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Lo all whom it may concern- -

Be it known that I, Winriam M, MoCox-
AHEY, a citizen of the United States, and a
resident of Pittsburg, in the county of Alle-
gheny and State of Pennsylvania, have in-

vented a new and yseful Improvement in

Systems of Potential Regulation, of which
the fo]lo-wing 18 a specification.

My invention relates to systems of poten-
tial regulation, and 1t has for its object to
provide a simple and efficient means for so

‘combining a transformer having a plurality

of different voltage taps with an induction
regulator that a gradual voltage variation
may be effected. =~ = .
Alternating current transformers having
secondary windings provided with a- plu-
rality of intermediate taps are often em-
ployed in connection with suitable switch-
ing devices for securing a step-by-s[gep vol-
tage variation or regulation. In order that
the change may be relatively gradual for a
wide total variation , the number of inter-
mediate taps in the transformer secondary
becomes excessive aud the switching device
cumbersome and expensive., Induction regu-
lators having one stationary and one mov-
able coil are also well known, but they are

Very expensive to construct for wide voltage
variations. _ -
According to my present invention, I
employ a transformer having a subdivided
secondary winding which is provided with
a moderate number of taps and .constitutes g
well known regulating transformer, I also
provide an induoction regulator which is
capable of produciag a totdl variation of
potential equal to the
eXisting
ondary winding of
transformer an(

the transformer. The
the regulator are so COM -
bined and their cireuit connections so con-
trolied by a suitable switching device that
the electromotive forces supplied to an ex.
ternal circuit may be gradually varied over

2 wide range in either direction without.

producing voltage fluctuations
disturbances in changing
tormer tap to another.
The single figure of the
drawing is a diagrammatic view of a system
of regulation embodying my invention.
Referring to the drawing, alternating cur-

or current
frqm one trans-

accompanying

differer.ce of potential .
between adjacent tgps 1n the sec-

with a rotatable disk

| rent energy is supplied from g suitable

source at any desired voltage, through con-
ductors 1 and 2 to the primary of ga regii-
lating transformer 3. This transformer ig
provided with & secondary winding 4 naving
a piurality of intermediate taps 5 to 13, in-
clusive. A primary winding 14 of an n-
duction regulator 15 is connected in mukiple
clreuit to the secondary winding 4 of the
transformer 3, and g secondary winding 16
ot the induction regulator is connected in

.series with one cirepit conductor 17 of g2

variable voltage distributing circuit 17—18,
Intermediate taps 5 to 13, inclusive, of the
secondary winding 4 are respectively con-
nected to contact fingers 19 to 27, inclusive,
of a drum controller 98 which comprises
main drums 29, 30, and 31 and an auxiliary
dftum 32 and ig adapted to occupy a plu-
rality of positions a, b, ¢, d, and e.

The line conductor 17 is connected to con-
tact fingers 33, 34, 35, 86, 37, and 38 of the
drums 29, 30, and 31, and the secondary
winding 16 of the induction regulator 15 is
connected to contact fingers 89 and 40 The
line conductor 18 ig connected to one ter-
minal 41 of the secondary winding 4 of the
regulating transformer 8. ‘Tha above-men-
tioned contact fingers are all asscciated 1n
operation with the contact-bearing drums
29, 30, and 31.

The contact drum 32 is engaged by a
rality of contact fingers 49,743 44,45{2
and 47, all the
Same movable element which i
vided with a pair of ratchets
strips 48 and 49 that are respectively en-
gaged by pawls 50 and 51. The pawls 50
and 51 are normally held in engagement
with the notches of the vespective ratchets
by springs 52 byt may be released by sup-
plying current to coils 55 and 56. of electro-
magnets 53 and 54, The movable member
of the induction regulator 15 is provided
Ing a projecting
contact arm 58 and two pairs of stationary
contact terminals 59 and 60 which are
bridged by the contact arm when the indue-
tion regulator occupiles the one or the other
of 'its extreme positions o and y. The cir-
cuits for the control magnet coils 55 and 56
are governed by the position of the 1ndue-
tion xegulator and by the auxiiary switch-

plu-
46,

urther pro-
or notched
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ing drum 32, as hereinafter explained. Xor
the putpose of promoting clearness of dis-
control drums and ratcnets avc

shown as developed 1nto 2 single plane.
The operation oi, and the circurt connec-
are s Tollows: Assum-
‘iduction regulator 15 occu-
2 and that the drum controller
“off ¥ position, as shown 3!
controller 1s now moved
o secondary cireuid
is established from one terminal of the sec-
ondary winding to the line conductor 18

ing that the
pies position
98 occuples s
the drawing; it the
to occupy position &,

and from an intermediate t&p 5 through
conductor 61, contact nnger 19, contact

contact memnber
secondary wind-
13, con-

of the drum 50,
63, finger 39, conductor 6.,
ing 16 of the induction regulator

duetor 65, fnger 40, contact member €6 ol

30

it being nossible,

‘position to position a, theve 1s no
from the pawl 51, and 1t will be observed
also free to move nto
how 1mpossibie

% T JPERAL J 5 i ST R .
being moved Irom pPoslion @

control drum 31, contact member 67, inger
36 and conductor 63 1O the line conductor 17.
In moving the controller from its “off”
opPOsITIon

that the pawl 50 18
position ¢ dub prevents any _
ment of the drum in this directloi. it 18
¢ change the position ot
the induction regtilator 18
to postion ¥,
te veturn the

Lfurther move-

the drums while

i

E ]
i) Y o Vo -

druras from their positlon @ to their “off
position when the mduetion regiilator occu-

Y3

40
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net coil b5 to the conductor

55
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pies position

| ~{Whéf3.il sre bridged DY

. and to move ib forward 1o
the position & wien the 1nduction regulator
occupiss posivlon Y. Auxiliary circuiis are

completed, the controlier being in position &

from one terminal of any suitable 107w-vol-
tage source, such 2s & shunt transiormier G
through conductor 10, contact terminals 55
the contact arm 93
hen the induction reguiator cceuples Posi-
tion @), conductor 71, ~ontect fingers 43 and
49, which are bridged by contact memb
79, conductor 13, magnet coul '

80, TWhen the inducticn
lator occuples position ¥, &l auxiliary
cuit is completed rom conductor 10
contact terminals 90, conductor
fingers 46 anc b

45 {wvhich
contact mempers

point the arrangeme
ihe induction regulator acis in opposition

‘to the active portion of the secondary wind-

ing 4 of the sansformer and the regulating
windines ave so designed ihat the voliage
s duced in the secondary of the induction
regulator 1S sbstantially equal to the VoL
tage induced between any fwo adjacent trans-
former taps.
tion regulator occuples nosition @, and

g

- -3 - a i
. o e iy " 3 1y 5
drum controlier position & -netd volizge 18
’ - % N e teooam qa o
impressed upon tha eivenid 17--18. 108

56, and con-
ductor _7%,4{} the Gp‘pf}fﬂta tormingl o)
transiormer .

nt of parts is such that

Consequently, when the induc-
» 3
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voliage is gradually mereased as the indue-

tion regulator is moved from position 2 16

position ¥ until the voltage prodiced 18
equal to the sum of that of the regulater

- :I_' * L -I " * “{f
iap 5 osching in conjuncilon with that o1

!-.

the induction regulator which is equivalent
fo that of the regulator tap 6. It 18 now
possible, as already explained, 1o move the
Trum controller to position b, and in pass-
ing from the one position to the other, con-
' 90 first comes IO engagement
with a conbact member 78 and contact fin-
gers 19 and 26 bhecome disengaged irom
—ontact members 62 and ¢7. 1n this way,
the cireuit is first established from the trans-
ormer tap 6, through conductor 79, coniact
finger 20, contact members 78 and 80, con-
iach Anger 33, and conductor 68 to line con-
ductor 17..

~ Asg alveady explained, the voltage NG
pressed upon the Jischarge circuit, when
ontroller 28 occupies position @ and the 1n-
Tuction regulator oceupies position ¥, 18
aquat to the voltage of the regulator tap 6
and. consequently, -no Auctuation -or dis-

tarbance will take place wien the hine con-

Jechion is established divectly through the

o r
'

iranatopmer tap 6 and the cegulator see-
eyl 14. " N iaramnT 4- (-\] "FTJ - -H'\ 4-1’”’;':{"‘*
ondary 1§ disconnecteG Iruoin the circuits.
“hen the controller 28 Fully cccupies post-

tion b, contact finger of is disengaged frcin
the contact member 78 and contact finger 21,
which is connected DY
the regulator tap 7, moves into engagenment
with @ contach member SZ. {lontact Tinger

34 moves 1nto enga cement wiih contact

mermber 88 so that civeut connections are
now established from the regulator tap 7
through conducter 81, convact URERT 21, con-
Lot members 82 and 86, contact finger 49,
conductor 65, winding 10 of the regulator
15 condnctor 64, contact hnger 39, contacy

nerabers 63 and 83, contact finger 34 and
conducior. 8o to 1ine conductor 17.  The 1n-
* ooulator is thus connectec to the

onsformer tap 7 but the terminals of ils
secondary Winding are interchanged 50 that
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nsformer and, consequently, the vol-
npressed upon the line is still the same
. being equal to the difference be-
& voitage of the tap 7 and that of
aduction regulator. |
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e controller occupying position b, an aux-
‘Tapy circuit is established irom contact
finger 46 through a contact memper 84, con-
tact finger 47 and conductor 73 to the mag-
net winding 56, The magnet winding 50
heing thus energized, releases the pawl 51
a0 that the controller may be returned from
the position b fo the nosition &. in ap-
1o position a, however, contact finger
Lanomes disengaged from confact member

1possible to veturn the con-
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troller to its “off » position.  1f the induc.
tion regulator is moved
toward its position 2,
is effected and

of the drum

& voltage variation
another forward movement
controller is permitted g 500N
as" mduction regulator occupies this POosi-
tlon.  As the controllap passes from posi-
tion 4 toward the position ¢, the transformer
tap 8 is connected directly to the cischarge
cireuit and, when this position is fully oc-
cupied, the induetion regulator is made to
act oppositely by again intercl'mnging the
terminals of qtg secondary winding and con-
necting it in series with o circuit which joins
transformer tap 9 with the conductor 17,
From the controllep steps already ount-
Iimed, the operation of the system may he

readily understood by those familiar with

the art, and 1 deem it unnecessary to comn-
plete a detailed description of the same. It
will be observed that 1t is impossible to
make a mistake in operating
disturbanceg 0 the current, ag well as in the
electromotive force of the line, are entirely
avolded, | /

Although T have lustrated g breferred
form of mechanieal structnre for the lock-
Ing mechanism which 15 electrically con-
troiled, I do not desire to limit my invention
in thig regard, and desire that variations in
cireuit connections and mechanical detajls
which do not depart from the
mvention shall he included within. its scope.

I claim §s my invention :

1. In a system of potential regulation, the
combination with
plurality of intermediate taps, and an in-
duction regulator associated with the trans.
tormer, of etectro-responsive means for ren-
dering the contro] of the transformer de.
pendent upon the position of the induction

2. In a system of potential regulation, the
combination with s transformer regulator
having a plurality of intermediate taps, and
@ switching deviee for controlling the cip.
cult connections of the regulator, of a4 mov-
able coil regulator, and means dependent
tipon the position of the movable coil regu-
for restricting the movement of the

5. In a system of potential regulation, the
combination with g transformer regulator,
an 1nduection regulator, of means for sq
associating the operation of the two usg fq
effect a pradual Potential variation over the
entire range of the transformer regulator
and means for making the contro] of one

regulator dependent upon the position of
the other. o |

4. In a system of potential regulation, the
combination with o transformer having a
plurality of intermedinte taps, an induection

regulater and g switching device for ASS0-

from its position Yy

the system, and-

spirit of my -

a transformer hming‘ a

1Ing

operation of the regulators, of |

1e position of one

of the regulators for restricting the move-
ment of the switching device, |
5. In a system of potential regulation, the
combination with transformer having g
plurality of intermedigte taps, an induection
regulator and g switching device for asso.
clating the operation of the regulators, of
a pair of notched members, engaging pawls
therefor, and electro-responsive means cle-
pendent upon the position of the induction
regulator for selectively releasing the pawls.
0. The combination " witl a transformer
winding having a series of variable-voltage

taps, an induction voitage regulator, and g

switching' device for intermnnecting said
taps and said induection regulator, of means
for rendering the movement of the switeh-
g device dependent upon the position of
the induction regitlator. '

(. In a system of potential regulation, the
conibination with g transformer having a
plurality of uniformly spaced intermediate
tays, an induction regulator and a switeh-
ing device for associating the operation of
the transformer and the regulator, the total
voltage variation effected by the induction
tegulator being substantially equal to the
cdifference in potential between adjacent taps
of the transtormer, of means for rendering
the movement of the switching device de.
pendent upon the position of the regulator.,

8. In a system of potential regulation, the
combination with g transformer having a

pluvality of nniformly spaced intermediate

taps, an induetion regulator and g switch-

Ing device for associating the operation of
the transformer and the regulator, the tota]
voltage variation effecta( by the induction
regulator being substantially equal to the
difference in potentis] between adjacent ta})s
of the transformer, of means tor interlock-
the operation of the switching device
and the induction Jregulator for effecting a
gradual potentizi variation over the entire
range of the ‘ransformer.

9. In a system of potential regulation, the
combingtion with a transformer having a
phurality of untformly spaced intermediate
taps, an induction regulator and a switeh.

g device for associating the operation of

the transformer and the regiilator, the tota]
voltage variation effected by the induction
regulator being substantially equal to the
difference in potential between adjacent taps
of the transformer, of a controller having a
plurality of stationary contact fingers and
movable contact bearing drums, ratchets or

notched members secured to the movable

member of the controller, pawls engaging

the ratchets for preventing the movement of
the control drums in either direction, and
eans cependent upon the position of the
induction regulator for selectively releas-
ing the pawls.

o

70

75

80

30

995

100

105

110

115

120

125

130




10

15

‘movable contact-bearmng
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10. In a system of potential regulation,
the combination with a transformer having
a plurality of uniformly spaced intermedi-
ate taps, an induction regulator and a switch-
ing device for associating the operation of
the transformer and the regulator, the total
voltage variation effected by the induction
regulator being substantially
difference in potential between adjacent taps
of the transformer, of a controller having a
plurality of stationary contact fingers and
drums, ratchets or
notched members secured to the movable
member of the controller, pawls engaging
the ratchets for preventing the movement of
the control drums in either direction, SPrings

equal to the

a—

i

988,587

for holding the pawls in engagement with
the ratchets, electro-magnots for releasing
the pawls, an auxiliary contact - bearing
drum operatively connected to the controller
and stationary contact fingers therefor and
o switching device governed by the position
of the induction regulator for selectively
energizing the electro-magnets. =

In testimony whereof, I have hereunto
subscribed my name this 27th day of Dec.,
1907. |
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WILIIAM M. McCONAHEY.

- Witnesses:

W, P. L'HoMMEDIET,
- Birney HINES.
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