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SPECIFICATION forming part of Lietters Patent No. 315,183, dated April 7, 1885,
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To all whom it may concern:

Be it known that I, FRANK J. SPRAGUE, of
New York, in the county and State of New
York, haveinvented a certain new and useful

5 Improvement in Electro-Dynamic Motors, of
which the following is a specification.

- In my application, Serial No. 129,892, of
which this application is a division, is set forth
an apparatus for automatically maintaining
the commutator-brushes of an electro-dynamic
motor at the points of least spark of the com-
mutator-cylinder. The present application re-
lates to the method of operation of such appa-
ratus.

I am aware that many different methods
have been proposed for shifting antomatically
the brushes of a dynamo-electric generator for
different purposes. No one of these, however,
1s adapted for use with an electro-dynamic mo-
tor. One proposed method is to keep the
brushes at such points as will give a constant
potential with a varying load, as in some in-
candescent electric-light circuits. This does
not keep them at the non-sparking points. An-
other is to differentiate the action of three or
more armature-colls to maintain a constant
current. = This doesnot prevent sparking. A
third proposes the use of one or more aceces-
sory-brushes and regulating apparatus in the
circuit between the accessory and the main
collecting brushes. Such apparatus would
equate the potentials at the main and the ac-
cessory brushes, and would not keep either at
the true non-sparking point. Another method

-makes the movement of the brushes depend
upon the armature-current to give a positive
lead in the direction of rotation. In this con-
nection I wish to point out the marked differ-
ence between the action of generators as ordi-
narily wound with continuous armature-wind-
ings of the Pacinotti or Alteneck systems and
moters similarly wound, and such as will be
used 1n practice.

Dynamos may be generally classed asseries
or shunt machines. In both, if the speed is
increased with a fixed external resistance, the
field and the electro-motive force are both in-
creased and the brushes must be given an in-
creased lead in the direction of rotation. In
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50 a machine for incandescent lighting, gener-
ally excited on the shunt system, a decrease of |

external resistance is attended with aninerease

of current and a Jead is given to the brushes

in the direction of rotation. All methods of
automatic regulation of brushes on this prin- 53
ciple with which I am acquainted depend for
the positive movement upon the currentin the.
armature,which is the total currentin the cir-
cult. Two distinet influences, however, deter-
mine the proper pnsition for the brushes, and
these Influences are differential. With any
given field the displacement is fairly propor-
tional to the current in the armature. With
a given armature-current and displacement,
it the strength of field is increased, the dis- 65
placement is diminished. Now, in a dvnamo
the variationsin the strength of the armature-
current and of the field are of the same char-
acter, both being inereased or both being di-
minished by the same causes, though not nee-
essarily in the same ratio.

In a motor designed to run at any given
speed with varying loads,and regulated inany
way by the field, the armature-current and
the strength of the field must vary inversely, 75
and whatever the lead given to the brushes,it
18 @ negative one. A further distinction be-
tween generators and motors is that in the
generator the direction of the current in the
field 1s opposed to that in the armature, in
the armature the current flowing toward what
18 ordinarily termed the ‘‘positive brush,”’
aad in the field away {from it,while, if the ma-
chine 18 used as a motor torun in the samedi-
rection, the direction of the currentin the field
may remain the same, while that in the arma- .
ture 1s reversed, which of course reverses the
polarity of the armature.

In the dynamo the field is properly a part
of the external cireunit, and after polarization go
there can be no reversal of a self-exeited dy-
namo,except by a reversal of the direction of
rotation and shifting of the field-terminals,
and such reversal of direction would reverse
the lead of the brushes and shift the non-
sparking point to the opposite side of the
middle position. | |

In a motor with shunt or series field the po-
larity of the terminals of the machine can be
reversed as rapidly.as desired without chang-
ing the direction of rotation or the lead of the
brushes. |
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If a dynamo with an electro-magnetic de-

- viece for shifting the brushes be used as a mo-
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tor to run in the same direction, the action of
the shifting device will cause the brushes to
spark badly, and the entire reversal of 1its ac-
tion would be necessary.

From the above it will be seen that no
method which has been used of shifting the
brushesof adynamoto the non-sparking point
can be employed for the same purpose with
an electro-dynamic motor

In motors designed to run at a definite con-
stant speed, and motors having fixed strength
of field, the brushes may be regulated by the
variations in armature-current alone, an elec-

tro-magnetic device being placed 1n the arma-

20

ture-circuit and connected with the brushes,so
that an increase of armature- current causes
the shifting of the brushes to increase their
negative 1ef1d but in a motor in which the
ﬁeld magnet Stl’ellﬂ‘bh is varied to change the
speed 16 is necessary to also cause this Varia-
tion of the field to affect the brushes, so that
an increase in field-strength acts oppositely to
an increased armature-current—rthat 1s, it di-
minishes the negative lead of the bmshes
for as the magnetic field i1s due both to the
armature and the field-magnet strength, a
variation in either of ‘rhese factors causes a
change of the non-sparking point and neces-
Slta,tes the shifting of the brushes. My meth-
od of regulation for the brushes consists then
n fmtonntmllv Increasing the negatwe lead

- of the brushes simultaneously with an increase
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1Ing mechanism applied to a motor.

of the armature current, and vice versa, and

decreasing automatically the negative lead
simultaneously with an inerease of field-mag-
net strength, and vice versa.

In pracmce, for motors in which the field is
varied, I prefer to employ as a brush-ghifter
an eleetm magnetie device in which armature
and field-magnet currents oppose each other,
so that an increased armature-current and a
decreased. field-current have the same effect
on the brushes.

I have devised several diﬁerent ways of car-
rying my invention into eifect. These are
illustrated in the accompanying drawings, in
which—

Ifigure 1 represents one form of brush-shift-
ifigs. 2
to 8 represent other forms, only the commu-
tators of the motors being shown.

The motor shown 1n I‘]ﬂ 1 1s such as is set
forth in the application of which this is a di-
vision. The arrows on the circuit-lines show
direction of current.

A is the armature. The commutator B is
shown detached from the armature for con-
venience of illustration. The field-magnet
has main coils C C wound in sections con-
nected together. Connections from these sec-
tions are brought on one side to blocks of a
commutator, D, and on the other side to a
commutator, D', and the two commutators are
connected together in the manner shown.

315,183

| withthe armature-terminals, and the armature

18 thus shunted upon a number of the main
field-coils, which number is variable by mov-
1ng said arms. The armature-shunt includes
also the field-coils I, which oppose the main
field-coils and form the differential or govern-
ing coil. A motor with such a coil is a self-
regulating constant speed-motor when wound
in the proper proportions; but the motor
shown 1s provided with other field-regulating
means. ‘These are theindependent field-coils
F F, whose terminals are connected with the
arms b b upon the commutator 1, so that
these independent coils are, like the arma-
ture, shunted upon a variable number of the
m"illl field-coll sections. By thus variably
shunting these coils their magnetizing effect
1s 1ncreased or diminished, and the field-
strength is thus regulated; or by reversing
the terminals on the commutator the magnet-
1zing ecffect of these coils is reversed, so that
they oppose the main field-coils. I have
shown also means for varying the magnetiz-
ing effect of the differential coils Ii, consisting
of connections from sald coils to blocks of a
commutator, ¢, and extra coils I, connected
with arms & I on said commutator. The ef-
fect of the extra coils I can thus be varied
or reversed. All these features of field-regn-
lation are fully set forth in the application
referred to, and they form no part of the in-
vention claimed in the present application.

The brush-regulator shown in Iig.
be presently described.

Fig. 2 represents a form of brush-regulator
for use with a motor, such as illustrated 1n
Fig. 1, in which brushes ¢ ¢ are carried by a
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pw()ted arm, H. A semicircular arm, I, of 103

magnetic metal is connected with both en ds of
arm H, and forms the movable core of two
hollow eleetro-nmgnets or solenoids, J and J’.
The coils of magnet or solenoid, J are in the
armature-circuit 1 2 of the motor, and the

magnet J” has two sets of coils—one set in the
cirenit 8 4 of the independent variable field-
colls, the other set in the ecircuit 5 6 of the
main field-coils. If the armature-current in-
creases,the magnet J movesthe brushesagainst
the influence of. both coils of magnet J’, so as
to increase, the negative lead of the brushes.
If the field-strength is increased, by increas-
ing the current in the independent field-c¢oil
circuit 3 4, the coil of magnet J' in that circuit
moves the brushes in the opposite direction
so as to decreasethelr negative lead; or, if the
current in the independent coilis decreased,
the magnet J’ permits the brushesto increase
their negative lead, and if the current of the
independent coils 1s finally reversed and the
current then strengthened in these coils, the
main field-coil circult acts upon the brushes
to still maintain the negative lead.

In a motor in which the independent vari-
able field-coil 1s not used as a means of regula-
tion, but which has a simple field-circuit pro-
vided with an adjustableresistanceor othercur-

Arms ¢ ¢ on commutator D are connected | rent-regulating device, the brush adjustment
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spring, S, acts on the other.
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is performed by the armature-currentand this ¥ pivot of the brush-ar ‘m I of the regulated mo-

main field-currentonly. Such an arrangement
is shown in Fig. 3. The brush-arm H has a
spring, o, at one end, and to its other end is
connected the movable core of a hollow elec-
tro-magnet- or solenoid, K, having two op-
posing sets of coils, one set in the armature,
the other in the field-circuit. An increased

armature-current or a decreased field-current

act similarly upon thebrushes.and the spring
opposes both. From this 1t will be evident
that my method of brush adjustment is ap-
plicable to all electro-dynamie motors; but 1t
is to be understood thatitis not necessa.rily for
an Increase in field - current, but for an in-
crease 1n field-magnet strength that the nega-
tive lead of the brushes 18 diminished. An
extended portion of the field-magnet might
be used in some cases to oppose the electro-
magnetism established by the armature-cur-
rent.

Fig. 4 shows a single magnet or solenoid, K
CODthllIllﬂ‘ thecurved core I which ends at a
the part 1’ being of non- mfwnetlc material.
The solenoid has three sets of coils. Coil 1 2
is in the armature-circuit. 3 41s in the inde-
pendent field-circuit, and 5 6 18 in the main

changed as its terminals are changed to regu-
late the field, and 1t opposes either the arma-
ture or the main field current, as the case
may be.

Fig. b 1s an arrangement similar in princi-
ple. The dlfferentnl magnet or solenoid I<, in
whiech coils 12 and 5 6 oppose each other, acts on
one end of the brush-holding arm, while a
The 1ndepend-
field-coil 3 4 opposes either the coil 12 or5 6,
and moves the brushesin one direction or the
other.

In Fig. 6 ad] ustable springs T''T tend to hold
the blush -arm centrally. The coil 1 2 in the
armature-circuil acts on one end of the arm,
while coil 3 4 in the main field-circuit op-
poses it at the other end. Coil 5 6 of the in-
dependent field-circuit ineludes both magnets,
and acts in one way or the other, according to
the position of its terminals. This device
would be operative to a certainextent without
the springs T' 'L

In Fig. 7,U 18 &SECUOD&UV wound solenoid,

‘the pOSlthl] of whose core is determined by

the sections 1n circult, and said core is at-
tached to one end of the brush-arm H. The
solenoid 1s energized, preferably, by a cireuit,
7 8, separate irom the motor-circuit. V isan-
other magnet or solenoid having a movable
core which carries contacts 910. The magnet
V is energized by opposing armature and fieid
carrents, and as 1ts core moves up or down 1t
places different sections of solenoid U in ¢ir-
cuit, and so changes the position of the
brushes.

In Fig. 8, W is the armature of a small elec-
tro-dynamiec motor. Uponitsshattisa worm,

X, meshing with a WOrm- -wheel, X', upon the

The influence of coil 8 4 is

tor. An insulating-block, W/, ¢ m‘rying con-
tacts p p, 18 80 placed as 0 be moved up or
down by the worm X. The movable core of 7o
magnet V carries contacts o oo. Magnet V 18
mmcluded differentially in the armature and
field cireunits. When its core is pulled down,
circuit is closed to armature W in such a di-
rection as to move the worm so as to give the 75
proper lead to the brushes, and to move block
W’ 80 as to again break the motor-circnit. If
niore movement 1s necessary, the current will

01 course cause the contacts o to follow con-
tacts p down and maintain the circuitthe prop- 8o
er length of time. The upward movement of
the core closes circult to motor W 1n the op-
posite direction, causing an opposite move-
ment of all the parts.

The brush-shifting apparatus shown in Fig.
1 operates equally well, no matter in which di-
rection the current i1s sent through the motor.

The centrally-pivoted arm H carries the
commutator-brushes ¢ ¢, which be'w on the
commutator B.

Upon the arm H 1s a polarized armature,
Y, situated between two carved pole-magnets,
Zi 7/, the coils of both of which are in the ar-
mature-cireuit.

YWhen the armature-currentis in one direc-
tion, armature Y moves toward Z, and when
in the other direction toward Z'. Amn arm, 7,
extends below the armature Y, and carries the
core s, upon which are wound the coils ¢ and
' 1ncluded, oneset in cireuit of the main or see- 100
tional field-coils B, the other in the cirecuit of
the independent varibly-shunted field-coils D.
These field-circuit coils ¢ ¢ tend to hold the
polarized armature Y centrally, but armature-
circuit coils Z and Z" tend to move it in one
direction or the other. The coil £ will be omit-
ted 1n & motor having a simple field-circuit
provided with a current-regulating device,
and then the position of the brushes depends
upon variations in the main field-strength and
in the armature - current. If the field 1s
strengthened, the coil in the main field-cirecuit
acts to diminish the negative lead of the
brushes for the increased counter electro-mo-
tive force and decreased speed occasioned by
the strengthening of thefield, and a diminution
of the arnmtme Cllllenb has a like effect upon
the brushes, for the coil ¢’ opposes either the
coil Z or 7. Theinfluence of coil £ in the in-
dependent field-coil eirenit is changed as its 120
terminals are changed to regulate the field,
and 1t opposes the influence either of the ar-
mature or the main field current, as the case
may be.

I'his apparatus acts the same, no matter in 1235
which direction the current i1s sent through
the motor, the lead given to the brushes being
1n the right direction, in whichever direction
the current may be.

I do not claim herein the method, per se, of 130
regulating the brushes of electro-dynamic mo-
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ttors by automatically decreasing their nega-
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tive lead simultaneously with an increase of

fleld-magnetism: but I reserve this feature to
be claimed in another application.

What I claim i1s—

1. The method herein described of maintain-
ing the commutator-brushes of an electro-dy-
namic¢ motor at the points of least spark, which
consists in automatically iner easing the nega-

~tive lead of the brushes snnult’meously with

{O

an increase in the armature-curr ent, and the

reverse.

2. The method herein described of maintain-
ing the commutator-brushes of an electro-dy-
namic motor at the points of least spark, which

consists in varying the negative lead of the 15

brushes by the differential action of the arma-
ture and field currents, an increase iu the said
armature-current causing an increase of the
negative lead, and an increase in the field-cur-
rent causing a decrease in the negative lead,
(or the reverse,) substantially as set forth.

T'his specification signed and witnessed thls
Sth day of January, 1885.

FRANK J. SPRAGUL.

Witnesses:
T. G. GREENE, Jr.,
i, C. ROWLAND.
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