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To all whom it may concerh:

Be it known that I, WiLLiAM H. POWELL,
a citizen of the United States, residing at Am-
pere, New Jersey, have invented a new and
usefal System of Motor Control, of ‘which the
following is aspemﬁeamon ‘

My 1nvent10n residesin controlling electric
motors, more especially those reqmred to
start from rest under full load—such, for ex-
ample, as elevatorand railway motors and au-
tomobile-motors.

It consists, further, in means for generat-

ing and maintaining during the starting pe-

riod an excessive strength of magnetic field
and gradually without sudden variations re-
ducing the strength of the field during the ac-
celemtlnn' perlod until full speed is attained.
It consists, further, in means for correlat-
ing different pmtlons of the field-winding in
such manner that as the speed of the motor

increases one portion of the winding becomes

less effective while another beeomes more
offective, complete compensation between the
effects of the several windings being approxi-
mated as closely as desired. |

It consists, further, in means for decreas-
ing the effect of one ﬁeld-windinﬂ' by shunt-
ing it with a gradually-decreasing resistance,
Whlle increasing the effect of another wind-
ing at a rate dependmﬂ' upon the rate of in-
crease of the counter electromotive force of
the armature as it increases in speed.

My invention comprises, further,

means

forthe variationin the connections of the sev-

eral field-windings, whereby after full speed
has been attained all the field-conductor re-
mains in service. =

The objectsof myinvention are to simplify
the number and arrangement of field connec-
tions beyond what has heretofore been the
practice, to reduce the amount of copper in
the field, to reduce the amount of space re-

quired for the field-windings, with a resultant

decreaseinsizeand weight of met&l in the mag-

‘netic circuits, to attam a smooth aceeleration

curve resulting from a uniform or gradual
variation of ﬁeld strength, to minimize the
starting current both to save cost of energy

| and to prevent an excessive dmp in pressure

of the supply-cireuit, and to insure minimum

flactuation in current during the period of
‘acceleration.

For a detailed description of my invention
reference is to be had to the accompanying
drawings, in which—

Figure 1 is a diagram of the circuit of the
motm and its associated controlling system.
Fig. 21is a snnphﬁed diagram of the condi-
131011 of the circuits during the first part of
the acceleration period. Flg 3 18 a simpli-
fied diagram of the condition of the circuits
during a later period in the acceleration.
Fig. Lis a simplified diagram of the condi-

tion of the circuits when full speed has been
| attained.

1and 2 are theservice-wires, which supply
current to the motor system throucfh the cut—
out 3.

4 4 represent fusible cut- outq in circuit be-
tween the cut-out 3 and the reversing-switeh,
which comprises bridging members 6, 7, and
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3, insulated from each other and mounted |

upon a shaft which is actuated through the
medium of sprocket wheel or pulley 5 from
the elevator-car or any other desired locality.
The shaftt earrymw the members 6, 7, and 8
has its bearings in members 27 and 28 The

member 27 is in electrical communication

with theservice-wire 2 and also with the mem-
ber S on the shaft of the reversing-switch,
The members 6,7, and 8 engage s prmcr-ﬁn-
gers mounted upon the base of the switch

and which are represented at A, BY, C,and D,
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and also fingers at the left of the ﬁﬂure,whleh -

arein eleetrlcal communication with the serv-
ice-wire 1. The fingers C and D are the ter-
minals for the armature-cirecuit, and upon the
two sides of the rotating barrel of shaft the
fingers C and D are dlfferently arranged .to
secure a reversal of the direction of currenb
through the motor-armature upon reversal of
the posﬂslon of the bridging members. The

fingers C and D connect, respectively, with
brushes 10 and 9 of the armatuare 23.

11 is a series of coarse-wire winding upon
| the field of the motor, and 12 is a shunt or
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fine-wire winding on the same field.
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. together through yoke 19.
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eircuit at the reversing-switch.

&
These

windings are so connected in circuit that at
all times their ampere-turns are cumulative.

B’ B* F A represent binding-posts, and
wherever occurring like posts are connected
together by eonduetor% of practically negli-
gible resistance.

At the juncture of coils 11 and 12isa blnd-
ing-post B, from which leads a conductor to
a second post,similar]y designated,and which
is connscted to a segment 13 in the antomatic
controller. From the finger B* on the switch
extends a conductor to blndmﬂ*-post B* upon
the automatic controller, and from posts A
and K upon the switch extend conductors to
posts A and F at the motor-windings and
likewise upon the automatic controller.

In the controller A and F connect to the
terminals of the solenoid-coils 25, which are
therefore in shunt across the line and whose
purpose is to draw in the cores 20, connected
- Extending verti-
cally over and above yoke 19 are two parallel
rods 18, guided through member 26, which is
rigid with the frame of the controller.
upward motion of the cores 20 is resisted by
springs 24, which serve also to restore the con-
troller to its initial position upon opening the
Tothe rods
18 18 connected the member 17, from which
extends the link 16, pivoted to the controller-
arm 15. - It is apparent, therefore, that upon
the energization of coils 25 the thrust in the

member 16 causes a rotation of thecontroller- |

trailer 15. In its rotary motion member 15

passes over the segments 21, forming the ter-

minals of the various ‘SECUOHS of reswtances
shown at 22, and it also remains in econtact

for a n‘teaber portion of its travel with the .

segment 13 aforementioned and eventually
rests at 1ts one end upon the dead contact 14.

The method of operation is as follows:
With the cut-out 3 clesed, as shown, the op-
erator rotates the reversing-switch into the

position shown in Fig. 1, so that the bridge- |

piece 6 puts finger A into communication with
service-wire 1. Member 7 bridges B*and D,
and member 8 puts finger C into communi-
cation with binding-post F or service-wire 2.
At this instant the arm 15 of the controller
begins to rotate, due to the energization of
coils 25. In so doing it maintains a connec-
tion between the common connection of coils
11 and 12 and the brush 9 of the motor. Its
rotary movement also gradually diminishes
the amount of resistance 22, and after fur-

ther progress one end of the trailer 15 rests

upon dead contact 14 and eventually all the
resistance 2218 out of circuit.

The operation of my system 1s more readily
understood from an inspection of Figs. 2, 3,
and 4. In Fig. 2 is represented the condi-

tion of the circuits with the controller in the
position shown in Fig. 1 and until it is about
to break contact between the members 15 and
With this state of affairs current is re-

13.
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ceived, for example, from binding-post I,
passes through the ‘armature 23 from brush
10 to 9, where it divides into parallel paths
through coarse field-winding 11 and the resist-
ance 22. The armature at this time 18 at rest,

- is therefore generating no counter electromo-

tive force, and the only difference of potential
existing between brushes 9 and 10 is that

due to the drop in pressure caused by the

current flowing through the resistance of the
armature. This, even with large cuarrents
flowing, is very slight, and therefore coil 12
has but a faint magnetizing effect. At this
time, however, coil 11 is carrying a large cur-
rent and is generating an excessive strength
in the magnetic field, which,along with a
large cuuent flowing in the armature pro-
duces an excessive 1;01 que sufficient to stmt
the load. The amount of current through

- coil 11 is dependent at any instant upon the

position of trailer 15 with respect to the con-

tacts 21. In other words, the effect of coil
11 in magnetizing the fields depends upon
the drop of potential in the resistance 22.
As trailer 15 rotates the amount of resistance
in parallel to coil 11 gradually diminishes,
with the effect of robbing said coil of more
and more current, which in consequence
causes a decrease in ampere-turns. Before
trailer 15 has progressed any considerable
distance over the contacts 21 the armature
has begun to rotate and has begun to gener-
ate a counter electromotive force, which re-
sults in a rise of potential across the termi-
nals of the coil 12, and in consequence said
coil increases in its effect in magnetizing the
field. Thus it is seen that as coil 11 dimin-
ishes in its effeet from its Initial maximum
coil 12 gradually increases in its effeet and
compensates or in practice partially compen-
sates for the loss in effect of coil 11, the re-
sult being a magnetic field whose strength
is dependent upon the sum of the ampere-
turns of coils 11 and 12, which sum, how-
ever, gradually diminishes. Coils 11 and 12
may, if desired, be so proportioned that a
complete compensation for the loss of effect
of coil 11 is obtained, or coil 12 may be so

| proportioned as to more than compensate for

the loss in effect of coil 11, in which case the
fileld would be strengthened and the speed
of the motor decreased. This process of in-
teraction between the two windings contin-
ues until trailer 15 leaves segment 13 of the
controller and is upon segment 14, when the
connection at B’ in Fig. 2 is broken and we
have the state of affairs shown in Fig. 3.
Here coil 11 is no longer in shunt to the re-
maining resistance 22, but has been thrown
into series with coil 12, and the difference of
potential at the terminals of the two wind-

‘1ngs together is now equal to full-line pres-
sure, and there remains in series with the ar-.

mature a portion of the resistance 22. A
slight further travel of the trailer 15 cuts out
the remaining portion of resistance 22, and
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the field-windings the full-line potential, and
we have the condition of the circuits repre-
sented in Fig. 4. With this state of the cir-
cuits the fmnature is rotating at full speed.
In practice this system may be applied to
the bipolar or multipolar types of motors, and
it is preferable that a portion of wmdmo' 11
and a portion of winding 12 be on each pole
of the machine. As an example 1t may be
stated that in a motor of a certain size at
starting the coil 11 furnished twelve thousand
ampere-turns and with the same load and at-
ter attaining full speed the ampere-turns of
coils 11 and 1‘7’ together amounted tosix thou-
sand eight hundred so that considering the
saturation of the eld at starting the initial
strength of field 1s manytlmes thas required
for full- speed running. |
It is to be noticed “that the diminution of
the effect of coil 11 is due not only to the de-
crease in resistance 22 in shunt with 1t, but
also to the counter electromotive force of the

armature after it has begun to move and

wl i
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which is in series with said coil 11 and resist-
ance 22 during the first pcnt of the starting

period.
To reverse the direction of rotation of the

motor, wheel 5 is simply rotated until the.

brldnmn‘ members 6, 7, and § bear a relation
to the upper eontact ﬁnﬂ'els that they are
shown to bear with the lowe1 ones in Fig. 1.

1t is to be understood that my mventlon is
in no way limited to the precise arrange-
ment of cirecuits or apparatus used, masmuch
as those skilled in the art may ﬂreatly vary
the same without departing from the spirit of
my invention.

This application is a division of my appli-
cation, Serial No. 95,873, filed Febmmy 27,
1902.

What I clalm is—
1. In a system of motor control, an arma-

ture, a field-magnet, a resistance in shuntto

a winding of sald neld magnet, means for di-
mlmshmﬂ' said resistance, and a second wind-

ing normalh connected dlreetly across the ar--
. mature.

2. In a system of motor control, an arma-

‘ture, a shunt-winding initially connected

across the terminals of sald armatuare, a wind-
ing initially in series with said armature, and
means for subsequently merging said wind-
ings into a single winding.

3. In a system of motor contr 01, an arma-
ture, a shunt-winding initially connected
across the terminals of Sdld armature, a wind-’
ing initialiy in series with said armature, and
a,utomatlc means for mergingsaid series and
shunt windings into a smﬂle wmdlnw

4, In a sy stem of motor control, an arma-

ture, a shunt-winding initially connected
across the terminals of sald armature, a se-
ries winding, and means for merging said
windings into a single shunt-winding.

there then exists across the armature 23 and Y ture, a shunt- winding initially connected

| across the terminals of sald armature, a se-
| ries winding cumulative with said shunt-
i winding, and means for merging fsfud wmd-
Ings mto a single winding.

6. In a system of motor control, an arma-
ture, a shunt- winding initially conneeted
across the terminals of smd armature, a se-
ries winding, a resistance initially in series
with said armature, and means for reducing
said resistance and merging said Wmdm%
into a single winding. |

7. The combmatlon of an armature, a se-
ries field-winding, a shunt field-winding ini-
tially connected “across the armature- ter'ml—
nals, a resistance in shunt to said series wind-
ing, means for reducing said resistance and
merging said windings 111130 a single winding.
8. The combmatlon of an armature &Wlﬂd
ing initially connected across the termmals
of S&ld armature, a winding 1n1tmlly in series

! with said armature, a resmta,nce in shunt to

| said series winding, and means for reducing
sald resistance and merging sald wmdmo‘%
into a single shunt—wmdmﬂ'.

9. The combmatwn of an armature,ashunt-
winding initially connected across the termi-
nals of Sald armature, a winding initially in
series with said armature, & resmtance in
shunt to said series windiog, and automatie
means for reducing said remsta,nce to zero and
merging said windings into a single winding.

10. The combination of an armature, a se-
ries field-winding, and shunt field-winding
initially connected across the terminals of
said armature, a resistance in shunt to said
series winding, means for reducing said re-
sistance, and means for connecting said se-
ries and shunt wmdmﬂs In series Wlth each
other.

11. The combination of an armature, a se-
ries winding, a shunt-winding, a resistance
normally in shunt to said field-winding and
automatic means forreducing said resistance
and connecting sald series and shunt wind-
ings in series Wlth each other. |

12 The combination of an armatum, a se-
ries field-winding, a shunt field-winding, an
automatic rheostat, the resistance ot sfud
rheostat in shunt tosaid series wmdmg, and
means for connecting said series and shunt
windings in series Wlth each other.

18. The combination with an armature, of
ashunt-winding initially connected acrossthe
. terminals of Sald armature, a winding of large

! mature, a resistance in shunt with said series
| Wlndmg, and means for reducing said resist-
| ance and merging said wmdmﬂs into a single
( winding.

14. The combination of an armature, a
| winding of relatively small cross-section ini-
tially conneeted across the terminals of said
armature, awinding of greater cross-section,
a resistance in shunt Wlth said winding of

5. In a system of motor control, an arma- i greater cross-section, and means for reducm_rr

| cross-section initially in series with said ar-
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said resistance and merging said windings |
into a single winding.

15. Thecombination of anarmature, a rela-
tively high-resistance winding initially coun-
nected across the terminals of said armature,
a winding of relatively low resistance ini-
tially in series with said armature, a resist-
ance initially in series with said armature,
and means for reducing said resistance and
merging said windings into a single shant-
winding. |

16. An automatic controller, which com-

prises a resistance, means for reducing said
resistance tozero, and a contactinitially com-
mon to a winding initially in shunt with a
motor-armature and a winding initially in se-
ries with a motor-armature, and means for

|
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subsequently interrupting communicationbe-
tween said contact and a terminal of the mo-

tor-armature.

17. An automatic controller, which com-
prises a sectional resistance, a traveling con-
tact-arm, a contact common to a series wind-
ing, ashunt-winding and a terminal of an ar-

“mature, normally engaged by said traveling

contact-arm, means for operating said arm
whereby said resistance is reduced  to zero
and contact broken between said traveling
arin and the aforeamentioned contact.

WILLIAM H. POWELL.

Witnesses:
H. C. POwELL,
J. FITZ-GERALD KANE.
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