
2075219 ABNORMAL ELEVATOR SPEED DETECTOR 1            The present invention
relates to an abnormal elevator speed detector, and more particularly to an
elevator speed detector which rapidly detects abnormal speed of an elevator
to assure safe running of the 5 elevator. If an elevator controller fails
by some cause, a speed of the elevator may abnormally increase or decrease
depending on the nature of the cause to bring about a dangerous condition.
Therefore, such an abnormal 10 operation must be rapidly detected to assure
safe running of the elevator. One of prior approaches to the above problem
is described below with respect to an A.C. elevator driven by a three-phase
induction motor. The speed 15 control of the A.C. elevator is effected by a
driving torque control unit having inverse-parallel connected thyristor
circuits inserted in two or three phases of the primary winding to control
a primary voltage of the induction motor by controlling the conduction
phase 20  angle of the thyristors for controlling a driving torque, and a
braking torque control unit which supplies a D.C. output of a rectifying
thyristor circuit to the induction motor for controlling D.C. braking
torque applied thereto by controlling the conductor phase angle of the 25
thyristors. The driving force or the braking force    -2- 



1 of the induction motor is feedback-controlled in accordance with a
difference between an actual speed and a reference speed command over an
entire running range from the start of the elevator to the stop of the 5
elevator at a target floor. In such a control system, if the thyristors of
the driving and/or braking torque control units fail, the elevator may
undergo the following abnormal operation. For example, when the elevator is
running 10. upward and the load of its cage is small, or when the elevator
is running downward and the load of the cage is large, and if the
thyristors of the driving torque control unit become nonconductive thereby
failing to apply the normal voltage to the motor, the elevator 15 speed is
gradually increased by an unbalance torque determined by a difference
between the weight of the cage and the weight of a counterweight thereof.
Even if the speed exceeds a synchronous speed of the motor, no regenerative
braking force is developed because no 20 normal voltage is applied to the
motor and hence the elevator speed increases up to a dangerous speed beyond
the rated speed thereof. If the failure is such that the thyristors in the
braking torque control unit are fixed at conducting 25 state, that is, gate
control is disabled so that the thyristors operate in a diode mode, an
excess D.C. current flows through the motor causing a large braking force
to be developed. As a result, the elevator is rapidly    



-3- 1 decelerated presenting abnormal shock to passengers of the elevator.
In addition, if the thyristors or the control devices for the thyristors of
the driving torque control 5 unit and the braking torque control unit fail
simul- taneously, the elevator undergoes similar abnormal operations. One
of the methods for detecting the abnormal operation or failure is as
follows. 10            For the failure in which the normal voltage is not
applied to the elevator and the elevator speed increases, a current flowing
in the motor is monitored and if the current is detected as zero the power
supply is immediately turned off and the electromagnetic brake 15 is
actuated to stop the elevator. However, since the driving torque and the
braking torque are alternately applied for continuously controlling the
speed over the entire running range, there necessarily exists a time period
in which the 20 current is zero at a switching point of the torques.
Accordingly the detection of the failure by such zero current method is
ineffective during the torque switching period. Thus, if the failure occurs
during that period, the failure cannot be detected. 25            For the
failure in which the thyristors of the braking torque control unit fail and
the elevator is rapidly decelerated, the braking current is monitored and
if it exceeds an upper limit of the normal braking   



1 current range, an abnormal condition is determined and the power supply
is turned off and the electromagnetic brake is actuated to stop the
elevator. Since the torque of the electromagnetic brake is much smaller
than 5 the D.C. braking torque which would otherwise occur at the failure,
the shock presented to the passengers when the elevator is stopped by the
electromagnetic brake actuated upon detection of the failure is smaller
than that when the elevator is stopped by the D.C. braking 10  torque.
However, in such a braking current detection method, due to the variances
of the torque characteristic of the motor and the detection characteristic
of the current detector, the reference level for detecting the 15 abnormal
braking current must be set to much higher level than the maximum current
level in its normal operation condition. As a result, even if the failure
occurs and the braking current increases, the detector does not detect.the
abnormal condition until the current 20  reaches the set level.
Accordingly,   satisfactory detect    is not attained. Thus, the
above-mentioned detection methods cannot satisfactorily detect the abnormal
operation of the elevator when the control elements of either the 25
driving torque control unit-or the braking torque control unit fail.
Therefore, it is desirable to eliminate the difficulties encountered in the
prior art   



-5- system and provide an abnormal elevator speed detector which
immediately detects the abnormal operation of the elevator caused by the
failure of the driving torque and/or braking torque control units to
prevent abnormal increase or decrease of the elevator speed. 5
According to the present invention there is provided an abnormal speed
detector for an elevator system having an elevator car for servicing a
plurality of floors, drive means for driving said elevator car so as to
follow a predetemined speed command and a speed detector for detecting
running speed of said elevator car, said abnormal speed detector
comprising: 10 storage means for storing a set of speed data representing a
predetermined abnormal speed checking pattern  determining upper and lower
speed limit values and being arranged to vary as a function of a parameter
whose value unidirectionally changes after the elevator car starts to run;
means for reading out of said storage means 15 the upper and lower speed
limit values of said pattern corresponding to a current value of the
parameter after the elevator car starts running, comparator means for
comparing an actual speed of said elevator car with said upper and lower
speed limit values as read-out of said storage means, and generator means
for generating a signal to stop said elevator car, 20 when said actual
speed is higher than said upper speed limit value or lower than said lower
speed limit value. Embodiments of the present invention will now be
described by way of example with reference to the accompanying drawings, in
which; 25         Fig. 1 is a block diagram showing an arrangement of a
typical example of an elevator controller to which the present invention is
applicable, Fig. 2A and 2B show two forms of elevator speed command 30
pattern, Fig. 3 is a block diagram showing a schematic configuration of 



a microcomputer used in the present invention, 35         Fig.4A and 4B
show diagrams illustrating relationships between an elevator speed and an
abnormal speed check pattern and a speed command in accordance    -6 - 1
with one embodiment of the present invention. Figs. 5 and 6 show examples
of memory maps of a ROM and a RAM, respectively, Figs. 7 and 8 show flow
charts of processes 5  carried out by the computer to detect the abnormal
speed in the embodiments associated with Figs. 4A and 4B, Figs. 9A and 9B
show diagrams illustrating other relationships between the elevator speed
and the 10  abnormal speed check pattern and the speed command in another
embodiment of the present invention, Figs. 10A and 10B show diagrams
illustrating relationships between the elevator speed and the speed command
in a further embodiment of the present 15 invention, and Fig. 11 shows a
flow chart of a process carried out by the computer for detecting the
abnormal speed in an embodiment associated with Figs. 10A and 10B.
Referring to Fig. l, a cage 1 of an elevator 20 is carried by a sheave 4
through a rope 3 with a counterweight 2 attached to the other end of the
rope 3.  The sheave 4 is coupled through a reduction gear 5 to an elevator
driving three-phase induction motor 6 and 



an electromagnetic brake 7.  Coupled to the induction 25  motor 6 is a
three-phase A.C. tachometer generator 8. Since the output voltage and
frequency of the A.C. tachometer generator 8 are proportional to the
rotation speed of the motor 6, the output is converted to a    1  pulse
train by a waveform reshaper 13, which pulse train is used to detect the
position of the elevator in a manner described later. The output of the
tachometer generator 8 is also rectified to produce a D.C. signal 5 which
is proportional to the velocity of the elevator. This D.C. signal is
compared with a reference speed. command to be described later to control
the driving force and the braking force of the motor 6 in accordance with a
difference therebetween. 10            R.T. and S denote feeder lines of a
three- phase A..C. power supply.  A main contact circuit 17 is controlled
by an elevator controller 19 to change line connection for selecting the
elevator running mode such as upward running, downward running, maintenance
15 running or normal running and connected to a thyristor controller 16
which includes a driving torque control unit 16D and a braking torque
controlling unit 16B arranged of thyristors or combination of thyristors
and diodes. As is known the driving torque control unit 16D 20  controls
the driving torque imparted to the motor 6 by phase controlling the
thyristors connected to respective phases of the three-phase supply, and
the braking torque control unit 16B is connected to two of the three phase 



and controls the D.C. braking force imparted to the 25 motor 6 by
phase-control of the thyristor. A phase controller 15 controls the elevator
speed in speed feed-back mode by controlling the firing phase of the
thyristors of the thyristor controller 16 :in accordance    -8- 1  with a
reference speed command from a digital computer such as a microcomputer 14
shown in Fig. 3 and a signal indicative of the elevator speed from the
tachometer generator 8. Through this feedback control, the cage 1 5  of the
elevator is driven at a speed following a speed command 18 generated from
the microcomputer 14. The speed command 18 has a pattern which rises as a
function of time lapsed after starting of the elevator during acceleration
period and falls as a 10 function of position or a run distance from the
decelera- tion initiating point during deceleration period. It is generated
by the microcomputer 14 based on a position signal from a waveform reshaper
12 and other signals from the tachometer generator 8, an elevator
controller 15 and an internal clock. More particularly, the speed command
18 is issued by sequentially reading out a corresponding one of speed
command data which are predetermined accord- ing to a predetermined
preferred speed pattern ranging 20 from the start to-the stop of the
elevator and stored in a read-only memory (ROM) 26 of the microcomputer 14,
in response to timer interruption signals each generated 



at every predetermined time interval after the start of the elevator or
position interruption signals each 25 generated at every predetermined
distance of run of the elevator after initiation of deceleration.  This
will be more fully explained later. The timer interruption signal is
generated every time when a predetermined    1 number of clock pulses
generated by a internal clock 21 of the microcomputer 14 have been counted
from starting of the elevator. The position interruption signal is
generated every time when a predetermined 5 number of pulses generated by
the tachometer generator 8 have been counted from initiation of the
deceleration of the elevator. The starting time of the elevator and the
position where the elevator initiates deceleration are determined by the
microcomputer 14 or any other 10 known means in accordance with various
operational parameters of the elevator such as car call, hall call and
running position of the elevator to be described later. This is disclosed
in, for example, U.S. Patent No. 3,750,850 issued August 7, 1973 and
entitled "Floor 15 Selector for an Elevator car" and hence details thereof
are not explained here. A speed command in acceleration run and constant
speed run, that is, an acceleration command is generated based on the data
obtained by the timer interruption, and a speed command in a deceleration
20 run, that is, a deceleration command is generated based on the data
obtained by the position.interruption. The speed command has a stepwise
increasing and decreasing 



pattern as shown in Fig. 2A and it is used as a base for generating an
abnormal speed check pattern. It is con- 25 verted to an analog quantity by
a D/A converter and smoothened by a filter circuit to produce a speed
command as shown in Fig. 2B which is used to. control the firing phase
angle of the thyristors of the thyristor controller    - 10 - 1  16 by the
phase controller 15. In order to detect the position of the elevator,
position detectors 10 and 11 are mounted on the cage 1 of the elevator so
as to produce signals, respectively, 5  when they pass across one of shield
plates which are provided, respectively, at a specific point in the path of
the run of the elevator, e.g. at a points corres- ponding to the highest
floor or the lowest floor and at stop points or floor landing points of the
elevator at 10  respective floors.  In Fig. 1, one of the shield plates
mounted at the floor landing points at the respective floors is shown by
reference numeral 9. A position determined by signals derived from the
position detectors 10 and 11 when passing across the shield plate mounted
15 at the specific point, i.e. the highest floor or the lowest floor is
used as a reference position, and the run position of the elevator is
detected by the number of pulses generated by the tachometer generator 8
indicative of the run distance from the reference 20  position.  The floor
landing position of the elevator is detected by the signals derived from
the position detectors 



when passing across one of the shield plate mounted at the respective
floors. The position detections are carried out by the microcomputer 14 in
response to the signals 25  from the position detectors 10 and 11 received
through the waveform reshaper 12 in the same manner as described in detail
in applicants copending U.S. Patent Application Serial No. 208,5T9 filed on
November 20, 1980    - 11 - entitled "Method and Apparatus for Detecting
Elevator Car Position".. The microcomputer 14, as shown by a broken line
block in Fig. 3, includes a microprocessor unit 5 (MPU) 20, an internal
clock 21 for timing the operation of the MPU 20, a speed checking timer 33
for applying a timing signal every predetermined time interval to the MPU
20 to establish a timing of checking of abnormal speed of the elevator, a
programmable counter timer 10 element (PTM) 22 which receives output pulses
from the A.C. tachometer generator 8 through the waveform reshaper 13
thereby to decrease the content of the counter by one each time when one
pulse is received or to change the content of the counter, when a pulse is
15 received after the content has reached zero, to a maximum value, e.g.
FFFF in hexadecimal notation if the counter is a 16-bit counter and the
content of which counter can be preset to any desired count and read out by
the MPU 20, peripheral interfaces (PIA) 23, 24 and 25 for 20  communicating
external digital signals with the micro- 



computer 14, a read-only memory (ROM) 26 which stores an operating program
of the MPU 20, a random access memory (RAM) 27 used as a temporary store
serving as a working area for the MPU 20, a data bus 28 through which 25
data are exchanged between the above-mentioned elements, and a control bus
29.through which various control signals such as address signals for the
memory, selection signals for the elements,  clocks and interruption
signals    -12- 1  are transferred. The position signal from the position
detectors 10 and 11 is applied to the PIA 23 through the waveform reshaper
12. The speed command 18 is generated by the 5 microcomputer 14 and applied
to the phase controller 15 through the D/A converter 30 which converts the
digital speed command signal output from the PIA 24 to an analog signal and
the filter circuit 31.  Input signals from a control panel operated by an
operator of the elevator 10  and the elevator controller 19 (Fig. 1) are
applied to the PIA 25 through an I/O device 32. By the construction
described above, an actual speed of the elevator is compared with the
abnormal speed checking data stored in the ROM 26 of 15  the microcomputer
14 to determine if the elevator speed is normal or not. Fig. 4A shows a
relationship between the elevator speed corresponding to speed command
shown in Fig. 4B and the abnormal speed checking pattern, 



20 in which a curve (a) depicts a reference speed of the elevator, (b)
shows an upper limit of the abnormal speed checking pattern and (c) shows a
lower limit thereof. When the elevator runs at a speed between (b) and (c),
a normal condition is determined, and when the elevator 25 runs at a speed
higher than the limit (b) or lower than the limit (c), an abnormal
condition is determined. An interruption is requested to the micro-
computer 14 by the speed checking timer 33 at every fixed time interval
over an entire run range of the elevator    - 13 - 1 from the start to the
stop to detect the actual speed of the elevator and the detected actual
speed with the data stored in the ROM 26 which correspond to the limits (b)
and (c) shown in Fig. 4A for checking if 5 the elevator speed is normal or
not. The abnormal speed check data are prepared by dividing the speed range
from the maximum speed of the upper limit curve (b) shown in Fig. 4A to
zero into a number of different levels corresponding to the 10 number of
steps of the speed command to be given in the deceleration mode of Fig. 2A.
The resulting data [ERR] are stored in addresses ADDS - ADDS + N of the
memory map in the ROM 26 shown in Fig. 5. The data [ERR] are upper limits
of the abnormal speed check 15 data and [ERR] is the maximum value of the
data. The lower limits of the abnormal speed check data may be stored in
other addresses in a similar manner, 



but in order to reduce the required memory capacity a data Da corresponding
to a difference AV between the 20 upper limit (b) and the lower limit (c)
shown in Fig. 4A is stored at an address ADDS + N + 1 shown in Fig. 5 and
the lower limit data are generated by subtracting [ERR] from the upper
limit data when-the lower limit speed is to be checked. 25
During the acceleration mode.of the elevator (period Ta in Fig. 4A), data
D0 of the speed checking data is read out for checking only the upper limit
of the speed. While after the period Ta, the upper limit and    1  the
lower limit are checked and hence it is required to read out the upper
limit data and to obtain the lower limit data in the manner described above
to be compared with the actual speed. 5            After the elevator has
begun deceleration, the abnormal speed check data [ERR], [ERR], [ERR],
....., [ERR]  are to be read out in this order. The address at which the
data to be read out next is stored is temporarily stored at an address
[ERR] of the RAM shown in Fig. 6 in response 10  to a-position interruption
signal generated at every predetermined run distance of the elevator. When
the speed checking timer interruption request is issued, the content at the
address Al, that is, a current speed checking data is read out, which is
then compared with 15 the actual speed of the elevator. The timer
interruption for executing the speed check is issued periodically at a
frequency which is higher than,-for example, three 



times of the frequency at which the position interruption for updating the
content of the address. A, i.e. the 20  read-out address for the current
speed checking data is periodically issued. Fig. 7 shows a flow-chart of a
program stored in the ROM'26 for implementing the above steps. The program
is prepared to execute an initiali- 25  zation step 100 for resetting, when
the power supply is turned on, flags and variables of the microcomputer 14
and resetting the PIAs 23, 24 and 25, the PTM 22 and the PAM 27, a step 200
for stopping the elevator when    1 it reaches the floor landing position,
a step 300 for starting the run of the elevator, steps 400 and 500 for
determining whether or not there occurs a request for the speed checking
timer interruption 5 or the position interruption for updating the readout
address for the speed.checking data, a step 600 which is executed, when the
position interruption is issued, for updating the content of the address
[ERR] in RAM, i.e. the read-out address for the current abnormal speed 10
checking data, a step 700 which is executed, when the timer interruption is
issued, for detecting the actual speed of the elevator, a step 800 for
comparing the actual speed of the elevator with the abnormal speed check
data to determine if the elevator speed is normal 15 or not, a step 900 for
stopping the elevator upon detec- tion of the abnormal speed, and a step
1000 for checking, upon detection of the normal speed, if the elevator has 



reached the floor landing position and Jumping to the stop step 200 if it
has reached or to the step 400 thereby 20 waiting for the next interruption
if it has not reached. In the step 200 for stopping the elevator, the
register and the flags used for running the elevator when the elevator was
stopped at the floor landing position are reset to prepare for the next
operation. 25            In the step 300 for starting the run of the
elevator which is carried out when the microcomputer 14 generates a start
of run signal on the basis of various signals related to the run of the
elevator, a maximum value    - 16 - 1  FFFF is set to the counter of the
PTM 22 and the first address ADDS where the first one of the speed checking
data is stored in the ROM 26 is stored at the address Al of the RAM shown
in Fig. 6. 5            In the step 600 for updating the read-out address
for the abnormal speed checking data, the addresses ADDS, ADDS + 1, .....
ADDS + N at which the abnormal speed checking data are stored,
respectively, as shown in Fig. 5 are sequentially stored in that order in
the 10  address [ERR] ofthe RAM shown in Fig. 6 each time when the position
interruption signal is generated. In.the step 700 for detecting the actual
speed of the elevator, a difference between the content of the address A2
in the RAM of Fig. 6, i.e. the past 15 content of the counter of the PTM 22
at T period earlier time, where T is a period in the periodical occurrence 



of the interruption signal from the timer 33, and the current content of
the counter of the PTM 22 is calcu- lated and the difference is stored at
the address A3 of 20 the RAM while the current content of the counter of
the PTM 22 is stored at the address A2 in place of the past content. The
difference between the current content of the counter of the PTM 22 and the
past content thereof 25 represents the run distance of the elevator in the
time period T.  It,. therefore, has a velocity dimension and it is used as
the actual.speed of the elevator. It should be understood that the abnormal
-17- 1  speed checking data of Fig. 5 must have the same dimen- sion as
that of the speed detected in the manner described above. Fig. 8 shows the
subroutine of the step 800 5 for comparing the elevator speed with the
abnormal speed checking data to determine if the elevator speed is normal
or not. Referring to Fig. 8, a step 801 determines if a time period Ta has
elapsed since the start of the 10  elevator and if it has not elapsed the
process goes to a step 803 in which the content of the ROM addressed by the
content at the address [ERR] of the RAM of Fig. 6, that is, the data D
stored at the address ADDS in Fig. 5 is read out. 15            The data D
is used to check the upper limit 



of the elevator speed and it corresponds to the maximum value of the upper
limit (b) shown in Fig. 4A. The data [ERR] is set to any desired value
between the rated speed of the elevator and a speed at which a speed 20
governer for mechanically detecting the upper limit of the abnormal speed
of the elevator is actuated. In the next step 804, the actual speed [ERR]
of the elevator currently stored in the RAM, that is, the content of the
address A  of Fig. 6 is read out. 3 25 Then the actual speed [ERR] is
compared with [ERR] in a step 805. If the elevator speed Dv is not less
than the upper limit D of the abnormal speed checking data, the elevator is
immediately stopped in a step 900.    - 18 - l            If the elevator
speed is not abnormal, i.e. the elevator speed Dv is less than the upper
limit Dos the process goes to the step 1000. If the step 801 determines
that the time period 5 Ta has elapsed since the start of the run of the
elevator, the upper limit of the elevator speed as well as the lower limit
thereof are checked. In a step 806, the content of the ROM addressed by the
content of the address A1 of the RAM shown in 10  Fig. 6, for example, the
content of ADDS + n in the ROM, i.e. the abnormal speed check data Dn is
read out. In a step 808, the check data Dn is compared with the elevator
speed DV read out .in a step 807 to check if the 



elevator speed is lower than the upper limit of the 15 abnormal speed
checking data. If the elevator speed is not lower than the upper limit of
the abnormal speed checking pattern, the elevator is stopped. If it is
lower than the upper limit, the lower limit of the speed is checked in the
20  next step. In the step 809, the difference data [ERR] stored in the
address ADDS + N + 1 of the ROM 26 shown in Fig. 5 is subtracted from the
upper limit Dn of the abnormal speed checking pattern previously read out
to generate 25  the lower limit [ERR] of the abnormal speed checking
pattern.  In a step 810, the lower limit [ERR] is compared with the
elevator speed DV and if the elevator speed [ERR] is not higher than [ERR],
the power supply    -19- 1  is immediately turned off and the
electromagnetic brake is actuated to stop the elevator (step 900). If
[ERR], it is-determined that the elevator speed is normal and the process
goes to a step 1000 (Fig. 7) in which it is 5  determined if the elevator
has reached the floor landing position.  If it has reached, the process
returns to the step 200, and if it has not reached the process enters a
loop for waiting for the next timer inter- ruption and when the next timer
interruption is issued 10  the elevator speed check is again carried out in
the same manner as described above. In the illustrated embodiment, only the
upper 



limit of the speed is checked during the predetermined time period Ta after
the start of-the elevator. 15  If it is necessary to check not only the
upper limit but also the lower limit over the entire running range, the
following process is carried out. As shwon in Fig. 9A, an upper limit speed
checking pattern (b) is determined to be [ERR] larger than a reference
elevator 20  speed pattern (a) and a lower limit speed checking pattern (c)
is determined to be [ERR], smaller than the reference elevator speed
pattern (a). The upper and lower limit speed checking data are obtained on
the basis of the upper and lower limit speed  checking patterns and stored
in 25  predetermined addresses of the ROM. During the acceleration period,
the readout address for the data is successively renewed at every constant
time interval or in synchronism with the timing    - 20 - 1  of updating of
the acceleration command, and during the deceleration period the readout
address for the data is successively renewed at every predetermined run
distance of the elevator after the deceleration has 5 started or in
synchronism with the timing of updating of the deceleration command. Those
data are compared with the actual speed of the elevator to check the
elevator speed. Thus, in the present embodiment, the data used 10  to check
if the elevator speed is normal or not are stored in the ROM and they are
compared with the actual 



speed of the elevator to. check the upper and lower limits of the elevator
speed. Accordingly, when the torque controller of the elevator fails, it is
rapidly detected 15 so that the electromagnetic brake is actuated to stop
the elevator. As a result, a highly safe elevator controller is provided.
If the abnormal speed check data were set very closely to the actual speed
of the elevator, the 20 actually normal elevator speed might be detected as
being abnormal because the actual elevator speed would vary more or less
due to variances of the elevator controller or the motor characteristic or
variance of the characteristic of the deceleration initiating 25 position
detector. Accordingly, the abnormal speed checking data must be set to a
value with a reasonable margin. However, if the abnormal speed checking
data    -21- 1  is set to a value with too much margin, the detection of
abnormal condition is necessarily delayed. Therefore, if such an abnormal
condition takes place near the deceleration initiating position for the
terminal floor 5  such as the uppermost floor or the lowermost floor, the
elevator may overrun beyond the uppermost floor or the lowermost floor to
collide against a safety mechanical buffer so that the elevator is no
longer operative to .restart towards the normal running zone. 10
Accordingly, in addition to the process 



described above, the following process may be adopted for the uppermost or
lowermost floor in order to stop the elevator within a predetermined safe
zone. To this end, the electromagnetic brake is 15 actuated to stop the
elevator if the elevator speed has not been decelerated to a predetermined
level when the elevator has reached a predetermined position before the
terminal floor. The predetermined position is selected to such a position
that when the electro- 20  magnetic brake is actuated at that position it
is sure that the elevator is stopped in the safe zone where the elevator is
operative to restart towards the door open zone. Figs. lOA and lOB show
such a position in the speed and speed command patterns which are
substantially 25 the same as those previously described and Fig. 11 shows a
flow chart of the process for checking the elevator speed at the position
Q. Fig. lOA shows an elevator speed curve and    - 22 - 1  Fig. 10B shows a
corresponding speed command.  A point P represents the deceleration
initiating position., a point R represents a stop position in a normal
condition and a point Q represents the check position where the speed 5
check is carried out to determine if the elevator speed is normal or not.
The microcomputer determines a past maximum speed [ERR] which is stored in
the RAM. When the elevator reaches the point Q. the actual speed [ERR] of
the elevator 



10 at that point is compared with the previously detected maximum speed VM,
and when the difference therebetween is smaller than a predetermined value,
an abnormal condition is determined and the electromagnetic brake is
actuated. 15            The maximum speed of the elevator is determined by
comparing the past speed at a time period T earlier with the current speed
determined in the step 700 in Fig. 7 and if the difference therebetween is
substantially zero the current speed is regarded as the maximum speed 20
DM (corresponding to [ERR]) and it is stored in the RAM 27. Since the speed
at the point Q in the normal condition must have been reduced to a certain
level lower than the maximum speed determined above, an allowable minimum
speed drop Da which should be reduced 25  in any event during the
deceleration run from the deceleration initiating point P to the check
point Q in the normal condition is predetermined and stored in the ROM 26.
-23- In a step 1101 of Fig. 11, it is determined if the elevator has
reached the point Q in the decelera- tion mode.  This is carried out by
checking the updated content of the address [ERR] of the RAM in Fig. 6 and
when 5 the updated content represents the address of the ROM where the
speed check data to be used at the point Q is stored, it is determined that
the elevator has reached the point Q. 



The maximum speed data DM previously detected 10 in the manner described
above and the actual speed data DV of the elevator (corresponding to [ERR]
in Fig. 10) at the point Q are read out, and the difference [ERR] is
compared with the allowable minimum speed drop [ERR] stored in the ROM 27.
If [ERR],  it is determined 15 that the elevator has been decelerated
normally, and if [ERR], it is determined that the elevator has not
sufficiently been decelerated. Thus, the abnormal condition is determined
and the process goes to the step 900 to stop the elevator. 20
According to the above process, the elevator can be stopped at a position
where the elevator is still operative to start again even if the elevator
fails to normally decelerate to stop at the terminal floor such as the
uppermost or lowermost floor. As a 25 result, the abnormal speed checking
pattern may be prepared with a large margin relative to the reference
elevator speed so that the abnormal speed check is reliably carried out
irrespective of the variances of    1 the motor characteristic, the
elevator controller characteristic or the detection characteristic of the
deceleration initiating position detector. As described hereinabove,
according to the 5  abnormal speed detector of the present invention, the
actual speed of the elevator and the abnormal speed checking data stored.in
the memory are sequentially compared to check if the elevator speed is
normal or 



not in order to detect the abnormal speed of the elevator. 10  Accordingly,
if the elevator fails resulting in that the elevator speed abnormally
increases or decreases, it is rapidly detected to stop the elevator.    25
CLAIMS: 1.      An abnormal speed detector for an elevator system having an
elevator car for servicing a plurality of floors, drive means for driving
said elevator car so as to follow a predetermined speed command and a 5
speed detector for detecting running speed of said elevator car, said
abnormal speed detector comprising: storage means for storing a set of
speed data representing a predetermined abnormal speed checking pattern
determining upper and lower speed limit values and being arranged to vary
as a function of a parameter 10 whose value unidirectionally changes after
the elevator car starts to run; means for reading out of said storage means
the upper and lower speed limit values of said pattern corresponding to a
current value of the parameter after the elevator car starts running;
canparator means for comparing an actual speed of said elevator 15 car with
said upper and lower speed limit values as read-out of said storage means,
and generator means for generating a signal to stop said elevator car, when
said actual speed is higher than said upper speed limit value or lower than
said lower speed limit value. 20 2.      An abnormal speed detector
according to Claim 1, wherein said parameter is a run position of said
elevator car for the speed data to be used after the elevator begins to
decelerate and before it stops. 



25 3.      An abnormal speed detector according to Claim 1, wherein said
parameter is a time interval elapsed after the elevator car starts to run
for the speed data to be used after the elevator starts to run and before
it begins to decelerate.    -26- 4.      An abnormal speed detector
according to Claim 1, wherein said abnormal speed checking pattern has a
constant level between the start of the run of said elevator car and
initiation of deceleration thereof and a variable level decending from said
constant level as a 5 function of run distance of said elevator car
measured from the initiation of deceleration between the initiation of
deceleration and the stop of said elevator car. 5.     An abnormal speed
detector according to Claim 1, wherein said 10 abnormal speed checking
pattern rises as a function of a time elapsed after the.start of the run of
said elevator car during an acceleration period and falls as a function of
run distance of said elevator car measured from initiation of deceleration
during a deceleration period. 15 6.      An abnormal speed detector
according to Claim 1, further comprising: means for detecting maximum speed
after the elevator car starts to run and storing said maximum speed, means
for detecting a difference between the actual speed of 20 said elevator car
detected when said elevator car has run a prede- termined distance after
the initiation of deceleration to stop at a terminal floor, and said
maximum speed, and means for comparing an output of said speed difference
detecting means with a predetermined value to detect an abnormal condition
when 25 said output of said speed difference detecting means is lower than
said 



predetermined value.    - 27 - 7.      An abnormal speed detector for an
elevator system substantially as hereinbefore described with reference to,
and as illustrated in, the accompanying drawings. The text of the
specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read.
The original typescript containing these amendments may be inspected on the
premises of the Patent Office    


