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UNITED STATES PATENT OFFICE.

" JORN PEARSON, OF SOMERSET, WISCONSIN, ASSIGNOR OF ONE-THIRD 10" JAMES ¥,

WILLIAMSON AND ONE-SIXTH TO FRANE D. MERCHANT, OF MINNEAPOLIS, MINNE-

' SOTA. K e L
- 'LINE-DROP COMPENSATOR, ,
1,050,081,  Specification of Letters Patent. . Patented Jan.¥,1913;

Application filed October 19, 1807, Serial N(IJ.‘396,808‘. :

7o all whom it may concern.: ‘

Be it known that I, Jomw ‘Prarsow, a
citizen of the United States, residing at
Somerset, in the county of St. Croix and
State of Wisconsin, have invented certain

_ new and useful Improvements in Line-Drop

10

Compensators;.and I do hereby declare the
following to be a full, clear, and exact de-
scyiption of the invention, such as will en-
ahle others skilled in the art to which it
appertains to make and use the same.

My invention has for its object to provide

~.an efficient compensating means for regu-

15

lating an alternating current generator so
as to maintain constancy of voltage, or as
nearly so as possible, atthe distributing end

. of a’long -distance transmission line; and

20

25

to this end, my invention consists of the

novel means for this purpose hereinafter

disclosed and pointed out in the claims.
The desirability of keeping the voltage

constant, or as nearly constant. as possible,-
at the distributing end of an alternating’

current transmission line has long been well
recognized. In practice, however, this has

"been found to- be an extremely difficult
problem. If the transmission line is supply- |

. 1ng current for motors, especially induction
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‘motors, variations in phase difference be-
‘tween current and voltage, on the line, are

greatly increased, as compared with some
other -classes of service. If, for example,
the line is supplying simply an incandescent

lighting system, as is common in night serv-

ice, the power factor will be comparatively
high; but if supplying motors, -especially
induction motors—as is common in day serv-
ice, the power factor will be comparatively
low. The self-inductance, the capacity of
the line, and the ohmie drop or resistance of
the line, must also be taken into considera-
tion. . Because of all these things taken col-
lectively, practice shows that there is a

tendency for a transmission line to decrease
5 the voltage at the distributing end if the cur-

rent lags behind the voltage; and to increase
‘the voltage at said distributing end, if the
current leads the voltage. The drop in the
voltage incidental to.the lag of the current
and ohmic resistance of the line has been
most generally considered, and is generally
spoken of as line drop. So far as T know,
no successful means have ever been provided,
in the prior art, for the complete compensa-
tion of these voltage variations at the dis-

tributing end of a transmission line, ' The
generator or generators at the generating:
station have, 1t is true, had regulators. for
voltage, but none thereof hitherto in' use
have, so far as I am aware, been adequate
to effect the needed compensstion. For ex-
ample, the well known Tirrill voltage regu-
lator ‘is extensively used; and this Tirrill
regulator, as is well known, includes a so-
called alternating current control : magnet

which is of solenoid form and has two coils, -

one for voltage and the other for current,
with ecireuit connections from the main line,
and which elements areé designed to com-
pensate for I*R-losses; or, more loosely

stated, they are intended to compensate for

losses due to current and resistance. ' The
sald Tirrill regulator does thus take more

65
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or less note of variations in load, but it does".

not take sufficient nete of power factor
changes. . The standard Tirrill regulator’
will compensate, fairly well, when the power
factor does not vary much; but, in cases
where the power- factor varies from 85 to

100 per cent. the-voltage will vary several

per-cent. at the distributing end of ‘a trans-
mission line supplied through a generator
controlled by, a Tirrill regulator.

T am also awars of the so-called Mérs'ho.lii"v ,
%5

compensator; but where an inductive resist-

%

ance and ohmic. resistance are connected in -

parallel,- as in the Mershon compensator,

‘there will be a tendency to increase or de-

credse the voltage, whenever the frequency:
changes; for the reason that, when the fre-

quency gets higher, more current will pass -

through the ohmic resistance and . less

through the inductive resistance. For this

reason, the Mershon compensater cannot, in

'my.judgment, be successfully applied to a

Tirrill regulator, nor to a compound wound
exciter; but might possibly be applied to-a
reading instrument, such . as a voltmeter,
wherein very little current only is needed.

My new compensating means, herein dis-
closed, is intended not only to.consider- the
I°R losses, as in the devieces of the prior
art, but to take full note of power factor
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changes. To this end, I provide means for -

taking off current and voltage from the trans-
mission lineand delivering the samg at a phase
difference . iricreased as compared” with- the
phase difference on the line, so as to thereby
secure a resultant which will be effective for
effecting the required compensation, when
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._Elpplied, for example, to the alfernatihg cur-

rent control magnet of the Tirrill regulator
or Lo -2 third coil on a compound exciter.
The said resultant, so secured, may be ap-

plied simply to a voltmeter, at the generat-
mg station, to indicate the voltage at the.

distributing end of the line, and thereby to
enable the operator to change the regulation
of the generator as required to effect the
needed compensation. -

The. accompanying drawings illustrate
several applications of my invention.

1 said drawings, wherein like notations

.- refer to like parts throughout the several

views; Figure 1 is a diagram view illus-
trating my invention as applied to the Tir-
rill regulator. Fig. 2 is a similar view
illustrating my invention as applied to a

compound exciter; Fig. 8 is a similar view

llustrating 2. modification as applied sim-
ply to a voitmeter and, Fig. 4 is a phase
dingram., ' :

Referring to Fig. 1,-A. represents a three

‘phase generator, and A*, A% and A2 the cor-

responding wires of a long distance trans-
wission line. The field of said generator A
is subject to an outside exciter B. The,
exciter B is subject to a voltage regula-
tor C." This regulator ¢ is so nearly iden-
tical with the structure of the standard Tir-
rill regulator that it is'sufficient to note the
culy material difference. This difference is
dae to the modification made to adapt the
Tirrill - regulator to my compensating
means, as illustrated in Fig. 1; and to this
end, the so-called alternating current control

magnet of the regulator C employs only a

potential coil C* instead of having the cus-
tomury pair of coils, and the resultant from
my compensator is delivered to this poten-
tial coil C* of said regulator C. C? is the

direct current control magnet of the Tirrill’

regulator. - s .
. The primary. feature of my compensator

is what I call a phase transformer, but pref-

erably also includes a compensating trans-
former. These devices, with their proper
cirenit connections, will now be described
in detail. The compensating. transformer
K, shown in Figs. 1 and 2, has a pair- of

~colls K* and K2, one for current and'the

other for voltage so connected that the cur-

rent travels in opposite directions there-’

through, and between the two is placed a
third coil K*® which delivers the resultant

over the wires 8 and 9 to said. potential

coil C* of said regulator C. 'As shown.in
Figs. 1 and 2, the coil K* is a potential or
voltage coil, being connected across the main
line by voltage transformer H, and the
wires 4 and 5 leading therefrom to the

said coil K'; and is therefore adapted to |
‘take from the main line a true proportion

of the voltage, in step with the voltage on
the main line and of a certain phase rela-

‘will

“1;050,081,

tion to the current on the main line. As
shown in said Figs. 1 and 2, the other coil

K* is a current coil. connected up with the

main line, through series transformers D

and my phase transformer, which, as shown
in Fig. 1, is made up of the parts marked I,
E', F and G. The part E is a coil wound
on an annular laminated core E*, and this

coil E is tapped at three equi-distant points

by the three wires or phase leads 1, 2 and
3 leading from said series transformers.D.

“These wires 1, 2 and 8 deliver to said coil

E current which holds a true proportion to

tion to the main line current.
F are a series of taps, tapping the coil E
at ‘equi-distant points, around the inner
circle of the annular core E'; and across the
diameter 'of this circle, is -centrally piv-

oted ‘a sectional contact lever G, the outer-
‘| or end sections of which are insulated from
‘the central section thereof and may be made

to engage with any desired pair or oppo-
site members of said taps F, by swinging

satd lever on its pivotal center. The said -

outer ends of said contact lever G have off
leading wires' marked, respectively, 6 and
7. The said device, composed of the said
parts B, E', F'and G, is adapted to take

70
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‘the total main line current, on all the .
phases, and which is of a certain phase rela- g
The parts

80
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from the main transmission line multi-phase

current or voltage and déliver the same in

"a single phase over the wires 6 and 7. With

the ‘circuit connections as shown, it takes
in multi-phase current and delivers the
same in a single phase. The wires 6 and. 7
connect with the coil K? or current coil of
said transformer K, the wire 6 connecting

directly therewith, and the wire 7 through a
switch button 7 and any selected one of a’

series of leads F* brought out from different
points along the coil K2 The purpose of
the series of leads F* is to vary the strenigth
of the coil K? as may be required, depend-
ing on the amount of ohmic drop in the
transmission line. By changing the contact

100
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lever G’ from one set or opposite pair of -
taps F to another opposite pair of said -

taps, the phase of the current taken off over

the wires 6 and 7 and delivered to the coil

‘K2, relative to the voltage delivered over the

other circuit to the coil K, can be changed

S0 as to increase this phase difference rela-

116

tive to the phase difference on the main line, -

s as to get a resultant in the coil K2 which
will be e%%ctive for compensation; or which
consider effectively power -factor
changes on the main line. Assuming that

120

the said contact lever;+ has been properly .-

- set to thus secure in'the coil X2 a single

125

phase current of the proper phase difference

relative to the current in the coil K2, for due
consideration of the power factor changes
on the main line, and the switch button 7*
has been connected to the proper member of

130



R

io

35

20

30 ¢

40

50

55

- unity is ‘
5 lever (& of the phase transforivér is set:

' 1,050,081

the leads T to make the coil K* of the
proper strength. for due consideration of
the ohmic drop of the main line:—then,
thereafter, the compensation will be auto-
matic, or, otherwise stated, the resultant
coll I will, thereafter, deliver over the

wires 8 and 9 a resultant to the potential

coil C? of the regulator (., which will he
- effective to secure the desived full compen-
sation. At no load, the E. M. F. in the
coils K* and K& will-be approximately equal,
but as the load comes on, the curr ept n coil
K2 begins to reduce the 1. M. .
‘sultant coil K, just as the transmission
line reduces the E. M., F. dt the distributi ing
end thereof: and this will aliow the core of
the aiielnatmg current -control magnet of
the regulator C tody op, W ith the result that
the bus bar voltage of the generator will be
raised under the control of said regulator.
When the load falls off, the Tev erse actlons
of course, uﬂ:e place.

In all cases, 1t is
in the coil &2 gl

vfted "in phase more than

5 180 degrees in the direction that the main |

cmrent shifts when the main line current
leads, for example, the required shift may
be 60 degrees move, in-order to ll]dle the
proper comipengation for the power:
changes on the main line as shown in the
phase diagram Fig. 4 of the drawings. "In
this phase dmomm the curve T represents
the phase of the current in the coil K or

-the one responding to voltage, and the curve

T? represents the phase of the current 'in

‘the coil K2 or the one résponding to cur-.

rent, on power factor unity. DBy reference
to this diagram, it will be seen that the
phase of the current in coil K? is sixty elec-
trical time degrees ahead of the phase of
the current in the ceil 12, and that the two
are in opposition to a certain extent. Thisg
sixty degrees of djfference on.power factor
“due to the positien at which the
anc
it is because of this increase of the said phase
difference that the resultant in the coil K
is. rendered effective. Having thus shown
the phase displacement on unity power fac-
tor, it can readily be seen that as the main
line current lags, the current in coil K* will
also lag and come more nearly in opposition
to the current in the coil K, thereby re-

ducing the strength of the resultant coil K L

If the current on the main lLne begins to
lead more, then the. currwt in coil Is: W111

- lead-more, thereby throwing the current in

.60

the coilg K and K2 into less opposition .of
phase, and-thus increasing’ the strength of
the resultant coil K2 These ‘are premseh
the ‘actions u}uneﬂ to secure the compen-
ion. desired.”. The. questlon ‘then " arises
wocan. it be known which is the proper
cntwn' to.swing the contact lever G. The
ver is that. the phase . transformer is

1 the re-.

desirable to have current.

factor

3

tested out and Ol(uhmtcu for that purpose,
for thie p‘utmuhr line where applied. That
this can be readily done, may be understood
from. the following statements. The field
of the core E* is rotating. Let it be assumed
that this field rotates counter clockwise;
that the phase transformer is connected as
shown in Fig. 1, and that the power factor
of the line is, at a given instant, 100 per
cent. "Then swing the lever G one w: ay or
the other, until the core, of the alternating.
current control magnet of the regulator C
drops to its lowest point, and mark the posi-
tion at which the said lever G stood on the
core Ft This, for example, may. be the
dotted line positinn of said lever, as shown
in Fig. 1. At this, which might be called
the ﬁut position for the purpose of gradua-
tion, the .current in the coils K' a and K2
will be in opposite phase, inusmuch as the
power factor is 100 per cent.  Next, take
a reading of the power factor of the.gvstemr
when the current lags about 30 degrees, and

‘shift the lever G again; one wayv or “the other,

until the alternating currvent magnet core of
the regulator C again drops to its lowest
point, “and mark the then position of said
lever G on the core E*. This may be called
the second graduating positien.. Finally,

take a 1eachno of the power - factor of the
svstem. when “the current leads, about 30
degrees, and then shift the lever G again,,
one way or the other, until the core of the.
alternating curvent control magnet again
drops to its lowest point and mark the posi-
tion of said lever G on the core E*. This
may be called the third position for eradu-
ating purposes. Thereafter, by 1eieuln0 to
those' three graduation marks on the core
Y the oper vator will know, by the position

of the contact lever G, when the current in

‘the coil I£* is in opposite phase relative to

the current in coil KXK' on power factor 100
per cent:: and will further know in which
direction from this primary graduation the
lever G must move for lag or lead of the
current in the coﬂ K® 'Llah\e to cuucnt in

‘coil &

The full line ]osition of the lever G, as
shown in Fig. 1, is the position, approxi-
mately, which T have found. to be highly .
elficient for : securing effective compensation

with this identical device vconnected up as-

there shown on a transmission line of which
I am in charge. This working position is
about 60 degrees counter clockwise from the
dotted line position of said lever; and said,

‘dotted line position is the one which said

lever G would occupy, in my working sys-
tem, in order to get the current in coils K*
and K? in opposite phase, 6n power factor
100 per cent.
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The lever G béing ad]ustable the same

may be set for any dlsplacement of. phase
required to secure complete compensation

130
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and- thereby the ‘desired constém'cy, of volt-

age.at the distributing end of the line.” Some .
systems require and will stand - a’greater

phase displacement than.others. . _ ‘

Referiing to Fig. 2, my invention is there
illustrated as connected up for -securing the
desired -compensation through -the. com-
pourid exciter of a three phase generator.

The compensator; shown 'in.Fig. 2, is iden- -

tical with that.shown in Fig. 1, with the ex-
ception that the core.E! is now' provided

with, two. windings E- and. E?, the former

being connected: ‘to the leads A?, A2, A2, as
in Fig. 1, and the latter being in inductive:
relation to the said winding K, so that the
two ‘windings E and E? are reiat’edas pri-
mary and- secondary respectively, and the
only difference in the action ig that ‘thereby-
a distinet induced current is afforded .for
the'coil K2 instead of current taken.move di-
rectly: from the main line. In said Fig. 2,7
represents the generator, the field of which
is subject to a compound exciter: V; -and:
this exciter V is regulated by my compen-
sator, through the so-called rectifier R. The
standard connections from: such a compound
exciter V. and a rectifier R are well known,

same in detail. It is deemed sufficient to
note the additions 'for connecting in my
compensator. . To this -end, the compound
exciter has a third winding W, in addition
to the old or series winding Y and the-shunt-
winding . X; and which new . winding W

ets- its -cirrent, througl the rectifier R,
%r’om the resultant coil K* ef my compen:

sating transformer K. = The':course of .the

current is over the wires 8:and. 9, brushes 10,

slip rings.11 and 12 of the rectifier, thence
through the leads 13 and 14 to the commuta--
tor 15, and ‘thence over the wires 16 and 17
to said coil W of the exciter V. The wind-.
ings X, Y and W, of said compound exciter,
are all wound in the sane direction on a com-

mon core; and consequently each winding is | plic )
‘creased, relative to the

hélping the other to raise or Joweér the vol-
tage of the exciter; and hence, of the alter-
nator and transmission line. 'With these con-
nections, therefore, the coil W will codperate-
with the coils : X and 'Y of said compoun
exciter, so as to effect compensation for the
voltage ‘changes at the distributing end of
the: transmission line, to the same effect’ as
the  resultant from the compensator acts
through the Tirrill regulator in Fig. 1, as-
suming that the speed of the generator Z is
constant. Otherwise stated, when "the -coil
W is added: to the said compound exciter
and connected up with the other parts of:
my compensator through the. rectifier, the
sald compound exciter” hecomes a voltage
regulator for the genmerator Z and is prop-
erly compensated as described. '

Referring ‘to Fig. 8, a modification is:

there illustrated wherein the connections

1,050,081

from the main line may be said to be.re-
versed in respect to current and voltage, as
compared to-the form of the compensator
shown in Figs. 1 and 2; and the. phaté
trapsformer proper. is modi ed, as required
for this change or reversal. in thecirciuit
connections. Otherwise stated; the -phask
transformer in Fig. '3-is now. in: the circuit
which responds to voltage, instead of being
in the circuit which résponds to current, as: ¢
shown in’the other views. - Respecting de- -
tails, it may first be noted that instead of a
simple contact lever G,'a wound pivoted-core:

‘L 1s substituted for coGperation with thé ans
‘nular.core I and the coil E* thereon. The go
. core L,-with its coil M, may be swung so as

to span any desired diameter of the core E,
just as could the contact lever G.in the
other view. The wires 1,'2 and. 8 are, in
Fig. 3, connected -across the main line to. gg

“voltage transformers H? instead of to series

transformers, as in the. other views; ‘and

“the ‘wires 4-and 5-are now c¢onnected with

the main line through a series transformer

| D2, instead of across the.main line through g

voltage transformers; a5 in Figs,'1 and 2.
‘With_this construction, the winding M on
the pivoted core L. deliveYs current overthe.

“wires 6 and T to-points of junction with the

wires 4 and 5, and ‘thenge the resultant is gy
taken over the wires § and 9 to the taps N*
of the voltmeter N, "It will thus be seen that

the voltmeter N, the secondary of trans-

former D? and the coil M are in parallel, so

that the effective’ voltage passing through 109

the voltmeter N will be the pesultant of the
voltages from the -trahsformer D* and the
coil M. " 'In-this modification, a true propor-

“tion: of the voltage will be taken from all
- the phase leads of the transmission line, and 365
be transformed and- delivered by the -phase

transformer in a single phase voltige over
the ivires 6 and .7, and the }i)lhase difference
of this voltage relative to the current 'sup-

‘plied over the- wires 4 -and 5 will be in-.11p

‘phase. difference of
the ‘main line, and may Ee varied, by shift-.
ing the position of said core L, so as to get:
a resultant from said.two circuits! which:
will be effective, whén delivered through the 115
wires 8 and 9, either for the purposes. of
compensation or for indicating the voltage
at the distributing end of the transmission
line. If' connected .to “tiie voltmeter, as-
shown, the réading is given; but the wires 120
8 and 9 could be run to the potential coil C*
of the Tirrill regulator, as shown in Ifig. 1;
and be used- for regulating purposes. .

It will be understood, of course, that it is
a great advantage to know, at the generat- 125

ing station, what the voltage is at the dis-

tributing station. The device connected up’
as shown .in Fig. 3 will give this reading.

.The forms shown in Figs. 1 and 2 would
-also'do the like, if the reading instrument 130
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was connected to take the resultant from
the coil I® as there shown.

It should be further noted, that the com-
pensating transformer K, shown in Figs. 1
zmrl 2, Lould be dmaensed with, and the two
pairs of wires (4 and 5) and (6 and 7) b

,apphed respectively, to-the pair of opr‘o-

sitely wound coils of the A. C. control mag-
net of the standard Tirtill regulator; and
the. resultant, from the said two circuits

from the main line, would then talke effect:

on the core of that magnet and give the com-
pensation - vequired. . It 'is an advantage,

however, to have the compensating trans-,
formér K because, ctherwise the coils of

the ‘A. 0. control magnet of the Tirrill
regulator would have to be made very large,
on | account of the phase difference employed
in'my compensating system.

Tt should, perhfx]ﬂs. ‘be noted that, having
regard to the two circuits from the m:ur\ or
transmission 1 ne, proper resistance P must

- be located in the. circuit which takes volt-

25

30

'35

age from the main line.

What I ¢laim is:

1. A compensator having two circuits
from a multi-phase transmission line, one
for voltage and the other for current, and
having in the current circuit a phase trans-

former taking a true proportion of the cur:

rent of the main line and delivering the
sune in a single phage, qf a phase difference,

relative to the-current of the other cireunit,
‘increased as compared with the phaqe dif.

ference on the main line. substantially as
deqcrl hed.

2. A compenﬁator having two cireuits
from a multiphase transmission line, oné

- for voltfwe and thé other for current, and
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having in said eurrent circuit a phase trans-
former taking a true proportion of the eur-
rent of the 1hain line and delivering the
same in a single phase, of a phase differ-

mce, relative to the current of the other
circuit increased to any desired extent, as
compared with the phase difference -on the
main line, substantially as described, a coil
in each of said circuifs supplied with cur-
rent by the cireuit to which it is connected,
which coils are arranged to act magnetically
in opposition to each other, means for ad-
justing the strenoth of one coil with respect
to the strength of the other, and means for
utilizing the resulting magnetism to operate
a reguhtlno device. -

3. A compensator having two circuits
from a multi-phase main ]me one for volt-
age and the other for current, a phase trans-
formed in soid current cn‘cmt tflhlno a true
proportion of the current from the main
line in all its phases and delivering the
same in a single nlmse. of a phase ch’fLrence

- relative to the current of thé other cireuit,

increased as compared with the phase dif-
ference. on the main line, said phase trans-

.dering the resultant of s

S

former being adjustable to cause the current

to lead or lag to the necessary extent, and
means for rendering the resultant of said
two circuits available for indicating or regu-
lating purposes, substantially’ as deseribed

4. A compensator having two cirenits from
a multi-phase main line, one for voltage and

the other for current, a phase transformer

in one of said circuits taking a true propor-

tion .of the current from the main line n

all its phases and delivering the same in a
single phase, of a ph‘lse dlﬁexence relative
to the current of the other cireuit increased
to any desired extent, as compared w ith the
phase difference, on the main hne said phase
transformer having a rotary adm\t able
member to cause the current to lead or lag
to the necessary extent, and means for ren-
aid two circuits
available for operatlve purposes, subs‘mn~

tially as described.

5. The combination with a multi-phase

.generator, 4 transmission line and a voltage

rwulator “for said generator, of two cirenits
from the transmission line, one for voltage
and the other for current, one of which cir-
cuits includes a phase transformer taking a
true proportion of the current or the voltage
from the main line, in all its phases, and de-
livering the same in a single phase, of a dif-
ference, relative to the current or .voltage
from the other circnit increased as compar ed
with the phase difference on the main-line,
means for adjusting said phase transformer
to cause the current to lead or lag to the
necossny extent, and a compenbatnw trans-
former having two coils fed from said two
circuits 1espectu‘ely, and having also a third
coil delivering the resultant of the other two
coils to the Voltwe regulator of said (rener—
ator substanmllv as described.

. The combm‘ltlon with a multi- ph‘l\e.

generator and ftr ansmission line, and a volt-
age regulator for said Oenemtor, of 'two cir-
cuits from the transmission line, one for volt-
age and, the other for current, one of which
circuits includes a phase transformer taking

a true proportion of the current from the‘

main line in all its phases, and deliv ering

‘the same in a single phase, of a difference,

relative to the current or voltage from the
other ecircuit. increased as compqred with
the phase difference on the main line, means
for adjusting said phase transformer to
cause the current to lag or lead to. the neces-
sary extent and a compensating transformer
having two oppositely wound coils fed from

said two e¢ircuits, respectively, the current
member of which two coils has a series of
leads through any selected one of which the
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line connections can be made, and which .
compensating transformer has also a third .

coil delivering the resultant of said two co‘k‘

to the voltage regulator of said generator,
substantially as and for the purposes set for th.

130 -
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7. A compensator. for multiphase trans-
mission systems, comprising two circuits
from the main transmission line one for

-voltage and the other for current, a phase

transformer in_ said. current  circuit, said
phase transformer including an annular

core, a coil thereon, and a rotary adjustable

member within the.annular core, and means
for.rendering the resultant of said two cir-
cuits available for operative purposes.

8. A compensator for multiphase trans-

mission - -systems, -couniprising two circuits,
- from. the main transmission line one for
voltage ‘and the other for current, a phase:
transformer . in' one’ of ‘said circuits, said |

phase transformer. including an ~annular
core, a coil theréon, and. a- rotary adjustable

~member’ within the annular core, and a com-
pensating transformer having two. oppo-

sitely wound coils fed from said two circuits,

‘respectively, and a third coil delivering the

resultant of said two ecoils. for ~re’gulatin_g

‘effects. .

9. The combination with ‘a multiphase

"generator and transmission line and a volt-

age regulatrr for said gederator, of two

‘compensating-zreuits from the main trans-,
_mission line, one for volta . ‘
" far current, .a phase transformer in’one of |

and the other

said-circuits, said phase transformer includ-

ing an annular core, a coil thereon and a ro- '

1,050,081 -

tary adjustable member within the annular
core, and a' compensating, transformer hav-

ing two- oppositely -wound coils fed from,
said. two circuits respectively, and a third

coil delivering the resultant of said two coils
to the voltage regulator of said generator.

10, The combination with. a multiphase
generator .and transmission line, and a volt-
age regulator for said generator; of- two
compensating. circuits for-the transmission
line, one. for voltage and the other 'for cur-

tent, a phase transformer in the current- cir-

cuit, said phase transformer including an
aniular c¢ore having a coil thereon, a series
of conducting taps-on said coil, a rotary ad-

justable conductor, arm .cooperating with

sdid taps and having leads extending there-
from, and a compensating transformer hav-
ing two oppositely .wound . coils, one fed
from the voltage circuit and the other from
the rotary conductor arm of the 'voltage

transformer, and a third .coil delivering the

resultant 'of said two coils to the. voltage
regulator of the generator.

" In testimony whereof I affix my signature
in bresence of two. witnesses.

JOHN PEARSON.
Witnesses:
M. E. Ro~NEys,
H. D. KiLGoRE.
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