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To all whom it may concern: 
Be-it known that I, ALBERT S. HuBBARD, 

a citizen of the United States, and a resident 
of Belleville, Essex county, and State of 
New Jersey, have invented certain new and 
useful Improvements in Electrical Systems 
of Distribution, of which the following is a specification. 
My invention relates to electrical systems 

of distribution and apparatus therefor and 
more especially to systems in which a source 
of electromotive force feeds a consumption 
or work circuit and a storage apparatus is 
operatively arranged to take portions of the 
load at certain periods. Generally, in such 
systems, there is provided regulating means 
for causing the storage apparatus to receive 
and give energy from and to the consump 
tion circuit according to whether the load on 
the consumption circuit is less or more than a predetermined average. 
One object of my invention is to provide 

an arrangement and apparatus whereby the 
division of load on the main source and upon 
the storage apparatus may be varied in ac 
cordance with certain desired results. More 
particularly I provide an arrangement 
whereby the storage apparatus may take 
certain fluctuations of load up to a certain 
point whereupon the main source will as 
sume further increases in the load or parts 
of further increases of load. If the load 
still further increases beyond the limits de 
sired to be placed upon the main source the 
storage apparatus will again be called upon 
to take more of the load. With my im 
proved arrangement the load due to the stor 
age apparatus when it is receiving energy 
may also be varied much in the same way as 
pointed out above. These features may be 
widely varied to suit particular conditions 
which may arise with respect to systems of 
this kind or with respect to similar systems. 

Various other objects, features and advan 
tages will more clearly appear from the de 
tailed description given below taken in con 
nection with the accompanying drawings 
which form a part of this specification. 

gainstally a system embodying one 
orm of various of my improvements. Fig. 
2 represents a similar system but showing a 
somewhat more simple arrangement and in 
which only certain of my improvements are 
shown, and certain arrangements of which 

are shown as modifications of those in Fig. 
1. Fig. 3 is another modification in which 
only certain of my improvements are shown 
and in which still other arrangements are 
diagrammatically disclosed. 

Referring to the drawings 1 represents a 
main generator feeding the consumption or 
work circuit 2, 2, which has connected there 
to lamps or other translating devices 3. 
Connected across the circuit 2, 2 is a storage 
battery 4 and in series therewith the arma 
ture 5 of the booster. The booster is driven 
by a shunt motor 6 connected across the 
busses or circuit 2, 2. The field windings 7 
of the booster 5 are supplied by an exciter 8. 
The exciter 8 is provided with field windings 
9 connected in series with the counter-elec 
tromotive force machine 10, the two being 
connected in a circuit 11 across the busses or 
circuit 2, 2. The counter-electromotive force 
machine 10 is provided with two sets of field 
windings, one set of which, 12, is connected 
-in series in the main circuit 2, 2. The other 
set of field windings, 13, is connected in se 
ries in the circuit 14 which is connected 
across the busses or mains 2, 2. The counter 
machine 10 and exciter 8 are driven at a 
substantially constant speed by means of the 
shunt motor 15 connected across the mains 
2, 2. 
The operation of the system thus far de 

scribed is as follows: When the load upon 
the generator has reached a predetermined 
value the current caused thereby in the field 
coil 12 causes this field coil to preponderate 
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over the field coil 13 and thereby causes the 
counter-machine 10 to produce a voltage ex 
actly equal and in opposite direction to that 
applied to the circuit 11 by the generator 1. 
Therefore no current flows in the circuit 11 
and the field coil 9 in the exciter 8 is not 
energized. If, however, an increase of load 
takes place upon the circuit 2, 2 the current 
in the field coil 12 increases, thereby causing 
the voltage produced by the counter-ma 
chine 10 to increase above that applied by 
the generator 1, so that a current flows in 
the circuit 11, thereby energizing the field In the drawings Figure 1 represents, dia windings 9 of the exciter 8. The exciter 8 

: thereupon produces an electromotive force 
which produces current and excitation for 
the field coil 7 of the booster 5 in such a 
manner that the booster 5, produces an elec 
tromotive force in the proper. direction to 
cause the battery 4 to discharge onto the line 
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ing the load on the main generator substan 
tially constant. If the load of the translat 
ing devices decreases below normal the regu lating apparatus above described operates in 

... a reverse manner and the voltage applied by 
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the generator 1 overcomes that produced by . 
the counter-machine 10, so that the exciter 
8 furnishes a current to the field winding 7 
in the opposite direction thereby causing the 
booster to produce an electromotive force in 
opposition to the battery, thereby causing it 
to receive energy and be charged from the 
circuit 2, 2. 
When considering the above operation it 

was assumed that the field coil 13 of the 
counter-machine 10 produced a constant ex 
citation. It will be apparent, however, that 
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if the magnetomotive force produced by this 
coil is increased in opposition to that pro 
duced by the field windings 12 the average 
normal load required by the system will 
thereby be increased. That is, a much larger 
current will be required in the field windings 
12 in order to cause the counter-machine 10 
to produce an electromotive force equal to 
that applied by the main generator 1. It 
will therefore be apparent that, to increase 
the portion of the load taken by the main 
generator 1 it is only necessary to increase 
the opposing action of the field coil 13 upon 
the counter-machine 10. For' thus regulat 
ing the action of the field coil 13 I provide in 
series therewith in the circuit 14 a variable 
resistance or rheostatic device 16. The rheo 
static device 16 consists of a mercury bath 
17 which has, dipping into it at different 
depths, a plurality of terminals 18 connected 
by resistances 19. The surface of the mer 
cury of the bath 17 is raised and lowered to 
short-circuit various of the resistances 19 in 
order to vary the resistance in the circuit 
14. This raising and lowering of the mer 
cury is caused by the rotation therein of ec 
centrically mounted circular bodies 20, 21, 
22 and 23 which when rotated enter the mer. 

50 

cury to a greater or less depth, thereby caus 
ing the rise and fall of the surface of the 
mercury. The eccentrically mounted bodies 
20, 21, 22 and 23 are rotated by means of 
dynamometers or motors 24, 25, 26 and 27, 
and shafts 28. Each of the dynamometers 

55 

or motors 24, 25, 26 and 27 is connected in 
series in a circuit 29 and is provided with a 
series field coil 30. The voltage applied to 
the dynamometers may be varied by means 

60 

of shunt resistances 31. I also provide in 
series in the circuit.29 a high temperature 
co-efficient resistance 32 to prevent excessive 
fluctuations of current in the circuit 29. 
Each of the dynamometers or motors. 24, 25, 
26 and 27 is made responsive to certain elec 
trical fluctuations or variations by means of 

65 
field coils 33,3435 and 36 which preponder 
ate over the series field coils 30 respectively 
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and take part of the load, thereby maintain-- when the dynamometers operate. Each of 
the dynamometers 24, 25, 26 and 27 is also 
provided with a spring. 37 to maintain the 
dynamometer in an inactive position by caus 
ing a projection 38 thereon to be rotated 
against, or brought up to, a stop 39. Stops 
40 are also provided to limit the rotation of 
each dynamometer or motor in the opposite 
direction. 
The field coil 33 of dynamometer 24 is 

connected across a shunt 41 in series with 
the battery 4, so that it is responsive to vari 
ations in the battery current. 
windings 34 of dynamometer 25 are connect 
ed in parallel with the field windings 33 and 
are also therefore responsive to fluctuations 
of battery current. The field windings 35 
and 36 are connected in series with each 
other across the terminals of the booster 5 
and are therefore responsive to variations 
or fluctuations in the booster voltage. T 
dynamometers or motors 24, 25, 26 and 27 
are so connected and arranged and the field 
windings thereon are so disposed that when 
the current in the battery circuit is flowing 
into the battery and the booster is produc 
ing a corresponding voltage, the field coil 33 
will so energize the dynamometer 24 in op 
position to its series field coil 30 against the 
spring 37 that its member 38 will tend to 
rotate away from the stop 39 and will ac 
cordingly tend to rotate the member 20 out 
of the bath 17 to cause the surface of the 
mercury to be lowered and so increase the 
resistance in series with the coil 13 and 
weaken it, so that the booster voltage is 
Weakened and consequently the generator out 
put is decreased so as to maintain only that 
maximum value of battery charging current 
desirable for the battery. Under these same 
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conditions the field coil 34 produces a mag 
netomotive force in a direction which tends 
to cause the dynamometer 25 to rotate the 
member 38 against its top 39 which pre 
vents any further rotation of the member 
21. The spring 37 of the dynamometer 25 
also tends to bring it to its retracted posi 
tion by causing its member 38 to rotate 
against the stop 39. Also, under the same 
conditions, the field coil 35 of dynamometer 
26 sets up a magnetomotive force responsive 
to the booster voltage and in opposition to 
field coil 30 and tends to cause the dynamom 
eter to rotate its member-38 away from the 

... stop 39 and against the action of its spring 
37 to cause the body 22 to be withdrawn from . 
the mercury bath 17 and weaken coil 13. 
with a consequent reduction in booster volt 

due to its being, fully or nearly fully 
charged. Under these same conditions the 
field coil 36 acts with the field coil 30 of the 
dynamometer 27 to cause it to rotate its 
member 38 against its stop 39. 

0. 
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age and battery current." This will occur especially when the battery voltage is high SS 
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When the current in the battery circuit 
flows in the opposite direction on discharge 
and the booster voltage is in the opposite 
direction the dynamometers 24 and 26 are 
retracted since the current in the field coils 
33 and 35 is in the opposite direction and 
aids the field coils 30 of these dynamometers 
so that the members 38 are brought against 
the stops 39 and no motion is imparted to 
the members 20 and 22. Under these con 
ditions one or both the dynamometers 25 
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and 27 may be brought into operation since 
their field coils 34 and 36, responsive respec 
tively to the battery current and the booster 
voltage, will not act with the field coils 30 
of these dynamometers to produce a mag 
netomotive force which will tend to cause 
the members 38 of these dynamometers to 
rotate away from the stops 39 against the 
action of their springs 37 and thereby cause 
the members or bodies 21 and 23 to dip 
within the mercury bath 17 to cause its sur 
face to rise and vary the number of resist 
ances 19 which are short-circuited. This 
strengthens coils 13, thereby decreasing the 
booster voltage (the coil 12 preponderating 
when the battery is on discharge) so that 
a greater proportion of the load is thrown 
on the generator. This may occur due to 
the excessive current taken by the tians lating devices in which case dynamometer 
25 would act or it may be due to a highly 
discharged battery, resulting in the require 
ment of an excessive booster voltage, in 
which case the dynamometer 27 would act. 
From the above it will be apparent that 

before any of the dynamometers or motors 
will act or operate upon the circular mem 
bers in the mercury bath its field coil 33, 34, 
35 or 36 as the case may be must produce a 
sufficient field strength to overcome both 
the action of its series field coil 30 and the 
opposing tension of its spring 37. There 
fore the dynamometers do not begin to op 
erate immediately a current flows in the 
battery circuit or immediately there is a 
difference of potential across the terminals 
of the booster, but only when the battery 
current has reached a certain predetermined 
value or when the booster voltage has 
reached a certain predetermined value, suffi 
cient to cause the field coil 33, 34, 35 or 36 
as the case may be to produce the proper ex 
citation of the dynamometer to cause it to 
rotate against its opposing force. It will 
therefore be apparent that when the dis 
charge load on the battery circuit reaches 
a certain predetermined value or when the 
booster output with the battery discharging 
reaches a certain predetermined value the 
dynamometers 25, 27 will operate to increase 
the strength of the field coil 13 of the 
counter-machine 10, thereby cutting down 
or eliminating its regulating action and 
causing the generator to assume further in 

8. 

creases of load and causing the load upon 
the battery circuit to remain substantially 
constant or be decreased. 

By my improvements one of the dynamom 
eter's or motors may he responsive to fluc 
tuations of battery 'irrent when the bat 
tery is charging: another will be responsive 
Only to fluctuations of battery current when 
the battery is discharging; another will be 
responsive only to fluctuations of booster 
voltage when the battery is charging and 
the fourth will be responsive only to fluc 
tuations of booster voltage when the battery 
is discharging. Therefore, the rheostatic 
device 16 may be made to operate to main 
tain the battery current at a certain prede 
termined value when the battery current is 
in one direction and at an entirely different 
and independent value when the battery 
current is in the other direction. In the 
same manner the booster voltage may be 
limited to a certain predetermined value 
when in one direction and to a different and 
independent value when in the other direc 
tion. It will also be apparent that the regu 
lation due to differences in booster voltage 
may be different and is entirely independent 
of the regulation due to fluctuations in the 
battery current. 
If the load on the system should increase 

so much above that at which the dynamom 
eters operate that altogether too much load 
is falling upon the main generator 1 and 
it is desired that the battery again take 
a certain portion of the increased load the 
dynamometers will rotate their arms 39 
against the stops 40 whereupon they will 
stop and the magnetomotive force produced 
by the field coil 13 of the counter-machine 
10 will increase no further, whereupon the 
field windings 12 will again assume their 
full regulating action and cause the battery 
to take a certain portion of the increased 
load by means of the action of the booster 5. 
Various regulating rheostatic devices 48, 

44 and 45 are included in the regulating cir 
cuits in order that their action may be 
varied to suit the various conditions under 
which the system may be operating. A 
variable resistance 46 is also connected in 
the circuit 29 and another variable resist 
ance 47 is included in the circuit 14. 

It will be noted that as the load on the 
system increases or decreases, as the case 
may be, beyond that sufficient to cause one 
of the dynamometers to act, and if the in 
crease or decrease, as the case may be, be 
more than sufficient to cause the dynamome 
ter to rotate its arm 38 against its stop 40, 
then the load on the battery circuit or the 
booster voltage will again be increased. If 
the increase in load on the system is sudden 
rather than gradual the battery may take 
a certain excess of load over the predeter 
mined value at which one or the other of 
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battery circuit may be limited in almost any, 

the dynamometers 24 or 25 is designed to 
operate. That is, the dynamometers may be 
so constructed that it will take a measura 
ble amount of time for any of the dyna 
mometers to operate through their range of 
movement and it will be, therefore, a meas 
urable length of time before the effect of the 
variations in the field coil 13 is felt. 
From the above it will be clear that I have 

provided a system with regulating devices 
by means of which the load or current in the 
way desired. The load upon charging of 
the battery may be limited to a value en 
tirely independent of that load to which it 
is limited when discharging and the booster 
voltage, and consequently its output, may be 
limited to certain values which are entirely 
independent on charge and on discharge. 

20 Referring to Fig. 2 the main generator 51 
feeds a consumption or work circuit 52 
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machine 57 to produce an electromotive 
force equal to and exactly opposite in di- . 
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to discharge. 

which supplies lamps or other translating 
devices. 53. Across the circuit 52 is con 
nected a battery 54 and in series therewith 
the usual booster 55. The booster is pro 
vided with a field 56 which is energized by 
means of the counter machine-57 connected 
in series therewith in the circuit 58 across 
the busses or mains 52. The counter ma 
chine 57 is provided with a regulating field 
coil 59 in parallel with a shunt 60 in the 
main circuit 52. The field windings 59, 
therefore, energize the counter machine 57 
responsive to load or current fluctuations 
upon the system. The counter machine. 57 
is also provided with a field coil 61 which 
opposes the field windings 59 and which is 
connected to contacts 62 and 63 of a rheostatic 
device 64. The rheostatic device 64 is con 
nected across the mains 52 by-means of a cir 
cuit 65. 
Assuming the excitation due to the wind 

ing 61 is substantially constant and that the 
load of the system is normal the field wind 
ings 59 produce sufficient excitation pre 
ponderating the coil 61 to cause the counter 

rection to that applied by the main genera 
tor 51. No current, therefore, flows in the 
circuit 58, the booster is not excited, and the 
battery will float across the mains. When 
an increase in load occurs on the system the 
excitation of the counter machine 57 is in 
creased thereby exciting the booster and 
causing it to produce an electromotive force 
in the proper direction to cause the battery 

When the load on the system 
decreases below normal the booster is op 
erated in the reverse manner and the bat- & 
tery is caused to receive energy and be 
charged from the circuit 52. 
In this system I also provide means for 

limiting the load on the battery circuit to a 
certain predetermined value. In this case, 

counter machine. 
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however, I only provide one dynamometer 
or motor, 66, which has a field coil 67 con 
nected across the terminals of the booster, 
and therefore responsive to changes in the 
booster voltage. The dynamometer 
motor 66 is provided with a series field coil 
68 of constant excitation and is connected 
across the mains 52 in a circuit 69. A high 
temperature. coefficient resistance 70 is also 
provided in the circuit to prevent an exces 
sive fluctuation of current flowing into the 
dynamometer. The dynamometer is con 
nected to operate the rheostatic device 64 
by means of gears 71, 72, which operate a 
shaft 73. Shaft 73 is provided with a bev 
eled gear 74 which meshes with a beveled 
gear 
contacts 62 and 63. As this arm rotates the 
contacts 62 and 63 connect the field windings 
61 to points of varying difference of poten 
tial thereby increasing or decreasing the 
strength of the field 61. The shaft 73 car 
ries at one end a member 76 and when the 
shaft tends to rotate in one direction the 
member 76 is caused to overcome and rotate 
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5 connected to an arm carrying the 
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a member 77 against the action of the coil . 
spring 78. When the shaft 73 and member 
76 is in a normal or retracted position the 
member 77 is 
action upon the member 76, because of the 
coil spring 78, by means of a stop 79. 
Likewise, at the other end of the shaft 73 is 
a member 80 which when the shaft rotates in 
the opposite direction is caused to operate 
against a member 81 under the action of the 
coil spring 82. The member 81 is likewise 
prevented from having any action upon the 
member 80 when the shaft 83 is in a normal 
or retracted position by means of a stop 83. 
When the load on the battery circuit, and 

prevented from having any 
95 

100 

1.05 
the booster voltage has reached a certain 
predetermined value the field windings 67 
will produce sufficient magnetomotive force 
preponderating the field coil 68 to cause the 
dynamometer to overcome the opposing 
action of either spring 78 or 82, according 
to the direction of rotation of the dynamom 
eter, and will rotate the shaft 73 and there 
by operate the variable resistance 64 to in 
crease the excitation of the field 61 of the 

Since the field 61 opposes 
the field 59 this increase of field strength 

10 

115 

due to the field windings 61 cuts down the 
excitation of the counter machine 57 thereby 
cutting down the regulating action of the 
booster 55 and preventing further load from 
falling upon the booster or battery. Like 
wise when the current in the battery circuit 
is in an opposite direction the booster voltage 
is limited in much the same way as before 
by the dynamometer or motor 66 operating 
upon the variable resistance 64 to increase 
the strength of the field windings 61 of the 
counter machine 57. When in this reverse 
direction however, the coil 68 will now aid 
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the coil 67 and the dynamometer will pro 
duce the required torque to overcome one of 
the springs 78 or 82 when the battery 
voltage has reached a different value from 
that under the conditions previously de 

It will therefore be seen that by 
including the coil 68 the dynamometer 66 
may be made to operate when the booster 
voltage has reached one value in one direc 
tion and may be made to operate when the 
battery voltage has reached an entirely dif 
ferent and independent value when in the 
other direction. The same or similar ef 
fects may be produced by varying the ten 
sion exerted by the springs 78 and 82 and 
one spring may be adjusted to limit the load 
on the battery circuit to a certain value when 
in one direction and the other spring may 
be adjusted to limit the load on the battery 
circuit to an entirely different and inde 
pendent value when in the other direction. 
This system also shows means by which 

the time in which the dynamometer 66 acts, 
may be adjusted. The gears 71 and 72 are 
somewhat diagrammatically shown but by 
using the proper sizes of gears the time that 
it takes for the motor 66 to bring the battery 
circuit back to its predetermined condition, 
may be made substantially anything desired. 
Under these conditions, when a load fluctua 
tion more than sufficient to cause the opera 
tion of the motor 66 falls upon the system, 
the battery will take part of each load fluc 
tuation until the dynamometer 66 and its 
related apparatus shall have had time to 
act; but if the increase or decrease in load. 
is maintained or sustained for any substan 
tial length of time part of such fluctuation 
will ultimately be thrown upon the generator 
by the action of said motor 66 and its related 
apparatus. From the above it is evident 
that the motor 66 and its related apparatus 
operating upon the field 61 is much slower 
in acting and in its regulating functions 
than the exciter 57 and booster 55. The 
slower the action of the motor 66 the greater 
will be the amount of the fluctuations above 
the predetermined value that will fall upon 
the battery and vice versa. 
In Fig. 1 the dynamometer arrangements 

are necessarily much slower acting than the 
counter-machine, exciter. and booster, yet the 
dynamometers shown in Fig. 1, are much 
quicker in their action than the motor 66 of 
Fig. 2, and consequently the percentage of 
the fluctuations above or below the prede 
termined value, which fall upon the battery 
circuit in Fig. 1, is comparatively small. 
The system and apparatus shown in Fig. 

2 is extremely simple and operates very ad 
Vantageously under certain conditions. 

Referring to Fig. 3 the main generator 
101 feeds a consumption, or work circuit 102 
which supplies lamps or other translating 
devices 103. This system is also provided 

with the usual battery 104 and a booster. 105 
in series therewith. The regulation of the 
booster is accomplished by means of an 
exciter 106 connected in series with the 
booster field coil 107 and the exciter 106 
has a field coil 108 which is in turn ener 
gized by the regulating dynamo 109. The 
regulating dynamo 109 has field windings 
110 connected across the main busses 102 and 
which produce a constant field excitation in 
opposition to the regulating field windings 
111 in series in the main circuit 102. The 
booster is driven in any well known manner 
and is regulated by the field coil 111, the 
fluctuations of which produce the regula 
tion by means of the dynamo 109 and exciter 
106, which regulation is still further magni 
fied by means of the constantly excited field 
coil 110 in a manner which is not new with 
this application. The regulating dynamo 
109 is also provided with an opposing field 
coil 112 which operates to limit the load on 
the battery circuit in the same manner as 
the coils 13 and 61 in Figs. 1 and 2 respec 
tively. To provide for this latter regula 
tion, the variable resistance 113 is included 
in the circuit 114 in series with the field coil 
112. The circuit 114 is connected across the 
terminals of the booster and one side of said 
circuit is connected to the movable contact 
arm 115 of the variable resistance 113. The 
arm 115 is arranged to rotate to cut in and 
out resistance in the circuit 114, by means of 
beveled gears 116, 117, shaft 118, beveled 
gears 119, 120 and a shaft 121 operated by 
dynamometers or motors 122 and 123. A 
spring 124 tends to maintain or move con 
tact arm 115 to its normal position and the 
coil spring 125 tends to maintain the mem 
ber or shaft 121 in its normal or retracted position. 
The dynamometer or motor 122 is con 

nected across the booster 105 and is pro 
vided with a shunt field coil 126 also con 
nected thereacross. The dynamometer or 
motor 123 is also connected across the 
booster 105 but has its field, coil 127 connect 
ed across a shunt 128 in series in the battery 
circuit. The dynamometer or motor 122 is 
therefore made responsive to fluctuations in 
the booster output while the dynamometer 
123 is made responsive to changes in the bat 
tery current. When an excessive load falls 
upon the booster the dynamometer 122 pro 
duces a torque and when this torque is suf 
ficient to overcome the opposing action of 
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springs 125 and 124 its member 129 will ro 
tate the shaft 121, and thereby operate the 
variable resistance 113 to strengthen the 
field 112 aiding the field of coils 110 and 
opposing the field of coils 111, thereby re 
ducing the effect of the then predominating 
field windings 111 and decrease the booster 
excitation and prevent the load or voltage 
on the booster exceeding the limits for 
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which the dynamometer 122 is set. Further 
increases of load are therefore caused to fall 
upon the generator 101 until all the resist 
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upon these dynamometers. 
25 

ance of rheostat 113 has been cut out, when 
further increases in load on the system will 
cause the booster to take an increase of load. 
A stop 130 is provided to maintain the dyna 
mometer 122 in the proper position when 
retracted. When the battery current 
reaches a certain predetermined value de 
pendent upon the booster voltage the dyna 
mometer 123 will produce a sufficient torque 
to overcome the action of springs. 124, 125, 
and by means of its arm 131 will operate the 
shaft 121 thereby causing movement of the 
arm 115 and regulating the field 112 as be 
fore. A stop 132 is also provided for the 
dynamometer 123 to maintain it in the 
proper position when retracted. A stop 133 
is also provided to limit the movement of the 
member or shaft 121 so that when the dyna 
mometers 122 and 123 are idle or retracted 
the springs 124 and 125 will exert no torque 

It will also be 
apparent that whichever dynamometer ex 
erts the greater torque will be the dynamom 
eter to control the movement of the arm 
115 and the operation of the variable re 
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sistance 113. Since the coil 112 is in shunt 
across the booster the variations in booster 
voltage will vary to a slight extent its nor 
mal effect and the value of battery current at which the dynamometer operates. How 
ever, this is sometimes desirable to the end 
that a large battery current may be permit 
ted if the booster voltage is low or vice 
versa. It may happen that both dynamom 
eters will be operating at the same time 
under certain conditions. When the bat 
tery current and booster voltage are both 
greater than the values for which the re 
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spective dynamometers are set to operate, 
the dynamometers will assist one another in 
cutting down the resistance at 113. When 
the load on the system is light and the bat 
tery is charging, if the load on the booster 
or the booster voltage or the battery charg 
ing current be greater than that desired, the 
resistance at 113 will be similarly decreased, 
thereby increasing the strengh of field coils 
112. But the current in coils 112 is in the 
opposite direction from what it was when 
the battery, was discharging, because coils 
112 are connected across the booster and the 
voltage across the booster on charging the 
battery is the reverse of that on discharge. 
Accordingly coils 112 now aid coils 111 and 
oppose coils 110, so that both on battery 
charge, as well as on battery discharge, a 
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decrease in resistance at 113 similarly de 
creases the booster excitation and limits the 
booster voltage and battery current. It will 
also be noticed that when the load on the 
system is normal and the battery is sub 
stantially floating and the booster giving no 
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voltage the fields 112 and motors 122 and 
123 will be substantially deenergized. As 
the load on the booster picks up in either 
direction with a consequent production and 
increase of current in coils 112, the field 
produced by coils 112 tends to cut down the 
booster excitation, but this tendency is not 
sufficient to prevent the booster from build 
ing up to take the desired maximum load in 
the battery circuit. - 
From the above it will be clear that I have 

provided an arrangement and apparatus 
whereby the division of load between the 
main generator and the storage battery may 
be varied in accordance with almost any de 
sired results. The various arrangements are 
such that the battery may be made to take 
certain increases or fluctuations of load up 
to a certain point whereupon the generator 
may be caused to take the remaining in 
creases of load or fluctuations. 
apparatus may be so adjusted that the load 
upon the battery when charging may be 
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limited to a value entirely different and in 
dependent from the load upon the battery 
when discharging, and the same effect and 
result may be attained with relation to the 
booster voltage and output. I have also 
provided economical and efficient apparatus 
for carrying out the above regulations and 
although I have shown three modifications 
of such apparatus I desire it to be distinctly 
understood that each arrangement of appa 
ratus is not limited to the specific system 
with which it is shown and that any of the 
various arrangements of apparatus may be 
used, upon proper adjustment and arrange 
ment, with any of the systems shown or 
with any system of the class described. 
When I refer to the limiting of the bat 

tery current or the preventing of the battery 
from further giving up or receiving energy 
I do not necessarily mean that under no con 
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ditions will the battery current become 
greater, but that the current is so limited 
during a certain time or until certain further 
changes in the condition of the system have 
taken place. 
Although I have shown and described my 

improvements in great detail I do not desire 
to be limited to such details but 

Having fully and clearly described the 
same, what I claim and desire to secure by 
Letters Patent, is: - 

1. In combination, an electric circuit, a 
storage battery in operative relation there 
with, and connected thereto to give up and 
receive energy to and from said circuit, and 
means for preventing the battery from fur 
ther giving up or receiving energy above a 
predetermined amount when battery current 
has reached a predetermined value. 

2. In combination, an electric circuit, a 
storage battery in operative relation there 
With, and connected thereto to give up and 
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receive energy to and from said circuit, and 
means for preventing the battery from fur 
ther giving up or receiving energy above a 
predetermined amount when the difference 
between the voltage of said circuit, and the 
voltage of said battery has reached a pre 
fletermined value. 

3. In combination, an electric circuit, a 
storage battery in operative relation there 
with, and connected thereto to give up and 
receive energy to and from said circuit, and 
means for preventing the battery from fur 
ther giving up energy above a predeter 
mined amount when the difference in volt 
age between said battery and circuit has 
reached a certain value. 

4. In combination, an electric circuit, a 
storage battery in operative relation there 
with, and connected thereto to give up and 
receive energy to and from said circuit, and 
means for preventing the battery from fur 
ther receiving energy above a predetermined 
amount when its charging current has 
reached a predetermined value. 

5. In combination, an electric circuit, a 
storage battery in operative relation there 
with, and connected thereto to give up and 
receive energy to and from said circuit, and 
means for preventing the battery from fur 
ther receiving energy above a predetermined 
amount when the difference in voltage be 
tween the battery and circuit has reached a 
predetermined value. 

6. In combination, an electric circuit, a 
storage battery in operative relation there 
to, regulating means for causing the dis 
charge and charge of said battery to and 
from said circuit, means for preventing an 
increase in the battery current when the 
battery has reached a predetermined value 
and means for preventing an increase in 
battery current when the battery current 
has reached a predetermined value. 

7. In an electrical system of distribution, 
the combination of a generator, a circuit fed. 
thereby, a storage battery in operative rela 
tion therewith, electro-responsive means for 
causing the battery to charge and discharge, 
and means for preventing an increase in the 
battery current when the difference of volt 
age between the battery and circuit has 
reached a predetermined value. 

8. The combination of an electric circuit, 
a storage battery in operative relation there 
with and connected to be charged therefrom 
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and to discharge thereto, and means for limiting the battery discharge current to a 
predetermined value and for limiting the 

ging current also to a predetermined 
value. - 

9. The combination of an electric circuit, 
a storage battery in operative relation there 
with and connected to be charged therefrom 
and to discharge thereto, means for limiting 
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the battery discharge current to a certain 
value and means for limiting the charging 
current to an independent value, both of said 
means being responsive to certain changes 
in the battery condition. 

10. In an electrical system of distribu 
tion, an electric circuit, a storage battery in 
operative relation thereto, a booster for 
causing the battery to charge and discharge, 
electro-responsive means for causing the 
booster to limit the battery discharge cur 
rent to a predetermined value and electro 
responsive means for causing the booster 
to limit the charging current to a different 
predetermined value, both of said means 
being responsive to variations in the elec 
trical condition of the system. 

11. In an electrical system of distribu 
tion, an electric circuit, a storage battery in 
operative relation thereto, a booster for caus 
ing the battery to charge and discharge, 
means for controlling the booster to limit 
the battery charging current and means 
controlling the booster to limit the battery 
discharging current. 

12. In an electrical system of distribu 
tion, an electric circuit, a storage battery. 
in operative relation thereto, a booster for 
causing the battery to charge and discharge, 
a dynamometer for controlling the booster 
to limit the battery charging current when 
the charging current has reached a prede 
termined value, and a dynamometer for con 
trolling the booster to limit the discharging 
current when it has reached a predetermined 
value independent of the first. 

13. In an electrical system of distribu 
tion, an electric circuit, a storage battery 
in operative relation thereto, a booster for 
causing the battery to charge and discharge, 
dynamometers for controlling the booster 
to limit the battery current, one of said 
dynamometers being responsive to battery 
charging current, another of said dynamom eters being responsive to battery discharg 
ing current and others of said dynamom 
eters being responsive to the booster voltage. 

14. In an electrical system of distribu 
tion, an electric circuit, a storage battery 
in operative relation thereto, a booster for 

70 

75 

80 

35 

90 

95 

100 

O 

O 

calising the E. charge and discharge, 
means for controlling the booster to limit 
the battery current, a coil acting upon said 
e8S sty to battery charging cur 

rent, a coil acting E. said means respon sive to battery disc arging current, a coil 
Y) 

acting upon said means responsive to the 
booster charging voltage and a coil acting 
on said means responsive to the booster dis-, 
charging voltage. - 

15. In an electrical system of distribu 
tion, an electric circuit, a storage battery 
in operative relation thereto, a booster for 
causing the E. charge and discharge, 
means for controlli g the booster to cause 
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mometers having field coils responsive to 
booster voltage. 
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it to limit the battery current, a variable 
resistance for controlling said means, and 
dynamometers for varying said resistance 
responsive to certain fluctuations in the elec 
trical condition of the system. 

16. In an electrical system of distribu 
tion, an electric circuit, a storage battery 
in operative relation thereto, a booster for 
causing the battery to charge and discharge, 
an exciter for controlling the action of the 
booster, a counter-electromotive force ma 
chine for controlling said exciter, a coil for 
controlling the action of said machine, means 
for acting upon said coil responsive to cer 
tain variations in the battery current and in 
the booster voltage, to cause the booster to 
limit the battery current to a certain value 
in one direction and to a different value in 
the other direction. 

17. In an electrical system of distribu 
tion, an electric circuit, a storage battery 
in operative relation thereto, a booster for 
causing the battery to charge and discharge, 
an exciter for the booster, a coil governing 
the exciter, a resistance controlling said coil, 
a mercury bath for short-circuiting said re 
sistance by steps, and a plurality of dyna 
mometers for operating upon said mercury 
bath to vary said resistance, some of said 
dynamometers having field coils responsive 
to battery current and some of said dyna 
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18. In an electrical system of distribu 
tion an electric circuit and a source of elec 
trical energy therefor, a storage battery 
operatively related to deliver and receive 
energy to and from said circuit, electrore 
sponsive means for controlling the charge 
and discharge of the battery, a device for 
regulating the action of said controlling 
means, and two dynamometers acting to 
control said device responsive to variations 
from different electrical conditions of the 
system. - 

19. In an electrical system of distribu 
tion an electric circuit and its source, a 
storage battery operatively related to de 
liver and receive energy to and from said 
circuit, electroresponsive means for control 
ling the charge and discharge of the battery, 
a device for regulating the action of said 
controlling means, two dynamometers act 
ing to control said device responsive to va 
riations from different electrical conditions 
of the system, and means for preventing 
said dynamometers from acting on the de 
vice until they have developed a predeter 
mined torque. 
In testimony whereof, I have signed my 

name to this specification, in the presence of 
two subscribing witnesses. 

ALBERT S. HUBBARD. 
Witnesses: 

EDWIN SEGER, 
GoRHAMCROSBY. 

Signed and sealed this 29th day of February, A. D., 1916. 
R. F. WHITEHEAD, 
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It is hereby certified that in Letters Patent No. 1,160.60s, granted November 16, 
1915, upon the application of Alberts. Hubbard, of Belleville, New Jersey, for an 
improvement in "Electrical systems of Distribution, errors appear in the printed 
specification requiring correction as follows: Page 3, line 15, for the word “not” 
read now, page 8, line 47, claim 19, for the words “its source” read a source of . . 
electrical energy therefor; and that the said Letters Patent should be read with 
these corrections therein. that the same may conform to the record of the case in 

Acting Commissioner of Patents. 


