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To (till thom it may concern. 
Be it known that I, HARRY F. STRATTON, 

a citizen of the United States, residing at 
Cleveland, in the county of Cuyahoga and 
State of Ohio, have invented new and use 
ful Improvements in Electric Controllers, 
of which the following is a specification. 
My invention relates broadly to control 

ling apparatus for electric motors, but more 
particularly to controllers for accelerating 
alternating current motors from standstill 
to normal running speeds. 
One object of this invention is to provide 

a starting apparatus for alternating cur 
rent motors which provides a single oper 
atting magnet for first connecting the motor 
to the supply mains through a voltage re 
ducing means and subsequently connecting 
the motor directly to the said mains. An 
other object is to accomplish the object 
aforesaid by mechanism which permits the 
armature of the starting magnet to move to 
its full closed position immediately upon 
energization of the magnet, whereby the 
magnet is not left with its magnetic circuit 
open while the starting switch is in the 
starting position. Another object is to pro 
vide a controlling device whereby the start 
ing Switch when released will be automati 
cally moved from the starting to the run 
ning position by power stored up by the 
closing movement of the armature. A still 
further object of this invention is to pro 
vide a means for releasing the starting 
switch when in starting position, whenever 
the motor current drops to such a value that 
it will not, on the movement of the switch 
to the running position, rise to a value sub 
stantially equal to the initial value of the 
current, irrespective of the voltage of the 
starting current. Other objects are to pro 
vide a starting switch with improved details 
and combinations. Further objects will ap. 
pear hereinafter. 

Referring to the accompanying drawings, 
Figure 1 is a side elevation of an apparatus 
containing the principle of my invention, 
parts being in section; Fig. 2, a top plan 
view of the said apparatus with the cover 
of the casing and the bar 18 removed; Fig. 
3, a vertical section on the line 3-3, Fig. 
1: Fig. 4, a side elevation of the Switch 
operating magnet and adjacent parts, por 
tions being in section and broken away; 

13a. 

Fig. 5, a partially diagrammatic view of the 
Switch mechanism in neutral position: Fig. 
6, a view like Fig. 5, except that the switch 
mechanism is shown in the starting position; 
Fig. 7, a typical diagram of one of several 
electric circuits which I may employ in con 
nection with a squirrel-cage motor; Fig. 
S, a diagram of curves illustrating the use 
of my invention with currents of different 
values; and Fig. 9, a section through the 
pivot 26 and the parts connected thereby. 
On the drawings, 10 designates an oil 

containing casing, or tank having the later 
ally contracted lower portion 10 ; bosses 
11 being provided on the shoulder which 
connects the said contracted portion to the 
upper portion of the casing. 

13 is a U-shaped casting constituting the 
main frame for supporting the various parts 
of my invention. The member 13a of the 
frame has the arms 14, and the other mem 
ber 13, the arms 15, the said arms having 
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their ends 16 resting on the bosses 11 and 
provided with the centering pins 12 fitting 
in holes in the said bosses. The T-bar 18 is 
Secured to the upper ends of the members 
13° and 13, and constitutes a support by 
which the frame 13 and the parts carried 
thereby may be lowered into the casing and 
removed therefrom. Y - 
The transformer T, which in the present 

instance is a three-phase auto-transformer 
with the open delta, coils 19 and 198 and 
the core 20, is supported by the frame 21 
Secured to the inder side of the frame 13. 
The coils are each shown with the taps t 
and the open or upper end connections t'. 
The lower ends of the coils are connected 
to the common conductor T. 

I employ a magnet having the U-shaped 
laminated core 22 provided with the mag 
netizing Winding O wound on the cast 
metal spool 23, which surrounds the lower 
leg of the core. The laminations of the 
core are secured together by the transverse 
strips 68 of welding material, the rear strips 
being Welded also to the plates 69 which 
are bolted to the inner face of the member 

The spool has preferably integral 
therewith the legs 74 bolted to the lower 
plate 69. Its upper side is shown with a 
slit extending entirely across the same to 
prevent the induction of currents in the 
spool. 75 is a spacing rod of fiber or other 
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insulating material seated in grooves in op 
posite walls of the said slit to maintain the 
slit at the desired width. 
To prevent the chattering of the armature 

24 on the upper pole of the magnet, I em 
bed a portion of a closed conductor or loop 
in the face of the said pole. This conduc 
to comprises two members, one a strip of 
metal 70 having its intermediate portion 
embedded as described and its end portions 
bolted to the second member 71, preferably 
a corrugated casting which introduces a re 
sistance into the closed loop and radiates 
heat produced in the loop by currents in 
duced therein by the alternating flux in the 
upper pole piece by the winding O which is 
connected by the switch S across two of the 
line conductors L. The flux induced in the 
lipper pole by the loop alternates with the 
flux produced by the winding O, whereby 
the said pole continuously holds the arma 
ture 24 against it. 
The al'mature 24 is welded by the trans 

verse strips 68 to the upstanding member 
of the lever 25 pivoted between its ends on 
the pin 26, which fits loosely in the lever 
whereby the pin will not interfere with any 
movements of the lever required to make the 
almature fit squarely on the upper pole of 
the magnet and squarely on the plate 77 
held loosely between the armature and the 
lower pole of the magnet. This plate has 
at its ends holes to receive the two studs 76 
projecting from the face of the spool 23, 
the holes being slightly larger than the studs 
in order that the plate may adjust itself so 
as to rest squarely against the lower pole. 
The studs 76 have the cotter pins 78 to keep 
the plates from sliding off therefrom. The 
plate 77 is made of wear-resisting, non-mag 
netic material having high 'esistance, such 
as nickel steel. It serves to maintain a non 
magnetic gap to prevent the armature from 
sticking to the lower pole when the wind 
ing O is de&nergized. The high resistance 
of the plate prevents excessive heating by 
eddy currents. 
The pin 26 is supported by the base of the 

frame 13 below the armature 24, and is pref 
erably composed of nonmagnetizable mate 
rial to reduce the flux flowing through the 
pivotal connection between the frame 13 
and the lever 25. 
The lever 25 carries above the pivot 26 the 

horizontal pivot pin 27 on which the up 
wardly-extending movable switch member 
28 and the upwardly-extending stop-arm 29 
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are mounted to swing. The stop-arm 29 
carries the pivot 30 to which one end of the 
link 31 is connected, the other end thereof 
being connected to one end of the link 32 by 
the pivot pin 34. The other end of the link 
32 is connected to the pivot pin 33 Sup 
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bers, their connecting pivot 34 being beneath 
a line connecting their end pivots 30 and 33. 
The pivot 34 supports the depending up 

per compression member 35. A spring 36 
has its upper end seated on the lover end of 
the compression member 35, and its lower 
end on the upper face of the lower com 
pression member 37, which is provided with 
a centering core 36 for the spring, the two 
compression membel's 35 and 37 being kept 
in alinement with the axial center of the 
spring 36 by the stem 36, carried by the 
member 35 and slidable in a central opening 
in the core 36. 
A bell-crank lever 38 is pivoted on the 

pin 39 supported by the member 13 near 
the lower end thereof. One arm of the ever 
38 is connected to the lower arm of the le 
ver 25 by the link 40, while the other arm 
of the lever 38 is pivoted to the lower end of 
the compression member 37, the latter hav 
ing an open pivot-bearing to facilitate its 
removal and replacement. The member 37 
is curved so that when the parts are as in 
Fig. 5 the upper arm of the lever 38 will 
not interfere with the said member. 
The upper end of the stop-arm 29 has 

three stop surfaces 41, 42, 43, the surfaces 41 
and 42 being on opposite sides of the arm 
29. The switch member 28 has a recess 44 
between the opposite side-walls of which the 
upper end of the stop-arm 29 moves, the re 
cess being slightly longer than the distance 
between the stop surfaces 41 and 42, where 
by there exists some lost motion between the 
members 28 and 29, the switch member 28 
having a small angular movement on the 
pivot 27 independently of the stop-arm 29. 
The stop surface 43 is adapted to rest on the 
stop 45 on the armature lever 25. 
46 is a preferably non-magnetic stop on 

the frame 13 to support the armature lever 
25 when in its neutral position, as shown on 
Fig. 5. 
48 is a latch pivoted between its ends on 

the pin 47 supported by the member 13. 
The lower end of the link 32 has a notch 49 
adapted to be caught by a hook on the up 
per side of one end of the latch so as to 
prevent the straightening of the toggle 
members 31 and 32 by the spring 36 until 
they are released by the latch. The other 
end of the latch lies over the upper end of a 
two-coil tripping device 50, having the mov 
able core 51, separated from a fixed core in 
the upper coil W by the air-gap 52, and 
from the adjustable core 67 in the lower 
coil C by the air-gap 53. These coils exert 
opposite pulls on the core 51. Under cer 
tain conditions, to be explained presently, 
the pull at the gap 52 preponderates, where 
upon the core moves upwardly, and the 
head 54, connected to the core 51 by the rod 

ported by the member 13 of the frame 18. 55, strikes the latch 48 and causes the latter 
The links 31 and 32 constitute toggle mem-li to release the link 32 in an evident manner. 
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The arms 14 and 15 support, two slates o' 
other insulating bases 56, the arms 14 be 
ing provided for this purpose with addi 
tional arms 57. These slates carry a group 
of spring cushioned stationary starting con 
tacts 58, 58, 589, and 5S, and a group of 
similar running contacts 59 and 599. The 
switch member 28 carries a Wooden or other 
insulating cross-arm 61, on which groups 
of contacts 62, 62,62, and 629 are mounted. 
With the parts in the neutral position 

shown on Fig. 5, it will be noted that the 
latch is in locking engagement with the link 
32, the Spring 36 is in its expanded condi 
tion, the armature 24 is in its unattracted 
Of neutial position, and the airinature lever 
25 rests on the stop 46. These parts as 
Sume these positions inder the action of 
gravity and the compression spring 36 when 
the Yinding O is de&nergized. When the 
winding O is energized, the armature 24 is 
drawin to the core 22 and carries the lever 
25 with it. The latch 48 prevents any 
innovement of the toggle member 32, so that, 
as the pivot 27 moves forward with the le 
yer 25, the arm 29 Swings on the pivot 30, 
caising the end of the aim 28 above the 
pivot 30 to move toward the starting con 
tacts, and finally to move the contacts 62, 
62, 62, and 62 into engagement with the 
said starting contacts, as shown on Fig. 6. 
While the operation just described is taking 
place, the lever 25 has, through the link 40. 
turned the bell-crank lever 38 from the posi 
tion shown on Fig. 5 to that shown on Fig. 
6, the lower arm of the lever 38 moving up 
wardly from its neutral or idle position be 
low its pivot 39 so as to cause the spring 
36 to be compressed hetween the compres. 
sion members 35 and 37. The parts will re 
main as in Fig. 6 until the tripping device 
50 operates to release the latch 4S, where 
upon the spring 36 will cause the toggle 
inenbei's 31 and 32 to be extended and the 
switch member 28 to be moved into the po 
sition shown on Fig. 1, in which the mov 
able contacts 62 and 62 are shown in en 
gagement with the running contacts 59 and 
59, respectively, and the said movable con 
tacts are shown disconsected from the start 
ing contacts. The parts will remain in this 
position until the winding O is definergized, 
when they will return to the neutral posi 
tion shown on Fig. 5. 
The blow of the movable contacts 62 upon 

the starting or the running contacts, causes 
the latter to overti'avel a slight distance. 
If the movable contacts came inflexibly into 
elgagement with the starting or running 
contacts, this overtravel of the latter would 
cause a momentary opening of the electrical 
circuits established by the engagement of 
the movable and the starting or running 
contacts. To prevent this momentary inter 

5 ruption of the circuits, I provide stufficient 

voltage coil W has its ends connected 

3. 

lost motion between the stop arm 29 and 
the movable switch member 28 to which the 
innoyable contacts are rigidly connected, so 
that the latter may follow the starting or 
running contacts in their overtravel and 
lay thereby maintain continuous contact 
with the starting or running contacts as long 
as the novable contacts are in the starting 
or running position respectively. It will 
be understood that the overtravel of the 
starting ol' running contacts and the coördi 
nating follow-up of the movable contacts 
are but moinentary and that both contacts 
rapidly assume their normal positions un 
der the influence of the cushioning spirings 
which coöperate with the starting or run 
ning contacts. 
On the casing 10 is a row of terminals 63, 

63, 63, 63, 63, and 639. The motor lead 
M and the contact, 62 are connected to the 
terminal 63. The motor leads M and Mb 
are connected to the terminals 63 and 639, 
respectively. The terminals 63 and 63 are 
connected together by the wire N. The con 
tacts 59 and 62 are connected to the termi 
nai 63, and the contacts 62 and 59 to the 
terminal 639. The three-phase supply mains 
L., L, and L are connected to the terminals 
63d, 63, and 63, respectively. The wind 
ing O has One end connected to the terminal 
63b and the other end to the terminal 639 
through the master switch S. The motor is 
indicated by the letter M and is of the 
Squirrel-cage type with star-connected sta 
tor windings, but I do not limit myself to 
any definite type of motor or any definite 
aria ingement of windings therefor. 
On the member 3b of the frame 13 

mount, the insulating block 64 which Sup 
ports a row of horizontal terminals 65, 65°, 
and 65, and a row of terminals 66 and 66, 
having sockets to receive the ends of the 
Wires it and t. The current coil C has its 
end connected to the terminals 65 and 65 
in series with the motor current, and the 

COSS 
the conductor T and the conductor con 
taining the coil C. It will be noted that the 
coil W. is energized by the secondary volt 
age of the transformer and not by the line 
voltage, and that the yoltage on the coil. V 
will automatically be changed when the 
transformer taps are adjusted to change the 
motor starting voltage. The voltage coil W 
has, preferably in series therewith, the high 
resistance H or other equivalent impedance 
device, which is designed to prevent a high 
current, transient, which might occur in the 
said coil when first excited, from exerting a 
sufficiently large pull across the gap 52 to 
lift, the core 51 and trip the latch 48 pre 
maturely. 
The cause of this transient may be ex 

plained as follows: At the moment of inter 
'upting the alternating current in the coil 
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W during the preceding operation of the de 
vice, the current may be at such a value that 
it will leave 'esidual magnetism in the nag 
hetic circuit, of the coil. At the moment of 
'eónergizing the coil W for another opei'a- 
tion, the instantaneous value of the first 
wave of the alternating current inlay be of 
such sign and of such amount as to add to 
the residual magnetism in the circuit. Dur 
ing this first Wave, since the magnetism does 
not begin to increase from Zero, or since it 
does not have to be reduced to Zero from an 
opposite sign and then increased from Zero, 
the late of change of the imagnetism during 
this first portion of the first alternating cycle 
will be comparatively small, and therefore 
a smaller counter electromotive force will be 
generated in the coil to limit the current 
than will be generated by Subsequent, suc 
cessive, more stable waves, and hence an 
alonormally large current will be permitted 
to flow in the winding; this abnormally 
large current in turn generates an abnor 
mally large flux, and it is this flux of the 
first wave which may cause a premature op 
eration, as above described. This abnor 
mally large current, which tends to flow in the 
first wave under the circumstances de 
scribed, is substantially prevented from 
flowing by the non-inductive resistance H. 
According to principles well understood, 
this resistance His so designed as not to ma 
terially affect the value of the subsequent, 
stable, normal current of the coil W, the nor 
mal current being almost entirely deter 
mined by the inductance of the coil W after 
the first alternating wave has passed, the 
effect of the resistance of the coil circuit be 
ing negligible. 
The four taps t to the winding 19 of the 

transformer T are connected to the four 
outer terminals 66 at one end of the block 64, 
and the four taps t to the winding 19 of the 
transformer are connected to the four outer 
terminals 66 at the other end of the said 
block. The open ends of the windings 19 
and 19 are connected by the wirest' to the two 
inner terminals 66 and 66, the latter being 
connected respectively to the contacts 58 
and 58 by the flexible conductors t? and #8. 
The flexible tap-connector F has one end 
connected to the terminal 65, its other end 
being removably connected to any selected 
one of the four outer terminals 66, and the 
flexible tap-connector F has one end con 
nected to the terminal 65 and its other end 
detachably connected to any selected one of 
the four outer terminals 66. The terminal 
65 is connected to the contact 58 by the flex 
ible conductor it", and the terminal 65 is con 
nected to the contact. 58° by the flexible con 
ductor f. 
Suppose the parts to be in their neutral 

positions, as shown on Figs. 5 and 7. To 
start the motor M the switch S is closed, 

1225,686 

causing the Winding O to be energized and 
the parts to be moved, as already describel, 
to the starting position shown on Fig. 6, ii). 
which the contacts 62, 62°, 62, and 62° ai'e 
in engagement with the starting contacts 5S, 
5S°, 589, and 589, respectively. In this posi 
tion the supply main L is connected through 
the contacts 62 and 58 to the open terminal 
of the transformer Winding 19, and the Sup 
ply main is connected through the coln 
tacts 62 and 58 to the open end of the wind 
ing 19, the supply main L being always con 
nected to the remaining ends of the trans 
former windings irrespective of the start 
ing switch contacts. The motor lead M is 
connected to the second terminal 66 through 
the contacts 62 and 58, the current coil C 
and the tap-connector Fe. The motor lead 
Mb is connected to the second terminal 66 
through the contacts 62° and 5S° and the 
tap-connector F, the motor lead M being 
always connected to the common point T. 
through the conductor N. Thus, only a pol'- 
tion of the transformer is connected to the 
motor leads M and Me, causing the motor to 
start under a voltage less than the line volt 
age. For any given connection of the tap 
connectors F and Fe with the tap terminals 
66 and 66, the upward pull of the coil W on 
the core 51 remains practically unchanged 
for the same line voltage, but the downward 
pull on the core varies with the current 
through the motor. When the switch mem 
ber 28 is first moved into starting position, 
the rush of current in the coil C causes the 
downward pull on the core 51 to overpower 
the upward pull thereon caused by the cur 
rent in the coil W. When the motor current 
decreases to such a value that the pull pro 
duced by the coil C is overpowered by the 
pull produced by the coil V, the latch 4S is 
tripped in the manner hereinbefore ex 
plained, and the parts move to the running 
position (Fig. 1), in which the Supply main 
L is connected directly to the motor lead 
Mb through the contacts 59° and 62°, and the 
supply main L is connected directly to the 
motor lead Me through the contacts 59 and 
62, the supply main it being connected to the 
motor lead Mithrough the conductor N. The 
transformer and the coils C and W are dis 
connected from the supply mains, and the 
full voltage of the source of current supply 
is impressed on the motor, whereby the mo tor is quickly accelerated to running speed. 
When the winding O is de&nergized the 
Switch member 28 quickly assumes its neu 
tral position shown on Fig. 5, with the latch 
48 in locking engagement with the toggle 
member 32. 
The length of the gap 53 may be adjusted 

by screwing the plug up or down in the 
bottom member f of the E-shaped magnetiz 
able frame which supports the windings C 
and W and constitutes portions of the mag 
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netic circuits. I adjust the gap 58. So that 
the pull produced by the coil V will over 
come the pull produced by the coil C When 
the motor current is reduced to such a value. 
that the closing of the running contacts will 
cause the current to rise to the initial value, 
that is, to the value of the current inapi'essed 
on the motor at the instant the starting con 
tacts are closed. The ampere turns of coils 
C and W are relatively so proportioned that 
the magnetic circuit of the coil C is ener gized at higher degrees of magnetization 
than that of the coil W, and the adjustinent 
just described is made when the tap con 
nectors Fb and Fe are on that pair of tap 
terminals 66 and 66 which give the lowest 
motor starting voltage. When the tap con 
nections are changed to give higher starting 
voltages, the magnetic flux of the coil W Will 
increase approximately in proportion to the 
voltage, but the flux of the coil C will not be 
increased in proportion to the motor cur 
rent at the higher voltage because the mag 
netic circuit of the coil C is more nearly 
Saturated than that of the coil W. It will 
thus be seen that as the starting voltage is 
adjusted the ratio between the voltage and 
the current at which the tripping device 50 
operates, will decrease as the starting voltage 
is increased. When the gap 53 of the trip 
device 50 has been adjusted, as iust de 
scribed, with the tap connector's Fb and Fe 
on one pair of tap terminals 66 and 66, no adjustment is required to adapt it to changes 
of voltage and current values caused by con 
necting the tap-connectors to any other pair 
of tap terminals. This important char 
acteristic of my invention is graphically 
illustrated on Fig. 8, in which the three 
curves in solid lines indicate the current 
flowing through the motor during its ac 
celeration with three different voltages im 
pressed on the motor. If the motor is started 
on voltage B and initial current ob, the trip 
device 50 operates to trip, the latch 48. So 
that, when the transition to full line voltage 
occurs, the current through the motor will 
rise to its initial value ob. The line b b 
is drawn parallel to the line 6 o', its end b* 
meeting the line voltage curve. The line 
o' bX is drawn parallel to the line ob. The 
line drawn from o' to the intersection b' of 
the line o' bx with the curve for voltage B, 
obviously represents the current value at 
which the transition to full line voltage 
should occur. 
If the tap connectors Fb and F be 

changed so as to start the motor on a higher 
voltage, as voltage A, the initial current 
through the motor will be oa, and the transi 
tion to full line voltage will take place when 
the current drops to the value o'a', the point 
a heing at the intersection of the curve for 
voltage A with the line o ax, parallel with 
the line oa, the point a* being in the curve 

5 

for line voltage. The trip device 50 will 
operate to cause the successive accelerating 
current peaks to be substantially equal while 
constant voltage is being impressed on the 
motor. The peaks for voltage A. Will be 
higher than for voltage B, but if the Wind 
ings of the coils C and V are proportioned 
properly the peaks for voltage A. Will be 
approximately equal to each other and those 
for voltage B will also be approximately 
equal to each other. I do not limit myself 
to the ideal theoretical operation just given, 
as in practice it may sometimes be prefer 
able not to have equality of current peaks 
as described, but merely to cause the transi 
tion to occur in such a manner that pro 
gressively higher currents will occur at 
transition with the use of progressively 
higher starting voltages. Although I have, 
for simplicity described only the ideal theo 
retical operation having equality of current 
peaks, my invention broadly comprises all 
means for increasing automatically and self 
adjustably the current peaks at the transi 
tion to line voltage when higher starting 
voltages are employed. 
The described coördinated mechanism per 

mits the armature 24 to close the magnetic 
circuit of the operating magnet immedi 
ately upon energization, thereby preventing 
the waste of the large wattage and the prob 
able destruction of the winding O by over 
heating, which would occur if the closure of 
the said magnetic circuit should be delayed 
until the running contacts are closed. The 
said mechanism also causes the hardest work 
of the operating magnet to come at the time 
when the gaps between the armature and 
the poles of the magnet have become short 

... and, therefore, when the magnetic pull on 
the armature has approximated its maxi 
mum. From Fig. 5 it is seen that, during 
the earlier part of the movement of the 
armature 24 toward the poles of the magnet, 
the armature has to swing the switch mem 
ber 28 and the arm 29 on their pivot 27 to 
the positions shown on Fig. 6, which re 
quires but little power. At the same time 
the lever 25 moves the lower arm of the le 
ver 38 on nearly a horizontal line, whereby 
the Spring 36 is only slightly compressed. 
After the contacts 58 and 62 have engaged 
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each other and the lower arm of the lever 38 
begins to move upwardly rapidly, the ar 
mature 24 has moved so close to the poles of 
the operating magnet that it is drawn to 
the same with great power, causing the 
spring 36 to be placed under high compres 
sion, capable of quickly extending the tog 
gle members and moving the parts to the 
running position shown on Fig. 1, as soon 
as the trip device 50 releases the latch 48 
from the toggle member 32. The arrange 
ment of the moving parts is such that, at 
the beginning of the movement of the mov- sb 
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able contacts from their starting to their 
running position, the rotative effort about 
the pin 27, due to the spring 36, is rela 
tively small, but toward the end of said 
movement and practically during engage 
ment with the running contacts, the rotative 
effort of the spring 36 acting on the switch 
member 28, through the toggle level's 31 
and 32, is a maximum. Such a design per 
mits the employment of a spring on which 
minimum compressive effort is required, 
and leads directly to the use of a smaller 
and cheaper operating magnet. 
The movement of the parts from their 

starting position to their running position 
'auses the running contacts 59 and 59° to 
be moved back from their idle positions, 
thereby placing their springs 60 under com 
pression. The springs 60, reacting through 
the various parts of the mechanism, tend to 
move the lower end of the armature about 
the upper pole of the magnet as a center, 
toward the lower pole thereof to prevent 
chattering, the loose fit of the lever 25 on 
its pivot 26, and of the spacer 77 on its 
supporting studs 76 permitting the arma 
ture to move freely so that it may fit 
squarely against the upper pole and the 
plate 77. 
The movable contacts have a plurality of 

centers of rotation, which permit the arma 
ture to move at once to its closed position 
and at the saine time permit the contacts 
62 to 629 to be moved first to the starting 
position and subsequently to the running 
position. The contacts 62 to 62° do not, 
owing to the said centers of rotation, travel 
on a single line from their neutral position 
to their starting and running positions, and 
back to their neutral position, but describe a 
triangular path as shown by the dotted lines 
near the top of Fig. 6, where the neutral, 
starting, and running positions are indi 
cated, respectively, by the letters N, S, and 
R, the arrow heads showing the direction of 
travel. 
While I have shown my invention in con 

nection with apparatils for starting squirrel 
cage motors, it is obvious that some of the 
principles thereof may be applied to direct 
current, apparatus and to alternating culi'- 
rent motors controlled by different voltage 
controlling means from those shown. I do 
not limit myself to the use of three-phase 
source of supply or to the squirrel-cage type 
of motor. 
While I have shown a traction magnet 

consisting of a two-pole stationary electro 
magnet and a pivoted airinature alranged to 
be attracted thereto as the source of me 
chanical power for opei'ating my invention, 
it will be apparent that mantial means or 
other types of electromagnetic means ca 
pable of developing mechanical power and 
coöperating with the mechanism which I 
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have shown, or with other forms of mecha 
nism, may be employed without departing 
from the spirit of my invention. 

I claim 
1. In a motor control system, a source of 

Supply, an induction motor, a transformer 
for supplying a reduced starting voltage for 
the motor, means for connecting the motor 
to the transformer and directly to the 
Source, and means controlling the change of 
the motor connection from the transformer 
to the Source, said means including two op 
posing windings, one of which is connected 
in series with the motor and the other of 
which is energized by the starting voltage. 

2. In a motor control system, a source of 
Supply, an induction motor, an adjustable 
transformer for supplying starting voltage 
for the motor, means for connecting the 
motor to the transformer and directly to 
the source, and means controlling the change 
of the motor connection from the trans 
former to the source, said means including 
two opposing windings, one of which is con 
nected in series with the motor and the 
other of which is so connected with relation 
to the transformer that when the trans 
former is adjusted to increase or decrease 
the starting voltage, the energizing current 
of the winding will be respectively increased 
or decreased. 

3. In a motor control system, a source of 
supply, an indiction motor, an adjustable 
transformer for supplying starting voltage 
for the motor, means for connecting the mo 
tor to the transformer and directly to the 
Source, and means controlling the change 
of the motor connection from the trans 
former to the source, said means including 
two opposing windings, one of which is 
energized by the motor current and the 
other by the motor starting voltage, and 
means whereby when the transformer is ad 
justed to increase the starting voltage, the 
energizing voltage of the other winding will 
be increased. 

4. In a motor controller, movable contacts, starting and running contacts arranged to 
be engaged thereby, a single electromagnet 
for operating Said contacts and for holding 
them in their operated positions, and means 
coöperating with said magnet for causing 
the movable contacts to engage the starting 
contacts before engaging the running con 
tacts, but permitting the return of said mov 
able contacts from the running contacts to 
neutral position without engaging the start 
ing contacts. 

5. In a motor controller, movable con 
tacts, starting and running contacts ar 
'anged to be engaged thereby, a single elec 
tromagnet for operating the contacts, and 
means coöperating with the magnet for 
causing the movable contacts to engage the 
starting contacts by movement in one di 

70 

75 

80 

85 

95 

100 

05 

0. 

5 

20 

25 



O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

1,225,686 

rection and to engage the running contacts 
by movement in the opposite direction. 

6. In a motor controller, a motor, a motor 
circuit to be controlled, starting and run 
ning contacts in the motor circuit, movable 
contacts adapted to engage the starting and 
running contacts, a single electromagnet for 
operating said movable contacts, and means coöperating with said magnet for causing 
the movable contacts to engage the starting 
contacts to close the motor circuit, and start 
the motor before engaging the running con 
tacts, but permitting the return of said mov 
able contacts from the running contacts to 
neutral position without engaging the start 
ing contacts. 

7. In a motor controller, movable contacts, 
starting and running contacts arranged to 
be engaged thereby, a single electromagnet 
for operating, said contacts, and means co operating with said magnet upon the ener 
gization thereof for causing the movable 
contacts to engage the starting contacts be 
fore engaging the running contacts, but 
upon the deenergization of said magnet per 
mitting the return of said movable contacts 
from the running contacts to neutral posi 
tion without engaging the starting contacts. 

8. In a motor controller, a motor, starting 
and running contacts, a single electro-mag 
net for causing first the closure of the start 
ing contacts and then the closure of the run 
ning contacts, and means for delaying the 
opening of the starting contacts, the said 
means being controlled by two opposing 
windings, the current in one winding being 
in proportion to the current through the 
motor, and the current in the other being in 
proportion to the voltage applied to the 
motor. 

9. In a motor controller, a motor, starting 
and running contacts, a single electro-mag 
net for operating the contacts, causing the 
engagement of first the starting contacts 
and then the running contacts, means for 
delaying the opening of the starting con 
tacts, and electro-responsive means control 
ling said delaying means comprising oppos 
ing windings one of which is in series with 
the motor, the other being in shunt there 
with. 

10. In a motor control system, a motor, 
a motor circuit, starting and running con 
tacts in the circuit, a source of supply, 
means for adjusting the voltage applied to 
start the motor, a single electromagnet for 
causing first the closure of the starting con 
tacts and then the opening of the starting 
contacts and the closure of the running con 
tacts, and means for delaying the opening 
of the starting contacts, the said means be 
ing controlled by two opposing windings, 
the current in one winding being in pro 
pertion to the current through the motor, 
and the current in the other being in pro 

7 

portion to the voltage applied to the motor 
and increasing when the voltage applied to 
the motor is increased. 

11. In a motor controller, a motor, a trans. 
former, a source of supply, a magnet for 
connecting the motor to the source through 
the transformer, and mechanical means acted 
upon by said magnet for disconnecting the 
motor from the transformer and connecting 
it directly to the source. 

12. In a motor controller, a motor, a trans 
former, a Source of Supply, a magnet for 
connecting the motor to the source through 
the transformer and for supplying power 
for disconnecting the motor from the trans 
former and connecting it directly to the 
SOUCe. 

13. In a motor controller, a motor, a trans 
former, a source of supply, a magnet for 
connecting the motor to the source through 
the transformer, and means acted upon by 
said magnet whereby energy is stored up for 
subsequently disconnecting the motor from 
the transformer and connecting it directly to 
the source. 

14. In a motor controller, starting con 
tacts, running contacts, a magnet for closing 
the starting contacts, mechanical means 
whereby the magnet opens the starting coll 
tacts and closes the running contacts and for 
causing the running contacts to open without 
closing the starting contacts. 

15. In a motor control system, a motor, a 
motor circuit, starting contacts and running 
contacts in the motor circuit, a magnet for 
closing the starting contacts to give starting 
current to the motor, and means whereby 
mechanical power developed by the magnet 
opens the starting contacts and closes the 
running contacts and for causing the run 
ning contacts to open without closing the 
starting contacts. 

16. In a motor controller, starting con 
tacts, running contacts, a magnet for closing 
the starting contacts, mechanical means 
whereby the magnet opens the starting con 
tacts and closes the running contacts and 
holds them closed, and means for tempo 
rarily preventing the magnet from opening 
the starting contacts. 

17. In a motor controller, starting co:- 
tacts, running contacts, a magnet for closing 
the starting contacts, means whereby the 
magnet opens the starting contacts and sub 
sequently closes the running contacts, and 
electromagnetic delaying means for tempo 
rarily preventing the magnet from opening 
the starting contacts. 

18. In a motor control system, a motor, a 
motor circuit, starting contacts and running 
contacts in the circuit, a magnet for closing 
the starting contacts to start the motoi" and 
for storing up mechanical energy for subse 
quently opening the starting contacts to dis 
connect the motor from the motor circuit and 
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then closing the running contacts, and means 
for temporarily preventing the opening of 
the starting contacts. 

19. The combination of an induction mo 
tor, movable and stationary contacts for 
making the starting and running connec 
tions therefor, and means including a single 
operating magnet for causing said movable 
contacts to occupy consecutively starting, 
running, and neutral positions and for hold 
ing the movable contacts in the running po 
sition. 

20. The combination of an induction Imo 
tor, movable and stationary contacts for 
making the starting and running connections 
therefor, and means including a single op 
erating magnet for causing said movable 
contacts to move in one direction to occupy 
the starting position, and in the opposite di 
rection to occupy the running position. 

21. The combination of an induction mo 
tor, movable and stationary contacts for 
making the starting and running connections 
therefor, and means including a single op 
erating magnet for causing said movable 
contacts to move in One direction to occupy 
the starting position, and in the opposite di 
rection to occupy the running position, and 
for causing the movable contacts to move to 
a neutral position upon deÉnergization of the 
magnet. 

22. In a motor controller, starting and 
running contacts, a magnet for operating 
the contacts, means for closing the starting 
contacts when the magnet operates to close 
its magnetic circuit, means controlled by the 
current through the starting contacts for 
holding the starting contacts in closed posi 
tion, and mechanical means acted upon by 
said magnet for closing the running contacts 
when the starting contacts are free to open, 

23. In a motor controller, starting and 
running contacts, a magnet for operating the 
contacts, means for closing the starting con 
tacts when the magnet operates to close its 
magnetic circuit, means controlled by the 
current through the starting contacts for 
holding the starting contacts in closed posi 
tion, and means whereby the power de 
veloped by the magnet on closing its mag 
netic circuit closes the running contacts when 
the starting contacts are free to open. 

24. In a motor controller, starting, run 
ning and movable contacts, a magnet for op 
erating the movable contacts, means for 
causing one side of the movable contacts to 
engage the starting contacts when the mag 
net operates to close its magnetic circuit, 
means controlled by the current through the 
starting contacts for holding the movable 
contacts in engagement with the starting 
contacts, and means acted upon by Said ?nag 
net for causing the other side of the movable 
contacts to engage the running contacts when 
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the movable contacts are free to disengage 
the starting contacts. 

25. In a motor controller, starting, run 
ning and movable contacts, a magnet for op 
erating the movable contacts, means for 
causing one side of the movable contacts to 
engage the starting contacts by movement in 
one direction when the magnet operates to 
close its magnetic circuit, means controlled 
by the current through the starting contacts 
for holding the movable contacts in engage 
ment with the starting contacts, and means 
acted upon by said magnet for causing the 
other side of the movable contacts to engage 
the running contacts by movement in the op 
posite direction when the movable contacts 
are free to disengage the starting contacts. 

26. In a motor controller, a movable men 
ber, starting and running contacts closable 
thereby, a single electro-magnet which when 
energized immediately closes its magnetic 
circuit thereby moving the said member to 
close the starting contacts and also estab 
lishing a force for subsequently moving the 
said member to close the running contacts, 
and means responsive to the current through 
the starting contacts for preventing Said 
force from closing the running contacts. 

27. In a motor controller, a movable mem 
ber, starting and running contacts closable 
thereby, a single electromagnet which when 
energized immediately closes its magnetic 
circuit, thereby moving the said member in 
one direction to close the starting contacts 
and also establishing a mechanical force for 
subsequently moving the said member in a 
different direction to close the running con 
tacts, and means responsive to the current 
through the starting contacts for tempora 
rily preventing said force from closing the 
running contacts. 

28. In a motor controller, movable con 
tacts normally in neutral position, two sets 
of contacts arranged to be engaged thereby, 
a single electromagnet for operating the 
movable contacts and for holding them in 
their operated positions, and means coöper 
ating with the magnet for causing the mov 
able contacts to move in a closed path to en 
gage the two sets of contacts in succession 
and return to neutral position. 

29. In a motor controller, movable con 
tacts normally in neutral position, two sets 
of stationary contacts arranged to be en 
gaged thereby, a single electromagnet for 
developing power by a single operation 
thereof to operate the movable contacts and 
to hold them in their operated positions, 
and means coöperating with the magnet for 
causing the movable contacts to move in a 
closed path to engage the two sets of sta 
tionary contacts in succession and return to 
neutral position. 

30. In a motor controller, a contacting 
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member, starting and running contacts 
adapted to be engaged thereby, an operat 
ing element for moving the contacting mem 
ber to engage the starting contacts and for 
also establishing a force for subsequently 
causing the Said member to engage the run 
ning contacts, and means responsive to the 
current through the starting contacts for 
preventing said member from engaging the 
running contacts when the current through 
the starting contacts is above a selected 
value. 

31. In a motor controller, a contacting 
member, starting and running contacts 
adapted to be engaged thereby, an operating 
element for moving the contacting member 
to engage the starting contacts and for also 
establishing a force for subsequently caus 
ing the said member to engage the running 
contacts, and an electro-responsive means 
for preventing the movement of the said 
member away from the starting contacts 
when the current through the starting con 
tacts is above a selected value. 

32. In a motor controller, a motor, a set 
of movable contacts, starting and running 
contacts, and means for causing the movable 
contacts to successively engage the starting 
and running contacts and then return to 
neutral position, the path described by the 
movable contacts, forming an area bounded 
by three sides. 

83. In a motor controller, a contacting 
member, starting and running contacts 
adapted to be engaged thereby, an operating 
element for moving the contacting member 
to engage the starting contacts and for stor 
ing up mechanical energy for subsequently 
causing the contacting member to engage 
the running contacts, and means whereby a 
unit of force which moves the contacting 
member into engagement with the running 
contacts acts with greater moment at the end 
of the movement than at the beginning. 

34. In a motor controller, a contacting 
member, starting and running contacts 
adapted to be engaged thereby, a storage 
element for mechanical energy, an operating 
element for exerting a force of varying 
amount to move the contacting member to 
engage the starting contacts and to store up 
mechanical energy in the storage element 
for subsequently moving the contacting 
member to engage the running contacts, and 
means whereby a unit of force exerted by the 
operating element to store up energy in the 
storage element acts with greater moment 
when the total force is relatively small than 
when it is relatively large. 

35. In a motor controller, a contacting 
member, starting and running contacts 
adapted to be engaged thereby, a resilient 
storage member for mechanical energy, an electromagnet, a movable member therefor 

adapted upon the energization of the mag 
net to nove to supply mechanical energy for 
noving the contacting member to engage the 
starting contacts and for storing up me 
chanical energy in the storage element for 
subsequently moving the contacting member 
to engage the running contacts, and means 
whereby a unit of force exerted by the mov 
able member to store up energy in the stor 
age element acts with greater moment at 
the beginning of its movement than at the 
end thereof. 1 

36. In a motor controller, starting and 
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running contacts, movable contacts adapted 
to engage Said, starting and running con 
tacts, and a mechanism for controlling the 
movement of said movable contacts whereby 
said movable contacts are successively 
moved to disengage said starting contacts 
and engage said running contacts by move 
ment about one center of rotation, and 
moved to disengage said running contacts 
by movement about another single center 
afrotation, and moved from a neutral po 
sition to engage said starting contacts by 
novement eccentric to both centers. 
37. In a motor controller, a motor, a con 

trolled circuit therefor, starting and run 
ning contacts, movable contacts having a 
neutral position and adapted to move for 
ward from the neutral position to engage 
said starting contacts and backward to en 
gage said running contacts, and a mecha 
nism for controlling the movement of said 
movable contacts whereby said movable 
contacts move forward on one line of mo 
tion and backward on another line of mo 
tion without passing through the neutral position. 

38. In a motor controller, a motor, a con 
trolled circuit therefor, starting and run 
ning contacts, movable contacts having a 
neutral position and adapted to move in 
one direction from the neutral position to 
engage said starting contacts and in an 
other direction to engage said running con 
tacts, and a mechanism for controlling the 
movement of said movable contacts, where 
by said movable contacts move in one di 

... rection on one line of motion and in the 
other direction on another line of motion 
without passing through the neutral posi 
tion. - 

39. In a motor system, a source of alter 
nating current supply, a transformer ener 
gized thereby, tap connections on the trans 
former, a motor, means for connecting the 
motor at will to selected tap connections, 
starting contacts for connecting the motor 
to the transformer through the selected tap 
connections, running contacts for connect 
ing the motor to the source of supply, means 
for holding the starting contacts closed, 
means for closing the running contacts 
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when the holding means is released, and 
means whereby the holding means is re 
leased when the current is reduced to such a 
value that the closing of the running con 
tacts will cause the current to rise approxi 
mately to the initial value, irrespective of 
which tabs are connected to the motor. 

40. In an alternating current motor con 
trol system, a motor, means for supplying 
a starting voltage and a running voltage 
to the motor, means for adjusting the start 
ing voltage to vary the current peak at 
starting, and means for causing the cur 
rent peak at transition to running volt 
age to he substantially equal to the current 
peak at starting, regardless of the starting 
voltage. - 

41. In an alternating current motor con 
trol system, a motor, means for supplying 
a starting voltage and a running voltage 
to the notor, means for adjusting the start 
ing voltage without changing the running 
voltage to vary the current peak at start 
ing, and means for causing the current peak 
at transition to running voltage to be in 
creased or decreased when the current peak 
at starting is respectively increased or de 
creased. 

42. In a motor system, a source of alter 
nating current Supply, a transformer ener 
gized thereby, tap connections on the trans 
former, a motor, means for connecting the 
motor at will to selected tap connections, 
starting contacts for connecting the motor 
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to the transformer through the selected tap 
connections, running contacts for connect 
ing the motor to the “ource of supply, means 
for holding the starting contacts closed, 
means for closing the running contacts 
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when the holding means is released, and 
means whereby the holding means is re 
leased at a higher value when a higher 
starting voltage is impressed on the motor. 

43. In an alternating current motor con 
troller, starting contacts, running contacts, 
a switch for successively closing the said 
contacts, means for holding the switch in 
starting position, a coil for releasing the 
holding means, and means for preventing 
abnormally large current transients in the 
coil from causing the coil to release the 
holding means prematurely. 
44. In an alternating current motor con 

troller, starting contacts, running contacts, 
a switch for successively closing the said 
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contacts, means for holding the switch in 
starting position, a coil for releasing the 
holding means, and a resistance in series. with the coil for preventing abnormally 
large current transients in the coil from 
causing the coil to release the holding 
means rematurely. 

45. In a motor controller, a motor, start 
ing and running contacts, a single electro 
magnet for operating the contacts, causing 
the engagement of first the starting con 
tacts and then the running contacts, means 
for delaying the opening of the starting 
contacts, and electroresponsive means con 
trolling said delaying means, comprising 
opposing windings, one of which is in series 
with the motor, the other being in shtunt 
therewith, the circuit of both windings be 
ing made and broken on the starting con 
tacts. 

Signed at Cleveland, Ohio, this 2nd day 
of Sept. A. D. 1915. 

HARRY FROST STRATTON. 

It is hereby certified that in Letters Patent No. 1,225,686, granted May 8, 1917 
upon the application of Harry Frost Stratton, of Cleveland, Ohio, for an improve 
anent in “Electric Controllers,” an error appears in the printed specification requir 
ing correction as follows: Page 3, line 109, for the word “end” read ends; and that 
the said Letters Patent should be read with this correction therein that the same 
may conform to the record of the case in the Patent Office. 

Signed and sealed this 3rd day of July, A. D., 1917. 
F. W. H. CLAY, 

Acting Commissioner of Patents. 
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