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UNITED STATES PATENT OFFICE. 
JOSEPH BIJUR, OF NEW YORK, N.Y., ASSIGNOR TO THE GENERAL STORAGE 

BATTERY COMPANY, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK. 
ELECTRIC REGULATOR. 

No. 839,718. Specification of Letters Patent. Patented Dec. 25, 1906. 
Application filed September 24, 1904, Renewed November 9, 1906. Serial No. 342,704. 

To all, whom it may concern: 
Be it known that I, JosEPH BIJUR, a citi 

Zen of the United States, and a resident of 
the borough of Manhattan, city, county, and 
State of New York, have invented certain 
new and useful Improvements in Electric 
Regulators, of which the following is a speci 
fication, accompanied by drawings. 

This invention relates to electric regu 
lators particularly adapted for systems of 
electric distribution in which storage bat 
teries are used in addition to the generating 
dynamo, and an auxiliary dynamo is pro 
vided to cause the battery to charge or dis 
charge as the external load decreases or in 
creases, the voltage of the auxiliary dynamo 
being made to vary in direction and amount, 
or both, as the voltage requirements of the 
system may necessitate; but the improved 
regulator may be used in any connection in 
which it may be found applicable. 
The objects of the invention are to enable 

a substantially constant load to be main 
tained on the generating-dynamo with a fluc 
tuating external load and to improve upon 
regulators for varying the voltage of the aux 
iliary dynamo with the external load. 
To these ends the invention consists of a 

regulator for carrying out the above objects 
consisting of the combinations of elements, 
features of construction, and arrangement of 
parts having the general mode of operation 
substantially as hereinafter fully described 
and claimed in this specification and shown 
in the accompanying drawings, in which 

Figure 1 is a diagrammatic view, partly in 
section, of a regulator embodying the inven 
tion and circuits and connections therefor. 
Fig. 2 is a vertical sectional side view of the 
regulator or controller, a portion of the lower 
part having been broken away. Fig. 3 is a 
transverse sectional view of the regulator or 
controller, taken on the line a b of Fig. 2. 
Fig. 4 is a detail vertical end view of the 
lower portion of the regulator or controller, 
which portion carries the resistances. Fig. 5 
is a detail vertical side view, partly in section, 
of the lower portion of the regulator or con 
troller corresponding to Fig. 4. Fig. 6 is a 
detail face view of the contacts or segments 
for one of the resistances to which the sec 
tions of Said resistance are connected. Fig. 
7 is an enlarged detail view of the adjusting 
device for adjusting the tension of the regu 

55 lator or controller spring. 

One system to which the regulator may be 
applied will first be described to illustrate 
the operation of the device, and, referring to 
the drawings, and at first more particularly 
to Fig. 1, A represents a suitable dynamo or 
source of supply connected to the mains b 
and c, while the work portion of the system. 
carrying the external load is represented by 
the conductors d and e. In this instance the 
load is represented by the lamps f by way of 
illustration. Connected across the mains is 
shown a storage battery B, in series with 
which is arranged the armature of the aux 
iliary dynamo C, the field D of which is con 
nected to be varied both in direction and 
amount by the electromagnetic controller, 
(represented by E.) which controls the resist 
ances R. R', connected in ?ircuit with the 
field-winding D of dynamo C. The regu 
lator or controller E is so connected as to be 
indirectly responsive to changes in the ex 
ternal load of lamps for other electrore 
ceptive devices. The resistances R. R' may 
be connected to any suitable source of ex 
citing-current; but in this instance they are 
shown connected across the mains b c of the 
generator A. They are, however, connected 
reversely, the upper and lower terminals 1 
and 2 of resistance R in Fig. 1 being con 
nected, respectively, to the positive and 
negative sides of the generator A by wires 3 
and 4, while the upper and lower terminals 
1 and 2 of resistance R are reversely con 
nected by wires 5 and 6 to the negative and 
positive sides of the generator A. The ter 
minals of the field-winding D of dynamo C 
are connected by wires 7 and 8 to the 
brushes 9 and 10, which are insulated from 
each other and from the common support 11 
and are adapted to be moved along the in 
sulated contacts or segments 12, and 13, to 
which the sections of resistances R and R' 
are suitably connected. Any suitable and 
convenient arrangement of resistances, con 
tacts, and brushes may be provided for at 
taining the ends in view. 
When the brushes are in the lower posi 

tion, as shown, the brush 10 will be at the 
same potential as the positive side of the 
source of supply A, while brush 9 will have 
the potential of the negative side, and there 
will be between these two brushes the full 
voltage of the source of exciting-current for 
the field D, the current passing from the 
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positive brush of dynamo A through the IIo 
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main b by wire 6, through terminal 2 of re 
sistance R' to brush i0, from thence by wire 
8 to and through the field D, returning by 
wire 7 to brush9 to terminal 2 of resistance 
R, and by wire 4 back to the negative main c. 
and the negative brush of dynamo A. When. 
the brushes are in the uppermost position, 
brush 9 will be of positive polarity and brush 
10, negative, in which case the full voltage 
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will be impressed upon the brushes 9 and 10, 
but in a reverse direction, the current then 
passing from the positive brush of the dy 
namo by wire 3 to brush 9, thence by wire 7 
through field D, and back by wire 8 to brush 
10, and from thence by wire 5 to the negative 
side of dynamo A. When the brushes 9 and 
10 are on the middle portions of the series of 
contacts 12 and 13, there will be no potential 
between them, because the voltage drop 
through resistance R is equal to that through 
resistance R', and there will be no difference 
of potential between the middle portions of 
the series of contacts 12 and 13. It is ob 
vious that in intermediate positions between 
the middle portions, and the upper and lower 
contacts 12 and 13 there will be various 
values of electromotive force between the 
brushes in one direction or the other, by . 
means of which construction and opera 
tion the excitation of the field D, and con 
Sequently the Voltage of the armature of the 
auxiliary dynamo C, will vary in direction 
and amount with the position of the brushes 
9 and 10. 
The controller E is constructed to provide 

a substantially uniform workingfield of force 
in which an electrical conductor is mounted 
having a substantially large range of move 
ment in said field. Means are provided for 
opposing a substantially uniform mechanical 
pull to the movement of the conductor in the 
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working field of force, whereby when the bal 
ance between the electrical and mechanical 
forces is disturbed the conductor moves until 
the balance is restored. The moving con 
ductor referred to is connected to control the 
movement of the brushes 9 and 10 to vary 
the field D of the auxiliary dynamo or 
“booster-crusher C. 

. The controller E may be constructed in a 
variety of ways, and One Suitable construc 
tion which has been found to operate effi 
ciently and well is illustrated in the draw 
ings, although equivalent constructions may 
be found to operate upon the Saime principle 
as the controller herein disclosed. In the 
construction shown in this instance the hol 
low frame F is preferably of cast-steel, while 
the field-core G., preferably of cast-steel or 
wrought-iron, is adapted to be suitably se 
cured within the frame F and for this pur 
pose is provided with the cap H, which may 
be secured to the frame F by means of the 
bolts. As will be seen in the cross-sectional 
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substantially cylindrical and the core G is 
hollow to allow the operating-shaft J to have 
movement therein. The upper end of the 
hollow core G may be closed by a suitable 
plug K. 
Around the core G is arranged the field 

winding L, adapted to be energized, and 
thereby produce a magnetic circuit through 
the core G and across the air-gap O between 
said core and the surrounding frame F. In 
the air-gap O is a substantially uniform use 
ful or working field of force produced by the 
excitation of the coil L. Surrounding the 
core G is a movable coil P, adapted to move 
along the axis of the core, the movement of 
which is opposed in one direction by the 
spring Q. When the electrical force tending 
to move the coil P and the pull of the spring 
are in equilibrium, said coil P remains sta 
tionary. 

In the construction of the apparatus the 
coil P is preferably wound upon a brass spool 
S, in turn carried by the brackets or arms T, 
preferably of aluminium, which are adapted 
to move in the grooves U in the outer face of 
the core G, whereby the air-gap is reduced, 
the movement is guided, and the coil P is 
prevented from twisting, although any other 
suitable means may be provided for accom 
plishing these objects. Suitably secured to 
the arms or brackets T by means of the 
screws V is provided the spider W, prefer 
ably of aluminium, which is in turn con 
nected to the operating-rod J, as by means of 
the pin X, so that the movement of the coil P 
is imparted to the operating-rod J. The 
brushes 9 and 10 are suitably connected to 
the rod J and movable therewith. The hol 
low portion of the core G forms a dash-pot in 
connection with the piston Y, connected to 
the upper end of the rod J. The brushes 9 
are suitably secured to the supporting-piece 
11, carried by the rod J and fixedly secured 
thereto. While different constructions may 
be provided for the brushes, a suitable con 
struction is shown in the drawings, from 
which it will be seen that the brushes are fas 
tened to metallic springs g, suitably secured 
to the supporting-piece ill, but insulated 
therefrom by means of the insulating-sleeves 
and washersh. Means are provided for regu 
lating the force with which the brushes are 
pressed against the series of contacts or seg 
ments 2 and 13, as shown in this instance, 
brackets being secured to the support 11, 
but insulated therefrom, while bearing 
blocks are pivoted to said brackets and pro 
vided with adjusting-screws k, adapted to 
bear upon the under portions of the brackets 
i, whereby adjustment of the screws k causes 
the bearing-blocks to push the springs g 
inore or less strongly against the segments 12 
and 13. 
Supported from the frame F by means of 
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ments comprising the contacts 12 and 13. 
The resistances R and R', which may be of 
any suitable character, are suitably connect 
edin sections to the insulated segments 12 
and 13 and are placed in any convenient lo 
cation where suitable connections may be 
made. 

In order to connect the field-coil L in cir 
cuit, the leads o are provided, as shown, pass 
ing through several apertures in the cap H, 
but insulated from said cap. The movable 
coil P is connected in circuit by means of the 
flexible leads p, which, as shown, lead from 
said coil to binding-posts q on the bracket r, 
secured to the rods Z. To oppose the action 
of the magnetic force tending to move the 
coil P in one direction, a suitable spring Q is 
provided with devices so arranged that there 
is a substantially, tuniform mechanical pull 
exerted by the spring opposing the move 
ment of the conductor. Different arrange 
ments may be provided for this purpose; but, 
as shown in the drawings, a rockers is pivot 
ally supported by a brackett, secured to the 
lower portion of the framework of the appa 

The shorter arm u of the rocker has 

the lower portion of said arm u is secured by 
a cord w to the spring Q. The longer arm a 
of the rockers is secured, by means of a cord 
y, to the lower end of the operating shaft or 
rod J. As the movable coil P is moved up ward under the influence of the magnetic 
field the spring Q exerts a pull tending to 
oppose the movement of the coil, and by rea 
son of the eccentric form of the rockers the 
moment of the force about the axis of the 
rocker tending to oppose the spring is sub 
stantially constant. 
The eccentricity of the portion v of the 

rocker may be varied, because, as shown, in 
this instance the portion v is adjustable by 
means of the slot 15 and pin 16, which per 
mits the portion to be moved in and out on 
the pivot 17 and secured in any desired posi 
tion. The cord w, as shown, is attached to a 
block 18, carried by the screw 19, Secured in 
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the bracket 20, which projects from the por 
tion u of the rocker, whereby the tension of 
the spring may be slightly varied. At the 
other side of the rocker the cord y is secured 
to a block 21, carried by the screw 22, se 
cured in the bracket 23, whereby the cord ly 
may be tightened and loosened. 

R. order that a greater number of segments 
or contacts 12 and 13 may be arranged in a 
small space, these contacts are arranged in 
parallel staggered rows, as shown in Fig. 6, 
over which the brushes 9 or 10 are adapted to 
pass. The sections of the resistances R and 
R may be suitably connected to the segments, 
as arranged in Eig. 6. 

In connecting the electromagnetic control 
ler Ein circuit in the system shown in Fig. 1 

with each other, and the combination of the 
two coils is connected in series with the gen 
erator A. As shown in Fig. 1, the leads o of 
the coil L are connected in circuit with the 
main b, while the leads p of the coil P are con 
nected to points 25 and 26 on the main b, so 
that coil P is in parallel to coil L. By the 
arrangement described any increase of load 
on the generator A will result in an increase of 
current through both coils L and P. The 
pull on the coil P is of course proportional to 
the strength of the current flowing through 
it and the density of the magnetic field 
through which it travels. It is therefore ob 
vious that any change in the current through 
the coil L or through coil P, or through both, 
will cause a corresponding change in the elec 
tromagnetic force acting on coil P; resulting 
in movement of said coil until the force of the 
spring and the force acting on the coil P to move it are in equilibrium. Any change, 
therefore, in the load on the generator A will 
result in a change in the magnetic conditions 
in the regulator E, which will give a corre 
sponding change in the voltage of the aux 
iliary dynamo C. 
The operation of the regulator is as fol 

lows: The regulator is set for a given normal 
load, and the external load being equal 
thereto the magnetic force due to the cur 
rent flowing through the regulator E is just 
sufficient to make the coil P take a position 
half-way down the length of the air-gap O, so 
that said coil is in its middle position. The 
brushes 9 and 10 will also be in their middle 
position relatively to the segments 12 and 
13, so that the excitation of the field D of the 
auxiliary dynamo C is zero and its voltage 
is also zero. There is therefore no tendency 
on the part of the dynamo C to assist the 
storage battery B either to charge or dis 
charge. When the load on the external cir 
cuit exceeds the normal, the pull on the coil 
P will increase, due to a slight increase in the 
current from the generator A. This in 
crease in the pull upon the coil P will cause it 
to move upward, and the brushes 9 and 10 
will bear upon one of the upper pairs of con 
tacts 12 and 13, thereby giving an excitation 
to the field D of dynamo C and causing the 
dynamo to generate an electromotive force, 
which adds itself to that of the battery, caus 
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ing the battery to discharge and assist the . 
enerator. Conversely, when the external 
oad falls below the normal the diminished 
pull upon the coil Penables the spring Q to 
pull said coil P below its middle position, and 
with it the brushes 9 and 10, thereby im 
Big an electromotive force on the field 

of dynamo Cin the opposite direction and producing in the auxiliary dynamo. C an 
electromotive force in the opposite direction, 
which assists the generator-voltage to send 
current into the battery. . The instant the 

65 the coils, L and P are arranged in parallel i external load begins to change the coil P will 
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begin its movement in the proper direction 
and continue moving until the generator 
current is restóred to its normal value. In 
other words, the brushes 9 and 10 will be 
caused to move to such a point on the con 
tacts 12 and 13 that the excitation of field D 
of auxiliary dynamo C produces a voltage in 
said dynamo just sufficient to cause the bat 
tery to charge or discharge an amount equal 
to the difference between the external load 
and the normal generator-load. By cor 
rectly proportioning the parts of the regula 
tor it is possible to keep the generator-load 
constant within a few per cent. of the nor 

The changes which have been men 
tioned, as taking place in the generator-cur 
rent are more strictly tendencies to change, 
which are checked in their inception. This 
regulator responds rapidly and exactly to 
the fluctuations in the load demand, because 
the moving coil P, and with it the brushes 9 
and 10, begin to travel the instant there is 
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any change in the external load. In accord 
ance with this invention the greater the un 
balancing of the system the more rapidly 
will the regulator respond, and since there is 
no relay used the time constant is avoided 
In my improved regulator the balance be 

tween the mechanical pull exerted by the 
spring and the electrical force in the regula 
tor is independent of the position of the mov 
ing part. The inertia may be made very 
small, and the motion of the coil P tends to 
damp it. The instrument is direct-acting, 
and the inertia of the moving parts is inde 
Ele; of the strength of the magnetic 
eld, which is not the case in an ordinary so 

lenoid. The force that tends to make the 
change in the instrument is in a certain pro 
portion to the disturbance of condition, and 
when the balance is disturbed the coil P 
moves until the balance is restored. To 
gether with the advantages set forth the in 
strument combines a large and uniform force, 
sensitiveness, and a large amount of motion. 
With an ordinary solenoid and core the 
movement of the core changes or distorts the 
field, and consequently a constant pull is not 
produced. On the contrary, in accordance. 
with my invention the field is not changed or 
distorted, and I obtain a substantially con 
stant pull at all times. 

It is obvious that instead of constructing 
the regulator to provide a substantially con 
stant magnetic field of force a variable field 
may be provided, and the movement of the 
coil P may be opposed by a spring, the ten 
sion of which increases as the coil P is drawn 
into the field. In apparatus so constructed 
the strength of the field increases with the 
tension of the spring, so that for a given 
change in electrical conditions the moving 
coil P will travel until the current conditions 
are restored to normal. The pull of the 
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spring in all positions of the moving coil 
throughout the whole range of travel, and 
the tendency to move with a given electrical 
condition is the same at all parts of the mag 
netic field. 

In my regulator there is a useful field of 
force and an electric conductor mounted for 
a substantially large range of movement in 
said field, with a mechanical force opposing 
the movement of said conductor, the pull of 
the field of force being equal to the opposing 
mechanical force in all positions of the mov 
ing conductor throughout the whole range of 
travel, whereby with a given electrical condi 
tion in the instrument the tendency of the 
conductor to move is the same in all parts of 
the magnetic field. 

Obviously some features of my invention 
may be used without others, and the inven 
tion may be embodied in widely-varying 
forms. 
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Therefore, without limiting the invention 
to the constructions shown and described, I 
claim, and desire to obtain by Letters Patent, 
the following: 

1. An instrument of the character de 
scribed, having a substantially uniform use 
fulfield of force, an electric conductor carry 
ing a current and mounted for a substantially 
large range of movement in said field, and a 
Substantially uniform mechanical pull op 
posing the movement of said conductor, 
whereby when the balance between the elec 
trical and mechanical forces is disturbed, the 
conductor moves until the balance is re 
stored and means controlled by the instru 
ment for effecting regulation of a circuit. 

2. An electrodynamic device for regulating 
and other uses, comprising a magnet with 
poles disposed to produce a field of force sub 
stantially uniform throughout its working 
range, a conductor carrying a current and 
mounted for movement in and by the said 
field of force, and a mounting therefor, op 
posing a substantially uniform force to resist 
said movement, whereby a substantial varia 
tion in the electromagnetic energization of 
the magnet or conductor from a fixed amount 
will tend to cause a movement throughout 
the entire range while the said variation con 
tinues and means controlled by the electro 
dynamic device for effecting regulation of a 
circuit. 

3. An electrodynamic device for regulating 
and other uses, comprising a magnet with 
poles disposed to produce afield of force sub 
stantially uniform throughout its working 
range, a conductor carrying a current and 
mounted for movement in and by the said 
field of force, means for producing an oppos 
ing force equal to the pull of said conductor 
at each position in its range of motion for a 
given electromagnetic energization of the 
parts, whereby a substantial variation in the 

65 magnetic field is equal to the tension of the electromagnetic energization of one of the 
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said parts from a fixed amount will tend to 
cause a movement throughout the entire 
range while the said variation continues and 
means controlled by the electrodynamic de 
vice for effecting regulation of a circuit. 

4. An electrodynamic device for regulating 
and other uses, comprising a magnet with 
poles disposed to produce a field of force sub 
stantially uniform throughout its working 
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range, a movable conductor carrying a cur 
rent in said field of force, and a mounting 
therefor for giving a substantially uniform 
resistance to the motion of the conductor 
throughout its range and means controlled 
by the electrodynamic device for effecting 
regulation of a circuit. 

5. An electrodynamic device for regulating 
and other uses, comprising a magnet with 
poles disposed to produce a field of force sub 
stantially uniform throughout its working 
range, a movable conductor carrying a cur 
rent in said field of force, a mounting therefor 
for giving a substantially uniform resistance 
to the motion of the conductor throughout 
its range, electrical connections for variably 
energizing one of the said magnet and con 
ductor by a current variable with the func 
tion to be regulated, and means controlled 
by the relative motion of the conductor and 
magnet for regulating the said function. 

6. An instrument of the character de 
scribed, having a usefulfield of force, an elec 
tric conductor carrying a current and 
mounted for a substantially large range of 
movement in said field, a mechanical force 
opposing the movement of said conductor, 
the pull of the field of force upon said conduc 
tor being equal to the opposing mechanical 
force in all positions of the moving conductor 
throughout the whole range of travel, where 
by with a given electrical condition in the in 
strument, the tendency of the conductor to 
move is the same in all parts of the magnetic 
field and means controlled by said instru 
ment for effecting regulation of a circuit. 

7. An instrument of the character de 
scribed, having a substantially uniform use 
fulfield of force produced by an electromag 
net having a given number of turns of wire in 
its coil, and fixed pole-pieces and core, an 
electric conductor carrying a current and 
mounted for a substantially large range of 
movement in said field, and a substantially 
uniform mechanical pull opposing the move 
ment of said conductor, whereby when the 
balance between the electrical and mechan 
ical forces is disturbed, the conductor moves 
until the balance is restored and means con 
trolled by said instrument for effecting regu 
lation of an electric circuit. 

8. An instrument of the character de 
scribed, having fixed pole-pieces and a core, 

5 

a fixed coil having a given number of turns 
producing a substantially uniform useful 
eld of force, an electric conductor carrying a 

current and mounted for a substantially 
large range of movement in said field, a sub 
stantially uniform mechanical pull opposing 
the movement of said conductor whereby 
when the balance between the electrical and 
mechanical forces is disturbed the conductor 
moves until the balance is restored and 
means controlled by said instrument for ef 
fecting regulation of an electric circuit. 

9. An 5tayni. device for regulating 
and other uses, comprising a magnet having 
fixed poles, a fixed core and a coil having a 
given number of turns, said parts being dis 
posed to produce a field of force substan 
tially uniform throughout its working range, 
a conductor carrying a current and mounted 
for movement in and by the said field of 
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force, said moving conductor being moved 
without substantially varying the number of 
ampere-turns in the magnet, and without va 
rying the substantially uniform field of force, 
a mounting for said moving conductor and a . 
Substantially uniform opposing force to resist 
the movement of the conductor, whereby a 
Substantial variation in the electromagnetic 
energization of the magnet or conductor 
from a fixed amount will tend to cause a 
movement throughout the entire range 
while the said variation continues and means 
controlled by said electrodynamic device for 
effecting regulation of a circuit. . . 

10. An electrodynamic device for regulat 
ing and other uses comprising a magnet with 
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fixed poles and a fixed core disposed to pro 
duce a field of force substantially uniform 
throughout its working range, said magnet 
comprising a given number of ampere-turns, 
a conductor carrying a current mounted for 
movement in and by the said field of force 
without varying said field in its movement 
and without varying the number of ampere 
turns of the magnet, means for producing an 
opposing force equal to the pull of said con 
ductor at each position in its range of motion 
for a given electromagnetic energization of 
the parts whereby a substantial variation in 
the electromagnetic energization of one of the 
said parts from a fixed amount will tend to 
cause a movement throughout the entire 
range while the said variation continues and 
means controlled by said electrodynamic de 
vice for effecting regulation of a circuit. 

In testimony whereof I have signed this 
specification in the presence of two subscrib 
ing witnesses. 

JOSEPH BIJUR. 
Witnesses: 

E. WAN ZANDT, 
H. L., OBERTEUFFER. 
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