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- To all whom it el CONCETL:

Be it known that I, WiLLIAM H. POWELL
a citizen of the Unlted States, residing at Erle,
in the State of Pennsylvania, have ,invented
a new and usefnl System of Motor Control, of
which the following is a specification.-

My invention resides in a method of con-
trolling electric motors, more especially those
requlred to start from resb under full load—
such, for example, as elevator, 1allw¢w, and
antomoblle motors.

It consists, further, in generatlnﬂ'and main-
taining dnrmn' the starting period an exces-
sive strength of magnetic ﬁeld and gradually,
without qndden variations, reduelnn' the

strength of the field during the accelerntion

period until full speed is attained.

It consists, further, in correlating different
portions of the field-winding in such manner
that as the speed of the motor increases one
portion of the winding becomes less effect-
ive, while aunother beeomes more effective,
complete compensation between the effects of
the several windings being npplommated as
closely as desired.

It consists, further, indecreasing the effect,
of one ﬁeld-wmdmg by shunting it with a
gradually - decreasing reelsta.nce, while 1n-
creasing the effect of another winding at a

rate dependinﬂ' upon the rate of increase of

the counter electromotive forece of the arma-
ture as it increases 1n speed

My invention comprises, further, the vari-
ation in the connections of the several field-
windings, whereby after full speed has been
atbamed all the field-conductors lemam in
service. |

The objects of my invention are to simplify
the number and arrangement of field connec-
tions beyond what hdS heretofore been the
practice, to reduce the amount of copper on
the field, to reduce the amount of space re-

quired for the field-windings, with a resultant |

decrease in sizes and weight of metal 1n the
magnetic cireuits, to attain a smooth accel-
eration - curve resulting from a uniform or
eradual variation of field strength, to mini-

mize the starting-current both to save cost

of energy and to prevent an excessive dropin

pressure of the supply-circuit, and to insure |

‘minimum fluetuation in cmrent durlng the

pe riod of acceleration.
Ior a detailed deseription of my 1nvent10n

reference is to be had to the aeeompnnymn‘ |

drawings, in which—

Figure 1 is a diagram of the circuits of the
motor and 1ts assoclnted controlling system:.
Fig. 2 is a simplified diagram of the condition
of the cireuits during the first part of the ac-

celeration period. Fig. 3 is a simplified dia-

ogram of the condition of the circuits doring a
later period in the acceleration.
simplified diagram of the condition of the cir-
cuits when full speed has been attained.

1 and 2 are the service-wires, which supply
current to the motor system Lhrmwh the cut-
out 3.

4 4 represent fusible cut-outs in cireuit be-
tween the cut-out 3 and the reversing-switch,
which comprises bridging members 6 7, and
8, insulated from each ot,her and mounted
upen a shaft which is actuated through the
medium of sproeket wheel or pulley 5 from
the elevator-car or any other desired locality.

The shaft carrying the members 6, 7, and 8
The

has its bearings in members 27 and 28
member 27 is in electrical communication
with theservice-wire 2 and also with the mem-
ber 8 on the shaft of the reversing-switch.

The members 6, 7, and 8 engage spring-fingers
mounted upon the base of the switeh and
which are represented at A, BY C, and D
and also fingers at the left of the ﬁgure which
are in electriea,l communication with the ser-
vice-wire 1. The fingers Cand D are the ter-
minals forthe ELI‘II].:EI.LHI@ circenit, and upon the
two sides of the rotating barrel or shaft the
fingers C and D are dlfferently arranged to
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secure a reversal of the direction of cnrrenb o

through the motor-armature upon reversal of
the position of the bridging members. The
fingers C and D LOHIIBCU respeetwely, mth
brushes 10 and 9 of the armature 23. -

11 represents a series or coarse-wire Wlnd-

ing upon the field of the motor, and 12 is a
shunt or fine-wire winding on the same field:

Qo

05

These windings are so conneeted in circuit

that at all times their ampere-turns are cumu-
lative.

B B"' F A 1eplesent binding - posts ancl'
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wherever occurring like posts are connected
together by conductors of practically negli-
ogible resistance. At the junction of coils 11

and 12 is a binding-post B', from which leads

a conductor to a second post similarly desig-
nated and which is connected to a segment 13
in the automatic controller. From the finger
B*on theswitch extends a conductor to bind-
ing-post B* upon the automatic controller,
and from posts A and F upon the switch ex-

~tend conductors to posts A and I at the mo-
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tor-windingsand likewise upon the automatic
controller. In the controller A and F con-
nect to the terminals of the solenoid-coils
25, which are therefore in shunt across the
line and whose purposeis todraw in the cores
20, connected together through yoke 19. Hx-
tending vertically over and above yoke 19 are
two parallel rods 18, guided through member
26, which is rigid with the frame of the con-
troller. The upward motion of the cores 20
is resisted by springs 24, which serve also to
restore the controller to its initial position
upon opening the circuit at the reversing-
switech. Totherods18isconnected the mems-
ber 17, from which extends the link 16, pivot-
ed to the controller-arm 15. It is apparent,
therefore, that upon the energization of. coils
25 the thrust in the member 16 causes a rota-
tion of the controller-trailer 15. Inits rotary
motion member 15 passes over the segments
21 forming the terminals of the various sec-
tions of resistances shown at 22, and 1t also re-
mains in contact for a greater portion of 1ts
travel with the segment 13 aforementioned
and eventually rests at its one end upon the
dead contact 14. The method of operation is
as follows: Withthecut-out 3 closed,asshown,
the operator rotates the reversing-switeh into
the position shown in Fig. 1, so that bridge-
piece 6 puts finger A into communication
with service-wire 1. Member 7 bridges fin-
ger B* and D and member 3 puts finger C
into communication with binding-post F or
service-wire 2, At this instant the arm 15 of
the controller begins to rotate, due to the en-
ergization of coils 25. In so doing it main-

tains a connection between the common con- |

nection of coils 11 and 12 and the brush 9 of
the motor. 1Its rotary movement also gradu-
ally diminishes the amount of resistance 22,

and after further progress one end of the'

trailer 15 rests upon dead contact 14, and
eventually all the resistance 22 1is out of cIr-
cuit.

' The operation of my system is more readily
understood from an inspection of Figs. 2, 3,

and 4. In Fig. 2is represented the condition
of the circuits with the controller in the po-
sition shown in Fig. 1 and until it isabout to
break contact l)eatween themembersldand 1s.

With this state of affairs current is received,

for example, from binding-post b, passes
through the armatare 23 fmm brash 10 to
9, where it divides into parallel paths through
coarse field-winding 11 and the resistance 22.
The armature at this time is at rest, 18 there-
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fore generating no counter electromotive
force, and the only difference of potential ex-
isting between brushes 9 and 10 is that due
to the drop in pressure caused by the current
flowing through the resistance of the arma-
ture. This, even with large currents flowing,
is very slight, and therefore coil 12 has but a
faint magnetizing effect. At this time, how-
ever, coil 11 is carrying a large current and
is generating an excessive strength in the
magnetic fisld, which, along with a large cur-
rent flowing in the armature, produces an ex-
cessive torque, sufficient to start the load. .
The amount of eurrent through coil 11 is de-
pendent at any instant upon the position of
trailer 15 with respect to the contacts 21. In
other words, the effect of coil 11 in magnetiz-
ing the fields depends upon the drop of po-
tential in the resistance 22. As trailer 15 ro-
tates the amount of resistance in parallel
to coil 11 gradually diminishes, with the ef-
fect of robbing said coil of more and more
current, which in econsequence causes a de- ¢
crease in its ampere-turns. Before trailer
15 has progressed any considerable distance
over the contaects 21 the armature has begun
to rotate and hasbegun to generate a counter
electromotive force which resultsin a rise of
potential across the terminals of the coil 12,
and in consequence said coil increases in 1ts
effect in magnetizing the field. Thus 1t 18
seen that as coil 11 diminishes in its effect
from its initial maximum coil 12 gradunally
increases in 1ts effect and compensates or in
practice partially compensates for the lossin
effect of coil 11, the result being a magnetic
field whose strength is dependent upon the
sum of the ampere-turns of coils 11 and 12,
which sum, however, gradually diminishes.
Coils 11 and 12 may, if desired, be so propor-
tioned 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 com-
pensate for the loss in effect of coil 11, in
which case the field would be strengthened
and the speed of the motor decreased. This
process of interaction between the two wind-
ings continues until trailer 15 leaves segment
13 of the controller and is upon seﬂ'ment 14,
when the connection at 3" in Fig. 2 is broken
and we have the state of affa,lrs shown in
Fig. 3. Here coil 11 is no longer in shunt to
the remaining resistance 22, but nas been
thrown into series with coil 12 and the differ-
ence of potential at the termmals of the two
windings together is now equal to full-line
pressure and there remains in series with the
armature a portion of the resistance 22. A

‘slight further travel of the trailer 15 cuats out

the remaining portion of resistance 22 and
there then exists across the armature 23 and
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 armature is rotating at full speed.
In practice this system may be applied to

| the bipolar or m ulblpolar types of motors, and
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and a portion of winding 12 be on each pole

required for full- speed ranning

“the armature; generating an initial field of

728,975 - o8

it is preferable that a portlon of winding 11 I tive windings -of which a portion is decreas-

stated that, in a motor of a certain size, at | finally merging said windings 1nto a smgle
starting the coil 11 furnished twelve thou- | winding.

sand a,mpere-turns and with the same load 5. The method of accelerating a motor,

and after attaining full speed the ampere- | which consists in passing a current throucrh
turns of coils 11 and 12 together amounted t0'| the armature; generating an initial field “of

six thousand eight hundred, so that consid- | excessive strength; and gradually reducing

ering the sabura,tlon of the ﬁeld at starting
the initial str ength of field is many times that

res1stance in shunt to a field-winding and by
the increase in the counter e]eetromotwe

It is to be noticed that the “diminution of l force of the armature.
the effect of ecoil 11 is due not only to the de- ! 6. The method of control, which consists in

crease in resistance 22 in shunt with it, but | generating a magnetic ﬁeld passing current
also to the counter electromotive force of the
armature after it has begun. to move and | Ing force by the increase of eounter eleetro-
which is in series with smd coil 11 and resist- motwe force of the armature, and increasing
ance 22 during the first part of the startmﬂ' another magnetizing force.
period. y 7. The method of eontrm which consists in
To reverse the direction of rotatlon of the | generating a magnetic ﬁeld passmg current
motor, wheel 5 is simply rotated until the throuﬂ'h an armdture, reducing a magnetiz-
brldﬂ'lnn* members 6, 7, and 8 bear a relation | ing force and increasing a maﬂ'nemzmw force
to the upper contact - finger that they are by the increasing counter electromotwe force

shown to bear with the lower ones in Kig. 1. | of the armature.
It is to be understood that my mvenmon 18 8, The method of control, which conﬁusts in

ing in its offect at certain rates while another
of the machine. As an example it may be | is increasing in its effect at lower rates; and

the strength of said ﬁeld both by reducing the |
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throucrh an armatme, reducmn‘ a magnetiz-

Qo

in no way limited by the precise arrangement | generating a magnetic ﬁeld passing current

of circuits or apparatus used, inasmuch as bhroun‘h an armature mducmﬂ‘ a magnetizing
those skilled in the art may greatly vary the | force bV the increasing counter electromotwe
same without departing from the spirit of my | force of the armature, and increasing a mag-
invention. netizing force by the increasing eounter elec-

Inmy application iled July 11, 1902, Serial | tromotive force of the armature

No. 115,119, is claimed the appamtus for put- 9. The method of control, which consists in

ting mto praetlce the her eln-deserlbed sys- | generating a magnetic ﬁeld passing current
tem of motor control. - '13]11‘01.1 ghan armature, reducing a magnetizing
What I claim 1s— force by the increasing eounter electromotwe
1. The method of accelerating a motor, | force of the armature, “and gradually increas-
which consists in passing & current throucrh ing a magnetizing force by the Increasing
the armature; generating an initial field of counter electromotive force of the armature.
excessive strenﬂ'th, gradually reducing the 10. The method of control,which consistsin
strength of said field by reducing the I‘ESISB- generating a magnetic ﬁeld passing current
ance in shunt to a field-winding and gradu- throuﬂ'h an armature reducmﬂ'a magnetizing
ally redueing the loss in effect of said wmdmtr force by proa'resswely robbmu' a winding of
by an increase in effect of another wmdmg current, and increasing a mafrnemzmﬂ' force.
2. The method of accelerating a motor, l 11. The method of control WhICh consmtsm
which consists in passing a current through | generating a magnetic field, passing current
I through an armabure, reducmcr a magnetizing
excessive strength; gradually reducing the | force by prorrresswel} shuntmn‘ a wmdm
strength of smd ﬂeld by reducing the resist- % and increasing another maﬂnetlmnﬁ' force._

ance in shunt to a field- Wllldlnﬂ' and par-
tially compensating for the loss in effect of

said winding by an increase 1n effeeb in an-
other wmdmﬂ' force by pr{:}ﬂ'resswelv shunting a winding,

3. The method of accelerating a motor, | and increasing another magnetlzmﬂ' force b“
which consists in passing current thmugh the increasing counter eleetromotwe foree of
the armature; generating an initial field of | the armature -
excessive stren frth and reduemrr thestrength 13. The method of eontm] which consists in
of said field by the resaltant effe(,ts of cumu- | generating a magnetic ﬁeld passing current
lative windings of which a portion is decreas- | throuﬂ'h an armature, 1‘@(5111(3111«:r amagnetizing
ing in its effect while anotheris 1ncreasmg in | force both by robbmﬂ' a wmdmfr of current

its eﬂ:‘ect

| generating a magnetic field, passing a current
through an armature, reducing a magnetizing

A ==

4. The method of ftccele1*ati11w s, motor, | motive force of the armature, and mcreasmﬂ'

which consists in passing current thro Uﬂ'h | a magnetizing force.

the armature; g generating an initial field Ofi 14. The method of control, which consists i in
excessive str encrth reducmﬂ* the strength of | generating a magnetic ﬁeld passing ecurrent
said field by the resultant eifeets of cumula— i throuﬂ'h an armature, reduclnﬂ' a magnetizing

12. The method of control which eonsists in

and by the increase of the eounter electro-
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force both by robbing a winding of current
and by the increase of the counter electromo-

tive force of the armature, and 1ncreasing a

magnetizing force by the inecrease of the
counter electromotive force of the armature.

15, Themethod of control, which consistsin
generating a magnetic field, passing current
throughan armature, reducing a magnetizing
force both by robbing a winding of current
and by the inerease of the counter electro-
motive force of the armature and n'mduall y
increasing a magnetizing force.

16. The methed of contro] which consistsin
generating a magnetic ﬁeld, passing current
throughan armature, reducing a magnetizing
force both by robbmﬂ' a winding of current
and the increase of the counter electromotive
force of the armature, and increasing a mag-
netizing force by the increase of the counter
electromotive force of the armature.

17. The method of control which consistsin
generating a magnetic field, passing a cur-

rent throungh an armature, and varying the |

strength of said field by robbing a winding of
current, simultaneouslysubjecting a winding
to the potential difference existing across the
terminals of said armature, increasing the
potential at the terminals of sald armatare,
merging said windings into a single winding,
and subjecting said winding to the full po-
tential of the supply-cirecuit.

18. The method of control which consists in
passing current through an armature, gener-
ating a magnetic field, cha,n ging the strength
of emd field by dlmmlshlnﬂ' a maﬂnetlvlnfr
force and simultaneously increasing a mag-
netizing force by subjecting a winding te the
increasing potential difference at the termi-
nals of S&ld armature. :

19. The method of control which consists in
passing current through an armature, dimin-
ishing a magnetizing force by robbing a wind-
ing of current, increasing a magnetizing force
by the increasing counter electromotive force
of said armature, merging said magnetizing
forces into a single force, and increasing the
potential across the armature-terminals.

20. The method of control which consisis in
passing current through an armature, gener-
ating a magnetic field, decreasing thestrength
of said field by diminishing a magnetizing
force and simultaneously increasing a mag-
netizing force by subjecting a Wmdmﬂ' to Lhe
increasing potential difference at the termi-
nals of said armature.

2i. The method of control which consists in
passing current through an armature, dimin-
ishing a magnetizing force partially compen-
satmg the decrease in sald mawnetlzmg forece
by increasing another magnetizing force, and
merging said magnetizing forces 1111;0 a single
magnetlzmo' force. -

22. The method of control which consistisin

passing current through an armature, dimin-

ishing a magnetizing force partially compen-
sating the decrease in said magnetizing force

2
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by increasing another magnetizing force, due
to the counter electromotive force of said ar-
mature, and merging said magnetizing forces
into a single magnetizing force.

23. The method of control which consistsin
passing current through an armature, gen-

| erating a magnetic field, and varying the

strength of said field by the partial compen-
sation for a dlmlmshmg magnetizing force

| by an increasing magnetizing for'ee

24. The met,hod of control which consists in
passing current through an armature, gen-
erating a magnetic field, and diminishing the
strength of said field by dimirishing a mag-
netizing forece and partially compensating for

o

sald diminishing force by an in¢reasing mag- .

netizing force.

25. The method of control which consistsin
passing current through an armature and a
resistance, eneretmgaman‘net-c field,chang-
ing the strenfrt,h of said field by dlmmlshmg
a magnetizing force by robhmﬂ' a winding of
current by means of said registance, and by
increasing a magnetizing force to partially
compensate for said diminishing magnetizing
force.

26. The method of control which consistsin
passing current through an armature and re-
sistance, progressively diminishing said re-
sistance, generating a magnetic field, chang-
ing the strength of said field by diminishing
a magnetizing forece in proportion to the di-

| mmlshm petentlal difference across said re-

sistance, pertlally compensatincg for said di-
minishing magnetizing forces, by an increas-
ing magnetizing force, merging said magnet-
izing forces into a single magunetizing force,
and reducing said resistance tc zero.

27. Themethod of control which consistsin
passing current through an armature, gen-
erating a magneticfield,changingthe strength
of said field by decreasing a magnetizing force
and partially compensating said decreasing
force by increasing a magnetic force by the
increasing counter eleetrometwe force of the
armatuare.

28. The method of starting a load from rest
which consists in generating a magnetic field,
passing current through an armature, de-
creasing the strength of said fieid, during the
starting period by varying the effect of cumu-
lative magnetizing forces, merging said mag-
netizing forces into a single force, and grad-
ually increasing the potential difference at
the armature-terminals.

29. The method of control which consists in
passing current through an armature, gen-
erating a magnetic field of diminishing
strength by smoothly - varying cumulative
magnetizing forces, and merging said mag-
netizing forces into one of constant value.

L

L

30. The method of control which consistsin

passing current through an armature gen-
erating a magnetic ﬁeld of dlmmlshlnﬂ'
Stlellﬂ't:h by emoothly varying cumulatwe
magnetizing forces, merging sald magnetiz-
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ing forces into one of constant value, and in-
creasing the potential at the armature-termi-
nals. * |

31l. The method of control which consistsin
passing current throungh an armature, gen-
erating a magnetic field of diminishing
strength by smoothly - varying cumulative
magnetizing forees, and increasing the po-
tential at the armature-terminals.

32. The method of control which consistsin
passing current through an armature, gen-
erating a magnetic field, and smoothly vary-
ing the strength of said field by gradually di-
minishing a magnetizing force by partially
compensalmw for said dlmmlshmﬂ' force by
an increasing magnetizing force.

g0. The method of eontml which consistsin
passing current through an armature, gen-
erating a magnetic field, and smoothly vary-

ing the stlenn‘th of said field by gradually di-

minishing a magnetizing force, and by par-
tially compensating forsaid diminishing forece
by an increasing magnetizing force due to the
counter electromotive force of the armature.

34. The method of starting a motor from

rest under load, which consists in generating

a magnetic eld of excessive strenrrth pass-
ing a current through said armature, dlmm-
ishing the strength of sald field, by diminish-
ing a magnetizing force and partially com-
pensatmﬂ' Sald le]lHlShlI]fi” force by increas-
ing a magnetizing force. _

35 The method of starting a motor from
rest nnder load, which consists in generating
a magnetic field of excessive strength, pass-
Ing a current through said armature, dimin-

ishing the strength of said field by diminish-
1ng a magnetizing forece and partially com-

pensating said diminishing forece by increas-
ing a magnetizing force due to the counter
electromotive force of the armature.

36. The method of control which consistsin
passing current through an armatuare and a
series field - winding, reducing the effect of
sald winding by diminishing a resistance in
shunt therewith, and simultaneously sub-
jecting a winding to the potential difference
at the terminals of sald armature.

37.

series field-winding, reducing the effect of
sald winding by diminishing a resistance in
shunt therewith, and simultaneously sub-
jecting a winding to the potential difference
at the terminals of said armature, and merg-
ing sald windings into a single winding.

38. The method of control which consistsin
passing current through an armature and
through a series winding and resistance par-
alle]l with each other, diminishing said resist-
ance, and simultaneously subjecting ancther
winding to the increasing potential differ-
ence at the terminals of S&ld armature.

39. The method of control which consists in |

sald windings into a single Wmdm

The method of control which consistsin
passing current through an armature and a

passing current thro un'h an armature and
through a series Wmdlnﬂ' and resistance in
parallel with each other, dlmmlshmfr sald re-
sistance, and simulta,neously subjectino' an-
other winding to the increasing potential dif-
ference at the terminals of sald armatuare, and
merging sald windings into a single winding.

5
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40. The method of control which eonsistsin

passing current through an armature and
throughaseries windingandresistancein par-
alllel with each other, diminishing said re-

sistance and simultaneously subjecting an-

other winding to the potential difference at
the termlnals of said armature, and merging
and sub-
jecting said resulting sin gle wmdmﬂ' to the po-

tential difference of the supply-eircuit.
- 41. The method of control which consists in

passing current through an armature, and a

series field-winding, subjecting a shunt-wind-
ing to the potential difference at the arma-
tu re-terminals,and finally throwing said Wmd-
ings into series with each other. 7

42, Themethod of control which consists in
passing current through an armature and a
series field-winding, subjecting ashunt-wind-
ing to the potential difference at the arma-

ture-terminals, throwing said windings into

series with each other, and subjecting said re-
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sulting winding to the potential difference of |

the supply-cireuit.

43. The method of control which consistsin
passing current through an armature and
through aseries winding and resistance in par-
allel relatmn with each other, and subJeetmﬂ*
another winding to the potentlal difference at
the armature- termmals |

- 44, The method of control which conmsts in

95
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passlnc" current through an armature and

through a resistance, and simultaneotsly in-

j ereasing a magnetizing force due to the coun-

ter electromotive force of said armature.
45, Themethod of control which consists in

105

passing current through an armature and

throucfh a series field- Wmdmg and resistance
in parallel with each other, reducing said re-
sistance and simult&neously subjecting an-

terminals of said armature. .
46. The method of control which consistsin
passing current through an armature and

through a series field-winding and resistance

in parallel relation with each other, subject-

ing a shunt-winding to the effect of the coun-

ter electromotive force of the armature, di-
minishing said resistance, throwing said se-
ries and shunt windings into Series relation,
subjecting said resulting single winding to
the potential difference of the supply-circuit
and reducing said resistance to zero.
. WILLIAM H. POWELL.
- Witnesses: '
- Hirpa ANUNDSSON,
K. 5. ENSIGN. |
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~other winding to the potential difference at
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