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1 
This invention relates to improvements in con 

trollers for electric motors and is particularly 
applicable to the so-called C. E. M. F. type starter. 
Such starters commonly comprise one or more 

electroresponsive accelerating Switches each hav 
ing its control winding connected directly across 
the motor armature for response at a given 
value of C. E. M. F. of the motor, and such 
starters have been found very advantageous ex 
cept for certain weaknesses. Each Such accel 
erating switch requires a given setting and fluc 
tuations in line voltage have resulted in prema 
ture or belated response of the switch. Also it, 
has been found that the desired action of the 
switches has been adversely affected by rise in 
temperature of the switch windings. Also it has 
been found that due to the Small change in volt 
age across the motor armature between that re 
quired to start the motor and that for which the 
first accelerating switch is preferably set to re 
spond is so small and effects such a small change 
in ampere turns of the switch winding as to 
render it difficult to make the first accelerating 
switch reliable in responding at the selected value 
of motor C. E. M. F. . 
The present invention has among its objects 

to provide an improved C. E. M. F. starter and 
more particularly to provide such a starter over 
coming the aforementioned weaknesses to at least 
very Substantial extent in each instance. 
Another object is to effect substantial rectifi 

cation of such Weaknesses of the conventional 
starter with a minimum of change from the con 
ventional form of starter. 
Another object is to provide a controller sus 

ceptible of various modifications. 
Other objects and advantages of the invention 

Will hereinafter appear. 
One embodiment of the invention is diagram 

matically illustrated in the accompanying draw 
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C. E. M. F. starter each of these accelerating 
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ing which will now be described, it being under 
stood that the invention is susceptible of various 
modifications without departing from the scope 
of the appended claims. 

In the drawing, 
Figure 1 shows diagrammatically a simple form 

of control, and 
Fig. 2 is a chart showing certain characteristic 

curves, one for the control illustrated, and the 
other for the conventional form of control. 

Referring to the accompanying drawing there 
is illustrated a direct current motor M having 
an armatured and a shunt field winding f to be 
connected by a switch C across lines L., L2 
through resistors R1 and R2 for starting. As 
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will be undel'stood, the starting resistor may com 
prise any desired number of sections to be re 
moved from circuit progressively for gradual ac 
celeration of the motor. 
AS shown in the drawing, the resistoi's R1 and 

FRP are under the control of electroresponsive ac 
celerating switches A and 2A, respectively, com 
prising normally disengaged sets of contacts Al 
and 2A3, respectively, and windings A2 and 2A2, 
respectively. As in the conventional form of 

SWitches is designed and adjusted to respond at 
a given Value of Current supplied thereto as a 
function of motor C. E. M. F., but the windings 
of these switches are not connected directly across 
the motor as in the conventional form. 

he windings of switches A and 2A are con 
nected in parallel across the armature through 
a resistance R. and line L2, and through a re 
sistance R4 to line L'. In other words, the wind 
ings are connected in parallel in a bridge wherein 
the resistors R3 and R. are connected directly 
a Cross lines Li and L2. 
With Such connections it will be apparent that 

the starter shown will function in generally the 
Sane mainner as the conventional starter to ef 
fect response of the switches A. and 2A sequen 
tially to exclude resistol's R1 and R2 progressively 
aS the motor accelerates and its C. E. M. F. in 
CreaSeS to the values at which the switches are 
Set to respond. On the other hand, the action 
of the starter illustrated is distinctive from that 
of the conventional type of starter in important 
respects now to be set forth, and for purposes of 
discussion let it be assumed that Wa represents 
the armature voltage at which any one of the 
SWitches is responsive, that Wi represents the 
SWitch Winding voltage at which the switch is 
responsive, and that W2 represents the corre 
Sponding voltage across the resistor R3. 
The bridge circuit shown is distinctive in great 

ly reducing the aforementioned effects of varia 
tions in line voltage. Vi will be unaffected by 
changes in line voltage. V2 will be relatively un 
affected by the current through the coils but will 
tend to rise and fall proportionately to the line 
Voltage and since Va equals Wl plus V2 any line 
Voltage change causing a change in V2 will cause 
a Similar change in Wa, wherefore the armature 
Voltage at which the accelerating switches will 
respond Will increase and decrease with the line 
voltage. 

Also the action of the starter illustrated is dis 
tinctive in minimizing the effect of temperature 
rise of the Switch windings. The resistors R3 and 
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R4 because of the low temperature coefficient of 
the resistor material are at most only affected 
negligibly by temperature change. The switches 
will respond at the current value for which they 
are designed and adjusted regardless of tempera 
ture of their windings, or in other words, the pull 
of the magnets of these SWitches is proportional 
to the current flowing through their Windings and 
is not affected by temperature change. Thus 
since the resistance of R3 and R. and the cur 
rent flowing through them do not change with 
temperature change W2 is not affected by tem 
perature change and since Wa equals W plus. W2 
and Wf equals only a Small part of Wa, the varia 
tion in Wa as the result of a substantial change in 
W will be small. Hence the circuit illustrated 
is much less affected by temperature change than 
is the conventional circuit. 

Additionally the circuit illustrated is distinctive 
in affording an increased change in ampere turns 
Of each Switch winding for a given change in 
motor Speed, aS Will be apparent from the curves 
of Fig. 2. The curve X depicts the change in 
ampere turns with change in speed of the motor 
in the case of the conventional form of starter, 
whereas curve Z depicts the corresponding char 
acteristic of the starter of Fig. 1, and it will be 
noted that the curve Z is considerably steeper 
than the curve X. As will be obvious, this char 
acteristic of the starter illustrated will tend to : 
insure a very much more consistent response of 
each Switch where for one reason or another it is 
a little erratic. 
What I claim as new and desire to secure by 

Letters Patent is: 
1. The combination with a motor, of a supply 

circuit therefor and control means for said motor 
Comprising resistors connected in series across the 
Supply circuit, and also comprising an electro 
responsive SWitch having a control winding con 
nected in a loop with the armature of said motor 
and certain of said resistors for response to motor 
C. E. M. F., other of said resistors being inter 
posed between said loop and said supply circuit. 

2. The combination with a motor, of a supply 
circuit therefor and control means for said motor 
comprising resistors connected in series across 
the Supply circuit, and also comprising an elec 
troresponsive Switch having a control winding 
connected in a loop with the armature of said 
notor and certain of Said resistors for response 
to motor C. E. M. F., other of said resistors being 
interposed between said loop and said Supply cir 
cuit and the bridge connections thus afforded said 
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4. 
winding constituting for said winding stabilizing 
means compensating for changes in line voltage 
and increase in temperature of said winding and 
augmenting the change in ampere turns of said 
winding for a given change in speed of said motor. 

3. The combination with a motor, of a supply 
circuit therefor and starting means for said motor 
comprising a starting resistor, an electrorespon 
Sive control Switch for said resistor, and resistors 
connected in series across said supply circuit, said 
Switch having an Operating winding connected 
in a loop with the armature of said motor and 
certain of the last recited resistors for response 
to C. E. M. F. of said motor, other of said last 
recited resistors being interposed between said 
loop and Said supply circuit. 

4. The combination with a motor, of a supply 
circuit therefor and starting means for said mo 
tor comprising a starting resistor, an electro 
responsive control switch for said resistor, and 
resistors connected in series across said supply 
circuit, Said Switch having an operating winding 
Connected in a loop With the armature of Said 
motor and certain of the last recited resistors 
for response to C. E. M. F. of said motor, other 
of said last recited resistors being interposed be 
tWeen Said loop and said supply circuit and the 
connections thus afforded said Winding constitut 
ing a bridge circuit for said winding to minimize 
certain of the influences, including changes in 
line voltage, which tend to render action of said 
SWitch erratic. 

5. In combination, a motor, a supply circuit 
therefor, resistors, certain of Said resistors being 
in circuit With said motor and other of the 
Same being in a circuit extending across said 
Supply circuit, and electroresponsive accelerating 
switches controlling said resistors in circuit with 
said motor and having individual control wind 
ings connected in parallel and connected across 
the armature of said motor through a resistor in 
cluded in Said circuit extending across said sup 
ply circuit, Said Switches being responsive in se 
quence under control by the C. E. M. F. of said 
motor. 
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