
J. H. HALL. 
ELECTRIC CONTROLLER, 

APPLICATION FILED LY 27, 19. RENEWED 00T, 19, 192, 

1,053,500. Patented Feb. 18, 1913. 
2. SHEETS-SHEET 1, 

SNW 
W 

Q o :- 
SNW- l, 

t 

2 A S1 
vo NW 

WITNESSES INVENToR 

ATTORNEY 

  



J. H. HALL. 
ELECTRIC CONTROLLER, 

APPLICATION FILED JULY 27, 1911. RENEWED 00T, 19, 1912. 
1,058,500. Patented Feb. 18, 1913, 

2 SHEETS-SHEET 2, 

WITNESSEs 

C64-go/ >%, 4%-e-e 
ATTORNEY 

  



5 

25 

30 

UNITED STATES PATENT OFFICE. 
JAY H. Ait, OF CLEVELAND, OHIO, ASSIGNOR TO THE ELECTREC CONTROLTER AND 

TIANUFA CTTRING COTEPANY, OF CLEVELAND, OHO. A coRFoRATION of oRIO. 
ELECTRIC CONTROLLER. 

Specification of Letter's Fatent. PateRated Feb. 8, 1913. 
Application iiied July 27, 1911, Serial No. 340,927. Renewed October 19, 1912. Serial No. 726,807. 

To all thom, it may concern: 
Be it known that, JAY H. HALL, a citizen 

of the United States, residing at Cleveland, 
in the county of Cuyahoga and State of 
Ohio, have invented new and useful in 
provements in Electric 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 parallel 
with the first. It is desirable to insert in 
the circuit of the second armature 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 in par 
allel by the use of a single set of reversing 
switches. 

It is another object of my invention to 
provide means whereby a resistance is au 
tomatically inserted in the circuit of the 
armature which is not connected in series 
with the fied windi:rgs. 

Figure i and Fig. 2 are diagrams showing 
different ways of obtaining these results, 

Referring to Fig. 1, A and F indicate. 
respectively, the armature and the series 
field of one motor, AA and FF show, re 
spectively, the armature and the series field 
of the other motor. S and S illustrate a 
set of reversing switches for the motors, 
provided with actuating windings s and s”, 
respectively. One end of the winding s is 
connected to the contact in of a master-con 
troller while the other end is connected to 
the positive, and one end of the winding 8 
is connected to the cofitact in 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 r equal to 
the total resistance of the field windings F 
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 r", 
eaving the resistance r in series with the 
armature A and the relay (, Yvien oper 

ated, short-circuits the resistance r", leaving 55 
an equal resistance r in series with the ar. 
mature A.A. The relays Q and Q are series 

and g. relays, their operating windings o' 
respectively being connected in the main 
circuit; they close their contacts as soon as their actuating windings are energized. 
These relays may be of the same construc 
tion as the switches S', S', S' described 
later, adjusted to close on any current 
which will be allowed to flaw by the resist 
ances R. R., R. The revising switches 
S" and S 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 
tr'aced from the positive through the locking 
magnets i' and (, a limiting resistance , 
and there it divides in two branches con nected to the bridging pieces of the relays 
Q and Q, respectively. When energized 
each of the magnets k' and * is strong 
enough to prevent the closure of its respec 
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 is further provided for starting 
the motors. It consists of the resistance 
sections R. R., R adapted to be short-cir 
cuited by the switches S', S', S', respectively. 
These switches are provided with the cp 
erating windings c', c', c' energized by the 
current in the motor circuit. The resist 
ance controlling switches S', S', S' aire 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, 191, 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 characteristic of 
locking to the open position when the cur 
rent in their operating windings is above a 
certain predetermined limit and of closing 
their contacts when the current in their 
operating windings is reduced below said 
predeterrained limit. 
The opriation of this controller is as fol 
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lows: Assuming the master controller to be 
noved on the contact n., an operating circuit 
is completed from the positive through the 
winding s" and the contact, m, to the nega 
tive. The energization of the windings 
causes the switch S to close its contact, 
whereupon current flows in the motor cir 
cuit thereby energizing the operating Wind 
ing ty' of the relay Q, which closes imme 
diately its contacts. 
established as follows: from the positive 
through the winding 6' of the switch S', the 
resistances R. R. R*, the winding 9 of 
the relay Q, and the contact of the switch S. 
to the point a' there it divides, one branch 
being traced through the field FF, the field 
F, the armature A, and the contacts of the 
switch Q to the point a, and the other 
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short-circuiting of the resistance section R 

branch being traced through the armature 
AA and the resistance r" to the point u”. 
At the point at the two branches unite and 
the circuit is connected to the negative. As 
the current in the motor circuit is limited 
only by the stalting resistances, 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 6' diminishes to that value at 
which the switch S is adjusted to operate. 
Then the switch S will close its contacts, 
short-circuit the resistance section R and 
connect the operating winding 6 of the 
switch S in the motor circuit. But the 

O 

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 S is adjusted to 
operate, whereupon the said switch will 
close its contacts, short-circuit the resist 
ance section R* and connect the operating 
winding 6 of the switch S in the motor 
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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 S3 will close its contacts 
and short-circut the last resistance section 
R", the motor circuit being now traced from 
the positive through the winding (; , the 
contacts of the switch S, the winding c', the 
contacts of the switch S', the winding c", 
the contacts of the switch S, the winding 
9, the contacts of the switch S' to the point 
a? and thence as before. The two motors 
run now at full speed. Owing to the oper 
ation of the relay Q', the resistance y' has 
been short-circuited, leaving the resistance 
' connected in series with the arnature 
AA, so 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 moto's. The cost lie of the 
relay Q comple' s the locking circuit from 
the positive th gh the magnets i' and k", 

The motor circuit is 
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the limiting resistance , the bridging piece 
of the relay Q, and the contacts thereof to 
the negative. This causes the magnets : 
and to be energized, whereupon the mag 
net A locks the switch S to the open posi 
tion and prevents its operation so long as 
the switch S is closed. To rev rse the 
moto's, the master controller is first re 
turned to the center and then moved on the 
contact n. The first movement of the mas 
ter controller deÉnergizes the operating 
windings' of the 'Switch S which causes the 
said switch to open its contact thereby open 
ing the motor circuit and de?nergizing 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 in, and the lever M. 
to the negative. The switch S closes its 
contacts, establishing the motor circuit, and 
then the relay () closes its contacts; but if 
the relay Q has not dropped to the open 
position, the locking circuit will stay ener 
gized and the magnet l' will prevent the S. 

operation of the switch S, and, conse 
quently, the simultaneous closure of the two 
relays () and Q which would short-circuit. 
the resistance r and 7'. 
The motor circuit is traced as follows: 

from the positive through the winding c'. 
the resistances R. R°, R*, the winding 9 of 
the relay Q', the contact of the switch S. 
to the point (t"; there the circuit divides, 
one branch being traced through the field 
F, the field FF, the al'mature AA, and the 
contacts Q' to the point at the other branch 
being traced through the armature A and the 
resistance to the point a”. At this point 
the two branches unite, the circuit being led 
to the negative. Examination of Fig. 1 
shows that current flows in the two arma 
tures in the same direction as before, but 
that the direction of the current in the tw) 
fields has been reversed. Therefore, the di 
rection of rotation of the two notors is re 
versed. The resistance switches S', S', S' 
Will operate as they did in the preceding 
case. that 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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chort-circuited and the two motors run at 
full speed. It will be noticed that the re 
ly Q' in closing its contacts has short-cir 
cuited the resistance r", leaving the resist 
ance r in series with the armature AA, 
uhereby insuring that the two branches of 
the motor circuit are of equal resistance and 
that the load is equily divided between the 
two motors. It will be further noticed 
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relay Q' in the same figure. The actuating 

the armature A to the point (t, the other 

At this point the two branches laite agai 
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that the locking circuit is established as 
soon as the relay () has closed its contacts, 
since the connection of the said circuit to 
the negative is inade through the contacts 
of the said relay. The switci is will then 
be locked to the open position by the mag 
net i? and cannot close its contact in case 
the relay Q stays closed after the motors. 
have been stopped. The mechanical inter 
lock J prevents the two 'eversing switches 

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 
position which de?nergizes the winding s” 
and causes the switch S to open its con 
tacts, thereby opening the motor circuit. 

Referring to Fig. 2, the two reversing 
switches are shown at S9 and S. Each of 
these switches is provided with two sets of 
contacts: the lower contact of the switch 
S. corresponds to the contacts of the relay 
Q in Fig. 1. and the lower contact of the 
switch S corresponds to the contacts of the 
windings 3" and s” of the reversing 
switches are connected on one side directly 
to the positive and on the other to the con 

controller M. The upper contacts of the 
reversing switches are for the purpose of 
reversing the current in the field windings 
and the lower contacts of the said switches 
are for the purpose of connecting the re 
sistance r in series with the armature not 
connected in series with the fields. The re 
sistance sections R., I, R in series with the 
two motors are controlled by means of the 
switches S. S. S. The operating wind 
ings o'". 6', 6, respectively, of these 
switches have one end connected to a common 
wire leading to the positive. The other end 
of the winding 69 is connected to the con 
tacts n°-m? on the master controller; that 
of the winding c', to contacts n-in, and 
that of the winding c, to contacts n-m'. 
The operation of this controller is as fol 

lows: Assuming the master controller arm 
M' to be moved to the left and to make con 
tact, with the contact, n., an actuating circuit 
is completed from the positive through the 

S 

tive. Moviig the ai'i i? one step farthel 
closes a circuit from the positive through 
the Yinding i" and the contact in: to the 
negative. The energization of the winding 
c" a uses the switch S' to close its contacts 
and short-circuit the resistance section it, 
thereby increasing the speed of the motors. 
Moving the airn vi to the next contact in 
enei'gizes the winding c' of the switch S', 
which closes its contacts and short-circuits 
the resistance section R*. Finally, when the 
aria M connes on the last contact in', the 
winding c? is energized and the switch S4 
closes its contacts and short-circuits the last 
resistance section R*. The two motors will 
then run at full speed. The operation of 
the switch S connects the resistance : in 
series with the armature AA and the two 
branches of the motor circuit have an equal 
resistance, thereby insuring an equal divi 
sion of the load between the two motors. 
To reverse the motors, the master controller 
is first returned to off position and then 
moved to the right. This causes all the re 
sistance switches to be definergized and to 
open their contacts and lastly the switch S" 
to be de?nergized and also to open its con 
tacts, thereby opening the motor circuit. 
When the arm M comes on the contact n., 
a circuit is established from the positive 
through the winding s" and the contacts 
n/-in” 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 switch S to the point a”, 
there the circuit divides, one branch being 
traced through the field F, the field FF, the 
armature AA to the point at the other 
branch being traced through the armature 
A and the resistance r" to the point (t". 
There the two branches unite and the motor 
circuit is further traced through the lower 
contact of the switch Soto the negative. 
The resistance switches are operated as in 
the preceding case by further movement of 
the arm M to the contacts n, n°, and in 
until all the starting resistance is short 
circuited and the motors run at full speed. 
it will be noticed that the switch S in clos 
ing its contacts has connected the resistance 
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windings", the contact m', and the strip m” 'in series with the armature AA, thereby 
to the negative. The switch S' then closes 
its contacts, whereupon the motor circuit is 
established as follows: from the positive 
through the resistances R. R., R, through 
the upper contact of the switch S to the 
point d where it divides, one branch being 
traced through the field FIF, the field F, and 
branch being traced through, the armature 
AA and the resistance '' to the point 

the circuit being further traced thi'ough t 
-- lower contact of the switch 39 to the nega 

insuring that the two branches of the motor 
circuit are of equal resistance and that the 
load is equally divided between the two 
tnotors. To stop the motors, the operator 
brings the master controiler to of position 
which delinergizes all the switches and 
causes; the switch S' to open the motor 
circuit. 

it is possible to operate the motors in par 
alie; as here shown without the use of the 

ace r" or r", but the motors woid di 
vide the said unequally due to the resistance 
of boti, the field-windings in one arnature 36 
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circuit... it would be practical to operate the 
lmotor if this way, if they were not called 
upon to cally their full load, in which case 
the resistances ' ' and the switches Q. Q 
can be Qinitted from the system shown in 
Fig. 1, leaving only the two switches S4 and 
S” for reversing the motors. If the chair 
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 
rection, the resistance r can be left perma 
nently in the circuit of say, the armature A, 
omitting the switches Q, Q and the resist 
ance 2'. Then, in running in one direction 
when the switch S is closed, the resistance 
7' will be in the circuit of the armature A 
balancing the circuit of tile armature AA 
containing the two field windings. The 
notors will then divide the loadequally. 
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 r", 
while the other branch of the circuit will 
contain only the amature 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 is less 
than full load, or if operation in the reverse 
direction is only seldom, the fact that the 
two motors are slightly unbalanced will not 
be objectionable. - 

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 switch for operating them in the op 
posite direction. 

2. In a motor control system, two motors 
having their al'mature and field windings 
connected in a closed loop, one side of a 
Source of stipply connected to a point on 
the loop, a switch for connecting the other 
side of the source to a second point on the 
loop to run the moto's in one direction, and 
a second switch for connecting it to a third 
point on the loop to run the motors in the 
reverse direction. 

3. In a motor control system, two motors 
having their armatures arranged to be con 
nected in parallel 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 connecting 
the said fields in the path containing the 
other armature to operate the motors in the 
reverse direction. 

4. In a motor control system, two motors, 
a Switch for connecting the armature of the 
first motor in (ne branch of a divided cir 
cuit, the other branch containing the arma 
ture of the second motor and the fields of 
both motors, an a second switch for con 
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necting the armature of the second motor 
in one branch of a divided circuit, the other 
branch containing the airmature of the first 
motor and the fields of both motors. 

5. In a motor control system, two motors, 
a switch for connecting the armature of the 
first notor in one branch of a divided circuit, 
the other branch containing the armature 
(if the second motor and the fields of both 
imotors, and a second switch for connecting 
the armature of the second moto, in one 
branch of a divided circuit, 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 
ausing the current to flow through the 

fields 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. In 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. 

8. 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 motor control system, two motors, 
their 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 reverse 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. 

10. In a motor control system, two motors 
having series wiridings and having their 
armatures conrfected 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 the 
resistance of the fields in circuit with the 
other armature. 

11. In a motor control system, two motors 
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having series windings and having their 
armatures 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, for 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 

5 

20 

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 each other, switches 
for connecting 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 circuit containing mag 
nets for preventing the operation of one or 

Copies of this patent may be obtained for 

5 

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 resistance, relays energized by the 
current in the motor circuit for connecting 
the resistance in series with the armature 
not in the circuit with the fields, and a lock 
ing circuit 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, Ohio, this 21st day 

of July, A. D. 1911. 
JAY H. HALL. 

Witnesses: . 
HENRY L. AsSET, 
H. M. DIEMER. 

five cents each, by addressing the “Commissioner of Patents, 
Washington, D. C.” 
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