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1

The: present: invention relates to the:commecs

tiofrand operationof a regulator-adapted to-con«-

trol-intermittently supplied-electrical energy and

to-a method of:
capacity of such a regulator.

The-type-of regulator: to. which'the preserit in=

vention is particularly. adapted for use-and with -
respect- to- whick: the: iivention is- herein illus<-

trated-is the so=called “firiger type;’ which is
constituted of a' plurality. of regulatory circuit
elements such:as- resistances- and-: a- plurality of

contact. pairs, one member. of “each pair being-

carried by a:movable finger. The fingers:may be
moved inany desired manner:so as to successively
openand-close:the contact pairs and thereby-suc-
cessively connect and. disconnect the regulatory:

circuit.elements inrthe circuit, thereby-varying the-

energy loss in said elements.and hence inversely.
varying the energy-available to the Joad. In this

manner, the load-voltage, for example, may be.*

rendered - constant- despite limited variations in.

the source voltage; the contacts being opened and-
closed according to the voltage:at theload so that.

as.that voltage tends to. increase, more resistance.

Is inserted into the.circuit, thus maintaining the. 2

voltage. at-the load. substantially constant.-
One.of the.primary limiting factors in the use

of regulators of this type has been their current

carrying. capacity. Most critical in this respect

are the contact pai‘rs.themsel-ves, since-those con- -
tact. pairs,.or. at:léast ohe of them at any given.
the full ‘eurrent supplied”

time; carry substantially

to.the load.. When any given contact pair is sep-

arated: by appropriate niovéement of the finger-
which carriés one of the contacts, the current-is:
interrupted and, if‘its magnitude is sufficient; an:

are will terid to form between the separatirg con-

tacts. This not only caiises- excessive heating of”
the: contsicts’ themselves but: also- results if the-
well. kKtiown: phierieihefia; of pitting: and metal.

transfer.. As.the magnitirde of the cutrent in=
crezses; the importance:of these effécts alsg: in-
creases and:if. the current-exceeds a certain criti--

cal-value, the arcing and attendant self-destruc--

tion of the contacts will soon render the regulator
undependable if not.absolutely unuseable.

The above disadvantages have in the past not

proved-of material significatice beease the reg-
ulators i use wei'€ sufficiently miassive so that
they were adequate for alinost all applications;
Moreover, by, réasoh.of their massive coristriction,
the movihg parts thereof had such. great fhertis,
as to be relatively irisensitive to rapid fuctuations:
Inctitrent. A'recent dévelopmient in this field Has

beeti the fabrication of excesdinigly” small’ and: 5

increasing: the: current carrying:
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light' finger-type- resulators: the' movifig parts of
which are extremely sensitive. ‘With respect: to
such- regulators; the considerations: above: de-
scribed bBecome of prifie and.limiting importance,
sinee the construetion: is compact and the con-
tacts themselves are small.. By reason of the com-
pact'construction, adequate cooling and ventilat-
ing of the:cotitacts-is:reridered difficult. By rea-
son-of ‘the:small size of the contacts themselves,
a'much smallerdegree of .overhesting or of pitting
ot of ‘metal transfer: will suffice to.render. faulty
the functioning-of:the regulator.

It:is the:prime object of the present invention
to-devise:a regulator system which has a greater.
current:carrying capacity than has been attain-
able heretofore:. By the present invention, the
contacts thenmiselves, which formerly were the de-
termining’ factor-insofar: as current carrying ca-

~ pacity-is'concerned; no longer limit said -capacity

in any way:.

Another. object: of the present invention is to
devise @’ method of: employing finger type voltage
régulators, and  in:particular sueh.regulators of
small size, s0-as to render them capable of regu-
lating: currents- of high. magnitude.

A:more-specific object - of the present: invention
is‘te-so. conneet a-finger type regulator into a
circuit in: which- current. is only  intermittently
supplied to a.load-as to synchronize the opening
of any given contact pair with the intermittent
passage of:-current therethrough, to the end that
the maximum amplitude of. current and even the
average amplibude:thereof, no .matter how high,
has: ne:deleterious -or. destruetive. effect upon the.
contaets..

The.above.generalized. objects are achieved by
opening a. given: contaet. pair. only. during the
period. between.the intermittent current supply-
ing periods.. By so doing, no areing whatsoever
will take place at the contacts, since no current
is being carried by them. as they are opened. As
a- result, a given regulator may’ carry currents
greatly. exceedinig those capable of ‘being carried
by regtilators connected in tHe cireuit in conven-
tionial manner; The timing and control of the
openitig” of the contdcts is°in turn' achieved by
etiergizing the contact openitig mechanism from
the intermittently supplied current and by vary-
ing the phase of the energizing current so as to
comperisate for-the mecharnical stiffness or iriertia,
of the‘contact opening mechanism:.

To" the accomplishment of the sbove objects
and’ such- other objects as- may Hereinafter ap-
pear; the present invention relates to an improve-
ment i the method of connecting:a voltage reg-
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ulator in a circuit in which electrical energy is
intermittently supplied to a load and fo an im-
provement in a regulation system as defined in
the appended claims and as set forth in this
specification, taken together with the accompany-
ing drawings, in which:

Fig. 1 is a schematic circuit representation of
one application of the present invention in which
half wave rectified direct current is supplied to
2 load from an alternating current source;

Tig. 2 is a graphical representation of the cur-
rent and voltages present in the circuit of Fig. 1;

Tig. 3 is & schematic circuit diagram illustrat-
ing another application of the present invention
in which full wave rectified direct current is sup-
plied to & load from an alternating current source
pbut in which a blocking condenser is employed
to periodically interrupt the full wave rectified
direct current; and L

TFig. 4 is a graphical rebresentation of various

of the currents and voltages active in the circuit:

of Fig. 3.

My invention is here illustrated as applied to

5 finger type regulator having a plurality of
resistors 2, 4, 6 and 8 constituting regulatory
cireuit components (Four resistances are shown
by way of example only. The number may be
snereased at will), a plurality of fixed contacts
8, 12, 14 and 16, a plurality of movable fingers
£8, 20, 22 and 24 each adapbed to make and break
electrical connection with the fixed contacts 18,
12, 14 and {6 respectively and defining contact
pairs therewith, an actuator 26 for moving said
contacts so as to successively open and close the
contact pairs, the actuator 26 being shown sche-
matically by means of a broken line, and an
actuator-moving electrically energized element
such as the coil 28 for controlling the movement

of the actuator 26 and hence the opening and -

closing of the contact pairs. This regulator is
connected into a cireuit comprising a current
source generally designated S and the load L.
The actuator-moving electrically energized coil
58 is connected in the circuit so as to be ener-
gized by the interrupted current and a phase
shifting circuit generally designated ‘B is em-
ployed, in conjunction with the coil 28 so as to
controllably vary the phase of the current active
therein in a manner to be described more fully
hereinafter.

As illustrated in Fig. 1, the source S supplies.

an alternating voltage illustrated in Fig. 2 by

means of the solig lines 28, 30’ and the broken

line 32. The regulator circuit components, the
resistors 2, 8, 6 and 8, are connected i series
petween the scurce S and a half wave rectifier
24, which may take the form of a selenium cell
rectifier or any other half wave rectifier known
to the art. A short-circuiting connector 36, in
conjunction with the fingers (8, 20, 22 and 24
to which it is electrically connected, serves to
shunt or short-circuit the resistors 2, 4, 6 and 8
out of the eircuit. The coil 28, which constitutes
the actuator-moving electrically energized ele-
ment, is connected across the load on the oppo-
site side of the rectifier 34 from the resistors 2,
& & and 8 and may be provided with a series
connected protective resistance 38. An adjust-
able condenser 40 is connected in shunt across
the coil 28, the condenser 48 constituting the
phase shifting component or circuit B. A filter
condenser 42 may be connected in shunt across
the load in order to smooth the current impulses

supplied by the source S throughlk‘qh__e:rggti__i_igl‘t. b
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34 so that the load L may ultimately be pro-
vided with a more constant current supply.

Since the rectifier 34 is of the half wave type,
it will be apparent that, although the voltage
from the source S will continuously pass through
a complete sinusoid as illustrated by the broken
and solid lines in Fig, 2, the current supplied by
the source S, and hence the current passing
through the regulator, will be periodically in-
terrupted and will take the form illustrated by
the solid lines 28, 30’ of Fig. 2. Hence, current
will flow only during half of each cycle of the
alternating voltage.

Regulators of the finger type normally func-
tion in the following manner. When the volt-
age at the source S is of the proper value, all
of the fingers {8, 20, 22 and 24 will be in elec-
trical connection with their respective fixed con-
tacts 10, #2, 14 and i6. In this condition, all
of the resistors 2, 4, § and & are short-circuited
and in effect are not in the civcuit at all. If
the source voltage should tend to rise, the volt-
age-at the load will also tend to rise and since
the coil 28 is connected across the load, an in-
creased current will flow through it. It will
therefore move the actuator 28 and will, for the
circuit shown in Fig. 1, break electrical connec-
tion between the finger {8 and the fixed contact
10. When this has been accomplished, the re-
sistor 2 will be in series in the circuit and hence
a voltage loss will take place in it, thus reduec-
ing the voltage at the load. If the source volt-
age continues to rise, increased current in the
coil 28 will cause the breaking of electrical con-
nection between the finger 20 and the fixed con-
tact 12 so that the resistors 2 and 4 will be in
series in the circuit, thus further reducing the
voltage at the load and so on.

Tt will be noted that with the fingers in their
position shown in Fig. 1, in which all of them
are in electrical connection with their respec-
tive fixed contacts, substantially all of the cur-
rent passes through the contact pair 10, 18. If

. this pair be opened while current is flowing, sub-
' stantially the entire current supply to the load

must be broken hetween the contacts {6 and 18,
and similarly with each of the other contact
pairs as thev are successively ovened.

The coil 28 which controls the motion of the
fin~ers 18, 20, 22 and 24 via the actuator 26 will,
in the cireuit of Fig. 1, be energized by the pul-
sating or intermittent current which the rectifier
34 permits to pass. It therefore will, if the volt-
age should increase, tend to move the actuator
96 in accordance with those surges of current.
The actuator 26 and fingers 18, 20, 22 and 24
are naturally possessed of some inertia and con-
sequently will not move instantaneously in re-
sponse to the intermittent surges imparted to
them by the coil 28 but, if the actuator 26 and
the fingers 18, 20, 22 and 24 be of sufficiently
small size, they nevertheless will tend to move
in an intermittent manner. If then the phase
of the current flowing through the coil 28 be
properly related to the phase of the current
passing from the source S through the contact
pairs and bhe also properly related to the inertia
of the actuator 26 and the fingers 18, 28, 22 and
24 so as to ensure that the initial separating
movement of each of the contact pairs will take
place, or at least commence, only during the
period between pulses or surges of current, then
opening of a given contact pair will not result
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inarcing: and hence:the life.of. the. contacts and
fingers will be greatly increased..

While-it: may-aceidentally. happen; in.a. given.
installation; that:the: circuit constants: are such
that: sueh. synchroneus. opening of the contact.
pairs is: accomplished, that: situation. is- exceed--
ingly: rare-and- completely- unpredictable. Mare-.
over; as the circuit-ages-or-as it is exbosed-to.-vary=.
Ing:temperatures or-the like, its cireuit constants.
will:probably vary sufficiently so ‘that synchronous
operation will no longer- take place. I therefore:
provide the-adjustable condenser-48: connected- in.
shunt acress. the coil 28;, this condenser having.
the. effect. of shifting the phase: of the current:
in the: coil 28: It is- contemplated: that; after a;
given. installation has been accomplished, the.
condenser: 40- will be: manually adjusted. until no-

sparking: is observed.at.the: contact pairs: as: the-

source:voltage-varies,; this being indiegtive.of the:
fact that the-contact pairs. are opening when.no-
current is passing through them. For more-ac-
curate adjustment, a. test oscilloscope may be:
used.. QOnce: this adjustment . has. been mads, the
regulator, even one of exceedingly. small size, may.
carry line currents of very great magnitude. sinece
the. contacts. are not affected thereby. Should.
the synchronous-adjustment shift, either because
of variations in temperature, deterioration of a.
circuit element. or: the like; the circuit may he.

easily readjusted for synchronous. regulation. g

merely by readjusting the condenser 49,

The desired phase relationship may. also. be:
achieved mechanieally, by so varying the me-
chanical constants of the moving parts of the.
regulator, and in particular their weights, the.
rate of response of the dash. pot, if one is em-
ployed, and the resistance to flexing. of the fingers
18, 20, 22 and. 24, as to-give to the regulator an-dn-.
ertia of: proper value. Additional elements, may.
be added.to the mechanical system for the same.
purpose. .

The- cireuit of Fig. 3 discloses. another method.
of utilizing the. same regulator as Mustrated in:
Fig. 1 but. in. a. different circuit. In Big, 3, a
selenivm. cell. rectifier bridge 44 ig. emuvloysed: to.
give full wave rectification. and. s, blocking con-.
denser 45 is connected across the line ‘hefora the.
filter comprising the shunt. condenser 18 and the
series. inductance 50, the blocking condanser act-
ing as the current.interrupter A in.the manner il-

lustrated in Fig. 4. The alternating current volt-. b

age supplied. by the source S is represented. by the.
solid lines 52, 52" and.the hroken. line 5%.. The.
full. wave. rectified voltage applied across the.
blocking condenser 4§ is represented by the lines
52, 52" and the line 56.. The voltage at.the block-
ing condenser 46 is represented by, the line 58 and’
the current surges or pulses passing through the
circuit are represented by the lines 69, 62 and €4.
The blocking condenser 486 is, after the eircuit Has
been in operation, charged to a value llustrated.
by the beginning of the line 58, which value is for
a considerable period of time greater than the
instantaneous rectified voltage supplied by the
source S. However, the voltage supplied by the.
source is increasing at the same time that the.
voltage of the blocking condenser 46 is decreasing
because of its discharge and at the point 66 the
rectified voltage 52, 58 or 52’ exceeds the blocking
voltage of the condenser 48. It is at this point
that the current starts to flow. The magnitude
of the current increases until’ the magnitude of
the rectified voltage reaches its maximum ang
then the current starts to decrease along with
the voltage. During the period of current flow,
the condenser 46 is recharged as indicated: by the:

4
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- 2cross the load after the

the skill of those versed in the art.

- particularly-in small reguiators,

§° circuit, to so- synchronize

6
upward: slope: of: the: portions. 58’ of the-line: 58
At the: point 68, the:rectified voltage 52, 53 ar 52’
hecomes: less: than:the. voltage. 58.of the blocking-
condenser -46.and:-hence at: this: point the current
Talls off: The. rectified voltage. decreases. at: a.
greater-rate than the:condenser-46 discharges so
it: isznot: until’ the next point 88 .is reached that
any current again flows. Consequently, although:
the voltage from the source S is constantly alter-

- nating, current flows in the cireuit only during

discrete: surge periods.

It will therefore be apparent that if the phase.
of the.current in the actuator-moving electrically
energized coil 28.he Droperly related to the other

- electrical and physical constants of the system,

once again. the contact pairs will be opened only.
during: periods of no current flow and hence the
current carrying capacity of the regulator can bhe
increased. In Fig. 3, the coil 28 is connected
ilter and hence the pul-
sations are somewhat smoothened before they. di-
rectly affect.the coi] 28. Consequently, the phase
shifting circuit, here illustrated as an adjustable.
resistor 70'in series with a fixed capacitance 12, is
connected between the coil 28 and the line he-
fore the filter. By suitable adjustment of the re-
sistor 19, the phase and amplitude of the pulsa-
tions in the coil 28 can be 50 controlled as to
achieve the desired results.

The two illustrated circuits are merely ex-
emplary of the myriad of applications to which
my invention is susceptible. While both full
and’ half-wave rectifications have been here illus-
trated, it is not necessary that any rectifieation
at all take place so long as the current is; in some
way, periodically interrupted. The specific phiase
shifting cirenits' B here llustrated and the spe-
cific manners of connection are capakle of an
almost infinite- number of variations all' within
Many ways
of phase shifting are known and the precise man-
ner-of phase shifting is not of significance insofar
as this invention is concerned. Mechanical as
well as electrical phase shifting may be employed
to achieve the: desired: results, '

The- fact: of significance is that the contact
Dairs are connected into a cireuit the current in
which-is- intermittent: and the actuator for the
contact  pairs is moved in timed Or synchronous
relation: to the intermittent pulses or surges of
current, the synchronization being such that the
actuator is moved to open the contacts only dur-
ing those periods of $ime when no current is flow-
ing in the circuit: While it is desirable that the
closihg of' the- contacts occeur- during the same

- periods-of no current flow, this is not considered a

necessary feature; since it hag been noted that
practically no damage oceurs to the econtaects
when they: close: on large currents, whereas ex-
ceedingly great damage. is done to the contacts,
when they open
while carrying large currents.

By the-invention herein described it is possible,
by means of s simple- adjustment of 5 circuit
element which forms g part of a phase shifting
the operation of the
regulator with the intermittent surges or pulses-
of: current carried thereby as to render even
the. smallest regulator Capable of carrying ex-
ceedingly large currents cver extended periods
of time: without malfunctioning. Thig charac-
teristic: is- of exceedingly great importance, par-
ticularly sinee the space and weight require-
ments- of aircraft-carrieq and military equip-
ment are very rigorous, making small size-regu-
lators exceedingly useful. Moreover, by means.
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of this invention, exceedingly small finger type
regulators are enabled to do the work of pre-
viously used much larger and more massive
regulators the cost of which are from ten to one
hundred times that of the small regulator.

Tt will be apparent that many detailed changes
may be made in my invention within the spirit
thereof as defined in the appended claims.

I claim:

1. A regulation system comprising a current
source, a current interrupter, and a lead con-
nected in sequence, a plurality of regulatory cir-
cuit components in said cireuit, a plurality of
contacts electrically connected to said rvegulatory
components and successively movable between
open and closed positions so as to successively
connect and disconnect said components in said
circuit, an actuator operatively connected to said
contacts and positionable over a range of move-
ment so as to oven and close said contacts, an
electrically energized element connected in said
circuit after said interrupter and active on said
actuator to control its position and thus deter-
mine which of said contacts are opened or closed,
and phase shifting components in said circuit
active on said clement for controliing the phase
of the current in said element relative to the
phase of current fiowing through said contacts
so that said contacts are opened only during the
periods when said circuit is interrupted.

2. A regulation system comprising an alternat-
ing current source, a current interrupter, and a
load connected in sequence, a plurality of regu-
latory circuit components in said cireuit, a plu-
rality of contacts electrically ecnnected to said
regulatory components and successively movable
between open and closed positions so as to suc-
cessively conneect and disconnect said compo-
nents in said cirenit, an acbuator operatively con-
nected to said contacts and positionable over a
range of movement so as to open and close said
contacts, an electrically energized element con-
nected across said load after said interrupter
and active on said actuator to conirol its posi-
tion and thus determine which of sald contacts
are opened or closed, and phase shifting compo-
nents in said circuit active on said element for
controliing the phase of current in said element
relative tc the phase of current flowing through
said contacts so that said contacts are opened
only during the periods when said circuit is
interrupted.

3. A regulation system comprising an alter-
nating current source, a rectification - circuit
capable of producing pulsating direct current,
and g load connected in seguence, a plurality of
regulatory circuit compenents in said circuit,
a, plurality of contacts electrically connected to
said regulatory components and successively
movable between open and closed positions so as
to successively connect and disconnect said com-
ponents in said circuit, an actuator operatively
connected to said contacts and positionable over
a range of movement 80 as o opexn and close said
contacts, an electrically energized element con-
nected across said loagd after sald rectification
civcuit and active on said actuator to control its
position and thus determine which of said con-
tacts are opened or closed, and phase shifting
components in said circull active on said ele-
ment for controlling the phase of current in said
element relative to the phase of current flowing
through said contacts so that said contacts are
opened only during the periods hetween the
pulses of direct current.
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" 47 A regulation system comprising an alternat-

ing current source, a half wave rectifier and a load
connected in sequence, a plurality of regulatory
circuit components in said circuit before said
rectifier, a plurality of contacts electrically con-
nected to said regulatory components and suc-
cessively movable between open and closed posi-
tions so as to suceessively connect and disconnect
said components in said circuit, an actuator op-
eratively connected to said contacts and posi-
tionable over a range of movement so as to open
and close said contacts, an electrically energized
element connected across said load after said
rectifier and active on said actuator to control
its position and thus determine which of said
contacts are opened or closed, and phase shift-
ing components in said circuit active on said ele-
ment for controlling the phase of the current in
said element relative to the phase of current
flowing through said contacts =o that said con-
tacts are opened only during the periods hetween
the surges of direct current.

5. A regulation system comprising an alter-

nating current source, a full wave rectifier and
a load connected in sequence, a condenser con-
nected across said load and effective to periodi-
cally interrupt the current supplied by said
source, a plurality of regulatory circuit compo-
nents in said circuit before said rectifier, a plu-
rality of contacts electrically connected to said
regulatory components and successively movable
between open and closed positions so as to suec-
cessively connect and disconnect said compo-
ents in said circuit, an actuator operatively
connected to said contacts and positionable over
a range of movement so as to open and close said
contacts, an electrically energized element con-
nected across said load after said rectifier and
active on said actuator to control ifs position and
thus determine which of said contacts are opened
or closed, and phase shifting components in
said circuit active on said element for controlling
the phase of the current in said element relative
{0 the phase of current flowing through said con-
tacts so that said contacts are opened only dur-
ing the periods when the current from said source
is interrupted.

6. A regulation system comprising an alter-
nating current source, a half wave rectifier and
a load connected in sequence, a plurality of re-
sistors connected in series in the alternating cur-
rent portion of the circuit, a plurality of con-
tacts electrically connected to said resistors, suc-
cessively movable between open and clesed posi-
tions, and active to successively short-circuit
said resistors and thus remove them from said
circuit, an actuator operatively connected to said
contacts and positicnable over a range of move-
ment so as to open and close said contacts, a coil

connected across said load in the rectified por-.

tion of the eircuit and active on said actuator
to control its position and thus determine which
of said contacts are opened or closed, and a
capacitance connected in shunt across sald coll,
the value of said capacitance heing so chosen 2s
to control the phase of current in said coil rela-
tive to the phase of current flowing through said
contacts so that said actuator opens said con-
tacts only during the periods ketween the surges
of direct current.

7. A regulation system comprising an alter-
nating current source, a full wave rectifier and a
load connected in sequence, a blocking condenser
connected across said load and effective to
periodically interrupt the current supplied by
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said :source, g plurality of -resistors connected
-in-series’in the alternating:current portion-of-the
-eireuit, -a plurality -of :contacts -glectrically eon-
nected to said resistors, -suceessively movable be-
“tween -open and  closed ‘positions, and -active ito
successively short-cireuit -said resistors-and thus
‘remove them -from said cireuit, -an actuator -op-
eratively connected o said -eontacts and posi-
tionable over a range of movement so as to open
and -close said contacts, a -coil connected -across
-said load -and -active -on -said -actuator “to ‘control
its position and thus determine which of said
contacts are opened or closed, and a phase shift-
ing circuit connected between one end of said
coil and g portion of the direct current part of
said circuit having pulsating currens flowing
therethrough, the value of the circuit compo-
nents of said phase shifting circuit being so
chosen as to control the phase of the current in
said coil relative to the vhase of current flowing
through said contacts so that said actuator opens
said contacts only during the periods when the
current from said source is interrupted.

8. A regulation system comprising a current
source, a current interrupter, and a load con-
nected in sequence, a plurality of regulatory cir-
cuit components in said cireuit before said in-
terrupter, a plurality of contacts electrically
connected to said regulatory components and
successively movable between open and closed
positions so as to successively connect and gis-
connect said components in said circuit, an actu-
ator operatively connected to said contacts and
bositionable over a range of movement so as to
open and close said contacts, an electrieally ener-
gized element connected in said circuit after said
interrupter and active on said actuator to control
its position and thus determine which of said
contacts are opened or closed, and means for
varying the inertia of the actuator-contacts com-
bination so that said contacts are opened only
during the periods when said ecircuit is inter-
rupted.

9. The regulation system comprising a cireuit,
means in said cireuit for periodically interrupt-
ing the current therein, regulating means in said
circuit comprising regulatory circuit components
and circuit-breaking elements operatively con-
nected thereto so as to connect or disconnect
said components in said circuit, operating means
operatively connected to said circuit-breaking
elements to open or close the latter, and means
to actuate said operating means in synchronism
with the periodical interruption of current in said
circuit so as to open said elements only when said
cireuit is interrupted.

10. The regulation system comprising a ecir-
cuit, means for supplying said circuit with inter-
mittent current, regulating means in said ecir-
cuit comprising regulatory cireuit components
and circuit-breaking elements operatively con-
nected therefo so as to connect or disconnect
said components in said circuit, operating means
operatively connected to said circuit-breaking
elements to open or close the latter, and means
to actuate said operating means in synchronism
with the current in said circuit so as to open said
elements only when said current is flowing.

11. The regulation system comprising a ecir-

cuit, means for supplying said circuit with recti- 70

fied pulsating direct current, regulating meang in
said circuit comprising regulatory circuit compo-
nents and circuit-breaking elements operatively
connected thereto so as to connect or disconnect

said components in said cireuit, operating means 75

‘10
operatively connected -to -said -circuit-bregking
elements :to -open -or-close the latter, -and means
to actuate said operating means in synchronism
with'the current in said circuit so.as to open said

8 .clements only during the periods between said

-direct .current - pulses.

12, A :regulation system comprising a circuit,
-means for supplying said circuit with half-wave
-rectified ‘direct current, regulating means in said

10 -circuit comprising regulatory circuit components

.and circuit-breaking elements operatively con-
nected thereto so as‘to conneet or disconnect said
components in said circuit, operating means op-
eratively connected to said circuit-breaking ele-

15 ments to open or close the latter, and means to

actuate said operating means in synchronism
with the current in said eireuit so as to open
said elements only during the periods between
said direct current pulses.

20 13. A regulation system comprising a circuit,

means for supplying said circuit with pulsating
full wave rectified current, regulating means in
said circuit comprising regulatory circuit com-
ponents and -circuit-breaking elements opera-

25 bively connected thereto so as to connect or dis-

connect said components in said circuit, operat-
ing means operatively connected to said circuit-
breaking elements to open or close the latter,
and means to actuate said operating means in

80 synchronism with the current in said eircuit so

as to open said elements only during the periods
between said direct current pulses.

14. In the regulation system of claim 9, elec-
trical connections between said circuit and said

35 actuating means so as to energize the latter from

the former, said connections including means to
control the phase of the energizing current sup-
plied to said actuating means relative to the
phase of the interrupted current in said circuit.

40 15. In the regulation system of claim 10, elec-

trical connections between said cireuit and saiq
actuating means so as to energize the latter from
the former, said connections including means to
control the phase of the energizing current sup-
plied to said actuating means relative to the
phase of the intermediate current in said circuit.

16. In the regulation system of claim 11, elec~
trical connections between said circuit and said
actuating means so as to energize the latter from

50 the former, said connections Including means to

control the phase of the energizing current sup-
plied to said actuating means relative to the
phase of the pulsating current in said cireuit,

17. In the regulation system of claim 12, elec-

55 trical connections between said circuit and said

actuating means so ag to energize the latter from
the former, said connections including means o
control the phase of the energizing current sup-
plied to said actuating means relative to the

60 phase of the pulsating current in said circuit.

18. In the regulation system of claim 13, elec-
trical connections between said circuit and said
actuating means so as to energize the latter from
the former, said connections including means to
control the phase of the energizing current sup-
plied to said actuating means relative 1o the
phase of the pbulsating current in said circuit.

19. In the regulation system of claim 9, elec-
trical connections between said circuit and said
actuating means so as to energize the latter from
the former, and means for controlling the inertia,
of the mechanical moving parts of the system in-
cluding said circuit-breaking elements.

ARTHUR M. COHEN,
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