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_ No. 854,329. |

~ of the United States. and a resident of Wil

UNITED STATES PATENT OFFICE.

EDWIN LEHR, OF WILKINSBURG, PENNSYLVANIA, ASSIGNOR TO WESTTNG-
HOUSE ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF

PENNSYLVANIA,

POTENTIAL-REGULATOR.

‘Specification of Letters Patent.

Patented May 28, 1907.

Application filed Septembor 20, 1806, Serial No. 335,506,

To all whom it may concern:

Be it known that I, EDWIN LEHR, a citizen

kinsburg, in the county of Allegheny and
State of Pennsylvania, have invented a new
and useful Improvement in- Potential-Regu-

lators, of which the following is a specifica-

tion.

My invention relates to ‘alternating cur-

‘rent systems of electrical distribution, and

has special reference to the potential regula-

tion of the distributing circuits for such sys-
tems. o o -' '

‘The object of my invention is to provide,

in a system of the aforesaid class, means for
leff_eqtmg a considerable variation in the po-
~ tential of distributing circuits, that shall be,

stmple and durable in construction; that

. ‘shall effect such' regulation in relatively

small steps and that shall insure a quick
transition from cne step to the next which is
mmdependent of the action of the attendant.
~ Transformer regul

- Intermediate taps and switching means
- whereby the desired number of turns actively

30

inciuded in the circuit may be varied, or a
main trensformer winding having relatively
few intermediate taps in connection with a

-single auxiliary winding which is provided

wit
diate taps and which comprises a number of

a relatively large number of interme-

 convolutions substantially equal to one sec-

40

“ With the latter arra
- movement of the switchi

tion between taps of -the main winding.
ement, a considerable
_ device is required
for effecting the suitable changes between

the main transformer winding and the aux-

ihary winding.

- According te my present invention, I pro-
vide & main’ transtformer wind

which may

~ comprise a single section of any desired num-

45

ber of convolutions or may be divided into

two or more sections by intermediate taps,
and two similar auxiliary windings having a
relatively large number of intermediate taps

which are successively connected mm such a
~ manner as to oppose or assist the main wind-
6 ing by means of a suitable switching device,
- the action of which will be better understood

by referénce to the accompanying drawings

~and to the detailed description of the inven-

- tion hereinafter contained.

| ators, as heretofore con- .
structed, have usually comprised either sin-
gle regulating windings having a plurality of

]

tigure 1 of the drawings is a front eleva-

tion, the case being -partiaﬁlyremoved to dis-
close the working: parts, of a switching de-
vice constructed in accordance with my in-
vention. Ifig. 2 i1s-a plan view, with the
cover removed, of the device illustrated in
Kig. 1, and Figs. 3 and 4 are diagrammadtic
views of systems of distribution embodying
the regulator of my invention. - o
‘Referring to Figs. 1 and 2, the switching

device comprises two rotatably-mounted

contact-carrying drums 1 and 2, two sets of
stationary engaging fingers 3 and 4 therefor
which are respectively mounted on station-

‘ary rods 5 and 6 from which they are insu-

lated in & well known manner. The drums 1
and 2 are mounted on substantially parallel

-shafts 7 and 8 and are actuated from an in-

termediate shaft 9 by means of two pairs of
engaging spur gears. 92 _ _
four to one being effected between the oper-

| ating shaft -8 and the drum 1, while the speed

i

ratio of one to one is effectes] between the
operating shaft and the drum 2. The shaft
9 1s driven indirectly by an operating handle
10, which is ngidly attached to a short shaft

A speed ratio of

o~
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11 that is in alinement with the operating

shaft 9 and to which a release cam 12 is at-

tached. A pair of similar pawls 14 and 15
are Divotally mounted on opposite extremi-
ties of a frame 13, which is é)xed to the shaft
9, the pawls being adapted to engage a sta-
tionary ratchet ring 16. The pawls 14 and
15 are so arranged as to respectively prevent

the rotation of the operating shaft 9 in either

direction until they are released by the“cam

| 12 which 1s moved by the handle 10.  The

shaft 11 is so connected with the main shaft
9, by a spiral spring 17, that a motion of the
operating handle 10 in either divectian tends
to produce rotation of the main shadf, but

00

95

rotation of this shaft is not effected until the -

cam 12 is moved into engagement with the

inner extremity of that pawl which nor-

mally prevents rotation of the shaft an the
direction of movement.of the handle. In
this way, although the motion of the operat-
ing handle is relatively slow, the motion of

-the operating shaft is never permitted, until
the spiral spring 1s subjected to-sufficient ten-

sion or compression, to causeta guick motion
of the shaft. As soon as the pawl is disen-
gaged from the cam, it is brought'into engage-

‘ment with-the next notch on the ratchet ring

10T
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10

2

16 by means of a spring 18, which connects
the inner ends of the pa awls. The several
notches on the ratchet ring 16 are arranged
to correspond to the various positions which
the drums I and 2 are adapted to occupy.

The quick passage of the switching drums
from one position to the next is a feature ot

‘special advantage, since the possibility of
electric ares being maintained between the

contact members of the drums and the sta-
tionary engaging fingers is reducec to & mini-
mum.

drums 1 and 2 are shown as developed into a

~single plane, alternating current energy may

| be supphed from any convenient source, such

20

30

a two-phase generator 19, through reﬂ'u-

latmﬂ' transformers 20 and ‘?0'HL to translat bing:

devices 21, to which 1t is desirable to Suyply
energy at voltages which vary relative to
those at the gensrator terminals. Since the
regulation of both phases of the two-phase
uYSt@Iﬂ are identical, only one will be con-
sidered. 'The regulabmcr transtormer 20 com-
prises a primary Wmdmt; 22 and o mecorua,r“}
winding which is made up of & maiun section
23 and two qmlﬂar 'anuhaw secmom 24 and
25. The 5€C02 ndary sections of this trans-

formel may be connected in series with one.

phase of the generator 19 and in this way the
e]&:uuzommwﬁ force ap ‘phed to tie outgoing
cireuits may be varied.
When the operating hamlle 10 is in its
“off position, which may be ndicated on

the top cover of the -_]wm_,hmﬂ device in the

- usual manner, the drum 1 oc@upms a position

indicated on the diagram py XA, and the

| drhm 2 pecuples & posibion mmbat 2d by 26,

3.0

‘posite dn.e@twm the drum 1 traverses
tions a’ to §
2 Dpasses

and as the operating handle is moved ir one
direction the drum I may fraverse pos
a 0o 8, mﬂlublw, and the drum 2 af t“"“
time wmpl@h“% two revoluiions and tﬁ'av-
erses the positions 26 to 35, mclusive, twice.
As the operating handle is moved i hf; op-
DOsL

' Insius We arid the control dmm

thr{*u?‘h ‘9081?10118 35 to Zﬁ 1N-

| cluswe twics.

50

55

| ﬁll er 43 of i}

Go

When the conirol dmm 1 occuples p{}%l—--

tion x and the drum 2 approaches position
26, circuit connections are ﬁE‘HT compieted
from one lerminal 36 of. the generator
through conductor 37, pmvemwe resistance

'38,0011“@;@!,511 er 39, euutacts ments 40 and

41 of toe drum 2, ﬂqmam tinger 42, contact
he drum i, contact Gegmenus 44
I 45 and contact *’Lﬂgﬂm 46 and 47, from

‘Whiub point cireuit 18 continued to the fmm-—'
lating devices 21.
tion 26 1s fhli v voached by the drum 2, the

When the aforesaid posi-

~ circult connections 111‘31; snumerated wﬂl be

maintained excep’
will be in engage:

Referring to Fig. 3, in Whmh the switching

ments 59 and 60, contact finger 61,

*,I]_C.; -
SIe

the 4 the contact finger 48
amy with the co nmct seg-
ment 40 and the preventive resistance 38 be:

that when the above specified circuit condi-
tions obtain the electromotive force applied
to the translating devices is the same as that
delivered from the generator. As the con-
trol drims 1 and 2 are respectively moved
into the positions ¢ and 27, the preventive
resistance 38 1s included in the circuit, as
before, and then short-circuited. Circuit is
then continued from contact finger 51, which
18 connected by a conductor 52 to an inter-
mediate tap In a transformer section 25,
through a portion of this transformer section
and conductor 52 to contact finger 42, and
from this point the circuit is comnletcd as be-
fore. In this way, a few turns of the trans-
former section 25 are connected In series
with the outgoing ecircuit and are so mag-
netically interlinked with the primary tram—-
former winding 22 as to cause a small in-
crease in .the eTeotromotwe force applied to
the translating devices 21, over t.lmt whmh 13
delivered from the gpnerator 19. - .

As the drums 1 and 2 ref"pectwel} Ceeupy
positions < ¢ and ¢ and positions 28, 29 and
30, transformer ‘section 25 is gradual l\,‘f‘ n-
cluded portion by portion, i series with the
line In a manner already explained, and

~when the drums oceupy p031131011<5 £ and 3

respectively, the circuit 1is completed fr om
contact ﬁmer 48, t} u'ougp contact seginents
53 and 54, “contact finger 55 and conductor
56 to one extremity of the transformer sec-
tion 24, eircuit bemng continued from this
point through the transformer sec chion, con-
ductor - 57, contact finger 58, cox atact BOE-
"‘{;Ildll(ﬁ
tor 62, transformer sectlon 3 conductor 63,
contact finger 64, contact Gewmmb 65 ano

45 to contact ﬁnﬂ*@r 46,

caaed It will be obs TV
former section 25 18 enbirery included . m t
circult, the main section 93 is. connec wa
clrmit in & stmilar manner with t},m section
24 opposed to it. The numper oi convolu-
mons,_maluded 1n the transformer section 23
so compares with the convolutions of the
sections 24 and 25, which are falmi]ar as 1o
effect only a normal imcrease in lltage,
equal to an therease eff@otud ke :1clu (LIng
one of the small portions of the -

section 25, When the aforessid ¢

unge takes
place.

positions g, h, ¢ and 7 and 32, 35, 34 and 35,

the transformer section 24, whmh OppOSLb
section 23, 1s gradually decreased and when
the drum 1 eccupiles position £, the drum 2

former section 23 is connected in series with
the circuit and raise# the voltage a applied to
the translating device without oppostilon
from the other sections..
respectively occupy posiuions b, m, n, 0 and P

65 thereby short-circuited. 1t will be obsewed | and 27; 28, 29 3¢ and 31, the trmsiormer

r——

mmt Donw wm— |
pleted from this omi 5. horm;.bcfﬂre mai-
- thati after tmmq—-

,.nsfc rmer

As the wmrol drums res p(,utnn:d y' oc"**zpy'

When the drums

75

30

90
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- occuples positio:n.' 26 and the entire trans-
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section 25 is again gradually included in se-

 ries with the line so as to assist the winding

i

10

IS

20

- moved from the circuit,

23. And as drum 1 traverses the remainder

of its posilions in this direction, the drum 2 |
completesits second revolution and the trans-
former section 24 1s gradually included in the -
circult so as to assist the sections 23 and 25.
When this point is reached, the maximum

voltuge attainable with the reguletor 1lus-
trated is effected.
. As the drum 1 traverses positions a’ to t’

inclusive, and the drum 2 is rotated throu h_

two revolutions in the opposite direction, the

transformer section 24 is first gradually in-
cluded in the circuit in such a manner as to
reduce the voltage applied from the genera-

“tor, the section 23 1s next similarly connected

in the circuit and the entire transformer sec-
tion 25 is connected in o p051t1011 to 1t, then
the section 25 is gredualF decreased and re-
the section 24.is
gradually connected in series with section 23,

and finally the section .25 is gradually con-
nected in series ‘with both tra,nsformer sec-

30

tions 23 and 24, so that the minimum voltage
1s applied to the translating devices. Since
the circuit connections involved for the vari-
ous steps are similar to those already de-
seribed, 1 deem it unnecessary to. melude 8
detailed description thereof.

When a single auxiliary Wmdmg ha.s been

~employed-in connection with a main winding

35

~ circuit connections at the end of eac
tion of the drum when the auxiliary winding -

40

45

50

for potential regulation, a control drum simi-

1&1‘ to the drum 2 has often been used, but it

is necessary to effect a radical change in the

is transferred from one main winding tap
to the next, ~Consequently the mechanical
switch mechanism was complicated and a

relatively large arc of drum rotation was
taken up at these critical points in tra,versmg-

a single position, . |
The mechanism of my present mventmn 1S
relatively simple, since one auxiliary winding

may be trans erred while the active convolu- '}

tlons of the other sét are bein varied, and
since the entire regulation may be effected by

two.control drums which are permanently
geered together and to the operating mech-

anisny. - Furthermore the ares of rot atlen

- corresponding to a change from.'any one po-
- sition to the next a,d]ecent may all be ef
B equa,l length. -

Althoucrh the reguletmg system shown i 111 |

. Fig. 3 comprises a transformer having a. pri-
.. mary winding and a divided secondary wind-

- Ing, the principle may obviously be applied
. “to an auto-transformer or to the prlma.ry of a

65

two-winding transformer. .
. Referring to Fig. 4, a slightly modified ar-|
'rencrement 1S here 1llustreted which is adapt- ;
“ed for three phase circuits and in which the |
~increase and decrease.of the- electromoqveg.

forces in the circuit is eﬂ'ected by series tra}

revolu-

formers 66, the secondaries of which are va-
ried by a emtehmu‘ device 1 m 2 anner simi-
lar to that described for Fi 1. |
It will of course be uneersteed that when
the regulator is adapted for use with poly-
Ehese ClI'-S‘LIltS a smgle switching device will
e employed in which each g group of similar
drums may be mounted on a single vertical

shaft.

I desire that verletlens In size and arrange-
ment of details which do not depart from the
spirit of my mventmn shall be included 1n its

1 scope

I claim as my invention:

1. An alternating current. regulator tha,t
comprises a main transformer “mdlllﬂ‘ two
similar auxiliary windings and a plul ality
of intermediate taps in said auxiliary wind-
Ings. -

2 In a transformer reﬂ*ulat(n, the combi-
nation with a main winding, two similar

| auxiligry windings and a plul e,hty of mter-

mediate taps in said windings, of means for
gradually connecting, in circuit, one auxil-
1ary winding, the main winding and the two

3. Ina legulatmg tr&nsiermer the combi-
nation with a main winding, two similar
auxilary windings and a plurality of inter-

mediate taps therem of switching means for .
mereesmg the effective turns 1n

gradually

steps, which are substantially equal to one
of the divisions in the auxiliary winding be-
tween two adjacent t&%

4, The combination with a main trans-
former winding, of two similar auxiliary
windings the combmed convolutmns of

| which are slightly fewer in number than

those of the main winding, as and for the
purpose set forth. |

- 5. The combination with a main trans-
former winding, of two similar auxiliary
| windings and a Plurahty of 1ntermediate

taps therefor which divide the auxiliary

| windings inito substantially equal parts, said
maln winding containing a number of convo-
| lutions equal to the two auxiliary windings

plus a single division between the mterme-—

-dmte taps in the latter. = .

6. The combination with a

s, of means for varying the effective

predetermmed positions.

7. The combination with a main trans-

“former  winding, and two similar auxiliary

‘windings, of means for varying the effective

i turns ol the windings that- cempnse 8 pair.of

8

from zerc t0 the
total number of CONVO utions in the three
windings. -

mam trans-
former winding, and two sum}a,r auxiliary
- WIn
turns that comprise a regulator having ro-
tatable contact-carrying drums and means
| for rotating the drums through a plurality of

75

30

90
auxiliary sections in opp051t1011 thereto, the
main winding and one auxiliary v vmdﬂw and

‘the main winding and both auxihary wind-
1ngs.. |

100

105
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L | 854,820

regulating contact-carrying drums adapted | diate taps, of switching means for gradually
to. occupy a plurality of predetermined posi- [ varying the effective turns in steps which are
tions, an operating handle therefor, and re-| substantially equal to a division of the aux-
silient means interposed between the handle | iliary winding between adjacent taps, be- 35
and the drums. o tween zero and the total number of convolu-

3. 'The combination with a main trans- | tions of the three windings that comprise a
former winding, two similar auxiliary wind- | pair of contact-carryling drums adapted to
ings and o plurality of intermediate taps in'| oceupy a plurality ‘of predetermined posi-
the auxiliary windings, of means for varying | tions, means for accentuating said positions, 4o
1o fhe effective turns that comprise a pair of | an operating handle for said drums, a yield-

switching drums adapted to occupy a plu- | ing connection between the handle and the

rality of positions, means for accentuating | drum, and means dependent upon the oper-
saad positions and means for eéffecting a quick -ating handle for permitting the rapid transi-

s

- motion from one position to the next. | tion of the drums from one position to the 45
t5 9. In a transformer regulator, the combi~ | next. =~ . ' | -
nation with a2 main winding, two similar |* 11. In a transformer regulator, the combi-

auxiliary windings having a plurality of in- | nation with a main winding, a pair of similar

termediate taps, of switching mieans for | auxiliary windings having a relatively large

~ gradually varying, between zero and the to- | number of intermediate taps, of means for jo

2o tal number of convolutions of the three wind- connecting the auxiliary windings with the
ings, the effective turns in steps which are | main winding and for varying such connec-
substantially equal to a division of the aux- | tion to gradually increase or decrease the
iliary winding between adjacent taps, that | effective turns of the regulator. '

. comprises a pair of switching drums adapted | In testimony whereof, I have hereunto ss

25- to occupy 2 plurality of positions, means for | subscribed my name this 18th day of Sep-

- accentuating said positions and means for | tember, 1906. -

eitecting a quick-motion from one position to ™| EDWIN LEHR
thenext. = - | ' i
10. In a transformer regulator, the combi- | Witnesses:
so-nation with & main winding, two similar aux- |  W. E. REgb,

ihsry windings having a plurality of interme- | =~ Birney Hings.
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