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1o all whom it may concerm:

Be it known that I, ELMER E. F. CREIGH-
TON, a citizen of the United States, and a resi-
dent of Pittsfield, Massachusetts have in-

5 vented certain new and useful Improvements
in Compensating Systems, of which the fol-
lowing is a specification.

My invention relates to a method of com-
pensating for the lag in alternating-current

10 systems by increasing the voltage of the gen-
erator more and more as the lag increases,
and also to compensate for the drop in vol-
tage that wounld otherwise occur as the cur-
rent increases in the circuit.

My invention in part relates to the system
shown and described in my application filed
December 20, 1902, Serial No. 135,983, whicn
application claims certain apparatus and
combinations of apparatus for this purpose,
20 while it is my intention in the present appli-
cation to claim the method for compensating
which I have provided, with the use of which
method the apparatus of the said former ap-
plication may be used.

In part, also, my invention consists in a
certain novel method for adjusting the ele-
ments of such a system of compensating, so
that the lag due to the presence of an induct-
ive load, as well as the drop caused by the
30 presence of non-inductive load, will both e

accurately compensated for. In these com-

- pensating systemns it has been proposed to

provide a local circuit in which a carrent 18
produced bearing a substantially constant
- 3% volume relation to the current in the main
circuit produced by the generator. Thecur-
rent in this local c1rcmt is an alternating
current, and it has been proposed or sug-
gested to S0 mani pulate this alternating cur-
g0 rent that it will produce magnetism which af-
fects the voltage of the main circuit. By
commutating or dividing each cycle of the
current in the local e1rcu1t in sucha way that
the magnet-winding will receive a nearly-
45 equal volume of current in each direction
when no lagis on theline, while the presence
of a lag will automatically provide an excess
of current in one direction over that of the
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' other, these two objects are at leasb to some
extent effected.

My present method instead of commutating
the current or else using only one-half of each
cycle, as has heletofme been done, divides
each eycle into two parts, and thus uses each
of these two parts to produce magnetism in 55
a relatively opposite direction. In other
words, I pass the whole of the cycle fo the
maﬂ'net winding which is to affect the voltage
of the main eueult and I do not eommutaLe
the current of that cyecle; but I pass the car- 60
rent of one half the eyele in one direction
through one section of a divided magnet-
winding and the currentin the other half of
the cyele in the other direction through an-
other section of said magnet-winding, thus 65
having a commutation of the magnetism
ratherthan & commutation of the electrie cur-
rent. |

Other features of my novel method of com-
pensation and their accompanying advan- 7o
tages will appear in the description herein-
after

Another feature of my invention consists
in a method of adjusting the apparatus of my
compensating system so that the compensa- 7s
tion will be accurate both for all values of
lag in the circuit and for voltage drop due to
ohmicresistance. So far as I know no method
has heretofore been suggested that effects
this result, which involves the careful ad- 3c
justment of the relative volume of the cur-
rent produced in the local circuit and an ex-
act adjustment of the brushes of the switch
or commutator used in the local circuit in or-
der that the volume of current and the posi- 83
tion of the brushes may bear such a relation
to each other that both factors of the prob-
lem are properly p1OV1ded for.

Referring to the drawings, Figure 1 111113-
trates diagrammatieally my method of ecom- go
pensating. Fig. 2 shows the same system

50

with added apparatus to aid in adjusting the
system. Figs. 8 and 4 are diagramsillustrat-
ing the ‘ohemles upon which the principles of
my system are based.

‘Referring to Fig. 1, Ais an alternating-cur-
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rent generator generating the current for the |

main circuit represented by the conductors «.
b b are brushes engaging the rings B’, which
rings are connected with the field-winding I3
of the generator A.

C l*eplesents a, tl*an%folmel the primary ¢
of which is 1n series with one of the conduec-
tors a, and ¢’ is the secondary winding of such
transtormer. This secondary winding ¢
forms the source of power for the local com-
pensating cireuit, and the current produced
in such secondary should beara substantially
constant volume relation to that flowing in
the primary, and therefore tothatof the main
circuit. |

D represents the armature of an exciter
which delivers the exciting-current through
conductors d to the field-windings of gener-
ator A. D’ is a field-coil for such generator

D, and the coils & K’ form a second winding

for the said exciter. The center of this coil
i1s connected by conductor ¢ to one terminal
of the secondary ¢’. This coil E E’ is the coil
in the local circuit intended to affect the po-
tential of the main cireuit, in the present case
indirectly through the exciter D. |

B 1s my rotating switch, which through
brush f and ring ¢ is constantly in connec-
tion with the opposite terminal of the sec-
ondary c'.

g’ and ¢* are segments adapted to make
contact, 1*e=spectwe1y with brushes /" and 1%,
which, as shown, are connected to relatively
opposite ends of coils E and 1.

The switeh If is connected to the generator
A in such a way that its segments ¢’ and ¢?
rotate at the polar speed of the generator.

~Thusassuming the generator to be a two-pole

generator and the switeh, as indicated in the
drawings, to be connected directly to the
shaft of the generator, the segments ¢’ and ¢?
are each one hundred and eighty degrees, so
that one complete revolution of the switeh is
made for each revolution of the machine. Of
course with many-pole machines it may be
preferable to gear the switch to the moving
part of the generator, so that it may rotate
once for each change of phase of the genera-
tor, or each segment ¢’ and ¢* of the switch
may be divided into as many segments as will
correspond to one-half the number of poles of
the machine, the essential thing being that
the segments ¢’ and g* are displaced with ref-
erence to each other, so that the carrent com-
ing in at the brush f will during half ¢f each
cycle pass out through brush /' and during
half of each eycle through brush 72

It will be seen from the foregoing descrip-
tion that the current Denexabed In the sec-
ondary ¢’ passes to the b1 ush fand first passes
through contact ¢', brush ', and coil E to the
secondary and then is shifted so as to pass
through segment g% brush f?, and coil E' to
the secondary. Itwill.also beseen that when
the current is thus shifted to the other coil
it produces an opposite magnetic effect rela-

tive to the direction of the current in lead e,
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since for any given direction of the current
in lead e it will pass in relatively opposite di-
rections through coils E and X'. By this
means I am enabled to divide each cyele into
two parts, the excess of current of each of
which 1n one direction over that of another
direction ean be ntilized to energize with the
same resultant polarity the magnet of ex-
citer D, even though the excess passing
through coil K isin one direction and the ex-
cess in coil E'is in another direction rela-
tively to lead e. Thus, referring to Fig. 4,
assuming that the ‘brushes of the switeh are
at such a position that the current changes

from the segment ¢’ to the segment ¢ at the

point & and changes back again to the seg-
ment ¢ at point 2’ of the current-wave shown,
then that part of the cyele between « and &'
will pass through coil K', and the effective-
ness of this for magnetizing is represented by
the excess of the shaded portion over that of
the unshaded portion. Obviously, also, the
other hali of the cycle—that between 2’ and

a°-—is useful in precisely the same way, sinco

this half of the cycle passes through coil K
in a direction relatively opposite as regards
lead e, and the excess of the shaded portion
over the unshaded portion is also in an oppo-
site direction as regards lead e; but the ox-
cesses are 1n relatively the same direction as
regards coils E and E', thus producing the
same resultant magnetizing effect. In other
words, the excesses of current in each half-
¢ycle are in opposite directions as regards
lead e, but are in the same relative directions
as regards coils K and KE'. It will be further
noticed thatthetwo parts of each alternation
while in the same direction asregards lead ¢
are in relatively opposite directions as re-
gards E and E'.

It will be seen that by this method, which
may broadly be considered as magnetism
commutation, I am enabled to use the whole
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of the current in the local cirenit, and at the

same time ] avoid all the troubles of an elec-
tric commutation, which troubles I need not
enfer into, as they are well understood by
those familiar with the art.

I shows a condenser placed in shunt to

brushes /' and 7* and also in shunt to coils
E K. Thiscondenser reduces the sparks on

switch f and very much increases the effi-
c¢lency of the system, as it enables it to be
operated more uniformly, since the charac-
ter of the spark is nolonger affected by loecal
drafts and similar conditions. Moreover, the
condenser eliminates the kick of the coils It I&'
without taking any energy therefrom, since
1t delivers back whatever energy it takes to
the colils.

Referring now to Ifigs. 2 and 3, I show, in
addition to the parts shown in Fig. 1, a switch
H' for regulating the number of secondary
turns. I also 1illustrate diagrammatically a
brush-shifter I for the brushes /' and 7?2 in
order that the position of the brushes relative
to the segments ¢’ and ¢?*, and therefore the
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position of the points " and 12 of Fig. 4, may | found that one hundred and fifteen volis are

be adjusted. At Jis a voltmeter to meas-

are the voltage of the main eircuit. K isan
alternating - current motor or other electric

device, which is in the nature of an inductive |

load, while I L represent banks of lamps
representing a non-induective load. & and [
represent switches for introducing the motor
or the banks of lamps in circuit as desired.
My method of adjusting the circuit may be
understood from Fig. 3, in which is shown
four current - waves representing different
volumes of current for the local circult ac-

cording to the position of the switch H'. The
stars on these curves represenft positions of |

the brushes 7' and f?in relation to the seg-
ments in which they bear.

If the brushes be arranged to shift the cur-
rent from coil E to E', and vice versa, at the
points of maximum voltage in each direction,

lag relatively to the volume of current in the
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- hundred volts.

local eircuit will be provided; but, on the
other hand, there will not be an efficient com-
ensation for increased volume of current,
as when the current is increased due to the
provision of a non-induetive load. . Indeed,
with the brushes so placed there will be 1o
compensation whatever for such an increase
of current when there is no lag on the line.
To obtain efficient compensation, therefore,
for increase of current due to non-inductive
loads the brushes must be set at points 1n
advance of the points of maximum voltage;
but this decreases the proportion of the wave
offective for lag compensation, so that the
volume of current must be greater. Krom
these considerations it follows that the vol-
ume of current in the local circuit and the
point of division of each cycle must bear such
a relation that both of the disturbing fac-
tors—lag and current increase—will be per-
fectly compensated for. In Fig. 2 I show
how this may be done. Let us suppose that
both of the switches & and [/ are open and
that the switeh H' is closed to give a currenb
carve y. The switch [ may now be closed,
placing a non-inductive load L in the worik-
ing circuit. By adjusting the brushes /" and
f% at the position indicated by the star of
curve o it is found that the pressure in me-
ter J is exactly 110, as required. Switch /is
now opened and switeh /o closed, placing an
inductive load X upon the line. 'This pro-
duces such a lag that the star in curve ¥
is, in relation to the current curve, moved
to the left, so that there 1s a greater excess

of current effective for compensation than

before; but the volume of current indicated
by curve 7 is shown to be tco small by the
fact that meter J shows, let us say, but one
To adjust this, switeh Il is
shifted and wave 7%is produced, and the vol-
tage when load K is present is found to
correct at one hundred and ten volts; bui
when load L is substituted for load K it is

|

|

|
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present, so that there is overcompensation for
non-induective loads.  If, however, brushes f*
and f? be shifted to the point indicated by

the star on curver/®, the compeunsationisfound

to bethat desired fornon-inductive loads; but
it is now probably too high for lag compen-
sation. It is therefore necessary to reduce
the current volume to perhaps y'. Iinally,
a volume and position of the brushes is found,
represented, perhaps, by wave y* which will

compensate with substantial exactness for

each condition.

From the foregoing explanation it will be
seen that the two disturbing factors are pro-
vided for by adjusting the volume of current
and point of dividing each cycle so that the
excess of current effective for compensation
is, when no lag is present, sufficient to com-
pensate for non-inductive loads, while the in-
crease of such excess caused by the presence
of a lag issufficient to compensate for sald lag.

It is clear that the method I have deseribed
for enabling aceurate compensation for all
conditions is not only applicable for use with
systems embodying the other features of my
invention, but it is also applicable to other
known systems, such as those which have aux-
iliary generators instead of a transformer,
commutators or switches that utilize only half
of each cycle for compensation, &e. In this

| respect, therefore, I am not limited in the

employment of my invention, nor do I wish to
be limited in the employment of my Inven-
tion to any particular apparatus, since my
presentinvention resides in the novel method
of compensating, as set out in the appended
claims. Moreover, in some respects my in-
vention invoives a new method for utilizing
an alternating current for producing magnet-
ism which obviously has advantages for sys-
toms other than compensating systems, and

therefore I do not limit myself to its use in

relation to compensating systems.

Having thus described my invention, what
I ¢laim, and desire to protect by Letters Pat-
Gﬂtj 18— '

1. The method of compensation for an al-
ternating-current circuit which consistsin de-
veloping current in a local cireuit bearing a
substantially constant volume relation to that
of the main circuit, dividing each alternation
of each eyele of the local cireuit into two parts
and directing the two parts in relatively op-
posite directions through magnet-windings
adapted to affect the veltage of the main cir-
cult. -

2. The method of compensation for an al-
ternating-current cireuit, which consists in
developing current in a local circuit bearing
a substantially eonstant volume relation to
that of the main circuit, dividing each alter-
nation of each ¢yele of the current in the local

be l circuit into two parts without altering the

character of the alternations of said current,
and directing the current in the two parts in
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relatively opposite directions through mag-
net-windings adapted to.affect the voltage in
the main cirenit.

3. The method of compensation for an al-
ternating-current cireuit which consists in
developing current in a local cireuit bearing
a substantially constant volume relation to
that of the main circuit, dividing each cyele
of the local circuit into twoparts and direct-
ing the two parts through different magnet-
windings adapted to affect the voltage of the
main ecircuit. |

4. The method of compensation for an al-
ternating-current circunit which consists in
developing current in a local circuit bearing
a substantially constant volume relation to

‘that of the main cirenit, dividing each cycle

of the local circuit into two parts and direct-
ing the two parts through different magnet-
windings of a magnet adapted to affect the
voltage of the main circuit.

5. The method of compensation for an al- |

ternating-current circuit which consists in
developing current in a local circuit bearing
a substantially constant volume relation to
that of the main circuit, dividing each eycle
of the local circuit into two parts without
altering the character of the alvernations of
sald current, and directing the two parts
through different magnet-windings of a mag-
net adapted to affect the voltage of the main
cireuit.,

6. The method of compensation for an al-
ternating-current circuit which consists in
causing the current in the main ecircuit to in-
duce a local current, dividing each alterna-
tion of each cycle of the local current into
two parts without altering the character of
the alternations of said current and direct-
ing the two parts in relatively opposite diree-
tions through different magnet-windings of a
magnet adapted to affect the voltage of the
main ¢ireuit.

7. The method of compensation for an al-

45 ternating-current circuit which consists in

s¢ thealternations of said current and directing |

causing the current in the main circuit to in-
duce a local current dividing each alterna-
tion of each cycle of the local current into
two parts without altering the character of

943,459

the two parts in relatively opposite direc-
tions through different magnet-windings of
the field-magnet of the exciter for the alter-
nating-current generator.

3. The method of regulating a compensat-
ing cirenit which consists in adjusting the
relative volume of compensating current and
the point of commutation or division of the
cycles thereof in such relation that aceurate
compensation is obtained both for currents
due to induective loads and to currents due to
non-inductive loads.

9. The method of regulating a compensat-
ing cireuit -consisting in adjusting both the
relative volume of current in said cireuit and
the point of commutation or division of the
cycles thereof in such relation that the ex-
cessof theeurrentin onedirection over that in
the other direction will accurately compen-
sate for increase of current volume, while the
increase of said excess due to a lag in the car-
rent will aceurately compensate for said lag.

10. The method of regulating a compensat-
Ing circuit which consists in varying the re-
lation between the current therein and theo
carrent of the main circuit and varying the

| point at which the cyecles of the compensat-

1ng current is commutated or divided until
such current relation and division-point ad-
just the compensating cir¢uit to compensate
with equal acenracy both for increase of cur-
rent and lagging currents.

11. The method of regulating a compensat-
ing circuit which consists in varying the re-
lation between the current therein and the
current of the main ecircuit and varying the
point at which the cycles of the compensat-
ing current are commutated or divided until
such current relation and division-point ad-
Just the compensating circuit so that a con-
stant voltage is maintained in the main eir-
cult whetherinductive or non-inductive loads
are connected therein. ~
odigned at Pittsfield, Massachusetts, this

| 26th day of Janunary, 1903.

ELMER E. I'. CREIGIHHTON.

YWitnesses:
RICHARD EYRE,
MABEL GOUDCHAUX.
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