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To all whom it may concern:
Be it known that T, Epwin Leng, a citizen
of the United States, and aresident ol Wilkins-

burg, in the ecounty of Allegheny and State

of Pennsylvania, have invented & new and
useful Improvement, in Potentml—Regulators,

of which the following is a specification.
My

regulation of three-phase alternating current

The object of my invention is to pmvide A
system of the aforesaid class that shall ade-
quately and stmultaneously repulate the

potential bétween lines and that shall pre--

serve the relative phase relations of the
electromotive forces

*

eliminate g considerable portion of the elec-
aratus formerly employed in Sys-
tems of this ¢haracter, ' |

In three-phase alternating current systems
of distribution,fit has been j{ound desirable
to provide reg@ilation whichl. although rel-
' 1ts range, shall
suitable phase relations between
lines supplied "and also produce such
This has been
accomplished in the prior art in combination
with an Oi‘dirmi*y.reduciug system of trans-
formers, which were either delta or star con-
accordance with well known prin-
When three iransformers werpe star

the

ciples.

-

mvention relates to systems of electric
and ‘particularly to the

imposed upon the out-

connected for this. purpose, the outer termi-

nals of their secondary windings were con-
nected to the outgoing ecircuit conductors
through the windings of series transformers,
these three series transformers being ener-
gized by independent primary windings,
which were supplied with varishle voltages
were in phase with the electromotive
forces induced in the secondary winding of
the power transformer to whial, the series
transformer was connected. These variable
voltages were either supplied by auto-trans-
formers which were connected across each
phase of the line and were provided with g
plurality of taps, or from the Seeondal‘fr
winding of the power transformer, in which
case this winding was provided with numer-
ous intermediate taps, the three voltages
being’simultanemls_:ly variedy by interlockine
a plurality of regulalor switches which deter-
connections between the primary

I of the 'serie_s transformer and the

‘at the wil

‘relations between the electromotive

‘and 2.

cireuit z, v and 2.
transformers 1, 2

*}y;
cand 14 are respectively connected between

§

variable
voltage winding. By connecting the series
trans%ormers in this way to-the secondaries
of the power transformers, the voltage im-
pressed upon. the external circuits is varied g0
of the operator and the regulated
voltage  always remains in phase with the
voltage in the seeondary winding to which -
the circuit is connected. - -
! have provided two series transformers g5
each having two secondary windings in
place of the three series transtformers of the
prior art, regulation being obtained by the
use of two auto-transformers and two regu- -
lating switches, which obviously simpli%es 70
the system and considerably reduces the
amount of auxiliary apparatus employed.
My invention is illustrated in the accom-
panying drawings, in -which o
Figure 1isa diagrammatic view of g system. 75
arranged m accordance therwith. Fig. 2.1
a similar view of g modified arrangement
which may perform the same functions, and - _
Iig. 3 is a vector diagram showing the hase ., -
, orces 80
in the various windings of Figs..1

iInduced

Referring to Fig. 1 , alternating current
electrical energy is supplied from a three-
phase circuit a, b and ¢to an outgoing feeder gs
- The primary windings of
and 3 are delta connected
i the usual manner and are completely
insulated from the feeder and regulating
systems.  The secondary winding 4 of the g
transformer 1 is connected through a see-
ondary winding 5 of a series transformer 6
to the conductor z of the feeder circuit.
The secondary winding 7 of the transformer
21s similarly connected through a secondary g9s
winding 8 of a series transformer 9 to the
conductor z of the feeder cirenit, while the
secondary winding 10 of the tsanstoriner 3
18 connected, through a seeondary winding
11 of the series transformer 6 and’ s second- 100
ary winding 12 of the series transtormer 9,
connected in series, to the feader conductor
A pair of similar auto-transformers 13

the outer terminals of the secondary wind- 105
mgs 4 and 7 and the neutral conductor o of
the. three secondury windings 4, 7 and 10,
which are Y-connceted. Tn this way, the
nedtral point of ghe distributing system
18 uccessible irrespective of the primary 11¢




Nocked regulating switches 17 and 18.

10

>

“voltages trom

connections, which may be either delta
or Y-connected. | “

The series transformers 6 and 9 are re-
spectively energized by primary windings
15 and 16, which are supplied with variable
the auto-transformers 13 and
14 through a pair ol mechanically 1nter-

The
switches 17 and 18 comprise conducting arms
19 and 20 which may engage a plurality of
contact terminals 21 aud 22 that are ¢on-
nected to intermediate $aps in the windings
of the auto-transformers 13 and 14. The

gimultaneous regulation of the several lnes

ie insured by interlocking the regulator
switches 17 and 18, since
forces impressed upon the conductors

and z of the feeder circnits are obviously in

phase with tne electromotive forces ili-

29

dused in the secondary windines 4 and 7,
while “the electromotive force im pressed
upon the feeder conductor ¥ is substantially
in phase with the electromotive foree in-
duced 1n the secondary winding 10, since
the resultant of the component electro-
motive forces which, are nduced 1n the

windings 11 and 12 i the series trans-

formers 6 and 9 is In phase with thie eleciro-

winding 10
In order

motive forces induced in -the secondary
30 I

to demonstrate the relations

- above specified, relerence may be haa to

Fig. 3, in which

the electromotive torce

- vectors are shown 11 their existing relations,
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vector ¢ representing the ‘electromotive
force 1nduced 1n the secondary winding 4

and electromotive lorce voetors ¢ and €

representing, respectively,; the electromo-
tive forces which are induced in the second-
ary windings 10 and 7. The electromotive

ey ) . e
force ¢ induced 1 the secondary winding

5 of the series transformer © is added to the
electromotive force ‘nduced in the second-
ary winding 4 and isin p hase
(his series transformer is energized from the

suto-transformer 13, which is eneryized di-

rectly from the secondary winding 4. The
voltage induced in the winding 8 of the series
transformer 6, which 1s represented by ¢” 1n
the vector diagram, 1s added to and .is 1n
phase with the electromotive force ¢ which
f induced in the winding 7 for the same rea-
con. Vector ' is shown parallel to the vec-
tors ¢t and ¢ and represents the voltage 1N~
duced in the winding 11 of the series trans-
former 6, which is added to the electromotive
force induced in the
Tine ¢ is drawn parallel to the vectors ¢ and
¢* and represents the voltage induced 1n the
winding 12 of the series transformer 9, which
s added to the electromotive force represent-
ed by ¢ and ¢''. Since the supply eircult @,
b and ¢ is a three-phase circuit, the vectors
¢t, ¢ and ¢!® will be one hundred and twenty
degrees apart, and consequently the result-

the electromotive

therewith, since

secondary winding 10.

.1

1
1

878,079

ant €3 of the components &t and ¢ will be

ecual to these vectors and form an equilat-

eral triangle therewith, and since vectors et
and ¢ are respectively parallel to the vectors
¢t and ¢, the resultant
ation.of the vector ¢''.

Referring to Fig. 2, in which similar nu-
merals Tefor to thie same parts as in Fig. 1, the
Jeter terminals of the secondary windings 4,
7 and 10 are respectively connecbed directly
to the feeder cireulb conductors &, ¥
reculation in this nstance being obtained
ghrough series transformers 8 and 9, the sec-
ondary windings of which are respeciively
connected between the inner terminals of the
secondaries 4, 7 and 10 and the neutral con-
ductor o instead of between the ouber termi-
nals of these windings and vhe feeder cireuit

The .primary windings 15 and

k]

conauectors.

16 of the series transformers are energized di-
“rectly from the
which are provl

secondary windings 4 and 7,
ded with a plurality of taps
for this purpose that
tact terminals 21 and 22 which are cngaged
by mechanically interlocking contact arms
19 gnd 20.  The simultanecus regiilation ol
he electromotive forces and thewr proper
phase relations are secured In this as in pre-
ceding inscance. - -

It will be seen that many
cireuit connections may be made without de-
parting materially from my invention, and |
desive that such variations shall be included
in its scope. R '

I claim as my invention: inge. »3v

{ The combination with a three-phase
2Jternating current source ot electrical energy
and three transformers having their primary
windings connected thereto and their second-
ary windings ¥-connected to a supply lhine,
of a pair of series transformers each having
a primary winding and two secondary wind-
incs arrangad and connected to preserve the
neutral point of the system and to give simul-
taneous potential regulation between the
several supply lines. | " |

9 The combination with a three-phase
alternating current feeder system, of means
for regulating the voltage between lines that
comprises a pair of series transformers and
weans for simultaneously regulating the
exciting voltages applied thereto.

3 The combination with a three-phase

v B

alternating current feeder systein, of two

series transtormer and tworegulating switches
for simultaneously regulating the voltage
hetween the Ines.

4. The combination with three power
iransformer secondary windings, one ter-
minal of each of which 15 connacted to a

supply line, two series transformer econdary
windings connected to corresponding termi-
nals of two of the power windings, and two
secondary windings for- seid Seties . trans-
tormers connected in series with' vach other

A3 will form a continu- -

and 2,

are connected to con-

varigations 1n the

o
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to the free terminal of

of means for simultaneouslv varying" the
exciting voltage applied to sald series: trans- |

formers, . '
5. The combination
transformer secondary
nal of each of which is connected. to a-suppl
line, two series transformer secondary wind-

ings connected to corresponding terminals of

two of the power windings;

and two second-
ary windings for said

iree terminal of the power transformer, of

15

290

30

W
i

means for simultaneously varying the excit-

Ing voltage applied to said series transform-

ers, said means comprising exciting windings
i having interme-
diate taps, and switches for'connecting said

therefor, auto-transformers

taps to said exciting windings.

6. The' combination with three Y-con-.
nected transformer

windings, auto-trans-
formers connected between the outer termi-
nals
formers having gecondary windings connect-
ed to corresponding terminals of the auto.
transtormers and to a pair of supply line con-
ductors, and secondary windings connected,
In series, to the free power transformer wind-
ng terminal and to a third.
ductor, of means for

voltage applied to the

series transformers.

7. The combination with three Y-connect- |

ed power transformer windings, auto-trans-

formers connected between two outer termi-
nals and

the common terminal of said power

- transformer windings, and two series trans.

40

45

transformers

Tormers

formers having secondary windings connect-

ed to.corresponding terminals of the auto-
and to a

conductors, and secon ary

the exciting voltage applied to the series
transtormers, said means com prising exciting
windings therefor which are supplied with va-
riable voltages from said auto-transformers.

8. .The combination with three Y-connect-
ed power transformer windings, auto-trans-
connected between two outerermi-
nals and the common terminal of sald power
transformer windings, and

nected to. corresponding terminals of the
auto-transformers and to a pair of supply line
conductors, and secondary windings con-
nected, in series, to the iree power trans-

former wind ing terminal and to a third sup- |

the power transtormer;:|.
' | -with
neously varying the exciting voltages applied
1 to the series transformers. - o
1 9. The combination with three Y-connect-
ed power transformer windings, auto-trans-
-formers. connected |

with _ three . power
windings, one termi-

series transformers;
connected I series with each other to the

and the COIMMon terminal of said power |
transformer windings, and two series trans--

‘tion between said volta

supply line con- |
varymg the exciting

| tween two outer
air of supply line
-windings COon-
nected, 1 series, to the free power trans-
former ‘winding "terminal and “to a_ third
- supply line conductor, of means for varying -

two series trans- |,
formers having secondary windings * eon-

o

S

-pl’y"- 1i31§ condﬁctor, of éwitches
sald auto-transformers for simulta-

between two of the outer

terminals and the common terminal of said

windings, and two
primary windings that
sald auto-transformers
ary windings
and-to the free terminal of the power trans-
former. , S
19, In & three-phase feeder system, . the
combination with three wire transiormer sec-

are energized from

ondary windings, of means for varying:the
voltage of the three lines simultaneously and
for maintaining the proper phase relation be-
tween said voltages, said means comprising

two interlocked. regul
series transformers.
. I1. In a three-phase

secondary windings, of means for varying
the voltage of the three lines simultaneously

and for maintaining the proper phase rela-

ges said means com-
prising two'series transformers having sepa-
rate exciting -coils, -two. auto-transformers,
and switches. for varying the voltages sup-
plied thereby. -~ e
- 12. The combination’ with a three-phase

power circuit;: threes;primary transformer
| windings severally connected to sajd circuit |
conductors and interconnected at their Op-

posite ends, three interconnected secondary
windings, auto-transformers connected be-
termmals of the secondary
windings and their common terminals, two
. | . T

which are energized from sajd -auto-trans-
formers and two secondary windings one of
each of which is connected in series between
the outer terminal of one of said intercon-
nected second ary windings and a feeder cireuit
and-one secondary of each being connected

.series transformers h avIng primary windings

coﬁpgrating_

series transformers having

and having second-
which are connected in series

_ >-P leeder system, the
combination with three wire transformer

€0

65
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respectively to the remaining tWwo outer ter-

minals of the interconnected secondary
windings, of means for simultaneously vary-

| ing the electromotive force impressed upon

the primaries of said series transformers.
In testimony whereof, I have hereunta sub-

{ seribed my name this '9th day of November,

1905. o .
- EDWIN LEHR.
_ Witnesses: . CT -

HeNRY D. James,
Bmzxey Hines.
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