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To all whom 1t may concern:

Be it known that I, Hermox L. Vax VAL~

KENBURG, & citizen of the United States, re-
siding at Norweod, in the county of Hamil-
ton and State of Ohio, have invented certain
new and useful Improvements in Automatic
Voltage-Regulators, of which the following
15 a full, clear, ahd exact specification.

My mvention relates to electric regulators
and particularly to automatic eohstant po-
tential regulators for generators.

- Une object of my invention is to provide a
system 1 whieh fluctuations in voltage are
quickly and aecurately compensated for.

Other objects of my invention will appear
hereinafter. - |

In one aspect my invention comprises the
combination of a series of switches, a pair of
solenoids for each switch, and connections

whereby each solenoid when it operates its

switeh closes the circuit of the corresponding
solenoid of the next pair.

In another aspect my invention comprises
the combination of a plurality of resistance
sections, a eorresponding number of switches
for cutting 1n or out said resistance sections,
and a plurality of pairs of magnets for op-
erating the respective switches, the corre-
sponding magnets of the different pairs being
arranged to be energized successively.

In still another aspect my invention com-
Prises the combination of a series of switches,

some ol which are biased to eclosed position, |

some to open position, and some of which
will remain in either position. |

In a more spectiic aspect my invention
comprises the eombination of a generator, a
plurality of resistance sections arranged to
vary the generator voltage, quick-acting
switches for cutting in or out some of said
resistance sections to momentarily correct

for a change 1n the generator voltar e, and

coniparatively slow-acting switches for cut-
ting 1 or out others ol said resistance sec-

tions to gradually correct for said change in
voltage. |

Other novel features of my invention will
~appear from the description and drawings
and will be particularly pointed out in the

appended elaims. SR

¥igure 1 represents one embodiment of my
invention as applied to a direct current sys-
tem; Fig. 2 shows a modification and illus-

| trates the application of my invention to an

alternating eurrent system; and Fig. 3 shows
a modification somewhat similar to that of
ig. 2, but with certein additions and modi-
fications.

Referring first to Fig. 1, 10 is a direct cur-

rent generator supplying current for any de-
sired purpose through the mains 11 and 12.
The generator 10 is shown with a self-excited
shunt field 14, in cirevit with which are a
manually operated rheostat 15 and resistance
sections 17, 18, 19 and 20. Connected in
snunt to these several resistance seciions are
switches 29, 30, 31 and 32 respectively.
These switches when closed short-cireuit
their respective resistance sections, but
when open compsl the current in the field
circutt to flow through said resistance sec-
tions. The switches 29, 30, 31 and 32 are
connected to movable cores 41, 42, 43 and 44
respectively. 'These cores are placed within
pairs of solenoids 54 and 55, 56 and 57, 58

cand 59, and 60 and 61 respectively, which

are supplied with current by a battery 70

and have their circuits eontrolled by a solen-

old 71, responsive to the voltage of gen-
erator 10, as by being eonnected across the
mains 11 and 12 at the point where constant
voltage 1s to be maintained. Moreover, by
means of the switehes 74 to 81 inclusive, the
rght hand solenoid of each pair is controlled

by the corresponding solenoid next above,

while each left hand solenoid is controlied by
the corresponding solenoid next below. The
right hand solenoids when cnergized move
their respective cores to the right to close the
switches 29 to 32, while the left hand solen-
olds move the cores to the left to opein said

switenes. If desived, the action of these

- switehes both in opening and in elosing mav

be retarded by the dash-pots 85, 86, §7

- and 88,

The operation of the system shown in Fig.
1 1s as follows:—Assume that the parts are as
shown 1n the drawing. When the voltage is
normal the arm 90 i1s in its middle position.
Upon rise of voltage above normal the
strength of solenoid 71 increases to draw
arm 90 to the right and mmto engagement

- with the adjustable contact 91, thus closing

the circuits of these left hand solenoids 54,
56, 58, and 60 which have no closed switch
29, 30 or 31 below them. As shown, the
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solenoids 54, 56, and 58 would be energized, |

and the last of these would move its core 45
to the left and thus open switch 31 to in-
clude resistance section 19 in circuit with the
field coil 14. When it has done this 1t would
close the circuit of solenoid G0 at switch 78,
and this solenoid in turn would act on 1ts
core 44 to open switch 32 to cut in resistance
section 20. ~ This successive cutting in of the
resistance sections starts with the lowerniost
of the switches 29 to 32 inclusive which 1S
closed, and keeps on until the voltage 1s re-
stored to normal, when the arin 90 leaves
contact 91 and the further cutting in of the
resistance sections ceases; but those which
have been cut in remain in circuit. Upon
fall of voltage below normal arm 90 engages
the adjustable contact 92 to close the eircuits
of those right hand solenoids 61, 5%, 57, and
55 which have no open switeh 32, 31 or 30
above them. As shown, the solenoids 61,
59, and 57 would be energized, and the lust
of these would close switch 30 to cut out the
resistance section 18. As the switeh 30 13
closed the circuit of solenoid 55 is completed
at switeh 77 to close switch 29 to short-cir-
cuit resistance secticn 17. This successive
short-circtiting of the resistance sections
starts with the uppermost one of the switches
29 to 32 which 1s open, and keeps on unti!

~the voltage is restored to normal, when arm

00 leaves contact 92. Those resistance sec-
tions which have been cut out remain so.
Thus upon either rise or fall of voltage, the
cutting in or out of the resistance sections
immediately commences at the proper point,
and is ecaused to be gradual by having each

solenoid under the control of the preceding

40
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corresponding solenoid, and if desired also,

under the retarding action of the dash-pots.
In Fig. 2 the main generator 10* is a three-

the three mains 11%, 12% and 13%. The field
coil 142 of the generator is supplied by an ex-
citer 93 and may he regulated by hand by the
rheostat 94. The field coil 93% of the exeiter
has in circuit therewith the rheostat 15* and
the resistance sections 17, 18, 19 and 20.
The switches 29 to 32 are-controlled by the
solenoids 54 to 61 inclusive, arranged 1n pairs

to move the switches to cut in or out the re- |

sistance sections. These solenoids are re-
sponsive to the generator voltage, as by be-
ing controlled by a solenoid 71* connected
across the mains 114 and 12* through a trahs-

former 95, and instead of being supplied by

" battery arein this case supplied from the ex-

65

citer circuit, though a battery could be used
if desired. Each solenoid when energized
not only does its main work of moving the
‘proper switch and closing the circuit ofthe
next solenoid in the same series but also, by
means of other contacts for the switches 742
to 812 inclusive, breaksits own circuit. The

‘switches 29 to 32 are also arranged to have &

-

current through

e
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snap action and are prevented from stopping

anywhere but in their extreme positions by

means of springs 97 to 100 respectively, act-
ing on the switches through levers and links
ss shown. By means of this mechanism

these switches will continue to move 1nto
their extreme positions even if the solenoids |

which move them cease to act as soon as they
have passed their middle positions. 1f de-

sired the contacts of the switches 74* to 81°
may be spring ‘mounted so that these

switches engage one set of contacts betore
they leave the other set. -

The operation of the system shown in Iig.
2 is much the same as that of the one shown
in Fig. 1, the main difference being that the
circuit of each solenoid is broken when that
solenoid has completed its work. This fea-
ture may be omitted if desired because the

arm 90 is never in contact for very long at a
time with either of the adjustable contacts

91 and 92, and so no great waste of current
oceurs even if the circuits of the solenoids are

as soon as they have completed their work.
It is advantageous, however, in reducing the
sparking at the contacts 91 and 92.

In Fig. 2 no dash-pots are shown, because

often it 1s not necessary to have any retard-
ine action on the movements of the solenoid
cores, while in some cases it may be actually

advantageous to have the switches 29 to 32
in~lusive operate in rapid succession. =

In Fig. 3 an alternating current systent
somewhat similar to the one showninFig. 21s
shown. The alternator 10* supplies current
for any desired purpose through the mains
11#, 19 and 13* and has its field 14* suppliéd
by the exciter 93 and adjustable by the man-
ual rheostat 94. In circuit with the field
winding 932 .of the exciter are the rheostat
15%, and resistance sections 16 to 27 inclu-
sive. e sec
sive are controlled by the switches 23 to 33
inclusive, these - resistance sections and
switches corresponding to the resistance sec-
tions 17 to 20 and the switehes 29 to 32 of

Fig. 2. Theswitches 28 to 33% inclusive are

operated by the solenoids 52* to 63* mclu-
sive, arranged in pairs and corresponding to
ihe solenoids 54 to 61 of Fig. 2.. In Fig. 3,
however, the two solenoids of 4 pair, instead
of actinge on a commion core as in Kig. 2, act
on separate cores 40* and 40P to 45* and 45°..
The two solenoids of a pair are.therefore
shown slightly separated instead of heing
practically continuous as in Ing. 2. ‘The
switches 282 to 33 are arranged to be opened

by the right hand solenoids and to be closed
by the left hand solenoids, in this respect be-

ing exactly the reverse of the arrangement
shown in Figs. 1 and 2. By means of the
switches 720 to 83, each right hand solenoid
when 1t actuates its main switch also closes
the circuit of the next corresponding solenoid

The vesistance sections 16 to 21 inelu--
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below and opens the circuit of the next corre-
sponding sofenoid above, and each left hand
solenoid when 1t acfuates its main switch
also closes the circuit of the next correspond-
ing solenoid above and opens the circuit of
the next corresponding soﬁuoid below. The
switches 28 to 33* are prevented from stop-
ping anywhere but in their extreme open
or closed positions by means of springs 962
to 101* inclusive, acting on the switches
through levers and links as shown, and are

retarding means 842 to 89% inclusive. -

The resistance sections 22 to 24 are nor-
mally short-circuited by switches 34 to 36
inclusive. These switches are biased to
closed position, but are arranged to be opened
by selenoids 64 to 66 inclusive acting respec-
tively on cores 46 to 48 inclusive. Thesolen-
ords 64 to 66 are energized successively, [or
each solenoid besides opening its main switch
also closes the circuit of the next solenoid to
the left by means of the switches 102 to 104
melusive. The resistances 25 to 27 inclusive
are normallyin circuit but are arranged tobe
short-circuited by switches 37 to 39 inelu-
sive. These switches are biased to open po-

sition, but can be closed successively by the

so'snoids 67 to 69 inclusive acting on cores
49 to 51 mclusive to. close their respective
switches and also to close the circuit of the
next solenoid to the right by means of the
switches 105 to 107 inclusive.” The circuits
of the right hand solenoids 53¢, 55+, 572 592
01%, 65%, 64,-65 and 66 are controlled by the
relay 108, which is normally open, lut is ar-
ranged to be closed when the circuit of its

operating solenoid is completed upon rise in

voltage by the engagement of arm 90 with
the adjustable contact 91. The circuits of
the left hand solenoids 522 542 563 582
relay 109, also normally open, but arranged
to be closed when the cireuit of its operating
solenotd is completed upon fail in voltage by
the engagement of arm 90 with the adjust-
able eontaet 92. Fhe arm 90 is controlled
by a solenold 71¢ respousive to the voltage of
the alternator 10* as by being connected
across the mains 11* and 12# through trans-
former.95. o :
The operation of the system shown in Fig.
31s as follows:—Assume that the parts are as
shown.  Upon fall of voltage below normal

the arm 90 engages the contact 92 to cause |
the closing of relay 109. This relay upon

closing completes the cireuit of solenoid 69,

and of the closing or left hand solenoids of

the uppermost closed and lowermost open

switches of the group of switches 282 to 33»

inclusive, in this case solenoids 56* and 58*. |
The solenoid 69 1s quick-acting and imme-

diately closes its switch 39 and completes the
arcuit of solenold-68, which-in turn eloses
switch 38 and energizes solenoid 67 to close

switch 37. The solenoid 582 starts to close
switch 312 but is retarded in this by the dash-
pot 872,
clusive cuts out the resistance sections 25t0 27
and over-corrects for the fall in voltage, thus
causing arm 990 to leave contact 92 and the
relay 109 t0 open to deinergize all of the
solenoids which it had before energized. {f
the variation in voltage is only momentary,
the action ceases at this point, but if the
tendency to decreasein voltage continues, the
same set of actlons is repeated. a number of
tunes in whole or in part, thus alternately
cutting out and in the resistance sections 25
to 27 inclusive or part of them. Repeated
energization of solenoid 582 causes it to close
its switch 312 and to break the circuit of solen-
old 56* and complete the circuit of solenoid
60* which latter solenoid in turn slowly closes
1ts switch 322 breaks the circeuit of solenoid
58%, and completes the circult of solenoid
62%. “This continues until enough of the re-

sistance sections 16 to 212 are cut out to ex-
actly compensate for the tendency of the

voltage to fall and until the voltage is ve-
stored to normal in a relatively permanent
manner. When this result is obtained the
repeated cutting in and out of the resistance
sections 25 to 27 ceases and switches 37 to 39

are relieved of their work of correcting for

the change 1n voltage. Upon rise in voltage

the arm 90 intermittently engages with the

contact 91 to close the crcuit of relay 108,
which controls the circuits of the right hand
solenoids to repeatedly cut In and out the
resistance sections 22 to 24 iaclusive and to
gradually cut in the resistance sections 21 to
16 melusive until the voltage is restored to
normal in a relatively permanent manner,
when the switches 34 to 36 are prelieved of
thetr work of cutting in and out the resistance
sections 22 to 24 inclusive.  The switches 34
to 36 are biased to closed position by gravity
or otherwise and - will retur to sueh position
when thetr solenolds are degnereized while
the switches 37 (o 39 are hinsed to open posi-
tion by gravity or otherwise and will return
to such position when their solenoids are de-
energized. The switches 287 (o 33% will re-
main 1 cither extreme nosition in. which

they are put, but on account of the springs

Q6+ to T0T* will not remain in any position
save their extreme positions. Any of the

- well known means {or preventing the springs
6% to 101* melusive from getting on o dead

)

center may be used.  Upon either rise or fall
of voltage the cutting in or out of the resisi-
ance sections 16 to 21 melustve tmmediately

~commences at the proper point and gradually

continues until the desired result is obtainad.
The field resistance is thus fivst repeatedly
over-corrected for any change in voltage by
the repeated cutting 1n of the resistances 22

to 24 or the repeated cutting out of the resist-

ances 25 to 27, and if said changed condition

&3

The closing of switches 37 to 39 in-
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trol these solenoids.

continues is then exactly corrected by the

~ proper cutting in ot out of the resistances 16
" to 21 inclusive. 3 |

If desired the group of solenoids 64 te 66
may be simultaneously instead of succes-
sively energized upon rise in voltage and tie
sroup of solenoids 67 to 69 similarly simul-

faneously energized upon fall in voltage.

- In Fig. 3 the various controlling solenoids
are supplied with current from the exciter
circuit, but obviously, if desired a batiery

could be used as shown in Fig. 1, and n if1g.

1 the controlling solenoids could be energized
from the main circuit. - o

In Figs. 1 and 2, the two solenoids of each
pair might be separated if desired and act on
separate cores as in Fig. 3, while m Fig. 3 1
desired, an arrangement corresponding to
Figs. 1 and 2 could be used. '

In Fig. 3 relays are used in controlling the

circuits of the solenoids 522 to 63* and 64 to
69. This feature however is merely to re-
duce the current which the delicately ad-

justed magnetic switch 90 must carry, and

if desired may be omitted from the arrange-

ment shown i Fig. 3 or used in the arrange-

“ments shown in Figs. 1 and 2.

'In Fig. 1 none of the solenoids 54 to 61 are

cut out when they have.done theirwork. In |

Fig. 2 each solenoid interrupts its own cir-
cuit when its work is completed, while 1n
Fig. 3 each solenoid when it does its work

interrupts the circuit of the preceding corre-

sponding solenoid. These last two arrange-
ments are to economize current-and to mini-
mize the sparking at the contacts which con-
Obviously, however,
any of these three arrangements may be used

in-any of the figures.

In the claims, the term ‘‘any change” 1is
intended to mean any change within the
limits of sensibility of an clectromagnetic
switch and not to includae. mere infinitesimal
changes. The term ‘‘continued change” 1s
intended to mean any changed condition
which does not immediately ceade.

Many modifications and substitutions will
readily ocour to one skilled in the art and i
the following claims I aim to cover all of
those modifications which may be made
without departing from the spirit and scope
of my invention.

- What T elaim as new and desire to secure
by Letters Patent 1s:— o

1. In combination, a series of switches,

two operating solenoids for each switch and
connoctions whereby cach of said solenoids

when it operates its switch closes the cireuit

of the corresponding
switch. |
2. In combination, an electric generator,

solenoid of the next

resistance sections, a switch for each resist-
ance section, a pair of magnets for each

switch, and connections whereby the corre-
sponding magnets of the pairs are succes-

| plurality of resistarnce

changes

022,218

sively energized upon variation mn voltage to
successively cut the resistance sections into
or out of circuit to vary the field strength ot
the venerator. | | |

3.  In combination, an electric generator, a
‘sections, a switch for
each resistancesection, twoseries of solenoids,
each series having one solenoid for each of
the switches, and means responsive to
in the voltage of the generator and
arranced to energize the solenoids ot one se-
ries successively upon a rise in said voltage
and the solenoids of the other series of the
solenoids successively upon a fall 1n satd
voltage. -

4. In combination, a dynamo-electric ma-
chine, a series of resistances for varying the
eld strength of said dynamo-electric ma-

|.chine, a series of switches in shunt respec-

tively to the resistances, a series of solenoids
arranged to. be successively energized upon
rise in-voltage to successively actuate said
«witches in one direction, and a second series
of solenoids arranged to be successively en-
ergized upon fall 1 voltage to successively
actuate said switches in the other direction.

£ In combination, a series of switches, a
solenoid for each switch when energized

tends to close said switch, a second solenoid

for each switch which when energized tends
to open said switch, and connections where-
by each solenoid when energized completes
the circuit of the corresponding solenoiu o
the next switch.

6. In combination, a series of switches, »
solenoid for each switch which when ener-
gized closes said switch, a second solenold for
each switch which when energized opens said
switch, connections whereby each solenoid
when energized completes the eireuit of a cor-
responding solenoid of the next switch, and a

controlling relay for said solenoids operated

on variations in voltage in the contro led cr-
cult, | - |
7 . Tn combination, a series of switches, 2

| pair of solenoids for each switch, connections

whereby each solenoid when it operates 1ts
switeh closes the cireuit of the corresponding

solenoid of the next switch, and means for

each switch from stopping any-
where except in one of ils extreme positions.
3. In combination, a series of switches, a

preventing

pair of solenoids for each switch, and connec-

tions whereby each solenoid when 1t operates
its switch closes the circuit of the correspona-
ing solenoid of the next switch m advance
and breaks the circuit of the corresponding
solenoid of the-next switch in the rear.

9. Tn combination, a series of separately
actuated switches, some of which are-biased

to closed position, some to open position, and
some arranged to remain in elther open Or

.closed position, and a voltage regulating de-
‘vice controlled by said switches. '

10. In combination, an electric generator,
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a plurality of resistances in the field circuit
- thereof,

separately actuated switches in
shunt 188118(’151?6117 to said resistances, some
of salt‘ switches being biased to open posi-
tion, some to closed posrtmn and some ar-
tmwed to remain m either position.

. In combination, a seties of separately
actuated switches, some of which are biased
to open pomtmn some to closed position, and
some arranged to remaln in either extreme

posmon and there only, and a potential regu- |

lator controlled by said switches.

12. Incombimation,an electric generator, a
plurality of resistances in the field cireuit
thereof,separately actuated switches in shunt

1eq1weﬁ'twely to said resistances, some of said |

switchds being biased to open position, some
to closed p051t1011 and some arranged to re-
main 1n either extreme position and there
only. =
i3. In combination, a series of separately
actuated switches, some of which are hiased
to open position, some to closed position, and
some away from an intermediate. 1}0511;1011 be-
tween closed position and full open position,
and voltage regulating means controlled by
said switches,

T4. In wmhmwtmn, an ellctzlc ogenerator,

a 1}!Umhtv Of resistances in the 110] { (*ncmt

thereo! ,
shunt 1

m
SCGITLC

- sepa I&LO]}” actuated switches
respectively to said resistances,

of said switches being biased to open po%r'

tion, some to closed pomhon and some away

from an mtermediate position between closed

pooltm"a and tull open position.
15. In combination, a series of magnetic-

ally operated switches, some of which are,

biased to closed pos mon some t0 open posi-

tion, and some arranged to remain in either
posmon and valtawe regulating means con-

trolled by soiil switches.
16.

thereof, magnetically operated switches in
shunt 1{=s>pecune1y to said resistances, some
of sawl switches being biased to open posi-

“tion, some to closed position, and some ar-

ra‘nﬁ’*ed to remain i etther position.
17. In combination, a

and

extreme position and there only,
varying device controlled by Sald

potential v
switches.

18, In c{)mbmatmn a1} ﬂlectnc generator,

‘a plurality of resistances in the field Llrcmt-
theleof magnetically operated switches in
shunt mspecuvdy 60 said resistances, some

of said switches being biased to 09611 POSi-
tion, some to closed ‘fmsﬁ;mn, and some ar-

“&nged to remain in either extreme position’

and there only.

) in combination, an e1ect1 ic generator,:
-8 plm{ﬂltv of resistances-in the field circuit

a series of magnetic-.
ally operated SWltches some of which. are
biased to open posmon some to cloged posl-
tion, and some arranged to remain in elther'-

- — ———.  ———

—-—

]
- —r————

N

=

ally operated switches, some of which are
biased to open pomtum some to closed posi-
‘tion, and some awey from an intermediate
position between eclosed position and full
open position, and a potential varying device
mntmlle{i by said switches.

In combination, an electric vener ator
i\ )lumht} of resistances in the field circuit
thereof, magnetically operated switches in
shunt 1ospeet1vely to said resistances, some
ol said switches being biased to open posi-

ticn, some to closed p081t1011 and some away

65

70

75

from an intermediate pos1t10n between closed

position and tull open position.
21. In combination, an electric generator,
a plurality of quick- qctmﬂ* switches for com-
pensating for temporary ch{mge% in the po-
tential of the generator, and a plurality of
slow-aeting. switches for compensating for
101’1{?—@0111111119(1 varlations in said potential.
22. In combination, an electric generator,
resistances arranged to be cut in and out to
vary the field f-*-helwth of said generator, &

plurality of quick- ac‘rmg switches responswe

to momentary va&mtmns_ of the potential of
tne generator for cutting in and out some

of said resistances, fmd a plurality ot slow-
acting switches respounsive to long continued
v.:umtmnb of the generator potuitml for

{uttmw n and out OthE‘IS of said resistances.

In combination, an electric generator,
) plumhty of qepamtexy actusted qumk-
acting switches for compensating for,tem-

porary changes 1n the potential of the
generator,

actuated slow-acting switches for com-

pensating for long-continued variations in
said potential.

24. In combination, an eleotuc generator,

resistances arranged to be cult/in and out ’m |
105

vary the field strengtﬁ of sald generator, &
plurality of separately actuated qmck—act—-
ing switches responsive to momentary varia-
tions of the potent al of the generator for

“cutting in and out some of siaid resistances,

and a plurality of separately actuated slow-
acting switches reésponsive to long-continued
variations of the generator potentlal ror

cuttmﬁ' in and out others of said resistances.

80

30

Ry

and a plurality. of separately -

100

110

“25. 1In combination, an electric generator, -

a plurality of quick- actmﬂ magnetic switches

| for compensating for tempm ary changes in
the potential of the generator; and a plm al-
1ty of slow-acting magnetic switches for com-

pensating tfor long—-contmued variations 1In
sald potential.

26. In combination, an electmc oenerator,

‘resistances arranged to be cut in and out to

vary the field stlﬂngth of said generator, a
plurahty of quick-acting magnetic swﬁches

| responsive to, momentary variations of the

ouu some of said resistances, and a plm ality

19. In comnbination, a series of magnetm-— } of slow-acting magnetic switches responsive

115

120

125
_poteptlal of the generator for cutting in and
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to long continued variations of the generator. | switches acting in quick succession and some 65
' potential for cutting In and out others of said | in retarded succession. o | - -

—

10

~acting switches arranged for cutting 1n and

20

29

30

4()

n
ot

60

in quick succession and

and a plurahity

resistances. | | .
97 Tn combination, an electric generator,

‘a plurality of resistances in the field circutt

‘thereof, quick-acting switches for cutting m

¥ : .
and out some of said resistances, and slow-
acting switches for cutting in and out others
of said resistances. |

98, In combination, an electric generator, |

a plurality of resistances in the field circuit

thereof, quick-acting magnetic
cutting in and out some of sald resistances,

and slow-acting magnetic switches for cut-

ting in and out others of said resistances. -

99. In combination, an electric generator,
a plurality of resistances arranged to be cut

‘n and out to control said generator, quick-

out some of said resistances, slow-acting
switches for cutting in and out others of
said resistances, and means responsive to the
generator voltage for controlling
quick and slow acting switches..

30. In combination, an electric generator,
a plurality of resistances arranged to be cut

i and out to control said generator, quick-

acting switches arranged for cutting in and
out’ some of sail resistances, slow-acting
switches for cutting in and out others of
anid resistances, and means responsive to
the generator voltage for controlline both the
quick and slow aeting magnetic switches.
21 In combination, a series of separately
sctuated switches, some of which act 1n
quick succession and some In slow-succes-

sion, and a potential regulating device con-

‘trolled by said switches.

~ 32. In combination, a series of magnetic-
ally operated switches, some oi which act
some 1n slow suc-
cession, and potential regulating means con-
trolled by said switches. '
33. In combination, an clectric generator,
a -plurality of resistances in the field cirveuit
thercof, and a series of sej
switches in shunt respectively to said Tesist-

ances, some of sald switches acting in quick

succession and some 1n slow ‘succession.

34. In combination, an electric generator,
a plurality of resistances in the field circuit
thereof, and a series of magnetically operate i
switches in shunt respectively to said regist-
ances, some of said switches acting in quick
succession and some in slow successlon.

35 In combination, an electric generator,
of switches for correating for
changes in the potential of said generator,
some of said switches acting in quick succes-
sion and some in retavded SUCCession.

26 In combination, an electric generator,

and a plurality of magnetically operated
for changes in the | ‘ L
| plurality of separately actuated switches for

switches for correcting

potential of said generator, some of said

switches for

bhoth the |

separately actuatpd

and exactly correcting

37. In combination, an electric generator,
resistances arranged to be cut in and out to
vary the field strength of said generator, &.

plurality of switches arranged to cut in and 70

out some of saill resistances in rapid succes-
sion, and a plurality of switches arranged to-
cut in and out others-of said resistances In

retarded suecesslon.

28. In combination, an electric generator, 75,
resistances arranged to be cut in and out to
vary the field strength ol sald generator, a
plurality of magnetically operated switches
arranced to cut in and out some of sdid re-
sistances in rapid
of magnetically operated switches arranged
to cut in and out others of said resistances in
retarded succession. S _

29. In combination, an electric generator,
resistances arranged to
vary the field strength of said generator, &
plurality.of switches arranged to cut in and.
out some of said resistances in rapid succes- .
sion, a plurality of switches arranged to cut

in and out others of said resistances in re- 90

tarded succession, and means resl?onsive to
the cenerator voltage ior contro ing all of
said switches. S

10. In combination, an electric generator,

‘resistances arranged to be cut in and out to 95
vary the field '

strength of said generator, a
plurality of magnetically actuated switches
arranged to cut in and out some of said re-

sistances in rapid succession, a plurality of

maenetically actuated switches arranged to 100

LY

cut in and out others of said resistances 1n ré-
tarded succession, and means responsive to
the generator voltage lor controlling all of
salil switches. ' -

41. In asystem oi olectrical distribution, a 105
plurality of separately actuated

switches for
momentarily correcting for any change in
voltage in the system, and 2 plurality of sep-
wrately actuated switches for gradually cor-

| recting for any continued change in voltage 110

in a relatively permanent manner. |
42. In a system of electrical distribution, &
plurality of magnetically actuated switches
for momentarily correcting for any change n
voltage in the system, and a
magnetically actuated switches for gradually
correcting for said change in voltage in a rela-

tively permanent manner if the tendency to - -

saicl change in voltage continues.

43, Tn a system of electrical distribution, a 120

plurality of separately actuate:l switches tor
momentarily over-correcting for any change

of voltage in the system, and a plurality of

separately actuated switehes for oradually

change in voltage. , | :
44." In a system of electrical distribution, a - .

succession, and a plurality 80

be eut in and out to 85

plurality of 115

for any. continued 125
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momentarily correcting for any change in

voltage in the system, a plurality of sepa-

rately actuated switches for eradually cor-
rectm%for any continued change in voltage

actuated switches for gradually 'éorrecting

for said change in voltage in relatively per-
manent manner if the

7 :

tendency to said .
change in voltage continues, and means re-.

in a relatively permanent manner, and means | sponsive to the generator voltage for con- 65
connected to the system for controliing all of | trolling all of said switches. .
sald switches. o | 92. In combination, a generator, a plu-
' 45. In asystem of electrical distribution, a | rality of magnetically operated switches for
; plurality of magnetically ‘actuated switches momentarily.over-correcting for any change
10 for momentarily corrécting for any change in | in generator voltage, a plurality of magnet- 70 .
- voltage in the system, a lurality of magnet- 1cally operated switches for. gradually and
1cally actuated switches E)r gradually correct- | exactly correcting for any continued ¢ ange
ing for said change in voltage in a relatively | in volytage, and means responsive to the
permanent manner if the tendency to said generator voltage for contro hing all of said

15 -change in voltage continues, and means con- | switches. | | .75
nected to the system for controlling all of said | - 53. In a system of electrica] distribution,
switches. - | a plurality of quick-acting switches for mo.

~_46. Inasystem of electrical distribution, a mentarily correcting for any change in vol-
plurality of separately actuated switches for | tage in the system, and a Flurality of slow-

20 momentarily over-correcting for any change | acting switches for gradually correcting for g0
of voltage in the system, a plurality of sepa- | any continued change in voltage in a rela-
rately actuated switches for gradually and | tively permanent manner. __
exactly correcting for any continued change | 54: In a system of electrical distribution,

In voltage, and means connected to the sys- | a plurality of switches acting in rapid suc-
25 tem for controlling all of said switches. cession for momentarily over-correcting for 85
47. In combination, a generator, a plu- |"a change in voltage in the system, and 3
rality of separately actuated switches tor | plurality of switches acting in retarded suc-
momentarily correcting for an?r change in | cession for exactly correcting for said change
generator voltage, and a plurality of mag- | in voltage. ' :

30 netically operated switches for eradually cor- 55. In a system of electrical distribution, 90
recting for any continued change in voltage | means for momentarily correcting for any
in a relatively permanent manner., change of voltage in the system, and a plu-

48. In combination, a generator, a plural- | rality of switches for gradually correcting
ity of magnetically operated switches for mo.- for any - continued change in ‘a relatively

35 mentarily correcting for any change in gen- | permanent manner. | 95

56. In combination, a generator, means
for momentarily over-correcting for any
change in generator voltage, a.id a plurality
of separately actuated switehes for gradually

- and exactly correcting for any continued 100
49. In combination, a generator, a plu- | change in voltage. -

rality of magnetically operated switches for 57. In combination, a generator, quick-
momentarily over-correcting for a'change in | acting means for momentarily correcting for
generator voltage, and a plurality of mag- | any ehange in generator voltage, and a plu-

45 netically operated switches for gradually and | rality of slow-acting switches for gradually. 105

- exactly correcting only for any continued | correcting for any continued change in vol-
change in voltage. | tage in a relatively permanent manner.

50. In combination, a generator, a plu-| 58. In combination, a generator, quick-

rality of separately actuated switches for | acting means for momentarily over-compen-

50 momentarily correcting for any change in | sating for any change in generator voltage, 110
generator voltage, a plurality of magnetically .| and a plurality of switches acting in slow
operated switches f%r gracually correcting | succession for gradually and exactly correct-

- only for any continued change in voltage in | ing for any continued change in voltage.
a relatively permanent manner, and means In testimony whereof I affix my signature,

55 responsive to the generator voltage for con- | in the presence of two witnesses. °
‘tI‘?5il.nunal(l};)(;flE?Iigtisngc;le;éner&tm‘, 2 plu- HERMON L. VAN VALKENBURG,
rality of magnetically operated switches for |  Witnesses:
momentarily correcting for any change in Gro. B. ScuLey,

00 generator voltage, a plurality of separately Frep J. Kinsey.

erator voltage, and a plurality of separately
actuated switches for gradually correcting
for said change in voltage in a relatively per-
manent manner if the tendency to sai change

40 1n voltage continues.
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