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o all whom it may CoOnCert:

Do 1t known that I, ErnsT F. W. ALEXAN-

oERSCH, a subject of the King of Sweden and

Norway, residing at Schenectady, county of
Schenectady, State of New York, have in-
vented certain new and useful Improve-
ments in Voltage-Regulators, of which the
following is a specification. o
Iy invention relates to voltage control of

alternating-current circuits, and 1s particu-

jarly applicable to the control of the voltage
impressed on a lamp-circuit on a vehicle pro-
pelled by alternating-current mouors. '

Tt is the usual practice to supply the lamps
on motor-driven cars or trains from tne
power-cireuit, connecting the lamps m par-
allel with the motors. It is well known that

with this connection in starting or on heavy |

orades when the motors draw a large amount
of current the voltage impressed on the lamp-
circuit may be lowered, so as to decrease the
brilliancy of the lamps to an objectionable
extent. ' - -

The object

tuations in the fiow of current in the motor-

circuit. If for this purpose a boosting trans-

former is used of the ordinary type m which

the secondary terminal voltage on a non-in- |
“ductive load, such as a lamp-circuit, 1s al-

ways in phase with the secondary current,
the results obtained are not satisfactory it

‘the power factor of the motor-cireuit is low.

This is obvious from the fact that the phase
of the secondary current being determined
by the phase of the primary current will be
greatly out of phase with the potential in the

 power-circuit whenever the power factor in

4.0

the motor-circuit is low, and consequently it
the secondary terminal potential is'in phase
with the secondary current it will not be. ot

~ the proper phase for most efficiently ncreas-

ing the potential impressed upon.the lamp-
circuit. Moreover, the boosting effect will

~vary greatly with variation in the power fac-
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tor. Furthermore,a series transformer tends

+o maintain the current in 1ts secondary pro-

portional, to the primary current. This is
not the &ffect desired; but, on the contrary,
it is desired that the transformer should 1m-

press a voltage on the secondary circuit pro-

nortional to the primary.current.. . If to gain

this result the transformer secondazy-. is |

] ) ]

of my invention is to provide.
novel means for maintaining the voltage on
the lamp-circuit constant, regardless of fluc-

‘when the number of lamps in circuit 1s va-

through the trolley T.
is indicated the primary P of d series trans-
former. The secondary coil S is inserted in
| circuit with the lamps L, which are cennect-
ed in shunt to the motor-circuit. If the
.power tactor of the motor-circuit 1s low and

shunted by a resistance, as has been suggest-

ed heretofore, not only is the secondary ter-

minal voltage of the wrong:phase, as was
pointed out above, but also the resistance
produces a voltage drop, which impairs the
regulation of the secondary circuit if the load
in that circuit is varied. I
‘One feature of my invention consists in
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providing a series transformer for boosting

the potential in the lamp-circuit, so arranged
that the secondary terminal voltage 1s sub-
stantially in phase with the potential of the

‘power - circuit, no matter how low the power

factor. A transformer arranged in accord-
ance with my invention has the further ad-
vantage, as will hereinafter appear, that the
veltage drop due to the Jamp-current is sub-
stantially in quadrature with the lamp-vol-
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tage and can consequently have very little

offect on the regulation of the lamp-circuit

rieG.
Another feature of my invention consists
in a novel construction of the series trans-

| former, whereby its boosting effect may be

sccurately adjusted in a simple manner. .
My invention will best be understood by

reference to the accompanying drawings, 10

which— . | .
Figure 1 shows diagrammatically the con-
nections of the motor-circuit, lamp-circuit,
and boosting-transformer on a vehicle pro-
pelled by alternating-current motors. —Iigs.
9 and 3 are explanatory diagrams. Fig. 41s

a side elevation of a series transformer con-

. - 99
and Fig. 5 is a side elevation of the same n -~

structed in accordance with my invention,

cross-section.
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Referring to Fi;:l;. 1, M represents a driving-

motor for a vehicle adapted for operation on
alternating currents. I have indicated a
motor of a simple series type. * For the sake
of simplicity only one motor is shown and all
controlling-switches are omitted. The mo-
tor M is energized from the trolley-wire W
In the motor-circuit

if the series transformer is of the ordinary

“type in which the secondary terminal voltage
18 substantially in phase with the secondary
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current, the secondary voltage will not be of !

the propér phase for most efficiently boosting
the voltage of the lamp-circuit. This wiil be
evident from a consideration of Fig. 3. In
this figure, ¢’ represents the phase of the po-
tentia%of the power-circuit, and ¢’ represents
the phase of the current through the motor-
circutt for a given load and.power factor.
The current through the secondary of the
series transformer will consequently be rep-
resented by the line C* equal and opposite to
thie primary-current ¢/. If the current C*is
great'y out of phase with the primary poten-
tial ¢, as shown, it is evident that if the sec-
ondary terminal electromotive force is In
phase with-the current:C? the resultant of
this electromotive. force’ and the primary
electromotive force ¢ will be much less than
the sum of the two electromotive forces, so
tigt 8 much greater secondary electromotive
force would be required to produce a result-
ant of a given amount than would be the case
if' the secondary clectromotive force were in
phase with the primary electromotive force;

and, furthermore, a variation in the relative

phases of the two component electromotive
forces will produce a considerable variation
in the length of the resultant.
inductance I is connected across the termi-
nals of the secondary winding, as indicated
diagrammatically in Fig. 2, the secondary
terminal voltage will not be in phase with the
secondary current, but the secondary current
wul necessarily lag behind the terminal vol-
tage by an angle somewhat less than ninety
degrees, dependent on the relative values of
the inductance and the resistance of the sec-
onaary circuit. Thus with such a connec-
tion as is shown in Fig. 2 the line ¢* in Fig. 3
may represent the. phase of the secondary
terminal voltage. I]E witl be seen that if the
secondary winding is so connected that the
secondary voltage is added to the primary

voltage ¢ the resultant e will be very nearly

equal to the sum of the voltages ¢ and ¢,
and conseauently the desired boosting effect
18 obtalned with a boosting-transformer of
the minimum size. Furthermeore, since the

- line ¢" 1s substantially in line with ¢ a varia-
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tion of the power factor in' the motor-circuit
over a conslderable range will produce only
a very slight variation in e }ength of the
line ¢, so that if the transformer is properly
adjusted to give the desired phase relations
for the average factor of the circuit the phase
relations for all load conditions in the motor-
circutt will be substantially correct, and,
furthermore, since the voltage drop in the
inductance due to current-flow in the lamp-
circuit i1s 1n quadrature with chat current it
could have no appreciable effect on the lamp
voltage even if the load on the lamp-circuit
should be varied. | R
It 1s not necessary that an external induct-

65 ance should be employed for “obtaining the |

Now 1if the

379,826

desired phass relations. The saimne result

»,

can be obtained by proper design of the

transformer itself. By {orming the magnetic
-eircult with an air-gap the same effect elec-

trically is produced as with an indductance
i shunt to the secondary. A suiiable con-
struction for the transformer isshownin Ifigs.
4 and 5, In these figures, M represents the
magnetic cireuit, which is formed with an aix-
ogap at its lower end, 25 indicated at m1n Fig.

4. The magnetic circuit M is constructed of

laminations, as shown in Iig. 5, which are
pressed together between clamping-plafes «
a by the bolts 6 b’.  The bolts & at tie top ot
the transiormer serve aiso to secure the mao-

netic core to suitable supporting members

d d. These upper bolts b b furthermore act

-a9 pivots, on which the legs of the magnetic

circuit on whieh the coils are supported may
be adjusted toward and away from each
other: For securing this -adjustment {he

clamping-plates ¢ ¢ are extended  at the

lower.enids of the legs, as shown in the draw-

1ngs, and opposite plates are connected by
rods or bars f.

The two bars f are connected
to each other by a screw-threaded rod g,

‘which is provided with suitable nuts A, by

means of which the pivoted legs of the mag-

nebic core may be moved toward or away

from each other, so as to adjust the length of
the air-gap m, and locked in position. By
means of this adjustinent the secondary ter-

minal voltage may be varied in amount rela-

tive to the primary current, so that the
proper boosting effect may be obtuined with
agreat exactness. - This adjustment varies to
a small degree the relative phases of second-
ary.current and terininal voltage; but, ss
has. already been pointed out,if the second-
ary terminal veitage-is of substantiaily the
nroper phase a considerable shift .in "phase
nas only a small effect upon the resuitant
voltage in the lamp-circuit.
What I claim as new, and desire to secure
by Letters Patent of the United States, is—-
1. In combination, an alternating-currest
motor-circuit having a low-power factor, a
lamp-circuit in shunt thereto, and a trsus-
former having its primary in series with the
motor-circuit and its secondary in series with
the lamp-circuit and adapted and arvanged
to produce a secondary terminal voltage sub-
stantially in phase with the impressed vol-
tage 1n the motor-ecircuit. | .
2. In combination, an alternating-current
motor-circuit, & lamp-circuit in shunt there-
to, and a series transformer having an air-
gap 1 its magnetic circuit and its primary
and secondary windings included in said
motor-circutt and in said lamp-circuit re-
spectively. - - L
3. In combination, an alternating-current
motor-circuit, a lamp-circuit in shunt there-
to, a series transformer having an air-gap in
its magnetic circuit and its primary and sec-
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iactor, a lamp-circuit in
~series transformer having its prim ary and
> secondary windings included in said motor-
respectively

324

ondary windings included in said inotor-cip-

~curt and in said lamp-circuit respectively, and
~means for adjusting the length of said ajr-

| ._4'.?:'In'combinatigm, two single-phase load-
cireuits supplied 4n parallel from the same
source, a_serles fransformer having its pri-
mary and secondary windings included in se-

¢

ries with said two circuits respectively and.

“having a magnetic core comprising a pivoted
“mfember arranged by its movement to pro-

duce an air-gap of variable length in said core,
and means for clamping said member in posi-
tion. - I . o |
-5..dn combination, two single-phase load-

circuits. supplied in parallel from the same

source, a series transformer having its pri-

mary and secondary windings ineluded in se-
ries with said two circuits respectively and
-having a magnetic core comprising two Piv-
otéd legs adjustable toward and AWy from

each other to produce an air-gap of variable
length in said core, and an adjustable lecking

device for determining the length of the air-

6. In combination, an alternating-current
motor-circutt of variable current and power
shunt thereto, and a

circutt and in said lamp-cireuit
and adapted and arranged to produce a sec-
ondary terminal voltage substantially in

‘phase with the voltage opn,the otor-cireuit
a5

when the motors are working with an aver-
age power factor. e ; '
7. In combination, an alternating-current

‘motor-cireuit naving a low-power factor, a
lamp-circuit in shunt thereto, and & trans-

S520 R

~source, one of sald cireuits ;
low-power factor, and a transforimer having

“the other cireuit and adapiod and

3 - 2 & 5 ' ' SR T
former having 1ts priznary in series with the

OT-01T1 0 1he @acem el arer 19y st e tres 4B
motor-cireuit anda s secondary 1n zeries with

the lamp-cireuit and so aveanged that the
voitage drop in the secondary of said trane-
former due to flow of curvrent 111 the lap-cir-
cult 1s substantially in quadrature with said

current. | |
- 8. In combination, two single-phage eir-
cutts supplied in parallel {rom the same
| naving o load of
its primary in series with the civeuit of low-
power Tactor and its secondary in series with
Larranged
to produce w secondary terminal voltage dis-
placed from the secondary curvent by an an-
gle approximately equal to the averase angle

of lag 1n the civeuit of low-nower faci o,
9. 1n combination, two single-pnuss load-

!

- -:, s SRR S W s tlnt Aty A e iy wa
circuits supplied o paralel from the sams
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& series franstoriier having an
Ir-gan 10 s magnetic cireuid

souree, and

and
. . [N S B . % IR
mary and secondary windings included in
. J 22
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SOUrce, a series transformer having an aii-
gap e its magnetic cireuit and its primary
and secondary windings included in series
with seid two eiveuils vespectively, and
means yor adjusting the length of said air-
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