1 TITLE OF THE | NVENTI ON ELEVATOR W TH ELECTRONI C SAFETY SYSTEM FI ELD
OF THE | NVENTI ON 5The present inventipn relates to an elevator with
an electronic safety systemand is particularly suitable for
application to an elevator with an el ectronic safety systemt hat

i npl enents safety control by an electronic safety controller, |ess
rel yi ng on mechani cal safeT%//TTd%\ﬁPlﬁe"éHE THVERGKEROUND OF THE | NVENTI ON
Heretofore, elevators are provided with a safety system i ncl udi ng

di verse devi ces t oEliSAT@R S BH nbVieCERON T SAFET eV ITEN ar
(hereinafter referred to as the car). Wen an abnormal 15 behavi or of
the car is detected by any of detecting devices, the safety system
makes the car transit into a safe state. The detecting devices are

arranged to detect, for exapl®s ophaiderniiereaf i s noved at a
speci fied novi ng speed or whether the car is wthin a ITDVI ng range in

a hogstway . ‘?_- ek “Q_n@%\ﬁ'tﬁ%% 29415 %' udg, Aok Ea'

lim svmtch vernor, enco mstalle% on a g
bos t E%l‘?.%ctiq%&%ver%%& ?&&%ﬁnq%{m '“f%ﬂf' Floheuide ife%d e
devi ces has detected an abnormal behavior of the el evat or, it sends a
si gnal taprdication to an elevator with an electronic safety system
that implements safety control by an electronic safety
controller, less relying on mechanical safety devices.
10
BACKGROUND QF THE INVENTION
MMMM Heretofore, elevators are provided with a safety system
including diverse devices to ensure safemovement of anelevator
car {(hereinafter referred to as the car). When an abnormal
15 behavior of the car is detected by any of detecting devices,
the safety system makes the car transit into a safe state. The
detecting devices are arranged to detect, for example, whether
the car is moved at a specified moving speed or whether the
cariswithinamovingrangeinahoistway. Thedetectingdevices
20 include, forexample, a final limit switch, a governcr, a rotary
encoder installed on a shaft or the like of the governor for
acquiring information on the speed and position of the car,
and a door switch. If any of the detecting devices has detected

an abnormal behavior of the elevator, it sends a signal to a

25 controller, thus triggering a predetermined operation for



25 controller, thus triggering a predeterm ned operation for 2
making the car transit into a safe state is perfornmed, for exanple,
power shutoff to shut off the power supply to a drive notor and stop
the operation of a traction nachine or enmergency stop to directly
stop the novenent of the car. 5It is known that an electronic safety
cont r ol ITedkiatheicagtian oidl yteamals stahe lsakatip ropst enadspnpleual
CPUs to enhance its reliability and facilitate the detection of

abnor nmalpdwer conpares thehoomuitfatthenglowgrosegpilpgtresubltsvef moher
CPUs, and executes transition of the elevator into a safe 10 state

and energeney ost e Apdhe: i oEPot ARIEr ﬁgcQYQé&Qﬁ%ﬁe%eﬂ@?ﬁ stepal
aberration. Furthernore, an electronic safety controller using

dual CPUs, i$; ko, deb e @sdapspords RAM is; connected to the CPUs
as a shared nenory for %\,{e}ta transfer between both the CPUs in 15

ni o pr ot at i o “of “0ATS DGR il s& Y GRANSCt RAFCGY cCBUE R FF ot he.

interpretation o pul'seé s gna are ou

rotary encoder are input to the CPUs respectively. Conputation
Fesul {5 DRGSO o EOPGRBAReHT R TH A TG RErIPELT FAan&rbg T0

menory and then conpared to a reference value 20 for abnormality
j udgnententsue dltec thediiad sl tet anebrtadllidratis Wes ddtmatian @ in
PCT International Application WO 2006/ 033153. SUMVARY OF THE
| NVENT| @¥%nocrmality, compares the computational processing results of
the CPUs, and executes transition of the elevator into a safe
10 state and emergency stop of the car upon detecting overspeed
or positional aberration.
Furthermore, an electronic safety controller using dual
CPUs is known, in which a two-port RAM is connected to the CPUs
as a shared memory for data transfer between both the CPUs in
15 order to compute the position and speed of the car without
incorrect interpretatiocn of data. Dual pulse signals that are
output fromthe rotary encoder are input tothe CPUs respectively.
Computation results of the CPUs are compared with each other
via the shared memecry and then compared to a reference value
20 for abnormality judgment. Such electronic safety controller

is described, e.g., in PCT International Application WO

2006/033153.

SUMMARY OF THE INVENTION

25 In the related art mentioned above, because the CPUs



25In the related art nentioned above, because the CPUs 3 conpute the
speed by counting pulse signals that are input within a certain
period of time, conplete clock synchronization is required to
synchroni ze processing timng of both the CPUs. Besides, it is needed
to nonitor for an abnormal clock frequency 5 and this conplicates

st ruct ur@ RIS 8§AISPES EPWaPBRASHIH BsInfekl EhR B eal sl B1thaa
case where clock synchronization is hard to attain, an all owabl e
error rangehssin ededd oddéninee icoonpéase avarckabihchypnizetionois

i nprove availability. Sufficient speed 10 data and position data
needed fi¥quilidarlt eyparison & @ rasadnthe@s iaight ofybesh whereasst he
shared nenory has a capacity of several kilobytes; this is wasteful

Wth thesadrqf, selid Aget88 oy Rbh £08r ¢btdeabgbahed ArdcidEseysegdy
above, an object of the present invention is to provide 15 a system

that i s | f [ I t t .y, I IS S
R e I
and in “hi§£<%§f3”§%§1 Qgcessing | oad is reduced. To achieve the

f or egoi 1y’ oBjEct? S %% Yt i nvention 20 resides in an el evator
with an electronic safety systemincluding a rotary encoder that

out puts pul se &1 §rizdse WEELEspbRAK Y WWHIPTHRAAS R 18fhard&e aktahtoder
signals and an el ectronic safety controller having a first CPU and a
second GPU ald ankilgle teher@hcodere diamals ka eonawplan respevtiassiey. The

first and second
availebility, i.e., toimproveavailability. Sufficient speed

10 data and position data needed for mutual cemparison are as much
as eight bytes, whereas the shared memory has a capacity of
several kilobytes; this is wasteful.

With the air of solving the problems of the related art
discussed above, anobject of thepresent inventionis toprovide

15 a system that is capable of ensuring high safety, the system
which dispenses with dedicated hardware, which is simple and
has high availability, and in which software processing locad
is reduced.

To achieve the foregoing object, the present invention

20 residesinanelevatorwithanelectronicsafetysystemincluding
a rotary encoder that outputs pulse signals corresponding with
movement of a car as encoder signals and an electronic safety
contreller having a first CPU and a second CPU to which the
encoder signals are input respectively. The first and second

25 CPUs compute speed and position data of the car and their



25 CPUs conpute speed and position data of the car and their 4
conputation results are conpared w thgeach other and, accordingly,
the electronic safety controll er deci des whet her abnormality occurs.
Car speed and position data conputed in nultiple cycles are
transferred between the first and second 5 CPUs by seri al

communi cETRIN- kP PRI EeE dFe STRIPIIERA TSt hesam Al 13Whbl e error
range set beforehand, the electronic safety controller decides that
abnor maldegoodowky, the elegceor il 3¢ ded vt henpresbat demicietsi ehetsénce
car speed and position data conputed in nmultiple cycles are

t r ansf erateth Afh bet weercdde f Cast spadd secd b GRUssrbyager bahputed in
communi cation and conpared, reliability is enhanced and it is

possi bl gnt0r i PR Q¥R 18AkabE LY rik-thgube D Oadat g 13- tabhavwabténd
error range . Thus, there is no need to conpletely synchronize

Processidyg;d iy ng fale%?mmnqrc%bqﬁwta%d and, a‘@eﬁ!OUEfCQHBBe%%IéXOﬂ

software design, 15 1t 1S poss e to provide a system capa
ensuring_hi gh, saf ich_is sinple and i i ch.software
o ocesorny Than S el Brishir ot e et ot B S T RREr 9 .
1 is an overall structural diagramof an elevator with an electronic

safety SR £IVRNE T Fom B ddiate P I €&S&EHES nvent i on;

Fig. 2 is a block diagramdepicting a controller according to an
enbodi nent ; According to the present invention, since car speed and

position data computed in multiple cycles are transferred
10 between the first and second CPUs by serial communication and
compared, reliabkility is enhanced and it is possible to improve
availabilitywithoutbroadeninganallowableerrorrange. Thus,
there is no need to completely synchronize processing timing
of eachmicrocomputer and, without complexityof softwaredesign,
15 it is possible to provide a system capable of ensuring high
safety, which is simple and in which software processing load

is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is an overall structural diagram of an elevator
with an electronic safety system according to an embodiment
of the present invention;
Fig. 2isablockdiagramdepictinga controller according
to an embodiment;

25 Fig. 3 depicts a format of data which is communicated



25Fig. 3 depicts a format of data which is communicated 5 between

CPUs according to an enbodi nent; 5 Fig. 4is a flowhart
illustrating operation according to an enbodi nent; and
Fig. 5is a flowhart illustrating a booting operation 5 according to

an enbodi nent. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Fig. 1 depitae dfBveratr St Ucturd AU 8l%ator 1 with an

el ectronic safety systemin which a traction machine and 10 a control
panel are instiEld-ed BEs# diel B Bt Wayl.usTha tdlney gpeirat ignt acaprding

el ectronic safety systemis the el evator whose safety systemis

el ectronican yendord indrited doyd an el ectronic safety controller 42. It

i ncludes a car 10, a traction machine 20, a main rope 30, and a

control | er 40.rithe scak d0fisweh£age tihadt b iGay b Bsopeap! epetsggage,
or the like and noves within the hoistway 50 by drive force that is

suppki ed; f£0m 8, Mt ors 2l @y ihg,¢mai n rope 30. On the inside of the

car 10, an i1 n-car operation panel 11 and a car door switch 12 are
provi ded. The in-car operation

DETAILED DESCRIPTION OF THE PREFERRED EMBCDIMENTS
Fig. 1 depicts an overall structure of an elevator 1 with
an electronic safety system in which a traction machine and
16 a control panel are installed beside a hoistway. The elevator
1 with an electronic safety system is the elevator whose safety
system is electronically controlled by an electronic safety
controller 42. It includes a car 10, a traction machine 20,
a main rope 30, and a controller 40. The car 10 is a cage that
15 carries people, luggage, or the like and moves within the
hoistway 50 by drive force that is supplied from a motor 21
via the main rope 30.
On the inside of the car 10, an in-car operation panel
11 and a car door switch 12 are provided. The in-car operation
20 panel ll includes a controel part (not depicted) that is operated
by a passenger to specify a floor to which the car 10 should
go or to open/close the door and a display part (not depicted)
that displays the indication cof a floor or floors to which the
car 10 should go, the state of the car 10, etc. The car door

25 switch 12 is a switch that detects opening and closing of the



20 panel 11 includes a control part (not depicted) that is operated
by a passenger to specify a floor to ghich the car 10 should go or to
open/ cl ose the door and a display part (not depicted) that displays
the indication of a floor or floors to which the car 10 should go,
the state of the car 10, etc. The car door 25 switch 12 is a swtch
that detdRs VpenithdFand ¢ osing of the 6 door of the car 10.

On the outside of the car 10, an energency stop device 13 and a

posi tion det et ¢hesenseidgqobrehprend déd. aThememgegencytopopedeve ce
13 is a device that is fixed to the car 5 10 and i mmedi ately stops

t he car 1D dnd gf gepingi drhedgtaddtiion cass lenge b vibeel .poFhei on
detection sensor 14 is a sensor that senses a distance between the

car 10 ambm@ysiielsdp) abei8d 19 83 puavidedtRat eversi fdPet aheWni£h
the car 10 stops. Final limt switches 51, 52 are provided in the

ViCiQitﬁO and immediately stops the car 10 by grasping the rail in
case of emergency. Thepositiondetection sensor 14 is asensor
that senses a distance between the car 10 and a shield plate
81 to 83 provided on every floor at which the car 10 stops.

Final limit switches 51, 52 are provided in the vicinity
10 of the upper and lower ends of the hoistway 50 in which the
car goes up and down. The final limit switches 51, 52 are
switches that turnonwhenthecar 10 hasmovedbeyondaprescribed
moving range, thus detecting an abnormal behavior of the car.
Besides, a buffer 53 is provided at the lower end of the
15 hoistway 50. The buffer 53 is a physical stoppage device that
stops the car 10 by coming into direct contact with the car
10 and absorbing impact if it is unable to stop the car 10
completely by braking force produced by the traction machine
20 and the emergency stop device 13.
20 In every floor at which the elevator 1 with an electronic
safety system stops, there are provided a landing door switch
64 to 66 that detects opening and closing of a landing door
6l to 63 and a hall button panel 67 to 69 that is operated by
a user.

25 The traction machine 20 is a device that moves the car



10 of the upper and | ower ends of the hoistway 50 in which the car
goes up and down. The final limt swtches 51, 52 are switches that
turn on when the car 10 has novedbeyond a prescri bed noving range,

t hus detecting an abnornal behavior of the car. Besides, a buffer 53
is provided at the |lower end of the 15 hoistway 50. The buffer 53 is
a physi cdf st dpidadd iR e 1aa StypsuPrd véar $015§ EerFRgPrataced
direct contact with the car 10 and absorbing inpact if it is unable
to stop Bheeyaldutdotoppltdrenyptby bt &ki hge iricerpredifed Ihyinheudes
traction machine 20 and the energency stop device 13. 20l n every

fl oor atthhimchtdrhe@lel evatractioni bhaka 2t ecirr dmive rsafreRy, sysseuat st ops,
there are provided a | anding door switch 64 to 66 that detects

openi ng @inebed 10sing Hd ad adigdoauh @$H3 and a hall button
panel 67 to 69 that is operated by a user. 25The traction nmachi ne 20

s asdevice i, WONES et BRCALin Trod Y8 L RJhiR ALY RA0RY 4
supplying drive force produce By revolution of the notor 21 to the
mai n rope 30. |t jncludes, t .notor 21 traction.brake .an
Mvert s gblptfEpdoaR: I (D8haktead SLTE 8P 8EHTs Tu:foere
end of the main rope 30 is connected to the car 10 and a

count er wei gt @1 Gfs tBgnAklee LD thé NralMairopeP803d n theakicrPhi E§e of
the other end of the main rope 30. A path of the main rope 30 is
formed Weldh&awe il dssHeavesl 33 (3B r AQgsy ehsavasope 38 t3kat noves
in conjunction wth the

A governor rope 36 that moves in conjunction with the

10 movement of the car 10 is connected to the car 10. A governor
37 rotates, following the movement of the governocr rope 36.
The governor 37 includes a rotary encoder 38 and a gripping
device 39 that grips the governor rope 36. Apathof the governor
rope 36 is formed by a sheave 32.

15 The rotary encoder 38 rotates with the rotation of the
governor 37 and outputs dual pulse signals as encoder signals
to the electronic safety controller 42, The electronic safety
controller 42 computes the speed and position of the car 10
by counting the pulse signals that are input within a certain

20 period of time.

The controller 40 includes an elevator controller 41 and
an electronic safety controller 42. The elevator controller
41 mainly controls the operations of mechanical parts and
electronic parts of the elevator 1 with an electronic safety

25 system. The electronic safety controller 42 electronically



10 novenent of the car 10 is connected to the car 10. A governor 37
rotates, follow ng the novenent of the governor rope 36. The governor
37 includes a rotary encoder 38 and a gripping device 39 that grips

t he governor rope 36. A path of the governor rope 36 is forned by a
sheave 32. 1%%@5 botaz%:encoder 38 rotates with the rotation of the
gover norCFE oS SOERST A Dot &8 VEF GRS e SRE SRS S BT YNAP¥SES™t he
el ectronic safety controller 42. The electronic safety controller 42
conput esThih & lgsdedrdfd spasityi eansrol hercdt UEEhyugdunt Fhgcohpuparse
signals that are input within a certain 20 period of tine. The
control | €PU) |t whdsmrenece|evatadri 1dant,r dinl @nidh andpan elgatience
safety controller 42. The elevator controller 41 nmainly controls the
oper at i aite afpURChaNi GadutPard Seadtd ieet rom it scofpudhe: #eyvat or 1
with an electronic safety 25 system The electronic safety controller

42 ekectroniLallyy B oontd ol s thaoparations of diverse devices of

the safety system The electronic safety controller 42 uses dual

m cr oconput er s..(CP r..en reliabil it in i.ch.out put
signal s of the i ugs)gre %acr’%%u?%?%%ggeh%? sehatihe; ﬁ%ﬁ?r%%r%ﬁt Wiandl s
processing results _are c ar ed. , Fig. 2 depicts _relation

bet ween &H& E&AtT 6F I € zﬁcle%rﬁPoe%&hWbEPta%fe TON\Faf B E Y Y Bt ER-

el ectronic safety system The notor 21 is supplied with power from
the AC povemod@ppky 25 sREPHhed| wieh tReves firprvyhehRAs pever swupply
interrupter 241 10 is connected. The power supply interrupter 241
oper at e byipowee itrhaartier dppd ived dir enpPRER A wiiatdrirveteur 2 €ht
shut of f devi ces 242a, 242b for the electronic safety controller and a
drive cury eninrsjuticef.f davi pewd43shippliyhenekevapoercpnlrebdéestednbess

the drive current shutoff devices 242a, 242b and the

power that is supplied from POWER 224 via drive current shutoff
devices 242a, 242b for the electronic safety controller and
a drive current shutoff device 243 for the elevator controller.
Unless the drive current shutoff devices 242a, 242b and the
15 drive current shutoff device 243 are both closed, no current

is conducted to the power supply interrupter 241.
When the elevator 1 with an electronic safety system
operates normally, the power supply interrupter 241 is put in
a conducting state and makes a connection between the AC power
20 supply 25 and the inverter 23, and the power is supplied from
the AC power supply 25 to the inverter 23. In case there is
aneed for emergency stop of the car, thepower supply interrupter
241 is put in a ncon-conducting state and opens the connection

between the AC power supply 25 and the inverter 23, and shuts

25 off the power supply from the AC power supply 25 to the inverter



15 drive current shutoff device 243 are both closed, no current is
conducted to the power supply interrupter 241. \Wen the elevator 1
with an electronic safety system operates nornally, the power supply
interrupter 241 is put in a conducting state and makes a connecti on
bet ween the AC power 20 supply.25 and the |nverter 23, and the _power
i s supplded f‘\rl&%rmé:lﬁ(élp@wé?l%ﬁpfﬁp%/ PORIaToSHRBLY nifeq g Ui T Izr‘i'lcé@e
there is a need for energency stop of the car, the power supply
i nt erru@&l 1242 ¢engating $tade, cohdury iad@osbataenmlrﬁinafm thiag the
connection between the AC power supply 25 and the inverter 23, and
shut s 2R®fdoudre spppdry 2Gpphy £hemther AL poverres tpphy c2Bdt eot hieat
inverter 9
the AC power supply 25 and the inverter 23 are opened and
5 non-conducting.
In the vicinity of the motor 21, a traction brake 22 is
provided. The traction brake 22 is supplied with power from
POWER 223 viabrake shutoffdevices 221a, 221b for theelectronic
safetycontrollerandabrake shutoffdevice222 for theelevator
10 controller. Unless the brake shutoff devices 221a, 221b and
the brake shutoff device 222 are both closed, no current is
conducted to the traction brake 22.
When the elevator 1 with an electronic safety system
operates normally, the traction brake 22 is put in a conducting
15 state and remains in a state in which it deoes not exert braking
force on themotor 21. 1Incase of stopping thecar, the traction
brake 22 is put in a non-conducting state and exerts braking
force on the motor 21 to decelerate the reveolution of the motor
21. Note that the power supply interrupter 241, the drive
20 current shutoffdevices242a, 242b, andthedrivecurrent shutoff
device 243 are arranged inside the shutoff circuit 24 depicted
in Fig. 1.
The elevator controller 41 contreols the drive power

produced by the motor 21 and supplied to the main rope 30 by

25 controlling electric power supplied from the AC power supply



23. Alternatively, while the power supply interrupter 241 is put in a
conducting state, it may al so be inplerented that the AC power supply
25 and the inverter 23 are connected so that the AC power supply 25
and the inverter 23 are opened and 5 non-conducti ng. In the

vicinity %f t he notor é e% {actl n brake 22 is provided. K The

tracti orf br&keeIq Ly épl‘i" H G % FOATP 93 theal BY akES T
shut of f devices 221a, 221b for the el ectronic safety controller and a
brake shf of Theegileyaspr fontrrd leireddt 8¢ SP0 CopREPSE| I TEResS t he
brake shut of f devices 221a, 221b and the brake shutoff device 222 are
bot h cl ossdjuaiol @ukpertitie peweordipriledihbetrhept eactdloandrtdleet P2ct ion
When the elevator 1 with an electronic safety system operates

nor mal | yordie2b | aeddpr dirake, , 28y isenpuihg £ caneendusitdm 45 i eiaad
remains in a state in which it does not exert braking force on the

not 0k zjcurﬂéh§%§1%t®f§8%99b@g2ﬁ?eaﬁ'&”the Qﬁ‘:at]{ea%%h@.gfl%r 35913@ 2?2 put
in a non-conducting state and exerts braking force on the notor

decel erate the,ieyolution o Ehe, matar 21, Mot e t@stngggf%og%gggp' y

i nterrupter ive frent "Shut of evi ces

and the driv current shutoff de ce 3 are .arran ed i nside the
shut of f fgﬁ |hte 59°GLY¥i Treadrhs F?éga 1328% positionTfRtgfhygpofensor
controller 41 controls the drive pomerggroduced by the notor 21 and

suppl i ed 402 HeVaal ALe ot Sy 15y ixshesntr B | i T sadetyi evpbabes are
supplied fromthe AC power supply 10 25 to the notor 21, while
exchangitig siagndbsrwiw ht ¢tinel 4 ,nvendeng28ooFhew &t @veas drd tonbbpl faranl
al so controls current conduction to the power supply interrupter 241
andibvhe ltimaict isovi tuhake 522, I2gspactdivglal,s ynsendiang acansml signal
to the drive 5 current shutoff device 243 and the brake shutoff

device 222. The electronic safety controller 42 controls current
'___-conducthmntothepowersupplyinterrupter24landthetraction
brake 22, respectively, by sending a control signal to the drive
current shutoff devices 242a, 242b and the brake shutoff devices
15 221a, 221b, basedon the input signals. Besides, theelectronic
safety controller 42 sends information indicating a result of
its control to the elevator controller 41 as log information.
In a situation where platform repositioning control
occurs less often, as only a small number of passengers who
20 use the elevator 1 with an electronic safety system and luggage
pieces or the like enter and leave the car, theelectronic safety
controller 42 disables the execution of the platform
repositioning control for an interval between opening and

complete closing of the door of the car 10 and executes an

25 operation test (which may, hereinafter, also be referred to



The el ectronic safety controller 42 takes input of signals fromthe
rotary encoders 38a, 38b, position datection sensor 14, and vari ous
safety switches 270. The safety switches are the car door switch 12,
| andi ng door switches 64 to 66, final 10 Iimt switches 51, 52, or

signal s equrvalent(&o t he el ectronic saf%%¥ﬁcontroller

42 cont rdt & CEYFERIEHHIRY HftEP?Eﬁ*ﬂﬁ%ﬁPHEBESI@eTrﬁ dpPer 2242

and the traction brake 22, respectrve by sending a control signal
Lo the GHIqehRIFERE SHIUHTTC dova kel 236ral Cam At id 4476 br ake shult of f
devices 15 221a, 221b, basedon the input signals. Besides, the

el ectroni ¢ safletal eowdtodelrd eigddlsehdsmitformeta mn encdideatsi A§aa B&sul t
of its control to the elevator controller 41 as |log information.

In a situed iapushes eodtat §6I MucephsidBwNi Hd @M POin @GQUEBet€BSnic
often, as only a small nunber of passengers who 20 use the elevator 1

Wit hsan &l goty Qnigc safely £ySt eMeantg | Bggags ol %ﬁ%eerteeh%yl Lke enter
and | eave the car, the electronic safety controller 42 disables the

execut | QU o1, o Cooinr@et SRR g Sontdled Al AN dLEnY Al

bet ween openlng an or of e car

execut es 25 oper whi ch ., hereinafter, also be
referr ed“%afgllrﬁagg <%ddE?}r éj‘ﬁé’s’;’ir nqdw‘tf*’t ‘ﬁ‘aec'b? LR G oF PTRRY 6% s
221a, 221b and the drive current shut of f devi ces 242a, 242b.

Dual enddterr QPN FHrdmRafd et arlyheRaside s Isga, §85 &PecHnpoe
respectively to the CPU1 and CPU 2 in the electronic 5 safety

cont r ol Ipers 42 orTHe tevworGRUs2 by conimEdtledr byt e commmured ek waehi tiee
through a serial interface (serial I/F) within each CPU to make an
abnapmaldrys eciesiian alrrein conmiasr Ng Mblreioreg il abe od aneishd ¢ 5t Wi h
each other. Car speed and position data conputed by each CPU are

transf erdad¢ behpeeRdt R at least a plurality of cycles are compared
' witheachother. Whenhavingdeterminedthat suchdata isbeyond
an allowable error range set beforehand, the electronic safety
controller regards it as abnormality and decides to make
15 emergency stop of the elevator.

Fig. 3depictsa formatofdatadetailwhichiscommunicated
between the CPUs. This data format is comprised of
communication header data HDATA which is prepended to the
beginning of communication data, acceptance signal data ADATA,

20 sequential number data SQNDATA, car speed data SPDDATA, car
position data POSDATA, spare data SPRDATA, and communication
footer FDATA which is appended to the tail of communication
data.

A case 1n which data is transmitted from the CPU 1 to

25 the CPU 2 is described. When the CPU 2 has received data from



10 CPUs by serial conmunication. Mreover, car speed and position
data conputed in at least a pluralityzof cycles are conpared with
each other. When having determ ned that such data is beyond an

al l owabl e error range set beforehand, the electronic safety
controller regards it as abnormality and decides to nmake_15 energency
stop of % C@%ei/atl&r?omes carrpgeeq %EJ;PSP%téOPoC?% 3GFOUANS TEEET|
whi ch is comuni cated between the CPUs. This data format is conprised
of commAAT&C Be Hewde £ ogadat HBATAL VT I8 Yicd §5r ependedP ies ché speed
begi nni ng of communi cati on data, acceptance signal data ADATA, 20
sequent iald modigri aatda tSQNBATA asc aurspaéd ddaba tSPDDATAregafopodatd on
dat a POSDATA, spare data SPRDATA, and communi cati on footer FDATA

whi ch | sssappendetyd e ke, laaid s r oAU RicerRtiive dat @infotakechhr it ch
data is transmtted fromthe CPU 1 to 12 the CPU 1, it copies car
speed anghRPgi-ELON Rt S-S Ok sRRECEY Gls@ sagord O skhe &F @ thokoflal e @S
of two cycles ago, copies car speed and position data held as current
data to r r t f e c stqores_th

roce vod Bat? Paret Rl e b R R PR B0y BB RSO s
three sets .of data cggpu&gd by the other_ CPU and hgld as the current
data, davdds A0 CYEte AGo°TahlCdaYalas BF°t HY cHURIT &Y ot ATt
conpares these sets of data with the corresponding sets of data
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is 10 abnormality in conputation results of car speed and position
dat a whiiglsdls .seflhakebiat athFhoR] ditermesiqed ivhattiherr amdneél thdréeity
are enhanced and it is possible to inprove availability w thout
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data SONDATA is increnented each tine data is transmtted, so that
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by referring to it.

availability without broadening an allowable error range.
The acceptance signal data ADATA is an area in which data

15 signifying whether or not initialization has finished in each
CPU is set. The value of the sequential number data SQNDATA
is incremented each time data is transmitted, so that the
receiving side can determine whether or nct the data is updated
by referring to it.

20 Fig. 4 is a flowchart illustrating basic cperation of
the safety controller. At step 401, a determination is made
as to whether or not initialization (which is also called
booting) has finished. If initialization has not finished,
initialization such as setting a CPU timer cycle period is

25 executed at step 402. Fig. 5 is a flowchart illustrating a



20Fig. 4 is a flowhart illustrating basic operation of the safety
controller. At step 401, a determ natizon is nmade as to whether or not
initialization (which is also called booting) has finished. If
initialization has not finished, initialization such as setting a CPU
timer cycle period is .25 executed at _step 402. Fig. 5is a flowhart
i 11 ust r 27Nt OPE 13t hg Opet &R 3&?%&&%@&%@? dphfets S5esiidata
is read froma storage area (ROM DATA) stored within the CPU.

At step HOLORRFRMFSR) OFPY ATk et apred ddtEn tHheyehe period is set
as CPU timer tinme suited for predefined positional 5 precision. For
exanpl e, underAtt s¢epohlit i depeidngasi thenabtpdespsednriadfa, 1@ aprlef
the rated speed data is 150 mMmn, a cycle period of 4 ns is set.

After seidriings ap dad sa@bzatmen thimel sheted Fag N R r iiePpSEOBichhe
m croconput er executing this operation sends its 10 conmputed data to

be shar gd-hetyean t ke CRUSnHO et NEnAL hefnd JREQTRIH &fF gffv@@i@@c@lal

At step 505, the m croconputer determ nes whether or no

initializati.on has fini.shed, .based on data to, be share et ween the
CPUs redBived ¥ b f Oo{“ﬁ‘érlgi Pocohp esrp.eelgpéﬁtr?al%isng5?5m2ﬁ?’8’t?1at
initialization has fi nﬁ']sﬁ?ed, the microconputer termnates the fl ow
1f initiNGTARETTHALhot 35 fiSHRE- the microconputer returns to step

S509.
After setting an initialization finished flag ON at step

5503, the microcomputer executing this operation sends its
10 computed data to be shared between the CPUs to the other
microcomputer (step 504).

At step 505, the microcomputer determines whether or not
initialization has finished, based on data to be shared between
the CPUs received from the other microcomputer. Upon making

15 sure that initialization has finished, the microcomputer
terminates the flow. If initialization has not finished, the
microcomputer returns to step $5504.

In Fig. 4, when initialization has finished, it is
determined at step 403 whether or not a predetermined period

20 of the CPU timer has elapsed. If the period has not elapsed,
the process goes to steps 411, 412 inwhich the temporary storage
areas for data as of one cycle ago and data as of two cycles
ago are updated. When the period has elapsed, the electronic
safety controller 42 updates at step 404 input informationwhich

25 isinput fromthepositiondetectionsensor 14 andvarious safety



In Fig. 9, when initialization has finished, it is determ ned at step
403 whether or not a predeterm ned perd od 20 of the CPU tinmer has
el apsed. |If the period has not el apsed, the process goes to steps
911, 412 in which the tenporary storage areas for data as of one
cycl e ago anq%dat as of two cycles ago are updated. \Wen the period

has el ap3¥t:°© 21 b ArEPuEEet §PEBAL 7 3 IS B2l Ahp ek Ot tE?eﬁaKM
input information which 25 is input fromthe position detection
sensor 1M0arkPset i GustBafEtgut 13w tThes 270 and conputes speed and
position data of the car 10, based on the input signals.

Besi des, the cmdirddd,erthst opesrodiepostoren cat st tofort watey ekesfago
in a tenporary storage area in order to indicate 5 a floor at which

the car wfecgeney s§OARLd dengiseiSy cRagsgBIersy in Jhiér Hloigdidata is
used to indicate it, for exanple, on the hall button panel in a Iobby

flooks. 1friberadhy +SReAchd Ea fbm@h-oHRES - %%Bp@d&@?@éf%“?ﬂa%@ﬁ&eké‘

position where forced deceleratlon IS reqU|re . the vi ci n|ty

of an uppermst_ Ioggr Eéoo dai det rnlned at, ste pté

t hat the car poéiilon i's no %norna Eé e car 5535 "¢ dbnor mal .

I n that after in ncy.stop of the elevator at,K ste
409 and}l Qﬂ QQeH?%é% qlﬁgﬁég’ atfdP%ont £61 FRE €8RptPest he #Foor
at which the car stopped fromthe data stored at step 15 S404 and

i ndi cat €% iMo%h & HalRrasiatigieharacd in e AL a1 sBreratf astagss

405 to 407 of the process illustrated, determnation is nmade as to
whet her deveelanatamin carrespeestediatag., in the vicinity of an uppermost

10 or lowermost floor, it is determined at step 408 that the car
position is not abnormal, but the car speed is abnormal. In
that event, after making emergency stop of the elevator at step
408 and then, at step 413, the elevator controller computes
the floor at which the car stopped from the data stored at step

15 S404 and indicates it on the hall button panel in the lobby
floor.

At steps 405 to 407 of the process illustrated,
determination is made as to whether the current car speed data,
same data as of one cycle ago, and same data as of two cycles

20 ago held in the CPU 1 and the CPU 2 fall, respectively, within
first, second, and third allowable speed error ranges which
may be, e.g., £5% (first), £10% (second), and Z£15% (third).
When such data falls within the range, the process goes to steps
411, 412 in which the temporary storage areas for data as of

25 one cycle ago and data as of two cycles ago are updated.



sane data as of one cycle ago, and sane data as of two cycles 20 ago
held in the CPU 1 and the CPU 2 fall,irespectively, within first,
second, and third all owabl e speed error ranges which may be, e.g., 5%
(first), 10% (second), and 15% (third). Wen such data falls within
the range, th r ocess, goes steps 411, 412 iin which the tenporary
storage ar eas%%rs ? Oy d‘ff[ SoéicyOretags afd 8kt ﬁbﬁgr’iﬂf‘itV\BUt
cycles ago are updated. 15 At, step 408, if _the car position
i s not PR SPHEE ihebegrnapec§ & fap it rdum gadupfoh sp@eichdata
val ue of speed data with respect to each cycle, received fronthe

ot her m ot odonpepert ancacinpye ke, byceheedifcoucdmmitierr nf sebfompstéess
than the 5 predefined speed, then the car is stopped at the nearest
fl oor atarsd eorthtced 16y WHAT nis£dAnYRR 415:i tlse 14N, eleviedy tMdh ae

el ectronic safety systemconprising a rotary encoder that outputs

pul sg signad Sr GUId epRerdi A MtiHE BaFOVERML R 8t Ge 38288600 oor
signals and an electronic safety controller "having a first CPU and a

second C}%@ i{¢h the encoder signals are input respectively,
wherein t e%#@t and second CPUs conpute speed and position data of
the car and their conputation results are conpared with each ot her
and,



10 accordingly, the electronic safety controller decides whet her
abnormality occurs, wherei n cars speed and position data
conputed in a plurality of cycles are transferred between the first
and second CPUs by serial comrunication and conpared and, if such
data is beyond 15 an allowable error range set beforehand, the

el ect r o'e5ab ot YL ot $er deci des that abnormality occurs. 2. The
el evator with an electronic safety systemaccording to claim1,
wherein the first and second CPUs conpute speed 20 data for each
cycle and determination is nade as to whether current speed data,
speed dalta as 7of ebreacyel elidgen ahdcsperdcdsd Beas sgfs tiewocey st £siago
fall within respective allowable error ranges. 17 to claim1,

wher ei n,z irbtbh¢ Spesge dahat @utb@&’@@?;utl@% 4 §04BD IR el YoniiaRdey Sek
bef orehand and if a maxi mum val ue of the speed data conputed in a

plural i ty,fn &GHCIeS 41 Sa Ala Pn®REE Qfﬁréglgrfrgc?fainngg?%'egggict Q%fetﬁ{'e

el ectronic safety system nakes energe stop o e car

el evator_w.th -an el.ect.ronic saf et yst em_accaor di,n o.claiml,

wher ei n,“9 t%?é?%ﬁx&ﬁ?%ﬁﬁe?iﬁ?rﬁgy§ﬁ ?Hg 3IF8&§BFeggbrg? ?%hﬁ% 5%
bef or ehand %pd i f a maxi num val ue of the speed 10 data conputed in a
pl ur al i (SPHILYELERALS FER SN FESBREdVPAYd ChRERI N tthe EL&sErdRi ¢
safety system stops the carat the nearest floor. 5. The el evator
wi th an S8 eRPe cnamathe 8psedmngcro? it hon B3 taoo Eltdiensdr anketlee e a
period of the cycle is determned fromrated speed data during

booti ng.computation results are compared with each other and,

10 accordingly, the electronic safety controller decides whether
abnormality occurs,

whereincar speedandpositiondatacomputedinaplurality

of cycles are transferred between the first and second CPUs

by serial communicaticn and compared and, if such data is beyond

15 an allowable error range set beforehand, the electronic safety

controller decides that abnormality occurs.

2. The elevator with an electronic safety system according
to claim 1, wherein the first and second CPUs compute speed
20 data for each cycle and determination is made as to whether
current speed data, speed data as of one cycle ago, and speed
data as of twocycles ago fall within respective allowable error

ranges.

25 3. The elevator with an electronic safety system according



6. The elevator with an electronic safety systemaccording to claim
1, wherein car speed and position datey as of two cycles 20 ago is
stored and the electronic safety system stops the car when it has
been decided that abnormality occurs and indicates a floor at whi ch
the car stopped to users, (passengers), based on the stored_data.

to clai @ ShaHer ér %%%%Jd%aﬁcfetgﬁgme%ie&asﬂﬁrmm% t\meeﬂaéeweblﬁot
initialization has finished in each CPU is added to data that is
communi cA R Fen@eehet Hee foreharmh@nset sl nePUs Uy vadreabt the speed
communi cation. 5 8. The elevator with an el ectronic safety system
accor di mpto adnpundd wher gilnirsddugntoifalcyrurizer sdattaotrthabresthan a
incremented each tine data is transmtted, so that the receiving side

can det efradeer whel Bpeedr meueetgamclsﬁaﬂ&qﬁlg gt b 84y EmBBgE A F0
it, is added to data that i s conmmuni cat ed between the first and

secorRd (RUS, hyr s81d aly,communi cat i on.

4. The elevator with an electronic safety system according
to claim 1, wherein, if the speed data is beyond the allowable
error range set beforehand and if a maximum value of the speed
10 data computed in a plurality of cycles is less than a predefined
speed, the electronic safety system stops the car at the nearest

floor.

5. The elevator with an electronic safety system according
15 to claim 1, wherein a periocd of the cycle is determined from

rated speed data during booting.

6. The elevator with an electronic safety system according
to claim 1, wherein car speed and position data as of two cycles
20 ago is stored and the electronic safety system stops the car
when it has been decided that abnormality occurs and indicates
a floor at which the car stopped to users {passengers), based

on the stored data.

25 7. The elevator with an electronic safety system according
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to claim 1, wherein acceptance signal data signifying whether
or not initialization has finished in each CPU is added to data
that is communicated between the first and second CPUs by serial

communication.

8. The elevator with an electronic safety system according
to claim 1, wherein sequential number data that is incremented
each time data is transmitted, so that the receiving side can
determine whether or not the data is updated by referring to
it, is added to data that is communicated between the first

and second CPUs by serial communication.



