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UNITED STATES PATENT O CE. 

ED WIN WIL BU R RICE, J.R., OF LYNN, MAS SAC II USETTS. 

COMBINATION OF ELECT R C G E N E RATORS. 

SPECIFICATION forming part of Letters Patent No. 396,602, dated January 22, 1889. 
Application filed October 28, 1887, Serial No. 253,666, (No model.) 

To (t/l, it'? O1, it in ?tily conce71. 
Be it known that I, EDWIN WILBUR RICE, 

Jr., a citizen of the United States, and a resi 
dent of Lynn, in the county of Essex and State 
of Massachusetts, have invented a certain new 
and useful Combination of Dynamo-Genera 
tors, of which the following is a specification. 
My invention relates to means for furnish 

ing and regulating the supply of electricity 
to an electric circuit; and it consists, essen 
tially, in supplying the circuit from two or 
more generating sources, one of which is con 
stantly at Work supplying a definite on fixed 
amount of electricity, while the other is regul 
lated by any suitable means for the purpose 
of adapting the current-supply to changes in 
the work on the circuit. 
The generating source may be two or more 

dynamo - electric machines, or two or more 
armatures in one machine, or two or more sets 
of armature-wires on the same armature. 
My invention is designed, chiefly, for ap 

plication to electric circuits containing a num 
ber of arc lights or other Working resistances 
in series, in which case an adjustment of the 
current-supply is required in order that a 
constant current may be maintained with a 
Varying number of lights or other resistances 
in circuit. When my invention is applied to 
Such a circuit, the two or more generating de 
vices or sources are connected in series on the 
circuit and at least one of them is made ca 
pable of regulation to compensate for changes 
in the load on the circuit. 
The accompanying drawings illustrate va 

rious arrangements of apparatus that may be 
used for carrying out my invention. . 

Figurel show's two machines coupled in se 
lies, one of which has a definite generating 

therefore fixed in position, and the other of 
which has its capacity made variable by au 
tomatic or other means in accordance with 
the external work o' with the number of 
lights in series. Fig.2 shows in diagram one 
of the modes of regulating that portion of the 
apparatus or that part of the generating de 
Vice which is made variable. Other means 
of varying its electro-motive force, when used 
as a source of arc lighting, may be employed. 
Fig. 3 shows another form of my invention. 
Fig. 4 is an end view of one of the armatures 

lilg. 

in the same, showing means for l'otating the 
regulating device. Fig. 5 shows another Way 
in which my invention may be practiced. 
Fig. 6 shows the combination of a machine of 
constant or in variable current at any given 
speed with a machine which is automatically 
variable by anothen construction. Fig. 7 
shows a substitute machine. Fig. S shows 
still another mode of regulation as applied to 
the variable element of lily invention. Fig. 9 
illustrates a modified arrangement of devices 
that may be employed for changing one of the 
generators into a counter electro-motive-force 
generator. 
The advantage of my invention will be rec 

ognized in the fact that ole comparatively 
small generating and legulating machine may 
be made to control all the Valiations occurring 
on a circuit the total capacity of which is 
comparatively great. 
My invention includes also the use of the 

variable generating source itself as a counter 
electro-motive - fol'ce generator - that is, it 
may be a generator of electricity when the cil 
cuit is fully loaded, it may be reduced to be 
inert as a generator when the circuit has a 
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portion of its load cut off, and it may be in 
verted in its functions and become a notol Ol' 
counter electro-motive-force generator Whell 
the circuit is still less loadle?. 

In Fig. 1, L L represents a series of lights 
or other resistances capable of being cut out 
by a shunting-switch, as is lisual in a 'e light 

G represents a dynan () ()' genei'ator of 
electricity of a definite power, as determined 
by the strength of its field, the revolutions of 
its armature, the construction of its armature, 
and the position of its britishes, while H repre 
sents a second generator of electricity coupled 

capacity and whose commutator-brushes are in series with the first a chillo (;, the second 
generator, H, however, being made to Vary in 
electro-motive force in itiny Well-knowl way 
such as by moving its coin}} 1 till ()'-blush (es 
by hand or auto: hatically, in accordance with 
the increase or decrease of the current strength 
in the circuit, by varying the strength of its 
field, by varying its speed, Ol' by other means. 
I have shown a magnet, R, or coil acting on 
its armature or core C as a type of a regulat 
ing appliance, whereby, in l'espouse to varia 
tions in the main current traversing the 
lights L. L and the machines, an adjustment 
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25 velop a current in the circuit. 

or renewed set of the brushes of the machine 
II is made, so as to raise or lower the electro 
1motive force in accordance with the decrease 
Or increase of the current in the circuit, due 

5 to variations of resistance or variations of 
load, Such as a varying number of lights. 
It is not necessary to describe in exact detail 
how the regulating actions are carried out, as 
they may be Substantially the same as appear 

Io in prior patents already issued in the United 
States. All that is essential in the combina 
tion shown in Fig. 1 is that the electro-motive 
force of the machine H should be varied in 
certain cases-that is, the electro-motive force 

IS may be made to assist the main-circuit cur 
rent flowing over its resistance, and then, by 
a movement of the brushes or otherwise to be 
made to diminish, H becomes nil, or of no value 
as a generator. If desired, the machine II 

2O may, by a further movement of the regulat 
ing appliances, be made to oppose a counter 
electro - motive - force tendency, or, in other 
Words, be run as a motor in opposition to the 
constant tendency of the generator G to de 

It is assumed, 
of course, that both generators are driven by 
Suitable power, which may be taken from the 
Same source or from different sources of 
power. It is also assumed, as is plainly evi 

3o dent, that the machine G may be supplanted 
by two or more machines, and also that the 
machine H may be supplanted by two or more 
Variable limachines, as no invention would ex 
ist in making such combinations. It is also 

35 assumed that the field of force of each gener 
ator be set originally at some definite amount, 
either by Winding or by suitable devices for 
that purpose. 
Tet the machine G have a capacity for sus 

40 taining twenty lights in series, and let the 
machine H have as its maximum capacity 
tWenty lights in series. Then the two ma 
chines in series will have a combined capacity 
of forty lights in series. If, however, the ma 

45 chine II is made sufficiently variable, it will 
be able to compensate for any change in the 
number of lights on the combined circuit 
that is, any or all of the forty lights may be 
shunted-and this without substituting re 

5o sistances in place of them. It is only neces 
Sary in this case to construct the machine in 
accordance with principles well known in the 
art, so that its brushes may be movable to cut 
down the electro-motive force to nothing, and 

55 still further movable until it opposes an active 
counter electro-motive force against that of 
the generator G. To do this requires a greater 
range of motion than is customary where or 
dinary brush regulation is used, either manual 

6O Or automatic-that is, the brushes must be 
capable of Swinging through a greater range. 

I have shown in Fig. 2 a magnet, R, and 
COre C as acting to move a rack, ', which is 
geared to the commutator-brush carrier or 

65 yoke Y, having a range of movement which 
will throw the brushes around through an an 
gle, say, of one hundred and twenty degrees. 

896,602 

The magnet R while in the main circuit may 
be under the control of a controlling-magnet 
or sensitive relay - governor responsive to 
changes in the main-line current, in accord 
ance with the principles of patent to Thomson 
& Houston, No. 238,315; but I wish it dis 
tinctly understood that I do not limit myself 
to regulation by the brushes alone, as Will 
further appear. 

In Fig. 3 I have shown an equivalent ar 
rangement in which a single-dynamo gener 
ator is constructed with two armatules either 
upon the same shaft, by preference, or llpon 
distinct shafts mounted in Separate bearings. 
These armatures on the same shaft are indi 
cated at AB. The brushes on the commu 
tator G are supposably fixed, and the arma 
ture A has therefore a definite capacity when 
revolved between the field-poles N. S. The 
brushes of the commutator of the armattle B 
are made revoluble around the axis of the 
commutator, so as to valry the electro-motive 
force given to the circuit from the armature 
B, and this armature is mechanically revolu 
ble with the armature A in the field N. S. 
Although I have shown the field-poles N S as 
two massive poles embracing both armatures, 
it will readily be understood that the arma 
ture A may have its field-poles separate from 
those which act upon the armature B. In the 
case of the two armatures and one set of field 
poles the two machines become converted into 
Ole. 

In Fig. 4 indicates a rack-rod engaging 
with an arc-gearing, J, whereby upon a move 
ment of the lack-rod ' the brushes of the 
commutator II of the amature B may be 
thrown around. This is merely used as a 
typical device for the purpose. Any other 
suitable device may be substituted. 

In Fig. 5 I have shown the armatures A B 
combined in one armature, A B-that is, the 
armature A B, Fig. 5, is wound with two sets 
of coils distinct from each other-and the 
commutators G and Hare arranged as in Fig. 
4-that is, the brushes of the commutator G. 
are fixed, while those of the commutator H 
are movable-both commutators being put 
into the circuit in any Well-known Way, either 
directly, as shown, or through other parts of 
the circuit. The pole-pieces NS embrace the 
armature in the usual manner, and are ener 
gized either through the circuit itself or from 
a separate Source of current. 
The preceding figures show the regulation 

of the variable element of my invention by a 
movement of the commutator or its brushes. 
It is evident that the same effects may be 
produced by a movement of the commutator 
itself on the shaft, by a movement of the 
armature with respect to its commutator, by 
a movement of the field-magnets around the 
armature, leaving the brushes fixed, by mov 
ing the field-magnets bodily toward and from 
the armature, or the armature in and out of 
the field; but I have shown what I consider 
the most desirable means for the purpose, 
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However, in some cases it might be found a single progressive movement of the brushes 
in one direction need only be made to bring preferable to modify my invention, as shown 

in Fig. G. Here the generator G, as in Fig. 
1, is a distinct source of current, whose field 
magnets FF' may be placed in series with al'mature AIB, Fig. 5, which is connected to 

the commutatol l I, to a neutral position, so the Work. The generator II, or variable ele 
ment, has its field-magnet coils DD in shunt 
with the Work or lights L, preferably through 
a variable resistance, though not necessarily. 
The variable resistance is indicated at V. 
Now as lights are cut out from the circuit at 
I, the energizing power of the derived-circuit 
coils D D' diminishes in proportion, and 1 
alm thus enabled, by arranging the apparatus 
and properly proportioning the parts of the 
machine II and the l'esistance of the field 
coils D D', or the circuit in which they are 
placed-as by the use of a variable resistance, 
V-to obtain a fairly good regulation of the 
electro-motive force fed to the circuit in pro 
portion to the load. Where a complete regul 
lation is required, the generator II should be 

45 
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considerably larger in size than the genera 
tr G, unless devices are used to reverse the 
current in the field-coils D D' upon a prede 
termined fall of resistance in the circuit. L, 
as Will be indicated. 

In Fig. 7 a substitute machine for II is 
shown; but it requires either automatic regul 
lation to be applied to its field-coils F For a 
manual adjustment to be made. The field 
coils IF F are put in the main circuit or di 
rect circuit and provided with a variable 
shunt, V, which is automatically responsive 
to variations in the main circuit by any suit 
able device-such as a coil, R-in such cir 
cuit, and the core C, moved thereby, or which 
is adjusted by hand in any well-known way. 
Another node of legulating the strength 

of the field of such a machine as that in Fig. 
7 is to use a magnetic shunt, NI, across the 
field-poles or pole-pieces, and vary the position 
of the magnetic shunt, as by a screw, S, Fig. S. 

If it is desired to convert the machines 
Figs. 6 and 7, into moto's or into counter elec 
to-motive-force generators, the direction of 
the current flowing in their field-coils may 
be reversed at some stage of the operation, or 
the position of their brushes may be stud 
denly reversed. It would be preferable, 
however, to reverse the current in their 
field-coils after passing a certain point in the consisting in ruining one or more of said 

I have shown load on the main-line circuit. 
in Fig. 9 the variable resistance V of Fig. 3, 
and the field-coils, Fig. (3, combined with an ol 
dinary reve'sing-switch, Ix, the position of 
which when changed from left to right causes 

the electro-motive force of the machine II, 
Fig. 1, of the almature I3. Fig. 3, or of the 

far as the generation of electro-motive force 
and its delivery to the main circuit is con 
corned, but that this movement of the brushes 
can also be made to transcend this position 
and actually cause the ai'nature above men 
tioned to become an opposing source of elec 
tro-motive force, whereby the always active 
energy of the fixed element G may find an 
opposition sufficient to prevent it from devel 
oping undue current in the main circuit ()' 
lighting-circuit L. L. Fig. 1, even though very 
few lights remain unshunted. 
What I claim as my invention is 
1. The herein-described method of furnish 

ing a regulated current from a number of ly 
namo-generators, consisting in keeping one 
or more of said generator's constantly at Work 
supplying a definite or fixed amount of elec 
tricity to the circuit and regulating the re 
maining generator to adapt the total current 
supply to the demand of the circuit. 

2. The herein-described method of furnish 
ing a regulated current from two or more dy 
nano-generator's coupled in series, consisting 
in keeping one or more of said generatol's coll 
stantly at Work supplying a definite on fixed 
amount of electricity, and on a decrease of 
the demand upon the genei'ato's to a determi 
nate extent converting one ol' more of the 
generato's into a counter electro-motive-force 
generato', as and for the purpose described. 

3. The he rein-described method of regulat 
ing the current upon a circuit, consisting in 
supplying the bulk of the current from a 
generator ol' generato's of suitable capacity 
doing continually a predetermined or coll 
stant amount of Work, and controlling the Val 
riations of current by regulating a compara 
tively small regulable generator in series with 
the main generato' ()' general ()'s and of a 
capacity for regulation determined by the 
non; \; iiations of load on the circuit. 

the current to circulate through the coils ID 
and rheostat, V in the reverse direction to 
that taken with the switch placed as shown. 

4. The 1e rei- (stile method of furnish 
ing a regulated current to a circuit supplied 
from dynamo-generating sources in series, 
soul (es. With its () in titat () in a fixed Ol' in 
variable position, and adjusting the 'olmlu 
tation of another gel (lato' ()) gene) alon's to 
vary the electro-motive-?t)'' ( of the Sillne. 
Signed at Lynn, in the county of Essex and 

State of Massachusetts, this 22d day of () (to 
ber, A. 1). SS7. 

It will be seen, however, that my preference 
for utilizing a movement of the brushes for 
regulation is found not only in the fact that 

E. \\ II, 3 R RICE, JR. 
Witnesses: 

ELIHU THOAS ()N, 
J. W. GIBB)NEY. 
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