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This invention relates to improvements in the
regulation of electric circuits. While not limited
thereto, the invention is particularly applicable
to systems for controlling jointly the intensity
of illumination of a multiplicity of lamps which
are adapted to be rendered active selectively.

The system hereinafter described employs volt-
age regulating means of the magnetic amplifier
or reactor type which comprises a magnetic struc~
ture having windings in circuit with a load to be
controlled and having a control coil to be excited
by a suitable current. It has been customary
heretofore to regulate the excitation of said con-
trol coil by means of a rheostat in series there-
with. As is well known to those skilled in the
art, when the windings of such reactance are en-
ergized, due to energization of a load of a given
value, such as a lamp or lamps, in circuit there-
with, and when the control coil is unexcited, the
induced impedance .in such reactance serves to
check the voltage to said lamps to such an extent
that the lamp filaments remain black., Manipu-
lation of the rheostat varies the excitation of
said coil, controlling the impedance value of the
reactance, whereby the voltage drop across the
lamps and consequently the intensity of illumi-
nation thereof is varied at will between zero and
maximum. The aforedescribed characteristic of
control may be represented by the curve A on
the curve chart designated as Fig. 2 in the draw-
ing accompanying this specification.

With the aforedescribed arrangement the con-
trol characteristic represented by curve A is main-
tained only under given load conditions, that is,
when the load in circuit with the windings of the
reactance approximates the maximum capacity
value of said reactance. When only a portion of
gaid load is rendered active, that is, when only a
part of the number of lamps comprising said load
is rendered active; for example, sixty per cent
thereof, it has been found that the control char-
acteristic of the reactance deviates considerably
from that represented by curve A, such deviation
being represented by the curve B. It will be

5 noted from curve B that the same degree of ex-

citation of-the reactor control coil for a maximum
load and a sixty per cent load respectively, re-
sults-in widely divergent illumination intensities
of the lamps as indicated by the dotted arrows
of Fig. 2; furthermore, when the control coil is
unexcited, the impedance induced in the react-
ance by a sixty per cent load is insufficient to re-
duce the voltage drop across the lamps to a mini-
mum, consequently they will glow a certain
amount as represented by point C of curve B.

(CL 175—312)

Obviously, characteristics of control other than
those represented by curves A and B would result
incident to the load conditions intermediate sixty
per cent and maximum, and to those load condi-
tions below sixty per cent.

It is proposed to maintain in the control of a
load of variable value a characteristic of control
substantially in accordance with that represented
by curve A, and it is an object of the present in-
vention to secure such control.

A further object of the invention is that of
overcoming the disadvantages of the aforede-
scribed elementary system.

Another and more specific object is to provide
a method whereby a predetermined intensity of
illumination of the lamps of a given circuit may
be insured upon a given setting of the control
means, regardless of the load upon the circuit,
or in other words, a method whereby variations
in the number of lamps which it is desired shall
be rendered active may be compensated for to
insure a predetermined intensity of illumination
thereof upon a given setting of the control means.

Another object is to provide methods of the
aforementioned character which minimize the
skill required for operation of control systems of
the character herein described.

Another object is to provide simple and efficient
apparatus for performance of the foregoing
methods.

Various other objects and advantages of the
invention will hereinafter appear.

The accompanying drawing illustrates an em-
bodiment of the invention which will now be de-

scribed, it being understood that the embodiment .

illustrated is susceptible of modification without
departing from the spirit and scope of the ap-
pended claims.

In the drawing,

Figure 1 is a diagrammatic and schematlc view
illus‘rative of a system constructed in accordance
with my invention.

Fig. 2 is a curve chart, previously mentioned,
which graphically represents the control charac-
teristic which it is desired to maintain throughout
a wide range of load conditions, as compared
with one of the characteristics inherent in an
elementary system.

Referring to Fig. 1 of the drawing, the same
illustrates a lamp circuit 5, typifying a load cir-
cuit to be controlled, said circuit to be supplied
from a suitable aliernating current source, such
as that designated as lines L!, 1.2, Said circuit
comprises a multiplicity of lamps, as for example,
spot lights for theatre use, or other portable or
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fixed lighting units which may selectively be ren-
dered active or inactive at will, and which.it is
desired shall be controlled jointly by a single
means of intensity control.

The means for controlling the illumination
intensity of the lamps in circuit 5 includes the
reactors 6, 7 of a well-known form comprising
the core structures 8 and 8*, sald reactors each
having windings 9, 10 and 9*, 10* respectively,
and control coils 11 and 11*., The pairs of wind-
ings 9, 10 and 9% 10* are illustrated as being
selectively connectable, either individually or
jointly in parallel relationship to each other, in

.series with the lamp circuit 5, whereas each of

the control coils 11, 11» is adap:ed to be energized
from a suitable current source 13, L¢, preferably
of direct current. The potential to be impressed
upon the control colls 11, 11* is adapted to be
regulated by a resistance varying rheostat 12, I
further provide the resistance varying rheostats
13 and 14, the former being connected in series
relation with the rheostat 12 and in parallel rela-
tion with the control coils 11, 11* and the latter
being connected at one end between the rheostat
arm 12* and said control coils, the other end
thereof being free; the arrangement of said rheo-
stats being such that variable amounts of resist-
ance are adapted to shunt said control coils to
compensate for variations in the number of lamps
of circuit 5 which it is desired shall be rendered
active, such arrangement providing a compensat-
ing flow of current through said control coils
which is directly proportional to the value of {he
load to be controlled, whereby predetermined il-
lumination intensities of a variable number of
lamps are insured for given settings of the rheo-
stat arm 12*, as will be hereinafter more fully
described. The circuit of the control coils 11, 11
further includes the fixed resistance 15 in series
with said coils and the rheostat 12, also the fixed
resistance 16 in series with the shunt connected
rheostat 14.

The amount of resistance required to parallel
the control coils 11, 11* is preselected by means
of the selector 17 in accordance with the number
of lamps of circuit 5 to be rendered active for
a particular lighting arrangement. The selector
arm 17s of said selector is mechanically connected
as by means of the gearing 21 and the shaft 22
to the rheostat arms 13*, 14* of rheostats 13, 14
whereby adjustments in the setting of selector
arm 17* result in corresponding proportional ad-
Justments of said rehostat arms.

The electroresponsive switches 23, 24 are adapt-
ed to complete energizing circuits for the lamp
circuit 5 through the windings 9, 10 and 9», 10®
of the respective reactors 6, 7, said switches being
adap‘ed to respond individually or jointly, de-
pending upon the setting of selector arm 17s,
and upon such response to render either one or
both of the reactors 6, 7 effective to control the
intensity of illumination of the lamps of circuit
5. The selector 17 is provided with the contact
segments 18, 19, 20, the segments 18 and 20 ex-
tending through an angular distance of approxi-
mately 60°, while segment 19 occupies an angular
distance of approximately 120°, half of which
parallels segment 20; and the sams are adapted
to effect, in cooperation with the selector arm 172,
the aforedescribed response of the switches 23, 24.
Engagement of segment 18 by the selector arm 17#
is adapted to effect response of the switch 23,
engagement of segment 19 by said arm is adapted
to effect response of switch 24, while simwitaneous
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engagement of segments 19 and 20 is adapted to
effect joint response of said switches.

The ratio of gearing 21 is 6 to 1; the angular
distance between index marks 3 and 5, between
Index marks 5 and 8, and between index marks
8 and 13 respectively, is approximately 60°; there-
fore, movements of selector arm 17* through each
of these arcs of 60° results in a complete cyclic
traversal of rheostats 13 and 14 by their respective
rheostat arms 13* and 14* However, posi-
tioning of selector arm 17* at the upper ends of
the index marks 5, 8 and 13 respectively, results
in positioning of the rheostat arms 13, 14* at the
points 13b, 14> of their respective rheostats. 1t
is apparent that setting of selector arms 17* at
points intermediate the marks 3 and 5, 5 and 8,
8 and 13 will result in positioning of rheostat arms
13* and 14* at intermediate points of the rheostats
13 and 14,

As indicated in Fig. 1, the reactors 6, 7 are of
different capacities, the respective capacity values
of each being, for example, 3 k. w. to 5 k. w., and
5 k. w. to 8 k. w., the pair of them being capable
Jjointly of providing for illumination intensity con-
trol of & maximum lamp load of 13 k. w.

Fig. 1 illustrates the selector arm 17* as being
set at index mark 3 of selector 17 to provide for
control of a lamp load of 3 k. w., which, it may be
assumed is comprised of the two lamps of circuit
5 which are illustrated as having their associated
switches closed. The arm 12# of rheostat 12 may
be set as shown or may be adjusted to any posi-
tion desired to preselect an initial intensity of
illumination of the lamps rendered subject to
control by closure of their respective switches.
Upon closure of the switch 25 the lines L!, L2 are
energized and the switch 23 responds to a circuit
through its winding extending from line 1.1 to and
through selector arm 17*, segment 18 of selector
17 and through said switch winding to line 1.2,
Response of switch 23 completes an energizing
circuit for the lamps rendered active for control,
said circuit extending from line L! through the
lamp switches and said lamps, through the wind-
ings 9 and 10 of reactor 6 and through the contacts
of switch 23 to line L2, The lamps thereupon will
glow with the degree of luminosity preselected
therefor by the setting of rheostat arm 128, The
intensity of illumination may thereafter be varied
and controlled as desired by manipulation of arm
12# in the usual manner. It will be noted that
with selector arm 17= set at the index mark 3 none
of the resistance of rheostats 13 or 14 is inserted
in parallel with the control coil 11 and the current
through said coil is consequently of a relatively
low value, even when the arm 12# is at full bright
position, since the relatively greater proportion
of current from lines L3, 1# is shunted through the
arms 132, 14% of rheostats 13, 14. 'The value of
current in the coil 11, however, due to resistance
16 in series with the rheostat 14, is sufficient to
excite said coil to a degree adequate to counteract
the low value of the impedance created by the
small lamp load in circuit, since said load is much
below the rated capacity of the reactor. When
the arm 122 is moved to full dim position the volt-
age across coil 11 is gradually decreased to sub-
stantially zero value to provide for full dim or
black out condition of the lamps.

As aforestated, the purpose of varying the cur- -

rent available to the control coils 11, 11* is to
provide an excitation thereof which is varied in
accordance with variations in the value of the
lamp load to be controlled. Assuming full ex-
citation of the coil 11, that is, assuming that the
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full potential of lines 13, 14 is available to said coil
inthecontrolof a3 k. w. load, the lamps rendered
active would be at full bright intensity of illumi-
nation when the arm 12 is at full bright position.
However, movement of said arm toward the dim
position would not result in any appreciable de-
crease in the illumination intensity of the lamps
until a relatively extensive movement of said arm
had been effected; furthermore, upon movement
of said arm into full dim position, the lamps would
glow with a relatively high degree of luminosity,
due to the high value of current in the coil 11.

‘When a lamp load in circuit 5 totaling 4 k. w. is
rendered active for illumination intensity control,
the selector arm 172 is set at index mark 4, the
rheostat arms 132, 14® consequently assume inter-
mediate positions on their respective rheostats to
insert given values of resistance in parallel with
the control coil 11. Closure of switch 25 effects
the aforedescribed response of switch 23 to com-
plete an energizing circuit for the lamps. The
resistance thus inserted in parallel with the coil
11 is of such a value that with the rheostat arm
122 in the full dim position the current in such
coil produces a reactance drop in coils.9 and 10
which is sufficient to reduce the voltage of the
lamps to a value which just dims them to black,
and which, upon subsequent manipulation of the
arm 12& of the rheostat 12 will effect predeter-
mined degrees of luminosity of the lamps for given
settings of said rheostat arm between full bright
and black out control positions thereof, substan-
tially in accordance with the desired control char-
acteristic represented by curve A of Fig. 2. :

In the control lamp load of 5 kw. which, in
this instance, is the maximum load contemplated
for control by the reactor 6, the selector arm 172
is set at the upper end of the index mark 5; that
is, at the end of segment 18. The rheostat arms
138, 142 will move with said selector arm and
assume positions at points 13, 14> respectively of
rheostats 13 and 14 to effect insertion of the en-
tire amount of resistance of said rheostats in
parallel with the control coil 11. Substantially
the entire potential of lines 1.3, I¢ will conse-
quently he available to said coil the degree of
excitation of which is then subject to control
by the rheostat 12.

The control of lamp loads of 5 kw. to 8 kw.
is effected by means of the reactor 7 in a man-
ner similar to that aforedescribed in connection
with the control of lamp loads of 3 kw. to 5 kw.,
inclusive, by reactor 6. As aforestated the switch
24 is adapted to respond upon engagement of
segment 19 by the selector arm 17* to render
the reactor 7 effective for control of the lamp
load rendered active. The rheostat arms 132, 14
assume the respective positions illustrated in Fig.
1 to exclude said rheostats from circuit when the
selector arms is set at index 5, that is, the upper
end of segment 19. Increasing values of resist-
ance are likewise adapted to be inserted for con-
trol of loads over 5 kw., until for control of an
8 kw. load by reactor 7 all the resistance of rheo-
stats 13 and 14 is again included in circuit.

In the control of lamp loads of 8 kw. to 13 kw.
the selector arms 17» is adapted, as aforestated,
to simultaneously engage the segments 19 and
20 to effect response of the- switches 23, 24 to
render the reactors 6, 7 jointly effective for con-
trol of the lamp circuit 5. When the selector

arm 172 is set at index 8, that is, at the upper end

of segment 20, the rheostat arms 132, 14® again
assume the positions illustrated in Fig. 1, where-
in the resistance of the rheostats 13, 14 is ex-

‘reactor -impedance.

3

cluded from circuit. As described in connection.

with the control of lamp loads up to 8 kw., given
values of resistance are in a similar manner
adapted to be inserted in parallel with the con-
trol coils 11, 11* of the respective reactors 6, 1,
to provide a current in said coils which is direct-
ly in accordance with the value of the lamp loads
between 8 kw., and 13 kw. It may be stated in
this connection that the lamps shown in circuit 5
may bhe assumed to represent a total load of
13 kw. .

The function of the fixed resistance 15 is to
insure full-bright illumination intensity of the
lamps when {he rheostat arm 122 of rheostat 12 is

in full-bright position, regardless of the value of -

the lamp load rendered active. For example, with
aload of 3 kw. on the reactor 6, with. the arms 13%,
142 in the positions illustrated and with arm 122 in
full-bright position, a relatively high current will
flow through arm 14s, resistance 16, arm 12* and
resistance 15, thus creating a relatively large
voltage drop in the latter, and a relatively high
As aforestated, however,
there is a current of relatively low value through

‘the control coils 11, 112 due to the fixed resist-

ance 16 in parallel therewith, said current being
of a value which is adequate to excite said wind-
ings sufficiently for control of the small lamp
loads, which in this case are 3 kw., 5 kw., and 8
kw. With a load of 5 kw. on reactor 6, with the
arms 132, 148 at the points 13%, 14% of their re-
Spective rheostats, and with arm 12 at full
bright position, a current of relatively low value
will flow in the resistance 15, and the conse-
quent voltage drop therein and the impedance
of the reactor will be relatively low.

It is apparent from the foregoing that the
function of the present system, briefly stated, is
to vary the ratio between the value of the resist-
ance of rheostat 12 and the resistance 15 as one
quantity and the value of the resistance of the
control coils 11, 112, rheostats 13, 14 and resist-
ance 16 as the other quantity. Variation of this
ratio in accordance with variations in the value
of the lamp load to be controlled insures a uni-
form characteristics of control as represented
by the curve A of Fig. 2.

Although the system herein described provides
for the control of illumination intensities of a
lamp load of variable value in accordance with a
predetermined uniform characteristic, it is to be
understood that systems of a similar character
may be constructed to provide for voltage regu-~
lation in accordance with a predetermined uni-
form control characteristic of substantially any
other sort of variable load, such as a group of
electric motors, which may be selectively rendered
active for operation, and the speed of which it
may be desired shall be controlled jointly.

The simplicity with which the aforedescribed
system may be operated is apparent from the
drawing and the foregoing description; it being
necessary for the operator only to determine the
value of the lamp load rendered active for con-
trol and to then position the selector arm 172 at
the index mark of the selector 17 which corre-
sponds to that value. When the lamp circuit is
subsequently energized the illumination intensi-
ties of the lamps rendered active may be varied
thereafter by the manipulation of the rheostat
arm 122 in the usual manner.

What I claim as new and desire to secure by
Letters Patent is:- )

1, In a system of the character described, in
combination, a reactor control winding to be ex-
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cited from a source of substantially constant po-
tential, one end of said winding being connected
to one side of said source, a resistance connected
across sald source, an adjustable member con-
nected to the other end of said winding and mov-
able over a portion of said resistance to vary the
excitation of said winding, a second resistance
connected in series relation with sald first men-
tioned resistance and in parallel relation with
said winding, a second adjustable member con-
nected to one side of said source and movable
over sald second mentioned resistance, a third
registance connected at.one end between said first
mentioned adjustable member and said winding,
the other end thereof being free, a third adjust-
able member connected to one side of said source
and movable over said third mentioned resistance
to provide for inclusion of a variable portion of
the latter in parallel relation with said winding
and said second mentioned resistance, and means
for effecting simultaneous operation of said sec-
ond mentioned and third mentioned adjustable
members, for the purpose set forth.

2. In a voltage regulating system, the combi-
nation with a load of variable value to be sup-
plied from a source of alternating current, of a
reactor In circuit with said load, the impedance
value of which is adapted to be varied to regulate
the voltage impressed upon said load, saturation
means for said reactor to be excited from a suit-
able source of current, control means having an
element thereof adjustable for varying the ex-
citation of said saturation means, and cooperable
control means arranged to vary the degree of
energization of said saturation means for given
positions of said adjustable element directly in
accordance with variations in the value of the
load, whereby the controlling effect of said first
mentioned control means upon said saturation
means in any given position of said adjustable
element may be definitely predetermined regard-
less of the value of said load.

3. In a voltage regulating system, the combi-
nation with a load of variable value to be sup-
plied from a source of alternating current, of a
reactance having windings in circuit with said
load, saturation means adapted to vary the im-
pedance value of said reactance, said saturation
means to be excited from a suitable source of
current, control means for varying the excitation
of said saturation means, and means cooperable
with said control means whereby the control
effect of the latter upon said saturation means
may be deflnitely regulated directly in accord-
ance with variations in the value of the load.

4. In a voltage regulating system, the combi-
nation with a load of variable value to be sup-
plied from a source of alternating current, of a
reactance in circuit with said load, a control coil
for said reactance adapted to vary the impedance
value thereof, said coil to be excited from a suit-
able source of current, control means to vary the
excitation of said coil, and means associated with
said control means to vary the effect of the latter
upon said coil directly in accordance with varia-
tions in the value of the load, whereby given
voltage values for said load may be insured for
given settings of said control means.

5. In a voltage regulating system, the combi-
nation with a load of variable value to be sup-
plied from a source of alternating current, of a
reactor in circuit with said load, the impedance
value of which may be varied to regulate the
voltage impressed upon said load, a reactor con-
trol winding to be excited from a suitable source

1,981,700

of current, a resistance having an adjustable ele-
ment movable over the same for varying the
excitation of said winding, a second variable
resistance connected in serles relation with said
first mentioned resistance and in parallel rela-
tion with sald winding, a third variable resist-
ance connected at one end between said adjust-
able element and sald winding, the othen end
thereof being free, sald second mentioned and
last mentioned resistances being arranged to vary
the degree of energization of said control wind-
Ing for given positions of said adjustable element
directly in accordance with variations in the
value of the load, whereby predetermined volt-
age values for said load may be insured for given
positions of said adjustable element.

6. In a voltage regulating system, the combi-
nation with a plurality of translating devices
adapted to be rendered active selectively, sald
translating devices to be supplied from a source
of alternating current, of voltage regulating
means for said devices comprising a reactor in
circuit therewith, a reactor control winding
adapted to vary the impedance value of said
reactor, said winding to be excited from a suit-
able source of current, a resistance in circuit with
said winding, an adjustable element . movable
over said resistance, a second variable resistance
connected in series relation with said first men-
tioned resistance and in parallel relation with
said winding, and a third variable resistance
connected at one end between said adjustable

element and said winding, the other end thereof-

being free, said second mentioned and last men-
tioned resistances being arranged to definitely
regulate the potential rendered available to said
winding, whereby a predetermined control char-
acteristic of said first mentioned resistance may
be insured, regardless of the number of trans-
lating devices rendered active for control.

7. In a voltage regulating system, the combi-
nation with a plurality of translating devices
adapted to be rendered active selectively, said
translating devices to be supplied from a source
of alternating current, a reactance in circuit with
said devices, & reactance control coil adapted to
vary the impedance value of said reactance, said
coil to be excited from a suitable source of cur-
rent, & rheostat to vary the excitation of said
coil, variable resistance means cooperable with
said rheostat to definitely regulate the current
supply to said control coil to provide variations
in the characteristic of said reactance which are
directly in accordance with the number of trans-
lating devices rendered active for control by said
reactance,

8. In a system for controlling the intensity of
ilumination of & lamp load of variable value, in
combination, a plurality of lamps adapted to be
rendered active selectively, said lamps to be sup-
plied from a source of alternating current, a re-
actance in circuit with said lamps, a reactance
control coil adapted to vary the impedance value
of the latter, said coil to be excited from a suit-
able source of current, a rheostat to vary the
excitation of said coil, and variable resistance
means cooperable with said rheostat for defi-
nitely preselecting the degree of energization of
said control coil directly in accordance with the
value of the lamp load rendered active for con-
trol.

9, In a system for controlling the intensity of
illumination of a lamp load. of variable value, in
combkination, a plurality of lamps adapted to be
rendered active selectively, said lamps to be sup-
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plied from a source of alternating current, a re-
actance in circuit with said lamps, a reactance

control coil adapted to regulate the impedance

value of the latter, said coil to be excited from
a suitable source of current, a rheostat to vary
the excitation of said coil, and variable resistance
means cooperable with said rheostat to definitely
regulate the current available to said coil whereby
the characteristic of said reactance may be varied
directly in accordance with variations in the value
of the lamp load rendered active, the arrange-
ment being such that given intensities of illumi-
nation of the lamps are insured for given settings
of said rheostat, regardless of the value of the
lamp load rendered active.

10. In a system for controlling the intensity of
illumination of a lamp load of variable value, in
combination, a plurality of lamps adapted to be
rendered active selectively, said lamps to be sup-
plied from a source of alternating current, a reac-
tance having windings in circuit with said lamps,
a reactance control coil to be excited from a suit-
able source of current, a control rheostat to vary
the excitation of said coil, a second and a third
rheostat cooperable with said control rheostat to
modify the effect of the latter upon said coil, ad-
justable members for said latter rheostats to be
movable over the same, selective switching means
adapted to energize the lamp load rendered active
and to render the reactance effective to control
said load, means associated with said switching
means and said adjustable members whereby
movement of said switching means into given po-
sitions results in a corresponding proportional
movement of said adjustablegmembers into defi-
nite positions to provide the aforementioned mod-

. ification of the effect of said control rheostat in

direct accordance with the value of the lamp load
rendered active.

5

11. In a system for controlling the intensity of
illumination of a lamp load of variable value, in
combination, a plurality of lamps to be rendered
active selectively, said lamps to be supplied from
a source of alternating current, a plurality of re-
actances in circuit with said lamps, control coils
for the respective reactances to be excited from
a suitable source of current, a control rheostat
to vary the excitation of said control coils, a sec-
ond and a third rheostat cooperable with said con-
trol rheostat to modify the effect of the latter upon
said coils, adjustable members for said latter rheo-
stats to be movable over the same, calibrated selec-
tive switching means adapted to energize the lamp
load rendered active, said switching means being
adjustable to selectively render the reactances ef-
fective, individually or jointly, for control of said
load, connective means associated with said
switching means and said adjustable members
whereby positioning of said switching means at
given calibrated positions results in correspond-
ing definite positioning of said adjustable mem-
bers to provide the aforementioned modification
of the effect of said control rheostat in direct ac-
cordance with the value of the lamp load render=d
active.

12. In a method of controlling the intensity of
illumination of a lamp load of variable value,
wherein the lamps are subjected to a voltage con-
trolled by a reactor, and wherein the impedance
value of said reactor may be varied at will to ef-
fect such voltage control, the step which con-
sists in definitely modifying the control of said

Jimpedance value directly in accordance with the

value of the lamp load to be controlled, whereby
a predetermined characteristic of voltage control
for the lamp load is insured.

RICHARD B. HUNTER.
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