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1o all whom it may concern:

Be 1t known that I, SamourL T. Dobp, a citi-
zen of the United St‘ttes and a resident of Pitts-
field, Massachusetts, have invented certain
new and useful Impl ovements in Motor Con-
trol, of which the following is a specification.

MV Invention relates to eleotrlc motor con-
trol, and more especially to the control of elec-
tric-rallway motors.

The object of my invention is to provide a
novel method of controlling the speed and
acceleration of the motors with a minimum
use of external resistance and yet with maxi-
mum safety to the motors and with as little
as possible complication of circuits, and also
to provide a method adapted either for the
control of two motors or four motors, and also
to provide a method necessitating the smallest,

possible number of contacts on the different
switches employved.

I believe that by the use of my invention a
much smaller controller may be used than

with any method of four-motor control here-
totore devised.

Referring to the drawings, Figure 1 is a dia-
oram showuw the COHt‘lCtS of the various
fsmtc,hes adaupted to the employment of my
method of control, and Fig. 2 is a dmwmm

representing the various chanwes macde in the
circuit.

Turning first to Fig. 1, T will explain the
method of control which 1 employ and show
how the various switches perform their allot-
ted functions. The controlling-switch shown
at the left of the figure comprises the sixteen

contact-ingers /' to /" and four groups of

contacts 9 to 15, 16 to 21, 22 to 27, and 28 to
32. 'The said tour groups of contacts are thus
carried by the controller-drum and are mov-
able to make contact with the fingers 7’ to
5% F° represents the winding of “the blow-
out magnet. R represents an eztex nal resist-
ance. M’ to M* represent the armatures of
the four motors, and 2* K'* IK* I K K
K™ K* represent the field-windings of the
motors, the winding of each motor benw' cl1-
vided, as shown, into two parts, as K'® K”’

each of sald parts comprising half of the held—
wmduw

7 toz indicate contacts of the reversing-

switch carried on the drum B and A’

E'" '™, &e., represent the fourteen con-
tact-ingers of the reversing-switch.

E E and E E are the mov xble contacts of
the cut-out switch (3, and ¢ to ¢ are the fixed
contacts thereot.

For the purpose. of explaining the method
of control employed by the movement of the
controlling-switch the cut-out and reversing
switches may be considered as closed, the
former at the position shown with conta(, K
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out of engagement with any of the fixed con-

tacts, .:md contact% K and I&° engaging the
fixed contacts to connect them in pairs, as
shown, while the reversing-switch may be
considered as closed, with contactfa » to +° 1n
engagement with the fixed contacts of the
Switch.

The general scheme of control is to main-
taln the motors 1n two sets, there being two
motors 1n each set in pmallel with each 0131101
and the two sets being started in series with
each other, preferably with an ordinary rheo-
stat, and the two sets being afterward changed
to parallel relation without at any time open-
g the main circuit, by successive changes in
Whmh the eonnectlons to mid-points in the
fields of the different motors are shifted to
different parts of the circuit, so as to male dif-
ferent combinations of such half-fields and the
remalining parts of the motors. Thus continu-
ne the general deser iption as of two motors,
the motors are started in series, then a 11101101
speed is obtained by placing half of one field
1in parallel with half of the other field with-
out disturbing the series connection ot the re-
maining coils of the motors. Then a stil]l fur-
ther speod 1s obtained by short-circuiting halt
the field-coil of each motor, and then a still
further speed connection is obtained by plac-
ing the armatures and halt of the fields of

cach of the motorsin parallel while maintain-
ing half of the field of each motor in series.
Finally the motors are placed in full parallel.
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This gives a gradual acceleration and at the
same time there are no positions at which the
motors can delceteriously buck each other, be-
cause each armature is always in circuit with
half, at least, of its own fleld, and consc-
quently there is always an independent coun-
ter electromotive force in each armature-cir-
cuit. In orderto effectively employ thismeth-
od of control for four motors without increas-
ing the controlling apparatus to too large an
extent, 1 permanently couple the motors ot
each set together at points midway their field-
windings. 1 alsoconnect the terminals of the
two motors of each set together permanently
so far as regards the controlling -switch, so
that 1 am thusenabled to leadto the controlling-
switch only three leads from each pair of mo-
tors, and thus have no more contacts than 1f
only a pair of motors were to be controlled.

Another means which 1 employ to recduce

" the contacts that are necessary tor controlling
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consists in so arranging the motor elements
in the cireuit and so shifting the connections
that the circuit between the field and arma-
ture of each motor is never ruptured. Lo this
end 1 place one pair of elements—say the ar-
matures—at the extreme ends of the motor-

circuit,and the other elements—say the fields—

at intermediate points In the motor-circuit.
This groups the fields of both sets of motors

together and enables me to make series-mul-

tiple and other changes of such fields without
disturbing the field connections between fields
and armatures, as has hitherto been necessary
in every controller which was Dbased upon
changes in the relations of the individual ele-
ments of the motors with respect to each other
tor speed regulation additional to the series
and multiple positions.

With this general statement of the means ]
employ to control the motors and the advan-
tages of such means, the details of the control
system, as shown by Fig. 1, and its results, as
shown by Fig. 2, will be readily understood.
Suppose the drum of the controller is in such a
position that the controller at dotted line 1
encages the contact-fingers /' to /.  Under
these circumstances the current enters at L,
which representsthe trolley connection,passes
through blow-out coil T to finger /7, thence
through contacts 30 and 32 to finger /7,
through contacts ¢ and ¢ of the cut-outswitch
to armatures M’ and M®. Thence through the
contacts of the reversing-switch A’ and A’the
current passes in multiple through the re-
versing - switch and through the two field-
coils K and IC¥, leaving the reversing-switch

“at finger ¢ and again passing through the

cut-out switch and reaching the controlling-
switeh at finger 7%, thence by contacts 23 and
09 and finger #° through the cut-out switch
to finger ¢ of the reversing-switch, where

the current divides between field-coils A° and

K! and out of the reversing-switch at fingers
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A® and A* throueh armatures M* and M,
thence through the cut-out switch to finger
#Y, contacts 18 and 19, hinger F#T.and through
the resistance R to the ground (, thus put-
ting the two sets of motors in series with each
other and in series with the whole of the ex-
ternal resistance, as shown simply in position
1 of Fig. 8. Having thus traced out onestep,
it will not be necessary to trace out cach step
in detail, as the results are clearly shown 1n
Fig. 2, the running positions of the controller
being indicated by the numerals 1, 2, 3, 4, 5,
6, 7, and 8, and the transitory positions oc-
currine momentarily at change of connections
being indicated by positions 4" 4", &c.  Po-
sitions 2, 3, and 4 only vary from position 1
by the gradual reduction of the external re-
sistance caused by the successive engagement
of contiacts 13, 14, 9, and 10 with fingers 7, 7,
and 7 and % At position 5 the mid-field
connections 4 and 4’ come into play. Con-
nection Aisconnected to finger #*and . Con-
nection A is connected to finger 7. At position
5 finger #° is connected to finger 7 by means
of contacts 20 and 21, and this causes the mid-
field connection of the first group of motors
to he connected to the trolley end of the sec-
ond group of motors, while finger F 18 con-
nected by contacts 25 and 23 with fingers /7,
which connects the mid-field of the second
oroup of motors with the oround side of the
first set of motors, thus placing the half-fields
of the different motors in parallel.  Positions
4 and 42 aresimply transitory positions,which
first short-circuit and cut out one half-ficld
1 order to connect it in parallel with the other
half-field.  Position 6, which is the next run-
ning position, short-circuits half ot the field
of each motor, thereby still further reduc-
ing the resistance of the circuit and the coun-
tor electromotive force of the motors.  This
short - circult is effiected by the contacts 24
and 25, which at position 6 connect together
fingers #Mand £ which fingers are conn ceted
to the mid-field connections £ and A. The
transitory position 5 just before reachimg po-
sition 6 differs only in that the connection 18
«til] established between the trolley side of the
half-ficlds of the second eroup of motors and
the trolley side of the half-ficlds of the first
oroup of motors. The position 5 could as
well be a running position as position 6; but
1 arrange the notches of the step-by-step de-
vice which all such controllers have so as to
malke the runnine position at 6 rather than
at 5, because the break at this point s ONne
that it is very important should be certainly
made.  Thus if the change were made from
nosition 5 to position T as quickly as POSSI-
ble there might be some danger of ares be-
ing momentarily maintained between con-
tacts 91 and 28 and between contacts 20 and
o4 and their respective fingers.  Under these
circumstances there would be acireuit through
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the arcs and contacts directly between the
trolley, which 1s connected to contact 28, and
oround, which 1S connected to finger

r Lmnmo at position 6 rather than at position
| ]Ihﬂxe it certain that the arc between
img er /° and contact 20 will be eliminated be-
tore the controller 1s moved to position 7, and
therefore I'remove any possibility of this dan-
gerous short cireult occurring between trolley
and ground through nothing but the resist-
ance of the arcs. - At position 7, as indicated
in Kig. 2, the current first passes through the
half-fields of the motors of the second group.
Then it passes in parallel through the remain-
Ing colls of saiwd motors and th ough the ar-
matures and half-fields of the first group of
motors and then passes through the remaining
half-helds of the second group of motors, this
being accomplished because the current enter-
ing the controller at /" passes contact 28 and
Lhen(.,e by the cut-out switch and reversinge-
switch to the terminals of field-coils I{* and
K", After passing through these two coils
to the mid connection £ 1t of course passes
through the remaining coils of these motors
in the usual manner and also passes from the
mid connection &' to the finger 7%, contacts 26
and 27, fingers £”and £ thr oug h the cut-out
PoVer SmD—-SWItch to the armatures M" and M,
from which it passes 1n the ordinary manner
to the mid connections £ of these motors, which
is connected by fingers #°, contacts 17 and 16,
and finger 7#° with the armatures of the other
two motors, the field-terminals of the first set
of motors’ bemo connected to omund by fin-
oers 7 and contacts 11 and 10 and finger 77
It is unnecessary to consider in detail 6 to 6",
inclusive, as they are mer ely transitory POSI-
tions most convenient for changing the circuit
from position 6 to position 7 without trouble-
some sparking or lnductive effects upon the
motors. At position 8 the motors are con-
nected in full parallel. -

It will be noted that while I have numerous
speed-stops, and therefore uniformly-gradu-
ated acceleration, and a number of changes
are made in the circmit relations, yet at no
step 1s any considerable change made and
there 18 no complexity of circuits. It will
also be noted that at no step, whether transi-
tory or running, i1s found a condition in which
an armature
containing at least half the field which excites
that armature, so that the condition of the
circuit 1s always a comparatively stable one,
thele being no tendency to what 1s known as

“bucking 7 when the motor acts temporarily
as a generator to produce current m a local
circult. Moreover, and what 1s perhaps more
important, in none of the positions is any

armature in the local eircuit when 1t has not
a substantial strength of field, so that if there
be any tendency to generation ot local current ;

has a local closed cireuit not

4

7@ 10 ?

_thl oug h fingers #° and contacts 11 and 10 B\
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- motors, which consists in

- the common fielc

3

there will be no substanuial sparking. It will
also be noted that when the motors are in
series the trolley makes connection to the
first group of motors at their armature-termi-
nals, while the connection between the ground
and the second group of motors is also at the
armature-terminals. In this way the fields
of all the motors are together in the central
portion of the circuit, so that the series-par-
allel changes of the half-tields are macde with-
out at any time disconnectine the field of a
motor from 1ts armature. Moreover, by
coupling the half-fields as described above
I also have, no matter what the circuit posi-
tion, half of the field remaining in the active
circult in series with 1ts own armature recelyv-
ing the full current thereof.

I do not desire to limit myself to the par-
ticular arrangement here shown, since changes
therein which do not depart from the spirit
of my invention and which are within the
scope of the appended claims will be obvious
to those skilled in the art.

Having thus fully described my invention,
what I claim, and desire to protect by Letters
Patent, 15—

1. The method of controlling a plurality of
aryving the propor-
tions of each field in the operating-circuit
and 1n varying the connections of the half-

4:1 ficlds to each other.

The method of controlling a plurality ot

- motors, which consists i including varyinge

proportions ot each field 1in balanced parallel
circults, while maintaining the entire wind-
ings ot both fields in circuit.

3. The method of controlling a plurality of
motors, which consists in producing halanced
parallel circuits of portions of the two fields
and of the two armatures with portions only
of their respective fields.

4. The method of controlling a plurality of
motors, which consists 1n shifting said motors
from series to parallel while maintaining the
connection of each armature to the corre-
sponding field and using that armature and
half of 1its field as an clement 1n all combina-
tions |

The method of controlling a plurality of
motom which consists in first connecting a
common terminal of the fields of one group to
a common terminal of the fields of the other
oroup, the mid-fields of each group being con-
nected to common leads and the armatures of
one group being connected by a common ter-
minal to the source -of current and the arma-
tures of the other group by a common ter-
minal to ground, then connecting In over-

- lapped or par: allel relation the groups of half-

between the mid- felds and
-ternunal, then cutting out
these groups of half-fields leaving the motors

fields which Lie

1n series but each armature running in series

with the half-field that lies between it and the
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mid-field connection, then putting the afore-
said groups of half-fields again in series but
paralleling the groups of armatures and halt-
fields that lic between the common armature
connection and the mid-field connection, and
finally connecting the two groups of motors
in parallel. |

6. The method of controlling a plurality of
electric motors, which consists In connecting
said motors in various series and parallel re-
lations for various speeds, while maintaining
throughout all combinations each armature
connected to its own field and so connecting
the leads from each motor as to leave on all
combinations each armature connected 1n
series with a section of its own field sufhicient
to force an approximately equal division of
current between the armatures when con-
nected in parallel with each other.

7. The method of controlling a plurality of
electric motors, which consists in shifting said
motors from series to parallel relation ancl,
before changing from the last series position,
disconnceting entirely from the circuit those
terminals of said motors which on the first
parallel position are to be connected to a
source of current and ground respectively.

8. The method of controlling two electric
motors, which consists in connecting the two
motors in series with each other with one ele-
ment of one motor at one side of the motor-
circuit, the like element of the other motor
at the other side of the motor-circuit, and
the remaining elements of the motors con-
nected together and each connected to one of
the first-mentioned elements, and then shifting
the motors to parallel by intermecdiate posi-
tions in which one motor 1s connected to a
point intermediate of the other motor, with-
out at any time during the shift separating
the elements in an individual motor.

9. The method of controlling two series
clectric motors, which consists in placing the
two motors in series, each with its field con-
nected directly to its own armature but with
the fields and armatures reversed relatively
to each other as to their position in the cir-
cuit, and then shifting the motors by succes-
sive steps in which one motor is connected to
points intermediate the terminals of the other

‘motor until the two motors are in parallel

with each other.

10. The method of controlling two series
electric motors, which consists in placing the
two motors in series, the connection between
the two motors being from an element of one
motor to a like element of the other, and 1n
parallel, and intermediate thereto connecting
the terminal of one element of one motor with
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the point on the unlike terminal of the other
motor intermediate the terminals of said ele-
ment.

11. The method of controlling two series
electric motors, which consists in placing the
two motors in series, the connection between
the two motors being from an element ot one
motor to a like element of the other motor,
and in parallel, and intermediate thereto mak-
ing sucecessive changes of relation of the coils
of the different motors relative to each other.

12. The method of controlling two series
electric motors, which consists in connecting
the motors in series and in parallel with each
other, and intermediate thereto producing -
termediate circuit conditions by varying the
connections in the circuit of one-half the field-
winding of the two motors relative to each
other.

18. The method of controlling two series
electric motors, which consists in connecting
the motors in series and in parallel with each
other and intermediate thereto connecting
one-half of one field-winding in parallel with
one-half of the other field-winding while main-
taining the remaining coils of the motors in
series with each other.

14. The method of controlling two series
clectric motors, which consists in connecting
the motors in series and in parallel with each
other and intermediate thereto connecting
one-half of the ficld-winding of one motor in
series with one-half the field-winding of the
other motor, the remaining coils of the differ-
ent motors being in parallel with each other.

15. The method of controlling two series
electric motors, which consists in connecting
the motors in series and in parallel with each
other and intermediate thereto producing n-
termediate circuit conditions by making se-

ries-parallel combinations of one-half of the

field - winding of each motor and of the re-
maining coils of said motors.

16. The method of controlling two series
electric motors, which consists in connecting
the motors in series and in parallel with each
other and intermediate thereto producing n-
termediate circuit conditions by making se-
ries-parallel combinations of one-half of the
field-winding of each motor and of the re-
maining coils of said motors and by short-cir-
cuiting or cutting out said half field-windings.

Signed at Pittsfeld, Massachusetts, this 3d
day of June, 1903.

SAMUEL T. DODD.
Witnesses:

L. A. HAwKiNs,
R. E. Hayxgs.
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