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increase the speed of the motor to its maxi 
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tors, particularly when employed to drive 
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the motor by the operation of the control-le 

sparking would result. 
35 

40 
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best form of my invention the single operat 
ing-lever is an extension of the field-lever, and 

50 
out all of the armature resistances. 
upon means for locking the armature-lever in 

55. 

and useful Improvements in Controllers, of 

riable-speed motors of the kind comprising a 

that in case the motor-current shall for any 
cause be interrupted the armature-lever shall 
immediately go automatically to 'off' posi 

control mechanism and field-control mech 
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interrupted the electromagnet will be de 
Be it known that...I., ABE L. CUs. MAN, a energized, releasing the latch which locks the 

citizen of the United States, and a resident of 
Concord, in the county of Merrimack and 
State of New Hampshire, have invented new 
which the following is a specification. 
My invention relates to controllers for va 

rheostat and control-levers for successively 
cutting out the armature resistances and 
cutting in the field resistances gradurally to 

mum and for cutting out the field resistances 
and cutting in the armature resistances grad 
ually to reduce the speed. It is of highest 
importance in the use of variable-speed mo 

lathes, machine-tools, and the like, that the 
variable-speed resistances should all be op 
erated by a single control lever or handle in 
stead of by several handles, so that the at 
tention and hands of the operator shall be di 
verted as little as possible from his work, also 

tion, also that it shall be impossible to start 
vör until the field-lever shall also have been 
returned to off position, which will always in 
sure a strong field at starting; otherwise if 
the motor were started up with a weak field 
To accomplish the foregoing objects and 

otherwise to improve and simplify the con 
struction and operation of such rheostats or 
controllers, I have devised an electromechan 
ical apparatus in which a single operating 
handle or lever operates both the armature 
anism, first to place the armature-control 
mechanism in cut-out or short-circuit posi 
tion, where it is automatically locked, and 
then to operate the field-control mechanism 
independently. In what I believe to be the 

the armature-lever is locked thereto until the 
armature-lever reaches the position to cut 

There 

cut-out position and unlocking the levers 
from each other, consisting of an electro 
magnet in shunt-circuit with the motor, op 
erates latches, so that if the motor-circuit is 

armature-lever in cut-out position, which 
permits the same to, fly back to off posi 
tion under the influence of a spring. Fur 
thermore, as the armature-lever is forwardly 
operated only by the field-lever and handle 
the armature-control mechanism cannot be 
again operated after it has gone to off po 
sition without moving the field-lever and op 
erating-handle, so as to lock the levers to 
gether. This can be accomplished only by 
returning the field-lever to its off position. 
The motor is therefore necessarily next start 
ed up with a strong field. 

Other features will hereinafter be pointed 
Out. " . 

As one of the most useful adaptations of 
my invention is in a rheostat for controlling 
a variable-speed motor used for driving 

75 

lathes, machine-tools, and the like, which has 
to be frequently reversed, I will address my 
description to an apparatus containing the 
controller, motor, and pole-changer to re 
verse the motor. In addition to the inven 
tions contained in the controller the pole 
changer itself also contains features of nov 
elty, all of which will hereinafter be more 
specifically described, and pointed out in the 
claims. 

In the accompanying drawings, which 
illustrate one embodiment of my invention, 
Figure 1 is a plan view of the controller. 
Fig. 2 is a diagram showing the wiring for the 
controller, motor, and pole-changer. Fig. 3 
is a bottom view of the armature-controlle 
ver. Fig. 4 is a bottom view of the field-con 
trol lever. Fig. 5 is a side view of the arma 
ture-control lever. Fig. 6 is a side view of 
the field-control lever. Fig. 7 is a plan view 
of the pole-changer, and Fig. 8 is a side view 
of the pole-changer. - 

Referring to the drawings, A represents a 
plate made of slate or other suitable mate 
rial, upon which are mounted the rheostat 
and other controller parts. 

a b c d, &c., illustrate a set of armature-con 
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do 

tacts connected, as usual, by armature re 
sistances, and a b' c' d', &c., illustrate field 
contacts connected, as usual, by field resist 
aCeS. 

Fixed near the middle of the plate A is a 
stud a”, upon which is mounted the arm or, 
lever a, carrying the carbon blocka', adapt 
ed to travel over the contacts a bic d, &c. 
The arma, which will hereinafter be called 
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the 'armature-lever,” also carries upon its 
under side a supplemental arm or lever a, at 
the end of which is a contact a', adapted to 
coöperate with the contact a, fixed to the 

O 

by the arm a. 
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plate A, to make and break the electromag 
net-circuit, as will presently be described. 
A lever a' is also mounted upon the stud a”, 
provided with an extension a, which is coin 
cident with the armature-lever at when the 
levers are locked together, as shown in Fig. 
1. The lever a constitutes the field-lever 
and carries at its end the contact a', which 
travels over the field-contacts a b' c' d', &c. 
Mounted upon extension-lever ais a handle 
a', by which the entire controller is oper 
ated. At the end of extension a' is a shoul 
der a to coöperate with a latch a, carried 

The latch at is yieldingly 
held in operative position, as shown in Fig. 1, 
by a spring. (Not shown.) 

Fixed to the plate A is an electromagnet 
b', whose armature b is pivotally connected 
with the end of the armb", journaled to the 
plate A at b, as shown. A spring b nor 
mally holds the arm b elevated against a 
stop b”, whereby it is normally in inoperative 
position. 
A spring b 

at one end with the arm a and at its other 
end with the stud a. and normally tends to 
urge arm a toward its off position in the 
direction of the arrow in Fig. 1 and to hold the 
armature-lever a against a stop 5. The 
extension a', and consequently the field-le 
ver a, is normally locked to the armature 
lever a by means of the latch as and the stop 
c, carried by the armature-lever a . . . 
When the handle a' is swung to the right 

in Fig. 1, it carries with it both the armature 
lever a' and the field-lever a until the con 
tact a' engages the contact a' and closes the 
circuit through the magnet b. At that ino 
ment the carbon contact a' of the armature 
lever will have reached the last armature 
contact i and all the armature resistances 
will have been cut out, the-armature-lever re 
maining in short circuit or cut-out position. 
The closing of the circuit through electro 
magnet b causes the armature thereof b to 
descend against the tailpiece a' of the 
latch a', thereby disengaging the latch from 
the shoulder a' and simultaneously operating 
the lever buntil the latch or shoulder b 
passes into place behind a shoulder b on the 
end of the armature-lever, which holds the 
armature-lever in cut-out position and pre 
vents it from returning to its off position un 
der the influence of spring b. While the 
two levers are being operated together and 
at the moment when the armature-lever has 
reached said cut-out position the field-lever 
will be in position to close the field-circuit 
through contact m', all the field resistances 
being cut out and the field being conse 
quently strong. When the armature-lever 

| other. 

my apparatus. 

(shown in Fig. 1) is connected 

25 to the other line-wire. 
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reaches its cut-out position, the operation of 
the latch a' by the electromagnet, as de 
scribed, unlocks the two levers from each 
other and frees the field-lever to be operated 
by the handle a' independently to cut in the 
field resistances through contacts a b' c' d', 
&c. By thus weakening the field more or 
less as may be desired a very wide variation 
of speeds may be attained. The armature 
resistance contacts and the field-resistance 
contacts are so arranged with relation to 
each other and to the armature-lever and 
field-lever that contact a' does not leave 
contact m until the magnet b has operated 
to lock the armature-lever in cut-out posi 
tion and unlock the two levers from each 

c represents a stop to limit the 
movement of the field-lever when the field 
resistances have all been cut in. n is a con 
tact through which the field-circuit is first 
closed and is connected with the contact m' 
by a fuse m° to guard against unnecessary 
shocks when the motor is started. 

I will now describe the electric circuits in 
The stud a” is connected 

through wires 1 and 2 and binding-posts 3 
with one line-wire. When armature-lever a 
engages with one of contacts a, b c, &c., the 
armature-circuit through the motor Mis made 
as follows: from such contact through the 
other contacts of the armature series and the 
armature resistances between them by wire 4 
to binding-post 5, thence by wire 6 to bind 
ing-post 7 of the pole-changer, thence by 
wire 8 to contact 9 of the pole-changer, thence 
through a bridge-piece 10, contact 11, wire 
12... to binding-post 13, thence by wire 14 to 
the armature of the motor M, thence by wire 
15 to binding-post 16 of the pole-changer, 
thence by wire 17 to contact 18, through 
bridge-piece 19 to contact 20, and through 
wire 21 to binding-post 22 of the pole 
changer, thence by wire 23 to a binding-post 
24 of the rheostat, and thence through wire 

The field-circuit is 
from studa, through the field-lever a' to one 
of the field-contacts, thence by wire 26 to 
binding-post 27 of the rheostat, thence by 
wire 28 to the field of motor M, thence by 
wire 29 to the binding-post 30 of the pole 
changer, thence by wire 31 to wire 21, and by 
wire 21 to line-wire by way of binding-post 
24. It will thus be seen that the field is in 
shunt-circuit. 
From the foregoing it will be clear that 

after the armature-lever has reached its posi 
tion to cut out the armature resistances and 
has caused the two levers automatically to 
be unlocked from each other and the arma 
ture-lever to be locked in cut-oiut position 
the field-lever may be operated to cut in the 
field resistances, the entire operation being 
under the control of a single operating-han 
dle. The return movement of the operating 
handle after the field resistances have all been 
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springs behind shoulder a' and places the ar 
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again cut out automatically relocks the two 
levers together and unlocks the armature-le 
ver from its cut-out position, so that the two 
levers may by the single-handle be returned 

5 to off position. This is effected as follows: 
The extension a carries a stud c'. When 
during the movement of the handle a to the 
left in Fig. the extension a coincides with 
the armature-lever a*, the stud c' strikes the 
supplemental lever a, pivoted to the arma 
ture-lever, and Swings it away from contact 
a. Thereupon the circuit through the elec 
tromagnet b will be broken. The armature 
b' of the electromagnet and the latch or lever 
b' are immediately lifted by springb', causing 
the shoulder b to move out of engagement 
with the shoulder band the latch a simul 
taneously to be moved by its spring into en 
gagement with the shoulder a. The two 
and free to be moved to control the armature 
contacts, all under the control of the single 
operating-handle a'. . 

In case the current should be interrupted 
while the motor is running-with the arma 
ture-leverin cut-out position and the field-le 
yer on one of the field-contacts the magnet b' will be deenergized, permitting the arm b” 
to be lifted by its spring, and thereby releas 
ing the armature-lever from its cut-out posi 
tion, from whence it will be automatically re 
turned to its off position by spring b. Field 
lever, a will remain upon its field-contact 
with one or more of the field resistances cut 

35 in, and the field correspondingly weak; but 
since the armature-lever is operated by the 
field-lever, and both by a single operating 
handle before current can again be admitted 
to the motor the operating-handle must be 
moved to the left, Fig. 1, until latch a 
mature-lever again under the control of the 
operating-handle. The field-lever will then 
have been moved into the position shown in 
Fig. 1, in which all the field resistances are 
cut out. When the motor is next started up, 
therefore, it will be with a strong field and 
will necessarily be so, since the single operat 
ing-handle by which the armature-lever can 

position before it can again assume control 
of the armature-lever. 
Each time the armature-lever returns to its 

off position the pole-changer (shown in Figs. 
7 and 8) when used is operated to reverse the 
direction of the current to the armature, so 
that when the motor is next started up it 
will operate in reverse direction. The prin 
cipal utility of this feature, as has been in 
dicated, is in connection with driving-mo 
tors for lathes and the like, which have to be 
frequently reversed. The pole-changer is 
mounted on a suitable plate B. Fixed to the 
plate B is a stud 41, upon which is rotatably 

65 mounted a wheel 42, of insulating material, 

ing stud 41. 

levers are thereupon again locked together. 

be controlled places the field-lever in cut-out 

S 

and a ratchet-wheel 43, the two wheels Tig 
idly connected together. Alongside of wheels, 
42 and 43 a segmental armature 44 is also ro 
tatably mounted on stud 41. The armature 
carries a pawl 45, which coöperates with the 7o 
ratchet 43 and is normally held elevated 
against the stop 46 by a spring 49, surround 

The armature is actuated by 
electromagnet 39. Fixed to the plate B are 
the four contacts 9, 11, 18, and 20, connected 75 
with the electrical conductors, as shown in 
Fig. 2. 
The wheel or block 42 carries two conduc 

tors in the form of bridge-pieces 10 and 19, 
so arranged that every quarter-turn of the 8o 
wheel will change the direction of the flow 
of the current through the armature-circuit 
above described—that is, the bridge-pieces 
will alternately connect contacts 18 and 9 
with 20 and 11, respectively, and 18 and 20 85 
with 9 and 11, respectively. The magnet. 
39 is energized as follows: Each time the 
armature-lever a is returned to its off 
position with respect to the motor M con 

of the armature-lever and hold it at rest 
upon contact 35. Contact 35 is connected 
by wire 36 with a hand-switch 37, which is 

tact a? engages with contact 35, Fig. 2. A 90 
stop b' is provided to limit the movement 

connected by wire 38 with magnet 39.95. 
Thence the circuit for magnet 39 is com 
pleted through wire 40, binding-post 30, wire 
31, wire 21, binding-post 22, wire 23, bind 
ing-post 24, and wire 25 to the line-wire. 
Accordingly each time the foregoing circuit 
is closed by the engagement of the arma 
ture-lever with contact 35 the electromagnet 
39 is energized and causes the segmental 
armature 44 to rotate a one-quarter turn in 
the direction indicated by the full-line ar 
row. A stop 48 is provided to limit the ex 
tent of such rotation. As it rotates the pawl 
45 engages the ratchet-wheel 43, turning the 
wheel 42 and the bridge-pieces 10 and 19 a 
quarter-turn. 
When armature-lever a is again moved 

away from contact 35 to start up the motor, 
magnet 39 is de&nergized and armature 44. 

Os 

Io5 

IIo 

f 

is automatically returned to its elevated po 
sition against stop 46 by the spring 49 on 
stud 41. 
When it is not desired to have the motor . 

reverse after each movement of the control 
lever to its off position, the hand-switch 37. 
is opened, and the pole-changer is thereby 
put out of service. 
The detail construction of the contacts 9, 

11, 18, and 20 of the pole-changer is best 
shown in Fig. 8. Each comprises two 
spring-jaws 50, provided with Sockets 52, 
holding the contact-pieces proper, 18, &c. 
Said contact-pieces are preferably made of 
carbon. The ends of the metal bridge 
pieces 10 and 19 pass between the carbon 
contacts when the pole-changer is operated. 

II5 
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sistances and to cut in the field resistances, 
1. A controller comprising an armature- the field-lever controlling the armature-le 

control mechanism, and a fieldcontrol mech 
anism; the former requiring to be placed in 
position to cut out the armature resistances 
before the latter can be placed in position to 
cut in the field resistances; and means elec 
trically actuated by the motor-circuit for au 
tomatically locking the armature - control 
mechanism in its cut-out position. 

2. A controller comprising armature re 
sistances and field resistances; an armature 
control lever and a field-control lever, adapt 
ed successively to cut out the armature re 
sistances and to cut in the field resistances, 
said levers being locked together, and the 
field-lever controlling the armature-lever ex 
cepting when the armature-lever is in posi 
tion to cut out the armature resistances; 
means electrically actuated by the motor 
circuit automatically to lock the armature 
lever when it reaches its cut-out position; 
and automatic means simultaneously to un 
lock the two levers; and means controlled 
by the field-lever again simultaneously to 
lock said levers together, and to unlock said 
armature-lever from cut-out position. 

3. A controller comprising armature re 
sistances and field resistances; an armature 
control lever and a field-control lever, adapt 
ed successively to cut out the armature re 
sistances and to cut in the field resistances, 
said levers being locked together, and the 
field-lever controlling the armature-lever ex 
cepting when the armature-lever is in posi 
tion to cut out the armature resistances; a 
lock to hold the armature-lever in cut-out 
position; and an electromagnet in shunt with 
the motor and controlled by the field-lever, 
adapted simultaneously to actuate said lock 
and to unlock the levers from each other. 

4. A controller comprising armature re 
sistances and field resistances; two control 
levers, one for each set of resistances, adapt 
ed successively to cut out the armature re 
sistances and to cut in the field resistances, 
said levers being, normally locked together 
excepting when the armature-lever is in po 

35 

sition to cut out the armature resistance, 

ver; means normally in operative position 
for locking the two levers together; means 
normally in inoperative position for locking 
the armature-lever in cut-out position; and 
means controlled by the field-lever compris 
ing an electromagnet adapted to operate 
both of said locking means; a normally open 
circuit therefor and a switch controlled by 
the field-lever, whereby the forward move 
ment of the field-lever will close said switch 
and cause the electromagnet to lock the ar 
mature in cut-out position and unlock said 
levers from each other, and the return move 
ment of the field-lever will open said switch 
to ermit said levers again to be locked to 
gether and the armature-lever unlocked from 
cut-out position. 

6. A controller comprising armature re 
sistances and field resistances; an armature 
control lever and a field-control lever adapt 
ed successively to cut out the armature re 
sistances and to cut in the field resistances; 
and means for automatically locking the ar 
mature-lever in its cut-out position compris 
ing a latch, an electromagnet in shunt with 
the motor for operating the latch, and a sup 
plemental switch carried by the armature 
lever for controlling the electromagnet cir 
cuit, the armature-lever and the Supplemen 
tal switch being controlled by the field-lever. 

7. A controller comprising armature re 
sistances and field resistances; an armature 
lever and a field-lever adapted successively 
to cut out the armature resistances and to 
cut in the field resistances, said levers being 
locked together and the field-lever control 
ling the armature-lever excepting when the 
armature-lever is in cut-out position; a latch 
for locking the armature-lever in cut-out po 
sition; an electromagnet in shunt with the. 
motor for operating the latch; and means 
controlled by the field-lever in its forward 
movement for simultaneously causing the 
electromagnet to close said latch and to un 
lock said levers from each otheir when the ar 

and the armature-lever being operated by . 
the field-lever; electrically-actuated means 
automatically to hold the armature-lever in 

mature-lever reaches cut-out position, and 
means controlled by the field-lever in its re 
turn movement for opening said latch and 
relocking said levers with each other after 
the field resistance have been cut out. . 

said cut-out position and simultaneously to 
unlock the two levers from each other, where 
by the field-lever may be operated independ 
ently to control the field, resistances; and 
automatic means again to lock the two levers 
together and release the armature-lever from 
its cut-out position after the field-lever is re 
turned to a position to cut out the field re 
sistances. 

- 5. A controller comprising armature re 
sistances and field resistances; an armature 
control lever and a field-control lever adapt 
ed successively, to cut out the armature re 

8. A controller comprising armature re 
sistances and field resistances adapted to be 
successively operated; an armature-lever 
and a field-lever normally locked together by 
a latch; a latch normally in inoperative posi 
tion to lock the armature-lever in cut-outpo 

75 
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sition; an electromagnet in a normally open 
circuit for operating both latches, a movable 
circuit-closer carried by the armature-lever 
adapted to close the electromagnet-circuit 
when the forward movement of the lever 
brings the armature-lever to its cut-out posi 
tion, whereby the field-lever may be oper 

I 25 
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ated independently; the return movement 
of the field-lever, after the field resistances 
have been cut out, being adapted to actuate 
said movable circuit-closer again to open said 

5 electromagnet-circuit, whereby both levers 
may be returned to their “off” position to 
gether. t ... 

9. A controller comprising an armature 
control mechanism, and a field-control mech 

Io anism; a single control-lever for operating 
both mechanisms; provision whereby the 
initial forward movement of the control-le 
ver will cause the armature-control mechan 
ism to be placed in cut-out position and there 

15 locked, and the continued forward move 
ment of the control-lever will independently 
operate the field-control mechanism; and 
provision whereby the armature-control 
mechanism will automatically return to off 

20 position independently of the field-control 
mechanism when the motor-circuit is inter 
rupted, and whereby said armature-control 
mechanism can again be operated only upon 
manually returning the field-control mechan 

25 ism to off position. 
10. A controller comprising an armature 

control mechanism, and a field-control mech 
anism; a single control-lever for operating 
both mechanisms; provision whereby the 
initial forward movement of the control-le 
ver will cause the armature-control mechan 
ism to be placed in cut-outposition and there 
locked, and the continued forward move 
ment of the control-lever will independently 

35 operate the field-control mechanism to cut in 
the resistances thereof, and whereby the ini 
tial return movement of the control-lever 
will cut out the field resistances and then un 
lock the armature-control mechanism from 

4O 
movement of the control-lever will carry 
both mechanisms together to off position; 
and provision whereby the armature-control 
mechanism will automatically return to off 
position independently of the field-control 
mechanism when the motor-circuit is inter 
rupted, and whereby said armature-control 
mechanism can again be operated only upon 
manually returning the field-control mechan 
ism to off position. w 

11. A controller comprising armature re 

45 

so 
sistances and lever, and field resistances and 
lever, the armature-lever being movable un 
der the control of the field-lever until the 

55 former reaches its cut-out position; means 
for automatically focking the armature-lever 
in cut-out position, the field-lever being 
thereafter independently operable to cut in 
field resistances; means controlled by the 

6o field-lever after the field resistances have 
been cut out for unlocking the armature-le 
wer from its cut-out position and placing it 
again under the control of the field-lever; 
and provision whereby the armature-lever 

65 will automatically return to off positioninde 

ed successively to cut out the armature re 
sistances and to cut in the field resistances, 

cut-out position, and the continued returnition to cut out the armature resistances; 

5 

pendently of the field-lever when the motor 
circuit is interrupted, and whereby said ar 
mature-lever can again be operated only 
upon manually returning the field-lever to 
off position. 7 o' 

12. A controller comprising armature re 
sistances and field resistances; two levers, 
one for each set of resistances, adapted suc 
cessively to cut out the armature resistances 
and to cut in the field resistances, said levers 75 being normally locked together excepting 
when the armature-lever is in cut-out posi 
tion; a single control-handle by which both 
levers are operated; automatic means to 
lock the armature-lever in cut-out position 8o. 
and to unlock the two levers from each other . 
when said cut-out position is reached, where 
by the field-lever may be independently op 
erated; automatic means controlled by said 
handle again to lock the two levers together 85 
and to unlock the armature-lever from its 
cut-out position after the field-lever has been 
returned to a position to cut out the field re 
sistances; and provision whereby the arma 
ture-lever will automatically return to off 
positionindependently of the control-handle 
and field-lever when the motor-circuit is in 
terrupted, and whereby said armature-lever 
can again be operated only upon manually 
returning the control-handle and field-lever 95 to off position. 

13. A controller comprising armature re 
sistances and field resistances; an armature 
control lever and a field-control lever, adapt 

OC 

said levers being locked together, and the 
field-lever controlling the armature-lever ex 
cept ng when the armature-lever is in posi 

IOS 
means under the control of the field-lever to 
lock the armature-lever in cut-out position 
and unlock said levers from each other, 
whereby the field-lever may be operated in 
dependently, and means under the control of O 

the field-lever again to unlock said armature 
lever from cut-out position and relock said 
levers together; and provision whereby the 
armature-lever will automatically return 
to off position independently of the field-le 
ver when the motor-circuit is interrupted, 
and whereby said armature-lever can again 
be operated only upon manually returning 
the field-lever to off position. - 

14. A controller comprising armature re 
sistances and field resistances arranged 
about a common center and on different sides 
thereof; an armature-lever and a field-lever 
both journaled at said center, the field-lever . . . 
having an extension normally overlying the 125 
armature-lever; a handle upon said exten 
sion for operating both levers; means nor 
mally locking the extension and the arma 
ture-lever together; and provision whereby 
the initial forward movement of the operat- I 30 

II5 

2O. 

  



O 

(5 

6 

ing-handle will cause the armature-lever to 
be placed in cut-out position and there auto 
matically locked, and automatically un 
locked from the extension, and whereby the 
continued forward movement of the operat 
ing-handle will independently operate the 
field-lever. 

15. A controller comprising armature re 
sistances and field resistances arranged 
about a common center and on different sides 
thereof; an armature-lever and a field-lever 
both journaled at said center, the field-lever 
having an extension normally overlying the 
armature-lever; a handle upon said exten 
'sion for operating both levers; means nor 
mally locking the extension and the arnt - 
ture-lever together; provision whereby the 
initial forward movement of the operating 
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handle will cause the armature-lever to be 
placed in cut-out position, there automatic 
ally locked, and automatically unlocked from 
the extension, and whereby the continued 
forward movement of the operating-handle 
will independently operate the 
and mans whereby the return movement of 
the operating-handle after the field resist 
ances have been cut out will automatically 
relock the extension and the armature-lever 
together and unlock said armature-lever from 
cut-out position. 

Signed by me at Concord, New Hamp 
shire, this 27th day of April, 1905. . 

ABE L. CUSHMAN. 
Witnesses: 

VERA. L. CATON, 
ROBERT CUSHMAN. 
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