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(54) AC ELEVATOR CONTROL SYSTEM / (71)   We, HITACHI, LTD., a Corpor-  in
that the kinetic energy of the elevator ation organised and existing under
the laws  is consumed as heat in the braking period of Japan, of 5-1,
1-chome, Marunouchi, resulting in a corresponding loss of elec- Chiyoda-ku,
Tokyo, Japan, do  hereby  tric power and a corresponding rise in the 5
declare the invention, for which we pray  internal temperature of the
machinery 50 that a patent may be granted to us, and  room of the elevator.
the method by which it is to be performed,   Another ac elevator control
system  is to be particularly described in and by the  also known in which
a low-speed motor following statement: -                  is connected to
an ac power source in the 10   This invention relates to improvements
speed reduction range for an elevator car 55 in a control system for an ac
elevator in  while disconnecting a high-speed motor which an elevator car
is driven by an ac  from the power source and a regenerative motor.
braking torque produced in the low-speed In a known ac elevator control
system, motor is utilized to reduce the running 15 a dc braking means is
employed together  speed of the elevator car. In this case, 60 with a
feedback control means. According  the low-speed motor connected to the ac
to this known control system, a high-speed  power source develops the
regenerative motor connected to an ac power source  braking torque in the
speed range higher drives an elevator car at a high speed until than the
synchronous speed thereof. When 20 the elevator car is moved to a predeter-
the rotating speed of the low-speed motor 65 mined deceleration starting
position spaced  driving the elevator car is reduced to the from  a target
floor, and the high-speed  level of the synchronous speed, the low- motor
is disconnected from  the power  speed motor operates now in a motoring
source when the elevator car reaches such  state and the elevator car
continues to run 25 position. As soon as the high-speed motor  at a low
speed until it reaches a predeter- 70 is disconnected from  the power
source, mined position spaced from a target floor. direct current is
supplied to a low-speed  The low-speed motor is disconnected from motor
from  a controlled rectifier circuit the ac power source as soon as the
elevator including a plurality of thyristors therein. car reaches the
predetermined position, and 30 The low-speed motor generates a braking
means such as an electromagnetic brake 75 force which acts to reduce the
speed of the  is energized to stop the elevator car at the elevator car. In
order that the elevator  target floor. car can be precisely stopped at the
target   This known control system is effective floor without imparting a
shock to the  in saving the electric power due to the 35 passengers, a
feedback control means is  fact that the kinetic energy of the elevator 80
generally employed in such a system  to  car being decelerated can be
regeneratively control the thyristors in the controlled  returned to the
power source. However, it rectifier circuit for generating a suitable  is
unable to control the torque after the braking force which acts to reduce
the  rotating speed of the low-speed motor is 40 running speed of the
elevator car at a mod- reduced to the synchronous speed. There- 85 erate
rate. This known control system is  fore, a low speed running range must be
presently widely employed as it can pro-  provided for the elevator car so
that the vide  a  satisfactory  operating characteristic  elevator car can
be stopped as by the elec- required forthe elevator of this kind. How-
tromagnetic brake after the elevator car 45 ever, this known control system
is defective  running at the low speed reaches the pre- 90    1469 213
determind position. This low speed run-  ment of the ac elevator control
system ac- ning period is apparently a dead time in  cording to the present
invention; which no control is applied to the elevator    Fig. 2 is a graph
showing the relation car. This known control system is thus de- between
time and the output of the speed 5 fective in that the period of time
required  pattern signal generator in Fig. 1 in the 70 



for operation is extended and the passenger  speed reduction range for the
elevator car; transporting efficiency of the elevator car   Fig. 3 is a
circuit diagram of one form is greatly reduced.                     of the
phase shifters in Fig. 1; It is therefore a primary object of the    Fig. 4
is a graph showing the relation 10 present invention to provide an improved
between the input and the phase angle of 75 ac elevator control system
which can attain  the output of the phase shifter structure the saving of
electric power and shorten  shown in Fig. 3; the operating period of time
of an elevator    Fig. 5 is a circuit diagram of one form car for improving
the transporting ef- of the switching point detector in Fig. 1 15 ficiency
of the elevator car.           which detects the switching point from the
80 According  to  the  present invention  regenerative braking condition to
another there is provided an ac elevator control braking condition;
- system comprising a'multi-speed induction    Figs. 6 to 8 are graphs
showing the slip- motor means connectible to a three-phase  torque and
speed-torque characteristics of 20 ac power source, said induction motor
the induction motors in Fig. 1;         85 means comprising  high-speed
induction    Fig. 9 is a graph showing the  relation motor means having a
relatively high  between time and the running speed of synchronous speed
and being operable to  the elevator  car controlled  by the system start
and accelerate an elevator car and  according to the present invention; 25
low-speed induction motor means having    Figs.  10 to 12 are block
diagrams of 90 a relatively low synchronous speed, re-  other embodiments
of the present inven- generative braking means  for imparting 'a  tion;
regenerative braking torque  in said low-    Figs. 13 and 14 are circuit
diagrams of speed induction motor means so as to  re-  means for generating
a braking torque 30 duce the moving speed of the elevator car, instruction
signal responsive to a  load;    95 another braking means for imparting an-
Fig  15 is a graph showing the relation other braking torque to the
elevator car  between the load and the output of the driving system,
switching point detecting braking torque instruction signal generator means
for detecting a switching point be- shown in. Figs. 13  and 14; and 35 fore
said regenerative braking torque be-   Figs. 16 and 17 are circuit diagrams
of 100 comes ineffective, and switching means re-  another form  of the
switching point de- sponsive to the output of said switching  tector. point
detecting means for deenergising said    An embodiment of the ac elevator
con- regenerative braking means and energising  trol system  according to
the present in- 40 said another braking means.             vention will be
described with reference 105 The ac elevator control system having the  to
Figs. 1 to 5. Referring to Fig. 1 show- features above described is
advantageous  ing the general structure of the ac elevator in that the
kinetic energy of the elevator  control system embodying the present in-
can be regeneratively returned to the power  vention, a high-speed
induction motor 1 45 source for attaining  the desired saving of  and  a
low-speed induction motor 2 con- 110 electric power. Further, another brake
stitute a multi-speed induction  motor unit. which produces a controllable
braking  These induction motors 1 and 2 are gen- torque, such  as a dc
braking means  or an  erally selected to have six poles and electromagnetic
brake, is additionally pro- twenty-four poles respectively, and there- 50
vided to impart the brake to the elevator  fore  there is a ratio of 4:1
between the 115 car in. a considerably low speed range in  synchronous
speed of the former and  that which  the low-speed  motor is no  more  of
the latter. In Fig. 1, the induction effective in  producing the
regenerative  motors 1 and 2 are illustrated as being in- braking  torque,
so that the  elevator car  dependent  of each other. However, these 55 can
arrive at the  target floor without run-  induction motors 1  and 2 may  be
con- 120 ning at the low speed over an extended  structed in the  form  of
a single motor period  of time and the operating efficiency  having two
windings, and the ratio be- of the elevator can be greatly improved.'
tween the numbers  of poles is  in no way Other objects, features and
advantages  limited to the value specified above 60 of the present
invention will be apparent   These induction motors 1 and 2 are 125: from
the following detailed  description of mechanically directly coupled to
each other preferred embodiments thereof taken in  to be connected to a
sheave 5 through a conjunction with the accompanying draw-  tachometer
generator 3 and a brake such ing, in which:                          as an
electromagnetic brake 4. An elevator 65  Fig. 1 is a block diagram of an
embodi-  cage 6 and a counterweight 7 are relatively 130    3
1 469213                                         3 movably  supported  by
a  rope trained  duction motor 2 produces a regenerative 



around the sheave 5 so that the elevator  braking torque which acts to
reduce the cage 6 can make upward and downward  running speed of the
elevator car. Further, movement. The high-speed induction motor  by
suitably controlling the firing angle of 1 is electrically connected to a
three-phase  the thyristors in the thyristor circuit 10 as 70 ac power
source 8 through main con-  required, this braking torque can be suit-
tactors 9, a thyristor circuit 10 and high-  ably regulated so that the
speed of the speed side contactors 11. The thyristor  elevator car moving
at the reduced speed circuit 10 includes two pairs of thyristors  can be
controlled. 10 101, 102 and 103  104, and the thyristors    In the present
invention, another braking 75 in each pair are connected in parallel in
means is provided in addition to the re- opposite polarity as shown. The
moving  generative braking means above described. speed of the elevator
car, which is ac-  For example, a dc braking means is com- celerated after
starting, is controlled by  bined with the high-speed induction motor 15
controlling the firing angle of the thyristors  1 in the embodiment shown
in Fig. 1. As 80 in the thyristor circuit 10 depending on the  seen in Fig.
1, a controlled rectifier circuit deviation of the actual speed  from  the
in-  13 is connected at the ac input terminals structed  speed.
Normal-reverse switching  thereof to  the output terminals of the
contactors are provided in the elevator  main contactors 9 and at  the dc
output ..20 control system for changing the direction  terminals thereof to
two of the three term- 85 of rotation of the induction motors 1 and  inals
of the high-speed induction motor 1. 2 to cause upward or downward movement
In the form  shown in Fig. 1, this con- of  the elevator car  but such
contactors  trolled  rectifier  circuit 13 is composed of * are not shown
in Fig. 1 to avoid com-  a transformer 131 and a pair of thyristors 25
plexity.                              .    132 and 133. A dc braking torque
can be 90 The low-speed induction motor 2 is also  produced in the
high-speed induction motor electrically connected to the three-phase  1 and
the value of this torque can be reg- ac power source 8 through the main
con-  ulated by controlling  the firing angle of tactors 9, thyristor
circuit 10 and low-  the thyristors 132 and 133. Needless  to 30 speed side
contactors 12. In Fig. 1, the  say, the effect  similar to that above de-
electric power is supplied to the low-speed  scribed can be obtained when
such dc duction motor 2 is provided principally  braking means is combined
with the'low- inals of the thyristor circuit 10  but it may  speed
induction motor 2 in lieu of the be supplied directly  from the three-phase
high-speed induction motor 1. 35 ac power source 8  while bypassing the
A speed pattern signal generator 14 gen- 100 thyristor circuit 10. This
low-speed in-  erates a speed pattern signal.  The output duction motor 2
is provided principally  e  of the speed'pattern signal generator 14 for
the purpose of  maintainance of the  is compared with the output [err] of
the elevator in which the elevator car is driven  tachometer generator 3 by
a comparator 40 at a low speed which is generally selected  15, and the
deviation of [err] from e, is ap- 105 to be about 30 to 40 metres per
minute.  plied to a pair of phase shifters 161 and However, this low-speed
induction motor  162. The phase shifter 161 is provided for 2' cart be
effectively'utilized to reduce the  the phase control of the thyristors in
the running.speed of the elevator car when  thyristor circuit 10, while the
-phase shifter 45 the moving elevator car. reaches a de- 162 is provided
for the phase control of 110 celerating point. In the ac'elevator con-  the
thyristors in the controlled rectifier trol system shown in Fig. 1, the
main con- circuit 13. A switching point detector 17 tactors 9 and
high-speed contactors 11 are  described later is connected between the
turned on, and the firing angle of the  tachometer generator 3 and the
phase 50 thyristors in the thyristor circuit 10 is con-  shifters 161 and
162. In the form  shown 115 trolled to control the high-speed induction  in
Fig. 1, the switching point detector 17 motor 1 for starting and increasing
the  acts to deenergize and energize the phase speed of the elevator car up
to a desired  shifters 1.61 and 162 respectively when the speed. When the
elevator car moving at the  tachometer generator output representative 55
desired speed reaches a decelerating point,  of the actual speed of the
elevator car is 120 the high-speed side contactors 11 are turned  reduced
to a certain predetermined level. off to disconnect the high-speed
induction    Fig; 2 shows the speed pattern signal motor 1 from the ac
power source 8, and  voltage delivered relative to time from the the
low-speed side contactors 12are turned  speed pattern signal generator 14
shown on  to connect  the . low-speed induction  in Fig  1. In Fig. 2, the
speed pattern signal 125 motor 2 to the ac power source 8. The  voltage
appearing in the elevator car  ac- moving  speed of  the elevator  car at
this  celerating stage is not shown as it has not moment is generally far
higher than the  any direct concern with the present in- synchronous speed
of the low-speed in-  vention, and the speed pattern signal vol 65 duction
motor 2. Thus,' the 16w-speed in-  tage appearing after attainment of the
'top 130  



1 469 213                                      4 speed is merely shown for
the purpose of the present invention having such a struc illustration of
the present invention. It is ture will now be described. apparent that this
speed pattern signal   In Fig. 1, the main contactors 9 and generator 14
can be easily obtained by the  high-speed side contactors  11 are turned 5
combination of means such as an integrator, on in response to the starting
instruction 70 a transistor and a capacitor, and it is un- signal for the
elevator car, and the rotating necessary to illustrate the detailed circuit
speed of the  high-speed induction motor structure thereof.
1  is controlled by the thyristor circuit 10. Fig. 3 shows one form of the
practical  The elevator car runs at a high speed until 10 circuit structure
of the phase shifters 161  the deceleration instructing point shown in 75
and 162. Referring to Fig. 3, the output Fig. 2 is reached. Upon detection
of this voltage [err] of the comparator 15  deceleration instructing point
by the floor is applied across an input terminal 18 and  controller (not
shown), the high-speed side the negative terminal of a dc power supply
contactors 11 are turned off and the low- 15 to charge a capacitor 19
through a con-  speed side contactors 12 are turned on. In 80 tact 34a of a
relay 34  described later. The  the meantime, the output voltage e  of the
voltage charged in this capacitor 19 is  tachometer generator 3 is compared
with applied to the base of a transistor 20. This  the output voltage [err]
of the speed pattern transistor 20 is connected at the collector  signal
generator 14 by the comparator 15, 20 thereof to the positive terminal of
the dc  and the deviation [err] is applied to 85 power supply through a
resistor 21 and at  the phase shifters 161 and 162. However, the emitter
thereof to the connection point  due to the fact that the elevator car is
of a resistor 22 and a capacitor 23 con-  moving at a high speed and the
voltage nected in series.                        [err] is correspondingly
high, the transistor 25   The voltage charged in the capacitor 23  29 in
Fig. 5 is in the non-conducting state 90 is applied to a unijunction
transistor 24.  and the relay 34 is in the energized state. This
unijunction transistor 24 is connected  As a result, the make contact 34a
in the to the dc power supply through a resistor  phase shifter 161 in Fig.
3 is in the closed 25 and a pulse transformer 26 so that a  position, and
the pulse transformer 26 30 pulse signal can be derived from the pulse
generates a pulse signal the phase of which 95 transformer 26 with the
phase which is  is controlled depending on the value of the controlled
depending on the level of the  deviation e. Therefore, a firing signal is
input voltage e. A voltage regulator diode  applied from the phase shifter
161 to the 27 is connected in parallel with the series  thyristors in the
thyristor circuit 10 in Fig. 35 connection of the resistor 25, unijunction
1, and the regenerative braking torque 100 transistor 24 and pulse
transformer 26.  produced in the low-speed induction motor Fig  4 shows the
relation between the  2 is regulated so as to reduce the speed of input
voltage and the phase angle of the  the moving elevator car according to
the output of the phase shifters 161 and 162.    speed pattern. The kinetic
energy of the 40   Fig. 5 is a circuit diagram of one form  elevator is
regeneratively returned to the 105 of the switching point detector 17 shown
ac power source. The other phase shifter in Fig. 1. Referring to Fig. 5,
the output  162 is not in operation at this time since voltage [err] of the
tachometer generator 3  the break contact 34b of the relay 34, in- is
applied across an input terminal 28 and  stead of the make contact 34a, is
inserted 45 the negative terminal of a dc power supply.  between the input
terminal 18 and the 110 A transistor 29 is controlled by a resistor
transistor 20 in Fig. 3. Thus, the controlled bridge consisting of
resistors 30, 31, 32  rectifier circuit 13 is not in operation. and 33.
This transistor 29 conducts to de-   In this state of the control system, a
energize a relay 34 when the input voltage  shift occurs from  the torque
curve [err] 50 [err] applied across the resistor 33 is lower  of the
high-speed induction motor 1 to the 115 than a predetermined setting. This
relay  torque curve [err] of the low-speed in- 34 has a plurality of
contacts which are  duction motor 2 in Fig. 6 showing the each inserted in
the base circuit of the  slip-torque characteristic of the induction
transistor 20 in the phase shifters 161 and  motors. For example, a shift
from a point 55 162 shown in Fig. 3. More precisely, a make  a on the
torque curve [err] to the torque 120 contact 34a is inserted in the base
circuit of curve [err] occurs when the elevator car the transistor 20 in
the phase shifter 161  loaded with the rated load is moving up- as shown in
Fig. 3 and a break contact  ward. The point a represents the cross 34b (not
shown) is inserted in the base  point of the torque curve [err]with the
line 60 circuit of the transistor 20 in the phase  [err] representing the
load torque at the 125 shifter 162. These relay contacts 34a and  motor
shaft. It is apparent that, in the case 34b are arranged so that one of
them is in  in which the elevator car is moving up- 



make position while the other is in break  ward with a heavy load, the
elevator car position.                                can be stopped more
easily than when it 65   The operation of the control system of  is loaded
with a light load. In such a case, 130    5
1 469 213                                         5 the deviation [err]is
relatively small    A shock may. be imparted to the pas- and the thyristor
firing angle. [err] shown in  sengers in the elevator car unless the re-
fig. 4 is controlled to be relatively small.  generative braking condition
is smoothly Therefore, the regenerative braking torque  switched over to
the dc braking condition. 5 imparted to the low-speed induction motor  In
the present embodiment, the desired 70 2 is relatively small as shown by
the curve  smooth switch-over from  the regenerative [err] in Fig. 6 Of
course, the.value of the  braking condition to the dc braking con-
regenerative braking torque is continuously  dition can be attained by the
unique op- regulated to follow the incessant variation  erating
characteristic of the phase shifter 10 of the deviation e. However, for
simplicity  structure shown in Fig. 3. Referring to 75 of explanation, it
is supposed that the speed  Fig. 3 again, the capacitor 19 is provided of
the elevator car is reduced along the  to prevent an abrupt drop of the
base vol- torque curve [err] to a value at which the  tage of the
transistor 20 due to breaking slip is given by [er]r in Fig. 6.
of the make contact 34a. The capacitor IS  The switching point detector 17
in the  19 charged by the voltage [err]ap- 80 present embodiment is adapted
to detect  plied before breaking of the make contact the  speed at which
the slip is [err] so that  34a discharges gradually to decrease the the
phase shifter 162 can be energized  firing angle [err] 'gradually so that
the re- while deenergizing the phase shifter 161  generative braking torque
[err] is gradually 20 when such speed is detected. Referring to  reduced
along a curve [err] as shown in 85 Fig 5, the bias voltage Eb applied to
the  Fig. 7. When. the curve representing the base of the transistor 29 is
selected to  speed pattern output of the speed pattern satisfy the relation
[err] where [err]  signal generator 14 is such as  to provide is the
voltage corresponding to the slip [err]  a constant deceleration, the
corresponding 25 and [err]is the base-emitter voltage of the  braking
torque for reducing the speed of 90 transistor 29. Thus, when the output.
vol-  the elevator car is substantially constant, tage [err] of the
tachometer generator 3 is  and in this case, the actual torque curve
reduced to a level lower than the voltage  may be as shown in Fig. 7. It is
to be [err] corresponding to the slip [err] with the re- noted that 'the
'braking torque curves in 30 duction of the moving speed of the elevator
Fig. 6 are illustrated merely for con- 95 car, the transistor 29 conducts
to de-  venience of explanation and differ from. energize the relay 34. As
a result, the make  actual ones. contact 34a is restored to the position
In the phase shifter 162 the break con- shown in Fig. 3 to deenergize the
phase  tact 34b isturned on or urged to make .35 shifter 161, while the
break contact 34b position to place the phase shifter 162 in 100 (not
shown) is urged to the closed position  operation. In this case too, the
capacitor to energize the phase shifter 162. There-  19 is not rapidly
charged up to the voltage fore, the thyristor circuit 10 controlling  level
of the input voltage e, but it is gradu- the regenerative braking torque
imparted  ally charged to increase the firing angle [err] 40 to the
low-speed induction motor 2 in Fig.  gradually. Therefore, the dc braking
torque 105 1 is rendered non-operative, while the con-  [err] is also
gradually increased along a trolled rectifier circuit 13, which acts to
curve [err] as shown in Fig. 7. The sum produce the dc braking torque in
the high-  of these torques acts to brake the elevator speed induction
motor 1 and controls the  car so that a smooth shift between these 45 value
of such torque is now  placed in  torques can be carried out in the range
110 operation. The manner of controlling the  b-c. do braking torque in
this case is similar to    It will thus be understood that, in the ac that
for the regenerative braking torque.  elevator control system of the
present in- That is, this dc braking torque is con-  vention, the
regenerative braking torque is 50 trolled until the elevator car is
completely  utilized for braking when the elevator car 115 stopped while
carrying out the feedback  is moving at a relatively high speed and control
depending on the deviation e so as   the dc braking torque is utilized for
braking to attain the equality between the tacho-  when the speed of the
elevator car is re- meter generator output [err]representative   duced to a
relatively low speed. The present 55 of the actual speed and the speed
pattern  invention can thus provide the following 120 signal generator
output [err] representative of  advantages: the. speed pattern. Thus in the
speed range    1) The kinetic energy of the elevator lower than the speed
at which the slip is  system operating in a high speed range can 



[err] the dc braking torque represented by  be regeneratively returned to
the ac power 60 the broken curve [err] is relied on in lieu  source for
saving the electric power.    125 of the regenerative braking torque rep-
2) Although. the regenerative braking resented by the solid curve [err] as
seen  torque disappears in a low speed range, a in Fig. 6 for reducing the'
speed of the  dc braking torque appears in this. range to elevator car
until the elevator car is com-  compensate for the disappearance of  the 65
pletely stopped.             '            regenerative braking torque as
seen in Fig. 130    6                                   1 469213 6. Thus,
the braking torque can be ef- [err]and  pair of comparators 151 and
fectively applied to the elevator system  152 are provided in lieu of the
single com throughout the entire speed range.      parator 15 shown in Fig.
1. 3) Generally, the regenerative braking    Fig. 11 shows still another
embodiment torque is large in a high speed range and  of the present
invention. The system shown 70 the dc braking torque is large in a
relatively  in Fig. 11 comprises a single  induction low speed range as
shown in Fig. 8. These  motor of the one-winding two-speed type tendencies
are uniquely utilized so as to  In the starting and accelerating stage for
obtain an effectively large braking torque  an elevator car, main
contactors 9 high- 10 throughout the entire speed range.     speed side
contactors 11 and shorting con- 75 4) The feedback control can be applied
tactors 35 are turned on to apply a three- throughout the entire speed
range. Thus, phase ac voltage across the terminals [err] the speed of the
elevator car can be recti-  [err] of the winding from a three- linearly
reduced as shown by the solid line  phase ac power source 8. In this case,
the 15 in Fig. 9, whereas prior art systems of this  motor operates as, for
example, a four-pole 80 kind can only reduce the speed in a manner
induction motor of double star (2Y) con- as shown by the broken line in
Fig. 9. nection. In the decelerating stage for the Therefore, the period of
time [err] required  elevator car, both the high-speed side con- to stop
the elevator car is considerably  tactors 11 and the shorting contactors 35
20 shorter than hitherto and the transporting are turned off and low-speed
side con- 83 efficiency of the elevator car can be im-  tactors 12' are
turned on to apply the proved correspondingly.                 three-phase
ac voltage across the terminals 5) By virtue of the above advantage, [err]
of the winding of the motor. the speed of the elevator car can be re- In
this latter case, the motor operates as, 25 duced continuously without any
terrace in  for example, an eight-pole induction motor go the speed curve,
and the passengers in the  of delta (err) connection. A  regenerative
elevator car can enjoy a more comfortable  braking torque can be applied in
this latter ride.                    '              case since' the
synchronous speed of the 6) The  regenerative braking  torque  induction
motor of the delta connection 30 and dc braking can be gradually de- is the
half of the synchronous speed of the 95 creased and increased respectively
as seen  induction motor of the double star con- in Fig. 7. Thus, the
regenerative braking  nection. condition can be smoothly shifted to the
The firing angle of thyristors in a thy- dc braking condition without
imparting a  ristor circuit 10 is controlled as required 35 shock to the
passengers in the elevator  as described with reference to Fig. 1 so as 100
car.                                    to control the regenerative braking
torque. Fig. 10 shows another embodiment of As soon as the switching point
is detected the present invention. This embodiment is with the reduction of
the speed of the actually a modification of the system shown  elevator car,
the firing angle of the thy- 40 in Fig. 1 and differs from the latter in
that ristors in the thyristor circuit 10 is de- 105 an electromagnetic
brake 4 of the type  creased or the contactors 12 are turned capable of
applying a variable braking force  off, and at the same time, a controlled
is employed in lieu of the dc braking means. rectifier circuit 13 including
a transformer This electromagnetic brake 4 is similar to  131 and a pair of
thyristors 132 and 133 is 45 that commonly  employed  in  elevator placed
in operation. The dc output voltage 110 systems and comprises brake
springs, a  of the circuit 13 is applied across the brake coil 401 and
brake arms. The terminals [err] and W, so that a strong dc braking torque
is produced by the brake  braking torque can be obtained. In this springs,
and the magnetic force of attrac- case too, the firing angle of the
thyristors 50 tion produced by the current flowing  132 and 133 is
controllable as required to 115 through the brake coil 401 is utilized to
control the braking torque. release the brake arms. This braking torque
Fig. 12 shows yet another embodiment decreases in inverse proportion to the
cur- of the present invention. The embodiment rent value flowing through
the brake coil shown in Fig. 12 is actually a modification 



55 401. The manner of control is such that, of the system shown in Fig. 11,
and an im- 120 when the tachometer generator output [err] provement is made
in the dc' braking is higher than the speed pattern signal circuit of the
system  shown in Fig. 11. generator output e,, the brake current value
Referring to Fig. 12, the thyristors 101 decreases to increase the' braking
force, and 103 in the thyristor circuit 10 are 60 while when the tachometer
generator out- solely turned on to impart a dc braking 125 put e is lower
than the speed pattern signal torque to the motor by supplying direct
generator output [err], the brake current value current by two routes, one
of which is increase to decrease the braking force. To traced from the
power supply terminal this end, it is necessary to derive the value
S-contactor 122-winding terminal [err] 65 of (err) in addition to the value
of winding  terminal [err]winding  terminal 130    1 469 213 [err]contactor
121 thyristor 101 to the  based on the speed feedback. However in power
supply terminal R, and the other of the case of an elevator car whose rated
which is traced from the power supply ter- speed is relatively low, the
desired practical minal S-contactor 122-winding terminal operating
performance can be obtained by 5 U -winding terminal [err]-winding terminal
merely regulating the braking torque by 70 [err]contactor 123-thyristor 103
to the  means of a commonly conventionally em- power supply terminal T.
ployed load detector without relying upon The direct current supplied to
the motor such feedback control. For example,. a is in a half-wave
rectified form, and it is  load detector such as a differential trans- 10
undesirable to supply the direct current in  former may be employed and the
output 75 that form since the current pulsates con-  thereof may be applied
to a memory having siderably, the braking torque produced  a structure as
shown in Fig. 13 to be stored thereby is not so large and noises tend to
therein. A braking torque instruction signal occur. To prevent the above
disadvantage, generator having a structure as shown in 15 free-wheel
thyristors 36 and 37 are con-  Fig. 14 may be provided to generate an 80
nected across the terminals [err] and  output voltage which is variable
stepwise across the terminals [err] respectively. depending on the content
of the memory Thus, the thyristors 101, 103, 36 and 37  as shown in Fig.
15. This braking torque colored in black are used in the condition
instruction signal may be applied to the 20 in which the dc braking torque
is imparted.  phase shifters 161 and 162 shown in Fig. 85 Further, the
phase of the gate signal applied  1 or 10. to these thyristors, especially
the thyristors    Referring to Fig. 13, the output voltage 101 and 103, may
be suitably controlled so  of the load detector is applied to an input as
to control the braking torque. There- terminal 38 which is connected to the
emit- 25 fore, the regenerative braking torque can  ter of a first
transistor directly, to the 90 be controlled by controlling the thyristors
emitter of a second transistor through a in the thyristor circuit 10, and
with the  resistor 39, and to the emitter of an nth reduction in the speed
of the elevator car, transistor through (n-1) series-connected the firing
angle of the thyristors 102 and  resistors 40 and 41 as shown. Relays 421,
30 104 may be gradually decreased to increase  422,  42n are connected to
the collector 95 the weight'of the thyristors 101 and 103  of the
respective transistors. Therefore, so as to ensure an automatic and smooth
these relays 421, 422 . ..... 42n are selectively shift from the
regenerative braking con-  energized and deenergized depending on the
dition to the dc braking condition. Further, level of the output voltage of
the load 35 when the speed of the elevator car is re- detector.
100 duced excessively in the above manner of    Referring to Fig. 14, a
resistor 45 having control, the firing angle of the thyristors  a plurality
of taps is connected across a 102 and 104 may be suitably increased  dc
power source 44, and contacts 43 of the again so as to place the motor in
the motor-  respective relays 421, 422, .42n are con- 40 ing state. Other
controls are similar to  nected to the corresponding taps of the 105 those
described with reference to Fig. 11. resistor 45. These relay contacts 43
are In the embodiments shown in Figs. 11  turned 'on when the corrseponding
relays and 12, a single induction motor of the  are energized. This relay
contact group is one-winding two-speed type is provided  connected to a
pair of relay contacts 46 45 in lieu of separately providing a high-speed
and 47 which are turned on when the ele- 110 induction motor and a
low-speed induction  vator car moves upward and downward motor as shown in
Fig. 1 or 10. However, respectively. Thus, the voltage appearing the
arrangement may be similar to that of  at the output of the circuit shown
in Fig. Fig. 1 or 10 and a one-winding two-speed  14 is variable stepwise
depending on the 50 motor may be employed as the low-speed  detected load
as shown in Fig. 15. This 115 



induction motor while leaving the high-  output voltage is applied to for
example, speed induction motor in the form shown  the phase shifters 161
and 162 in Fig. 1. in Fig. 1 or 10. In such a case, the con-  The means
shown in Figs. 13 and 14 can nection providing the greater number of
replace the tachometer generator 3, speed 55 poles in the low-speed
induction motor is  pattern signal generator 14 and comparator 120 utilized
to impart the regenerative braking  15, and yet a practically satisfactory
floor torque, and the synchronous speed of the  arrival performance of the
elevator car low-speed induction motor in this state of can be obtained.
connection is very low. Thus, the regenera-  ' When the means shown in
Figs. 13 and 60 tive braking condition can be extended to  14 are employed,
the switching point de- 125 a considerably low speed range of the ele-
tector 17 must be of another form different vator car and a greater effect
of electric  from that shown in Fig. 5 due to the fact power saving can be
exhibited. '       that the tachometer generator 3 is elimin- The
embodiments described hereinbefore  ated. The function required for the
switch- 65 have referred to the manner of control ing point detector in the
present invention 130    1 469 213 is such that it can detect the   point
at  with the rated load, Thus, when the ele- which the regenerative braking
torque be-  vator car is moving upward with the rated comes ineffective  or
a suitable point be-  load, the base voltage  of the transistor 52 fore
that point in the course Of the  re-   is [err]. When the elevator car
loaded with ruction of the elevator car speed by the  the rated load is
moving at a speed which 70 impartation of the regenerative braking  is high
enough to provide the regnerative torque Theoretically, therefore, such
point  braking effect, the speed responsive voltage may be detected by
detecting disappearance  is quite high and the base voltage of the or
decrease of regenerated current beside  transistor 53 is higher than [err].
As a result, detecting the speed of the elevator car.  the transistors 53
and 52 are in the con- 75 However, this is impractical as a matter  ducting
state and non-conducting state re- of fact.
spectively, and a relay 54 isin the ener- This switching point detection
will be  gized. state. Then, when the speed of the discussed with reference
to. Fig. 6 again  elevator car is reduced by the regenerative 15 Suppose
that the elevator car is moving  braking effect. to the level corresponding
80 upward. with the rated loador downward  to the slip [err] in Fig. 6, the
voltage applied with no load. In this case, the regenerative  to the base
of the transistor 53 is reduced braking torque becomes ineffective at as to
[err]. Therefore, the transistors 53 and 52 point corresponding to a slip
[err] at which  are turned off and on respectively and the 20 the torque
curve. [err] representing the re-  relay  54 is deenergized when the speed
of 85 generative braking torque intersects the  the elevator car is
reduced to a level be line [err] representing the load torque, of low the
level specified above. The switch- the motor. Suppose then that the
elevator  ing point can thus be detected by the de car is..moving downward
with the rated  energization of the relay 54. load or upward with no load.
In this latter   In the case in which the elevator car is 90 case, the
regenerative braking torque be-  moving upward with no load or downward
comes ineffective at a point corresponding  with the rated load, the load
responsive to a slip [err] at which the torque curve [err]  voltage applied
tothe base of the transistor representing  the  regenerative  braking  52
is selected to be equal to the speed re- 30 torque intersects the line
[err] representing  sponsive voltage applied to the base of the 95 the load
torque of the motor. It is there-  transistor 53 when the speed of the
elevator fore possible to detect these points [err] and  car corresponds to
the slip [err] in Fig. 6 It [err] and a point [err] representing the slip
cor-  will thus be understood that the range of responding to the
synchronous speed of the  [err]in. F ig  6 can be detected 35 low-speed
motor as depicted in Fig. 6 by  under all the operating conditions.    100
detecting the load and speed of  the ele-    Fig. 17 shows one form  of
means for vator car. The effect of saving the electric  applying the load
responsive voltage to the power is greatest when an arrangement is  circuit
shown in Fig. 16 depending on the provided which can detect such points for
moving direction of the elevator car. The 40 switch-over from the
regenerative braking  circuit shown in Fig. 17 utilizes the fact 105
condition to another braking condition.    that the load torque imparted to
the motor Figs. 16 and 17 show means adapted for  shaft is reversed in
direction when the mov- such manner of switching point detection.  ing
direction of the elevator car is reversed Referring to Fig. 16, a signal
representative  although the load of the elevator cage de- 45 of the speed
of the elevator car and a  tected by the load detector such as the 110
signal representative of the load of the  weighing means remains the same
irrespec- 



elevator car are applied to a differential  tive of the moving direction.
Referring to amplifier consisting of a pair of transistors  Fig. 17, the
output of the load detector such 52 and 53. In Fig. 16, the speed
responsive  as the weighing means is applied across 50 signal and the load
responsive signal are  the input terminals a and b This input is 115
applied to the differential amplifier in a  amplified by a transistor 55.
The output of relation as described below. The output the transistor 55
appears across the output voltage of the tachometer. generator 3 at
terminals c and d through an emitter re- the elevator speed corresponding
to the slip  sistor 57 and a relay contact 56 when the. 55 S in Fig. 6 is
applied to the circuit of Fig   elevator car is moving upward  On the  120
16 and is divided by a pair of voltage-  other hand, such output appears
across dividing resistors 48 and 49 to provide a  the output terminals c
and d through a col- voltage [err] at the connection point of the  lector
resistor 59 and another relay contact' resistors 48 and 49. The output
voltage of  58 when the elevator  car is moving down- 60 the load detector
which may be a weighing  ward. These output terminals c and d are 125 means
is applied to the circuit and is also  connected to the load responsive
voltage divided by a pair of voltage-dividing re- input terminals in Fig.
16. sistors 50 and 51 to provide a voltage [err] at   WHAT WE CLAIM IS: the
connection point of the resistors 50    1 An ac elevator control system
com- 65 and 51 when the elevator car is loaded  prising multi-speed
induction motor means 130    8                                       1 469
213 is such that it can detect the point at  with the rated load. Thus,
when the ele- which the regenerative braking torque be-  vator car is
moving upward with the rated- comes ineffective or a suitable point be-
load, the base voltage of the transistor 52 fore that point in the course
of the re  is [err]. When the elevator car loaded with ruction of the
elevator car speed by the  the rated load is moving at a speed which 70
impartation  of the regenerative braking  is high enough to provide the
regenerative torque. Theoretically, therefore such point  braking effect,
the speed responsive voltage may be detected by detecting disappearance  is
quite high and the base voltage of the or decrease of regenerated current
beside  transistor 53 is higher than [err]. As a result, 10 detecting the
speed of -the elevator car.  the transistors 53 and 52 are in the con- 75
However, this is impractical as a matter  ducting state and non-conducting
state re- of fact.                                   spectively, and a
relay 54 is in the ener- This switching point detection will be  gized
state. Then, when the speed of the discussed with reference to Fig. 6
again.  elevator car is reduced by the regenerative 15 Suppose that the
elevator car is moving  braking effect to the level corresponding 80 upward
with the rated load or downward  to the slip [err] in Fig. 6, the voltage
applied with no load. In this case, the regenerative  to the base of the
transistor 53 is reduced braking torque becomes ineffective at a  to [err].
Therefore, the transistors 53 and 52 20point corresponding to a slip [err]
at which  are turned off and on respectively and the the torque curve [err]
representing the re-  relay 54 is deenergized when the speed of 85
generative braking torque intersects the  the elevator car is reduced to a
level be- line [err] representing the load torque of  low the level
specified above. The switch- the motor. Suppose then that the elevator  ing
point can thus be detected by the de- car is moving downward with the rated
energization of the relay 54. 25  load or upward with no load. In this
latter    In the case in which the elevator car is 90 case, the
regenerative braking torque be-  moving upward with no load or downward
comes ineffective at a point corresponding  with the rated load, the load
responsive to a slip [err] at which the torque curve [err]  voltage applied
to the base of the transistor representing  the  regenerative  braking  52
is selected to be equal to the speed re- 30 torque intersects the line
[err] representing  sponsive voltage applied to the base of the 95 the load
torque of the motor. It is there-  transistor 53 when the speed of the
elevator fore possible to detect these points [err] and  car corresponds to
the slip [err] in Fig. 6. It [err] and a point [err] representing the slip
cor- will thus be understood that the range of responding to the
synchronous speed of the  [err] in Fig. 6 can be detected 35 low-speed
motor as depicted in Fig. 6 by  under all the  operating  conditions.
100 detecting the load and speed of the ele-    Fig. 17shows one form   of
means  for vator car. The effect of saving the electric  applying the load
responsive voltage to the power is greatest when an arrangement is  circuit
shown in Fig. 16 depending on the provided which can detect such points for
moving direction of the elevator car. The 40 switch-over from the
regenerative braking  circuit shown in Fig. 17 utilizes the fact 105
condition to another braking condition.    that the load torque imparted to
the motor Figs. 16 and 17 show means adapted for  shaft is reversed in
direction when the mov- 



such manner of switching point detection.  ing direction of the elevator
car is reversed Referring to Fig. 16, a signal representative  although the
load of the elevator cage de- 45 of the speed of the elevator car and a
tected by the load detector such as the 110 signal representative of the
load of the  weighing means remains the same irrespec- elevator car are
applied to a differential  tive of the moving direction. Referring to
amplifier consisting of a pair of transistors  Fig. 17, the output of the
load detector such 52 and 53. In Fig. 16, the speed responsive  as the
weighing means is applied across 50 signal and the load responsive signal
are  the input terminals a and b. This input is 115 applied to the
differential amplifier in a  amplified by a transistor 55. The output of
relation as described below. The output  the transistor 55 appears across
the output voltage  of the tachometer generator 3 at  terminals c and d
through an emitter re- the elevator speed corresponding to the slip  sistor
57 and a relay contact 56 when the 55 S. in Fig. 6 is applied to the
circuit of Fig.  elevator car is moving upward. On the 120 16 and is
divided by a pair of voltage-  other hand, such output appears across
dividing resistors 48 and 49 to provide a  the output terminals c and d
through a col- voltage [err] at the connection point of the  lector
resistor 59 and another relay contact resistors 48 and 49. The output
voltage of  58 when the elevator car is moving down- 60 the load detector
which may be a weighing  ward. These output terminals c and d are 125 means
is applied to the circuit and is also  connected to the load responsive
voltage divided by a pair of voltage-dividing re-  input terminals in Fig.
16. sistors 50 and 51 to provide a voltage [err] at    WHAT WE CLAIM  IS:
the connection point of the resistors 50    1. An ac elevator control
system  com- 65 and 51 when the elevator car is loaded  prising multi-speed
induction motor means 130    5    *   C   L    M    S               1 469
213 connectible to a three-phase ac power    7. An ac elevator control
system  as source, said induction motor means com-  claimed in Claim 6,
wherein said dc braking prising high-speed induction motor means means
comprises. a rectifier circuit includ- having a relatively high synchronous
speed  ing thyristors connected between said ac 5 and being operable to
start. and accelerate  power source and said one of said high- 70 an
elevator car and low-speed induction  speed or low speed induction motor
means, motor means having a relatively low syn- and means for controlling
the firing angle chronous speed, regenerative braking means  of said
thyristors. for imparting a regenerative braking torque    8. An ac
elevator control system  as 0 in said low-speed induction motor means so
claimed in Claim 7, wherein said means 75 as to reduce the moving speed of
the ele-  for controlling the firing angle of said vator car, another
braking means for im-  thyristors comprises speed pattern signal parting
another braking torque to the ele- generating means, means for detecting
the vator car driving system, switching point  moving speed of the elevator
car, and 15 detecting means for detecting a switching  means for generating
an output whose 80 point before said  degenerative braking  phase is
controlled depending on the de- torque becomes ineffective, and switching
viation of the detected speed from  said means responsive to the output of
said  speed pattern. switching point detecting means for de-   9. An ac
elevator control system  as 20 energizing said regenerative braking means
claimed in Claim  1, wherein said multi- 85 and energizing said another
braking means.  speed induction motor means comprises 2. An ac elevator
control system  as  a single three-phase induction motor hav- claimed in
Claim 1, wherein said switching  ing an armature winding that can be point
detecting means comprises means for  changed over between a double star
con- 25 setting the speed level corresponding to the  nection and a delta
connection, and means 90 switching point, means for detecting the are
provided for supplying the electric moving speed of the elevator car, hence
the power from said ac power source to the motor speed, and means for
detecting the  armature winding changed over to said reduction of the
detected speed to a level double star connection thereby accelerating 30
lower than said speed setting.          the elevator car, said regenerative
braking 95 3. An ac elevator control system  as  means including means for
connecting said claimed in Claim 1, wherein said switching  ac power source
to the armature winding means comprises means for gradually re-  changed
over to said delta connection, and ducing the ac voltage supplied from said
said  another braking  means including 35 ac power source to said low-speed
in-  means for supplying direct current to the 100 duction motor means as
the regenerative  armature winding changed over to said braking means is
deenergized, and means  delta connection. for gradually  increasing  said
another    10. An ac elevator control system  as 



braking torque as the said another braking  claimed in Claim  1, wherein
said multi- 40 means is energized.                     speed induction
motor means comprises a 105 4. An ac elevator control system  as  single
three-phase induction motor having claimed in Claim 1, wherein said
regenera-  an armature winding that can be changed tive braking means
comprises at least one  over between a double star connection and set of
thyristors connected in parallel in  a delta connection, and means are pro-
45 opposite polarity between said low-speed  vided for supplying the
electric power from  110 induction motor means and said ac power  said ac
power source to the armature wind- source, and means for controlling the
firing  ing changed over to said double star con- angle of said thyristors.
nection through at least one set of thy- 5. An ac elevator control system
as  ristors connected in parallel in opposite 50 claimed in Claim 4,
wherein said means  polarity thereby accelerating the elevator 115 for
controlling the firing angle of said  car, said regenerative braking means
in- thyristors comprises speed pattern signal  cluding means for supplying
the electric generating means, means for detecting the  power from said ac
power source through moving speed of the elevator car, and  said thyristor
set to the armature winding 55 means for generating an output whose
changed over to said delta connection, and 120 phase is controlled
depending on the de-  said  another braking  means including viation of the
detected speed from  said  means for supplying direct current to the speed
pattern.                          armature winding changed over to said 6.
An ac elevator control system  as  delta connection. 60 claimed in Claim 1,
wherein said another    11. An ac elevator control system as 125 braking
means is a dc braking means  claimed in Claim 10, wherein said direct which
supplies direct current to one of the  current supplying means includes
means high speed or low speed induction motor  for firing at least one of
the thyristors in means of said multi-speed induction motor  said thyristor
set. 65 means.                                     12. An ac elevator
control system as 130    10                                    1 469213
10 claimed in Claim 11, further comprising a  claimed in Claim 1, wherein
said high-speed pair of additional thyristors connected in  induction motor
means and said low-speed 5 parallel with the respective portions of said
induction motor means are separately pro-    - delta-connected armature
winding through  vided as high-speed or low-speed induction 5 which said
direct current flows, and means  motors respectively, and coupled directly
for firing said additional thyristors in the  to each other, said low-speed
induction dc braking condition.                   motor including a
very-low-speed armature 30 13. An ac elevator control system as  winding in
addition to the low-speed arm- claimed in Claim 1, wherein said another
ature  winding  so  as  to  provide  a 10 braking means comprises an
electromag-  synchronous speed lower than said rela- netic brake and means
for controlling the  tively low synchronous speed, and said re-
energization of said electromagnetic brake. generative braking means
includes mean 35 14. An ac elevator control system  as  for connecting said
very-low-speed arm- claimed in Claim  1, further comprising  ature winding
to said ac power source. 15 means for detecting the load of the ele-   16.
An ac elevator control system sub- vator car, means for generating a
braking  stantially as herein described with reference torque instruction
signal depending on the  to the accompanying drawings.       40 load
detected by said detecting means, and means for applying said braking
torque           LANGNER PARRY 20 instruction  signal to  said
regenerative       Chartered Patent Agents braking means and said another
braking            59-62 High Holborn, means.
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