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This invention relates to electrical apparatus,

- and particularly to circuit controlling apparatus.
+ An object of this invention is to provide in
a circuit controlling apparatus for obtaining s
predetermined sequential switching operation,

Other objects of this invention will become

[

apparent from the following description when

taken in conjunction with the accompanying
drawing, in which:

Figure 1 is a view in elevation of the circuit
controlling apparatus of this invention;

Fig. 2 is a side elevational view of the circuit
controlling apparatus shown in Fig. 1; and

Fig. 3 is & schematic diagram illustrating the
application of the circuit controlling apparatus
~of Fig. 1 In a regulating system.

Referring to Figure 1, this invention is illus-
trated by reference to a circuit controlling ap-
paratus 1@ comprising a plurality of elements
assembled in operative relation on 5 base 12 of
any suilable insuldgting material. As illustrated,
8 plurality of fixed contact members {4 and 16
are carried on suitable supporting members 8
and 208, respectively, which are mounted in spaced
relation on the base §2 by means of the bolts
22 and 24, respectively. The bolts 22 and 24 are
of conducting material and project through the
base member I2 and carry terminal members 26
to facililate the making of electrical connections
to the contact members. -

As illustrated in Fig. 1, a set of movable con-
ducting members 28 and 30 is operatively associ-
ated with the fized contact member {4 and o set
of movable conducting members 32. and 34 is
operatively associated with the fixed contact
member 18 Each of the conducting members 28
through 34 is of elongated form, being formed
of stainless spring steel, and are self-biased in
& predetermined direction. The conducting
members 28 and 32 in this instance are like mem-
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. bers bub are biased and mounted for movement .

in oppecsife directions with respect to the fxed
contact members {4 and {8, one end of the con-
ducting members 28 and 32 being fixedly secured
in & conducting terminal block 38 and 48, respee-
tively. As illustrated in Fig. 2, a bolt 42 of con-~
ducting material is associated withh each of the
terminal blocks 38 and 40 and carries a terminsa]
' 44 to facilitate the making of elecirical connec-
tions to the fixed ends of the conducting mem-
bers.

The conducting member 28 carries a movable
contact member 46 thereon intermediate of its
ends disposed to be biased into engagement with

and for cooperating with the fixed contaci mem- 55

ber (4. Similarly, the conducting member 32
carries & movable contact member 48 intermedi-
ate of its ends disposed to be biased into engage-
ment with and for cooperating with its associ-
ated fixed contact member $6.

In addition to the movable contact members
46 and 48, the conducting members 29 and 32
carry movable contact members %3 snd 52, re-
spectively, adjacent their free ends, such ends
being offset from the main body portion of the

- conducting members.

The conducting merabers 36 and 30 are also
similar tc one ancther, each belng formed of
stainless spring steel and so mounted on the base
member (2 as o be seli-biasing in opposite di-
rections. The conducting member 38 has one
end fixedly secured to the bracket B¢, which is
held on the base member {2 by means of the
bolt 55 of conducting material, which extends
through the base member, 2 jerminsil (not
shown) being carried by the bolt for facilitating
the making of elecirical connections iherveto,
Likewise, the conduciing member 34 is corried
by & bracket 68 whick is secured to the base
member {2 by & holt §6 of conducting msaterial
which carries a terminsl 58. 4g Mustrated, each
of the conducting members 8¢ and 84 is bent
so that the fred ends thereof sre returned uponR
the main body. portion of the conducting mem-
bers. The free ends of each of the conduciing
members carries & contact mamber noymelly bi-
ased out of engagement with the contact member
carried by the free eud of the other congucting
member of the set associated with sach of the
fized contact members. .

As lustrated, contact member 42 is earried by
the free end of the conducting membar 30 and
is so disposed that when the free end of the con-
ducting member 30 is actuated, it will engage the
contact member 59 of the conducting member 28,
Likkewise, a confact member 80 is earried on the
free end of the conducting member 345 disposed $o
be actuated into cogagement with the contact
member 52 carried on the free end of the con-
ducting member 82.

In order to effect & movemens of the free ends
of the conducting members 36 and 30 in o prede-
fermined manner, o cam 68 is positioned between
the free ends of the conducting members 26 and
84 and disposed for movement to physicelly en-
gage and actuate one or the other of the con-
ducting mermbers,” The cam 88 is carried on 8
pin §8 which extends through the base 12 and is
secured to an arm 18 disposed for movemens in
response fo a predefermined condition. As ii- .
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lustrated, when the cam is actuated it will tend
to move the free ends of both the conductors
38 and 34 but since the radius of movement of
the contacting portions of the cam 86 are differ-
ent, the one of the free ends will be actuated to
a position where the contact member carried
thereon is in engagement with the contact mem-
ber of its associated conducting member, where-
as the other free end will be moved only a slight
distance insufficient to effect the engagement of
the contact member carried thereon with the
contact member of its associated conducting
member,

Referring to Fig. 3 of the drawing, the circuit
controlling apparatus 10 of this invention is
utilized in a regulator system for indicating and
controlling the operation of the induction regu-
lator 712 connected in the circuit formed by the
conductors 14, 16 and 18. As illustrated, an elec-
tric motor 80 is provided to actuate the induction
regulator 12 through a suitable gear drive 82,
the details of which are not shown, in accordance
with the correction required to maintain a con-
stant voltage in the circuit formed by the con-
ductors 14, 76 and 18.

A relay 84 or a contact making voltmeter, is
provided to initiate the operation of the motor
80. ‘The relay is operated by means of an elec-
tromagnet provided with a coil 86 that is ener-
gized from the transformer 88 connected across
the conductors 16 and 18. The core 90 of the
electromagnet operates a lever 92 pivoted at 94
and carrying a pair of contact members 96 and
98, the spring 100 being provided for aiding the
electromagnet when the coil 86 is energized.
Auxiliary electromagnets 102 and 104 are pro-
vided for aiding the electromagnet to control the
operation of relay 84, as will be explained more
fully hereinafter. Cooperating with the contact
members 96 and 98 are auxiliary contact mem-
bers 106 and 108, respectively.

The motor 80 in this instance is illustrated as
being a capacitor.type motor and is disposed to
be energized from a constant source of power,
such as the conductors {10 and it2. The motor
is provided with suitable leads (14, {16 and 118
for connecting it.to the conductors 110 and 112
in a predetermined manner for obtaining a pre-
determined directional operation of the motor
80, the switch 120 being provided in the lead 114
for giving a manual control of the operation of
the motor.

The contact members 96 and 98 of the relay 84
are illustrated as connected to the conductor 116,
whereas the auxiliary contact member 106 is dis-
posed to be connected through the contactor 122
and the circuit controlling apparatus 10 of this
invention to the conductor 112, Likewise, the

- auxiliary contact member (08 is disposed to be
connected through a contactor (24 and the cir-
cuit controlling apparatus 10 of this invention to
the conductor 112. The contactors 122 and 124
are provided for controlling the operation of the
motor 80. ’

In order to give an indication of the direction
of operation of the motor 80, signal devices 126
and §28, in this instance represented as lights,
are disposed to be connected across the conduc-
tors 118 and (12 by the circuit controlling appa-
ratus 10 of this invention in response to prede-
termined conditions.

In operation, assuming that the switch 120 is
moved to its circuit closing position, the rerulator
712 is operated to deliver a predetermined con-
stant voltage across the conductors T4, 76 and
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78. If for any reason the voltage across con-
ductors 76 and 78 should increase, then the coil
86 of the electromagnet associated with the re-
lay 84 is so energized as to effect a clockwise
pivotal movement of the lever 92 about its pivot
84 to close a circuit which extends from con-
ductor (10 through the lever 82, the contact
members 96 and (06, the energizing winding of

" contactor 122 is actuated to close a circuit which
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conducting member 28 of the circuit controlling
apparatus 10, to conductor 112. Upon the com-
pletion of this circuit, the contact member of
contator 122 is actuated to close a circuit which
extends from conductor 10 through the switch
120, conductor 114, motor 80, conductor (18, the
energizing winding of the auxiliary electromag-
netic device 104, the contact bridging member of
contactor 122, contact members (4 and 46 and
the conducting member 28 of the circuit con-
trolling apparatus (0, to the conductor 112. The
closing of this circuit so energizes the auxiliary
electromagnet 104 as to aid the electromagnet in
mantaining the contact member 96 in engage-
ment with the contact member 106. When the
motor circuit is thus established, the motor 80
operates to drive the induction regulator 12 in
such & manner as to decrease the voltage across
conductors 18 and 78. :

If, in attempting to drive the induction regu-
lator 12, it is necessary to operate the regulator
near its lower limit, the cam 66 of the circuit
controlling apparatus 10 is actuated through the
gear drive 82 to drive the free end of the con-
ducting member 30 to a position where the con-
tact member 62 engages contact member 50 to
close an alarm circuit. The alarm circuit ex-
tends from conductor 110, through the light 126,
conducting member 30, contact members 62 and
50 and the conducting member 28 of the circuit
controlling apparatus 10, to the conductor {12.
Upon this indication, the operator is warned to
take steps to rectify the unwanted condition on
the system. If however, the operator fails to
rectify the unwanted condition, then the cam is
further actuated to effect a movement of the
engaged free ends of both conducting members
30 and 28 to a position where the movable con-
tact member 46 carried by the conducting mem-
ber 28 is moved to a circuit opening position and
disengages the fixed contact member 4 of the
circuit controlling apparatus 10. Such a switch-
ing operation interrupts the circuit to the motor
and the operation of the regulator is stopped.

If, on the other hand, the change in voltage
across conductors 76 and 18 is a decrease, then
the winding 86 of the electromagnet is so de-
energized that the lever 92 moves in a counter-
clockwise direction about its pivot 94 to a posi-
tion where the contact member 98 is in engage-
ment with the contact member (08. The en-
gagement of the contact members 98 and (08
closes a circuit which extends from the conduc-
tor 110, through lever 92, contact members 98
and 108, the energizing coil of contactor 128,
the contact members 18 and 48 and the conduct-
ing member 32 of the circuit controlling appara-
tus 16, to the conductor 112. Upon the closing
of this circuit and the energization of the wind-
ing of contactor 124, the bridging contact mem-
ber of the contactor 124 is operated to close &
circuit, which extends from conductor ({8,
through the switch 120, conductor 114, motor

- 80, conductor 1186, the energizing winding of aux-

iliary electromagnet 102, bridging contact mem-
ber of contactor (24, the contact members 1§
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and 48 and the conducting member 82 of the
circuit controlling spparatus 318, to conductor
112. Upon the establishment of this circuit, the
winding of the auxiliary electromagnet 182 is so
energized as to aid the electromagnet iri main-
taining the contacts 88 and 188 in circuit closed
position, and the motor 80 is so energized as to
drive the induction regulator 12 in s direction
to increase the voltage across conductors 16 and
18. .

If, in effecting the increase in the voltage
across conductors 76 and 78, the induction reg-
ulator is operated to a position near its upper
limit, then the cam 58 is operateq through the
gear drive 82 to grive the free end of the con-
ducting member 34 to a position where the con-
tact member 64 engages the contact member 52
carried on the free end of the conducting mem-
ber 32 of the circuit controlling apparatus 10.
This switching operafion establishes an alarm
circuit extending from conductor {i8, through
the light (28, conducting member 3&, contact
members 64 and 52, and the conducting mem-
ber 32 of the circult controlling apparatus 10,
to the conductor {12, to warn the operaior that
the induction regulator is being operated near
its upper limit. If the operator does mnot take
steps to correct the unwanted condition oxi the
regulator, the gear drive 82 further drives the
cam §6 to move the engaged free ends of the
conducting members 34 and 32 ito a posifion
where the movable contact member 48 carried
by the conducting member 32 is moved to & cir-
cuit opening position and disengages the fixed
contact member 16 to- interrupt the supply of
current io the motor 80 and thereby stop the
operation of the induction regulator 72 before
it is damaged.

The circuit controlling apparatus of this in-
vention is quite efficient in its operation, giving
a sequential operation whereby an indication is
given of the operation of the system before the
circuit controlling apparatus is operated to in-
terrupt the operation of the regulator motor.
With the circuit controlling apparatus of this
invention as employed in the regulating system
described, it is possible to always obtain an indi-
cation of the operation of the regulstor before
the limit switches formed by the fixed contact
members and the movable contaci mermber op-
eratively associated therewith zre operated to
interrupt the operation of the regulator motor.
The operation of the limit swwitches and the regu-
lator motor controlling swiliches is thershy se-
quentially controlled by the movemeni of only
one operating or actuating member responsive
to a predetermined operation of the regulator
- motor. . .

Although this invention has been described
with reference to a particular embodiment there-
of, it is, of course, not to be limited thereto ex-
cept insofar as is necessitated by the scope of
the appended claims,

I claim as my invention:

1. In a circuit controlling apparatus, in com-
bination, a fixed contact member, & first elongated
spring biased conducting member operatively as-
sociated for movement relative to the fixed con-
tact member, a second elongated spring biased
conducting member disposed for movement rela-
tive to the first conducting member to actuste it,
the elongated conducting members having one
of their ends fixedly supported and the other ends
free to move, a first movable contact member car-
ried by the first conducting member intermediate

&

the ends fhereo! disposed to engage the fyed
contact member to establish a conducting path
beiween the fixed end of the conducting member
angd the fixed contact member, a second movable
contact member carried by the first conducting
member adjacent the free end thereof, & movable
contact member carried by the second conduct-
ing member disposed to be actuated into engage-

. ment with the second contact member, and means
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for actuating the second conducting member in
response t0 predetermined conditions to move
the contaci member carried thereon into engage-
ment with the second contact member to provide
a closed conducting path between the fixed ends
of the conducting members, said means also be-
ing disposed to actuate the second conducting
member to effect a movement of the first con-
ducting member after the closed conducting path
is established to effect the separation of the first
contact member and the fixed contact member
and interrupt the conducting path from the fixed
end of the first conducting member to the fixed
contact member, -

2. In g cireuit controlling apparatus, in com-
bination, s plurality of fixed contsct members
disposed in spaced relation, a set of elongated
spring biased conducting members operatively
associated with each of the fixed contact mem-
bers, each set of the conducting members com-
prising a first and & second member having one
of their ends fixedly supported and the other
of their ends free to move but biased in the
same direction, a first movable contact member
carried by the first conducting member of each
set intermediate  the ends thereof disposed o
be and normally biased into engagement with the
fized contact member associated therewith %o
establish & conducting path between the fixed end
of the conducting member and the fixed conisct
member, & second movable contact member cor-
ried by the first conducting member of each set
adjacent the free end thereof, a movable contact
member carried by the second conducting member
of each set disposed to be actuated into engsge-
ment with the second contact member, and means
coramon {0 both sets for selectively gctuating the
conducting members thereof in response to pre=-
determined conditions to effect a predetermined
switching operation of the conducting members
of one or the other of the sets only, the actuating
means being disposed to actuate the second con-
dugiing member of the predetermined set o effect
the engagement of the movable contact member
carried thereby with the second movable contacs
member ¢ provide a closed conducting path be-
tween the fixed ends of the conducting members,
the actuating means also being disposed to sctu-
ate the second. conducting member to effect s
movement of the first conducting member afier
the clesed conducting path is established to ef-
fect the separation of the first contact member
and the fizxed contact member to interrupt the
conducting path from the fixed end of the firss
conducting ‘member to the fixed contact member,

3. In a circuit controlling apparatus, in com-
bination, a plurality of fixed contact members
disposed in spaced relation, a set of elongated
spring biased conducting members operatively as-
sociated with each of the fixed contact members,
each set of the conducting members comprising
a first and a second member having one of their
ends fixedly supported and the other of their
ends free to move but biased in the same direction,
& first movable contact member carried by the
first conducting member of each set intermediate
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the ends thereof disposed to be and normally
biased into engagement with the fixed contact
member associated therewith to establish a con-
ducting path between the fixed end of the con-
ducting member and the fixed contact member,
a second movable contact member carried by the
first conducting member of each set adjacent the
free end thereof, a movable contact member car-
ried by the second conducting member of each
set disposed to be actuated into engagement with
the second contact member, and a cam positioned
between the free ends of the second conducting
member of the sets disposed for operation to ef-
fect a predetermined switching operation of either
of the sets, the direction of operation of the cam
being responsive to predetermined conditions and
determining the selection of the set in effecting
tLe switching operation, the cam being disposed
to actuate the second conducting member of the
selected set to move the contact member carried
thereby into engagement with the second contact
member to provide a closed conducting path be-
tween the fixed ends of the conducting members
of the selected set, the cam also being disposed to
actuate the second conduting member to effect
a movement of the first conducting member after
the closed conducting path is established to effect
the separation of the first contact member and
the fixed contact member to interrupt the con-
ducting path from the fixed end of the first con-
ducting member of the selected set to the fixed
contact member associated therewith.

4. In a circuit controlling apparatus, in com-
bination, a plurality of fixed contact members dis-
posed in spaced relation, a first self-biasing con-
ducting member associated with each of the fixed
contact members, the conducting members having
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one o: their ends fixedly supported and the other
end free to move but biased in opposite directions,
a first contact member carried by each of the
first conducting members intermediate the ends
thereof and disposed to be normally in engage-
ment with the fixed contact member associated
therewith, a second contact member carried by
each of the first conducting members adjacent
its free end, a second self-biasing conducting
member associated with each of the fixed contact
members, each of the second conducting members
being fixedly supported at one end thereof and
having the other end free to move, a contact
member carried by the second conducting mem-
ber adjacent its free end, the free ends of the
conducting members associated with each of the
fixed contact members being aligned and biased
in the same direction, and means common to the
conducting members associated with the fixed
contact members for actuating the conducting
members associated with one or the other of the
fixed contact members in response to predeter-
mined conditions to effect a predetermined se-
quential operation, the actuating means being dis-
posed to effect the movement of the second con-
ducting member to effect the engagement of the
contact member carried thereby with the second
contact member of the first conducting member
to give a closed conducting path between the
fixed ends of the associated first and second
conducting members, the actuating means also
being disposed to effectively move the engaged
conducting members thereafter to effect the sepa-
ration of the first contact member and the fixed
contact member to interrupt the conducting path
to the fixed contact member.
LESTER G. TUBBS.




