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T'o all whom, it may concein:

Be it known that I, Roy D. Conway, a
citizen of the United States residing at Chat-
ham, in the county of Morri is, 3 State of New

5 dJ ersey, haye:invented certain new and 'use-
ful Improvements in Electric Regulators, of
which the following is a full, cle‘u‘, conx,lse
and exact descrlptlon y

This invention relates to arran(rements ior

10 -regulating an electrical chalacterlstlc of a

-circuit, such as the intensity of current flow-

ing therethlou gh.  One of the objects of the
invention is to prov1de a method and means

-{for insuring a constant flow of current over

“Another object . ¢onsists -ins: pro-
viding means. for. automatically :increasing
_the resistance in a:circuit whenever:the cur-
vent flow therethrough has a tendency:to.in-

* crease; and 'also. means for. automatically. re-

20 ducing the resistance in.said .ciréuitias.the

current flow decreases::

-means for cutting in.or, out resistance in 2
circuit by successive steps in order to hold
25. constant an electrical characteristic of a
portion of the circuit.. Other:objects of this
vention will appear in the detailed descrm-
tion to be given later.

1t has often been found. desn'able to 4S80~
30 ciate with a work .cireuit including :trans-
lating devices such, for example, as.a cir-

. cuit including the filaments of a vacuum tube ’

repeater, an arrangement for regulating the
current flow therethr ough.
"35 the voltage at the source supplying the elec-

t=ical current for the cireuit may havea tend-
ency to vary beyond the limits “within which

satisfactory operation of the apparatus will -
As it has been found that a vacnum -

result.
40 tube repeater will give better gervice if:the

current flow in 1ts- ﬁla,mont heating circuit:

remains constant, the regulating apparatus
comprising this invention has been provided.
The reﬁulatmn apparatus of this invention
45 includes a voltn Jeter relay sensitive to slight
variations in voltage, the winding of which
is connected to the source which. qupchs cur-
rent for the work civeuit. An increase in

the voltage in this source will canse a cireuit -

50 to be closed over the needle and one of the
contacts of the voltmeter thereby operating

IGSISt‘ane varying mech‘mlm to add a cer-.

tain amount of 1'es1stance in series with the
winding of the voltmeter 1‘e1ay and addi-
55 tional resistance to the work circuit.

Th1s is becauso ,

If the

13819, Senal No 313 032.

1651stance thus added tothe voltmeter ‘el cmt
and the work circuit; is insufficient to coun-
terbalan_ce the increase in current due fo the
-change in voltage, the voltmeter nieedle will

not fall back to neutral position, but-will

serve to-hold closed the circuit over. the
contact:of the voltmeter. ; Accordingly, the
resistance varying mechanism- will continue
‘to operate and will add further resistance

‘units to the cirenit including the voltmeter .

,wmdlng and the work c1rcu1t until the in-
icrease 1n current flow has been countér-
balanced and the needle returned to neutral
‘position.- If:'the current  flow..from«the
fsource: decleases. -2 circuit is closed over the

~needle and ancther contact of the voltineter

swhich sérves:to operate. the! Tesistance ; Vary-

-ing mechanism;to reduce theresistince in the
-voltmeter cireuit.and thé:work mrcmt in pro-
iportion to the decrease in: voltage. ;. .o

A further object "
consists . in -the ;provision. of .a method and :

In -the’ preferred - form, ‘this 1esxst(1n(,

Varymor mechanism COIan‘ISGS a series of. re-.

lays under the control of the coritacts of the
voltmeter. The relays -of - this series are
adapted to control the .association with the
voltmeter circuit of a plurality of resistance

-units and-are also adapted to-control an ad-

ditional series of normally energized rdayb

~which control the-association with the work
cireuit-of .4 ‘plurality of resistance units.

Means are also provided for insuring the
successive action of these two series of. relays
so that only one resistance may: be cut in or
out of the voltmeter circuit at one time.
‘Preferably this is accomplished by promd-
ing & series of slow-acting relays for trans-
ferring the control of the -contacts of the
voltmeter relay from-one-of said resistance
controlling relays tothe next in order as the
wvoltage supply fhanoes

This invention may now be more fully un-
derstood from the following detailed de-
scription taken in connection with the accom-
panying drawing which lustrates the pre-

terred form of the circuit arrangements ot
this invention. = :

Connected to a battery 2 is a voltmeter re-
lay 3 which has a needle 4 bat\\ een two sta-
tionary contacts 5 and 6. ince these con-
tacts are extremely delicate dnd easily burned
out, needle 4 is connected to an intermediate
pomt of a circult containing the high re-
sistances 7 and 8 and source of voltage 2,
so that only a fraction of the total potentml
of battery 2 may be applied to the voltmeter
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needle in the case where the total p})tential
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:
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

‘after its corresponding relay in the semes 11
o 17 inclusive has operated :

The: successive operation of 'the relays 11

‘to 17 inclusive serves:to add:to the winding
‘of the ' voltmeter relay, the resistances: 31
't0 87 respectively by the breaking ‘of shunt
‘paths around-said. resistances:

“These resis-
tances have a value’ predetermlned -with “re-
spect  to: the ‘adjustinent: of 'the contacts of
the voltmeter relay. -“Under: the’ control: of
the movable .contacts' of  reldys 11 t¢ 17 in-

clusive, are:a series of normally: ienergized
‘relays 41 ‘42 and: 43 which,’ bys theirtimov-
- able- contacts 47, 48 and 49'in’ turn’ control
1"25,

'remstances 44 4:5 and 46 swhich: areiincluded

in theﬂheatlng ¢éircuit: of'the fillamentsof
the  vacuuin - tibe! repeaters :89-and: 46.1In

the specific: arranigemeént showir« resistance

" 46 should be: four tivaes the: value -and résis-

30

tance 45 tW1ce ‘the va»lue rof rhsistanice 44
in order to ‘©btain'various:combingtions of

 these - three resistances taken: separately or

45

50

60

65"

-voltmeter ‘relay. ‘winding.
40

“together " that “will-giive “severn | equal steps
in the increase ‘or decrease: of the!amdunt
"85

of Tesistance in the' filament: circuit,  since
in- the™ spe(nﬁc -embodiment shown, seven

~steps: are’ provided :for'the'-increase” or de-

crease in the resistance in’ithe cireuitiof the
"The manner' in
which " this is- performed will be- explamed
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- irom ground, battexv 2,
winding of voltmeter 3, conductor 50 - 411(1
movable contacts 51 to 57 inclusive to
<rround 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 theleb‘ closing the following circuit:

from ground, battexy 2, resistance- 7, con--

ductor .)8 needle 4, contact 5. conductor: 59,

and winding of relay 10 to: ground. The
“closing of - the above described cirenit” en-

ergizes relay 10 which pulls. up its movable
contact and closes the ' following circuit:
from ground, movable contact: of reldy 10,
conductor- 62, movable contact 63, conductor
64; winding of relay 11, conductor 65: wind-
ing of relay 21to battexy and gr ound This
energues relay 11:wlhich pulls uprits ‘mov-
able contact 67 and is locked up over ‘the
following cirveuit: from' ground and bat-

tery, wmdmcr of 'relay 21; contidtor 65,

~Taeh of'

caddition of ‘resistance 31

-eration of relay 10.

winding of velay 11, movable contact 67,
conductors 68, 69 and movable contact 70
of relay 115 to ground. The energization
of relay 11 also serves to pull over its mov-

-able contact 51 thereby breaking the shori-

ciréuit around resistance 31 so that the
cloged- circuit for the winding of the volt-
meter relay may be traced from ground,

‘battery -2; winding of voltmeter relay 3, con-
v g Y O

ductor 50 resistance 31 and movable con-
tacts 592 to 57 inelusive to ground. If the
is sufficlent to
counter balance the increase in the voltage
of source 2, the needle of the voltmeter 1eLw

will return to meutral position and thus:

open-the circuit' formerly closed by the op-
As the relay 11 was
locked up as formerly pointed out, it holds
open the following normally closed cirenit

by pulling upits Jower movable contact 71
from orround movable contact 71, conductor

72, movable contact 73, conductor 74, mov-
a,ble contact 75, conductors 76 and 77, ‘wind-
ing of relay 41 to battery and ground. The

opening’ of “ this cirenit by the energization’
of relav‘ 11, deenergizés relay 41- and opens
-the ‘shunt’ around’ reS1stance 44 which nor-

~mally” consists  of ‘conductors

9 80 mov-

able contact 47 and -conductor 81. The heat-

ing. cucult for the filament of the vacnum ¢

be traced :
from ground, filaments 82 (Lnd

tubes 39° and 40 may then
follows

83, choke: coil: 84 conductor 85, normally
'closed movable contact 49, conductor

8()
normally closed movable contact 48, con-
ductors ‘87 and 79, resistance 44, adjustable
res1st ance 88 to battew 2 and ground. Thus
it 1s apparent that the 'deener ¢ization of
relay 41 has-added vesistance 44 fo the work
cirenit' to ' counterbalance the increase in
voltage: of battery 2 thereby preventing anv
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 con-

‘tacts and has been locked through the cir-

cuit described above, the slow-acting relay
91 attracts its movable contact 63 so as to
disconnect’ the windings of relays 11 and
21 trom the a,rmatme of relay 10 and to
connect instead the windings of rel: avs 19
and 22 thereto through conductors 94 and
89, movablé contact 90 conductor 91, mov-
able contact 63 to the movable contact of
velay 10. This change therefore makes re-
lays 12 and 22 respons sive to the energiza-
tion of: relay 10.

Tt the addition of the resistance 31 to the
ciredit including the voltmeter velay 3 is
not sufficient to counter balance the increase
in the voltage of the'battery 2, the needle of
the voltmeter relay will not return to neu-
tral: Dosition but’ will ' remain deflected” to
the right and the relay 10 will remain ener-
gized and ‘aftér the slow-acting relay 21 has
Lhanned the relay under the contiol of 1eLw
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10 from relay 11 to 1elay 12, the following
cireuit wﬂl be closed : from (nouncl movable
contact of relay 10, conductor 62, movable
contact 63, conduct01 91, movable contact

90, conductor 89, Wmdlntr of relay 12, con-

ductor 94, wmdan‘ of . 1elay 22 to battery
and 0‘101111d The closing -of this circuib
will energize relay 12 which will pull up its
fumatules and become. locked up over the
following circuit: from ground and battery,
winding “of relay 22, conductor 94, winding
of rehy 12, movable contact 95, conductors
96 and 69 to movable contact %0 of relay
115 and ground. . The actuation of relay 12
by pulhncr 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 oO
re51stances 31, 32 and movable contacts 53

AVAILABLE COF

8

a vesistance 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 curr rent through
the filaments.

Subsequent to the actuation of relay 12,
the slow-acting relay 22 pulls up its Tower
armature 90 so as to remove the control of
relay 10 from relay 12 to relay 13 by in-
cluding the winding of relay 18 by the fol-
lOV’ln‘T circuit: from movable contact of re-
lay 10 conducters 62, 91, movable contact 90,
conductor 110, movable contact 111, con-
ductor 112, Wmdln(r of relay 18, conductor
113, winding of 1elay 93 to battery and
ground. ledmfr of relay 22 by pulling
up its movable contact 114 removes the lock-
ing circuit for relay 11 from under the con-

70

75

80

trol of movable contact 70 of relay 115 by .

causing relay 11 to be locked up instead

to 57 1nclu91ve to ground... Thus the circuity over the following cireuit: from ground, and

of the voltmeter relay Wmdlnb now includes
resistance - 32 .as well as_resistance 31. If
the. addition of these two re51stances is suffi-
c1ent to counter-balance .the rise in Voltaﬂe
of battery 2, the needle 6f the voltmeter re-
lay will return to neutral position and thus

_open the cireuit 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, niovable contact 97,
conductors 98, 99 movable contact 73, con-
ductoT 74, movable contact 75, condnctors
76, wmdmO' of relay 41 to b‘lttelV and
rrround The closmo' of this circuit energizes
1elm 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 eircuit. is opened:

from O'round movable contact 97, conductor
102, movable contact, 108, conductors 104 and
105 winding of relay 42 to battery and
or ound. The opening of this circuit deener-
gizes relay 42 thereby releasing its movable

,contfwt 48 and consequently  opening the

shunt path around resistance 45 which nor-
mally includes conductor 106, movable con-
tact 48, and conductors 87 and 79. The
ener mz(mon of relay 12 therefore deener-
glzes telav 42 to open the shunt path around
resistance 45 and subsequently energizes re-
lay 41 to close the shunt path around vesist-
ance 44. The heating cncmt for filaments
82 and 83 may now “be traced as follows:
from ground, filaments 82 and 83, choke coil
84, conductm 85, movable. conta,r*t 49, con-
cluctms 86 and 106 resistance 45, conductoxs
79 and 80, mova,ble contact 47 conductor
81, resmtance 88 to battery and ground.
Thus it is seen that the enermzatlon ‘of re-
lay 12 short-circuits resmtance 44 and auto-
m‘ltlcallv puts instead in the heating circuit

battery, winding “of relay 21, conductor 65,
winding of relav 11, movable contact 67
conductor 68, movable contact 114 to crround
Thus it is seen that the energization of relay
11 ceases to be under the control of relay
115 when relays 12 and 22 h‘lve been ener-
gized. :

However, if the increase in the woltaoe 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 1elays
13 and 23 cver the following cireuit: from

$5

90

100

eround, movable contact of relav 10, contact |,

GU, conductors 91, 110, movable contact 111, 1

conductor 112, Wmmnor of relay 13, conduc-
tor 113, winding of relav 93 to battery and
010uncl The closmor of this circuit will en-

ergize relay 13 which will puall up its mov- .

able contacts and become locked up over the !

closing of the following circuit: from
omun(l and battery, winding of relay 23
conductor 113, winding of reln ay 13, movablo
contact 120, condu(toxs 121 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 resistance in the
circuit of the winding of the voltmeter re-
lay. Tf the addition of resistance 33 is sufli-
cient to counter bahnce the change in the
voltage of source 2, the voltmeter 1ela§ nee-
dle will 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 conta(t 97, conductors 98, 99 mov-
able contact 73, conductor 74, movable con-
tact 75, conductors 76, 77, winding of relay

115

120

-
jev]
ot

130
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41 to battery and ground. The opening of
this circuit deenergizes relay 41 and conse-
quently opens the shunt pqth around resist-
ance 44. The energization of relay 13, how-
ever, does not offect relay 42 which has been
plekusly deenergized by the opera’aon of
relay 12 so that Wlth the operation of relay
13,.the heating circuit for filaments 82 and
83 includes r e°1st‘1nr’e 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
cont‘lct 111 to change the control of relay 10
irom relay 13 to relay 14, by making the fol-
lowing circuit: movable contact of relav 10,
conductors 62, 91; 110, 124, movable contact
125, conductor 126 Wmdmcr of relay 14, con-
ductor 128, wmdmg of relay 94 to battery
and Ground The operation of relay 23, by
pulhnor up its movable contact 127, removes
the control of the locking circuit of relays 12
and 22 from under the control of the mov-
a,ble contact 70 by loclx_mg these relays in-

tead over the following circuit: ground and
batteny winding of relay 22, conductor 94,
Wmdmor of relay 12, movab‘e contact 95,
conductor, 96, movable donfact 127 to cround
Relay 12 therefore 'céases to be' under the

- control of movable contact 70 when relays 13

30

85

40

45

50

55

60

85

‘closes

and 23 have been energized.

Tf thé addition of résistances 31, 32 and
33 does not counter-balance the change in
voltage of source 2, the voltmeter relay nee-
dle Wﬂl remain deﬁec ed’ 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 wlound The opening. of this cir-
cuit will deenero-we relay 43 and conse-
quently break the shunt path 'lround 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,
movable contact 129, conductors 152, 183,
movable contact 103. conductors 104, 105,
winding of relay 42 to hattery and ground.
The pulling up of movahle contact 129 also
the following additional «circuit:
ground, movable contact 129, conductors 132,
1‘3» 136, movable contact 137, conductor 138,
movfthe cont,w - 73. condnctor 74, movable
contact 5. conductors 76, 77, winding of ve-
layv 41 to b‘ltterv and v mmd Thus it is seen
that the operation of the relay 14 denergizes

relay 43 so ‘that resistance 46 is added to the

heafine circuit of filaments 82 and 83. TRe-
lays 41 and 42 are also energued to close
shunt paths around resistances 4 4 and 45 so
that with the operation of the rel‘av 14, only

TAVAIL
1 438,044

ABLE COp

resistance 46 is included in the Alament heal-

ing cireuit. 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 Wlndmn 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
115.

Tt the- voltage of source 2 increases still
further, relay 90 will cause relay 15 to be
enerﬂzed ‘which' will include *ecxstance 35
in circuit with the voltmeter relay winding
so as to counter-balance the increase in volt-
age of source 9. The energization of relay

15 will also open ‘the following normally
closed circuit : ground, movable contact 129
conductors 132 185, 136, movable contfxct
137, conductor 138, movable conhct 73, con-
* ductor (4 momble contact 75, conducto
76 and 7 Wll’ldlnﬂ‘ of relfW' 41 to battery
and omund The oppm’lg .of this~ circuit
deener(rlzes relav
44 to be 1*101uded n 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
smulaz to those already traced add resist-
ance 36 to ‘the voltmeter circuit, will keep
open the shunt around resistince 46, will
open the shunt around resistance 45 and will
close the shunt 2 mIOUUd resistance 44, so that
for the sixth .step. in the opemtlon of the
regulator resistances 46 and 45 will be in-
cluded in the filament heatmcr cncmt while

resistance 44 is short-cireuited.

The opera ation of relay 17 will include re-
sistance 87 in circuit with the winding of
the voltmeter relay. will leave open the
shunts to resistances 45 and 46 and will
open the shunt to vesistance 44, so that all
three resistances 44, 45 and 46 are included

in the filament heatmo clreuit.

Tt is therefore seen that in the specific

'embodqment shown seven steps are provided-

for ]UCTG‘IQIHO the lesmtance m. the work

‘¢ircuit or flament heating circuit for keep-

ing the current.constant thereto in spite of
changes of voltage ¢f its source of heating
carrent.

Tt s also apparent that the other mova-
hle contacts of relays 41, 42 and 42 may
control resistances mcluded in other fla-
ment heating. circuits to keep. the current
constant ﬂlCleﬂl]"OH’Th Thus movable con-
tacts 145, 146, 147 may be so counected as

‘to mn’crol 1es1stance< ]4‘) 150 and 151 whuh

may be included one or more at a time in
the filament heatln(T cirduit of tubes 152 and
158, these resmhnces beirig proportioned to
each. other in the same manner as resist-

and causes resistance ¢
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ances 44, 45 and 46. Tt is apparent that the
main condnctors 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 1l to
17 inclusive.

From the above described operation; 1t 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

40

50

ot
ot

60

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 81 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 civeuit 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-

oized to include resistances 81, 32 and 33 in
the circuit of the voltmeter relay winding
in order to hring back voltmeter needle 4
to neutral position; and at the same time
resistances 44 and 45 have been added to the
filament circuit to malintain the filament cur-
rent constant. Under this assumption, re-
Iays 21 to 23 inclusive would also have bheen
cnergized so that the movable contact of
colav 10 ie mow connected to the winding
of velay 14 which is the nest in series and

5 disconnected from the winding of relay 13.

8

As has been traced before, relay 13 under
these conditions is locked up over the fol-
lowing cireuit: from ground, and battery,
winding of relay 23, conductor 113, winding
of relay 18, 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-
dle would be deflected to the left and make
contact with contact 6 thereby completing
the following circuit: from ground, battery
9, 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 deenergizing these relays.
The deenergization of relay 13 causes mov-
able contact 53 to short-circuit resistance 33
thereby decreasing the amount of resistance
in cireunit with the voltmeter relay winding.

If this reduction in resistance in the cir-
cuit of the veltmeter 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 deenergization 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. thareby 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 deenergization 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. '

" Tf the decrease 1n voltage of source 2 has

not heen 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-
main deflected to the left and hold closed
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be energized, resistance 32 w ou]d

,6

the circuit through the winding of relay 115.
The attraction of movable contact 70 of re-

lay 115 will then break the locking circuit.

just described for relays 12 and 99 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 82 thereby decreasing the resist-
ance in the voltmeter relay cucult The {fall-
ing back of movable contact 97.01 relay lQ
opens the following circuit: from ground,
movahle contact 97, “conductors 98, 99 mm—
able contact. 73, conductor 74, movaole con-
tact 75, conductms 76, 77, winding. of relay
41 to battery and Omund The . Llhno back
of movable COlltaCb 97 also closes the Iollow-
ing civcuit: from ground, movable -contact
Q( conductor -102, mov able contact 103, con-
ductors 104 and 105, winding. of. relay 49 to
battery and 010und The opemno of: the
cireuit mdud ing relay 41 will. deenergize this
relay and open the short-circuit for vesist-
ance 44. The making: of the circuit includ-
ing ‘the winding of: 1elay 42 will .close tthe
short-circuit for resistance 43. - It therefore
follows .that- when relay. 12 is deenergized,
only resistance 44 is’ included in: the heatlncr
cncmt of the filaments.

"The Leexlelolzatlon ofrelay 22 causes.-the
winding of relay 12.to-be put under thecon-
trol of relay 10 by closing the following
circuit: movable contact. of relay- 10, con-
ductor 62 ,momble contact.63, ¢ ’\nductm 91,
movable contact 90,. condnctor 89 to the
winding of relay 12, so that relay 12 may be
ener olzed again in.case thegvoltage of source
2. should increase. The falhn(r hack of
movable contact 114.0f relay 99 places re-
lays 11 and 21 under the control of relay 115
by locking the two relays over the follov-
mng ci ireuit : from ¢ eround and battery, wind-
ing of relay 21. c')nductm G5, mndmo of
161“\ 11. movable contact 67, conductors 68
and 69 to movable contact 70 and ground.

If the voltage of source 2 5 mn]d decrease
still fTurther, xeln 11 will he  deenergized
(‘llttmu out musmme 31 1n 'ho voltmeter
relay cucm( and resistance 44 in the fila-
ment cirveuit.  Or if, on the other hand, after
the deenergization: of relay 12, the voltage
of source 2 should increase, 1eL13 12 would
he included
in the voltmeter rélay cirenit and vesistance
45, instead resistance 44, would be included
n the filament he‘xtmcr 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

1s unde1 the control of relay 115, so that. the
actuation of relay 115 for a decrease n
\'oltaoe may serve to decrease the resistance
n the voltmeter relay cireuit and the f8la

nient heating circait; and also the relay ne\t
in advance of the last energized relay of

REST AVAILABLE
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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 under the control of relay 115 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 rélays 14 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
demeased relays 14 and 94 would ‘e deen-
gized. .

In- order to prevent any sudden ohfmoe in
current due to the opening - 01‘-closmfr of
the movable contacts from injuringfthe con-
tacts of:the relays associated with the main
conductors, 76,1104 and 180, eacly of these
coniductors: is:provided -with:an alternating
curzerit. path:ito ground consistingi respec-
tively of resistance: 166 and condensér 167,
resistance 168-and: condenser 169, and- resist.
ance 170-and:condenser 171.

“While this-invention has-:heen  disclosed
in particular -forms.whick have been found
desirable, it will be understood that it may
be-embodied in many and.widely différent
forms without departing from the spirit of
this  invention, as defined in ‘the appended
claims.

“What is claimed is:

1. In: a-systeny ofy 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 mentioned resistance, a series of re-
lays, locking cireuits for said relays, short
(uuutb %bout the windings of said relays,
means under the control of suid voltmeter
for operating -said relays and closiig 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-
plisiro controlling said frst mentl(med ele-
ment at times in vesponse fo snid first men-
tioned means, and at other times controlling
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said first mentioned element in 1esponsc to
said second mentioned means and pl acing
saild second .element undex the control of
said first, means:

3. The method of coLLeeLmh for (lmnlres_

in the voltage of a circuit wherein 1s em-
ployed a regulating. element for..said cir-
cuit, a contro; means, for wald element, a sec-
ond. contl ol means {for said elément, said first
mentioned means.normally controlling said
first :¢lement,, said, method comprising caus-

said. element for.
transferring the control of-said elemient. to

said . second meaps after said :incregse “in

voltacre, .and, causing. said second . means. to
operate sald element Tor 4 decrease in volt-
age. ;. .. i

4: The. method of correctmO‘ for chanoes
in voltage of.a circuit Whereln is employea
a 1e<rulatm<r .element, for, said circuit, a sec-

ond reoulatmg element for,said cncult a

control ‘means for: said elements a second
control , means: for said. -elements, said first
mentloned means normally, controlhng said
first. element, sald. method. comprising. caus-

ing said first,. menmoned means .to.,operate
~said first. element, for.an.iricrease in- voltage,

transferring the contrgl. 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 1n voltage.

-5, A regulator comprising 2. reorulatmcr
element, a plurahty of:relays for contr olhnrr
said element one of said relays being slow
acting, and eonnecmons whereby - ‘the ener-
gization of. said slow.acting relay operates
another of said relays. -::

6. The combination.of a solenmd a regu-
lating element controlled thereby7 an im-

edance for. connection in or out of circuit
\\1th said solenoid, and a slow-acting relay
controlling said 1mped‘mce said nnpvdm(e
wmunmo at times In circult with said sole-
noid when said solenoid is subjected to cur-

u'nt ineffective to produce regulation.
7. The combination of a solen01d a regu-

Ia tlng element controlled thereby, a vesist-

ance for :connection in or out of c1rcmt with
said ;solenoid, a relay adapted to be made
responsive to said solenoid for controlling
said . resistance, and means comprising a
slow acting reley for placing said' first re-
hv under the control of said solenoid.

A voltage . responsive regulator com-
pnsmfT the combination of a solenoid, 2 re-
qxgtance controlled thereby, an impedance
for wvarying the current through said sole-
noid, and a slow-acting relay controlling said
resistance and said 1nped‘mce i

9 The combination of a solenoid. & work
civenit. a vesistance in said work cirenit
controlled by said solenoid, - a second resist-

ance for.comnnection in or out of clrcuit
with said solenoid, a relay adapted to be
made respousive to said solenoid. 101 con-
trolli [ said second 1e§19tance and means
comprising s siow-acting relay for plae—
ing sald first relay uﬂdel the control of
said solenoid..

10. A regulator compubmo the comom.l-
tien of a cucmt resistance elements of rela-
tive values 1,2

resistances for uvniform graduation.

11. The combination of a circuit, a plu—
rality of nen-uniformly graded impedance
clements adapted to be cormected in said cir-

L4

aa\l 4, and means responsive
toa condition of ¢ .,dld cireuit to combine said
ing: said - first. mentloned means_to. operate .
an. mcreaoe in voitage, .

80 .

cuit, and avtomatic means for connectmo -

-said impedance -elements in said circuit in

such combinations as to pxowde a uniform
eraduation thereof.

12. The combination of a circuit, a source
of voltage in said circuit, a plulahty of non-
uniforn ﬂv : graded 1mpedapce

elements -

o
[}

adapted fo- be connected 1n said cirenit, and
automatic means’ 1esponsn'e to the. voltacef_.

of said circuit for connecting said unpedance .
elements 1 n said clrcult in such combinations .

as to provide a uniform.gr raduation thereof

13. The combmatlon 01 a cireuit, a. source
of voltage in said circuit, means responsive
te the Vohaoe of said c1rcult for maintain-
ing sabs(.untxallv constant the current in
caid circuit, said means comprising a plu-
rality of non-uniformly graded imped-
ance elements,  and "
series .of relavs for connecting said imped-
ance elements in said cucult 1n. such com-

binations as to prowde a un1f01m gradua-

tion thereof.- .
14. The combm‘mon of a cu“cult a- somce

of voltage in.said circuit, means responsive.

to the Voltaoe of said circult for maintain-

mg subsmntmllv constant the -current i

said cireuit, s(ud means comprising a volt-
meter IQS])OHSI\ ¢ to the voltage of said ¢ir-
enit, o plurality of nonuniformly graded
.mp{ dance clements adapted to be «mmo((-
ed in said circuit, and means comprising
series of relays for connecting said iy )el-
ance elements in said circuit in such coms
binations as to ,pi'ox'ide a uniform oradua-
tion thereof.

15, The combination of a cireuit, a source
of voltage in said cucmt means usnoqu
to the \“olt‘me of said cireuit for maintai -
ing substentldllv constant the current in

Ax(‘ cireuit, said means comprising a geries
of impedance elements, each of said imped-
ance clements, less one of the series, hav-
ing a value cub%*antmllv double the imped-
ance of another of qmd mehme elemeénts,
and means compr ising a series of velays for
connectmg sald nnpef!a:: e olements in sairl
cireuit in such ecombinations as to vrovide
a uniform "muuahon thereat.

16.

means ccmpnsmtr a.

The combination of a cireuit com-
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prising an electro-responsive device, a

series of relays for said circuit, a series of -

slow-acting relays for said cirvcuit, moving
contacts for said relays, said device con-
trolling at one time a set of 1'eLLys compris-
ing a 1elay from each of said series, and a
locking circuit for one of said relays of the

set nnder-the control of said device compris-

ing 4 movable contact of a slow-acting’ re-

lay of another set of: sald relays. -

17. The combination of a clrcuit contain-
ing a 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-civ--

cuit,  movable - contacts . for said 1e1'1ys, a
pluraaty 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 relavs of the set un-'

der.‘the ‘control of said device _comprising -

movable icontact of a slow-acting relay of"

another:set 'of 'said - relays.

18. A 1'eo'ulator 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
amount dependent upon the intensity of

the energizing force supplied to said sole”

noid, sald means comprising impedance éle-

'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,  meang
for automatically changing the calibration
of said solenoid an amount dependent, upon

the intensitv of the energizing force sup--
plied to said solenoid, said means ‘compris--

ing impedance elementsrmd movable con-

tacts individual thereto, solenoids {or said: «

contacts and connections whereby said so-

lenoids are controlled by said- first men--

tionped solenoid.

<20. The combination of a cucmt ‘contain--
ng a source ot Voltacre and an electvo-A

responsive device, and means comprising a
plurality of 1'ela,vs 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, 2 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. «nid device controﬂina ‘at one time
a set of relavs comprising a 1elav from each
of sald series, and means comprising a mov-

-TNeans, - and control ‘imeéans therefor:

able contact controlled-by one-of the relays
of the set normally under the control of:

-sald device for removing said last-named set

from the control of said device and for-
placing - another- set under the control of 70
said " device. -

992. A regulator comprising an-electro-re- -
sponsive dewce, ‘2 plurality-of series‘of so-
lenoids' controlled theéreby for: proo'resswe
operation;-and -an -armature: controlled by 78
one of' said solenoids to remove a-solénoid of-
each-series’ fromthe -contact’ of-said- deVme
and to place another solenoid of- each Qerles

-undef’- the control - thereof:”

23. A regulator comprisingan electro re
sponsive-device, a plurality-of series of 5o~
lerioids: ‘controlled théreby “for progressive
operation, and an armature controlled by
each ‘solenoid of ‘one series to remove-a sole-
noid ‘of each-seriés-from ‘the:control ‘6t said: 83"
device: and>to 'placeé  another! solehdid > of -
each‘serles underthe contyol theréof.- -

24 regulator-” comprising ’reeﬂuhtmw

80 -

S
ing ia plmahty of "serigdtof - re}ays fof “pro- 90
gressive:operation and tonnections: wherebx

-corresnonmncr'rems of-edehi'seites are” se-’

quentlallv ‘opevated: to vary the. eﬁ"ectn eness.
of igaid- 1eoulﬂt1n0' means.’

25::A 1eorumtor comprising a plumhﬂy of 49
series: of: 1elays for ~progressive: operaﬁl')h'
and: connectlons‘whelebv correspondxng Té=
lays of ‘each’ semes ‘are 'sequentlally oper-
ated,

26.A regulator comprising a plurality of 100

regulating ehments ‘and control means theye-
for comprising’-a plurality ofserieg of Te-
lays for-progressivé operation. and’ connée.
tions whelebv correésponding reldays’of“each”

_series are sequentially operated to vary-the 105

effectiveness of said: regulating: elerhents.

97. The .combinatioin -of 'a plirality: ~of -
work: icirenitsf and ‘means - for holding “sub-
stantially: constant: the ‘eurrent:in q(ud work

civenits, said means’ comprising a solehoid 1107
having a plurality’ ol unmtm’es md]vuhml
to said cireuits.

28. Theé: iconibination of phu‘aht\' of
vork-eircuitsjimeans ‘for \qupplvmv voltage
to-said work: cu‘cmts, and’ means for holdmw 115

substantially’ constant- the “current in said:
work ecircuits, sgid means compmsmrr a volt-
meteriresponsivé to'the- voltage ‘in said:¢ir-
cuits, andial ’,sol’enbi‘difi‘e’sponsive tosaid volt-
meter; said'solenioid having a platality of ar- 120
mauueq individuak to: sud circunits.

29.°A requlatox ‘comprising an electrore-

_sponsive ‘device, :a pluralityof telays con-

trolled “thereby for- progressive operation
connections from gaid: relays. and a plural- 125
ityiof circuits to be regulated, said cireuits
being responsive to the electrical condition
of snid connections:

30, A regulatoi comprising a voltage ve-
sponsive. device, a plurality of relays-con- 130
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trolled -thereby  for. progressive ,operation,
connestions i’rmn aid relays, and a pluarality
of circuits to be regulated. s
Ing responsive:to the e]ecmml ¢ondition, oi
,ud fonnegtxom :

1. A solenoid, an encrgizing - civenit there-
for, a plurality of relavs controlled. by said
solenoid, # 1e0uh ng: element controlled. Ly

sald 1elavs one of said: ielays operating only..:
for an increase in the energization of s
solenoid, ancther of said relays operating-,
aaly for a decrease thereof; and means for,
automatically varying the calibration of said ;
solenoid in vesponse to.changes in-the ener-
01/1110 circuit -of said solenmd
A voltage -responsive; reorulatm com-.,
pusm(r « solenoid, an energizing cireuit for

caid solenoid, a plurality of- relavs controlled

by said solenoid. a regulating: element: con-
trolled by said relavs. one ofisaid reldys op-
crating only for an increase-in the energiza- ..
tion of- szud solenmd another  of. said re-:
lays operating only 3 for a decrease thereof,

and means . coritrolled by said-solenoid. »forl.

varying the calibration of said solenoid

-38. A regulator- comprising:a solenoid,, s
plurality of relays: controlled .therebyi .cor
nectlons Wherebv ‘one: of .said:relays oper:
ates for an increase in-the.energization of

snd solenoid, another of -said relays:operat-:

ing for a decrease in the energization of sai
solenoid,
umes by one of said relays and other, times

Ly said ‘other relay, and a.regulating element.

mntl olled by said second solenoid:
34. Tn a system of distribiition, a source-of "

\oltaoe a plurality of -work- circuits con- -

nected to said source, variable resistances in-:,
dividual to. said 01r0111ts, means. comprising.
a relay having an armature ‘and- responsive :

to an increase in voltage in'said seurce for;;

increasing the value of “said resistances, and-

means comprising a second relay: having.

an armature independently. movable :of said

first armature and responsive to a decrease.

in voltage of said source for decreasing the
value of said resistances.

35. In a system of distribution, a source
of voltage. a plurality of work: circuits con-.
nected in shunt to said source, variable re-

gistances included in said cxrcults and .1n- .
dividual to said circuits, means for maintain-’

ing substantially const'mt the current in said
work circuits, ‘said means ‘comprising. a re-’

lay having: an armature. and comprising.

means responqwe {o an increase in voltage of
said source for increasing the value ot said
resistances, and means comprising a reldy
having an armature independently movablé .

of said first armature and- responsive to -

a decrease in voltage of said -source for de-
creasing the value of said resistances. e

36. In.a system of dlstrlbu‘mon 2 +SeUree
of volt:we, a plurality of swork: circuits con-
nectéd in shunt to-said source; a plurality of

said -circults -be-.

said .

a second solen01d .controlled iat 1

s \/AILABLF: VUD‘

resistances in each of said circuits and. in-.
dividual to said circuits; said resistances be-
ing auapted to. be made effective or ineffec-
tive in. said cireuits, means responsive to a
decrease in voltage of said source for. render-..
ing . ineffective a resistance in each of said
<1rcu1t and means 1espon31ve to. an increase
in Voltaoe of said-source for rendering effec-
_tive a 7emstance in each of said cn‘cmts _
87..In a system,of distribution, a source
of voltage. a plurality of work mrcmts con-
nected in shunt to said source, a plurahty of.
‘resistance elements in each of said -cireuits .
“and individual to said circuits, said:resist- .
-‘ances being adapted to-be made effective.or 80:
lneffectlve in said circuits, and.means for
‘maintaining subqtantlally constant the cur- "
rent in sald work cireuits, said means com- .
prising’ means responsive to a- decrease in’
~voltage of said source, for. rendering ineffec-
_tive a resistance in each oi said cncults and’
.means. responsive. to -an. increase’in, voltage‘_
of said source for. renderm(r effective a re-
sistance in.eachof sa1d_c1rcu1ts.- ol

70

75,

85

of voltage,,a plurality,.of work 2
ected in;shunt to.said source, a, plurallty ol
; ch .of;.said, ‘Cll‘CllltS
-and; mdj,wdual to.said circuits, a shunt path .
for each of said resistances whereby each re- 95 -
,;4.s1stance Inay be.made meffecuve and means
responsive, to . changes..in,: yoltatre of said
source ior holchnor substantlally constant, the:
current in said cm’ults said means compris-
© ing.- automatic: means . for controlling the
shunt paths of said resistance elements.

39, In & system of distribution, a source
.of voltage, a plurality .of work circuits con-
-pected.in shunt to.said source, a plurality of.
resistance elements.in each of said circuits
and mdividual to said cireuits, a shunt path-
for each-of said. resistances whereby each re-
sistance may be made ineffective, means for
holding substantially constant, thc curvent in

said circuits, said means. comprising elec-
tromagnetic. means 1esp0nsn'e ‘to an‘increase
~in Voltage of said source.for opening said
shunt- paths, and electromagnetic. means re-
.Sponsive to a’ decrease in voltage;of said
. source for: closing said shunt paths. .

40. In‘a system of distribution, a source of.
voltage, a work  circuit connected to: said
source and containing a. plurality of resist-
_ance elements, a voltmeter in circuit with
«aid source, means for changing the cahbl a-,
‘tion of sald voltineter in response to. v: um-v
tions in said source, shunt paths for.said re-
sistances, and a plurality of electromagnetic
‘means controlled by said voltmeter for sue-
cesswelv controlhno a plurahtv of sa1d shunt
‘paths. - -
41. In a system of dlStI‘lbutlon, a source
-of voltage, a plurality of resistance elements,
a-work circuif containing said source and
said resistance elements, a.voltmeter. in cir-:130
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cuit withi-said-source, shunt paths for said re-
sistances; ‘electromagnetie means responsive
to the“action of ‘said voltmeter for control-
ling“the ‘opening of said shuft'paths for an

incfea&é in- voltage ‘of gaid source, and-élec-
tromagnetic ‘medns résponsive to said volt-

métér For controlling ‘the closing “of sdid
shunif paths for a deérease in voltage of said
souyee i e T b TR
49, In a system of distribution, a source of
voltige, a'voltmeter, a plurality of resistance
elements; shuint, paths for said redistdnces, a

circiiit ‘contaifting shid souree;said voltnieter

and said resistances; electromagnetic’ meéans

responsive 'to said ‘yoltineter for ‘controlling
the' bucceéssive opening of said: shutit "puths
for an “icrexse ' voltage, and electromag-
netic’meshs Fesponsiveto said voltineter' for
controllifrg” the successive closing ofsaid

shimt pathé for a decrease in voltage.
43¢ Tni's system of ‘distribution, a source
of woltage, a voltmeter reldy,a plurality of
resistance €lements; s ¢ircy ining sai
iy and $aid resistafices, Shunt

source, said relay‘an
paths for said’resistances, “and” }
chiffiging thé- calibration of said relay’arid
controlline 'the curFetit' in “said ‘circuit, ‘sal

megrls omprising electromadiietic means e
spongive to'said-voltineter for controlling the
opéning of said shifit'paths for an increase
in volthge, and eléttfornagnetic Theans ‘re-

sponsive'to said voltmeter for'controlling the’

closing of said shunt paths for a decrease in
voltage. Tl MUE et

44. In a system of distribution, a source,
of voltage, « resistance, a voltmeter; a work

civciit containing ‘said source, ‘said ‘resist-
ance and’ sdid voltmeter, a ‘shunt path for
said resistariée, means under the contrdl of
a contact of said voltmeter for' closing said
shunt path; and ‘means under the control of
anofher contact of said voltmeter for open-
ing said shunt path. ‘

45. Tn a system ‘of distribution, a source
of voltage, a voltmeter, a plurality of Te-
sistance elements, a circuit_containing said

sourée, the winding of 'said voltmeter and’
said resistances, a ' plurality of relays,” a’

shunt path for'each of'said resistances com-
prising a‘fhovable ¢ontact of one of said re-
lays, electromagnetic nieans under the cofi-
trol of said voltmeter for controlling said
relays for an increage in voltage ‘of said
source, amnd’ electromagnetic means’ under
the control of siid voltrieter for controlling
said relays for a decredse in voltage. o

46. Ina system of distribution, a source
of voltage, a voltmeter, a 'plurality of -re-
sistance elements, a circuit containing said
source; thé winding of said Yoltreter-and
said resistances, a plurality of deenergized
relays, a shunt path for each of ‘said resist-
ances comprising a movable contactof ‘one
of ¢aid relays, electromagnetic means under
the control of ‘acontact of said voltmeter

Uit containing 'said

for successively energizing said relays for
an increase in’ voltage of ‘said source, and
electromaghetic means under the control of
another ‘¢ontdct of isaid voltmeter for suc-
cessively deenergizing said relays for a de-
crédse in voltage of said source. '
47t In a system of distribution, a source
_of voltae, a voltmeter;.a ‘plurality of re-
sistance 'clements, a circuit containing sald
source, -said ‘resistance elements and the,
winding of said voltmeter, a plurality of
relays; means comprising -one of said re-
layé for shiort circuitihig -each of said resist-
ances, ' automatie’ means  responsive to said
voltmeter for progressively operating sald
relays in predetermined order in one direc-
‘tion, and autonatic means for locking each
of said rélays' after each'relay has operated.
48 In' 4 isystem ‘of "distribution, a' source
of voltage; a volimeter incircuit with’said
sourde, & pluraliby-of resistance elements, a
cireuit - ‘containingisaid .Sourcé, and said re-
sistatice’ ‘elements; «a plurality of ‘relays,
- means’ comprising: one fof' siid relays for
short - cireutting *each vof said : resistances,
automatic' medns for progressively operating
‘said ‘relays in’ ‘a ‘prédetermined-order.1n one
* direction %o ‘compensate for changes in volt-
age ofshid source; &nd’ means for. insuring
the ~progressive ‘reverse ‘operation of said

relays. :

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 rélays, a shunt path
for éach: of said - resistances comprising a
‘movablet‘cdntact of .one of:said relays, elec-
tromagnetic means responsive to said. volt-
‘meteér for controlling one of said relays, and
autoinatic means for remdving said-last nen-
tioned relay from the ‘control of said elec-
tromagrnetic: means, and for placing ancther
of said relays under the control of said elec-
tromagnétic means whereby fluctuations in
‘the voltage of fsaid source may be compen-
sated. o

50. In

2

system of distribution, a source

“of wvoltaige, a voltmeter in-circuit with said.

source, & - plurality of resistance’ elements,
a circiitcontaining 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 com-
prising a movible contact:of one ofisaid, ve-
" lays, electromagnetic 1neans responsive. to an
increase in voltage ‘of said source and con-
" trolied by said voltmeter for controlling.one
‘of ‘said -teldys, electiomagnetic means .re-
sponsive ‘to"adecrease ‘in-voltage-and.:con-
-trolled By said valtmeter for.controlling that
relay of -said séries’ which is immedjately
previous to the ofie unnder the control.of the
said first electromagnetic means, and means
for- transferring the control: of both said.
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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
sourcé”of “voltage, a voltmeter associated
with said source of voltage,'a relay for each
of said resistances, a shunt path for each of
said resistancés comprising a movable con-
tact of one ‘of said relays, electromugnetic
means responsive to said voltmeter, connec-
tions whereby'said means normally controls
one of said relays, and auntomatic means for
removing the ‘control of said electromag-
netic means from ‘said normally -controlled

_relay to another ‘'of said relays, whereby the

opened in a predetermined order. -
“582. Inasystem of distribution, a source of -
voltage, a ‘plurality of resistance elements,

‘shunt " paths for" gaid ' resistances mdy he

o circuit containing sald source and said -

" résistances, a- voltmeter connected to said

25

30

movable’

i¢e; & normally' deenergized relay for each
of "said’ resistance ‘elements, ‘a-'shunt -path
for" each’“of “said ‘Tesistances’ comprising a -

meter; Cofinections ‘whéreby $aid means nor--
mally conitrols oné of ‘said relays, and means”
comprising 4 sécond’ series ‘of ‘relays for: re- -
moving' the “control “of 'said’electromagnetic

“rmédns from’ 'said’ normally‘ controlied -velay "

40

to another of said first series of relays wliere-
by 'the shunt paths for saidiresistances may

- be'opened ‘in- &’ predetermined order:

-53. Tii'a'system of ‘distribution, -a source

“of “voltage, a plurality of resistance ele-

mehts; a circuit contdining said source and
said -resistance - elements, a voltmetér con- -
nected tosald’ source, a normally deener-
gized relay for each of said resistance ele-

“‘ments, ‘a shunt path for each of said ve-

sistances’ comprising a ‘movablé 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 n sald source, a work circuit com-
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 voltmeter.and
for producing a proportionate variation in
the value of sald resistance whereby the

EST AVAILABLE COP.

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 -sald voltmeter, ‘a second
variable resistance, a work circuit compris-
ing said source of voltage and said second
variable resistance, electro-magnetic- means
responsive through the intermediary ‘of said
voltmeter to:- changes in voltage - of. sdid

“source-for producing a proportionate varia-

tion in the value of siid- resistances where-
by the current in said work circuit may be
held substantially constant. B

L1
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75

80

56. In a systeni’ of ‘distribution, a source .

of voltage, a voltmeter, a plurahity-of re-
sistance elements. an -electric circuit com-
prising said source, said resistance elements
and the winding of-said voltmeter, a4 plu-

85

rality “of additional resistanceelemients; a -
work ‘circuit comprising’ said:gource ‘of volt="

‘age and said ‘additional ‘resistance’elements,
a plurality of relays;'shunt paths'under the-
“conitrol ofsaid relaysiforsaidresistandes;
' electromagnetic means and electricaliéontiec

tions for causing a plaralityzof said Telays -

to" open the:shunti‘paths:ofi'a* plurality ‘of

said resistance ‘elements in'said electric cir--

cuit ‘while opening the shunt paths for -a:

smaller number of the resistance elementsin’

said workcircuit ‘whereby ‘the current-in

said work circuit may ‘be regulated. ~ .

57. In a system of ‘distribution, a source
of voltage, a voltmeter reésponsive-to fluctua-
tions in said source, ‘a ‘series'of relays under
the control of said voltmeter, means under

100

the. control of contacts ‘of said relays for-
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 cle-
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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deenergized. relays, electromagnetic means
tmdel the control of said vo‘tmetcr for. ener-
olzing sald relays, electmnhmpetu means
under the control of said \oltme*ez for de-
energizing . sa,td relays, means under the con-

tro] of contacts of said relays for varying.

the calibration of said voltmeter, a plu-
rality of work cireuits, a phuahtv of: Te-
sistance elements in each of salg, umuv‘s
shunt, paths for said resistances, means con-

prising a set of relays for. (,ODthlhn(’ the.

shunt paths of the resistances of a )lumhtv
of said Wolk circuits, means comprising a
second set.of;relays io* COtL mpﬂmu the shunt
paths of thg,les;smnce\ of another of. said
work circuits, and circuit connections. for
placing said sets.of relays under the control
of said series of, 1ela\s wherebv the current
i sald work cireuits 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. inclnded in. one of
said mrcmtsa .4 plumhty of relays. con-

~ trolled by, the action;of said voltmeter, and

30

35

40

45

means, under . the,. control of -said relays for

. varying said resistances.

61. In g, system of: dlstrl]@utlon1 a source

of electmcal energy, a. cireuit: connected -
thereto including. a plurality. of. resistance
elements, shunt- paths about said resistance.

elements, a voltmeter, another- circuit con-
nected to said sowrce Including the winding
of said voltmeter and a plurality of re-
sistance elements, short: circuits about. said
second mentioned :resistances, a. celiek of:re-

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 chapging 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 individyal 50
0 sd*d contacts,

63. A, regulaton comprising. a solenoid, a,
p]umht‘ oi relays controlled therqby,
means whereby one. of said: relays operates.
for.an Increase in, the ener(rmatmn of said 55
solenoid, <l110ﬂl€1 of said m(ldys operating
for a decrease in. the. energization; of. said.
solenoid, an. impedance.in. cncmt with.said.
solenoid and controlled by said, solenpid,
and.a regulating element, contralled. bV said; 60
relays.

64 In a system of- distribution, a, spyrce
of electrical energy, a, plurality of ercmts
connected thereto.and including variable re-
sistances, a, voltmeter, mduded,m ong of said 65
circuits. a solenoid contralled, by the: action

of 5211(1 voltmeter, apd.means, under the con-
trol of said. solenoid for. varying said re-
sistances.

65. In,a, system. of. digtribution, a.souree. 70
of electrical; energy, a.voltmeter. connegted.
to said source, a series.of;relays, means:con:,
trolled by the, action of. ‘said: voltmeter, fqr
opemtmvr successwely the relays, mgluded‘
in -saidséries; a, plurality of normally. ener- 75
gized relays controlled by, said, series. of.
1ela,ys, a condugtor mcludm,g,a variable, re.-
sistance, leading . from.said.source tg.a W work.
civeuit, and means controlled, by, said. noy-.
mally energized relays. for, varying. said. Te- 80
sistance.

66. In a. system of dlstmbux;lon,, 4. SQurce.
of electrical energy, a plurality.. of. circpits,
connected theretp, variable, resistance ele-
ments associated with each.of said.circuits, 85
a series.of. relays.. associated s with., eachs o
said circuits and. controlling . the. varlable
resistance. elements. assoglated therewith,.
means controlled by. a variation in. the; volt:.
age at said source for con:brollmg one of said- 90
series of. relays, and means. controlled. by
said last mentioned series.of .relays.for con-
trolling another of.said series ofi{relays.

In witness whereof, I hereunto.subseribe
my. nampe thig; 21st, day of July A, D., 1919. 95

ROY D. CO\TWAY,



