- 1 - ELEVATOR APPARATUS Background of the invention (1) Field of the

i nvention The present invention relates to an el evator
apparatus in which controlled operation js carried out for vibration
danpi ng when a building is shaken due t'd an eart hquake or 5 the Ilike.
(2) Description of the rel ated a conventi onal

el evat or apparatus, there is kng&ﬁv%ﬁng%%ﬂﬁ%%%ggcalculates a maxi mum
rel ative di splacenent anmount of a lengthy article such as a nain rope
wWith respect to a 10 building in a calculation part based on a
detection signal of a vibration neter when detecting shaking of the

bui | di Rg, R4 of tHEBR ﬁggcurrence of an earthquake, and carries out
mul tiple-stage controll ed operation in accordance with the cal cul ated
maxi nurtly Biehit ofitke givegticmcement anount (see JP- A-2008- 114944,

JP- A- 2008- 114945 and JP- A-2008-230771, faqr exanple). Further, there
are proposed var i QGPTCRYIAYSISON delAtss Hbarbéwaé‘gsappﬂaéﬁsd%?ﬂhicgcﬁ%?}led

vi brat igpera0bn & XRidH SR BE: vitraBde dddifink Wihen 6 $88diE14bmReP883E An earthquake or
JP- U-52- 015008, JP-U54-023473, JP-A-57-116519, "JP-A-3- 003884,

JP- /4% 5400UkE87 and JP- A-2007-022673, for exanple). Brief summary of

the invention However, when a vibration danping device as discl osed

in JP-U 50-062870, JP- 20 U 52-015008, JP-U 54-023473,

JP-A-SI%ﬂgéﬁﬁ o 6F the 1963884, JP- A-5-004787 and JP- A2007- 022673 i s
provided in the conventional elevator apparatus, since the vibration
danpi ng devi ce i Ascomtiveitiond! ¢levatermpparsasithencas karwibihe shosmpichaatcuiages a
on not | ax] |.ati I spl acement, anmount but S0 0

2"\ ar ol R sl APPSR sRoBl ot R AFETRN APHERgR vt iR o2
hasideonildipg ipa edlbwlamidhpdrt bdyed wh bidafetovh daind bNg vibeatiohenhecoRBSdebecting

| ar ge-scal.e 25 heayy product if the vibration danpi ng device has.
suffic i%ﬁ%ﬁl%%hﬁh%%ng at the figerpfossurigne s et aeirthguakeeandesarmesAvt BIulinl¢-atage
di spl a : i 1S, - 0 Wh

Vi br ot ¢ orelled BRI in SALIARRCe RNl IRAR iy e BiibaRef amount
vi br at (see JPrO200%i P4y Hhanr2008eld 4045 tilie] Pe AOOBIR30EDH foihexanmpie). r Beher,

and is _not a positjve.one. that suppresses vibration of the majin rope.
Fur t heftery ?f%ﬁ%@%%}éﬂfmﬂsmat&ﬂﬁﬂﬁf F drviees i _%rdﬁbﬁosff _ Vlﬁ\f&rlpl}e gEaimygpe
si e LAERAKeI(ERIPAY-50tiRE7@ Iplisald1900sapny-Re. (2547 ﬁP%s@Jl}’@% o $p-A-3-

fixed, an effective vibration danping effect cannot Be expect ed.
Fur t hef03384, {hé-5R047&/sandi I8eh 298¢ 0226 73b orexarepla). 2008-

Brief summary of the invention
However, when a vibration damping device as disclosed in JP-U-50-062870, JP-
20 U-52-015008, JP-U-54-023473, JP-A-57-116519, JP-A-3-003884, JP-A-5-004787 and JP-A-
2007-022673 is provided in the conventional elevator apparatus, since the vibration damping
device is configured to suppress vibration by always acting on not only a small maximum
relative displacement amount but also on a large maximum relative displacement amount of a
main rope, there has been the problem that the vibration damping device becomes a large-scale
25 heavy product if the vibration damping device has sufficient mechanical strength for
withstanding the maximum relative displacement amounts. Further, while there is the one in
which a vibration damping device is provided in a cage, this merely prevents vibration from
being transmitted to the cage through the main rope, and is not a positive one that suppresses
vibration of the main rope. Further, in the case of the one provided on a hoistway wall side,
30 since the position at which a vibration damping action is given is fixed, an effective vibration

damping effect cannot be expected. Further, in the ones as disclosed in above JP-A-2008-



-2- 114944, JP-A-2008-114945 and JP- A-2008- 230771 that cal cul ate

maxi mum rel ati ve di spl acenent anounts of the main ropes, and carry

out stepwi se controll ed operation in accordance with the maxi num

rel ative displacenment anmounts, the vi bration danpi ng effect of the
main r } f th resent _invention is
To proviae aiParaolts PO dp R AP o R PG RoaEhet IR

oper at idisplaeieasannthitNef the maimmped]und tahasitseepisoagensldpeadiduig of

a main rope calculated by a calculation part, and can obtain an

ef f ect jageorganseyithothe aarpnpy reletivedisplagemanbamanns,tbpeibration dpaemerefiect of
attain - | ject, an elevator apparatus including a
10 cagéhgﬁgﬂggﬁ%u%?ggﬂvﬁgﬁgp%i ch are connected by a nain rope to be
movabl e upwar d ankh olgestwditich present twvedtionris teprevide an ctbehteoe hppagatas whizkean
of a building, a ﬁaéculation art for calculatin%éi a maximumrel ative
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danpi ng control |l ed operation which includes noving the cage'to a
posi t i dawpiverd atvhwatioromater & defectimga phuka of a puildiag,racesl quddtie gattfercalculating
det ecti t. i lLative 4displacenent amount. cal cul ated .in
e carap R b8 PRI ool ofthe RuROGRE Bscf TR Yoish Qoo Vi 6 e
di spl astbretidn aset) ahd b bossdRkdcbpealtida control part which %&m&@bﬂﬁolle@ dpBRtion
configuration as above, in the situation in which a shake of a )
bui | di Bgsedonagesitlf cadgulatedr the calgyatiorppast isshageteripd indhat apvifyation damping
CO n . - . o " .
bt a1 et Avifl & Bl B oKl B ol B U A M S Bl Dl
in a shporvidddiimen bppergiontiprt dfehe eape, ind thovomomplliet epeatien tantioh parp Bsdohfiginred
where the vibratian qQf the 25 in rope i .a.rrpeavm'thout .
conpl i &P HRAEBR Ay RingerBiRolled fperatian pwhich inpides maving the 3eg tappesiion

oper at merect_ﬁ@vih?atro%%wmaﬁ%f)@%rrpstﬁgﬁd%&hgfeieeﬂn PR AN LG ML ED

is a stabilizer of the main rope is disposed In the upper portion o
t he cadwplatéaendfanount elaatehirthe ha cutatiémpart isabtinioveethain 8 ptedeemeined relative

a nt .of at he rﬁﬂi n rilptﬁ{e 6 Idcut%t ed in the calculation part exceeds
th pr_gﬁ’g{ EFHThEdord AtV dPsl acement anount threshol d val ue, the
vi bration danpi ngcesinggo ¢@dcondigtatibn hégboveinahd GfhaBbn iWhidRaRhAQRE a
close to the cage side without receiving influence of a vibration

cent er bpidding trrelgtivelsmali andrabration af the mpimraps contiftvies faraelajivelyheng tirae
Vi brat | i evyd h 1 I S nfi.guratio an

b b o R Raf 0l AEGELE L ST SRR R R Gl
char acires slmedimaby heihg theecage by aidviry tlaopieng tippRitinushddé@theatbration of the

expzaSndi ng mechac?i sde\/r]i ch further mpves the vibration danping nmenber

to main rope 1s damped without complicating the configuration, and the time until réturn to a
normal operation can be reduced. Further, the vibration damping device which is a stabilizer of
the main rope is disposed in the upper portion of the cage. Therefore, even when the maximum
relative displacement amount of the main rope calculated in the calculation part exceeds the
predetermined relative displacement amount threshold value, the vibration damping device can

30 damp the vibration of the main rope close to the cage side without receiving influence of a

vibration center portion of the main rope that vibrates significantly, and the vibration damping
device with a relatively simple configuration can be provided.

Further, the present invention is characterized in that the vibration damping

apparatus has an expanding mechanism which further moves the vibration damping member to



- 3 - an upper portion side of the cage when performng the vibration
danpi ng control |l ed operation by the controll ed operation control

part. According to such a configuration, when the

vi bration danping controlled operation i% performed to danp the

vi bration of the nai,n e, the vibration. danpi.n nber is ved .

Vo t ne SuBHroTiRbere phRE s SRt RETEaE ma TG FrBHs sestolehprergion by
nmenber RaBortRIN@bE&dti& cdt®] paper position which is not in the

vicinity of a fixed end portion of the main rope at the cage side,

but a little awayddcpuing ivesuth g eaniagatiooy whom thewhkratdry darhging contealledn

f th | d. ff ' . her,.th .
or esontOreRISh AR ed R PR BRI RS EnElrafi b ey viotli bR mine Bgoer s

10 whengovedeo Wetuahéraper pdriieén 6P4he ch@pand hervashtici MdthihS bl 1f a
vicinity of a position at half of the length of the main rope, a

ni ddl e Yarkes atﬁg%meéﬁosgu%wawbilwtyn durvielaiip At figed endapqsen f iha nxin rope
hal f of . ' i L ' of .
an ant hGaSeE SN Bulh IR ook BRI A BOBRE, Mo et MhefiaT gt laim
mai n r opee ainde stpgessed muweeffadtiatiywe di spl acenent anmount is cal cul ated
in the calculatigp gart. 15Accordi ng .to such a configgraLLon, at the
time of the vibr ALFBE HEREESEt BYFRH)$ ehprasbaized inhat figpositigr of the cage

al Way'S WIRYEMe b bratidhest théhlah 398 'sstﬂe@&iméa% finf B o4 @ihitg Bt anygs'&lat half of
effect can be expected, and the vibration danping deV| e can be
wor ked tlmlepgth ofittiermaio pepe, Thadéicdloer podigonvsubstattialy wfresgradingjta arpopiéion at

can be suppr.esse e ef.fective Furt her, .the esent invention.is
char actal BELF etk RBIDS i G 1 1 Rer iR O s B SOt Baion path
confi giARenkA BYThRIBIRRIBLAGR QP IHeGhdif doRRAREA! thO hak PR Y& adRisplacement
evacuate the cage to a nearest floor when detecting that the maxi num

rel at i weountsipcaleelnteAdn thesalwulatiahpattat ed in the cal cul ation part
excgeds a predet Qb agd, bELat L Yoo Rl ACH TR TPHI LRGSO Goy 3 HEmed

Accordi ng to sucha configuration, Si

Vi br at bpéraién, tiecagaiiyelvapemeadieta digirgdaepedtiay@here thd ViBravioR UadhbRig effect
danpi ng nenber at the up,%er_ portion of the 25 cage is used, the
af or emEfit PosrdgcisimngitheHbrtiep i damping deyicesan boeied oarthe maiy®per eThargfore,
t he si 4 : [ ' t applied to the
vi br at ?%éﬁmgg?r%? ﬁgﬂﬂgéﬁ‘ggpéﬁgﬁ?hgﬂ@ég%?d Jgﬁ%d?fﬁeéﬁ‘éég?sti ng structures is
protected. Furth&nrthej the prdshm invdntiah isochacketapizad)indhyt the catorslcdapehdve

ht., of the cage is, not needl essly increased,

to he nmade . stout, hee\f/iei%
andP¥t hEOUBHBBH &0 ligTeL R Perirar PIng REtreled cncraioado e Rad evacyats dhe cage
changegh o 3Ofak HB6 whid Get®Hiag ikt tdWMBakuA el 3ivE BRLBELALLZRDUhPcdfited in
the nearest floor is a vicinity
the calculation part exceeds a predetermined relative displacement amount threshold value.
According to such a configuration, in the situation in which the vibration of the
main rope cannot be damped even if the vibration damping member at the upper portion of the
25 cage is used, the aforementioned vibration damping is not performed, and therefore, in the
situation, unnatural vibration and load are not applied to the vibration damping device and the
cage, and the existing structures is protected. Further, since the vibration damping device does
not have to be made stout, the weight of the cage is not needlessly increased, and the components
of the other driving system does not have to be changed.
30 Further, the present invention is characterized in that the nearest floor is a vicinity
of a position at one third of the length of the main rope, or a non-resonant floor in a vicinity of a
position at one third of a building height.
According to such a configuration, the vibration of the main rope can be also

damped by bringing the main rope into a non-resonant state. When the cage is located in the



of a position at one third of the length of the main rope, or a
non-resonant floor in a vicinity of a position at one third of a

bui I ding height. According to such a configuration, the vibration of
the main rope can be al so danped by brin4g| ng the main rope into a
non- r esgnant ate,
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t he drawi ng is a schematic configuration view

showi ng an enti r@tlmwbjegtar’?@@ﬁums apfl adyangdasy af e inysphomvils becoowrappagnt o

one e”?rggq {HE %llo%mé Hgscgﬁggnegft th('a QI\IIl%Q(EIIIH%HfS of the invention taken in conjunction with the

accompanying drawings.

25
Brief description of the several views of the drawing
Fig. 1 is a schematic configuration view showing an entire configuration of an
elevator apparatus according to one embodiment of the present invention;
Fig. 2 is an enlarged view of an essential part of the elevator apparatus shown in
30 Fig. 1; and
| Fig. 3 is a flowchart showing an operation at the time of controlled operation by

the elevator apparatus shown in Fig. 1.

Detailed description of the invention



Fig. 2 is an enlarged view of an essential part of the elevator
apparatus shown in 30 Fig. 1; and Fig. 3is a flowhart
showi ng an operation at the tlne of coné{olled operation by the

el evator apparatus shown in Fig. 1. Det'@1ed description of the
e eser Soed BLEAAEL A b ST AL s Lo
appar atthedasamssdi ng to one enbodi nent of the present invention is
configured to be able to hoist and | ower along%f gui de rail not
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part of the ca 2 shows a main part _in

eI evat dHushpisdr émddbe Kkydis pifweqh of ur@ler & ibrgiemeaamping dﬁ‘é%}wmfé@xtmdaw an
uppgy Bﬁ%ér' awq{ Qtﬂe‘?e Oillélt gL id &%sﬁ%pﬁ %etaﬁg'?f Jvﬁ'l%h w1]h be described
af orene ng I'S

atlon evi ce nount ed on 't
cr osshéaet, arfil reaiha&nwmraabn oﬁt}ﬂemmh ngpedinsipe@idell Gan wWpeopHrt ¢fithe dage®.
have a pant ograpthié)ﬁpgi)e andl ng/ coptracti ng nmechani sm part 18 havin

a | ower base por f3RLRATE 1 the glexatgtdnparyssgowvy ”&IF]&/HPQCTHWF
19 whi gbr@%ﬁﬁ@&‘&ﬁ &?hﬂﬁéf?}@ﬁfoﬁ%'a\éﬁéyﬁ%b‘I§%f¥ﬂé%a§é@%ﬁ&ﬁ'e%f§%e‘iﬁﬁﬁ%d’g

mechani sm part by air pressuré or hydraulic pressure, or ot
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vi brati
expansively/contractively operates the driving device 19 when receiving an

25 expanding/contracting operation signal from the control panel 7, and a vibration damping
member 21 made from rubber or the like, whieh is provided on an upper expanding/contracting
side of the expanding/contracting mechanism part 18 and has a through-hole in a center portion
thereof into which the main rope 4 inserted. The vibration damping member 21 is configured
so as not to interfere with the main rope 4 at the time of steady hoisting and lowering, but to

30 apply a vibration damping action by repeating collision of the main rope 4 against an annular
inner wall surface thereof in a state in which the main rope 4 vibrates-significantly in the
expanded state of the expanding/contracting mechanism part 18.

The vibration meter 8 which detects shaking of a building and is shown in Fig. 1

has an acceleration detecting function in horizontal directions (x and y directions) orthogonal to



so as not to interfere with the main rope 4 at the tinme of steady
hoi sting and | owering, but to 30 apply a vibration danping action by
repeating collision of the nmain rope 4 agai nst an annul ar inner wall
surface thereof in a state in which the %ain rope 4
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Next, the controlled operation by the controlled operation control part 23 when
30 the vibration meter 8 detects shaking of a building will be described with use of a flowchart
shewn in Fig. 3.
When the vibration meter 8 which always performs monitoring detects shaking of

a building in step S1, presence/absence of a passenger is detected in step S2, and when a

passenger is present, a cage stops at the nearest floor to let the passenger off, in step S3. When



30 the vibration nmeter 8 detects shaking of a building will be
described wth use of a flowhart shown in Fig. 3. When
the vibration neter 8 which always perfaorns nonitoring detects
shaking of a building in step S1, prese‘n7c‘e/ absence of a passenger is
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1splacement amount o is calculated 1n the aforementioned calculation part 22.

25 In the aforementioned step S5, the maximum relative displacement amount o of
the main rope 4 and the predetermined relative displacement amount threshold value a are
compared, and a<a is detected, but when the maximum relative displacement amount a. of the
main rope 4 is sufficiently small, the aforementioned vibration damping controlled operation
may be cancelled, and in this case, when a lower limit relative displacement threshold value at

30 the time when the vibration damping controlled operation is not performed is set as b, b<o<a
may be detected in step S5.

Before and after the cage 2 moves to the predetermined position by the vibration

damping controlled operation, the driving device control part 20 shown in Fig. 2 receives a



main rope 4 is sufficiently small, the aforenentioned vibration
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amount o of the main rope 4 from the calculation part 22 exceeds the predetermined relative
displacement amount threshold value a in the determination of step S5, the situation is

80 considered to be difficult for carrying out dampening of the vibration of the main rope 4 by the
aforementioned vibration damping controlled operation, the controlled operation control part 23
carries out pausing controlled operation in step S10, and evacuates the cage 2 to the nearest floor
to pause the operation. Thereafter, when the controlled operation control part 23 detects the

return signal which is given when inspection or the like is finished in step S8, the controlled



30 considered to be difficult for carrying out danmpening of the
vibration of the main rope 4 by the aforenentioned vibration danping
controll ed operation, the controlled operation control part 23
carries out pausing controlled operationin step S10, and evacuates
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However, in the pausing controlled operation in step S10, vibration damping of
the governor rope 9 and the compensation rope 11 can be carried out by the other vibration
damping means, and therefore, the other nearest floor which is set in advance may be adopted.

According to such an elevator apparatus, when the maximum relative

30 displacement amount o« of the main rope 4 which is arithmetically calculated in the calculation
part 22 is the predetermined relative displacement amount threshold value a or less, the cage 2 is
moved to the position where the vibration of the main rope 4 is restrained, and the vibration
damping controlled operation which damps the vibration of the main rope 4 is carried out by the

vibration damping member 21 of the vibration damping device 17, whereby even in the situation



t he governor rope 9 and the conpensation rope 11 can be carried out
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vibration of the _main rope. 4 can be suppressed nore effectively.
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pausi ng control |l ed operation of letting the cage 2 escape to the
near esthemagype mt@l,legi gperation pf letting the cage 2 escapeto the nearest floor which is set in

advance is carried out. Therefore, in the situation in which the vibration of the main rope 4

25 cannot be damped even if the vibration damping member 21 at the upper portion of the cage 2 is
used, the aforementioned vibration damping is not carried out, and therefore, in the situation,
unnatural vibration and load are not applied to the vibration damping member 21 and the cage 2,
and the existing structures can be protected. Further, since the vibration damping device 17
does not have to be made so stout as to withstand the situation, the weight of the cage 2 is not

80 needlessly increased, and the components of the other driving system are not influenced.

In the aforementioned embodiment, the predetermined relative displacement
amount threshold value is set as 20 cm, but the predetermined relative displacement amount
threshold value is not limited to this, and can be set optionally in accordance with the elevator

apparatus. Further, the controlled operation is described such that the two-stage controlled



advance is carried out. Therefore, in the situation in which the
vibration of the main rope 4 25 cannot be danped even if the

vi bration danpi ng nenber 21 at the upper portion of the cage 2 is
used, the aforenentioned vibration danpilhg is not carried out, and

therefore, .in.the, si.tyation nnat ural vi bration and | pad are not
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the calculation part 22 is disposed in the control panel 7, but my

be configured in a cover of the vibration neter 8. 5It should be
further understood by those skilled in the art that although the
foregoi ng description has been made on enbodi nents of the invention,
the invention is not limted thereto and vari ous changes and

nodi fications may be made wi thout departing fromthe spirit of the
invention and the scope of the appended clains. - 12 - CLAIMS: 1. An
el evat or apparatus conpri sing:




a cage and a counter wei ght which are connected by a nmain rope to be
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half of the length of the main rope, a middie floor position substantially corresponding to the
position at half of the length of the main rope, and a position in a vicinity of an antinode portion
corresponding to a maximum amplitude of the vibration of the main rope when the maximum
relative displacement amount is calculated in the calculation part.
4. The elevator apparatus according to claim 1, characterized in that the controlled-
operation control part is configured to perform pausing controlled operation in which the cage is
moved to be evacuated to a nearest floor, when detecting that the maximum relative
displacement amount calculated in the calculation part exceeds the predetermined relative
displacement amount threshold value.
5. The elevator apparatus according to claim 4, characterized in that the nearest floor
is a vicinity of a position at one third of the length of the main rope, or a non-resonant fleor in a

vicinity of the position at one third of a building height.



