-ROPED :ELEVATOR Det ai | ed expl anation of the invention Technical field

:7of the invention This invention relates to a rope-type el evator that
is made so as to reduce the vibrations that are generated at the tine of
-taking up the rope with a wi nding nechanismor the |ike. Prior  technol ogy

As . a*¥ope-type el evator used in the pas;, for exanple, there is the one
such as is shown in Figure 5. In this sane figure, (101) is a car
conpartment that is installed nov ; in hoistway (102), and a
pair of car ropes (104, 105) are g@#@%ﬂ@hgggjgggﬂs of car franme (103) to
t he upper section of this car conpartnent (101). In other words, car ropes
(104, 105) are provided in support channel (106), suspension rod (107) is
provi dedsin this support channel (106), and this suspension rod (107) is
attached to car franme (103) through the nmedium of spring seats (108) and a
nunber of dJpitealedaidplapaties dfl@Rk. idvenyilar. of ropes (110) are strung in
car ropes (104, 105), and these ropes (110) are hung on drive sheave (111)
i ndi pechani s I ncidental ly, vibrations are generated when

of the windin
t he mﬁndin&eﬁgEHﬁﬁréﬁﬁﬁg G?rVEhl§ﬁ8"Fﬁﬁé (110) is pulled by drive sheave

This invention relates to a rope-type elevator that is made
so as to reduce the vibrations that are generated at the time of
taking up the rope with a winding mechanism or the like.

Prior technology

As a rope-type elevator used in the past, for exaﬁble, there
is the one such as is shown in Figure 5. In this same figure,
{101) is a car compartment that is installed movable up and down
in hoistway (102), and a pair of car ropes (104, 105) are ‘
attached by means of car frame (103) to the upper section of this
car compartment (101). In other words, car ropes (104, 105) are
provided in support channel (106), suspension rod (107) is
provided in this support channel (106)}_and this suspension rod
(107) is attached to car frame (103} through the medium of spring
seats (108) and a number of splral coil springs (108). A number
of ropes (110) are strung in car ropes (104, 105), and these
ropes (110) are hung on drive sheave (111) of the windlng
mechanism. '

Incidentally, vibrations are generated when the winding
mechanism is driven and rope (110) is pulled by drive sheave

. (111). However, if these vibrations are trans;erred to the car
compartment (101), it gives passengers an unpleasant feeling.
Thus, it is relieved by springs (109).
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(111). However, if these vibrations are transferred to the car conpartnent
*(101), it gives passengers an unpleasant feeling. Thus, it is relieved by
springs (109). ~ Problens to be solved by the invention
n this type of a rope-type elevator used until now, the vibrations that
were created fromdrive sheave (111) of,the wi nd- up nechani sm were '
propagated to car (101) through the roﬁ%s (120). There was the probl emthat
the isolation frequency ratio u (u = f/fN) of the characteristic vibration
frequency f of ropes (110) and the characteristic vibration frequency fN of

the springsrédlfhs kecBeesslvel BRAtHLIANARELbn and this resonance inparted an
unpl easant sensation to the passengers within the car. The purpose of

this invention is to offer rope-type el evator wherein, even if the rope
and the coils rTé'sGHéFetYE?u%f ReseRpiity@ei elenatort BSed ukidr Be¥edths | ow as
possi bl e. vibemtionsotsat weedeherpadd drom drive kheaveleflllo achtiyasilndese

ki nds of puimma hbis ﬂf%‘ﬁﬁ?&éfeg 7o cQPnﬁtOrl")'CEtF dr§ wiaedabliat i

equi pped wi i s ins freel wn in a

hoi st way, QWea&g‘eFﬁs‘f%TI PROPHE (HpEr Harte Fti'?ﬁ rﬁ&?‘g{’ﬁ\éyrat&q dpe
strung on t‘hl% Hifghvef fthe charpetgrdstiofvipretion fregughoyef olmiopesed car,
a suspensi QD16)0Gndt tA6 hehddetebeseil vabrifich ERRQuesdy ifR0Se i¢1d al | ed

between this, SUAPERELP bd Qe 101 5 ARBYSrated, and this resonance

imparted an unpleasant sensation to the passengers within the

car. ‘ -
The purpose of this invention is to offer a rope-type

elevator wherein, even if the rope and the coils resonate, this

resonance is made to be suppressed as low as possible.
Means to solve the proﬁlém

In order to achieve these kinds of purposes, in this
invention, a construction is used that is equipped with a car
that is installed freely movable up and down in a hoistway, a
sheave installed in the upper part of this hoistway, a rope
strung on this sheave for the purpose of pulling the above-
mentioned cér, a suspension rod attached to the end of this.rope,
springs instgiled between this suspension rod and the above-
mentioned car for the purpose of cushioning vibratibns,'a
cylinder device which attenuates the above-mentioned vibrations
and has a flow control valve, a car position detector which
detects the car position in order to calculate the rope length, a
load detector for the purpose of detecting the load placed on the
car, and a control panel that calculates the characteristic



mentioned car for the purpose of cushioning vibrations, a cylinder device
"whi ch attenuates the above-nentioned vibrations and has a flow control

val ve, a car position detector which detects the car position in order to
.calculate the rope length, a |oad detector for the purpose of detecting the
| ead pl aced on the car, and a control panel that calcul ates the
characteristic vibration frgquency f of the rope fromthe

| engt h of the above- nentioned rope, calculates the characteristic.
frequency vibratjon frequenc fN of the springs fromthe entire weight of
the car, ndxPrabieyfzegierse fv|°5r sbheoFeRe ééi&’én%‘}ﬁ L&PEEN PY Bhe ppoverr]),

and i s rmadeesbtiamed gopenstalatlaties fhevechaghuteroariier 6keqednsy efibth€ion

above- ment ifgeqeyﬂagﬁéﬁroﬂeaﬂec%p%ﬁ& Ue roml tRE dheirs weﬂgnt JEMPR Q'@t of the
i nvention §/ {ﬁs Lavention,is exg alne based %Q ures
Figure 1 t&°fF gﬁ"fjec“&a PE %“’ﬁ’&? SR TRFUSREY CcBt +dr

rope-type disepadersa esatedcensuics r-m'eﬁtqmnolume COhnrfFl guﬂe‘elofcahe(l) S

instal | ed wBbvéamdntioRO¥ADiid delece! wnet ar =hpigyt way, sand this car (1)
conprises car frame (2), and car conpartnment (3) that-is supported in car
frame (2). Support channel (4) is arranged above cross-head channel (2a) of
car frame EPPOILfRtyofaFhe n%enEd0Bs (7, 8) used for the car are attached
to this support channel (4) through the medi um of support tabs (5, 6).

Suspensi on rod gow,Sthis Maveitianhed é:&ﬁ'alﬂe&'%\@%r Qntﬂ{é)‘ﬂ uEQﬁ Zugg?;tof

o g . e TR b oeod, SIS o el el
G rcul ar b@ft dr¥ens-itiige elevator related to this invention.

In Figure 1, car (1) is installed vertically movable in the
elevator hoistway, and this car (1) comprises car frame (2), and
car compartment (3) that-is supported in car frame (2). Support
channel (4) is arranged above cross-head channel (2a) of cér
frame (2), and alpéir.of sheaves (7, 8) used for the car are
attached to this support channel (4) through the medium of
support tab; (5, 6).

Suspension rod (9)'i§ firmly attached facing downward
through the support channel (4), and this suspension rod (9)
extends downward through a pair of C-shaped steel [beams] which
construct the cross-head channel (2a). Circular bottom épriné
seat (10) is fastened at the tip of suspension rod (9) by means
of tightening double nuts (11). On the other hand, circular upper
spring seat (12), through which the suspénsion rod (9) passes, is
attached to the bottom face of cross-head channel (2a). -

A number of ropes (13) are strung on car sheaves (7, 8), and
these ropes (13) are strung on the drive sheave (14) of the wind-
up mechanism that is installed in the machine room. One end of



. seat (10) is fastened at the tip of suspension rod (9) by neans of

.-tightening double nuts (11). On the other hand, circular upper spring seat

(12), -t hrough which the suspension rod (9) passes, is attached to the
.bottom face of cross-head channel (2a). A nunber of ropes (13) are
strung on car sheaves (7, 8), and theseg ropes (13) are strung on the drive
sheave (14) of the wind- up nechanismthat is installed in the machine
room One end of ropes (13) is fastened to a dead-end hitch
beam (not illustrated) of the machine room and the.other end is fastened

to 2 dead- gaskliiish DEINaaher SARLTRINRT 1t chMEedORE AR 111\ A eR) de bY

means of a counterwel g bl:li) hat i s I nstal

pur pose of £ dift é‘PEﬁf-%ﬁ‘lc‘?‘Wﬁ"céf‘ ("D °ther &G ESsHEf Y (’115? %n‘EFaf‘r?l‘}ﬁiber of
cyl i nder deitcedepmbin arhe isameahdrakrbes wen rope afpere spri aidsdat (12) and

the | over ﬁ@aﬂsﬂ%fsaa&o&r;lt@me@gmt naﬂ;t @mm&teaﬁ)uﬁw tikeinatd BYWALR Lt he
vi brations_t hat are ge rive t}eave (14) of the w nd-up

mechani sm flh%tp%ggsﬁe%ﬂ codlsn%fa(%{r’lae%ané:mghcaco spring (15) Cyl i nder
devi ce (16), a$did spoimrg i35k gud e zumééﬁp-'rﬂ %élﬂﬁ%r é‘&FI"llﬁGér (¥&@)72rehat is
install ed besveiard betwggrerchandppeV@brifg i segtsgary 4k theO)ower gpirdhgn (18)

that 5 Thalal!@d,lneyfithddd ngsyéwotgre)( Qtl-ﬁéngt{?&?\{&te"ﬂ e%ibfaﬁ:zfoggl ed

into the ugper ers at are_fornme arate

means of pFe¥%RIeIgENeXRiRS Lanbhe echbtAys d18100f SO YPBITYRked by rreans
of tubi ng f@dhartilsat that fhdd deehecusdiionad yn thei f:ol;b sparidgf KB vol unme

'Coni ro: va: ve @naarlctrﬂl@tel qug) @&?Xs' éh&dtwhant ybg@% Qzl):omﬁﬁ/&:[s\/?:hléﬁe
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within tubfh
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provi ded i shifiecydpaddrr ggul,atad opedalténgiddl is filled into the upper
and lower chambers (19, 20) that are formed separated by means of
piston (18)}. Upper and lower chambers (19, 20) are linked by
means of tubing (21) that fulfills the role as an orifice, and
flow volume control valve (22) is inétalled midway in this tubing-
(21). Flow volume control valve (22) constricts and. releases the
operating oil that flows within tubing (21) based on commands
from control panel (23).: ) -

A signal is ihput into control panel (23) from the rotary
encoder (24) that is provided in the speed regulator or the like
for the purpose of detecting the position of the-car, and a
signal is also input [into control panel (23)] from the load
sensor (25) (load detector) that is installed in this floor
surface for the purpose of detecting the load of the passengers
riding.in the car compartment (3). :

Next, the operation of cylinder devices (16) is explained
while referencing the flow chart shown in Figure 3.



for the purpose of detecting the position of the-car, and a si gnal is also
-‘inpput [into control panel (23)] fromthe | oad sensor (25) (load detector)
that is installed in this floor. surface for the purpose of detecting the

1oad of the passengers riding in the car conpartnent (3). Next, the
operation of cylinder devices (16) is e§pl ai ned while referencing the fl ow
chart shown in Figure 3. When t he passengers are boarded

in car (1) and it departs in the direction of the target floor, the |oad of
t he passengers that have boarded car (1) is detected by neans of | oad
sensor. (25) (®hep Hecpabyendimm arkebbardedofint ¢ar plddsangerts departhaire

boar ded cahe( &) rést et 8¢t efle émetcombomeltﬁbtwﬂdmf):h@fpamn@au(l) i's

k The_ch t t br at b f la 1
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cm sec| er qu)S)) (Ehep char a‘&ft@r ithei é°9‘|‘1tﬁ‘fat PSnP"’Frs&fﬁéﬁE EhitePRYePoRHSeg (15)
is calcul adfd (1n COMdtebtpanethd Xdkal SvejyhS[ ¥r (§9f) of thexdar t(Ae position
of car (1) de t gmge‘g}@g )3t er S[err]). Wen
t he posi tl)f)nr?%qgf %ﬁ"& c?%rg& get eégzvég%?ﬁ}eﬁ | engt h coyg %ﬁh(e 7'rsope (13) between
the car sheave (8) and the drive sheave (14) of the wi nd-up nechanismis
known. The(Formula 1)

fom LYK :
2w w ¢

(Here, K: spring constant (Kgf/cm), and g: force of gravity
(980 cm/sec®)), the characterlstlc vibration frequency fy of
spring (15) is calculated in control panel (23) (Step S2).

Next, the position of car (1) is detected by means of rotary
encoder (24) (Step Si3). When the position of car (1)-is detected,
the length of the rope (13) between the car sheave (8) and the
drive sheave (14) of the wind-up mechanism is known. The
characteristic vibration frequency f (Hz) of the above-mentioned
intervening rope (13) is

{(Formula-2)



characteristic vibration frequency f (Hz) of the above-nentioned
“intervening rope (13) is (Formul a 2)

- 6- Here, L: rope length (m, S: rope (13) tensile strength (N),
.P: mass per unit length of rope (13) (kg/m, and n: degree of vibration)
[sic]. Here, the tensile strength S (I}I}F_of rope (13) is known fromthe
drive force of the wi nd-up nechanism Thus, the characteristic vibration
frequency f of above-nentioned interval of rope (13) is calculated in
control panel (23) (Step S[err]). Next, the vibration frequency ratio
u=f/f[err] is calculated fromthe cal cul ated characteristic vibration

frequency f[errie®d tiie TOPRi IRPIEDS\mbnF it FEPR helPdc £BRF LS SEFeBEERi OW
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of cyl i nderchdggcteristde viboptinad fraguetayest of tahovernentisinedhdngebyal i on

pr 0pagati,\ﬁre>fr 2bpe ((EHOAINELLIAMdtedOin reit r61 Parwld (27 i (8Lpl8)). r eaches aOI
maxi num where t | t u 1L _t VIGl C1, " oan
when the vibrati %’r‘]é/'f lryé%ugggr;éjgbtqﬁ g%%%%%?sgﬁ% r'jfz, Q?f%'é%v?%ir'é‘f?%tnedl

pr opagat i orf TPRt Ehﬂr%ﬁ/kc“&a&ée‘f}’aéﬂﬁérh’rﬁicr ¥hPeRttonohErIuengY fnt He Bh%r at i on
frequency rsapiringi til3hend thaid¢harattédistdieevibxationsfreqienny tftheff rope vol une
control valpg)(¢diep tf}¢.crest of the vibration propagation rate gradually
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frequency ratio u and the vibration propagation rate due to the
flow volume control valve (22) of the'cylinder device (16) are
shown in Figure 4. When the flow volume control valve (22} of
‘cylinder device (16) is opened the yidest, the crest of‘the.
vibration propagation rate (resonance point of rope i13) and
spring (15)) reaches a maximum where the vibration frequency
ratio is in the vicinity of "1," and when the vibration frequency

' ratio exceeds "V¥2,” the vibration propagation rate draws a steep
curve and rapidly lowers.'With.the vibration frequency ratio in
the vicinity of "1" due -to constricting the flow volume control
valve (22), the crest of the vibration propagation.rate gradually
becomes lower, and when the vibration ratio exceeds "¥2;" the
vibration transfer rate does not become very low.

Therefore, when the vibration frequency ratio is "1,” if the
flow volume control valve (22) is constricted, the vibration
propagation rate crest becomes low. On the other hand, when the
vibration frequency ratio is not "1," the open condition of the
flow volume control valve (22) [is when] the.vibration
propagation rate becomes low.



Therefore, when the vibration frequency ratiois "1," if the flow vol une
‘control valve (22) is constricted, the vibration propagation rate crest
beconmes |l ow. On the other hand, when the vibration frequency ratio is not
"1," the open condition of the flow volune control valve (22) [is when] the
vicbration propagation rate becones |ows_ Thus, a decision
is made as to whether the vibration frequency ratio u has becone u =1
(Step S[err]). Wien the vibration frequency ratio u becones u = 1, the flow
vol une control valve (22) has becone constricted to the maxi mum (Step
S[err]). In thiThugaya derisieakisfmadee asi bP athiesheprvpngdibirefiente is
:owergql, ﬁﬂﬁquwcyﬁs@ﬂmae hafs béeoqieéjmea(mbsft&@dsgpr whegn (ke \Emalagokepi[ .
OoW. t r V, ti u is.u J[err :
the flow vErEienes Ergto L Eacogs s o 3, e AR FRnd Yol Sathe * e
vi bration pdpdgst PBROPAICNSETLEESY dtethE . maximumTh3keR Snk: Fhdhiisbr ati ons
that are pwapaghiectebdk ovf tthe oibyatisineprepddhtlionf réte iw ddwepedpcEmni smto
the car (1ind Wadgdhntbeofmdicuropt [1099€a0d3p.038 PEs S WA BeSREpt RS | oW as
possi bl e eyen thoggh ro%gay( 1%) a{_:lrcli s‘&?l ng, 1%) are resonagnt, and it can be
suppressed®? o°Bfh °508R PRty “PEDeFIERTEREYF AFEIRBICY E5A8NE. L5 HTect s of
the i nventtorthe flow yalupss corprel riead vab6d), opendr (Fuap Se) ¢+ Mins thasent i on,
the characygy) ddneC vibbieddroprbpegaenty rht&fcdnhBer Dpwededt.cal cul ated fromthe

length of th : lhe . teristic vibralian § err] of
the spring | s GINESaren PiouiPRE AtornaL; Shot bBOAI i HREHCREY dai’) ©
vibration sheajfirerded) raf i ey Wind=up Aqbapigm ke the car (1) through the

medium of rope (13) can be suppressed to as low as possible even
though rope (13) and spring (15) are resonant, and it can be
suppressed to an even lower level when they are not resonant.

Effects of the invention

_ As was explained above, according to this invention, the '
characteristic vibration frequency f of the rope is calculated
from the length of the rope; also, the characteristic vibration
frequency £y of the spring is calculated from the total weight of .
the car; next, the vibration frequency ratio u (u = £/£fy) is
calculated, and since the flow volume control valve of the-above—
mentioned. cylinder device is made so as to constrict when u = 1
oru & .1,;the.vibrations that are propagated from the sheave
to the car through the medium of the rope can be kept as low as
possible even if the rope and spring are rescnant, can beé
suppressed to another level lower when not resonant, and there is
no imparting of an unpleasant sensation to the passengers in the
car.



cal cul ated, and since the flow volume control valve of the above- nentioned
-cylinder device is nmade so as to constrict when u =1 or u J[err] 1,
the.vibrations that are propagated fromthe sheave to the car through the
.medi um of the rope can be kept as | ow as possible even if the rope and
spring are resonant, can be suppressed _to another |evel |ower when not
resonant, and there is no inparting of ®dn unpl easant sensation to the

passengers in the car. : Brief explanation of the figures

Figure 1 @§i@fpé§§!gHaQWbﬁhgwugH; Qgguggpllcatlon exanpl e of a rope-type

el evat or Figure 2 is a block view of the
above. Figure 3 is a flom/chart showi ng the operation of the cylinder
devi ce. FFiguze 4 is a pYan tvieWoshonjnghene cirpligatidp dxampdenofhe

vi bration rfobgqglﬁsg:klreagterafagﬂga ¥bDfild @RAveR®©igati on rate. Figure 5
is aplan vie 1,0 Y, to d I nom1 Expl anati on of the
Koys "‘i- fqugd 2°RE" g 1919%5! viy o Hhed aBfd . Rope 15 Spring

16. Cyllnder Biamxee 3 is apblow éﬁFv§HQHﬁ§chPﬁr9ﬂer€5+9% of the
cylinder device.

Figure 4 is a chart showing the relatlonshlp between the
vibration frequency ratio and the vibration propagation rate.

Figure 5 is a plan view of a rope-type elevator used until
now.

_Explanation of the keys

-

1. Car

9. Suspension rod
13. Rope

15. Spring

16. Cylinder device
22. Flow volume control valve
23. Control panel



23. Control panel Claim 1. A rope-type el evator

- characterized in that it is equipped wwth a car that is installed such that
if can freely nove up and down in a hoistway, a sheave that is installed at
.the top of the hoistway, a rope for pulling the above-nentioned car that is
suspended fromthis sheave, a suspensign rod to which the end of. this rope
S attachedJ/Wpurpose f danpeni ng vi brations-which is

i nstal ['ed bet “ﬂﬂm\ n i on. r'od ‘and the above- mentioned. car, a
cyl i nder deV| mm

es 'the above-mentioned vibrations and has a
f1 ow vol une control val've, a position detector for detecting the position
of the car in order to calculate the I ength of the rope, and a control

panel which cal cul ates the characteristic vibration frequency f of the rope
fromthe | h of the above-nentioned rope, the characteristic vibration
frequency r] of the spring fromthe car |oad, and the next vibration
frequency ratio u (u = f/f[err]), and is made so as to constrict the f1 ow
vol ume control 1vat wepef-tybe elzvadonechamctdrizdd roethatvittdsmMegripped 1 or u

[err] lwith a car that is installed such that if can freely move up and-
down in a hoistway, a sheave that is installed at the top of the
hoistway, a rope for pulling the above-mentioned car that is
suspended from this sheave, a suspension rod to which the end of
this rope is attached, a spring for the purpose of dampening
vibrations which is installed between this suspension rod and the
above-mentioned cér, a cylinder device which attenuates the
above-mentioned vibrations and has a flow volume control valve, a
position detector for deteéting-the position of the car in oxder
to calculate the length of the rope, and a control panel which
calculates the characteristic vibration frequency £ of the rope

. £rom the length of the above-mentioned rope, the characteristic
vibration frequency fy of the spring from the car load, and the
next vibration frequency ratio u {(u = £/£f4), and is made so as to
constrict the flow volume control valve of the above-mentioned
cylinder device when u = 1 or u b 1.



