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1
SPEED CONTROL SYSTEM FOR ELEVATORS

This invention relates to a speed control system for eleva-
tors, and more particularly it pertains to improvements in a
speed control system for ‘elevators wherein during the ac-
celerating operation, a constant speed pattern voltage is
produced, and during the the decelerating operation, there is
produced a speed pattern voltage which is decreased in a
stepped manner whenever the elevator cage arrives at each
one of a plurality deceleration points, each of the said voltages
being applied to an integrator, thereby producing a smoothly
changing speed pattern.

Generally, a DC elevator uses the Ward-Leonard control
system including the static Leonard system, wherein a current
flowing through the field winding of the generator is program-
controlled in a stepped manner or a continuously changing
current produced by a. pattern generator is made to flow
through the said field winding, thereby permitting the speed of
the motor to be changed along a desired speed curve.

During the acceleration control, the desired purpose can be
substantially achieved merely by increasing the field current
smoothly in terms of time, but during the deceleration control,
it is necessary to effect speed control while detecting the
elevator control. That is, in order that the elevator may be
made to land precisely at the desired floor, the speed pattern
should be changed in accordance with the elevator position.

An enhanced floor-landing accuracy and improved riding
comfort is essentially required of any elevator. In order to
enhance the floor-landing accuracy, it may be conceivable to
produce a continuous speed pattern in accordance with the
elevator position with the aid of a number of position detect-
ing means provided in juxtaposition or continuous position de-
tecting means (such as, for example, a differential trans-
former). With such an arrangement, the riding comfort can
also be improved. Disadvantageously, however, the. entire
system becomes extremely complicated and expensive.

It is an object of the present invention to provide a control
system capable of improving the riding comfort and floor-
landing accuracy by using only a small number of position de-
tecting means.

Another object of the present invention is to provide a con-
trol system wherein during the decelerating operation, an
input to the integrator is maintained at a level corresponding
to a predetermined deceleration without being corrected
when an error signal corresponding to the difference between
the output of the speed pattern means which is decreased in a
stepped manner and the actual elevator speed is lower than a
predetermined level, and only when the said. error signal is
higher than the said predetermined level, the input to the in-
tegrator is corrected to change the deceleration, thereby
reducing the floor-landing error.

Still another object of the present invention is to provide a
control system wherein the deceleration of the elevator is so
controlled as to be maintained in a range between prescribed
maximum and minimum deceleration levels,

Other objects, features and advantages of the present inven-
tion will become apparent from the following ‘description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a block diagram showing the system according to
an embodiment of the present invention; :

FIG. 2 is a block diagram showing the system according to a
second embodiment of the present invention;

FIG. 3 is a view useful for explaining the operation of the
present invention; .

FIG. 4 is a block diagram showing the system accordingto a
third embodiment of the present invention; and

FIGS. 5a and b are views useful for explaining the operation
of the system shown in FIG. 4.

In FIG. 1, a constant voltage V, is applied to an elevator
speed pattern means SO which is adapted to provide a con-
stant voltage V, corresponding to a commanded speed during
the acceleration of the elevator and a pattern voltage E, which
drops in a stepped manner at present position P,, P, and P, in
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Tesponse to the operation of a position detecting means POS
during the deceleration of the elevator. In this example, the
position detector means POS is so designed as to decrease the
pattern voltage E, whenever the elevator arrives at the three
positions P, P, and P;, as shown in FIG. 3(a).

A changeover relay RY1 operates to pass the command
voltage E, available from the elevator speed pattern SO to a
comparator CR during the accelerating operation, and during
the decelerating operation, it operates to pass this voltage to a
first amplifier AP1, Preferably, the comparator CP is so
designed as to represent a saturation comparison charac-
teristic as shown in the drawing, which may be constituted by
a transistor operational amplifier or the like. This comparator
is saturated upon application of a small voltage thereto so as to
provide a positive or negative constant output voltage V, or
—V.. The output of the comparator CP is integrated by an in-
tegrator I and then negatively fed back to the input side of the
comparator CP. At the same time, the output voltage E, of the
integrator I is amplified in a second amplifier AP2 and then
applied to the field winding F of a Ward-Leonard generator G.
A Ward-Leonard motor M is driven in a controlled manner by
the output voltage of the generator G, whereby a traction
sheave SH is driven in a controlled ‘manner.

A tachometer generator PG is coupled directly to the afore-
mentioned motor M to thereby detect the moving speed of the
elevator. Output voltage Ep of the tachometer generator PG
is negatively fed back to the first amplifier AP1. Provided in
such a manner as to run around the traction sheave SH and an
idle pulley IP is rope RP which includes a counter weight CW
and a cage C with which is connected a tape TP to detect the
position thereof, the tape TP being driven in synchronism with
the cage C. The movement of this tape TP is detected by a pul-
ley PU, so that the position detector POS is operated. The
position detector is shown as being of a mechanical system,
but it goes without saying that an electric system position de-
tector can equally be employed.

A relay RY2 is adapted to pass the output voltage E,, of the
first _amplifier AP1 to the integrator 1 only during * the
decelerating operation.

In the foregoing arrangement, if a valtage V, corresponding
to a commanded speed is provided by the elevator speed pat-
tern means SO during the accelerating operation as shown .in
FIG. 3(a) (a point of time 4 to a point of time 1,), then this
voltage is passed to the comparator CP since the changeover
relay RY1 is switched to the upper position during the ac-
celeratihg operation. ‘

A a result, a constant positive output voltage V. is provided
by the comparator, which, is directly integrated by the integra-
tor 1, so that the output voltage E,, of the latter builds up with a
predetermined slope as shown in FIG. 3(e). When the output
voltage E, of the integrator I becomes equal to the pattern
voltage E, available from the elevator speed pattern means SO
(at the point of time ¢, in FIG. 3), the input voltage E, =E, to
the comparator CP becomes zero, so that the output voltage
E. or the input voltage to the integrator I also becomes zero.
Thus, the output voltage E, of the integrator I is maintained at
the value as shown in FIG. 3(e), so that the output of the
second amplifier AP2 becomes constant, When the cage
reaches deceleration starting point Py, the position detector
POS is operated to reduce the pattern voltage of the elevator
speed pattern means SO in such a stepped manner as shown in
FIG. 3(a). During the decelerating operation, the pattern volt-
age E, is applied to the first amplifier AP1 rather than to the
comparator CP, due to the operation of the changeover relay
RY1: Since the voltage Epg corresponding to the actual speed
of the elevator is negatively fed back to the first amplifier AP]
as described above, the output voltage E, of the first amplifier
AP1 becomes negative as shown in FIG. 3(c). This voltage is
applied to the integrator I through the relay RY2. At this
point, since the input to the comparator CP is only the voltage -
—E, fed back thereto by the integrator I, the comparator CP
provides a constant negative voltage —V, (FIG. 3(b), so that
the overall input EA4E, of the integrator I begins decreasing,
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with a result that the elevator is decelerated. As the elevator
speed is reduced, the speed voltage E,. is decreased so that
the output voltage E, of the first amplifier RY1 is increased as
shown in FIG. 3(c¢). (This increasing curve depends upon the
deceleration curve of the actual elevator).

If the voltage E, supplied from the elevator speed pattern
device SO to the comparator CP is made zero when the cage
reaches the position P; during the decelerating operation
(needless to say, the output of the first amplifier AP1 is not
supplied to the integrator [), then the output voltage of the in-
tegrator I will be reduced in accordance with a slope opposite
to that of the accelerating operation so that such an output
voltage as approximately indicated by a dotted line SL in FIG.
3 will be produced. .

In the foregoing embodiment, however, the voltage E,
which corresponds to the difference between the pattern volt-
age E, and the voltage E,¢ corresponding to the actual eleva-
tor speed is added to the input to the integrator 1. Therefore,
in a range such as the interval ¢, to ¢, where there occurs a
great deviation, the correction input voltage E, becomes high
so that the decreasing rate of the output voltage E, of the in-
tegrator I also becomes high. Thus, the second amplifier AP2
makes such a command control as to increase the deceleration
of the elevator.

Whenever the elevator arrives at each one of the other posi-
tions P, and P, the output voltage of the elevator speed pat-
tern device SO is reduced in a stepped manner so that the out-
put E, of the first amplifier AP1 becomes as shown in FIG.
3(c).

The input to the integrator I is changed in accordance with
the deviation between the actual elevator speed and the pat-
tern speed at each deceleration point, with a result that the
output of the integrator I or the decreasing rate of the pattern
applied to the Ward-Leonard system generator G is automati-
cally controlled. Thus, in case the elevator speed is different
from the desired speed at each deceleration point, the speed
pattern is continuously controlled so as to stop the elevator ex-
actly at any desired point.

At a point intermediate between the ones corresponding to,
for example, the points of time ¢, and ¢, respectively where a
positional command is provided, the correction voltage E, is
smoothly changed in accordance with the deceleration of the
elevator so that the output voltage E, of the integrator I is also
smoothly decreased, thus resulting in an improved riding com-
fortability. In addition, the floor-landing accuracy is also im-
proved because of the fact that the speed pattern is varied in
accordance with the actual elevator speed. Thus, there is no
possibility that the riding quality is deteriorated, even if
stepped changes in the voltage E, available from the elevator
speed pattern device SO are too remarkably made (the
number of position detectors is reduced). The floor-landing
accuracy is not deteriorated, either.

This means that the number of the position detectors to be
provided can be reduced or that the floor-landing accuracy
can be improved for the same number of position detectors.

In FIGS. 1 and 2, w is the elevator speed, and {, is the load
current.

FIG. 2 shows another embodiment of the present invention,
wherein a clamping circuit ST is provided in series with the
first amplifier AP1. Assume now that the preset voltage the
dead band provided by the clamping circuit 8T is Ae. Thus, a
correction voltage E,' is applied to the integrator I only when
the output of first amplifier AP1 is greater than Ae (in absolute
value) (when the difference between the pattern voltage E,
and the voltage corresponding to the actual elevator speed is
greater than the preset value), as shown in FIG. 3(c). Thus,
the overall input E+E,’' to the integrator | becomes as shown
in FIG. 3(d’). According to this embodiment, in case the dif-
ference signal between the pattern voltage and the voltage
corresponding to the actual elevator speed is small, the output
of the integrator or the command for the elevator corresponds
to a predetermined deceleration, thus resulting in a high riding
comfortability. As described above in connection with FIG. 1,
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correction is made only in case the aforementioned difference
signal is decreased for some reason when the cage reached a
certain position, thus ensuring that a sufficient floor-landing
accuracy is obtained.

With the foregoing arrangement wherein no correction
signal is applied when the speed control system is sufficiently
performing the function thereof and correction is made when
there is a great speed error, a variation in deceleration can be
minimized so that the speed control can be very easily per-
formed. .

Referring to FIG. 4, there is shown a further embodiment of
the present invention wherein the first amplifier AP1 has a
dead band such as shown in the drawing. The output voltage
E, of this amplifier AP1 is applied to the integrator I through a
clamping circuit constituted by a diode D and resistor ry, r;
and r;. When the clevutor arrives at the predetermined
deceleration point P, P, or Ps (point of time ¢,, ¢, or ), the
position detector POS is operated so that the voltage of the
elevator speed pattern device SO is. decreased in stepped
manner as shown in FIG. 5(a).

At this point, the changeover relay RY1 is switched to the
lower position, and the comparator CP is made to provide a
constant negative voltage V,, as shown in FIG. 5(b). :

The speed voltage Ep; corresponding to the actual elevator
speed and the aforementioned command voltage E, are added
to each other so as to be an input to the first amplifier AP1.

As a result, the output voltage E, of the first amplifier AP1
takes a sawtooth waveform as shown in FIG. §(c).

The output voltage E, is added to the output E, of the com-
parator CP through a diode D, and therefore the input voltage
E.’ to the integrator I becomes as shown in FIG. 5(d). Thus,
the output E, of the integrator I varies as shown in FIG. 5(¢ ),
since it is obtained by integrating the voltage E.'. FIG. 5 (b)
shows the details of FIG. 5 (¢).

In case the difference (absolute value) between the pattern
voltage E, and the speed voltage Ep is great as at the point Py,
the input voltage (absolute value) applied to the integrator I is
increased so that the output voltage of the integrator I or the
decreasing rate of the deceleration pattern is increased.

In case the difference (absolute value) between the pattern
voltage E, and the speed voltage Ep is small on the contrary
(deceleration points P,, Py), the input to the integrator I is
decreased (in absolute value) so that the deceleration is set to
alow level.

When the output voltage E, of the first amplifier APl is
lower than V, (1E,|>|V;1), the diode D is rendered noncon-
ductive so that the input voltage to the integrator I assumes
the value —V,. Thus, the output of the integrator I decreases
along a dotted line SL,. (See FIG. § (¢).) :

In case the pattern voltage E, is close to the actual speed
voltage E, so that E, becomes equal to Vj, then the diode D
is rendered conductive, so that the input voltage to the in-
tegrator I assumes the value of —V,. Thus, the output voltage
of the integrator I decreases along a dotted line SL,. (See FIG.
5(e).)

In case E, assumes a value intermediate between V; and V,,
then the corresponding line of decrease will be located
between the dotted lines SL, and SL,. Therefore, in actual
cases, the output of the integrator I is so set as to be in the
range between the dotted lines SL, and SL; by adjusting the
slope of the characteristic of the first amplifier. By doing so, it
is possible to prevent any sudden speed change. That is, the
commanded speed is controlled in accordance with the actual
elevator speed, thus making it possible to avoid any possibility
of causing the passengers feel uncomfortable and achieve ac-
curate floor-landing control. The slopes of the lines SL.,; and
SL, can be changed by adjusting V; and V,. The line SL,
defines the minimum deceleration, and the line SL; defines
the maximum deceleration.

With the arrangement of FIG. 4, it is possible to maintain
the deceleration within the limits and sequential corrections
are made with respect to it in the succeeding stages, even if the
difference between the commanded speed E, and the actual
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elevator speed E,; becomes extraordinarily high (E,<E,; ). In
this way, it is possible to prevent any extreme increase in the
deceleration. '

‘What is claimed is:

1. A speed control system for elevators, comprising means
for driving the elevator, speed pattern means for providing a
voltage corresponding to a speed pattern irrespective of the
elevator position during the accelerating operation and for
reducing said voltage in a stepped manner in response to a
position detecting means for providing a signal whenever the
elevator arrives at any one of a plurality of preset deceleration
points, comparator means having saturation characteristics in
the positive and negative directions, integrator means con-
nected to said comparator means for integrating the output of
said comparator means and negatively feeding the integrated
output back to the input of said comparator means the in-
tegrated output of said integrator means also being connected
to said means for driving the elevator, correction means in-
cluding a first amplifier for generating a correction signal in
responsge to a detected difference between said commanded
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speed and the actual elevator speed and. additionally for sup-
plying said correction signal to said integrator means as an
input during the decelerating operation to thereby control the
output of said integrator means in accordance with the eleva-
tor speed, and changeover relay means for passing said voltage
corresponding to the commanded speed from said speed pat-
tern means to said comparator means during the accelerating
operation and to said first amplifier during the decelerating
operation.

2. A speed control system for elevators according to claim
1, wherein a clamping circuit for applying said correction
signal to said integrator means when the difference between
the commanded speed and the actual elevator speed exceeds a
predetermined level is provided at the output of said first am-
plifier. :

3. A speed control system for elevators according to claim
1, wherein said first amplifier represents a saturation charac-
teristic, thereby limiting the maximum value of the output
decreasing rate of said integrator means.
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