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To all whom it may concermn:

Be it known that we, WALTER L. NEGBAUR,
of Brookline, and JosEPH J. FEELY, of Wal-
pole,in the county of Norfolk and St&te of Mas-

sachusetts, citizens of the United States, have

invented a certain new and useful Method of

and Apparatus for Generating Llectrluty of
which the following 1s a specification. |
Our invention 1"elates to the generation and

utilization of electricity, &nd more particu-
larly to a method and apparatus for this pur-

pose which will utilize the power derived from
a source of motion which 1s liable to sudden
and wide variations, such as wind-power or

the power which may be taken from the ro-

tating axle of a car.

For some of the uses of eleetumty, and es-
pecially for electric lighting, a constant pres-

sure on the mains must be maintained, and

as the pressure 18 dependent on the speed
produced at the dynamo by the driving power
the ordinary methods of electrie ﬂ‘enemtmn
cannot be employed when the source of mo-

“Special means for regulat-

them consist in employing compound-wound
dynamo having its series winding in opposi-
tion to its shunt-winding; but this has been
found 1mpracticable, especially as the field-
magnets were apt to become demagnetized by
the action of such winding.

We have solved the problem of utilizing
variable power to generate electricity at con-
stant pressure by providing & system in
which a dynamo, in connection with other
means, controels the voltage of the whole sys-
tem automatically withoutsubstantial change
of its own voltage and without any danger of
being itself demagnetized. -

In the accompany drawing is shown a dia-
ogrammatic representation of a dynamo and
connections embodying a preferred form of
our invention,

In said drawing, A represents a dynamo
which we have devised for our present pur-
pose, having the usual field-magnets 2 2 and

armature 3, “which parts may be of any pre-

ferred design, as they are not peculiar toour
machine. The pole-pieces of the field-mag-
nets are connected by an iron core 4, form-
ing a magnetic shunt around the armature.

5 5 are the field-coils, connected 1n shunt
with the armature, and 6 is & coil in series

with the field-coils and wound on the iron

core 4. All these coils are of high resistance
and consist of a large number of turns, as 1s
usual in the case of shunt-wound machines.
The sizes of the coils 5 and 6 are such that,
neglecting any effects due to the action of
Lhe coil 7, heremcnfter described, the intensity
of mannetm&uon produced in "the magnetic
shunt P by a given current will be hﬂ Same
as that produced in the field-magnets 2 2, and
these coils are so wound that the magnetic
lines of force produced by all of them will be

driven through the armature in the same di-

rection, as 111(11(33Led in the drawing by the

full-line arrows.

7 is a coil of relatively heavy wire and few
turns in series with the external circuit and
wound on the iron core 4 in such manner that

the magnetic lines produced by a current

passing through said coil will eppose and cut
down those produced by the coil 6.

B is a storage battery into which the cur-
rent generated by the dynamo A is passed

and which with its connections to the dy-
namo, including the coil 7, may form the en-

tire external or working circuit of the system,
although, as will presenﬂy appear, a shunt-
circuit may be led off from said battery and
be used to bupply lamps or to perform other
useful work. This battery may consist of

cells of any approved type.

C is a switeh preferably made automatic
in its action by being separately connected
in the system and so “constructed that when
the dynamo is running at speeds tooc low to
produce a useful voltage the working circuit
will be kept open thereby, but will be closed
as soon as the voltage reaches a predeter-
mined point and will remain closed only s0
long as the voltage is at or above that point.
This switech may be of any approved con-
struction, as its details form no part of our
present invention. = A satisfactory switch for
the purpose is shown in letters Patent of
oven date herewith, granted to W. L. Neg-
bhaur for an electric switch.,

In constructing and setiing up our system

we proceed as follows: Having determined
| what the working voltage of our dynamo 18 to
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be, we assumne a minimum speed, (the best |

practical rate of which in the case of a par-
ticular variable power may be determined by
experiment,) and from these data we calen-
late the size of our armature and fleld-mag-
nets and the coils thereforin the usual man-
ner, as these parts do not differ from the cor-
responding partsin an ordinary shunt-wound
dynamo. We then determine by caleulation
or experiment the highest speed which our
source of power 1s to give to the armature
when the output of the dvnamo is atits maxi-
mum and construet the iron core 4 of such
cross-section that the sum of the eross-sec-
tions of said core and of the field-magnets
will be to the difference of said Cross-sections
(the cross-section of the corealwaysbeing the
lesser of the two) in the same ratio that the
maximum speed of the armature is to its
minimum speed, as determined in the man-
ner above described. Ilaving thus deter-
mined the size of the core 4, the coil 6 is so
proportioned, as above stated, that it will
tend to magnetize said core to the same in-
tensity that the ficld-coils magnetize the field-
magnets 2 2. IFinally the coil 7is given such
size that when the dynamo is ranning at its
highest speed, as above determi ned, the effeet
of the current through the ¢oil 7 will just neu-
tralize the effect of the eoil 6. What the
strength of this current will be will clearly
appear from the subjoined deseription of the
operation of the system.

L'he proportions just given of .the several
parts of our dynamo are those swhich we have
found most efficient in practice, but they
may bde considerably varied without depart-
ing from our invention.

The storage battery is composed of suffi-
cient elements to yield the constant voltage
of the system, and the switeh C is made 1o
operate ab that voltage.

As thus construeted the operation of our
systemisasfollows: Afterthe switeh C closes
the external cireuit the storage battery op-
poses to the voltage of the dynamo a counter
electromotive foree which is steady and prac-
tically constant. WWhen the voltage of the
dynamo tends to rise above that of the bai-
tery, the current thus generated through the
battery passes also through the coil 7 and in-
stantly operates to cut down some of the mag -
netic lines of force produced by the coil 0, 80
that the flux through the armature is lessened
not only by the number of lines thus neutral-
1zed, but also by an additional number Pro-
duced by the field-coils, which lealk or are
shunted around the armature through the
core <, 1s intensity of magnetization having

been diminished by the action of the eoil 7.

This diminution of the flux through the arma-
ture reduces the voltage of the dynamo near] s
to that of the battery, the excess being just
suflicient to maintain sueh a current through
the coil 7 as is necessary to reduce the flux
through the armature and establisli the 1I'C(] -

uisife balance between the speed and tho |

voltage ol the dynamo. Thus, strictly spealk-
ing, our dynamo does not act to keep its own
voltage constant, but does Ireep within very
narrow Ilmits the difference Detween its vol-
tage and that of the storage battery, and by
lkeeping the external resistance very small,
as is the resistance of a storage battery, this
voltage difference will produace a current
which will vary sufficiently with varying
speeds o keep said voltage difference within
practical limits. Thestorage battery acts as
a reservolr for this varying current and con-

verts into stored energy the excess over what 8o

s being used by the rest of the system. When
the supply of power falls too low to generato
the necessary voltage, the switeh C opens thoe
external eircuit, In which case the voltage of
the dynamo for all lower speeds varies with
the speed, as the regulating device is for the
time being inoperative.

1t will be scen that no depolarization or de-
magnetization of the field-coils of our dynamo
can possibly occur, for at the highest ealeu-
lated speed of the dynamo the coil 7 does no
more than completely neutralize the coil 0,
and its action cannot reduce the magnetism
of the field-magnetls at all, even if the speed
runs still higher than was designed for, be-
cause even 1f the curvent in the coil 7 over-
powers the .coil 6 and generates a magnetie
flux in the opposite direction this will not af-
fect the polarity of the field, but will tend to
draw the f{flux produced by the field-coils

through the shunt 4 by giving the same a pro-

nounced polarity. _

A shunt-cireuit 8 may be connected to the
terminals of the battery I3,which cireuit, by
virtue of the automatic regulation above de-
seribed,will have a practically constant dif-
ference of pofential atits terminals, and thus
a number of lamps may be kept Darning
steadily even while the dynamo is sendine a

o
variable current through the battery, as the
lamps will consume as much of the current
as they recuire, while the vest will e taken
up by the battery. In thesame mannerihis
shunt-circuitis of course capable of perform-
1ing other uscful worlk.

From the foregoing description it will be

scen that the method of operation of our in-
vention is briefly this: We design a dynamo
which at a given minimum speed shall cen-
erate a given voltage. o this voltage wo
opposc an Independont steady voltage of
nearly equal amount and automatically e e

tne difference between these two voltages
within relatively narvow limits Dy means of
a varying magnetic leakage around the ar-
mature of the dynamo, produced by impress-
ing this small varying dilference of voltage
on a circuit of low resistance. TItinally we
provide for the utilization of the eurrent thus
produced. Il our varviable source of power

15 liable to fall so low at times that it will
not generate a sullicient voltave, we then em-
ploy a switely whereby the working civeuit

may be broken when no useful effect is heing
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produced; b11t1f the source of powerisalways | ating by a dynamo electricity of practically

adequate to produce some useful result, as
in the case of water-power, then no switch O
need be used.

Our preferred form of switeh, being the one
showninthe Letters Patentto Negbaur above
referred to, operates to close the external cir-
cuit when the voltage generated by the dy-

namo just equals the counter electromotive

force of the storage battery, so that the cur-
rent sent through the external circuit starts
from zero and increases from that point as
the speed of the armature increases. 1f the
voltage of the dynamo falls below that of the
storage battery, then the switeh opens the
external eireult. |

The field-coils of our dynamo and the coil

G, being of high resistance, receive a current

which varies but little after the dynamo has
begun to generate its constant voltage, and
of course it would be an obvious modification
of our invention to supply these coils with a
current from some source external to the sys-
tem, such as a storage battery.

The voltage of thestorage battery of course

varies according to the extent to which it 1s
charged. Our system, however, is capable
of being operated by wind speeds as low as
six to eight miles per hour, which are shown
by statistics to be the most frequent in the
United States of all wind speeds and to occur
nearly every day of the year, so that we are
able to use a small battery and to charge it
at frequent intervals, and thus keep 1ts vol-

tage from varying to any great extent.
Lu as we
prior to our present 1nvention which would
oenerate a current at low wind speeds and

also regulate itself at high wind speeds with-

out dmwer to its woﬂun parts, and hence
the reg alation of these prior systems was de-
fective, because, in addition to other reasons,
the storage battery couldnot be charged often
enough to make the system practical, on ac-
count of the infrequency of the high wind
speeds.

While we have deswlbed our invention as
more particularly intended forthe transform-
ing of wind-power, we do not consider ocur-
selves to be limited to its use for this pur-
pose, as it may be made useful in connection
with any variable and sufficient source of
power and will successfully transtorm the
same whetherits variations be greator small,
regular or irregular, sudden or gradual, in-
termittent or continuous. When the source
of power is liable to variations which are sud-
den rather than gradual, we prefer to drive
ourdynamo bymeansof the mechanism shown
and described in Letters Patent No. 554,138,
oranted IFebruary 4, 1590.

By disconnecting the source of power and_

sending a current through our dynamo it may

be run as a motor, and will then tend to pre-

serve a constant speed regardless of the load.
We claim as our invention—

magnetic shunt around its armature

S0
are aware there has been no system -

eon&,’tant pressure from a source of variable
motion which consistsin opposing to the gen-
erated voltagean independent,steady voltage,
and automatically keeping the difference be-
tween the two voltages within narrow limits
by ltllpl"eSSIIlfT it on a circuit of low resistance

and causing the resulting current to vary the

70

/5

magnetic conduet.nuty of a magnetic shunt

around the armature of the dynamo, for the
purpose set forth,

2. In a system for generating electricity, a
dynamo adapted to be driven at varying
speeds and provided with means for keeping
its voltage practically constant, comprising a
::,md
means for varying the magnetic conductivity
of said shunt and thereby automatically reg-
ulating the magnetic flux through the arma-
ture, for the purpose set forth.

3. In a system for generating electricity, a

dynamo adapted to be driven at varying

speeds and provided with means for keeping
its voltage practically constant, said means
comprising amagnetic shunt around its arma-
ture, a high—resismnee coll on said shunt, and
a low-resistance coil on said shunt in series
with a low external resistance, said colls pro-
ducing opposite polarities, substantially as
described.

4, Inasystem forgencrating electricity, the
combination with a storage battery of a dy-
namo adapted to be driven at varying speeds,
said dynamo having a magnetic shunt around
its armature and means for varying the mag-

nefic conduetivity of said shunt and thereby
automatically regulating the magnetic flux

through the armature, for the purpose set
forth.

5. In a system for generating electricity, in
combinationwith a storage battery,adynamo
having a magnetic shunt around its arma-
ture, a high-resistance coil on said shunt
adapted 0 be fed with a practically constant
current, and a low-resistance coil on said
shunt connected in series with the external
circuit and producing an opposite polarity to
that of the first-mentioned coil, for the pur-
pose set forth.

6. Inasystem for generating electricity, in
combination, & dynamo adapted to be driven
at varying speeds, and having a magnetic
shunt around 1ts armature and means for va-
rying the magnetic conductivity of said shunt
and thereby automatically regulating the
magnetic flux through the armature, a stor-
age battery, and an automatic switeh ar-
ranned to close and open the external circuit,
%ubstantmlly as described.

7. Inasystemforgenerating electricity, the
combination with a storage battery of a dy-
namo adapted to be driven at varying speeds,
said dynamo having a magnetic shunt around
its armature, a high-resistance coil on said
shunt, and a low-resistance coil on said shunt
connected 1n series with the external eircuit

1. The herein-described method of gener- | and producing an opposite polarity to that of
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the first-mentioned coil, and an automatic

switeh arranged to close and open the oxter-
nal cireult, substantially as described.

o. In a system for utilizing variable power

5 torgenerating electricity at a practically con-

stant pressure, the combination with a stor- |

age battery of a dynamo the voltage of which
1sattomatically regulated as herein described
by means of an clectromagnetic shunt around
ro its armature, whereby the voltage of the stor-

age battery may be kept practically constant,
substantially as desceribed,
Intestimony whereof we have hereunto sub-
sertbed our names this 156h day of June, 18907.
WALTER T.. NEGDBATUR.
JOSKPIL J., FEELY.
Witnesses:
EVERETT D). CHADWICK,
HERMAN A, POPPENITUSEN.
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