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provide g shoy "L ""wted winding carried by the
movable armsivre, the repulsion fores cxerted on

the shori-circuited winding opposing the mag-
netie force exeried upon the armature. More
specifically, I provide a supporting bracket formed
of magnetizable material to which a plurality of
magnetizable plates are secured in face-to-facé
'"eTation in order to form the magnetizable frame,
the piates and the bracket being formed to
provide an air gap in the frame. Secured to an-
other portion of the bracket, is a cantilever spring
which resiliently supports the armature in a
given position adjacent the magnetizable frame.
Resiliently supported for movement with the
armature, is g contact arranged to engage a fixed
contact when the armature is-attracted into the
air gap. Due te the construction of the armature

and the spring, the armature is susceptible not.

only to forced vibration within the air gap in
accordance with the fluctuation of the magnetic
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ranged o entend th s §4 1
tie base G 16 2Ppertures oL

of sufiicient ler
me opposite side ¢
ol t is assembled i
nd uwo swap i8 and (6 on the opposite snie
M the base are respectively provided with aper-

ures {7 and (8 alignable with the extending ends
of the fingers (3. When the bracket and the
straps have been assembled on the base, the ex-
tending ends of the fingers i3 may be overturned
or otherwise suitably secured ioc the straps §§
and 16 in order to secure the bracket 12 rigidly
to the base 18. 'The strap {8 alsc serves as an
electrical conductor as will be more fully ex-
plained hereinafter.

As shown best in Fig, 2, the bracken i2 ig
provided with a substantially U-shaped portion
9 on the opposite sides of which are secured, as
for example by the rivets 20, a plurality of simi-
ilarly shaped plates of magnetizable material so
as to form a laminated, magnetizable frame 21
having opposed pole faces 22 and 23 forming an
air gap at the open end thereof. Mounted on
one leg of the magnetizable frame 21 is an oper-
ating coil 24 comprising an insulating spool 28
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tending outwardly from the leg of the magnetiz-
able frame on which the coil 24 is mounted, is &
lug or ear 26 formed on the portion I8 of the

bracket 12 and arranged to cooperate with the-

spool 25 to support the coil 24 on the magnetiz-
able frame. 'The dimensions of the spool are
such that when the coil 24 is placed over the leg
of the frame 2{ and pressed downwardly thereon,
the spool 'is forced into intimate engagement with
the lug 26 and with the corners of the opposite
side of the frame leg. Thus a rigid three-point
support for the winding 24 is obtained, the spool
vreferably being formed of fiber so that the lug
926 cuts a groove therein as the coil is forced
downwardly on the frame, thereby preventing
turning of the coil or Vlbra,tory movement there-
of.

Formed on the other end of the bracket 12,
is a supporting portion 27 to which is secured one
end of a cantilever spring 28, the other end of
which is secured to the legs of a U-shaped arma-

ture 29 formed of steel or other suitable mag-<

netizable material. As shown, the spring 28 nor-
mally supports the armature 28 in spaced rela-
tion with the magnetizable frame 21 so as to form
an air gap between the armature and the frame,
and the yoke portion -3¢ of the armature is in
alignment with the air gap between the pole
faces 22 and 23. Secured to the armature 29
in the air gap between the armature and the
frame, I provide a short-circuited winding 8l
comprising a single-turn coil of highly conductive
material, such as copper, the purpose of which
will be more fully described later.

Extending outwardly from the cantilever spring
28 between the legs of the armature 29, is a
spring finger 32 which supports a movable con-

tact 83 in cooperating relation with a fixed con- -

tact 84 carried on a supporting post 85 thread-
edly mounted, as indicated by the reference nu-
meral 36, on the base 10. This threaded mount-
ing of the .contact post 35 provides for easy ad-
justment of the relay contacts 83 and 34.
Extending outwardly from the magnetizable
frame 2[ between the legs of the armature 29, is
a supporting finger 37 on which is Iloosely

-mounted a stop bar 38 preferably formed of

rawhide or other suitable flexible material, = As
shown, the stop bar 38 is loosely supported in-
termediate its ends and is thus rendered self-
alignable with the armature 29.

In order to describe the operation of the relay,
it will be assumed that the relay is connected in
the starting and running circuits of a motor in
the well-known manner, with the operating coil
24 in series with the running winding and the
contacts 38 and 34 in series with the starting
winding.” The external circuit connections will
be apparent upon reference to Fig. 4 of Patent
No. 1,996,599 issued April 2, 1935 to Louis W.
Thompson, and the internal circuits of the relay
will now be traced. The starting winding circuit
may be traced from s common terminal of the
relay (not shown) which preferably threadedly
engages an aperture (i6a) in the strap 16,
through the strap 18, the finger 13 secured there-

- to, the bracket {2, the.cantilever spring 28, the
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spring finger $2, the contacts 33 and 84 and the
supporting post 35 which is electrically connected
to the starting winding of the motor. Likewise,

the running winding circuit may be traced from
the common terminal through the strap {6 and
the finger (8 to a terminal screw 39 which se-
cures one terminal 40 of the coil 24 to the frame
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21. From the terminal 48 the circuit may be
traced through the coil 24 to the terminal 48 se-
cured by a terminal screw £2 to a terminal post
43 which is electrically connected to the running
winding of the motor. '

It will be apparent now that when the motor
(not shown) is connected to a suitable source of
alternating-current through the relay, there will
be a rush of current through the operating coil
24- which is connected in the running winding
circuit of the motor. The magnetic flux produced
by ‘energization of the coil 24 will cause the
armature to move toward the frame 2] and close
the contacts 83 and 34 in the starting winding
circuit of the motor. - It will be seen that this
magnetic flux will flow through two parallel
paths, the main portion of the. flux flowing
through the U-shaped magnetizable frame 21
and the air gap between the pole faces 22 and
23, thereby creating a high intensity magnetic
field between the pole faces, and the remainder
of the magnetic flux passing through the bracket
12, the cantilever spring 28, the magnetizable
armature 29 and the air gap between the arma-
ture and the frame 2{. Accordingly, the arma-
ture 29 will be attracted toward the magnetic
frame not only by the flux flowing through the
gap between ‘the armature and the frame but
also by the leakage flux between the pole faces
22 and 23.

As the armature 29 approaches the high in-

" tensity magnetic field between the pole faces 22

and 23, the magnetic attractive force on the
armature greatly increases, this force varying
substantially inversely as the square of the dis-
tance between the high intensity region and the
armature. Accordingly the armature moves
with a quick action to close the contacts 33 and
24, and it will be observed that by reason of the
resilient mounting of the armature 25 and the
contact 33, and by reason of the fact that the
armature in its attracted position does not rigidly
engage the magnetizable frame 21 or any other
stationary member, the relay is substantislly
noiseless.

As shown, the. pole faces 22 and 23 provide &
relatively wide region of high intensity mag-
netic flux within which the armature may come
to rest, and the pole face 22 is preferably beveled
in order to provide & component of flux at an
angle to the main filux between the poles. It
will be understood that since the main flux be-
tween the poles is substantialy parallel with the
armature when the armature is in its attracted
position a state of comparative instability may
exist between the retractive force exerted by the
spring 28 and the magnetic force exerted on
the armature. However, the component of fux
produced by the beveled face of the pole 22 ex-
erts a steadying pull on the armature, which
tends to maintain the armature in & position of
equilibrium within the air gap.

As hereinbefore mentioned, the armature 29
and the spring 2§ are of relatively light construc-
tion and consequently, the armature has a tend-
ency to vibrate inthe gap between the pole faces
22 and 23 as the alternating-current excitation
varies from a zero fo a maximum value during
each half-cycle. The short-circuited winding 81,
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however, which is sqcufed to the armature and -

arranged to encircle one leg of the frame 21 when
the armature is in its attracted position, serves
to damp this forced vibration. ~The damping
effect of the short-circuited winding 8f is due
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in part to the repulsion force exerted thereon
by the magnetic fleld, which force is in a direc-
tion to oppose the magnetic pull on the arma-
ture, and in part to the out-of-phase flux pro-
5 duced by the circulating current which is induced
in the shori-circuited winding. A substantial
portioh of this out-of-phase flux, which ig sub-
stantially 90° out of phase with the main flux,
passes through the magnetizable frame 21 and
106 through the armature 29 between the pole faces
22 and 23, and since this flux will obtain’a

maximum vaiue when the main flux is passing .
puil

through its minimum value, the magnetic
gxerted on the armature by this out-of-phase
16 fux ftends to stabilize the armature.

As soon 28 the contacts 33 and 34 are closed,
she motor beging to accelerate and as the motor
SOes up 0 speed, the current through the run-

through the coll 24 decreases.
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rnieaseci for opergiion m.t of
spring 28, the kinetic energy
ature a8 ;i: is moved will he
the armature beyond its normal
and ihe kinetic energy wiil then be
u(a ea i the spring 28. When sufficient energy
ihas been siored in the spring to bring the arma-
ture $o rest, the spring will be effective to return
the armaiturs towards the normal position and

g5 again the armature will move through the nor-
mal position and will store energy in the spring.
Thus it will be seen that the armature and the
spring when cnce released from the air gap, will
vibrate freely about the normal position with a

7o natural periodicity and amplitude of vibration
which is dependent upon the moment of inertia

of the armature and the strength of the spring.
This free vibration of the armature is not only

_ Objectionable from the standpoint of noise but
75 the amplitude of vibration may be sufficient to

3

he motor may reach ithe desired

cause the contacts 33 and 34 to be reclosed each
time that the armature vibrates.

Accordingly, I have provided the stop bar 38
arranged to engage the armature 29 as it moves
out of the air gap and absorb the kinetic energy 5
of the armature. Preferably the stop 38 is ar-
ranged slightly beyond the normal position of
the armature in order to minimize the load on
the spring when the relay is deenergized, How-
ever, it will be apparent that the stop must be ar- 1o
ranged closely enough to the normal position of
the armature to prevent an appreciable amount
of energy being stored in the spring. Likewise I
have found that if the stop Is located too close to
the magnetizable frame 214, the armature 28 will
have a tendency te vibrate each time that the
energizing current in the coil 24 passes through
the maximmn value during ecach cyele. . I will
c:)~ cou"se be undersicod that in some cases the
7 the armature may not be of suf- 90
magh tude i reclose the conidacis and in
the stop it
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Whau I claim a8 m,w and desire {o secure by
Letters Patent of the United Stabes, is:

iI. An aliernating-current relay comprising a
magnetizable frame having an air gap, a magne-~ 65
tizable armature, 8 cantilever spring secured to
sald armature for normally supporting said arma-
ture in a position adjacent said frame, said arma-
ture and sald cantilever spring having a natural
amplitude of vibration about said normal posi- 70
tion when said armature is moved from said
position to stress said spring and then released,
means including an operating winding for pro-
ducing a magnetic flux in sald frame to attract
said armature from said normal position to a 7a
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position within said air gap, means including &

short-circuited winding carried by said armature”

for damping forced vibration of said armature
within said air gap, and a stop for preventing free
vibration of said armature about said normal po-
sition when said armature is released from said
air gap, said stop being positioned beyond said
normal position but within the natural vibration
range of said armature.

2. An alternating-current relay comprlslng 2
magnetizable frame having an air gap, a mag-
netizable armature, & cantilever spring secured
to said armeture for normally supporting said
armature in a position adjacent said frame, said
armature and said cantilever spring having a
netural amplitude of vibration about said normal
position when said armature is moved from said
position to stress said spring and then released,
means including an operating winding for pro-
ducing a magnetic flux in said frame to attract
said armature from said normal position to a
position within said air gap, means including a
short-circuited winding carried by said armature
for demping forced vibration of said armature
within said air gap, and a stop for absorbing the
kinetic energy of said armature to prevent free vi-

‘bration about said normal position when said

armature is released from said air gap, said stop
being formed of resilient material and being po-
sitioned within the natural vibration _range of
said armature.

3. An alternating-current relay comprising a
magnetizable frame having an air gap, an operat-
ing winding associated with said frame energiz-
able to provide a high intensity magnetic field in
said air gap, a2 magnetizable armature normally
resiliently positioned adjacent said air gap and
movable into said air gap in response to the mag-
netic force exerted due to g predetermined degree
of energization of said winding, said armature
having o natural amplitude of vibration about
its normal position when released from said air
gap, means including a short-circuited winding
carried by said armature for damping forced vi-
bration of said armature within said air gap, the
repulsion force exerted on said short-circuited

-winding opposing the magnetic force on said ar-

mature, said armature substantially closing said
air gap when in its attracted position whereby an
increased force is exerted on said armature to
maintain said armature in said air gap until the
energization of said operating winding is reduced
below said predetermined value, and stop means
for preventing free vibration of said armature
upon release of said armature from said air gap.

4. An alternating-current relay comprising a
magnetizable frame having an air gap, an operat-
ing winding associated with said frame and ener-
gizable to provide a magnetic field of high in-

tensity in said air gap, a2 magnetizable armature,

a cantilever spring for normally supporting said
armature in a position adjacent said air gap,
said armature being arranged to be attracted
into said high intensity magnetic field upon 2
predetermined degree of energization of said
winding against the bias exerted by said canti-
lever spring, the force on said armature increas-
ing as said armature enters said air gap
whereby said armature is maintained in said high
intensity field until the energization of said oper-

- ating winding is reduced below the value reguired
for initial operation of said armature, means in-
cluding a short-circuited winding . for damping
forced vibration of said armature within said air
gap, said cantilever spring operating said arma-
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ture and said short-circuited winding out of said
air gap upon said reduction of energization of

said winding, and g stop for absorbing the kinetic -

energy of said armature to prevent Iree vibra-
tion about said normal position when said arma-
ture is moved out of said air gap by said cantilever
spring.

5. An alternating-current relay comprising a
magne‘mzable Supporting bracket having a U-
shaped portion, a plurality of U-shaped mag-

" netizable plates secured to said U-shaped portion

of said bracket in face-to-face relation to form
a laminated frame having an open end, a U-
shaped magretizable armature, a cantilever
spring, means securing one end of said spring
to another portion of said bracket and the other

_end of said spring to the legs of said U-shaped

armature, the yoke portion of said armature being

normally positioned adjacent the open end of said -

laminated frame, means including an operating
winding on said frame for operating said arma-
ture from said normal position te a position in
which the yoke portion of said armature nests be~
tween the legs of said laminated frame, g finger
extending outwardly from one leg of said frame
between the legs of said armature, and stop
means carried by said finger for limiting the
movement of said armature away from said
frame under the influence of said cantilever
spring upon a decrease in the energization of
said operating winding.

6. A relay comprising a U-shaped magnetiz-
able frame, a U-shaped magnetizable armature,
means for resiliently supporting said armature
substantially at right angles to said frame with
thetyoke portion of said armature in alignment
with the gap between the legs of sald U-shaped
frame, said yoke portion being normally posi-
tioned outwardly from the ends of said frame
legs, means including an operating winding asso-
ciated with said frame energizable 1o operate said
armature to a position in which said yoke nests
between the legs of sdid frame, one of said frame
legs nesting within said armature, said resilient
supporting means being effective to move said
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armature away from said frame upon a decrease

in the energization of said operating winding, &
finger extending outwardly from said one frame
leg between the legs of said U-shaped armature,
and stop means comprising a bar supported inter-
mediate its ends on said finger for limiting the
movement of said armature by said resilient

‘means, the ends of said bar extending into the
path of movement of the legs of said armature.

50

7. An alternating-current relay comprising a -

laminated magnetic frame having a plurality of

substantially rectangular poles, an inner lami- -

nation of said frame having a portion extending
outwardly from a side of one of said poles, an
operating coil for sald relay comprising a spool
of insulating material surrounding said one pole,
the dimensions of said extending portion being
such that when-said eoil is pressed onto said
pole, said spool is forced into intimate engagement
with said extending portion and with the remoté
corners of said rectangular pole whereby 2 rigid
three-point support for said coil is provided.

8. An alternsting-current relay comprising a
magnetizable supporting bracket having a U-
shaped portion, a plurality of U-shaped mag-
nitizable plates secured on opposite sides of said

. U-shaped bracket portion in face-to-face rela-

tion to form a laminated magnetizable frame
having substantielly rectangular poles, sald
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