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To all whom it may concern:

Be it known that I, Cezarres H. Kick-
LICHTER, a citizen of the United States, and
resident of Pasadena, in the county of Los

5 Angeles and State of California, have in-
vented certain new and useful Improvements
in Voltage-Regulators, of which the follow-
ing is a specification.

This invention relates to voltage regu-

10 lators for dynamo electric machines (,IVhCl
alternating or direct, and more pax tmhlculy
to regulators of the make and break t type.

One of the ob jects of the present inven-
tion is to provide a system and apparatus
whereby many of the ob]cctlolmb e features
of existing voltage regulators are eliminated,
and wheleby the method of regulating sev-
eral generators, operating in pa arallel, is
greatly simplified, one regulator only bamg
necessary. :

One of the objections to voltage regulators
of the make and brealk type is that since the
current which is interrupted is necessarily
large, sparking necessarily fakes place at
the contacts, resulting in their wearing down

rapidly. Another ob]ectlon is that the shunt

cireuit is continually 1meuupted. the volt-
age being regulated by the duration of tnc
make or the break.

Tn accordance with this invention the cur-
rent in the generator field-is controlled b\/ a
small ﬂh\ﬂnry dvnamo electric machine
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which in turn is controlled by the make and.

break regulator so that the value of the cur-
rent mterrupted is exceedingly small. The
malke and break device is so avranged that
it can normally float and only comes into
play to make or break contact when he
voltage varies above and below the normal.
At normal voltage it is out of operation.

The invention can be best set forth in con-
nection with the accompanying drawings, in
which:

Figure 1 is a diagram showing
trical connections of the apparatus
plied to the voltage regulation of
Intlno current oenﬂmtmo systen

Fig. 21is a dlaomm showing the electrical
connectlons of the appamt‘ls as
the voltage regulation of a direct current
generating system;
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applied to-

Fig. 3 is a diagram showing another
form of this invention as applied to an alter-
nating current system;

Fig. 4 is a diagram showing still another
form of this invention as applied to a direct
current system; and

Tig. 5 is a diagram showing still another
form of this invention as applied to an
alternating current system.

. Fig. 6 is a diagram showing still ancther
form of thls invention as aDphnd to an alter-
nating current system.

Fig. 7 is a diagram showing still another
form of this invention as applied to an alter-
nating current system.

Referring to the drawings, and first to
Tig. 1, the system to be controlled consists
in this case of two alternators feeding a
single main. The armatures A, a, are con-
nected to the alternating bus bars B by
means of gwitches 3, s. The field windings
T, 7 are excited by means of exciters E, e,
which are the usual direct current machines
and provided with shunt fleld windings
T,, f,. 'The current in the field windings
F, 7, is controlled by the usual regulating
1es1st1nces R, 7, and the current in the ex-
citing fields is controlled by the usual regu-
lating resistances R’, #. The alternatmo
current mains, the voltage of which is to be
regulated, are deswn%ed by P, and the line
switch by 5.

An auxiliary direct current machine G is
arranged to be driven at a uniform speed
by means of any suitable motor, in this par-

“ticular instance a shunt wound direct cur-

rent motor M which is arranged to be con-
nected across the brushes of either of the ex-
citers B, e, by meansof switches S,ors,. The
motor M and machine G are preferably a
motor generator set of small capacity so that
the set can be mounted directly on the switch
board. The auxiliary machine {t is a direct
current machine and is provided with a
differential field winding By, Ify, which is
connected across a source of divect current.
In this particular instance the current is
supplied by means of one of the exciters
E e Each one of the windings ¥y, ¥, has
in series with it a re81stf1nce Rh, Ry, respec-
tively. The machine G is provided with
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bus bars XK, and a pair of double throw
switches S, s,, are arranged to connect either
or both of the field windings F,, f,, in series
with the auxiliary machine G. Either of

; the exciters may be cut off from the machine

G by throwing the switch to the right which
will also close the field circait for that ma-
chine.
The make and break regulator comprises
a pair of levers X, N, pivoted at p, p’, re-
spectively. The lever X is forked as shown
and provided with contacts L, H, which are
connected to resistances R,, Ry, respectively.
he lever N is connected to the junction
of the resistances and is provided with a
contact which is arranged to normally float
between the contacts H and L and to co-
operate with one or the other. The other
arms of the levers X, N are connected to-
gether and to cores O, and O,, the weight
of the cores being balanced by means of
springs n, n,. A dash pot Q is provided
to steady the movements of the levers. The
solenoid core O is arranged to be controlled
by a potential coil V and by a current coil T.
The coils V and I are supplied with current
from the potential and current transform-
ers T, T;, respectively, and the current is
arranged to be regulated by means of regu-
lating resistances Ry, R;. The coils V and T
are in opposition so that the current coil
will compensate for a drop in voltage if so
desired. Where however the voltage at the
bus-bars is to be kept constant then the
current coil can be dispensed with. A third
coil Y may control the core O, and is con-
nected across the brushes of the auxiliary
machine &. The coil Y ig here mounted on
the same core O, with coil Z, which latter is
connected to any source furnishing a contin-
tous current, in this case to one of the excit-
ers I, e. The current in coil Y eitherincreases
or decreases the normal excitation in core O,
according to the direction of its flow. The
resistances Ry, R, will normally prevent
sparking at the contacts of the regulator,
but for additional insurance against spark-
ing the condensers C, and C, may be con-
nected across the contacts. The auxiliary

machine G preferably has its field magnets .

constructed of soft iron so that hysteresis
will not interfere with or delay its action.
The levers X and N are preferably both
movable, but either lever can be stationary
if .so desired. The action however is more
sensitive if both are movable and there is
no disadvantage in this case in view of the
fact that both levers arve moved in unison
by means of a single core.

The operation of the apparatus will now
be described. If the terminal or feeder
pressure tends to rise, magnet core O is
drawn down, due to the increased excita-
tion of pressure coil V; contact is made
between levers N and X at H; resistance

1,222,412

R, is short circuited; the current in T, ex-
ceeds that in Ky, the machine G generates
a pressure opposed to the exciter ficld cur-
rents in If, and f, the exciter pressures
drop; the main generator field currents de-
crease, and bus-bar pressure is lowered.
Simultaneously with the decreased flow of
current through the exciter fields, current
flows through coil ¥, tending to open the
regulator contacts at H. Due to the de-
laying action of hysteresis in the exciter and
generator fields contact at H is broken be-
fore the feeder pressure drops too much and
hunting is prevented.

Conversely, if the terminal or feeder
pressure tends to becomse too low, magnet
core O rises, dus to the decrensed excita-
tion of coil V, contact is made between le-
vers N and X at Li; vesistance R, is short
circuited ; the current in ¥, exceeds that iu
Iy, the machine G generates a pressure in
the same direction with the field currents
in F, and f,; the exciter pressures rise; the
main generator field currents increase and
the bus-bar pressure is increased. The cur-
rent in Y flows now in the opposite direc-
tion from above and assists in breaking
contact at L before bus-bar pressure rises
too high.

If resistances R, R/, » and +’ are adjusted
so as to give the correct alternator pressure
for the usual load and conditions without
the regulator, then when voltage regulator
is thrown into service by switches S, s,,
the main controlling magnet O should hold
the arm N so as to make contact with neither
points H or L. Thus the controlling arm
for usual conditions will float and constant
making and breaking of contacts will not
oceur. But shounld conditions tend to cause
the pressure to rise above normal, the mak-
ing and breaking of contact between arm
N and point H will hold the voltage con-
stant.  Should conditions tend to cause the
pressure to fall below normal, the making
and breaking of contact between arm N
and point L will hold the voltage constant.
In either of these cases the vibrations of
arm N are not so frequent as in other regu-
Iators where the field regulated under all
conditions gives too high an excitation and
a constant make and break is necessary to
hold it down.

The coils Y and Z may be dispensed with
if so desired.
lator has been set in operation on a rise of
voltage to lower the excitation of the gen-
erator, the drvop of voltage resulting from
this decrease of excitation will cause a de-
crease in the strength of the coil V and thus
will permit the springs n n, to raise the core
and break the contact between N and I.
The operation will be similar when the volt-
age drops below normal. Tt is of course
more advantageous to add the additional coil

In this case after the regu- ;
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Y which acts as an anticipator and thereby
Drevents hunting, but a suitable dashpot Q
will steady the movements of the levers X
and N even if the coil Y is not used.

Referring now to Fig. 2, the diagram
lustrates the invention applied to a direct
current system consisting of one ci several
direct current dynamos operating in parallel.

The armatures A’, ¢ of the direct current
generators are connected to the divect cur-
rent bus-bars B/, by means of the generator
switches S/, ¢’. The shunt fleld windings
F’, 7/, are provided with the usual regulat-
ing resistances R/, #’, and connected by
means of the switches S, &/, across the
bus-bars X’ of the small direct current aux-
iliary machine &’ which is driven by a
suitable motor M’ connected across the direct
current bus-bars B’ and adapted to boost
the currvent in ¥/ and /. The machine G
is provided with a single field winding ¥’
which 1s eonnected across a suitable source
of direct current and has connected in series
therewith a pair of resistances B, R\
This machine always therefore acts as a
booster.

The regulator comprises a pair of station-
ary contacts H’, I/, and a movable arm or
needle N’ which is provided with a contact
adapted to ' engage either H’ or 1/, but
adapted to normally float between these two
contacts. One arm of this lever has secured
to it a solenoid core O’ which is energized
by a potential coil V” connected across the
line B’ and by a current coil I’ connected
across a low resistance shunt R’,. The coils
YV’ and I’ are in opposition and the current
is regulated by means of regulating resist-
ances R’, and R/;, respectively. The con-
tacts T, I control the magnets for a pair
of switches T’y and L/, the former being
normally held clesed and the latter being
normally held open. These contacts are ar-
ranged to short circuit the resistances R’y
and R/), respectively, and the sparking is
prevented by means of suitable condensers
C’y, V1. The current in the magnet eoils
for the switches [’y and L/, 1s controlled

by a regulating resistance R.. The solenoid

core is balanced so as to maintain the-lever
N in position between the contact H’ and
1/ by means of a weight 2’ which may be
adjusted on the arm of the lever.

The operation of the apparatus will now
be apparent. If the terminal or feeder pres-
sure tends fo rise, arm N’ males contact
with . point H’, the relay switch 5, is
cpened, the resistance R’y 1s thrown into the
field circuit, the field ¥/, is weakened, the
pressure generated by booster G7 is lowered,
the fields F” and # are weakened, and the
bus-bar pressure drops.

Conversely, if the terminal or feeder pres-
sure tends to become too low, arm N’ makes
contact with point 1/, the relay switch L/,

8

is closed, the resistance R, is short cirenited,
the field I, is strengthened, the pressure
generated by booster (3 is increased, the
flelds I and f” are strengthened, and the
bus-bar pressure rises.

If the dynamo field resistances R’ and #’
are adjusted so as to give the correct bus-
bav pressure for the usual load and usual
conditions without the regulator, then when
the voltage regulator is thrown into service,
the beoster G will increase the excitation of
fields I and 7 sbove normal. Sufficient re-
sistance R’, should then be inserted to re-
duce the field currents back to their normal
value with the needle N’ in the floating
position and with usual load conditions pre-
vailing. The drop through R’, will then
exactly equal the pressure generated by the
beoster G when the needle N’ 1s floating.
Ag in Tig. 1, this apparatus after adjust-
ment will float and will not operate so long
as the usual load conditions prevail. Should
conditions tend to caunse the pressure to in-
crease, needle N’ will make and breal con-
tact with I and relay key H’, will hold the
pressure down. Should conditions tend to
cause the pressure to decrease, needle N’
vill make and break contact with 1/ and
relay L/, will hold the pressure up. In
either of the lafter cases the vibrations will
not be so frequent as in the ordinary make
and break regulator.

It is obvious that the same arrangement
may be used for regulating an alternating
current circuit. Since the auxiliary gener-
ator generates a current which is in the
same direction as the current passing
through the windings I, //, this machine
may furnish the entire exciting current for
the generators. In this case however the
current Interrupted at the contacts of the
regulator will be very much greater than
where the generator merely furnishes just
enough current for regulating purposes.

Fig. 8 shows a refinement and a slight
modification of the embodiment shown in
Fig. 1.
of the exciters and the auxiliary machine
are the same as shown in Fig. 1 and there-
fore similar parts will be desighated by the
same reference characters with the exponent
2 added.

The regulator consists of two levers X
and N2, the lever X2 being provided sith
contacts TI? and L2, each of which codper-
ates with a contact on lever N? to control
one leg of a pair of differential magnets or
relays Z, and Z, respectively. The relay Zy
contrels the switch H?, which is avranged
to short civeuit the resistance R*, and the
relay Z, controls the switch L* which 1s ar-
ranged to short circuit the resistance R?2,.
The Jever N2 is provided with a solenoid
core 02 which is controlled by potential and
current coils V2 and I?, respectively, which

The construction and arrangement’
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receive current from the mains P? through
the potential and eurrent transfermers T~
and T?;. The lever X? is provided with a
solenoid core, the exciting coil Y? of which
is connected in this case across the exciter
bus-bars N.

The operation of the apparatus will now
be apparent. If the terminal or feeder
pressure tends to rise, magnet core O? is
lifted ; contact is made between lever N? and
contact piece H?; the core Z, is demagnetized
and is drawn up by its spring; the resistance
R2, is shunted; the current in F?%, exceeds
that in F2,; the generator G gives a pres-
sure opposing that impressed upon the field
winding F? and f? of the exciters; the ex-
citer pressure drops; the field excitation of
2 and /* is decreased, and the alternator
voltage is lowered. Simultaneously with
the decrease of exciter pressure, the current
in winding Y? decreases and lever X2 breaks
the contact at H? before the alternator volt-
age drops too low. Conversely, if the ter-
minal or feeder pressure tends to fall, mag-
net 0% is drawn down; contact is made be-
tween lever N? and contact piece 1.2; the
core Z; is demagnetized and is drawn up by
its opposing spring: the resistance R?; is
shunted ; the current in F?; exceeds that in
T2, : the generator G* gives a pressure assist-
ing that impressed upon the field windings
T2 and f? of the exciters; the exciter pres-
sure rises; the field excitation at F? and 2
is increased, and the alternator voltage is
raised. Simultaneously with the increase of
exciter pressure, the current in winding Y*
increases and lever X2 breaks the contwct at
12 before the alternator voltage rises too
much.

In this case the regulator is controlled
and actuated in response to the voltage of
the regulated point, that is the line, and of
the voltage of the exciter.

TFig. 4 shows the regulating means of Tig.
1 applied to a direct current system. The
construction of the auxiliary machine is
very similar to that shown in Fig. 1 and
therefore the parts thereof are indicated by
the same reference characters. The con-
nection between the auxiliary machine and
the field circuits of the direct current ma-
chines is the same as shown in Fig. 2. In
this case however coil Z is unnecessary
since coil Y is mounted on the same core O
with coil V. Here also contacts H and L
control the magnets of switches H,, and I,
which in turn shunt or short circuit the re-
sistances Ry and R,. The current throngh
the magnets for these switches is controlled
by a resistance Rt The coil Y is controlled
by regulating vesistance R%. The potential
and current coils V and T are connected
across the line P* and across a shunt R%,
respectively.

1,222,412

If the terminal ov feeder pressure tends
to rise, magnet core I is drawn down; con-
tact is made between lever N and I; key T
is closed resistance Ry is shunted the cur-
rent In I‘h exceeds that in ¥y the 111\1]1&1 Y
generator G generates a pressure opposed to
the field currents in F and f, and terminal
pressure is held down. As the auxiliary
generator pressure rises, current flows in
coil Y, weakening magnet O and contact at
H is broken before the feeder pressure drops
too low.

Conversely, if the terminal or feeder pres-
sure tends to drop, magnet core O is raised,
contact is made between lever N and L
key 1, is closed; resistance R is shunted;
the current in If; exceeds that in Fy; the
auxiliary generator G generates a pressure
in the same direction with the field currents
in F and f, and the terminal pressure is held
up. As the auxiliary generator pressure
rises, current flows in coil Y, strengthening
magnet O, and contact at L i is broken beforo
feeder pressure rises too high.

Fig. 5 shows one embodiment of this in-
vention applied to an alternating current
system in which the auxiliary machine is of
the same construction as that shown in Iig.
2, and therefore similar parts are indicated
by similar reference characters. The regu-
lator in this case consists of two levers X
and N® which are pivoted one behind the
other at D% The lever N° ig controlled by
the voltage. and current coils V and T and
the lever X% is controlled by coil Y% which
is connected across the brushes of the auxil-
iary machine G&”. A dashpot J of any suit-
able construction is provided to steady the
movements of the lever X°. The contacts H*
and L® on the lever X5 control the differen-
tial velays 7, and Z,, which in turn control a
pair of switches I, and L; which are adapt-
ed to short circuit the resistances R, and R’,.

If the terminal or feeder pressure tends to
rise, magnet core O is drawn down; contact
is made between lever N° and H5; magnet Z,
is demagnetized; key H, is opened; resist-
ance R, is inserted in field F,”; the current
in F, decreases; the auxiliary generator Gt
generates a lower pressure; the exciter field
currentsin F and f, decrease ; the exciter pres-
sures drop; the generator field currents de-
crease and the terminal pressure is held
down. Asauxiliary generator pressure drops,
the magnet Y*® is weakened and contact at
II® is broken before feeder pressure drops
too low.

Conversely, if the terminal or feeder pres-
sure tends to fall, magnet core O rises; con-
tact is made between lever N° and L7; ; maﬂ-
net 7, is demagnetized; key I is closed. re-
sistance R," is shunted the current in F./
increases; the auxiliary generator G’ gen-
erates a higher pressure; the exciter field
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currents in F’ and 7, increase; the exciter
pressures rise; the generator field currents
ncrease, and the terminal pressure is held
up. As the auxiliary generator pressure
rises, the magnet Y® is strengthened and
contact at L® is broken before the feeder
pressure rises too high.

Fig. 6 shows still another embodiment of
this invention applied to an alternating cur-
rent system in which the construction of the
regulator is similar to that shown in ¥ig. 3,
and therefore similar parts are indicated by
similar reference characters with the expo-
nent 6 added. In this case, however, the
magnet which controls lever X° has two
coils,—one Y9, is connected to some source
of substantially constant supply, in this case
to one of the exciters E°,-¢%. The other coil
Y® is connected across the brushes of the
auxiliary machine G¢. The current in coil
Y¢ increases or decreases the magnetism in
core O, according as its direction of flow is in
the same or opposite direction to the current
in Y%. A dash pot J°is provided to steady
the movement of lever X° The contacts H°
and LS on the lever X° control the differen-
tial relays Z¢, and Z¢ which in turn control
a pair of switches HS% and Lf. These
switches are adapted to open circuit the
fields 7%, and F¢,. The auxiliary generator
(%, in this case, is provided with differential
field windings ¥, and ¥% which are con-
nected through switches 1%, and I.f; respec-
tively, across a source of direct current.
Normally the current through the two wind-
ings mutually neutralize each other’s effécts
and the auxiliary machine G generates no
pressure. When one of the windings is open
circuited, the other determines the direction
of the pressure generated by auxiliary gen-
erator G.

The operation will now be apparent. If
the terminal or feeder pressure tends to rise,
magnet core O° is lifted ; contact is made be-
tween lever N¢ and contact piece I®; the
core 7%, is demagnetized and is drawn up by
its spring; the field F°, is opened; the gen-
erator ¢ gives a pressure opposing that im-
pressed upon the field windings I, and f}*,
of the exciters; the exciter pressure drops;
the field excitation of F¢ and /¢ is decreased,
and the alternator voltage is lowered. Si-
multanecusly with the decreased flow of cur-
rent through the exciter fields, current flows
through coil Y¢ so as to weaken the mag-
netism in the core and the contact at H® 1s
broken- before the alternator voltage drops
too low.

Conversely, if the terminal or feeder pres-
sure tends to fall, magnet O° is drawn down;;
contact is made between lever N°¢ and con-
tact piece 1¢; the core Z¢ is demagnetized
and is drawn up by its opposing spring;
field ¢, is opened ; the machine G® generates

5

a pressure in the same direction with the
field currents in F,? and f°; the exciter
pressure rises; the field excitation at F¢ and
7° is increased, and the alternator voltage is
raised. Simultaneously with the increase
of exciter pressure, current flows through
coil Y*® g0 as to strengthen the magnetism in
the core and the contact at L° is broken be-
fore the alternator voltage rises too high.

Fig. 7 shows still another modification of
this invention applied to an alternating cur-
rent system in which the construction of the
regulator is the same as that shown in Fig.
5; the regulator levers X7 and N’ in thig
case, being straight instead of bent. Similar
parts of the regulator and auxiliary gen-
erator are indicated by similar reference
characters with the exponent 7 added.

In this case however the sources, from
which the flelds F7 7 of the alternators
A" a7 are supplied, are the rectifiers R, 7.
These rectifiers are mounted on the shafts
with the rotating members of the alterna-
tors, and they may be any of the types
known to the art. In this case however they
are shown in their simplest form,—each con-
sisting of three segments, which are con-
nected to the secondary leads of a bank of
transformers Ty {,. The brushes B, B, b, b,
which bear on the rectifiers R. 7. are con-
nected in series with the alternator fields
F7 f7 and with the auxiliary generator G7.
When the switches S,7 s, are thrown to the
right, the strengths of fields F7 7 may be
adjusted by resistances R7 ", The switches
may now be thrown to the left connecting to
the auxiliary generator leads K".

If the terminal or feeder pressure tends to
rise, magnet core O7 is lifted; contact is
made between lever N7 and contact piece H";
the core Z7, is demagnetized; key H7, is
opened ; resistance R, ig inserted in field
7, the current in F?, decreases; the auxil-
iary generator G7 generates a lower pres-
sure, the alternator field currents in F? and
77 decrease, and the alternator voltage is
held down. As auxiliary generator pressure
drops, the magnet Y7 is weakened and con-
tact at H7 is broken by the opposing spring
before the voltage drops too low.

Conversely, 1f the terminal or feeder
pressure tends to fall, magnet O7 descends
due to its weight; contact is made between
lever N7 and contact piece L; the core Z7,
is demagnetized ; key 17, is drawn up by the
opposing spring; resistance R, is short cir-
cuited ; the machine G" generates a higher
pressure, the generator field currents in I’
and 77 increase, and the terminal pressure
isheld up. As the auxiliary generator pres-
sure rises, the magnet Y7 is strengthened
and contact at L7 is broken before the feeder
pressure rises too high.

It will therefore be seen that the inven-
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tion attains the objects aimed at. The cur-
rent which is actually interrupted is ex-
ceedingly small since the field circuit of the
machine which furnishes the actual regu-
lating current is the only one which is made
or broken and in addition the circuit is only
made or broken when the voltage varies.
When the voltage is constant the movable
member of the regulator floats so as to be
normally out of operation, as distinguished
from the ordinary make and break regulator
in which the value of the current is varied
by the duration of the make and break.

With the regulating system of this in-
vention the voltage can be closely regulated
for all conditions, namely, change of load,
power factor, speed of primer mover and
temperature of generator or exciter. The
regulator can be easily thrown into and out
of operation at any time without interrup-
tion of service. The regulator can be ad-
justed so that under usual load condition it
1s inactive and the movable member floats
between centacts, and under abnormal con-
ditions the frequency of vibration is a
minimum.

A number of generators can be readily
controlled and regulated by a single regu-
lator and there is a positive load division
among the several generators since the pres-
sure on each generator field is altered the
same amount and in the same ratio. The
errors due to differences in sensitiveness or
adjustment and lack of simultaneous action
incident to the use of a plurality of regula-
tors is therefore avoided.

The currents interrupted are small there-
by minimizing the trouble due to the burn-
ing of the contacts and permitting the use of
small condensers, field resistances, and other
parts. The pressure delivered by the aux-
iliary generator is small so that the energy
consumed is small and this generator and its
motor may be combined as a small motor
generator set and mounted on the switch
board where it will run silently with little
attention. The regulator is easy to keep in
adjustment and can be handled by any ordi-
nary switch board attendant and it can be
easily adjusted for change of conditions by
means of the different regulating resistances
shown in the drawings.

It is obvious that various changes may be
made in the details of construction without
departing from this invention, and it is
therefore to be understood that this inven-
tion is not to be limited to the specific con-
struction shown and described, but only by
the appended claims:

1. The combination with a generator hav-
ing an exciting fleld winding and means for
supplying current to said winding, of an
auxiliary dynamo electric machine connect-
ed therewith and adapted by virtue of its
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relation thereto to control the strength of
the field set up by said exciting field wind-
ing, a differential winding for said auxiliary
machine, and means to cause either of said
differential windings to preponderate, said
means being normally disposed in neutral
position to cause said differential windings
to normally neutralize each other.

2. The combination with a generator hav-
ing an exciting field winding and means for
supplying current to said winding of an
auxiliary dynamo electric machine connect-
ed thereto and adapted by virtue of its rela-
tion therewith to control the strength of the
field set up by said exciting field winding, a
differential winding for said auxiliary ma-
chine having regulating resistances, and con-
tact devices normally disposed in neutral or
out of contact position and arranged to con-
trol either of said resistances.

3. A regulator for a dynamo electric ma-
chine having a plurality of regulating re-
sistances, comprising in combination, a piv-
oted member carrying a pair of contacts one
connected to each resistance, and a second
pivoted member carrying another contact
and movable relatively to the first member to
control said resistances, said members being
mechanically connected.

4. A regulator for a dynamo electric ma-
chine having a plurality of regulating re-
sistances, comprising in combination, a mov-
able fork provided with a pair of contacts,
and a second member mechanically connect-
ed with said fork and provided with a co-
operating contact movable between the con-
tacts of said fork, said contacts being con-
nected to and controlling said resistances.

5. The combination with a plurality of
generators, of a set of mains to which said
generators are connected, exciting field wind-
ings for said generators, electric machines
for supplying current to said field windings,
each machine having a field winding, a
single auxiliary electric machine, each of
the field windings for said electric machines
being connected in series with said auxiliary
electric machine, and means for automati-
cally controlling the auxiliary electric ma-
chine whereby the latter simultaneously con-
trols the strength of field set up in all of
said exciting field windings.

6. The combination with a generator, of
an exciter therefor, a field winding for the
exciter, a dynamo electric machine arranged
to furnish current to said winding and to
thus control the strength of the field set up
by the exciter, a field winding for said ma-
chine having a regulating resistance, and
means controlled by the generator, exciter
and electric machine for cutting in or out
said resistance.

7. The combination with a generator of
an exciter therefor, a field winding for the
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exciter, a dynamo electric machine arranged ~ In testimony whereof I affix my signa-
to furnish current to said winding and to ture in presence of two witnesses.

thus control the strength of the field set up -

by the exciter, a field winding for said ma- CHARLES H. KICKLIGHTER.
5 chine having a' regulating resistance, and  Witnesses:

means controiled by the generator and ex- Wirriam H. VeppER,

citer for cutting in or out said resistance. W. L. Warkym, Jr.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
‘Washington, D. C.”



