577 Wilson _ o ____ Aug. 6, 1935

THEODORE A. HANSEN. 2,395,517 Stoller o __ Feb. 26, 1946
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