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This invention relates to arrangements
for regulating an electrical characteristic of
a circuit, such as the intensity of current
flowing therethrough The object of the in-
5. vention is to provide means for inguring a

. constant flow of current through each of

10

several channels as the number of chanuels.
- changes.
provide means whereby, i a circuit with-

- More specifically, the object is to
variable E. M. F. and in which a pluraht 7

. of relays are introduced in accordance with
. the variations in the E. M. F.; the curleﬂt

- flowing through each relay shall remain sub

- stantially constant and -independent of the
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+ selves supplied from the variable source of
E. M. F., and in view of the fact that it

30

variations in the E. M. F.
The invention has found- parmcular ap-
phcézmon in connection with means described

.10 the patent to R. D. Conway, No. 1,438,944,

- granted” December: 19,.1922,: for reoulatuw‘
the flow of current in a W01k clrcmt Tegu-
.+ lation. .being . obtained by the step- by step
operatlon of relays: which: are adapted to
.- control resistances in the circuit to be regu-
lated and the regulatnon being one to over-
come the deleterious effects of variations in
the source of E. M. F. supplying the load
circuit. ‘In this circuit, however, the relays
which are introduced. step by step are them-

is necessary. to use. relays which are nicely

- adjusted as.to current value on which they

operate, it is desirable to provide additional
.means by: which tlie.relays themselves shall
. be made mdepe'ldem of the fluctuations in-

. the. voltage of the source, and I accomplish

this by the introduction of a resistance ele-.

. ment of a certain value associated with the
., relay -cireuits.
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./The: invention -will be bette1 understood

by reference to the accompanying drawings

in which Figure 1 shows in part the regu-

- lating cireuit- of the Conway patent men-.

tioned above and including in. addition cer-
tain changes comprising my invention. Fig.
9 is a schematic cireuit to illustrate the prin-
ciple underlying my invention. Reference
may now be made to Iig. 1, the description

to be ziven being only such as is necessary

to make more fully clear that portion relat-
ing to my invention. Connected to a battery
2 15 a voltmeter relay 3 which has a needle
4 between two stationary contacts 5 and 6.
Since these contacts are extremely delicate

~tery -2, conduct01

1922. Serial No. 582,981.

and easily burned out, the nevdle 4 is con-
nected to ground, while the contact 5 is con-

‘nected to battely through a resistance 7 and

**1@ contact 6 to the same point of the battery

mrouon resistance 8. Connected to the con-

tact 5 1s also the relay winding 10, and con-
nected to the contact 6 is the relay 115. The
1°1ay 10 is normally operated from the bat-
tery 2 through the following circuits:
158, resistance 7, relay
winding 10 and ground. The relay 115.1s
also nonnally operated through a . similar

- path, including the contact 6 and the resist-

ance 8. In case of deflection of the needle_

- 4 in'such a direction as to close with contact

.5, the relay 10.will be short- circuited, .and

On

1ts armature will accordingly fall:away.

:the other hand, if the, necdle 4 closes in -con-
tact 6, the Ielay 115 is short-circuited and.

its armatare falls away. The advantacre of
this circuit arrangement is. that more. posi-
tive operation of the relays 10-and 115.is ob-
tained than would be the case were-they con-

trolled by a series connection through .the-

contacts 5 or 6, and at the same, t1me these
contacts are’ plouected inasmuch as‘current
is not interrupted but shunted throutrh an-
other path. The relay 10 controls the, -Sut-

‘cessive operation. of the relays in.'the: two-.

series. 11 to 17 inclusive and 21.to 27 :in-
clusive. Tach of the 1elays in series 21.to
27 inclusive is a slow-acting, relay. designed
so that it will not operate or; close its. con-

tacts until after its.corresponding relay inthe -

series 11 to 17 inclusive hasbeen operated..

- The successive operation of the, relays:11
to 17 inclusive serves to add to the winding
of the voltmeter relay, the resistances 31, to

55
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bau-,
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37 respectively. by the breaking of shunt

paths around  said resistances. These re-
sistances have a value: predetermined with

respect. to. the adjustment of the cont‘tcts of

the voltmeter relay.:

The_operation: of the circuit is as folx -

lows The circuit normally closed through
the winding of the voltmeter reliy 8 is. from
ground, b‘xtte1y 2, winding of voltmeter, 3,
conductor 50. and mox able contacts 51 to 57
inclusive to -ground..
voltage of the source.2 will be indicated by

.a.deflection to the right of the needle of the

voltmeter relay thereoy short-circulting the
relay winding 10 and permitting its arma-
ture to fall away and thus. clo:,mcr the: fol~
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lowing cirenit: From ground, movable con-

tact of relay 10, conductor 62, movable con--

tact 63, conductor 64, winding of relay 1i,
conductor 65, winding of relay 21 to bat-
tery and ground. This energizes relay 11
which pulls up its movable contact 67 and is
locked up over the following circuit: From
ground and battery wmdmo of “relay 21,
conductor 65, winding of 1'elay 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 movable contact 51 thereby brealk-
ing the short-circuit around resistance 81 so
that the closed circuit for the winding of

the voltmeter relay may be traced from -

ground, battery 2, winding of voltmeter re-
lay 3, concluctor 00 resistance 31 and mov-
able contacts 52 to 57 inclusive to ground.
I1f the addition of resistance 381 is quf‘lcmnt
to counter-balance the i1i¢rease 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 operation
25

of relay 10. After"the relay 11 has pulled
up its movable contacts and has been locked

© through the circuit deseribed. ‘above; -the

30

slow- actlnv relay 21 attracts” its movable

‘contact 63 so as to- - disconnect the ‘windings * 1
" ments 81 and. 32, the voltmeter relay needle

of relays 11 and 21 from the armatureé of

“relay 10 and to connect instead the windings -

of relays 12 and 29 thereto through condluc-

tors 94 and 89, movable cont‘wt 90, con-

38

40

~ductor 91, movflble contact 63 to the ino'vable
contact of relay 10." This change therefore

malkes telays i2 ‘and 22 responswe to the

energization of relay 10.°
If by the addition of the res1stance 31, the
circuit incliding the voltmeter relay 3 is not

sufficient to" counterbalance ‘the ‘increase ‘in-
the voltage ‘of the battery 2, the’ needle of

the voltmeter relay will not. retmn to neu-

50

tral position but will remain deflected to the
right and the relay 10 will rémain deener-
gl7ed and after the slow-acting relay 21 has
changed: the relay under the contiol of relay
10 from relay 11 to relay 12, the following
civeuit will be closed: Frotn ground, mov-
able contact of relay 10, conductor 62, mov-
able contact 63, conductor 91, movable con-
tact 90, conductor 89, wmdmor of relay 12,

" conductor 94, Wmdlnor of 1elav 22 to battew

bl
<

and ground. The cloqmg of this circuit will
energize relay 12 which will ‘pull’ up its

armatures and become locked up. dver the
“following circuit: From ground and bat-

“tery, winding of relay’ 22 conductor 94,

4o

65

winding of relay 12, movable contact 95,
conductors 96 and 69 ’to movable contact 70
of relay 115 to 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,

1,598,694

vesistances 81, 32 and movable contacts 53
to 57 mcluslve to ground. Thus the circuit
of the voltmeter 1elay winding now includes
resistance 32 as well as resistance 31. If the
addition of these two resistances is sufficient
to counter-balance the rise in voltage of bat-
tery 2, the needle of the voltmeter relay will
return to neutral position and thus open the
circuit formerly closed by the operation of
relay 10.

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-
lowmo civeuit: From movable contact of
relay 10, conductor 62, 91, movable contact
90, conductor 110, movable contact 111, con-
ductor 112, winding of rela,y 13, conductor
113, Wmdmo of 1elay 23 to battery and
gr ound. W mcllno of relay 22 by pulling up
its movable contact 114 removes the lockin
circuit for relay 11 from under the contr%
of movable contact 70 of relay 115 by caus-
ing relay 11 to be locked up mstead direct-
Iy tluouOh contact 114 to- ground. :

It the increase in the voltao'e of source 2
has not been counter-balanced by including
in the voltmeter civcuit the resistance ele-

will not return to neutral position, -but will
remain-deflected to the right. Accordingly,
relay 10° remains cleenerfnzed and . after
slow-acting relay 22 has opemted will ener-

gize relays 13-and 23 over the following cir- !

cuit: From ‘ground, movable contact of Te-
lay 10, conductors 63 91, 110, movable con-
tact 111 conductor 112, mndmc of relay
13, conductor 113, wlndmcr of 1elay 28°to
battel'v and 010uncl The closing of this
circuit will energize relay 13 which will pull
up its movable contacts and become locked
‘up over-the closing of the fellowing circuit:
From ground and | battery, winding y ot relay
23, conductor 118, winding of 1elmy 18, mov-
able contact 120, conductors 121 and 69 to
movable' contact 70 of relay 115 to ground.
The actuation of relay 13 also serves to open
the short-circuit around the 1e51stance 33

thereby mmemsmo the amount of resistance *

in the ‘circuit-of “the winding - of the volt-

“meter velay.: “If the addition of resistance
© 83 is sufficient to counter-balance the change

in the voltage .of source' 2, the voltmeter

relay needle will return to neutral position. *

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
following circuit: Movable contact of relny
10, conductors-62. 91, 110, 124, movable con-

tact 125, conductor 126, winding of relay 14,

conductor 1928, winding of relay 24 to bat-
tery- and ground. The operation of relay
23, by pulling up its movable contact 127,

70

80

90

97

110

it ]
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‘removes the control of the locking cir
relays 12 and 22 from under the centrol of

cuit: of-

the movable contact 76 by locking these re--

LLV instead over the folloWing cireuit:
5 Ground and battery, winding of relay 22,
conducto‘ 94, relay winding 12, movable
contact 95, (:onductor 96, movable contact
127 to ground. Relay 12 therefore ceases
to be under the LGP‘:ZIO; of movable contact

tw 70 when velays 13 and 23 have been cier-
glzed .
It is thus seen tnat by a S”e y-step pro-

cedure uc’jus:ment is made of tuc re s‘\t,nu
in series with the voltmeter \\mdmb to
15. maintain a constant cuu'en., as the voltage
. of the battery: increases. thon“‘ steps
may be supplied. but since tne oper.:ti-sns

. are merely a «,ontmuatxon of those airead
described, it is not necessary to. dnschbe
20 them ' f““uhex._

The deawing shows seven:

such steps, but any number.may be used, and-

in.every case. the stﬂppmn‘ operatlo*xs will
.cease .when proper current value has been

reached, as indicated by the ;alhug av*‘y‘.-

+ 25, of. the: nee"‘e 4 from, contact 5., . ..
... . The above.deser xptlon deecrxbes tae oper‘.

A reyersal of the . .process: will; occur, if-the
volta re) suou,l fall, in: valuey .If, a,tuer'tl_.f‘
37rhav. ._been m“luaul in

ko, successne _y, ¢
. 87, 36, 35, etc., untﬂ the Qecrease in, vo]t
23, has been count er-balanced :

e

creasing the amount of resistance in circuit
with the voltmeter relay winding.

¥t this reduction in resistance in the cir-
cuit of the voltmeterivelay winding is suf-
ficient to counter-balance the decrease of 70
voltage of source 2, the needle of the voit-
meter relay will return to neutral position

and no further opération of the series of

relays will take place.

The deencrgization of relay 23 allows its
armature 111 to fall back so as to put the
winding ()f relay 13 under the control of
the movable contact of velay 10 so that relay
13 may again be energized in case the volt-
age of source 2 should increase. The fall-
ing back of armature 127 of relay 28 breaks
the locking circuit for reluys 12 and
which consisted of ground, battery, winding

75

80

of relay 22, conductor 94, wmdnw of rejay

i2, movable contact 95, conductm 96, mov-
aule contact 127 to- ground, thereby cavsing
the locking circuit for thﬂse relavs to be

Jtraeced - msnwd “frem condactor ‘96 to ‘con-

~'This change: of the locking. circuit- ‘places’

ductor 69:and movable contt.ct 70 to ground.

‘ relays 12: and :22 under: the -cotitrol. of th°
.tion, of the system for increases in Voltac“e.:

ot been’ counter-bal
‘of: relay: 13" and -the::subfracticn: from ‘the

movable contact 70 ofvelay: 115 7 +i -
~If the decrease in -voltage of source 2 has
lanced by the unlecking

“voltmeter relay ‘circuit of the resistance 82,

~the needle of the volimeter relay will remain
ﬂmt remswqces

deflected: to the-left; and: the  movable-con-

ge: tact 70 of relay 115.will then break:the lock-

The manner in.which the S} stem over‘wtes‘

“for decrease. in voltage may be, explamed as!
follows: Suppose, . for . example,. that. the.

voltage of source 2 has increased to.such:a’

g value that. relays;11,.12, and.13 have been

energlzed to mclu&e resmmadces ol, 32 audf»E
3-in the: cirenit.of theivoltmeter relay wind- -
;.mg in orderito.bring back, voltmeter needle -

4. to.neutral; position.: Under.this; assump-
'45-.tion,; relays: 21, to.-2
have been ene r«nzed so that the :movable
.. contaet. of- rela_y 10 -is now -conneeted: to: the
windingof relay -14- Wluch is ‘the’ next in
. series- and : disconnected: inding
50 . of relay, 13 .As. has been tI“lCBCl uefo“,
relay. 18 hnaer these condmons is. locked up
- over: the: fo]lowmcr cireuit:: from: ground,
and batter; ..~;W1n01no' of relay 23,.conductor
118, wi ndmv of relay 13 movable contact
35 190 coriductor: 121.4nd . 69: to. movable :con-
_tact- 70 of relay 115 and- ground.

.‘chuswe Woulu also -

‘the relays m'ty

ing circuit just clescrlbed for relays 12 and- 1%0

9 ‘thereby ~deeriergizing - these 'two relays.

‘The: deenergiz atlon of rela'y 12 will: allow

movable contact 52 to fall back so as fo
short-circuit resistance 32 thereby decreasing
the' resistance’in the voltmeter relay ‘circuit, 105
The effect-of further decrease in the volt-
age of source 2 in releasing -further relays
in the train is obvicus, this release contin-
Ging until bals l-ce of the voltmeter has beer
attained; and ‘at ‘any stage the: opemtmp of 110
procead in elther direction,

> depending on Whethar'there is an- mcrease

I{ now.

the voltao'e of source 2:should decrease, the-

voltmater néedle would ke deflected: to.the
left and make contact with-contact: 6’ thereby
60 short-circuiting 'relay . 115..": The . -armature
-of this relay now falls away. thereby opening
the locking circuit for relays 13 and 23 and

‘ deenelglzmo these relays. The . deener-

SIAZJUO”I of relay 13 causes movable contacts.

0

s
65 35

%3 '\.Ov short-c'reuit 1emsu.1n‘,e

thereby de-

fnet that the former greoup .of these relays

or. décrease in'voltage of source 2.
In “addition ‘to- maintaining constant Lhe
currenf; flowing ‘through the voltmeter relay 1!
3, other circuits may be regulated. For ex-
fzmple, there are shown movable armatures
71, 97, 73,129, 137, 108°and 75 associated re-
spectively with the r elays 13#to 17, and it is
apparent that:ithese contacts may be used 120
to control resistances in other circuits in a
manner, similar to the control exercised over
the resistances-31 to 37, or in other manners
as may be desired. ~
In the descz'i_ption thus far, no mention has 25
been made of the resistance 18 inserted in se-
ries with the battery 2 and in such a posmon
as to carry the current supt)l'ed to the re-

laxs 11 to 17 and 21 .to 27. " In wiew of the i3
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act comparatively quickly and the latter

group are slow-acting 1elays it is apparent

that the current which is supplied to these

relays must lie within certain limits, other-
5 wise the time relations in the matter of oper-
ation will be affected. On the other hand,
as the voltage of the battery 2 rises or falls,
there would, in general, be a corresponding
change in the current supphed to these re-
lays. I propose, therefore, to insert the re-
sistance 18, adjusting this resistance to such
a value that it will absorb the increase in
voltage of the battery 2, leaving a con-
stant voltage impressed across or a constant
3 current flowing through .the -relays.. In
order to do this, I take advantage of the
fact that, as the voltage of the’ battery 2
rises, the resistance of the relay circuit which
it supplies becomes. less because of the addi-
tion of relays in parallel to those already in
operation. The variation in voltage may he
.¢ombined  with the variation in the resist-
ance of the relays to maintain a. constant
- current. ‘This may be better explained by
5. reference to Fig. 2 in which there is shown

.a battery B in series with a.resistance A and -
a plurality of cireuits C. The:voltage from -
- the'battery B, which is impressed on the cir- -
- cuit, s made Varlable and after each certain

50 increment in this Voltage a change is; pro-

- made variable by a movable bar D, so related
%5, to-the other.elements of the ClI‘Clllt that as it
“slides to the right it increases the voltage
of the battery Bl by certain increments E and
_increases ' the mumber of the elements C,
_ which are arranged in parallel, each increase
of vOltage,Eresulting m an addition of one

. element C.  If this-bar for the moment be:

considered: as moved :to:the left to such:a
position that but-one element C of resistance
R is inserted, there will.be a certain current

M
&

a resistance A, which, included in series in
the circuit will maintain the current constant
as the bar: D slides. If but one element C

is included in the circuit and the voltage .

5

<

then effective is mdlcated by E, the current
will be BN , AT
| o B
e+ R
-

have been added 7 elements C, the total num-
" ber of these elements in the circuit being
n4-l. The current now flowing' will be

60 R . E+77/6 .
. Y —

. and the condition is that the cuuent flowing
through each element C shall be equal to the

=}

t “the t througl! h el
-duced in the resistance of the circuit by the® aining: the, current, through each <lement

.introdiction of: one of the elements, C..In .
this case;I have shown the voltage as being:

5 flow, and the problem is to find a.value of.

After n increments of voltage, there will

1,598,694

current. . This condition reveals the fol-
lowing equation: . A
B 1 . E+ne
a+R n+l ot R
n+1

-

70

Solving for A, this yields
' eR
E—¢"

and it is seen that this value of A is in-
dependent of » and contains quantities which
are constant. While Fig. 2 has shown the
elements C as being s1mple resistances, it is
obvious that they may be 1elays of the form

A=

.75

&%

0

-described in connection Wlth Fig. 1.

What is claimed is:—

1. In 4 circuit containing a variable source
of E. M. F., means for mtloducmg in said
circuit g plurahty of elements in accordance
with the variations of the E. M. F. and
means for maintaining the current through

each element 1ndependent of the varlatlon
an the E. M. F. S

2. In a circuit contalmnv a varlable source

of E. M. F., means’ for mtroducmo' a -plu-

rality of elemerits into the circuit i paraﬂel
with edch other in accordance with the vari-
ation of the E. M. F. and means for main-

mdependent of the variation i in the B/ M: F.

*-3. In‘a circuit containing a variablé:source
of Ei M. F., means for introducing ‘a plu-
rality of elements in parallel with' each other
and 1n accordance with the variations of the
E. M. F. and a resistance in series with this
source’ for maintaining the current through
each”element: 1ndependent of the varlatlons
in the E. M: F. '

- 4. I a circuit contalnmg & Varlable source
of E. M.'F., means for introducing’ in’
circuit a plurahty of elements'in accordance

100

.103

“with the variations of the E. M. F.and

‘means’ for maintaining the current through
each element 1ndependent of ‘the: Vamatlons
in the B. M. F. -

5. In'a circuit cont'umnw a Varlable source
of E:"M. F., means for mtroducmd a plu-
rality of elements into the circuit in: parallel
with each other and in accordance with the E

110

14
—
(5

“*yariation' of ithe B. M:-F. and: means for

‘maintaining the: current': through each ele-
ment: 1ndependent of the varlatlon 1n the

E. M. F.

6. Ina c1rcu1t contamma a varlable source
of E. M. F., means: for' 1ntroducmg a plu-
rality of elements into the circuit.in parallel
with each other and in accordance with -the
variationof the B: M.'F: and .means for
maintaining the current:through each ele-
ment mdependent of the Varlatlon n the
E ‘M. v

7. In a mrcult contzumncr 8 Varlable source
of E. M. F. of normal value H, means for
introducing in said circuit a plurality of

[
[]
=1

125

130
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elements of resistance R, one element being
introduced with each increment of I. M. F.
e and a resistance in series with the source
and having a value of

eR
E—e¢

8. In combination, a circuit comprising a
source of electromotive force and a plurality
of steps of resistance in series, and means to
cut sald resistance steps in or out in corre-
spondence with variations of said source of
electromotive force, said means comprising
relays, each controlling a step of said resist-
ance and adapted to be connected succes-
sively in multiple with said source accord-
ing to the variations thereof and a single
resistance also in series with said source and
with said relays in multiple thereto, said
last mentioned resistance having such value
as to keep the voltage drop constant through
the said relays according as any or all of
them are energized.

9. In combination, a circuit comprising a
plurality of steps of resistance in series, a

>

source of electromotive force also in series
and means to cut said steps of resistance in
or out to correspond with variation of said
source, said means comprising a plurality of
relays in multiple on said source of electro-
motive force controlling respective resist-
ance steps, and means to keep the voltage
constant through the relays according as any
or all of them are energized.

10. In combination, a source of electro:
motive force of variable magnitude, a plu-
rality of translating devices, means to con-
nect any or all ef them in multiple to said
source according to the magnitude thereof
and a resistance in series with said source to
which said translating devices are also con-
nected in multiple, sald resistance having
such value as to keep the voltage drop con-
stant through the translating devices accord-
ing as any or all of them are operatively con-
nected in circuit with said source.

In testimony whereof, I have signed m
name to this specification this 18th day of
August 1922.

SAMUEL P. SHACKLETON.
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