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T ELECTROMAGHETICALLY-CONIROLLED. DEVICE. '

~Application filed September 29,:1921; SeriakNo..504,053. - Renewed Iarch 18,1925,

To.all wvhom it may.-concern.! ,

. Be. it. known that, I, Jorx: Earox, a.sub-
ject of Grent Britain,.residing , at Sche-
nectady, in.the county,of Schenec ady, State
of “New York, have invented. certain- new
and ugeful Improvements.in Iilectromag-
netically-Controlled, Devices, of. which: the
tollowing. is. a.specification.

One of the objects of the:invention is to
provide - an., improved , electromagnetically
controlled device in. which, a.controlled mem-
ber biased to. one. position is magnetically
held in a.second: position. when-the energiza-
tion of .an.electromagnet is above a predeter-
mined minimum value,.and arvanged so.that
when the energization-of the electromagnet

is: above a,predetermined.maximum. value, .

the controlled member .is. directly. operated
away..from the.second.position.

A further object of.the invention is to pro-
vide .an, electromagnétically controlled :de-
vice having. a .contzolled member.which.is
under the control of two.relatively movable
magnetic. members,  and:.the .arrangement
stel _that the controlled member dis moved
to and magnetically held.in a second .posi-
tion while the energization of the. electro-
magnet is-above a predetermined minimum
value by a movement of one of the magnetic
members independently. of ‘the. other. mag-
netic member, and the controlled member.is
operated away from. the second position. by
a; substantially - simultaneous. movement, of
the magnetic members when: the energiza-
tion of the electromagnet is.in excess.of a
predetermined value.

" A~ further objéct of. the invention.is to
provide. an_electromagnetically contrelled
switell in. which a switch member. is .mag-
netically held in the ‘closed position .against
its bias to the open position: when the cur-
rent. in the winding of the electromagret. is
above a predetermined. value and which is
magnetically and directly operated to .the
open position when the current in the wind-
ing of the-electromagnet is above a prede-
termined maximum value.

" A still further object of .the invention :is

to. provide .an;improved -eircuit :controller

which combines the feature.of manual.con-
trol.and also the .feature of antomatic con-
trol .to protect. the .controlled circuit .from
abnormal conditions such,:for example,.as
an overload or a failnre of voltage: althongh
in certain of its aspects the:invention.is not

necessarilylimited .to a-manually controlled
switch. '

The present inveation is. a,modified form
of .the.electromagnetically controlled. device,
for which: T filed.an application for patent
on September. 29, 1921, Serial No.. 504,051,
The .electromagnetically .controlled. .device
of the:present.application -is.-broadly .cov-
ered.in.my.said copending, application, Se-
rial. 504,051, filed-Sept. 29, 1921, ,

» In- carrying: the invention sinto: effect: in
one form :as applied to: an electromagnebic
cireuit - controller, - means..is:. provided {-for
closing and opening:the controlled cirenit.at
the will of the operator:or in response.to
any predetermined: sondition. +The: said
means may take the form.of> open. and wclose
or start and:stop push buttons;-although the
invention is not limited to a;push.:bubton

switeh,-nor: arve:certaina foatures: of ;the~in- ¢

vention: limited: to theinyuse iny asananyally
operated switch. - A switch.member is under
the control of-the said means-and alse.under
the control of an electromagnet: which-may
have a single winding energized responsive-
ly:to-the-current. through ‘the gwitch. The
electromagret -is; provided- with: a.magnetic
rrovable;member ‘which,is.under ‘the con-
trol of-the magnet winding or. windings;and
the wrrangement. is:-such. that: the .switch
member: is magnetically. held thereby in;an
eperative.position.as. long:as the:conditions
in the.contrelled circuit ave normal, or until
said.manual aneans 1s. eperated to veturndhe
switeh todts-original-position. ; In.case an
abnormal circuit condition ocecurs, such,. for
example, as a-failure of voltage; the mag-
netic-holding; effect :on -the .sald, magnetic
movable-member.isveleased, and the switch

member is.zeturned from the iclosed: eirenit

positien to:ithe open. cireuit position.ini ac-
cordance: with its bias; orin-case-there is.an
overload ‘in ‘the contrelled.-circuit; the.mag-

-netic movable member.is automatically op-

erated. to open’the switch and. to-permit the
switch- member: to, veturn- to. the open posi-
tion-in accordance.with. its.-bias. = In:the
present . form of -the,invention;.which: has
certain-.advantageousfeatures. of :donstrue-

tion and arrangement which will:be.peinted &

-out, particulaxrly - hereinafter, -the, magnetic
mowable ,means .comprises .«two . magnetic
members .which. are movable indepengdently
of each other,.and these two members coop-

erate.to control the:switch member, JIrnithe
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particular- form of the invention which 1
have selected for purposes of illustration,
the two magnetic members are in the form
of plungers coperating within the magnetic
circuit of the controlling electromagnet of
the switch, although the invention is not
necessarily limited to an arrangement in
which the elements are in the form of plun-
gers. The one plunger is movable independ-
ently of the other to close the switch, and
the switch is magnetically held closed there-
by while the current in the switch winding
is above a predetermined minimum value.
In case the current through the magnet
winding should rise above a predetermined
maximum value, the two plungers move si-
multaneously to open the gwitch, The first
plunger is separated from the second by an
air gap which is cpen when the switch is
open and which is closed when the switch is
closed. When the switch is closed, the two
plungers are attracted and moved as a unit
to close a second air gap in the magnetic cir-
cuit of the controlling electromagnet, and a
resilient connection is provided between the
two plungers so that when the switch is thus
automatically opened the various parts of
the switch will return to their normally
open positions.

For a better understanding of the inven-
tion, reference is had to the accompanying
drawings, in which I have shown an em-
bodiment of my invention. Referring to the
drawings, ¥ig. 1 is a side view .of my im-
proved switch in the open position; Fig. 2
15 an end view of the same with one of the
parts broken away; Fig. 3 is a view showing
the relative positions of the parts of the
switch when the switch is closed; Fig. 4 is a
view showing the relative positions of the
parts of the switch when the switch is manu-
ally opened; Fig. 8 is a top view of the
switch in the closed position as shown in
Fig. 3; Fig. 6.is a very simplified diagram
of a motor starting arrangement embodying
the invention.

Referring to the drawings, the switch
member 10 carries at its end a rotatable
contact 11 which is adapted to make en-
gagement with the set of resilient contacts
12 to close the switch and thereby complete
the electric circuit controlled by the switch
and also to energize the coil 18 of the elec-

tromagnet for the switch. The gwitch mem-

ber 10 is mounted in the end piece 14 so as
to be movable with respect thereto, and the
switch member is biased to the position
shown in Fig. 1 by means of the spring 15.
The right hand end of the switch member 10
is connected to the close or start push but-
ton 16, and the stop or open push button 17
is also connected to the right hand end of
the switch member 10 through the lever 18.

The controlling electromagnet for the
switch is provided with magnetic movable
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means which in the present form of the in-
vention takes the form of two relatively
movable plungers 19 and 20. The plunger
19 has connected thereto a pin 21 which is
connected to the right hand end of the
switch member 10 through the link 22 so
that when the start push button 16 is de-
pressed to elevate the switch contact 11 into
engagemernt with the stationary contacts 12,
the plunger 19 moves independently of the
plunger 20 to close the air gap 23 so that
the switch will be magnetically held closed
by the magnetic attraction between the two
plungers while the current in the magnet
winding 18 is above a predetermined mini-
mum value. The parts of the switeh will
be in their relative positions as shown in
Fig. 8, and it will be observed that when
the switch is closed, a second air gap 24 is
cpen.  In case the current through the mag-
net winding of the switch should rise above
a predetermined maximum value, the two
plungers will move as a unit simultaneously
to close the air gap 24 and thereby cause
the contact 11 to break engagement with the
stationary contacts 12, The circuit through
the switch is thereby opened and the con-
trolling electromagnet deenergized, so that
the switch will be automatically returned to
its initial position shown in Fig. 1. The
spring 25 is provided for biasing the
plunger 20 to the position shown in Figs. 1
and 3, and this spring in cooperation with
the spring 15 associated with the start push
button 16 provides a resilient connection be-
tween the plungers.

As thus constructed and arranged, the op-
eration of my invention may be readily
understood from a description of Fig. 6 in
connection with the other figures of the
drawing. In order to close the switch, the
push button 16 is depressed against the ac-
tion of the spring 15, thereby elevating the
contact 11 into engagement with the sta-
tionary contacts 12 and simultaneously mov-
ing the plunger 19 to close the air gap 23.
The electric motor 26 is thereby connected
across the source of supply 27, and the wind-
ing 13 of the controlling electromagnet of
the switech is energized to maintain the
plunger 19 into engagement with the
plunger 20, thereby magnetically holding
the switch closed against the action of the
spring 15. In case the voltage of the supply
circuit 27 should either fail altogether or be
reduced below a predetermined minimum
value, the magnetic holding effect of the
electromagnet will be reduced to such a
value that the spring 15 will overpower the
holding effect between the plungers 19 and
20, and the switch will be automatically re-
turned to the open position shown in Fig. 1.
The switch will remain in the open posi-
tion until the operator again closes the same
by depressing the push bulton 16, or until
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“button - arr
‘the -features: of, providing: voltage- failure

minimum, value;
Ang.
‘maonet winding..is.-above . a; pl:ed.etermined
‘111‘&}{111 um value,

-tomatically.

the switch.is: again .closed .in-any -suitable
manner :in-responseto. any. predetermined
condition.

If-while the switch-is-magnetically held
r:lo<ed the current taken: by. the motor should
vise above a pwueto"nnncl maximum value,
the magnet winding 13 will be energized to
set up a-flux which. will produce: a pull on
the, two, plungers 19 and 20 acrossithe.al
gap 24, which-will tend- to‘eleseithis aiy gap.
A small-movement; of.the two: plungers. to
close the air gap 24 will move the -contact
11 out-of engagement. with the stationary
contacts 12, thereby interrupting the motor
cirenit and.deenergizing the winding of: tho
eontreliing: dechom ignet-of the s‘vuch

~will-belun del stood: ﬂnt when-the current in

the;magnet winding of the switch risesabove

a pr,detemnnﬂ ValuL ‘the . parts.- of. the

switch -
shown.in- T g4

approach their.. Le:spectwe positions
4.-but these parts do-not nec-

-essarily reach the position-at whieh the air
_gap is-entirely closed, since. as-soon as the

cireuit. threugh: the- switch. s opened, rthe
magrietic: holdmg effect-of ithe switch-ds re-

lieved, and: the spring 15 together with -the
spring. 25 will effoct the-return of .the parts
.of the switcl to-their nmormally open.-posi-
‘tions.

2w When used. as a pusli hitten-or.manually
operateds'switch, the -invention has thei.ad-
vantages.that th.. switeh.mot only.serves-the
purpose of-the ordinary.starvt and stop push
angement,-but .1t~ also -combines

and - overload, protection.in;a. switch ~which

need: not necessarily be larger:than the ordi- .

narvy start and stop-push button switeh. It
will; also - be. observed- that- only . a’ single
vinding for .the.- controllmo« electromas onet

ot the: switchis ne eessary - Hor. m‘umetlcal ly
holding: the switch dosed when the -current

in thb winding:iis- fmove a- predetermined
and-for m amletmally open-

the ‘QWV;tCh‘. Avlien: -the <cugrent . in-.the

" Itewill also bz observed. that if’theistart
buttonis held: depressed, the:'switch. will
be maintained closed and can :not open-au-
- Thig featureiis. used. to- ad-
vantage ina- ’S\\'lfc}l for: starting- & metor
duvmg a washing . machine, for example, in

-which. the starting torque 1‘equi“ed is very

great;and the nomml running. torque-ls ma-
terially less. . If the start button is-held de-
pressed ;dmmgr tllesistzll"t>iglgf~.in'tervz11, the -
gwitch will be preveated: from- opening due

.to the initial rush of cnrrent-and. when the
-motor, has come np-to speed the start button

may - be ‘released - to permit: the switch  to
protect-the motor from overload and vol‘moe
failure conditions.

In- accordance with the provisions of the
patent statutes, I have: described -the prin-

ciple of operation.of my.invention, together
with the apparatus-which I now- Con81der to
represent the best embodiment thereof, but I
desire to: have : it .understood . that the ap-
paratus shown is only illustrative and-that
the -invention ean -he carried.-out by. other
reans.

~What I -claimias, n woand desire to.seenre
rby Lct'ms Patent- of, the. United - Statesis:

1. 'An e]ecuomnaneucaﬂy controlled ! de-
vice (ompl-lsmg a.movable -controlled- mem-
ber” biased to one position,. s eentrollin
electvomagnet therefor comprising-a Wmd—
1 and- two noymally -separated . magnetic
~movable amembers. contrelled . thereby ~for
t controlling:the said oondoﬂ'\d niember;: and
-connections whereby the -flust of said mag-
netic members moves into, magneticrelation
“with. the second to opomtc,the said- con-
drolled-member to.a-gecond
controlled member s m_@g.nuticaﬂy held .in
the said- second -position. by ‘the 111:1@11<;t1c
attraction -betwveen the. gaid- magnemo men-
bers while the current in the said.winding
is: above  a predetermined: minimum. value,
and the said second magneticmembern moves
the-gaid. fivst momber'to operate the .said
controlled member ~ away from the said:seec-
-ond - position-when the enrrent.in. the gaid

Awinding vises to a- pleuetﬂrmmod maximum -

'no
2. An electroma oneilca}ly ,contrb»'ﬂed -;de—
vice- mz“nusl_ng a-movable-controlled mem-
ber biased. to.one; position, a controlling

va

electromagnet: thereio*‘ comprising: a-wind-

Jing.and o normally-: sm,z-mted B! aonemc
movable ~members . .controlied: thex.eb 5

.controllingithe said-contzolled-membery. o und
«sonnections betweenithe said magnetie. mem-
bers. and-the said controlled-member where-
by one of said magnetic membors moyes into
en, cum‘@;ment rwith the-other to ~operate ‘the
said Controﬂcd member to a:second;position

position and the -
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-andimagnetically-hold the said-eontrelled ~

-member
‘current-in the said.» vinding is above a. pre-
determmed smininum- ‘va}he and«the said
-magnetic-members: move.as a:unit to' eper-
‘ate the said contvolled. member: away. from
‘the said second position whenthe current in
ithe-said: winding-is-above: a predetermined
maximun: value.

3. A"} electromagnetically - controlled. de-
vice: Comp sng aimovable controlled nem-
bez-
ele(tlomaoneb therefor - comprlsmo a .mag-
netic -structu re, a- winding, -and: twoi vela-
tively movable:magnetic lllebCIS controlled

‘thereby for.cont 10111ng -the said controlled

member, the first of said magnetic.meinbers
normally -separated: from: -the-said- second
magnetic. member by an.alr:gap,and con-
nections between the said magnetic members
and the: said controlled  member- whereby
operating- the said controlled member to' a

rin -thesecond position .while -the -

biaged: .to..one: position,: a. concrolhno i1

b
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second position closes the said air gap and
places the said controlled member under the
control of the said first magnetic member
when the current in the said winding is less
than a predetermined value, and establishes
a second air gap to place the said controlled
member under the control of the second
magnetic member to operate the said con-
trolled member to a second position by the
pull across the said second air gap when the
current in the said winding is greater than
a predetermined value.

4, The combination in an electric switch
of a switch member biased to the open posi-
tion, a controlling electromagnet therefor
comprising a winding and two magnetic
movable members controlled thereby for
controlling the said switch member, and
means whereby the first of said magnetic
members moves independently of the second
to close the switch and the switch is mag-
netically held closed thereby while the cur-
rent in the said winding is above a prede-
termined minimum value, and the said mag-
netic members move simultaneously to open

~ the said switch when the current in the said
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winding rises to a predetermined maximum
value.

‘5. The combination in an electric switch
of a switch member biased to the open posi-
tion, a controlling electromagnet therefor
comprising a winding and fwo magnetic
movable members controlled thereby for
controlling the said switch member, and

means whereby one of said magnetic mem-

bers moves independently of the other to
close the switch and magnetically hold the
switch closed, and both of said magnetic
members move as a unit to open the switch
when the current in the said winding is
above a predetermined value.

6. The combination in an electric switch
of a switch member biased to the open posi-
tion, a controlling electromagnet therefor
comprising a winding energized respon-
sively to the current through the switch and
two magnetic movable members controlled
thereby for controlling the said switch mem-
ber, and means whereby the first of said
magnetic members moves independently of
the second to close the switch and to close
one air gap and open a second air gap and
thereby magnetically hold the switch in the
closed position while the current in the
snid winding is above a predetermined mini-
mum value, and both the said magnetic
members move to close the said second air
gap and open the switch when the current
in the said winding rises to a predetermined
maximum.

7. The combination in an electric switch
of a switch member biased to an open posi-
tion, a controlling clectromagnet therefor
comprising a winding, two magnetic mov-
able members for controlling the said switch

1,580,025

member, the said magnetic members con-
nected to mechanically operate the said
switch member and the first of said mag-
netic. members separated from the second
magnetic member by an air gap, and means
for closing the switch and the said air gap
to place the switch member under the con-
trol of the first magnetic member to open
the switch when the current in the said
winding is less than a predetermined value
and under the control of the second mag-
netic memper to open the switch when the
‘current in the said winding is greater than
a predetermined value. o

8. The combination in an electric switch
of a switch member biased to the open po-
sition, a controlling electromagnet therefor
comprising a winding energized responsive-
ly to the current through the switch and two
magnetic movable members controlled there-
by for controlling the said switch member,
a mechanical connection between the first
of said magnetic members and the said
switch members, and a resilient connection
between the said magnetic members, the ar-
rangement being such that the first of said
magnetic members is separated from the
second by an air gap which is closed when
the switch is closed, the said switch member
is magnetically held in the closed position
while the current is above a predetermined
minimum- value by the magnetic attraction
between the said magnetic members and both
of said magnetic members move as a unit
to open the switch due to the magnetic pull
across the sald second air gap when the
current in the said magnet winding rises to
a predetermined maximum value.

‘9. The combination in an electric switch
of a switch member biased to the open po-
sition, manually operated means for clos-
ing the switch, a controlling electromagnet
for the said switch member comprising a
winding energized responsively to the cur-
rent through the switch, magnetic movable
means controlled by the said electromagnet
for magnetically holding the switch member
in the closed position when the current in
the said winding is above a prédetermined
minimum value and for .magnetically re-
turning the switch member to the open po-
sition when the current in the said winding
is above a predetermined maximum value,
and connections between the said manually
operated means and switch nmember where-
by the switch member may be held in the
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cloced position regardless of the current in

the said magnet winding.

10. The combination in an electric switch
of a switch member biased to the open po-
sition, a controlling electromagnet therefor
comprising a winding energized responsive-
ly to the current through the switch and two
magnetic movable members controlled theve-
by for controlling the said switch member,
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means whereby the first of said maguetic
members moves independently of the second
to cloze the switch and the switch is magnet-
ically held closed thereby while the current
in the said winding is above a predetermined
minimum value, and the said magnetic mem-
bers move simultaneously to open the switch
when the current in the said winding rises
to a predetermined maximum value, manu-

ally operated means connected to the said 10
switch member for operating the same to the
closed position and holding the switch mem-
ber in the clozed position during the initial
rush of current through the said winding.

In witness whereof I have hereunto set 15

my hand- this 28th day of September, 1921,
JOHN EATON. .



