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My invention pertains to that class of electric
systems wherein a dynamo or other controllable
source of potential difference is to be regulated
automatically throughout tendencies to vary.

This application is a division of my co-pending

5 application Serial No. 10,646, filed March 12,
1935, and entitled “Electric systems,” which has

materialized into Patent No. 2,133,976.

As a dynamo driven at variable speed and em-
ployed to charge a storage battery and operate

0 lamps or other translating devices is a widely
used type of system to which my invention is
particularly applicable, it will be described with
respect to such a system.

An object of my invention is to provide means
whereby the source of potential difference may
be regulated automatically within relatively very
narrow limits throughout wide range of tendency
to vary.

Another object is to provide means wherehy
the source may be connected automatically with
the circuit to be supplied whenever able to sup-
ply the same and disconnected therefrom when-
ever unable to perform this function.

Another object is to provide means for con-
5 necting the source with a load, including a var-
iable counter-electromotive force, at such times
as the source has the instant voltage of said
counter-electromotive force, and to cause discon-
nection at substantially such time as the voltage
of the source and the counter-electromotive
force are practically equal.

Another object is to provide simple, reliable
and rugged means for attaining the above ob-
jects. Other dbjects will be in part obvious and
in part pointed out below.

The invention accordingly consists in the fea~
tures of construction, combination of elements,
arrangements of parts and in the several steps
and relation and order of each of the same to
one or more of the others, all as will be illus-
tratively described herein, and the scope of the
application of which will be indicated in the
following claims.

In the drawing:

Figure 1 is a diagrammatic representation of
one type of system comprehending my invention,
the source of current and its load being dis-
connected;

Figure 2 is a representation similar to Figure
1, but showing the source of current connected
to the load; and :

Figures 3 and 4 are representations of modi-
fied forms of my invention.

In the drawing, referring particularly to Fig-
ure 1, | represents a dynamo or generator hav-
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ing one of its brushes connected as by wire 2
with one side of the storage battery 3 and lamps
or other translating devices indicated at 4.

The other terminals of the lamps and battery
are indicated as connected with the wire §, .
which is led to one end of the coil 6 wound about S
the core 1 with which its opposite end may be
connected, as shown. Coil 6 and core 1 are ele-
ments of means for connecting the dynamo and
its load (to be more fully described later), com-
prising & member 8, insulated from 6 and 1, and 10
connected by wire 9 with the remaining brush of
the dynamo. .

The dynaino | is shown as provided with a
plurality of field windings 10, {1 and 12 The _
winding 10 has one terminal connected with the a5
wire 2 and its other terminal connected with
one end of a regulating device, in this instance
indicated as a carbon pile 13, having its opposite
end in electrical connection with the wire 9, as
by wire 19. The winding {2 has one terminal ‘20
connected with the wire 9, and its opposite ter-
minal connected with a regulating device (ndi-
cated as a carbon pile 14), having its remaining
terminal connected with the wire 2, as by wire
20. 'The winding (1 is shown as connected ‘25
across the ends of windings 18 and 12, between
the coils and piles 13 and i4. A spring |15,
acting upon the yoke I6, jnsulated from the
piles as shown, tends to compress the piles and
lower their resistance; while the core 11, when 30
attracted by the coil 18 across wires 2 and 8,
tends to increase the resistance of the piles.

The previously mentioned core 1 is of iron or
other magnetic material and is provided with
a pole piece 21, a yoke 22 and armature 28, piv- -35
oted as at 24, and which may be counter-bal-
anced to any degree desired, as by counter-
weight 25. Attraction between pole piece 21 and
armature 23 tends to raise the free end of the .
armature and bring the contact member 2§ into 40
contact with a similar member 21, provided with
a stem which is indicated as pressed downwardly
by an adjustable spring 28. The downward
travel of 27 is limited by the nut 29, while its
upward travel against the effort of spring 28 is 45
limited by nut 30.

The yoke carries an extension 31, provided
with a pole piece 32, which may be adjustably
secured thereto as by screws 8% passing through
slots (not shown) in 32 and permitting the same 50
to be raised or lowered and held in position, in
a well known manner. Extension 34 and pole
piece 32 are of magnetic material, and 31 is
shown as provided with a screw 23, limiting the
downward movement -of armature 23, and this 55
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screw is, of course, of non-maghnetic material.
The core T is provided with a voltage winding
34 across the wires 2 and 8 through an adjust-
able resistance 39. The extension 31 is provided
with a voltage winding 35 across wires 2 and 8
through a suitable adjusting resistance 36, if
desired. 31 is also provided with a voltage wind.-
ing 37, indicated as having one end connected
with the said member 31 and the opposite end
with wire 9 through an adjusting resistance 38,
if desired. As one end of coil 6 is connected with
the core 71, coil 37 is therefore, in effect, across
the “break” between contact members 26 and
21, it being noted that in this figure the s_witch
is open and the dynamo and battery discon-
nected.

In Figure 2, substantially the same instrumen-
talities are shown as in Figure 1, though in a dif-
ferent phase of operation, the only structural
difference being that the counter-weight 25 is
indicated as replaced in Figure 2 by a leaf spring
40, which may have its effect upon the armature
23 adjusted by screws 41 and 42. In this figure,
the switch is shown in its closed position, con-
necting the dynamo with its load, and the carbon
piles 13 and 14 are in the extreme position of
being open-circuited, to more plainly bring out
the operation of coils 10, i1 and 2.

In Figure 3, the carbon piles of Figures 1 and
2 are indicated as replaced by vibratory contacts
affected by an armature 41, supported in a suit-
able manner (not shown), drawn toward the left
by the adjustable spring 48 and toward the right
by magnetization of the core 46, surrounded by
the voltage winding 18 and series or current
winding 45. The contacts may be shunted, of
course, by condensers 49, resistances as shown
at 88, or both, if desired, as is usual practice with
this well known general type of device. In this
figure, the wire 5 is carried to the contact mem-
ber 43, and from the companion member 34 to
the end of coil 6, which is “grounded” in Figures
1 and 2 to indicate that the switch may be of
either the single or double break variety, as de-
sired. The armature 23 carries an insulated con-
tact bridge 50, and the entire mechanism is shown
in a position revolved 90 degrees from that of
Figures 1 and 2, so that the armature 23, under
gravity alone, would tend to take g vertical posi-
tion between pole pieces 21 and 32. The member
31 is indicated as having an air gap or a non-
magnetic insert between its end and member 22,
which may be employed, if desired.

In Figure 4, coils {0 and i1 are shown as in
Figures 1 to 5, while coil 12 of these figures is
replaced by a resistor 84.

An operation of my invention is substantially
as follows, referring first to Figure 1:

If the dynamo | be at rest, the lamps or {rans-
lating devices 4 may be operated by the battery
3, in an obvious manner. If the upper brush of
dynamo | be the negative, it will, of course, be
connected with the negative side of the battery
by wire 2, and the positive leg of the dynamo
circuit will be broken st the contacts 26—27. A
very feeble current will be shunted around the
break through wire 5, coil 6, core 1, yoke 22, mem-
ber 31 and coil 31, resistor 38, wire 9, dynamo 1
and wire 2 to battery 3. Coil 37 is of relatively
high resistance on account of a large number of
turns obtained by using fine wire, and, therefore,
its current consumption may be neglected in
practice. This coil is here indicated as so wound
as to tend to set up a magnetic flux in the direc-
tion of the arrow thereon, and also throtgh the
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members 31, 22, T and 21, in the directions indi-
cated. By proper adjustment of air gaps between
armature 23 and pole pieces 21 and 32, as may
be accomplished through adjustment of the posi-
tion of pole piece 32 and screw 33, the above
mentioned excitation of coil 31 may be caused to
firmly hold the armature 23 in the position indi-
cated and insure maintenance of the break at
26—217, in a well known manner, so long as cur-
rent flows from the battery through the dynamo
and coil 37, as above outlined.

Now, if the dynamo be started and its speed
gradually increased, its residual magnetism will
cause a slight current to flow from the positive
brush through coil 12, pile 14, wire 20 and wire 2
to the negative brush. Current will also flow
from wires 9 and 19, pile (3 and coil 10, to wire 2
and alse from wire 9 through wire 18, pile 13,
coil {1, pile 14 and wire 29 to wire 2. Angd, if
these coils 18, If and 12 are broperly wound,
they will all assist in building up the dynamo
fleld and cause the dynamo to reach its normal
voltage as soon as its so-called “critical” speed
is reached.

Assuming that the piles 13 and 14 have negli-
gible resistance until affected by coil 18, which
condition is usually sought and nearly obtained
in practice, and the coils 10, 11 and 12 so wound
as to tend to set up fluxes in the direction of the
arrows thereupon, it will be noted that the said
coils are, in effect, all in multiple across the dy-
namo terminals and all working together to
build up a strong field and permit the voltage of
the dynamo te reach the battery voltage at as

low speed as possible, As the dynamo voltage in- 3

creases from zero, the current flowing back from
the battery through the dynamo and coil 37 will,
of course, diminish and equal zero when the dy-
namo and battery are at equal voltages, at which
time coil 87 will cease tending to hold the arma-
ture 23; whereas, should the dynamo voltage ex-
ceed that of the battery, the current in this coil
will reverse and tend to cause a flux in the re-
verse direction to that indicated by the arrow in
Figure 1,

Further, as the dynamo voltage increases from
Zero, current in proportion thereto will flow
through coils 34 and 35, which may be so wound
25 to tend to set up fluxes as indicated by the

arrows thereupon in Figure 2. By properly di- «

mensioning the strength of these coils, which
may be adjusted by means of resistors 36 and 39
(which may be in the form of adjustable resist-
ors, if desired), and by properly adjusting the

position of the armature 23 with respect to the !

pole pieces 21 andg 32, I cause the armature 23
to be raised and close the contacts 26—271, as
shown in Figure 2, when the dynamo voltage and
the battery voltage are substantially equal or
when either voltage is very slightly in excess of
the other, as may be consideredq desirable. As the
dynamo rises above this point, current will be
supplied by the dynamo in a well-known manner,
and by flowing through coil 6, assist coil 34 in
raising armature 23 against the action of spring
28 50 as to reduce the airgap between 23 and 21
to the limit determined by nut 30, to cause g
heavy pressure upon the contact and low resist-
ance thereof, While the dynamo is active, cur-

rent will flow through the coil | 8, and this and 7

its cooperating instrumentalities may be so ar-
ranged as to control the bressure upon the piles
{8—I14, in such manner as to prevent the dynamo
voltage varying from a preselected value within
Very narrow limits throughout any tendency to
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vary, as upon speed changes, in a manner nNow
well-known in the art, provided the decrease in
pressure upon the piles decreases the field ex-
citation of the dyname, and vice versa.

That this condition -is fuifilled will be plain
from Figure 2, wherein an extreme case is jlius-
trated for sake of simplicity and the piles 13—1i4
indicated as having the pressure thereupon re-
duced to the point of opening the circuits there-
through. = Eere it will be noted that the coils 10,
11 and 12 are now in series with each other across
the dynamo and that coil (I has ity effect re-
versed so as to “buck” the other coils instead of
“hoost,” as when the dynamo was operating at
low speed. It will be plain that, at a point be-
tween these limits, the current in coil 1 will
have zero value and that the coils may be shifted
from shunt to series relation with respect to each
witheut opening their circuits. Further, it will
be seen that by properly proportioning the coils
19, 11 and 12, the field may be weakened to any
desired extent without reaching the unstable
range of the carbon piles and that the field may
even be reversed, if desired. As the dynamo
speed falls from a high value, coil {8 will so con-
trot the field as to hold the voltage substantially
constant until the speed sinks below the point
where full field will accomplish this, and then
the current delivered by the dynamo will fall to
zero and the contact at 28—27 may be caused to
open at this point or upon very slight back dis-
charge through coil 6, whereupon further fall in
dynamo voltage will cause the current in coil 37
to set up the flux shown in Figure 1 and hold
the switch cpen.

The operation of the system as shown in Fig-
ure 3 is substantially the same as above described
with respect to Figures 1 and 2, save that a vibra-
tory contact device instead of a carbon piles is
used to control the field coils {6, 1 and {2, and
this is shown as controlled by a voltage coil 8
and & series or current coil 45 which modifies
the operation in a manner now well known in
the art, and which is shown merely to indicate
that the field regulator may be responsive to
voltage, to current, or to both, as desired. In

this figure, the “single break” contacts 26 and

27 are replaced by the “double break” contacts
34458, insulated from the armature so that
the same does not carry any current while the
inter-action of the windings is modified by a
non-magnetic member inserted between 22 and
%1. The effects of these changes are so well
¥nown that it is believed further description of
the operation at this point would be superfluous.
With the armature 22 having a normally vertical
mid-positicn, as shown in this figure, if it is re-
leased from one extreme position it will natu-
rally tend to swing past the mid-position to very
close to the opposite extreme, and, therefore,
when released, may be drawn in one extreme or
the other upon very slight differences in voltage
above or below the instant voltage of the battery.
Tn Figure 4, coils 10 and If are shown as in
the prior figures, while coil {2 is indicated as re-
placed by a resistance 84, which, of course, might
replace coil 19, instead, with the same result, if
the parts be properly proportioned. With this
arrangement, coils 18 and 1 may be weakened,
and then coil 1 may be reversed upon suitable
inerease in the resistance of piles i3—I4, in a
manner that will be plain from the foregeing.
Trom the foregoing it will be noted that many
types of apparatus may be used in the employ-
ment of my invention and many given types of

3

devices with. different connections and propor-
tions and adjustment of the parts may be used
to employ the invention, even though the indi-
vidual effects of the parts may differ widely.

The various arrangements of field coils indi-~
cated are believed to be sufficient for illustration
as it is plain that an indefinite number of relative
values may be given to the parts shown to pro-
duce an indefinite number of precise net results,
and that many changes in details of the regulat-
ing devices may be made without departing from
the spirit of the invention.

As many possible embodiments may be made
of the mechanical features of the above inven-
sion and as the art herein described might be
varied in various parts, all without departing
from the scope of the invention, it is to be under-
stood that all matter hereinabove set forth, or
shown in the accompanying drawing is to be
interpreted as illustrative and not in a limiting
sense. :

Tt will thus be seen that I have provided a
practical and efficient system and apparatus for
accomplishing the several objects hereinabove
mentioned as well as many others in a success-
ful manner.

I claim:

1. Tn apparatus of the class described, the
combination of, an armature, a field for said

armature including three electrical units con- kil

nected in series across said armature, two inde-
pendent electrical circuits one of which is. con-
nected upon each side of the center one of said
units, and control means associated with said
two electrical circuits to reverse the current of
said center one of said units. )

2. In electrical apparatus, an armasature, a first
fisld winding having one side connected to one
side of said armature and the other side con-
nected threugh a first control unit to the other
side of said armature, a second field winding hav-
ing one side connected to said other side of said
armature and the other side connected through
a second control unit to said first side of said
armature, a third field winding connected across
caid other sides of said first and second field
windings, and means to regulate said control units
dependent upon the electrical conditions of the
circuit of said armature.

3. In electrical apparatus, an armature, a first
feld winding having one side connected to one
side of said armature and the other side con-
nected through a first control unit to the other
side of said armature, a resistance unit having
one side connected to said other side of said
armature and the other side connected through
a second control unit to said first side of said
armoture, and a second field winding connected
across said other sides of said first field winding
and said resistance unit.

4. In apparatus of the class descriked, the com-
bination of, an armature, a field for said armature
including three electrical units connected in series
across said armature, two independent electrical
circuits one of which is connected upon each side
of the center one of said units, and control means
agsociated with said two electrical circuits to re-
verse the current of said center one of said units,
said control means comprising two vibratory con-
tact units one of which is connected in each of
said electrical circuits and a solenoid unit to exert
control upon said vibratory contact units.

5. Tn apparatus of the class described, the com-~
bination of, an armature, a field for said arma-
ture including three electrical units connected in
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series across said armature, two independent
electrical circuits one of which iIs connected upon
each side of the center one of said units, and con-
trol means associated with said two electrical cir-
cuits to reverse the current of said center one of
saild units, said centrol means comprising two
carbon piles one of which is connected in each of
said electrical circuits and a spring solenoid unit
mechanically connected to regulate the resistance
of said carbon piles.

6. In apparatus of the class described, the com-
bination of, an armature, a field for said arma-
ture including three electrical units connected in
series across said armature, two independent elec-
trical circuits one of which is connected upon each
side of the center one of said units and is shunted
across one of the outside ones of said units, and
control means associated with said two electrical
circuits to vary the effective resistance thereof
and thereby reverse the current through the cen-
ter one of said units.

7. In apparatus of the class described, the com-
bination of, an armature, a field for said arma-
ture including three electrical units connected in
series across said armature, the center one of said
units and another of said units normally cooper-
ating in setting up flux, two independent elec-
trical circuits one of which is connected upon each
side of the center one of said units, each of said
electrical circuits inciuding a variable resistance
element, and control means to regulate the re-
sistance of said resistance elements to reverse the
cwrrent in said center one of said units.

8. In apparatus of the class described, the com-
bination of: an armature; a field for said arma.-
ture including three eiectrical units designated
respectively as first, second, and third units; cir-
cuit means connecting said units in series, with
one side of said first unit connected to one side of
sald armature, and one side of said third unit
connected to the other side of said armature; two
independent electrical circuits one of which is
connected from the juncture of said first and
second units to said other side of said armature,
and the other of which is connected from the
juncture of said second and third units to said
one side of said armature, each of said independ-
ent electrical circuits including a current con-
trolling means; and control means associated with
sald independent electrical circuits to regulate
said current controlling means and gradually
change the amounts of current flowing through
said independent circuits from maximum value
to substantially zero value.

9. In apparatus of the class described, the com-
bination of, an armature, a pair of power lines
connected across said armature, a field for said
armature including three electrical units desig-
nated respectively as first, second, and third units,
said second unit being at least a portion of the
field winding for said armature, circuit means
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connecting said units in series with one side of
said first unit connected to one of said power
lines and one side of said third unit connected
to the other of said power lines and with said
second unit connected between said first unit and
said third unit, two independent electrical cir-
cuits one of which is connected from the juncture
of said first and second units to said other of said
power lines and the other of which is connected
from the juncture of said second and third units
to said one of said power lines, each of said
independent electrical circuits including a cur-
rent-controlling means to regulate the current
flowing therethrough, and means to regulate said
current-controlling means to gradually change
the current flowing through said independent cir-
cuits from maximum value to substantially zero
value.

10. In apparatus of the class described, the
combination of, an armature, a pair of power
lines connected across said armature, a field for
said armature including three electrical units
designated respectively as first, second, and third
units, said second unit being at least a portion
of the field winding for said armature and said
third unit comprising a fixed impedance produc-
ing no field flux, circuit means connecting said
units in series with one side of said first unit con-
nected to one of said power lines and one side
of said third unit connected to the other of said
power lines and with said second unit connected
between said first unit and said third unit, two
independent electrical circuits one of which is
connected from the juncture of said first and
second units to said other of said power lines and
the other of which is connected from the juncture
of said second and third units to said one of
said power lines, each of said independent elec-
trical circuits including a current-controlling
means to regulate the current flowing there-
through, and means to regulate said current-con-
trolling means to gradually change the current
flowing through said independent circuits from
maximum value to substantially zero value.

11. In apparatus of the class described, the
combination of, an armature, a field for said
armature including three electrical units con-
nected in series across said armature, two inde-
pendent electrical circuits one of which is con-
nected upon each side of the center one of said
units, and control means associated with said two
electrical circuits to reverse the current of said
center one of said units, said control means com-
prising a pair of variable impedance units one of
which is connected in each of said independent
electrical circuits and a solenoid-spring unit in-
cluding an armature which is biassed in one di-
rection by a spring and which is drawn in the
other direction by a solenoid which is connected
across said armature,

JOHN L. CREVELING.
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