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k This invention relates to electrical control de- :

vices and particularly to control devices of the
type in which a sensitive instrument relay re-
sponsive to -small current values is used to con-
trol a load circuit carrying substantial power.

An object of the invention is to provide elec-
trical control devices including a magnetic con-
tact type relay having a contact arm movable
between spaced stationary contacts, and a
solenoid for resetting the magnetic contacts and
controlling a load circuit. )

A more specific object is to provide an instru-
ment relay of the magnetic pull-in type and a
solenoid energized thereby when the relay con-
tact arm has moved a predetermined distance
in one direction; the arrangement being such
that motion of the solenoid armature closes a
holding circuit for the solenoid and resets the
instrument relay by separating the magnetic
contacts, the solenoid then remaining in the
energized condition until the relay contact arm
moves a predetermined - distance in the other
direction momentarily to short-circuit the sole-
noid holding circuit.

An object is to provide electrical control de-
vices of the type stated in which the solenoid
is provided with a holding circuit which is com-
pleted when the relay contact arm engages one
stationary contact and is opened when the relay
contact arm engages the other stationary con-
tact, whereby the open or closed condition of
the load circuit contacts of the solenoid depends
upon the last prior closure of the relay contacts.

A further object is to provide an instrument
type relay having “high” and “low” magnetic
contacts, and a solenoid controlled thereby, the
armature of the solenoid also being utilized in
a mechanical manner for resetting one set of
magnetic contacts as the solenoid is energized and

for resetting the other set of magnetic contacts.

as the solenoid is subsequently deenergized, thus
eliminating the need for the power relay pre-
viously employed to control the load circuit.

These and other objects and advantages will
become more apparent from the detailed descrip-
tion and drawings of two preferred embodiments
which follow. .

Fig. 1 is a schematic view of one embodi-
ment, wherein the instrument is reset in one di-
rection only by the solenoid, while Fig. 2 is a
similar view of a second embodiment where the
instrument is reset in both directions of motion
of the moving system.

Referring now. to Fig. 1, the sensitive relay

~Is shown as an electrical measuring instrument.
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having a moving coil | that carries a contact arm
< on which a small, soft iron rider 3 is fixed.
‘T'he rider 3 constitutes the moving contact mem-
ber of the instrument relay and is cooperative
with a pair of fixed contacts 4 and 5. Contact
member 4 is in the form of a small permanent
magnet while the contact 5 is non-magnetic.
‘Lhe coll | may be connected for example across
a- control device (not shown) such as a thermo-
couple, photoelectric cell or some other electric
Gevice having a very small but variapble current
cutput upon which the control is based. The
coll § Is pivotaily supported in the magnetic field
Seb up by a permanent magnet of which only
the poles 8§, 8 have been shown in the draw-
ing. The coil may turn either clockwise or coun-
terclockwise with increasing current, but, for
convenience of description, it will be assumed
that the construction is such that the coil turns
clockwise with increasing current. Hence as cur-
rent through coil | increases, the contact arm
2 will move clockwise from the “low” contact 4
towards the “high” contact 5.

Since contact 4 is a small permanent maegnet,
8 pusher arm or bell-crank lever T is provided
for resetting the relay when the rider 3 of con-
tact arm 2 has moved into engagement with the
contact 4. The lever is mounted on a pivot 8
and has an outer end 8 for engaging the con-
tact arm 2 to separate the contacts 3, 4 upon
rocking movement of the lever 1 clockwise against
the force exerted by a restoring spring 0. A
solenoid fi, comprising a winding 12 and arma-
ture 13, is located beneath the tail 1’ of the
resetting lever 7 for actuating the same.

The solenoid armature 18 actuates a holding

circuit switch 14 and a load circuit switch 15

of a controlied device having a higher power
requirement than can be handled directly by
the contacts of the instrument relay. 'The en-
ergizing circuit for the solenoid i includes a
lead 16 connecting magnetic contact 4 to a source
of direct current, indicated by conventional
polarity symbols, a lead 17 from the contact arm
2 to the winding (2, and a lead 18 and current-
limiting resistor 19 between the other end of the
winding 12 and the current source. The hold-
ing circuit switch 14 is shunted across the leads
16, 17; and the non-magnetic contact § is con-
nected to the lead 18 by a lead 290.

Assuming, as stated above, that magnetic con-
tact 4 is the “low” contact, the contact arm 2
will move counterclockwise as current through
coil | decreases with a change in the magnitude
of the measured quantity, and the soft iron rider
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3 will enter the magnetic field of the contact 4
when the measured quantity reaches one limit of
the control range. The rider 3 is then drawn
quickly to the magnetic contact 4 and strikes if
with sufficient force to establish a good electrical
contact, thereby completing the energizing cir-
cuit for the solenoid winding 12. Armature {3
then pulls in to close the holding circuit switch
14 and the load circuit switch 15, and to rock the
resetting lever 1 to separate the moving contact
3 from the magnetic contact 4. Obviously, the
load circuit switch {5 may be of the normally
closed type when the design requirements are such
that the load circuit should be opened when the
measured quantity reaches the critical value at
which contacts 3, 8 engage. Theé soleroid remains
energized after the separation.of the contacts: 3,
4 a5 the holding circuit switch is connected in
parallel with those contacts.
held away from the contact 4 by the resetting
lever T angd armature (¥, and this: condition of
the several -circuit elements is-maintained until
the magnitude: of the measured-quantity reaches
its other critical limit at which the increasing
current through coil I carries the contaet arm 2
clockwise: to: engage- the- contact ‘8- with the sta-
tienary - contact: % ~This -contact engagement
completes a- shunt -circuit arobund the solenoid
winding 12, through: the leads 1T and 28; and
the solenocid armature {(3-drops-out to open the
holding -cireuit- and to- reverse the-condition of
the load: circuif switech 5. 'The continued en-
gagement, or repeated engagements, of the con-
tacts 3, 5 will net: result in- a- chiange in- the load
circuit- eonditions, and- the contact arm 2 must
move counterclockwise with' decreasing current
through coil I to permit engagement of contacts
3, 4 to-effect the'next: change in-the adJustment of
the load circuit switch 15:

In:the.embodiment- Wthh is 111ustrated in Fig. 2,
those elements which: are or may be -substantially
identical with corresperiding elements-of the Fig.
1 construction are identified: by:corresponding but
primed. reference numerals: - The “high” contact
5 is a  magnetic contact and: the solenoid aetu-
ating resetting system: ircludes two pusher arms
or'bell-crank levers 25, 28 on pivots:21, 28 for en-
gaging the:contact arm 2’ to:separate the soff-iron
rider contact 3" from the stationary: magnetic
contacts 4’, 5 reéspectively.. 'The resetting levers
25,. 26. are bidsed towards inoperative positions
out. of the path. of movement of the contaect arm
-2’ by springs 28, and.they are slternately moved
into operative positions. by a bar 3¢ on:the upper
end of the solenoid: armature. {3/, the tail 25’ of
the lever. 25 being beneath. the cross~bar 30: and
the tail 267 of the lever 26 being. above the same.

As illustrated, the. solenoid. winding: 127 is not
energized and a spring 31 has forced the armature
137 and bar 30: downwardly, thereby rocking the
resetting lever 25:clockwise to project its outer end
into the path of the contact arm.2’. Upon ener-
gization of the solenoid winding: 12/, the arma-
ture- 13" is lifted. and carries the bar 30 upwardly
to release the resetting lever 25 and to rock the
resetting lever 26-counterclockwise to project-into
the path of the contdct-arm 2’.

The current source for actuating the: solenoid
f{” is indicated by the conductors 32; 33 from a
schematically -indicated alternating current gen-
erator, and the current source may conveniently

The contact § is
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5, rider 3’ and contact arm 2, jumper 17’ froin
contact arm 2’ to the solenoid winding 12’, and
return connection 35 from the winding to the
other power conductor 33. The holding switch
{4" for the solenoid winding 12’ is connected in
parallel with contacts 3’, 5 by a lead 36 to the
jumper 17’ and a lead 37 to the power conductor
32. A current-limiting resistor 19’ and lead 38
connect the'magnetic contact 4’ to the power con-
ductor 83. Inspection of the described circuit
connections will show that an engagement of re-
lay contacts 3’, 4’ closes a shunt circuit around
the solenoid winding 127, i. e. returns the holding
circuit lead 36 to-the power conductor 33 through
the jumper I1”, contact arm 2’ and contacts 37, 4’,
current-limiting resistor 19’, and lead 38.
Assuming. that the moving coil 1’ is so wound

~and connected to the control element, not shown,
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be the customary light and power circuit of about

110 volts, 60 cyeles per second.: The énergizing
cireuit for solenoid It’, includes the lead. 34 from
~the power conductor-32 to' the magnetic contact

75

that increasing current moves the contact arm 2’
clockwise towards the contact 5’, the several mov-
able parts of the Fig: 2 appdrabus dare -shown in
the positions which they cceupy after the ecurrent
had dropped to-a: value which resulted-in g closure
of the relay contaets 37, 4%, The next closure
will' be' of contacty ¥ and 5 when' the current
through coill I increases:to-the uwpper limit of the
controf range: The energizing circuit-of solenoid
Hi’ will be completed by that closure of contacts
3’, 5, and the:soleneid- armature will 1ift-to close
the holding switch 2% and, ag Hlustrated, the
load circuit switch 15, As explained with. re-
spect-to-the Fig. § apparatus; the switeh: {8 could
be- constructed to open by the lifting of armature
#3?. The resetting lever 26 is rocked counter-
clockwise by bar 38 when the solenecid armature
pulls in; and the ocuter end of lever 28 engages
the contact arm- 2’ to-move the rider contact 3’ a
short- distance from: the: magnetic contact 5’.
The resetbinig lever 26 remains in this actuated
position: se long' as- the solenoid winding: 12’ is
energized: through the Holding circuit switch {4,
The next operation: of the relay takes place when
the current through ¢oil- {* drops-teo-a preselected
low value at which contacts - 3’; 4’ engage:to com-
plete the shunt eircuit-around the solenoid wind-
ing £2’. The armature 13’ and bar 230 are: then
forced downward By the spring 3{, thereby open-
ing the- holding switeh 14’ and: load switch. 1§
This movement-of the bar 39 rocks the resetting
lever 25 to sepdrate. the contacts 37, 4’, and to
release: the “high” résetting lever 28 to permit
its clockwise. movement: inte: inoperative position
by its- spring 29. This. completes one cycle of
operation.angd the several moving: parts again.as-
sume the positions shown in Fig. 2 when:the cur-
rent in: coill I hds increased: somewhat gbove the
“low” control value. at which relay contacts 3,
& engaged.

The described. embodlmeqts of the 1nvent10n
differ in that, if both.instrument type relays are
similarly designed: and. corinscted to. their control
elements;- the resetiing’ and load: swifch. solenoid
is eriergized at-opposite limits of the control.range
of current inputs.tothe relay coil Lor . Asstat-
ed-gbove; it has been: gssunied for purpese: of de-
scription: that tlie relay contdct drmis move clock-
wise with increasing current through the: relay
coil For {7 Identical control operations may of
course be obtained by aa-appropriate reversal of
circuit- conrections: whien. the desigr is such. that
the: contact arms rove counterclockiise with in-
creasing current.. o

In conclusion, it will be evident that while the
load switches in Figs. 1 and 2-have been. illus-
trated as being of the single-pole, single-throy
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type, other types of load switches such as for ex-
ample a double-pole, double-throw type could be
substituted depending upon the particular appli-
cation made of the relay. Furtherimore while the
relay in Fig. 1 is illustrated as being powered by
direct current and the relay in Fig. 2 by alternat-
ing current, it will be evident that both relays will
work on either direct current or alternating cur-
rent. Other minor changes in the illustrated
construction may likewise occur to those familar
with the design and construction of magnetic
contact relays without departing from the spirit
and scope of the invention as defined in the ap-
pended claims.

I claim:

1. In an instrument type relay for controlling
a load circuit in accordance with variation in a
control current between predetermined upper and
lower limits, an instrument having a moving sys-
tem displaceakle in accordance with the magni-
tude of the control current, a contact carried by
the moving system of said instrument and mov-
able between a pair of spaced stationary contacts,
said movable contact and said stationary contacts
being magnetically attractive to assure firm en-
gagement therebetween, a pair of pusher arms for
separating said movable contact from each of
said stationary contacts, a solenoid energized by
engagement between said movable contact and

one of said stationary contacts, said solenoid hav- -

ing an armature movable upon energization
thereof to actuate one of said pusher arms to sep-
arate said contacts and close a solenoid holding
circuit, and a shunt circuit for said solenoid hold-
ing circuit completed upon engagement between
said movable contact and the other stationary
contact to effect deenergization of said solenoid
and reverse movement of said armature to actu-
ate the other pusher arm to separate the contacts
last engaged.

2. In an instrument type relay for controlling
a load circuit in accordance with variation in a
control current between predetermined upper and
lower limits, an instrument having a moving sys-
tem displaceable in accordance with the magni-
tude of the control current, a contact carried by
the moving system of said instrument and mov-
able between a pair of spaced stationary contacts,
said movable contact and said stationary con-
tacts being magnetically attractive to assure firm
engagement therebetween, a solenoid having an
armature, an energizing circuit for said solenoid
completed upon engagement between said mov-
able contact and one of said stationary contacts,
a holding circuit for said solenoid completed upon

energization of said solenoid, a shunting circuit °

for said holding circuit completed upon engage-
ment between said movable contact and the other
stationary contact, a pair of pusher arms for sep-
arating said movable contact from said stationary
contacts respectively, and means linking said
arms for operation by said armature to reset one
of said arms upon energization of said solenoid
and to reset the other arm upon deenergization
of said solenoid.
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3. In an instrument type device for controlling
a load circuit in accordance with variation in a
control current between predetermined upper and
Iower limits, an instrument having a moving sys-
tem displaceable in accordance with the magni-
tude of the control current, a contact carried by
the moving system of said instrument and mov-
able between a pair of spaced stationary contacts,
said contacts being magnetically attractive to as-
sure firm engagement therebetween, a pair of
pusher arms for resetting said movable contact
from each of said stationary contacts, means ac-
tuating said pusher arms to alternately move
each to a contact reset position, a solenoid having
& holding circuit including a switch actuated by
the solenoid armature, an energizing circuit for
said solenoid completed upon engagement be-
tween said movable contact and one of said sta-
tionary contacts, the armature being actuated by
said solenoid upon energization thereof to actuate
said pusher arm actuating means to reset the in-
strument contacts whose engagement effected
energization of said solenoid, and a shunting cir-
cuit for said solenoid completed upon engagement
hetween said movable contact and the other sta-
tionary contact, whereby said solenoid is deener-
gized and said last pair of contacts are reset,

4. In an instrument type relay for controlling
a load circuit in accordance with variation in a
control current between predetermined upper and
lower limits, an instrument having a moving sys-
tem displaceable in accordance with the magni-
tude of the control current, a contact carried by
the moving system of said instrument and mov-
able between a pair of spaced stationary contacts,
said movable contact and said stationary contacts
being magnetically attractive to assure firm en-
gagement therebetween, a pair of pusher arms
for separating said movable contact from each of
said stationary contacts, a solenoid energized by
engagement between said movable contact and
one of said stationary contacts, said solenoid hav-
ing an armature movable upon energization
thereof to effect movement of one of said pusher
arms to separate said contacts and close a sole-
noid holding circuit, and a shunt circuit for said
solenoid holding circuit completed upon engage-
ment between said movable contact and the oth-
er stationary contact to effect deenergization of
said solenoid and reverse movement of said arma-
ture to effect movement of the other pusher arm
to separate the contacts last engaged.

RAYMOND T. PIERCE.
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