4 215653 ° 1 - "Supervisory operation-control systemfor protecting

el ors or the like froma dangerous situation"” 1 The, _ ., —~ / -
preseny invention relates to a supervisory control systemfor elevqyﬂrgﬁgw:)t:.,
[ ‘various railway equi pnments, power- @ ants inclusive of nuclear .

, plant equi pnents for chem cal industries and the like. 5 More €©
partTcularly, the invenrbQResoNSBEPSoBeHREbY 8BRYrBPELGELRR ¢aRIT Ol SystEm

whi ch can assure-reliabl greupetyYh§oeYeQREE2EI 8RS tHENN 9kB1 Bgolha act ual |y :
prevailing situations upon occurrgaggeebudnseaiuhbgyake orthe |ike abnorna
events. 10 In the el evator.systens, various railways, power.

pl ant of |arge capacity or other various plant equi pnents, occurrence of an
earthquake in the course of operation of these plants results in that the

plant facilities are subjegted to intensive shaking or vibra- 15 tion,

i nvol ving odcurrence of abhBfnBFFEFRE IRVEALiP-FEIAtES LT SHRREY 1T

about dangerous situatjons.. Accordi ngl It _is _desirable_that upon

‘appear ance of vifHHTYh WREeB ?ﬂﬁ ﬁg?ﬁﬁaﬁﬁﬁecﬁrﬁﬁﬁésVi gqéﬂﬁﬁsfﬁﬁ}gfy

pr edet er mi ned pl

equi pnents or fé%cl‘fejl Onlr‘ee'l%@%? teﬂ"g‘g% géb?)g‘??ﬁgngﬁ'lf‘%gb%? %tfihgug}:el%gi ?@'gain%?'_
plants, control pofaﬂ@ee#{gf%ﬂ%ﬂég%]ﬁg?{‘ EREmP 31! ig@bs%%‘i'e&”%%s the Adlkd.Nto

effect as early "as poss occurrence
) More particularly, the invention concerns a supervisory

operation control system which can assure feliable'
supervisory operations_conforming_to actually prevailing

“situations upon occurrence of ar sarthcuske orthe like @
abnormal events.

10 In the elevator systems, various railways,

.~ power plant of large capacity or other various plant
equipments, occurrence of an earthquake in the course of
operatién of these plants results in that the plant
facilities are subjected to intensive shaking or vibra-

15 tion, involving occurrenée of abn&rmalities in the faci-
lities which may bring about dangerous situations.

‘Accordingly, it is desirable that upon

appearance of vibration due to the earthquake or the
like evénts in S-éfédetefmined'élace.or location such as

20 buildings in which various.equipmehts Br facilities are
‘housed or the sites of the buildings or plants, control
of the operations of the plants or equipments is put
into effect as early as possible so that occurrence of

abnormalities due to the vibration will not involve a



abnormalities due to the vibration wll not involve a - 2- dangerous
situation in the operations of the plants or equi pnents. The operat.ion of
this sort may be referred to as the supervi'sory operation and the control
for effecting the supervisory operation ié referred to as 5 t he

X

supervisgry operation control. By way ol ©xXanple, in the case of an

el evator or,lift, system whj. .S ihstall ' 1. di g, e t car
or cage car rl yi néaaﬁ,esrg’ﬁgs\g{rys&v%%ﬁsidsr{lzlprﬁaér?%tééekr&p%%'{sldogng E%%rp f%rgélg St
predet erm ned | Is lkace whgn iy dLder 3S,, |
runni ng functi O%Egrxrb%ng?u_t ‘or mnceﬁééﬁ@%ﬁﬁoﬁé’ﬁ&{ﬁﬁgg& b%c%%glée%f
swWi ngi ng or shakigng gOfe e gt Mig¥yUspd ad t6h SiHd "SRk 251 08P Wi nds,
as the result of which the passengers are confined wthin the car.
Accordingly, thesFeReivg @he Buguefidd®p sputdtionr anididprdd ©b 4 eat
utility in order to prevent the dangerous situation and assure restoration
of the el evat or thesistipelr¥yilgtryn @pedta s acodtryl AS soon as possi bl e when
the shaking is mtigated or settled. Such being the circunstances, there
exi sts 20 an increasing t &yleay afo eachmple helrs e Gase o e lévator
control in the elevator or lift systenms. For perform ng the supervisory
operation contr ok, Lift sysdess which dajcinatalled doney Auickdingwitheti on
(or shaking) in the building in which the ele- .

elevator car or cage carrying passengers will stop at

other positionsthan the predetermined landing place when an
10 abnormality interﬁénes-in the rdnning function or per-
P ~ formance of the eiévator or lift car'because of swinging
or shaking of the building due to the earthquake or'-
~ strong winds, as the result of which the passengers are
confined within the car. Accordingly, the supervisory
15 operation control capability is of gfeat utility in
order to prevent the dangerous situation and assure
restoration of the elevator system to the normal opera-
tion as soén as possible when the shaking is mitigated
or, settled. Such béing the circumstances, there exists
20 an increasing tendency to adopt the supervisory opera-
AN tion control in the elevator or lift systems.

For performing the supervisory cperation
control, it is necessary to detect the generation of
vibration (or shaking) in the building in which the ele~-

25 vator system is installed. To this end; it is required
to install a seismometer, which'is commonly installed in

a machine room of the elevator system so as to detect



25 vator systemis installed. To this end, it is required to install a

I syroneter, which is comonly installed in a machi ne room of the el evator
sffem so as to detect - 3 - 1 ‘racceleration naking appearance on the
of the machine room \Wen the sensed accel eration exceeds .pre-
fet mi ned reference levels or val ued Bi &ted exenplarily in the foIIQﬂ@ng
table 1, signals for triggering the 5  supervisory operation are o
gener at ed! Tadfeelengapionf makadg: BPPeREABLENOB FRRULLloOor oftjtlieer one of

set for a single , reference valuegs grade or |oyer one set for two of

ref erence ?Chlﬁ?aﬁggm(geWEFB-tgﬁlg@?#?@taFGP FIPPdﬁ*SFeQEpGF?'grades
peneraton, JAERRRS" 2bk8RgRLeSBEPYSBEY varuos 1900 ey

150 @&l i ded,_ it E A . |

150 Gal ormer gblics s PoFFPUERS ERREe 7 BhBband for, crifiefing sho

5 supervisory operation are generated.

Table_l

Type of elevator

Reference value

set for a single -
grade or lower one
of reference

values set for two
grades (generation

Higher one of
reference values
set for two
grades (genera-
tion of super-
visory operation

of supervisory signal R)
operation signal Y) -
Ordinary 80 Gal
elevator .
Elevator 80 Gal 150 Gal
provided with . _ :
express zone
Elevator for 80 Gal 150 Gal

emergency

. As will be seen in the table 1, in the case of
the elevator system'having_an.éxpress zone, the seismo-
meter for detecting the vibration of a fi:st intensity
grade is bperated to generate a supervisory operation

10 signal:Y when the seismic acceleration exceeds 80 Gal,

while the seismometer set for detecting the vibration of

a second intensity grade produces a supervisory opera-

-

»>



the el evator system having an express zone, the seisno- neter for detecting.
the vibration of a first intensity grade is operated to generate a y
supervi sory operation 10 signal Y when the seism c accel eration exceeds
Gal, while the seisnometer set for detacl4ing the vibration of a second _
i ntensi {y grade produces a supervisory opera- -4- 1 tion signal R whe
the Se!S”‘ClaCC@%@ﬁa&iBﬂaﬁxﬁeﬁﬁénliﬂeG%bdéﬂﬁ%r%b%eﬁﬁ%%%i%ﬂﬂﬁﬂéééﬁéﬂﬁk&3afe
transmtted to the elevator control systemfor putting into effect the
supervi sory opetaiiOQhePein these sigh@aQe’ ¥ Radi R Arl thAnehiltred do/pi cal
.super- visory operation, the elevator ‘car is stopped at the nearest |anding
floor to allow the ghéesenger soherodt sgktemhEorapultyingeiint® lelf€edxorthand
subsequently the car operation is set at rest, when only the sei snoneter
set 10 for thesdpesvisaorgnepeyagiede operates to generate the supervisory
operation signal Y. On the other hand, when the seisnoneter set for the
second intehsity grade al Becopéingesct @ pishecsor kaowdp&YPisely syperat i on
signal R the car is instantly stopped_and the signal Ris also 15
transnitted to %?%95%r99§6#ti66w1ﬁgeiﬁﬂ&ﬂﬁFpﬁécﬁﬁbéﬁ-sﬁpPGPdoﬁttﬁée
enmergency stopping of the car. en, the ¢gqr is operated at a_|ow speed to
the nearest fl o‘b?gF?th agﬁﬂ]ﬁt }gﬁ°§e|’:ﬁi Pg',q'oé'n&hFhE"ﬁé?g@ﬁJér §°at9§taqu%\/\ed
to get off through Lhe peBgdndRy’ enl"368 afly shBIeGlontdy the car

operation is set_at'rest. when only the sei#mome;er set
10 for the first ihtensity g:ade operates to generate the
supervisory operation signal Y. On the other hand, when
the seismometer set for thg second intensity grade also
operates to produce the supervisory operation signal R,
the car is instantly'stopped and the signal R is also
15 transmitted to.a supervisor.room to inform the super-
‘.risor of the emergency stopping of the car. Then, the car
is operated at a low speed to the nearest floor if the
situation permits, and the passengers are allowed to get
off through the opened dodr. Thereafter, the car opera-
20 tion is ;topped with the door bging glosed. waiting for
LJ- ' the arrival of maintenance or.sefvice-engihee:s.
According_t§ another example of the hitherto
~ known supervisory élevaﬁor.operation, upon operaﬁion of
only the seismométer set for the first intensity grade
25 of Qibration and hence generation of only the signal ¥,
the elevator car is stopped at the heéreét landing floor

to open the door for alloﬁing Ehe passengers to get of £



20 tion is stopped with the door being closed, waiting for the arrival of
mai nt enance or service engineers. According to another exanple of the

i t:he™0o known supervisory el evator ‘operation, upon operation,of only the .
pter set for the first intensity grade 25 of vibration and.hence
lon of only the signal Y, the-elsewator car is stopped at the nearest
Ag floor to open the door for allow ng the passengers to get off : -
-5 -1 the cehre ¥hiGhwhicholilsovied Yowdd eyl RLo¥iddiefiogie den, t he
earthquake is, settled or mtigated after a tine | apse. and the signal Y
produced by tWmreaecthevearehquakel dis. tded tfliedstorymedd gatexbisitier iatteime t v

di sappears, the 5 - elevator systemis automatically restored to the nornmal
operation. Hbapser andntbessignalsdi pnoduaed dvt the sdisnamener @getie of
~intensity operates to produce the signal R enrergency stopping of

t heel evat or cfert thes £prsse g¥aden ofhsedem ofintensitwdiganpenrs, the
supervisory control-of 10 the prior art. In this connection, it should be -

men- tioned tRABVAEQELBY¥ELEFLilSsAutamatdicalily Festanesh thdthe mFRAbyi ded
to an adequate extent so {hat the elevator .can be normally- operated w thout
failure even ORBERELERS i BOWRNER: dn SRa8,&e, SpisRomRhAT s
causes the seisnmoneter _set for e 0 rade Qf . intensity.to be
cctuated I n TREO0E. 78RS, e dareRaiEe Betafish do SPcdite Yend signar

R, emergency stopping of theelevator car takes place as in

the case of the first mentioned supé:visory control of
10 the prior art. In this connection, it should be men;
tione&'that measurés aééinst ghe_seiémié.vibraﬁion :
éhould be §r6Vidgd to an adéquaté extent so that the
elevator:can be hbrmallf-operatéd without failure even
under seismic vibration of such a gfe&t amplitude which
15 causes the seismometer set for the second gréde of
intensity to be actuated. -
" In the case of the'éafthquake.or'Ethoon of a
:largé sizé,'thére'is.a possibility that a iargé number
of élévafof'systems should fail in a particulér B
ZQ district; For restoring ﬁhe féiled élevators at the.”
eariiest'convenience, many service engfggéfé must be
suﬁmbnéd, which is difficﬁlt in actuality. .Accordingly,
'it is désirable to édopt the.automatic restor{ng system
such as described in conjunctibn with the first men-
25 'tioned supervisofy elevator operation of ﬁhe pribr aft.
o "_By the way, either in thé firét or second men-

tioned supervisory elevator opefations of the prior art



| arge size, there is a possibility that a | arge nunber of el evator systens
should fail in a particular 20 district. For restoring the failed
elevators at the earliest convenience; marly service engineers nust be
sumoned, which is difficult in actuality, Accordingly, it is desirable t
adopt t@g autonatlc restoring systen1such6as described in COﬂJUﬂCtIOﬂ Wit
the first nep- ti oned sqgerV|sory el evat or operation of riogr art.

By the way, %lth@?s?ﬁl?ﬁ@ above. of %eﬁ%ﬂﬁrﬁbﬁ°r¥|BBEHaEbﬁgr§F§B?5 Seifedafor
t ft t d | bed_aboy th
oherat on st gnal's BEeRECEA by o seEERRRoERr S nEKE: EPRCLBRPELFSERRNA: . o
d d de h ' i LV: sh |
the degree of | ??%%%‘3e&?‘?%%?%aﬁﬁgﬁé%ﬁ‘té PHtPab FRECSRRLIATBRBRELENE Y

i nstrunents of t;§?f5§¥@59g1 yeﬁ ?%Psedsafﬁ £ PheRkb COE eﬁetasrtnéhueace

of earthquake wh ects I Ngs |nc usi.ve of the instru

machi nes ands ot hgggéd@€ihytthe ﬁaehpseesahd ifseRumEnes bhecthasksedhtbie
steps or grades of seismc intensity stipulated by the Japan Met eor ol ogi cal
Agency and summegygesémin the following table.2 in which the seisnmic or

vi brational accelerations equivalent to the seismc intensity grades as
adopt ed commonl y her et of orthé5degeeal so éxtsértl ofi the infhoense oﬁlunn
Table 2

earthquake which affects the buildings inclusive of the
instruments, machines and other facilities can be esti-
10 mated on the basis of the steps or grades of seismic

P intensity stipulated by the Japaﬁ_ueteorological Agency

and summarized in the following table 2 in which the
seismic or vibrational accelerations equivalent to the
seismic intensity grades as adopted commonly heretofore
15 are also listed in the rightmost column.
Table 2
Grades of Description ' Equivalent
Intensity acceleration -
o Not felt or | Not felt by persoﬁ but 0 - 0.8 Gal
o intensity 0 | can be recorded by a
seismometer
Slight or Felt by persons at rest | 0.8 - 2.5 Gal
intensity I or sensitive persons
Weak or Felt by many persons. 2.5 - 8.0 Gal
intensity II | Windows and doors rattle
only slightly

«ss L0 be cont'd.



eIeratlon
2.5 @&l
p-'sons
~slightly to

Descri ption " Equi val ent Intensity

Not felt or Not felt by person but 0 -0.8 Gl intensity O
ge: recorded by a seisnonmeter Slight or Felt by persons at rest

intensity | or senS|t|,f per sons Weak or Fel.t by. many )
1= '

2.5 - 8.0 Gal intensity

25.0 @Gl strd
Hangi ng obj eqt
di sturbed. St
IV sively.
Felt outdoord.l
cracked. G g
Gal

e Cont'd, ther : Buildings s
qg ' and| doors rattle appre- intengity -
ashpRg consi p8RARIA) QSUrsl"’édtSﬂf Wi |3n-Q:o‘ht%$ffera
r%ﬁ?OBG or - p,ANG 4
a

P“Bbf@cts cigh ®ctBset. Liquids spi

C|abI¥f
lg @ppre- ot o0 . 80.0 intendi

My frightep H‘ ¥Ye Very|strong  \Val
ve- 80. of 24 Ey’ stohes and stone
: con .
Sttoﬁg or Buildings swing inten- 25.0 - 80.0
intensity IV | sively. Small objects Gal

are displaced or upset.
Liquids spilled. Felt
outdoors. Many

- frightened and run

outdoors.
Very strong | Wall cracked. Grave- 80,0 - 250.0
or intensity | stones and stone Gal
v ' lanterns fallen. B
Chimneys and masonry
damaged.

Disastrous or| Less than 30 & of build~- | 250.0 - 400.0
“intensity VI | ings destroyed. Land- Gal

slides and cracks in
ground. Difficult to
stand. ‘

Very disas- | More than 30 % of build- Higher than

trous or - ings destroyed. Land- 400.0 Gal
intensity slides, cracks in ground
vIiIi and faults. '

Heretofore, the supervisory sxgnal Y is
generated when the se1sm1c intensity is in the range of,

for example,_BO Gal - 150 Gal while the 51gnal R is pro-

duced when the seismic intensity. exceeds 150 Gal, by

maklng reference to the data such as listed in the table

2.. However, actual application of the supervisory

-operation control of this types'to elevator systems has

Wndows and doors rattle ogLy



va : | anterns fallen. Chimeys and masonry damaged. Di sastrous—g .
or Less than 30 % of build- 250.0 - 400.0 intensity VI ings destroyed.ééF> ‘

Land- Gl slides and cracks in ground. Difficult to stand. Very disa
More than 30.% of build- Hi gher than troys_or i ngs destroyed. L
400.0 Gal: intensity slides, cracks 1n-ground VII and faults.

Her et of ore, the supervrsor% signal Y j gene at-ed m@in the seismc
intensity istin @MeCPRRPESS: SOPG LEQURLPE, ¥BIER| W1licBeCBKPRALPES: he
signal Ris pro- dgced when the seismic intensity exceeds 150 Gal, by 5
maki ng ref erence®®t°¥he data such as l-isted-in the table 2. However, act ual
application of the supervisgr p ' o] f LSt Syt evat or
systens has 1 _encountggeéhgog%féégggﬁeg?ﬁakrgh &ﬁk?ebépgxéﬁgfﬁéq be
low Inthe folloubpg.iant cndaskpEaC1A 8 LoEEEHnYVBED! hoR BEIIHIAG LBoR
certain very hig urdirng upon occurrence of eafthqlake or a Farge
size in a digt andcé@ptoRce 18P 8aBthquake of a large size in a distant

region.
Table 3
Underground | Machine Room | Ratio
‘Room
U Maximum Accelerati@n 2.5 Gal 15 Gal 6.0
(Balf Amplitude) _ .
Maximum Displacement | 55 mm 130 mm 2,4
(Balf Amplitude)
Frequency 0.1 Hz 0.2 Hz 2.0

As will be seen from the table 3, the acce-
leration observed in the underground room is 2.5 Gal,
which corresponds to the seismic intensity I in the

L/; ' 10 table 2 when considered in terms of the equivalent acce-
leration. In contrast, in the machine room standing on
the uppermost floor 6f the building, the acceleration is
amplified to 15 Gal which corresponds to the intensity
grade III when considered in terms of the equivalent

15 acceleration. The elevator will not be subjected to any

damage at the seismic intensity of this grade. 1In



Under gr ound Machi ne Room Rati o Room Maxi mum Accel eration” 2.5 Gal 15

' 6.0 (Hal f Anplitude) NHX|nun1EXSpIacenent 55 mm : 130 mm
Hal f Anplitude) Frequency . 0.1 Hz 0.2 Hz 2.0,
Wll be seen fromthe table 3, the acce- leration observed in the
pderground roomis 2.5 @Gl, which cerBesponds to the seismc |nten5|ty I
in the 10 table 2 when conS|dered in terns of the equival ent acce- =2,
lerationl | n mdliep} . néithée ohehsetsmometerardisponded horumpper nost f1 oor
of the building, the acceleration is anplified to 15 Gal which corresponds
to the intensdpewisiery | $ighah wassgdneedted.t erns of the equival ent 15
accel eration. The elevator will not be subjected to any damage at the
seismc intensity of .tHewevexe. since the9 frejuencyakiasy asndiowhas Ohe
sei snonmet er responded nor the supervisory signal was.generated. However,
since the fréhUen%ysmkéﬁ%ﬂﬁmﬁmpésgneatFEalﬁpsﬁPagenéﬁ am dnelalfal ue (e.g.
130 mmin half - anplitude) occured, giving rise to considerable sw nging
or shaki fg oﬁmmﬂgQﬂHQEMQEFW%ﬁéh Jh¥ingcEiBentedcrpsidgrakl e, swiaging hat

th I bl ti th t th th hi
the signal’ cabl e communi cating Lhe, gl evatr gar ui Lh Lhe mehi pe room ves

great accident that the signal cable communicating the
elevator car with the machine room was broken.
._In'iight of the_ieseon drawn from the hap-
10 pening mentioned above, the level of acceleration at
which the supervzsory signal is generated was therefore \\)
lowered to 30 Gal. Although this value is 1nadequate
because no superv1sory signal will be generated in the
situation described above, another problem w111 be
15 encountered if the acceleratzon level is further
lowered. -
_ :Later on, upon occurrence of an earthquake of a
small size in a near region, vibration listed in the

following table 4 was observed in the same building.



In light of the Iesson drawn fromthe hap- 10 pening nentioned above, the
|l evel of acceleration at which the supervisory signal is generated was ‘
therefore lowered to 30 Gal. Although this value is inadequate because n
supervisory signal will be generated in the situation described above,
anot her. problemwi |1 be 15 encountered iT khe acceleration level is furth
| onered. Later on, upon occurrence of an rt hguake of a small size in a
near. region, vibration listed in the folﬂgaﬂgﬁﬂfable 4 was observed in the

sanme bui |l di ng. -10- Table 4 Underground Machi ne Room Rati o Room Maxi num
Accel eration 13pcad S0—Ccat PGt An“:rtade} .fbﬁﬁﬁﬁi

D spl acenent 3 pm 10 mm Ij f fFr enay
1 Hz 1 Hz - 11 Unde?qrob\H? case ol* L%g Rar qu‘glke

. . . o
under con- siderption, the acceleratio ? “13 Gal oﬁ:ser ved in the
under ground r oonj 1 = rheTeCii e Toom T esgr Tty in

that the supervi pgakisiviinalect aation JaErgded, beil p aggpnpani ed ajdh tthe
st oppage of all Thgaqlfe\qa{pqrim@ at the nearest fl¢ors. The el evator

Maximum Displacement | 3 mm 10 mm 3.3
(Half Amplitude)

Freguency 1 Hz _ 1 H2 1

In the case of the earthquake under con-
sideration, the acceleration of 13 Gal observed in the
underground foom was amplified to 30 Gal in the machine
room, resulting in that the supervisory signal Y was

5 generated, being accompanied with the stoppage of all
the elevator cars at the nearest floors. The elevator
cars were at rest about ten minutes after the stoppage.

In this connection, it should be noted that
the frequency was 1 Hz and that the displacement was as
i/’ 10 small as 1 cm in half amplitude, which means that the
seismic intensity applied to the building is of such
magnitude that the stoppage of the cars is unne-
cessary. Notwithstanding, the cars were stopped, giving.
much trouble to the passengers;
20 As will be understood from the exemplary cases

described above, it is doubtful whether there exists a



cars were at rest about ten minutes after the stoppage. In this connection, '
i-t_should be noted that the frequency was 1 Hz and that the displacenent
10 small as 1 cmin half anplitude, which nmeans that the seismc =

thF-gars IS unne- cessary. Notw thstandilngs the cars were stopped, giVving
much trouble to the passengers. 20 As will be understood fFém

the exenpharydegiagdtécyeliakddnahdye betivaen dndidel snietdede 1dwiei &xi sts a
1 definite relationship between the seisnm c acceleration and the

intensity gradadwkehehihaenséey igriaidevsdhiich hmase besay ibel imvddictd rHdwence
affecting the indoor facilities inclusive of the elevator system This
question has Bearhegeoof the be@dWQMQQ(afﬁgntﬁngshh&nxﬂdcnnlidexiltmmmng
them the typical one is Takagi's article contained in Meteorol ogical Study
Reports, Vol :inglumdveiofpthe pdegatoro@ystem.. Thig questicroasying

dr awi ngs graphl 10 callﬁ Il lustrates the actually nmeasured relationship
bet ween the sBRERLOLPRLe QPPyPﬁﬁéﬁedaHTQlﬂ?aﬂﬁﬂﬁqﬁﬂa°QﬁRﬂie§11\hﬂQﬂgsolld

I t t th - g t list t he table
) At ho- poi HR8Ry nEBRa ERBLERTC QIR L8d AKAG 1 Sk aAR: #qsqé%a%m 15

intensities aﬂgﬁgggsgaﬁfs; 588y repbrtls, RIS, Wo.T1G glp 2SRl AT ON
(1969).
- Fig. 1 of the accompanying drawings graphi-
10 cally 111ustrates the actually measured relatxonship
between the seismic intensity grade and the accelera- _ \~)
tion, in which solid line segments represent the equiva=
lent accelerations listed in the tablé’z and the points
‘in black represent the relation between the seismic
15 intensities and the accelerations. As will be seen in
Fig. 1, acceleration of 180 Gal is observed at the
~ seismic inéensity'grade-V. Although the acceieration is
valid for the equivalent acceleration in the table 2, it
has been found that_the aéceleration of the same magnitude
20 is observed at the intensity grade II. This means that
Ino'spécific correspondence or relationéhip exists bet-
‘ween the seismic“intensity_gradés and accelerations.
-Accordingly, muernnrwillbé'involved'if a ¢orrespon-
dence is establzshed between the seismic intensity gra-
25 des and accelerations as indzcated in the table 2.
| As will now be understood from the above ana-

"lees, the hitherto known supervisoty'operaﬁidn control



seismc intensity grade V. Although the acceleration is valid for the
equi val ent ‘acceleration in the table 2, it has been found that the

aGgcel eration of the same magnitude 20'is observed at the intensity grade /.
I'l. This_nmeans that no specific corresppng nce or relationship exists betigi.
ween thg_seismc-intensity grades and accelerations..Accordingly, an err g

i1l be i | ved i f A - ' | dDb i .sm
ntensity g 28YAn %%rcﬁlis?%“‘afﬁ%%%ﬁésfﬁ%%fﬁﬁei ShfEErahpcesTeRs ©
| t : ; _
Supervi Sory operdi i wihiqgy € ffe HiberVEfdey | cbePdLlch faldHE | |

that the condit ibceg%i%% aéﬂé)v&é%fr%‘fﬁ/é?%é hgeSUPEL iéﬁ{g gn&r ati on have

no bearing on-th g SW nging actu t and possi ringi ng about
abnornal i ties inddis PREEHIRYing abow dBkbihiifeiestiwseth@kopératibns

i npossi ble to conduct t'he supervisory operation under the desired
conditions wth ygredcliindiids fy tpnd ackynacy. Tbeihposebble €6Seohducen
has been nade particularly in conjunction with the el evator system .
However, the dextéd Eupsrvischy dperaeicyamden the desired candbuionsi | way
equi pments, nucl ear power plants, chem cal industry plants, facili- ties
for transporti ngritsahigh trediabiakicey hand | &ecuta¢y: cUThe fHiaxegeing
encountered in carrying out the supervisory operation in conformance wth

t he actual description has been made particularly in conjunction

with the elevator system. However, the description is

10 also relevant in Ehe case of various railway equipments,
nuclear power plants, chemical industry plants, facili-
ties for transporting heavy articles and the like.
Difficulty has been encountered in carrying out the
supervisory operation in conformance with the actual

15 seismic intensity with any reasonable reliability, whe-
never the situation reguires.

An object of the present invention is to pro-
vide a supervisory operation control system which is
immune to the drawbacks of the prior art described above

20 and capable of performing satisfactorily without fail

1/‘ the supervisory operation of facilities such as an elevator
system and the like in conformance Vith the actually
felt swinging or shaking (vibration) of the ground and
buildings caused by the earthquake or the like.

25 o in view of the above object, it is proposed
according to a general aspect of the invention that when

vibration or shaking due to the earthquake or the like



S seismc intensity with any reasonable reliability, whe- never the
sLtUatHon requires. An object of the present invention is to pro- vide a
syp i sory operation control systemwhith is imune to the drawbacks of

t @ lor art described above 20 and capabl e of perform ng -
safligfactorily without fail the superwippry operation of facilities syu¢ch as
an el evator systemand the like in conformance with the actually felt ™

swi ngi ng @ shaddungs (M bt garmicwlat hrlacowmbleradfboi Lithgs saghedsbynt he

eart hquake or the like. 25 _ In view of the above object, it .is
proposed accoreliewatar ssypsn Or adpecliké vhesenoperavionhiés wtbebevi bration
or shaking due to the earthquake or the |ike -13-.1 occurs in a :

particul ar pl scwpetrised and instakled, asdegisionevas okosybetheorthee |i ke
whose operation is to be supervised and installed, a decision as to whether
t he super vi soBERFHIRITH ApRAALL IR shaulddbesskdrtaddisi not madepindence
on only the magnitude of vibrational acce- leration, but the_decision is
al so S NIRNRHAN ALk i BRRRHENAS OhoYiRrakieBaLqagF8Tuct of
choplace: onty Syl RS ASPUSYSE 145 2" SRS §h alBans oo
oLer b1 2oLk P MR IBN A0 ok d GRLAGRE bk abffaBaLe
ment of the vibration (amplitude value) and speed of the
'vibration has attained a predetermined value.

10 The above and Othér objects; features and
.adéantagés of the invention will be appaféﬁt'ftom the \~)
following detailed description taken in'conjunction with

" the accompanyin§ drawings, in which:
' Fig. 1 is a view for graphically showing the
15 'reiatiOnship between the seismic intensity grade and
acceleration tdgether'with the actually measured
results;
Fig. 2 is a view showing schematically a
genéral'atrangement of a system to which the invention .
20 is applied; | |
'  Pig. 3 is a block diagram showing further
_details of a main portion of the system according to an
' embodiment of the invention; |
~ 'Pigs. 4, 5 and 6 show flow charts for
25 illuSt:ating”examplés'of the supervised opération of an
' elevétof'éystem controlled according to the teéébings of

the invention;



t he acconpanying drawings in which: Fig. 1 is a view for graphically
showi ng the 15 relationship between 'the seismc intensity grade and
accel eration together with the actual I'y nmeasured results; Fig. 2 is a
show ng schematically a.general arrangemsepy ef a systemto which the
inventiQn 20 is applied; Fig. 3 is a block diagram showi ng further detas
of a main pgrtion of the sypigm ?CerQ' DYekO£8P GPRPHILEENLYOH 1508 tratingthe
i nvention; Figs. 4, 5 and 6 show flow charts for ™25 |IIus¥rat|ng exanpl es
of the superviseg, PPE{Gh i BELRéeANmEk EMBROVagNEt O pebluek! o speeddiana to

t he teachings of the 1nvention; - 4 - Ftg. 7 is a view for graphically

i | lustratingt he dpiplseembet \SENLHBX58USNYE! aadothpr sdiemiel ingeadiayd

di spl acenent of the seismic and the seismc intensity grade together with
actual | y neasur efradé uesgether with actublly fleasuzedckadmese di agram for

illustrating the concept- of the invention; and Fig. 9 is a bl ock diagram
showing a né&Bn por- tion ofighe8systansabensatiggdiagxant for dddusitratingf
the invention. 10 Fig. 2 is a view showing schematically a

the concept of the invention; and

Fig. 9 is a block diagfam showing a main por-
tion of the system according to another embodiment of
the invention.

10 Fig. 2 is a viéw showing schematically a
general arrangement of an equipment to which the inven-
tion is applied. The equipment generally dehoted by 11
includes a machine room 12 and an object to be |
controlled which ié driven under the command of the

15 supervisory operation control signal issued from the
machine room 12. There are disposed within the machine
room 12 an acceleration detector 1 for detecting or
sensing vibration of the equipment, a control signél
generating device 14 for generating a control signal on

20 tﬁe basis of the éignal produced by the acceleration

4 detector 1, and a supervisory operation control appara-

tus 15 for performing the supervisory operation of the
object 13 to be contrqlled in accordance with the
control signal prqduced by the control signal generating
25 device 14. The supefvisory operation control apparatus
of various types have heretofore been proposed and prac-

tically used. The invention can be applied to these



general arrangenent of an equipnment to which the inven- tion is applied.
The qW\i pnent general |y denoted by 11 includes a nachine room 12 and an
_obj;¢, to be controlled which is drlveﬁ under the command of fhe 15 o
supgiNysory operation control signal sued fromthe nmachine room 12. There
are 4 sposed wi thin the machine room 12 an accel eration detector 1 for,

detecting or GRAM NGipd RAdrN o‘i:fezla*i‘io%q‘é'om‘%'&tb g:gﬁ%tt‘h 0 thgggam . 'O]: t he

generating device 14 for genérating a control sig

si gnal produgRfEiriddia catcelaartdioudh dakedetectorandid SHBGHViaEOry operation
control appara- tus 15 for performng the supervisory operation of the

obj ect 13 t o it teigd|ine dhen machandgheeom,t i tt baouaat bel ualgrskopgoduced
by the control signal generating 25 device 14. The supervi sory operation
control apparttats tife detiect®rt mags beaiasitaldedf ateolbber pooptseds efd prac-

tically used. The i nvention can be applied to these - 15 -1 known

supervi sory dher AqudiPmentt tdlanatber arghiwet moem.nodi fication. Al though the
detector | is shown as installed in the machine room it should be

under stood that the déWEtFGWQEQV ﬁéQQﬁ§t@qn&§a§ﬂn6tﬁ§W icecddi 48s of 5

t he equi prnent__t han .t he mact %]roo contrgl sggnal 2enerat|ng devi ce

14 i's shown Pﬁca?bdﬁbﬂrﬁgt eﬁaﬁlg&Pe $99FRe ¢ r E0Pt CEAEPEBes an

accel erati on ;dehedQr b ac@%ﬁg AkQ68 2e?0dtor 1, integrators 2 and

3, a multiplier 4, comparators 5, 6 and 7, an OR gate 8,

10 and an AND gate 9. The integrator 2 integrates the
acceleration signal_g which is output from the

pacceleration detector 1, in order to produce a speed
'signal v. The integrator 3 integrates the speed
~signal len order to derlve a displacement 51gna1 Y.

15 The multiplier 4 multiplies the outputs of the two
integrators 2 and 3 so as to obtain on a real time
basis the product v . y of speed and displacement.

The comparators 6 and 7 receive inputs from tue output
of the multiplier 4, whilst the comparator 5 receives

20  an input from the output of the acceleration detector
1. The comparators are set to compare the above W
referred to outputs with respectlve comparison levels
previously set. The OR gate 8 recelves_outputs from
the comparatorsspand 6 and pro&ides a supervisory

25 signal as an output to a terminal Y. The AND gate 9
receives outputs from the OR gate 8 and the coﬁparator
7 and proviaes a supervisory sigﬁal as an output

signal to a terminal R. Accordingly, a supervisory



3, amultiplier 4, conparators 5, 6 and 7, an OR gate 8, 10 and an AND
gate 9. The integrator 2 integrates the acceleration signal a which is
out put fromthe acceleration detector 1, in order to produce a speed sigpe
v. The.integrator 3 integrates the spedd®&siTgnal [err] in order to deriyss
di spl aggirent signal y. 15 The multiplier 4 nultiplies the outputs of \t
two integrators 2 and 3 so as to obtain on a real tine basis the product v
y of .speed arsdiafishliscauinut e thent@miced & when7 theceive inputs from
the output of the multiplier 4, il st Eﬂle conpar at %r 5 recei ves 20 an
i nput from t he AARPRTPHLIhE i AT Cdedect & °F. SPEEYFRfarators are
set to conpare jhe above referred to .qut.puts w th respective c ari son
| evel s previ ous‘#lysl’s%cfemel'hte tg‘a% es'?fsj'slriJn Sei'Ves &’J‘tc&?t%f r(])rﬁﬁfaﬁgggonpar ators
5 and 6 and pr %Vxl earrr?‘i%‘(}atﬁq{é’ 2%n ¢ 'gﬁgsra%a%ra oytput to a termnal
the g

Y. The AND gat'e recel'ves outputs from ate 8 and the conparator 7

and provi des a SuRard Sy SIHIAL 85 Hig M thedhdmifad Revenal R

Accordi ngly, a supervisory - 15a - signal is output on the termnal Y
when the accel afid i ifpervisdiie diigidiCloutputy obf thleeedriigadi gpl acenent of
the seism c wave exceeds a rel evant predeterm ned value. On the other hand,
a supervi sory sigmdedrs output on the term nal R when




t he supervisory signal output on the termnal Y has been .- 16- pr oduced

and n the product v . y of speed and di spla- cenent exceeds the val ue
beyond \whi ch the machinery of the elevator may fail, involving danger in
th gvat or operation. 5 Tﬁg following table 5 shows -the
refuk¥s .of cal cul ation of the product"vl Yy of speed and di spl ace- nents, on

asis of the data _contained in the tables 3 and 4. It wll he seen™that
“the situath on RERFHEH12RA JYhemctRe pPECAUEE Ve pBnaE BBeeRe2BE; displa-
intensity 10 grade V with the situation Iistgd %n éh table 4 corresponding
to the selsmgF?WﬁQﬁuﬁ*Sﬁié%d%h?lYa ?hb$%?9_gg o pEPBxFﬁﬁPFBﬁr¥o° he
LAl SR G TEP et BEFHELE, AhPBEUThYaoMBRETYR, png, eyebULERSTY

tion in cor

pon y in
pondi ng to rogQ capiad O ACCeE- machi ne maxi mum | eration room
vV ry 2 Case<§BerﬁE$?éﬂ . 11 3380 mm v table 3 2
11 Case of 30 Gal The fdllowing €861é€57shows the results of

calculationtof.the product v » y of épeed and displace-
ment on the basis of the data contained in the tables 3
and 4. It will be seen that the situation répresentéd
by the table 3 corresponds to the seismic intensity
10 grade V with the situation listedlin the table 4
corresponding to the sgismic intensity grade III with : \h)

very good approximation to the actual.situations.

. Table 5

Accelera- | Intensity .Maximum Intensity

tion in corres- value of corres-

machine ponding v * y in ponding to

room ] to acce- machine maximum

' leration | room v ey
Case of | 15 Gal III 3380 mmz/s v
table 3
) : \

Case of | 30 Gal 11 100 mmz/s III ~/
table 4 :

It is now assumed that the comparisbn level of
the comparator 5 shown in Fig. 3 is set at 80 Gal, the
15 threshold ievel of the comparator 6 is set at 1 X 103

mmz/S and that of the comparator 7 is set at 2 x 103



table 4 It is now assumed that the conparison |level of the conparator 5
shown in Fig. 3 is set at 80 Gal, the 15 threshold |l evel of the conparator
6.s set at 1 X 10 [err] and that of ‘the conparator 7 is set at 2 x [erp}<™
-17- 2 [err].. On the assuned conditions 0 supervisory signal is generdés
in the ¢gse of the situation listed in tﬁg Tabl e 4 although the supervi f

I h f h '
' this Waii RS & et s ciﬁn%b% P77 RS oRtPPRYASBE onc

d d th

operati on of ¢ M MY ot JpdEieRl, £} “HHE8 B8 e FLEp3UIB RO,
d t t

upervi sory ol ARIE GRTE | or 1%‘3%‘32‘;-“@?%‘? §‘6.9%°"‘2 bigpd”Eegpo FBn ng

of the inven- Iqydeqd {f SAPEEIsS B m@éﬁ-tmawewbhsbnt bs shenehmx gnd R
are made use of wll be described below by referring to Figs. 4, 5 and 6.

é5 . 5 Re-femwg»i;ﬁ Rilge supebelsore operacioni gaal peeaar:aieag
evice 14 produces only the signal Y in response to detection of the
vibration of figut ievelrseiondl timnmenpin adependence 6n the ateualor car
IS stopped at the nearest floor where the door is opened to
seismic intensity. The supervisory operation of the
elevator ﬁith the aid bf-these supervisory signals Y and
R is carried out in the same manner as in the case of
10 the hitherto known supervisory ele§ator'operations.
However, for having a better understanding of the inven-
tion, the supervisory oﬁera;ion in which the signals Y
and R are made use of-will be described below by
referring to Figs. 4, 5 and 6.
15 Referring to Fig. 4, when the control signal
generating device 14 produces only-the,signal Y in
" response to detection of thé vibratioﬁ of first level
set at the comparators 5 and 6, the elevator car is
stopped at the nearest floor wheré.the door ié opened to
20 allow the passengers to get off. Subse§uent1y, the door
~— is closed and operation of the #ar is shut down.

When the vibration of the second level set at
the comparator 7 is also detected, the elevato? car is
instantly stopped {emergency stop), as illustréted in

25 Fig. 5. A signal representative of.this'situation is

transmitted to the supervisor room to inform the super-

visor of the emergency stopping of the car, whereupon the



20 allow the passengers to get off. Subsequently, the door is closed and
ion of the car is shut down. \Wen the vibration of the second | evel
at\the conparator 7 is also detécted; the elevator car is,instantly .
efl (energency stop), as illustrated in 25 Fig. 5 A signal.
repreyentative of this situation is #raf@smitted to the supervisor roomto
“m’t he super- visor of the ener gencyst oppi ng of the car, mhereupoﬁ/the
- 18 - 11 sSieRedEYor BHffes hsaheleyﬁﬂsoﬁaéa&OtbuauhOtbheheeaéai-bsltandI ng
floor at a low speed, if the situation allows it. By opening the door, the
passenger canageliny ff ider catr . a Thow espéed, iPetNeositsationedlanws arrival -
of ser- 5 vice engineers is awaited. Fig. 6 illustrates another exanple -
of the super \titsor Byomereatiing ther adabmg the apassengerbodnngat offt bhepr esent
i nvention. Referring to the figure, upon detection only of the vibration of
the first |eealr. i There@afifesh dgheerdeoonnisntiosédt andsagnivay, ofheecar is
caused to stop at the nearest floor to allow the passengers to get off by
openi ng Bhe ddse eﬂﬁiﬂﬁﬁ*ﬁs#%nﬁﬂﬁkﬁ%@tly at rest with the door being

cl osed. When the earthquake js settled after a tinme | apse, being

acconpani ed with 15 di drpdarih s rates %?QEE?rYexﬁﬁﬂlﬁrﬂfn5P9 car opera-

tion is automati cal,l restore Howev en the sjgnal enerated in
response to SUPSE 5%q* qpera 'ion accotd%%b to anotger eﬁkoglgent o%

the present xnvention. Referting to the figure; upon

detection oniy of the vibration of the fitst'leval. i.e.
10 upon geherafich only of the signal Y, the car is caused
to s£o§ at the nearest floor to allow the passengers to \~)
get off by openlng the door. The car is subsequently at
rest with the door be1ng closed.- When the earthquake is
settled after a time lapse, bezng accompanied with
15"disappeafénCe'of tﬁe signal Y, the ordinary car operé-
tion is autométically restored., However,'when the
signal'k is genérated in réSpénse to detection of the
vibration of the second level, the eievator car is
instantiy stopped és in the case illustrated in Fig. 5.
20 Fig. 7-graphi¢ally illustrates the rélatibnéhip .
existing between the product v - y (mmz/S)'of the ~
displacement (amplitudé) y (mm) and the speed v (mm/S)
.of seismic v1brat10n and the seismic. 1ntens1ty grade
together w1th the calculated values based on the
25 .meaSured'values shown in black spots. As will be
=clearly'see“n in Fig. 7, the product v * y of displace-

ment and speed exhibits very proper correlation with the



vibration of .the second | evel, the elevator car is I nstantly stopped as in
the case illustrated in Fig. 5. 20 Fig. 7 graphically B
illustrates the relationship existing between the product v .y [err] of the
dlsplacenent (anplltude) y (mm) and the speed v (mm'S) of seismc vipratikon
and thieseism c intensity grade togetﬁeﬂ431r1the cal cul at ed val ues

on thé™25 neasured val ues shown in bl ack spots. As will be clearly\s

in Fig. 7, it he seisthict intensidly diradeace- nent and speed exhibits very

pr oper correlatlon with the -19- 1 seismc intensity grade. Next
theoretical ground for NﬁthXMQﬁQﬂQSRﬂa%Iﬂquﬂﬂmﬁﬁﬂ<§hﬁmﬁ*ﬁ%ﬁQQﬁ? of
nment i oned above will be explalned below. 5 Referring to Fig. 8,
it is assumed e faveradlercorratatdonprntdnes @BaYe Wb PSr reaches at
a mnute area dS. The after lapse of time T/2 fromthe arrival of the
sei smic wave ame@qf ’/2 fromthe area dS. 10 The
seismc magps conpri se aﬂ ? @psqényg fHsuMdd B natHe Wave
and a transSverse, shear secon ary or wave. I'n terms of energy, it is

AT PR A S5 OR Td Iae e sesendd W o
minute area dS. The phase after lapsg of time T/2 from
the arrival of the seismic wave advances by A/2 from the
area dS.

10 The seismic waves compfise a longitudinal
compressional or primary or P wave and a transverse,

' sheaf or secondary or S wave. In térms of energy,'it is
sufficient to consider only the S wave.
Since the S wave is a transverse wave, displa-

15 cement y brought about by the seismic motion is produced
in the direction perpendicular to the propagating direc-

tion of the seismic wave.

Time differential of displacement y given by
= . 'EEEEEREENE X NI N B N B I B A N B 1 '
V dt s 06 &0 000 ( )

I\ 20 'represents the vibrational speed or rate of the seismic
motion whose distribution is such as indicated by a bro-
ken line in Fig. 8. )

Considering a point at which the distance from
dS is in the range of O to A/2, kinetic energy Ev and

25 strain enefgy Es per unit volume of medium at that point

are, respectively, given by the following expressions.



in the direction berpendicular to the propagating direc- tion of the
sei sme~wave. Tine differential of displacement 'y given by dt

(1) . gpresents the vibrational speed or rate of the seisnic moti on whose
di st ion is such as indicated by a bro- ken line in Fig. 8. Considering
a pot at which the distance from dS«i ggin the range of 0 to [err]/2;_.

ki nett™¢ energy [err] and 25 strain energy Es per unit volume of medi unrat

t hat p0|nt1areNaﬁg§9ect|vely, given by the follow ng expressions.  -20- 1
Nanely, [err] 3 wher e [err] represents de25|ty (g/[err]) of the medi um
~and [err] 5 where [erg% e§resenbs( .4ulys .qf, .t.he .1edi.um, Wean t he

whol e volunme dS * ([err]/2) i8S con- si red, the total sum of the kinetic
energy is equal to the total sum of the stra|n3energy "The total sum[err]
of kinetic enewgqrespgrepnesgnts[éenyluMng/Furﬁ]oﬁephssmeﬁsumheand
propagati ng speed of the S wave which is glven by

L. .. (9,2
Es 3 u ( )

ou'ooloooooccoe.\uo--oooo (3)

5 where-u represents shear hodulus of the gedigm.
When the whole volume ds « (A/2) is con-
s1dered, the total sum of the kinetic energy is equal to
the total sum of the strain energy.

The total sum Wv of kinetic energy is given by

W
o W "l. .—x-l S — —x
| I
3-;'-' p ° dS‘Vs . fg (—z) dt RS (4)
where'Vs represents the propageting-speed of the S wave
which is given by
=X
. Vs —T 4 8 % 8 0 0 69 0 88 %00 T C OGS U T eSS O S OGS OO S (5)
15 On the other hand, the total sum W_ of the \_J
strain energy is given by
e 1
!'.. L) o—k.. e l L] 2 .d.zz
_l 2
= %— « u e+ ds - vS--'fg (d dt)z dt



15 On the other hand, the total sum W of the strain energy is
given by [err] - 21 - [err] In the devel opnent of theabove expression,
the 5 following relation is nade use of: [err] Since the whole energy W,
of the volume dS ([err]/2) is the sumok Rerr] and [err] T [err] 10

Now assymi ng that displacement [err] of the seismic notion is vibrating i h@
accordance with [err] where f represents the frequency (Hz) given by f =

T (10 ) 15 then [errfd Accordingly, the
. expression (8) can be rewittenias foll D T - fere

T
= l [ ] ® [ ] [ ] dl 2
7" P ds - Vg ’% (3e) 9t

=W ® S0P VOO PO OB DOOEO OSSN OSPOSGOIPIOPEIENTEYTDS (6)

v

In the development of theabove expression, the

5 following relation is made use of:

VS=GX/dt=¢; ..'.‘...O............-000... (7)

Since the whole energy W of the volume ds

L
(3/2) is the sum of W, and W_,
I
[ . . -dlz ‘
W=w +W =p-ds Vs 2 (§HZac.. (8
10 Now assuming that displacement y of the
seismic motion is vibrating in accordance with
Y‘D‘Sin Zﬂ'ft L 2 B BN B B BN BN BN BN BN BN BN BN BE BN BN B BN BN B NN NN BN N ] (9)
where £ represents the frequency (Hz) given by
/ '

f = l/T l“............Q'.I.........'..C.. (10)
15 then
V = dy/dt = 27f * D * COS 27ft eeeeeceasss (11)

Accordingly, the expression (8) can be rewritten as

follows:



5 Since [err] and [err] are essentially constant, K may be regarded to be
ctonstant. Accordingly, the wave energy can be determned if the anplitude
/Pexi od of the vibrational displace- ment of the point in concern are - °,
ovR, \as is pointed 10 out by Takagi' in his article cited hereinbefore.
-Qough the above relation is conveniegy for determning the wave engrgy

e oscillogram of the displacenent of seismc notion, it is diff+cult
#al i z¢ the detector . fqQ - Si the Waye Y- an fhes 15 | me
basi s by freki ng use of the a 036 Qg]a |oﬁ3%5%€2ﬁég Tﬁg pett od gﬁgkﬁg
seismc wave is as long as 5 to 10 sec. If the neasurp;gggip§t.;pe(1 )

eart hquake i s taken by calculating the wave energy after’ the 1apse o% t he
period of such |ong duration, adequate protection 20 can not be afforded
for preventi ngnhage dents from occurring because activation of the
protecting nmeasures is too late in time. Besides, since the seismc wave is

of nmuch conplicated waveform, great difficuJty will be encountered in
determ ning the period &ne& ar%pl-i tmd'eVZsS%dfr pf@cenenty. of « L he. sei stlt)
notion. Thus, it becones - - 23 - 1 difficult to take the neasures nost

proper to the seismic notion. Furthernore, the cal cul ator capabl e of

executing arithnetic- operati.ons including division such as the termD /T of
the expre8si ofi0ee) A &nde|h@kPe/@Bsentially constant, K may be

regarded to be cbnstént.
. Accordingly, the wave energy can be determined
if the amplitude apd period of the vibrational displace-
‘ment of the point in concern are known, as is pointed \,)
10 out by Takagi in his article cited hereinbeforg.'_
Although the above relation is convenient for
'determining the wave energy from the oscillogram of the
displacement of seismic motion,.it is difficult to
realize the detector for sensing the wave energy on the
15 realtime basis'by5making'use of the above relation,
because the period of the seismic wave is as long as 5 .
to 10 sec. If the measure against the earthqguake is
taken by calculating the wave energy after the lapse of
the period of such long duration, adeguate protection
20 can not be afforded for preventing accidents from
occurring because activation of the protecting measures
is_too late in Eime. Besides, since the seismic¢ wave is
of much complicated waveform, great difficulty will be
encountered in determining the period and amplitude

25 (displacement) of the seismic motion. Thus, it becomes



5 expensi ve, to another disadvantage. Such being the circunmstances, the, .

I nventors have proceeded with exam nation as follows. Wen the product of— ™
the vibrational displace- ment [err] and t'he vibrational speed v of the
seismc notion 10 is represented by [err%, the latter can be
arithmetically deternined as follows: [®r#} where e represents the
anplitude of et which is given by [err] Referring also to the expression
(12), it will belkfficelt thatakécthepheasures mbésttprepen poopbeti onal
relation to the wave energy. Accordingly, the waveenergy can be detern ned
if e or [err] isS&kwmic Mokl oduRMIEleROXSe Vh%rGﬁl@%gﬁtgrspﬁnébhEnof
[err] and the vibrational speed v can be determped wiith the 25 aid of the
circuit arranger@¥RCUHAG 3Rl hpetic Qrerationgclionbpding divhpionesushtine
on the real-tinme basis. -224- 1 . The sensor servj tp this end can be

i mpl enented in £% esﬁfim g/ﬁ)l??i'élbe%’f?ﬁ%?%’r‘é“bkegghsbs n’c')efj?\?’rﬁ?ﬁﬁ
operation i s inc ed.. Since t | recti seismc wave is not 5
constant, i tSs is én’EJ eergss]a‘%' ttgo d%?%@%é’teh%i%%‘g%%g egS/ of the seisnmic wave in

a given direction. The aPRAie] Use{ s Cfd €61 LOGMELENYEYS ERET BvdhLbrbe
descri bed by

~ have proceeded with examination as follows.
When the product of the vibrational displace-
ment y and the vibrational speed v of the seismic motion
10 is represented by ét' the latter can be arithmetically

) ' determined as follows:

e, =y * v
= D - sin27ft - 27fD - cos2uft
= 1+ £+ D% . sindnft
15 = 7+ (D%/T) sin 4=ft
=@ * Sindmft ccecececvccccscscccssecs (14)

where e represents the amplitude of e_ which is given by

t

e = n+ (D2/T) = (#/K » dS) W seveessases (15)

Referring also to the expression (12), it will be seen

20 that the amplitude ¢ of e_ is in proportional relation

t
to the wave energy. Accordingly} the wavé_energy can be

determined if ¢ or e,  is known.

The product e_ of the vibrational displacement

t
¥ and the vibrational speed v can be determined with the
25 aid of the circuit arrangement shown in Fig. 3 as the

value changing from time to time on the real-time basis.



refgering to Fig. 9. It is now assuned that the seisnmic wave is 10

pn gating in a horizontal plane. Referring to Fig. 9, a pair of _

a eration sensors are disposed on the'plane in directions [err] and B
[ respectively, which are ortho- gonal to each other, to thereby obtain
the-anplitudes D and D2, respectively,f.the vibrational displace- 15
ment. Then, the wave energy [err] in the direction [err] is given by [®rr]

The wave gner |- I 4 rEl i d Se ikl VEL DY [ ardntden.t he sum
of [err] g’nd ([;behr% %éﬁ%tge%%‘?en e%&bg/ﬂl\'/%/ ?ﬁ%néfl%rt?? ﬁﬁé!eﬁ?n&% \?\ﬂe‘rge Dis

gi ven by [err]reﬁ%irﬂf%ﬂﬁpﬁifhﬁe@@iiﬁéﬂ?réfbé@&%bﬂétaﬂﬁﬁbiﬁf?sm a-

cenent of the seismc wave propagating al'ong the given 5 direction in the
hori zontal pl @perativn viay e mdludeds hereof is represented by W In Fig. 9,

synbols [err] and [err] represent the vibrational accelerations in the
directions [err] and [ eMincespectdirdgtidh of athe s$eismhicceaeeoist het
enbodi mrent 10 shown in Fig. 3, the vibrational speed [err]  and the
vibrati on® dismstententiy cis |negessnaryli tecidetect cth¢ wave energy of
' the seismic wave in a given direction. The apparatus
for detecting the wave energy will be described by
referring to Fig. 9. |
It is now assumed that the seismic wave is
10 propagating in a horizontal plane. Referring to Fig. 9,
a pair of acceleration sensors are disposed on the plane \H)
in &irections yi and Yyr respectively, which are ortho-
gonal to each other, to thereby obtain the amplitudes
D1 and Dz, respectively, of the vibrational displace-

15 ment. Then, the wave energy Wy in the direction 4 is

given by

W = K dS (Dlz/T) 0P s eCeeesP VOO OIEIDBNOEOES (16)

1

The wave energy in the direction Y, is given by
W2 = K 4 ds (DZZ/T) .-o.'ctoooooo.oo.oooooo (17) \\,/

20 When the sum of W1 and W2 is represented by W, then

W=W, + W

[}

]
.

&
.

..........-......-..ll (18)

]
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déternined and nultiplied with each other, the result of which is
represented by [err]. Then, [err] Simlarly, product of the vibrational .
speed [err] and the vibrational displacenent [err] in the direction Y2 i,

determ ned and represented by [err] Then, [err] Wien the sumof [err]
[err] is represented by [err] -26 [Er?? where e represents the
anplltdaé of e and is_given by 2 [err] It mAII be seen that the anplituv
e of et is ih propere PibRagivePaP¥on to the seisnmic wave energy Win the
given direction. This anplltude e is conpared with the 10 preset val ue
t hrough t he conparat or, 2n tpezc sg @f the enbodi nrent shown in Fi 9§.
As will now be understood Pron1 b oragorng thedrericar *anaryses  t é
product v * y of the speed and displacenment of the seismc wave is a

oY whCh | Bnd rebPeRbRRE" thenahBLi BRa8CbEMLfio R Y BraREbANIPATSHRA- '

| ocati on where -the acceleration detec IS insta IS rea

I's believed that c&ﬁ&npreﬂueaevselhié uavel peepaghtehat a2BnY thet BevaRi sMi c
intensity grade, as Illustrated in

5 direction in the horlzontal plane. The wave energy

thereof is represented by W.

In Fig. 9, symbols 2, and a, represent the
vibrational accelerations in'the directions Yy and Yyr
respectively. Similarly to the case of the embodiment

i 10 shown in Fig. 3, the vibrational speed Vyl and the

vibrational displacement ¥y in the direction y, are
determined and multiplied with each other, the result of
which is represented by‘eti. Then,
1 = Vy1 ¥y
15 - = ﬂ(Dlz/T) Sin 47ft sevseevecacsnsssas (20)
- Similarly, product of the vibrational speed
VYZ and the vibrational displacement Y, in the direction
¥a is determined and represented by e a° Then,
i'\_/,.f '
et2 = VY2 ; Y2 _ . '
20 = 7(D,%/T) sin 47ft .evevvrccnnaneaas (21)

When the sum of e.q and e., 1s represented by e,



20 In the enbodi nent shown in Fig. 3, the com parator 5 and the
| ogical OR elenent 8 are enployed to generate the supervisory signal Y when
celeration a exceeds a preset "'value, e.g. 80 Gl . This .arrangenent 3
for producing instantly the supervisory signal 25 upon sudden _

RMepation of great acceleration as inaghe - 27 - 1 case of earggﬁuake
~whusSe source lies directly under the region in concern and additionally
serves fog backing-up pyrpasg inicgse the integrator and the multiplier
should fail. 5 t I ntdhe fd2egoi ng description; the invention is
assuned to be applied to the su | sgr.y* operation of the el evator system
It goes, however, w thout sawn at 3 igiveENS 4 i S never restricted to
the applica- tion to the el evat o system In the case of other faci- 10
lities than the el evator system t@g supervi sory signal derived according

to the teachings of the inwentio{DCaT)be wiid i4=it f or the supervisory
operations of such faci- lities in vartous manners known per se. As w ||
now be appreci ated, the comdet isdm BSTEEndere swhi«ohr sddre ssper v sor Y ddkr at i on
of the elevator systemor the like is put-into effect can be nmade to

conformwi_ith the swi nging or shaking actyally felt according to the '
i nventi on® ByWBBFEu& 6?%F§“F§aﬁﬁee,a%§iﬂ§eﬂg Sy P¥hIOIRE RY be

carried out in a ' :
e = 7 (D2/T) = (/K * AS) * W eevecocnses (23)

It will be seen that the amplitude e of e, is in propor-

tional relation to the seismic wave energy W in the

given diregtion. This amplitude_g_is_compared with the

10 préset value through the'comparaior,_as in the case of
the embodiment shown in Fig. 3.

As will now be understood from. the foregoing
theoretical analyses, the product v * y of the speed and
displacement of the seismic wave is a quantity which is

15 in proﬁortion to the seismic wave enetgy passing the
location where the acceleration detecﬁor is installed.
For this reason, it is believed that the producﬁ vy
is in close correlation with the seismic intensity W,
grade, as illustrated in Fig. 7.

20 In the embodiment shown in Fig. 3, the com- .
parator 5 and the logical OR element 8 are employed to
generate the supervisory signal Y when the acceleration
a exceeds a preset value, e.g. 80 Gal. This arrangement
serves for producing instantly the.supervisory signal

25 upon sudden generation of great acceleration as in the



20 rational manner.with an inproved reliability upon- generation of

vi bration or shaking of the building or the |ike due to high wind and
earthquake w thout being subjected to the shortcomngs of the prior art
tech- ni ques, whereby the supervisory OQMP?tIOH control system 25 whiclf.
can assure well bal anced high security h“the practical applicationsfi?
real i zet” - 28 - CLAI M 1. A supervi sory_operation control systiem
i ncl'udi ng V|¥weu¢QﬁPcE§e%%??&ﬂ%%%ﬂs“Fﬁ?edﬁ?ﬁEFPn§19FbF&reFF&H YBERFr LG At

a predeterm ned | ocation of an equi con naI means
for generating EFQQ#R?cﬁ“s?%ﬁ%?r&héﬁdagsg}Eb°?éﬁ;¥|ﬁﬁr 855585 5?5 éPSGHPand

derived fromthe detectipn si r oduced sai tectli ans ds
at- | east one préﬂ%ﬁ%ﬁ?ﬁr&%l%%? L%ﬁdlg 5%F9P§5r9"§pg55tPﬁhgggg?P5lFﬁ jid
means for contrc# g t he supervisory operation of said equipnent in
dependence on saly ontrol si gnal produced by said control signal

generating rgans, wherein fﬁjghgogéfgéofhgnggsgfﬂsgfbhngtgﬁaﬂﬁv gEBhS§§

(a) speed/displ acenent detecting mnmean eter-"mning and

di spl acenent of Sgdined S bONaPH1iés éaStseoéuﬁatdiQs&ycbbeea&waabf (b)
mul ti plying nmeans for determ ni'ng a product of said speed and di spl acenent

obtai ned throughtdiéllevator system. It goes, howewer, without saying

that the invention is never restricted to the applica-~
tion to the elevator system. In the case of other faci-
10 1lities than the elevator system, the supervisory signal
derived according to the teachingé of the iqvention can
be utilized for the supervisory operations of such faci-
lities in various manners known per se.
As will now be appreciated, the condition
15 under which the supervisory operation of the elevator
- system or the like is put into effect can be made to
conform with the'éﬁinging or shaking éctually felt
according to the invention. By yirtue of this feature,
the supervisory operation can be cafried out in a
20 rational manner with an improved reliability upon -
generation of vibration or shaking of the building or
the like due to high wind and_eérthquake without being
subjected to the shortcomings of the prior art tech-
niques, whereby the supervisory_operation_céntrol system
25 which can assure well balanced high security with the

practical applications is realized.



s _ N
speed/ di spl acenent detecting neans; and (c) conparing neans-for generating

t he nt\rol signal when the value of said product deternined by said

i ng nmeans exceeds said predeternt ned val ue. 2. A supervisory ;

Npl
gt pn control system according to clainliu i bration _
% ng neans i s constituted by an -=acd®l-er Iuﬂﬁuﬁm"ﬂmﬂlm, A
supe¥fi sory operation control systemaccording t6 ctai'mZ Wherein sard
speed/ di spl acengrpmus detecting neans i's conposed of a first integrating
stage for determning the speed by integrating the detection signal
produced by shid accel eaasupe rortsextyoropseth td creczonk roll egystemg St age for
integrating the speed determ ned by said'first integrating stage to thereby
det erm ne t heidcipdaongneabration detecking@eansmrfonplataduing ontiboa-
system according to claim2, wherein said conparing nmeans further includes
" conpari son nehhenf @ecyERéng: atg & Predsrerdingd acation ok artequipm
-signal outputted fromsaid accel erati on detector exceeds the predeterm ned
value. 5. ~ menta GOREFQls§ignddecgonesrtdng Means £ grRNAFAL BRIt cl ai m
1, wherein said conparing neans incléﬂgs first conmparison neans for
8PlsV§

generating a FPREFOLOALA g0 auvatus, Felatingrte A3t tiReeds a

"and derived from the detection signal produced by said

detecting means exceeds at least one predetermined value
and'sﬁpervisory operation controlling means for

controlling the supervisory operation of said equipmént

in dependence on said control signal produced by said \
control signal generating means, wherein said control
signal génerating means comprises:

(a) Speed/displacement detecting means for deter-
mining thé'spéed and displacement of said vibration on
the basis ofisaid deéectioh signalé |

(b) multiplying means for determining a product of

' said speed and displacement obtajned through said
speed/displacement detecting means; and
for geég;aggﬁgaiﬁggég?¥¥21-signal when the value df.said
product determined by said multiplying means exceeds
said predeﬁermined value.
2. o supervisory operation control system
according to claim 1, wherein said vibration detecting
means is constituted by an acceleration detector.
3. A supervisory operation control system

according to claim 2, wherein said speed/displacemen£



first predeternined val ue,

second control
predeterm ned v
sai d sgperV|sor
dlffer3$;on1eac
signal-=Ts rece
supervi sory ope
vi bration detec
- 30 - for

A superV|sory 0]
control signa
for determ ning
signal s produce

for adding valu

control system get@rehine wgeﬂdmgpracedh@neln sai d conpari ng nmeans conpares
t he added val ues produced from said addi ng neans with said predeterm ned

val ue.

h other in dependence oft tther only sai'd fSirét control
ved or said second control signal is received. 6.

ﬂ%ﬁ%ﬁ#@ﬁﬁﬂﬂﬁﬂ"%ﬂkﬁeﬁﬁ@ﬂﬂﬁﬁqj %(ﬁkﬂ%ﬁrﬁQFeQMﬂ§¥ﬂ91%&9QF

tin ans i s coggpsed of 31 | east two, vi bration detectors
¥

detf & SR RS SRAR, IR Fheas

%3&2'% %ﬁ% Bl 0 e, 3 %%élea“%ﬁaiﬁ Hekel drdg*“?c? 4 Rgsﬁéins

t t ect
%g!)?q)g;l 31 atl?* @ et’ectors ancgbetﬂqa%;ﬂsyl ng gr%érjlg fegl’I on
deter- mning agaiediined b@alselsoeqe@qtmea@ﬁqwrsuagfwct@ctdwﬁsyeans

es of said products. 8. A supervisory operation

4. A supervisory operation control system
according to claim 2, wherein said comparing means
further includes comparison means for generating the
control signal when the detection signal outputted from
said acceleration detector exceeds the predetermined
value. |

S. A supervisory operation control sysﬁem
according to claim 1, wherein said comparing means
includes first comparison means for generating a first
control signal when the value of said product exceeds a
first predetermined value, and a-second comparison means
for generating a second control signal when the value of
said product exceeds a_seeend predetermined value which
is greater than said first predetermined value, said
sﬁpervisory operation control means performing opera-
tions which differ from each other in dependence on
whether only said first control signal is received or
said second control signal is received.

6.- A supervisory operation control system
according to claim 1, wherein said vibfation detecting

means is composed of at least two vibration detectors

and a second conpari+son neans_for generating a

signal when the value of said product exceeds a second '
alue which is greater t han sai d”i, m mﬂﬂl,rnu"ned val uf »
y operation control means perfo whi ch -

.



9. A supervisory operation control sysLen¥g9nsL$ue%ed—5ﬂbstantiaIIy
Shherein described with reference to an as illustrated in:

fi) 2ccomanving dravngs. - 30 - llIIIIIHIIIlIIII|I||IIII||III

for detecting vibrations of mutually different

. directions.
7. A supervisory Oper;tion control system
according to'claim 6, wherein said control signal
generating means includes speed/displacement detecting
means'for determining said speed.and displacement
on thé basis of the detection signals produced by said
vibration detectors and multiplying means'fbr'deter_
‘mining a product'of-said séeed and displacement, and
adding means for adding values of said products.
8. A supervisory opefation control system \‘J
aécording to claim 7, wherein said comparing means
compares the added values produced from said adding
means with said predetermined value.
9. A supervisory operation control system
constructed substantially as herein described with
reference to and as illustrated in Figs. 2 to 9 of

the accompanying drawings.

o



