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This invention relates to improvements in elec-
tro-magnetic control and more particularly to
improvements in the control of electromagnetic
devices energized by alternating current and hav-
Ing movable armatures such as, for example,
relays, switches and the like, and the principal
object of my invention is to improve the drop-
out characteristics of such devices.

The minimum values of supply voltage, voltage
drop across the operating

operating winding, or magnetic flux in the iron

winding, current in the-
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path which are sufficient to retain an electro- ~

magnetic device in operated position, hereinafter
‘referred to as the drop-out values of the respec-
tive quantities, are an important factor in the
design of electrical apparatus embodying such
devices.

For example, a disadvantage in the operation
--of & common type of electromagnetic device ener-
" gized by alternating current, e. g. alternating
“eurrent switches and relays having a spring biased
“contact arm pivoted to a movable armature, here-

tofore has been the tendency of the armatures
-of such devices to remain in an intermediate posi-
“ tion consequent upon g reduction in the supply

overheated and may weld together. An impor-
tant object of this invention is to provide an im-
proved electromagnetic control for causing the
armdture of an alternating current electromag-

netic device to move quickly and steadily to its -

fully open position consequent upon a decrease in
the supply voltage to a value within range but
slightly below the drop-out value or consequent
upon gz gradual decrease in the supply voltage

through said range.

Another disadvantage in the operation of elec-
tromagnetic devices having movable armatures
and energized by alternating current is the in-

- dbility of such devices to remain in operated
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voltage to a value slightly below the drop-out )

value or to hesitate in such intermediate position
during an opening cycle caused by such g de-
crease in voltage. Momentary voltage variations
of this magnitude without substantial change in
frequency occur frequently in many installations
due to the sudden application of a large load to
the supply system or due to other causes resulting
in a temporary current demand in excess of the
normal circuit capacity. The undesirable opera-
tion results from the fact that the contact spring
which, when the switch or relay is- closed; pro-
vides a uniform pressure at the contact surfaces,
assists the opening movement of the armature
only during the initial stage of the opening cycle.
- At the instant when the contacts start to separate,
the assisting force of the contact spring suddenly
reduces to zero, and the remaining force or forces
tending to cause obening movement of the arma-
ture are, in many instances, insufficient to effect
such additional opening movement unless the
supply voltage is further reduced.

It is thus seen that when the supply voltage
is within a range slightly below the drop-out
value that the armature of an alternating cur-
rent switch or relay may open only partially or
hesitate during its opening cycle. While the
armature is in the intermediate position, the con-
tacts are but lightly touching each other, and
the contact surfaces therefore tend to become
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Dosition consequent, upon a reduction in the
supply voltage to values in the neighborhood of
60% of normal.

For example, ta prevent needless deenergization
of electrical apparatus controlled by an alternat-
ing current electromagnetic relay due to opening
of the relay as a result of g temporary decrease
in the supply voltage to g value below the drop-
out value of the relay, special low voltage protec-
tive devices equipped with time delay mechanisms
have been used. The time delay mechanisms
serve to maintain the control relay contacts in
closed position for an interval after the voltage
falls below the drop-out value, so that, if the volt-
age increases again before the expiration of the
time interval, the control relay does not operate
to shut down the controlled apparatus. In many
instances these time delay mechanisms could be
dispensed with if the control relay armature did
1ot tend to move to its deenergized position until
the supply voltage reached g very low value. It
is an object of this invention to provide an elec-
tromagnetic control for preventing opening move-
ment of the armature of an alternating current
electromagnetic device unless the voltage of the

' circuit supplying said device is reduced to a small

bercentage of its normal value.
One of the functions of g low-voltage protec-

. tive relay of the time delay described above or
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of the more common type having no time delay
feature is to control the deenergization of all of
the electromagnetic switches in a control system
so that, under conditions of reduced voltage, all

-of the switches open simulteneously. In order

to accomplish this result the low-voltage protec-

-tive relay must open before any of the switches

or other relays in the system. Because of the
smaller inertia of the meving parts of the low-
voltage protective relay, the relay opens before
the switches consequent upon a very sudden re-
duction in the supply voltage to zero, but diffi-
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culty has been experienced in designing low-voli-
. age protective relays which open before the other
switches of the system conseguent upon less sud-
den reductions in voltage or under conditions
wherein the voltage remains constant at some
reduced value. .An importent factor here in-
volved is the fact that the heavier moving parts

[}

of the electromagnetic switches tend to cause the

switches to start to open at values of supply volt-
age higher than the drop-out voltage of the low-
voliage protective telay, 1. e. the switclies have &
higher drop-out voltage than the relay. A fur-
ther object of this invention is to provide means
operable to cause the drop-out voltage of an alier-
nsting current low-voitage protective relay to be
higher than thag of the electiromagnetic switches
or other relays in the same conirol system. )

Ancther object is to provide sn alternating
current electromagnetic control for causing un-
hesifating opsning movement of the armature
of an alternating current switch or relay when
o predetermined reduced value of supply voliage
is reached which predetermined value is select-
able from & wide vange of voltage values.

A specific object is to provide an alternating
current electromagnetic control for preventing
" movement of an armature $o an open position
except when the supply voltage is close to zero.

A further object is to.provide an electromag-

netic control for changing the drop-out vollage
value of an alternating current electromagnetic
device,

. Vet another object is to provide an alternat-
ing current electromagnetic control which op-
erates to cause an armature to move quickly and
steadily fo-its open position regardless of the
nearness of the supply voltage to the drop-out
value of the device comprising the armature.

A more detailed object is to provide a means
in {he energizing cirenit of the operating wind-
ing of an eleciromagnetic device having & mem-
ber movable to chenge the inductance of said
winding which means causes the impedance of
said energizing circuit to increase as said mem-
ber moves to decrease the inductance of said
winding. ‘

In accordance with this invention a negative
or capacitive reactance means such as & coi-
denser is connected in series with & positive or
inductive reactence means such as the operating
winding of sn alternating current electromag-

netic device having a movable armature, The
condenser is proportioned relative to the induc-
tive reactance of the winding so that the im-
pedance of the supply circuit of the operating
winding increases as the armature of the device
opens, whereas without the condenser the sup-
ply circuit impedance decreases, and consequent-
1y there is o positively decreasing force rather
_'than a substaniially constant force tending to
prevent the armature of the device from moving
to iis open position. In a modification 2 sat-
urable inductance and a condenser connected
in series with each other and with the operating
winding of an eleciromagnetic device are .rela-

" tively proportioned so as to mai~iain the cur-.

rent through the winding at a subsiantially con-
. stant’ value even though the supply voltage de-
creases grestly from its normal value and se thab
when the armature of the device moves toward
its- open position the atiracting force steadily
decreases. Iu another modification, an adjust-
able resistor and s condenser connected in series
‘with each other and with the operating winding
of an electromagnetic device are proporiioned
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50 o3 to increase the resigiance compsnent of the
impedance of the supply circulf to thezedy Ia-
crease the drop-out voltage above thab cxibting

when the condenser and winding slone are uged.

By means of ¢this invension i is possitls &9
either incresss the drop-out voliege of the low-
voltege protective relay of an altsraating gige
rent control system or to decreass the drop-oud

.voltage of the larger elsctromagrnetle switched

involved in the system or both, and by virtus of
the seme electromagnetic conirel oyrangemend

‘which accomplishes the change or changes in ke

drop-out veltages, to cause g guick and unhesle
tating drop-out sction of beth the relay and $ho
switches when the respeciive new valuss of drope
out volizge ave reached. That is, the elssizes
magnetic control of this invention not orly zer-
mits the designer to select aimost sny voliage
below the maximum for the dropecut value of
o switch or relay, but alsc canses $he rdlay o’
switch to move 3o its open position without hegle
tation when the drop-out voltage selecied fov
that relay or switch is reached. :
Cther objects and edvantazes will bzesme ap-
perent from the following descripilem whereln
reference is made o the drawings, in which
Fig. i illusirates the invention 2s applisd i

_the control of an cleciromagnetic switch showa
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in its closed position;

Figs. 2 and $ show the switch of Fig.
intermediete and the open positions,
tively; .

g 4 is o wiring diagrem of & medifeation;

Fig. 5 is o wirlng diagram of a furtker modle
ficetion; and : o

Figs. 6 snd 7 gre grapbs showing impedancs
end current variations, respectively, which ©2-
cur when the preseni invention ig uvsed oS come
pered with prior art srrangements. '

Referring to Pigs. 1, 2 and 8, cne type of cleg~
tro-magnetic device to which this inventlon moy
be applied is shown as o switeh {9 vepresentative
of 5 well-known consiruction end having ©

1in an’

rzgpece

" ¢-shaped magnetic frame {{ and o clappzr-type
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 anmature 12 which is pivoled 2t o knife edgs 14
.50 as to be movable from & fully clesed position
bridging the open end of the frame 1] ag shown

in Fig. 1 to & fully open posilion againgd o sulte
able stop 15 as shown in Fig. 3. Plvolsd o Zhe
armature §2 at o knife edge 13 is & movable cone -
tact arm §7 biased in & counter-clockwise direse
tion sbout the knife edge 18 by o helical spring
18 interposed between the comioct sem §V and

& suitable stop near the.ouier end of o spring

post. £8. The post 18 is secured to 2n upardly
extending bracket 28 of the armesture I8 and
passes loosely through en opening in the g
17. In both the intermediate and the open prelk
tions of the swiich 19 shown in Figs. 2 and §,
respsctively, the soring i8 is extended and the
contact arm 07 is thereby forced counierclogke
wise against the bracket 26, and in ths clozsd
position of the switch §9 shown in ¥ig. &, the
spring (8 is compressed end biesss o comiags 28
on the contact arm 17 against o siollonary €4Re
tact 22 suitably atiached fo an insulsted sup
port 24 extending upwerdly irom the frame 53,

The switch 19 iz prefersbly provided with &
normally open sugiliory contact meciianism for
5 purpose to be hercinafier described., An Hlvg-
trative auxiliary coniact mechanism ey COm-
prise & fat-spring 28 having one engd suligbly at-
tached to but insulated from the lower end of
the armature {2 and having at is free epd o
movable auxiliary contact 38, When the asmas
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ture {2 is in the closed and intermediate posi-
tions of Figs. 1 and 2, respectively, the movable
auxiliary contact 29 is in circuit completing en-
gagement with a suitably supported stationary
auxiliary contact 39, and when the armature 12
is in the open position of Fig. 3, the contacts 29
and 39 are disengaged.

The construction of the switch 10 has not been
described in detail since its construction forms
no part of the present invention and is merely
illustrative of one type of electromagnetic de-
vice with which this invention may be used.

The armature 12 is moved from the open posi-
tion of Fig. 3 to the closed position of Fig. 1 and
is held in the closed position by magnetic flux
broduced by energization of an operating wind-
ing 32'on the frame {4, is moved from the closed
position to the intermediate position of Fig. 2
due to the combined action of the spring 18 and

gravity consequent upon a reduction in the .

- amount of magnetic flux, ang is moved from the
intermediate position to the open position of
Fig. 3 due to gravity alone. It is obvious to
those skilled in the art that the switch 10 may
include an additional spring or other means aug-

menting the force of gravity throughout the open- -

" ing cycle or replacing the force of gravity en-
tirely. )

The winding 34 is arranged to be energized
from a source 38 of alternating current upon
closure of a normally open, momentary contact
type push button 36 through a pair of conduc-
tors 38 and 39 and the contacts of a normally
closed push button. 48 interposed in the conduc-
tor 38. Connected in parallel with the stationary
contacts of the push button 36 is e holding cir-
cuit 4 comprising a capacitive reactance means
such as a variable condenser §2 and the auxiliary
contacts 29 and 30 of the switch 13, which hold-
ing circuit is described more in detail herein-
after. Closure of the push buiton 38 causes
energization of the winding 34 from the source
38 through the conductors 38 and 38 and conse-
quent movement of the armature- {2 to the
closed position of Pig. 1 wherein the contacts 21
and 22 and the auxiliary contacts 2§ and 38 are
closed. Opening of the push button 36 does not
effect deenergization of the winding 34 since the
winding continues t¢ be supplied with curreng
through the holding circuit 41 which is completed
upon closure of the suxiliary contacts 29 and 30.
Opening of the push button 40, however, causes
complete deenergization of the winding 34 gnd
the armature 12 consequently moves quickly to
its open position.

In order to facilitate the description of the
function of the condenser 42, an explanation
of the operation of Figs. 1, 2 and 3 is ziven here
with the assumption that the condenser 42 is
short circuited. With this assumption, which
renders the circuit of Fig. 1 the same as the
usual prior art circuits, and with the push but-
ton 36 open and the armature 12 in the closed!
Position, the impedance Z of the energizing cir-

cuit 41 for the winding 34 ig given by
1) Z=\/R3{- X3

where R is the resistance
reactance of the circuit,
tially closed iron flux path in the magnetic cir-
cuit of the switch 10 when the armature 12 is
closed, the inductive reactance of the energizing
circuit is so very much larger than the resistance
that the resistance may be neglected in deter-

and Xy is the inductive
Due to the substan-
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mining the impedance. Thus equation (1) may
be considered approximately to be

@) Z=Xr,

The magnitude of the- current through the
winding 34 is inversely proportional to the im-
pedance of the energizing circuit, and conse-
quently a decrease in the impedance results in
& proportional increase in the current through
the winding 34 if the voltage of the source 35
remains constant. Since the introduction of an
air gap into the magnetic ecircuit of the switch
18 causes the inductive reactance of the wind-
ing 34 to decrease, the impedance of the ener-
gizing circuit under the assumed conditions de-
creases in accordance with Equation 2, and con-
sequently a current of-larger magnitude flows
through the winding 34 upon movement of the
armature {2 toward its open position. Although
the introduction of the air gap has increased the °
reluctance of the magnetic circuit, the increase
in current tends to maintain s substantially con-
stant flux irrespective of the position of the arma-
ture 2. ’

Assume now that the armature 12 is held in the
closed. position of Fig. 1 by flux produced by the
winding 34 (the condenser 42 still being short
circuited) and that the voltage of the source 38
decreases while the frequency remains substan-
tlally constant. As the voltage of the source 3§
decreases, the current in the winding 3£ decreases,
and consequently the flux holding the armature
2 decreases. At a predetermined reduced value
of voltage (the drop-out value) the armature 12
starts to move toward its open position due to the
fact that the holding force of the fux becomes
less than the combined forces of the spring i3
and gravity. However, a slight Opening move-
ment of the armature {2 causes the current in
the winding 34 to increase from its reduced value
since the introduction of the air gap in the mag-
netic circuit reduces the inductive reactance and
hence the impedance of the energizing eircuit.
Assuming that the voltage now remains constant
at the drop-out value or slightly below, the in-
creasing current tends to maintain g constant
flux in the magnetic circuit irrespective of the
position of the armature 12, but the flux is
slightly less effective in its attraction on the
armgture {2 due to increased leakage and “fring-
ing” at the air gap. The armature {2, therefore,
continues to move toward its open position due to
the difference hetween the pull of the flux and the
combined forces of gravity and of the spring 18.
However, when the armature §2 reaches the in-
termediate position of Fig. 2, the confacts 2{ and
22 are just barely in contact with each other and
the opening force of the spring {8 is consequently
zero and the force of gravity only remains to
oppose the pull of the lux. When the armature
12 is in the intermediate position it is desirable
for proper closing action of the switch 18 that the
force of gravity on the armature {2 be as small
as possible.. Consequently, there is g very strong
tendency under the assumed conditions of re-
duced voltage for the armature {2 to remasin in
the intermediate position, and, since the contacts
2i and 22 are very lightly in contact with each
other over & small area, undue heating of the
contacts ocecurs and the possibility of the con-
tacts welding together exists. Reduced values of
supply voltage throughout a range immediately
below the minimum drop-out value which are
insufficient to maintain the armature 12 in its
closed position thus are sufficient to prevent the




force of gravity from meving the armsture 12 %o
-the fully open position of Fig. 3.

In order to prevent the foregoing tndesirable
operation of prior ark structures snd in accorde
ance with this inventicn, the condenser 42 is
included in the holding circuit 4! of Pig, 1and is
adjusted to have & capacity such that the capacl-
tive reactance of the holding circult is consider-

© gbly grester then the induective reacience of the
cirenit when the ermeture (2 is closed. With the
condenser £2 in the holding circult 61, the push
button 35 open, and the armsture 8 in its closed
pogition, the impsdence % of the energizing cir-
euit for the winding 34 is given by

[6)) - B=n/REH(Er—Xe)?

where R and X refer to the same quantiles as
before and X is the capacitive reactance of the
condenser &2.
the energizing circult is very much grester than
the resistance, =nd the eazpacitive reactance Is
considersbly greater than the inductive reactance
when the ermsture {2 Is closed, the difference
between the inductive reactance and the capaci-
tive reactence is zlso much greater than- the
resistence (the negetive sign of the difference
being of no censequence}. If the capacitive re-
sctance introduced into the energizing civeulf s
approximeately twice the inductive resctance of
the energizing circuit when the armsture (2 13
closed, the impedence of the circult has not been
chenged metericlly by the inclusion of the con-
denser &2 therein so long as the srmature {2 i3 in
its closed position, as is cleer from o comparizon
of Eguations 1 and 3. .
Assume now thst the voltage of the source 38
decresses to or slightly helow o value 2§ which the
- armature 12 sterts to move toward its open posi-
tion. (&s will be exzplained subseguently, this
value of drop-out voliage is mot necessarily the

~

Since the inductive reactance of
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duced curreny couses g reduction of fuxg, the
induetive repctence end consequently the impad-
ence generelly increase at lower fiux densities as
indicated by the curve 48 of Fig. 8 so that there
is not & proportional drop In current with de-
creased voltage. In Fig. 6, wherein impedance
of the energizing circuit is plotted. against per-
centege of normsal supply voltage, the curve 43
indicates the veriation in impedance of the en-
ergizing circuit for the opereting winding 34 with
the condenser 42 short circuited snd the curve

- 48" indicates the varistion in impedance of the

i5
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. same gs the drop-out voltage without the con-

denser 42 in the circuit.) VWhen the armature {2
now starts to move. toward its open position, the
induetive reactance of the winding 34 decreases
as before, but the impedance Z of the energizing
cireult inereases as is clear from an exemination
of Equelion 3. Conseguently, instead of the cur-~
rent through the winding 34 increasing as before,
the current decreases es tne armature 12 moves
- toward its open position. Since the flux varies as
the current, the fiux also decreases and the arma-
ture (2 moves rapidly and steadily to the open
position of Fig. 3 and the contacts 2 and 22 sepa-
rate quickly end fully without hesitation at the
intermediate position of Fig. 2.
It ig thus seen that with & condenser of sultable
cepecity comnected in series with the operating

40
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energizing circuit when the condenser 42 is neb -
short circuited. The rate -of decrease in current
with declining voltage when the capacltive re-
actance of the energizing circuls s zero is shown
by the curve 44 of Fig. 7 wherein current in the
energizing circuit is plotted agzinsy percentage
of normeal supply voltage. .
With o condenser of propsr value in gccord-
ance with this invention in the energizing civeult -
the current in the winding 84 also decreases with -
the voltege since the current is then given by
® B

I=x—¥

the resistance R being neglected. This reduced

current ceuses a reduction in the flux, end since
the inductive reactance of the circuit generally
inereases due to.the Incressed permesbility of
the iron at low flux densities, the impedance of
the circuit decreases, in accordence with Egque-
tion 3 and as indicaied by the curve 48° Fig. 6,
and the current falls less rapidly with declining
voltage. The rate of decrease in current through
the operating winding 86 with declining voltege
when the capacitive reactance of the energizing
circuit is approximately wice the inductive re-
actance is shown by the curve 45 of Fig. 7. From
Fig. 7 it will be noted thet o point 44’ on the
curve 44 which point is at the drop-out current
value occurs at 2 higher value of voltage then

‘& similar point 45’ on the curve 8.

Thus the addition of the condenser 42 in geries
with the winding 34 not only causes & repid and
unhesitating opening operation of the switeh (6
consequent. upon e reduction in the supply volt-
sge, but also affects the drop-out voltege of the
switch (8. In some applications it may be desir-
able to reduce greatly the velue of the drop-oud
yoltage and in other applications it may ke desir-

gble to have a steady and unhesitating drop-out

.56

winding of an alternating current electromeag- - '

netic device, e decrease in the supply voltage to
velues slightly below the drop-out vaiue permits
e repid end unhesitating opening movement of
the srmature. However, if the condenser hes a
_cepacitive reactance spproximately twice the in-
ductive reactance of the operating winding 34
when the armsture {2 is closed, the drop-out volt-
age is much lower than it would be if the con-
-denser were not present. Without e condenser
connecied in series with the winding 34, & re-

duction in the voltage of the source 35 causes &

" decrease in current through the winding 34 since

the current I is given by

@ 5 +

the tesistence betng neglectsd, but, dlucs the

I=

-80

85

70

re= 76

at o relatively high value of reduced voliage.
To further reduce the value of the drop-cut
voltage, & circuit such as Fig. ¢ may ke used,
wherein & satursble reactor 8 is comnecied in
series with the condenser 42 in the holding ciz-
éuit 41. Due to the non-lineer cheracteristics
of the reactor 48 the inductive reactence of the
energizing circuit increases greatly as the voltage
decreases, so that the impedance decreeses yery
rapidly, and substentially constant current Sows
through the winding 34 until extremely low volt-
ages are reached, If the resistence of the éner-
gizing circuit is made very small and the electrical
constants of the inductances end the condenser
are properly selected so that 2 condition of series
resonance is approached ot low values of supply.
voltage, the swiich 18 _gen be held closed even
though the supply voltage is decreased to 10%
of normsl or lower. For propsr cpening cpera-
tion it is important that resonence not be actually
reached since it is necessary thet the capacitive
reacience be greater than the. inductive zeact-
ance ab the instent the srmetirs staris to opsn
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-in order for the consequent decrease in inductive
reactance to cause an increase in the impedance.
To increase or to maintain the drop-out volt-
age-of the switch 10 at its usual value, but to
provide for unhesitating opening movement of
the armature {2 consequent upon a decrease in
the supply voltage below the drop-out value, the
condenser 42 may be adjusted to have a capacitive
reactance greater than twice the inductive re-
actance of the winding 34 when the armature
12 is closed, or the circuit of Fig. 5 may be used,
wherein an adjustable resistor 5! is connected
in series with a fixed condenser 50 in the holding
circuit 41. When the voltage of the source. 35
is at its normal value, the resistor 51 is so ad-
Justed that the current in the winding 34 is at
& value slightly greater than the drop-out value.
Under these conditions, the impedance of the en-
ergizing circuit is maintained substantially con-
- stant throughout slight decreases in voltage, that
is, the resistance term in Equation 2 is no longer
negligible and small changes in inductive react-
ance do not affect greatly the impedance of the
circuit. However, if the supply voltage decreases
" slightly and to such an extent that the current
and flux fall below the drop-out values, the arma-
tures 12 starts to open and the impedance of the
energizing circuit increases considerably due to
the decrease in the inductive reactance caused
by the introduction of an air gap in the magnetic
circuit. The vresulting decrease in current
throuigh the winding 34 permits the armature
12 to drop unhesitatingly to its open position.
I claim: L
1. In combination with an electromagnetic de-
vice having a winding, a member movable to
change the inductance of said winding, an alter-
nating current energizing circuit for said wind-
ing, and means in said energizing circuit for caus-
ing the impedance of said energizing circuit to
Increase as said member moves to decrease the
inductance of said winding.
2.. In combination with an electromagnetic-de-

vice arranged to be operated by alternating cur-
rent and having an operating winding, a mem-"

ber movable to change the inductance of sald
winding, an energizing circuit for supplying alter-

nating current to said winding, and capacitive re--

active means connected in said energizing circuit
for causing an increase in the impedance of said
energizing circuit as said member moves to de-
crease the inductance of said winding.

. 3. In combination with an electromagnetic de-
vice having a winding arranged to be energized
from a source of alternating current, a member
- movable to change the inductance of said wind-
ing, an energizing circuit for supplying alternat-
ing current to said winding, and capacitive reac-
tive means connected in said energizing circuit in
series with said winding for causing an increase in
the impedance of said energizing circult as sald
member moves to decrease the inductance of said

4. The combination with an electromagnetic

device having a winding arranged to be energized
from & source of-alternating current of varisble
" voltage and having an armature movable conse-
. quent upon said voltage reaching a predetermined
reduced value, of a capacitance connected in se-

ries with sald winding and said source of current '

«t
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5. In combination with an electromagnetic de-
vice having a magnetic circuit and a winding, a
member movable to change the air gap of said
magnetic circuit, an alternating current energiz-
ing circuit for said winding, and a capacitance
connected in said energizing circuit in series with
said winding, said capacitance being so propor-
tioned in relation to the inductance of said wind-
ing when the air gap of said magnetic circuit is
substantially zero that the impedance of said en--

- ergizing circuit increases as said member moves

to increase the air gap of said magnetic circuit.

6. The combination with an electromagnetic
device having a movable armature and a wind-
ing’ arranged to be energized from a source of
alternating current, of a capacitance connected
in series with said winding and said souirce of
current and having a reactance approximately
twice the reactance of said winding when said
armature is in its closed position. .

7. The combination with an alternating current
electromagnetic switch having an operating wind- ..
ing, a condenser, means for connecting said wind--
ing to a source of alternating current independ-
ently of said condenser until said switch is closed,
and means operable upon closure of said switch .
to interpose said condenser in a circuit between
said winding and said source, said condenser hav-
ing a capacitive reactance greater than the in-
ductive reactance of said winding when said
switeh is closed. |

8. In combination with an electromagnetic de-
vige having a magnetic circuit and a winding, a

‘member movable to change the inductance of said

winding, an energizing circuit for supplying alter-
nating current to said winding, a saturableinduct-

- ance and a capacitance connected in said ener-
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gizing circuit in series with each other and with

sald winding, said capacitance being so propor-
tioned in relation to the combined inductance of
said saturable inductance and said winding when
said magnetic circuit is closed thai the impedance
of said energizing circuit increases as said mem-
ber moves to decrease the inductance of said
. 9. In combination with an electromagnetic de-

“vice having a magnetic circuit and & winding, a

member movable to change the inductance of said
winding, an alternating current energizing cir-
cuit for said winding, and a capacitance and a
resistor connected in said energizing circult in
series with each other and said winding, said

" capacitance being so. proportioned in relation to
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_ and having & reactance greater than the react- -

ance of said winding when said armature'is in its

closed position with said voltage at a value alight-
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the inductance of said winding when said mag-
netic circuit in closed that the impedance of said
energizing circuit increases as said member moves
to decrea;e the inductance of said winding.

© 10. The combination with an electromagnetic

-switch of the type having a movable armature

adapted to be held in a el position by mag-
netic flux produced by a winding energized with
alternating current, the holding force of said flux
being in opposition to an opening force which
suddenly decreases during and before completion
of an opening cycle initiated upon reduction of
sald flux below a predetermined value, of a ca-
pacltance connected. in series with said winding
and so proportioned relative to the inductance of
sald winding that said flux decreases from its
reduced value as a result of movement of said
armature away from its closed position.

WARD L. SMITH.




