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To all whom 1t may cancern:

Be it known that I, HErMon L. Van Var-
KENBURG, -citizen of the United States, re-
siding at waoed n the county -or Hamil-
ton and State of Ohm have invented.certain
new :and useful dmpr ovements 1n Automatic
Voltage-Regulators, of which the following
1S 2 full clear, and exact specification.

My invention relates to electric regulators
and particularly to automatic constant PoO-
tential regulators for electric generators.

One ob]ect of My invention ds to provide
4 system 1n which momentary fluctuations
as well as those of long duration are quickly
and accurately compensated for without
undue sparking at the regulator contacts.

Other objects of my mmvention will.appear
heremaftter.

In one aspect my inventlon comprises an
electric generator, and a plurality of devices
regponsive to changes in the generator po-
tential for independently restoring said
potential to normal.

In another aspect my invention comprises
the combination of an electric generator,
means for quickly compensating for tem-
porary changes in the potential of the %en—
erator,.and means for:conipensating for long
continued variations in sald potential.

In a :more spectfic aspect my invention
comprises an -electric -generator, resistances
arranged to be cut in and out to vary the
potential -of said generator, means .respan-
stve to momentary variations of the poten-
tial .of the generator for cutting in or out
one of sald resistances, and other means re-
sponsive to-long continued variations of the

generator potential for cutting 1in or out the

other resistances.

In another aspect my invention comprises
the combination in a-system of electrical dis-
tribution, of meansfor momentarily correct-

Ing:for a ch&nﬂe of voltage in-the system, and

meansfor gr adually coue(,tmﬂ*fo:rzs&ldchmnge
of valtab{_,e in-a relatively permanent manner.

In a still more specific aspect my invention
consists.of an electric generator, two series of
vesistances arranged to be.cut in.ar out to
varyithe potentmj thereof, one of said series
being normally in-circuit .and the other of
said series being normally-out of.cireunt, and
means for cutting in upon rise in valtafre
‘those -which are nermally out:of:civeuit, and

means for cutting out upon fall i voltage
those which are normally in circuit.

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

claims. .

Kigure 1 represents.one embodiment of my
invention as apphed to a direct current sys-
tem; and Kig. 2 represents a modification

showmg the. apphcamon of my invention to

on alternsting current system.

Referring now to Fig. 1, 10 1s a direct cur-
rent Uenera‘tm supplying 01111ent for any de-
sired purposes through the mains 11 and 12.
‘The generator 10 1s shown with a self-excited
field 1 13, 1n circuit with which are & manually
operated rheostat 14, the resistance sections
15, 16, 17, 18, 19 and 20, and a rheostat 21.
In shunt to the resistance sections 15, 16 and
17 are switches 22, 23 and 24, these switches
being normally held open by oravity or
other wise, but.arranged to be closed by solen-
olds 25, 926 and 27 respectively when the
latter are energized. Connected 1n shunt to
the resistances 18, 19 and 20 are switches 28,
29 and 30 respectwely these switches being
normally held closed by gravity or other-
wise, but arranged to be opened by solenoids
31, 32 and 33 respectively when the latter are
eﬂerglzed All of thesesolenoidsare supplied
with current by a battery 34 and controlled
by the solenoids 35 and .37, connected across
the mains 11 and 12 at the pomnt where con-
stant potential i1s to be maintained. Upon a
decrease 1n the potential across mains 11 and
12 and the resulting weakening of solenoid 35
the switch 36 closes and the solenoids 25, 26
and 27 .are successively energized. In the
arrangement shown an Kig. 1, solenoid 25,
when it closes its switch 929, 2150 cempletos
the cireutt of solenoid 26, which i turn, upon
closing its switch 23, Gompletes the circuit of
solenoid 27. Thus upon fall in voltage the
resistances 15, 16 and 17 are sucecessively
short-circuited. Upon rise of voltage above
normal, the solenoid.37 .closes its switeh 38
and the solenoids 33, 32 and 31 are succes-
sively -energized 1n. the arder named to suc-
cessively open switches 30, 29 and 28 to in-
clude wresistances 20, 19, and 18 in the field
circuit.of .the gene'r&tor. When the voltage
returns .to normal the solenoids which have
been energizecd are immediatelv.deénergized,
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turned to normal

~ position by gravity or
otherwise. I T

The rheostat 21 is operated by a reversible
pilot motor 39, shown as having two oppo-
sitely connected series field coils 40 and 41,
though obviously any kind of reversible
motor may be used. It is not even necessary
to use a rotary motor. The motor 39 is sup-
plied with current by the battery 34, and its
armature and the field coil 41 are energized

when the switch 36 is closed upon fall of vol-
tage, while its armature and field coil 40 are

energized when the switch 38 is closed upon

rise In voltage. When either field coil 40 or

41 and the armature of the pilot motor are
energized, a comparatively small current also
flows in a shunt path to the armature through
the other field coil 41 or 40 in the proper

coil 40 or 41 and on through the solenoid 25
or 33 as the case may be. The resistance of
the armature is so much smaller than that of
such shunt path, however, that the solenoid
25 or 33 does not lift its core. If desired, this

‘shunt path around the armature of-the pilot

motor can easilﬁ be avoided in an obvious
manner, but ordinarily this is not necessary,

‘the simple arrangement shown sufiicing.
- The operation of the system is as follows:—
Upon fall of voltage below normal, the switch

36 closes to successively energize solenoids
25, 26 and 27 to short-circuit resistances 15,

16 and 17. If this variation is only momen-

tary the switch 36 immediately opens, thus
cutting resistance sections 15, 16 and 17 into
circuit again when the action ceases. How-
ever, if the fall in- voltage is long continued,

the cutting out of the resistances 15, 16 and

17 over-corrects it momentarily and switch
36 opens to cut said resistances into circuit
again. This causes the voltage to fall and the
switch 36 again to close to cut out resistances

15, 16 and 17, or some of them. The vibra-

tion' of switch 36 and the alternate cutting
out and in of resistances 15, 16 and 17 1n
whole or in part would continue indefinitely

“were it not that the motor 39, under the In-

~ fluence of its field 41, revolves in the proper

3l

direction to gradually cut out enough of rheo-
stat 21 to restore the voltage to normal mn a
relatively permanent manner.

~ the action of motor 39 on rheostat 21, the

)0

vibration of the switch 36 ceases, and the

-~ switches 22 to 24 are relieved of the work of

correcting the voltage. Upon rise n voltage
the switch 38 closes to energize successively

solenoids 33, 32 and 31 to include resistances

60

20, 19 and 18 in field circuit 13 to momen-
tarily over-compensate for the rise of voltage.
The switch 38 will vibrate between 1ts closed

~ and open positions as long as a tendency to

rise in voltage continues, thus causing the

&

. When the |
voltage has been restored to normal through

©22,219

‘and the switches under their cbntrd are Te- 20, 19 a,n_d 18, until the voltagé is restored to
normal. Also the motor 39, under the in-

fluence of its field 40, revolves in the proper
direction to cut in gradually enough of the
rheostat 21 to obtain such restoration. The

motor-operated rheostat 21 therefore serves

to compensate for long continued variations
in voltage, thus preventing the contmued

70

sparking which would otherwise occur at the

contacts of the switches 36 and.38. The rise
and fall .of voltage necessary o cause the
repeated opening and closing of the control-
ling switches 36 and 38 may be made as

| small as desired by having a delicate adjust-
‘ment of these switches, and although really a

very slight rise and feall of voltage takes place

‘this 1s so slight that the voltage curve of the

system appears practically as a straight hori-

zontal Ine.
direction to assist the first mentioned field |

In the modification shown in Fig. 2 the
oger&tion is very similar to that described

ove. The alternator 10% supplies the
three-phase mains 92, 112 and 122. Instead
of two solenoids 35 and 37, there 1s but one
solenoid 60 supplied through a potential
transformer 63. Upon rise In volitage the
arm 64 is moved to engage with contact 61
to perform the same function as switch 38
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in the arrangement shown in Fig. 1, and on

fall in voltage to engage with contact 62 to
perform the same function as the switch 36
in Fig. 1. The resistance sections 15 to 20
and the rheostat 21 are in the field cirewmat 52
of the exciter 50 instead of being directly in
the field circuit of the main generator. The
exciter 50 supplies the field coil 132 of the
main generator and may be regulated by
hand by a rhoestat 51. The rheostat 14® 1s
in the circuit of the field 52. Asin Fig, 1 the
resistance sections 15 to 17 are controlled by
solenoids 25 to 27, which in this case, how-
ever, are simultaneously instead of succes-
sively energized, while the resistance sec-
tions 18 to 20 are controlled by solenoids 31
to 33, also simultaneously energized. Re-
sistances 15 to 20 are cut into and out of cir-
cuit to compensate for temporary fluctua-
tions in voltage, while long continued varia-
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tions, as in Kig. 1, are primarily compen-

sated for by the repeated cutting in and out
of resistances 15 to 20, and permanently
compensated for by the rheostat 21 driven
by the motor 39 in one direction or the other
according as field 40 or 41 is energized.

In the modification shown in Fig. 2 the
battery 34 is omitted, the solenoids 25, 26,
27, 31, 32 and 33 and the motor 39 being en-
ergized from the exciter circuit. It is ob-
vious however that if desired a battery could
be used to supply these parts with current as
in Fig. 1, and that if desired the battery
could be omitted from Fig. 1 and the parts

-supplied with current directly from the main

generator.

85 alternate cutting in and out of the resistances |  Instead of having a plurality of resistances
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to be repeatedly cut in and out upon a rise or

fall of voltage, it is manifest that but one

such resistance need be used in some cases,
ane ‘that the sets of resistances 15 to 17 and
18 ‘to 20 may -each be replaced by such a
single resistance. B

Many other modifications and substitu-
tions will readily:appear to one skilled in the
art, and m ‘the following claims I aim to

cover all .of these modifications which come
within the spirit and scope of my invention.

What I dlaimas new and desire to secure
by Letters Patent ds:— '
1. In combination, a series of separately

-actuated switches, some of which are biased

to-open position and some to closed position,

and a ‘potential regulating device controlled

by said -switches. | |
2. In combination,an-electric generator, a

plurality of resistances in the field ecircuit

thereof, and separately actuated switches in
shunt respectively to said resistances, some
of said switches being biased to open. position
and some to closed position.

3. In combination, a series of magnetic-
ally operated switches, some of ‘which are
biased to open position and others to closed
position, and voltage regulating means con-
trolled by seid switches. -

4. In combination, an electric generator, a
plurahty of wesistances in the field circuit
thereof, separate magnetically operated
switches m shunt to said resistances, some of
said switches being biased to open position
and some to closed position. |

5. In combination, an electric generator, a
series of resistances for varying the field
strength-of sald generator, means for repeat-
edly cutting in and out some of said resist-

ances when the generator voltage varies.

above normal, and means for repeatedly cut-
ting 1n and -out others of said resistances

when the generator voltage varies helow

normal.

6. In combination, an electric generator,
means for quickly compensating for tempo-
rary -changes in ‘the potential of the genera-
tor, and automatic means for compensating
tor long ‘continued variations in said po-
tential. B

7. In ecombination, an electric generator,
resistances arranged to be cut in and out of
circuit to vary the field strength of said
generator, means respensive to momentary
variations -of the potential of the generator
for -cuttmeg in and out some of said resist-

ances, and other means responsive to long |

contmued variations of ‘the generator poten-
tial for varying another registance.

8. 1n -combination, an electric generator,
a plurality -of resistances in thefield circuit
thereof, separately -actuated switches for
cutting 1n-and out some -of ‘the resistances,
and -a motor for gradually varying others-of

‘the resistances.

8

9. In combination, an electric gencrator,
a plurality of resistances arranged to be cut

| in and out to control the generator, sepa-

rately actuated switches for cutting in and
out some of the resistances, a motor for
eradually varying others of the resistances,
and means responsive to the voltage of the
generator for controlling the separately
actuated switehes and the motor.

- 10. In combination, an electric generator,
a plurality of resistances in the field circuit
thereof, solenoid switches for cutting in and

out some of the resistances, and a motor-

driven rheostat arm for cutting in and out
others of the resistances.

11. In combination, an electric generator,
a plurality of resistances arranged to he cut
in and out to control the generator, mao-

i

netically operated switches for cutting in or.

out some of the resistances, a motor-driven
rheostat arm for cutting in and out others of
the resistances, and means responsive to the
generator potential for controlling the
switches and the motor. '

12. In combination, an electric generator,
a resistance section and a rheostat in the field
circuit thereof, a switch constructed and ar-
ranged to repeatedly cut in and out the re-
sistance section when the generator poten-
tial varies from normal, and a motor arranged
to gradually move the rheostat arm at the
same time. |

13. In combination, an electric generator,
a plurality of resistance sections and a rheo-
stat arranged to control the generator, a
switch arranged to repeatedly eut in and out
one of the resistance sections when the gen-
erator voltage 13 below normal, a second
switch to repeatedly cut in and out another
of the resistance sections when the generator
voltage is above normal, and a reversible
motor for moving the arm of the rheostat
when the generator voltage varies -from
normal. _ |

14. In combination, an electric generator,
a plurality of resistance sections and a rheo-
stat arranged to control the generator, means
tor repeatedly cutting in and out some of
sald resistance sections when the gencrator
voltage 1s below normal, means for repeat-
edly cutting in or out others of said resist-
ance sections when the generator voltase is
above normal, and a reversible motor for
moving the arm of the rheostat when the
generator voltage varies from normal.

15. In combination, an electric generator,
and a plurality of devices responsive to
changes in the generator potential for inde-
pendently restoring said potential to nornal.

16. In a system of electrical distribution,
automatic means for momentarily correcting
for a change of voltage in the system, and
automatic means for gradually correcting
for said change in voltage in a relatively per-

I manent manner. - |
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17. In a 'éjStem'of electrical distribution','

" means for momentarily correcting for a

10

change of voltage in the system, and auto-
matic means for gradually correcting for said
change in voltage in a relatively permanent
manner if the tendency to such change 1n
voltage continues. o

18. In a system of electrical distribution,
means for momentarily over-correcting for

a change in voltage in the system, and auto-

matic means for gradually and exactly cor-
recting for said change in voltage. |

19. In a system of electrical distribution,
means for momentarily over-correcting ior

» change in voltage in the system, and inde- | _
“ances,arranged to be cut in and out to over-

pendently operating automatic means for
gradually and exactly correcting for said

change in voltage. | |
20. In a system of electrical distribution,

. means for momentarily correcting for a

change of voltage in the system, means for
oradually correcting for said change in vol-

~ tage in a relatively permanent manner, and

means connected to said system for control-
ling both of said correcting means.

21. In a system of electrical distribution,
means for momentarily correcting for a

- change of voltage in the system, means for

30

35

oradually correcting for said change in vol-
tage in s relatively permanent manner if the
tendency to such change in voltage con-
tinues, and means connected to said system

for controlling both of said correcting means.

22. In a system of electrical distribution,
means for momentarily over-correcting for a
change in voltage in the system, means for
oradually and exactly correcting for said
change in voltage, and means connected to

said system for controlling both of said cor-

40

recting means. _ - -
23. In a system of electrical distribution,

means for momentarily over-correcting for a

change in voltage in the system, independ-

ently operating means for oradually and ex-

45

actly correcting for said change in voltage,

- and means connected to said system for con-

50

trolling both-of said correcting means.
24. In combination, a generator, means

for momentarily correcting for a change 1n

generator voltage, and automatic means for
correcting for said change in voltage 1n a
relatively permanent manner.

25. In combination, a generator, auto-

. matic means for momentarily correcting for a

99

60

6o

change in generator voltage, and automatic
means for correcting for said change in vol-

‘tage in a relatively permanent manner if the

tendency to such change in voltage con-
tinues. A

96. In combination, a generator, means

for momentarily over-correcting for a change
in generator voltage, and automatic means

for gradually and exactly correcting for said

change in voltage. = =
27. In combination, a generator, Tesist-

b

033,819

ances for momentarily correcting for a change
in generator voltage, other resistances for
oradually correcting for said change in vol-
tage in a relatively permanent manner, and
means for automatically controlling said lat-
ter resistances. - -

70

28. In combination, a generator, resist-
ances for momentarily correcting for & change

in generator voltage, other resistances for

oradually correcting for said change in vol-

tage in a relatively permanent manmer if the

tendency to such change in voltage con-

tinues, and means for automatically control-

ling all of sald resistances. N
20. In combination, a generator, resist-

correct for a change in generator voltage,

other resistances for gradually and exactly

correcting for said change in voltage, and
means for automatically

ter resistances. . .
30. In combination, a generator, resist-

controlling said lat-

70

80

ances arranged to be cut in and out by sepa-

rately actuated switches to momentarily cor-

rect for a change in generator voltage, and

resistances arranged to be cut in or out auto-
matically by other means to gradually cor-
rect for said change in voltage. .

31. In combination, a generator, resist-

ances arranged to be cut in and out automat-.
| ically by separately actuated switches to mo-
' mentarily correct for a change in generator

90

95

voltage, and resistances arranged to be cut in

or out automatically by other means to grad-
ually correct for said change in voltage if the
tendency to such change in voltage -con-
tinues. | . -

32. In combination, a generator, resist-
ances arranged to be cut in and out automat-
ically by separately actuated switches to
momentarily over-correct for a change 1n

generator voltage, and resistances arranged

to be cut in or out automatically by other
means to gradually and exactly correct for
said change in voltage.

33. In a system of electrical distribution,

| means for rapidly over-correcting for a
change in voltage in the system, and auto-

matic means for gradually and exactly cor-
recting for said change in voltage.
34. In combination, a generator, resist-

ances arranged to be cut in and out to man-

tain the voltage of said generator constant,

means for rapidly automatically cutting in or

out some of ‘said resistances to immediately
correct for a variation in voltage, and means
for gradusally automatically cutting in or out
others of the resistances to exactly correct
for said variation m voltage. -

 35. In combination, a generator, a resist-

ance arranged to be quickly cut into circuit
when the generator voltage rises above nor-
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mal and to be quickly cut out of circuit when

said voltage returns to normal, and another

| resistance arranged to be gradually increased
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when the generator voltage rises above nor-
mal and to remain constant when said vol-

‘tage returns to normal, both of said resist-

ances controlling the generator voltage.

~ 36. In combination, a generator, a resist-
ance arranged to be quickly cut out of circuit
when the generator voltage falls below nor-
mal and to be quickly cut into circuit when
sald voltage returns to normal, and another

¢ resistance arranged to be gradually decreased

when the generator voltage falls below nor-
mal and to remain constant when the said
voltage returns to normal, both of said re-
sistances controlling the generator voltage.
37. In combination, a generator, a resist-
ance arranged, to be quickly cut into circuit
when the generator voltage rises above nor-
mal and to be quickly cut out of circuit when
sald voltage returns to normal, another re-

- sistance arranged to be quickly cut out of

circult when the generator voltage falls be-
low normal and to be quickly cut into circuit
when said voltage returns to normal, and a
third resistance arranged to be gradually in-
creased or decreased as the generator voltage
rises above or falls below normal and to re-

main constant when said voltage returns to

normal, all of said resistances controlling the
generator voltage. - '

- 38. In a system of distribution, means for

correcting for a.change of voltage in said sys-

tem, and automatic means for relieving said

first means of the work of such correcting.
39. In combination, a %enerator, auto-
matic means for momentarily correcting for

a change in the generator voltage, and auto-
matic means for rehevmg sald first means of

- the work of such correcting,

40. In asystem of electrical distribution, a
serles of separately actuated switches for mo-
mentarily correcting for a change in voltage
in the system, and automatic means for grad-
ually correcting for said change.

41. In a system of electrical distribution, a
series of separately actuated switches for mo-
mentarily correcting for a change in voltage

m the system, and a motor-driven rheostat

for gradually correcting for said change.
42. In combination, an electric generator,

a plurality of resistances airanged to be cut :

in and out to vary the field strength of said
generator, means for cutting in or out some
of said resistances in quick succession, and
automatic means for cutting in or out others
of said resistances in slow succession.

43. In combination, an electric generator,

ling the generator, a switch arranged to re-
peatedly cut in and out one of the resistance
sections when the generator voltage is below
normal, and a second switch arranged to re-
peatedly cut in and out another of the resist-
ance sections when the generator voltage is
above normal. '
In testimony whereof I affix my signature,
1n the presence of two witnesses.
HERMON L. VAN YALKENBURG.
- Witnesses:
- GEo. B. ScHLEY,
FreED J. KINsSEY.
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