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speed of response to a sudden change in load and can improve the soft start
characteristics of the Technical Field
motor. As explained in more detail hereinafter the This invention relates
to a power factor con-   invention, in its broadest sense, involves sensing
troller.                                     5    the induced motor EMF to
detect polarity rever- sals caused by motor loading and deriving there-
Background Art                                    from a feedback signal
used in controlling the In US-A-4 052 648, there is disclosed a power
operation of the motor. It is important to note that reduction system for
induction motors in which   the circuitry required in producing these im-
the operating power factor of a motor is moni-  10   proved results
generally amounts to less than 1% tored, and the effective voltage input to
the motor  of the cost of a three-phase PFC. is controlled as a function of
the difference be-   The sensing means preferably includes a high tween a
commanded power factor signal and the     gain operational amplifier whose
output is operating power factor. In EP-A-0051903 there     blocked except
during the interval in each half is disclosed a power factor type control
system    15   cycle when the induced EMF produced during the particularly
adapted for three-phase induction    "off" period of the switching means is
of opposite motors and in EP-A-0077118 there is disclosed     polarity to
the voltage during the "on" period starting circuitry for providing "soft"
starting of        thereof. the motor of a power factor controller system.
In a preferred. embodiment, the sensing means Although these devices serve
significantly to re-   20   includes a square wave voltage shaping circuit
duce the energy consumption in lightly loaded     connected between a line
voltage terminal and an motors, maximum  savings possible are not
electronic switching circuit for controlling switch- always realisable due
to many variations among    ing of the electronic switching circuit, a high
gain different motors.                                 operational
amplifier, connected to the motor to GB-A-2 084 360 describes a power
factor   25   neutral voltage terminal through the electronic controller
for an a.c. induction motor which corm-  switching circuit, for amplifying
and selectively prises switching means in series with the motor,  inverting
a voltage proportional to the motor to phase angle detection means and
phase angle       neutral voltage under the control of the electronic
setting means which controls the switching        switching circuit, and
diode means for blocking means. An over-ride means includes means sens-
30   the output of the operational amplifier when this ing the induced emf
produced by the motor when    output is of a first polarity. The electronic
switch- the switching means is off and associated feed-   ing circuit
preferably includes first and second back means for further control of the
switching   transistors whose control electrodes are con- means. W081/02651
also describes a power fac-     nected to the output of the voltage
squaring tor controller which senses the "free-wheeling"   35   circuit,
each of the transistors being connected in voltage of an induction motor
and provides a      parallel to one input of the operational amplifier.
feedback control signal to the switching means.   The diode means
preferably comprises a diode connected to the output of the operational
ampli- Summary of the Invention.    -                     fier. In this
embodiment, the power factor con- The present invention relates to a power
factor   40   troller utilizes three of the phase detector means controller
for a three phase a.c. induction motor  referred to above and the outputs
of these phase of the type known from GB-A-2084360 and           detector
means are connected to a summing comprising electronic switching means con-
junction. The sensing means further comprises nected in series with the
motor, phase detector   storage means connected to this summing junc- means
for sensing motor current and voltage and   45  tion for storing voltage
output of the operational providing an output proportional to the phase
amplifier and for discharging the corresponding difference between the
motor voltage and cur-     voltage responsive to blocking of the output of
rent; command signal generating means for        the operational amplifier.
This storage means generating a power factor command signal; con-
advantageously comprises a capacitor, and a trol means responsive to said
output of said   50   voltage follower for assisting the capacitor in phase
detector means and said power factor com-   holding the charge thereon.
mand signal, for controlling the switching state of  In accordance with a
further feature of the said switching means and means for sensing the
invention as employed with power factor con- induced EMF produced by the
motor during the     troller including starting circuit means for improv-
time interval when the electronic switching   55  ing the starting
characteristics of said motor, an means is in the off state and for
producing a feed  output of the sensing means is connected to the back
signal for use in controlling switching of said   starting circuit means so
as to influence the electronic switching means. In accordance with
output thereof in a manner to improve the the invention, and in contrast to
the known       linearity of speed versus time characteristics of systems,
the sensing means also detects polarity   60   the motor. The starting
circuit means preferably reversals in the motor voltage wave form caused
includes phase angle - feedback circuitry for by the loading of the motor.
generating a ramp voltage for controlling speed A power factor controller
(PFC) constructed in  of the motor relative to time and the output of the
accordance with the invention can provide an      sensing means is summed
withthe ramp voltage. increase in energy savings, an increase in the   65
Advantageously, the sensing means includes a 2   



3                   0 113 503                       4 diode connected to
the output of the above-          The phase detectors 122, 124, and 126 are
mentioned operational amplifier for blocking out-  identical and can be of
the type disclosed in put signals of one polarity and a capacitor, con-
EP-A-0051903. nected to the output of that operational amplifier   The
outputs of phase detectors 122, 124 and through the diode, which charges
responsive to    5    126 are summed at terminal 142, and signal con- the
starting of the motor and which discharges as   ditioning circuitry 150 is
provided to effect signal the motor comes up to speed.
conditioning of the control signal produced at In another embodiment
wherein the electronic     terminal 142 wherein the direct current
character switching means comprises, for example, thyris-     of the signal
is made to be compatible with the tor devices, further sensing means is
connected    10   thyristor trigger circuitry and still have an approp-
across one of the thyristor devices to sense        riate frequency
response up to on the order of 50 voltage thereacross and serves to control
starting  Hz. The control signal is applied to the inverting circuit means.
In this embodiment, the further      input of operational amplifier 151,
together with a sensing means preferably comprises a first oper-    power
factor command signal supplied through ational amplifier whose inputs are
connected    15   resistor 68 from potentiometer 70. Potentiometer across
said thyristor device and a second oper-     70 is biased negatively to
provide a difference or ational amplifier for rectifying the output of the
subtraction signal with respect to the positive first operational
amplifier.                        signal developed at the outputs of the
phase detectors. Signal conditioning is effected by in- Brief Description
of the Drawings             20   verse feedback networks comprising
lead-lag Figure 1 is a schematic circuit diagram, partially  components
152, 154, 156, 158, 160 and 162, as in block form, of a power factor
controller incor-  described in EP-A-0051903. porating the induced EMF
sensing circuitry of the    Thyristor (triac) triggering signals are de-
invention; and                                      veloped by the
comparison of the control signal. Figures 2(a) and 2(i) are waveforms used
in   25   output of operational amplifier 151 and ramp describing the
operation of the system of Figure    signals provided by ramp generators
116,118 and. 1.                                                  120. A 120
Hz ramp signal from each phase is developed by one of the conventional ramp
Description of a Preferred Embodiment               generators 116, 118 and
120 responsive to A-B, Referring to Figure 1, a three-phase motor 10 is
30   B-C, and C-A phase voltages from transformers powered through triac
devices 110, 112 and 111      38, 42, and 44, respectively. The ramp
outputs of from a three-phase power line, typically providing  these
generators are separately applied to con- 220 (or 440) volts, 60 cycle,
A.C. from terminals A,  ventional comparators 90, 92, and 94, together B,
and C. Current- is sampled by current sampling   with a control signal from
operational amplifier transformers 26, 28 and 30, shunted by resistors   35
151. In operation, a comparator provides an out- 20, 22 and 24 each
connected in series with an      put pulse when the level of the control
signal inputto motor 10.Transformers26,28 and 30are         intersects the
leading edge of a ramp signal. individually connected across one of these
resis-   These pulses result in the triggering of the thyris- tors (via a
primary winding, as shown), and with   tors. one secondary terminal
grounded, the other   40    The actual control of the current "turn on"
secondary terminal (X, Y or Z) provided a dis-      periods for the
thyristors is effected by gates 96, creetly phased current signal output.
Terminal X    98, and 100, which pass high frequency signals is associated
with phase A, terminal Z is asso-     responsive to the outputs of
comparators 90, 92, ciated with phase B, and terminal Y is associated   and
94. Gates 96, 98, and 100 are electronic with phase C.
45   switches and function to effect gating of the high A power factor
signal, i.e. a signal proportional  frequency signals {e.g., 10 KHz) from
high fre- to the current-voltage phase differential of each of  quency
oscillator 102 through the primary wind- the three phase inputs is
obtained, separately by   ings of transformers 104, 106 and 108 to the
phase detectors 122, 124 and 126. Phase detector    thyristors. A resistor
110 and a diode 112 are con- 122 receives a current responsive signal
sample   so   nected in series across the primary of each trans- for
terminal X, of the A phase current, and a       former in order to suppress
inductive voltages to- voltage signal from transformer 38, representa-
a safe level consistent with semiconductive cir- tive of the A-B phase
voltage, and provides a       cuitry employed.The secondaries of
transformers first phase detected output at terminal 142. Phase  104,106
and 108 are connected between the gate detector 124 receives a sample from
terminal Z,   55   and cathode of triac devices 110, 112, and 111.
representative of the B phase current, and a B-C   The turn on periods for
the triacs follow, for voltage sample from transformer 42 and provides
example, the periods of the pulse outputs of the a second phase detected
output at terminal 142.     comparators 90, 92, and 94. A resistor 113 and
a Phase detector 126 receives a phase C current       capacitor 114 are
connected in series across the. signal sample from terminal Y, and a C-A
phase   60   power terminals of each of the triac switches in voltage
sample from transformer 44 and provides     order to stabilize their
operation. a third phase detection signal at terminal 142.      The
circuitry described so far corresponds to Resistors 130 and 132 and a
capacitor 134 are       that disclosed in EP-A-0051903 and, for ready used
in phase shifting the input signal as de-      comparison, the  reference
numerals  used scribed in EP-A-0051903.                      65   generally
correspond to those used in Figure 5 of 3  
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application. In addition, further re-      ating power factor (or
current-voltage phase duced voltage starter circuitry is employed corre-
angle) signal and applied to operational amplifier sponding to that
disclosed in EP-A-0077118             151 to effect in increasing
(negatively) control and the references used correspond to those used
signal which gradually, over a typical period of 5 in Figure 1 of that
document. As described in the    5    to 30 seconds, results in raising the
effective latter application, in orderto insure that motor 10   motor
voltage to full voltage. The actual opera- will not turn "on" before the
starting circuit is     tional control effected by the control signal on
the operative, circuitry is provided for preventing the    thyristors is
discussed in more detail in EP-A- application of a normal "run" command
signal           0077118. from potentiometer 70 during the entire starting
10   The output of operational amplifier 182 is also interval. This is
accomplished by connecting a        applied, in this case, to the inverting
input of PNP transistor 158, collector to emitter, across      operational
amplifier 162, and when the output potentiometer 70 between resistor 68 and
a fur-       rises to a level which exceeds the level applied to ther
resistor 69. When transistor 158 is turned       the non-inverting input of
operational amplifier "on", potentiometer 70 is effectively shorted out.
15   162, the output of the latter switches from a nega- Control of
transistor 158 is effected from  an        tive state to a positive state.
This changed state is operational amplifier 162 through a resistor 160
fed as a switching potential to transistors 178 and connected to the base
of transistor 158. A nega-      158 to turn transistor 178 "on" and
transistor 158 tive output state for operational amplifier 162 is
"off". The result is that transistor 178 prevents produced by applying a
greater negative bias on    20    any further starting signal from
appearing at the non-inverting input than on the inverting         terminal
172, and transistor 158 unblocks the input. The bias applied to the
non-inverting input    output of potentiometer 70 to restore normal is a
fixed bias, being a predetermined percentage     power factor control for
the "run" operation of of a 15 volt supply as divided down by the voltage
motor 10. divider formed by resistor 164 and 166. Initially,   25  Turning
now to the present invention, and the voltage applied to the inverting
input of         referring to the waveforms shown in Figures 2(a)
operational amplifier 162 is zero, which is the       to 2(i), the voltage
waveform which appears from initial output of a further operational
amplifier 182  the motor terminal to neutral of a phase con- that forms a
start-up ramp generator, and under       trolled motor is shown in Figure
2(b) while the these conditions, the potential is higher at the    30
current is shown in Figure 2(a). It is noted that non-inverting input of
operational amplifier 182.     during the periods designated (1) and (2)
when A potentiometer 168, through a resistor 170, pro-     the thyristor is
off and no current flows, the motor vides an initial starting level
negative signal to    voltage is not zero, but has a finite value. This
terminal 172 where it is added to the negative        voltage appearing
across the motor terminals going, start-up, ramp signal from  operational
35    when the thyristor (triac) is off is a counter EMF amplifier 182
through resistor 176.                   which is induced in the stator
winding by current An NPN transistor 178 is connected to emitter-
flowing in the rotor. The UR time constant of the to-collector between
terminal 172 and ground,         squirrel cage rotor is much greater than
that of and provides means for blocking an interfering     -  the stator,
and is typically .1 or .2 seconds. Hence, effect from  a starting signal
after the starting    40   even though stator current ceases to flow at
sequence is complete. Transistor 178 is controlled    points (3) and (4),
there is still current flowing in by -an output from  operational amplifier
162         the rotor which induces a voltage in the stator through
resistor 180, and is initially held "off"     during intervals (1) and (2).
during the starting sequence by the negative            The amplitude of
this induced voltage is greatly output of operational amplifier 162.
45    dependent on two factors, viz., speed, and the A capacitor 184 is
connected from the output to     point at which current ceases to flow.
Since the inverting input of operational amplifier 182 to   induced counter
EMF is a function of speed, any form an integrator. A selected positive
bias is       tendency for the motor to slow down results in a obtained
from  a potentiometer 186 connected          reduction in the amplitude of
the induced voltage. between a +15 volt terminal and ground. This   50
Further, if the triac turns off sooner in the cycle, bias is fed through an
input resistor 192 to the      the reduced stator current then causes less
cur- inverting input of operational amplifier 182. The     rent to be
induced in the rotor, and hence, less result is that, upon the application
of a voltage to  voltage to be induced during the intervals (1) and the
circuit, there will initially occur at the output of  (2). operational
amplifier 182 an essentially zero volt-   55  The applications referred to
previously describe age which ramps down negatively at a selected      -
how the phase angle between the current and rate, determined by this bias
and the time con-       voltage decreases when the motor is loaded. If a
stant of capacitor 184 and input resistor 192, to     PFC controlled motor
is phased back to achieve achieve a desired rate of motor "turn on" signal.
maximum energy savings, then the system loses The negative going signal at
the output of oper-   60   its ability to respond instantaneously to a
large ational amplifier 182 is fed through resistor 176 to  sudden change
in load. Some savings must be terminal 172 and there added to a voltage
from        sacrificed if the system is required to respond to a
potentiometer 168, fed through resistor 170. This     large sudden change
in load. signal is then applied through a resistor 183 to        If a phase
controlled motor is suddenly loaded terminal 142 and there summed with the
oper-   65   and the system is not fast enough to respond, 4 
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two things happen. First, the phase angle       as previously described.
This is the situation decreases, which means the triac turns off soon-
is to be detected. er, resulting in the current termination points.indi-
The positive output of amplifier A2 is blocked cated by points (3) and (4)
moving to the left in    by a diode D1, which passes only the negative
Figure 2(a). As previously indicated, this causes    5    output. Under
sudden load this negative voltage the induced voltage to decrease ..Second,
the       increases instantaneously as indicated by the motor will slow
down, which also results in a       dotted lines in Figure 2(e). It will be
appreciated decrease in the induced voltage. Hence, a sudden    that since
these negative peaks are near zero change in load results in. an
instantaneous and     value in an idling motor, significant gain can be
significant change in the induced voltage. By    10   included in amplifier
A2 so that the increase in sensing this voltage and feeding the sensed
induced EMF resulting from a sudden change in voltage to the controller,
the system  can be       load can also be amplified to increase the effec-
phased back further to increase savings but will    tiveness thereof. This
is an important aspect of still respond to a sudden change in load to pre-
the invention. The negative pulses from amplifier vent stalling of the
motor. In general, this is the    15   A2 are passed by diode D1 and
instantaneously basis of the present invention.                     charge
a capacitor Cl to peak values since there is Referring to Figure 2(c), a
typical waveform of   no resistance at the output of amplifier A2. A the
phase to neutral voltage of a phase controlled  further operational
amplifier A3 is connected as a idling three-phase motor is shown. It will
be noted  voltage follower to provide a high input im- that the induced EMF
during the off period of the    20    pedance for capacitor Cl allowing
capacitor Cl to thyristor can actually be of the opposite polarity   hold
the charge thereon between each half cycle to the voltage when the
thyristor is "on" in each   and thereby eliminating ripple. The output of
half cycle. This is because the phase to neutral    amplifier A3 is fed
through the parallel combina- voltage from the other two phases sum to
cause      tion of capacitor C3 and a resistor R9 and R10 to this polarity
reversal. Under load, after the system    25   amplifier input terminal
142. has phased. up in response to the load, the           With this
arrangement, a sudden load will be polarity reversal does not occur, as is
indicated in  instantaneously sensed by the induced EMF cir- Figure 2(d).
If the idling motor is suddenly loaded,  cuitry and a signal produced which
is conditioned the reversed polarity voltages increase as indi-    and fed
to the PFC to cause the PFC to respond to cated by the dotted lines in
Figure 2(c).     30   the load. Once the PFC has phased up in response The
circuitry added to the system of Figure 1     to the load, the motor
voltage will be of the form provides for detecting only this reversed
polarity  indicated in Figure 2(d). Under these circum- voltage and for
using this voltage to improve the   stances, no voltage is being applied to
capacitor energy savings and speed of response. Thus,         Cl, which
immediately begins bleeding off the referring again to Figure 1,
operational amplifier   36   charge thereon into parallel connected
resistor Al is a voltage square wave shaper (+) used in       R8. When this
occurs, the charge is diminished the phase detectors described  in EP-A-
rapidly, relative to the load duty cycle, to a level . 0051903. The voltage
indicated at (a) is the motor  when capacitor Cl can accept a charge in to
neutral voltage. This voltage is padded down at  response to the next
suddenly applied load. The (b) to a compatible level by resistors R1 and
R2.   40   time constant of the RC circuit formed by The output of
operational amplifier Al is con-      capacitor Cl and resistor R8 is
typically several nected through a resistor R12 to the base of a first
seconds which is slow relative to the frequencies transistor Q1 and through
a resistor R13 to the     associates with the PFC/motor control system.
base of the second transistor Q2. When the output   Since the induced EMF
sensing circuitry is rapid of operational amplifier Al is positive, as
illus-   45   in operation in one direction (fast increase, slow trated in
Figure 2(f), control transistor Q1 is on,  decrease), the output signal
therefrom can be fed thereby preventing any signal from reaching the
into the PFC control system with a large gain negative input of a second
operational amplifier   without affecting the stability of the system. The
A2. When the output of operational amplifierAl is   large gain increases
the effectiveness of the in- negative, transistor Q2 is on, thereby
preventing a    50   duced EMF in improving performance and, as signal from
reaching the positive input of oper-    noted above, this is a significant
feature of the ational amplifier A2. The values of resistors R3,
invention. This gain is determined by capacitor C3 R4, R5, R6, and R7 are
selected so that the gain of  and resistor R10 while resistor R9 serves to
bleed operational amplifier A2 is the same for inputs to  the charge off of
capacitor C3. both its plus and minus terminals. When the    55     The
circuitry described thus far allows the output of operational amplifier Al
is positive,     system to be phased back further for greater operational
amplifier A2 amplifies the voltage at   energy savings while improving the
speed of (b) with positive gain. When the output of ampli-    response to
sudden load. The induced EMF is also fier Al is negative, amplifier A2
inverts the volt-  used in the PFC system of Figure 1 to improve the age at
(b) and amplifies this voltage with negative    60   soft start
characteristics of the motor. The ideal gain, resulting in the full wave
rectified voltage  soft start is one where the speed increases linear-
shown in Figure 2(e). It will be seen that the only  ly with time. With
soft start circuitry described time the output of operational amplifier A2
is      above, phase angle feedback is used for stabiliz- negative is
during that interval in each half cycle  ing the system. Since the phase
angle decreases when the induced EMF is of the opposite polarity,   65   as
the motor speed increases, this causes the 



5    9                   0 113 503                       10 applied voltage
to increase which in turn causes     initial turn on, integrating
operational amplifier the speed to increase at a greater rate (other than
182 begins to integrate, i.e., to increase the output linearly), with time.
While this approach is suffi-  voltage thereof, negatively. This output is
sum- cient for most applications, the system can be       med with the
other two voltages and increases improved by feeding back the induced EMF
signal    5    the motor current as the motor speed increases. It and
summing this signal with the soft start ramp     is during this increase in
speed that the voltage voltage. To this end, a connection is provided
from the induced EMF circuit of the present inven- from the output of
amplifier A2 through diode D2,   tion decreases and causes the motor speed
to capacitor C3 and resistor R11 to the ramp output    increase more
linearly with time. The output of of operational amplifier 182 described
above.  10   the integrating operational amplifier 182, as Considering this
aspect of the invention in more   determined by capacitor 184 and resistor
192 and detail, when a motor is at rest and a phase con-    the voltage
from  potentiometer 186, typically trolled voltage is applied, the motor
voltage        increases about one volt per second and the waveform  is as
shown in Figure 2(g). As the         motor typically achieves full speed in
5 to 10 motor speed increases, the inverted voltages at   15   seconds.
intervals (1) and (2) decrease and finally approach   After the motor has
reached final speed, the values shown in Figure 2(d) at rated speed. Hence
voltage from operational amplifier 182 exceeds the pulses produced by
amplifier A2 start out        the voltage at the plus input of operational
ampli- large at stall and diminish to zero at the rated    fier 162,
thereby causing the latter to switch full speed of the motor. Diode D2
blocks the positive   20    positive. This operation turns "on" transistor
178 output of operational amplifier A2. Hence,          which blocks all
starting voltages from summing capacitor C3 charges to a large voltage when
the    junction 142. The operation also turns "off" tran- motor first
starts, and this voltage decreases as   sistor 158 which now allows the PFC
command the motor comes up to speed. This voltage is         voltage from
potentiometer 70 and the induced summed with the starting ramp produced by
25    EMF voltage of the invention to be effective. operational amplifier
182, and thus a large start-    In a further -modification the voltage
across the ing voltage is initially commanded. This comm-      thyristor is
sensed. This thyristor voltage is equal anded voltage decreases as the
speed increases.     to the line voltage minus the motor voltage and This
operation causes the applied motor voltage     thus the induced EMF is
present in the thyristor to. decrease and counteracts the increase to   30
voltage. applied voltage caused by the aforementioned          A typical
thyristor voltage for a phase con- phase angle, which decreases with speed.
Thus a     trolled motor is shown in Figure 2(h). The am- more linear speed
versus time characteristic is      plitudes at intervals (1) and (2)
decrease when the achieved.
system phases up in response to an increase in' Further considering the
overall operation of the    35   load, and 'increase as the system phases
back combined "soft start" circuitry, at the initial turn  when the load is
removed. Since the induced EMF on of the system, the output of integrator
182 is   is zero when the motor is at stall, the thyristor zero volts.
The'output of comparator 162 is full    voltage is at its maximum and
decreases as the negative by virtue of the zero volts appearing at   motor
comes up to speed. Hence, this voltage can negative input thereof and the
negative voltage    40   be used to improve soft start as described above.
applied to the positive input thereof through the   If a suddenly applied
load causes any tendency resistor pad formed by resistors 166 and 164.
for the motor to slow down, the voltage across Under these conditions, NPN
transistor 178 will     the triac rises instantaneously and is used as be
"off" since the base voltage is negative so that  described above to cause
the PFC to respond. voltage can pass. The PNP transistor 158 will be    45
"on" since the base voltage is negative. This pro-  Claims hibits any
voltage from potentiometer 70 or from the output of operational amplifier
A2 of the         1. A power factor controller for a three phase induced
EMF feedback circuitry of the invention     a.c. induction motor (10); said
controller com- from the input of operational amplifier 151 at   50
prising electronic switching means (110,112,111) summing terminal 142.
connected in series with the motor (10), phase At initial turn on, and for
a period typically 20  detector means (122, 124, 126) .for sensing the
milliseconds in duration, as determined by the     motor current and
voltage and providing an time constant of capacitor 78 and resistor 76, the
output proportional to the phase difference be- output of integrator 151 is
driven negative to pre-   ss   tween the motor voltage and current; command
vent premature firing of the thyristors. Con-       signal generating means
(70) for generating a currently, two voltages are being fed to summing
power factor command signal; control means point 142, vis., the voltage
from potentiometer      (150) responsive to said output of said phase 168
through resistor 170, and the induced EMF       detector means and said
power factor command signal through resistor R11. These signals com-   60
signal, for controlling the switching state of said mand an initial
starting current which slowly       switching means; and means (A1, Q1, Q2,
A2, Dl, starts the motor turning. It is to be noted that both  A3) for
sensing the induced EMF produced by the of these voltages are negative. The
initial amount      motor during the time interval when said elec- of
starting current as required by different loads  tronic switching means is
in the off state and for 



can be varied by potentiometer 168. Further, at   65   producing a feedback
signal for use in controlling 6    0 113 503                      10
applied voltage to increase which in turn causes    initial turn on,
integrating operational amplifier the speed to increase at a greater rate
(other than  182 begins to integrate, i.e., to increase the output
linearly), with time. While this approach is suffi-  voltage thereof,
negatively. This output is sum- cient for most applications, the system can
be      med with the other two voltages and increases improved by feeding
back the induced EMF signal    5    the motor current as the motor speed
increases. It and summing this signal with the soft start ramp    is during
this increase in speed that the voltage voltage. To this end, a connection
is provided      from the induced EMF circuit of the present inven- from
the output of amplifier A2 through diode D2,   tion decreases and causes
the motor speed to capacitor C3 and resistor R11 to the ramp output
increase more linearly with time. The output of of operational amplifier
182 described above.  10   the integrating operational amplifier 182, as
Considering this aspect of the invention in more   determined by capacitor
184 and resistor 192 and detail, when a motor is at rest and a phase con-
the voltage from  potentiometer 186, typically trolled voltage is applied,
the motor voltage       increases about one volt per second and the
waveform  is as shown in Figure 2(g). As the        motor typically
achieves full speed in 5 to 10 motor speed increases, the inverted voltages
at   15   seconds. intervals (1) and (2) decrease and finally approach
After the motor has reached final speed, the values shown in Figure 2(d) at
rated speed. Hence   voltage from operational amplifier 182 exceeds the
pulses produced by amplifier A2 start out        the voltage at the plus
input ofoperational ampli- large at stall and diminish to zero at the rated
fier 162, thereby causing the latter to switch full speed of the motor.
Diode D2 blocks the positive   20   positive. This operation turns "on"
transistor 178 output of operational amplifier A2. Hence,          which
blocks all starting voltages from summing capacitor C3 charges to a large
voltage when the    junction 142. The operation also turns "off" tran-
motor first starts, and this voltage decreases as   sistor 158 which now
allows the PFC command the motor comes up to speed. This voltage is
voltage from potentiometer 70 and the induced summed with the starting ramp
produced. by   25   EMF voltage of the invention to be effective.
operational amplifier 182, and thus a large start-   In a further
modification the voltage across the ing voltage is initially commanded.
This comm-      thyristor is sensed. This thyristor voltage is equal anded
voltage decreases as the speed increases.     to the line voltage minus the
motor voltage and This operation. causes the applied motor voltage    thus
the induced EMF is present in the thyristor to. decrease and counteracts
the increase to   30   voltage. applied voltage caused by the
aforementioned          A typical thyristor voltage for a phase con- phase
angle, which decreases with speed. Thus a     trolled motor is shown in
Figure 2(h). The am- more linear speed versus time characteristic is
plitudes at intervals (1) and (2) decrease when the achieved.
system phases up in response to an increase in Further considering the
overall operation of the    35   load, and increase as the system phases
back combined "soft start" circuitry, at the initial turn  when the load is
removed. Since the induced EMF on of the system, the output of integrator
182 is   is zero when the motor is at stall, the thyristor zero volts. The
output of comparator 162 is full    voltage is at its maximum and decreases
as the negative by virtue of the zero volts appearing at   motor comes up
to speed. Hence, this voltage can negative input thereof and the negative
voltage"'  40   be used to improve soft start as described above. applied
to the positive input thereof through the   If a suddenly applied load
causes any tendency resistor pad formed by resistors 166 and 164.       for
the motor to slow down, the voltage across Under these conditions, NPN
transistor 178 will    the triac rises instantaneously and is used as be
"off" since the base voltage is negative so that  described above to cause
the PFC to respond. voltage can pass. The PNP transistor 158 will be   45
"on" since the base voltage is negative. This pro-  Claims hibits any
voltage from potentiometer 70 or from the output of operational amplifier
A2 of the         1. A power factor controller for a three phase induced
EMF feedback circuitry of the invention     a.c. induction motor (10); said
controller com- from the input of operational amplifier 151 at   so
prising electronic switching means (110,112,111) summing terminal 142.
connected in series with the motor (10), phase At initial turn on, and for
a period typically 20  detector means (122, 124, 126) for sensing the
milliseconds in duration, as determined by the      motor current and
voltage and providing an time constant of capacitor 78 and resistor 76, the
output proportional to the phase difference be- output of integrator 151 is
driven negative to pre-   55   tween the motor voltage and current; command
vent premature firing of the thyristors. Con-    - signal generating means
(70) for generating a currently, two voltages are being fed to summing
power factor command signal; control means point 142, vis., the voltage
from potentiometer     (150) responsive to said output of said phase 168
through resistor 170, and the induced EMF       detector means and said
power factor command signal through resistor R11. These signals com-   60
signal, for controlling the switching state of said *    . mand an initial
starting current which slowly    switching means; and means (Al, Q1, Q2,
A2, D1, starts the motor turning. It is to be noted that both  A3) for
sensing the induced EMF produced by the of these voltages are negative. The
initial amount  motor during the time interval when said elec- 



of starting current as required by different loads  tronic switching means
is in the off state and for can be varied by potentiometer 168. Further, at
65   producing a feedback signal for use in controlling 6    11
0  113 503                      12 switching of said electronic switching
means         (D2) connected to the output of said ope al (110, 112, 111),
characterised in that the sensing   amplifier (A2) for blocking output
signals of one means includes means (D1) for detecting polarity
polarity and a capacitor (C3), connected to the reversals in the motor
voltage wave form caused      output of said operational amplifier through
said by the loading of the motor.                    5    diode, which
charges responsive to the starting of 2. A power factor controller as
claimed in claim   the motor and which discharges as the motor 1, wherein
said sensing means includes a high        comes up to speed. gain
operational amplifier (A2) whose output is        10. A power factor
controller as claimed in blocked except during the interval in each half
claim 1 wherein the switching means comprises cycle when the induced EMF
produced during the    10   thyristor devices (110, 112, 111) and further
sens- off period of the switching means is of opposite     ing means is
connected across one of said thyris- polarity to the voltage during the on
period of the  tor devices to sense voltage thereacross and switching
means.                                     serves to control starting
circuit means (162, 182). 3. A power factor controller as claimed in claim
11. A power factor controller as claimed in 1, wherein said sensing means
includes a square   15   claim  10 wherein said further sensing means wave
voltage shaping circuit (Al), connected         comprises a first
operational amplifier whose between a line voltage terminal and an
electronic    inputs are connected across said thyristor device switching
circuit (Q1, Q2), a high gain operational  and a second operational
amplifier which re- amplifier (A2), connected to said electronic
ceives the output of the first operational amplifier. switching circuit to
amplify and selectively invert   20  12. A power factor controller as
claimed in a voltage proportional to the motor to neutral       claim 1
further comprising means for connecting voltage under the control of said
electronic         the output of said sensing means to circuit means
switching circuit, and diode means (D1) for block-   for controlling
starting of said motor. ing the output of said operational amplifier when
said output is of a first polarity.            25    Patentansprfiche 4. A
power factor controller as claimed in claim 3, wherein said electronic
switching circuit in-       1. Leistungsfaktcr-Steuergerat fOr eanen Drei-
cludes first and second transistors (Q1, 02) whose
phasen-Wechselstrom-lnduktionsmotor (10), mit control electrodes are
connected to the output of    diner elektronischen Schaltvorrichtung (110,
112, the voltage shaping circuit Al) each of said tran-   30   111), einer
Phasensensorvorrichtung (122, 124, sistors being connected in parallel with
one input   126) zum Erfassen des Motorstroms und der of said operational
amplifier (A2) and said diode    Motorspannung, die ein Ausgangssignal
liefert, means comprises a diode (D1) connected to the        das
proportional zur Phasendifferenz zwischen output of said operational
amplifier (A2).           der Motorspannung und dem  Motorstrom  ist, 5. A
power factor controller as claimed in claim    35   dine
Befehissignal-Erzeugervorrichtung (70) zur 3 or 4 wherein the outputs of
the respective phase   Erzeugung eines Leistungsfaktor-Befehissignals,
detector means are connected to a summing junc-      eine Steuervorrichtung
(150), die auf das Aus- tion (142) which is also connected to means (Cl)
gangssignal der Phasensensorvorrichtung und for storing the voltage output
of said operational   auf des Leistungsfaktor-Befehissignal anspricht,
amplifier (A2) and for discharging said voltage    40   um den
Schaltzustand der Schaltvorrichtung zu output responsive to blocking of the
output of       steuern, sowie eine Sensorvorrichtung (Al, Q1, said
operational amplifier (A2).                     Q2, A2, DI, A3) zum
Erfassen der induzierten 6. A power factorcontroller as claimed in claim
EMK, die vom Motor wahrend der Zeitspanne 5 wherein said storage means
comprises a             erzeugt wird, wenn die elektronische Schaltvor-
capacitor (Cl) and a voltage follower (A3) for   46   richtung
ausgeschaltet ist, und zur Erzeugung assisting the capacitor in holding the
charge        eines Ruckkopplungssignals zur Verwendung bei thereon.
der Steuerung des Schaltens der elektronischen 7. A power factor controller
as claimed in any     Schaltvorrichtung (110, 112, 111), dadurch ge- one of
claims 1 to 6 and further comprising          kennzeichnet, dass die
Sensorvorrichtung eine starting circuit means (162, 182) for improving the
50    Einrichtung (DI) zur Erfassung der Polaritatsum- starting
characteristics of said motor, and where-   kehrungen in der
Motorspannungswellenform in an output of said sensing means is connected
aufweist, die durch die Belastung des Motors ver- to said starting circuit
means so as to be added to  ursacht werden. the output thereof to thereby
improve the              2. Leistungsfaktor-Steuergergt nach Anspruch
linearity of speed versus time characteristics of   55   1, dadurch
gekennzeichnet, dass die Sensorvor- the motor.
richtung elden Operationsverstarker (A2) mit ho- 8. A power factor
controller as claimed in claim   her Verstarkyng aufweist, dessen
Ausgangssignal 7, wherein said starting circuit means includes  -  gesperrt
ist,! ausser wihrend des Intervalls in phase angle feedback circuitry (182)
for generat-   jeder Halbperiode, wenn die wihrend der Aus- ing a ramp
voltage for controlling speed of the    6o   schaltperiode der
Schaltvorrichtung erzeugte in- motor relative to time and wherein the said
duzierte EMK eine entgegengesetzte Polaritat, output of said sensing means
is summed with          bezogen .auf die Spannung wahrend der Ein- 



said ramp voltage.                                   schaltperiode der
Schaltvorrichtung, aufweist. 9. A power factor controller as claimed in
claim     3. Leistungsfaktor-Steuergerit nach Anspruch 8 wherein said
sensing means includes a diode    65   1, dadurch gekennzeichnet, dass die
Sensorvor- 7 I 1111111111 1  111111 1111111 ~~~~~ C .M S    13
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Rechteckwellenspannung-For-       hdngig vom Anlaufen des Motors, sich a d
mungsschaltung (Al) aufweist, die zwischen         und der sich entladt,
wahrend der Motor auf Dreh- einer Netzspannungsklemme und elner elektro-
zahl kommt. nischen  Umschaltschaltung  (01, Q2) ange-           10.
Leistungsfaktor-Steuergerat nach Anspruch schlossen ist, einen
Operationsverst~rker (A2) mit    5    1, dadurch gekennzeichnet, dass die
Schaltvor- hohem Verstirkungsfaktor, der an die elektroni-    richtung
Thyristoranordnungen (110, 112, 111) sche Umschaltschaltung angeschlossen
ist, um       umfasst und dass ferner eine Sensorvorrichtung unter  der
Steuerung  der  eiektronischen         parallel zu einer der
Thyristoranordnungen liegt, Umschaltschaltung eine der Stemspannung des
um die an der Thyristoranordnung vorhandene Motors proportionale Spannung
zu vergrossern   10   Spannung zu erfassen und die Anlaufschaltungs- und
selektiv zu invertieren, sowie eine Dioden-    anordnung (162, 182) zu
steuern. anordnung (D1) zum  Sperren des Ausgangs-            11.
Leistungsfaktor-Steuergerat nach Anspruch signals des
Operationsverstirkers, wenn das Aus-   10, dadurch .gekennzeichnet, dass
die weitere gangssignal eine erste Polaritat aufweist.
Sensorvorrichtung einen ersten Operationsver- 4.
Leistungsfaktor-Steuergerat nach Anspruch    15   starker umfasst, dessen
Eingangsklemmen paral- 3, dadurch gekennzeichnet, dass die elektronische
lel zur Thyristoranordnung liegen, sowie einen Umschaltschaltung einen
ersten und einen zwei-     zweiten Operationsverstirker, der das Ausgangs-
ten Transistor (Q1, 02) aufweist, deren Steuer-  '  signal des ersten
Operationsverstirkers erhilt. elektroden an dem Ausgang der Rechteckwellen:
12. Leistungsfaktor-Steuergerit nach Anspruch spannung-Formungsschaltung
(Al)   ange-   20   1, gekennzoichnot, durch dine Vorrichtung, um schlossen
sind, wobei jeder der Transistoren pa-   den Ausgang der Sensorvorrichtung
mit diner rallel zu einem  Eingang des Operationsver-
Schaltungsanordnung zur Steuerung des Motor- starkers (A2) liegt und die
Diodenanordnung eine   anlaufs zu verbinden. Diode (Dl) aufweist, die mit
dem Ausgang des Operationsverstarkers (A2) verbunden ist.    25
Revendications 5. Leistungsfaktor-Steuergerit nach Anspruch 3 oder 4,
dadurch gekennzeichnet, dass die Aus-        1. Contr6leur de factour de
puissance pour un gangsklemmen der jeweiligen Phasensensorvor-       moteur
triphase a induction (10); ledit contrdleur richtungen mit einem
Summierungsanschluss         comprenant un moyen de commutation 6lec- (142)
verbunden sind, der ferner an eine Vorrich-   30   tronique (110, 112, 111)
connect6 en s6rie avec le 'tung (Cl) zurn Speichern des Spannungsaus-
moteur (10), des moyens de comparateur de gangs des Operationsverstirkers
(A2J 'und zur      phase (122, 124, 126) pour capter le courant et la
Abgabe des Spannungsausgangssignals, abhan-        tension du moteur et
fournir une sortie propor- gig vom  Sperren des Ausgangssignals des
tionnelle A la diff6rence de phase entre la tension Operationsverstarkers
(A2), verbunden ist.   35   du moteur et le courant du moteur; un moyen de
6. Leistungsfaktor-Steuergerit nach Anspruch     gen6ration de signal de
commande (70) pour 5, dadurch gekennzeichnet, dass die Speichervor-
engendrer un signal de commande.de facteur de richtung einen Kondensator
(Cl) und einen          puissance; un moyen de contr6le (150) sensible A
Spannungsfolger (A3) umfasst, um den Konden-       ladite sortie desdits
moyens de comparateur de sator beim Halten seiner Ladung zu unterstutzen.
40   phase et audit signal de commande de facteur de 7.
Leistungsfaktor-Steuergerat nach elnem der    puissance, pour contr6ler
l'etat de commutation Anspruche 1 bis 6, gekennzeichnet durch eine
dudit moyen de commutation; et un moyen (Al, Anlaufschaltungsanordnung
(162, 182) zur Ver-  :   Q1, 2, A2, Dl, A3) de captage de la force blectro-
besserung des Anlaufverhaltens des Motors,         motrice induite produite
par le moteur durant wobei ein Ausgang der Sensorvorrichtung mit  45
I'intervalle de temps ofi ledit moyen de commuta- -der
Anlaufschaltungsanordnung verbunden ist,      tion dlectronique sst A
I'etat non passant pour so dass or zum Ausgangtderselben addiert wird,
produire un signal de retour destine A etre utilis6 um  dadurch die
Linearitit der Drehzahl-Zeit-      pour controler la commutation dudit
moyen de Kennlinie des Motors zu verbessern.                commutation
6lectronique (110, 112, 111), carac- 8. Leistungsfaktor-Steuergerat nach
Anspruch   so   terise en co que le moyen de captage comprend 7, dadurch
gekennzeichnet, dass die Anlauf- -      un moyen (Dl) pour detecter les
inversions de schaltungsanordnung eine Phasenwinkel-Ruck-        polarlte
dans la forme d'onde de la tension du kopplungsschaltung (182) aufweist, um
eine Kipp-   moteur provoquees par la charge du moteur. spannung zur
Steuerung des Motors, abhingig          2. Contr6leur de facteur de
puissance selon la von der Zeit, zu erzeugen und wobel der Ausgang    55
revendication 1, caracterise en ce quo ledit moyen der Sensorvorrichtung
mit der Kippspannung        -de captage comprend un amplificateur
operation- summiert wird.-*                                   nel A gain
6lev6 (A2) dont la sortie est bloquee 9. Leistungsfaktor-Steuergerit nach
Anspruch    '    sauf durant l'intervalle dans chaque demi-cycle 8, dadurch
gekennzeichnet, dass die Sensorvor-     au cours :duquel la force
6lectromotrice Induite 



richtung eine Diode (D2) aufweist, die mit der  0e  produite durant la
p6riode non passante du Ausgangsklemme des Operationsverstirkers (A2)
moyen de commutation est de polarite opposee A verbunden ist, urm
Ausgangssignale einer Polari-   la tension durant la periode passante du
moyen tMt zu sperren, sowie einen Kondensator (C3), der  de commutation.
Ober die Diode mit der Ausgangsklemme des       '    3. Contr6leur de
facteur de puissance selon la Operationsverstarkers verbunden ist und der,
ab-   65   revendication 1, caracterise en ce quo ledit moyen -   '   8 - ~
~~~ ~~~ ~ ~~~~~~~~~ ~~~ 1-1-1--                IItIIII IJ Jil)IIDIJID    15
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un circuit de conformation     connectee audit moyen de circuit de demar ge
de tension en signal carre (Al), connect6 entre    de fagon 3 etre
additionnee a sa sortie pour, une bome de tension de ligne et un circuit de
cette fagon, am6liorer les caract6ristiques de Ii- commutation 6lectronique
(Q1, 02), un amplifica-   nearit6 de la vitesse en fonction du temps, du
teur operationnel a gain eleve (A2), connecte    5    moteur. audit circuit
de commutation 6lectronique pour       8. Controleur de facteur de
puissance selon ia amplifier et inverser de fagon selective une ten-
revendication 7, caracterise en ce que ledit moyen sion proportionnelle a
celle du moteur par rapport  de circuit de d6marrage comprend un ensemble
au neutre sous le contr6le dudit circuit de com-   de circuit de retour
d'angle de phase (182) pour mutation electronique, et un moyen de diode
(Di)   10   engendrer une tension lineairement accroissante pour bloquer la
sortie dudit amplificateur op6ra-  pour controler la vitesse du moteur en
fonction du tionnel lorsque ladite sortie est d'une premiere   temps et en
ce que ladite sortie dudit moyen de polarit6.
captage est sommee avec ladite tension lin6aire- 4. Contr6leur de facteur
de puissance selon la   ment accroissante. revendication 3, caract6rise en
ce que ledit circuit   i5  9. Controleur de facteur de puissance selon la
de commutation electronique comprend un pre-       revendication 8,
caract6risb en ce que ledit moyen mier et un deuxieme transistors (01, Q2)
dont les  de contrdle comprend une diode (D2) connectee A electrodes de
contr6le sont connect6es 3 la sortie  Ia sortie dudit amplificateur
operationnel (A2) du circuit de conformation de tension (Al), cha-   pour
bloquer les signaux de sortie d'une seule -'    cun desdits transistors
6tant connectes en paral-   20   polarite et une condensateur(C3), connect6
A la ;  /      L-le avec une entree dudit amplificateur opera-    sortie
dudit amplificateur operationnel par l'inter- tf   tionnel (A2) et ledit
moyen de diode comprenant  mediaire de ladite diode, qui se charge en re-
une diode (Dl) connect6e a la sortie dudit         ponse au demarrage du
moteur et qui se de- amplificateur operationnel (A2).
charge lorsque le moteur prend de la vitesse. 5. Contr6leur de facteur de
puissance selon la   25  10. Contr6leur de facteur de puissance selon la
revendication 3 ou la revendication 4, caract6rise  revendication 1,
caract6rise en ce que Is moyen en ce que les sorties des moyens de
comparateur    de commutation comprend des dispositifs de de phase
respectifs sont connectees A une jonc-    thyristor (110, 112, 111) et
qu'un autre moyaen de tion de sommation (142) qui est 6galement con-
captage est connect6 aux bornes de l'un desdits nect6e A un moyen (de
stockage) (Cl) pour   30   dispositifs de thyristor pour capter la tension
A stocker la tension de sortie dudit amplificateur   ses bornes et sert A
contr6ler le moyen de circuit operationnel (A2) et pour decharger ladite
tension  de d6marrage (162, 182). de sortie en reponse au biocage de la
sortie dudit   11. Controleur de facteur de puissance selon la
amplificateur operationnel (A2).                   revendication 1.0,
caract6rise en ce que ledit autre 8. Contr6leur de facteur de puissance
selon la   35   moyen de captage comprend un premier ampli- revendication
5, caracterise en ce que ledit moyen  ficateur op6rationnel dont les
entr6es sont con- de stockage comprend un condensateur (Cl) et
nect6es aux bornes dudit dispositif de tyristor et un suiveur de tension
(A3) pour aider le           un deuxieme amplificateur op6rationnel qui re-
condensateur A tenir sa charge.                    goit la sortie du
premier amplificateur opera- 7. Contr6leur de facteur de puissance selon
40   tionnel. l'une quelconque des revendications 1 A 6, carac-    12.
Contr6leur de facteur de puissance selon la terise en ce qu'il comprend en
outre un moyen de   revendication 1 caracteris6 en ce qu'il comprend
circuit de demarrage (162,182) pour am6liorer les  en outre un moyen pour
connecter la sortie dudit caract6ristiquesded6marragedudit moteur, et en
moyen de captage au moyen de circuit pour |ce qu'une sortie dudit moyen de
captage est   45   controler le demarrage dudit moteur. 50 55 'I
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