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To all whom it ray concern: 
Be it lznown that I, AUGUST SUNDH, a citi 

Specification of Setters attent, 
Application filed July 17, 1997. 

Zen of the United States, residing at Yonk 
el's, in the county of Westchester and State 
of New York, have invented a new and use 
ful anprovement, in Inductive Motor-Con 
trolling Apparatus, of which the following 
is a specification. 
My invention relates to the control of al 

ternating-current electric motors and one of 
its objects is the provision of improved 
means whereby an alternating-current elec 
tric notor may be readily started, stopped 
and reversed. 
A further object of my invention is to 

provide a system of alternating-current no 
tor - control which shall be substantially 
inoiseless in operation and contain a mini 
mum number of moving contacts. 
Other objects will appear more fully here 

in after, the novel combinations of elements 
being set forth in the claims hereunto an 
nexed. . 

My invention is adapted to an alternating 
current motor-controlling system using alter 
nating-current of any kind or phase, but for 
purposes of illustration and clearness show 
my invention as applied to a single-phase 
alternating-current motor of the series-com 
militator type. 

Referring to the accompanying drawing, 
T designates a transformer, by means of 
which current is supplied to the main line 
switch S firon any suitable source of single 
phase alternating current supply. 
D designates a circuit - closing switch 

which comprises a switch arm 1 having a 
roller at one end and whose other end car 
ries an insulation piece 2, to which is fas 
tened a series of contacts 32, 33, 34, 35 and 
36. Stationary contacts 37,38, 39, 40, 41 
and 42 lie in the path of movement in one 
direction of the contacts carried by the 
switch arm 1, while stationary contacts 37', 
38', 39, 40'. 41', 42", lie in the path of 
movement in the other direction of the con 
tacts carried by the switch arm 1. The 
switch arm 1 and its connected parts is 
adapted to swing to the right or left about 
a fixed pivot 6, and in so doing will bring 
its connected contacts into electrical engage 
ment with the corresponding stationary coal 
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after more fully pointed out. The switch 
arm 1 is normally held in a vertical position 
by means of a centering device comprising 
two arc-shaped levers 3 and 3' pivoted at 
one end to a common pivot (3. The other 
end of each lever bears forcibly against op 
posite sides of the switch arm1, due to the 
action of the compression springs 5, and 5', 
respectively. A rod 10 having fixed collars 
8 and 8' at its ends carries the springs 5 and 
5 and passes freely through raised projec 
tions 9 and 9 on the pivoted levers 3 and 3, 
respectively. v. 
4 and 4' are fixed stops which limit the 

inward movement of the respective levers 
3 and 3. C 
P designates a pilot motor of the single 

phase series-commutator type having bipo 
lar field magnets F and F which are wound 
differentially so that one field magnet neu 
tralizes the effect of its companion magnet 
when both are equally energized at the same 
time. The pilot motor armature will rotate 
in one direction or the other, depending on 
which field magnet is the more strongly en 
ergized. Upon the left-hand end of the pi 
lot motor shaft is a bevel gear 15 which 
meshes with a segmental bevel gear 14 car 
ried upon a circular plate 11 which is adapt 
ed to revolve freely about a fixed pivot 13. 
At the upper part of this circular plate 11 is 
a cutaway portion or recess 12 in which lies 
the roller 7 carried upon the lower end of 
the switch arm 1. Directly, under the pivot 
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13 is a pin 90 which is secured to the circu 
lar plate 11 and lies in a slot 16 at the upper 
end of a pitman 17. The other end of this 
pitman is connected at 18 to a brake rod 19 
which carries on its other end a brakeshoe 
23 which is normally in frictional engage 
ment with a brake pulley 24 carried upon 
one end of the shaft. 46 of the main motor 
M. The brake rod 19 passes loosely through 
a fixed guide 20 and with it is associated a 
compression spring 21 which bears against 
the fixed guide. 20 and an adjustable collar 
22 by means of which the tension of the 
spring 21 may be varied and locked in po 
sition by the set-screw 45. The tendency of 
the spring 21 is to firmly apply the brake 
shoe 23 against the outer periphery of the 
brake pulley 24. One end of the main mo 

tacts above mentioned in a manner herein. I tor shaft 4.6 may be provided with a belt 
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pulley G, for instance, and a belt 25 by 
means of which power may be transmitted 
from the main motor M to any desired ma 
chine, line shaft or other power-operated 
device. 
The right-hand end of the pilot motor 

shaft carries a bevel gear 51 which meshes 
with a segmental gear 50 attached to a cir 
cular plate 48 which is loosely pivoted on a 
fixed pivot 49. Near the outer periphery of 
the plate 48 and substantially on a horizon 
tal radial line are pivoted at 52 connecting 
rods 53 and 53. The other ends of these 
connecting rods are pivotally connected at 
54 and 54 to laminated magnet cores 55 and 
55 which project into the magnet windings 
or solenoids 57 and 57, respectively. 

56 and 56 are stationary guides for the 
lmagnet cores 55 and 55, respectively. 
Connected to the circular plate 48 and 

preferably directly under the pivot 49 is a 
pitman 59 which is joined at 60 to a vertical 
rod 61 guided by a fixed guide 62. To the 
lower end of this vertical rod is connected 
by insulation a sliding contact piece 65 
which is arranged to travel over and elec 
trically connect a stationary contact strip 64 
and stationary contacts 63. These latter 
contacts 63 are connected by wires to sec 
tions of the winding 31 which is the second 
ary winding of a transformer A. 30 desig 
nates the primary winding of this trans 
former, one terminal of which is connected 
by the wire 73 to the contacts 37 and 37' 
and the other terminal of which is connect 
ed by the wire 74 to the contacts 38 and 38 
of the switch. D. 
H designates a manually-operated master 

or controlling switch and comprises a han 
dled lever 66 pivoted at 67 and whose lower 
end is provided with a slot 68 into which 
extends a pin 69. The latter is rigidly con 
nected to a horizontally slidable bar 70, both 
ends of which are laminated so as to form 
two magnet cores 75 and 75 which project 
substantially half way into the magnet 
windings or solenoids 72 and 72, respec 
tively, and are guided in their movement by 
stationary guide pieces 71 and 71. 
I will first trace the circuits of the main 

motor M. In order to close a circuit to the 
motor, the arm 2 of switch D must be swun 
to the right or left so that the contacts car 
ried thereon engage the relative co-acting 
stationary contacts on either side. For the 
time being we will suppose that this arm has 
been moved to the left about its pivot 6 until 
the contact 32 engages or is brought into 
electrical contact with the stationary con 
tact 37. At the same time the contact 33 
engages the contact 38, contact 34 engages 
both of the contacts 39 and 40, while the 
contact 35' engages contact 41, and the con 
tact 36 engages contact 42. This operation 
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closes a circuit through the primary wind 
ing 30 of the transformer E as follows: 
from the main conductor 76, contacts 33 
and 38 and wire 74 to the lower terminal of 
winding 30, through this winding 30 and by 
wire 73 and contacts 3 and 32 to the main 
wire 77. Since the primary winding of the 
transformer E is energized a circuit will be 
induced in the secondary winding 31, and 
since this winding is included in a circuit to 
the motor M the latter will become ener 
gized and start to move. The induced motor 
current will flow from the secondary wind 
ing 31 by wire 78, contacts 35 and 41 and 
wires 80 and 81 to the motor terminal 2. 
which is one terminal of the series field 
winding of the motor M. The circuit con 
tinues through the series field and by termi 
nal 26, wires 82 and 83 and contacts 39, 34 
and 40, to the motor armature by way of 
the wire 84 and armature brush 28. Passing 
through the motor armature the circuit coll 
tinues to the brush 29, wires 85 and 86, con 
tacts 42 and 36, and by the wire 79 to the 
contact strip 64. Now this contact strip is 
electrically connected to the lowest contact 
63 by means of the sliding contact piece (55, 
and it is therefore seen that the current that 
will flow to the motor M is that induced in 
the lower section of the secondary winding 
31, the other sections of this winding being 
open circuited at the four upper contacts 63. 
In the present lowermost position of the 
sliding contact piece 65 the number of active 
turns in the secondary winding of the trans 
former E is at a minimum with a corre 
sponding minimum difference of potential 
available at the motor terminals, and the 
motor will consequently run at its slowest 
speed. In order to gradually increase the 
speed of the motor until the same runs at 
full normal speed, the rod 61 and its con 
nected sliding contact 65 is lifted, and as the 
latter moves upwardly over the stationary 
contacts 63 additional sections of the second 
ary winding 31 become active in regular 
order and finally when the sliding contact 
65 rests on the uppermost contact 63 the 
entire winding becomes active and a maxi 
mum potential is induced in the secondary 
winding 31 and the motor runs at full 
normal speed. 
The switch D serves a double purpose, 
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namely, as a circuit-breaking switch, and as 
a motor-reversing switch. The circuit to 
the primary winding 30 of the transformer 
E is the same, no matter in which direction 
the switch D is operated, since the contacts 
37 and 37 and 38 and 38' are connected 
together, respectively, and each pair of con 
tacts is connected to one terminal of the 
primary transformer winding 30. The re 
versal of the motor M is accomplished by 
changing the relative connections between 
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the notor armature and series field wind 
ings. This is done by cross-connecting the 
stationary contacts 39, 41 and 39, 41 of the 
switch ID and causing the pivoted Switch 
arm to swing to the right until the contacts 
carried thereon engage the fixed contacts 37 
38, etc. 
now be as follows: from the iower terminal 
of the secondary winding 31, by wire 8, 
contacts 35 and 41, and by wires 83 and 
82 to the series field, terminal 26, through 
the series field to terminal 27, wires 81 and 
80, contacts 39, 34 and 40', and by the wires 
87 and 84 to the motor amature brush 28. 
assing through the notor ailmature, the 

circuit continues by brush 29, wire 85 and 
contacts 42 and 36, wire 79, contact strip 
64, and sliding contact 65 to the lowermost 
contact, 63. The induced current, set up in 
the lower section of this secondary wiading 
therefore passes through the series field and 
amature of the motor Ivi, but while tine cir 
cuit just traced passes through the notor 
ariatie in the same direction as before, the 
circuit, through the series field is in a re 
verse direction, consequently the motor wii 
run in a reverse direction. The motor anay 
ise acceierrated as before by causing the slid 
ing contact to move upwardly, thereby in 
creasing the active turns in the secondary 
winding 31 of the transformer E. 

Eliaving shown how the motor may be 
started and accelerated to ful inoria speed 
in either direction, will now describe the 
operating circuit and point out its effect on 
the various parts of the apparatus. 
Extending from the main wires 6 and T 

is a branch circuit, which may be traced 
through the wire 89 to the pilot motor brush 
43, and through the pilot motor armature 
to the brush 44. The circuit here divides, 
one path extending through the series field 
winding F, solenoids. 57 and 72 to the wire 
88 and main 77, and the other path being 
from the brush 44 through the series field 
winding F, solenoids 5 and 72', to the 
wire 88 and main 77. The ohmic resistances 
of these two paths are substantially equal, 

s of each solenoid or mag 
same as that of its sini 
lenoid or magnet wind for companion 

ing, since each selesioid or magnet winding 
contains the same number of turns or cois 
and enbraces the same amount of magnetic 
or inductive material as does its companion 

ing. The current in Solenoid or magnetw 
each of these paths is therefore the same and each anagne inding will neutralize the ef fect of its companion magnet winding. The 

60 differential windings of the pilot motor will 
therefore neutralize each other and there 
will be no tendency for the pilot motor arma- swi 
ture to gotiate and the entire operating sys- for circiit. The operation of the pilot ma-. 

for P not only closes the main motor circuit tem of circuits is in exact balance. 

The circuit to the motor M will 

with the friction pull 

the preferred arrangement, if 
brake apparatus may be so adjusted that the 
brake will be lifted either 
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To explain the operation of the system let 
the lever (58 be novel to the right and 
the jar O to the left. This will disturb the 
balance of the operating circuits, since the 
impedance of the solenoids 2 and 72' is now 
no longer equal, due to the fact that a 
greater portion of the core 75 is now pro 
jected into the solenoid 72 and a portion of 
the core 75 has been withdrawn from the 
selenoid 2'. The branch circuit, which in 
cludes the solenoids 72, 57 and the field 
winding F of the pilot motor now receives 
more current than the parallel circuit, 
through the series field winding F. This is 
due to the slaiie annount of impedance in 
the circuit including the winding it. The 
field winding F is then sufficiently ener 
gized to overconne the field winding if and 
cause the pilot motor amature to rotate in 
a counter-clockwise direction 
from the right-hand or commutator enti. 

viewed 
As 

the pilot notor rotates the spur gear on the 
left-hand end of its shaft causes the circular 
piate 11 to rotate in a counter-clockwise (i- 
rection. The roller 7 carried by the switch 
arin I will now ride up out of the recess 12 
and onto the eater periphery of the circular 
disk 11. This will swing the upper part of 
the switch arm 1 to the right and the coin 
tacts carried thereoh will engage the fixed 
contacts arranged to coöperate there with as 
before pointed out. At substantially the 
same ti 

S 

{ine that tie contacts of the switc. ) 
are closed or brought into electrical engage 
ment, the pin 90 lifts the pitman 17 and 
brake rod 19, and the connected brake shoe 
23 is moved out of engagement with the 
friction pulley 24 against the action of the 
spiring 21 and the motor v is free to start, 
its circuit having been closed by the switch 
D. The switch D is not closed immediately 
upon the pilot motor starting, since the 
roiler 7 does not ride up onto the periphery 
of the circula' disk until after the disk has 
'otated a small distance. Also the brake is 
not released immediately upon the staiting 
of the pilot motor, lost notion being pro 
vided by means of the slot 16 and pin 90, so 
tinat as the circular disk 11, starts to rotate 
the pin rides in the slot a short distance be 
fore the pitman 17 and brake rod 9 are 
actuated, thereby releasing the brake shoe 
23. This lost motion, in the brake apara 
tus is so adjusted that the brake shoe will be 
released or withdrawn from engagement 

iction pulley 24 at substantially. 
the same time that the Sw f the switch Dopertiffs to 
close the main motor circuit. While 

ore or after the 
switch. D has operated to el 
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and releases the brake, but causes the disk is slightly moved or thrown to the full ex 
48 which is geared to the pilot motor shaft 
to rotate in a clockwise direction when the 
master switch bar 70 is noyed to the left. 
As this disk rotates the sliding contact 65 
will be moved upwardly passing over the 
contacts (53 and contact strip (34 and gradu 
ally accelerating the main motor M by rea 
son of the increased potential of the circuit 
to the motor, due to the adiditional active 
turns of the transformer secondary 31 as be 
fore pointed out. As the pilot motor rotates 
the disk 48, the solenoid cores 55 and 55 
will be lowered and a portion of the core 55 
will be withdrawn from the solenoid 57, 
while the core 55' will be moved down 
wardly farther into the solenoid 57. This 
will increase the impedance of the solenoid 
57 and decrease the impedance of the solen 
oid 57. The current in the solenoid 57 is 
therefore decreased, while the current in the 
Solenoid 57 is increased, and, since these 
solenoids are in parallel branch circuits, 
these branches including in circuit the series 
field windings F and F, respectively, of the 
pilot motor, it is apparent that the current 
in the field winding F is decreased while 
that of the field winding F is increased. 
This will tend to equalize the amount of 
current flowing in the two circuits and re 
store the balance in the differential field 
windings of the pilot motor, thus weakening 
the field until the torque is balanced by the 
load on the motor, and the parts are brought 
to rest. It will thus be seen that as the 
Switch bar 70 is moved to the left, the im 
pedance in the circuit containing the coils 
72 and 57 is increased, and that in the cir 
cuit containing the coils 72’ and 57' is de 
creased, which causes the motor to rotate in 
a direction to move the cores 55 and 55 downwardly, decreasing the impedance in 
the circuit containing the coils 72 and 57 
and increasing the impedance in the coils 72 
and 57 until a balance is restored. 

It is readily seen that the operation of 
the master or controlling switch H will 
strengthen one or the other of the differen 
tially wound series field windings, which will 
cause the pilot motor to rotate in a direc 
tion which will depend upon which of these 
field windings is the stronger or more highly 
energized, and, no matter in which direction 
the pilot motor rotates, the impedance of 
the solenoids 57 and 57 is varied in such 
manner that the tendency is to strengthen 
the weaker field winding and weaken the 
stronger field winding, and so restore the 
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balance which existed in the operating cir 
cuit, when the master switch. H was in its 
original central position. The pilot motor 
will not rotate to its full normal extent upon 
a slight movement of the master switch H, 
but will respond proportionately to every 
movement of the switch, whether the same 

tent of its movement. If the master switch 
is noved lot a short distance the pilot motor 
will rotate put a small amount, or intil the 
circuits of each field winding are automat 
ically balanced or very nearly so. Upon 
further movement of the master switch in 
the same direction the circuits are again un 
balanced and the pilot motor rotates still 
farther until the circuit is again substan 
tially balanced, when the pilot motor will 
cease to rotate. Thus the pilot motor re 
sponds to the movements of the master 
switch and by so doing varies the effective 
windings of the transformer secondary 31, 
and in this nanner varies the speed of the 
main motor M. When the master switch. 
H is brought back to its central position 
after having been moved, for example, to the 
right, the pilot motor and various parts 
operated thereby will return to their initial 
or inoperative positions, because the in 
pedance in the circuit containing the field 
winding F is thereby decreased and the im 
pedance in the circuit containing the wind 
ing F increased, which reverses the field 
magnetism with a corresponding reversal of 
the motor. The increased magnetic pull of 
the coil 57 on its core 55 and corresponding 
decreased pull on the core 55' also help to 
restore the parts to their normal positions. 
This is still further aided by the brake 
Spring and the weight of the various parts 
of the brake mechanism helping to center 
the pilot motor. y 
From the foregoing it is clearly seen that 

we have a system of alternating-current 
motor-control which contains a minimum 
number of contacts at which various cir 
cuits are made or broken, and at the same 
time the current consumed in the operating 
circuits is very small, since after the pilot 
motor has done its work of closing the re 
versing switch D and lifting the main mo 
tor brake, the current flowing to the pilot 
motor is automatically reduced to an amount 
just sufficient to maintain the pilot motor in 
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its operative position corresponding to the 
position of the master switch H. Further 
more, the main notor is started and auto matically speeded up to any desired speed 
within normal limits without the use of any 
resistance devices whatever. This alone is 
a valuable feature of my invention, since it. 
is well known that where a motor is started 
or controlled by varying the potential of the 
motor circuit by means of a variable resist 
ance in circuit with it, there is always a 
great loss of energy in such resistance while 
the current is passing through it, which is a 
needless waste of energy and makes any such 
means of controlling a motor or other trans 
lating device less inefficient and more waste 
ful of current. 
While I prefer to accelerate the main mo 
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tor by varying the effective windings of the 
secondary of a transformer, in some cases 
dispense with this transformer entirely and 
use in place of the same a suitable resist 
ance, sections of which may be connected to 
contacts in a well known way, and the motor 
speed controlled by varying the amount of 
the resistance. In other instances control 
the main motor by using a choking coil in 
series with the motor and having a movable 
core which is under the control of the pilot 
motor and which may be inserted or with 
drawn fron the choking coil so as to pro 
duce a varying potential strength available 
at the main motor terminals, accompanied 
by a corresponding motor speed. 
Having now described any invention and 

pointed out the operation of a preferred con 
struction and arrangement of electrical cir 
cuits, and not desiring to be limited to spe 
cific construction or arrangement of parts, 
as many changes could readily be made with 
out departing from the spirit or scope of my 
invention what I claim as new and desire to 
have protected by Letters Patent of the 

inited States is:- 
1. In a motor-control system, the combina 

tion With a source of current supply and a 
motor having differential field windings, of 
means to gradually vary the current in said 
windings and operate the motor, and means 
operated by the motor to oppose the effect 
of said first-named means. 

2. In a motor-control system, the combina 
tion with a motor having differentially 
wound field magnets, and means for supply 
ing a variable current to the motor, of means 
to vary the current in said windings and 
operate the motor, and means operated by 
the motor for opposing the effect of said 
first-named means. ... - . 

3. In a motor-control system, the combina 
tion with a source of current supply and a 
motor having differentially-wound field 
magnets, of means, for gradually varying 
the amount of current in said windings and 
operating the motor, and means operated by 
the motor to restore the current in said 
windings to its original strength. 

4. In a motor-control system, the combina 
tion with a source of current supply and a 
motor having differential field windings, of 
means for varying the relative currens, strengths in said windings, and operating 
the notor to an extent proportional to such 
ariation, and means operated by the motor 

to restore the relative current strength in 
tle windings. . . . . . 

5. In a motor-control System, the combina 
tion with a source of current supply and a 
motor having differential field windings in 
normally balanced circuits, of means fos 
destroying the balance in said circuits, and 
leans operated by the notoit to gradually 
restore the balance in the circuits. 

s 
3. 

6. In a motor-control system, the conbina 
tion with a source of current supply and a 
notor having normally balanced opposing 
circuits, of means for destroying the balance 
in Said circuits to operate the motor, and 
means operated by the motor to gradually 
restore the balance in the circuits. 

7. In a motor-control system, the combina 
tion with a source of current supply and a 
notor having normally balanced opposing 
circuits, of means for increasing the flow of 
current in one circuit to operate the motor, 
and means operated by the motor to reduce 
the current in said circuit. 

8. In a motor-control system, the combina 
tion with a Source of current supply and a 
notor having normally balanced opposing 
circuits, of means for increasing the flow of. 
current in one circuit and decreasing it in 
the other circuit, and means operated by the 
motor for decreasing the current in the first 
circuit and increasing it in the other circuit, 

9. in a motor-control system, the combina 
tion with a source of current Supply and a 
motor having noi'inally balanced opposing 
circuits, of means for simultaneously in 
creasing and decreasing the flow of current 
in the respective circuits, and means top 
erated by the motor for restoring the bal 
ance in the circuits. 

10. In a motor-control system, the con 
bination with a source of current supply 
and a motor having normally balanced op 
posing circuits, of means to destroy said 
balance and operate the motor, and auto 
matically operated independent means to re 
store said balance. 

11. in a motor-control system, the com 
bination with a source of current supply and 
a motor having normally E. Oppos 
ing circuits, of manually-operable ineans 
for disturbing the balance in said circuits, 
and means independent of the manually 
Operable means for automatically restoring 
the balance in the circuits. . . . 

12. In a motor-control system, the com 
bination with a source of current supply. 
and a motor having normally balanced op 
posing circuits, of manually-operable means 
for disturbing the balance in said circuits, 
and means operated by the motor for re 
storing the balance in said circuits. 

13. In a motor-control system, the com 
bination with a source of variable current 
Supply, and a motor having normally bai 

... anced opposing circuits, of means for dis 
turbing the balance by varying the induct 
ance in a circuit, and means operated by 
the motor for restoring the balance. 

14. In a motor-control system, the com 
bination with a source of alternating current 
supply and a motor having normally bal 
anced opposing circuits, of manually-oper 
able means for unbalancing the circuits, and 
means for restoring the balance without 
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moving the manual means from its operated position. 
15. In a motor-control system, the com 

bination with a source of variable current 
supply and a motor having differential 
windings, of impedance coils in the circuits 
maintaining a balance of the circuits, means 
for varying the impedance in the coils and 
disturbing said balance, and means operated 
by the motor for restoring the balance in the 
circuits. . . . . 

16. In a motor-control system, the conn 
bination with a source of variable current 
supply and a motor having differential 
windings, of impedance coils normally bal 
ancing the circuits, manually-operable means 
for varying, the impedance and disturbing 
the balance, and means operated by the no 
tor for restoring a balance in the circuits. 

17. In a motor-control system, the coin 
bination with a source of variable current 
supply and a motor having differentiai 
windings, of impedance coils in each circuit 
maintaining a normal balance of the circuits, 
manually-operable means for increasing the 
impedance of a coil in one circuit and de 
creasing the impedance of a coil in the other 
circuit, and means operated by the motor for 
varying the impedance in the other coils to 
restore a balance of the circuits. 

18. In a motor-control system, the com 
bination with a source of alternating current 
supply and a motor having differential 
field windings, of inductance coils in each 
circuit maintaining a balance of the cir 
cuits, a magnet core for a coil of each wind 
ing, said cores being connected for simul 
taneous movement, a manually-operable (le 
vice for moving said cores into position to 
increase the impedance of one coil and de 
crease the impedance of the other coil, a 
magnetic core for another coil of each cir 
cuit, and connections between the motor and 
said last-named cores for moving then into 
position to restore the balance in the circuits 
when the manual device has been operated 
and the motor started. 

19. In a motor-control system, the com 
bination with a source of variable current 
supply and a motor having differential 
windings, of inductively balanced circuits 
for said windings, means for destroying the 
inductive balance of the circuits, and means 
operated by the motor for varying the in 
ductance in opposition to the first-named 
means. 

20. In a motor-control system, the com 
bination with a source of variable current 
supply and a motor having differential 
field windings, of impedance coils in the cir 
cuits of the field windings and normally 
maintaining an inductive balance therein, 
manually - operable means for varying the 
impedance of certain of said coils and de 
stroying the inductive balance, and means 
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operated by the motor for varying the in 
pedance in other of said coils and varying 
the inductance in opposition to the variation 
caused by the operation of the manually 
operable means. 

21. In a motor-control system, the con 
bination with a source of current supply a 
main motor and a pilot motor, of means for simultaneously increasing the current sup 
ply to the main motor and decreasing the 
supply to the pilot motor. 

22. In a motor-control system, the con 
bination with a source of current supply, a 
main motor and a rotary pilot motor, of 
accelerating means for the main motor op 
erated by the pilot motor, and means also 
operated by the pilot motor for reducing the 
flow of current to the pilot motor. 

23. In a notor-control system, the con 
|bination with a source of current supply, a 
main notor and a pilot motor, of means op 
erated by the pilot motor for simultaneously 
accelerating the speed of the main motor 
and gradually reducing the supply of power 
to the pilot motor. 

24. In a motor-control system, the com 
bination with a source of current supply, a 
main motor and a pilot motor, of means op 
erated by the pilot motor for accelerating 
the speed of the main motor, and automatic 
means for simultaneously reducing the cur 
rent supply to the pilot motor. 

25. In a motor-control system, the con 
bination with a source of current supply, a 
main motor and a pilot motor, of an ac 
celerating device for the main motor, oper 
ative connections between said device and 
the pilot motor, manually-operable means 
for varying the supply of current to the 
pilot motor, and automatic means for reduc 
ing said supply as the accelerating device is 
operated. - 

26. In a motor-control system, the com 
bination with a source of current supply, a 
main motor and a pilot motor, of accelerat 
ing means for the main motor operatively 
connected to the pilot motor, manually 
operable means for controlling the current 
supply to the pilot motor, and automatic 
means for cutting off said supply when the 
pilot motor armature has rotated through 
an arc proportional to the extent of move 
ment of the manually-operable means. 

27. In a motor-control system, the com 
bination with a source of variable current 
supply, a main motor and a pilot motor, of 
accelerating means for the main motor, oper 
ative connections between said means and 
the pilot motor, means for operating the 
pilot motor by varying the inductance in its 
circuits, and automatic means for bringing 
it to rest by again varying the inductance in 
its circuits. - 

28. In a motor-control system, the com 
bination with a source of variable current, a 
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main motor and a pilot motor having differ 
ential field windings, of accelerating means 
for the main motor, operative connections 
between said means and the pilot motor, im 
pedance coils in said circuits maintaining a 
normal balance therein, a manually-operable 
device, means connected thereto for varying 
the inductance in said coils in amounts pro 
portional to the extent of movement of said 
device and thereby operating the pilot motor, 
and means operated by the pilot motor for 
restoring the balance in the circuits and 
bringing the pilot motor to rest after it has 
rotated an extent proportional to the extent 
of movement of the manual device. 

29. In a motor-control system, the com 
bination with a source of variable current 
supply, a main motor and a pilot motor, of 
means connected to the pilot motor for ac 
celerating the speed of the main motor to an 
extent varying with the extent the pilot 
hotor armature is rotated, a manually-oper 
able device for controlling the pilot motor 
by varying the inductance, in its circuit to 
any desired extent, and means operated by 
the pilot motor for varying the inductance 
in its circuit to stop the pilot motor arma 
ture after it has rotated to an extent vary 
ing with the extent to which the manual de 
vice has been moved. 

30, in a motor-control system, the com 
lination with a source of alternating current 
supply and a transformer, of a main motor 
in circuit with the secondary of the trans 
former, a rotary pilot motor, and means op 
erated by the pilot motor for varying the 
number of active coils in said secondary. 

31. in a motor-control system, the com 
bination with a source of alternating current 
supply and a transformer, of a main motor 
in circuit with the secondary of the trans 
former, rotary pilot motor means operated 

by the pilot motor for varying the number 
of active turns in the winding of said sec 
ondary to an extent varying with the extent 
of rotation of the pilot motor armature, and 
manually-operable means for controlling the 
extent of rotation of the pilot motor arma 
ture. 

32. In a motor-control system, the conn 
bination with a source of current supply, a 
main motor and a pilot motor, of an ac 
celerating device, operative connections be 
tween said device and the pilot motor, a 
brake operatively connected to the pilot 
motor, a reversing switch operatively con 
nected to the pilot motor, manually-operable 

erate, and means operated by the motor to 
counteract such variation and bring the 
motor to rest. 

33. In a motor-control system, the com 
bination with a source of variable current 
and a motor having differential field wind 
ings, with the inductance of the field wind 
ing circuits normally balanced, of a manual 
device operable in one direction to vary the 
relative inductance in said circuits and cause 
the armature to rotate in one direction, said 
manual device being operable in the opposite 
direction to reverse the relative inductance 
in the circuits and cause the armature to Fo 
tate in the reverse direction, and means op 
erated by the motor to restore tine balance in 
said circuits when the armature is rotated in 
either direction. 

in testimony whereof, I have signed my 
name to this specification in the presence of 
two subscribing witnesses. 

AUGUST SJNDr. 
Witnesses: 

CHAs, M. NISSEN, 
NoRMAN WEITCH. 
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means for varying the inductance in the pilot 
motor circuits and causing the motor to op 
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