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(54) AC motor control

(67) An energy-saving control for an
A.C. motor operates to feed a high
average value of voltage to the mo-
tor during a starting period of pre-
determined duration and after a
predetermined time to automatically

" switch the voltage supplied the mo-

tor to a lower average voltage of
substantially fixed value. This lower
value of average voltage is deter-
mined without feedback to the con-
trol circuit. The control circuit is
simple, reliable and inexpensive. It
may be designed for use with single
phase or multiple phase motors and
for motors of various different
power ratings.
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SPECIFICATION
AC motor control

BACKGROUND OF THE INVENTION

This invention relates to controls for A.C.
motors, and deals more particularly with such
control whereby a high average value of volt-
age is supplied to the motor during starting
and whereby, as an energy saving feature, the
average value of the voltage supplied the
motor is reduced following starting and during
the motor’s normal running phase.

The control system of tais invention may be
used with various different types of A.C. mo-
tors, but is particularly well-adapted for use
with induction motors. In such motors, the
maximum power requirement usually occurs
during starting, and they are therefore, of
course, designed to produce the torque neces-
sary for assured starting even though the
number of winding turns and other factors
required to achieve proper starting are not
fully required for running. As a result, unnec-
essarily high currents flow through the motor
windings during running and produce 12R heat
which not only represents the loss of energy
but also may cause heat damage to the motor
or its surroundings.

Prior U.S. Patent No. 4,052,648 shows a
motor control system wherein a generally
higher average voltage is supplied to the
motor during a starting period than during the
following running phase. In the control of this
patent, however, the power factor of the
power supplied to the motor is determined
through a relatively complicated circuit and
the voltage supplied the motor is controlled to
maintain the detected power factor at a com-
manded value. The general object of this
invention is to achieve the asserted power
saving benefits of the patented controller with
a control which is much less complicated and
costly and more reliable, versatile and easy to
install.

Other objects and advantages of the inven-
tion will be apparent from the following de-
tailed description of the preferred embodi-
ments thereof.

SUMMARY OF THE INVENTION

This invention resides in a control for an
A.C. motor connected to a source of A.C.
power through a switching means. The con-
trol is responsive to the switching means and
acts upon ‘“‘closing’’ of it to first feed voltage
from the source to the motor at a high aver-
age voltage value and thereafter, after the
running of a given starting period, to automat-
ically feed power from the source to the motor
at a lower average value of voltage, which
latter value of voltage is substantially fixed.

In one specific alternative the invention fur-
ther resides in a motor voltage control means
switchable between two different states at

which it supplies different values of average

voltage to the motor and an associated time

delay device responsive to the “‘closing’’ of

the switching means and operable to hold the
70 voltage control device in one state following
such closing and to thereafter switch the
voltage control device to its other state at the
end of the time delay period.

In another specific alternative the invention
also resides in the energization of the motor
being controlled by a triac or similar bilateral
switch means in series with the motor, by the
voltage supplied to the motor during the run-
ning phase being determined by a running
80 trigger circuit which triggers the bilateral

switch means at a substantially fixed time in
each half cycle of the A.C. source, and by a
starting trigger circuit which includes a time
delay defining circuit and which during the
85 running of the time delay period supplies
triggering signals to the bilateral switch which
occur earlier in each half cycle of the A.C.
source than the running trigger signals.
The invention also resides still more specifi-
90 cally in various circuits used to achieve the
desired control objectives.

75

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram illustrating

95 a motor control circuit broadly embodying the
invention.

Figures 2 to 6 are schematic diagrams
illustrating controls comprising other embodi-
ments of the invention.

100  Figure 7 is a view showing fragmentarily a
control similar to that of Fig. 6 but in which a
different bilateral switch means is substituted
for that of Fig. 6.

Figures 8 to 12 are schematic diagrams

105 illustrating controls comprising still other em-
bodiments of the invention.

DETAILED DESCRIPTION OF THE PRE-
FERRED EMBODIMENTS
110  Turning to the drawings and first consider-
ing Fig. 1, this figure shows a single phase
motor 12, such as an induction motor, con-
nected to an A.C. source through a switching
means in the form of a main switch 14 and
115 having associated with it a control means
broadly embodying the present invention. This
control means includes a time delay device 16
responsive to the closing of the switch 14,
and a voltage control device 18 associated
120 with the time delay device. The time delay
device 16 provides a delay period following
the closing of the switch. It may be mechani-
cally connected to the switch 14 so as to be
mechanically triggered by the closing of the
125 switch, or it may be electrically connected
with the motor 12 so as to be electrically
triggered upon the switch closing.
The combination of the time delay device
16 and the voltage control device 18 has two
130 different states at one of which it supplies
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voltage of high average value to the motor 12
and at the other of which it supplies voltage
at a substantially fixed lower average value to
the motor. The time delay device 16 controls
the state of the combination and causes it to
supply the high average voltage immediately
following the closing of the switch 14 and to
supply the lower fixed average voltage upon
the running of the time delay period.

As an example of one implementation of
the voltage control device 18 of Fig. 1, and
as shown by the broken lines in that figure,
the device may comprise a transformer having
a secondary winding 20 with a fixed number
of turns connected to the motor and a primary
winding 22 connected to the A.C. source
through a variable number of turns controlled
by a switch 24a, 24b. During the starting
period the time delay device 16 opens the
switch 24b and closes switch 24a to provide
a low number of primary turns and a corre-
sponding high average value of voltage to the
motor 12. After the lapse of the time delay
period, the time delay device 16 closes the
switch 24b and opens switch 24a to provide
a higher number of primary turns and a
corresponding lower average voltage to the
motor 12.

In Fig. 2 the invention is shown in a circuit
wherein the motor voltage control 18 of Fig.

1 is provided by a triggered bilateral switch
means, such as the illustrated triac Q, having
its main terminals connected in series with the
motor 12, and an associated firing angle
control circuit 26 which, in cooperation with
the time delay device 16, is operable to
supply trigger signals to the trigger terminal
28 of the triac which during the starting
period trigger the triac early in each half cycle
of the A.C. source and which during the
following running period trigger the triac at a
later substantially fixed time in each half cycle
of the A.C. source. Therefore, during the
starting period the motor 12 is energized for a
longer time during each half cycle, and there-
fore receives a higher average voltage, and
following the starting period is energized for a
shorter time during each half cycle so as to be
fed a lower average value of voltage.

In the circuit of Fig. 2 and in the circuits of
other following figures, an RC circuit consist-
ing of a resistor R; and a capacitor C, are
connected in series with one another across
the main terminals of the triac Q. This RC
circuit serves to limit the rise of the commu-
tating voltage dv/dt which is produced by the
inductive load of the motor and thereby pre-
vents the triac from misfiring due to the
commutating dv/dt stress. This RC circuit is
not always required and may be omitted in
some cases, as when the inductance of the
motor is relatively small.

In the circuit of Fig. 2 the time delay device
16 and the firing angle control circuit 26 are
both connected in parallel with one another

across the series circuit consisting of the mo-
tor 12 and triac Q. This, however, is not the
only possible arrangement. Instead, the triac
Q may be located on either side of the motor
70 and the firing angle control circuit 26 and/or
the time delay 16 may each be connected
across the triac Q so as to either include or
exclude the motor 12.
For example, Fig. 3 shows a control embo-
75 dying this invention wherein the time delay
device 16 is connected across the triac Q to
the exclusion of the motor 12 and the firing
angle control circuit 26 is connected across
the triac so as to include the motor 12.

In the circuit of Fig. 4 the time delay device
16 and the firing angle control circuit 26 are
both connected directly across the triac Q to *
the exclusion of the motor 13. This arrange-
ment has the advantage that the entire control
85 means may be packaged as a single unit 30
adapted to be connected in series with the
motor 12 (that is, its field winding means)
and switch 14, thereby allowing its packaging
and installation to be simplified.

Fig. 5 shows a circuit including a control
embodying this invention wherein the time
delay device 16 is connected across the series
combination of the motor 12 and the triac Q
and the firing angle control circuit 26 is

95 connected directly across the triac Q to the
exclusion of the motor. Further, this figure
illustrates a specific construction for the firing
angle control circuit 26. This illustrated circuit
includes a running trigger circuit consisting of

100 a resistor 30 and capacitor 32 connected in
series with one another across the main termi-
nals of the triac Q and a voltage threshold
device 34, such as a diac or neon bulb,
connected to the node between the resistor
105 30 and capacitor 32 and to the trigger termi-
nal 28 of the triac Q. This running trigger
circuit is an open loop one, which for a given
voltage and frequency of the A.C. source,
supplies trigger signals to the triac Q occur-
110 ring at a substantially fixed time in each half
cycle of the A.C. power source. That is, in the
initial portion of each half cycle the capacitor
32 charges through the resistor 30 until the
breakover voltage of the voltage threshold
115 device 34 is reached, and when this occurs
current flows through the gate 28 to trigger
the triac.
A starting trigger circuit is also connected
with the trigger terminal 28 and consists of a
120 current limiting resistor 36 and a set of con-
tacts 38. The contacts 38 are in turn con-
trolled by the time delay device 16 so as to
be closed during the time delay or starting
period and so as to be opened, and to remain
125 open, at the end of the time delay or starting
period. That is, the time delay device 16
operates in response to switch 14 to immedi-
ately close the contacts 38 upon the closing
of the switch 14 and to then open the con- ¢
130 tacts 38 at a predetermined time, thereafter,

80

90
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thereby establishing the starting period. In the
starting period during each half cycle of the
A.C. source current flows through the closed
contacts 38 and the resistor 36 to turn the
triac Q on at an early time in each half cycle.
This triggering of the triac during the starting
period is earlier than its triggering during the
running phase so that a higher average volt-
age is supplied to the motor during starting
than during the running phase. As shown in
Fig. b the starting trigger circuit is connected
directly to the triac trigger terminal 28, but if
desired it may also be connected to the trig-
ger terminal 28 through the voltage threshold
device 34 as by connecting the illustrated
lower end of the resistor 36 to the left hand
side, rather than the right hand side, of the
device 34.

In the control of Fig. b the function of
providing a time delay for establishing the
starting period is provided by the time delay
device 16 which is essentially separate from
the starting trigger circuit and which may be
provided by any of a number of well known
time delay circuits. Fig. 6, on the other hand,
shows a circuit wherein the motor control also
includes a triac Q, a running trigger circuit
and a starting trigger circuit, but wherein the
time delay function is incorporated with the
starting trigger circuit. Referring to Fig. 6, the
running trigger circuit again comprises a resis-
tor, in the form of a potentiometer P,, in
series with a capacitor C; connected across
the main terminals of the triac Q and con-
nected to the trigger terminal 28 through a
voltage threshold device 34.

The starting trigger circuit of Fig. 6 includes
an RC series timing circuit comprising a po-
tentiometer P, and a capacitor C,. This RC
timing circuit is connected between the trig-
gering terminal 28 and the upper main termi-
nal of the triac Q through a diode bridge,
consisting of the diodes D,, D,, D; and D,,
which restrains whatever current flows
through the RC timing circuit to flow in one
direction through the timing circuit.

The operation of the starting trigger circuit
of Fig. 6 is as follows. Upon the closing of the
switch 14, the capacitor C, will normally be
discharged. Then during each half cycle of
positive voltage current will flow through the
motor 12, through the diode D,, through the
potentiometer P, and capacitor C,, and
through the diode D, to the trigger terminal
28 to turn on the triac Q for that half cycle.
During each negative half cycle of the A.C.
source, current will flow out of the gate 28
through the diode D,, through the potentiom-
eter P, and capacitor C, and through D; to the
motor 12, and the current flowing through
the trigger terminal 28 will turn on the triac Q
for that half cycle.

Thus, during the starting period the triac Q
is turned on early in each half cycle of the
A.C. source. As soon as the triac is turned on

charging of the capacitor C, stops for that half
cycle, but a slight incremental charge is added
to the capacitor during each half cycle so that
as the timing period progresses triggering
70 current will flow through the trigger terminal
28 at gradually later times in successive half
cycles until eventually the trigger signal pro-
vided by the starting trigger circuit will coin-
cide with the trigger signal provided by the
75 running trigger circuit. The time required for
the capacitor C, to incrementally reach the
state of charge necessary to produce this
coincidence of trigger signals determines the
length of the starting period and thereafter the
80 timing of firing of the triac Q is dictated by
triggering signals from the running trigger
circuit.
The circuit of Fig. 6 also includes a dis-
charge circuit for discharging the timing ca-
85 pacitor C, upon the opening of the switch 14.
This discharge circuit may simply comprise a
large resistance connected in parallel with the
potentiometer P, and capacitor C,, but prefer-
ably and as shown, consists of two resistors
90 R, and R,, connected respectively between
the nodes 40 and 42 of the diode bridge and
the lower main terminal of the triac Q, and a
capacitor C, in parallel with the resistor R,.
The values of the resistors R, and R, and of
95 the capacitor C, are chosen to provide a rapid
discharge of the capacitor C, upon the loss of
supply voltage to the motor such as may
occur not only by the opening of the switch
14 but as by momentary loss of power from
100 the source or momentary opening of thermal
overload switches in the motor 12. During a
normal run of the starting period, the capaci-
tor C, functions to maintain the charge on the
capacitor C, during the times the triac Q is
105 turned on. But, upon the loss of power to the
motor, the capacitor C, quickly discharges
through the resistor R, and then allows the
capacitor C, to discharge with the entire dis-
charge process occurring within a short time.
110 Therefore, if power to the motor is interrupted
for more than a short time, when it is re-
established it will be supplied to the motor at
the higher average value provided by the
starting circuit.

In the circuit of Fig. 6 the potentiometer P,
may be varied to vary the length of the
starting period and the potentiometer P, may
be varied to vary the value of the average
voltage supplied to the motor during the run-
120 ning phase. These potentiometers may, of

course, be replaced by fixed resistors in cases
where there is no need or desire to allow such
adjustments.
As mentioned, various forms of triggered
125 bilateral switching means may be used to
control the flow of current through the motor
12. As an example, where the power require-
ments of the motor 12 are relatively high the
triac Q of Figs. 2 to 6 may be replaced by a
130 bilateral switch means such as shown at 44 in

1156
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Fig. 7. This switching means includes a triac
Q, two SCRs and associated resistors and
diodes as shown. In this circuit, the triac does
not directly control the energization of the
motor but instead controls the SCRs. R, and
Rg are conventional cathode gate resistors for
the respective SCRs, but these resistors may
not be required in all cases and sometimes
may be omitted.

As to the operation of the Fig. 7 circuit,
during a half cycle of positive voltage the triac
Q is turned on by a trigger signal. Current will
then flow from the motor, through the diode
Ds, the resistor Rg, the triac Q and then from
the gate terminal to the cathode terminal of
SCR;, thereby turning on SCR,. The voltage
drop across SCR, thus falls to a low value and
turns off the control circuit and applies the full
source voltage to the mator during the re-
mainder of that half cycle.

During a negative voltage half cycle the
triac Q is turned on by a trigger signal and
then current flows from the bottom supply
line through the diode D, through the triac Q,
through the resistor R; and between the gate
and cathode terminals of SCR, to turn it on.
When this happens the voltage across SCR,
drops to a low value turning off the remainder
of the control circuit and applying the full
voltage of the source to the motor for the
remainder of the half cycle.

Sometimes, such as with motors for driving
sump pumps or freezers, it may be desirable
to provide the motor controller with a second-
ary or redundant control circuit to keep the
motor operating in the event the primary
control circuit fails. Such an arrangement is
shown in Fig. 8 wherein the primary control
circuit is similar to that of Fig. 4 and consists
of a triac Q, associated with a time delay
device 16 and a firing angle control circuit 26
including a resistor 46, capacitor 48 and
voltage threshold device 50. The secondary
control circuit includes a triac Q,, an associ-
ated time delay device 52 and a firing angle
control circuit 54, the firing angle control
circuit including a resistor 56, capacitor 58
and voltage threshold device 60. An indicat-
ing device 62, such as a light emitting diode,
is connected in the trigger terminal circuit for
the capacitor Q, to provide an indication when
current flow occurs through that terminal. The
time delay circuits 16 and 52 may be gener-
ally similar to one another and to the time
delay circuit of Fig. 6 except that the compo-
nents of the circuit 52 may be chosen to
provide a slightly longer delay period than the
delay period provided by the delay circuit 16.
Also, the components of the firing angle con-
trol circuit 26 are designed to provide slightly
earlier occurring running trigger signals than
are the components of the secondary firing
angle control circuit 54. Therefore, during
normal operation of all the circuits the starting
trigger signals provided by the time delay

circuit 16 control starting of the motor 12
through the triac Q, and the running trigger
signals provided by the circuit 26 control the
subsequent running of the motor 12 through

70 the triac Q,. However, should the device 16
fail starting of the motor will be overtaken by
the device 52 operating in combination with
the triac Q,; and should the circuit 26 fail
running of the motor 12 will be overtaken by

75 the circuit 54 in cooperation with the triac Q,.
Should the triac Q, fail open or apply a lesser
value of voltage to the motor, the triac Q, and
its associated circuits 52 and 54 will take

over both starting and running control of the *
80 motor. Whenever the triac Q, does undertake -

some or all of the motor control the indicator

62 will light to indicate the presence of some :

fault in the system. The circuit of Fig. 8 also

includes a manual switch 62 which may be
85 closed to apply full source voltage to the

motor at all times, bypassing the motor con-

trol.

In addition to control of single phase mo-

tors, the control of this invention may also be

90 applied to multiphase motors. By way of ex-

ample, Figs. 9 and 10 show the control of the

invention applied to three phase motors. In
Fig. 9 the control for the illustrated three
phase motor 64 is provided by three identical
95 control units 66, 66 each connected in each
of the three motor lines 68, 68 in series with

the main switch 70. Each of the units 66 is or

may be similar to any one of the units of Figs.
1 to 8. The Fig. 4 and Fig. 6 forms of control
100 are particularly advantageous in cases where
the motor 64 includes thermal overload pro-
tection or other means for opening the circuit
between the control and the motor.
In cases where the motor is not provided
105 with thermal protective means or where there
are no other means for opening the circuit
between the control and the motor, a simpli-
fied control may be used as shown in Fig. 10.
In this case each motor line 68 includes a
110 triac 70, or other triggered bilateral switch
means (or transformer or other voltage con-
trolling means), a starting trigger circuit con-
sisting of a resistor 72 and a set of contacts
74, and a firing angle control circuit 76
115 providing control signals to the trigger termi-
nal of the associated triac 70 (or transformer
or other voltage controlling means) at a fixed
time in each half cycle of power. Across two
of the motor lines 68, 68 is a time delay
120 device 78 which, through a switch 80, con-
trols a relay coil R—1 for operating the con-
tacts 74, 74, 74. When the main switch 70
is closed the time delay 78 closes the switch
80 to energize the relay coil R—1 and to
125 thereby simultaneously close the contacts 74,
74, 74, thereby causing all three triacs 70,
70, 70 to be fired early in each half cycle. At
the end of the time delay period provided by
the device 78 the switch 80 is opened to de-
130 energize the relay R—1 and to open the con-
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tacts 74, 74, 74, thereby passing control of
the triacs 70, 70, 70 to the firing angle
control circuits 76, 76, 76 which trigger the
triacs at later times in each half cycle to feed
lower average voltages to the motor 64. Con-
tacts 74, 74, 74 with their associated resis-
tors 72, 72, 72 could also be placed in the
firing angle control circuits 76, 76, 76 (ahead
of the voltage threshold devices of such circu-
its) to accomplish the early firing of triacs 70,
70, 70.

In the foregoing embodiments of the inven-
tion, the switching means, which upon being
switched from an open to a closed (that is
from an OFF to an ON) condition starts the
associated motor in operation, is shown to be
a main switch in series with the A.C. source
and the motor. This location of the switching
means is not, however, the only possible one.
By way of example, Fig. 11 shows a control
circuit generally similar to that of Fig. 4,
including a triac Q connected in series with a
motor 12, and with a time delay circuit 16
and a firing angle control circuit 26 connected
in parallel with one another across the termi-
nals of the triac. In this case, however, no
switch is in series with the motor 12 and the
switching means instead comprises a switch
82 in the control circuit. The time delay
circuit 16 and firing angle control circuit 26
operate to provide trigger signals to the trig-
ger terminal 28 of the triac Q. When the
switch 82 is open (or OFF) it de-energizes the
time delay circuit 16 and firing angle control
circuit 26 and thereby conditions them to not
supply trigger signals to the triac Q so that
the motor 12 remains unenergized. When the
switch 82 is closed (or switched ON), it ener-
gizes the time delay circuit 16 and firing
angle control circuit 26 to thereby cause them
to supply trigger signals to the triac Q, and
the motor is accordingly energized in the
manner previously described in connection
with the circuit of Fig. 4.

In Fig. 11 the switch 82 is shown in the
line connecting the time delay circuit 16 and
the firing angle control circuit 26 to the node
between the motor 12 and the triac Q, but
again this location of the switch 82 within the
control circuit is not the only possible one and
it could be placed at other locations as, for
example, in the line supplying trigger signals
to the trigger terminal 28.

In the foregoing embodiments of the inven-
tion relating to single phase motors, as in
Figs. 1 to 8 and 11, it has been assumed that
the motor 12 includes either one winding or
two or more windings in parallel with one
another, and the control is connected with the
motor so as to be directly effective on all
windings. This, however, is not necessarily
always the case and where the motor has two
or more parallel windings the control may be
connected with the motor so as to have a
direct voltage control effect on only one of

those windings. As an example of this, Fig.
12 shows a control generally similar to that of
Fig. 4 associated with a motor 84 which is a
permanent split-capacitor induction motor hav-
70 ing a run winding 86 and, parallel thereto, an
auxiliary or start winding 87 in series with a
capacitor 88. Here the control circuit is ar-
ranged so as to be directly effective on the
run winding 86, this being accomplished by
75 placing the triac Q in series with only the run
winding 86. The time delay circuit 16 and the
firing angle control circuit 26 are both illus-
trated to be connected across the triac Q, but
this is not essential and one or both of these
80 circuits could be connected instead across the
series combination of the triac Q and the run
winding 86.

CLAIMS

85 1. A motor control for an A.C. motor hav-
ing at least one winding, said motor being
associated with a source of A.C. power and
also being associated with a switching means
switchable between ON and OFF conditions,

90 said control comprising a control means res-
ponsive solely to the switching of said switch-
ing means from its OFF to its ON condition for
first feeding power from said source to said
motor winding at a high average voltage dur-

95 ing a starting period of some duration and for
automatically thereafter feeding power from
said source to said motor winding at a lower
average voltage which lower average voltage
for a given frequency and voltage of said A.C.

100 source is substantially fixed.

2. A motor control as defined in claim 1
further characterized by an open loop circuit
in said control means for establishing the
value of said lower average voltage.

105 3. A motor control as defined in claim 2
further characterized by said open loop means
for establishing the value of said lower aver-
age voltage including an RC series circuit in
combination with a voltage threshold device.

110 4. A motor control as defined in claim 2
further characterized by means in said control
means establishing the duration of said start-
ing period and which starting period establish-
ing means for a given frequency and voltage

115 of said A.C. source establishes a starting pe-
riod of substantially predetermined duration.

5. A motor control as defined in claim 4
further characterized by said means establish-
ing the duration of said starting period includ-

120 ing an RC series timing circuit electrically
connected with the other elements of said
control system so that immediately upon the
switching of said switching means from its
OFF to its ON condition the charge on the

125 capacitance thereof is incrementally increased
during each half cycle of said A.C. source,
and means responsive to the charge on said
capacitance of said RC timing circuit reaching
a given value for terminating said starting

130 period and thereafter feeding power from said
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source to said motor winding at said lower
average voltage.

6. A motor control as defined in claim 1
further characterized by said control means
being contained entirely within a unit con-
nected in series with said motor winding.

7. A motor control as defined in claim 1
wherein said motor is a permanent split-capac-
itor induction motor having a run winding and
an auxiliary winding connected in parallel with
one another and further characterized by said
control means being contained entirely within
a unit connected in series with said run wind-
ing.

8. A motor control as defined in claim 1
wherein said motor is a multiple phase motor
connected to said A.C. source through a mul-
tiple number of supply lines, further character-
ized by said control means being contained
entirely within a multiple number of identical
units each connected in a respective one of
said supply lines in series with said motor.

9. A motor control as defined in claim 1
further characterized by said control means
including a variable turns ratio transformer
connected between said A.C. source and said
motor winding, said switching means being a
main switch in series with said A.C. source
and said motor winding, and means respon-
sive to the closing of said main switch for
setting said transformer to cause it to feed
said power from said source to said motor
winding at said high average voltage during
said starting period and for automatically
thereafter setting said transformer to cause it
to feed said power from said source to said
motor winding at said lower average voltage.

10. A motor control as defined in claim 1
further characterized by said control means
including a triggered bilateral switch means
connected in series with said motor winding,
and means responsive to the switching of said
switching means from its OFF to its ON condi-
tion for triggering said bilateral switch means
early in each half cycle of said source to cause
it to feed said power from said A.C. source to
said motor winding at said high average volt-
age during said starting period and for auto-
matically thereafter triggering said bilateral
switch means later in each of said half cycles
of said A.C. source to cause it to feed said
power from said A.C. source to said motor
winding at said lower average voltage.

11. A motor control as defined in claim
10 further characterized by said triggered bi-
lateral switch means being a triac.

12. A motor control as defined in claim
10 further characterized by said triggered bi-
lateral switch means including two antiparallel
connected SCRs.

13. A motor control as defined in claim
10 further characterized by said control means
including an RC series circuit in combination
with a voltage threshold device for triggering
said bilateral switch means at a substantially
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85

fixed point in each half cycle of said A.C.
source after said starting period to establish
said lower average voltage at which said
power from said A.C. source is fed to said
motor winding.

14. A motor control as defined in claim
13 further characterized by said bilateral
switch means having a trigger terminal to
which said voltage threshold device is con-
nected and to which said voltage threshold
device supplies trigger signals, and a starting
circuit connected to said trigger terminal in
parallel with said voltage threshold device for
supplying to said trigger terminal during said #
starting period starting trigger signals which -
occur earlier in each half cycle of said A.C.
power than the trigger signals supplied by
said voltage threshold device. '

15. A motor control as defined in claim
14 further characterized by said starting cir-
cuit including means supplying said starting
trigger signals to said trigger terminal during
the lapse of said starting period which starting
trigger signals initially occur very early in each

90 half cycle of said A.C. power and occur at
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gradually later times in each half cycle until
reaching simultaneity with the trigger signals
supplied by said voltage threshold device

16. A motor control as defined in claim 1
further characterized by said control means
including a triggered bilateral switch means
connected in series with said motor winding,
and means responsive to the switching of said
switching means from its OFF to its ON condi-
tion for initially triggering said bilateral switch
means at an early time in each half cycle of
said A.C. source, for subsequently triggering
said bilateral switch at times which occur
gradually later in each such half cycle until
reaching a given time in each half cycle, and
for thereafter triggering said bilateral switch
means at said given time in each subsequent
half cycle for so long as said switching means
remains in its ON condition.

17. A motor control as defined in claim
10 further characterized by said switching
means being a main switch in series with said
A.C. source and said motor winding.

18. A motor control as defined in claim 1
further characterized by said control means
including a triggered bilateral switch means
having two main terminals and a trigger termi-
nal and which bilateral switch means is electri-
cally connected in series with said motor
winding through said two main terminals, a
starting trigger circuit connected across said
main terminals of said bilateral switch means
and operable to supply said trigger terminal
with trigger signals during said starting period ¥
which occur early during each half cycle of
said A.C. source, and a running trigger circuit
connected across said two main terminals,
and operable to supply said trigger terminal
with trigger signals which occur at a later
substantially fixed time during each half cycle
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of said A.C. source.

19. A motor control as defined in claim
18 further characterized by said running trig-
ger circuit being a resistor and capacitor con-
nected in series across said two main termi-
nals and a voltage threshold device connected
between the junction of said resistor and
capacitor and said trigger terminal.

20. A motor control as defined in claim
18 or 19 further characterized by said starting
trigger circuit including an RC series timing
circuit, and diode means connecting said tim-
ing circuit between one o’ said two main
terminals and said trigger terminal so that
current flowing between said one main termi-
nal and said trigger terminal and through said
timing circuit is constrained to flow unidirec-
tionally through said timing circuit, and a
discharge circuit connected with said timing
circuit for discharging said circuit upon the
switching of said switching means from its
ON to its OFF condition, .whereby when said
switching means is switched from its OFF to
its ON condition the capacitance of said tim-
ing circuit is incrementally charged during the
following half cycles of said A.C. source with
charging current which passes through said
trigger terminal and triggers said bilateral
switch means early in each half cycle until the
charge on said capacitance reaches such value
that the trigger signal produced by said start-
ing trigger circuit occurs simultaneously with
the trigger signal produced by said running
trigger circuit.

21. A motor control as defined in claim
20 further characterized by said diode means
being a diode bridge having one node con-
nected to said one main terminal and an
opposite node connected to said trigger termi-
nal, and said RC series timing circuit com-
prises a resistor and capacitor connected in
series with one another between the other two
nodes of said diode bridge, said discharge
circuit comprising a resistance circuit con-
nected between said other two nodes of said
diode bridge.

22. A motor control as defined in claim
21 further characterized by said discharge
circuit comprising two resistors each con-
nected between a respective one of said other
two nodes of said diode bridge and the other
of said two main terminals of said bilateral
switch means.

23. A motor control as defined in claim
22 further characterized by a capacitor con-
nected between one of said other nodes of
said diode bridge and said other of said main
terminals of said bilateral switch means.

24. A motor control as defined in claim
18 further characterized by said running trig-
ger circuit being connected directly to said
two main terminals of said bilateral switch
means so that said bilateral switch means is in
parallel with said running trigger circuit to the
exclusion of said motor winding.

25. A motor control as defined in claim
18 further characterized by said running trig-
ger circuit being connected across said bilat-
eral switch means in such manner as to

70 include said motor winding and said bilateral
switch means in series with one another and
in parallel with said running trigger circuit.

26. A motor control as defined in claim
24 or 25 further characterized by said starting

75 trigger circuit being connected directly to said
two main terminals of said bilateral switch
means so that said bilateral switch means is in
parallel with said starting trigger circuit to the
exclusion of said motor winding.

80 27. A motor control as defined in claim
24 or 25 further characterized by said starting
trigger circuit being connected across said
bilateral switch means in such a manner as to
include said motor winding and said bilateral

85 switch means in series with one another and
in paralle! with said starting trigger circuit.

28. A motor control as defined in claim
18 further characterized by said starting trig-
ger circuit including a resistance and a set of

90 contacts connected in series with one another
between one of said main terminals of said
bilateral switch means and said trigger termi-
nal, and means for closing said contacts dur-
ing said starting period and for opening them

95 at the end of said starting period.

29. A motor control as defined in claim 1
further characterized by said motor being a
multiple phase motor having a multiple num-
ber of supply lines, and further characterized

100 by a voltage control means in each of said
supply lines, each of said voltage control
means having associated with it a time delay
circuit causing said voltage control means to
supply a high average voltage to said motor

105 during a starting period of some duration and
to thereafter cause said voltage control means
to supply a lower average voltage to said
motor.

30. A motor control as defired in claim

110 18 further characterized by said motor being a
multiple phase motor having a multiple num-
ber of supply lines, and further characterized
by a bilateral switch means in each of said
supply lines, each of said bilateral switch

115 means having associated with it a running
trigger circuit connected across its main termi-
nals and operable to supply its trigger termi-
nal with running trigger signals which occur
at a substantially fixed time in each half cycle

120 of said A.C. source, and each of said bilateral
switch devices having associated with it a
starting trigger circuit connected across its
main terminals and operable to supply its
trigger terminal with starting trigger signals

125 during said starting period which occur earlier
in each half cycle of said A.C. source than
said substantially fixed time of said running
trigger signals.

31. A motor control as defined in claim

130 30 further characterized by said starting trig-
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ger circuit for each of said bilateral switch
means including a resistor and a set of con-
tacts connected in series with one another
between one of the main terminals of said
bilateral switch means and its trigger terminal,
and a single time delay circuit connected
between two of said supply lines operable in
response to the switching of said switching
means from its OFF to its ON condition to
simultaneously close all of said sets of con-
tacts and thereafter to simultaneously open all
of said sets of contacts at the end of said
starting period.

32. A motor control as defined in claim
18 further characterized by a second bilateral
switch means connected in series with said
motor winding in parallel with said first bilat-
eral switch means, a running trigger circuit for
said second bilateral switch means, said run-
ning trigger circuit of said second bilateral
switch means being operable to supply trigger
signals to said second bilateral switch means
at a time in each half cycle of said A.C.
source which is slightly later than the occur-
rence time of the trigger signals provided by
said running trigger circuit associated with
said first bilateral switch means.

33. A motor control as defined in claim
32 further characterized by an indicating de-
vice connected with the trigger terminal of
said second bilateral switch means to indicate
the occurrence of current flow through said
latter trigger terminal.

34. A motor control as defined in claim
18 further characterized by a series RC circuit
connected across said bilateral switch means
for limiting the rate of rise of the commutating
voltage produced across said bilateral switch
means by the inductance of said motor wind-
ing.

35. A motor control as defined in claim 1
further characterized by said control means
including a triggered means in series with said
A.C. source and said motor for controlling the
flow of current from said source through said
motor, trigger means for providing trigger
signals for said triggered means, and said
switching means is a means which in its ON
condition conditions said trigger means to
supply trigger signals to said triggered means
and which in its OFF condition conditions said
trigger means to not supply trigger signals to
said triggered means.

36. A motor control as defined in claim
28 further characterized by said running trig-
ger circuit being a resistor and capacitor con-
nected in series across said two main termi-
nals and a voltage threshold device connected
between the junction of said resistor and
capacitor and said trigger terminal, and said
starting trigger circuit is connected to said
trigger terminal through said voltage threshold
device.

37. A motor control as defined in claim 1
further characterized by said motor being a

permanent split-capacitor induction motor
with a run’ winding and an auxiliary winding
in parallel with one another, said control
means being connected in series with said run

70 winding to the exclusion of said auxiliary
winding.

38. A motor control as defined in claim 1
further characterized by a supply line for con-
necting said motor to said A.C. source, said

75 control means including a voltage control
means in said supply line, and a time delay
circuit causing said voltage control means to
supply a high average voltage to said motor
winding during a starting period of some

80 duration and to thereafter cause said voltage - '
control means to supply a lower average volt- -
age to said motor winding. ¢

39. A motor control for an A.C. motor
substantially as herein described and shown in

85 the accompanying drawings.
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