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[57] ABSTRACT 
When actuating again in induction motor rotating iner 
tially by applying power to the induction motor from an 
inverter capable of changing both of its output fre 
quency and output voltage, the power is once supplied 
to the induction motor to increase the residual voltage if 
the residual voltage of the induction motor is not suffi 
cient, and the frequency of an initial impressed voltage 
that is in agreement with the rotating speed of the in 
duction motor is determined. 

45 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS FOR CONTROLLING 
INDUCTION MOTOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent hut forms no part of this reissue specific - 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method and apparatus for 

controlling an induction motor which supplies power 
from power conversion means capable of changing both 
if its output frequency F1 and output voltage V|, such as 
an inverter or a cycloconverter, to an induction motor 
which is rotating inertially, and reactuates the induction 
motor. 

2. Description of the Prior Art 
The necessity of reactuating an induction motor 

which is rotating inertially develops when instanta 
neous service interruption occurs. 
Such a necessity occurs also when a load which has a 

large inertia and has been actuated by a commercial 
power source must be stopped quickly by changing the 
connection to the actuation by power conversion means 
capable of changing both of its output frequency and 
output voltage and by applying regenerative braking. 
When power having a frequency remarkably differ 

ent from the frequency of a residual voltage of an induc 
tion motor which is rotating inertially is applied to the 
induction motor, a large current flows through the 
induction motor and through the power conversion 
means. The power conversion means capable of with 
standing such a large current is considerably expensive. 

Japanese Patent Laid-Open No. 8250/ I980 discloses a 
method which detects the frequency of this residual 
voltage, brings the initial frequency of the power to be 
applied from the power conversion means into agree 
ment with this frequency and reactuates the induction 
motor. 

On the other hand, Japanese Patent Laid~0pen No. 
l29l98/1982 proposes a method which detects the ro 
tating speed of the induction motor by use of a speed 
generator, and assumes the frequency of the residual 
voltage of the induction motor from the output of the 
speed generator. In order to couple the speed generator 
to the induction motor, however, a speci?c work must 
be applied to the output shaft of the induction motor. 
From this aspect, the system which directly detects 

the residual voltage is advantageous because counter 
measures can be taken within a control circuit without 
any speci?c work for the induction motor. The draw 
back of this system, however, is that the residual volt~ 
age will become zero within a short period of time 
depending upon the condition of the load, although the 
induction motor is rotating inertially. If excessive ac. 
power is applied to the induction motor during the 
[intertial] inertial rotation when no residual voltage 
exists, a large load current ?ows, too. 
When the primary side of the induction motor is kept 

open (equivalent to the cut-off of the power source), the 
residual voltage Vm on the primary side can be ex 
pressed as follows: 
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_ _l_._ a - _ ._'_ _ r Vm-M(— T2 +jw).lzo,e T2 6/!» 

where T; is a secondary time constant and is given by 

(2) 

M is mutual induction between the primary and second 
ary sides. r; is secondary resistance, L2 is secondary 
inductance, m is an angular velocity of rotor, and izo is 
the initial value of a secondary current. 

In eq. (1) described above, the angular velocity to of 
rotation does not drop drastically under the condition 
that though the inertia of the load, that is, GDZ, is great, 
the load itself is small. Therefore, 

I 
, did! 

where V10 is an effective value of the residual voltage 
on the primary side immediately after opening of the 
primary side. 
The period of the waveform Vrn of the residual volt 

age at this time greatly depends upon the secondary 
time constant, and damps with a substantially equal 
period over a relatively long period as shown in FIG. I. 
On the other hand, under the condition that GD2 of 

the load is small but the load itself is great, the residual 
voltage Vrn is given by: 

Vm = V10(mr)e — -Tr-T - em" (4) 

The waveform Vm of the residual voltage at this time 
is such as shown in FIG. 2, and both the period and the 
amplitude change drastically, and the waveform damps 
within a relatively short period. 
As is obvious from the description given above, the 

residual time of the residual voltage greatly depends 
upon the greatness of the load, the greatness of the 
inertia of the load and the greatness of the secondary 
time constant. Even if the load is small and the inertia is 
great, the residual voltage can not be detected depend 
ing upon the length of the service interruption time if 
the secondary time constant is small, even though the 
induction motor is rotating inertially. 

SUMMARY OF THE INVENTION 

In view of the technical background described above, 
the present invention is directed to provide a method 
and apparatus for controlling an induction motor which 
can smoothly actuate again the induction motor irre 
spective of the greatness of a load, the greatness of an 
inertia and the greatness of a secondary time constant. 
The present invention provides a tentative power 

supply step for applying to an induction motor such 
power that the induction motor can generate a residual 
voltage above a predetermined value V2 for a predeter 
mined period of time Ta during a later-appearing power 
supply interruption step, if the greatness of the residual 
voltage is not sufficient after the recovery of power 
source. 

The power supply interruption step described above, 
which interrupts the supply of the power from power 
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conversion means to the induction motor, is disposed 
after the tentative power supply step described above, 
and after the power supply is cut off during this power 
supply interruption step, the frequency fm of the resid 
ual voltage Vrn of the induction motor is detected in the 
period Ta. The procedures then shift to the a real power 
supply step. 

In the real power supply step, the power having a 
frequency which matches with the induction motor can 
be applied to the induction motor during the inertial 
rotation, and the motor can be actuated again without 
applying an excessively great current to the motor. 

It is preferred that in the tentative power supply step, 
the output voltage V] be gradually increased from the 
predetermined value while the output of the power 
conversion means is being applied to the induction mo 
tor. An overcurrent relay is interposed on the input side 
of a power inverter of the power conversion means, and 
the frequency and the voltage upon which this overcur 
rent relay acts are determined. When a 70 V voltage is 
applied at 50 Hz from the beginning to the induction 
motor, the overcurrent relay does not operate but when 
a 100 V voltage is applied at 50 Hz from the beginning, 
the overcurrent relay does operate. 
When the output frequency F1 and the output voltage 

V1 are gradually and linearly changed from 5 Hz to l5 
Hz and 20 V to 60 V, respectively, as in the present 
invention, the overcurrent relay does not operate. 

Generally, the residual voltage Vm has the following 
relation with the frequency Ff and the output voltage 
Vf at the time of cut-off of the power source: 

Therefore, if the output frequency F1 and the output 
voltage V] are gradually increased from the predeter 
mined values while the output of the power conversion 
means is being applied to the induction motor in the 
tentative power supply step, the residual voltage can be 
increased while limiting the current in comparison with 
the case where a voltage of a predetermined value is 
applied from the beginning. 
Though the above illustrates the control method, the 

control apparatus of the present invention comprises 
power conversion means, frequency detection means, 
residual voltage insufficiency detection means, speed 
setting means and switching control means. 
Among these constituents, the power conversion 

means can change both the output frequency and the 
output voltage, and their output terminals are con 
nected to the induction motor. An inverter or a cyclo 
converter can be used as this power conversion means. 
The frequency detection means detects the frequency 

of the residual voltage of the induction motor. 
The residual voltage insufficiency detection means 

produces a detection signal representing that the resid 
ual voltage of the induction motor is zero or small so 
that the frequency detection means can not detect the 
frequency. 
The speed setting means sets the speed at which the 

induction motor is desired to be operated. This can be 
regarded also as the output frequency Fs being set. The 
switching control means receives the outputs of the 
frequency detection means, the residual voltage insuffi 
ciency detection means and the speed setting means, 
gradually increases the output voltage V] to a level in 
response to the frequency frn while keeping the output 
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frequency F1 of the power conversion means at frn 
when the frequency detection means detects the fre 
quency fm, and thereafter approaching gradually the 
output frequency F1 and the output voltage V] to the 
output of the speed setting means. 
When the residual voltage insufficiency detection 

means produces the signal representing the insuffi 
ciency of the residual voltage, the switching control 
means applies the output of the power conversion 
means to the induction motor so that the induction 
motor produces a residual voltage above a predeter< 
mined value V1 for a predetermined period of time Ta 
even at the time of the interruption of the power supply, 
and thereafter cuts the power supply from the power 
conversion means to the induction motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 are time charts used for explaining the 
background of the present invention; 

FIG. 3 is a current diagram showing a control appa 
ratus in accordance with one embodiment of the present 
invention; 
FIGS. 4(a) and 4(b) are ilowcharts showing a control 

method in accordance with one embodiment of the 
present invention; 
FIGS. 5, 6 and 7 are characteristics diagrams show 

ing different output frequency-vs-output voltage char 
acteristics of power conversion means; 
FIG. 8 shows the time chart obtained from executing 

the method of the present invention. 
FIG. 9 is a circuit diagram showing the principal 

portions of the apparatus in accordance with another 
embodiment of the present invention; and 
FIG. 10 is a time chart used for explaining the opera 

tion of the circuit shown in FIG. 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 3 reference numeral 1 represents power con~ 
version means as a whole. The power conversion means 
1 consists of a power recti?er 2, a smoothing capacitor 
3 and a power inverter 4. The power rectifier 2 includes 
six diodes Dl-D? that are connected in a bridge ar 
rangement. The input terminals of this bridge circuit are 
connected to a three-phase ac. power source S. The 
smoothing capacitor 3 is interposed between the output 
terminals of the power recti?er 2. The power convertor 
4 includes six transistors T1—T6 that are connected anti 
parallel with one another, and six flywheel diodes 
D'r-Dn that are connected antiparallel with the transis 
tors T1_T5, respectively. The output terminals of the 
power inverter 4 are connected to a three-phase induc 
tion motor 6. 

Reference numeral 7 represents a transformer which 
takes out insulatedly the residual voltage of the three 
phase induction motor 6 from its primary side. This 
transformer 7 is connected to the input terminal of the 
three-phase induction motor 6 via a contact 9b, which is 
opened at the time of actuation, of an on-delay time 9 
connected to the output of a full-wave rectification 
circuit 8, and takes up the residual voltage of the induc 
tion motor 6 for the period of only 2 seconds, for exam 
ple, at the time of service interruption and after the 
recovery of the power source, thereby minimizing the 
power consumption during the operation of the three 
phase induction motor 6. Reference numeral 10 repre 
sents the frequency detection means for detecting the 
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output frequency of the transformer 7, that is, the fre 
quency fm of the residual voltage, and reference nu 
meral 11 represents the phase detection means for de 
tecting the phase a of the output voltage of the trans 
former 11. Reference numeral 12 represents the residual 
voltage insufficiency detection means. This means pro 
duces a signal representing that the frequency detection 
means 10 and the phase detection means 11 can not 
detect the frequency and the phase because the output 
of the transformer 7 is zero or because the output is 
small and does not reach a predetermined value even if 
it is not zero. 

Reference numeral 13 represents a shunt resistor for 
detecting the input current of the power inverter 4. 

Reference numeral 14 represents the speed setting 
means for setting the operating speed of the three-phase 
induction motor. 
Reference numeral 15 represents power supply inter 

ruption detection means for notifying the power supply 
interruption from the three-phase a.c. power source 5 
when the output of the full-wave recti?cation circuit 8 
is below a predetermined value. 

Reference numeral 16 represents the switching con 
trol means, and the power necessary for this means is 
obtained from the full-wave recti?cation circuit 8. A 
capacitor 17 is connected to the input of this switching 
control means 16 so that the control means can operate 
for a period of about I00 msec even when service inter 
ruption occurs. 
The switching control means 16 consists of a mi~ 

crocomputer, which receives the outputs of the fre 
quency detection means 10, the speed setting means 14 
and the shunt resistor 13 through analog-digital conver 
sion circuits 18, 19, 20, 21, respectively, and further 
receives the signals from the residual voltage insuffi 
ciency detection means 12 and the power supply inter 
ruption detection means, and operates in accordance 
with the ?owchart shown in FIG. 4. 

It will now be assumed that when the three-phase 
induction motor 6 receives the power from the three 
phase a.c. power source 5 through the power conver 
sion means 1 and is rotating at a speed corresponding to 
the set speed by the speed setting means 14, the service 
interruption occurs at a step 50. Then, this information 
is given to the switching control means 16 from the 
power source interruption detection means 15. 
The control means 16 starts counting the output sig 

nals of the timing signal generation circuit of its own, 
which is not shown in the drawing, and starts counting 
the interruption time as shown at step 51. 
The control means 16 then judges at step 52 whether 

or not this interruption time is longer than a time Tb. As 
a result, if the service interruption time is shorter than 
Tb, the procedure moves to step 53 and the operation is 
continued as such. Tb is a time in which the power 
stored in the smoothing capacitor 3 can be supplied to 
the three-phase induction motor 6 even when the ser 
vice interruption develops, and a suitable time Tb is 
selected in accordance with the smoothing capacitor 3 
and the capacity of the three-phase induction motor 6. 
An example is from 10 msec to 20 msec and at this 
value, the size of the smoothing capacitor 3 need not be 
increased, in particular. 

If the service interruption time is found to be equal to, 
or greater than, Tb as the result of judgement at step 52, 
the switching control means 16 shifts to step 54, re 
ceives the signal from the power supply interruption 
detection means 15 and judges whether or not the 
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6 
power source interruption has been finished. If the in 
terruption is found to have been completed, the proce 
dure moves to step 55, and ?nishes counting of the 
interruption time which is effected at step 51. Thus, the 
three-phase induction motor 6 keeps operating as if 
nothing had occurred. If the power supply interruption 
is found to have not yet been completed as a result of 
judgement at step 54, the procedure shifts to step 56, 
whereby the switching control means 16 cuts off the 
base signals of all the transistors Tl-T?. 
Even after the base signals are cut off at step 56, the 

control means 16 receives the signal from the power 
supply interruption detection means 15 as shown at step 
57 and judges whether or not the interruption is com 
pleted. If the interruption is found to have not yet been 
completed, this judgement is repeated with a predeter 
mined time interval. If the interruption is found to have 
been completed already, the control means 16 shifts to 
step 58 and receives the signal from the residual voltage 
insufficiency detection means 12. When the residual 
voltage insufficiency detection means 12 generates the 
signal representing that the residual voltage is suffi 
ciently great, the procedure shifts to step 59, and if the 
detection means 12 produces the signal representing the 
residual voltage is not sufficiently great, the procedure 
shifts to step 60. 
The contact 9b of the off-delay timer 9 is kept closed 

for the period of 2 seconds from the completion of the 
power source interruption after its occurrence so that 
the residual voltage detection means 12, the frequency 
detection means 10 and the phase detection means 11 
can detect the insufficiency of the residual voltage, the 
frequency and the phase, respectively. 
At step 59, the switching control means 16 reads the 

frequency of the residual voltage from the frequency 
detection means 10 and the phase of the residual voltage 
from the phase detection means, respectively. The con 
trol means 16 then sets the frequency and the phase so 
that the frequency of the power to be supplied from the 
power inverter 4 to the three-phase induction motor 6 
and its phase are in agreement with the frequency fm 
detected by the frequency detection means 10 and the 
phase detected by the phase detection means 11, respec 
tively. 
The procedure at step 60 will be described later. 
After step 59, the switching control means 16 moves 

to step 61. At this step, the output voltage V1 is gradu 
ally increased while the output frequency of the power 
inverter 4 is kept at fm. 

If the three-phase induction motor 6 is controlled so 
that its output becomes constant irrespective of the 
speed change, control is made in such a fashion that the 
ratio of the output frequency F\ of the power inverter 4 
to the output voltage V| becomes constant as shown in 
FIG. 5. A bias which drops progressively with an in 
creasing output frequency is applied sometimes to the 
output voltage within a low range of the output fre 
quency F] as shown in FIGS. 6 and 7. In any way, 
judgement is made at step 62 whether or not the output 
voltage of the power inverter 4 rises to the voltage Vm 
corresponding to the frequency frn which is detected by 
the frequency detection means 10, and if it is still lower 
than Vm, the voltage is further increased, and the pro 
cedure moves to step 63 when the voltage becomes 
equal to Vm. 
At step 63, the control means 16 reads the signal from 

the speed setting means 14 and moves to step 64. At this 
step, the control means 16 controls the frequency F1 



Re. 33,519 
7 

and the voltage V1 along the characteristics lines shown 
in FIGS. 5-7 so that the output of the power inverter 4 
attains the frequency Fs and the voltage Vs correspond 
ing to the speed set by the speed setting means 14. 

Thereafter the step 65 is followed. Here, comparison 
is made whether F1 is equal to F5 and the output voltage 
V1 is equal to Vs. Not only in the case where Fi=Fs 
and V1=Vs but also in the case where FHEFS and 
Vl¢Vs, the procedure returns to step 63 and control is 
continued so that the speed of the three-phase induction 
motor 6 reaches the speed set by the speed setting means 
14. 
FIG. 8 shows the time chart when the procedure 

proceeds to step 60. Here, symbol A represent the 
power interruption state in which the interruption de 
velops at a point of time t] in the ON state of the power 
source, and the power source is again ON at a subse 
quent point of time t4. 
Symbol B represents the speed of the three-phase 

induction motor 6. Even if the power interruption oc 
curs at the time t;, the speed of the three-phase induc 
tion motor 6 does not immediately drop, because the 
power is supplied from the smoothing capacitor 3 for 
the period of from 10 to 20 msec. When the time t; is 
reached, the power source is forcedly cut off as shown 
at steps 52 and 54, and hence the output voltage of the 
power inverter 4 represented by Vi becomes zero, and 
along therewith, the frequency represented by F] be 
comes also zero. The speed of the motor 6 represented 
by B also drops gradually. 
Symbol C represents the induced electromotive force 

of the induction motor 6. After the cut-off of the power 
source at the point of time t‘, the force is referred to as 
the “residual voltage", which becomes progressively 
smaller as shown also in FIGS. 1 and 2, and reaches 
substantially zero at the time t3. 

In FIG. 8, the power source is under the ON state at 
the time t4 after the residual voltage has substantially 
reached zero, and the procedure naturally proceeds to 
step 60 as a result of judgement at step 58. 
At step 60, the output frequency F1 and the output 

voltage V1 are gradually increased from the predeter 
mined values to those values Fa and Va which are nec 
essary for the induction motor 6 to generate a residual 
voltage above a predetermined value V2 for a predeter 
mined period Ta, while the output of the power conver‘ 
sion means 1 is being applied to the induction motor 6. 
At this step 60, the output frequency F1 and the out 

put voltage V] are gradually increased while keeping 
the ratio V1/F| constant. 

It is particularly preferred that when the rated fre 
quency and rated voltage of the induction motor 6 are 
Fr and Vr, respectively, the output frequency F1 and 
the output voltage V1 are gradually increased while 
keeping the condition V|/F| =Vr/Fr, that is, along the 
characteristics curve shown in FIG. 5. 

Alternatively, it is possible to increase the output 
frequency F1 and the output voltage V1 to the rated 
frequency Fr and the rated voltage Vr from V1=posi 
tive predetermined value when F1 =0, that is, along the 
characteristics curves shown in FIGS. 6 and 7. At this 
time, the initial frequency need not be zero but may be 
from 3 to 5 Hz, for example. Furthermore, the fre 
quency F1 and the voltage V1 may be increased gradu 
ally along a characteristics curve obtained by somewhat 
moving downward the characteristics curve shown in 
FIGS. 5-7 in parallel therewith. 
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Experiments reveal that suitable Ta, Va and Fa val 

ues are from 0.5 to 3 seconds, at least 30 V and at least 
l5 Hz, respectively. 
The control means 16 proceeds to step 70 after step 

60. At this step, whether or not the frequency F1 and the 
voltage V1 have reached predetermined values Fa and 
Va is determined. 
The tentative power supply step is the combination of 

these steps 60 and 70. The state at the points t5-t6 in 
FIG. 8 corresponds to the tentative power supply step. 
If both the output frequency F1 and the output voltage 
V1 are found to have reached the predetermined values 
Fa and Va at step 70, the procedure proceeds to step 71. 
At this step, the power supply interruption step to cut 
off the supply of the power from the power conversion 
means 1 to the induction motor 6 is effected. Cut-off of 
the power supply from the power conversion means is 
effected by cutting off the base signals from the switch 
ing control means 16 to the transistors T1-T6. The base 
signal cut-off time is represented by t6-t1 in FIG. 8. 
After this cut-off of the base signals, step 72 is executed 
in the time Ta. At step 72, judgement is made whether 
or not the residual voltage Vm is sufficiently great for 
the normal operations of the frequency detection means 
10 and the phase detection means 11. If it is found to be 
sufficiently great, the procedure returns to step 59. 
The step effected at this step 59 is the residual voltage 

frequency detection step, and the residual voltage phase 
detection step is also effected at this step 59. This resid 
ual voltage frequency detection step is executed in the 
period of t6—t7 shown in FIG. 8. 
The real power supply step is effected between steps 

61 and 65. This state is shown after the point of time t7 
in FIG. 8. Particularly, the period between the points t3 
and t9 illustrates the result after the execution of the 
steps 63, 64 and 65, and the period subsequent to the 
time to illustrates the state after the operating state. 
When the residual voltage is judged to be not suffi 

ciently great at step 72, the motor 6 is judged as being at 
halt, and the switching control means 16 gradually 
raises the frequency and the voltage while keeping the 
relation shown in FIGS. 5 and 6 in an ordinary manner 
in order to make start. 

Incidentally, if the control means judges at step 70 
that both the output frequency F1 and the output volt 
age V] are smaller than the predetermined values Fa 
and Va, the procedure proceeds to step 75 and the con 
trol means 16 receives the output signal ll of the analog~ 
digital converter 21. When the control means 16 judges 
that the result 1| is greater than the overcurrent detec 
tion level In, the procedure proceeds to step 71. When it 
is judged to be smaller than the level Io, on the contrary, 
the procedure returns to step 60. 

If the tentative power supply step is not disposed, the 
motor which is rotating inertially at 330 rpm can not be 
started again smoothly, but when the tentative power 
supply step is disposed as described above, the motor 
rotating inertially at 200 rpm can be started again 
smoothly. 
The frequency and the phase of the residual voltage 

can be detected by use of photo-couplers PCI, PCZ 
shown in FIG 9 in place of the transformer 7. In other 
words, light emitting diodes 81, 82 of the photo-cou 
plers PCl, PC2 are connected anti-parallel, and a capac 
itor 83 is connected parallel to them and are connected 
to the V and W phases of the three-phase induction 
motor 6 through a resistor 84. On the other hand, photo 
transistors 85, 86 of the photo-couplers PCl, PCZ are 
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connected parallel and are connected to ?ip-flop FF 
through two comparators 87, 88, so that a pulse P of 
frequency twice the frequency of the residual voltage 
Vm can be obtained as shown in FIG. 10. This pulse is 
applied to, and counted by, a counter 89. Since this 
counter receives reset signals in every time interval 
from an oscillator 90, the frequency of the residual 
voltage can be determined by counting the pulses imme 
diately before resetting is made through a gate circuit 
not shown in the drawing. 
The phase of the residual voltage can be determined 

from the phase of the signal from the ?ip-?op FF. When 
no pulse is generated from the flip-?op FF, it means 
either that the residual power is not suf?cient or that it 
is zero. When it is desired to increase the number of 
pulses from the ?ip-?op FF, photo-couplers may be 
disposed between the phases of the three-phase induc 
tion motor 6. 
Symbols Ri-Rm represent resistors and reference 

numeral 97 represents a capacitor. A positive potential 
is applied to the terminal P1. 
Although the description given above illustrates the 

preferred embodiment of the invention, the present 
invention is not particularly limited thereto, but can be 
modi?ed in various manners. For example, the control 
means can be constituted without using the micro-com 
puter. In the tentative power supply step, the output 
frequency may be increased little by little with the pas 
sage of time. 
What is claimed is: 
1. In a method of actuating an induction motor rotat 

ing inertially by supplying power to said induction 
motor from power conversion means capable of chang 
ing both the output frequency F l and the output voltage 
V; thereof, a control method of an induction motor 
comprising the steps of: 

(a) a tentative power supply step for applying power 
necessary for said induction motor to generate a 
residual voltage above a predetermined value V2 
for a predetermined period Ta, to said induction 
motor during a later-appearing power supply inter 
ruption step; 

(b) said power supply interruption step for interrupt 
ing the power supply to said induction motor after 
said tentative power supply step; 

(c) a residual voltage frequency detection step for 
detecting the frequency fm of a residual voltage of 
said induction motor within said period Ta after 
the interruption of power supply in said power 
supply interruption step; and 

(d) a real power supply step for supplying power 
having a frequency corresponding to the frequency 
fm of said residual voltage determined by said re 
sidual voltage frequency detection step, to said 
induction motor from said power conversion 
means. 

2. A control method of an induction motor according 
to claim 1 wherein said real power supply step supplies 
a voltage whose initial frequency is fm and which is 
lower than C X fm, where Fr is a rated frequency of said 
induction motor and C is Vr/Fr with Vr representing a 
rated voltage of said induction motor, from said power 
conversion means to said induction motor, and said 
voltage is gradually increased towards C>< fm while the 
frequency thereof is kept constant. 

3. A control method of an induction motor according 
to claim 1, wherein said real power supply step supplies 
a voltage whose initial frequency is fm and which is 
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lower than CXfm, where fm is the frequency of said 
residual voltage determined by said residual voltage 
frequency detection step, C is Vr/Fr, Fr and Vr are 
rated frequency and rated voltage of said induction 
motor and Fs is an output set frequency of said power 
conversion means, from said power conversion means 
to said induction motor, then the voltage is gradually 
increased towards C X fm while the frequency thereof is 
kept substantially constant, the frequency is thereafter 
increased towards F5 and moreover, the voltage is grad 
ually changed to a value corresponding to said fre 
quency Fs. 

4. A control method of an induction motor according 
to claim 1 wherein said residual voltage frequency de 
tection step detects the frequency and the phase of said 
residual voltage, and said real power supply step 
supplies power corresponding to said phase from said 
power conversion means to said induction motor. 

5. In a method of actuating an induction motor by 
supplying, from power conversion means, power capa 
ble of changing both the output frequency F1 and the 
output voltage V] to said induction motor rotating iner 
tially, a control method of an induction motor compris 
ing the steps of: 

(a) a tentative power supply step for increasing grad 
ually said output voltage V; from a predetermined 
value to a value necessary for said induction motor 
to generate a residual voltage above a predeter‘ 
mined value V1 for a predetermined period Ta in a 
later-appearing power supply interruption step 
while the output of said power conversion means is 
being applied to said induction motor; 

(b) said power supply interruption step for interrupt 
ing the supply of power to said induction motor 
from said power conversion means, after said tenta 
tive power supply step; 

(c) a residual voltage frequency detection step for 
detecting the frequency frn of the residual voltage 
of said induction motor within said period Ta after 
the interruption of the supply of power, during said 
power supply interruption step; and 

(d) a real power supply step for supplying power 
having a frequency corresponding to the frequency 
frn of said residual voltage determined by said re 
sidual voltage frequency detection step, to said 
induction motor from said power conversion 
means. 

6. A control method of an induction motor according 
to claim 5 wherein said output frequency F1 is also 
increased gradually in said tentative power supply step. 

7. A control method of an induction motor according 
to claim 6 wherein said output frequency F1 and said 
output voltage V1 are increased gradually while keep 
ing the ratio Vi/Fi constant in said tentative power 
supply step. 

8. A control method of an induction motor according 
to claim 6 wherein said output frequency F1 and said 
output voltage V] are increased gradually while keep 
ing the condition V1/Fi=Vr/Fr in said tentative 
power supply step where Fr is a rated frequency and Vr 
is a rated voltage of said induction motor. 

9. A control method of an induction motor according 
to claim 6 wherein said output frequency F1 and said 
output voltage V; are gradually increased to Fr and Vr, 
respectively, from V1=a positive predetermined value 
when F1 =0, in said tentative power supply step where 
Fr is a rated frequency and Vr is a rated voltage of said 
induction motor. 
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10. A control method of an induction motor accord 
ing to claim 5 wherein said residual voltage frequency 
detection step detects the frequency and phase of said 
residual voltage, and said real power supply step sup 
plied power corresponding to said phase from said 
power conversion means to said induction motor. 

11. An apparatus for controlling an induction motor, 
comprising: 
power conversion means capable of changing both 

the output frequency F i and the output voltage V; 
and having the output terminals thereof connected 
to said induction motor; 

frequency detection means for detecting the fre 
quency of a residual voltage of said induction mo 
tor; 

residual voltage insuf?ciency detection means for 
producing a signal representing that said residual 
voltage is zero or too small and said frequency 
detection means can not detect the frequency; 

speed setting means for setting the speed of said in 
duction motor; and 

switching control means for receiving the outputs of 
said frequency detection means, said residual volt 
age insufficiency detection means and said speed 
setting means; increasing gradually said output 
voltage V; to a level corresponding to a frequency 
fm while keeping the output frequency F1 of said 
power conversion means at fm when said fre 
quency detection means detects said frequency fm; 
then approaching said output frequency F1 and said 
output voltage V1 to values corresponding to the 
output of said speed setting means; supplying the 
output of said power conversion means to said 
induction motor so that said induction motor can 
generate a residual voltage above a predetermined 
value V2 for a predetermined period Ta during 
later-appearing power supply interruption when 
said residual voltage insuf?ciency detection means 
produces the signal representing the insufficiency 
of said residual voltage; and thereafter interrupting 
the supply of power from said power conversion 
means to said induction motor. 

12. An apparatus for controlling an induction motor 
comprising: 
power conversion means capable of changing both 

the output frequency F1 and the output voltage V] 
and having the output terminals thereof connected 
to said induction motor; 

frequency detection means for detecting the fre 
quency of a residual voltage of said induction mo 
tor; 

phase detection means for detecting the phase of said 
residual voltage of said induction motor; 

residual voltage frequency insufficiency detection 
means for producing a signal representing that said 
residual voltage is zero or too small and said fre 
quency detection means can not detect the fre 
quency; 

speed setting means for setting the speed of said in 
duction motor; and 

switching control means for receiving the outputs of 
said frequency detection means, said residual volt 
age insuf?ciency detection means and said speed 
setting means; bringing the phase of the output of 
said power conversion means into agreement with 
a and increasing gradually the output voltage V| to 
a value corresponding to said frequency fm while 
keeping the output frequency F; at fm when said 
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frequency detection means and said phase detec 
tion means detect the frequency fm and the phase 
a, respectively, then approaching gradually said 
output frequency F1 and said output voltage V; to 
values corresponding to the output of said speed 
setting means; applying the output of said power 
conversion means to said induction motor so that 
said induction motor can generate a residual volt 
age above a predetermined value V; for a predeter 
mined period Ta during later-appearing power 
supply interruption if said residual voltage insuf? 
ciency detection means produces the signal repre 
senting the insuf?ciency of said residual voltage; 
and thereafter interrupting the supply of power 
from said power conversion means to said induc 
tion motor. 

13. An apparatus for controlling an induction motor 
comprising: 
power conversion means capable of changing both 

the output frequency F1 and the output voltage V1 
and having the output terminals thereof connected 
to said induction motor; 

frequency detection means for detecting the fre 
quency of a residual voltage of said induction mo 
tor; 

phase detection means for detecting the phase of said 
residual voltage of said induction motor; 

residual voltage frequency insufficiency detection 
means for producing a signal representing that said 
residual voltage is zero or too small and said fre 
quency detection means can not detect the fre 
quency; 

speed setting means for setting the speed of said in 
duction motor; and 

switching control means for receiving the outputs of 
said frequency detection means, said residual volt 
age insuf?ciency detection means and said speed 
setting means; bringing the phase of the output of 
said power conversion means into agreement with 
a and increasing gradually the output voltage V] to 
a value corresponding to said frequency fm while 
keeping the output frequency F] at fm when said 
frequency detection means and said phase detec 
tion means detect the frequency fm and the phase 
a, respectively; then approaching gradually the 
output frequency F1 and the output voltage V1 to 
values corresponding to the output of said speed 
setting means; increasing the output voltage V1 of 
said power conversion means to a level necessary 
for said induction motor to produce a residual volt 
age above a predetermined value V2 for a predeter 
mined period Ta even during later-appearing 
power supply interruption while applying the out 
put of said power conversion means to said induc 
tion motor when said residual voltage insuf?ciency 
detection means produces the signal representing 
the insufficiency of the residual voltage; and there 
after interrupting the supply of power from said 
power conversion means to said induction motor. 

14. A control apparatus for an induction motor com 
prising: 
power conversion means capable of changing both 

the output frequency F1 and the output voltage V; 
and having the output terminals thereof connected 
to said induction motor; 

frequency detection means for detecting the fre 
quency of a residual voltage of said induction mo 
tor; 
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phase detection means for detecting the phase of said 
residual voltage of said induction motor; 

residual voltage frequency insufficiency detection 
means for producing a signal representing that said 
residual voltage is zero or too small and said fre 
quency detection means can not detect the fre 
quency; 

speed setting means for setting the speed of said in 
duction motor; and 

switching control means for receiving the outputs of 
said frequency detection means, said residual volt 
age insufficiency detection means and said speed 
setting means; bringing the phase of the output of 
said power conversion means into agreement with 
a and increasing gradually the output voltage V] to 
a value corresponding to said frequency fm while 
keeping the output frequency F] at fm when said 
frequency detection means and said phase detec 
tion means detect the frequency frn and the phase 
a, respectively, then approaching gradually the 
output frequency F| and the output voltage V1 to 
values corresponding to the output of said speed 
setting means; increasing the output voltage VI of 
said power conversion means to a level necessary 
for said induction motor to produce a residual volt 
age above a predetermined value V2 for a predeter 
mined period Ta even during later-appearing 
power supply interruption while applying the out 
put of said power conversion means to said induc 
tion motor when said residual voltage insufficiency 
detection means produces the signal representing 
the insufficiency of the residual voltage; and there 
after interrupting the supply of power from said 
power conversion means to said induction motor. 

15. A control method of an induction motor according to 
claim I, further comprising prior to the tentative power 
supply step. the steps of determining that an initial inter 
ruption of the power supply has been finished. and deter 
mining that the residual voltage is substantially zero. 

16. A control method of an induction motor according to 
claim 15. wherein the step of determining that the interrup 
tion of the power ‘supply has been finished is effected prior 
to the step of determining that the residual voltage is sub 
stantially zero. 

17. A method of controlling an induction motor when 
supply of power to the induction motor is interrupted, com 
prising the steps of.‘ 

(a) temporarily supplying power to the induction motor 
sujj‘icient to enable the induction motor to generate a 
residual voltage of at least a predetermined value 
when the temporary supply of power is stopped: and 

(b) uninterruptedly supplying power to the induction 
motor in accordance with the residual voltage. 

18. A method according to claim 1 7, further comprising 
detecting the residual voltage of the induction motor when 
the temporary supply of power is stopped, and during the 
uninterrupted supply of power controlling the frequency of 
the power in accordance with a frequency of the detected 
residual voltage. 

19. A method according to claim 1 7. wherein the induc 
tion motor is supplied with power from a power source 
through power conversion means capable of changing an 
output frequency and an output voltage thereof and when 
the supply of power from the power source is interrupted. 
the step of uninterruptedly supplying power to the induction 
motor includes resupplying power from the power conver 
sion means to the induction motor. 
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20. A method according to claim 19. wherein the step of 

temporarily supplying power includes supplying power to 
the induction motor from the power conversion means. 

21. A method according to claim I 7. further comprising 
prior to the step of temporarily supplying power, the steps of 
determining that an interruption of the supply of power to 
the induction motor has been completed and that a resid 
ual voltage of the induction motor due to inertial rotation 
of the induction motor is substantially zero. 

22. A method according to claim 21. wherein the step of 
determining that the interruption of the supply of power to 
the induction motor has been completed is effected prior to 
determining that the residual voltage is substantially zero. 

23. A method according to claim 22. wherein the step of 
temporarily supplying power is effected when it is deter 
mined that the interruption of the supply of power has been 
completed and that the residual voltage of the induction 
motor is substantially zero and when it is determined that 
the interruption of the power supply has been completed 
and the residual voltage is not substantially zero. the step of 
uninterruptedly supplying power to the induction motor is 
effected. 

24. A method according to claim I 7, wherein the step of 
uninterruptedly supplying power includes detecting the 
residual voltages and supplying the power to the induction 
motor in accordance with the detected residual voltage. 

25. A method of enabling control of an induction motor 
when supplying of power to the induction motor is inter 
rupted, comprising the steps of.‘ 

(a) determining that the interruption of the supply of 
power has been completed and that a residual voltage 
of the induction motor due to inertial rotation of the 
induction motor is substantially zero: and 

(b) temporarily supplying power to the induction motor 
sufficient to enable the induction motor to generate a 
residual voltage of at least a predetermined value 
when the temporary supply of power is stopped so as to 
enable control of the induction motor. 

26. A method according to claim 25, further comprising 
the step of detecting the residual voltage of the induction 
motor when the temporary supply of power is stopped for 
enabling control of the induction motor in accordance 
therewith. 

27. A method according to claim 26. further comprising 
the step ofuninterruptedly supplying power to the induction 
motor in accordance with the detected residual voltage. 

28. A method according to claim 27. wherein the step of 
uninterruptedly supplying power to the induction motor 
includes controlling the frequency of the power in accor 
dance with a frequency of the detected residual voltage. 

29. A method according to claim 26. wherein the power 
supplied to the induction motor is supplied from a power 
source through a power conversion means capable of 
changing an output frequency and an output voltage 
thereof the supply of power from the power source being 
interrupted. and the step of uninterruptedly supplying 
power to the induction motor includes resupplying power 
from the power conversion means to the induction motor. 

30. A method according to claim 27. wherein the step of 
temporarily supplying power to the induction motor in 
cludes supplying power from the power conversion means. 

31. A method of controlling an induction motor when 
supply of power to the induction motor is interrupted. com 
prising the steps of? 

(a) determining that the interruption of the supply of 
power has been completed and that a residual voltage 
of the induction motor due to inertial rotation of the 
induction motor is substantially zero; and 
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(b) temporarily supplying power to the induction motor 
sufficient to enable the induction motor to generate a 
residual voltage of at least a predetermined value 
when the temporary supply of power is stopped. 

32. A method according to claim 31, further comprising 
the step of detecting the residual voltage of the induction 
motor when the temporary supply of power is stopped for 
enabling control of the induction motor in accordance 
therewith. 

33. A method according to claim 32, further comprising 
the step of unintermptedly supplying power to the induction 
motor in accordance with the detected residual voltage. 

34. A method according to claim 33, wherein the step of 
uninterruptedly supplying power to the induction motor 
includes controlling the frequency of the power in accor 
dance with a frequency of the detected residual voltage. 

35. A method according to claim 32. wherein the power 
supplied to the induction motor is supplied from a power 
source through a power conversion means capable of 
changing an output frequency and an output voltage 
thereo? the supply of power from the power source being 
interrupted, and the step of uninterruptedly supplying 
power to the induction motor includes resupplying power 
from the power conversion means to the induction motor. 

36. A method according to claim 35, wherein the step of 
temporarily supplying power to the induction motor in 
cludes supplying power from the power conversion means. 

37. An apparatus for controlling an induction motor 
comprising: 
means for supplying power to the induction motor; 
means responsive to an interruption of the supply of 
power for temporarily supplying power to the induc 
tion motor sufficient to enable the induction motor to 
generate a residual voltage of at least a predetermined 
value when the temporary supply of power is stopped: 
and 

means for uninterruptedly supplying power to the induc 
tion motor in accordance with the residual voltage. 

38. An apparatus according to claim 3 7, further com 
prising means for detecting the residual voltage of the 
induction motor when the temporary supply of power is 
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stopped for enabling control of the induction motor in 
accordance therewith. 

39. An apparatus according to claim 38, wherein the 
means ?Jr uninterruptedly supplying power to the induction 
motor supplies power in accordance with the detected resid 
ual voltage. 

40. An apparatus according to claim 39, wherein means 
for uninterruptedly supplying power to the induction motor 
includes means for controlling the frequency of the power 
in accordance with a frequency of the detected residual 
voltage. 

41. An apparatus according to claim 37. wherein the 
means for supplying power includes a power source supply 
power through a power conversion means capable of chang 
ing an output frequency and an output voltage thereo? and 
when the supply of power from the power source is inter 
rupted, the means for uninterruptedly supplying power to 
the induction motor including means for resupplying power 
from the power conversion means to the induction motor. 

42. An apparatus according to claim 41, wherein the 
means for temporarily supplying power to the induction 
motor includes means for supplying power from the power 
conversion means. 

43. An apparatus according to claim 42, wherein the 
power conversion means includes switching means and the 
means for temporarily supplying power includes means for 
controlling the switching means of the power conversion 
means 

44. An apparatus according to claim 37, further com 
prising means for determining that an interruption of the 
supply of power to the induction motor has been completed 
and that a residual voltage of the induction motor due to 
inertial rotation of the induction motor is substantially 
zero, the means for temporarily supplying power being 
responsive to the determining means. 

45. An apparatus according to claim 44, wherein the 
detecting means includes first means for determining that 
the interruption of the supply of power to the induction 
motor is completed and second means for determining that 
the residual voltage is substantially zero which is responsive 
to the first means. 
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