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UNTTED STATES

PATENT OFFICE.

WILLIAM H. COOLEY, OF BROCKPORT, NEW YORK:

METHOD OF REGULATING ELECTRIC MACHINES:

SPECIFICATION forming part of Letters Patent No, 647,716, dated April 17, 1900,
Application filed December 28,1899, Serial No, 741,841, (Wo model):

To all whom it may concerm:

Beitknown that I, WinLraym I1. COOLEY; a
citizen of the United States,residing at Brock-
'Ilio'r‘b, in the county of Monroe and State of

Jew York, have invented a new and Im-
proved Method of Regulating Electric Ma-
chines, of which the following is a speecifica-
tion.

My invention refers particularly to a sys-
tem of motor regulation by means of which
the speed and torque may be varied inversely
over a considerable portion of the range of
speed regulation of the load and by means
of which also there may be imparted several
different rotary efforts to the load at the same
speed with the amount of energy used pro-

‘portionate to the amount of work done.

Still further features of my invention em-
body means whereby the motor to be regu-
lIated may at any point over the entire speed
range thereof be converted by a negativeload
into a generator returning energy to the main
supply-cirecuit proportionate in amount to the
amountof such negative load and also means
whereby the current required at the time of
starting a heavy load may be materially re-
duced.

My inventionis intended also to overcome
the difficulty which is experienced when it
is attempted to regulate the speed of a vary-
ingload by means of a rheostat. Within mod-
erate limits a very satisfactory speed regula-
tion may be secured by varying the air-gap
density. While this method varies the speed
only within a narrow range, the rotary effort
is over this range varied inversely with the
speed.

In carrying out my invention I prefer to
make use of two pair of elements, with both
elements of each pair revoluble and with one
of the elements of each pair permanently con-
nected to the load, while the other element
of each pair is also at times connected to the
load, each one of them through a train of
mechanism consisting, preferably, in one or
more pair of codperating gear for each of such
elements. In starting the load I prefer to
connect the armatures of both of these pair
of elements in series and with the elements
which are to be connected to the load at dif-
ferent speed ratio arranged totransmit to the

load the greatest effort at the lowest speed.
Then by cutting down the air-gap density of
either one or each pair of elements or by in-
creasing the potentialimpressed upon the tet-
minals of the armature of either one or each
pair of elements the speed of the load may
be raised until one pair of elements may be
cut out of circuit and the other pair of ele-
ments still connected to the load. Then again
either by field regulation or by varying the
potential impressed upon the armature of
this last-named pair of elements a rate of
speed of the load may be reached where such
load may be shifted again to the first pair of
elements and driven at still higher speeds.
In this way by shifting the load from one
pair of elements to the other and varying the
speed ratio of the variable element of each
pair T am enabled to accelerate the speed of
the load at almost any desired rate, and the
rotary effort exerted upon the load is gradu-
ally decreased as the speed of the load in-
creases.

When twosimilar motorsare each arranged
to transmit power to a common load, such
motors must be arranged to run at the same
speed, provided they transmit ab the same
rate relative to the speed of the load to be
driven, or the potential impressed upon such
motors must vary or their relative air-gap
densities must vary. Regulation of the rela-
tive air-gap densities can be effected only
within a small range economically, and owing
to the objections already above enumerated
the regulation of the potential impressed
upon the terminals of the motors by means
of arheostatisimpracticable. Iencelmake
use of a system of regulation consisting,
broadly, in an electromotive-force opposing
or absorbing medium of practically-constant
value connected across the terminals of the
supply-circuit, with different electromotive-
force values thereof in series with the motors
to be regulated and so codperating with
clutehing and gear mechanism that the sys-
tem is equally applicable to series or paraliel
regulation of such motors, whetherrequiring
that equal or unequal potentials beimpressed
thereon. As anexample I haveshown asin-

gle winding or series of windings subjected
to inductive action and capable of earrying
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the current for only one of such motors,which
is used to regulate the potential impressed
upon the terminals of either one alone or
both of them in series or in parallel, while
the potential impressed upon one of such ma-
chines when in parallel may vary to a con-
siderable extent from that impressed upon
the other. By means of this clutching and
gear mechanism and by varying the poten-
tial impressed upon the terminals of the ar-
matures in the manner already indicated by
the electromotive-force regulator I am en-
abled to secure the increase in rotary effort
above referred to at very many of the steps
in speed regulation which may be secured by
my system of regulation—that is, suppose,
first, the normal rate of relative rotation be.
tween the elements of each pair to be two
thousand revolutions per minute with mini-
mum field excitation and with one of such
elements fixed; second, that with full-line
potential impressed upon the motor the
clutehing and gearing mechanism admits of
a minimum speed of one hundred and thirty-
three revolutions per minute of the load,with
a proportionate increase in rotary cffort, and,
third, that the electromotive-force regulator
has, say, six equal steps. Then I may bring
the speed of the load up to twenty-two revo-
lutions per minute by using such electromo-
tive-force regulator to impress one-sixth of
the full-line potential upon the motors, with
the clutching and gearing mechanism so ar-
ranged as to secure the minimum speed of
the load. It will be understood that at this
time the rotary effort imparted to the load is
much greater than that represented by the
armature-currents flowing in the magnetic
flelds obtaining in the motors. By changing
the relations between the variable elemonts
of the motors the speed may be increased by
small inerements until the load is brought up
tothree hundred and thirty-three revolutions
per minnte., As the speed increases below
this point the rotary effort exerted upon the
load for the same conditions of field strength
and armature-currents decreases. The speed
of the load may be further increased by suit-
able increments from three hundred and
thirty-three revolutions perminute by means
of the electromotive-foree regulator up to
two thousand revolutions per minute. Inse-
curing the regulation at the lower specds by
changing the relations of the variable ole-
ments all undue shock to the load or to any
parts of the motor is relieved on account of
the low speed at which sach changes are
made and the slight differences in speed se-
cured by the changes.

When it is desired, the speed regulation se-
cured by the clectromotive-force regulator
may be used at any step in the operation of
the gearing and clutching mechanism.

Attention is called to the fact that for any
speed of the load according to my system, no

I rying such an overload.

matter by what means produced, all of the

power taken from the line is impressed di-
rectly upon the load except that small part
required to meetthelossescommon to dynamo-
electric machines,

The electromotive-foree regulator may be
constructed with as many steps as desived,
and the regulation secured by the gearing and
clutching system in combination therewith
may be designed to suit any required condi-
tions. A great advantage to be secured by
this system is noticed when it is desired to
start a very heavy overload—as, forinstance,
in starting and earrying acar or train of cars
up a steep grade. DBy means of my system
also T am enabled to make use of motors hav-
ing less capacity because of this inerease in
rotary effort, which may be secured and main-
tained for any desired length of time in car-
Again, by my sys-
tem it is not necessary, as heretofore, to make
use of a motor so large that the maximum
safe current will secure the necessary effort
atstartingorin climbing a steep grade, which
current is but partly used under normal con-
ditions. Again, in starting the heaviest load
less current is taken from the feeders than is
required to carry even a much lighter load at
full speed. :

The accompanying drawings, illustrating
a system of motor construction and regula-
tion according tomy invention, are as follows:

Figure 1 shows in central horizontal section
a motor and regulator in accordance with my
invention. In Fig. 1 there is shown in dia-
grain, so far as possible, the circuit connec-
tions in my machine and system. Irig, 2
shows the parts of the machines in a similar
sectional viewneeded to give a complete dia-
grammatic representation of all the circuits
throughout the motors proper as well as sueh
cirenits. Fig. 3 shows diagrammatically the
cconstruction and all of the circuit econnec-
tionsofthe controllerC. Figs. 8°to 3" show in
outline diagram different ways of connecting
the motor-armatures to the regulator for pur-
poses to beexplained. IFig. 4 shows diagram-
matieally the means used for automatically
adjusting the lead of any pair of brushes on
the regulator by the direction of the current
in the winding connected therewith. Iig. 5
shows in outline diagram the connections of
all the windings of the motor and regulator
with the motors in parallel on one-sixth of
the full potential, while I'ig. ¢ shiows in out-
line diagram the connections of all the wind-
ings of the motor and regulator with the mo-
tors in series on one-sixth of the fall poten-
tial between the main feeders. Fig. 7is a
vertical section of the parts of the motor nee-
essary to show the means used to secure an
automatic adjustment of the brushes of such
motor according to the direction of the torque.
Fig. 7* is an inside end view of the disk and
sleeve I and parts shown in Irig. 7, resulting

from taking a vertical section through the
shalt £ just inside of the gear o and along the
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line z z. Tig. 7 is an idside end view of the
disk and sleeve L and parts shown in Fig. 7,
resulting from taking a vertical sesction
through the shaft £ just inside of the gear m
and along line 2’ 2. Fig. 8shows the means
I prefer to make use of for connecting the
shafts S and shaft 8’ tothe load. Figs. 9, 10,
and 11 are end, side, and top views, respec-
tively, of a mechanism used by which all of
the speed conditions desired for a given reg-
ulator condition may be obtained consecu-

- tively by a continuous motion of an- actuat-
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ing-handle and also means for automatically
establishing a higher counter-electromotive-
force value for any particular speed of the
load when the current becomes excessive for
that speed.

Similar letters and figures refer to similar
parts.

Referring to Figs. 1 and 2, in carrying out
my invention I make use of two motors A and
A’, which I prefer shall be exactly alike.
They are soshown in the drawings. Thelet-
ters of reference being the same for each of
such motors and for most of the circuit con-
nections, it will be necessary to describe only
one of them, A, This motor A consists of a
cylindrical field-magnet B’, containing the
field - coil b’ and supported upon suitable
bolts between and carried by the sleeves and
disks K and L, revolving in bearings M. This
field B’ is of the well-known cylindrical type
in which an annular field-coil surrounds the
pole-pieces. Polarityisgiven tothedifferent
pole-pieces by reason of the direction which
the lines of force take between the same and
the armature 3. On the disk and sleeve L
and insulated therefrom are seen the contact-

‘rings 78 80 82 84 86, on which bear, respec-

tively, the springs 79 81 83 85 87. The ring
78 is connected with brush 76, bearing upon
one side of the commutator O, while the ring
80 is connected with brush 77, bearing upon
the other side of this commutator O. Con-
tact-ring 82 is connected with one terminal of
each of the sections & and of the field-coil b’
while the other terminals of these sections &

-and ! of such field-coil are connected, respec-

50

tively, with contact-rings 86 and 84. Spring
83 is connected by wire 68 to main feeder
63. Spring 85 is connected to contact 89 of
switech 88. Spring 87 is connected with con-
tacts 90 and 91 of switch 88. These contacts

-89, 90, and 91 are so arranged that when
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switch 88 is in the position shown in the
drawings both the coils kb andlare connected
through switeh 88 and wire 67 with main
feeder 62, as indicated in Figs. 1 and 2. For
this position of the switch 88 then we have
the field-coils & and ! connected up in paral-
lel between the feeders 62 and 63. Moving
the switeh 88 to the left midway between con-
tacts 80 and 91 cuts out, as will at once be
seen, the coil %, while the coil [ is still re-
tained in circuit between the feedeis 62 and
63. By moving the switch 88 farther over to

20

again cut into eircuit between the feeders 62
and 63. By moving switch 88 still farther to
contact 115 the field-circuitis broken. These
coils & and I are so proportioned as to their
magnetomotive force relative to the mag-
netic cirenit constituted by the fleld-magnet
B’ and the armature B that their use, each
one alone and both together, shall result in
air-gap densities between the field and arma-
ture whose value shall for the different po-
sitions of the switch 88 bear to each other the
ratio of six, eight, and ten.

The armature B is secured upon the shaft
S, revolving in bearings N. This armature
B is wound with insulated wire b, connected
to the sections of the commutator O. The
spring 79 is connected with contact-points 71
and 73 of the switehes 69 and 72, respectively,
and spring 81 is connected with econtact-
points 70 and 74 of switches 69 and 72, re-
spectively, which switches are connected by
the insulating-link 75 and constitute a re-
versing-switch for the motor A.

The member 69 of the reversing-switch of
motor A is connected with the controller C
through the electromagnet 114, and the mem-
ber 72 of this same reversing-switch is con-
nected through switches 111 and 44 with an-
other wire leading to the controller C. The
members 69 and 72 of the reversing-switeh of
motor A'are connected to the controller C
through electromagnet 114 and switch 47 and
switches 111 and 50, respectively. 'These
switches 44, 47, and 50 are connected by the
insulating-bar 53. Switches 111 have work-
ing contacts 113 and open contacts 112. The
internal circuit connections of this controller
C will be explained with reference to Fig. 5.
Itis suafficient tostate now, however, that the
current is supplied to the motor-armatures B
through the switches 69and 72 in a uniform
direction up to such switches; but its diree-

tion throngh the armatures is determined by

the positions of such switches. The arma-
ture-shaft S carries at its right-hand end a
pulley P'. The combined disk and sleeve K
carries a gear 92, engaging a similar gear 93
on the right-hand end of the shaft S5 sup-
ported and revoluble in the bearings T. On
this shaft-S? of motor A are located spur-gears

94 and 101, engaging similarspur-gears 95 and

102 on the shaft S', supported and revolving
in bearings U and carrying a pulley P*and a
gear R at its right-hand end. Thespur-gears
94 and 101 are rigidly secured to the shaft S5
There is also rigidly secured to this shaft 3°
one member 100 of a friction-brake, the other
member of which, 98, slides upon the fixed rod
99, supported in any suitable manner, (not

‘shown,) and is operated by means of the le-

ver 96, pivoted at 97. DBy the movement of
this lever 96 to the left the rotation of: the
field B' of the motor A may be retarded until
such field B’ is brought to a standstill.

On the shaft S° of the motor A’ there is se-
cured one of the members 100 of a friction-

the left the coil lis eut out and the coil & i hrake, the other member 9§ of which, sliding
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upon the fixed rod 99, is operated by means
of the lever 96, pivoted at 97, and by means
of which the rotation of the field B' of the
motor A’ may be retarded and reduced to zero
when desired. .

The spur-gears 102 and 95 on the shaft &'
are arrarged torevolve freely thereon. Each
of such gears carries one of the members of
a friction-cluteh, the other of which, 105, is
double and common to both of such gears 102
and 95 and is operated by the lever 103; piv-
oted at 104. With the lever 103 in the posi-
tion shown in the drawings neither of the
spur-gears 102 or 95 is caused to earry the
shaft S withthem. Thismember105is keyed
or splined upon the shaft 8. By the move-
ment of the lever 103 to the right the rotation
of the shaft 8° of the motor A is imparted to
the shaft 8" at a reduced rate through the
gear 102, which at this time is clutched to the
shaft 8. By moving thislever 103 to the left
in a similar way the rotation of this shaft S
is imparted to the shaft S’ at a different rate
of rotation of such shaft S relative to thatof
such shaft S? by the clutching of the gear 95
to this shaft 8. A second shalt 8% is simi-
larly operated by a similar gear 93 from the
field B of the motor A’ and carries a spur-
gear 107, which meshes with a similar spur-
gear 106 on the shaft 8, and, as indicated in
the drawings, asplined clutching member 110,
operated by alever 108, pivoted at 109, serves
to impart to the shaft S’ the rotation of the
shaft 8% of the motor A’ through the spur-
gear 106 on this shaft §'.

In starting a heavy load it is very desirable
to impart thereto the energy stored up in the
momentun of a revolving body. TFor this
reason I have the armatures B permanently
connected to theload to be driven, while with
the levers 103 and 108 and the two levers 96
occupying the positions shown in the draw-
ings the field-magnets I3’ are free to revolve
independently of the load, and because they
are Iree to revolve they readily reach a rate
of rotation where the counter electromotive
force generated thereby is sufficient to pro-
tect the windings b on the armatures B. By
moving the levers 103 and 108 to the right
the rotation of each of the fields B’ is im-
parted to the shalt 5', s0 as to secure the low-
est possible rate of rotation of such shaft S
for the potential then impressed upon the mo-
tors. By moving the lever 103 to the left
the rate of rotation of the shaft §' relative to
the rate of rotation of the field B’ of the mo-
tor A is increased.

Referring to Fig. 1, my regulator consists
of a dynamo-electric machine having field-
magnets A% which may be of the usual type
and wound with insulated wire 2, connected
in shunt across the main feeders, as will be
explainedlater. Thearmature B?of this ma-
chine is of substantially the usual laminated
construction and secured upon the shaft S?,
revolving in beavings J. This armature B?

is wound with insulated wire e, £, ¢, and & in

716

four distinet windings, connected, respec-
tively, to the commutators E, T, ¢, and I
Bearing on the commutator B are seen
brushes 54 and 55, on commutator I brushes
56 and 87, on commutator G brushes 58 and
59, and on commutator H brushes 60 and 61,
The winding e consists of asingle wireineach
slot or space, the winding f of two wires in
each slot or space, the winding ¢ of two wires
in each slof or space, and the winding 7, of one
wire in each slot or space. These windings
constitute two pole drum-windings, the con-
nections from which are so made to their re-
spective commutators that the brushes oceupy
practically the positions shown. TFrom the
brushes bearing on each of these commutators
wires lead to the controller C. The termi-
nals of the field-coil ¢* also lead to the con-
troller C. The wain feeders 62 and 63 also
are connected with this controller. Thiscon-
troller C is connected by a wire through elec-
tromagnet 114 with switeh 69 of motor A and
by another wire with contact - point 46 of
switch 44 and contact 51 of switeh 50. An-
other wire connects the controller with con-
tact-point 49 of switeh 47, and still another
wire connects this controller ¢! with contact-
point 52 of switch 50. Contact-points 45 and
48 are connected together, as indicated.
Refernow to I'ig. 3.  The controller C con-
sists of a series of contacts and switches so
arranged that the armature of either motor
or the armatures of both motors may be con-
nected bebween the main feeders in parallel
with any desired one or ones of the windings
on the armature of my regulator in the fol-
lowing mauner: A rod ¢ carries a series of
switehes ¢® ¢® ¢! ¢% ¢® ¢7 ¢5, but insulated there-
from and is operated by a crank-lever ¢’. The
switch ¢'is arranged to connect a continuous
contact-strip 15 with any desired one of a se-
ries of contacts 12 8456 7. Similarly the
switeh ¢’ is arranged to connect a continuous
contact-strip 16 with any desired one of a
similar series of contacts 14 158 910 11 12.
The switch ¢% is arranged to connect a con-
tinuous strip 17 with either one of the con-
tacts 18 19 20. The switeh ¢ is arranged to
connect together the contacts 24 and 23, or 25
and 22, or 26 and 21. The switch ¢'is ar-
ranged to connect together contacts 30 and
29, or 31 and 28, or 32 and 27. "The switch ¢*
is arranged to connect contacts 36 and 35, or
37 and 84, or 88 and 83. The switch ¢? is ar-
ranged to connect the continuous contact-
strip 39 with either one of the contacts 40, 41,
or 42, Brush 60 is connected with contacts
40 and 42 of switeh ¢, contact 37 of switeh ¢,
and contacts 5 and 7 of switch ¢5. Brush 58
is connected with contact 41 of switch ¢* and
with contacts. 36 and 88 of switch ¢? and with
contact 6 of switeh ¢%.  Brush 56 is connected
with contacts 30 and 32 of switceh ¢, with con-
tact 25 of switch ¢% and with contact 8 of
switeh ¢, Brush 54 is connected with con-

tact 31 of switehe!, with contaects 24 and 26 of
switeh ¢, and with eontacts 2 and 4 of switch
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¢5. DBrush 61 is connected with contacts 9
and 13 of switch ¢7, contact 28 of switch ¢,
and contacts 35 and 33 of switch ¢5. Brush 59
is connected with contact 8 of switch ¢7, con-
tacts 29 and 27 of switch ¢*, and contact 34 of
switch ¢®. Brush 57 is connected with con-
tact 11 of switeh ¢7, contact 19 of switeh ¢,
and contacts 23 and 21 of switch ¢>. Brush
55 is connected with contacts 10 and 12 of
switeh ¢, contacts 18 and 20 of switch cf,
and contact 22 of switch ¢®. The main feeder
63 is connected with the pivotal point of
switch ¢, and passing thence on through the
controller it goes to contact-point 49. Main
feeder 62 is connected with contact 39 of
switch ¢® and also with one terminal of the
field-coil a® of the regulator, and from thence
it passes on through the controller and is con-
The
pivotal point of switch 69 of the motor A is
connected with a continuous contact-strip 16
of switeh ¢' through electromagnet 114, and
the contact-point 52 is connected with the
continunous contact-strip 15 of switech ¢®. The
continuous contact-strip 17 of switch ¢®is con-
nected with the resistance r, while the con-
tinuous contact-strip 43 is connected with the
other terminal of the field-coil ¢?, whereby
when switch ¢! is moved upon the contact-
strip 43 the field-coil ¢?of my regulator is cut

into eircuit across the main feeders 62 and 63.

The brushes 60 and 61, 58 and 59, 56 and
57, and 54 and 55 constitute the terminals, re-
spectively, of the armature-windings h ¢ fe.
Therefore when the switch ¢'®is moved to the
first contact of the resistance r the circuit
then is closed through the resistance » and
the several armature-windings of my con-
troller as follows: starting then with feeder
63, switch ¢, resistance  to contact 17,
through switeh ¢ to contact 18, thence to
brush 55, thence through the winding e to
brush 54, thenece through contact 24, switch
¢%, contact 23, thence to brush 57, winding f,
brush 56, thence to contact 80, switch ¢, con-
tact 29, thence to brush 59, thence through
winding ¢ to brush 58, thence to contact 36,
switeh ¢, contact 35, thence to brush 61, wind-
ing R, brush 60, contact 40, switch ¢?, contact-
strip 39, and thence to main feeder 62, con-
nected therewith.

With all the switches in the position shown
in Tig. 3, except switch ¢ which has been
moved over to its extreme left-hand position,
it will ‘at once be seen that the full-line pres-
sure is applied to the terminals of the regu-
lator-armature, but that the motors A and A’
are out of circuit. With the switches moved
over to the right, so that the contacts 13 and
2 of switches ¢” and ¢ respectively, are in

connection with the contact-strips 16 and 15,

it will be seen at once that there is no change
yet made in the circuit through the several
windings on the regulating-armature, but
that the motors A and A’ are placed in paral-
lel, respectively, with the windings % and e.

IHence each of such motorsis subjected to one-
sixth of the full potential between the feed-
ers 63 and 62. These connections, as well as
the connections resulting from each of the sue-
ceeding positions of the controller-lever, are
more fully illustrated in Figs. 37, 8°, 3¢, 3¢, 8¢,
3f,and 35. With thecontroller-leveradvanced
80 as to connect contact 8 with contact-strip
16 and contact 3 with contact-strip 15, it will
be noticed that the order of the coils of the
regulator-armature has been changed and
that for this position of the switches, as seen
in Fig. 3¢, the armatures of the motors A and

A' are placed, respectively, in parallel with-

the armature-windings g and fof the regula-
tor, and there is at this time impressed upon
each of the motors A and A’ two-sixths of the
full potential between the feeders 63 and 62,
Again, when the controller-lever is advanced
another step it will be seen that the motors
A and A, as more clearly indicated in Fig.
3% arein parallel, respectively, with thearma-
ture-windings g and 7 and with the armature-
windings e and /. Thus there is impressed
upon each of the motors A and A’ three-sixths

of the full potential between the feeders 63

and 62. Again, for the next step of the con-
troller-lever, as seen in Fig. 3¢, the armature
of the motor A is connected in parallel with
the series of windings ¢, h, and e and the ar-
mature of the motor A’ is connected in par-
allel with the series of windings h, e, and f.
There is at this time then impressed upon
each of the motors Aand A’ four-sixths of the
full potential between the feeders.63 and 62.
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Again,forthe nextstep of the controller-lever, -

as shown in Fig. 3%, the armature of the mo-
tor A is connected in parallel with the series
of windings A, ¢, and fand the armature of
the motor A’ is connected in parallel with the
series of windings g, f, and e of the regula-
tor. Thereisthenatthistimeimpressed upon
each of the motors A and A’ five-sixths of the
full potential between the feeders 65 and 62.
At the next step of the controller-lever, as
shown in Fig. 38, it will be seen that the mo-
tors A and A’ have their armatures connect-
ed in parallel across the main feeders 63 and
62, the full potential between which is im-
pressed upon such armatures.

Attention is called to the fact that at all
times the windings %, g, f, and e of the regu-
lator are connected together in series across
the main feeders 63 and 62 and that such
windings when made use of for the purpose
of regulating the potential at the terminals
of the motors A and A’ aredifferently grouped
relatively to such motors in such a way that
each of such motors is connected across the
main feeders in series with some of such wind-
ings and in parallel with the remainder of
such windings of such regulator.

Attention is called to the fact that with the
arrangement shown in Fig. 3 and in Figs. 3*
to 3%, inclusive, there are only four arma-
ture-windings on the regulator,which by the
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severalarrangementsindicated for the differ-
ent steps in the controller give six different
electromotive-force conditions.

Referring now to Figs. 1 and 3, it will be
seen that by the movement of switches 44, 47,
and 50 to the left the motors A and A’ are
connected together in series between switch
69 of the motor A and contact-point 51 of
switeh 50. Then when the controller lever is
moved over its successive contacts in the
manner just above deseribed we have the
motors A and A'in series connected first in
parallel with the winding 7, then in par-
allel with the winding g, then in parallel with
the windings ¢ and £, then in parallel with
the windings g, /i, and e, then in parallel with
the windings /, ¢, and #, and then connected
directly across the main feeders and in par-
allel with the windings 7, ¢, 7, ande. We
have thus six different regulator conditions
with the motors in series and six different
regulator conditions with the motors in par-
allel; but it should be borne in mind that the
maximum speed which will be reached by the
motors with full-line potential impressed upon

* them in series will be just the same as that
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speed which is secured by that condition of
the controller which impresses upon each of
such motors three-sixths of the full potential
between the feeders 63 and 62. This condi-
tion is that which results when the controller-
lever is at the center of its movement or
throw,

Refernow to Fig. 4, which shows in outline
diagram the means which I employ to regu-
late the lead of the brushes on the commu-
tators E, I, G, and I of the regulator. As
the means employed in each case—that is,
for each commutator—is the same, it will be
sufficient to describe such means with refer-
ence to only one of such commutators—rfor
instance, the commutator B and the brushes
54 and 35—the same plan of lettering being
adopted in the case of each of such commu-
tators. These brushes 54 and 55 are carried
by a rocker-arm ¢, which may be rotatably
supported in the usual manner by means of
any suitable mechanism. (Notshown.) On
this rocker-arm e carrying brushes 5% and
55,are formed radial extensionsinclosed by the
coils ® ¢2, located in series with the brushes
54 and 55, and hence in series with the wind-
ing e, connected to the commutator E. The
core ¢' of each of these ecoils ¢® is extended
downward in the form of an arc of a circle
whose center is the center of the commutator
I, so as to form also when taken with the
rest of the rocker-arm a core for the solenoid
¢’, which is connected across the main feed-
ers 62 and 63 in series with the other similar
solenoids f° ¢° )>. Ilence it will be seen that
the direction of the current in these coils ¢,
J7, g% and 1 is constant, while the direction of
thecurrentineach one of the coilse3, 3, g% and
I#varies according to the direction of the cur-
rent in the armature-windings connected to
their corresponding commutators and with

which they are dirvectly in series. The en-
tire rocker-arm ¢’and the extensions ¢! there-
of it will of course be understood should be
of magnetiec material, preferably iron. We
have then the solenoid-coil %, when taken in
connection with the extensions ¢* on the
rocker-arm ¢® and inclosed by the coils €%, act-
ing as a solenoid with a polarized core,where-
by the rocker-arm carrying the brushes &
and 33 is eaused to be moved over to the left
or over to theright, aceording to the direction
of the current through the winding ¢, con-
nected to the commutator Ii.

Attention is called in Fig. 4 to the points
N, g', ', e, and € as being those points in the
connections between the windings of the reg-
ulator-eircuit connected across the main feed-
ers in series where the connections are made
in the arranging and rearranging of the or-
der of the windingse, f, ¢, and L. Atfention
is also called to the fact that when the arma-
tures I3 of the motors A and A’arcceonnecied
across the main feeders inseries with any one
of the windings of the regulator such connee-
tions are made at points ¢, J7, and ¢'.

Refer now to Tigs. 7, 7, and 7°. These
figures show the means which I employ for
regulating the lead of the brusheson the com-
mutators of the motors A and A’ according
to the direction of the rotary effort cxerted
between the armatures and fields of such mo-
tors. The brushes 76 and 77, bearing on the
commutator O of each of such motors, are
carried by suitable arms projecting from the

spur-gear 1, rotatably supported upon the.

disk and hub L by means of the flange-collar
v.  This spur-gear u engages another spur-
gear m1, carried by a shaft /, having a bear-
ing at its right-hand end in the disk I and
with its left-hand end supported in a bearing
¢, secured upon the field 13’. On the lelt-
hand end of this shaft ¢ is seen a spur-gear o,
engaging a segmental rack p, carried by the
stop n, projecting through a suitable opening
therefor through the disk K. This stop nis
secured to the spur-gear 92, which is rotata-
ble upon the hiub of the disk KX, the amount
of such rotation being limited by the size of
the opening through such disk X relative to
that of the stop n, projecting inwardly from
this gear 92, which are so proportioned that
the extreme angular motion of such gear 92
relative to the disk K shall transmis through
the segmental rack p, engaging the spur-gear
0, a rotation to the shaft / sueh in amount
that the angular movemeunt thereby trans-
mitted from the spur-gearm to the spur-gear
i, carrying the brushes 76 and 77, shall be
sufficient to cover double the angle of lead of
such brushes 76 and 77. The rotary effort of
the field B’ is transmitted to the gear 92 by
the sides of the opening in the disk K engag-
ing the stop n, rigidly secured to such gear
92 and carrying the segmental rack p. The

operation of this mechanism is substantially
as follows: Any tendency of the field to ro-
tate on account of the rotary effort hetween
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it and the armature causes the disk K to re-
volve first independently of the gear 92 until
one of the sides of the opening in the disk K
engages the stop n. This results in such a
rotation of the shaft ¢ and of the spur-gears m
and w as will ecause the brushes 76 and 77 to
travel for a brief period of time in advance
of the rotation of the field B’, which is just
theaction necessary to secure the properlead
of the brushes—thatis, anegative lead of the
brushes 76 and 77 when the motors act as
notors proper, or a positive lead of such
brushes when the action of such motors is re-
versed and they become generators.
Referring to Fig. 8, on each of the shafts
S of the armatures of my motor is located a
pulley P’, and on the shaft 8’ is located a
similar pulley P% The bélt Q is arranged to
partially encircle the pulleys P’ and also par-
tially encircle the pulley P2 On this pulley
P?is seen a belt @', by means of which power
may be transmitted to any machinery to be
driven. This belt Q' is driven, as will at once
be understood, by means of the pulley P?and
also by means of the belt Q in contact there-
with, over.an extent of surface nearly or

* quite equaling the periphery of any one of
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the pulleys in question. Thearrows indicate
the relative directions of rotation of the sev-
eral pulleys. ,

In Fig. 8 the gear R is removed in order to
more clearly bring out the arrangement of
the belts Q and Q" and the pulleys P’ and P2
Gear R may be used instead of the pulleys
and belts to transmit power to a load.

Refer now to Figs. 9,10, and 11. In these
figures the relative arrangementof the brake-
levers 96 and of the switches 111 and 88 and
of the clutching-levers 103 and 108 is pur-
posely distorted in order that they may be so
grouped as to more clearly show the operation
of each of such levers in connection with the
motor to whichitbelongs. In Fig.10thebrack-
ets under the letters A and A’ show such
groupings of the switches 111 and 88 and of
the brake-levers 96 of each of such motors,
while the clutch-levers 103 and 108 are shown
at the extreme right in the figure. The
brake-levers 96 are curved, as seen in end
view in Fig. 9, so as to extend upward through
suitable slots therefor in the cam-plate V in
the same straight line with the clutch-levers

103 and 108 and parallel with the axis of the

shaft S, and in this same straight line are
seen the upper ends of levers connected to
the switches 111 and 88 for each of the mo-
tors A and A’, arranged to engage each one
its own slot in.the cam-plate V. Each of the
slots o' 2? 5, &e., 1o 9% inclusive, in this
cam-plate V is so formed that when this cam-
plate V, working in suitable guides 10, as in-
dicated, is operated by means of the crank
129, carrying the spur-gear 130, engaging the
rack 131 on such cam-plate V, the series of
speed conditions provided for by the slots in
such cam -plate will regularly follow each
other in the proper order. These conditions

are indicated by dotted lines ' 2%, &e., to
a2 inclusive. When the upper ends of all
these levers liein the line 2, with the switches
44, 47, and 50 (seen in Fig. 1) moved upon
contacts 45, 48, and 51, respectively, we have
the motors A and A’ in series, but with the
fields B of such motors freetorevolve. When
by the forward movement of the plate V the
upper ends of these levers are caused to fall
in the line «?, then we have the fields B’ of the
motors A and A’ clutched, so as {o transmit
to the shaft 8’ rotation at the lowest rate ob-
tainable. The further movement of this cam-

plate V, causing the levers 111, 88, 96, 105,

and 108 to oceupy, successively, the positions
indicated by lines a?® o!, &e., to »'%, resulls
in a continual increase in the speed of the
shaft 8’ until the maximum rate of rotation
of such shaft has been reached for the poten-
tial then impressed upon the armatures of
such motors A and A’ through the regulator
by means of the controller C. At the same
time that the cam-plate V is moved from the
position indicated by the dotted line «* to the
position indicated by the dotted line a*
switches 44, 47,-and 50 (seen in Fig. 1) are
moved to contacts 46, 49, and 52, respectively,
thus placing the armatures of the motors A
and A’ in parallel and making it possible to
transfer the load to either one alone. When
this maximum speed for the potential then
impressed upon the armatures of such motors
A and A’ has been reached, the speed of the
shaft 8’ may be further increased by means
of the controller in the manner already de-
seribed by increasing the potential impressed
upon the armatures of such motors.

Refer now to [igs. 1 and 11. - In series with
the armatures of each of the motors A and A’
is seen an electromagnet 114, whose arma-
ture 116 is arranged to communicate its mo-
tion through a connecting-link 118 to a lever
121. Links 118 work in suitable guides 117.
Lever 121 is connected at its middle point to
a lateh 128, working in suitable guides 122
and engaging the ratechet 123 on the cam-
plate V. Springs 119 oppose the action of
the electromagnets 114. A suitable stop 120

- prevents too great a movement to the left of

the lever 121. Alever 126, havinga suitable
handle and pivoted at 125, is provided in or-
der that the latch or pawl 123 may be oper-
ated by hand when desired. When for any
reason the current in the armature_ of either
or both of the motors when used alone or to-
gether in parallel or in series exceeds a pre-
determined limit, its corresponding eleetro-
magnet 114 draws .its armature 116 to the
left, and thereby draws latch or pawl 123 out
of engagement with the ratchet 128, allowing
the weight' W, secured by the cord 132 to cam-
plate V and working over the pulley 133, to
draw back the cam-plate V and establish a
condition of the switches and clutch and
brake levers which will increase the rotary
effort exerted upon the load and at the same
time also increase the eounter electromotive
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force generated for any given rate of rotation
of the shaft ', thus reducing the current to a
safe limit by inereasing the rotary effort and
also increasing the counter electromotive
force generated. This action results as well
from an excessive current in only one arma-
ture as in both armatures. '

The operation of my machine is as follows:
First, the regulator is started in the usual
manner common to wmotors by means of a
rheostat, as shewn in Fig. 3, wherein the le-
ver ¢ serves to cut in, first, the field-coil a2
and then the armature-windingse, £, g, and

- In series with theresistance r, which'is gradu-
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ally cut out by the operation of such lever ¢!,
Thenif it is desired to impress upon the load
the energy stored upin the momentum of the
revolving fields B’ of the motors A and A’
the clutches 105 and 110 are released, and the
brake-levers 96 are moved so as to release
shafts S°%. Immediately then upon the clos-
ingof the switches 111 and the moving of the
switches 44, 47, and 50 onto the contacts 43,
48, and 51, respectively, the motors A and A’
are connected together with their armatures
in series, and then the controller-lever ¢ is
advanced one noteh from the position shown
in the drawings. This causes the fields of
the motors A and A’to revolve, and the speed
of such rotation may be regulated by the con-
troller in the manner already clearly indi-
cated and described by varying the potential
impressed upon the motors A and A’. The
speed which the fields of these motors will be
allowed to reach will be determined largely
by the initial speed which it is desired to im-
part to the load and also theinertia of the load
which itis desired to start. When the desired
speed of such fieldshasbeen reached, then the
clutches are closed, and the rotary effort ex-
erted by each of such motorsis imparted to the
shaft 5'.  The vetarding of the fields of such

‘motors serves to increase the current flowing

through the armatures of such motors, and at
thesame time also the energy stored up in the
momentum of the revolving fields is imparted
to the load to aid in overcoming its inertia.
In the case in the drawings the relations of the
gears are supposed to be such as to secure the
following relative rotations between the fields
of the motors A and A’ and the shaft 8¢ The
lowestispeed of theshaft S relative to the speed
of the field B of the motor A isas one to five,
while thie other speed ratioisasone of the shaft
8" to one-hall of a revolution of the field B’ of
the motor A. The only speed ratio between
the field B’ of the motor A’ and the shaft &’
is as two to one. We will suppose the nor-
mal rate of rotation between either field and
its armature subjected to the full potential
and for the minimum magnetomotive force
in each of such fields to be two thousand revo-
lutions per minute and for the maximum
magnetomotive force just six-tenths of that
speed. Then for the successive positions of

the cam-plate V (indicated by the dotted lines
' to &, inclusive) we have for the different

impressed electromotive-force values indi-
cated below, which are secured by means of

the controller and regulator, the following
speeds of the load in revolutions per minute:
Portion of line e¢lectromaotive fores
mpressed upon motors,
Positions of cani-plate V. -
|
g §
133
22
i
4}(}‘)
5 Ei;;."
T} S0
Doam 1,067
1667 1,583
I 800 R 1,601
000 |13 1667 0
! ! !

Attention is called to the fact that the rela-
tive rotation between the field and armature
of the motor A with its field B’ revolving and
with gear 102 clutched to shaft 8 is twice
that of the relative rotation bhetween the ar-
mature and field of the motor A’ when its field

- B’ is revolving and gear 106 is clutched to the

shaft 8'. Again, also, it will be seen that the
reldtive rotation between the armature and
field of the motor A’ when its field is revolving
and when gear10Gisclutched toshaftS'istwice

that of the relative rotation between the arma-.

tureand field of the motor A whenits field 3 is
revolving and when gear 95 is elutched to the
shaft S'. It will also be noticed that the rela-
tive rotation between the armature and field
of the motor A with the field B’ of  such mo-
tor revolving and with the gear 95 clutched
to shaft S'is just three-halves of that be-
tween the armature and field of the motor A’
with the field B’ of such motor A’ atb rest.
Again, with the field of the motor A at rest
and with the field of the motor A’ revolving
and with the gear 106 clutched to the shaft
S" we have a relative rotation Letween the
field and armature of the motor A which is
just one-third of that between the field and
armature of the motor A’. It should be borne
in mind that at all times in the operation of
the motors A and A’ the armatures thereof
revolve at a uniform speed relative to the
shaft 8, which is maintained by means of
mechanism already described and by which,
preferably, the same rate of rotation is se-
curcd for each of such armatures and for
such shaft 8. IHence the speed of the shafi
8" may be said to be the speed of the motor
proper.

Tigs. 3%, 3', and 37 showarrangements of the
coilsin my regulator which may be effected by
a modified form of my eontroller and which
admit of a potential being impressed upon
the motor A just twice that impressed upon
the motor A’. Three different potentials are
shown for each of such motors bearing such
relations. IMigs. 3% and 3! show in a similar
way an arrangement whereby the potential
impressed upon the motor A may be just three-
halves of that impressed upon the motor A’,
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while Figs. 3™ and 3" show also in a similar
way an arrangement whereby the potential
impressed upon the motor A may be one-third
of that impressed upon the motor A’. -Ineach
of these last two arrangements there are
shown only two speed conditions.

The process of transferring the load from
one motor to the other, as deseribed above,
may be carried as far as desired, according to
the conditions, and at whatever point this
process is ended the motors, ‘whether con-
nected to the load at equal or unequal rates
of relative rotation, requiring that either
equal or unequal potentials be impressed on
such motors—whatever the conditions exist-
ing—the controller and regulator codperate
with the gearing and clutching mechanism to
secure the further regulation of sueh motors
in series or in parallel, and if in parallel
whether the potentials impressed upon the
motors A and A are equal, as shown in Figs.

3® to 3%, inclusive, or unequal, as shown in |

Figs. 3" to 3", inclusive, and as already fully
described in reference to such figures. The
gears must be proportioned and the cam-plate
and mechanism operated thereby designed to
suit the conditions under which the motors are
to be operated. ‘

‘When it is desired to use the regulator upon
a cirenit of high potential, a larger number
of windings may be used in the armature
thereof. Iforinstance, coils having values of
one, two, four in two series would give four-
teen different conditions, or with eight seec-
tions of winding having valuesasfollows, one,
two, four, eight, eight, four, two, one, would
give thirty different conditions, with a maxi-
mum potential impressed upon any one regu-
lator armature-winding of only eight-thir-
tieths of the total potential between the main
feeders, while in the case of two series of three
windings each the maximum potential im-
pressed upon any one winding of the regulator
would be four-fourteenths, and in the case

: illustrated in the drawings the maximum po-

tential upon any one winding is one-third of
that between the main feeders. Attention is
called to the fact that in the use of this con-
troller in any of the above-indicated methods,
whether for two motors in series or for one
motor alone or for two motors in parallel, the
current which traverses any one of the wind-
ings of the regulator never reaches what is
supplied to one of such motors alone.

It will of course be understood that in the
operation of the regulator, irrespective of the
connections thereof effected by the controller,
the proper angle of lead of the brushes upon
the commutators E, F, G, and H is maintained
by means of the mechanism shown in Fig. 4
and already fully deseribed.

It will be noticed that when the motors A
and A’ are in parallel with each other and
with different counter-electromotive - force
values for a common speed of the load and are
regulated by my controller and regulator the
general plan of regulationisexactly the same

as though both motors had the same counter-
electromotive-force value. Attentioniscalled,
further, to the fact that if the normal speed of
either of such motors alone is two thousand
revolutions per minute for the minimum field-
excitation we have then for such motors in
series on one-sixth of the full line-potential
and with the clutch conditions giving us the
lowest speed of the load twenty-two revolu-
tions per minute for the shaft S'. TUnder
these conditions the rate of rotation of the
field B’ will be something like one hundred
and ten for the motor A and forty-four revo-
lutions per minute for the motor A’. For
maintaining the speed of the load at this very
low rate it will be noticed, of course, that com-
paratively-small power is required, while the
rotary effort exerted may be great.

By referring to the above table of speeds
it will at once be seen that the same speed oc-
curs at several different points in the table.
It will at onee be understood that this repeti-
tion of the same speed means that the same
speed is maintained for the different condi-
tions indicated, but with varying rotary ef-
forts exerted upon the load resulting from
the varying clutch conditions which may be
secured, while the current which is supplied
to the motors A and A’ for these varying
speeds maycome wholly from the line or may
come partly from the line and partly from the
winding or windings of the regulator acting
at that time as generative windings, the
amount of current taken from the line vary-
ing, of course, in accordance with the actual
amount of work performed.

In deseribing the operation of my regulator
I shall first consider its operation when used
to regulate the potential at the terminals of
asingle motor. In thiscasesuch of the wind-
ings e f ¢ h as are in series with sueh motor
between the main feeders act as motor-wind-
ings, while those of such windings as are in
parallel with such motor act as generative
windings. The volume of current supplied
by such generative winding or windings va-
ries inversely with the electromotive force im-
pressed upon the motor, whereby as the speed
of the motor increases the amount of current
supplied from the line increases relative to
that supplied from the generative winding or
windings of the regulator.

It will be understood that for all conditions
of operation of my regulator, neglecting the
losses due to resistance, the algebraic sum of
the generated electromotive forces in the mo-
tor or motors connected therewith and in that
portion of the regulator-windings in series
with such motor or in series between such
mofors is always equal to the line-potential
and that with two motors connected to the
regulator the numerical sum of the electro-
motive forces generated in such motors and
that portion of the regulator-windings in se-
ries between such motors may have any value
from the full line-potential to three times
that value, which last condition obtains when
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each motor has the full line-potential im-
pressed thereon. I'rom this it will be seen,
first, that with two motors connected to the
regulator when the sum of the electromotive
forces generated in the motors is less than
the line-potential the windings of the regu-
lator in series between such motors actas mo-
tor-windings and the remainder of such regu-
lator-windings act as generator - windings;
second, that when such sum is equnal to the
line-potential all of the regulator-windings
act as motor-windings, and, third, that when
such sum is greater than the line-potential the
windings of the regulator in series between
sueh motors act ‘as generator-windings and
the rest of the regulator-windings act as mo-
tor-windings.

Refer now to Figs. 8%, 3°, &e., to Fig. 3%
From the above descriptionit follows that in
such figures the motor-windings are,in Fig. 32,
Iy g, f, and e; in Fig. 8°, g and f; in Fig. 3%, h
and e; in Fig. 3%, g, I, ¢, and f; in Fig. 3¢, ¢
and f; in Fig. 3%, h and e, and in Fig. 3%, A,
g, I, and e, and the generator-windings are,
in Fig. 3°, 7 and e, in Fig. 3%, g and f; in Tig.
3%, I and e, and in Fig. 38', ¢ and /.

When the armatures I3 become generator-
armatures by the application of a negative
load, the above conditions are reversed.

The lowest speed at which the combined
system may be caused to return energy to the
line, it will be understood, is at a little above
the lowest speed at which the motors A and
A’ may be caunsed to revolve for the lowest
cluteh eondition, with maximum fieldin each
of such motors and with the lowest speed
condition obtainable by means of the con-
troller C.

Whatever inay be the operation of the reg-

ulator the motor effort exerted upon the reg-

ulator-armature must at all times exceed the
generator effort of such armature by an
amount sufficient to maintain the normal ro-
tation of such armature when running light.

It will be understood that the regulator per-
forms the function of absorbing or consum-
ing the electromotive foree between the main
feeders 62 and 63 and that by means of the
controller any proportionate part of such elec-
tromotive force between the main feeders
may be consumed in the regulator, while the
remainder is impressed upon the armature or
armatures 13. :

It will be further understood that this fea-
ture of my inventicn is equally applicable
when either one or both motors are replaced
by any translating devices, whether there be
an electromotive force generated therein in-
dependent of the supply-circuit or not.

Attention is called to the following points:
Each armature B constitutes a separate and
electrically-independent translating device.
Ilence such armatures serve as illustrations
of two translating devices. When power is
applied to the pulley P', as in the case of a
car going down a grade, the armatures B be-
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come generating - arinaiures and ave lhen
sources of electric energy. In regulating the
potential at the terminals of the armatures B
there is generated between the feeders 62 and
63 an electromotive force practically equal to
the potential between such feeders, and the
amount of such electromotive force generated
in series is varied inversely with that gener-
ated in parallel with each of such armatures.

When the armature-coils of my regulator
are properly wound and connected to their re-
spective commutators, I have found that in
most cases the mechanism shown in Fig. 4 for
regulating thelead of the brushes on such com-
mutators may be omitted and such brushes
placed, preferably,.on neutral lead, owing to
counter-induetive influences existing in con-
duectors in the short-eircuited coils at the time
they are short-circuited by the brushes.

‘What I claim is— '

1. The method of regulating the potential
at the terminals of a translating device,which
consists in generating a series of practically-
constant electromotive forces between the
terminals of the supply-circuit together prac-
tically equal to the potential between such
terminals, and generating such electromotive
forees variously in series and in parallel with
such translating device, and varying the total
electromotive force generated in series with
such translating device inversely with the
total electromotive force generated in paral-
lel with such translating device.

2. The method of regulating the .potential
at the terminals of a translating device, which
consists in generating a series of practically-
constant electromotive forces between the
terminals of the supply-circuit together prac-
tically equal to the potential between such
terminals, and generating such electromotive
forces variously in series and in parallel with
such translating device, and varying the total
electromotive foree generated in series with
such translating device inversely with the
total electromotive force generated in paral-
lel with such translating device, and supply-
ingtosuch translating deviceall of the energy
taken from the supply-circuitin excess of that
consumed in geperating such electromotive
forces.

3. The method of regulating the potential
at the terminals of two translating devices,
which consists in generating a series of prac-
tically-constant electromotive forees between
the terminals of the supply-circuit together
practically equal to the potential bLetween
such terminals, and generating such electro-
motive forces variously in series and in par-
allel with each of such translating devices,
and varying the fotal olectromotive force gen-
erated in series inversely with the total elec-
tromotive force generated in parallel with
each of such translating devices independ-
ently.

4. The method of regulating the potential
at the terminals of two translating devices,
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which consists in generating a series of prac-
tically-constant electromotive forces between
the terminals of the supply-cireuit together
practically equal to the potential between
such terminals, and generating such electro-
motive forces variously in series and in par-
allel with each of such translating devices,
and varying the total electromotive force gen-
erated in series inversely with the total elec-
tromotive force generated in parallel with
each of such translating devices independ-
ently, and supplying to one or both of such
translating devices all of the energy taken
from the supply-circuit in excess of that
consumed in generating such electromotive
forees.

5. The method of regulating the potential
at the terminals of two translating devices,
which consists in generating a series of prac-
tically-constantelectromotive forces between
the terminals of the supply-circuit together
practically equal to the potential between
such terminals, and generating such electro-
motive forees variously in series and in par-
allel with each of such translating devices,
and so varying the total electromotive force
generated in series inversely with the total
electromotive force generated in parallel with
each of such translating devices that the vol-
ume of current at any time traversing any
part of the apparatus used in generating such
electromotive forces, can never excesd that
traversing one of such translating devices.

6. The method of regulating the potential
at the terminals of two translating devices,
which consists in generating a series of prac-
tically-constant electromotive forces between
the terminals of the supply-circuit together
practically equal to the potential between
such terminals, and so generating such elec-
tromotive forees variously in series and in
parallel with each of such translating devices
taken singly and also in series with and be-
tween both of such translating devices and
varying the total electromotive force gener-
ated in series inversely with the total electro-
motive foree generated in parallel with each
of such translating devices, that the total
electromotive force generated in series with
and between both of such {ranslating devices

shall at all times practically supply the dif-

ference between the sum of the potentials
impressed upon each of such translating de-
vices taken singly and the potential impressed
upon the eircuit containing both such trans-
lating devices in series.

7. The method of regulating the potential
of the current delivered to a supply-cireuit
from a source of electric energy which con-
sists in utilizing a portion of the energy from
such source of electric energy in generating
between the terminals of such supply-circuit
a series of electromotive forces together prac-
tically equal to the potential desired at such
terminals, and generating such electromotive

H

forces variously in series and in parallel with
such source of electric energy, and delivering
the remainder of the energy from such source
of electric energy to such supply-circuit.

8. The method of regulating the potential
of the current delivered to a supply-circuit
from two sources of electric energy which con-
sists in utilizing a portion of the energy from
such sources of electric energy in generating
between the terminals of such supply-circuit
aseries of electromotive forces, together prac-
tically equal to the potential desired at such
terminals, and generating such electromotive
forces variously in seriesand in parallel with
each of such sources of electric energy inde-
pendently, and delivering the remainder of
the energy from such sources of electric en-
ergy to such supply-circuit.

9. The method of regulating the speed of
a load to be driven by two or more pairs of
elements constituting two or more electric
motors, which consists in connecting one of
the elements of the first pair to such load at
two or more different speed ratios and im-
parting to such load rotary effort first from
said first pair of elements and transferring
the load to a second pair of elements at a
different speed ratio and back again to said
first pair at still a different speed ratio.

10. The method of regulating the speed of
a load to be driven by two or more pairs of
elements constituting two or more electric
motors, which consists in connecting one of
the elements of the first pair to such load at
two or more different speed ratios and im-
parting to such load rotary effort first from
said first pair of elements and transferring
the load to a second pair of elements at a
different speed ratio and back again to sald
first pair at still a different speed ratio, arnd
varying the rate of relative rotation between’
the elements of each pair while one of the
elements of such pair is connected tothe load.

11. The method of regulating the speed of
a load to be driven by two or more pairs of
revoluble elements constituting two or mote
electric motors,which consists in permanently
connecting a first revoluble element of sach
of such pairs of elements to such load and con-
necting the second revoluble element of the
first pair to the load at a given speed ratio
and transferring the load to a second pair of
elements at a different speed ratio for the
second revoluble element of such second pair
and then back again to said first pair at still
a different speed ratio for the second revolu-
ble element of such first pair.

12. The method of regulating the speed of
aload to be driven by two or more pairs of revo-
luble elements constituting two or more elec-
tric motors, which consists in permanently
connecting a first revoluble element of each of
such pairs of elements to such load and con-
necting the second revoluble element of the
first pair to the load at a given speed ratioand
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transferring the load to a second pair of ele- | each pair while both of the elemenis of such
ments ata different speed ratio for the second | pair are connected to the load.
revoluble element of such second pair and

NE T e o
then back again to said first pair at still a dif- WM. I COOLEY.
5 ferentspeedratio for the second revoluble ele- Witnesses:
ment of such first pair, and varying the rate Erra M. SyITH,

of relative rotation between the elements of ALBERT C. BELL.




