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7o all, 10°/??, it may concern.: . 
Be it known that I, Roy D. CoNw AY, a 

citizen of the United States, residing at Chat 
ham, in the county of Morris, State of New 
Jersey, have invented certain new and use 
ful Improvements in Electric Regulators, of 
which the following is a full, clear, concise, 
and exact description. , ·: : : · 

This invention relates to arrangements for 
regulating an electrical characteristic of a 
ing therethrough. One of the objects of the 
invention is to provide a method and means 
for insuring a constant flow of current over 
a circuit. Another object consists in?; pro 
viding means for automatically increasing 

... the resistance in a circuit whenever, the cur 
rent flow therethrough has a tendency to in 
crease, and also means for, automatically re 
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cuit including the filaments of a vacuum tube 
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the voltage in this source will cause a circuit - 

5 

ducing the resistance in said circuit as the 
current flow decreases. A further object 
consists in the provision of, a method and 
means for cutting in or out resistance in a 
circuit by, successive steps in order to hold 

5 constant an electrical characteristic of a 
portion of the circuit. Other objects of this 
invention will appear in the detailed descrip 
tion to be given later. , , 

It has often been found desirable to asso 
ciate with a work circuit, including trans 
lating devices such, for example, as a cir 
repeater, an arrangement for regulating the 
current flow therethrough. 
the voltage at the source supplying the elec 
trical current for the circuit may have a tend 
ency to wary beyond the limits within which 
satisfactory operation of the apparatus will 

tube repeater will give better service if the 
current flow in its filament heating circuit 
'emains (constant, the regrulating appa’atus - 
comprising this invention has been provided. 
The regulating apparats of this invention 

includes a voltmeter relay sensitive to slight 
variations in voltage, the winding of which 
is connected to the source which supplies ('ui'- 
reit for the work circuit. An increase in 

to be closed over the needle and one of the 
contacts of the voltmeter thereby operating 
resistance varying mechanisa to add a cer 
tain amount of resistance in series with the 
winding of the voltmeter relay and addi 
tional resistance to the Work circuit. 

This is because 

If the 
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resistance thus added to the voltmeter circuit 
and the work circuit, is insufficient to coun 
terbalance the increase in current due to the 
change in voltage, the voltmeter needle will 
not fall back to neutral position, but will. 
serve to hold closed the circuit over the 
contacts of the voltmeter. Accordingly, the 
resistance varying mechanism will continue 
to operate and will add further resistance 
'units to the circuit including the voltmeter: 
winding and the work circuit, until the in 

; Grease in current flow has been counter 
balanced and the needle returned to neutral 

' position. If the current, flows from: the 
source decreases, a circuit is closed over the 
needle and another contact of the voltimeter 

f which serves to operate, the resistance vary 
ing mechanism to reduce the resistance in the 

... voltmeter circuit and the work circuit in pro 
portion to the decrease in voltage. . . . . . . . . 

In the preferred form, this resistance 
Ivarying mechanism comprises a series of re 
lays under the control of the contacts of the 
voltmeter. The relays of this series are 
adapted to control the association with thc. 
voltmeter circuit of a plurality of resistance 

- units and are also adapted to control an ad 
ditional series of normally energized relays 
which control the association with the work 
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circuit of på plurálity of resistance units. 85 
Means are also provided for insuring the 
successive action of these two series of relays 
So that only one resistance inay be cut in or 
out of the voltmeter circuit at one time. 
Preferably this is accomplished by provid 
ing a series of slow-acting relays for trans 
ferring the control of the contacts of the 

; voltmeter relay from one of said resistance 
result. As it has been found that a vacuum controlling relays to the next in order as the 

voltage supply changes. 
This invention may now be more fully un 

derstood from the following detailed de 
scription taken in connection with the accom 
paying drawing which illustrates the pre 
this invention. 
Connected to a battery 2 is a volteter re 

lay 3 which has a needle 4 between two sta 
tionary contacts 5 and 6. Since these con 
tacts are extremely delicate and easily burned 
out, needle 4 is connected to an intermediate 
point of a circuit containing the high re 
sistances 7 and 8 and source of voltage 2, 
so that only a fraction of the total potential 
of battery 2 may be applied to the voltmeter 

ferred form of the circuit arrangelents of 
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after its corresponding relay in the series 11 
to 17 inclusive has operated. 

in th? "heating circuit} off the :filaments’iof 
the vacuum-tube repeaters 39 and 40, in 

CES AVALABLE COiº 

: ; 1,438,944 

needle in the case where. the total potential 
of battery 2 would be injurious to the con 
tacts if applied directly. Under the control 
of the voltmeter. needle 4. and contact 5. is a 
relay. 10 which controls the Successive opera 
tion of the relays in the two series 11 to 17 
inclusive and 21 to 27 inclusive. Each of 
the relays in the series 21 to 27 inclusive is 
a slow-acting relay designed so that it will 
not operate to open or close its contacts until 

The successive operation of the relays 11 
to 17 inclusive serves to add to the winding 

i 15 of the voltmeter relay, the resistances 31 
to 37 respectively by the breaking of shunt 
paths aroundt said: 'resistances; These resis 
tances have a vilue predetermined with re. 
spect to the adjustinent of the contacts of 
the voltmeter relay. Under the control of 
clusive, are a series of normally energized 
relays 41,42 and 43 which by their mov 

- able contacts 47, 48 and 49 in turn control 
: 25 r resistances 44, 45 and 46 which are included 

the specific arrangement shown,' resistance 
tance 45 twice the value of resistance 44 
in order to obtain various combinations of 
these three resistances taken separately or 
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i together that will give sever equal steps 
'in the: increase or decrease 6f the3-amdunt 

35 of resistance in the filament circuit, since 
in the specific embodiment shown, . Seven 
steps are provided for the ilcrease or de 
crease in the resistance in the circuiti of the 
voltmeter relay, winding. The manner in 

40. which this is performed will be explained 
later in detail. . . ; - 
The operation of the arrangements of 

this invention is as follows: The circuit 
normally closed through the winding of the 
voltmeter relay 3 is from ground, battery 2, 
winding of voltmeter 3, conductor: 50 and 
movable contacts 51 to 57 inclusive to 
ground. An increase in the voltage of the 
source 2 will be indicated by a deflection to 
the right of the needle of the voltmeter re 
lay thereby closing the following circuit: 
from ground, battery 2, resistance 7, con 
ductor 58, needle 4, contact 5, conductor:59, 
and winding of relay 10 to ground. The 
closing of the above described circuit en 
ergizes relay 10 which pulls up its movable 
contact and closes the following circuit: 
from ground, movable contact of relay 10, 
conductor 62, movable contact 63, conductor 
64, winding of relay 11, conductor 65; wind 
ing of relay 21 tô battery and ground. This 
energizes irelay 11: which pulls up its mov 
able contact 67 and is locked up over the 
following circuit: from ground and bat 
tery, winding of relay 21, condictor 65. 

eration of relay 

winding of relay 11, movable contact. 6, 
conductor's 68, 69 and movable contact () 
of relay 115 to ground. The energization 
of relay. 11 also serves to pull over its nov 
able contact 51 thereby breaking the short 
circuit around resistance 31 so that the 
closed circuit for the winding of the volt 
meter relay may be traced from ground, 
battery 2: winding of voltmeter relay 3, con 
ductor 50, resistance 31 and movable con 
tacts 52 to 57 inclusive to ground. If the 
addition of resistance 31 is sufficient to 
counter-balance the increase in the voltage 
of source 2, the needle of the voltmeter relay 
will return to neutral position and thus 
open the circuit formerly closed by the Op 

10. As the relay 11 was 
locked up as formerly pointed out, it holds 
open the following normally closed circuit 

* ?? *? rol of by pulling up its lower movable contact 71: 
the movable contacts of reláys 11 tó 17. in f rom ground, movable contact 71, conductor 

72, movable contact. 73, conductor 74, mov 
able contact 75, conductors 76 and 77, wind 
ing of relay 41 to battery and ground. The 
opening of this circuit by the energization 

: of relay 11, deenergizes relay 41 and opens 
-the shunt around resistance 44 which nor 
mally: consists of conductors 79, 80. mov 
able contact 47 and conductor 81. The heat 
ing circuit for the filament of the vacuun 
tubes 39 and 40 may then be traced as 
follows: from ground, filaments 82 and 
83, choke: coil 84, conductor 85, normally 
closed movable contact 49, conductor S6, 
normally closed movable contact, 48, con 
ductors 87 and 79, resistance 44, adjustable 
resistance SS to battery 2 and ground. Thus 
it is apparent that the deemergization of 
relay 41 has added resistance 44 to the work 
circuit' to counterbalance the increase in voltage of battery 2 thereby preventing any 
increase in the value of the heating current 
for the filaments 82 and 83. After the re 
lay 11 has pulled up its three movable cou 
tacts and has been locked through the cir 
cuit described above, the slow-acting relay 
21 attracts its movable contact 63 so as to 
disconnect the windings of relays 1 and 
21 from the armature of relay 10 and to 
connect instead the windings of relavs. 12 
and 22 thereto through conductor's 94 and 
89, movable contact. 90, conductor 91, mov 
able contact 63 to the movable contact of 
relay 10. This change therefore makes re 
lays 12 and 22 responsive to the energiza 
tion of relay 10. 

If the addition of the resistance 31 to the 
circuit, including the voltmeter leiay 3 is 
not sufficient to counter-balance the increase 
in the voltage of the battery 2, the needle of 1: 
the voltmeter relay will not return to neu 
tral: position but will remain deflected to 
the right and the relay 0 will remain ener 
gized and after the slow-acting relay 21 has 
changed the relay under the control of relay 
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10 from relay 11 to relay 12, the following 
circuit will be closed: from ground, movable 
contact of relay 10, conductor 62, movable 
contact 63, conductor 91, movable contact 
90, conductor 89, winding of relay 12, con 
ductor 94, winding of relay 22 to battery 
and ground. The closing of this circuit 
will energize relay 12 which will pull up its 
armatures and become locked up over the 
following circuit: from ground and battery, 
winding of relay 22, conductor 94, winding 
of relay 12, movable contact 95, conductors 
96 and 69 to movable contact 70 of relay 
115 and ground. The actuation of relay 12 
by pulling up its armature 52 opens the 
short-circuit around resistance 32 so that 
the circuit of the voltmeter relay winding 
may now be traced from ground, battery 2, 
winding of voltmeter relay 3, conductor 50, 
resistances 31, 32 and movable contacts 53 

ES ÀVA À BLE f ?????" ????? 
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a resistance 45 which is twice as large in 
value as resistance 44, thereby counter-bal 
ancing the change of the voltage of Source 
2 and maintaining constant current through 
the filaments. 

Subsequent to the actuation of relay 12, 
the slow-acting relay 22 pulls up its lower 
armature 90 so as to remove the control of 
relay 10 from relay 12 to relay 13 by in 
cluding the winding of relay 13 by the fol 
lowing circuit: from movable contact of re 
lay 10, conductors 62, 91, movable contact 90, 
conductor 110, movable contact 111, con 
ductor 112, winding of relay 13, conductor 
113, winding of relay 23 to battery and 
ground. Winding of relay 22 by pulling 
up its movable contact. 114 removes the lock 
ing circuit for relay 11 from under the con 
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trol of movable contact 70 of relay 115 by 
causing relay 11 to be locked up instead 

to 57 inclusive, to ground. Thus the circuit over the following circuit: from ground, and 
of the voltmeter relay winding now includes 
resistance 32 as well as resistance 31. If 
the addition of these two resistances is sufi 
cient to counter-balance the rise in voltage 
of battery 2, the needle of the voltmeter re 
lay will return to neutral position and thus 
open the circuit formerly, closed by the oper 
ation of relay 10. . . . . . . . 
As the relay 12, was locked up, as formerly 

pointed out, its lower movable contact 97 
has been pulled over to close the following 
circuit: from ground, movable contact 97. 
conductors 98, 99, movable contact 73, con 
ductor 74, movable contact 75, º conductors 
76, 77, winding of relay 41 to battery and 
ground. The closing of this circuit energizes 
relay 41 which pulls over its movable contact 
47 to close the shunt path around resistance 
44. From the pulling up of the armature of 
the movable contact 97 of relay 12 the fol 
lowing normally, closed circuit is opened: 
from ground, movable contact 97, conductor 
102, movable contact 103, conductors 104 and 
105, winding of relay 42 to battery and 
ground. The opening of this circuit deener 
gizes relay 42 thereby releasing its movable 
contact 48 and consequently opening the 
shunt path around resistance 45 which nor 
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mally includes conductor 106, movable con 
tact 48, and conductors 87 and 79. The 
energization of relay 12 therefore deener 
gizes relay 42 to open the shunt path around 
resistance 45 and subsequently energizes re 
lay 41 to close the shunt path around resist 
ance 44. The heating circuit for filaments 
S2 and S3 may now be traced as follows: 
from ground, filaments 82 and 83, choke coil 
84, conductor 85, movable contact 49, con 
ductors 86 and 106, resistance 45, conductors 
79 and 80, movable contact 47, conductor 
S1, resistance 88 to battery and ground. 
Thus it is seen that the energization of re 
lay 12 short-circuits resistance 44 and auto 
matically puts instead in the heating circuit 

battery, winding of relay 21, conductor 65, 
winding of relay 11, movable contact 67, 
conductor 68, movable contact 114 to ground. 
Thus it is seen that the energization of relay 
11 ceases to be under the control of relay 
115 when relays 12 and 22 have been ener 
gized. - • y 

S5 

90 

However, if the increase in the voltage of . 
source 2 has not been counter-balanced by 
including in the voltmeter circuit, the resist 
ance elements 31 and 32, the voltmeter relay 
needle will not return to neutral position, 
but will remain deflected to the right. Ac 
cordingly, relay 10 will keep its movable 
contact pulled over and after slow-acting 
relay 22 has operated will energize relays 
13 and 23 over the following circuit: from 
ground, movable contact of relay 10, contact 
63, conductor's 91, 110, movable contact 111, 
conductor 112, winding of relay 13, conduc 
tor 113, winding of relay 23 to battery, and 
ground. The closing of this circuit will en 
ergize relay i3 which will pull up its mov- . 

O able contacts and become locked up over the 
closing of the following circuit: from 
ground and battery, winding of relay 23, 
conductor 113, winding of relay 13, movable 
contact 120, conductors 12t and 69 to mov 
able contact 70 of relay 115 to ground. The 
actuation of relay 13 also serves to open the 
short-circuit around the resistance 33 there 
by increasing the amount of resistani'e in the 
circuit of the winding of the voltmeter re 
lay. If the addition of resistance 33 is sufi 
cient to counter-balance the change in the 
voltage of source 2, the voltmeter relay nee 
dle vill return to neutral position and de 
energize relay 10. 

Since relay 13 has been locked up, the 
closing of its movable contact 73 breaks the 
following normally closed circuit: ground, 
movable contact 97, conductors 9S, 99, mov 
able contact 73, conductor 74, movable con 
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tact 75, conductors 76, 77, winding of relay 30 
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41 to battery and ground. The opening of 
this circuit (i.eenergizes relay 4i and conse 
(Illently opens the shunt path around resist 
ance 44. The energization of relay 13, how 
ever, does not effect relay 42 which has been 
previously deenergized by the operation of 
relay. 12 so that with the operation of relay 
13, the heating circuit for filaments 82 and 
S3 includes resistance 44 as well as resistance 
45, which was previously added. 
Subsequent to the operation of relay 13, 

relay 23 operates to pull over its movable 
contact 111 to change the control of relay 10 
from relay 13 to relay 14, by making the fol 
lowing circuit: movable contact of relay 10, 
conductors 62, 91, 110, 124, movable contact 
125, conductor 126, winding of relay 14, con 
ductor 128, winding of relay 24 to battery 
and ground. The operation of relay 23, by 
pulling up its movable contact 12, removes 
the control of the locking circuit of relays 12 
and 22 from under the control of the mov 
able contact 70 by locking these relays in 
stead over the following circuit: ground and 
battery, winding of relay 22, conductor 94, 
winding of relay 12, moyable contact 95, eLLmLlyyyyySS yyyy yyyLlyle t00L LlL LyLyLLS 
Relay 12 therefore ceases to be under the 
control of movable contact 70 when relays 13 
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and 23 have been energized. 
If the addition of resistances 31, 32 and 

33 does not counter-balance the change in 
voltage of Source 2, the voltmeter relay nee 
dle will remain deflected, to the right and 
relay 10 will energize relays 14 and 24. Re 
lay 14 will be locked up over contact 70 of 
relay 115 and will include resistance 34 in 
circuit with the winding of the voltmeter 
relay. The pulling up of the movable con 
tact 129 of relay 14 will open the following 
circuit: ground, movable contact. 129, con 
ductors 130. 131, winding of relay 43 to bat 
tery and ground. The opening of this cir 
cuit will deenergize relay 43 and conse 
quently break the shunt path around resist 
ance 46 which normally, consists of conduc 
tor 85, movable contact 49, conductors 86 and 
106. The pulling up of movable contact. 129 
will also close the following circuit: ground, 
ovable contact 129, conductors 132, 133, 

movable contact 103. conductors 104, 105, 
winding of relay 42 to battery and ground. 
The pulling up of movable contact 129 also 
closes the following additional circuit: 
ground, movahle contact, 129, conductor's 132, 
135, 136, movable contact. 137, conductor 13S, 
movable contact 3. conductor 4, movable 
contact 75, condictors 76.77, winding of re 
lay 41 to battery and ground. Thus it is seen 
that the operation of the relay 14 denergizes 
relay 43 so that resistance 46 is added to the 
heating circuit of filaments 82 and S3. Re 
l?ys 41 and 42 are also energized t? close 
shunt paths around resistances 44 and 45 so 
that with the operation of the relay 14, only 

resistance 46 is included in the fila in eitilt. I reat 
ing circuit. Resistance 46, as stated above, 
is equal to four times the value of resist 
ance 44. - 

After relay 14 has been energized, relay 
24 will operate to include the winding of 
relay 15 in circuit with the movable contact 
of relay 10 and will also operate to remove 
the locking circuit for relay 13 from under 
the control of the movable contact of relay 

??.... ? - 
if the voltage of source 2 increases still 

further, relay 10 will cause relay 15 to be 
energized which will include resistance 35 
in circuit with the voltmeter relay winding 
so as to counter-balance the increase in volt 
age of source 2. The energization of relay 
15 will also open the following normally 
closed circuit: ground, movable contact, 129, 
conductors 132, 135, 136, movable contact 
137, conductor 138, movable contact 73, con 
ductor 74. movable contact 75, conductors 
76 and 77, winding of relay 41 to battery 
and ground. The opening of this circuit 
deenergizes relay 41 and causes resistance 
44 to be included in the filament heating cir 
cuit so that with the operation of relay 15, 
resistances 44 and 46 are included in the 
filament circuit, while the shunt path around 
resistance 45 remains closed. 
The actuation of relay 16 will by circuits 

similar to those already traced add resist 
ance 36 to the voltmeter circuit, will keep 
open the shunt around resistance 46, will 
open the shunt around resistance 45 and will 
close the shunt, around resistance 44, so that 
for the sixth step in the operation of the 
regulator resistances 46 and 45 will be in 
cluded in the filament heating circuit while 
resistance 44 is short-circuited. 
The operation of relay 17 will include re 

sistance 37 in circuit with the winding of 
the voltmeter relay, will leave open the 
shunts to l'esistances 45 and 46 and will 
open the shunt to resistance 44, so that all 
three resistances 44, 45 and 46 are included 
in the filament, heating circuit. 

It is therefore seen that in the specific 
embodiment shown seven steps are provided 
for increasing the resistance in the work 
circuit or filament heating circuit for keep 
ing the current constant thereto in spite of 
changes of voltage of its source of heating 
current. -- 

It is also apparent that, the other nova 
he contacts of relays 41, 42 and 43 may 
control resistances included in other filla 
ment heating, circuits to keep the current 
constant therethrough. Thus innovable con 
tacts 145, 146, 147 may be so connected as 
to control resistances 149, 150 and 151 which 
may be included one or more at a time in 
the filament heating ciruit of tubes 152 and 
153, these resistances being proportioned to 
each other in the same manner as resist 
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ances 44, 45 and 46. It is apparent that the 
main continctors 76. 104 and 130 may be 
connected to other sets of relays similar to 
the set 41,42 and 43 for controlling through 
the movable contacts of each set, the amount 
of resistance in still other filament circuits. 
Thus an additional set of relays 154, 155 and 
156 is shown connected respectively to leads 
76, 104 and 130 for controlling through 
their movable contacts the amount of resist 
ance added to the filament, heating circuits 
of other vacuum tubes such as 157, 160 and 
158, 159. It is obvious that a very large 
number of sets of relays such as set 154, 155 
and 156 may be connected to the main con 
ductors 76 and 104, 130, all of the sets being 
controlled by the operation of relays 11 to 
17 inclusive. 
From the above described operation, it is 

seen that any rise in voltage of battery 2 
which may be encountered may be compen 
sated for to limit the current flow in the 
work circuit comprising the filaments of the 
vacuum tube repeaters. The current flow 
can be maintained within any desired lim 
its by the use of a suitable number of steps, 
since it is obvious that this invention is not 
limited to the use of only seven steps in 
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the operation and that the number of steps 
may be increased or decreased to meet the 
particular requirements of the work circuit 
to be controlled. 
The above description describes the oper 

ation of the system for increases in voltage. 
A reversal of the process will occur if the 
voltage should fall in value. If, after the 
resistances 31 to 37 have been included in 
the voltmeter relay circuit and resistances 
44, 45 and 46 have been included in the 
work circuit, the voltage of the source 2 
should fall, the system operates to succes 
sively cut out of circuit, resistances 37, 36, 
35, etc., until the decrease in voltage has 
been counter-balanced. At the same time 
a corresponding value of the resistance in 
the filament heating circuit is cut out to 
keep the current therethrough from de 
creasing. 
The manner in which the system operates 

for decrease in voltage may be explained as 
follows: Suppose, for example, that the volt 
age of source 2 has increased to such a value 
that relays 11, 12 and 13 have been ener 
gized to include resistances 31, 32 and 33 in 
the circuit of the voltmeter relay winding 
in order to bring back voltmeter needle 4 
to neutral position; and at the same time 
resistances 44 and 45 have been added to the 
filament circuit to maintain the filament cur 
rent constant. Under this assumption, re 
lays 21 to 23 inclusive would also have been 
energized so that the movable contact of 
relayº 1() is now connected to the winding 

relay - which is the nest in series and 

5 

As has been traced before, relay 13 under 
these conditions is locked up over the fol 
lowing circuit: from ground, and battery, 
winding of relay 23, conductor 113, winding 
of relay 13, movable contact 120, conductor 
121 and 69 to movable contact 70 of relay 
115 and ground. If now the voltage of 
Source 2 should decrease, the voltmeter nee 
die would be deflected to the left and make 
contact with contact 6 thereby completing 
the following circuit: from ground, battery 
2, resistance 7, conductor 58, contact 6, con 
ductor 165, winding of relay 115 to ground. 
The completion of this circuit energizes relay 
115 which pulls up its movable contact 70 
thereby opening the locking circuit for re 
lays 13 and 23 and deemergizing these relays. 
The deenergization of relay 13 causes mov 
able contact 53 to short-circuit resistance 33 
thereby decreasing the amount of resistance 
in circuit with the voltmeter relay winding. 

If this reduction in resistance in the cir 
cuit of the voltmeter relay winding is suf 
ficient to counter-balance the decrease of 
voltage of Source 2, the needle of the voltme 
ter relay will return to neutral position and 
no further operation of the series of relays 
will take place. The deemergization of re 
lay 13 also closes the following circuit: 
from ground, movable contact 97 of relay 12, 
conductors 98, 99, movable contact 73, con 
ductor 74, movable contact 75, conductors 76, 
77, winding of relay 41 and battery to 
ground. The completion of this circuit ener 
gizes relay 41 which pulls over its movable 
contacts and closes the shunt path about . 
resistance 44 thereby decreasing the resist 
ance in the filament heating circuit in pro 
portion to the reduction of the resistance in 
the circuit including the voltmeter relay 

... winding. 
The deemergization of relay 23 allows its 

armature 111 to fall back so as to put the 
winding of relay 13 under the control of the 
movable contact of relay 10 so that relay 13 
may again be energized in case the voltage 
of source 2 should increase. The falling 
back of armature 127 of relay 23 breaks the 
locking circuit for relays 12 and 22 which 
consisted of ground, battery, winding of re 
lay 22, conductor 94, winding of relay 12, 
movable contact 95, conductor 96, movable 
contact 127 to ground, thereby causing the 
locking circuit for these relays to be traced 
instead from conductor 96 to conductor 69 
and movable contact 70 to ground. This 
change of the locking circuit places relays 
12 and 22 under the control of the movable 
contact 70 of relay 115. 

If the decrease in voltage of source 2 has 
not been counter-balanced by the unlocking 
of relay 13 and the subtraction from the 
voltmeter relay circuit of the resistance 33, 
the needle of the voltmeter relay will re 

65 disconnected from the winding of relay 13. main deflected to the left and hold closed 
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es 

the circuit through the winding of relay 115. 
The attraction of innovable contact () of re 
lay 115 will then break the locking circuit. 
just described for relays 12 and 22 thereby 
deenergizing these two relays. The deen 
ergization of relay 12 will allow movable 
contact 52 to fall back so as to short-circuit 
resistance 32 thereby decreasing the resist 
ance in the voltmeter relay circuit. The fall 
ing back of movable contact - 97, of relay 12 
opens the following circuit: from ground, 
movable contact 97, conductors 98.99, mov 
able contact. 73, conductor 74, movable con 
tact 75, conductors (6, 77, winding of relay 
41 to battery and ground. The falling back 
of movable contact 97 also closes the follow 
ing circuit: from ground, movable contact 
97, conductor 102, movable contact 103, con 
ductors 104 and 105, Winding of relay '42 to 
battery and ground. The opening of the 
circuit including relay 41 will deenergize this 
relay and open the short-circuit for resist 
ance 44. The making of the circuit includ 
ing the winding of relay. 42 will close the 
short-circuit for resistance .45. It therefore 
follows that when relay 12, is deemergized, 
only resistance 44 is included in the heating 
circuit of the filaments. 
The deemergization of relay 22 causes the 

winding of relay 12 to be put under the 'con 
trol of relay 10 by closing the following 
circuit: movable contact of relay 10, con 
ductor 62, movable contact., 63, conductor 91, 
movable contact 90, conductor 89 to the 
winding of relay, 12, So that relay 12 may be 
energized again in case theyoltage of source 
2. should increase. The falling back of 
movable contact 114 of relay 22 places re 
lays 11 and 21 under the control of relay 115 
by locking the two relays over the follow 
ing circuit: from ground and battery, Wind 
ing of relay 21, conductor 65, winding of 
relay 11, movable contact 67, conductors 6S 
and (59 to movable contact 0 and ground. 

if the voltage of source 2 should decrease 
still further, relay, 11 will be deenergized 
cutting out resistance 31 in the voltmeter 
relay circuit and resistance 44 in the filla 
ment circuit. Or if, on the other hand, after 
the deemergization of relay 12, the voltage 
of source 2 should increase, relay 12 would 
be energized, resistance 32 would be included 
in the voltmeter relay circuit and resistance 
45, instead resistance 44, would be included 
in the filament heating circuit. 
This progression in either direction fol 

lows from the fact that at any time in the 
operation of the system, the last one of the 
relays 11 to 17 inclusive that is energized 
is under the control of relay 115, so that the 
actuation of relay 115 for a decrease in 
voltage lily serve to decrease the resistance 
in the voltmeter relay circuit and the fia 
ent heating circuit; and also the relay next 

in advance of the last energized relay of 

EST AV/Ai!LABL5E COF° 
1,438,944 

the series 11 to 17 inclusive is under the con 
trol of relay 10, so that further actuation of 
relay 10 may increase the resistance in the 
voltmeter relay circuit and the filament heat 
ing circuit for a further increase in voltage. 
For example, if relays 11 to 14 inclusive and 
21 to 24 have been energized, relays 14 and 
24 - are un éder the control of relay 15 since 
the locking circuit for the two relays in 
cludes the movable contact of relay 115. 
Similarly, the relays 15 and 25 which are 
the next two in advance to relays i4 and 24 
would be under the control of relay 10. 
If the voltage of source 2 should then be in 
creased, relays, 15. and 25 would be ener 
gized, while if the voltage of source 2 was 
decreased, relays 14 and 24 would be deen 
gized. . . 
In order to prevent any sudden change in 

current due to the opening or closing of 
the movable contacts from injuring the con 
tacts of the relays associated with the main 
conductors, 76, 104 and 130, each of these 
conductors is provided with an alternating 
current path, to ground consisting respec 
tively of resistance. 166 and condenser 167, 
resistance 168-and condenser 169, and resist 
ance 170 and condenser 171. 
While this invention has been disclosed 

in particular forms, which have been found 
desirable, it will be understood that it may 
be embodied in many and widely different 
forms without departing from the spirit of 
this invention, as defined in the appended 
claims. 
What is claimed is: 
1. In a system of distribution, a source of 

electrical energy, a conductor connected 
thereto including: a plurality of resistance 
elements, shunt paths about said resistances, 
another conductor connected to said source 
including a voltmeter and a plurality of re 
sistance elements, short circuits about said 
Second mentionedi resistance, a series of re 
lays, locking circuits for said relays, short 
circuits about the windings of said relays, 
means under the control of said voltmeter 
for operating said relays and closinig said 
locking circuits one at a time in order, 
means under the control of said voltmeter 
for closing said second mentioned short cir 
cuits and unlocking said relays one at a time 
in a reverse order, and means under the con 
trol of said relays for opening or closing 
said shunt paths and said first mentioned 
short circuits. 

2. The method of regulating wherein is 
employed a circuit to be regulated, a regu 
lating element for said circuit, a second reg 
ulating element for said circuit, a control 
means for said elements, a second control 
means for said elements, said method com 
prising controlling said first mentioned ele 
ument at times in response to said first innen 
tioned means, and at other times controlling 
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said first mentioned element in response to 
Said Second mentioned means and placing 
said second element under, the control of 
Said first means. 

3. The method of correcting for changes 
in the voltage of a circuit wherein is em 
ployed a regulating element for. Said cir 
cuit, a control means, for said element a sec 
ond control means for said element, said first. mentioned, means normally, controlling said 
first element, said, method comprising caus 
said element, for - " . . . 
transferring the control of said element to 
Said. Segond means: after said increase in voltage, and causing said second means to 
operate said element for a decrease in volt 
age. , - ... ..." :?? ... :::: ::: -:: . . . . . 
4. The method of correcting for changes 

in voltage of a circuit, wherein is employed 
a regulating element, for said circuit, a sec 
ond reguláting element for said circuit, a. 
control means for said elements, a second 
control means for said elements, said first 
mentioned means normally, controlling said 
firšt, element, said, method, comprising caus 
ing said first mentioned means to., operate 
said first element for an increase in-voltage, 
transferring the control of said first element 
to said second means after said increase in 
voltage, placing said second element under 
the control of said first means and causing 
said first means to operate said second ele 
ment for a further increase in voltage. 

'5. A regulator comprising a regulating 
element, a plurality of relays for controlling 
said element, one of said relays being slow 
acting, and connections whereby the ener 
gization of said slow acting relay operates 
another of said relays. . . . . . . . 

6. The . combination .. of a solenoid, a regu 
lating element controlled thereby, an im 
ledance for connection in or out of circuit 
with said solenoid, and a slow-acting relay 
controlling said impedance, said impedance 
renaining at times in circuit with said sole 
noid when said solenoid is subjected to cur 
rent ineffective to produce regulation. 

7. The combination of a solenoid, a regu 
lating element controlled thereby, a resist 
ance for connection in or out of circuit with 
said solenoid, a relay adapted to be made 
responsive to said solenoid for controlling 
said, resistance, and means comprising a 
slow acting relay for placing said first re 
lay under the control of said Solenoid. 

S. A voltage responsive regulator com 
prising the combination of a solenoid, a re 
sistance, controlled thereby, an impedance 
for varying the current through said sole 
noid, and a slow-acting relay controlling said 
!'esistance and said inpedance. ????? 

9. The combination of a solenoid, a work 
( ; "cait... a resistance in said work circuit 
controlled by said Solenoid, a second resist 

ance for Connection) in or olit of circuit 
with said solenoid, a relay adapted to be 
made responsive to said solenoid for con 
trolig Said second resistance, and means 
col}}}}}'ìsing a slow-acting relay for plac- , 
ing said first relay 
S:uid SOlemoid.. - - 

10. A reguliator conprising the combina 
tion oi a circuit, resistance elements of rela 

under the control of 

tive values 1, 2 aid 4, and means responsive 
L S S SLSSSS qqSSSS SSS SSS to a condition of said circuit to combine said 

ing: Said first mentioned means to operate 
an increase in Voitage, 

resistances for uniform graduation. 
11. The coxiabination of a circuit, a plu rality of non-uniformly graded impedance 

elements adapted to be connected in said cir 80 
cuit, and automatic means for connecting - 
said impedance elements in said circuit in 
such combinations as to 
graduation thereof. - - . . . . 

12. The combination of a circuit, a source 
of voltage in said circuit, a plurality of non 
uniformly graded 

provide a uniform 

inpedance elements 
adapted to be connected in said circuit, and 
automatic means, responsive to the ... voltage 
of said circuit for connecting said impedance, 
elements in said circuit in such combinations, 
as to provide a uniform graduation thereof. 

13. The combination of a circuit, a source 
of voltage in said circuit, means responsive 
to the voltage of said circuit for maintain 
ing substantially constant the current in 
said circuit, said means, comprising a plu rality of non-uniformly graded imped 
ance elements, and means comprising a . 
series of relays for connecting said imped 
ance elements in said circuit in such com 
binations as to provide a uniform gradua 
tion thereof. ? ? .. ? ??? . . 

14. The combination of a circuit, a source 
of voltage in said circuit, means responsive. 
to the voltage of said circuit for maintain 
ing substantially constant the - current ita 
said circuit, said meals comprising a volt 
lmeter responsive to the voltage of said cir 
cuit, a plurality of non uniformly graded 
impedance clements adapted to ije connect 
ed in said circuit, and means con) rising it. 
series of relays for connecting said imped 
auce elements in said circuit in such com 
binations as to pi'ovide a uniform, gradua 
tion thereof. 

15. The combination of a circuit, a source 
of voltage in said circuit, means responsive 
to the voltage of said circuit for maintain 
ing substantially constant the current in 
said circuit, said means comprising a series 
of impedance elements, each of said imped 
ance elements, less one of the series, hav 
ing a value substantially double the imped 
ance of another of said impedance elements, 
and means comprisiing a series (; relays for 
connecting said impedace elements; in Sail 
circuit in such cominations as to provide 
a uniform graduation fliereof. 

16. The coj bination of a circuit cona 
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8. 

prising an electro-responsive device, a 
series of relays for said circuit, a series of 
slow-acting relays for said circuit, moving 
contacts for said relays, said device con 
trolling at one time a set of relays compris 
ing a relay from each of said series, and a 
locking circuit for one of said relays of the 
Set under the control of said device compris 
ing a movable contact of a slow-acting re 
lay of another set of said relays. 

17. The combination of a circuit contain 
inga, Source of voltage, and means respon 
sive to the voltage in said circuit for main 
taining substantially, constant the current 
in said circuit, said means comprising a 
voltmeter, a series of relays for said circuit, 
a series of slow-acting relays for said cir 
cuit, .movable contacts : for Said relays, a 
plurality of resistance units controlled by 
said relays, said voltmeter controlling at 
one time a set of relays comprising one re 
lay from each of said series, and a locking 
circuit for one of said relays of the set un 
der the control of said device comprising a 
movable contact of a slow-acting relay of 
another'set of said relays. 

18. A regulator comprising a solenoid, a 
Source of energizing current for said sole 
noid, an element controlled by said sole 
noid, and means for automatically chang 
ing the calibration of said solenoid an 
annount dependent upon the intensity of 
the energizing force supplied to said sole: 
noid, said means comprising impedance ele 
ments in series with said solenoid and mov 
able contacts-individual to said elements." 

19. A regulator comprising a solenoid, an 
element controlled thereby, a source of en 
ergizing current for said solenoid, means 
for automatically changing the calibration 
of said solenoid an amount dependent, upon 
the intensity of the energizing force sup 
plied to said Solenoid, Said means compris 
ing impedance elements and movable con 
tacts individal thereto, solenoids i for saiº 
contacts anti connections whereby said so 
lenoids are controlled by said first men 
tioned solenoid. 

20. The combination of a circuit contain 
ing a source of voltage and an electro 
responsive device, and means comprising a 
plurality of relays responsive to changes in 
said source of voltage for changing the cali 
bration of said device, each of a plurality. 
of said relays having a plurality of movable 
contacts. 

21. The combination of a circuit contain 
ing an electro-responsive... device and a 
source of voltage, a series of relays for said 
circuit, a series of slow-acting. relays for 
said circuit, movable contacts for said re 
lays, regulating elements controlled by said 
relays. said device controlling at one time 
a set of relay's comprising a relay from each 
of said series, and means comprising a mov 
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able contact controlled by one of the relays 
of the set normally under the control of 
said device for removing said last-named set 
from the control of said devices and for 
placing another set under the control of 
said device. ? 

22. A regulator comprising an electro-re 
sponsive device, a plurality of series of so 
lenoids controlled thereby for progressive 
operation, and an arniature controlled by 
One of said solenoids to remove a solenoid of 

7 

each series from the contact of said device 
and to place another solenoid of each series: 
under the control thereof: . 

23. A regulator comprising an electro-re 
sponsive device, a plurality of series of 
lenoids controlled thereby for progressive 
operation, and an armature controlled by: 
each solenoid of one series to remove a sole 

device and to place another soleho 
each series under the control thereof. 

noid of each series from the control of said S5'- 
0 . 

24. A regulators: comprising it regulating 
- imeans, and contröll mea: ? ? f ? ? 
ing a plurality of serieši of relatys :f?†?p†???)- 
gressive: operation and connections whereby . 
correspondingrelays of-teath series are se 
quentially operated to vary the effectiveness 
of said regulating means. 

25. A regulator comprising a plurality of 
series of relays for progressive: operation. 
and connections whereby corresponding 're 
lays of each series are sequentially oper 
atel. 

26. A regulator comprising a plurality of 
: egulating elements and control means there 
for comprising...a plurality of series of re 
lays for progressive operation, and connec. 
tions whereby corresponding relays of each 
Series are sequentially operated to vary the 10. 
effectiveness of Said, regülatingi elements. 

8. 

OO 

27. The combination of a plurality of 
Work icircuits and means for holding sub 
S:tintially constantº the eum 'rent in said work 
circuits, said means comprising a solenoid 
laying, a plurality (far natires individual 
te said circuits." : 

28. The combination of a plurality of 
vork circuits,means foi supplying voltage 
to said work circuits, and means for holding 
substantially constant the current in said 
work circuits, said means comprising a volt 
meteritresponsive to the voltage in saidi cir 
Cuits, andia; solenoidti esponsive to Said vot 
meter; said soleroid having a plurality of ar 
matures individual to said circuits. 

29. A regulator comprising an electrore 
sponsive device, a plurality of relays con 
trolled thereby for progressive operation, 
connections from said relays, and a plural 
ity of circuits to be regulated, said circuits 
being responsive to the electrical condition 
(if said connections: 

30. A regulator comprising a voltage 'e- 
sponsive device, a plurality of relays con 
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trolle'i ther’ety for progressive operation, resistances in each of said circuits andin-. 
connections from said relays, and a plurality dividual to said circuits, said resistances be-, 
{f circuits to be regulated, said circuits be-ing adapted to be made effective, or ineffec 
jing responsive to the electrical condition of tive in said circuits, means responsive to a 

70 5 Said connections. . . . . . . . . decrease in voltage of said source for render 
3i. A Solenoid, an energizing circuit there ling ineffective a resistance in each of said 

for, a plurality of relays controlled by said circuits, and means responsive to an increase 
solenoid, a regulating element controlled by in voltage of said source for rendering effec 
said relays, One of said relays operating only...tive a resistance in each of said circuits. 

20 f?r än increase in the energization of said: 37. In a System-of-distribution, a source 
solenoid, another of said relays operating, of voltage, a plurality of work circuits con 
(; aly for a decrease thereof, and means for nected in shunt to said source, a plurality of 

75. 

automatically varying the calibration of said : resistance elements in each of said circuits 
Solenoid in response to changes in the ener- and individual to said circuits, said: resist. 

5 gizing circuit of said Solenoid. . . . . . ances being adapted to be made effective.or, 
32. A voltage responsive regulator.com-ineffective 

80. 
2, in said circuits, and means for 

prising a Solenoid, an energizing circuit for maintaining Substantially, constant the cur 
said solenoid, a plurality of relays controlled rent in said work circuits, said means.com ???? ???? ??? 8i j0 ? 
by said Solenoid. a regulating element con- prising, means responsive to a decrease in 

20 trolled by said relays, one of said relays op-voltage of Said source for rendering ineffec 
erating only for an increase in the energiza-tive a resistance in each of said circuits, and 
tion of said Solenoid, another of said re-, means, responsive to an increase in-voltage, 
lays operating only for a decrease thereof, of said source for rendering effective a re 
and means controlled by said: Solenoid: for sistance in each of said circuits... . . 25 varying the calibration of said solenoid ge. . .38. In a system of distribution, a sourc 

85 

90. 
33. A regulator comprising a solenoid, as of voltage...a plurality of work circuits con 

plurality of relays controlled thereby, contanected in; shunt to said source, a plurality, of. 
nections whereby one of said relays, oper-i, resistange elements in each of said circuits 
ates for an increase in the energization of , and individual to said circuits, a shunt path. 

30 said solenoid, another of said relays operat-for each of said resistances whereby each re 
ing for a decrease in the energization of said , V 
solenoid, a second solenoid controlled at responsive to changes in, yoltage of said 
times by one of said relays and other; times, source for holding substantially constant, the 
by said other relay, and a regulating element current in Said circuits, said means compris 

35 controlled by said second solenoid. . . . . . . ing... automatic: ; means for controlling the 
34. In a system of distribution, a source of, shunt paths of said resistance elements. 

voltage, a plurality of work, circuits con- 39. in a system of distribution, a source 
lected to said source, variable resistances in-, of voltage, a plurality of work circuits con 
dividual to said circuits, means comprising, lected in shunt to Said Source, a plurality of 

40 a relay having an armature and responsive resistance elements in each of said circuits 
to an increase in voltage in said. Source for; and individual to said circuits, a shunt path 
increasing the value of said resistances, and for each of said resistances whereby each re 
means comprising a second relay having sistance may be made ineffective, means for 
an armature independently movable of said, holding substantially constant,the current in 

45 first armature and responsive to a decrease, said circuits, said means comprising elec 
in voltage of said source for decreasing the tromagnetic means responsive to an increase 
value of said resistances. ... in voltage of said source for opening said 

35. In a system of distribution, a source shunt paths, and electromagnetic, means re 
of voltage, a plurality of work circuits con-...sponsive to a decrease in voltage of said 

50 nected in shunt to said source, variable re-i Source for...closing said shunt paths. . . 
sistances included in said circuits and in-, 40. In a system of distribution, a source of 
dividual to said circuits, means for maintain voltage, a work circuit connected to said 
ing substantially constant the current in Said Source and containing, a plurality of resist 
work circuits, said means comprising a re- ance elements, a voltmeter in circuit with 

55 lay having an armature and comprising said source, means for changing the caliba 
means responsive to an increase in voltage of ition of Said voltiheter in response to varia 
said source for increasing the value of said tions in said source, shunt paths for said re 
resistances, and means comprising a relay sistances, and a plurality of electromagnetic: 
having an armature independently movable means controlled by Said voltmeter for suc 

60 of said first armature and responsive to cessively controlling a plurality of said shunt 
S S LLLLL LLL GLLL LLLL LLLLL LLaaLLLL LL Lggg LLLLLLLLS eSS SSSSS SSSSSSM 
creasing the value ofsaid resistances. 41. În a system of distribution, a Source 

36. In a system of distribution, a source of voltage, a plurality of resistance elements, 
of voltage, a plurality of work circuits con a \vork circuit containing said source and 

65 nected in shunt to said source, a plurality of said resistance elements, a voltmeter, in cir 

95. 
'; sistance may be made ineffective, and means 
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cuit with said 'Source, shunt paths for said re 
sistancês, ele?tiromagnetic means responsive 
to the action of said voltmeter for control 
ling the opening of said shunt paths for an 
increase in voltage of said source, and elec: 
tromagnetic means responsive to said volt 
metériifor contrölling the closing óf said 
shunt paths for a decrease in voltage of said 

?? : : ??: - : 1 : ?? ?? ? ????? : " ???? : : Source 
'42. In a system of distribution, a source of 

voltage, a voltmeter, a plurality of resistance 
elemerits shunt paths for said resistances, a circuit containing shid source, said voltmeter 
and said resistances, electromagnetic means 
responsive to said voltmeter for controlling 
the successive opening of said shunt paths 
for an increase invöltage, and electromag 
netic "méãhs'esponsive t? said voltimeter for 
controlling the successive closing of said 
shtint paths for a decrease in voltage. 

43. En a system of distribution a source 
of voltage, a voltmeter relay, a plurality of 

a circuit containing said resistance elements, 
source, said relaya 
påths fof said Frešištanc 
cháñging thé calibration 

a said resistances, shunt 

controlling the differit in said circuit, said 
t, means Comprising electromagnetic means re. 

sponsive to said voltmeter for controlling the 
to . . . . . . , , - 1 ,? . : : r : ; * ????? ... ? ? ? opening of said shunt paths for an increase 

in vortage, and electromagnetic nimeans ré 
sponsive to said voltmeter'för'controlling the 
closing of said shunt paths fór a dècreaše in 
voltage. r: ; ; ; ; . . . . . . . . ?: , - , , 

44. In a system of distribution, a source. 
- : - ? , of voltage, a resistance, a voltmeter, a work 

circuit containing said source, said resist 
ance and said voltmeter, a 'shunt path for 
said resistance, means under the control of 
a contact of said voltmeter for closing said 
shunt path, and imeans under the control of 
another contact of said voltmeter for open 
ing said shunt path. 

45. In a system of distribution, a source 
of voltage, a voltmeter, a plurality of re 
sistance elements, a circuit containing said 
source, the winding of 'said voltmeter and 
said resistances, a plurality of relays, a 
shunt path for each of said resistances com 
prising aihovable contact of one of said re 
lays, electromagnetic means under the con 
trol of said voltmeter for controlling said 
relays for an incréase in voltage of said 
source, and electromagnetic means under 
the control of said voltmeter for controlling 
said relays for a decrease in voltage. - - 

46. In a system of distribution, a source 
of voltage, a voltmeter, a plurality of re 
sistance elements, a circuit containing said 
source, the winding of said voltmeter and 
said resistances, a plurality of deenergized 
relays, a shunt path for each of said 'resist 
ances comprising a movable contact of one 
of said relays, electromagnetic means under 
the control of a contact of said voltmeter 
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for successively energizing said relays for 
an increase in voltage of said source, and 
electromagnetic means under the control of 
another contact of said voltmeter for suc 
cessively deemergizing said relays for a de 
crease in voltage of said source. 

47. In a system of distribution, a Source 
of voltage, a voltmeter, a plurality of re 
sistance elements, a circuit containing said 
Source, said resistance elements and the 
winding of said voltmeter, a plurality of 
relays, means comprising one of said re 
lays for short circuiting each of said resist 
ances, automatic' means responsive to said 
voltmeter for progressively operating said 
relays in predetermined order in one direc 
tion, and automatic means for locking each 
of said relays' after each relay has operated. 

48. In á system of distribútion, a source 
of voltage, a voltmeter in circuit with said 
source, a plurality-of resistance elements, a 
-circuit containing-said sourcé, and said re 
sistance'elements, a plurality of relays. 

it means comprising one of said relays for 
short-circuiting each of said resistances, 
automatic means for progressively operating 
said relays in a predetermined order in one 
direction to compensate for changes in volt 
age of said source, and means for insuring 
the progressive reverse operation of said 
relåysiª : * : ' . 

49. In a system of distribution, a source 
of voltage, a voltmeter in circuit with said 
source, a plurality of resistance elements, a 
circuit containing said source and said re 
sistances, a plurality of relays, a shunt path 
for each of said resistances comprising a 
'movable contact of one of said relays, elec 
tromagnetic means responsive to said volt 
meter for controlling one of saidielays, and 
autoimatic means for removing said last ren 
tioned relay from the control of said elec 
tromagnetic means, and for placing another 
of said relays under the control of said elec 
tromagnetic means whereby fluctuations in 
the voltage of said source may be compen 
sated. . . . . . . . . . . . . 

50. In system of distribution, a source 2. 

of voltage, a voltmeter in circuit with said source a plurality of resistance elements, 
a circuit"containing said source and said re 
sistances, a "séries of relays adapted to be 
operated successively in either direction, a 
shunt path for each of said resistances con 
prising a movible contact of one of said, re 
lays, electromagnetic lineans responsive, to an 
increase in voltage of said source and con 
trollied by said voltmeter for controlling, one 
of said relays, electiromagnetic means re 

SO 
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20 

sponsive to a decrease involtage and con- J25 
i trolled by said voltmeter for controlling that 
relay of 'said séries' which is ima?ediately 
previous to the o?e under the control, óf the 
said first electromagnetic means, and means 
for transferring the control of both said, 130 
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electromagnetic means to other relays of said 
series. 

51. In a system of distribution, a source of 
voltage, a plurality of resistance elements, a 
circuit containing said resistance and 'Said 
source of voltage, a voltmeter associated 
with said source of voltage, a relay for each 
of said resistances, a shunt path for each of 
said resistances comprising a movable coll 
tact of one of said relays, electromagnetic 
means responsive to said voltmeter, connec 
tions whereby said means normally controls 
one of said relays, and automatic means for 
removing the control of said electromag 
netic means from said normally controlled 
relay to another of said relays, whereby the 

a circuit containing said source and said 

shunt paths for said resistances 
opened in a predetermined order. - 

52. In a system of distribution, a source of 
voltage, a plurality of resistance elements, 

may be 

resistances, a voltmeter connected to said 

25 

trofitagnetic means responsive 
?? ????? ??? ????. 

30 

means from said normally controlled relay 

35 

40 

eä normallydeenergized relay foreach 
said resistance elements, a "shunt path 

föreach of said 'resistances comprising a 
movable contact of one of said relays, elec 

to said voldt i 
nin?ctiönšwhë?eby said mea?s nör-. 

controls one of said relays, and means' 
meter 
mally 
comprising å šecond series of relays för re 
moving the control of 'said electromagnetic 
to another of said first series of relays where 
by the shunt paths for said resistances may 
be opened in a predetermined order: 

53. In a system of distribution, a source 
*of voltage, a plurality of resistance elle 
ments, a circuit containing said source and 
Said resistance elements, a voltmeter con 
nected to said source, a normally deener 
gized relay for each of said resistance ele 

`ments, a shunt path for each of said re. 
sistances comprising a movable contact of 
one of said relays, electromagnetic means 
controlled by a contact of said voltmeter, 
connections whereby said means controls the 

50 

60 

progressive energization of said relays for 
opening said shunt paths, a second electro 
magnetic means controlled by a Second con 
tact of said voltmeter, and connections 
whereby said second mentioned means con 
trols the progressive deenergization of said 
relays for closing said shunt paths. 

54. In a system of distribution, a source 
of voltage, a variable resistance, a volt 
meter having a winding responsive to 
changes in said source. a work circuit conn 
prising said source and said variable re 
sistance, electromagnetic means responsive 
through the intermediary of said voltmeter 
to changes in voltage of said source for 
varying the calibration of said voltmeterand 
for producing a proportionate variation in 
the value of said resistance whereby the 

AV 

age and said additional resistance; elements, 

smaller number of the 
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current in said work circuit may be held 
substantially constant. 

55. In a system of distribution, a source 
of voltage, a voltmeter having a winding 
responsive to changes in voltage of said 
Source, a variable resistance in circuit with 
the winding of said voltmeter, a second 
variable resistance, a work circuit compris 
ing said Source of voltage and said second 
variable resistance, electro-magnetics means 
responsive through the intermediary of said 
voltmeter to changes in voltage of said 
source: for producing a proportionate varia 
tion in the value of said resistances where 
by the current in said work circuit may be 
held substantially constant. : : , T '· 
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56. In a system of distribution, a source 
of voltage, a voltmeter, a plurality of re 
sistance elements, an electric circuit com 
prising said Source, said resistance elements 
and the winding of said voltmeter, a plu S5 
rality of additional resistance" elements, a 
work circuit comprising said source of volt. 

a plurality of relays, shunt paths under the 
control of said relays for said electromagnetic means'and'electrica 
tions for causing a plurality of said relays 
to open the shuntipaths of a plurality of 
said resistance elements in said electric cir 
cuit, while opening the shunt paths for a 

resistance elements in 
95 

said work circuit whereby the current in 
said work circuit may be regulated. . . . . . . 

57. In a system of distribution, a source 
of voltage, a voltmeter responsive to fluctua 
tions in Said source, a series of relays under 
the control of said voltmeter, means under 
varying the calibration of said voltmeter, a 
plurality of work circuits, a variable resist 
ance in each of said circuits and individual 
to each of Said circuits, and automatic means 
under the control of contacts of said relays 
for producing equal variations in said va 
riable resistances whereby the current in 
said work circuits may be regulated. 

58. In a system of distribution, a source 
of voltage, a voltmeter responsive to fluctua 
tions in said source, a series of relays under 
the control of Said voltmeter, means under 
ths control of contacts of said relays for 
varying the calibration of said voltmeter, a 
plurality of work circuits, a plurality of 
resistance elements in each of said circuits 
and individual to each of said circuits, a 
shunt path for each of said resistance ele 
ments, electromagnetic means for controlling 
said shunt paths and connections whereby 
said electromagnetic means are controlled by 
contacts of said relays. 

59. In a system of distribution, a source 
of voltage, a voltmeter responsive to fluctu 
ations in said Source, a series of normally 
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the control of contacts of said relays for 
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(i.eenergized relays, electromagnetic nears 
under the control of said voltmeter for ene:- 
gizing said relays, electromagnetic means 
under the control of said voltmeter, for de 
energizing said relayS, meams under the con 
trol of contacts of said relays for varying, 
the calibration of said voltmeter, a plu 
rality of work circuits, a plurality of re 
sistance elements in each of Sail, circuits. 
shunt, paths for said resistances, means com prising a set of relays for controlling the 
shunt paths of the resistances of a plurality 
of said work circuits, means comprising a 
Second set.of relays for, controlling the shunt 
paths of the resistances of another of Said 
work circuits, and circuit connections for 
placing said, sets of relays under, the control 
of Said series of relays, whereby the current. 
in said work circuits may be held substan 
tially constant. 

60. In a system of distribution, a Source 
of electrical energy, a plurality of circuits. 
connected thereto...and, including, variable re 
sistances, a Voltmeter. included in One Of 
Said circuits, a plurality of relays, con 
trolled by the action of said voltmeter, and 
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means under the control of said relays for 
varying said resistances. . . . 

61. In a system of distribution, a SQurce 
of electrical energy, a circuit; connected 
thereto including, a plurality of, resistance. 
elements, shunt paths about said resistance. 
elements, a voltmeter, another circuit con 
nected to said source including the winding 
of said voltmeter and a plurality of re 
sistance elements, short: circuits about, said 
second mentioned resistances, a series of : 'e- 
lays operated by said voltmeter in response. 
to a variation in the voltage at said source. 
and means under the control of said relays. 
for opening or closing Said short circuits 
and said shunts. 

62. A regulator comprising a solenoid, an 
element controlled thereby, and means for. 
automatically changing the calibration of 
said Solenoid an amount dependent upon 
the intensity of the energizing force sup 
plied to said solenoid and comprising imped 

ance elements, moyable contacts individual 
to said elements. and solenoids individual 50 
to said coin tacts. 

63...\, l'eglla Q compising: a Solenoid, a, 
plurality of relays controlled thereby, 
means whereby one of said relays operates. 
for an increase in the energization of said 55 
Solenoid, another of said relays operating 
for a decrease in the energization of said 
Solenoid, an impedance. in circuit with said. 
Solenoid and controllied by said, Solenoid. 
and a regulating, element controlled by, said 60 
"elavs. 

?-H. ni a Systema of distribution, a, source 
of electrigal energy, a plurality of circuits 
connected thereto and including variable re 
sistances. a voltmeter, included in one of said 65 
circuits, a Solenoid contralled by the action 
of Said voltmete, apdmeans, underthe con 
trol of Said. Solenoid for varying said, re 
sistances. - - - 

65. In a system of distribution, a SQurce. 70 
of electrical energy, a voltmeter connected, 
to Said Source, a series ofrelays, means, con 
trolled by the action of said voltmeter far, Operating. Successively, the relays, included 
in Said series, a plurality of normally, ener 75 
gized relays controlled by said series of 
relays, a conductor including a variable, re. 
sistance, leading from said source to a Work. 
circuit, and means controlled by said nor Inally energized relays for varying said re 80 
sistance. 

66. In a system of distribution,?:SQurce. 
of electrical energy, a plurality of circuits. 
coïnnected thereto, variable resistance elle 
ments associated with each of said, circuits 
a series. Of... relayS. associated with each, of, 
said circuits, and, controlling the variable. 
resistance elements, associated there with, 
means controlled by, a variation in the, volti 
age at Said source for controlling-one of said. 90 
Series of relays, and means, controlled by 
Said last. mentioned. Series of, relay?for: con 
trolling another of said series of relays. 

In , witness whereof, I hereunio. subscribe 
my, name this 21st day of July, A. D., 1919.95 

ROY D. CONWAY. 
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