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1

This invention relates im ‘general to relays of
the electromagnet type, and has more particular
reference to ah improved form 0f code following
relay, adapted more particularly for use in con-
nection with railway operation.

This application is a division of my prior appli-
cation Ser. No. 528,556, filed March 29, 1944, now
Patent No. 2,425,562, dated August 12, 1947.

The relay of the present invention is an im-
provement in the form of relay disclosed in the
Field application, Ser. No. 351,003, filed August 3,
1940, for Relays, now Patent No. 2,360,644, dated
October 17, 1944,

In the operation of relays of the type to which
the present invention relates, there is a tendency
upon movable eontacts striking against fixed con-
tacts, to vibrate and bounce for a short period
of time, during which time fthe control circuits
are not eifectively made, and during which time
there is excessive arcing at the contacts and burn-
ing of the points. This is particularly the case
if the contacts carry heavy currents and the relay
is energized at a low level in the interest of econ-
omy in operating costs. As a result, this faulty

type of operation materially decreases the useful :

life of the relay contacts and reduces the efficiency
and economy of operation and maintenance.

With the above and other considerations in
mind, it is proposed in accordance with this in-
vention, to provide a relay in which these defects
are very largely obviated.

One of the omects of the present invention is to
produce a relay wherein the movabie contacts do

not bounce or vibrate on the fixed contacts,.

whereby to vastly improve the operatmg charac-
terigtics of relays of this type

Another object of the present invention is to
produce an improved, yet sxmple form of adjust-
ing means for the air gap between the armature
and certain of its cooperatmg pole pieces.

Further ohijects, purposes and characteristic
features of this mventmn will appear as the de=-
scrlpt on Progresses, reference bemg made to the
accompanying. drawings showmg, solely by way
of example, and. in no manner whatsoever in a
limiting. sense, one form which the invention can
assume.

In the drawings:

Fig. 1 is a fragmentary sectional view, with
parts shown in elevation, of a relay constructed
in aecordance with the present invention.

Pig. 2 is a fragmentary view of a detau of con-~
struction.

Fig. 3-is a fragmentary view, with parts shown
in: section, of air gap adiusting means.
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Figs. 4-9 are fragmentary views showing vari-
ous operative positions of the relay contacts.

Fig. 10 is a view showing operative character-
istics of a relay in accordance with this invention.

Mg. 11 is a view showing oscillograms of cur-
rent conditions in a conventional relay and in a
relay in accordance with the present invention.

Referring now to. the drawings, a. fragmentary
portion of g relay, in accordance with this inven-
tion, is shown in Fig. k. Only such parts of the
relay will be deseribed as are necessary for a com-
plete understanding of this. invention. The re-
lay is shown as of the polar neutral type, but can,
of course, be of any other type, and is biased by
spring means to make up its back contacts, where-
by it responds only to current of a particular
polarity, to move its movable contact fingers so as
to make up its front points. This operation is
the same as set forth in the Field application,
above referred to.

The relay includes a top plate TP, on which
are supported the electromagnefic operating
means 12 and (3, and the permanent magnets (4.
The relay includes an armature #5;, cooperating
with the electromagnet. pole pieces 1§;and {7, and
the permanent magnet pole pieces or shoes; 18
and 19. The armature rocks on a bearing coin-
prising a hardened bearing block 28, extending
across the permanent magnet pole: shoes and re-
ceived in slots in the shoes, as shown at 2i and
22 (Wig. 3). Between the block 20 and the srma-
ture, and received in a, V:-shaped slot in the arma-
ture, is a cylindrical pivot rod 24.

The armature is shown in its spring biased
position, that is, rocked clockwise so as to bear
against the electromagnet - pole shoe 11 by adjust-
able spring bias means 53 and 54. The arma-
ture is supported by a spring supporting means
25, suitably. carried by, and adjustable on, a sup-
port arm. 26, carried by the top plate.

Connected: to, and carried by, the armafbure is
an operating arm 2%, having: one end fastened
to the armature, as by bolts. 28 and 28. The op~
erating arm 27 terminates, ab its outer end, in a
tong-like jaw having: an upper portion 30, and a
lower portion 3{, which jaw receives, and holds in
compressed, pretension fashion, spaced contact
fingers 32 and 33.

These contact fingers 32 and 33 constitute mov-
able fingers which are operated by the jaw por-
tions 38 and 3{, by means of the armature of the
relay, and cooperate with fixed contact fingers
35 and 36. The contact ﬁngers 35 and 85 carry
contact points 37 and 38, and. are backed up by
adjusting screws 39 and 40 carried by stiff, ab-
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solutely rigid arms 42 and 43, whereby to make
the back contacts absolutely fixed and unyielding
when the movable contacts strike them.

The movable contact fingers 32 and 33 are
made of relatively thin, light springy ribbon like
material, are relatively short in length, and are
connected at one end, as at 45, to a short light
spring member 46, which, together with arms 42
and 43, are carried by a contact block 47, connect-
ed as by screws 48, to a bracket 88, supported
from the top plate as by bolts 59.

As shown in the drawings, the movable con-
tact fingers 22 and 33, carry contact points 51 and
52, for cooperating, respectively, with the fixed
contact points 37 and 38.

The armature is biased to its deenergized, or
non-operative polarity position, by the means &3
and 54. Thus, the relay, as shown in Fig. 1, can
be considered to be making up its back points, in
which condition the movable contact peint 51, is
in contact with the fixed contact point 37.

Means are provided, in accordance with this
invention, to readily adjust the polar air gap be~
tween the armature and the permanent magnet
pole shoes.  The permanent magnets, ag 14, are
each received in a socket member 58, which con-
stitutes the permanent magnet pole shoes {8, and
is bolted to the top plate, as by means 57, as clear-
1y shown in Fig. 1.

The permanent magnet, as 14, is received in a
socket 58 in this receiving member, and is held
against becoming loose by a spring locking means
89, as shown in detail in Fig. 2. This spring lock-
ing means 59 comprises a flat central portion
with upturned ends 60 and 61, drilled as at 62 and
63, to receive the ends of the permanent mag-
nets. When the parts are assembled the up-
sprung ends 60 and 6! are sprung, as shown in
Fig. 1, between each permanent magnet and its
receiving socket, and thus the spring operates to
hold the two permanent magnets in fixed position
and free from all vibration and play.

Extending from the lower face of each receiv-~
ing socket, as the socket 58, is a drilled hole,
which receives a threaded adjusting screw 64,
which bears at its lower end against one end of
‘the pivot bearing bar 20. This screw and the
corresponding one in the other socket, can be
moved inwardly or outwardly to position the
bearing bar 20 a greater or lesser distance from
the lower face of the permanent magnet pole
shoes, whereby to vary the gap between the ar-
mature and the permanent magnet pole shoes.
The adjusting screws, as 84, are held in adjusted
‘position by set screws, as 66.

From the above description it can be seen that
very rigid and quite immovable back and front
fixed contact fingers and contact peints are pro-
vided for cooperation with movable contact fin-
gers which are relatively short and light. Hence,
in making contact with either of the fixed con-
‘tact points, there is but little energy in the mov-
able fingers to ftend to ‘produce vibration, or
‘bouncing,: with . respect: to the fixed contact
points.
‘erating arm 27 for opersting the movable con-
‘tact fingers, does not carry the movable contact
fingers, and hence the mass of the armature is
‘not involved in tending to produce any bounc-
‘ing, or vibration, upon making up of front, or
‘back, points.

In Figs. 4-9 are shown various operative posi-
tions of the contacts of this invention, and it
may be helpful to consider them somewhat in
“detail. ’ : .

50

Furthermore, the armature, with its op~ -

4

In Fig. 4, the movable contact fingers are shown
separate, and entirely free, from the operating
arm 27. It can be seen that they are formed to
have a natural bias to position them in a widely
spaced relation, of an extent considerably great-
er than the spacing between the jaw parts 38 and
31{. Thus, when these movable fingers are pressed

- towards each other so as to be received in the op-
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erating jaw parts, as shown in Fig. b, there is a
very considerable amount of trapped tension or
pretension. This condition is shown in Fig. 5,
and the operating arm 27 is shown in its position
half-way between full deenergized, and ener-
gized, positions.

In Fig. 6 is shown the position of the contacts,
and associated parts, when the operating arm 27
has moved the movable contact fingers so as to
pass just very slightly beyond the point where the
movable point 31 touches the fixed point 37 and
thus to transfer the trapped tension in the mova-
ble finger 32, to contact pressure between the two
contact points in contact with each other.

In Fig. 7 the parts are shown in the. positions

~they assume when the back contact is fully made
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tp. It can be seen that the operating arm 27 has
moved somewhat further than as shown in Fig. §,
and that the upward jaw part 30, which in Fig. 6
is stiil in contact with its movable contact finger
8%, is now spaced therefrom (Fig, 7), whereby to,
in effect, largely separate the mass of the arma-
ture from contributing to any tendency for the
contact points to vibrate or bounce. Also, further
contact pressure has been developed.
- In Fig. 8, the parts are shown in the positions
assumed in moving from fully making up its back
point, as shown in Fig. 7, to having just made up
its front point. This corresponds to the showing
in Fig, 6.

In Pig. 9 the parts are shown in the positions
assumed when the front point is fully made up,
and full contact pressure is realized; and this cor-

responds to the showing in Fig. 7, where the back

peoint is fully made up and full eontact pressure is
realized.
in Fig. 10, is a diagrammatic showing of the

* .above described operative characteristics of the

contacts of this inventicn. Represented along the
horizontal axis AT, is armature travel, while rep-
resented along the vertical axis CP, is contact

pressure. As seen by the curves in this figure, the

contact pressure is at o maximum at the armature
position b, which is the position of the armature
when the back contact is fully made up, as for
instance, in the condition shown in Fig. 7. Asthe

‘contact fingers move toward making up the front
? contact, and just before they break contact with

the back contact, the contact pressure is as shown
at 69, and is the pressure produced by the trapped

‘tension in contact finger 82, and as can be seen,
is about one-half of what the pressure is when

the peints are fully made up.

Upon a very slight further movement toward
the front contact making position, the pressure on
the back point falls to zero, as represented at §9.
The condition when neither fixed contact point is
made up, and the movable fingers are intermedi-
ate the front and back fixed contact points, is rep-
resented in Fig, 10 at the zero portion 16 of the
curve. The contact pressure curve Ti, for the
front points, .is identical with the one just de-
scribed. This portion 71 has a portion made up
by the trapped tension, and a further portion

-made up by further armature travel.

Referring now to Fig. 11, there are here shown
two oscillograms, the lower of which represents

75 contact current conditions in. an-improved relay



2400980

5

in: accordanee w!th the present mvention ‘while
‘the' upper »represents the:‘corresponding charac-
teristies i o conventional type of relay. Siich
relay s one hich tHe contact fingers are car-
ried by the drature, and- - which there is fio
pret:ensmn or trapped' tensmn in tHe contact fin-
‘gers.

Referrmg first to-the Uupper oscmogram thHe
yduced by an: ‘alternating Gurtent
of 60 cycles afid: fursiishes: a suitable: séale: for
readmgr €lapsed tifme: The other tracmg in:this
oscillogram represents the amount of curferit
flowing thrcugh wa thévable: contact: point; and
herice 15 & measiire, under fxed conditions of
Voltage, ete. of the ¥esistance between the mov-
‘whle contact poiat-and: its fixed point. The por-
‘tion: 13 of the curve indicates that the contacts
4are Tully opehi: and:ne cuirent flows through:the
movable contdct point. T other words, there is
4 sufficlent gap; 45 Wwhen the contact points are
open to prévent all current flow. 'Fhe portion
14 ‘of the' cutve represents current flow at ifs
highest level, and: thus represents the condition
Wwith' the contacts fully ‘made: up, and with full
‘Pressure:. In- the conventiondl relay; on making
up. a movable point with: g fixed point, there is
considerable’ vibration and bouncing for a con-
siderable perlod of time. During this time the
resistance across the points varies' widely from
the minimum, when the contact pressure is fully
‘established; to a-resistance equal substantially to
that when the contacts-are fully oven,

In the oscillogram, the portien: 15-of the curve,
comprising , a- series of vertical lines arranged

closely side by side, and-conneeting the lower and :

upper hnes 13- and 14, mcucates thf:t for a period
of time, the contact point resistance varies back
and forth from a maximum to a minimum. Aftex
this, as 1epresented by the portvon 16 of the
curve, the resistance ﬁuetuates considerably, put
within narrower limits than earlier, and changes,
over a period of two or three cycles of the 60
Cycle curreiit, from g minimum res1stamce to a
Very substantlally 1ncreased re51stance

As a result, it can be seen from thls o:,cdlogram

properly ciosed for
d of time at the begifining
| :perlod and that during this
t1me a Very consmerable amount of sparking and
‘burnitig and even mechanieal wear, of the con-
tact points, necessarily takes plagce.

Referring riow to the lower oscillogram, the
60 cycle timing tracing is represented at 17, the
maximum level of current flow is represented at
‘18, and the period of zero current fow is rep-
resented at 19. It can be seen froni this oscil-
logram that no current flows when the contacts
are open and thst, upon the movable contact
toucehing the fixed contact; the circuit is-at ‘Giice
closed WitH the- minimum resmtance S0 that for
: enﬁre period of ‘dontact closed ¢ondition,
curlent ﬁews 41 the eiréuit at a umform, and
the highest level. A§ & result, substantially all
arcmg and burning of contacts, and mschanical
wear ‘of the same, is obviateéd, and the relay is
much- longer lived, and more dependable. Also,
the ¢ircuits controlled, 4s, particularly, in the
case of 4 relay following s reldtively fast code,
are contrclled mugh mere aceurately and depend-
ably.

THhHus, in applicant’s ‘relay, unlike the éonven-
tional relsy, there is no téndency, during mid
stroke and at the time contact is made, to vibrate
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or whip, because of the fingers hemg held, with
trapped tension, in the opera,tor

__Also, the anvil effect, i. e. the tendency for the
finger to ‘bounce off of the fixed contact so gen-
erally nresent in conventAona,I constluctions, is
largely el1m1nated in applicant’s relay, due to
the high degree of trapped tension in compari-

‘son w1th the small mass of the moving parts in-

volved
“While the ploportmns and relative amounts
of thovement, of the various parts of this relay,

‘can be varied w1th1n any reasonable limits, with-

‘out’ departmg from the spirit of the present n-
vention, it should be understood that the con-

struction deseribed above, and the relative light-

riess of the fingers, and amounts of trapped ten-
sion; and movements; are to a large extent an
essential part of the present invention. ‘While

not’ restricting the invention to any partlcular

set of values, one set wihich has been found in
actual practice, to work out to distinet advan-
tage may we11 he'given. Itisa relay constructed
in" gecordance’ with: this particular set of values,
that produced the oscill ograph readings shown-in
the lower oscillogram of Fig. 11.

1308 thls 1elay, ‘the full contact finger pressure
is 55 grams, while the trapped tension is 30 grams.

,The travel from full contact pressure to trapped

tensmn pressure; that is, on Fig. 10, the horizon-
tally measured distance from the point b to- the
point 68 is 025", and- the movement, nﬂeasured

Tor 1aontally from the point €8, to the point 69; is

<ometh1ng less  than .001”. The movement over

bhe perlod \vnere zZerg pressure exists, is in the
order of about 613", The spacing between the
novable contact ﬁncers 32 ang 33, when they are

‘open; as in FID‘ 4 is a‘oout 110" Whlle when they

are compressed 50 as to be received in operator
21 but still out of contact W1th EItbel front or
back fixed contacts gs in Fig, 5, the spacing he-
tween the ﬁngers is about .070°7,
Ay 1nd1cated above the relay of this inven-
tion is particularly adapted to be used to fol-
low coded current, often times of a high rate,
and to be energized. from a track circuit. Thus,
under varying weather conditions, the level of
energy applied to the relay, and depended upon
to produce proper relay operation, will vary wide-
ly from t1me to time. Furthermore, the utmost
economy in energy consumptlon is sought.
Under conditions such as outhned above, the

‘usual and. conventional relay is often rather un-

satl_sfaetqry, and is partleulal 1y so when the level
of energization falls to its minimum. Under
such conditions and requirements, however, re-
lays construeted in accordance with this inven-
tion, perform in a most satisfactory manner, and
thus solve the very difficult problem of provid-
ing a relay of satisfactory operative character-
istics, even when employed so-as to effect the
maximum: of €eonomy in energy consumption,
and under conditions of widely varying degrees of

‘energization..

‘The above rather specifie description of one
form which the présent invention can assume, is
given solely by way of example, and is not in-
tended, in any manner whatsoever, in a limit-
ing sense. It is to be understood that various
modifications, adapfationis and alterations may,
from time to time, be applied to meet the re-
quirements of practice, without in any manner

departing from the spirit or seope of the inven-

tion, e€xcept ‘as may be limited by the appended
‘claims,
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‘What I claim is: : :

1. In -an electromagnetic relay having a piv-
oted armature; an elongated contact operator
fixed at one end to the armature and having
two spaced opposed holding jaws on the other
end, a fixed contact block, a back contact finger
and contact point carried by the block, a mov-
able contact finger carried by the block and com-
prising, a flexible arm carried by the block and
two flexibie ribbons each connected at one end
to the flexible arm and having their other ends
extending toward said jaws and received within
the jaws and strongly biased apart so as to tend
to further space the jaws, a movakle contact
peint on one flexible ribbon and positioned be-
tween the jaws and the flexible arm and opposed
to the back contact point, and means for mov-
ing the armature from a position where the con-
tact points are spaced from each other, to a
position beyond the place where the contact
points first touch each other.

2. In an electromagnetic device having a piv-
oted armature; an elongated rigid contact. oper-
.ator fixed at one end fo the armature and hav-
ing two spaced opposed holding jaws at the other
end, a fixed contact block, a rigid back contact
finger and back contact point carried by the
‘block, a flexible movable contact finger carried
by the block and comprising a short flexible light

arm carried by the block and two light flexible .

short ribbons each connected at one end to the
flexible arm and having their other ends ex-
tending toward said jaws and received at their
said -other ends within the jaws and strongly
biased apart so as to tend to further space the
jaws, a movable contact point on one flexible
ribbon and positioned between the jaws and the
flexible arm and opposed to the back contact
point, and means for moving the armature from

a position where the contact points are spaced - i

from each other to a position beyond the place
where the contact points first touch each other.

3. In an electromagnetic device having .a
pivoted armature; an elongated rigid contact op-
erator fixed at one end to the armature, two
_spaced opposed holding jaws at the other end of
the operator, a fixed contact block, two spacad
rigid contact fingers and contact points carried
by the hlock, a movable contact finger tixed to
the block between the rigid fingers and compris-
ing a flexible arm fixed to the block and two fex-
ible ribbon contact fingers each connected at one
end to the flexible arm and having their other
ends extending toward said jaws and received
within the jaws and strongly biased apart so as
to tend to further space the jaws, a movable con-
tact on each flexible finger and each opposed to
a contact point on a-rigid finger, and means for
moving the armature from a position beyond in
one direction of where two opposed contacts first
touch to a position beyond in the other direction
of where the other two opposed contact points
first touch.

4. In an electromagnetic device having a
pivoted armature; an elongated contact operator
fixed at one end to the armature and having two
spaced opposed holding jaws on the other end,
a fixed contact block, a back contact finger and
contact point carried by the block, a movable
contact finger carried by the block and compris-
ing, a flexible arm -carried by the block and two
“flexikle ribbons each connected at one end fo the
flexible arm and having their other ends extend-
ing toward said jaws and received within the jaws
and strongly biased apart so as to tend to further
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space the jaws, a movable contact point on one
flexible ribbon and opposed to the back contact
point, and means for moving the armature from
a position where the contact points are spaced
from each other, to a position beyond the place
where the contact points first touch each other.

5. In a contact structure for use in an electro-
magnetic relay of the tractive type, two spaced
fixed contacts insulated from each other, a spring
arm anchored at one end adjacent sald fixed
contacts but insulated therefrom in a position to
allow its free end to swing between such fixed
contacts, two- spring contacts atfached to the
free end of said spring arm and self-biased away
from each other, an armature operated member
having two spaced rigid fingers confining said two
spring contact fingers within a limited space to
produce an initial trapped pressure, said mem-
ber being operable between two extreme positions,
in one of which positions it causes one spring con-
tact to engage one fixed contact with a pressure
determined by the added compression of the other
spring contact, and in the other of which posi-
tions it causes said other spring contact to engage
the other fixed contact with a pressure determined
by the added compression of said one spring con-
tact, whereby each spring contact initially con-
tacts its respective fixed contact with an initial
trapped pressure to prevent its bouncing due to
the impact.

6. In an electromagnetic relay having a pivoted
armature, a contact block located to one side
away from said pivoted armature, a spring arm
anchored to one end to said contact block with
its free end extending toward said pivoted ar-
mature, two spring members attached to the free
end of said spring arm and tensioned so as to be
biased away from each other, an operating arm
attached to the armature and extending toward
said contact block, said operating arm having
two spaced rigid fingers grasping said two spring
members for confining them to produce an initial
trapped pressure, a contact point attached to one
of said two spring members, and a fixed con-
tact attached to said contact block and adapted
to be engaged by said contact point on said spring
member, whereby said operating arm is capable
of clesing and opening said contacts as it is oper-
ated to its two opposite positions, said contacts
being initially made with trapped pressure equal
to the tension of said spring members between
said rigid fingers. .
FRANK X. REES.
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