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My invention relates to control apparatus and
has particular relation to control apparatus of
& type utilized in producing mechanical recipro-
cating or rotary motion of a predetermined period.

It is an object of my invention to provide con-
trol apparatus capable of delivering an electro-

- mechanical force of predetermined periodicity.
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Another object of my invention is to provide
control apparatus capaole of delivering a periodic
force of uniform magnitude.

A further object of my invention is to provide
control apparatus capable of delivering an elec-
tro-mechanical force, the magnitude of which
shall vary with uniform periodicity.

A further and more specific object of my in-
vention is to provide control apparatus for oper-
ating a mechanical vibrator.

Another specific object of my invention is te
provide apparatus for attaining a mechanical or
electrical disturbance of predetermined proper-
ties from an electrical source having given prop-
erties.

An ancillary object of my invention is to pro-
vide, in control apparatus of a type incorporating
an inductor, a device for preventing the inductor,
by its electromagnetic action, from distorting the
action of the control system proper.

Another ancillary object of my invention is to
provide, in control apparatus of a type including
an inductor, a device whereby the energy aris-
ing from a current of predetermined polarity,
established in the inductor, is rapidly dissipated,
in an independent network provided therefor.

A further ancillary object of my invention is
to provide in control apparatus of a type includ-
ing a plurality of electric discharge tubes, that
are periodically extinguished, and an inductor, a
device whereby said inductor is prevented from
influencing the condition of the tubes, by its mag-
netic action.

More concisely stated, it is an object of my in-
vention to provide vibratory apparatus of a type
wherein the mechanical vibrator shall have a mo-
tion of uniform periodicity and of uniform am-
plitude.

According to my invention, I provide, for vi-
bratine apparatus, a control system, for produc-
ing a periodic electro-magnetic force, of a type
whereint the coil of an electro-magnet is period-
ically excited by the current traversing a grid con-
trolled electric discharge tube. The potential of
the grid of the tube is varied periodically by the
action of a commutator disc that coacts with a
source of potential independent of the source
provided for operating the tube. The periodicity

and the amplitude of the force is maintained uni-
form by reason of the fact that the commutator is
rotated in synchronism with the alternations in
the power source supplying the potentials for
operating the tube. ‘ 80

According to a modification of my invention,
the coil of the electro-magnet is excited from a
plurality of tubes connected in push-pull rela-
tionship. By properly adjusting the number and
the position of the segments of the commutator 65
associated with the tubes, an electro-magnetic
force of any predetermined characteristics may
be produced with apparatus of this type.

Finally, the back-electromotive-force, arising
from a current established in the coil of the elec- 78
tro-magnet, is prevented from perceptibly dis-
torting the character of the disturbance that is
delivered by the system by the action of a recti-
fier that is so connected in the system as to shunt
the coil. I have found that by the addition of the 7&
rvectifier, a rather aggravating fault has been
remedied.

The novel features that I consider character-

‘istic of my invention are set forth with particu-

larity in the appended claims. The invention it- 80
self, however, both as to its organization and its
method of operation, togeth ! with additional ob~
jects and advantages thereof, will best be under-
stood from the following description of specific
embodiments, when read in connection with the 85
accompanying drawings, in which:

Figure 1 is a view in perspective showing a
vibrating system to which my invention has been
specifically applied.

Fig. 2 is a view, partly in section and partly in 90
elevation, taken on the line IT—II of Fig. 1,
showing the principal motivating elements of the
vibrator,

Fig, 3 is a view in vertical section of the upper
structure of the apparatus shown in Fig. 1,

Fig. 4 is a view in perspective illustrating cer-
tain electrical and mechanical features of a
commutator utilized in an embodiment of my
invention,

Fig. 5 is a perspective view of the sector disc 100

‘of a commutator disc of a specifie type,

Fig. 6 is a second perspective view showing
certain additional elements of the commutator
disc, '

Fig. 7 is a schematic view showing the electrical 105
circuit of an embodiment of my invention,

Fig. 8 is a graph illustrating the action of the
apparatus shown in Fig. T,

Fig. 9 is a schematic view showing a modifica-
tion of my invention, 110
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Fg. 10 is a graph illustrating a characteristic
of the apparatus shown in Fig. 9, and

Tigs. 11 and 12 are views ilustrating further
modifications of my invention.

The apparatus shown in Figs. 1, 2 and 3 com-
prises a plurality of horizental supporting blocks
1, neaxr one extremity of which, vertical support-
ing blocks 3 are mounted, and near the other
extremity of which, brackets 5 of substantially
transverse C-section are mounted.. A bored
nracket 7 is supported on the upper end of each
wertlesl block 3, and the openings 9 in each
bracket 7 are traversed by cylindrical projections
11 extending from a plate 13, supporting the
upper znd of en enclosure 15 in which a sifting-
sereen 17 is movably mounted.

‘The lower end of the enclosure 16 is supported
on g piurality of studs 19 that engage 2 plurality
of bosses 21 fastened io, or cest integral with,
the wells 23 of the enclosure. The studs 19 are
supported between the flanges 25 of the brackets
5, of o G-section, on a bolt 27 thai traverses ¢clr-
cular openings in the flanges and an opening in
sne lower ends of each stud.

The projections 11 extending Irom the plates

orting the upper end of the enclosure 18
e copable of rotabing relative to the bracket
Jin which they ave supported, while the
19, supporbing the lower end of the en-
closure 15, may be pivoted relative io the bolts
worting them. The region of engagement
" the bosses 31, projeciing from the enclosure
, and the studs 19 may be varied in @ vertical
chion and conseguently the angular position
the enclosure be adjusted in any predeler-
¢ manner.
The mechanism ubilized In
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roducing the vi-

5 T n 17 is mounted on &
wiate 20 supported between the upper ends 31 of
ihe enclosure 15. It comprises & chamber 33
writhin which is 7astened the core 35 and the
wrindings 37 of an eleciro-megnet 39. The elec-
sro-raaznet 39 is adapted io be exciled, as shail
e explained hereinsfter, and when excited, its
core 35 atiracts a movable armature 41 thay is
resiliently supported, adjacent thereto, between
a niurality of compressicn springs 43 and 45.

2 stud 47 orojects from the lower suriace of
e bracket 48, to which the armaiure 41 is
‘sstened, and has mounted on its lower end, &
urality of legs 51 thai are fastened o & rod
which is in turn rigidly secured to the siiting-
reeny 17. As the armature 41 moves under the
ticn of the electro-magnet 39 and the springs
1 45, the screen 17 is in turn motivated.
ner 2nd of one spring 43 between which
rnye 41 floats, engages s groove 58
3 lower surface of & cylndrical shell
; on the lower end of o threaded
stuel 59. The stud B9 projects from a cylindrical
extension 51 of the chamber 33 wherein the
eleciro-magnet 39 and armature 41 are mounted.
The upper end of the stud 52 has fastened there~
ic o hand-whee! 63 whereby the stud may be
rotated relative to the tapped opening 65 in the
extension 61 from which it prejects. The verti-
cal position of the upper end of the spring 43,
and hence the vertical position of the armature
41, may thus be regulated, and as a result the
amplitude of vibration of the siffing-screen 7
may be adjusted. The stud 58 is, of course,
locked in any one of its vertical positions.

The electrical circuit of a system, whereby the
excitation of the electro-magnet 39 is produced,
is illustrated in ¥ig. 7. The apparatus ¢om-
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prises an electric discharge tube 67, (preferably
a grid-control gas discharge or glow tube), the
principal electrodes 69 and 71 of which are con-
nected to the terminals of the coil 37 of the
electro-magnet 39, and the power for the opera-
tion of which is supplied from an salternating
current source 73.

The control electrode 75 of the tube 67 is con-
nected through a brush 76, to the shaft 77 that
supports a conducting disc 79 provided with an
insulator sector 81 and rotated through & sys-
tem of gears 83 from a synchronous motor 85.
The power for themotor 85is supplied from the
same source 73 as supplies the potential be-
tween $he anode 89 and the cathode 71 of the
tube 67.

The disc 79 is engaged by a plurality of fixed
brushes 87 thab are connected to the terminals
89 and 80 of a split power supply source 91 such
as o battery. The remaining terminal 82 of the
source 91 is connecied tc the anode 69 of the
tubs 67.

Ag the disc 79 rotates, a voltage of predeter-
mined magnitude and of predetermined polarity
ig impressed on the zrid 75 of the tube 87, and
as a result the condition of the electric discharge
in tne tupe 87 is varied. In apparatus of the
type iliustrated in Tig. 7, the grid 78 of the tube

§7 is alternately adjusted o negative and posi-

$ive potentials relafive to the ancde §8, and the
tube is alfernstely in an unexcited and an ex-
cited state, respectively. The electro-magnet 39
in turn responds o the condition of the tube 67
and causes the sereen o be reciprocated ac-
sordingly.

Ag inusitrated in Fig. 7, the eleciric discharge
sube 37 is of the hot cathode type. It is under-
stood ihat plural clecirode tubes of

the cold-
cetnode Sype ere alsc useable in reciprocating
systems of the vype described herein. However,
where o comparatively heavy current is utilized,
it is preferable that the tubes be of the hot
cathode type and for the heaviest duty grid-
controlled mercury pool cathode tubes are pref-
erable, )

The cethode 71 of the tube requires consider-
shie ime to be hented to a proper temperature
for emitting, and it is seriousiy impaired if it
emnits before it rvemches this temperature. A&
time delay velay 93 is therefore provided for
preventing the application of the requisite po-
tential between the anode §9 and the cathode
71 of the tube 87 until the cathode has attained
5, proper temperature.

Turthermore, it is understcod thai the poten-
tinls applied to the grid 756 by the contact dise
70 must be proverly reiated in polarity fo the
potentials applied between the wprincipal eiec-
trodes 89 and 71 of the tube 67 for satisfactory
operation of the system. Tt is to be noted that
the proper current is not passed by the tube 67 if
the grid 75.is of negaiive polarity relative to
the ancde 66 ab the beginning of each cycie of
operation of the disc 79.

The coil 94 of velay ©5, equipped with a con-
tactor 96 that is adapted to regulate the activity
of the motor circuit, is therefore included in the
principal circuit of the tube 67. The contactor 96
is in parallel with the contactor 97 of the time de-
1ay relay 93 and when the latter closes the motor
circuit is open unless the tube 67 is passing suffi~
cient current. That is to say, power is not sup-
plied to the motor 85 unless the disc 79 is prop-

¢rly oriented in phase relative to the alterna--
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tions of voltage impressed between the principal
electrodes of the tube 67.

Initially the motor 85 is started through the
contactor 97 of the relay 93 which is in engage-

' ment with the lower fixed contacts of the relay

when power is applied. When the cathode 71 is
properly excited and the relay 93 is energized,
the motor 85 can only be energized through the
contactor 96 of the relay 95. If the disc 79 is so
oriented at any time that the device 67 remains
deenergized for an appreciable interval, the relay
95 is deenergized. When the supply of energy to
the motor is thus stopped, its speed decreases
and, in coasting the disc, necessarily passes
through a condition in which the device 67 be-
comes energized and the relay 95 receives an im-
pulse to energize it. It is evident that at the
time that the relay 95 receives the energizing
impulse the rotor of the motor 85 may be moving
so slowly that it is pulled into proper step by the
engagement of the contactor 96 with its corre-
sponding fixed contacts regardless of how slug-
gish the relay 95 is. However, in the preferred

_practice of my invention the relay 95 is a rather

quick acting relay.

It is well to point out that the relays 93 and 95
have not been shown in the modified systems
illustrated in Figs. 9, 11 and 12. However, they
have not been incorporated in the views for pur-
poses of clarity. Their incorporation in the actual
systems of the type shown in Figs. 7, 9, 11 and 12
will be apparent to one skilled in the art and the
relay systems are, as a matter of fact, generally
incorporated in actual apparatus of this type.

Finally, it is apparent that if tubes of the cold
electrode type are utilized the time delay relay 93
is not necessary. The circuit is then slightly
modified.

It is to be noted that as illustrated in Fig. T,
the restoring force for the screen 17 is provided
by a tension spring 98 instead of two compres-
sion springs as is illustrated in Figs. 1, 2 and 3.
This feature of the illustration should only be

. regarded as symbolical.

GO

In Fig. 8, the action of the system shewn in
Fig. 7 is illustrated graphically. The shaded
areas 99 under the curve 101 of comparatively
small amplitude, represent the periods during
which current is flowing through the tube €7.
The curve 103, of large ampiitude, indicates the
position of the screen 17. The values of positive
ordinate, represent its position as it approaches
the magnet 39, and the values of negative ordi-
nate represent its position as it retracts from the
magnet. 'The potentials 89 and 90 of the grid are
designated below the axis of ordinates on the
graph.

As can be seen from the graph, according to
my invention, I provide, essentially, a device
whereby a mechanical frequency of a predeter-
mined period is attained from an electrical fre-
quency of given period. In the particular case
illustrated in the graph, the mechanical fre-
quency is Y% of the electrical frequency. Thus,
a frequency of -60 cycles, which is ordinarily
available, yields a mechanical frequency of 20
cycles.

It is, furthermore, to be noted that by syn-
chronizing the rotation of the sectored disc 79
with the alternations of the power supplied to
the tube 67, I am able to obtain a condition
wherein the oscillations of the mechanical vi-
brator 17 are uniform in period and magnitude.

Apparatus of the type illustrated in Fig. 7 may
pe utilized to attain a mechanical motive vibra-

3

tion comparatively simple in character.  Modes
of vibration of more complicated character may
be attained with apparatus of the type illustrated
in Fig. 9.

The apparatus illustrated in this view com-
prises a plurality of tubes 105 and 107, herein
shown as hot-cathode grid-glow tubes, the anodes
109 and 111 of which are connected to two termi-
nals 113 and 114 of a power-transmission trans-
former 115 and the cathodes 117 and 119 of which
are connected to a shaft 121 whereon a commu-
tator 123, of a predetermined character, is
mounted.

The grids 125 and 127 of the tubes 105 and 107
are connected to brushes 129 and 131 that are
adapted to make contact with the segments 133
and 135 of thg rotating commutator 123 through
power sources 137 and 139 of suitable electrical
character. The exciting coil 37 of the electro-
magnet 39 is connected between the electrical
center 141 of the secondary 143 of the trans-
former 115, whereby power is supplied to the
tubes 105 and 107, and the common electrical
center 145 of the secondary 147 of the trans-
former 149, whereby power is supplied for heat-
ing the cathodes 117 and 119 of the tubes.

As is illustrated in the view, a negative bias
is impressed on the grid 125 or the grid 127 of a
tube 105 or g tube 107, when the brush 129 or
the brush 131 associated therewith makes contact
with the conducting element 133 of the com-
mutator dise 123, and, correspondingly, the grid
is insulated when the brush makes contact with
the insulating segment 135 of the commutator.
In the latter case, the corresponding tube breaks
down and a current passes through the exciting
coil of the magnet.

It is seen that the condition produced in the
electro-magnet is determined by the angle be-
tween the brushes 129 and 131 and by the angles
subtended by the insulating and the conducting
segments 133 and 135 of the commutator disc
123.

It has long been known that the passage of
a current through an inductor causes a mag-
netic flux to be set up in the region associated
therewith. When the current is decreased the
flux decreases in turn, causing the current to
maintain itself.

In the present connection, the persisting cur-
rent tends to produce an electromotive force be-
tween the principal electrodes of the tubes 105
and 107 which in turn tends to maintain the
tubes in a state of excitation. Consequently, the
character of the mechanical vibrations that the
system yields is distorted.

I have found that this undesirable condition
may be eliminated by the addition of a rectifier
151 shunting the coil 37 of the electro-magnet 39
and of such polarity that the persisting current
from the coil is dissipated in its circuit, and does
not pass through the tubes 105 and 107. It is
to be noted that when the current through the
coil 37 decreases, the voltage across the rectifier
is in such a direction as to cause it to pass
current,

In Fig. 10 the curve 153, wholly above the axis
of abscisse, illustrates the condition that is at-
tained in the tubes when the shunting rectifier
151 is not present in the circuit, and the lower
curve 154 illustrates the condition when the recti-
fier 151 is added to the circuit. If the discharge
rectifier 151 is included in the circuit, the excess
energy represented by the shaded area in Fig.
10 is dissipated therein. The ordinates of the
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eurves may be regarded as proportional to the
voltages impressed .between the ‘principal elec-
trodes of the tubes in each.case.; - - :

Y will be noted that unless the current in the -
shaker-coil 37 and hence in the-last tube is zero.

before the voltage of the anode 109 or 111 relative
to the cathode 117 or 119 becomes positive, an
increase in current in one tube, and therefore in
the shaker-coil, results. The consequent motion
of the shaker is therefore rather irreguiar. When
it is remembered that the current in the shaker-
coil 37 and consequently in the last tube to carry
the current is, under ordinary circumstances,
built up during severai half-cycles 155 of the
power supply source and Is required to break
down during one half-cycle 156 of the power
source, the utility of the improvement, described
above, is clearly seen.

Tt is to be noted that the discharge energy ig
dissipated in a resistor in the present exbodiment
of my invention. It is well to point cut that in
practice the energy may be fed back into the
supply and rendered useful.

Ag with the apparatus of the type illustrated
in Mg. 7, so also in the apparatus described here~
inahove, the commutator disc 123 is synchronized
with the alternations of the power supply source.
The dise is driven from g synchronous motor 38
sciuaied from the same source as ihe ubes.

Tjnder ordinary circumstances & commutgtor
isc of the well-known type, having conducting
non-conducting segments, may be utilized.
T have found that under certain con-

s type shown in Figs. 5 and 6.
he dise 157 illustrated in these views comi-
prises a plurality of metallic segments 159 and 161
snarated by insvieting strips 163. One segmenig

e connecied conductively to the drive-shaft

{ dise while the remaining segments 61
nsulated therefivom,

Yhen the disc 157 is utilized in apparatus oi
ihe tyoe illustrated in Tig. 9, ab certain periocds
during the votajlon of the dise, the brushes as-

d with the tubes are insulated, and as &
: the tube corresponding to an insulated
- breaks down znd produces & sbtate of ex-
citetion in the electromagnet.

T4 is to be noted that the angle sublended by
the segments of the commutator disc may be ve-
ried by connecting certain of the segments £0-
gether with wires 185 bolted in the surface of
the segments. The character of the movement
produced in the mechanical vibrator may thus be
varied.

In Figs. 11 and 12, modifications of my nven-

tion are iltustrated.
In apparatus of the type illusirated in ¥
the vectifier 151 provided for dissipeting the
energy arising from the back-current through the
coil of the eleciro-magnet 167 is inductively cou-
pled to the coil through which the tube current
passes. ‘The tubes 169 and 171 are illustrated as
sold-cathode grid-glow tubes bub the itlustration
should be regarded only as symbolical. The
core 172 is analogous to the cove 35 {o which rei-
srence is made above.

In apparatus of the type illusirated in Fig.
19, independent coils 173 and 175 are previded to
correspond o the individual tubes 177 and 178.
These coils are magnetically coupled with each
other and with the rectifier 151 that is provided
for dissipating the energy arising from the back-
current. ‘The core 180 corresponds to the core
55 of the gpparatus illustrated in Fig. 7.

n
A
G

1,038,812

It is well to point out that, although my in-
vention has been illustrated as specifically ap-
plied to a mechanical vibrator, certain phases
of .it. have more general applicability. -In par-
ticular; it is-well to reiterate that apparatus of
the type illustrated in Pig. 7 or-9 may be uti-
lized to attain a periodic electrical or mechanical
disturbance of predetermined properties from a
source of power having s series of given prop-
erties.

Again, it is to be noted that my invention should
not be restricted to apparatus of a type wherein
only grid-glow tubes are utilized. Electric_ dis-
charge tubes of any type, such as thermionic
valves or mercury discharge tubes, preferably
with keep-alives, may be utilized in certain con-
nections with success. It is, however, of interest
to point out that for the present application the
hot-cathode grid-glow tube of the {ype designated
in Tg. 9 has been found most useful.

Specifically, it is to be noted that the specific
orientation of power sources such as 93 and 137
and 139 should only be given symbolical sig-
nificance. In apparatus of the type illustrated in
g, 9, for example, the system can be operated
with success If o power supply source is connected
petween the shatt 121 of the commutator disc 123
and the elecirical center of ithe cathoedes 117
and 119 of the fubes 108 and 107.

1 have also found that satisfactory results may
e attained with a tube the characteristics of
wich ere such that it may be regulated by al-
ternsiely connecting the grid fo the ancde and

the catiwode, or by alternately connecting the grid
o one principsai clecivode ond sllowing i to Aeat

freely.

Although I have shown and described certain
specific embodiments of my inveniion, ¥ an {ully
aware that many modifications thereot are pos-

sible. My inveniion, therefore, is not 0 be re-
stricted exeent insofar as is necessitated by the

prior art and by the spirit of the appended claims,
T claim as my invention:—

1. Control apparaius comprising an eleciric dis~

charge device having a control clectrede and a
nlursglity of principal slectrodes, means for apply-
ing an alternating potential between said prin-
cipal clectrodes and meens synchronized with
said aliernating notential for applying potenfials

etween said control electrode and said principal i

electrodes to vary the current transmitted between
said prineipal elecirodes.

2. Control apparsius comprising an electric dis-
charge device including a control-elecirode, an
elternating source of nower for energizing =aid
deviee, & plurality of additional sources of nower,
and means synchronized with the slternations of

2id first named source of power coacting with
gsid additional sources of power o vary the po-
tentisl of soid conirol-clectrode to vary the state
of excitetion of said device.

3. Control apparsitus comprising & plural
clectric discharge devices, each device im
g control-elecirode, an alternating source cf now-
er associated with said devices, and ons syn-
chronized with said source for appl roten-
tials to the control-electrodes of said devices to
vary the state of excitation of said electric dis-
charge devices.

4. Control apparatus comprising o plurality of
plural-electrode electric discharge devices con-
nected in push-pull relationship, en aliernating
source of power for energizing said devices, and
means synchronized with the alternations of said
source of power for applying potentials fo the
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control-electrodes of said devices to alternately
vary the state of excitation of said devices.

5. In apparatus for transforming an electro-
motive force of given characteristics of frequency
and amplitude into an electro~-motive-force of pre-
determined characteristics of the type including
a commutator disc, a source of power associated
with said disc, and a plurality of electric dis-
charge devices, said electric discharge devices
comprising a plurality of principal electrodes, and
a control electrode, the potentials of said prin-
cipal electrodes being applied from said given
electro-motive_force, and the potentials of said
control electrodes being applied through said
commutator disc from said source of power asso-
ciated therewith, means for controlling the phase-
relation of the potentials applied between said
principal electrodes and the potentla.ls applied
to said control electrodes.

6. Control apparatus comprising energy trans-
lating means, at least one electric discharge device
incorporating a control electrode and a plurality
of principal electrodes for transmitting power to
said translating means, alternating power supply
means for impressing an electromotive force be-
tween the principal electrodes of said electric dis-
charge device, means operating in synchronism
with said power supply means for alternately ap-
plying a distribution of potential between said
control electrode and said principal electrodes to
maintain. said electric discharge device deener-
gized and another distribution of potential be-
tween said control electrodes and said principal
electrodes to energize said electric discharge de-
vice, and means responsive to the current trans-

mitted by said electric discharge device to main-~ -

50 -

5

tain said potential-distribution-varying means in
synchronism with said power supply means.

7. Control apparatus comprising an inductor,
power supply means, means including an electric
discharge device, having an energized and a de-
energized condition, connected to said inductor
and to said power supply means for transmitting
periodic unidirectional current impulses there-
through, and an asymmetric network connected to
said induetor in such manner as to be non-con-
ductive to the unidirectional current transmitted
through said inductor and conductive to a current
in the direction of the electromotive force built up
by the collapse of the flux in said inductor during
the intervals between pulses of unidirectional
current, for shunting out said electric d15cha.rge
device during these intervals.

8. In control apparatus of the type incorporat-
ing an inductor, power supply means, means in-
cluding an electric discharge device having an en-
ergized and a deenergized condition, coupled to

80

85

90

95

said inductor and to said power supply means for.

transmitting periodic unidirectional current im-
pulses therethrough, means for suppressing the
influence of the collapse of magnetic flux in said
inductor, during the intervals between said pe-
riodic impulses, in maintaining said electric dis-
charge device energized, said means including an
asymmetric network and means for coupling said
network to said inductor in such manner that it
is non-conductive to said unidirectional impulses
transmitted through said inductor but is condue-
tive to current impulses having the polarity of
the potential generated by the collapse of said
flux.
JOHN W. DAWSON.
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