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5 of the elevator cage (the effective length of the rope) and so forth. In
the case of an               [err] ordinary elevator system, the natural
vibra- tional frequency thereof is in the range of 5  2 to 3 C/S, and
therefore the natural angular  Fig. 9 shows the above relationships,
wherein  25 frequency may be considered to be in the  the torque (A) and
the torque (B) are shown range of 12.5 to 37.6 rad/sec.              at (a)
and (b), the accelerations [err] and [err] at If a torque (A) having a
magnitude [err]/2  (c) and (d), and the resultant acceleration [err] is
applied at a point of time 0 and a torque  which the elevator cage 4
undergoes at (e), 10  (B) having a magnitude [err] is applied  [err]
respectively.                                30 seconds after said point of
time as shown in    From Fig. 9, it is clear that the acceleration Fig. 9,
then the acceleration [err] of the mass  [err] of the elevator cage 4
increases smoothly be- m[err] resulting from  the application of the  tween
the points of time 0 and [err]  and torque (A) is given by
assumes a constant value after the point of time [err], resulting in a
completely non-  35 [err]                         vibrational acceleration.
15                                                  Although, in the
foregoing, description has been made of the case of acceleration, what has
been described above can also be applied and the acceleration of the mass
m[err] resulting  to the case of deceleration.            40 from  the
application of the torque (B) is    Description will now be made of the
case given by                                    of three-stage torque
control. If a torque having a magnitude of [err]/3 is [err]
applied at a point of time 0, a torque having a magnitude of 2  1/3 after 2
ir/w seconds  45 from said point of time, and a torque having a magnitude
of [err] after 4 [err]/3[err] seconds from 20  From equations (4) and (5),
it will be noted  said point of time by the induction motor 9, that the
acceleration [err] of the elevator cage 4  the acceleration a of the mass
m[err] which occurs which occurs subsequent to the point of time  at an
interval subsequent to the point of time  50 [err] becomes as follows:
4 [err]/3[err] is given by [err] That is, as in the case of two-stage
torque  circuit the control resistor R[err] so that the control, a constant
acceleration including no  generated torque becomes the full torque, 55
vibrational component is produced after 4  with a result that a vibration
with the [err]/3[err] from the point of time 0, and the accel-
acceleration [err] is produced. eration occurring prior to the point of
time    In this way, the acceleration is smoothly  85 4 [err]r/3[err]
varies smoothly. Fig. 10 shows the  increased between the points of time 0
and characteristics for this case, wherein the  4[err]/3[err], and beyond
the point of time 4[err]/3[err] 60  torque is indicated by (A), (B) and
(C), the  it assumes a constant value, as shown in vibrational
accelerations produced  through  Fig. 10(c). It is quite obvious that in
the 



application   of  the   torque   of   r/3,  case of deceleration, too, the
vibration pro-  90 2[err]/3 and [err] by [err] and [err] respectively, and
duced can be restrained by suitably setting the resultant acceleration of
the cage by [err]    the time for time relay T[err]. 65    Figs. 2 and 3
show the case where the    In the foregoing example, description has torque
is changed in three stages. In this  been made of the case where the torque
is case, the torque which is 1/3 of the full  changed in three stages. In
practice, two- 95 torque [err] is produced at the point of time 0  stage
change is also satisfactory. Especially by connecting the control resistors
R[err] and  in the case of an elevator using two motors 70  R[err]  in
series with the high-speed induction  of different speeds, the low-speed
motor 8 motor 9. At this time, a vibration with the  is driven to produce a
torque of [err]/2 at the acceleration [err] is produced, as shown in
starting, and the high-speed induction motor 100 Fig. 10(b).
9 is driven to produce the torque [err] in [err] After 2[err]/3[err]
seconds, the time relay T[err]  seconds, thereby restraining the
vibrational 75  is de-energized to short-circuit the control  acceleration,
as shown in Fig. 11. In an resistor R[err]  so that the torque produced by
attempt to start the elevator merely by means the motor 9 is increased up
to 2[err]/3, with a  of the high-speed motor 9, it is only required  105
result that a vibration with the acceleration  that the control resistor be
connected with [err] is produced. Further, after 4[err]/3[err] seconds,
the motor 9 so that a torque which is 1/2 80  the time relay T[err] is
de-energized to short-  of the full torque is produced at the point of    6
6 1,219,807                                 6 time 0, with the control
resistor R[err] omitted,  the low-speed motor 8 is disconnected from and
the resistor R[err] be short-circuited after  the power source, while the
high-speed motor [err] seconds so that the full torque [err] is  9 is
connected with the power source to pro- produced, as shown in Fig. 12.
duce the rated torque [err]. 5    Referring to Figs. 13 and 14, there is
shown    In  deceleration, the  deceleration  com- another example for
effecting  three-stage  manding relay 92 is energized when the cage torque
control, wherein during the starting,  reaches the deceleration point, so
that con- the torque is changed by the use of the high-  tacts 92-5  and
92-6 are opened. The  50 speed motor 9 and low-speed motor 8. Ele-  opening
of the contact 92-5 results in de- 10 ments  indicated  by  the  same
reference  energization of the coil 13M  so that the numerals and symbols
as in Figs. 2 and 3, contactor 13 of Fig. 14 is opened and the achieve the
same functions as those shown  contact 13-2  of Fig. 13 is closed. The in
Figs. 2 and 3, and the remaining control  energization of the coil 14M
results in the  55 circuits are similar to those of Figs. 4 and 5. main
contactor 14 being closed to enable the 15    When elevator doors are
closed and the  low-speed motor 8 to act as an induction contact 40-1 is
closed, at the point of time  generator. The power generated by the motor
0, the coil 10M is energized to close the main  8 is returned to the power
source, and thus contactor 10 for the source in Fig. 14. There-  a torque
which is 1/2 of the predetermined  60 



fore, if a call signal requesting the upward  regenerative braking torque
[err] is produced. 20  movement of the elevator has been registered,
After the lapse of the time, [err] seconds, the main contactor 11 has been
closed, so  of the time relay T[err], a contact T[err]-1 thereof that the
low-speed motor 8 is started to pro-  is closed so that a circuit
(P)[err]22M[err] duce a torque which is 1/3 of the rated  14-2[err]T[err]
is  estab-  65 torque [err], with the control resistor R[err] con-  lished
through which the coil 22M  is ener- 25  nected in series therewith. After
2[err]/3[err], the  gized to short-circuit the control resistor R[err] time
relay T[err] is de-energized, and upon  of Fig. 14 with the contactor 22.
closure of a contact T[err]-1 thereof, the main    At this time, the
regenerative braking contactor operation coil 22M  is energized  torque of
the motor 8 is increased to [err] to  70 through  a circuit
(P)[err]22M[err]14-2[err]  further reduce the speed of the elevator cage.
30  92-7[err]T[err]-1[err](N). Thus, the  control    The acceleration and
deceleration can be resistor R[err] is short-circuited by the main con-
smoothly changed under the above control tactor 22 so that the motor 8
produces a  during  the  accelerating  and  decelerating torque which is
2/3 of the rated torque r.  operation.                               75
After the lapse of 4[err]/3[err], the time relay T[err]    In the case of a
three-stage torque change, 35  has a contact T[err]-1 closed so that a
circuit  a torque of [err]/3 is produced by the induction (P) [err] 13M
[err] 92-5 [err] T[err]-1[err](N) is  motor at the point of time 0, a
torque of established through which the main contactor  2[err]/3 at the
point of time [err] and a torque coil 13M  is energized. The energization
of  r at the point of time [err] where the symbol 80 the coil 13M  results
in the contactor 13  [err] denotes a phase angle. Thus, the accelera- 40
being closed and the contact 13-2 being  tion given to the mass m[err]
after the point of opened so that the coil 14M is de-energized  time 2[err]
is given by to open the contactor 14 in Fig. 14. Thus, [err] 85  The
components  within  {  }  represent periodically changing vibrational
components,    B=(cos[err]-j sin[err]) (sin[err]t+j sin[err]t) which can be
considered as the real parts of the following simple harmonic motion
vectors    C=(cos2[err]-j sin2[err]) (cos[err]t+j sin[err]t) rotating at
phase angles of 0, [err] and 2[err] with 90  the same angular frequency, as
shown in  Therefore, the vibrational component occur- 95 Fig. 15(b):
ring in the mass m[err] can be determined by the amplitude of the combined
vector Y A=cos[err]t+j sin[err]t                         shown in Fig.
15(b). [err] 100   If [err] is changed in the range of 0-360[err],  as
shown in Fig. 16(a). At [err]=120[err] and then the locus of said vector Y
will become  240, Y=0.    7
1,219,807                                        7 From this, it will be
noted that in the case  Then the notch interval t[err] for the torque is
30 



of a three-stage control, the vibration can  selected as follows: be
completely cancelled by setting [err] to 120[err] or 240, Fig. 3 shows the
case where                          [err] 2 5  [err] The natural frequency
of vibration of an elevator system varies substantially de-  where T[err]
is the natural cyclic period of pending upon the operational conditions
(the  vibration corresponding to the mean natural position of the elevator
cage, the number of  frequency of vibration f[err] (in Fig. 16(a), 35
passengers, and so forth). As will be apparent  [err]=[err]). Thus the
vibration of the elevator 10  from Fig. 16(a), the amplitude of the super-
system can be reduced by a factor of [err] or posed vibration can be
reduced down to [err]  less substantially over the entire area thereof or
less than that for the case of one-stage  irrespective of a change in the
natural cyclic period of vibration of the elevator system.    40 control
when [err] ranges from [err] to [err]    Consider an ordinary elevator of
which the 2       2    natural frequency of vibration varies in a 1       3
range of 2 to 6 cycles/sec, for example. The or [err] From  a practical
stand-  mean natural cyclic  period  of vibration T[err] thereof turns out
to be T[err] =0.25  45 15  point, therefore, a considerable vibration re-
sec. Therefore, if, the notch interval t[err] is set straining  effect can
be  produced  with-  at  t[err]=[err]X0.25=0.125  sec.,  then out
compensating  for  changes  in  the operational  conditions,  if  [err]
is  set  [err]'=2[err]x2x0.125=-  when the minimum as  [err] =[err]  at
the  mean  frequency  of                      2 20  vibration f[err]. More
specifically, the mean  natural  frequency  of  vibration  f[err]= 2
natural frequency of vibration f[err] of the
3 elevator system is determined from the maxi-  cycles/sec.,  and
[err]"=2[err]x6x0.125=-[err]  50 mum  natural frequency of vibration f[err]
2 that will occur when the cage with no load  when the maximum  natural
frequency of 25  is positioned at the upper terminal and the  vibration
f[err]=6 cycles/sec. In this way, the minimum  natural frequency  of
vibration  combined amplitude vibration can be reduced f[err] that will
occur when the cage with full  by a factor of 1/3 or less over the entire
load is positioned at the lower terminal.  range of the natural frequency
of vibration  55 of the elevator. Description will now be made of the case
[err]                    where the torque is uniformly divided into four
components and the respective notch turn-on phases are 0, [err], 2[err] and
3[err].        60 The vibration occurring at the mass m[err] is given by
[err] The combined amplitude of the variation is such four simple harmonic
motion vectors as 65 represented by the combined amplitude of shown in Fig.
15 (c). 



[err] and the locus of the combined amplitude be-  range, the combined
amplitude can be de- 70  comes as shown in Fig. 16(b). Thus, the  creased
down to about [err] or less than that for [err]  the case of one-stage
control. combined amplitude becomes 0 at [err]    By the same reasoning, if
a torque is uni- formly divided into n components (n=[err]2)  80 and it is
changed in multi-stage by an amount [err] and [err]. In this case,
therefore, by setting  of r/n  at a constant time interval [err] seconds
(notch interval), then the acceleration [err] as [err], the vibration can
be completely  [err] which occurs at the mass m[err] after (n-1)
restrained. Even if the natural frequency of [err]  seconds will generally
be given like  85 75  vibration is changed  over a considerable  Equation
(8), by    1,219,807                                        8 [err]
stage control can be calculated from Equa-  50 -F
tions (3) and (15) as follows: and the combined amplitude of the vibration
will be represented by [err]                      From this equation, it
will be seen that the vibrational acceleration of the elevator cage varies
depending upon the effective length 1  55 of the ropes and the mass m[err]
of the elevator cage. In order to be able to produce a vibra- 5  From this,
it will be noted that it is always  tion restraining effect under any
operational possible to prevent any vibration from occurr-  condition, it
is required that the notch ing by setting each notch interval to even
interval t[err] be changed in accordance with  60 multiples of 2[err]/n (
[err]=even multiples of  variations of the effective length 1 of the 2[err]
ropes and the mass m[err] of the cage. Fig. 17 is a diagrammatical view
showing another embodiment of the present invention, 10   In the case where
the natural frequency  wherein the notch interval t[err] is changed  65
vibration varies depending upon the opera-  in accordance with the
effective length 1 of tional conditions as in an actual elevator, each the
ropes. notch interval is selected so as to be [err] of    By depressing a
start button switch ST the mean natural frequency of vibration, in  of the
elevator cage, the coil 10M  is ener- 15 view of the fact that the combined
amplitude  gized by an AC power source AC through a  70 described here
above becomes symmetrical at  rectifier RE so that the main contactor 10 is
[err]. Thus, no vibration occurs at the point  turned on. Consequently, the
induction motor corresponding to the set cyclic period of  9 is connected
with a three-phase power vibration in the case where the torque is  source
U, V, W  through control resistor R[err] 



20  divided in even stages, so that the combined  to produce a torque which
is 1/2 of the  75 amplitude becomes about 1/n of that for  normal or rated
torque. the case of one-stage control, regardless of    On the other hand,
the contact 10-1 is a change in the cyclic period.             opened so
that the relay T[err] is disconnected In the case of an odd division, the
com-  from the power source. Contact T[err]-1 of the 25  bined amplitude
becomes 1/n of that for the  relay T[err] is not closed until a
predetermined  80 case of a one-stage control at the mean  period of time
T[err] lapses, since capacitors natural frequency of vibration, whereas at
a  CC[err]-CC[err] are connected in parallel there- natural frequency of
vibration other than the  with. Upon closure of the contact T[err]-1, mean
one, the combined amplitude always  the contactor coil 20M  is energized so
that 30  becomes smaller than 1/n of that for the case  the main contactor
20 is closed to short- 85 of a one-stage control, irrespective of varia-
circuit the control resistance R[err]. As a result, tions in the natural
frequency of vibration.   the induction motor 9 produces the rated In the
foregoing, description has been  torque, whereby the acceleration is
further made of the case where the torque is uni-  increased. 35  formly
divided into n components and the    The period of time T[err] for the time
relay  90 notch interval t[err] is also made constant. How-  T[err]
corresponds to the notch interval, and the ever, in case n=3, a similar
vibration re-  capacitors CC[err]-CC[err] are connected or dis- straining
effect can be produced by changing  connected depending upon the position
of the notch interval t[err] for each notch, whether  the elevator cage. 40
or not each torque component is uniform.     This is carried out by
upwardly or down- 95 Assume now that the sectional area of the  wardly
moving a movable segment P[err] into ropes 1 having the elevator cage
attached  or out of contact with fixed segments P[err] to thereto is A,
Young's modulus is E, the  P[err] by means of a floor controller FC which
effective length of the ropes is 1, and the  is adapted to be moved in
synchronism with 45  number of the ropes is n1. Then the equiva-  the
elevator cage. For the above purpose, 100 lent spring constant K in Fig. 7
is repre-  use may be made of the contacts of the posi- sented by
tion detecting relays P[err] to P[err] described earlier in connection with
Fig. 5. [err]                        In the state shown in the drawing, the
elevator cage is positioned at the first floor, 105 and therefore the
effective length 1 of the ropes is a maximum  so that all of the Thus, the
ideal notch interval t[err] for a two-  capacitors  CC[err]-CC[err]  are
connected  in    9                                          1,219,807
9 parallel with the relay T[err]. Thus, by selecting  output corresponding
to the load is obtained the capacitance of each capacitor to satisfy
across output terminals T[err] and T[err] of the Equation (16) in
accordance with the effective  detector. The output at T[err] and T[err] is
used length 1 of the ropes, vibration can be pre-  for adjusting the time
delay for the relay T[err]; 



5  vented from  occurring on the basis of the  systems for adjusting the
time of relays being  65 principle of this invention.                well
known. Consider the case where the elevator cage    In the present
invention, it is preferable is located at the uppermost floor (fifth floor
that the torque characteristics produced by in the present example). In
such case, the  the motor be flat as shown in Figs. 9 and 10. 10  effective
length of the ropes becomes the  This is because the torque should be
changed  70 shortest this length is denoted by [err]. From   in a stepped
manner for a short period of Equation (16), therefore, it is apparent that
time in  the starting and  thereafter free the notch interval t[err] should
be minimum. The  acceleration  should  be  effected. A  great movable
segment P[err] is disposed in contact  change  in  the  torque  during  the
free 15  with only the fixed segment P[err] so that only  acceleration
(this corresponds to the short-  75 the capacitor CC[err] is connected in
parallel  circuiting of the control resistors R[err] and R[err] with the
relay T[err] to minimize the notch  in Fig. 2) will result in an excess or
shortage interval t[err].                                of the
acceleration so that the acceleration With the capacitances of the
intermediate  time becomes irregular, thus deteriorating the 20  capacitors
being sequentially changed, the  quality of ride. In general, with a wound-
80 vibrational acceleration of the elevator can  rotor induction motor, the
torque is consider- be restrained at any position.              ably
changed with an increase in speed. In this case, it will be seen from
Equation  Therefore, care should be taken to restrain (16) that if the
capacitor CC[err]  at the upper-  such torque variations in the present
inven- 25  most floor is of a proper value, the capaci-  tion.
85 tance of the parallel capacitors at an inter-    In  contrast, the
squirrel-cage  induction mediate floor i or [err]           motor is well
suited to the present apparatus may be set to satisfy the following
equation:  since the torque characteristics thereof remain flat for a large
slip as shown in Fig. 19. The motor shown in the drawing is a pole change
90 [err]                              motor whose number of poles can
changeably be set to 24 or 6 thereby achieving two-stage torque control. At
the starting, the motor is driven with 30    In the foregoing discussion,
description has  the number of poles set to 24, so that a  95 been made of
the attempt to compensate for torque which is [err] of the rated torque
[err] is variations in the spring constant K stemming   produced. In this
case, the motor is acceler- from variations of the effective length 1 of
the  ated in such a manner as to follow the curve ropes. However, it will
be seen from Equa-  (A). If the number of poles is changed to 6 35   tion
(16) that the notch interval to be set  after the lapse of [err] seconds,
then there is 100 should also vary with variations of the cage  produced
the rated torque [err] and the motor mass m[err] resulting from change of
the load.  is accelerated along the curve (B). In this In a geared elevator
with a high reduction  case, the motor is freely accelerated until gear
ratio such as AC elevator, the mass m[err]  the torque produced thereby
becomes equally 40 of the motor and speed-reducing mechanism balanced with
respect to the load torque 105 portion is several time (normally ten times
or  beyond the point of time [err] sec., and the 



more) as great as the cage mass m[err]. Thus,  acceleration is effected
with a substantially by changing the notch interval in proportion constant
torque. For speed reduction, the to [err], with a change of the term
m[err]/m[err]  number of poles of the motor is switched to 45  in Equation
(16) neglected, it is possible to  24, and the control resistors are
inserted (as 110 eliminate the influence of load variations in  shown in
Figs. 2 and 14). Thus a torque is the same manner as the above.
[err] of the full braking torque [err] is produced A method for detecting
the cage load is to  (curve (C)), and after [err] seconds the rated use a
weighing apparatus or a load detecting  braking torque [err] is produced
(curve (A)). 50  device and convert the output thereof to  In this case,
too, the torque is maintained  115 mechanical displacement, or electric
signals,  constant as in the case of acceleration, thus thereby achieving
the aforementioned pur-  resulting in improved control. poses.
Fig. 20 shows the case where use is made Fig. 18 shows an example of a load
detect-  of a squirrel-cage induction motor to achieve 55  ing device,
wherein the expansion and con-  three-stage torque control. At the
starting, 120 traction of the simple rod portion spring 5  the control
resistors are connected with the are detected by means of a differential
trans-  low-speed motor (24 poles) to produce a former type position
detector DD constituted  torque which is 1/3 of the rated torque, so by a
movable core Mc[err] and a fixed core Sc[err]  that the motor is
accelerated along the curve 60  and having input terminals T[err], T[err],
so that an  (A). After [err] seconds lapsed, the control 125    resistors
are short-circuited so that the motor  Thus, the combined spring constant
K[err] be- is enabled to produce a torque which is 2/3  comes as follows:
of the rated torque and accelerated along the curve (B). Finally, after
4[err]/3[err] seconds, the           [err] 5  induction motor is switched
to the high- speed motor with 6 poles, which produces a rated torque and is
accelerated along the    By similar calculation, the combined spring curve
(C).                                constant K[err] becomes 677 when the
effective  65 For speed reduction, similar control can  length of the rope
1 is 5m. 10  be achieved, as described earlier in connec-    Assume that
the reduced mass m[err] of the tion with Figs. 13 and 14.
motor portion is m[err]=14300 Kg. Then the Fig. 21 shows the case where use
is made of  natural angular frequency [err] can be obtained a high-speed
squirrel-cage motor to control from the full cage mass m[err]= 1510 Kg (910
70 the magnitude of torque in three stages. Such  +600) under the maximum
load and 910 15  case has already been described in connection  Kg under
the minimum load in accordance with Fig. 3 (description of speed reduction
with Equation (3) as follows: was omitted). In the foregoing discussion,
the delay in              [err] operation of the electromagnetic brake 7
was 20  not considered. In practice, however, an 



elevator to be stopped is held by the brake 7 (Fig. 1). Therefore, about
0.1-0.15 sec.),       g: acceleration due to gravity      75 with two-stage
control, the second stage  Thus, the natural angular frequency and torque
will be produced after a lapse of time  notch interval are as follows: 25
which is the sum  of t[err] (notch interval) +T[err] (delay time), from the
moment that       Under the maximum load; the main contactor 10 in Fig. 2
is closed.   1=2m                  1=5m In the case of threestage control,
the    [err] =16.4 rad/sec      [err] = 22 rad/sec   80 second stage torque
is produced t[err]+T[err]      t[err] = 0.191 sec          t[err]= 0.143
sec 30  after the point of time when the first stage torque was produced
(for the third stage       Under the minimum load; torque, the delay time
may be only t[err]).       1=20m                   1 =20m In practice, the
delay of the brake must be    [err] = 20.8 rad/sec  [err]=27.8 rad/sec
taken into consideration since it accounts for   t[err] =0.151 sec
t[err]=0.113 sec       85 35  a substantial portion of the overall delay.
However, no problem will occur if the release    As will be seen from Fig.
22, under the current is caused to flow earlier by as much  minimum load,
the optimum  notch interval as a period of time corresponding to the
t[err] varies in a range of 0.113-0.151 sec. brake delay. In the case of
speed reduction,  depending upon the elevator position. Under 40  there is
no need to consider the brake delay.  the maxium load, the optimum notch
interval 90 Fig. 22 shows an example of the notch  varies in a range of
0.143-0.191 sec., and interval setting for the embodiment of Figs.  under
an intermediate load, it varies in a 11 and 12. The specification for the
elevator  range enclosed by the dotted line. Therefore, is such that the
rated speed is 60m/min, the  the correction of the notch interval in accor-
45  rated load 600 Kg, the simple rod portion  dance with the effective
length [err] of the rope  95 spring constant K[err]=230 kg/m, the minimum
and load weight may be carried out in the effective length of the ropes 5m,
the maxi-  same manner as described above in connec- mum effective length
of the ropes 20m, the  tion with Figures 17 and 18. With an ele- number of
ropes n[err]=4, the spring constant  vator constructed in accordance with
fore- 50  of the rope K[err], the weight of the cage 910  going
specification, however, considerable 100 Kg, the Young's modulus of the
rope E=   vibration restraining effect can be produced 6x10[err]
Kg/cm[err], and the cross-sectional area  without performing said
correction. In this of the rope A=53.4x10[err]cm[err].               case,
it is desirable that the notch interval When the length of the ropes is 1
=20m,  t[err] be set in a range of 0.143-0.151 sec. 55  the overall spring
constant of the rope K[err] which is common to the respective conditions.
105 becomes as follows:                         Fig. 23 is an oscillogram
showing experi- mental results obtained in accordance with [err]
the present invention, wherein (a) indicates the case where the normal or
rated torque was applied at the first stage without re- 110 sorting to the
present invention, and (b) re- The overall spring constant of the simple
rod  presents the case where two-stage control was 



portion spring K[err] is                      effected with the notch
interval in accordance with the present invention. From this, it will 60
K[err]=K[err]n=920 Kg/cm                 be seen that remarkable vibration
restraining 115    11                                       1,219,807
11 effect can be produced in accordance with the  the  induction  motor is
1:2: 3 ...... n present invention. In the drawing, motor  (n: even number),
the interval t[err] is set at current is indicated instead of torque, and a
[err] torque curve can be obtained to be squaredly        ([err]   integer
n[err] : mean  natural proportional to the value of the motor current
n[err] where the slip of the motor is large.     angular frequency).
55 7. An AC elevator controlling apparatus WHAT WE CLAIM IS: -
according to claim 1, wherein when the ratio 1. An AC elevator controlling
apparatus,  of the magnitudes of torque produced by the comprising a
traction sheave having a rope  induction motor is 1:2:3...... n (n: odd 10
hung thereon, an elevator cage which is
[err] attached to said rope for upward and down-   number), the interval
t[err] is set at      60 ward movement, at least one induction motor
[err] for driving said traction sheave, and control    8. An AC elevator
controlling apparatus means for said induction motor or motors,  according
to claim  1, wherein at least two 15  wherein the control means is adapted
to enable  different magnitudes of torque in stages are said induction
motor or motors to produce  changed in a stepped manner within the at least
two different magnitudes of torque in  natural cyclic period of vibration
of the ver- 65 stages and at least either the magnitude or  tical vibration
system. interval of at least one torque produced at    9. An AC elevator
controlling apparatus 20  and after the second stage is so selected as
according to claim 1, wherein the interval is to restrain vibrations of the
vertical vibration  set in a range common to the optimum in- system  of the
elevator which have been  terval range as the effective length of the rope
70 caused by the torque produced in the pre-  varies under the minimum cage
load and the vious stages.                             optimum interval
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detecting the cage weight to thereby change  substantially as described
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10 of the accompanying draw- 
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