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(54) Titlee CONTROL SYSTEM FOR A PASSENGER CONVEYOR

{57) Abstract

A control system for 2 passenger conveyor in-
cludes a ready—to—operate mode, a standby speed and
a nominal speed. A method to operate the passen-
ger conveyor includes the steps of: transitioning the
conveyor from ready—to—operate mode to nominal
speed using 2 frequency converter; switching from
frequency converter to line power at nominal speed;
switching back to frequency converter if no passen-
gers are present and transitioning from nominal to
standby speed; and transitioning from standby speed
to ready-to-operate mode if a predetermined amount
of time passes without a passenger entering the con-
veyor.
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Control System for a Passenger Conveyor

Technical Field

The present invention relates to passenger conveyors, and more

particularly to control systems for such conveyors,

Background of the Invention

A typical passenger conveyor, such as an escalator or moving walk,
includes a truss, a plurality of sequentially connected treadplates traveling through
a closed loop path within the truss, and a machine for driving the treadplates. A
control system is used to control the operation of the conveyor for such
parameters as speed and direction. Such conveyors are a very efficient means to
move large numbers of passengers between floors or locations,

In modern conveyors, the control systems have become increasingly
complex in an effort to improve efficiency and reduce wear and cost of operation.
One such control system incorporates a scnsor to detect passengers eniering the
conveyor. Upon detection of a passenger, the conveyor is switched on and the
treadplates begin moving, After the passenger exits the conveyor, the conveyor is
switched off. This type of control system saves energy by not running
continuously during no-load conditions. A drawback to this system, however, is
the generation of peak loads during the frequent switching on and off of the
CONVeyor.

One disclosed solution to this problem is to use a variable frequency
converter lo contro! the operation of the conveyor. An example of this type of
controller is disclosed in U.S. Patent No. 4,748,394, entitled “Control Apparatus
for Escalator” and issued to Watanabe. This patent discloses an escalator

operating at two speeds. At low speed, the motor is controlied by the frequency
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conversion means to operate at the low speed until a passenger is detected. Upon
detection, the frequency is gradually raised until there is synchronization between the
current generated from the frequency conversion means and the power source, At that
point, the motor is switched to the power source. A similar concept is proposed in

5 published German Patent Application No. 4,313,424 A1. While this solution may
provide some benefits, even when operated at a reduced speed wear of the escalator
component still occurs and energy is wasted during no-load conditions.

The above art notwithstanding, scientists and engineers under the direction of

Applicant’s Assignee are working to develop drives and control systems for passenger

10 conveyors that improve efficiency and minimize wear.

Disclosure of the Invention

According to the present invention there is provided a method to operate a
passenger conveyor, the passenger conveyor having a platform moveable between a pair
15 of landings, a passenger sensor, a drive for providing actuation of the moving platform, a
source of power for the drive, and a frequency converter, the frequency converter
disposed between the power source and the drive, the method including the steps of:
sensing a passenger entering the passenger conveyor;
transitioning the speed of the platform to a nominal speed by increasing the
20 frequency generated by the frequency converter;

switching the drive lo be directly powered by the power source after the platform

speed reaches the nominal speed;




switching the drive to frequency control if it is determined that no passengers
remain on the passenger conveyor;
transitioning the platform speed to a stand-by speed by decreasing the frequency
generated by the frequency converter, the stand-by speed being less than the nominal
5 speed; and
transitioning the passenger conveyor from the stand-by speed to a ready-to-operate
condition if a predetermined amount of time elapses without a passenger entering the
passenger conveyor, wherein in the ready-to-operate condition the platform is stopped.
The preferred method of operation of a variable speed passenger conveyor includes
10 the steps of: operating the conveyor in a ready-for-operation mode such that it is not

moving, increasing the speed of the conveyor to the nominal speed upon sensing a

o passenger entering the conveyor, and, after the exit of all passengers, maintaining the
O operation of the conveyor at a stand-by speed for a predetermined amount of time. The
" stand-by speed is less than the nominal speed. Ifno further passengers are detected

15 entering the conveyor before the end of the predetermined time period, the conveyor is

T returned to the ready-for-operation mode.
SR As aresult of the ready-for-operation mode and the predetermined period of
. operation at stand-by speed, the wear of the conveyor 1s reduced. During extended

periods without passengers, the conveyor is not moving and therefore wear is not
20 occurring and energy is saved. During periods of high passenger traffic, the conveyor

will be operating at either the nominal speed or at the stand-by speed. During these

periods, it is readily apparent to approaching passengers
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that the conveyor is operational and frequent starting and stopping of the conveyor
is avoided.

Further, this embodiment may be used with or without a two speed motor
and may be incorporated into the software of the control system, thus requiring no
further equipment,

In a particular embodiment of the present invention, the step of increasing
the speed of the conveyor to the nominal speed is accomplished by using a
frequency converter to gradually increase the speed. Once the conveyor is at the
nominal speed, the drive is switched to line power. This state is maintained until
no further passengers are sensed. The drive is then switched back to frequency
converter operation and the frequency is decreased until the conveyor reaches the
predetermined stand-by speed. If further passengers are sensed, the frequency
convertet increases the speed back to the nominal speed, and power is then
switched back to line power. If the predetermined amount of time elapses without
another passenger being sensed, the frequency converter reduces the speed of the
conveyor to the ready-for-operation mode.

As aresult of only using the frequency converter for the transitions in
speed and the stand-by speed only, rather than to maintain the operation at the
nominal speed, the size of the converter may be minimized. In addition, during
the operation of the conveyor in the down direction, energy may be regenerated
directly to the power source line without the need for additional equipment, such
as an ¢nergy regeneration system, Further, having available both the frequency
converter operation and the line power operation improves the reliability of the
drive. In the event of a failure of the frequency converter, the conveyor may be
operated in a continuous mode at the nominal speed by the line power until the

frequency converter is repaired ot replaced.
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The foregoing and other features and advantages of the present invention
become more apparent in light of the following detailed description of the exemplary

embodiments thereof, as illustrated in the accompanying drawings.

Brief Description of the Drawings
Fig. 1 is a perspective view, partially cut away; of an escalator,
Fig. 2 is a illustrative circuit diagram of the controlier for the escalator.
Fig. 3 is a flow chart illustrating the method of operation of the escalator.
Fig. 4 is a representative speed profile of the escalator operating according

to the invention.

Best Mod:; for Carrying Out the Invention

An escalator, as shown in Fig. 1, is used herein as a representative
Ppassenger conveyor to illustrate the invention. It will become apparent that the
invention is also applicable to other types of passenger conveyors, such as moving
walks,

The escalator 10 includes a first landing 12, a second landing 14, & truss
16, 2 plurality of sequentially connected treadplates 18, a step chain 22 for driving
the treadplates 18, a pair of balustrades 24 extending along both sides of the
treadplates 18, a drive machine 26 operatively connected to the step chain 22, a
controller 28 engaged with the drive machine 26, and a passenger sensor 32, The
treadplates define the platforms for carrying passengers between the first and
second landings. Each of the balustrades 24 include 2 moving handrail 34 that is
driven at the same speed as the treadplates 18.

The controller 28 determines the power input to the drive machine 26 and
thereby controls the speed of the drive machine 26, which in tum controls the
speed of the treadplates 18. Fig. 2 illustrates a simplified circuit diagram for the
controller 28. The controlier 28 is connected to a supply of power 36 by a first
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line 38. A second line 42 includes a first switch 44, an up switch 46 and a down
switch 48. The second line 42 is connected into the drive machine 26 via a Star
connection 52. A third line 54 includes a frequency converter 56 and 2 pair of
switches 58. The pair of switches 58 are used to ensure that if one switch fails to
open, the second opening of the second switch will ensure the conveyor is
stopped. The change in direction of the escalator 10 is accomplished by the
frequency converter 56 during stand-by operations and during transitions between
operating modes. The third line 34 is connected into the drive machine 26 via a
Delta connection 62. As is well known in the art, the Delta type connection 62
results in the machine 26 having twice as many poles as the Star type connection
52. A fourth switch 64 is disposed between the Star-Deita connections 52,62 and
the machine 26, and determines the operation of the Star-Delta connections 52,62.
With this switch 64 closed, the machine 26 is operated through the Star
connections.

The machine 26 is a conventional asynchronous motor that, in conjunction
with the Star-Delté type connections 52,62, has the ability to produce at least two
different speeds. The use of the frequency converter 56 expands the possibilities
for the speed output by the machine 26.

With the first switch 44 and fourth switch 64 closed, and one of the
up/down switches 46,48 closed, power is transmitted from the power supply 36
through the Star connection 52 and into the drive machine 26. The drive machine
26 then operates under the line power and at its nomina] speed for that line power.

With the first switch 44 and the fourth switch 64 open, and the pair of
switches 58 closed, power is transmitted through the frequency converter 56,
through the Delta connection 62 and into the drive machine 26. If the frequency
converter 56 is operated at the same frequency as the power supply 36, the drive
machine 26 will operate at half of the nominal speed because of the additional

poles introduced by the Delta connection 62. If the frequency converter 56 is
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operated at twice the frequency of the line power, then the drive machine 26 will
operate at the same speed as the nominal speed.

Fig. 3 illustrates a flow chart for the controller 28. The first step is to
power up the escalator 10. In the next step, the controller 28 determines if the
passenger sensor 32 has senscd an arriving passenger. If no passenger is sensed,
the controller 28 maintains the escalator 10 and drive machine 26 in the powered
up state or ready-to-operate mode. In this mode, the treadplates 18 are not
moving.

If the passenger sensor 32 provides a signal indicating the arrival of a
passenger, the controller 28 then sets the time for the ramp up in frequency of the
converter. Next the controller 28 closes the pair of switches 58 (see Fig. 2) and
gradually increases the frequency of the frequency converter 56 to twice the line
frequency within the time set in the previous step. The conttoller 28 continoatly
tests the frequency until the target frequency is achieved. Once it is achieved, the
first switch 44 and fourth switch 64 are closed and the pair of switches 58 are
opened simultaneously. As a result, the drive machine 26 is switched to the line
power through the Star connection 52, Since the speed produced by the line
power and the speed produced by the frequency converter 56 operated at the target
frequency is the same, any jerk felt by the passengers should be minimal,

The drive machine 26 is aperated under line power until a first timer
expires indicating that a predetermined time period has elapsed without any
additional passengers entering the escalator 10. Additional passengers entering
the escalator 10 during operation at the nominal speed would restart the first
timer. A suggested amount of time for the predetermined time period is the
amount of time it takes for a treadplate 18 to travel a complete loop at the nominal
speed. .

Once the predetermined time period elapses, the drive machine 26 is

switched back to frequency converter 56 control, i.e., the first switch 44 and
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fourth switch 64 are opened and the pair of switches 58 are closed, with the
frequency equal to twice the line frequency. This frequency is then gradually
reduced to the line frequency such that the drive machine 26 operates at half the
nominal speed, hereinafter referred to as the stand-by speed.

Once the stand-by speed is reached, a second timer is triggered. This
timer has a second predetermined amount of time selected by the operator of the
passenger conveyor. The specific amount of time may depend on such factors as
expected level of passenger traffic. By selecting a longer amount of time, the
drive machine is less likely to be stopped. On the other hand, if a shorter time
period is selected, the drive machine will be shut down more frequently.

After triggering of the second timer, the controller 28 continues to check
to see if additional arriving passengers have been detected by the passenger sensor
34. If a passenger arrives while the drive machine 26 is operating in a stand-by
mode, the controlter 28 begins the process of transitioning back to the nominal
speed. If the second timer expires before the next passenger arrives, the second
pair of switches 58 are opened. As a result, the drive machine 26 and the
treadplates 18 are stopped.

Fig. 4 represents an exemplary speed profile for an escalator operated
using the present invention. At time=0, the drive machine and treadplates are
stopped. Attime=1, a passenger is detected, the frequency converter is powered
and the controller transitions the drive machine to the nominal speed by
increasing the frequency of the frequency converter to twice the line frequency.
At time=2, the drive machine is switched to line power and this status is
maintained until the first timer expires (time=3). At this point, the drive machine
is switched back to frequency converter contro] and the controller transitions the
drive machine down to the stand-by speed by decreasing the frequency. At
time=4, the second timer is set, but before it expires another passenger is sensed

(time=5) and the controller transitions the drive machine back to the nominal
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speed by increasing the frequency of the converter (time=6). At this point, the
drive machine is again switched to line power and maintained in this state unti!
the first timer expires. At time=7, the drive machine is switched back to the
converter and the controller transitions the drive machine back to stand-by speed
and the second timer is triggered (time=8). Once this second timer expires
without another passenger being sensed (time=9), the controlier transitions the
drive machine into the ready-to-operate mode, i.e., speed of the drive machine and
the treadplates equals zero (time=10). At time=11, another passenger is sensed
and the process begins anew.

Although the invention has been shown and described with respect to
exemplary embodiments thereof, it should be understood by those skilled in the
art that various changes, omissions, and additions may be made thereto, without

departing from the spirit and scope of the invention.




WO 98/18711 PCT/US97/16687

20

25

Claims

What is claimed is:
1. A method to opetate a passenger conveyor, the passenger conveyor having
a platform moveable between a pair of landings, a passenger sensor, a drive for
providing actuation of the moving platform, a source of power for the drive, and a
frequency converter, the frequency converter disposed between the power source
and the drive, the method including the steps of:

sensing a passenger entering the passenger conveyor;

transitioning the speed of the platform to a nominal speed by increasing
the frequency generated by the frequency converter;

switching the drive to be directly powered by the power source after the
platform speed reaches the nominal speed,

switching the drive to frequency control if it is defermined that no
passengers remain on the passenger conveyor;

transitioning the platform speed to a stand-by speed by decreasing the
frequency generated by the frequency converter, the stand-by speed being less
than the nominal speed; and

transitioning the passenger conveyor from the stand-by speed to a ready-
to-operate condition if a predetermined amount of time elapses without a ‘
passenger entering the passenger conveyor, wherein in the ready-to-operate

condition the platform is stopped.

2. The method according to Claim 1, wherein the passenger conveyor further
includes a timer defining the predetermined time period, and wherein the method
includes the step of starting the timer after the exit of the passenger from the

passenger conveyor,
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3. The method according to Claim 1, wherein the passenger conveyor further includes
a timer defining a second predetermined amount of time, and wherein the method further
inchudes the steps of starting the timer after cach passenger enters the escalator, and
wherein the step of transitioning the passenger conveyor to the stand-by speed is

performed after the second predetermined amount of time clapses.

4. A method to operate a passenger conveyor substantially as herein described with
reference to any one of the embodiments of the invention illustrated in the
accompanying drawings.

DATED this 8th Day of December 1999

OTIS ELEVATOR COMPANY

Attorney: PHILLIP DAVID PLUCK
Fellow Institute of Patent Attorneys of Australia
of BALDWIN SHELSTON WATERS
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