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My invention relates to regulator systems and 
particularly to the control mechanism for gov 
erning the operation of rheostatic type regula 
tors. In rheostatic type regulators, it is cus 
tomary to provide a rheostat operating motor 
that is controlled by secondary or motor revers 
ing switches that are, in turn, controlled by a 
primary relay that is actuated in accordance 
with variations in the quantity to be regulated, 
such as the voltage of a generator. 
In delicate instruments, such as contact-mak 

ing voltmeters that constitute the primary relays 
of voltage regulators, the floating contact men 
bers approach their cooperating contact members 
slowly and engage initially with very slight pres 
sure. The contact surfaces of the engaging con 
tact members are small and may become dirty by 
the accumulation of foreign matter, such as dust, 
which tends to form a high resistance film on 
the surface of the contacts, and which may limit 
the current passing therethrough to a value that 
is insufficient to cause the operation of the as 
sociated motor operating switch to its circuit 
closing position with the slight contact pressure 
normally prevailing at the initial engagement of 
the floating contact members of the primary re 
lay with their cooperating contact members. 

It is an object of my invention to provide 
means for causing sufficient contact pressure be 
tween the contact members of the primary relay 
of a regulator to assure operation of the regul 
lating mechanism upon slight initial contact 
pressure of the contact members. 

It is a further object of my invention to pro 
vide means for assuring positive contact pres 
sure between the contact members of the primary 
relay of a regulator without disturbing the ac 
curacy of the regulator action. 

Referring to the drawing, the single figure is 
a diagrammatic view of apparatus and circuits 
comprising one preferred embodiment of the in 
vention. 

In the drawing, a direct-current generator is 
illustrated having an armature winding for 
supplying electrical energy to a circuit repre 
sented by conductors 2 and 3, and a field winding 
4. that is supplied with excitation current from 
an exciter generator having an armature wind 
ing 5 and a field winding 6 that is connected in 
shunt relation to the armature winding 5 through 
a variable resistor 7. The exciter generator 
armature 5 is connected to the generator field 
winding 4 by conductors 8 and 9 through a rheo 
stat 2 having a resistor 3 and a movable arm 
4 for varying the effective resistance in series 
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with the field winding 4 in accordance with the 
operation of a pilot motor 5 that actuates the 
arm 4 through a gearing mechanism 6. The 
motor S comprises an armature winding iT 
connected to the motor shaft, and differentially 
related field windings 8 and 9 that are adapted 
to be connected to a source of electrical energy 
represented by battery 22 upon the closing of 
the one or the other of two motor reversing 
switches 23 and 24 as controlled by a primary 
relay 25. 
The primary relay 25 comprises a movable 

lever 26 that is pivotally supported at one end 
2 and provided at the other end with floating 
contact members 28 that are adapted to engage 
COOperating contact members 29 and 32 in ac 
cordance with the movement of the lever 26 
that is biased in one direction by a spring 33 and 
in the opposite direction by a magnet having a 
core 34 connected to the arm 26. The core 34 
is energized by an operating winding 35 that is 
Connected by conductors 36 and 37 to the circuit 
conductors 2 and 3, respectively, to be ener 
gized in accordance with the voltage output of 
the generator armature . The relay contact 
members 29 and 32 are carried, respectively, by 
levers 38 and 39 mounted upon supporting pivots 
42 and 43, and connected by a link 44 extending 
between pivot points 45 and 46, so as to move the 
contact members 32 and 34 in opposite direction. 
Stops 4 and 48 are provided for limiting the 
movement of the contact carrying ends of the 
levers 38 and 39 toward each other under the 
influence of a spring 49 provided for that pur 
pose. An armature 52 is provided on the lever 
39 that is influenced by a magnet 53 to move the 
contact members 32 and 34 in a manner to be 
presently described. 

If the voltage between conductors 2 and 3 drops 
below the value for which the primary relay 
25 is adjusted, the upward pull on the winding 
35 decreases sufficiently that the spring 33 pulls 
the lever 26 downwardly to cause engagement 
between contact members 28 and 32 to close an 
operating circuit for the motor reversing switch 
23. This circuit extends from one terminal of a 
Source of energy represented by the-positive con 
ductor 54 through the relay contact members 
28 and 32, conductor 55, an auxiliary winding 56 
provided about the core 34 of the primary relay 
25, through conductor 57, winding 58 of the re 
versing switch 23, and conductor 59 to the other 
terminal of the source of energy represented by 

Upon initial en 
gagement of the contact members 28 and 32, the 
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auxiliary winding 56 about the core 34 is ener 
gized and acts oppositely to the winding 35 to 
increase the contact pressure between contact 
members 28 and 32 to increase the flow of cur 
rent through the auxiliary winding 56 and 
through the operating winding 58 of the motor 
reversing switch 23. If the pressure of the in 
itial engagement between the contact members - 
28 and 32 is insufficient to Supply the current 
necessary for actuating the reversing Switch 23 to 
its circult closing position, the increase in con 
tact pressure caused by flow of current through 
the winding 56 will assure the building up of 
current in the winding 58 to a value to cause 
operation of the switch 23 to its circuit closing 
position. 
The closing of the Switch 23 causes a circuit 

to be completed from one terminal of the bat 
tery 22 through conductor 65, the switch con 
tact members 66 and 67, the field winding 8, 
the motor armature winding 7 to the other 
terminal of the battery 22 to operate the motor 
5 to move the rheostat arm 4 in a counter 

clockwise direction to decrease that portion of 
the rheostat resistor 3 that is in circuit with 
the field winding 4, and thus increase the 
energization of the field winding 4 and of the 
generator armature . 
A condenser 63 is provided, connected in series 

with a resistor 6 in parallel circuit relation 
with the winding 58 of the reversing switch 23 
to provide a timing circuit for holding the re 
versing switch 23 closed for a predetermined 
time after interruption of the energizing circuit 
which is effected by the discharge of the con 
denser 63 through the winding 58. The charg 
ing of the condenser 63 takes place during the 
building up of the current in the winding 58 
to a value sufficient to cause it to Operate the 
Switch 23 to its circuit closing position. 
At the same time that the contact member 

67 bridges the contact members 66, the contact 
member 73 bridges the contact members 2 to 
close a circuit from conductor 54 through Con 
ductor 68, the winding of the magnet 53, con 
ductor 69, the contact members 72 and 73 of the 
reversing switch 23 and conductor 59, to energize 
the magnet 53 causing the armature 52 to be 
pulled downwardly and toward the left, as 
viewed in the drawing about the pivot 43, to : 
move the lever 39 away from the stop 48 and 
the contact member 32 from engagement with 
the contact member 28. This operation per 
mits the reversing switch 23 to be deenergized 
and dropped to its circuit interrupting position 
after the time interval provided by the con 
denser 63, which time interval insures sufficient 
operation of the rheostat motor 5 to cause the 
rheostat arm 4 to move from engagement with 
one rheostat button to the next adjacent button 
in a well known manner. If the drop in Voltage 
of the generator armature is very large, the 
contact member 28 may engage the contact 
member 32 in its lower position until the in 
crease in voltage of the generator armature f 
has progressed sufficiently to cause upward 
movement of the lever 26. 

In a similar manner, if the voltage between 
conductors 2 and 3 increases above the desired 
value, the increase in the pull of the winding 35 
on the core 34 will move the magnet core up 
wardly against the force of the Spring 33 and 
cause engagement of contact members 28 and 29 
to close a circuit from conductor 54 through 
contact members 28 and 29, conductor 4, 
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2,254,039 
auxiliary winding 75 provided about the core 3 
of the primary relay, conductor T 6, the winding 

of the reversing switch 24, and conductor 78 
to the negative conductor 62. The closing of 
this circuit causes operation of the reversing 
Switch 24 to its circuit closing position, to close 
a circuit from one terminal of the battery 22 
through the contact members 79 and 82, the 
Inotor field Winding 9 and armature winding 

to the other terminal of the battery 22 to 
energize the motor to operate the rheostat arm 
4 in a clockwise direction to thereby insert a 

greater portion of the resistor 3 in series with 
the generator field winding 4 to decrease the 
energization thereof and correspondingly de 
crease the voltage output of the armature . 
Upon initial engagement of the contact mem 
bers 28 and 29, the current flowing through the 
circuit controlled thereby and which includes 
the winding 5 on the primary relay, causes the 
Winding 75 to aid the pull of the operating wind 
ing 35, to increase the upward pull of the core 
34 on the lever 26 and increase the contact pres 
Sure between the contact members 28 and 29. 
If, therefore, the pressure of the initial engage 
ment between the contact members 28 and 29 
is insufficient to supply the current necessary 
for actuating the reversing switch 24 to its cir 
cuit closing position, the increase in contact 
pressure caused by flow of current through the 
winding 75 will assure the building up of cur 
rent in the winding 77 to a value that will cause 
operation of the switch 24 to its circuit closing 
position. A tinning circuit consisting of a con 
denser 63 and a resistor 64 connected in series 
With each other is provided in shunt relation to 
the reversing switch winding 77 in the same 
manner as for the reversing Switch 23 to main 
tain it in its circuit closing position for a pre 
determined time after interruption of the cir 
cuit energizing the winding T 7. 
Upon operation of the switch 24 to its circuit 

closing position, a circuit is also closed from 
conductor 54 through conductor 68, the winding 
of magnet 53, conductor 69, contact members 
83 and 84 and conductor 78 to conductor 62 for 
energizing the magnet 53 to operate the levers 
39 and 38 in the manner above-described to 
move the contact members 28 and 29 away from 
each other, thus separating the contact mem 
bers 28 and 29 to interrupt the circuit through 
the winding 77 of the reversing switch 24. This 
provides an anti-hunting action to prevent over 
travel of the rheostat arm f4 in either direc 
tion. - 

In the above-described regulator, it will be 
appreciated that the operation of the regulator 
is improved by providing means for increasing 
the contact pressure after initial engagement of 
the contact members of the primary relay until 
the aSSociated motor operating switch is oper 
ated to a circuit closing position after which the 
energizing circuit thereof is abruptly interrupted 
by movement of the outer contact member 29 
and 32, thus reestablishing the initial conditions 
of the regulator. The provision of means for 
increasing the contact pressure will insure oper 
ation of the regulator against high resistance at 
the contact members of the primary relay that 
may be caused by dust particles, oil film, me 
chanical vibration or electrical oscillations which 
would otherwise impair the proper operation of 
the regulator. The means for increasing the 
primary relay contact, pr re does not alter 
the calibration of the contact, making voltmeter, 
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since the windings 38 and 7 are not energized 
during the normal operation of the relay, which 
is under the control of the winding 35. The 
winding 56 or 75 is deenergized immediately 
upon energization of the coil of the anti-hunting 
magnet 53 as above-described, the closed revers 
ing switch being held in its circuit closing posi 
tion for a short time thereafter by operation of 
the associated capacity timing circuit. 
Many modifications in the apparatus and cir 

cuits illustrated and described will be apparent 
to one skilled in the art, and I do not wish to be 
limited otherwise than by the scope of the ap 
pended claims. 

I claim as my invention: 
1. In a regulator system wherein an electric 

motor and means actuated thereby are employed 
for varying a quantity to be regulated, in combi 
nation, a pair of electrically operated reversing 
switches actuated to their circuit closing posi 
tions when energized, a primary relay having 
an operating coil and floating contact means 
actuated thereby adapted to engage the one or 
the other of two cooperating contact members 
for controlling circuits for energizing the One or 
the other of said reversing Switches, means en 
ergized in response to engagement of said co 
operating primary relay contact members with 
light pressure for causing a sufficient increase 
in contact pressure to assure operation of the as 
sociated reversing Switch, said means comprising 
a pair of coils, one of said coils being effective to 
oppose the operating coil when the floating con 
tact means engages one of said cooperating con 
tact members, and the other of said coils being 
effective to aid the operating coil when the float 
ing contact means engages the other of Said co 
operating contact members. 

2. In a regulator system wherein an electric 
motor and means actuated thereby are employed 
for varying a quantity to be regulated, in combi 
nation, a pair of electrically operated reversing 
switches actuated to their circuit closing posi 
tions when energized, a primary relay for con 
trolling the reversing Switches having floating 
contact means and two cooperating contact 
members adapted to be separately engaged by 
said floating contact means for controlling cir 
cuits for energizing the one or the other of said 
reversing switches, means for actuating said 
floating contact means comprising an electro 
magnet having an operating coil and a coil in 
series with each cooperating contact member for 
modifying the pull of the magnet upon closure of 
a circuit by said contact member for a SSuring 
positive contact pressure, one of said 'coils in 
series with a cooperating contact member being 
arranged to act differentially with the operating 
coil controlling the floating contact means upon 
engagement of the floating contact means with 
said one cooperating contact member, and the 
other of Said coils in Series with a cooperating 
contact member being arranged to act cumu 
latively with the operating coil controlling the 
floating contact means upon engagement of the 
floating contact means with said other cooper 
ating contact member. 

3. In a regulator system wherein an electric 
motor and means actuated thereby are employed 
for varying a quantity to be regulated, in combi 
nation, a pair of electrically operated reversing 
switches actuated to their circuit closing posi 
tions when energized, a primary relay having an 
operating coil and floating contact means actu 
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the other of two cooperating contact members 
for controlling circuits for energizing the one or 
the other of said reversing Switches, means com 
prising a pair of coils responsive to engagement 
of said cooperating primary relay contact mem 
bers with light pressure for causing a sufficient 
increase in contact pressure to assure operation 
of the associated reversing Switch, one of said 
coils being effective to oppose the operating coil 
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ated thereby and adapted to engage the one or 75 

when the floating contact means engages one of 
said cooperating contact members, and the other 
of said coils being effective to aid the operating 
coil when the floating contact means engages the 
other of said cooperating contact members, and 
electrically actuated means for separating the 
primary relay contact members, said last-named 
means being energized through auxiliary contact 
members on said reversing Switches upon oper 
ation thereof to circuit closing positions. 

4. In a regulator System wherein an electric 
motor and means actuated thereby are employed 
for varying a quantity to be regulated, in combi 
nation, a pair of electrically operated reversing 
switches actuated to their circuit closing posi 
tions when energized, a primary relay having 
floating contact members and an electromagnet 
having an Operating coil for actuating Said float 
ing contact members, cooperating contact mem 
bers adapted to be separately engaged by said 
floating contact members to control circuits for 
controlling the operation of said reversing 
switches, electro-responsive means comprising a 
pair of coils controlled by engagement of said 
primary relay contact members for increasing 

- the contact pressure to assure operation of Said 
reversing switches, one of said coils being effec 
tive to oppose the Operating coil when the float 
ing contact means engages one of said cooper 
ating contact members, and the other of Said 
coils being effective to aid the operating coil 
When the floating contact means engages the 
other of said cooperating contact members, and 
electro-responsive means controlled by opera 
tion of Said reversing Switches for causing sepa 
ration of said primary relay contact members. 

5. In a regulator System. Wherein an electric 
motor and means actuated thereby are employed 
for varying a quantity to be regulated, in com 
bination, a pair of electrically operated reversing 
Switches actuated to their circuit closing posite 
tions when energized, a primary relay having 
floating contact means adapted to engage the 
One or the other of two cooperating contact 
members for controlling energizing circuits for 
energizing the one or the other of said reversing 
switches and a magnet comprising a core and 
three windings thereon, one of said windings 
being an operating winding for controlling the 
operation of Said floating contact means and the 
other windings being auxiliary windings con 
nected in Series with the cooperating contact 
members of the primary relay for increasing the 
contact pressure upon engagement thereof with 
light pressure for causing a sufficient increase in 
contact pressure to assure operation of the as 
Sociated reversing switch, one of said auxiliary 
windings being arranged to aid and the other 
to oppose the operating winding and electrically. 
actuated means for separating the primary relay 
contact members, said last-named means being 
energized through auxiliary contact members on 
Said reversing switches upon operation thereof . 
to circuit closing positions. 

JOSEPH F. KOVALSKY. 
  


