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(57) Mcthode et dispositif permettant de commander la
vitesse d’un moteur a induction c.a. au moyen d’un
circuit de commande qui produit une tension d’attaque
de moteur consistant en une combinaison d’ 1mpulsions
c.a. et d'impulsions c.c. espacees dans le temps. Pendant
que les mmpulsions c.c. espacees dans le temps sont
presentes dans la tension d’attaque c.a., un réseau de
suppression de f.c.em. est active afin d’absorber
I"énergie de la f.ce€m. du moteur. Une autre
caracteristique de 1'invention consiste en un mode de
ralentissement dans lequel le moteur est décelére,
passant d’un régime c.a. a cycle complet continu a un
regime a faible wvitesse demande, du fait de
["accroissement des impulsions c.c. dans la tension
d’attaque c.a.
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(57) A method and device are disclosed for speed control
of an AC induction motor by means of a control circuit
which generate a motor drive voltage consisting of a
combination of AC and time-spaced DC pulses. During
the occurrence of the time-spaced DC pulses in the
motor’s AC drive voltage a back EMF suppression
network 1s activated to absorb the motor’s generated
back EMF energy. A further feature of the invention 1s a
slow down mode where the motor 1s decelerated from
continuous full cycle AC to a requested slow speed
setting by means of a higher contend of DC pulses 1n the
AC drnive voltage.




2176263

ABSTRACT OF THE DISCLOSURE

METHOD AND DEVICE FOR SPEED CONTROL OF AN

INDUCTION MOTOR

A method and device are disclosed for speed control of an
AC induction motor by means of a control circuit which generate
a motor drive voltage consisting of a combination of AC and time-
spaced DC pulses. During the occurrence of the time-spaced DC
pulses in the motor’s AC drive voltage a back EMF suppression
network is activated to absorb the motor’s generated back EMF
energy.
A further feature of the invention is a slow down mode where the
motor is decelerated from continuous full cycle AC to a requested

slow speed setting by means of a higher contend of DC pulses 1in

the AC drive voltage.
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FIELD OF THE INVENTION

The present invention relates to a method and device for very
low RPM speed control of an induction motor, where the motor
windings are supplied with a combination of alternate current and
time-spaced DC pulses. Such a control method creates a rotating
magnetic field interspersed with a short duration standing
magnetic field. This type of motor control is useful in
controlling AC induction motors in an automation equipment

environment where accurate, slow speed positioning of automation

elements is required.

DESCRIPTION OF THE PRIOR ART

Previous known induction motor speed control methods are
accomplished by varying the supplied AC frequency, the AC supply
voltage amplitude or varying both (see US Patent No. 4131937) and
Japan Patent No. 60-223455). This has the effect of clranging tHe
speed of the rotating magnetic field and the rate of slip between
rotor and rotating magnetic field. This control method is known
as variable frequency variable voltage speed control and is
used primarily for continuous variable speed control of induction
motors. The other known method to control an induction motor is
by supplying a DC, pulsating DC, or phase controlled (phase
shifted) rectified DC to the windings of the motor. Applying DC
to the motor is known as direct current breaking (see US Patent
No.4857818 and 4908563). Direct current breaking creates a
standing field which induces a strong eddy current in a rotating
cage rotor and therefore creates a strong breaking force. Direct.

current breaking is used to slow the rotation of a motor in a
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rapid deceleration motion. While prior art therefore uses either
variable frequency variable voltage or continuous pulsating DC
to control the speed of an induction motor. The present invention
uses AC in combination with time-spaced DC pulses to control the
speed of the induction motor. Where the DC pulses are generated
from rectified AC halve cyg}ggwgpd the rate of repetition of the

DC pulses, contained in the AC supply voltage, determines the

speed of the motor.

BRIEF SUMMARY OF THE INVENTION
It is the object of the present invention to provide a small
size and low cost device for speed control of an induction motor.
It is another object of the invention to provide a speed
control method for an induction motor capable of controlling the
motor ai very low RPM while maintaining sufficient torque

characteristic.

and the braking mode using the same power circuit components.
It is yet another object of the invention to provide a speed
control circuit combined with a rapid braking facility.
Other features and advantages of the invention will be
apparent from the following description with the

accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a circuit block diagram illustrating the

operating principle to which the present invention can apply.
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Fig. 2 is graph Vac illustrating the timing reference of all the
timing graphs to the sinusoidal supply voltage.

Fig. 3 is graph Vz illustrating the timing relationship of the
positive zero crossing pulses.

Fig. 4 is graph Vc illustrating the control pulse sequence as
selected by the time delay selection means from the input of
the speed input command setting means combined by the zero
crossing pulses.

Fig. 5 is graph Vemf-d depicting the controllable power driver
element driving signal for the controllable back EMF
suppression element.

Fig. 6 is graph Ve illustrating the resultant motor drive

voltage.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings. Fig. 1 shows the novel speed
control circuit, in block diagram form, as it may be used to
control the induction motor 1. For energising the motor 1, the
controllable power driver element 2 supplies voltage from the
power input terminal 10 to the motor 1. For this purpose the
controllable power driver element 2 is forming a series
connection between terminal 10 and motor 1. For this invention
the controllable power driver element 2 is not limited to one
particular type of power driver device. While a triac type driver
is depicted for the controllable power driver element 2, many
different power driver technologies apply and in many cases

depend on the type of induction motor used. The controllable back
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EMF suppression element 3 is connected in parallel to the

motor 1 to absorb the back EMF energy generated by the motor 1
during the course of the circuit’s unique drive voltage. For this
invention the controllable back EMF suppression element 3 is not
limited to one particular type of power driver device. While a
SCR type power driver is depicted for the controllable back EMF
Suppression element 3, many different technologies apply and in
many cases depend on the type of induction motor used. For multi
phase motors, these two described circuits will be duplicated for
every additional phase. The zero crossing detector 4 detects the
exact beginning of the supply voltage AC cycle. The control pulse
generating means 5 generates the main control pulse sequence. The
time delay selection means 6 selects a time delay pulse duration

from the control pulse generating means 5, according the speed

demand setting means 8. During the time delay pulse duration AC-

power 1is suppliedhto the motor 1. The time delay selection is
varied to correspond to multiple AC-power halve cycle increments.
The speed demand Setting means 8 has a plural position selector.
The position 8f is for full speed, 8m for medium speed, 8s for

slow speed and 8n is for no speed respectively. More speed

selection positions or a single analog selection position‘are of
course possible. But for this invention the speed selection is
not limited to on particular number of increments and would not
change the essence of this circuit. A speed demand setting of
full speed at position 8f will select no time delay with a solid
active control pulse sequence. A setting at position 8n will
select no time delay value with a solid inactive control pulse

sequence. A setting at 8m or 8s will select a time delay value

v
:
¥
¥
- ,1 f"'f ‘ﬁ . .
- . A e I L
L NG Foo kT

£ w

Y
&
A " 3 i s y 3
¢ X . PR k2 - ] A Y Ay
& O U 9 ; {3 = NP} ‘; £ doe TS pLY - ":,,-. 4

S A
:’yf' i "I"-\ "

-.b' -
. -d . .
. .',’ . :‘ ": - g
; 2 s ‘: g;\
¥ v i ’
- I, b 7S

. . * ] . "
L : 2 - ¢ S S L7 J ) s -
A A e T E R T 7 L U I S L Oy
£ .

Ay ‘f{s




10

20

2176263

to accomplish a control pulse sequence for medium speed and slow
speed respectively. The speed selection change detector 7 detects
a change in speed demand, when changing from high speed to low
speed. The predriver elements 9 controls the controllable power
driver elements 2 and 3 according to the control pulse sequence
selected by the time delay selection circuit element 6.
Referring now to Fig. 1 and graph Ve in Fig. 4. The circuit
operation for the intermediate and low speed selection is now
explained. As mentioned above, the full speed selection 8f, or
no speed selection 8n, produces a solid active or inactive
control pules sequence respectively. The zero crossing
generator 4 is the trigger source for the time delay generating
means 5 causing it to produce a control pulse sequence depicted
in graph Vc as selected by the time delay selection means 6. The

control pulse sequence reaches a positive state at a time-spaced

,rate of repetition in coincidence with multiple half cycles of

the AC supply voltage. During the positive pulses in the

control pulse sequence of graph Vc, represented by right shaded
pulses, the controllable power driver element 2 becomes
conductive for every half cycle of the AC supply voltage. But the
controllable power driver element stays non-conductive during the
negative portion of the pulse sequence Vc, causing suppression
of only these selected AC supply voltage half cycles. During the
suppression of thé AC half cycles, because of the rectification
effect, an effective DC pulse causes to occur in the AC supply
voltage of the motor 1. The DC pulses in turn generate a back EMF

in the motor 1.
Referring now to Fig 1 and graph Vemf-d in Fig. 5.

~5-
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During the positive pulses in the back EMF control pulse sequence

represented in graph Vemf-d Fig. 5, indicated by cross shaded

pulses, the controllable-back EMF suppression element 3 is
activated, which is at the coincidence of the non-conductive
state of the controllable power driver element 2. The resultant
voltage supplied to the motor 1 is depicted in graph Ve Fig 6.
Accordingly, the motor drive voltage is a time-spaced DC pulse
modulated AC. The DC pulses contained in the AC drive voltage
Ve generates a back EMF potential in the motor 1 which is being
absorbed by the controllable back EMF suppression element 3.
Absorbing the back EMF energy is causing the DC voltage pulses
to produce a prolonged braking action in the motor 1. Therefore,
the DC pulse modulated AC drive voltage depicted in graph Ve,
together with the action of the controllable back EMF suppression
element 3, results in a rotating magnetic field, interspersed
with a short standing magnetic field in the motor 1. This
combination of rotating and standing magnetic fields cause the

motor 1 to rotate at the selected RPM speed without the usual

loss in torque characteristic.

Referring to Fig. 1. A change from high speed to low speed
by the speed demand selection means 8 causes a temporary decrease
in time delay selection by the speed selection change
detector 7. The shorter time delay causes a higher content of DC
pules in the AC supply voltage to the motor 1 to occur, which
allows the motor 1 to decelerate to the lower speed setting at

a faster rate. This timed temporary braking action is therefore

accomplished with the addition of the speed selection change

detector to the circuit.
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the example described above, but that they may be varied within

the scope of the following claims.




THE EMBODIMENT OF THE LNVENTTOMN IN WHICH AN EXCLUSTVE PROPERTY
- OR PRIVILEGE IS CLAIMED ARE UEFINED AS FOLLOWS:
[ An Apparatus for sgpeed cvontrol of an induction motor

having a single pbase AC-power source conprising:

6 3 # controllable power driver element forming a4 series
4
i

2‘ 1 connect ion between the AC-power source and the motor;

a zero crogsing detector for detecting the beginning oif
the AC-poweyry ocyole;

a speed demand setting means for input of a motor speed
demand ;

a time delayv selection means for selecting a time delay
according the speed demand 1nput setting;

a control pulse segquence generabting means [or accepbing
trigger pulses from zero crossing detector and accepting
time delay pulses from the tLime delay selection means,
actively controllaing the controllable power driver element
1n order to supply power to the motor in a pattern of
repetilive duration of multiple AC halve cycles and remove
power from the mototr for one single AC halve cyole,
Fhereby creating a combination of AC and time spaced DC
pulses;

the i1mprovement comprising;

a controllable back EMF supptession element connected in
parallel with the motor forming an actively switchable
back EMF suppression circuit loop, actively controlled by
the control pulse sequence generating means, activated
during the L1Lnactive one AC halve cvale time of the
controllable power driver element, thereby feeding the

generated EMF enerqgy back i1nbko bthe molor.
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< A method for speed control of an inducti1on motor
having & single phase AC-power source:
a controllable power driver element formi ng a series

connection between the AC-power source and the mot Or;

a controllable back EMF suppression element connected 1

parailel with the motor forming an act 1vely switchable EMF

suppression circult Joop;

P

A zero crossing delector for detect 1ng the beginning of

the AC-power cyole;

a speed demand setting means for i nput. of a motLor speed

demand ;

a btime delay selection means for select ng a time delay

according the speed demand i pul setting;
4 control palse sequence generat ) ng means for controlling

Lhe power driver element :

- »

the method comprisi ng the steps of:
selecting a time delay duration from the cont r ol pulse
generating means according the speed demand i nput setting;

passing trigger pulses from Lhe zero crossing detector to

the control pulse generat ing means causing it to produce
control pulses in synchronisation with the AC-power

cvoeleg;

activating the controllable power driver element for

periods of multiple AC-power halve o voeles, according the

control pulse sequence, actively supplving power to the

motor;

deactivating the controllable power driver element for

one AC halve cycle with a repet it ion rate act ve |y
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selected by the control pulse sequence, which results in

Atrhebea,,

a combination of aliernat ing current and time s paced
diLrect current pulses, causing the motor to res pond wibh
a duration of rotalting maanetic fields 1nte rspersed with
a short duration standing wagnet o freld;
the improved step comprising:
activating the controllable back EMF suppression element
during the itnactive AC halve cvele time of the
controllable power driver element, thereby feeding the EMFE
back into the motor, inducing a str onyg eddy current in the
motor rotor, causing Lhe motor to respond with a higher
intensity standing magnetic f{ield.
3+ An apparatus for gpeed control of an induction motor
having a multi phase AC-power source o OMPIri1ising:
multiple controllable power driver element formin ] A Series
connection between the AC-power source and the motor ;
milbiple zero crossing detector for detect ng the beginning
of each phase AC-power cyole;
a speed demand setting means {or i1nput of a motor spead
demand ;

a btime delay selection means for select ng a btime delay

according the speed demand inpul setting;

multiple control pulse sequence generati ng means for
accepting Lrigger pulses from the zero orogsi ng detectors
and accepting time delay pulses from the time dela Y
select ton means, actively controllin g Lhe controllable
power driver elements in order Lo supply power to the
motor in a pattern of repetitive durat ion of multi ple AC

halve acycles and remove power from bLhe motor for one

— T L. b s N D M A 4 PO Tt il 4 S O A AL S e IV o
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single AC halve cycle, thereby creating a4 combination of
AC and time spaced DC pulses;
the 1mprovement comprising;

multiple controllable back EMF suppression elements
connecled in parallel with the motor forming actively
switchable EMF suppression circuirt loops, actively
controlled by the control pulse sequence generat i Nng Mmeans,
activalted during the i1nactive one AC halve cvele btime of
fhe controllable power driver elements, thereby feeding

the generated EMF energy back into the motor.

4. A mebthod for speed control of an induction motor
having multiple phase AC-power sources;

mult iple controllable power driver elements forming a
series connechbion between the mult 1 phase AC-power source
and the moblor;

maltiple controllable back EMF suppression elements
connectaed in parallel with the motor forming actively
switchable EMEF suppression circult loops;

multiple zero crossing detectors for detect. ing the heginning
of the AC-power cvele 1n each phase;

a speed demand setling means for inpubt of a motor speed
demand ;

a time delay selection means for selecting a time delav
according the speed demand input setting;

mulbiple control pulse sequence generating means for
controlling Lhe multiple power driver ejements;

the method comprising the steps of:

selecting a Lime delay duration from the control pulse
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generating means according the speed demand inpuat sett ing;

passing brigger pulses from the zero crossgin g detectors to
the control pulse generating means causing 1t Lo produce
control pulses in synchronisation with the AC- pPoOwer ;

actlivating the controllable power driver elements lFor
perirods of multiple AC halve oveles accordil ng the
control pulse sequence, actively supplying three phase
power to tThe motor;

deactivating the conbrollable power driver elements for
one single AC halve cycle wilh a repelition rate actively
selected by the control pulse sequence, which results in
a combination of alternating current and time sSpaced
direct current pulses, thereby causing the motor to
respond with a durabton of rotating magnetic fields
tnterspersed with a short duration standi nyg magnetic
freld;

the tmproved slep comprising:

activating the controllable back EMF s uppression elements
during the itnactive AC halve cvele time of the
controtllable power driver elements, t hereby feeding the
EME back L1nto the motor, inducing a strong eddy current
in the motor rotor, causing the motor to re spond with a
higher intensity standing magnetic field.

2. The apparatus for speed control of an induct Lton moto I

a8 claimed 1n claim | further comprisi ng ;

4 speed selection change detector actively connected

between Lhe speed demand setting means and the b lme

delay select ion means for debect in 4 a Change event in bhe

speed inpub setting from high to low speed, causing A

~ s
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Ltemporatry period of shorter duration time delavs to be

selected to accomplish a temporary period of higher
conlent of DC pulses 1n the motor drive voltage which in
turn will break the motor speed to the new speed setting.

a rotational speed measuring means altached to the motor
output shaft for determining the sctual motor rotational
speed value and the output of the rotational speed
neasuring means coupled to the time delav selection means:

a time delay selection means including a comparator means
for determining the difference between Lhe demand speed
and the actual motor rotational speed valiue, Lhe | ime
delay selectbion means actively passing timing pulses bo
the control pulse sequence general ing means Lo aco mp l Leh
a zevro difference between the speed demand setting and
actual nmotor speed.

6. The method for speed control of an induction motor as

claimed in claim 2, further having:

a rotational speed measuring means abttached to the motor
output shaft and the ovutput of the rotational speed
measuring means coupled to the time delay selection means
for determining the actual motor rotational speed value:

4 time delay selection means including a comparator means
for determining the difference between the demand speed
and the actual motor rotational speed value:

Lhe method comprising tLhe steps of:

compatring Lhe speed demand selting with the actual motor
speed as indicated by the rotational speed measuri ste
means Lo determine a possible speed differential value:

selecting an appropriate time delav value from the time

T—m o T | o e e VUV
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delay selection means, governing the repetition rate

Lhe Uime spaced DU pulses contained in L he AC supply

voibtage, Lo accomplish a zero difference between

demand speed setting and actual motor speed.
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