Nov. 7, 1939, P. W. SWENSON 2,178.656
'ELECTROMAGNETIC SWITCHING DEVICE

Original Filed Dec. 11, 1935 2 Sheets—Sheet 1

FiG. 1
i 2 4 IMSUL ATION
\ v~ S
) (=)
o -
- O | b2
24 ¢ = -
(! | 2/ g /6
25 S ! ©) ‘4
23 5 Al -
‘ ) [? / >
Us PIRVE 15
SASELATION
FlG.2
/8 5
> " =%
\ 4 S
/8 5 ; - =
\ 7 [ " 5 16
2 —— . . ’7 — .
5——: 2+
25 r B
9’10 7
[
LS , S
e 14

2/ é’ 52» KSULATION
= o= .
i ;‘ : 2 :

I A e
I =3 Wr o 2 L ’ld
2 l_lh =
i | 4 —_—/7
‘ 3
INSTLA7/08 IVSULA 770/
INVENTOR -
P.W.SWENSON
8y :
PG, ok

ATTORNEY




Nov. 7, 1939,

P. W. SWENSON

2,178,656

ELECTROMAGNETIC SWITCHING DEVICE

Original Filed Dec. 11, 1935

2 Sheets-Sheet 2

F16.4
2/ 5
5 /i /8 2 /3
2 ¥ /2
25 = ‘iﬁ;i:75
- . b 7
24 Xd— o = =
0 — iy —
I e
20 19 \ 8
22. 3
. 14
- F1G. 54 ; - FIG.
O-CURRENT ~ CONTACTS OPEN O-CURRENT - CONTACTS . OPEN
CONTACTS CLOSED H [—CONTACTS cLOSED
8
0-CURRENT O -CURRENT
. CONTACTS .
) CLOSED CONTACTS CLOSED
w_[ﬁ DLJUWMM—H:— W
" COIL -0~ cURRENT ——\[*CO/L~0-CURRENT
I ’ ]
F16.58 FIG. 68
R y
O-CURRENT-CONTACTS OPERN O=CURRENT- CONTACTS OPEN
M ONTACTS €LOSED \»1 < CONTACTS CLOSED
O-CURRENT~CONTACTS OPEN 0- CURRENT
W" ) tcoﬁmcrs CLOSED HECONTACTS CLOSED
J . b
[ COIL —0-CURRENT o COIL - O-CYRRENT
I |
FIG. 7 ;.
2 25 el 2
Iy Gl ’
R — -
24 f*: = /8 4 (/3
20 -

Il
e

INVENTOR
. F. W SWENSON

CPE iz

ATTORNEY




<

1®

&

S

Patented Nov. 7, 1939

UNITED STATES

2,178,656

PATENT OFFICE

2,178,656
ELECTROMAGNETIC SWITCHING DEVICE ,

Paul W. Swenson, Jackson Heights, N. Y., as-
signor to Bell Telephone Laboratories, Incor-
" porated, New York, N. Y., a corporation, of

New York

Original application December 11, 1935, Serial
No. 53,982. Divided and this application Feb-
ruary 21, 1939, Serial No. 257,568

8 Ciaims,
This invention relates to electric switching de-

vices and particularly to electromagnetic relays,

and is a division of my copending application
Serial No. 53,982 filed December 11, 1935.

In electrical systems, generally, and in tele-
phone systems particularly, an eleciromagnetic
relay plays an important part and is one of the
most extensively employed switching deviges.

To insure satisfactory functioning of the cir-
cuits of a telephone system and to guard sgsinst
interruption of service, it is necessary thai the
relays employed in such systems be so designed
as to function at maximum efficiency at all times
ard be so constructed as to operate and release
without “chatter” or vibration of its contacts,
which condition frequently results from tco se-
vere an impact of the armature against the pole
face of the core when the armature operates and
from armature rebound from the back-stop when
the armature releases.

It is well known, of course, that the pull of an
armature is of minimum value when the arma-
ture is in its open position and the air-gap which
separates the core from the armature is of max-
imum width. The pull increases rapidly as the
armature moves toward the core and the width
of the air-gap is diminished. The result is to
cause the armature to engage the core with which
it coacts with considerable impact since the force
exerted upon it is a maximum at the instant of
engagement. Under these circumstances, the
contact springs which are closed together by the
operation of the armature, are subject to consid-
erable contact “chatter” due to the rebound of
the armature during the period in which it dis-
sipates the momentum acquired in its travel from
the unoperated to the operated position. Fur=
thermore, and particularly with relays carrying
heavy contact spring loads, the release of the
armature by the pushing power of the contact
springs gives the armature a considerable speed
of release during which it acquires a quantity of
momentum that must be dissipated before the

armature comes to rest. When the mass of the

armature is considerable and the armature is
hinged on the rear of the core structure, this
moementum is dissipated by the rebound of the
armature at its front end, which rebound is
transmitted to the contact springs and causes
them to falsely open or close until the amplitude
of the rebound swings of the armature is reduced
to the point when it can no longer affect the
contacts. ‘

Both of these conditions make it difficult to
design fast operating circuits through the con-

(CL 200—104)

tacts of such a relay since it may be a relatively
long period after the operation or the release of
the relay that reliable closure can be assured
through the contacts.

Ii is the cobject of this invention to provide elec-
tromagnetic relays in which the condition of con-
tact chatter, both on the operation and the relesse

of the relay, is materially improved. This object

is attained, according tc one feature of the inven-
tion, by the provision of & relay structure having
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its armature freely suspended on an armature

bracket magnetically yoked to the rear of the
core struciure. The points of suspension are nos
at the ends of the armature but intermediate the
front and rear thereof so as to provide said arma-
ture with an axis of rotation in & line through the
points of suspension without, at the same time,
restricting the movement of the armature about
any other point or points within its mass. With
this construction, contact chatter and armature

rebound is reduced to a minimum, first, because .

the armature acquires less momentur: during the
operation and releasing travel and, therefore, ac-
quires less energy which has to be dissipated by
rebounding, secondly, because when the arma-
ture operates there is a magnetic pull at both

.ends of the armature which tends to reduce the

amplitude of rebound, and, thirdly, because. on

the release of the armature and due to the free

suspension thereof and the fact that the spring
loads push the front end of the armature against
the back-stop, the momentum of release can be
dissipated by the armature freely swinging away
from its front end and, therefore, away from
where such swings can affect the contacts.

These and other features of the invention
which contribute to the over-all efficiency of the
relay will be readily understood from the fol-
lowing detailed description made with reference
to the accompanying drawings, in which:

Figs. 1, 2 and 3 show, respectively, a top plan
view, & bottom plan view and a side elevation of
a relay embodying the features of the invention,
Fig. 3 particularly representing the position of
the armature when the relay is in the unoperated
position prior to energization;

Fig. 4 is the same view as Fig. 3 except that it
illustrates the position of the armature upon re-
leasing subsequent to energization;

Figs. 5 and 6 show, respectively, the result of
oscillographic studies on a conventionally hinged
relay and those on a relay whose armature is sus-
pended according to the principles of this inven=
tion; while
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Fig. 7 ilustrates a schemaiic presemiation of
the principie involved in the invention.

The relay core {0 is substantizily cylindricel
throughout its length and on sn interraediate
portion thereof supports the relay coil ii. The
front portion of the core 8, or that portlon im-
mediately below the cross-reach 23 of the armsa-

‘ture is flattened to provide a pole face of suit-

able area. The back-stop for the armature
utilized in this construction comprises an L-
shaped pin 24 having one end thereof protruding
from the front end of core 18 and the other por-
tion extending at right angles thereto and
threaded to accommodate the nut 25.

permit the pin 24 to pass the armature and to
provide the necessary armature bearing surface
for the nut. This type of construction permits
the front edges of the core {0 and the armature {8
to be in substantial alignment, thereby reduc-
ing the leakage paths which are common fo ar-
rangements herctofore employed im which the
core, to provide mounting space for the back-
stop, extends beyond the front edge of the arma-~
ture. This arrangement further reduces leskage
flux to & minimum and permifts substaniiclly o
of the core fuz $o cross the armeatures alr-gap and
therefors to bz ufilized for producing traction.
The front end of the cove 10 may be hored to per-
mit the insertion of the pin 24 which may then

" be steked inio position s generally indicated by

e
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the holes U (Fig. 2).

An L-shag bracket comprising arms 10 and
17 is welded o the rear porbtion of the cors (0.
The hengling vortion {7 of the brackel (as seen in
Figs. 3 and <) sgrves as o wmesns for maouniing
the relay on o relay rock, the portion (8 em-
tending the =niire widih of the reiay and con-
stituting o suppcert for the sy sssembiies
which ere located on either side of
secured to the brocket portion (6
serews 14 and 18,

Interposed ketween the upper and lower spring
assezeblies and the brackst portion (8 is secured,
also by mesas of gerews 14 and 19, & U-ghapsd

by means of

armature bracket 12 heving its two legs extend-
ing in o direction varallel to the longitudinel gxis
of the cors

s D oo
SnG ¢ 8y

epertures |
m»:*icm form
ngituding! axds of
: » the purpoess
projections {9 which are
emicossed on £ fhe orpmisiure as ez-
plained herel v, A longibudine! odjustment
of the armsiure brackes (2 made by
loozsening screws 14, (¥, moving the bracket 2
forward or backwerd in accordance with the re-
quired adjusimaent, and then tightening the
serews 14, 10, the bracket {2 being provided with
oblong holes (not shown) o permib it to be
shifted without necessitating the removal of the

G and provided with

- spring assembiies or in any other way disturbing

the relay siructure as & whole,

The spring assemblies comprise the usual con-
tact spring combinations. The passive or sta-
tionary contaci spring, such as 8, for instance, is

relatively thick and may carry one or more con- .

tact elements disposed, preferably, at right angles
to the longitudinai axis cof the spring. A lateral
projection 7 abuts against & projection, such as §,
on the front spoolhead § which is further pro-
vided interiorly with spaced projections (not
shown) for other stationary contacts which are
normally tensicned against the spoolhead pro-
jections. The companion active or movable

The front
‘edge of the .armature 18 is slightly concave to

2,178,856
spring, such as 4, 18 & relatively thin spring carry--

ing the required number of contact points and
disposed in accordance with the contact elements
on the stationary spring. The various springs in
the spring assemblies on each side of the relay
are separated from each other by insulating
spacers, such as 3, which extend forward along
the springs from the bracket 16 to provide the
springs with considerable stiffness. When the
contact spring assemblies contain normally made
“back” or unoperated contacts as, for instance,
springs 8 and 4, a halancing spring (9 is inter-
posed on each side of the relay between the arma-
ture I8 and the innermost spring of each spring
assembly. This balancing spring, acting through
the contact stud 20 which is inserted into the
armature and abuts against the balancing spring'
at the tip thereof, tensions the armature against
the back-stop nut 25 and thereby avoids any vi-
bratory movement of the armature which would
tend to push spring 4 away from spring 5. Other
contact studs, such as 20, extend between mov-
ing springs and pass fthrough the stationary
springs so that the motion of the armature is
transmitted to the moving springs.

The srmature 8 comprises a substantially U-
sheped structure having an clongated projec-
tion intermediate its cross-reach member 23 with

20

26

an end surface noiched io allow the armature,

when in position, to move freely with respect
to the pin 25 and having & width slightly greater
tizan the width of the pole face of the core struc-

ture {8, - The ieg members of the srmature are’

substentially rectangular and extend in length
irom the cross-reach member 28 to the rear spool-
head 2.

from the end thereof o cylindrical projection
18 is provided (only one keing shown in Fig. 3)
which is adapted to be received into the aperture
2 of ermature bracket 12, it belng understood
et & similar projection (8 is provided on the
other leg and received intc speriure [ of the
corresponding leg of the bracket {2,

While in the preferred construciion I have
shown the supporiing projeciions unon the armsg-
ture legs and the receiving apertures in the
bracket legs, it Is just =8 easy o reverse the
relationship and heve the projections upon the
brecket legs and fhe apertures in the srmature
legs without departing from the scopz and pur-
pose of this invention.

The armature, when in piece on the core struc-
ture, is freely suspended with its projections {3
in the apertures {§ and 2 and free to rotate about
& virtusl axis which is pernendicular to the lon-
gitudinal axis of the core in the arc limited by
the adjustment of nut 25 and the space between
the lower surface of the ermsature bracket legs
and the upper surface of belancing springs i9 or,
if no balancing springs are provided, then the
upper surface of the first spring insulator, such as
22, The armature is further capahle of an angu-
lar movement about its front end as fulcrum,
which end is held stationary against the surface
of nut 25 by the spring assemblies pushing against
the armature through the series of contact studs
20. This movement permits the projections 13
to slide in and out of the apertures { and 2.

Having thus described those elements of the
relay which are material to an understanding of
my invention and the manner in which they are
assembled to form a preferred embodiment of said
relay, I will now describe how the free suspension
of the armature as above described tends to elimi-

R
On each leg and ot o distence away
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nate contact chatter or vibration both on the Op-
eration and the release of the armature,

Considering Figs. 3, 4 and 7, the first-mentioned
figure shows the position of the armsature when
the relay is in an unoperated position. The front
end of the armature is resting beneath the sur-
face of nut 28, it being firmly held in this posi-
tion by the back pressure of the spring assemblies
transmitted to each leg of the armature by the
contact studs 20. Inasmuch as these contact
studs are located toward the front end of the
armature but behind the contact points of the
various contact springs, said armature occupies
a downwardly sloping position with its twe pro-
jections 13 partially within the apertures { and
2, but with its back end resting or not resting
upon the surface of balancing springs {9or spring
separator 22. depending upon the quantity of
tension with which the springs push against the
armature at the forward end.

When the relay is magnetized by the excitation
of coil I, the magneiic flux produced in the core
extends through the legs of the armature bracket
i2, inasmuch as this bracket is magnetically yoked
to the core {0 by means of the L-bracket {6 to
which the core is welded. As a result, the core
exerts a force of attraction at two places; the
first at the pole face and the second at the itwe
armature bracket legs. This double force is ex-
erted upon the two ends of the armature {8 which
théreby acquires a counter-clockwise turning
movement about its projections {3 which brings
the armature face flush up'against the core pole
face and the armature legs ‘extending beyond the
points of suspension flush up against the under-
side of the armature bracket legs.

The armature, in moving to its operated po-
sition, acquires a certain quantity of momentum

which, of course, must be dissipated before it set-

tles to a position of rest. .If the armature had
been hinged to the bracket 16 by the énds of its
legs, which is the more usual mode of attach-
ment, this momentum would have to be dissipated
by the oscillatory movement of the armature
about the hinge, and since this produces. the
greatest amount of armature displacement at the
front end thereof where contact movement is
effected, this oscillatory motion would cause the
contacts to be falsely opened or closed in varying
degrees until the amplitude of the oscillations
communicated to the springs would be Insufficient
to close or open the contacts. However, with my
preferred mode of suspension, while the momen-
tum acquired by the armature must still be dis-
sipated through oscillatory motion, yet the dele-
terious effect upon the contacts is considerably
diminished since the quantity of momentum to
be dissipated at the front end of the armature
is much smaller due to the intermediate suspen-
sion which allows a part of the momentum to he
dissipated at the rear of the armature, the angle
of motion is also. shorter because of this mode
of suspension and the magnetizing force which
tends to hold the legs of the armature to the
legs of the bracket further reduces the angle of
motion when the armature oscillates. The result
is that the movement of the armature at its front
end takes place through a small are which is
barely sufficient to effect the closure of the con-
tacts carried by the springs, thereby shortening
the interval after the operation of the armature,
in which case reliable contact closures can be

When coil i1 is deenergized, the armature drops
back against the back-stop nut 25 (as shown in

by the tensioned spring assemblies opposite each
of its legs. 43 in the case of operation zo in
the case of release, the armature acquires momen-
tum in returning to its normal Position, which
momentum must be dissipated before the arma-
ture assumes a position of rest. If the armature
were hinged by the end of its legs to the bracket
{8, this momentum would have to be dissipated
through an cscillatory movement of the armature
which would be greatiest at the forward end where
the energy of the oscillations, if the amplitude
were great enough, would be transmitted to the
contact springs through studs 20 ang cause a
breaking of back contacts and the consequent
release of circuits established therethrough.
How serious this “contact chatter” may be in
some cases and how long it may last, is made
clear by an inspection of Figs. 5A and 5B which
are reproductions of two oscillographic studies
made upon relays carrying large spring assemblies
with their respective armatures hinged at the
rear. The two upper lines in Figs. 5A and 5B
represent the current condition through two sep-
arate pairs of back contacts on the relays, while
the lower line represents the current through the
respective coiis of the relays. It is evident from
an inspection of these two figures that while each
contact pair closes some little time after the cur-
rent in the coil has reached zero value, there is no
reliable contact closure until a considerable period
thereafier, thus making it impossible to establish
circuits through these contacts until a relatively

. long time after the current through the relay

coil has reached zero value. .

With my preferred mode of armature suspen-
sion, however, rebound effects on the release of
the armature are bractically eliminated. Con-
sidering. Fig. 4, which shows the position of the
armature at the instant its forward end strikes
the nut 25 on the release, the armature has ac-
quired, during its releasing movement, a quantity
of momentum which has to be dissipated before
It comes to rest against the back-stop nut 25. If,
as said before, the armature were hinged on the
rear, the energy would have to be dissipated by
the oscillatory movement of its forward end, with
& consequent transmission of this movement to
the springs. But inasmuch as the armature is
freely suspended by projections 13, and since the
contact spring assemblies exert & pressure to
keep the forward end of the armature against the
nut 28, said armature is free to move angularly

-in the opposite direction to the way it would move

if it had been hinged at the rear. That is, .the
movement which will take place to dissipate the
acquired momentum will be that which would
take place if the armature were hinged at the
nut 28 rather than at the end of its legs. And

_since the points of suspension I3 are slidable

within the apertures { and 2, the energy is dis-
sipated by oscillatory rebounds of the armature

" as & whole, its amplitude of oscillation being

greatest, of course, at its legs and practically in-
appreciable at the point where it engages studs 26
as illustrated in Fig. 7. In this way, the efiect of
armature rebound on the contacts is practically
removed since the only rebound motion which
can now be communicated to the spring assem-
blies is the unappreciable movement which takes
Dlace at the head of the relay, thus providing re-
liable contact closure on the back contacts almost
immediately after said contacts are closed.

Figs. 6A and 6B illustrate the marked improve-
ment in back contact performance which is

a

Fig. 4) by virtue of the force exerted against it
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brought about by my method of armature sus-
pension, Both figures rcpresent oscillographic
studies made upon relays equipped with the same
spring assemblies ax the relays whose back con-
tact performance is illustrated by the oscillo-
graphic studies shown in Figs. 5A and 5B, but
with .armatures freely suspended as above de-
scribed. It will be observed that both for the
relay which gave the results shown in Fig. 6A
as well as for the one which gave the resuits
shown In Fig. 6B, rellable back contact closure
takes place but a small interval after the current

in the coll becomes zero and that the amount of
_contact-chatter prior to that time is almost nil.

What is claimed is:

1. An electromagnetic relay comprising a core,’

a winding for energizing the same, an armature
having. its forward end disposed in proximity to
said core for attraction thereby, stop means asso-
ciated with the forward end of said armature for
limiting the movement of said armature between
its operated and released positions, a set of con-
tacts, means associated with and responsive to the
movement of the forward end of said armature
between said positions for causing the closing and
opening of said contacts, and means for loosely
and freely supporting sald armature at a point
intermediate its forward and rear ends, said
supporting means permitting the armature to

pivot about said point of support on its forward

movement and to pivot about its forward end
when it reaches its operated position to prevent
said forward end from rebounding and disturbing
the condition of said contacts.

2.. An electromagnetic relay comprising a core,

a winding for energizing the same, an armature

having its forward end disposed in proximity to
said core for attraction thereby, stop means asso-
ciated with the forward end of said armature
for limiting the movement of said armature be-
tween its operated and released positions, a set
of contacts, means associated with-and respon-
sive to the movement of the forward end of said
armature between said positions for causing the
closing and opening of said contacts, and means
for loosely and freely supporting said armature
at a point intermediate its forward and rear ends,
sald supporting means permitting the armature
to pivot about said point of support on its re-
lease movement and to pivet about its forward
end when it reaches its released position to pre-
vent said forward end from rebounding and dis-
turbing the condition of said contacts.

3. An electromagnetic relay comprising a core,

5 a winding for energizing the same, an armature
having its forward end disposed in proximity to

said core for attraction thereby, stop means &sso-
ciated with the forward end of said armature for
limiting the movement of said armature between
its operated and released positions, a set of con-
tacts, means associated with and responsive to
the movement of the forward end of said arma-
ture between said positions for causing the clos-

ing and opening of said contacts, and means for -

loosely and freely supporting said armature at
a point intermediate its forward and rear ends,
said supporting means permitting the armature
to pivot about said point of support on its forward
and release movements and to pivot about its
forward end when it reaches either its operated
position or its released position to prevent said
forward end from rebounding and disturbing the
condition of said contacts.

4. An electromagnetic relay comprising a core,
a winding for energizing the same, an armature

2,178,656

having its forward end disposed in proximity to
sald core for attraction thereby, stop means asso-
clated with the forward end of sald armature for
limiting the movement. of said armature between
its operated and released positions, a set of con-
tacts, means assoclated with and responsive to the
movement of the forward end of sald armature
between said positions for causing the closing and
opening of said contacts, an armature bracket
magnetically yoked to the rear of sald core and
having apertures therein, and projections on said
armature disposed intermediate its forward and
rear ends loosely fitting into sald apertures
whereby the armature may pivot about said pro-
jections on its operating and release movements
and may pivot about its forward end when it
reaches its released position to prevent the dis-
turbance of sald contacts by a rebound movement
of said armature.

5. An electromagnetic relay comprising s core,
a winding for energizing the same, an armature
having its forward end disposed in proximity to
said core for attraction thereby, stop means as-
sociated with the forward end of said armature
for limiting the movement of ‘sald armature be-
tween its operated and released positions, a set
of contacts, means associated with and responsive
to the movement of the forward end of said
armature between said positions for closing and
opening said contacts, two projections on said
armature disposed intermediate its forward and
rear ends for supporting said armature, and a
U-shaped armature bracket magnetically yoked
by its cross-member to the rear of said core and

-having an aperture in each of its legs equidistant
‘from said cross-member for loosely receiving the

projections of said armature whereby the arma-
ture is supported thereby to pivot about said pro-
jections on its operating and release movements
and when it completes said operating and re-
lease movements to pivot about its forward end
due to said projections sliding freely in and out
of said apertures to prevent a rebound movement
from disturbing the condition of said contacts.

6. An electromagnetic relay comprising & core,
a winding for energizing the same, a U-shaped
armature having the cross-member of its forward
end disposed in proximity to said core for at-
traction thereby, stop means associated with the
forward end of said armature for limiting the
movement of said armature between its operated
and released positions, a set of contacts, means
associated with and responsive to the movement

. of the forward end of said armature between said

10

u

-

positions for closing and opening said contacts, &

supporting projection on each leg of sald arma-
ture disposed intermediate its forward and rear
ends and perpendicularly aligned with respect to
the longitudinal axis of said armature, & U-
shaped armature bracket magnetically yoked to
the rear of said core with its legs extending for-
wardly parallel to the axis of said core and hav-
ing an aperture in each leg thereof, said apertures
being perpendicularly aligned with respect to the
longitudinal axis of said core and adapted to re-

- celve said armature projections. whereby sald

armature will pivot freely about sald projections
1in its operating and release movements and will

. plvot about its forward end to prevent said arma-

ture from rebounding and disturbing the condi-
tion of said contacts. : S

7. An electromagnetic relay comprising a core,
a winding for energizing the same, an armature
having its forward end disposed in proximity to
said core for attraction thereby, an L-shaped ad-
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Justable back-stop at the forward end of said core
for varying and limiting the movement of the
forward end of said armature between its op-
erated and released positions, a set of contacts,
means assoclated with and responsive to the
movement of the forward movement of said
armature between said- positions for the closing
and opening of said contacts, an armature

- bracket magnetically yoked to the rear of said

10

core and having apertures therein, and projec-
tions in said armature disposed intermediate its
forward and rear ends loosely fitting into sald
apertures whereby the-armature is free to pivot
about said projections in its operating and re-

lease movements and to pivet about said adjust--

gble back-stop on release to prevent the arme-
ture from rebounding and changing the condition
of said contacts,

8. An electromegnetic relay comprising g €ore,
& winding for energizing the seme, an armature
having its forward end disposed in proximity to
said core for atfraction thereby, stop mesns as-
sociated with the forward end of said armature

for Imiting the movement of said armature be-
tween its operated and released positions, a sef
of springs having confaets thereon, means for
supporting said springs on the rear portion of
sald core, am armature bracket magnetically
yoked to the rear of sald core and having aper-
tures therein, a pivotal support for said arma-
ture comprising projections on said armature
disposed intermediate its forward and rear ends
loosely fitting into said apertures, and spring sup-
ported studs disposed between the contacts of
said springs and the pivotal support of said arma-
ture for transmitting the operating movement of
said ‘armature to certain of said springs to close
said confacts, said armature being free to pivot
about said projections on its operaiing move-
ment ang free to pivol about its forward end at
the completion of its overating movement to
prevent a rebound movement from disturbing
the cordition of said contacts, said studs acting
upon said armafure to oppose seid lsst-men-
tioned pivotal movement.

PAUL W. SWENSOWN.
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