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7o all whom it may concern’

 Be it known that I, Jav H. Haww, a citizen
of the United States, residing at Cleveland,
in the county of Cuyahoga and State of
Ohio, have invented new and useful Im-
provements in Electrie Controllers, of which
the following is a specification.

My invention relates to control systems
for electric motors having series fields op-
erating in parallel, and particularly to the
reversing of such motors. I connect the
fields of both motors in series with one arma-
ture, the second armature being in paraliel
with the first. It is desirable to insert in
the circuit of the second armafure a resist-
ance equal to that of the two fields in order
to have the total current, and therefore the
load, equally divided between the two mo-
tors.

It is one object of my invention to cause
the reversal of two motors connected 1n par-
ailel by the use of a single set of reversing
switches. : .

It is ancther object of my invention to
provide means whereby a resistance 1s au-
tomatically inserted in the circuit of the
armature which is not connected in series
with the field windiags.

Figure 1 and Fig. 2 are diagrams showing
different ways of pbtaining these results.

Referring to Fig. 1, A and F indieate,

_vespectively, the armature and the series

field of ome wotor, AA and FF show, re-
spectively, the armature and the series field
of the other motor. S* and &° illustrate a
set of reversing switches for the motors,
provided with actuating windings s* and %,
respectively. One end of the winding s* 18
connected to the contact m of a mastey-con-
troller while the other end is connected to
the positive, and -one end of the winding s*
is connected to the contact » of the master
controller while the other .end is connected
to the positive. The operating lever of the
master controller is itself directly connected
to the negative. A resistance 7', equal to
the total resistance of the field windings I
and FF is adapted to be connected in series
with the 'armature not in series with the
fields by means of the automatic relays Q
and Q¢ Relay Q’, when operated, auto-
matically short-circuits the resistance 7%,
eaving the resistzpce 7 in series with the
grmature A and the relay €F, when oper-

ated, short-circuits the resistance 7/, leaving
an equal resistance #* in series with 'the ar-
mature AA. The relays Q and Q? are series
relays, their operating windings ¢’ and ¢*
respectively being connected in the main

circuit; they close their contacts as soon as

their actuating windings arve energized.
These relays may be of the same construc-
tion as the switches 8, 8% &° described
later, adjusted to close on any current
which will be allowed to flaw by the resist-
ances R’. R?, R®% The revtssing switches
S* and $° are provided with a mechanical
interlock J and also a locking circuit adapt-
ed to be energized when either of the re-
lays Q and Q? is closed. This circuit is
traced from the positive through the locking
magnets & and %2, a limiting resistance 7,
and there it ‘divides in two- branches con-
nected to the bridging pieces of the relays
Q’ and Q2 respectively. When energized
each of the magnets &’ and A% is strong

enough to prevent the closure of its respeec-

tive switch but cannot, owing to the in-
creased air gap, force the said switch to the
open position after it has operated. The
object of this locking circuit is to prevent
the reversal of the motors in case the relay
Q' or Q? energized in the previous opera-
tion accidentally stays closed when the mo-
tors are stopped. A rheostat in series with
both motors 1s further provided for starting
the motors. It consists of the rvesistance
sections R’, B2, R? adapted to be short-cir-

‘cuited by the switches S, 82, 8%, respectively.

These switches are provided with the op-
erating windings ¢/, ¢*, ¢® energized by the
current in the motor circuit. The resist-
ance controiling switches 8, 2, 82 ave of
that type of switches described in H. R.
Canfield’s applications, Serial Number
583,000, filed September 21, 1910, and Serial
Number 604,331, filed January 23.1911, and
in Eastwood’s Patent, No. 1,040,292; granted
October 8, 1912. In these applications and
in this patent, particularly in Fig. 2, the
switches have the peculiar cheracteristic of
locking to the open positior when the cur-
rent in their opérating windings is above a
certain predetermined limit and of closiag
their contacts when the current in their
operating windings is reduced below said
predetermined Hroit. '

The op-ration of this controller is as fol-
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lows: Assuming the master controller to be
moved on the contact m, an operating circuit
is completed from the positive through the
winding s* and the contact m to the nega-
tive. The energization of the winding s*
causes the switeh 8* to closc its contact,
whereupon current flows in the motor ‘cir-
cuit thereby energizing the operating wind-
ing ¢° of the relay Q, which closes imme-
diately its contacts. The motor circuit is
established as follows: from tlie positive
through the winding ¢’ of the switch S’, the
resistances R’, R2, R? the winding ¢* of
the relay Q2 and the contact of the switch S*
to the point ¢, there it divides, one branch
being traced through the field I'F, the field
¥, the armature A, and the contacts of the
switch Q? to the point «*; and the other

branch being traced through the armature :

AA and the resistance +* to the point
At the point «* the two branches unite and

the circuit is connected to the negative. As |

the current in the motor circuit is limited
only by the starting vesistances, the first
rush of current will lock the switch S to
the open position until, owing to the accel-
eration of the motors, the current in the
winding ¢’ diminishes to ‘that value at
which the switch 8’ is adjusted to operate.
Then the switch 8 will close its contacts,
short-circuit the resistance section R’ and
connect the operating winding ¢* of the
switch $? in the motor circmit. DBut the
short-circuiting of the resistance section R’
causes another rush of current which locks
the switch S? to the open position until cur-
rent in the motor circuit decreases to that
value at which the switch $? is adjusted to
operate, whereupon the said switch will
close its contacts, short-circuit the resist-
ance section R? and connect the operating
winding ¢* of the switch $* in the motor
circuit. Likewise, the switch S° will be
locked to the open position until the cur-
rent decreases to that value at which the
said switch is adjusted to operate, where:
upon the switch S? will close its contacts
and short-circt 't the last resistance section
R?, the motor circuit being now traced from
the positive through the winding ¢’; the
contacts of the switch 87, the winding ¢*, the
contacts of the switch 8%, the winding ¢,
the contacts of the switch 8%, the winding
¢%, the contacts of the swiich S to the point
@’ and thence as before. The two motors
run now at full speed. Owing to the oper-
ation of the relay Q2, the resistance »” has
been short-circuited, leaving the resistance
22 connected in series with the armature
AA, 5o that the two branches of the motor
circuit may have an equal resistance, there-

by insuring an equal division of the load be-

tween the two motors. The closure of the
relay Q? comple’ s the locking circuit from
the positive th- igh the magnets 2" and 7%,

!
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the limiting resistance r, the bridging piece
of the relay Q2, and the contacts thereof to
the negative. This causes the magnets %’

and Z* to be energized, whereupon the mag- -

net 72 locks the switech 8° to the open posi-
tion and prevents its operation so long as
the switch S* is closed. To revirse the
motors, the master controller is first ve-
turned to the center and then moved on the
contact n. The first movement of the mas-
ter controller deénergizes the operating
winding s* of the'switch 8* which causes the
said switch to open its contact thereby opén-
ing the motor circuit and deénergizing the
relay Q* and all the resistance controlling
switches which will drop to the open posi-
tion. The second movement of the master-
controller closes the operating circuit of the
switch S° from the positive through the
winding s°, the contact n and the lever M
to the negative. The switch S° closes its
contacts, establishing the motor circuit, and
then the relay Q closes its contacts; but 1f
the relay Q* has not dropped to the open
position, the locking circuit will stay ener-
gized and the magnet /* will prevent the
cperation of the switch $° and, conse-
quently, the simultaneous closure of the two

relays (37 and Q? which would short-circuit.

the resistance »” and %

The motor circuit is traced as follows:
from the positive through the winding ¢/,
the resistances R, R%, ¥, the winding ¢ of
the relay @, the contact of the switch S°
to the point «*; there the cireuit divides,
one branch being traced through the fleld
I, the field FF, the armature AA, and the
contacts Q to the point «*; the other branch
heing traced through the armature A and the
resislance 7 to the point ¢ At this point
the two branches unite, the circuit being led
to the negative. Kxamination of Ifig. 1
shows that current flows in the two arma-
tures in the same direction as before, but
that the dirvection of the current in the two
fields has been reversed. Therefore, the di-
rection of rotation of the two motors is re-
versed. The resistance switches 87, 82, 5°
will operate as they did in the preceding
case, (hat is, they will close their contacts
in the order named, each switch being
locked to the open position until the current
in the motor circuit diminishes to that
alue at which the switch considered has
been adjusted to operate. After the switch
S* has operated, all the starting resistance is
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“hort-circuited and the two motors run at -

full speed. Tt will be noticed that the re-
lay Q7 in closing its contacts has shovt-cir-
cuited the resistance 72, leaving the resist-
ance 7 in series with the armature AA,
thereby insuring that the two branches of
the motor circuit are of equal resistance and
that the load is equally divided between the
two motors. It will be further noticed
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that the I()cl{inﬂ‘ cireuit s established as
soon as the velay Qf ‘m~ closed its contacts,
since the connection of the said eircuit to
the negative is made through the contacts
of the said relay. The switch 3% will then
be locked to the open position by the mag-
net 2’ and cannot close ifs contact in case
the relay Q' stays closed after the motors
have been stoppe(l The mechanical inter-
lock J prevents the two reversing switches
S* and S° from closing at the same time and
the consequent short-circuiting of the field
windings. To stop the motors the operator
brings The master controller to the center
pOblthIl which deénergizes the winding s°
and causes the switeh $° to open its_con-
tacts, thereby opening the motor circuit.
Referring to Tig. 2, the two reversing
switches are shf‘wn at S and &°. Rach m
these. switches is provided with two sets of
contacts; the lower contact of tne switch
S corresponds to the contacts of the relay
Q* in I(w 1, and the lower contact of the
switch S““ corresponds te the eontacts of the
relay Q' in ‘the same figure. The actu‘ztmg
windings s* and $0 of the reversing
switches are connected on one side directly
to the posm\e and on the other to the con-
and »’, respectively, of a master
controller M’. The upper contacts of. the
reversing switches are for the purpose of
reversing the current in the field w1ndmg%
and the lower contacts of the said switches
are for the purpose of connecting the re-
sistance 7 in series with the armature not
connected in series with the fields. The ve-
sistance sections R’, I{%, R® in series with the
fwo motors are controlled by means of the
switches S*, 81, S$*%. The operating wind-
ings ¢, ¢4, ¢, respectively,  of these
smtch es have one end connected to'a common,
wire leading to the positive. The other end
of the wmdma ¢*® 13 connected to the con-
tacts n?—m? on the master controller; that
of the winding ¢**, to contacts 7)*——%3' and
that of the Wmdmw ¢, to contacts n e,
The operation of 7this controller is as fol-
lows: f&ssummu the master controller arm
M’ to be meved to the Ief‘f and to make con-
tact with the contact m/, an actuating circuit
is_completed from the p(}cmve through the
winding s*, the contact 7/, and the strm m°
to the negative. The switch S* then c’ioses
its con’mcts, whereupon the motor cireuit is
established as -follows: from . the positive
through the resistances R’, R?, R?, through
the upper contact of the sw itch S* to the
point ¢ where it divides, one branch being
traced through the field FF, the field F, and
the armature A to the point @, the other
branch being traced throngh. the armature
AA and the resistance #” fo the point a*
agnin
h the
ega-

the cirenit being further iraced throug
lower contact of dle .sw'xtch £%0 {¢ shu 1

n"

2

tive.  Moving the arm M one step farther
closes a cirenit from the p()sltlu through
the winding ¢ and the contact m?* to the
negative. The erergization of the winding
¢ causes the switeh S to close its contacts
and short-circuit the resistance sec stion R,
thereby increasing the speod of the motors.
Moving the arm M’ to the next contact w*
energizes the winding ¢* oi the gwitch 5,
which closes its contacts and short-civenits
the resistance seetion R%  Finally, when the
arm M’ comes on the last contact in', the
\\rmdmw «? is energized and the gwitch S
closes lts contacts and short-cireuits the last
resistance section R*  The two motors will
then run at full speed. The operation of
the switch 5* connects the resistance ¢ in
series with the armature AA and the two
branches of the motor cirenit have an eq qual
resistance, thereby insuring an equal divi-
sion of the load between the two motors.
To reverse the motors, the master controller
iy first returned to off position and then
moved to the right. . This causes all the re-
sistance switches to be deénergized and to
oppn their contacts and lastly the switch 4
to be deénergized and also to open its con-
tacts, thereby opening the motor (Ar(:ult
When the arm M’ comes on the contact »/,
a circuit is established from the positive
through the winding s* and the coutacts
#/—m? to the negative. The switch S
then closes its contacts and establishes the
motor circuit as follows: from the positive
through the resistances R/, R?, R?, the upper
contact of the switeh S to the point ¢*;
there the circuit divides, one branch bemg
traced through the field 1", the field ¥ ¥, the
armature AA to the pomt a*; the other
branch being traced thxouoh the armature
A and the resistance £o the point o
There the two branches unite and the motor
circuit is Iu1ther traced through the lower
contact of the switch 8% to the negative.
The resistance switches are operated as in
the plecedmo case by further movement of
the arm M’ to the contacts n°, »°, and »*
until all the stﬂ'tmd ‘resistance s short-
cireuited and the motors run at full speed.
Tt will be noticed that the switeh 8 in clos-
ing its contacts has connected the resistance
7" 1n series with the armature A A, thereby
insuring that the two branches of the motor
circuit arve of “qual resistance and that the
load is ouailv divided between the two
motors. To sto] the motors, the operator
brings the master controiler to off position
wh;ch deinergizes all the switches and/
uses the- wvxfch 8% to open the motor
cu'('mt
It is possible to operate thé motors in par-
’ei as here shown without the use of the
" or 7%, but the motors would di-
g im\,\m%hv due to the vesistance
field- windings in ens armature
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cireuit. It would be practical to operate the
motor in this way, if they were not called
upon to carry their full load, in which case
the resistances ", % and the switches Q', Q°
can be omitted ‘from the system shown in
Tig. 1, leaving only the two switches S* and
S5 for reversing the motors. If the char-
acter of the load is such that the motors will
be fully loaded in one direction of motion
and only partially loaded in the opposite di-
rvection, the resistance »” can be left perma-
nently in the circuit of say, the armature A,
omitting the switches Q’, Q° and the resist-
ance 72 Then, in running in one direction
when the switcli S* is closed, the resistance
# will be in the circuit of the armature A
balancing the circuit of tue armature AA
containing the two field windings. The
motors will then divide the load equally.
When running in the opposite direction
with the switch S* closed the armature A
will have in its branch of the divided circuit
the two field windings and the resistance 77,
while the other branch of the circuit will
contain only the armature AA. This will
of course cause one armature to assume
more of the load than the other, but if the
current in the motor which takes the greater
amount in this direction of motion 1is less
than full load, or if operation in the reverse
divection is only seldom, the fact that the
two motors are slightly unbalanced will not
be objectionable.

T claim—

1. In a motor control system, two motors
having their armature and field windings
connected in a closed loop, a switch for op-
erating the motors in one direction, and a
second switeh for operating them in the op-
posite direction.

9. In a motor control system, two motors

having their armature and field windings
connected in a closed loop, one side of a
source of sapply connected to a point on
the loop, a switch for connecting the other
side of the source to a second point on the
Joop to run the motors in one direction, and
a second switel for connecting it to a third
point on the loop to run the motors in the
reverse direction.

3. Tn a motor control system, two motors
having their armatures arranged to be con-
nected in parall?l paths, means for connect-
ing the fields of both motors in the path con-
taining one armature to operate the motors
in one direction, and means for eonnecting
the said fields in the path containing the
other armature to operate the motors in the
reverse directien. '

4. In a motor control system, two motors,
a switch for connecting the armature of the
first motor in cne branch of a divided cir-
cuit, the other branch containing the arma-
ture of the second motor and the flelds of
both motors, an’ a second switch for con-

1,058,500

necting the armature of the second motor
in one branch of a divided cireuit, the other
branch containing the armature of the first
motor and the fields of both motors.

3. In a motor control system, two motors,
a switch for connecting the armature of the
first motor in one branch of a divided circuit,
the other branch containing the armature
of the second motor and the fields of both
motors, and a second switch for connecting
the armature of the second motor in one
branch of a divided cireuit, the other branch
containing the armature of the first motor
and the fields of both motors, the current
through both fields being reversed.

6. In a motor control system, two motors,
the armatures of which are arranged to be
connected in parallel, a pair of contacts for
sausing the current to flow through the
felds of the motors in one direction for
operating the motors in one direction, and
a second pair of contacts for causing the

current to flow through the fields in the op-

posite direction to reverse the motors.
7. Tn a motor control system, two, motors,
the armatures of which are arranged to be
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connected in parallel, a switch for connect- -

ing the fields of both motors in series with
one armature, and a switch for connecting
the fields in’ series with the other armature
and reversing the current in the fields.

. In<a motor control system, two motors,
their armatures arranged in parallel, a field
for each armature, the fields being arranged
in series with each other, means for connect-
ing the fields in series with one or the other
of the armatures, a resistance, and means
for connecting the resistance in series with

the armature not. in the circuit with the

fields. ,
9. In a moctor control system, two motors,

thefr armatures arranged in parallel, a field
for each armature, said fields being arranged
in series with each other, means for con-
necting the fields in series with one or the
other of the armatures, means for reversing
the direction of current through the series
fields to roverse the direction of rotation
of the armatures, a resistance, and means
for connecting the resistance in series with
the armature not in the circuit with said
fields, o

10. In a motor control system, two motors
having series yindings and having their
armatures -conredted to operate in parallel,
a set of reversing switches for reversing
the direction of current flow through the
series fields of both motors and for con-
necting the fields in series with one or the
other of the armatures, and means com-
pensating ‘the circuit containing the arma-
ture not in circuit with the fields, for tlve
resistance of the fields in circuit with the
cther armature.

11. Tn a motor control system, two motors
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having - series windings and having their
almatules connected in parallel, a set of
reversing switches for reversing the direc-
tion of current flow through the series fields
of both motors and for connecting the fields
in series with one or the other of the arma-
tures, means compensating the circuit con-
taining the armature not in circuit with the
fields, o the resistance of the fields in cir-
cuit with the other armature, a variable re-
sistance in series with the two motors, and
magnetically-operated switches for control-
ling the resistance.
12. In a motor control system, two motors,
armatures therefor arranged in parallel, a
field for each armature, said fields being
arranged in series with e‘lCh other, switches
for connectmfr the fields in series with one

or the other of the armatures, a resistance, |

relays for connecting the resistance in series
with the armature not in the circuit with the
fields, and a locking circuif containing mag-
nets for preventmg the opemtlon of one or

S

“all of the switches and adapted to be ener-

gized when any of the relays is closed.
13. In a motor control system, two motors,

" their armatures arranged in parallel, a field

for each armature, the fields being arranged
in series with each other, switches for con-
necting the fields in series with one or the

other of the armatures and for reversing,

the direction of current through the series

‘fields, a vesistance, relays energized by the

current_in‘ the motor cireuit f01 connecting
the resistance in series with the armature
not in the circuit with the fields, and a lock-
ing circuif containing magnets for prevent-

ing the operation of the switches and adapt-

ed to be energized when any of the relays

is closed.
Signed at’ Cleveland Olio, this 21st day

of Jnly, A. D. 1911,
' . JAY H. HALL.
" Witnesses: .
Hexry L. AsseT,
H. M. DieMER.
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