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1

My invention relates to electrical relays, and
particularly to electrical relays which are suit-
able for use in railway signaling systems employ-~
ing for the control of signaling devices current
which is periodically interrupted or coded at dif-
ferent frequencies in accordance with traffic con-
ditions. :

More particularly, my present invention relates
to relays of the type described in Letters Patent
of the United States No. 2,300,790, granted to
Robert M. Laurenson on November 3, 1942, in
which the rate of operation of the relay when the
relay is energized is determined by the period of
oscillation. of a relatively massive compound
pendulum, and one object of my present invention
is to provide an improved bearing for supporting
the pendulum in relays of the type disclosed in
said patent, which bearing shall have negligible
friction and extremely long life.

Another object of my invention is to provide
a bearing for supporting the pendulum in relays
of the type described, which bearing will be in-
expensive to manufacture and install, and which

will not require any maintenance throughout the .

life of the relay.

Another object of my mventlon is to provide im-
broved means for operatively connecting the
pendulum of relays of the type described with the
contact carrying rocker of the relay.

A further object of my invention is to provide
means to limit the amplitude of the pendulum
while oscillating, and at the same time enable
the pendulum to start oscillating at a relatively
low energization of the relay,

According to my invention the bearing com-
prises a horizontal shaft which is secured inter-
mediate its ends to the pendulum and which is
provided at each end with a trunnion supported
on bearing tracks formed on the upper ends of
bearing arms the lower ends of which arms each
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include a flexible supporting strip. The bearing -

arms: are inclined toward the shaft so that the

planes of the arms intersect substantially at the -

axis of the associated trunnion, and the bearing
tracks are so disposed that they are substantially
normal with respect to the plane of the arms.
‘When the pendulum is moved in either direction
from its gravity biased position, frictional adhe-
sion between -the trunnions and bearing tracks
causes the tracks to move with the trunnions in
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such' manner that substantially pure rolling mo-
tion results, the necessary motion of the tracks
being permitted by the flexing of the fexible
strips of the bearing arms. End play of the
pendulum is limited by adjustable positioning
members which cooperate with the ends of the
trunnions, while excessive vertical displacement
of the pendulum is prevented by holes in the
frame which serves as g support for the relay
parts and which holes receive the shaft between
the trunnions with some clearance.

The pendulum is operatively connected with a
rocker which carries the contacts of the relay
through the medium of a semi-flexible arm which
is secured. to and depends from the rocker. An
angle bracket is mounted on the lower end of this
arm by means of insulating supports and has at-
tached to the horizontal portion thereof two flexi-
ble supporting .strips which extend transversely
of the relay directly above a circular driving rod
secured to the pendulum some distance above
the pivotal axis of the pendulum. Each of these
strips carries a rigid finger which extends down-
wardly from the free end of the strip at a slght
angle toward: the other finger and which is pro-
vided at its free end with a curved surface which
cooperates with the driving rod. 'The parts are
50 proportioned that the two curved surfaces are
held in frictional engagement with the opposite
sides of the driving rod by g slight flexing of the
supporting strips and that as the pendulum oscil-
lates the movement of the pendulum will cause
the rod to roll around the curved surfaces of the
fingers and thus transmit the motion of the
pendulum through the fingers to the flexible
supporting strips, and thence through the angle
bracket and the depending arm to. the rocker
whereby the rocker is caused to oscillate in syn-
chronism with the oscillations of the pendulum.

The pendulum is caused to oscillate by an elec-
tromagnet energized over certain ones of the re-
lay contacts, and provided with pole pieces which
cooperate - with. an armature attached to the
pendulum: Assoma,ted with the armature is a

U-shaped extension of soft steel which is thin

enough to- saturate under starting conditions,

and which acts to change the inductance of the
electromagnet with changes in amplitude of the
pendulum in 2 manner which tends to limit the
pendulum amplitude, .
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Other objects and characteristic features of my
invention will become apparent as the descrip-
tion proceeds.

I shall describe one form of electrical relay em-
bodying my invention, and shall then point out
the novel features thereof in claims,

In the accompanying drawings, Fig. 1 is a view
partly in side elevation and partly in section
showing one form of relay embodying my inven-
tion. Fig. 2 is a side elevational view of the relay
shown in Fig. 1 taken at right angles to Fig. 1.

Fig. 3 is a. view partly in elevation; partly in sec--

tion and partly diagrammatic of certain parts of
the relay shown in Figs. 1 and 2. Fig. 4 is a sec-
tional view taken on the line IV—IV of Fig. 3.

Similar reference characters refer to- similar
parts in all four views.

Referring to the drawings, the relay-here shown-

is generally similar to the relay described and
claimed in the aforementioned Laurenson Patent
No. 2,300,790 except for the bearing means pres-

ently to be described for supporting the compound:

pendulum of the relay, and certain other im-
provements which will also be described presently.

The relay as shown comprises g contact carry-
ing rocker I of suitable insulating: material, such
as a phenol condensation product, suspended by
means of flexible strips 2 -from a top plate- 3;
also of suitable insulating material. The rocker
I is provided with a plurality of flexible contact
fingers 4 and 5; each of which'cooperates with a
fixed contact member: &a-or 5a-to close a contact
4—4a or 5—5a according-as the-rocker is swung
to one or the other of its extreme positions. The
contacts are disposed:in pairs and-are secured to
the opposite sides of the rocker within- vertical
grooves which maintain- the- fingers in the de-
sired vertical positions by means of bolts 6 which
extend through suitable holes in the-rocker and
the fingers and are-secured:in place by nuts 1.
The bolts 6 also serve to secure-the lower ends of
the strips 2'to-the rocker thereby electrically con-
necting the fingers- with the- strips. The upper
ends of the strips are secured-to the heads of ter-
minal posts 8 mounted on the top plate I. The
positions of' the flexible fingers when the fingers
are out- of engagement with the- associated fixed
contact members  are determined by means of
stops 9 which are clamped: against-the outer faces
of the fingers by means of the associated bolts- 6
and which are so adjusted by bending them that
the fingers will break the contacts-in the desired
positions in response to the-swinging movement
of the contact carrying rocker 1.

The fixed contact members 4¢ and 5a are simi=
lar to the fixed: contact members 18a and 8z

described and claimed in Letters Patent of the.

United: States No. 2,285,899, granted to Herman
G. Blosser on June 9, 1942; for Electrical relays,
and- are adjustably -secured‘to the lower ends of
terminal studs (0 mounted on: the top plate.on
opposite sides of the terminal post 8°in a manner
which is similar to-that described in the said pat-
ent. It is believed to be unnecessary; therefore, to
describe the construction and arrangement of
these fixed contact members any further herein,
It should be noted, however, that due to the fact
that these fixed contact members are adjustable;
the contacts can be readily adjusted to be either
open-or closed when the rocker is-at rest-and to
close or open at' any point in- the: stroke of the
rocker {.

The relay also comprises motor means for oscil-
lating  the rocker between its two extreme posi-
tiong to alternately operate the-contacts at g con-
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stant relatively low preselected frequency. As
here shown these motor means comprise an elec-
tromagnet C having pole pieces (la and 11b se-
cured by means of studs (2 to the plate portions
13a and 13D of a frame 13 in parallel spaced rela-
tion and connected together at one end by a core
14 surrounded by a winding 15.

The frame 3 is in the form of a one piece
rectangular casting provided at its upper end with
spaced parallel arms 13c and 13d which support
the top plate |, and at its lower end with a con-
necting portion . 13e. Substantially: V-shaped
openings 13f are formed in the plate portions be-
low and between the arms to provide access to
certain of the operating parts of the relay for
inspection or repair.

The pole pieces Ila and 11b of electromagnet
C cooperate at -their lower or free ends with a
magnetizable armature {8 which is secured to
one side of the lower portion or foot of a com-
pound pendulum P, and with a saturable arma-
ture-extension: 18a: of soft steel which is clamped
against.the outer face of the armature 18 for a
purpose which will be made clear presently.

The compound pendulum P may have any suit-
able- form- possessing- within: the- limited: space
available: the nhecessary mass to- cause it' to-have
a natural period' equal to-the desired: code fre-
quency, which-may for example be-75 cycles per:
minute: In the form:here illustrated-this pendu=
lum-comprises & casting consisting of a’ central.
horizontal portion 20 provided at its opposite ends-
with- upstanding weight arms: 20¢; and provided
intermediate -its ends- at one- side- of said’ hori-
zontal pertion with a central depending leg-20b:
terminating at its lower end in a foot-20c-to. which
the armature- 18- and: armature extension 18a
referred-to hereinbefore are secured.

Provided'in the arms 20a adjacent-their lower
ends-at one-side of the central horizontal por-
tion- 20" are-aligned holes 20d; and: secured with-
in these holes by means of screws 21 which draw
split portions 20e:of the-arms together is a bear-
ing shaft 22 provided-at its ends with trunnions
22a: The- shaft 22-is- disposed substantially at
the center of gravity of the pendulunr, and the
trunnions 22¢- each rest on' a pair- of crossed
bearing tracks 28:provided on the upper-ends of
laterally offset- bearing arms 24: The bearing.
arms are inclined toward the shaft: so that the
planes-of the- arms intersect substantially-at the
axis of the shaft, and' are each provided at their
lower ends with a flexible supporting strip- 27
which is secured: at its lower end by  means of
an: associated: stud- 25-and- clamping-block-26 to
an: inclined surface- 137 formed on- 3 bearing
mounting block 45: The bloecks 45 are clamped:
by ‘means of studs 46-against flat surfaces ground-
on the connecting portion 13e of the casting 13:
The upper edge- of -each clamping block 26 is
rounded- into-a gradual curve and the opposite
portion of the surface [3h-is similarly rounded
to cause the supporting strip- 27’ to flex in-the
form of a gradual:curve in response to movement
of the bearing arms: due to opération- of -the
penduium. The bearing- tracks are- so- disposed:
that they are-substantially: normal: to-the: plane-
of the-arms; and-the angles at which the arms
are-disposed: are-such angd-the parts are so:pro-
portioned that when: the pendulum-is moved in-
either direetion- from its  gravity biased position;
the frictional’ adhesion: between the trunnions
and bearing tracks-will*cause the tracks to move:
with thHe trunnions in such manner that substan-
tially pure rolling motion results, the necessary
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motion of the tracks being permitted by the flex-
ing of the flexible supporting strips. It will be
seen, therefore, that oscillation of the pendulum
will cause a new line of contact to be formed
between each trunnion and each track in each
different ‘angular position of. the pendulum
throughout its entire angular movement.

The pendulum is maintained in the desired
longitudinal and lateral position relative to the
bearing tracks and to the pole pieces Ila and
I1b by meang of adjustable positioning members
30 and 31. These members are secured at their
lower ends to the bearing mounting blocks 45
by means of studs 32, and extend upwardly past
the trunnions 22a to positions a slight distance
above the trunnions. Iach positioning member
is provided intermediate its ends with a hole 3la
through which a stud 33 secured to the:adjacent
plate portion [3a or 13D of the frame extends
with some clearance, and mounted on this stud
on opposite sides of the positioning member are
adjusting nuts 34 and 35. It will be obvious that
by adjusting these nuts the upper ends of the
positioning members can be moved toward or
away from the associated plate portions 13a and
13b of the frame 13, and these nuts are intended
to be so adjusted that when the pendulum is in
the proper longitudinal position, the positioning
members will just clear the ends of the shaft.
To reduce friction and wear the ends of the shaft
are rounded and chromium plated, and the upper
ends of the positioning members are likewise
chromium plated.

Excessive vertical and lateral displacement of
the pendulum P from its normal position is pre-
vented by passing the shaft 22 adjacent the inner
ends of the trunnions 22« through clearance holes
13 provided in the plate portions i3a and 13b
of the frame [3. The studs 46 which securing
the bearing mounting blocks 45 in place pass
through clearance holes in the bearing mounting
blocks, and these clearance holes are made suffi-
ciently large so that each bearing assembly may
be moved about as a unit before being secured
in place an amount which will permit the pen-
dulum shaft to be centered in the holes 37. It
will be obvious that the holes 137 do not interfere
in any way with the normal operation of the
pendulum, but that, if due to handling or the
like abnormal forces are exerted on the pendulum,
the shaft will engage the frame at the edges of
the holes and will thus act to limit the displace-
ment of the pendulum to an amount which is
insufficient to cause damage to the parts.

The pendulum P is operatively connected with
the rocker | through the medium of an arm 37T
the upper end of which is clamped to the center
of the rocker by means of one of the bolts 6. An
gngle bracket 40 is mounted on the lower end
of the arm 37 by means of insulating supports
39, and has attached to the horizontal portion
thereof two flexible supperting strips 41 and 42
which extend transversely of the relay above
and on opposite sides of a circular drive rod 38
mounted at its ends in aligned sleeves 38a screwed
through the sides of the arms 20¢ of the pendulum
directly above the shaft 22. The supporting
strips 41 and 42 support two driving fingers 43
and 44. These fingerg are secured to the outer
ends of the strips as by riveting, and are inclined
downwardly away from the strips and are pro-
vided at their free ends with confronting curved
surfaces 43a and 43b disposed on opposite sidés

of the driving rod 38. The parts are so pro--

portioned that when the pendulum is at rest, the
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supporting strips will be bowed just eéncugh to
hold the curved surfaces of the driving fingers
in frictional engagement with the driving rod,
and that when the pendulum is in motion the

“resulting movement of the driving rod will cause

it to move along the curved surfaces of the fingers
with -2 pure rolling motion and thus transmit
the motion of the pendulum from the rod through
the fingers to the flexible supporting strips and
thence through the angle bracket and the de-
pending arm 37 to the rocker, whereby the rocker
is caused to oscillate in synchronism with the
oscillations of the pendulum. It should be noted
that the movement of the driving fingers neces-

-sary to permit the driving rod to roll along the

curved surfaces results in a flexing of the sup-
porting strips, which strips are made sufficiently
flexible to permit the necessary flexing to take
place without causing slippage between the driv-
ing rod and the driving fingers.

With the pendulum operatively connected with
the rocker in the manner just described it will
be apparent that rotation of the pendulum in one
direction will cause swinging movement of the
rocker in the opposite direction, and the parts
are further so proportioned that oscillation of
the pendulum through its normal amplitude wiil
cause movement of the rocker between its two
extreme positions. The length of the pendulum
P is such that the armature 18 and armature ex-
tension 18a are free to swing between the pole
pieces ila and 11b, and it will be seen, therefore,
that energization of the winding (5 will tend
to pull the armature 8 between the pole pieces
and hence will swing the rocker in a clockwise
direction as viewed in Figs. 1 and 3. 'The ener-
gization of the winding 15 may be controlled by
one set of the contacts 4—4a and 5—5a connected
in series with the winding, as shown diagram-
matically in Fig. 3. The contacts of this par-
ticular set are so adjusted that both contacts
4—4a and 5—5a are closed when the pendulum
cecupies its gravity biased position but that when
the pendulum is swung away from this position,
one or the other of these contacts will become
opehed at g predetermined intermediate point in
the stroke of the pendulum depending upon which
direction the pendulum is swung.

When the pendulum is at rest and energy is
initially applied to the winding 15 magnetic fiux
will traverse the air gap at each end of the arma-
ture. Due to the pole piece exiension (8¢ this
flux will divide into two parts designated F{ and
F2, respectively, in Fig. 4. It is obvious that the
flux lines designated Pl will tend to cause the
armature to swing between the pole pieces, and
if the voltage applied to the winding 15 is above
a certain critical value the armature will swing
far enough to open the contact 4—~4a, whereupon
the pendulum will start to oscillate. The flux
lines designated F2 will not be effective to cause
any movement of the armature, and the polar
extension I8a is so proportioned that it will be-
come saturated at a flux density sufficiently low
to prevent the ineffective flux lines from appre-
ciably reducing the value of the effective fux Fi.

Once the pendulum has started to oscillate
energy will be applied to the winding 1§ during
each oscillation for the relatively short period of
time during which the contacts 4a and &g are both
closed, and under these conditions the armsature
extension 18a will act to limit the amplitude of
the oscillations. The reasons why the extension
18a acts to limit the pendulum amplitude are

%5 thought to be as follows:
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d. The. effective: pole fdce area: is. increased:
making:the electromagnet more.inductive, so:'that.
its- current. and the magnetic. flux build: upmore:
slowly. This is particularly true-at: the point in.
the: armature: stroke:-in which ‘the: contact 4+4a;
just-becomes closed:since in this position:the pole:
piece:extension [8a will then be disposed:between:

the  pole: pieces, whereas' if: the pole: piece: ex-
tension were omitted the: air- gap between. the
armature and the: pole pieces would be:large and:
the rise in flux would be correspendingly rapid.:

b. When the pendulum: is: oscillating the: flux-
levels. are lower than.on: starting; and: with: the-

lower: flux.levels; saturation of:the. armature ex-
tension. ceases:to: be: a. factor.

is decreased.
It should be noted that while the armature ex-
tension as shown is substantially- U-shaped.with

triangular arms or projections: the actual shape:

of the arms is not important provided- the:arms

are kept: thin enough to saturate at the proper-

flux densities.
It will-be obvious-that oscillation:of the.pendu-

lum will cause the contacts 44« and 5~—5a. which..
are not used to: control: the energization of the-

winding 15 to be: alternately opened:and: closed
at the frequency of oscillation  of the pendulum:

These contacts may be used for coding purposes:

or for any-other-desired purbose as-will be-readily.
understood,

One advantage of a relay embodying my inven=
tion is that the bearing structure does not require

any oiling. and shows almost: no: detectable: wear

after long periods of operation.
Another advantage of: a relay embedying my
invention is' that the bearing structure pro=

vides accurate centering: of the pendulum with:
respect to the electromagnet and contacts:. This.

prevents variations:in the. voltage reguired- to
start the pendulum:oscillating:

A further advantage of a relay embodying:my-

invention is that due to the:small amount. of
friction in the.oscillating parts: it-is: highly - effi--
cient.

A still further advantage of ‘a relay embodying

my invention is that in spite of the small:amount:

of friction in the oscillating parts:any:tendency
of the:pendulum tooverswing is effectively elimi-
nated, and the pendulum:amplitude:remains sub-.
stantially constant over a wide degree of-energi-
zation of the parts.

Although I have- herein shown: and: deseribed:
only one form of electrical relay: embodying my:
invention, it is understood:that various changes:

and modifications may be made therein: within

the scope of the appended claims without depart-.

ing from the spirit and scope of my-invention..
Having thus described ‘my invention; what' I
claim is:

1. In combination, a frame provided with two-

spaced parallel plate :portions connected:at their
lower end with a connecting portion and pro-
vided: with aligned holes, a-compound: pendulum
comprising a central horizontal portion. provid-.
ed at its opposite. ends with upstanding: arms
and. provided intermediate its ends: with' a cen-

tral depending leg. terminating at:-its lower end:

in a foot, a shaft extending through.said arms:
and through the aligned holes.in said. plate por=

tions and provided at its ends with trunnions,.
a pair of bearing arms extendihg toward -each.of

Consequently; a
large: part of the total flux:is: diverted: through.
the: extension: where. it: is: ineffective: to: exert a.
torque-on the armature.. That is:to say, the ratio;
of torque .producing:to:non-torgue producing flux:
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8
said . trunnions. on; oppesite  sides: thereof, . each.
said ‘arm: being:secured- at its lower:end: to-the:
connecting portion: of:said: frame: by - means:of a:
flexible supporting: strip: and: being: provided at.

= its. upper - end: with: a: bearing: track. extending:

normal.to-the.plane of:the.arm in supporting:re--
lation to the:associated trunnion,.the two tracks
on:the:arms of each.pair being laterally offset,
the: parts: being so: proportioned that said: shaft.
is: normally: held clear-of: said’ holes: by engage--
ment.of:said: trunnions with the:associated track
but: that said:shaft will- engage said holes: and:
limit: vertical. displacement:of said pendulum:in:
the. event: of the: application. of: abnormal: forces:
to. said: pendulum,. means: for positioning. said’
pendulum . endwise: comprising: two. adjusting
members: secured: at. their lower- ends$ - to: said:
frame:and provided:intermediate their ends. with:
means-for-moving said-members toward and away:
from:saidi frame:

2: In-an-electrical relay; the combination. with:
a- rocker- mounted : for swinging: movement. be=-
tween: two- extreme positions, a- pendulum;. and:
motor means- for causing: said: pendulum. to. oss.

- cillate; of means-for-operatively:connecting: said.

rocker with-said-pendulum: comprising: a-rod:se-
cured to-said pendulum:above its:axis.of: oscilla«
tion; an- arm- secured: to -said: rocker, and:two
fingers each provided‘at one-end-with- a: curved:
surface-and- secured -at the other-end:-to-the free:
end:of said’arm-by-flexible-means-in: such: man-
ner that said curved surfaces-are-disposed on op+-
posite sides of said rod and are held:in.frietional:
engagement: with said rod:by said flexible-means,
whereby when-said-pendlulum:is oscilléting-said:
rod will move-along-said- curved: surfaces with:a-
rolling  motion- and-will: act: to-transmit: the: os-~:
cillations of*said-pendulum-to:said'roeker.

3. In an-electrical relay, the combination: with-
g rocker mounted for swinging movement- be-
tween two extreme- positions; a- pendullum;. and:
means for- causing- szid- pendiulum to-- oseil--
late, of a depending-arm- secured’to-said’ rocker,
a bracket secured-to-but-insulated from:the lower:

* end of said arm, a drive rod-secured-to said-pen-

dulunr above its axis of'-oscillation; two- flexible-
supporting  strips- secured ‘to said bracket  and:
extending transversely of the relay above- and:
on opposite sides of said drive rod; two-driving:
fingers secured at one end to the-free- ends' of-
said supporting- strips; said strips being inclined’
downwardly from said supporting strips and‘be-
ing ‘provided at their free-ends- with confront-
ing surfaces- disposed: on- opposite- sides of- said

" driving rod, the parts being so proportioned that

when said pendulum is-at rest said‘strips-will act-
to hold.the curved surfaces of the driving fingers
in frictional engagement- with the- driving- rod
and-that when the pendulum- is-in° motion the:
resulting-movement of the driving rod will cause
it to.move along the curved surfaces of said fin=
gers with a pure rolling motion to-thereby cause:
said rocker to oscillate in synchironism- with the-
oscillations of said pendulum.

4. In an electrical relay including. an electro=
magnet. provided: with spaced pole pieces, a pen-
dulum. armature. disposed.to. swing between said.
pole. pieces,. contacts controlled. by. said arma-
ture, and means.controlled. by. said. contacts for.
energizing said electromagnet to.cause. said-pen-
dulum- to-oscillate-at its:natural period, the com-
bination of an.armature-extension-secured to-seid:
armsature and extending between-said-pele pieces;.
said: extension:being proportioned:to:hecome satw.
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urated in response to energization of said elec-
tromagnet when said armature is at rest but not
when said armature is oscillating.

ANDREW HUFNAGEL.
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