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the torque {B) are shown range of 12.5 to 37.6 rad/sec. at (a)
and (b),
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eliminate completely certam torque variations
during acceleration and deceleration, thereby
sacrificing the quality of ride or the comfort-
able ride to a certain degree. :
According to the invention, there is pro-
vided an AC elevator controlling apparatus,
comprising a traction sheave having a rope
hung thereon, an elevator cage which is
attached to said rope for upward and down-
ward movement, at least one induction motor
for driving sald traction sheave, and control
means for said induction motor or motors,
wherein the control means is adapted to enable
said induction motor or motors to produce
at least two different magnitudes of torque in

-stages and at least either the magnitude or

interval of at least one torque produced at
and after the second stage is so selected as to

[Price 5. 0d. (25p)]
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paratus according To a sec
bodlment of the present invention;

Figs. 15 and 16 are views useful for ex-
plaining the three-stage torque control and
four-stage torque control, respectively;

Fig.. 17 is a connecting diagram showing

the apparatus according to a thxrd embodi-
ment of th1s mventJon,

Fig. 18 is a side view showing an example
of the load detecting device;

Figs. 19, 20 and 21 are views useful for
explaining torque variations when a squirrel-
cage induction motor is used;

Fig. 22 is a view showing an example of
the notch interval setting; and

Fig. 23 is a view illustrating the actual -

elevator operation,
Referring to Fig. 1, there is shown the
entir¢ arrangement of a common AC elevator
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-c01ls for the main contactors 20—10 shown

in Fig. 2 respectively, and 13M, 14M and
11IM, 12M are also coils. The reference
numersl 92 represents a speed reduction com-
manding relay which is adapted to be ener-
gized at the speed reduction commanding
point. ' During upward movement, the relay
92 is energized by the fact that a position
detecting device P, is turned on when the
cage reaches the speed reduction commanding
point, and during downward movement, it is
energized by the fact that the position detect-
ing-device P12 is turned on. In either case,
the relay 92 holds itself with a self-holding
contact 92—1 closed. A position detecting

»

closed by the fact that the floor calling button: -
at the third floor is depressed when the
elevator cage is stopped at the first floor.
Upon closure of the contact 3H, the call
signal registering relay 43 is immediately

120

energized and self-held through a circuit of -

(+)—>43—>43—3—>53—1—>(—). Con-

tact 53—1 is closed since the elevator cage is-

now located at the first floor.

In Figure 5, when the relay 43 is ener-
gized, the contact 43— is closed and an up-
ward direction selecting relay 61 is energized

through a circuit (4)—>61—>62—4—>i’

SR—>(—) so that a contact 61—1 thereof
(Fig. 3) is closed. Subsequently, if the door
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1 and 2. On the other hand, the timer relay

- Ty is de-energized since the contact 10—1

is opened simultaneously with the energiza-
tion -of the main contactor coil 10M, so that
contact Ti—1 closed after a predetermmed
lapse of 27/3w seconds. Thus, the main con-

.. tactor operation coil 20M is energized so
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that the contactor 20 is closed and the con-
trol resistor R, is short-circuited (Fig. 2).
When the control resistor R, is short-
circuited as described above, the induction
motor 9 produces a torque twice as large as
the previous one or 2/3 of the full torque
to thereby accelerate the elevator cage.
.- Upon energization of the main contactor
coil 20M, a contact 20—1 is opened so that
the time relay T, is de-energized, but the
contact T,—1 is not immediately closed.
That is, the contact Ty—1 is closed after a
predetertined time of 27/3w seconds, where-
upon the main contactor coil 21IM is ener-
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control resjtor Ro{Cerladqyently,  theyfmjotor

to the power source, so that 1/2 of the pre-
determined regenerative braking torque '
is produced. Concurrently with the energiza-
tion of the main contactor co1l 14M, the
contact 14—1 thereof (Fig. 3) is opened so
that the time relay 3 is de-epergized. The
time relay 3 will have the contact T,—1
thereof closed after the set time 7/w so that
the main. contactor coil 22M will be energlzed
to close the main contactor 22 in Fig. 2

Thus the control resistor R is short-circuited.

Consequently, the braking torque is further
increased to become equal to the predeter-
mined braking torque 7.

In this way, the speed of the induction
motor 8 is reduced so that the clevator cage
is enabled to approach the destination floor
with a low speed. At the destination floor,
the position detecting device P, is opened so
that the main contactor coil 1IM is de-
energized (see Fig. 6).
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’ When the speed is to be reduced, a torque
which is 1/2 of the predetermmed braking
torque 7, is produced, and it is made equal
to the predetermined braking torque m, after
7fw seconds.
" Such control is based on the following
principle, whereby vibration tending to occur
during the starting is restrained. Description
will be made of the case of acceleration bere-
inbelow, but it is quite apparent that during
deceleration similar control can be achieved.

The result of the research conducted by
.the inventors shows that in the elevator
system such as shown in Fig. 1, an upward
and downward vibration system is constituted
by the motor portion, rope, elevator cage and
so forth whereby vibrational acceleration and
deceleration are caused during the starting
and stopping so that the quality of ride is
deteriorated.

‘Tt is considered that this is because the
elevator cage constitutes a vibration system
similar to a spring pendulum supported by
virtue of the rigidity of the rope and a
simple rod spring since the rope used in a
rope type elevator is longitudinally flexible.
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Since n, and r are constants, a relation For
holds. :

Thus, there occurs a vibrational accz:;}era-
tion with a maximum value of

m,-+m,
and a minimum value of 0, which is graphi-
cally shown in Pig. 8(b). (In this case, the
attenuation of the vibration is omitted.) -
Obviously, the speed of the elevator ‘cage
varies as shown in Fig. 8(c), resulting in a
great deterioration of the quality of ride.
The natural angular frequency « of the
vertical (upward and downward) vibration
system of the elevator cage can be determined

by
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K

3)
m1m2

K: combmed spring constant dependmg
upon the rope and simple rod por-

tion spring 5
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That is, as in the case of two-gtage torque
control, a comstant acceleration including no
vibrational componernit is produced after 4
= /3w from the point of time 0, and the accel-
eration occurring prior to the point of time
4 /3w varies smoothly. Fig. 10 shows the
characterigtics for this casy, wherein the
torque is indicated by (A), (B) and (C), the
vibrational accelerations produ through
application of the torque of +/3,
27/3 and = by aym, and =, respectively, and
the resultant acceleration of the cage by «.

Figs. 2' and 3 show the case where the
torque is changed in three stages. In this
case, the torque which is 1/3 of the full
torque . is produced at the point of time 0
by connecting the control resistors R; and
R, in series with the high-speed induction
motor 9. At this time, a vibration with the
acceleration «, is produced, as shown in
Fig. 10(b).

After 27/3w seconds, the time relay T,
is de-energized to short-circuit the control
resistor R; so that the torque produced by
the motor 9 is increased up to 27/3, with a
result that a vibration with the acceleration
w2 is produced. Further, after 4w/3w seconds,
the time relay T. is de-energized to short-

Qc&s] wt—=

err

Consequent |y,
lic perlod of

gcwrtetr t}t}e_ t & que

m,+m,

circuit the control resistor R, so that thé
generated torque becomes the full torque,
with a result that a vibration with the
acceleration =, is produced.

I this way, the acceleration is smoothly
incréased between the points of time ( and
4ar{3w, and beyond the point of time 4a/3w,

it assumes a constant value, as shown in~
Fig. 10(c). It is quite obvious that in the

case of deceleration, too, the vibration pro-
duced can be restrained by suitably setting
the time for time relay T,.

In the foregoing example, descnptlon has
been made of the cas¢ where the torque is
changed in three stages. In practice, two-
stage change is also satisfactory. Especially
in the case of an elevator using two miotors
of different speeds, the low-speed motor 8
is driven to produce a torque of /2 at the
starting, and the high-speed induction motor
9 is driven to produce the torque 7 i x/w
seconds, thereby restraining the vibrational
acceleration, as shown in Fig. 11. In an
attempt to start the elevator merely by means
of the high-speed motor 9, it is only required
that “the control resistor be connected with
the motor 9 so that a torque which is 1/2
of the full torque is produced at the point of

t he

9is connected
sour ce
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accor dance W %hn e effectl et ector The output at T[err] and T[err]
used length 1 of therropes, vibration can be pre- for adjusting the ti rre
delay for the reFay—_lfFHi’TIC,oswt+COS(wt—0)+COS(wt-29)}] :

_ oy 11,

85 The components  within { } represent . _ o
periodically changing vibrational components,  B=(cos§—j sind) (sinwt+j sinwt)
which can be considered as the real parts of : - .

- the following simple harmonic motion vectors C=(cos20~j sin26) (coset+j sinut) %
rotating at phase angles of 0, 8 and 2¢ with

90 the same angular frequency, as shown in Therefore, the vibrational component occur- 65
Fig. lS(b) _ ring in the mass m, can be dretermmed by

. : the amphtude of the combined vector Y
A=cosut+j sinwt - ' _ shown in Fig. 15(b). :

[Y|=[14-cos—j sinf+cos20—j sin26] (10)
100 I ¢ is changed in the range of 0°—360°, as shown in Fig. 16(s). At 6=120° and

then the locus of said vector Y will become. 240°, Y=0.



5 vented from occurring on the basis of the systens for adjusting the
time of relays being 65 principle of this invention. wel |
known. In the present
invention, it is preferable is located at the uppernost floor (fifth floor ib
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70

and the locus of the combined amplitude be-
comes as shown in Fig. 16(b). Thus, the

. T
combined amplitude becomes 0 at §=—,
: 2

3
« and —=. In this case, therefore, by setting

2
6 as 9=, the vibration can be completely
restrained. Even if the natural frequency of

75 vibration is changed over a considerable

range, the combined amplitude can be de-

creased down to about % or less than that for .

the case of one-stage control.

By the same reasoning, if a torque is uni-
formly divided into n components (n==2)
and it is changed in multi-stage by an amount

of 7/n at a constant time interval /o
seconds (notch interval), then the acceleration
« which occurs at the mass m, after (n—1)
‘8/w seconds will generally be given like

Equation (8), by

80
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of a one-stage control, irrespective varita- ' circuit the. coiltro resistance R;. As a result,
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45

tions in the natural frequency of vibration.

In the foregoing, description has been
made of the case where the torque is uni-
formly divided into n components and the
notch interval t, is also-made constant. How-
ever, in case n=3, a similar vibration re-
straining effect can be produced by changing
the notch interval t, for each notch, whether
or not each torque component is uniform.

Assume now that the sectional area of the

ropes 1 having the elevator cage attached
thereto is A, Young’s' modulus. is E, the
effective length of the ropes is 1, and the
number of the ropes is nl. Then the equiva-
lent spring constant K in Fig, 7 is repre-
sented by

EA.

K=-—z—— .0 (15

Thus, the ideal notch interval t, for a two-

' the induction motor 9 produces the rated
torque, whereby the acceleration is further
increased.

The period of time T, for the time relay
T, corresponds to the notch interval, and the
capacitors CC—CC, .are connected or dis-
connected depending upon the position of
the elevator cage.

This is carried out by upwardly or down-
wardly moving a movable segment P, into
or out of contact with fixed segments P1

P, by means of a floor controller FC whxch

is adapted to be moved in synchronism with

the elevator cage. For the above purpose,
use may be made of the contacts of the posi-

95

100

tion dctectmg relays Py, to Ps., described

earlier in connection with Fig. 5

In the state shown in the drawmg the

elevator cage is positioned at the first floor,
and therefore the effective length 1 of the
ropes is a maximum so that all of the
capacitors CC—CC; are connected in

105
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ﬁ ue For speed reduction, the
number of poles of the motor is switched to
24, and the control resistors are inserted (as
shown in Figs. 2 and 14). Thus a torque is
% of the full braking torque , is produced
(curve (C)), and after =/w seconds the rated
braking torque =, is produced (curve (A)).
In this case, too, the torque is maintained
constant as in the case of acceleration, thus
resulting in improved control.

Fig. 20 shows the case where use is made
of a squirrel-cage induction motor to achieve
three-stage torque control. At the starting,
the control resistors are connmected with the
low-speed motor (24 poles) to produce a
torque which is 1/3 of the rated torque, so
that the motor is accelerated along the curve
(A). After 7/3w seconds lapsed, the control
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