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My invention relates to circuit controllers and 
particularly to an arc Suppressing and regulating 
coil circuit for circuit controlling relays of the 
vibratory regulating type. 
A Well known means for the suppression of arcs 

at circuit making and breaking contacts Con 
prises a condenser and a resistor connected in 
series across the contacts. Where arc suppres 
sion is essential because of frequent contact oper 
ation, as in regulating relays of the vibratory 
type, the above arc suppression circuit is often 
used. For example, in battery charging gener 
ator Systems for Diesel-electric locomotives, and 
the like, the load on the regulator contacts is 
particularly severe because the generator, being 
driven by the engine, is subject to wide and very 
rapid variations in Speed. 
The principal object of my invention is to pro 

Wide a circuit arrangement for both Suppressing 
arcing at the contacts and improving the regu 
lating qualities of a vibratory regulator. 

It is also an object of my invention to provide 
a vibratory regulator particularly applicable to 
engine-driven generator voltage regulation. 

It is a further and specific object of my inven 
tion to provide an arc suppressing and regulating 
circuit for a vibratory regulator adapted for an 
engine driven generator on a Diesel-electric 
Vehicle. 

In carrying out my invention in one form I em 
ploy a vibratory regulator having a pair of nor 
mally closed contacts, a pair of normally open 
Contacts, and an Operating Winding. To such a 
regulator I add an additional coil or regulating 
Winding and connect this Winding in series with 
Separate reactive energy-storing means such as 
condensers acroSS each of the pairs of contacts of 
the regulator. The polarity of the regulating 
Winding is then so related to that of the operat 
ing Winding that when either of the regulator 
contacts opens the charging current through the 
condenser aSSociated With that pair of contacts 
will paSS through the regulating Winding in a 
direction tending to reclose the contacts, while 
When either of the regulator contacts closes the 
discharge current from the Condensor associated 
With that pair of contacts will pass through the 
regulating Winding in a directition tending to re 
open the contacts. 
For a more complete understanding of my in 

Vention reference should now be had to the ac 
companying drawing, the single figure of which 
is a simplified circuit diagram showing a regul 
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the voltage regulation of a direct current gener 
ator. 

Referring now to the single figure of the draw 
ing, I have shown a direct current generator , 
which may be an axle-driven generator, con 
nected to supply a unidirectional Voltage to the 
supply lines ff and 2 and provided with a shunt 
field winding 3, and a field resistor 4 connected 
in series with the field winding 3. 

In order to regulate the output voltage of the 
generator 0 a vibratory regulatof 20 includes a 
pair of normally closed low limit contacts 2A and 
a pair of normally open high limit contacts 22. 
The normally closed contacts 2 are connected to 
complete a shunt circuit around the field re 
sistor 4 through a shunting resistor 23, while 
the normally open contacts 22 are so connected 
that when closed they complete a shunt circuit 
around the field winding f3 through a shunting 
resistor 24. 
As shown in the drawing, the regulator 20 

may comprise a lever arm 25 pivoted on a knife 
edge 26 and carrying at one end a contact men 
ber 27 and at the other end a magnetic armature 
28. A voltage responsive operating winding 29 
located in attractive relationship to the arma 
ture 28 is connected across the supply lines 
and f2 in series with a resistor 3. In order to 
bias the relay to a position in which the contacts 
2 are normally closed a tension spring 35 may 
be connected to a portion 36 of the relay frame. 
In operative relation to the armature 28 and in 
ductively linked with the winding 29 is disposed 
a regulating winding 37. The regulating wind 
ing 3 is connected in series with an energy-stor 
ing capacitor 38 across the contacts 22 of the 
regulator 20 and is connected in series with a 
capacitor 39 across the contacts 2 of the regu 
lator 20. 
In operation, when the generator i0 is at stand 

still the regulator 20 is biased to close the con 
tactS 2? and complete a shunt circuit around the 
field resistor 4. Thus as the generator comes 
up to Speed maximum energization is applied to 
the shunt field winding f3. When the generator 
reaches approximately its minimum normal op 
erating Speed, its voltage will be near the pick-up 
point of the operating Winding 29. At this time 
the capacitor 38 will be charged since it is con 
nected across the field winding 3 of the gener 
ator in series with the resistor 24 and the regu 
lating Winding 37. As the generator voltage 
tends to rise above this point with a further in 
crease in Speed, the winding 29 will pick up the 

lator circuit embodying my invention applied to 55 armature 28, and the contacts 2 will be opened 
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to remove the shunt circuit from the field re 
sistor 4. As soon as the contact member 27 
leaves the contacts 2 the circuit through the 
contacts 2 is broken and a charging Current 
flows through the capacitor 39 and the regulat 
ing winding 3 in series. The polarity of the 
regulating winding 37 is such that this charging 
current sets up a magneto-motive force Opposing 
the magneto-motive force set up by the Operating 
winding 29, thereby tending to weaken the Oper 
ating force of the relay and reclose the contacts 
2. The decrease in generator field excitation 
due to unshunting of the field resistor also tends 
to cause the contacts to reclose. Ilikewise, When 
ever the generator voltage tends to fall, the Con 
tacts 2 will be closed to shunt the resistor. 

If, however, the voltage of the generator tends 
to rise after the contacts 2 have been opened, 
as due to an increase in speed, the contact men 
ber 27 will close the contacts 22 and complete a 
shunt circuit around the field winding 3 through 
the shunting resistor 24. The shunting of the 
field winding 3 will result in such a decrease in 
the output voltage of the generator 6 that the 
contact member 27 will tend to separate from 
the contacts 22. Also, the capacitor 38 having 
been previously charged, it will discharge when 
the contacts 22 are closed; and the discharge 
current will flow through the regulating winding 
37 in a direction tending to reopen the contacts 
22. As soon as the contact member 27 leaves 
the contacts 22, however, the circuit through 
these contacts is broken to remove the shunt 
from the generator field 3. Upon opening of 
the contacts 22 a charging current is established 
through the capacitor 38 and the regulating 
winding 37 in series. This charging current flows 
in such a direction through the regulating wind 
ing 37 that it sets up a magneto-motive force as 
sisting the magneto-motive force of the Operat 
ing winding 29, and thereby tends to reclose the 
contacts. 22. The removal of the shunt from the 
generator field 3 and the consequent increase in 
generator voltage likewise tends to reclose the 
contacts 22 by increasing the energization of the 
operating coil 29 of the regulator 20. 

If now, as due to a decrease in generator Speed, 
the contacts 2 are reclosed, the capacitor 39, 
being charged, Will discharge through the regul 
lating winding 37. The flow of discharge cur 
rent through the winding 37 will be in a direction 
to set up a magneto-motive force assisting that 
of the coil 29, whereby the contacts 2 Will tend 
to be reopened. 
As has been pointed out, when either of the 

contacts 2 or 22 is reclosed after the condensers 
39 and 38 have been charged, the affected con 
denser will discharge through the regulating coil. 
As usual, it is necessary to have a current limit 
ing resistor in this discharge circuit. According 
to my invention the impedance of the regulating 
coil 31 may be made sufficient to limit the dis 
charge in a manner similar to the conventional 
current limiting resistor used in series with a 
condenser for arc suppression. Thus the im 
pedance of the regulating coil acts to limit the 
magnitude of the discharge current, while the in 
ductance of the coil is effective to reduce the 
rate of rise of discharge current. 
As described above, a vibrating regulatory ac 

tion of the contact member 27 will take place On 
the contacts 2 f and 22. The tendency will be 
to regulate on the contacts 2 when the required 
field current is relatively high and on the con 
tacts 22 when the required field current is rela 
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2,289,059 
tively low. Because it increases the frequency 
of Vibration of the regulating contacts, the regul 
lating winding 37 in the capacitor circuits will 
reduce the magnitude of the slight periodic volt 
age variations always necessary to operate a vi 
bratory regulator. In operation it is possible to 
So adjust the regulator that no material voltage 
difference exists whether the regulatory action 
occurs upon the contacts 2 or on the contacts 
22. Furthermore, the presence of the capacitors 
shunting the contacts tends to reduce the mo 
mentary increase or decrease in generator field 
Current, as do capacitive arc suppressing circuits 
heretofore known. 

It will be observed from the foregoing that one 
of the most advantageous features of my inven 
tion is that the charging current flowing through 
the regulating winding 37 upon the breaking of 
either of the regulator contacts not only assists 
in the regulating action of the device but also 
suppresses any arcing at the contacts in a man 
ner Similar to the well known condenser and 
Series connected charging resistor connected 
across a pair of regulating contacts. 
While I have shown and described but one 

preferred form of my invention, I wish to have it 
understood that I do not wish to be limited 
thereby, and that I, therefore, intend by the ap 
pended claims to cover all such modifications 
as fall within the true Spirit and scope of my 
invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A circuit controlling device comprising a 

Switch, means for moving said switch between 
Open and closed circuit positions, a winding oper 
atively associated with said switch for modifying 
the operation of said switch, and reactive energy 
Storing means effective upon any movement of 
Said Switch from either of said positions to the 
Other for producing a transient current flow 
through said winding in a direction tending to 
Oppose said movement. 

2. A circuit controlling device comprising a 
switch, means for moving said switch between 
open and closed circuit positions, a winding op 
eratively associated with said switch for modify 
ing the operation of said switch, a capacitor, con 
nections connecting said winding across said 
SWitch in Series with said capacitor so that when 
Said Switch is moved to an open circuit position 
Said winding is energized momentarily by a 
charging current through said capacitor in a di 
rection to tend to reclose said switch and when 
said switch is moved to a closed circuit position 
said Winding is energized momentarily by the dis 
charge of Said condenser therethrough in a direc 
tion to tend to reopen said switch. 

3. A circuit controlling device comprising a 
Switch, an operating winding for moving said 
SWitch between open and closed circuit positions 
in accordance with its energization, a second 
Winding Operatively associated with said switch 
for modifying the operation of said switch by 
said first Winding, a capacitor, connections con 
necting said second winding across said switch 
in Series With Said capacitor So that when said 
switch is moved by said first winding to an open 
circuit position said second winding is energized 
momentarily by a charging current through said 
capacitor in a direction to tend to reclose said 
switch and when said Switch is moved by said 
first Winding to a closed circuit position said 
second winding is energized, momentarily by the 
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discharge of said condenser therethrough in a 
direction to tend to reopen said switch. 

4. In combination, an electromagnetic circuit 
controller comprising co-operating switch con 
tacts, a movable, al'mature operatively connected 
to move one of Sajd contacts between open and 
closed circuit positions thereby to control the 
Value Of... a quantity, an Operating Winding dis 
posed in attractive relationship to said armature, 
and arranged to be energized ir accordance with 
the value of said quantity, a second winding dis 
posed in inductive relationship to said armature, 
and reactive energy-storing means effective upon 
any movement of Said one contact fron either of 
Said positions to the other for producing a tran 
Sient current flow through Said second Winding 
in a direction tending to oppose said movement, 

5. In combination, an electromagnetic circuit 
. Controller. comprising co-operating switch con 
tacts, a movable armature operatively connected 
to move one of said contacts between open and 
closed circuit positions thereby to control the 
value of a quantity, an operating winding dis 
posed in attractive relationship to said armature 
and arranged to be energized in accordance with 
the value of said quantity, a second Winding dis 
posed in inductive relationship to said operating 
Winding, and a capacitor connected in series cir 
cuit relation with Said second winding across said 
Co-operating contacts, whereby said second wind 
ing is momentarily energized by the current 
through said capacitor upon either engagement 
or disengagement of said contacts, said energiza 
tion being Such as to oppose any change in the 
Operative relation of said contacts. 

6. In combination, an electromagnetic circuit 
controller comprising a plurality of circuit con 
trolling means arranged to control the value 
of a quantity, a movable armature connected 
to actuate said circuit controlling means, an 
Operating Winding disposed in attractive re 
lationship to Said armature and arranged to 
be energized in accordance with the value of said 
quantity, a second winding disposed in induc 
tive relationship to said operating winding, a first 
Capacitor connected to be responsive to the actu 
ation of a first of said circuit controlling means 
thereby to control a transient flow of current 
in Said Second Wilnding opposing said actua 
tion, and a Second capacitor connected to be re 
sponsive to actuation of a second of said circuit 
controlling means thereby to control a transient 
flow of current in said second winding opposing 
the actuation of said second circuit controlling 
eaS. 
7. In combination, an electromagnetic circuit 

controller comprising co-operating switch con 
tacts, a movable armature operatively connected 
to move One of Said contacts between closed and 
open circuit positions thereby to control the 
value of a quantity, an operating winding dis 
posed in attractive relationship to said armature 
and arranged to be energized in accordance with 
the value of Said quantity, a second winding dis 
posed in inductive relationship to said operating 
Winding, and reactive energy-storing means con 
nected in Series circuit relation with said second 
winding across Said Switch contacts for tran 
siently energizing Said second winding upon any 
no Venent of Said one contact from either of 
said positions to the other, said energization 
being Such as to oppose said movement, whereby 
said second winding assists in producing a regu 
lating action of Said contacts and serves to pre 

3 
vent arcing upon a disengagement of Said con 
tacts. 

8. In combination, an electromagnetic circuit 
controller comprising two pairs of co-operating 
switch contacts actuable between open and closed 
positions to control the value of a quantity, a 
movable armature connected to control the posi 
tion of both of Said pairs of contacts, an operat 
ing winding disposed in attractive relationship 
to said armature and arranged to be energized 
in accordance with the value of said quantity, a 
Second Winding disposed in inductive relationship 
to said. Operating winding, a first capacitor, con 
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nected in series circuit relation with said second 
winding across One pair of Said contacts thereby 
to control transient energization of Said second 
Winding upon actuation of Said one pair of con 
tacts, and a second capacitor connected in series 
circuit relation with said second winding across 
the other of Said pairs of contacts thereby to 
control transient energization of said second 
winding upon actuation of said second pair of 
contacts, the energization of said second wind 
ing at all times being such as to oppose the actu 
ation of Said contacts, whereby said second Wind 
ing serves both to improve the vibratory charac 
teristics of Said circuit controller and to provide 
a discharge impedance for said capacitors upon 
actuation of either of Said pairs of contacts to 
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their closed position. 8 
9. In combination, an eleutromagnetic circuit 

controller comprising two pairs of co-operating 
Switch contacts having open and closed positions . 
to control the value of a quantity, a movable 
armature Connected to control the positions of 
both of said pairs of contacts, an operating wind 
ing and a second winding disposed in attractive 
relationship to said armature, said operating 
Winding being connected for energization in ac 
Cordance with the value of said quantity, a first 
capacitor connected in series circuit relation with 
said Second Winding across one of said pairs of 
contacts, and a Second capacitor connected in 
Series circuit. relation with said second winding 
acroSS the other of said pairs of contacts, where 
by the Opening or closing of either of said pairs 
of contacts initiates a change in the charge of 
the capacitor associated therewith through said 
Second winding, said second winding being so 
disposed in said series circuit that the current 
therethrough upon the opening of either of said 
pairs of contacts acts upon said armature with 
a force tending to reclose the opened contacts 
and the current therethrough upon the closing 
of either of Said pairs of contacts acts upon said 
armature with a force tending to reopen the 
closed contacts. 

10. In a control system, the combination of 
means for increasing and decreasing the value 
of a quantity, a control device having a pair of 
low limit and a pair of high limit switch contacts 
arranged to control Said means, a movable arma 
ture arranged to effect opening and closing move 
ments of each of Said pairs of contacts, an op 
erating winding for said armature connected to 
be energized in accordance with the value of said 
quantity, a second winding arranged to influence 
the action of Said operating winding, and reac 
tive energy-storing means connected across each 
of Said pairs of contacts and effective upon either 
opening or closing movement thereof transiently 
to energize said Second winding in a manner 
tending to oppose the movement. 

11. In a control system, the combination of 
means for increasing and decreasing the value of 

  



4. 
a quantity, a vibratory control device having a 
pair of low limit and a pair of high limit Switch 
contacts arranged to control said means, a mov 
able armature connected to actuate said contacts, 
an operating winding disposed in attractive rela 
tionship to said armature and arranged to be 
energized in accordance with the value of Said 
quantity, a second winding disposed in inductive 
relationship to said operating winding, a first 
capacitor connected in series circuit relation with 
said second winding across said low limit con 
tacts thereby to control a transient flow of cur 
rent in said second winding upon actuation of 
said low limit contacts, and a second capacitor 
connected in series circuit relation with said sec 
ond Winding across said high limit contacts 
thereby to control a transient flow of current in 
said second Winding to oppose actuation of said 
high limit contacts, whereby said second winding 
serves to improve the vibratory characteristics 
of said control device and to provide a discharge 
impedance for Said capacitors. - 

12. In a control system, the combination of 
means for increasing and decreasing the value 
of a quantity, a control device having a pair of 

O 

15 

20 

25 

2,289,059 
low limit and a pair of high limit switch contacts 
arranged to control said means, a movable arma 
ture connected to actuate Said contacts, an Oper 
ating winding disposed in attractive relationship 
to said armature and arranged to be energized in 
accordance with the value of said quantity, a 
Second winding disposed in inductive relationship 
to Said actuating winding, a first capacitor Con 
nected in series circuit relation with said second 
winding across one of said pairs of contacts, and 
a second capacitor connected in series circuit 
relation with said second winding across the 
other of said pairs of contacts, whereby the open 
ing of either of said pairs of contacts initiates 
a charging current and the closing of either of 
said pairs of contacts initiates a discharge cur 
rent through the capacitor respectively asso 
ciated therewith and through said second wind 
ing, said second Winding being so disposed in said 
series circuits that said current through said sec 
ond winding exerts controlling forces in a direc 
tion tending to oppose the opening or closing of 
said contacts. 

JACOB W. MCNARY. 

  


