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Our invention relates to electrical regulators 
and has particular relation to generator-voltage 
regulators of the quick-response type which 
utilize means for rapidly short circuiting re 

is sistance in the excitation-control circuit of the 
regulated machine. 
The rate of response of generator-voltage 

regulators of the rheostatic type, in which 
changes in voltage of the generator causes varia 

0 tions in the generator excitation by suitably actu 
atting a motor-operated rheostat, may be greatly 
accelerated by providing means whereby sec 
tions of a field-circuit resistor are momentarily 
removed from, or inserted in, the field-winding 

15 circuit, upon the occurrence of predetermined 
large changes in generator voltage. To control 
the effectiveness of these resistor sections, con 
tactors or relays are employed to bridge them in 
a manner that a section that is normally short 

20 circuited may be introduced into the circuit when 
the voltage suddenly rises, to rapidly reduce the 
generator excitation, while a Second Section, 
which may include the motor-operated rheostat 
of the regulating system, is short circuited only 

25 upon the occurrence of a large drop in voltage, 
to rapidly increase the excitation and thus quickly 
restore the Voltage to normal. 
AS is known, in many applications of gen 

erator voltage regulators rapidity of response is 
30 of paramount importance, for example, when 

the question of power-system stability is in 
volved. In such regulating systems, therefore, it 
is essential that the resistor short-circuiting oper 
ations be made as rapidly as possible, especially 

35 upon the occurrence of sudden drops in voltage, 
for power System stability is found to closely de 
pend upon the Speed with which the generator 
Voltage is returned to normal following such 
Sudden decreases. It is to the provision of means 

40 for increasing the rapidity of these short-circuit 
ing Operations that this invention is directed. 

Generally stated, therefore, an object of our 
invention is to provide means for quickening the 
speed of response of a regulating system of the 

45 type under consideration. 
More Specifically Stated, an object of our in 

Vention is to provide, in a regulating System of 
the type described, means whereby a section of 
excitation-control-circuit resistance may be short 

50 circuited in the minimum time following a volt 
age-raising impulse. 

It is known that the size of a circuit controlling 
device is determined by the current interrupting 
requirement rather than by the circuit closing 

66 duty. Consequently, in a given load-carrying cir 

cuit, a heavier contactor or relay will be required 
to open the circuit than is required to close it, the 
difference in contactor size resulting from the 
fact that the arcing incident to current inter 
ruption is not present during circuit closure. 60 

It is further known that the inherent speed 
of operation of a contactor or relay decreases 
rapidly as the size or capacity of the device is 
raised. Hence, to obtain the quickest response 
in the control of a circuit, it is necessary to use 65 
as Small a contactor as the requirements will per 
mit. 

It will be apparent that the same set of con 
ditions applies to the establishing and interrupt 
ing of a short circuit around a resistance which is 70 
connected in a current-carrying circuit of the type 
to be found in the generator-voltage regulator 
Systems under consideration. 
We have discovered that, if one contactor be 

caused to establish the short circuit around the 75 
excitation-control-circuit resistance and a sec 
Ond contactor be utilized to interrupt this short 
circuit after the voltage conditions have been 
properly restored, the short-circuiting operation 
may be considerably quickened, for, in accord- 80 
ance with the considerations already pointed out, 
the first of these contactors may be of a light 
duty, quick-acting type while the second may be 
of the usual heavier-duty, slower-acting type 
necessitated by the short-circuit-interrupting re- 85 
quirements. It will thus be evident that by the 
employment of such contactors in the practice of 
Our invention, the Speed of regulator response 
may be greatly increased over that which is pos 
sible by the employment of a single contactor for 90 
short circuiting the resistor. 
Our invention Will best be understood from the 

following description of Specific embodiments 
thereof, when taken in conjunction with the 
a CCOmpanying drawing, in Which 95 

Figure 1 is a diagrammatic view of apparatus 
and circuits representing one embodiment of our 
invention When applied to a generator-voltage 
regulator of a Well known exciter-rheostatic type. 

Fig. 2 is a schematic diagram showing in sim- 100 
plified form the connections and control circuits 
for two Separate resistor-bridging contactors 
utilized in the System of Fig. 1. 

Fig. 3 is a diagrammatic representation of a 
portion of the regulating system of Fig. 1 in which lo 
a modification. Of the two-contactor resistor 
bridging Scheme is illustrated, and 

Fig. 4 is a simplified Schematic diagram of 
the excitation and contactor-control circuits 
shown in the System of Fig. 3. 
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Referring to the drawing, and particularly to 

Fig. 1 thereof, the regulating system there illus 
trated is disposed to control the voltage of an 
alternating-current generator 10, comprising an 
armature winding connected to the circuit con 
ductors 11, and an exciting-field winding 12 en 
ergized from an exciter-generator 13. The ex 
citer-generator 13 is provided with a field winding 
15 shown as being of the parallel path type to 
reduce inductive lag, which may be energized 
from any suitable source of substantially constant 
direct-current potential, such as an auxiliary ex 
citer 17. 
To control the voltage of the regulated genera 

tor 10, a motor-operated rheostat 20 is connected 
in circuit with the exciter field winding 15 to 
control the field current and hence the voltage 
impressed by the exciter 13 upon the field winding 
12 of the generator 10. The rheostat 20 is oper 
ated by a suitable motor 22, the energization of 
which is controlled by the operation of relays 24 
and 25, respectively, to operate in the voltage 
raising, or the voltage-lowering direction. 
The motor-control relays 24 and 25 are con 

trolled by means of a contact-making voltmeter 
or primary relay 27 that is responsive to the 
voltage across the circuit conductors 11. As 
shown, the primary relay 27 comprises a main 
winding 28 that is energized from a potential 
transformer 31 in accordance with the generator 
voltage. An increase in the generator voltage 
increases the upwardly acting magnetic pull upon 
the armature member 29 and causes the contact 
carrying member 30 to be moved upwardly, while 
a decrease in generator voltage similarly allows 
the member 30 to move downwardly. 
The primary relay is provided with two sep 

arate sets of contacts, a small-change-responsive 
set comprising members 32, 33 and 34, and a large 
change-responsive set comprising members 36, 37 
and 38. The Small-change-responsive set of con 
tacts will be seen to control the rheostat-motor 
control relays 24 and 25, while the large-change 
responsive set controls, by means of a pair of 
auxiliary relays 40 and 41, a group of contactors 
that are disposed to short circuit sections of a 
resistor in the field-winding circuit of the exciter 
13. 
The primary relay 27 is shown as being also 

provided with anti-hunting windings 43 and 44 
that are energized upon the actuation of motor 
control relays 24 and 25, respectively, to their cir 
cuit closing positions through the contact mem 
bers 45 and 46, carried by these relays. An ad 
justable resistor 48 is also illustrated in the ener 
gizing circuit of the main winding 28 of the relay 
27 for the purpose of adjusting the value of volt 
age which the regulating System will maintain 
at the terminals of generator 10. 
In order that the regulating system responds 

quickly to correct for large variations in voltage 
from the desired value, provision is made for short 
circuiting from, and for inserting in, the field 
control circuit relatively large blocks of resistance. 
This structure includes the set of large-change 
responsive contacts 36-37-38 of the primary 
relay 27, and auxiliary relays 40 and 41 already 
mentioned, and, contactors 50, 51 and 52 con 
trolled by these relays. 
The contactor 50, for example, when in its cir 

cuit closing position, as illustrated, short circuits 
a resistor 54. Likewise, the contactors 51 and 52 
are connected to short circuit the field rheostat 
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20 and a resistor 57, when required, when either 
is moved to its circuiting closing position. 

It will be seen that, in the system of Fig. 1, 
a large increase in the generator voltage, causes 
engagement of the contact members 36 and 37, 
thus operating the auxiliary relay 41 to its circuit 
closing position, and the contactor 50 to its circuit 
opening position to interrupt the circuit in shunt 
relation to the resistor 54, and thereby effect a 
Sudden decrease in generator excitation. Sini 
larly, an excessive decrease in generator voltage 
causes operation of the auxiliary relay 40 and the 
contactors 51 and 52 to short-circuit the resistor 
57 and the rheostat 20 and thereby effect a rapid 
increase in the generator excitation. 

It has already been indicated that in the prac 
tice of our invention, we replace the usual single 
Short-circuiting contactor by a pair of contactors 
having widely different capacities and Operating 
Speed characteristics. In the system of Fig. 1, 
these contactors are represented at 51 and 52, the 
contactor 51 being of a low-capacity quick-acting 
type connected to close a short circuit upOn en 
gagement of the regulator contacts 37 and 38, 
While the contactor 52 is of the usual heavier-duty 
slower-acting type required to interrupt the short 
circuit current upon separation of the contacts 
37 and 38. 
As illustrated, the contactor 51 comprises a 

Winding 51a which, when energized, moves the 
contact members 51b and 51c upwardly to their 
circuit closing positions. The main contact 
member 51b will thus establish a short circuit 
around the rheostat 20 and the resistor 57, while 
the auxiliary contact member 51c acts in the 
control circuit of the contactor in a manner to 
be explained. 

Contactor 52 is illustrated as COmprising an 
actuating winding 52a which, when energized, 
biases the contact member 52b upwardly, to its 
circuit closing position, and an auxiliary contact 
member 52c to its circuit opening position. The 
main contact member 52b is connected in paral 
lel circuit relation to the main contact member 
51b of contactor 51, so that, when closed, it also 
provides a short circuit around the rheostat 20 
and the resistor 57. The auxiliary member 52C, 
which acts in the contactor control circuits in a 
manner to be explained, remains closed through- 125 
out the major portion of contact travel, it being 
adjusted to open before the limit of upward travel 
of the contactor armature has been reached. 
The connections of contactors 51 and 52 are 

illustrated in simplified form in the schematic 
diagram in Fig. 2 in order that they may be more 
clearly understood. In Fig. 2, the positive and 
negative conductors of the excitation source 17 
are designated by the horizontal lines 60 and 61 
at the top and bottom of the diagram, while sim 
ilarly positioned lines 62 and 63 designate the 
positive and negative supply conductors of the 
control circuit source similarly designated in 
Fig. 1. In Fig. 2, the contact members of the aux 
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iliary relay 40 are designated by 40b and the sev- . 
eral contact members of each of the contactors 
51 and 52 are designated by the same markings 
as in Fig. 1. 
The relay 40 through the contact members 40b, 

completes an energizing circuit for the actuating 
Windings of both contactors 51 and 52. In the 
System of Figs. 1 and 2, the circuit for the relay 
52 may be traced from the positive-supply con 
ductor 62 through conductor 65, contact members 
40b of relay 40, conductor 66, the operating wind 
ing 52a of relay 52, and conductor 67, back to 
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1928,701 
the negative supply conductor 63. The energiz 
ing circuit for the relay 51 is completed from the 
conductor 66, through winding 51a, conductor 68, 
the normally closed contact members 52c of relay 
52, and conductor 69 to negative supply con 
ductor 63. 
When both contactors are thus energized, the 

contactor 51, being of lighter construction than 
contactor 52, closes first and establishes the de 
sired short circuit through contact member 51b, 
and conductors 71 and 72 around the rheostat 
20 and the resistor 57. The contactor 51 also 
closes a holding circuit through contact member 
5ic that maintains its winding energized inde 
pendently of the contact member 40b. This hold 
ing circuit extends from the positive supply con 
ductor 62, through conductor 74, contact mem 
ber 51c and conductor 75 through the contactor 
windings, and thence to the negative supply con 
ductor 63. 
The contactor 52, being slower in operation 

than the contactor 51 does not close until after 
the holding circuit for the contactor 51 has been 
completed. When the closing operation of con 
tactor 52, is practically completed, the auxiliary 
contact 52c is moved to its open circuit position 
and thereby interrupts the energizing circuit for 
the contactor. 51. This allows the contactor 51 
to reopen after the contactor 52 has been closed 
to complete, through its main member 52b, the 
short circuit around the rheostat 20 and the 
resistor 57. 
The energizing circuit for the winding 52a of 

the contactor 52 is now completed by means of 
relay 40 only, so that the opening of contact 
members 40b will interrupt this circuit and there 
by allow the contactor 52 to move to its open 
position. The Subsequent opening of the con 
tactor 52 interrupts the short circuit about the 
rheostat 20 and the resistor 57 and closes the 
contact member 52c, thus preparing a circuit 
through which the winding of the relay 51 may be 
energized upon the reclosure of the contact mem 
bers 40b of relay 40. 

It is thus seen that, in the System of Fig. 1, 
engagement of the regulator contact members 37 
and 38 causes the light duty contactor 51 to 
establish the short circuit around the excitation 
control circuit resistance. The heavy duty Con 
tactor 52 then closes, to also complete a short 
circuit and in so doing allows the light duty con 
tactor to open. From this moment, the heavy 
duty contactor remains closed until the regulator 
contact members 37 and 38 separate, at which 
time it opens, and interrupts the short circuit 
around the excitation control circuit resistance. 
A brief description of the operation of the 

complete regulating system shown in Fig. 1 will 
now be considered. It has already been pointed 
out that the primary relay 27 is provided with 
two sets of contact members, the first of which 
are brought into engagement in response to Small 
changes in the regulating voltages while the Sec 
ond set engage only in response to predeter 
minedly large voltage changes. Thus, for ex 
ample, an increase in the voltage of the genera 
tor 10 first effects the engagement of the con 
tact members 33 and 32 thereby completing an 
energizing circuit for the relay 25 that extends 
from the positive supply conductor 62 through 
conductor 78, contact-carrying arm 30 and con 
tact members 33 and 32 of the primary relay 27, 
conductor 79, the winding of relay 25, and con 
ductor 80 back to negative-control conductor 63. 

3 
Thus energized, the relay 25 is actuated to close 

circuits through its contact members, completing 
through the member 82 an energizing circuit for 
the rheostat-operating motor 22 that extends 
from the positive-supply conductor 62, through 
Conductor 83, the arnature and field windingS 84 
and 85 of the motor 22, conductor 86, the contact 
members 82 of relay 25 and conductors 87 and . 
88 back to the negative supply conductor 63. 
Thus energized, the motor 22 rotates to operate 

the rheostat 20 in a direction to increase the re 
Sistance in the field winding circuit, thus causing 
the voltage of the generator 10 to be reduced. 

If the increase in generator voltage to be cor 
rected is sufficiently large, the primary relay 27, in 
addition to closing the contact members 32 and 
33, will also bring the contact member 37 into en 
gagement with the contact member 36 and estab 
lish an energizing circuit for the auxiliary relay 
41 that extends from the positive supply conduc 
tor 62 through conductor 78, contact members 37 
and 36 of relay 27, conductor 90, the winding of 
relay 41 and conductors 91 and 80 back to the 
negative Supply conductor 63. 
The relay 41, when actuated to its circuit clos 

ing position, completes an energizing circuit for 
the short-circuit removing contactor 50 that ex 
tends from the positive supply conductor 62, 
through conductor 93, the winding of contactor 
50, conductor 94, contact members 95 of relay 4, 
and conductor 95 back to negative supply con 
ductor 63. 
Thus energized, the contactor 50 actuates its 

contact member 55 to the open circuit position, 
and by thus interrupting the short circuit around 
the resistor 54 inserts this resistor into the ex 
citation control circuit. This action very rapidly 
reduces the excitation of the regulated generator. 
When the voltage is corrected to such extent 

that the contact members 36 and 37 are Separated, 
the relay 41 opens to deemergize the winding of 
the contactor 50 and thereby permits it to re-es 
tablish the short circuit around the resistor 54. 
Further correction in the regulated voltage is 
then accomplished in a well known manner by 
the automatic operation of the rheostat 20. 

Similarly, in the event that the voltage of 
the generator 10 decreases below its desired value, 
the contact member 33 of the primary relayal 
Will be moved into engagement with contact e 
ber 34 thereby completing an energizing circuit 
for the relay 24 which extends from the positive 
Supply conductor 62 through conductor 78, con 
tact members 33 and 34 of the primary relay 27 
conductor 97, the winding of relay 24 and con 
ictor 80 back to the negative Supply conductor 
Thus energized, the relay 24 moves to its Cir 

cuit closing position completing, through contact 
member 99, an energizing circuit for the motor 
22 that extends from the positive Supply conduc 
tor 62 through the conductor 83, the armature 
and field windings 84 and 100 of the motor, con 
tact members 99 of relay 24, and conductors 87 
and 88 to the negative supply conductor 63. Thus 
energized, the motor 22 operates the rheostat 20 
in a direction to decrease its resistance and to de 
crease the generator voltage. 

In the event that the decrease in the generator 
voltage to be corrected is large, the primary re 
lay 27, in addition to closing the contact. mem 
bers 33 and 34, will also move the contact member 
37 into engagement with the contact member 38, 
thereby completing an energizing circuit for the 
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4. 
auxiliary relay 40 that extends from the positive 
supply conductor 62 through conductor 78, con 
tact members 37 and 38 of the primary relay, con 
ductor 102, the winding of the relay 40, and 
conductor 80 to the negative supply conductor 63. 
Thus energized, the relay 40 actuates the con 

tact member 40b to complete the energizing cir 
cuits hereinbefore traced for contactors 51 and 
52. Since the manner in which these contactors 
operate to short circuit the rheostat 20 and the 
resistor 57 in minimum time has been completely 
described above, a repetition of this explanation 
will not be made here. 
The short circuit last mentioned will be main 

tained until the regulated voltage has been raised 
to such extent that the contact memberS 37 and 
38 of the primary relay 27 disengage, at which 
time the relay 40 is deenergized and the contact 
member 40b interrupts the energizing circuit for 
the contactor 52 allowing this contactor to open 
and remove the short circuit in the manner al 
ready explained. From this point, further cor 
rection in the regulated voltage is e cted 
through the operation of the rheostat 20 the 
usual manner. 
Combinations of a light duty and a heavy duty 

contactor to secure faster action in the control 
of a circuit in shunt relation to a resistor in an 
electric circuit other than the particular one 
shown and described in connection with Fig. 1 
may be made. Thus, a second preferred embodi 
ment of our invention providing Such a combina 
tion is shown in FigS. 3 and 4. 

In Fig. 3, only those portions of the regulating 
system illustrated in Fig. 1, directly associated 
with the two contactors under consideration have 
been represented, while in Fig. 4, the control cir 
cuits illustrated in Fig. 3 are shown in simplified 
schematic form to better indicate their operation. 

In this embodiment, the light and heavy duty 
contactors, represented at 106 and 107, respec 
tively, have their main contact members 106b and 
10b connected in Series-circuit relation instead 
of in parallel circuit relation, as in the embodi 
ment of Figs. 1 and 2. As illustrated, the light 
duty contactor 106 comprises, in addition to the 
normally open main contact member 106b, an 
actuating Winding 106a, and three auxiliary con 
tact members 106C, 106d and 106e. 
The heavier-duty contactor 107 comprises, in 

addition to the normally-closed contact member 
107b, two Separate actuating windings 107a and 
107 c and an auxiliary contact member 107d. 
The energization of the windings, 107a or 107c, 
causes the contactor 107 to move to its illustrated 
or circuit closing position. 

In the operation of the system illustrated in 
Figs. 3 and 4, the heavy duty contactor 107 is 
normally maintained in its energized position, as 
shown, while the light duty contactor 106 is nor 
mally in its deemergized position. 
The contactor 107 is maintained in this closed 

position by energizing the winding 107c through 
a circuit that extends from the positive supply 
conductor 62 through conductor 116, auxiliary 
contact member 106e of the contactor 106, con 
ductor 117, the winding 107 c and resistor 118 to 
the negative supply conductor 63. 
The initiation of a voltage-raising impulse, in 

effecting the closure of the contact member 40b of 
the auxiliary relay 40, completes an energizing 
circuit for the contactors that extends from the 
positive Supply conductor 62 through the conduc 
tor 65, contact member 40b, conductor 110, the 
Winding 107a. Of Irelay 107 and conductor 111 to 
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the negative Supply conductor 63, and also from 
the conductor 110 through the normally-closed 
contact member 106c of the relay 106, conductor 
113, the winding 106a of contactor 106, and con 
ductor 114 to the negative supply conductor 63. 
Thus energized, the contactor 106 moves its 

contact members to their circuit closing positions, 
completing, through the contact member 106b, 
the desired short circuit around the rheostat 20 
and the resistor 57 and establishing, through the 
contact member 106d, a holding-in circuit that 
extends from the positive supply conductor 62 
through the conductor 120, auxiliary contact 
member 107 d of the contactor 107, conductor 
121, contact member 106d of the contactor 106, 
conductor 113, the winding 106a of the contactor 
106, and conductor 114 to the negative supply 
conductor 63. 
The actuating winding 107a of the contactor 

107 is now energized, and the contactor is main 
tained in its closed position independently of the 
Opening of the energizing circuit for the winding 
107c, by the action of the contact member 106e. 
Thus, both of the contactors 106 and 107 are main 
tained closed So long as the voltage-raising im 
pulse persists. 
A discontinuance of the impulse causes an in 

terruption of the contact member 40b and thus 
deenergizes the actuating winding 107a of the 
contactor 107. The contactor 107 is thus allowed 
to move to its circuit opening position to inter 
rupt the shunt circuit around the rheostat 20 and 
the resistor 57 through main contact member 
107b. This operation of the contactor 107 also, 
by means of the auxiliary contact member 107d, 
deenergizes the actuating winding 106a of con 
tactor 106 and thereby permits the contactor 106 
to open. 

It will be recognized that the light duty con 
tactor 106 can open, however, only after the 
heavy duty contactor 107 has interrupted the 
Short circuit about the excitation control re 
sistance. In opening, contactor 106 reestablishes, 
through the contact member 106e, the energizing 
circuit for actuating the winding 107c of the 
heavy duty contactor 107, and thus causes this 
contactor to reclose to be ready for another op 
eration of the type just described in detail. 

It will be apparent that still further modifica 
tions of the control circuit and contactor ar 
rangements are possible in attaining the higher 
Speed short-circuit operation feature already de 
Scribed. 
Although we have shown and described certain 

Specific embodiments of our invention, we are 
fully aware that other modifications thereof are 
possible. Our invention, therefore, is not to be 
restricted except insofar as is necessitated by 
the prior art and by the spirit of the appended 
claims. 

I claim as my invention: 
1. In a regulating system, a dynamo-electric 

machine, an excitation control circuit for said 
machine, a resistor in said circuit, a light-duty 
contactor for short-circuiting said resistor, a 
heavy-duty contactor for interrupting said short 
circuit, and means responsive to predetermined 
voltage conditions of said machine for control 
ling said contactors. 

2. Regulating apparatus for an electrical gen 
erator having a field winding, an excitation con 
trol circuit for said field winding including a re 
sistor, regulator means for controlling said cir 
cuit in accordance with an electrical condition 
of Said generator, a quick-acting contactor con 
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trolled to short circuit said resistor upon a pre 
determined Operation of Said control regulator 
means, and a slower-acting contactor controlled 
to open said short circuit upon a second prede 
termined operation of said regulator means. 

3. In a regulating System comprising a current 
carrying circuit, a resistor in Said circuit, tWO 
contactors and a control circuit therefor, the first 
of said contactors being effective to close a cir 
cuit in shunt relation to said resistor upon the 
closing of Said control circuit, and the Second 
of said contactors being disposed to interrupt 
said shunt circuit upon the interruption of Said 
control impulse. 

4. In combination, an electrical generator, an 
excitation control circuit for the generator, a 
resistor connected in said circuit, means for pro 
ducing a control impulse when the Voltage of Said 
generator decreases below a predetermined value, 
a contactor disposed to establish a shunt circuit 
around said resistance upon the initiation of a 
control impulse, and a second contactor disposed 
to interrupt said short circuit upon the discon 
tinuance of the control impulse. 

5. In combination, an electrical generator, an 
excitation control circuit for the generator, a 
resistor connected in said circuit, means for pro 
ducing a control impulse when the voltage of 
said generator decreases below a predetermined 
value, a contactor for establishing a shunt cir 
cuit around said resistance upon the initiation of 
a control impulse, and a second contactor for in 
terrupting Said shunt circuit upon the discon 
tinuance of the control impulse, said first-named 
contactor being of a light-duty, quick-acting 
type, and said Second-named contactor being of 
heavier-duty slower-acting type. 

6. In a regulating System, a controlled circuit, 
a pair of Contactors So connected that the clos 
ing of either completes said circuit, the first of 
Said contactors being faster in its operation than 
the Second, a control circuit for the contactors, 

, means effective upon the completion of said 
control circuit for causing both contactors to 
close, means for releasing said first contactor 
upon the closure of the second contactor, and 
means for retaining Said second contactor in its 
circuit closing position until said control circuit 
is interrupted. 

7. In a regulating System, a controlled circuit, 
a pair of contactors so connected that the closure 
of either completes said circuit, the first of said 
contactors being faster in its operation than the 
Second, an actuating winding for each contactor, 

a control circuit for energizing said contactor 
actuating windings of both contactors for caus 
ing both contactors to close, means actuated upon 
the closure of the second contactor for deener 
gizing the actuating winding of the first con- 80 
tactor and allowing it to open, means for main 
taining the actuating winding of the second con 
tactor energized so long as the control circuit 
persistS, and means for causing the second con 
tactor to open upon an interruption of said con- 85 
trol circuit. 

8. In a regulating System, a circuit, a pair of 
contactorS SO connected that the closure of both 
is required to complete said circuit, the first of 
Said contactors being faster in its operation than 90 
the Second, a control circuit for actuating the 
contactors, means for normally maintaining said 
Second contactor in its circuit closing position, 
means effective upon the closure of said control 
circuit for causing said first contactor to be actu- 95 
ated to its circuit closing position, means effective 
upon the interruption of said control circuit for 
releasing Said Second contactor, means actuated 
upon the opening of said second contactor for 
releasing the first contactor, and means actuated 100 
upon the Opening of the first contactor for caus 
ing the closing of the second contactor. 

9. In a regulating System, a circuit, a pair of 
contactors so connected that the closure of both 
is required to complete said circuit, the first of 105 
Said ContactOrS being faster in its operation than 
the Second, said first contactor being provided 
With an actuating winding, said second contactor 
being provided with two independent actuating 
windings, a source of control impulses for said 110 
COntactors, means Whereby one winding of Said 
Second contactor is energized when the first con 
tactor is in its open circuit position to maintain 
the second contactor closed, means whereby the 
initiation of a control impulse energizes the actu- 115 
ating winding of the first contactor and the Sec 
Ond Winding of the Second contactor and there 
by effects closure of the first contactor, means 
whereby the interruption of Said control im 
pulse deenergizes only the actuating winding of 20 
the second contactor and allows it to open, and 
means whereby the opening of Said Second con 
tactor denergizes the winding of the first con 
tactor allowing it to open, the opening of the 
first contactor re-energizing the first winding of 125 
the second contactor thereby causing it to re 
close. 
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