
2106730. APPARATUS FOR CONTROLLING AN AC POWER ELEVATOR The present
invention relates to an improved apparatus for controlling an elevator
which is driven by an AC motor. According to conventional apparatus of this
type, 5 an induction motor is used for driving a cage of the elevator, and
AC power whose voltage and frequency may be varied through an inverter, is
supplied to the motor to control the running speed. Fig. l is a diagram of
an electric circuit of 10 a conventional apparatus for controlling an AC
powered elevator, wherein terminals R, S and T are connected to a
three-phase AC power source; a rectifier 1 converts a three-phase AC power
source voltage into a DC voltage; a smoothing capacitor 2 is connected to
the DC side of the 15 rectifier 1; a main inverter 3 of the widely known
pulse width modulation type is connected to the DC side of the rectifier 1
and converts a predetermined DC voltage into an alternating current having
a predetermined voltage and a predetermined frequency; a separately-excited
inverter 4 20 for regeneration consists of a thyristor connected to both
sides of the rectifier 1 and sends the DC power back to the input side of
the AC power source; an auxiliary inverter 5 is connected to the DC side of
the rectifier 1 and is constructed in the same manner as the main inverter
3; 25 contacts 6a - 6c of an electromagnetic contactor are connected   



to the AC side of the main inverter 3 and -are closed when the operation is
to be commenced; contacts 6a - 6c are opened when the operation- is halted
and are also opened in case the main inverter 3 becomes defective and a 5
defect detector (not shown) is activated; contacts 7a - 7c of an
electromagnetic contactor are connected to the AC side of the auxiliary
inverter 5 and are normally open but are closed in case the main inverter 3
becomes defective and the defect detector is activated; a three-phase 10
induction motor 8 is connected to the contacts 6a - 6c and to the contacts
7a - 7c; a drive sheave 9 of a winch is driven by the motor 8; a main rope
10 is wound on the sheave 9; a cage 11 is coupled to one end of the main
rope 10, and a balancing weight 12 is connected to the other end 15  of the
rope 10. The contacts 6a - 6c of the electromagnetic contactor are closed
when the operation is commenced normally and the contacts 7a - 7c are
opened.  Therefore, the motor 8 receives AC power of a voltage and a
frequency 20  that. may be varied by the main inverter 3.  Therefore, the
motor 8 is actuated, and the cage 11 runs.  When the cage 11 is descending
with a heavy load, or is ascending with a light load,or is decelerating,
the mechanical energy is converted into electrical energy and is sent back
to the DC 25  side via the main inverter 3.  Various defects develop if the
returned electrical energy is left untreated. The regeneration inverter 4
operates to treat the regenerated electric power, i.e., the inverter 4
sends the electrical 



power supplied to its DC side back to the three-phase AC power 30  source
at terminals R. S, and T.    - 3- The main inverter 3 consists of diodes
and transistors, and exhibits complex functions such as switching functions
and commutation functions.  Therefore:,. in the control apparatus of Fig.
1, trouble mainly develops in the main 5   inverter 3. If trouble develops
in the main inverter 3, contacts 6a- 6c are opened, contacts 7a - 7c are
closed, the motor 8 is driven through the auxiliary inverter 5, and the
cage 11 stops at the nearest floor. Since the auxiliary inverter 5 is
employed to 10  maintain safety even in the case where the main inverter 3
becomes defective, the control apparatus becomes complex in construction
and becomes expensive. According to the invention there is provided
apparatus for controlling an AC powered elevator having 15  a cage and
being driven by an AC motor, which comprises: a rectifier the input of
which is connected to a commercial AC power source for converting said AC
power into a regulated DC voltage; a main inverter the input of which is
connected to 20  the output of said rectifier for converting said DC
voltage into variable frequency AC power for driving said AC motor; a
defect detector for detecting a defect in the 



main inverter; 25        a regeneration inverter the input of which is
disconnectably connected to the output of said rectifier and to the input
of said main inverter, the output of said regeneration inverter being
connected by contactors to    - 3a - said AC motor and by contactors to
said commercial AC power source for sending the rengerated electric power
from said AC motor back to said commercial AC power source when
regeneration braking is applied to said AC 5   motor and for supplying AC
power to said AC motor when the defect detector is activated. The invention
will be described by way of example with reference to the accompanying
drawings, herein :- 10         Fig. 1 is a diagram showing the construction
of a conventional apparatus for controlling an AC powered elevator; Fig. 2
is a diagram illustrating the construction of an apparatus for controlling
an AC powered elevator 15  according to an embodiment of the present
invention;    -4- Fig. 3 is a circuit diagram for illustrating the 



operation principle of the apparatus of Fig. 2; Fig. 4 is a diagram showing
waveforms at various points of Fig. 3; 5         Fig. 5 is a circuit
diagram of the three phase rectifier utilized in the apparatus of Figs. 2
and 3; Fig. 6 is a circuit diagram of the main inverter utilized in the
apparatus of Figs. 2 and 3; Fig. 7 is a control device for generating
control 10  pulses for the regeneration inverter of the apparatus of Figs.
2 and 3; and Fig. 8 is a diagram showing the waveforms generated by the
control device. An embodiment of the invention will be described 15  below
in conjunction with Figs. 2 to 4. In Fig. 2, a resistor 13 is inserted in a
line which connects the rectifier 1 to the main inverter 3.  A contact
points 14a of an electromagnetic contactor is connected across the two
terminals of the resistor 13, 20  and is normally closed; contact 14a opens
when the defect detector is operated. Contact points 14b-14d of the
electromagnetic contactor are insertedin the lines between the three-phase
AC power source connected to terminals R, S, and T and a regeneration
inverter 4. 25  Contact points 15a - 15c of the electromagnetic contactor
are inserted inthe lines between the AC side  of the regeneration inverter
4 and the electric    



motor 8, and are closed when the defect detector is activated. Other
elements of Fig. 2 are the same as those of Fig. 1. Fig. 3 is a circuit
diagram of a major portion of Fig. 2, and which operates when the main
inverter 3 5  becomes defective, wherein thyristors 4a - 4f constitute the
regeneration inverter 4, windings 8a - 8c are the windings of the motor 8,
[err]  denote currents that flow through the windings 8a - 8c, and Vc
denoted a terminal voltage of the smoothing capacitor 2. 10
Referring to Fig. 4, pulses 4aG - 4fG are supplied to the gates of the
thyristors 4a - 4f. Operation of the embodiment of Fig. 3 will be described
below. The contact points 6a - 6c and the contact points 15  14a - 14d are
closed under normal operation, and operate in the same manner as contact
points 6a - 6c of Fig. 1. In case the main inverter 3 becomes defective,
the contact points 6a - 6c and 14a - 14d are opened, and the contact points
15a - 15c are closed.  Therefore, the DC 20  voltage, rectified by the
rectifier 1, is supplied to the regeneration inverter 4 through the
resistor 13, and is converted into an alternating current and is supplied
to the electric mtor 8 through contact points 15a - 15c.  The cage 11 is
conveyed to the nearest floor as previously noted. 25  The regeneration
inverter 4 is of the separately-excited type and does not have a
self-exciting capability.  The principle for driving the motor 8 by relying
upon the separately- excited inverter 4, will be described below with
reference to Figs. 3 and 4. 



First, if pulses 4aG - 4fG are supplied to the gates of the thyristors 4a
and 4f at time [err] in Fig. 4, the electric charge stored in the smoothing
capacitor 2 is discharged through thyristor 4a, winding 8a, winding 8c, 5
and thyristor 4f.  In this case, due to the electrostatic capacity C of the
smoothing capacitor 2 and the reactance L of the windings 8a and 8c, the
electric currents [err] assume the form of a sinusoidal half-wave current
having a half period of nerarly [err] as shown in Fig. 4.  During 10  this
period, the terminal voltage Vc of the smoothing capacitor 2 is converted
from the positive polarity to the negative polarity, as shown in Fig. 4.
After the currents ia and [err] have becomes zero at a time [err], an
inverted voltage is applied to the thyristors 4a and 4f to 15  turn them
off.  When the thyristors 4a and 4f are ignited again at a time t2, a
sinusoidal half-wave current flows into the windings 8a and 8c in the same
manner as mentioned above.  At a time t3, the thyristor 4d is ignited
instead of the thyristor 4f, and the current [err] which is allowed to 20
flow into the winding 8a, exits through the winding 8b. Thus, as the
thyristors 4a - 4f are successively ignited, the currents ia - [err] flow
as shown in Fig. 4, and the motor 8 rotates.  Since the currents [err] do
not flow continu- ously, vibration may slightly deteriorate the comfort of
25  those being conveyed in the cage 11.  The operation of the cage 11,
however, is sufficient to rescue the occupants of 



the elevator cage in an emergency case. Fig. 5 illustrates a connectional
three-phase rectifier having AC three-phase terminal inputs R, S, and T
and +, - DC output lines wherein diodes Dl - D6 are utilized as rectifiers.
Fig. 6 illustrates a design of the main inverter 3 wherein transistors Ql -
Q6 in conjunction with the diodes 5  connected in parallel are utilized to
convert the DC voltage at the input of the unit to modulated pulses at the
output of the unit.  Contactor E is normally closed and is opened when the
defect detector is activated. Fig. 7 illustrates the control device
utilized 10  for generating the conttol pulses for the regeneration
inverter.  PUlse generator 20 generates pulses which activate flip flop 21
via contactor 50.  Contactor 50 is normally open and is closed when the
defect detector is activated. The output of the flip.flop .21 connects to
the input of a 15  six state counter 22 the outputs of which connect to a
decoder 23.  The outpus of decoder 23 connect to the input of "or" gates 24
- 29 the outputs of which connect to the first inputs of 'and" gates 30 -
35 respectively, and the second inputs of which connect to the output of
said pulse 20  generator 20.  The outputs of "and" gates 30 - 35 connect to
the base inputs of transistor 36 - 41 respectively.  The collector
terminals of transistors 36 - 41 connect to Vcc via the primary windings of
pulse transformers 42 - 47 



respectively.  The outputs Ga - Gf and Ka - Kf are the 25 control outputs
of the control device which connect to the thyristors in the regeneration
inverter 4 for the control thereof.  The waveform generated in the control
device are illustrated in Fig. 8 according the respective markings.    The
previously described embodiment has employed a main inverter 3 of the pulse
width modulation type as a variable voltage, variable frequency power
source.  The invention, however, can also be adapted to a voltage-type 5
variable voltage, variable frequency power source employing a regeneration
inverter. The  main  inverter  is separated from    the    electric
motor when the pain inverter becomes defective, when using a 10
voltage-type variable voltage, variable frequency power source, and the AC
side of the regeneration inverter is separated from the commercial AC power
supply and is connected to the electric motor.  Therefore, if trouble has
developed in the main inverter, the electric motor can 15  be run by the
regeneration inverter so as to carry out a rescue operation by relying upon
a simply and cheaply constructed control apparatus.    -9- 



CLAIMS: 1.    Apparatus for controlling an AC powered elevator having a
cage and being driven by an AC motor, which comprises: a rectifier the
input of which is connected to a 5   commercial AC power source for
converting said AC power into a regulated DC voltage; a main inverter the
input of which is connected to the output of said rectifier for converting
said DC voltage into variable frequency AC power for driving said 10 AC
motor; a defect detector for detecting a defect in the main inverter; a
regeneration inverter the input of which is disconnectably connected to the
output of said rectifier 15  and to the input of said main inverter, the
output of said rengeration inverter being connected by contacters to said
AC motor and by contactors to said commercial AC power source for sending
the regenerated electric power from said AC motor back to said commercial
AC power 20  source when regeneration braking is applied to said AC motor
and for supplying AC power to said AC motor when the defect detector is
activated. 2.    Apparatus  for controlling an AC powered elevator as set
forth in claim 1 wherein said apparatus further 25 comprises: a first
contactor which is connected on the AC side of s.aid main inverter, said
contactor being normally  



-10- closed under normal operation and opened when said defect detector is
activated; a second contactor which is connected between the AC side of the
regeneration inverter and said AC motor, 5  said contactor being normally
open under normal operation and closed when said defect detector is
activated; a third contactor which is connected between the AC side of said
rectifier and the AC side of said regeneration/inverter, said contactor
being normally 10  closed under normal operation and opened when said
defect detector is activated. 3..   Apparatus for controlling an AC powered
elevator as set forth in claim 1 or 2 wherein: said regeration inverter is
of the separately- 15  excited type consisting of thyristors; and said
contactors are of an electromagnetic type of contactor. 4.    Apparatus
substantially as described with reference to and as illustrated in Figures
2 to 8 20  of the accompanying drawings.    


