- 1 - ELEVATOR EQUI PPED W TH AN ELECTRONI C SAFETY SYSTEM BACKGROUND
OF THE | NVENTI ON The present invention relates to an
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SUMMARY OF THE INVENTION
In the conventional technology described above, although the reliability is
enhanced by duplicating the microcomputer or processing device, there is a possibility of an
error or failure going undetected because the only check for elevator anomaly is made by simply
25 comparing final calculation results from the processing devices, i.e., the output signals (car stop
signals) represented by a bit of I or 0. For example, when a car stop signal from one of the
processing devices gets stuck on the side of a car that does not need-to be stopped, dueto a
failure of that processing device (e.g., a failure of the microcomputer itself and a failure of a car
stop signal output unit), the failure cannot be detected under a normal operating condition where
30 the car does not have to be stopped.

That is, where a failure in one processing device is latently present, if the other



- 2 - processing device fails, the car cannot be stopped, which neans
that the reliability of the safety device has degraded. As for the
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performs a self-diagnosis to check whether it is operating correctly.
In the elevator of this invention since the safety controller performs a self-
20 diagnosis on itself while the elevator is at rest, any failure occurring in the processing devices

from the processing unit to the output unit has come to be able to be detected, realizing safety

with improved reliability and sophisticated functions.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing an overall construction of one embodiment of
25 this invention.
Fig. 2 is a signal diagram showing the safety controller in one embodiment.
Fig. 3 is a block diagram of the safety controller in one embodiment.
Fig. 4 is a block diagram showing an anomaly checking process in one
embodiment.
30 Fig. 5 is a block diagram showing a sensor and a safety controller required in
making a stop decision in one embodiment.
Fig. 6 is a diagram showing sensor input information used for the self-diagnostic

in one embodiment.



Fig. 4 is a block diagramshow ng an anonmal y checki ng process in one
enbodi ment. 30Fig. 5 is a block diagram showi ng a sensor and a safety
controller required in making a stop decgision in one enbodi nent

Fig. 6is a diagran1shomﬁng sensor inpﬁ “informati on used for the
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the elevator, a final Iimt switch is provided, for exanple, at the
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15 In halting the car, a combination of mechanical parts — switch-relay and contactor
—may be used for the activation of brake or for the power supply interruption. For an
emergency stop, a combination of governor and governor rope may be used. In elevators that
have replaced these mechanical safety devices with electronic ones, the microcomputers use
input information from sensors such as safety switch and encoder to calculate (detect) the

20 position and speed of the car and, when an emergency event is detected, issues a car stop signal.
That is, the safety controller 40, based on the sensor information representing the operation state,
calculates the position and speed of the elevator car to detect any abnormal condition of the car
and then generates a command signal to bring the car to safe state (to.a halt).

Fig. 1 shows an overall construction of the elevator with an electronic safety

25 system. The elevator car | moves up or down an elevator shaft as a motor 2 drives a main rope
10 connected to a counter weight 11.  The motor 2 is supplied electricity from an inverter 5
connected to an AC power supply 7 through a power interruption circuit 6. 'When the power
interruption circuit 6 operates, the power supply to the inverter 5 is stopped and the driving force
of the motor 2 is lost. A brake 3 restrains the driving force of the motor 2, producing a braking

30 force on the elevator car 1. The brake 3 is normally activated and, when power 1s restored, it is
deactivated.

A governor rope 12 is pulled by the elevator car 1 as it moves, causing a governor

13 to rotate. The governor 13 has a gripping device 14 and a rotary encoder 21.  The gripping



20 position and speed of the car and, when an energency event is
detected, issues a car stop signal. That is, the safety controller
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signal 31 to control e ifverter 5.
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21 and final limit switch signals 42, 43 from the final limit switches 22, 23.
The microcomputer 50 outputs a stop request signal 51 to an AND circuit 70, a
power interruption signal 52 to the contactor of the power interruption circuit 6, a brake
30 activation signal 53 to a brake driving circuit 4 that energizes the brake 3, and an emergency stop
activation signal 54 to the gripping device 14, These output signals are also fed simultaneously
to the microcomputer 60. Similarly, the microcomputer 60 outputs a stop request signal 61 to

the AND circuit 70, a power interruption signal 62 to the contactor of the power interruption

circuit 6, a brake activation signal 63 to the brake driving circuit 4, and an emergency stop



The m croconputers 50, 60 take in an encoder signal 41 fromthe
rotary encoder 21 and final Iimt switch signals 42, 43 fromthe
final limt swtches 22, 23. The m croconputer 50 outputs
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cuts of f power slppryergsnghgomaciivetion sights ededgeneippliediy axtlenpid thendrives
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comparison unit 84 A, an input selection unit 85A, an elevator-at-rest check unit 86A and a
25 diagnostic input information storage unit 87A. - Similarly the microcomputer 60 has a
processing unit 1B, an input unit 82B, an output unit 83B, a comparison unit 8§4B, an input
selection unit 85B, an elevator-at-rest check unit 86B and a diagnostic input information storage
unit 8§7B.
These units are programs that are stored either in the microcomputer or in an
30 external ROM and executed by the CPU of the microcomputer to implement their functions.
These programs may be executed cyclically by the CPU at a period of 10 ms using a timer of the
microcomputers 50, 60 or executed by the CPU upon receiving an interrupt generated by the

input units 82A, 82B whenever they detect a change in the input signal. Details of safety

functions realized by the microcomputers 50, 60 will be described as follows.



25 di agnostic input information storage unit 87A-. Simlarly the
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low, the safety chain anomaly checking process 90 issues a low-level signal causing the power
30 interruption signal 52 and the brake activation signal 53 to go low, outputting an instruction for
activating the brake 3 and the power interruption circuit 6.
The terminal floor overspeed checking process 91 has as recorded data tables a
first speed upper limit curve 92 and a second speed upper limit curve 93 that are obtained by

plotting the position of the elevator car 1 in the elevator shaft on an abscissa and the car speed on
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i nput s 28,0 chavkrigteehtringlcemetagipeandra das watght sesisor 27, all mounted on theelevator

oy ch eV R oG ehalet b T WG Tt A BB RE Rrudaf Ganseae

speed ilfes@ &neoriapth & chetloWhoDEeetha eRivadeisait idshed tine, it is decided
that the elevator is at rest. The elevator is al so

det ermi ned to beFatexagple, iarelevanr stiis drwhigle thetGapipesd issaeso e ingyhich the car
has. be . ' o . . . : _

t %o aforia ol 23 15 Catheh AFuIFRE) WU SE SR TEAb RELG BERBHA: ERdbiped
car. Ftmdehiis ddcided olpe tiad dlontorasistisest. 25 normal node and mai nt enance
node - may be provided in the mcroconmputers 50, 60 and nmade |,

external ly c hanggﬁwl@vatﬂ{f &s&gﬂﬁ dg}eetam?ﬁ 1} BREi B Wiione RIS, Sras ey
case, r ] ystelc - RY
be dec?ﬁ%ﬂt %%%t?gﬁ g%l&?égsbta'.sa O elafr ﬁ{?érfél} gﬁlgss owWs 55}\9@)@(1&%}1%‘&9%?5@%

di agnosdnsar 2’hihat themefaor mapassengstsan det ¢levatdveadi dimibst, two bpgration modes —

Idln 1;23;] gg{n!rngarl]p??%lg{ag& ﬁgﬁ%ﬁpgﬁéﬂe §Zn%'y b-lc;r;)%%dgc{ f t{u(e) glricriécl:orlllqpsutg‘fs 50, 60 and made

externally changeable through a communication line or switch. In that case, when the elevator

is in the maintenance mode, the elevator may be decided to be at rest.
Fig. 6 shows an example of diagnostic input information stored in the diagnostic
input information storage units §7A, 87B. There are four kinds of diagnostic input information,
30 each represented by a combination of final limit switches (upper end and lower end), car position
and car speed. As for the car pesition-and car speed, in a data table.of Fig. 7 used in the
terminal floor overspeed checking process 91, data at three points A, B, C, one in each of three
regions — a normal region, a region between the first speed upper limit curve 92 and the second

speed upper limit curve 93 and a region beyond the second speed upper limit curve 93 — are
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microcomputers and, if they disagree, outputs a low-level car stop signal through the output units
83A, 83B, bringing the car to a halt. This procedure enables an anomaly to be detected not only
when the levels of car stop signals are different due to a failure of the arithmetic unit or the
output unit in one microcomputer but also when the diagnostic timings in the two

30 microcomputers are not synchronous due to a failure of the input unit, the elevator-at-rest check
unit or the input selection unit.

As to the timing for comparison, the condition for comparison timing is loosely

set such that the car stop signal from one microcomputer needs only to change within a few

hundred milliseconds of an earlier change in the car stop signal from the other microcomputer.



As to the timng for conparison, the condition for conparison timng
is loosely set such that the car stop signal fromone m croconputer
needs only to change within a few hundred mlliseconds of an earlier
change in the car stop signal fromthe 6ther mcroconputer. - 9 -
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encoder and its signal input unit can be, detected. .
specifically, if a rotary encoder connected to one microcomputer should fail, e.g., an encoder
value gets stuck, this microcomputer decides that the car speed is zero and initiates the self-
diagnostic, with the result that the car stop signals from the two microcomputers fail to match.
25  This ensures that any failure occurring not just in the processing unit and the output unit of the
safety controller but in a wider range including the rotary encoder and its signal input unit can be
detected.
Further, one of the two car stop signals to be compared may be taken not from the
microcomputer output but from a signal that is output to the outside of the safety controller.
30 This arrangement is equivalent to checking the one car stop signal against the output,

contributing to a more comprehensive failure detection.



Further, one of the two car stop signals to be conpared may be taken
not fromthe m croconputer output but froma signal that is output to
the outside of the safety controller. 30 This arrangenent is

equi val ent to checking the one car stop %i gnhal agai nst the output,

contri I@Lt%m.to a nore conprehensive failure detection. - 10 -
CLAI Ms: . An el evator equipped with an el ectronic safety system
conpri 4i ng: An elevatoraeqsmped yithanteleatrbeic s4#6) systeng bemkrifiog: an
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when it Is decided based on th sor I nput information that
el evat epmomnd §ighalite baing thestlevatdreastf ataye gtatat rol | er (40) perforns a
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to performthe self-diagnostic. An el evat or "equi pped with an
el ect r opimallyaf ety system according to claim 1, wherein the safety
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i nput information when the elevator car is operating normally and,
when t H&@gBPi¢at or - at - rest check units (86A, 86B) decide that the
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el evat emerzit theasfety @ntrolier iaciugest | nformati on fromthe i nput sel ection

units (85A, 85B). 4. An_eJevator equipped w.th el ect.roni ¢ saf et
syst em accor di ngaPB“’%‘F%{ioiﬁ?fi?yatf’{i?tt'lf‘?étr"%@g@b‘i“fsgﬁ%‘6’. éaé]B) to decide if the elevator car

conpar i §Q8,uURit S to conpare an output fromone of the processing
units E 1A, 81B) with an output fromthe other processing unit;
a plurality of input selection units (85A, 85B) to output the sensor input

information when the elevator car is operating normally and, when the elevator-at-rest check
units (86A, 86B) decide that the elevator car is at rest, output the diagnostic input information;
and

a plurality of processing units (81 A, 8§1B) to check an anomaly of the elevator car
based on the output information from the input selection units (85A, 85B).
4. An elevator equipped with an electronic safety system according to claim 3,
further comprising:

comparison units to compare an output from one of the processing units (814,
81B) with an output from the other processing unit;

wherein the diagnostic input information is information to stop the elevator car.
5. An elevator equipped with an electronic safety system according to claim 3,
wherein the diagnostic input information is information to stop the elevator car;

wherein if the output of one of the processing units 81 A, 81B and the output of
the other processing unit, when compared, disagree, the elevator car is stopped.
6. An elevator equipped with an electronic safety system according to claim 3,
wherein the diagnostic input information is information to stop the elevator car;

wherein when the elevator-at-rest check units (86A, 86B) decide that the elevator

car is at rest and if an output from one of the processing units (81 A, 81B) and an output from the



wherein the diagnostic input information is information to stop the
el evator car. 5. An elevator equipped with an electronic safety
system according to claim3, wherein th‘fl di agnostic input information
is information to stop the el evator car; wherein if the
out put t.he
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unit (814, 81B).



