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To all whom it may concern:

Be it known that I, Groree A. BURNHAM,
a citizen of the United States, residing at
Cliftondale, in the county of Essex and State
of Massachusetts, have invented an Improve-
ment in Automatic Voltage-Regulators, of

" which the following description, in connec-
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tion with the accompanying drawings, is a
specification, like letters on the drawings

» representing like parts.

My invention is a voltage regulator, whose
object is to provide such a high degree of

efficiency that the introduction of the regu--

lator into a working system will not be liable
to interfere with the continuity of service.

Up to the present time it has frequently been

the case that the introduction of a voltage
regulator would render the operation of the
system more uncertain than it was without
the regulator, because of the possibility, and
in fact liability, of the regulator’s refusing

“to work at a critical moment on account of

the freezing of the contacts. Aeccordingly
my invention aims to provide a regulator
which practically eliminates the tendency to
impair or destroy the continuity of service,
and I accomplish this by introducing means
which is responsive to changes in voltage in
the main line to cut in resistance into the
field circuit in such a manner that it is prac-
tically impossible for the make-and-break
device to stick, bug, or freeze, irrespective
of whether the interruptions are rapid or
slow. I provide a continuously moving and
preferably rotating contact or pair of con-
tacts, codperating with a reciprocating con-
tact or pair of contacts, having relative fric-
tional engagement, preferably of a positive
rubbing nature when the reciprocating con-
tact engages the rotating contact. The re-
sult is that my voltage regulator has a high
degree of efficiency as to certainty and con-
tinuity of action and practical immunity
from breakdowns. :

In the drawings, Figure 1 is a view
largely diagrammatic and partly sectional of
a preferred embodiment of the invention;
and Fig. 2 is a similar view of a modified
construction,

It will be understood that my miechanisin
is adapted to a variety of uses and wiring
arrangements, and that T have herein shown
the same in connection with a generator and
its circuit, merely as a means of making the
invention clearly intelligibte. As shown, the

generator to be regulated is indicated at 1
connected in usual manner to feed wires 2, 3,
supplying current to a load 4, said generator
having a usual field 5. Across the circuit
2,3, is connected a voltmeter 7 whose needle
8 connects with any suitable source of sup-
ply, as a battery 9, by means of a wire 10,
the wire 11 from the opposite end of said
source of supply branching at 12 to the sole-
noids 13, 14, the opposite ends of whose
windings connect by wires 15, 16 to the con-
tacts 17, 18 of the voltmeter, all in usual
manner. Pivoted to rock at 19 is a conduc-
tor bar or lever 20 provided with a brush 21
arranged to codperate alternately with a
member or mechanism, comprising rotary
contacts 22, 23 fast on an insulated driving
shaft 24, driven by any suitable power as by
a motor 6. Brushes 25, 26 connect from the
rotary contacts 22, 23 respectively with re-
sistances 27, 28 connected by a wire 29 in

~series with the field 5 of the generator 1,

said circuit being completed from the oppo-
site side of the generator by a wire 30 to
the contact lever 20. A condenser 31 is
shown as connected across from the wire 29
to the wire 30. A springs 32 tends to hold
the contact arm 20 always in normal posi:
tion against the rotary contact 22. In Fig.
2, instead of the two wheel-like contacts 22,
23, I provide a hollow or box-like rotary
member 33 on a motor-driven shaft 34 the
same as before, and containing the two resis-
tances 27, 28 connected to a peripheral ring
35 engaged by a bruslt 36 of the wire 29. At
their opposite ends said resistances connect
respectively to face rings 37, 38 engaged by
contacts 39, 40 on a rock bar or transverse
head 41 of the contact lever 20, the re-
mainder of the mechanism being the same as
already described in connection with Fig. 1.

While the construction and operation thus
far described are preferable, the point of
paramount importance is that the contact
shall have relative rubbing movement and
action at the moment of break, and prefer-
ably at the moment of both make and break.
This renders it practically impossible for
any bugging or freezing to take place. At
the moment the vibrating contact tends to
leave the rotating disk an arc is formed
which tends to melt the separating surfaces.
If one of the surfaces is stationary so that
the separating movement is straight - out,
away from the other in a direction substan-
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tially at right angles to their mutually en-
gaging surfaces, and the only power with
which to pull the metal apart is the very
slight power of the relay or electromagnet
coupled with the very slight movement of
the vibrating member, there will be a strong
liability of their sticking or fusing together,
whereas by combining with this straight-out
movement a simultaneous lateral or shearing
movement substantially in the direction of
the plane of their engaging surfaces, <. e.,
by combining with the straight-out move-
ment of the vibrating member the rotary
movement of the rotary member, this tend-
ency of the parts to fuse together is pre-
vented. The same benefit, but in less degree,
arises from having the combined outward
and shearing movement, ¢. e., the rubbing
action, take place on the contact making
movement when the circuit is closed. Fur-
thermore, by maintaining the rubbing action
while the contacts are together, their engag-
ing surfaces are kept in the best condition. -

In operation, the continuously driven ro-
tary contacts 22, 23 (Fig: 1), 87, 38 (Fig. 2)
operate to bring continuously a new make-
and-break surface in operative position to be
engaged with the reciprocating contact orv
contacts 21, Fig. 1, or 39, 40, Fig. 2, so that
the apparatus continues to operate uni-
formly, continuously and without liability
to stick or freeze. Inasmuch as the motor
driven contacts are continuously moving and
are intermittingly engaged by the recipro-
cating contacts, 1t necessarily results that
there is a continually recurrent rubbing ac-
tion between the reciprocating contacts and
the rotary contacts. 'This rubbing action is
preferably supplemented by having the re-
ciprocating -contacts capable of yielding or
turning on their axes, the principal object,
however, being to provide the foregoing rub-
bing action and continuously changing con-
tacting surface, irrespective of the speed of
the make and break action, so that all tend-
ency to bug or freeze is eliminated. When-
ever there is a variation in potential in the
main circuit 2, 3, there results a correspond-
ing movement in the voltmeter 7, causing the
needle 8 to move to the right or left, thereby
energizing one or the other of the solenoids
18, 14 so ag positively to move the contact le-
ver 20 in a corresponding direction, bring-
ing its contact or contacts into the before
mentioned slidine or rubbing engagement
with the continuously rotating contacts of
the make-and-break device. This cuts in one
of the resistances and cuts out the other, cor-
respondingly changing the value of the field
flux. The provision of the two resistances
97, 28 of different value in connection with
the means described for cutting out one
and cutting in the other, or vice versa, re-
sults in a further advantage. The value of
said resistances is either too high or too low
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to give normal voltage at the generator. By

introducing the resistance 27, as distin--

guished from short-circuiting the resistance
98, T am able materially to reduce the tend-
ency of sparking at the break between the
reciprocating contact and one or the other
of the rotary contacts, as the case may be.

Having described my invention, what T
claim as new and desire to secure by Letters
Patent 1is,

1. In a voltage regulator, two contact
members, means for imparting a relative
make - and - break movement thereto, and
means for moving one of said members at
a relatively high speed whereby a relative
transverse shearing movement is imparted
at the instant of separation. )

2. In a voltage regulator, two contact
members, means for imparting relative
make - and - break movement  thereto, and

‘means for moving one of said members at a

relatively high speed at the instant of mak-
ing and breaking the contact, «whereby a
transverse movement.is imparted as the con-
tact is made and broken.

3. In a voltage regulator, two contact
members - mounted for make-awd - break
movement, means for imparting rvelative
internnttent movement thereto to make and
break the circuit, and means for moving one
of said members at the instant of separation
in a direction transverse of said former
movement whereby a transverse shearing
movement is imparted at the instant of sepa-
ration, in .addition to said intermittent
make-and-break movement.

4, In a voltage regulator, two contact
members mounted for malke-and-break
movement, means for imparting relative
intermittent movement thereto to make and
break the circuit, and means for driving one
of said members in a direction angular rela-
tive to said former movement as the contact
is made and broken, whereby a transverse
shearing movement is imparted as the con-
tacts come together and separate.

5. In a voltage regulator, two contact
nrembers mounted for make-and -break
movement, means for imparting inter-
mittent movement thereto to malke and break
the cirenit, and means for driving one of
said members at a constant relatively high
speed whereby a transverse shearing move-
ment is imparted at the instant of contact
separation. ‘

6. In a voltagé regulator, two contact
members, - means for imparting relative
make - and - break movement thereto, and
means for .imparting a separate relatively
high speed movement to one of said members
in a direction at right angles to said inale-
and-break movement, whereby a transverse
shearing action is effected at the instant of
contact separation.

7. In an apparatus of the kind descr*bed
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a generator for supplying a main circuit, its
field and field circuit, and automatic make-
and-break means for varying the value of
the field flux, including a resistance and two
intermittingly engaging contact members

adapted to make an intermittent rubbing

contact, said two contact members-both hav-
ing movemerit, at the moment of break, in
the direction of planes angularly disposed
to each other, whereby there is a combined
relative separation and shearing action at
said moment of break.

8. In an apparatus of the kind described,
a generator, its field and field circuit, and
automatic make-and-break means for vary-
ing the value of the field- flux, including a
resistance and two intermittingly engaging

“contact members adapted to make .an in-

termittent rubbing contact, -one contact
member being continuously movable,

9. An apparatus of the kind described,

comprising a generator, its field and field

circuit, a main circuit containing translat-

ing. devices, two intermittingly engaging
contact members adapted to make a con-
tinuously rubbing contact and having rela-
tive make-and-break movement, means to

- move one of said contact members to bring

a new contact surface into contact-breaking
position for each circuit opening operation,
means responsive to variations of voltage in
sald main circuit for intermittingly operat-
Ing said contacts to close the cireuit at vary-
Ing intervals, and means responsive to the
make-and-break action of said two contacts,
including said field, for bringing about a
desired voltage in said main circuit.

10. An apparatus of the kind described,
including a generator, its field and-field cir-
cuit, a. main circuit, at least two codperating
contact members adapted to make an inter-
mittent rubbing contact at each make-and-
break action, means for moving one of said

~ contact members to bring a new surface into
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position to codperate with the other con-
tact- member, mechanism for moving said
other contact member, including electro-
magnetic means responsive to variations of
voltage in said main circuit, said two con-
tacts being adapted to have their new sur-

face engagément for each circuit opening.

operation independent of the voltage influ-
ence, and means responsive to the make-and-

. break action of said two contacts, including

55

said field, for bringing about a desired volt-
age in the main circuit.
11. An apparatus of the kind described,

 including a generator, its field and field cir-

60

65

cuit, a main circuit, at least two cobperating -

contact members adapted to make a rubbing
contact, mechanism for moving one of ‘said
contact members into contact with the other,
including electro-magnetic means respon-
sive to variations of voltage in said main
circuit, means independent of said mecha-

L2

nism for moving said other contact member
for bringing a new contacting surface into
position for each engagement of said first
mentioned contact member and providing
a relative rubbing movement and action at
the movement of break, and means respon-
sive to the make-and-break action of said
two members, including said field, for main-
taining a desired voltage in the main cir-
cuit.

12. An apparatus of the kind described,
including a generator, its field and field cir-
cuit, a main circuit, two resistances different
in value, operatively and independently re-
lated to the field, each to have a variable ef-
fect thereon, one of said resistances contain-
ing a greater amount of resistance then re-
quired for normal voltage in said main cir-
cuit, and the other of said resistances con-
taining a less amount of resistance then re-
quired for normal voltage in said main cir-
cuit, and automatic means responsive to va-
riations of voltage in the main circuit for
varying the value of the field current by
said resistances alternately, including make-
and-break means adapted to make a rubbing
contact at each operation for continuously
cutting said respective two resistances alter-
nately in and alternately out.

13. An apparatus of the kind described,
comprising a generator and its circuit and
field, combined with two resistances differ-
ent in value operatively related to the field,
and automatic means for varying the value
of the field flux by said resistances alter-
nately, said means cutting in one resistance
and cutting out the other and vice versa con-
tinuously, said automatic means including
two codperating contact mechanisms oper-
able in said field circuit in response to varia-
tions of voltage in said main circuit, one
mechanism movable toward and from the
other and adapted to make a rubbing contact,
and said other being movable continuously
to bring a new contact surface into malke-
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and-break position for each make-and-break

operation. .

14. An apparatus of the kind described,
including a field and its circuit, two resist-
ances different in value operatively related
to the field, and continuously operating
means for continuously varying the value
of the field flux by said resistances alter-
nately in response to. variations of voltage
in said circuit, said continuously operating
means including make-and-break members
adapted to make a rubbing contact.

15. An automatic voltage regulator, com-
prising a generator, its field, and field cir-
cuit, a main circuit operated by said genera-
tor, a continuously movable contact member,
a colOperating variable vibrating contact
member, electromagnetic means to operate
said variable vibrating contact member in

.
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response to variations in voltage in said 130
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main circuit, and means influenced by the
malke-and-break action of said two contact

" members, including said field, for maintain-

c
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ing the desired voltage in said main circuit.

16. An antomatic voltage regulator, com-
prising a rotary contact mechanism having
two rotary contact portions insulated from
each other, a separate resistance for each
portion, and a movable contact member al-
ternately movable between said portions
from one to the other to render said re-
sistances alternately effective.

17. An automatic voltage regulator, com-
prising a pivoted contact member, electro-
‘magnetic means for rocking said member on

988,442

its pivot, and codperating contact mecha-

nism having separated contact portions to
codperate with separate contact surfaces of
said pivoted contact member as the latter
rocks on its pivot, a high resistance in se-
ries with one of said contact portions and a
low resistance in series with the other of
said contact portions.

In testimony whereof, I have signed my
name to this specification, in the presence of
two subseribing witnesses.

GEORGE A. BURNHAM.

Witnesses:

Geo. H. MaxwrLL,
Wi J. Pixe.
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