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POSITION CONTROL METHOD FOR ELEVATOR
BACKGROUND OF THE INVENTION

1. Field of the Inventioﬁ |

The present invention relates tb a position control method
for an elevator, and in particular to a position control method
for an elevator by which the cage of an elevator can arrive at
a desired floor by computing a speed pattern of a cage befofe
the elevator is operated and controlling the position of the
cage which is operated in accordance with the computed speed
patté:n, and which is capable of judging the'position of the
cage based on the pulse from a position detector, and changing
the speed pattern based on an error when the'error_occurs
between the judged position of the cage and the position oﬁ the
cage which was previously set, so that the cage is more

accurately operated based on the changed speed pattern;

2. Description of the'Cdnventional Art

Figure 1 is a view illustrating the construction of a
conventional elevator position control apparatus.

As shown therein, the. conventional position contfol'
apparatus for én elevator includes a dage 2, a position detector
3 having a permanent magnet 31 and-a read switch 32 and disposed

in an upper portion of the cage 2 for outputting a position
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detection signal in cooperation with a shield plate 4 disposed
in a side wall of a cage mdving path 1, a motor 9, an encoder 10
for outputting a pulse corresponding to the number of roﬁatibns
of the motor 9, an operation controller 6 for judging the
position of the cage 2 based on the position detection signal
from the position detector 3 and the output signal from the
encoder 10 when a floor call is requested.from the cage 2 and
for outputting a spegd command signal v* so as to move the cage
2 to a .service floor, a motor controller 7 for outputting a
control signal cs for controlling the speed of the motor 9 in
accordance with the speed command signal v*' inputted thereto,
and an inverter 8 for receiving the control signal cs and for
outputting a phase voltage to the motor 9.

When the height of the bottom of the cage 2 is the same as
the bottom of the floor 5, the position detector 3.disposed in
the upper portion of the cage 2 is positioned at the center
portion of the shield plate 4. Therefore, as the cage 2 is
.moved, when the position detector 3 passes through.the_shield'
plate 4, a magnetic force from the permanent magnet 31 is
blocked by the shield plate 4, and then the read switch 32 is.
turned off. | |

The position control process of the conventional position
detection apparatus for an elevator will now be explained with
reference to the accompanying drawings. |

Before the elevator is normally operated, the operation



controller 6 operates the cage 2 from the lowest floor to the
" highest floor so as to set a-floér height value of each floor.
Here, the lowest floor is assumed és a first floor.

When the cage 2 is operated erm the first floor, thé
encoder 10 outputs a pulse corresponding to the .number -of
rotations of the motor 9, and output pulse is inputted to the
operation controller 6, and a direct current volfage Vdclis
supplied to the operation controller é through the read switch .
32 of the position detector 3.

When the cage passes through'the second floor, the magnetic
force from tﬁe permanent. magnet 31 is blocked by the shield
plate 4, and then the read switch 32 is turned off, whereby the
'supply; of the direct current voltage Vdc to the operation
controller 6 is stopped. The operation controller 6 accumulates
the number of pulses from the encoder 10, and sums the number of |
- pulses from the encoder 10, which number corfésponds to a length
of 125ﬁm which is half of the length of the shield plate 4, and
summed value is stored as a floor height value corresponding to
the height between the first floor and the second floor. The
above-described processes are repeated during thé'operation of
the cage 2 from the.highest floor to the lowest floor, for thus
storing the floor height walue of each floor.

After the floor height value is stored, when a user
(passenger) registers tﬂe service floor at the floor 1 or in the

cage 2, the operation controller 6 computes the distance from



the current floor to the service floor, namely, the distance

"dist" within which the cage 2 is operated.
dist = Pd - Po m——mmmmm-= (1)

whefe Po denotes a floor height value of the current floor,
and Pd denotes a flOOr-height.value of the service floor.

Next, the operation controller 6 determines the speed
pattern from the distance "dist" within which the cage 2 is
operated. The speed pattern will now be explained with reference
to Figures 2 through 3D.

Figure 2 is a graph of the acceleration based on a rgnning
time of an elevator in the conventidnal art. As shown_therein,
there are seven intervals PS1 through PS7 in accordance with the
pattefn of the acceleration. Here, PS1 and PS5 are referred to
intervals withiﬁ which the acceleration is increased. PS2 and
PS6 are referred to intervals within which the aéceleration is
constant. PS3 and ﬁS7 are referred to intervals within which the
acceleration is reduced. PS4 is referred to an'intérval within
which the acceleration is zero. In addition, J1, J2, J3, and J4
are referred as a jerk (the rate of change of acceleration).

The speed of each interval is as follows:

1
V., (kT) = ---(kT)?
. .2
Vo (kT) = J(k,T) (kT) + V,(k,T)



- J
V,(kT) = - ---(kT)? + J(k,T) (kT) + V,(k,T)
2
V, (kT) = V,(k,T)
Vs(kT) = - ---(kT)? + V,(k,T)
2
Ve (kT) = - J(k,T) (kT) + V;(k,T)
1
Vo(kT) = --- (kT)? - J(k,T) (kT) + Vg (k,T)

2
The distance P,(kT) of each interval can be obtained by

integrating the speed of each interval with respect to time as

follows:
P;(kT) = fvidt, i =1, 2, ..., 7 =----=--- (3)
P,(T;) = dist + Po

Therefore, the total distance "dist" within which the cage

2 is operated is obtained as follows from the distance P, (kT).

dist=2J(k,T)? + 3J(k,T)*(k,T) + J(k,T)?(k,T) +
J{k,T) (k,T)? +  J(k,T) (k,T) (k,T) = ------ (4)

The speed pattern of each interval is determined based on

Equatidn (4). In addition, since the acceleration "J" and the



intervals (SP1l, SP3, S?S, and SP7) within which the acceleration
is varied are previously set, the unknown values are k,T and k,T.

Therefore, so as to solve the unknown values, four
different accelération patterns are used as shown in Figure 3.

Figure 3a illustrates the acceleration pattern when the
distance of the intervals. SP2, SP4, and SP6 are zero (0),
respectively, and Drefl denotes the minimum distance within
which the cage can be operated. Figure 3B illustrates the
acceleration pattern when the distance of the interval SP4 is
zero (0), and Figure 3C illustrates the acceleration pattern
when the distance of the interval SP4 is zero (0), and when the
cage 2 reaches the rated speed, and Figure 3D illustrates the
acceleration pattern when the cage 2 is operated at. the rated
speed, aﬁd when the.intérval'SP4 is variable. In addition, as
shown in Figures 3C and 3D, the area "b" is as the rated speed,
and "a" denotes the distance when the.cage reaches at the rated
speed. -

Here, since the intervals SP2, SP4, and SPé6 are zero (O);

the distance Drefl is as follows.
Dpess = 20 (K, T)? ------ccmomo- (5) -
Since the area "b" is the rated speed, and the interval SP4

is zero (0), the distance Dref2 can be obtained by the following

equation. Here, Ay denotes the maximum value of the



. acceleration.

Vegr = (k1T + k;T) Auax

Vegr
K,T = ---- - kT
Ax
Ay = J(k,T)
Dop = JOLT) [2(6T)% 3(GT) (T + (T2 --- (6)

The operation controller 6 judges the appropriate
accelation pattern at which the cagé 2 is being operated from
the four 'accéleration"patterns. This process will now be-
explained with reference on Figure 4.

If the distance "dist" within which the cage 2 is operated
is shorter than the minimum distance Drefl in step S41, it is’
jﬁdged that the system has a pfedetermined error.

In addition, if the distance "dist" within which the cagé
2 is operated is longer than the distance Drefl, and shorter.
than the distance Dref2 in step S42, the pattern with which the
cage 2 is operated is shown in Figure 3B. In this case, since
k,T is zero (0) iﬁ accordance with Equation 4, the value of k,T
is computed in step S43..

lIn addition, if the distance "dist" within which the cage
2 is operated is longer than the distance Dref2, and when the

speed of the cage 2 reaches the rated speed of Vi, the value of



k,T is the. same as the value computed based on Equation (6) in
step S44, and the value of k,T is computed by substituting thé
computed value k,T into Equation 4 in step S45.

When the spee'd pattern with which the cage 2 is operated is
determined, the position P;(kT) of the cage 2 within each
interval PSi is oomputed based on Equation 4 in step S4s6.

The position P;(kT) of the cage 2 is stored as a reference
position Pr, and then the cage 2 is in a ready mode for
operation.

The operation controller 6 outputs a speed command signal
v* in accordance with the determined speed pattern, and then the
motor 9 is driven so as to drive the cage 2. The pulse from the
enooder 10 which pulse corresponds to the numbsr of the rotation
of the motor 9 is inputted to the operation controller 6.

The operation controller 6 detects the current position of
the cage 2, namely, a synchronous -position- Pc, in accordance
with the pulse inputted thereto, compares the synchronous
position Po with the reference position Pr, | computes a position
difference OFFSET, and outputs the value obtained by multiplying
the position difference OFFSET by a predetermined gain GAIN as
a new speed command signal v".

*

v’ = GAIN * OFFSET e (77

As described above, during the eperation of the cage 2, the



" number of pulses from the encoder 10 may be different from the
number of pulses counted by the operation controller 6 due to an
unknown cause occurred in the system. In addition, when a rope
connecting the cage 2 and a ébunterweight 11 may be elongated,
for thus causing a slippage between a sheave and the rope, there
may be an error between the position of thé cage 2 which is
judged based on the output pulse from the encoder 10 and the
actual position of the cage 2. In this case, the cage can not
accurately arrive at the service floor. |
- Therefore, so as to overcome the above-described pfoblems,

the synchronous position is corrected by using a de#ice sﬁch as
a position detector. |

However, in the conventional position control method of
outputting the position error corrected the synchronous
position, when the position difference OFFSET is iarge, since
the speed command signal may be significantly change, the motor
which is driven in accordance with the speed command signal may
be overloaded, thus causing a.malfunction of the system.

Namely, as shown in Figures 3C énd 3D, the maximum value of
the rated speed is set as "a". However; when the speed is
increased within the inﬁervals SP1, SP2, and SP3 as shown in
Figﬁres 3C and 3D, the cage 2 is operated at over rated speed
"a", and thus causing the_malfunction of the motor.

In addition, when the speed command signal is changed

within the intervals SP1, SP2, SP5, and SP7 within which the
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acceleration is changed, the - speed pattern becomes
"discontinuous, and thus causing the system to be unstable, and
the ride of the cage 2 is bad.

Moreover, the cage may not accurately arrive at the service

floor due to overloading of the system.

SUMMARY OF THE INVENTION

Accordingly, it is aﬁ object of the present invention to
provide a position cpntrol method for an elevator which
overcomes the problems encountered in the conventional art.

It is another object of the present invention to provide an
improved position céntrol method for an elevator which is
capable of resetting the position of .a service floor in
accordance with the occurred position errof and ope;ating the
cage based on the reset service floor. |

It is still anothef object of the present invention to
provide an impréved position control method for an elevator by
which the system does not receive any overload even when the
speed pattern of the cage is changed while the cage is operated
in accordance with the occurred position error.

To achieve the above objects, there is provided a position
control.method for an elevator which includes the steps of a
first step for computing a running distance to a service floor

when a passenger registers a call, genéréting a speed pattern in
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accordance with the computed distance, and operating a cage in
accordance with the speed pattern, a second step for re-
computing the running distance of the cage based on a position
error when the position error occurs during the operation of the
cage, and a third step'for re-computing the speed pattern in
accordance with the running distance computed inlthe second

step.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention willibecome more fully understood
from the detailed descriptioh given hereinbelow and . the
accompanying drawings which are given by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

Figure 1 is a view illustrating the construction of a
conventional elevator position control apparatus;.

Figure 2 is a gréph.'of .the acceleration of the cage
according to the conventional -art;

Figures 3A through 3D are views illustrating four
acceleration patterns of a cage in the conventional arﬁ;

Figure 4 is a flow chart of a computation proéess of a
speed pattern of a cage by using an operation controller based
on a conventional elevator position control method;

Figure 5 is a flow chart of an elevator position control
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process according to the present invention; and

Figure 6 is a view illustrating an aéceleratioﬁ pattern of
a cage, in the case that a distance Pn of a.changed service
floor is shorter than a distance Pd of an original service floor

according to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Identically with the convéntional position control method
for an elevator, as shown in Figure 1, the operation controller
6 computes and stores the floor height value of each floor. In
addition, the distance between the current floor and the service
floor, namely, the distance I'.d':'Lst" within which the cage is
operated, is computed based on Equation 1. Moreover, the speed
pattern is computed from the distance "dist", anq the cage is
operated in accordance with the computed speed pattern, and the
current- ﬁosition,. namely, the s?nchronous position Pc, is
detected based on the operation of the position detector.
Namely, the above-described processes are the same as the
conventional art.

Figure 5 is a flow chart of an elevator pbsition control
process according to the present invention, and Figure 6 is a
view illustrating an acceleration pattern of a cage, in the case
that a changed distance Pn of a service floor is shorter than a

distance Pd of an original service floor according to the
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preseht invention.

As shown therein, the operation controller 6 compares the
current position of the cage 2, namely, the synchronous position
Pc with the reference position Pr, and computes the positidn
error OFFSET in step S51. If the position error OFFSET is
greater thanla critical upper bound value (CUB) in step S52, it
is judged that the system has a problem in step S53, and then
the routine is stopped. Here,.the critical uppér-bound value CUB
is the maximum value which may cause a position error on the
assumption that the system is normally operated. In addition, if
the position error OFFSET exceeds the critiéal upper bound
'(CUB), it means that there is a predetermined error in the
position control apparatus.

In addition, if the absolute value of'the.position error
OFFSET is less thén a critical lower bound valué (CLB) in-step
S54, the cage is judged to be operating normally and the routine
is stopped. Here, the critical lower bound value (CLB) is a
predetermined value which is obtained during the computation.

Therefore, if the position error OFFSET is less than the
CUB, and is greater than the CLB, the position error OFFSET is
added to the distanée Pd of the initial service floor, for thus
computing the distance Pn of the new service floor.in step S55,
and the operation distance "dist" is re-computed as follows in

step S56.
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dist = |Po - Pn] B (7)

Next, the speed pattern is computed. Here, both-the cases
that the distance Pn of the changed service floor is longer, and
the distance Pn of the changed service floor is shorter than the
distance Pd of the originel service floor are considered,
respectively. |

First, if the distance Pn.of the changed service floor is
~ longer than the distance Pd of the original service floor, the
intervals k,T and k,T are eomputed identically as in the
conveﬁtional art in steps S41 through S45, and'the jerk J is
computed based on the changed intervals k,T and k,T in step 858.
Here, in the conventional art, the jerk J was the fixed value
within the entire interval within which the cage is operated;
‘however, in the present 1nventlon, the jerk J3 and J4 w1th1n the
intervals SP3 and SP4 are substituted with a new jerk J, for
thus preventing the rated speed Vyge Erom being changed within
the.preﬁioﬁs interval. -

For example, when the jerk J is newly obtained within the
interval SP2, the jerk J is not substituted with the.jerk J2 but
substituted with jerk J3 and J4 within the interval SPS.

On the contrary, if the distance Pn of the changed service
floor is shorter than the distance Pd of the original service
floor, the cage must be decelerated within the intervals PS2 and

PS4 whereby the accelaration is constant.
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Namely, it is judged that the currenf position Pcage of the
cage is at the position Psd, whereby position Psd means the
position of the cage at which deceleration must be baguﬁ in
order for the cage to accurately arrive at the changed service
floof. Therefore, if the current position Pcage of the cage is
the position Psd, it is judged that the current position Pcage
is referred to which interval in steps S61 and S64.

As shown in Figure 6, if the position of the changed
service floor is a position "c", as indicated by a dotted line,
the pattern of the cage is changed to the deceleration pattern,
and then the position at which the cage can accurately arrive is
a position "a". Namely, the pattern of the cage musﬁ be changed
to the decelération paﬁtern so that the éage can arrive at the
position "c* of-the changed service floor, and the distance of
the interval PS5 must be set to a new distance of T2’ of the
interval PS2. | |

Therefore, if the current position Pcage of the cage is
.within the interval PS2 in step S61, the current interval is
changed to the interval PS3, and the distance Té of fhe interval
PS6 is set as the distance T2’ of the interval PS2 as shown in
?igure 6 in steps S62 and S$63.

In addition, if the current position is within the interval
. PS4 in step S64, thé distance T6 of the interval PS6 is set to
have the same distance as the distance T2 of the interval PS2,

and the current interval is changed to the interval PS5 in steps
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S65 and S66. Namely, if the position of the service floor change
is "d", the position Psd becomes the position "b".

As described above, whén the positidn error occurs, the
cage is stopped at the time of the'occurrence of-the position
error, and it is judged whether the cage can be operated by
changing the speed of the cage, aﬁd then the cage is operated.

Therefore, in the position control method for an elevator
according to the present invention, the speed command signal is
not abruptly changed, for thus obtaining a safety operation of
the system, whereby the system does not receive an overload, and
the cage can accurately arrive at the service floor.

In addition, the ride of thé cagé can be improved without
abruptly changing the spéed of the cage.

Although the preferred.embodimehts of the present invention
have been diéclosed for illustrative ﬁurposes, those skilled in
the art will apbreciate that Various modifications, additions
and substitutions are possible; without depafting from the scope
and spirit of the invention as recited in the ;ccompanying

claims.
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What is claimed is:

1. A position control method for an elevator, comprising
the steps of:

a first étep for computing a running distance to a original
service floor when a passenger registers a call, generating a
speed pattern in accordance with the computed distance, and
operating a cage in accordance with the speed pattern;

a second step for re-computing the running distance of the
cage based on a position error when the position error occurs
during the operation of the cage; and

a third step for re-computing said speed pattern in

accordance with the running distance computed in the second

step.

2. The method of claim 1, Wherein gsaid second step
includes the sub-steps of:

a first sub-step for comparing the current position of the
cage with a reference position, and computing the position
error; and

a second sub-step for computing a distance of a changed
gervice floor by adding/subtracting the position error to/from

the distance of said original service floor.

3. The method of claim 2, wherein when the position error

NN O O O
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is greater than a critical upper bound value, the system is
judged to have a problem, and the position error is not the
position error of the cage but the position error occurred in

another portion of the system.

4. The method of claim 2, wherein whe.n said position
difference igs less than a critical lower bound value, the
operation of the cage is judged to be normal, and the critical
lower bound value is an error which may occur in the computation

process of the critical lower bound value.

5. The method of claim 1, wherein said third step is
directed to changing a jerk of .the deceleration interval in
accordance with the computed speed pattern when the running
distance computed in the second step is longer than the origiﬁal

running distance.

6. The method of claim 1, wherein said th_ird step is
directed to changing the speed pattern in which the acceleration
is constant to the deceleration when the running distance
computed in the second step is shorter than. the original running

distance.

7. The method of claim 6, wherein the speed pattern is

changed to the _deceleration pattern at a point where the cage

AN R R
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can arrive at the changed service floor when the cage is

decelerated from the current position.
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