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WD 2004/ 067429 PCT/ F12003/ 000714 1. ELEVATOR The
present invention relates to an el evator as de- fined
"Pﬁ B fﬂg‘{%ganble of claiml1, a method as defined in

QP e of claim 10 and use of the i nventBGHFLRE3/000714
according to claim11l.. One of the objectives in
el evat or devel opnent work is td.achieve efficient and
econonmical utilization of building space. In recent
yearsELg-\mﬁFgevel opnment work has produced various
el evator solutions without ma 10 chine room anobng
ot her_t hi ngs. Good exanpl es of el'e- vators wthout
machie r BERFERE diwendsem | netpeesfito cuti ehevEPO® as de-
631 G hddN in afle Eﬁr@aﬁﬁie9@§ c-!l-.@ﬁmellev% rf@([ﬂ‘:t%d as defined

descr,i betlg_hl n these specifications are fair

ficiéft FherBEpREbler odpaddim ity zandonsgs Qﬁwe‘ihehaifﬁventlon

15 nederdddipas Hdlcdatien @lli.m nate the space required by
the el evator machine roomin the bUI | di ng wi t hout a

need 4 evat or, In t evat
di scl osed&% ?%eégjgﬁéﬂr??céﬁ vattﬁ;g iﬁ’é"r}%&cd‘ﬁ?rk is
pact &t Iaéb-gtEVien @f]éiccilerett i @ kaqxonomlcaﬂerudn.mzaﬁﬁlon of

. U oNgyily iRy R %’_l}h C&% PE?%]V
e i oA i %%?e basita 02‘%89“ work

el evdP& BEPERFSAS Vatrﬁ@%?paééevﬁﬁaﬁl rFétllﬁ‘letllﬁe Wlthout ma -

hoi stchﬁglemedanne dmdfd Sotherf Eﬁ@ﬁgal 0tooBhxeeiks of ele-
el evat ol uti,ons. ace i s needed 25 for t%
o TR bna o i tSe | 2BEEC L2 MRAT0SEY gL sRgeifi-

r opesatiioniss B f0f i6Gdl ©670 (Adduemd IEP P& gaguiTied eleva-
by therg! euatdy 'rI Sﬁllxésgn EEJ.HL@%F:.QH? a:rlggglg%%.y ef~

the space require coun er wei
a re&s6AgHIte Jébslfe@@lcw Pﬁomﬁpaqmailtllv@ltﬂeor%asatt@ley ‘have

per f geERNCE: apdsepBIat itNab] gWehkty. thl as éé’& rte'q‘&@.red by
shea el evator wi t hout machi ne [oo nmount | ng
hoi s)é?‘ ‘%a%‘fﬁi?%r i RERLNE| &P ikh |1§-1301F@3é?9 Wlthout a

di ffneeb‘h: ‘teespelanye ythe alssfatdronshdfth, neehiche elevators
abovﬁisgigggﬁeiﬁh%hggiesg %%J.ﬁclytlonss, %hseI %n%%%l%eboidgl com-~
. pact at least in one direction, but in other direc-
20 tioms it may have mach larger dimensions than a con-
ventional elevator machine.

- In these basically good elevator solutions, the space
required by the hoisting machine limits the freedom of

. choice in elevator lay-out solutions. Space is needed
25 .for the arrangements required for the passage of the
~ hoisting ropes. It is difficult to reduce the space
required by the elevator car itself on its track and
likewise the space required by the counterweight, at
least at a reasonable cost and without impalring ele-

30 vator performance and operational quality. In a trac-
tion sheave elevator without machine room, mounting
the hoisting machine in the elevator shaft is often
difficult, especially in a solution with machine
above, because the hoisting machine is a sizeable body

35 of considerable weight. Especially in the case of lar-




35 of considerable weight. Especially in the case of
| ar WD 2004/ 067429- PCT/ FI 2003/ 000714 2 ger | oads,

Wdfeeds and/ or hoisting heights, the size and we

24048674 hi ne are a probl em regarding in- stdq¥% é&ztgp{oomu

even, so much so that the required nmachine size and

wei ght have in practice limted2the sphere of 5

application of the concept of elevator wt hout rrachi ne

roomgr.. a st e r.odu

conc ELOlfilgrgggergﬁ%efa}%&,lfilt %P?I}%an{m r%f h%% ele size
vat orad t\h%l@piacef athel agichine the a avmblelshaéganﬁlng in-
ten |dydisadiig aré@eﬁ’f sﬁpﬁllu'cﬁats' O fe 1hee C:?Q%Sﬂ'eaf machine
10 el evator wi thout nmachine room 1n many cas

ci al 1S4 2heandywrkant ch%V%vh@ola%a%‘Fibc%élémhF%@dtbﬁ sﬁhere of

pkaceghplicdsidiPloPrews | @@ﬂlcéﬁ’t a@f" dlé@&t@@nﬁﬁﬁhoﬁﬁ machine
roped_ el evator_w thout mach mg%é due to insuffi

ci entt ¥PUc 8T Pl hd 88F4f t TOERP hnsreggetmar@f said
15 t oduabtaudh clakgeat @Qeﬁz@ltuﬁ:sonmﬂit&imﬂﬁzdmon of ele-

d/ t A di t
i th BRI o, BRREEA NP e R BolTh dfib T 1 et pEhatt of-
cost t@‘ntmwntlaem@@a @ﬁdapmkls@'arenl pfr ethe resn¢ept of
tIBe %il@zvtatcg U{F%EESM@ %a?tf(h% Choahe Wﬂ &2y, espe-

used,_ _have requiring heavy an
com Fiaehd vh orRen nBYfaeRl hes elPVRtArRi girepgirdernized or re-

consyipided). iPr il -8b¢ 9&8&@&@&15@0\'”é.ﬂ.?ﬁywthiéo%oncept of
count er exot,i and ng?eadeg:uate ol uti ons

are fﬁ’ %i?g?gor |‘“fltf]l%‘f§1tno’i“ B PRy Wt Insuffi-
econeviers | spaeasbnaldhe 2thdfc naé{@ed:mm:ar $nwid hoate awhere
unt.ernei sol pe _
P scioeng .%ﬁgs@??. e opfRebE 1R T k3 be  modexn
el evadeEsd/sEmiaass vmhﬁr%uﬁloco@ﬁﬂ@’r:ermilghﬂ: pr 8seflisagvantage

vi abkg t30! 8108018 Efx*cﬁhcﬁd @i@ﬂaatebuﬁeé%wgﬁt is the
w t hout codLu_;é:rV\m ht, the, tensio

hoi sECFE < R ERY ﬁfh‘g lggw%?e&t requires in

spri mipe ashhfthi sDiramneilearataids,ackihiieh appicoasdwddayen rarely

her prdblem Wi el Bt GF ution ter-
plex hoisting machines Wlth a high power consumptiocn.

Jt)e”%%te'dng ﬁatk?etgﬁa m%a%fk lfbe h%g&wgﬁfg @ and com-

- Prior-art elevator solutiens without counterweight are
exotic, and no adequate solutions are known. Before,
it has not been technically or economically reasonable

25 to make elevators without a counterweight. One solu-
tion of this type is disclosed in specification

- WO9806655. A recent elevator solution without counter-
weight presents a viable solution. In prior-art eleva-
tor solutions without counterweight, the tensioning of

30 the hoisting rope is implemented using a weight or
spring, and this is not an attractive approach to im-
plementing the tensioning of the hoisting rope. An-
other problem with elevator solutions without counter-
weight, when long ropes are used e.g. due to a large

35 _hoisting height or a large rope length required by

high  suspension ratios, is the compensation of the
elongation of the ropes and the fact that, due to rope
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wei ght, when | ong ropes are used e. g. due to a |arge
35 hoi sting height or a |arge rope |ength required by

“E*%H g‘{ﬁ ension ratios, is the conpensation of th
YR of the ropes and the fact that, du@CF@I%OBﬁ%OO"“
WD 2004/ 067429 PCT/ FI 2003/ 000714 3 el ongat| on, the

friction between the traction sBeave and the hoi sting
ropes is insufficient for the opera- tion of the

el ev bj % 0
achi gévlg{nac{a%nl eagﬁéo%lcjrﬁoﬁeqfweoevﬂp ngﬂ%bj ecat eet sheave
On t Padridie nagtstingi xopasaim dhsufdicneant ifor tithe opera-

develQpd ke +8lL\AtRfz M.t hout machi ne room further. so
as to allow nore effective space utilization in the

buil ding and el evator shaft than before. This neans
t hat Hfe WPIRAEL 105t Shes RIAE erveniion hg tastatiaye at

i B a Yeaisgd YoRar -of owed e¥atobwshgf tob;fecf@wéear )On G@e one
is, tqQq achieve an_elgevat,or I n which

ot SERR obe R S8 BUBU G | BREortar iR nEot Maalgp the

sheawd evatioar tvierhowt nma&hthe rovantiurtes t 9o aalki ede allow

an elpyat oéfi?%&éértgb%{a 1949 SfeLERt Ay ang

conprom sin evat Or
addi ﬁl@ﬁéltoe‘bjséa@tﬁw¢h&m haf ogle .nilidise mespes dflaiyatheneleva-

Toe ‘E@regho(%fld RSeddVEND £ °Be§ﬁ€uh.ﬂsE§li‘Ea' Yle% VL nar-

conprom sing the p033| bi l var basi c el e-
20 v&CY¥r §LEARE Fhate é\#atqﬁce@eatrare .Qﬂ%npbaﬁctéve is to

Cﬂar a@h&l’a‘veedubyel\%toifrsﬂlhsﬁﬂﬂ&ﬁd tl_llfir:a tﬂﬂ@litnangf r0ﬁe has a
char ri zati rt,.of__claim 1. e_met.hod o e

i nve%tl on %’Iél%ﬁ%crng ki P8 @?/e V\%gt-’l‘:tﬁgndlilé?%%%d F"n further
t he ehar act erieatnyenpach dfs diaiaeilevesafhelssmtor solu-
@?COEQbHQ %Qtﬁgﬁt'naéﬁﬁﬁéghé a%g%g%bkzegoﬁ roﬁﬁgﬁng the

is disclosed |alm 11.
i nveﬁ’FPé’ﬁr&l@Scﬁér dféieerﬁlzeé@t@,?f whd gddigiicnadsebiestive is

the ebheliglak®e. rBpeelBvegativa.enbodi nents are al so
di scussed in the description section of the pre 30

sent 'I‘?igpo %%tclto%f Tcl}le I:Lr}xreer%lttll\é% Y oef atcrh xPéJ Iv}ithout
compromising the possibility of varying the basic ele-
20 wvator lay-out.

The elevator of the invention is characterized by what

is disclosed in the characterization part of claim 1.
The method of the invention is characterized by what

_ is disclosed in the characterization part of claim 10.
25 The use according to the invention is characterized by
| what is disclosed in claim 11. Other embodiments of
the invention are characterized by what is disclosed

in the other claims. Some inventive embodiments are
also discussed in the description section of the pre-

30 sent spplication. The inventive content of the appli-
~cation can also be defined differently than in the
claims presented below. The inventive content may also
‘consist of several separate inventions, especially if
the invention is considered in the light of expres-

35 sions or implicit sub-tasks or from the point of view




cation can also be defined differently than in the

clains presented bel ow. The inventive content rmy al so

consi st_ of several separate inventions, especial
1@%}1@3/@00714

WA i on is considered in the |ight of ex§

sions or inplicit sub-tasks or fromthe point of view

WO 2004/ 067429 PCT/ FI 2003/ 0007144 4 of advantages or
categories of advantages achieved. In this case, sone

of thgra tes.con a| edlnthe msbel

be super%ﬁyg%;& Smt %oefgfﬁrj\ﬁ v?fof ‘éaé'b%ﬁ%‘?% ‘achteved. 1n
i nventh¥s cemeept §OI® Byfari}fwi%u agtirhbuterentimpion® in the
Of NDEGzPat @,eelfqyl ng, other

can be achi eved H%ﬁf Be'n% {racil on eave po”%s;cer‘?ew of
conpaBfPerafs- 1P8|enéﬁérﬁo|€0@lcép§ﬁer machi ne i s achi eved

- A good traction sheave grip, which is achieved in

‘105 pan([l apbasubﬁg USH e G ARkl oYV ané 0BENGor@and A Y -£011 0w~

onents all ow the wei ght of the el evator
car t?jngea 8ﬁ§ g8~5h| W@&ueéeersA E8RpREt aRR&RVAE

size and thin,' substantially round ropes pernmt the

el evatorUaimg‘]imesma)lbet:faaitﬁtdrveﬁl'yea\ﬂé fa &féw RagRtt Neleva-

t he shafd, alu tion of,

i nvent i on “can ge i %eg}rﬁgcnci}t %“:‘\ 9 4% %J\ﬁvoeéi variety

of ways in the case of both elevators vvlth machi ne

above afid EPeatFastionh sheawaegbébowwhicthei®el echieved in

nec hi nep@%l%l@%}aﬁgﬂﬂﬁ bo&l.bﬁ‘ée%r PS#)TE?” EB% light-

car and_a,s r at .| east

wa
wei ght  8F& e?%t@%?%er’nt%a?lgﬁﬁ E@ecéﬁllgﬂﬂ: bgft ke elevator

el evat oraguitte beaidosis-i dappribivng ddhieedaivent i on al | ows
effective utilization of the cross-sectional area of

the el ey angnmﬂ;%_tgﬁf T d th| nor
easy to han t‘?a%%lﬁen%%?n%?l e?‘:gﬁ qfa.r%ﬁy round

faster FRPES IRAYTHHE - tEEgellewa@Desvammlsme)rta benimwlatively
lwad belFewe190 Jﬂazed e thdl Rt StieRg %lel‘@\faﬁ:or solu-

ropes p efera A used in . the Inventron_have
di anmet eFX8F Phe thegenvgrnition can be J_mplemented in a fairly

wide variety of ways in the case of both elevators
with machine above and elevators with machine below.

— The elevator machine can be advantageously placed
20 between the car and a shaft wall.

— All or at least part of the weight of the elevator
car can be carried by the elevator guide rails

— Applying the invention allows effective utilization
of the cross-sectional area of the elevator shaft

25 — The light and thin ropes are easy to handle, allow-

ing considerably easier and faster installation

— E.g. in elevators for a nominal load below 1000 kg,

the thin and strong steel wire ropes preferably used
in the invention have a diameter of the order of

30~ only 3-5 mm, although even thinner and thicker ropes
can be usged | |
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30 only 3-5 mm although even thinner and thicker
ropes can be used WO 2004/067429 PCT/ FI 2003/ 000714 5
- Wth rope dianeters of about 6 mMmmor 8 mm fairl

apfast el evators according to the invéﬁ?ﬂ%ﬁmwme“
can be achieved - It is possible to use either coated
or uncoated 5 ropes, - The usesof a small traction
sheave nmekes it possible to use a snaller elevator
drive whi ch, nea red ce drlv ot or
acquis?@agﬁ/ﬁﬁﬁﬁeﬁﬁ%W? %oggsa fRnPFof &y pLaixrly
appliedlanggeamﬁeiasMMbkguEUﬂts(hdﬁbnﬂxngutw ¢ oinvention
solutioga ggﬁygge&he invention is primarily
i nt ende ?o usé " rn el evators w thout machine room
it can also be applied in elevators with machine

~room~ - Tkn imerossdhilieonta b epighep arrhtedevreruncoated

cgnt act ropagbet ween the hoi sti ng ropes and the

~traction sheave are achieved by i ncreasing the

cont act gngle bet ween i? Pue to the inproved
grip— tRRSsPSE Qhdwemghi bFaEReOn SReRUR BRkPRdkcgOSSible

20" - Theospaee asas/mm¢mt enévatoﬁf diri@eeh@ialqr wHidhemeans
i nventi ngrea St esace requlre

count er haTaRPICERERE o B At R Fi bR MR T Al costs
As a result of a lighter. and smaller elevator sys-

t em —enBhrgy isuenhjonanant ber ebmld ashsim weAmkpsarand 2Geared

QQh'eVteevJBSrph@QSFE§$lQE16ﬂ§ machine in the shaft
can be relatively freely chosen as the space required

t he nt erwel ght and count erwej uide rails
o DeAbeiauEhr Ehfin par H08 oks vier sions B rpeinded for use
PCT/ FI 2003/e0@8814rs6 widhoumunachinat roeast ithecan also be
e'evatéépﬁﬁié&'ﬂﬂ Qf@&%ﬁgks with machine room.

~ In the invention a better grip and a better contact

15 between the hoisting ropes and the traction sheave

are achieved by increasing the contact angle between
them.

— Due to the improved grii), the size and weight of the
car can be reduced. '

20 ~ The space saving potential of the elevator of the
’ invention is increased as the space required by the
counterweight can be at least partially eliminated

— As a result of a lighter and smaller elevator sys-
_ tem, energy savings and therefore cost savings are
25 achieved

— The placement of the machine in the shaft can be
relatively freely chosen as the space required by
the counterwelght and counterwelght gu:x.de rails can
be used for other purposes '
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‘of the BPEFEP

‘Conpens

the traction sheave and a rope sheave functioning as

a . diverting pulley in a conplete unit which is fit-

ted as a part of the elevator of the invention, con 5
%}Psavi ngs in installation tine and codCI/FI{0F/P00714

be achieved. In the elevator solution of the

invention, it is possible to digspose all ropes' in

the shaft on one side of the elevator car; for

exanmpl e, in the,case 1Q of rugksack type sol utions, .
the ropE¥ TRHIEENg, At ttg“’r UR- BRSO BPeS Blew alarhine,

(k:)arki n t}‘le Sﬂaeeiohlebmeaﬂet Bﬁdfejae\_/'abér sﬁéévénﬂuhbeikoning as
ack wa the el evator ,shaft, The .i nventi o es .

s aeohy §lekEnapRITER! (' sonplend VAN WIS £ie-
sol uti ohedasswel paBtnof the elevator sfil theotnoénthen, con-

| gvent i gn n sguj | i ,
count er wge?igﬁtg;ﬁl?t O‘%asﬁﬁ‘foi? §§1b| éng‘gg?%?gﬁémt% e 3RS costs
sol uti ofislinbehaehiened. el evat or car -has doors in

several walls, in an ex 20 trene case even in all the

val I's- ofnt hehel 8Y8LQEorCa;o1dtR di 8FCa%R 1hGeANIZR, it is
rails of the il evat o di sposed, at the corners

. car arg i
B EQr dLisPARe cPLiattoPeSoIiRt | BReoBhEkE on one

i nvent i shdeanfbehamdlevamsit efan t Hosevetabld,f fief efte case
ension_of the car can

chi ne_sol_ut j,0ns..25, - The su
gg irrpl%?rerﬁﬁé"léc%sqkngt F st W%it%ﬁ?er&?ﬁeng?ﬂn be ar-
ratio -r@papdnsat irom dfelriopk ehengaevaherbyay neanshef space
a COM PERFaLhNENSY LIRIYALGO GhA0 4 o iR | DYERT LAY o the

a cheag}and sinple structure to i enen

*HRERF FpEtel ongations by nmeans of a |ever
is a cheap and light structure WO 2004/ 067429

PCT/ F12008/ ﬂﬂ@é’llﬂ.’éiqﬂ ma]b?!h ngt;.] t8&sy0pE EhPDERbhONscenic-type
npens tions of _the jnvention, it is :
ggss-i b|€i‘%"‘g£%§ﬁi %\)/%u 1%%?15?%n‘f61£ati o between the

forces T1/ T2 acting on the trac- tion sheave .
— BSince the elevator solution of the invention does

‘not necessarily cbmprise a counterweight, it is pos-
sible to implement elevator solutions in which the

, elevat_or car has’doors in several walls, in an ex-

20 fLreme case even in all the walls of the elevator
car. In this case, the guide rails of the elevator

car are di'sposed at the corners of the elevator car.

— The elevator solution of the invention can be imple-
‘me.nted with several different machine solutions

25 - The suspension of the car can be implemented using
almost any suitable suspension ratio

— Compensation of rope elongations by means of a com-
pensating system according to the invention is a
cheap and simple structure to implement

30 . — Compensation of rope elongations by means of a lever

~ is a cheap and light structure

i
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5 - The ratio between the forces T1/T2 acting on the
traction sheave is i ndependent of the |oad - By using

r el ongati on conpensati ng. system of the
“ﬁﬂggﬁﬁggﬁ’ unnecessary stress on the machine gﬁgwmmmymm7u
ropes can be avoided 10 - By using the rope el ongation

conpensating solutions of the i’/nvention, the relation
between the forces T1/T2 can be optinized to achi eve

a desir I ) t venti on
con‘pensg ﬁ% 'Fgleer-g %on‘%‘#‘ i grne Csog& ns %Iolnonséoi’/\)ﬁ?’c?fis of
make |tth90sgvbnblom.5 it dwarmsédlehda empliiede a constant

fricti Oﬁa{-_lgoﬁta@%elﬁetﬁ’l?@nfBPSeér Q‘ﬂ’i‘gonaélbfﬁ% ﬁndcﬂé]etrac—~

h0|st|ng rope in al Ssituations -"1n add
rope el h@%t$%ﬁa%%npensatlng solu- tions of the
i nvention make it unnecessary to stress 20 the

. hei st nghé opesiicn Bedgecho ﬁﬁ’éUE@rﬁéBCtTQﬁ’gb%éHﬁ?‘ on the
t he tra€t|on sheéée and, t he stin e
| arger THATCHORCTAERYS hhd: ROTREEH 97 (
life of the hoisting ropes is increased and the|r
danageigmsuapngbthét¢Qpeleitngaixaﬁ-cdmpamsanﬁng system of
el ongat{n iﬁvm&gsaﬁ e ML %a?}%ine and
or &hsa

t he i nvention I ng ongatlon Wi
conpensERreRy %ﬁ@éﬁ%saY#l@ﬁiferent dlaneters it will
be possible using this solution to conpensate even

very - @ﬁeusiﬁﬁetﬁbo&%@é Cé]l?on o?p ReHELR t9hd Neolutions

di anmet er ul |l eys I,n rope

el ongat"'?]?)ng(‘:l ’rfg“ Igﬁﬁ ]'53" g’oalaﬁ%e‘?% e forces
inventlTMXﬂzncahlbh theimbapdnsat 40hidE: 2004£867r489%value
PCT/ FI 2003/ 000714 8 apparatus used is a differenti al

gear . ifnd Sscpﬂﬁon@tgfteh& {%ﬁéﬁ%{ac?ee%%n Cﬁ\ﬁf-g%?n s?& rope

elongatlons espe- ci %gé
hei ght SS1oRRHITERYe of &ohﬁmrt%twwlbmk% it possﬂole

imvent i @&r@ﬁ@@@rﬁe@%ﬁ‘%fﬁldﬁq contact between

ta: nggf rt a:) F@S{%F-Bﬁeg'ﬁ‘??] gngélgr gl'{eel go:LstlnEgyp:}gge J.ﬁ all

situations

— In addition, the rope elongation compensating solu-
tions of the invention make it unnecessary to stress

20 the hoisting ropes in order to ensure friction be-
tween the traction sheave and the hoisting rope by

loads larger than necessary, and conseguently the
useful life of the hoisting ropes is increased and

their damage susceptibility is reduced

‘_25 — When rope elongation is compensated using the ar-
rangement of the invention for compensating zrope
elongation with compensating sheaves of different
diameters, it will be possible using this solution
~ to compensate even very large rope elongations, de-

30 pending on the diameters of the pulleys used

 — By using a rope elongation compensating solution ac-
cording to the invention in which the compensating




invention is in elevators whose speed range i s about
1.0 m's or below but nay al so be higher. For exanpl e,

an_el evator having a traveling speed of 0.6 ms is 10
VO 2004067421 ement according to the invention. FCT/FI003/000714

bot h passenger and freight elevators, many of the
advant ages achi eved through the g nventi on are pro-
nouncedl y brought out even in elevators for only 2-4

people, and distinctly already_ in elevatfors for 6-8 )
15 peopPEPPEGHYS elf@dzgss‘: Ei‘ng%%%e%?%’if%ﬂjorg%?rthét is possi-

i nventi bile nor npengekeo kevdROilstrigRg rb@@e%lo&@%&i%&s, espe-
ILn._the

O ova ofLate 43,586 GRB%; 7, BiSel Bl thacner onta”

artificial materials and ropes in which 20 the

| oad-Bear Prgmpayt dxeandé dpmliddbicml ofi dve iswebtion is
as; €. g e I ¢ i d p whi %s a_cently

been pr% ose fg%S& e%l@n g gva (')ersl.t£ %ﬁ¥§%ﬁéo£ bt people
sol utdsheRl fpeiabtudé stigeicaki arerced fammliwpeoan of the

. €SPejrvdn 1 I CaYS A nt helew ¢ OV 2 BBL | BRELeGId QL T8 about
25 dius, Parti cuhail égel | applicable in, the el evator

of the iBnPFoRSAPY Bu&vMEy IS tRRhioRes . t iPst sxample,
e.g. aiff r efrerauod amkrjsi% oag Wtawslidg ogpeaunch oes% m/s is
t.he ted in many ways usin res o

405 . 42 G ey R ohlBY | o Y S i L

applicable in 30 the invention, the wire thickness is
bel oW™.2o%n PASSanoavercayt. fxeighpplevabbes, opesyy of the

nade dFRMNSdNY acWik9e R ent-Bash ifhé\hijgﬂiérf@tcﬁi’e:ﬁa%%e pro-

wire thickness is helow 0.3 mmor even below 0.2

" For inﬁ%\nﬁ%g-,y P REIRF r U La RV r BhgeieHArPEFeS Faroply 2-4
tw stpetbple at anél )ﬂi%c_i&ﬁﬁinmk s éggﬁ%gﬁ;z gtga WelegagleR for 6-8
t,pat _t re
F]’E?T/ Efg)g)dgg@&\@lf Gtéyngcs@ in the finished rope is in

the range of 0.15 ... 0.25 nmm while the thinnest
wi r estmafheavelavanpcknets the dmatentderonl poabedt elévator

l”':]n t E}ilgii:%rt]'{j_gﬁtei %%ﬂ_’)@fbg?i‘zclﬁagsl Yy RAS, VEEXASIINS  ropes,
. are applicable. In the elevator, it is possible to use
ropes made of artificial materials and ropes in which
20 the load-bearing part is made of artificial fiber,
such .as e.g. so-called “aramid ropes”, which have re-
cently been proposed for use in elevators. Applicable
solutions also include steel-reinforced flat ropes,
-especially because they allow a small deflection ra-
25 dius. Particularly well applicable in the elevator of
the invention are elevator hoisting ropes twisted e.g.
from round and strong wires. From round wires, the
rope can be twisted in many ways using wirxes of dif-
ferent or equal thickness. In ropes well applicable in
30 the invention, the wire thickness is below 0.4 mm on
an average. Well applicable ropes made from strong
"wires are those in which the average wire thickness is
below 0.3 mm or even below 0.2 mm. For instance, thin-
wired and strong 4 mm ropes can be twisted relatively
.35 economically from wires such that the mean wire thick-
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5 vvi res having a strength greater than 2000 N nm2 can
used. A suitable range of rope wire strength is

“?0?%24/0@70Mm12 In principle, it is possible to use

es having a strength of up to about Z§3F12003/000714
N m2 or even nore. 10 The el evator of the invention,
in which the elevator car is sywspended by neans of
hoi sti ng ropes consisting of a single rope or several
par al | eI e d el.e-_vator havin traction
sheave™ i &ﬁ }%\?e PHEREBVEOPE ot Sc a?r"gb fredA896f Oofhd - 15
hoi stQ +f rapeswhibs tlopethpimndsSt twbnss ohayhBabei 8t thYckness
[ 0P OLALIHPIAL 084700 AL Yo Il T ALNC BLEVALOL: can

car, and thé~rope i 6ns go- g upwar

el evaaasti ar bér anadielevexyf | $5tong opdt ehheom(v‘éh)tlon, rope

Wi leﬁesgrl%@&ﬂﬁgtgagtfeﬁ_&ﬁ? gﬁégegr 'i: Q%ObT%T)/mm can be

whi ch is_the rope tension por i'ons
goi nd*Fhnviar 41 ErbAet KBNERe P4t @P%r‘ﬂﬂﬁh sfeceniyth oks 2300-

~the ezl'mmtmmﬁbnptmsgirmc@ mepensat i Ng ?&S§Egﬂlef ¢ use rope

keepi_n ratio (T1/ T2 n the first

t ensi't c}% gh?ﬁjenge or?(ifrle%&?%t i BR $Gb ARG affPQP M’ or
st antavegb nare.he net hod of the invention for formng

an eleva- tor, the elevator car is connected to

gbevahr éf@érélgorhgf'fstt' o nlﬂf r?éieélr?t 0fnC 1c§1a|th't T evator

ropi ng consistin e rope or a prural
par al38& lrSop“ééSW%rhy mea:nswgofr dtp@l%’@lmg onepe®i eensisting

upwaleds aﬁnﬁlﬂ@ﬂ\@\’\ﬁbﬁé brome3@rhhe Rlavatar J:in‘;fes anthid ele-

t hat the eI evat or in vided with

conpdATAT R SR e‘?‘n Eﬁ?gkl‘s%l ﬁgeﬁf@ WRdch “{OVF/ST Hhe eleva-

bet weer tchae: rlnzpemé@msesfathen@ollﬁtdm\garxfbp@w ewweidl por-
LTI eghi b nt n ncrea3| th
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20046.91@74?”5.‘3&4 Fle28R3/{ R0 7d flay 4001 W%%Q’ tdhes tﬁ%&ék 03 first
sheave and the, hoi E%Hng ropes, can be 1 ncrease

t hi sTRES, Gheich el§ | ghesFerafhant @ fegond rope
can hensdducedr;)t,hughidier ¢asitige t Bepepatdision of the rope

20 portions going downw_étrds from the elevator car. In ad-
dition, the elevator comprises a compensating system

for keeping the ratio (T./T,) between the first rope

tension and the second rope tension substantially con-
stant.

25 In the method of the invention for forming an eleva-
ltor, the elevator car is connected to elévator roping
lloiéting the elevator car, said roping consisting of a
single rope or a plurality of parallel ropes and com-
Pprising rope portions going upwards and downwards from

30 the elevator car, and that the elevator roping is pro-
v_ided with a compensating systeni for keeping the ratio
(T1/T2) between the rope forces acting in upward and
" downward directions substantially constant.

. By increasing the contact angle by means of a rope
35 sheave functioning as a diverting pulley, the grip be-




saving potential of the elevator. A cont act angle of 5
over 180 between the traction sheave and the hoisting
e is achieved by using one or nore dlvertlngﬁgyl-
12003/000714

W Q40671 need to conpensate the rope el ongat P

arises fromthe friction requirenents, to ensure that

a grip sufficient for operatiom@nd safety of the ele

10 vator exists between the hoisting rope and the

trac- tion sheave. On the_ other hand, it is essential

in réWesheciief LEREVABr SEseVat i a?ﬂaesﬁf?éﬁylﬂﬁatrw can

r OpebepQ&:Ideﬁ?%%% owd ftemeﬂ eyt Ortli‘élrcdf] &h SV 1ighter
W ou cou

sol uti ervve ht uI d be kept

suf f PEFeiiy S99 it P e mott s g dhe space
achi easdngsiperent S | ﬁg ttihea éllé’miiﬂjﬂ VeI cohBathe angle of
f?' ! %Wegg SI(JanbI nv%@“ Y Wénrlac%eiot%gs I bedr%#{ tq'l aq%lstlng

of a T ow exanl es %5

ref erepee i adkiaredchyd wiinmg nyse ohemere ZUvErginly pul-

s alg?egra%@eph%a nt {89 815%@1%59@ SEFaverofd eV@fF@ﬂggation

wi t hout count er wei t accor fo the 1 nvention

2 présénes divep atrch%f fahether Flaﬁéﬂ-iféﬁeghéavé0 ensure that
el evat giriy IRER GQHH orei HHrAGHH U ddFetdp d&he ele- -

vent | on, 3 presents d| ram of a third
: 11 acVP&h* sr?@ﬁ‘%t eﬁ%@‘ﬁ?%‘? STOHR WS gRPd the trac-

accotdbng sheaviche Onn\térat icﬂ.'ﬂn,erFll@.ndﬂg ﬁrtewt&@rohw af re-
of a éggEtﬁﬁré§éﬁg nggpgggﬁeeg%ﬁﬂégfg% at the rope

coun? rwel g accor I nventi on
2004POE¥420 Petom 10e3/1G0PLer TRIFiig & mlesefiar solution

di ag{v@rah@{ltan%ﬁ%emwh%n SRR @eevqrféﬂt ngmently
coun |ght accordingto the invention, "Fig

Bt es Fpkt diligt aRfBf %tﬁ%?eﬁ%%lrﬁnb?he%ﬁﬁéle%ed using a
el evapﬁﬁngn bhout sigpust eeweight according to the
i nventi on,

In the following, the invention will be described in
detail by the aid of a few examples of its embodiments
with reference to the attached drawings, wherein

20 Fig. 1 is a diagram represgsenting a traction sheave
elevator without counterweight according to

the invention

Fig. 2 presentsrdiagrmn of another traction sheave
elevator without counterweight according to
25 the invention,

Fig. 3 Presents a diagram of a third traction sheave
elevator without counterweight according to

the invention,

Fig. 4 presents a diagram of a fourth traction

'30_  sheave elevator without counterweight accord-

ing to the invention,

5
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Fig. 7 presents a diagram of another traction sheave

el evator w thout counterwei ght according to the

“}t(f gntlon 0 10 Fig. 8 presents a di agram of anothe
VYA snheave el evator without counterwei gﬁFT’FmO:‘mOO"“

according to the invention. Fig. 9 presents a di agram

representing another trac- tiortkheave el evator

wi t hout counterweight 15 according to--the i nventi on.

Fig resen lagrammatic illustration of th

strug‘éll e%zf ; < eglv%tor Og%J %jqqi%}f n'ife%‘ftrjo‘?i“ sheave
The el evat or |@qy|a¢be"r am.yhantelcmmmmﬂgimn ameobiieg to
20 room with g dri) @L%Qllne4placed in an el evator
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abov&l9Fhé paPIe§ense ehelinsimsm raspeEeg” diradisl @i esheave

vator is as f@lle@%ormﬁleﬁgu@f d&ﬁnﬂémﬁeigh% | gER%aBi %y to
25 fixed to a. fixi.n 0|nt 16 on a lever I5 fastened

to the el evatdf ¢& tigni4 fixing point being
| ocated at a di st'ance a fromthe pivot 17 connecting
t he Féger 7t o pn:beealtevat atizgatand .ofl rufdtherl tddiecdy esheave

égl In? t1gusFr om 8‘3?1?)%%&11%%‘?%? %Rmtt%%ﬁ& gtttl nacFngﬁng to

3 run upwar ds the anvamzepnhng pul l ey 14 placed inthe
upper part of the elevator shaft above the el evator

gar kigfrem V\Btégeng‘sVar H'lﬁ@rB.Hll |o@’ a%%h'é%p%%a%lon sheave
furt her dovvnvvaé[ *_' vertl\r‘}% ley .13 on the
el evator car, Saffg® Pﬁm‘t’htf]%mi‘? ”@G@W%? $9 according to

PCT/ FI 2003/ 00@%&4in¥2ndivarti ng pulley 13 the ropes go
- upwar ds again to a diverting pulley 12 fitted in the

uppe%lBarb o £Q§em§gagt dﬁ%%g%g{, I}%g\%a?\%gpgéggo%é\é%her rac-

pul | ey r Opes go
di verting puI P:éynllSBewant%l:Iemt@he vel Bvattor ccamterweight

davi ng passedaaaeyaﬁnbhhé Yl ER¥enthgnr OPES go again
upwards to a diverting pul -

‘Fig. ‘1 presents a diagrammatic illustration of the
structure of an -elevator according to the invention.
The elevator is preferably an elevator without machine

20 room, with a drive machine 4 placed in an elevator
- shaft.. The elevator shown in the figure is a tractionm
sheave elevator without cotnterweight and with machine
above. The passage of the hoisting ropes 3 of the ele-
vator is as follows: One end of the ropes is immovably

25 fixed to a fixing point 16 on a lever 15 fastened to
' the elevator car 1, said fixing point being located at
a distance a from the pivot 17 comnecting the lever to
the elevator car 1. In Fig. 1, the lever 15 is thus
Pivoted on the elevator car 1 at fixing point 17. From

30 fixing point 16, the hoisting ropes 3 run upwards to a
diverting pulley 14 placed in the upper part of the
elevator shaft above the elevator car 1, from which
diverting pulley the ropes go further downwards to a
~diverting pulley 13 on the elevator car, and from this




ley 10 fitted in the upper part of the shaft, and hav-
ing passed around this pulley they go downwards again
dlvertlng pulley 9 fitted on the elevator ca

10
Wﬁ?@f"“%‘%qppl ng around this diverting pulley 9, QWOO&’OOW

hoi sting ropes 3 go further upwards to the traction
sheave 5 of the drive machi ne 41pl aced in the upper CD
part of the elevator shaft, having previously passed

V|aad|vet|ng Il e h only a "tangential" con-
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pass HrouRgs ?ﬁg FF&’E‘Fl%gr? sﬁ’f@aﬂ%‘f 5tReY t e ﬁ@“@fﬂaﬁgls again
machibe 4 a:ﬂ.x)\r@rﬁimgrpnﬂzlegr (B)\I;E:Stioédt bﬁhttﬂ%t é@@vator car.
shea racti e 5..the ro

o A e i S T S R
ar ounPistimongores rbpeogrboveEr obprheddi \te:rtthg traction

pul | eshda@@dsr Q:tﬂ”ﬁ‘h@g dhachk %éfﬁﬂé‘%?’gf&k@@ Fely the upper
sheave 5, ¥er whi ch they pass along t rope groov

of tr%a¥*‘r af d%hesh%%&‘éat‘{zlfoﬁhtaﬁé t rERStinsh pgﬁ*éavéséy bassed
t he hniastaltn@:l.v@p’e*ﬁnﬁ gﬁlﬁaéyt heﬁvldﬁV\Bﬂ@ydé |“'&angenﬁ:1al” con-
ng contact wt i vertin ast t

e’i’ge oér@car wﬁ%p%FOnéﬁbﬁllagajgﬁl }:gXE tgs 50@653§ going
vert |ﬁig31puth@yt8aptao:ed sheatiee 5 dwertlpar¢elefatbe ebe- 1 pass
vat or. a [ de r-9o

votOvilathe PR C&Er‘?‘?‘%fpuﬁ aBvEROLhY RS0 P R 16 the
WO 2GR R P FR90B9PB0G7 BRUSER diy  Hee eRdveEing pul-

shaf tleyt e 19pesr@osmpYBI dstt 8odidi beVEELENEHAY! k¥ Bpes 3
urt h:re]{n?/ ér‘amvgilﬁ %%%%eﬁ%%e‘@tgeonly Fouch the .di-

_ verting pulley 7 tangentially. Such tangential contact
serves as a solu.tion damping the vibrations of the
outgoing ropes and it can be applied in other roping
solutions as well. The ropes pass around the traction

25 sheave 5 of thev hoisting machine 4 along the rope
grooves of -the traction sheave 5. From the traction
sheave 5, the ropes 3 go further downwards to divert-

ing -pulley 7, passing around it along the rope grooves

of the diverting pulley 7 and returning back up to the

30 traction sheave 5, over which they pass along the rope
grooves of the traction sheave. From the traction
sheave 5, the hoisting ropes 3 go further downwards in
tangential contact with diverting pulley 7 past the

| elevator car 1 moving along guide rails 2, to a di-
.35 verting pulley 8 placed in the lower part of the ele-
- vator shaft, passing around it along the rope grooves

on it. From the diverting pulley 8 in the lower part
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| ower part of the elevator shaft and further back up 5
to a diverting pulley 20 on the elevator car, from
where the ropes .3 go further downwards to a divertin

WRPEYTE i n the | ower part of the shaft; froRGHERW3N00714

they go further to a diverting pulley 22 on the el eva-

tor car, fromwhere the ropes 31g0 further to a di 10
verting pulley 23 in the | ower part of the el evator
shaft._From di,verti ul l ey the ropes 3
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9' Stvlé(}g:o%hhﬂfg.%gd 2t3he:l.Igl ?1”' rbane%'u' §J¥€h ranthe elevator

be | ai approprl ate way's
el evaEshafromTRAVEsSing mlé@grerﬁe?nt bleewgepetshés go fur-

tr actdy sPeayged 12kt hes de‘@BEéﬂﬂypﬁh!x%H K:d Stﬁ@ elevator

ferred to as Doubl-e Wap roping, wherein the hois
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and/&bVﬁnyti&E¥EHém thi sandy letrbe Qanhmﬂpdﬂﬂﬂfa£aat dis-
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cont é’@ig -afgl echefhdBotind 8Gachime 86D thetdbeartheg pulleys

tractgy@n b%/ a@ﬁltﬁfaggasbhngnéo@@ﬁ %HeS s?{ne side of

achleved The Wap roping presente
fi guF@ecﬁiL%T%’%?Jbé:% JBN1g oFration ahotpertigylasly. advan-

by pltagicogsdi ¥8r thrg Gake olfe)a 7r@BkEhekst eOfelteB}%.tor, in
SCALTERS Suo Wbl eln P56 S IS DY atepose
PCT / be2i0d 608y Blevidkor car, in the space between the back
' _wall of the elevator car and the back wall of the
shaft. The hoisting machine and the diverting pulleys"
may also be laid out in other appropriate ways in the

25 elevator shaft. The roping arrangement between the
traction sheave 5 and the diverting pulley 7 is xre-
ferred to as Double Wrap roping, wherein the hoisting
 ropes are wrapped around the traction sheave two
and/or more times. In this way, the contact angle can

30 be increased in two and/or more stages. For example,
in the embodiment presented in Fig. 1, a contact angle

of 180° + 180° i.e. 360 ° between the traction sheave

5 and the hoisting ropes 3 is achieved. The Double
Wrap roping presented in the figure can also be ar-

35 ‘ranged in another way, e.g. by placing diverting pul-
" 'ley 7 on the side of the traction sheave 5, in which
case, as the hoisting ropes pass twice around the-




tracti on sheave, a contact angle of 180 + 90 = 270 is

achi eved, or by placing the traction sheave in sone

ot her appropriate |ocation. A preferable solution is

WO 2HIpH3L the tracti on sheave 5 and the di verRGHR2®3/000714
pulley 7 in such a way that the diverting pulley 7

will also function as a guide ofj4the hoisting ropes 3

and as a danping pulley. Another advantageous sol ution
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sol utjon according to the“invention, | évVat or

r BB oRRe&iEE & 1Te FRIBtFAY OoPEle Fakl, and the di-

- verting pulleys 7,10,12,14 in the upper part of the
shaft are mounted on the beams in .the uppexr part of
the shaﬁt, which are fastened i-;o the car guide rails
2. The diverting pulleys 9,11,13,18,20,22 on the ele-

25 vator car are preferably mounted on beams disposed in
the upper and lower parts of the car, but they may

_also be secured to the car in other ways, e.g. by
mounting all the diverting pulleys on the same beam.
The diverting pulleys 8,19,21,23 in the lower part of

30 the shaft are preferably mounted on the shaft floor.
~In Fig. 1, the traction sheave engages the rope por-
tion between diverting pulleys 8 and 9, which is a
"preferable solution according to the invention. In a
preferable solution according to the invention, the
35 elevator car 1 is connected to the hoisting ropes 3 by
means of at least one diverting pulley from the rim of
which the hoisting ropes go upwards from both sides of
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means of at |east one diverting pulley fromthe rim of

whi ch the hoisting ropes go upwards from both sides of
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drive machine 4 of almost any type and ‘design that
fits into the space intended for it. For example, it
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machine may be of a compact and/or flat size. In the
suspension solutions according to the invention, the
rope speed is often high as compared to the speed of
the elevator, so it is possible to use even unsophis-
30 _ticated machine types as the basic machine solution.
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equipment regquired for the supply of power to the mo-
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35 placed in a common instrument panel 6 or mounted sepa-
rately from each other or integrated partly or wholly
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as a solution comprising a machine room, or the ma-
chine may be mounted to be movable together with the
elevator. In the invention, the diverting pulleys con-

25 nected to the elevator car may be preferably mounted
on one and the same beam. This beam may be fitted on

top of the car, on the side of the car or below the
car, on the car frame or in some other appropriate

_ place in the car structure. The diverting pulleys may
30 also be fitted each one separately in appropriate
Places on the car and in the shaft. The diverting pul-
leys placed above the elevator car in the elevator
shaft, preferably in the upper part of the elevator
'_shaft, and/or the diverting pulleys placed below the

35 elevator car in the elevator shaft, preferably in the
lower part of the elevator shaft, may also be fitted
e.g. on a common anchorage, such as e.g. a beanm. '
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. used in the_ suspension of the elevator car, the lever
;LS is pivoted on the elevator car, and when even sus-

- pension ratios are used, the lever 15 is pivoted on
.the elevator shaft.

25 Fig. 2 presents a diagrammatic illustration of the
structure of an elevator according to the invention.
The elevator is preferably an elevator without machine
room, with the drive machine 204 placed in the eleva-

_ tor shaft., The elevator shown in the figure is a trac-

30 tion sheave elevator with machine above and without
counterweight, with an elevator car 201 moving along
guide rails 2. The passage of the hoisting ropes 203
in FPig. 2 is similar to that in Fig. 1, but in Fig. 2
there is the difference that the lever 215 is immova-

35 Dbly pivoted on a wall of the elevator shaft at point

' 217. As ‘the lever 215 is pivoted on the elevator
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Hor . et nthP SREVERSIOW FRSHC ¥ caimtelewrypr car is
suspended with a suspension ratio of 10:1, in which
t he. sarre suspension ratio 10:1 is used .both above
car, and which_el e- vat
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20 -counterweight suspended with a suspension ratio of
' 10:1, in which the same suspension ratio 10:1 is used
both above and below the elevator c¢ar, and which ele-
~vator has a hoisting height of 25 meters, the rope
length of the hoisting rope is about 270 ‘meters., In
25 this case, as a result of variations in—rope stress
and/or temperature, the length of the rope may change
by as much as about 50 ¢m. Therefore, the requirements
regarding compensation of rope elongation are also
greater. For the operation and safety of the elevator,
30 it is essential that the rope below the elevator car
be kept under a sufficient tension. This can not al-
"ways be accomplished by using a spring or a simple
lever.

Fig.- 3 presemnts a diagrammatic illustration of the
35 ' structure of an elevator according to the invention.
. The elevator 'is preferably an elevator without machine
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this arrangement. Due to a large suspension ratio oxr a
large hoisting height, the length of the rope used in
the elevator is large. For the operation and safety of
the elevator, it is essential that the hoisting rope

30 portion below the elevator car be kept under a suffi-
cient tension and that the amount of rope elongation

to be compensated be large. Often this can not be im-
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35 © the tensioning sheaves are immovably fitted in connec-
 tion with the elevator car, and with even suspension
ratios the tensioning sheaves are immovably fitted to
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303 go further downwards to a diverting pulley 319
fitted in place in the lower part of the elevator
- shaft, passing around it and then going further up-
wards to the tensioning sheave 315 fitted in place on
25 the elevator car and immovably fitted to tensioning
sheave 313. '

Fig. 4 presents a diagrammatic illustration of the
structure of an elevator according to the invention.
_ The elevator is preferably an elevator without machine
30 room, with a drive machine 404 placed in the elevator
shaft. The elevator shown in the figure is a traction
sheave elevator without counterweight and with machine
above, with an elevator car 401 moving along guide
~rails 402. The passage of the hoisting ropes 403 in

35 Fig. 4 corresponds to that in Fig. 3 with the differ-

- ence that in Fig. 4 the tensioning sheaves 413,415 are
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as a rope elongatlon compensating system pra-~

sented in Fig. 4 can also be advantageously placed to
replace either diverting pulley 419 at the bottom of
the shaft, ﬁrhich is preferably mounted in place on the
shaft floor, or diverting pulley 412 in the upper part
25 _of the shaft, which is preferably fixed in place to
the shaft top. In this embodiment, the number of di-
verting pulleys needed is reduced by one as compared
‘with the embodiment presented in Fig. 4. In advanta-
geous cases this also allows easier and faster instal;-
30 lation of the elevator.

Fig. 5 presents a diagrammatic dillustration of the

- structure of an elevator according to the invention.
The elevator is preferably an elevator without machine
room, with.a drive machine 504 placed in the elevator

35 shaft. The elevator presented in the figure is a trac-
“tion sheave elevato:_r without counterweight ‘and with
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car conprises the, hoisting machine and diverting pul -

| eys 412, 411, 410, 409, 407. The suspensi on bel ow t he

el evator _car conprises diverting pulleys
Wzﬂ)g’“ﬁ’% 4317, 418, 419. The tensioning sheaves (XE8/FA083/000714
20 used as a rope elongation conpensating system pre-
sented in Fig. 4 can al so be adyantageously placed to

repl ace eit her diverting pulley 419 at the bottom of
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% Q?lrzleven ngél'ﬁ'llé% Igdg g Fig-yary t&ﬁ"ngratlo

noveffeﬁi‘zl@zta‘dﬁ é&//e'ld, for the conpensation of rope
el ongation. This permts the conpensation of even 10

| ar ggnel ?ﬂ%ag%n%’f \Mﬂechmqfsit%gc%p%%tT e w%l"np%"elds Uss f£ol-

I.ng zag;p e Iever or sprl ng sol dti ons ensati ng
J she&¥€-a R &S MRIRE NG B SsNAdR ildh %ﬁ%tened to

sent dd\nem-tﬁmg‘ @lﬂre@dm awlgDist aiveraih® PhLI2yberas been
20 fitted to hang on the rope portion coming downwards
from diverting pulléy 514. Diverting pulleys 514 and
525 together form a rope force compensating system
524, which in the case of Fig. 5 is a set of compen-
sating. sheaves. From diverting pulley 514, the hoist-
_25_ ing ropes run further as described in connection with
‘the previous <figures between diverting pulleys
512,510,507 fitted in place in the upper part of the
elevator shaft ahd diverting pulleys 513,511,508 fit-
‘ted in place on the elevator car, forming the suspen-
30 slon arrangement above the elevator car. Between the
hoisting machine 504 and the traction sheave 505, DW
roping 1s used, which was already described in detail
in connection with Fig. 1. The roping between the di-
verting pulley 507 and the traétion sheave can also be
35 implemented using other appropriate roping solutions,
' such as e.g. SW, XW or ESW suspension. From the trac-



tween the rope forces T1 and T2 acting on the traction

15 sheave. In the case illustrated in Fig. 5, the

ratio Ti/T2 equals 2/ 1. The passage of the hoisting
WOQRWI/H2Fi g. 5 is as fol- lows. One end of t RCT/FI2003/000714
hoi sting ropes 503 is fastened to diverting pulley

525, which diverting pulley hasyheen 20 fitted to hang

on the rope portion com ng downwards fromdiverting

pul l ey, 514. Diverting pulleys 514 and 525 together

form ‘)5/11?% pEhedf e ‘é%‘h‘pgﬂé EF)P{HE s9BeBnPOsfUrthRr cHipn divert-
the chsg whlfe@. 5067 €odasaivekteAFPEA1163t 508 placed in the
sheans. From di vgrtlllng Eul I gé 514, .t he_hoi st 25 Ig%h

ropes PUR- fRFThert aSPBe&LFVBERTi APebhine RV ORIWPRR SeFh@round
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the hoisting machine 504 and the tractjon sheave 505
DW ¥ rieeFerihRedy imnrenneasian bl tescprewidons figures.

det aifrom NALPEREDAG OBuMLEY I8, lethdhaoigRing ReI®ENs03 go
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Fromyg e 0 06.7 1 CT 0 00714 4
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519,3%;1(: bt t he .gl evat or .car 501 .i n the man-
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From diverting pulley 523, the hoisti ng ropes 503 go
10 f Jét Here t it | pgepented 325 Fdanpra.sethe nrohe force
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20 gations by means of diverting pulley 525. This divert-
ing pulley 525 moves through distance I,. compensating
elongations of ‘the hoisting ropesl 503. The compensat-
ing distance I equals half the rope elongation of the
hoisting ropes. In addition, this arrangement produces

25 a constant tension acrxoss the traction sheave 505, the
ratib' T1/Tz between the rope forces being 2/1. The rope
force compensating sheave system 524 can also be im-
Plemented in other ways besides that described in the
example, e.g. by using more complex suspension ar-

30 rangements with the rope force compensating sheaves,
for example by using different suspension ratios be-
tween the diverting pulleys in the compensating sheave
system.

Fig. 6 presents another implementation for the compen-

35 sation of rope elongations using a compensating device.

The passage of the ropes and the suspension ratio in
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to one end of the hoisting rope. Having passed around
diverting pulley 525 along its rope grooves, going
further to the anchorage 526 of the other end_of

t he
WYY the el evator shaft or in sone. th31:T”mo"3"000714

appropri- ate place. The suspension ratio of the

el evator car both above and bealsow the el evator car is

6:1. In the enbodi nent presented in Fig. 5, the rope

forc nsati ng _sheav tem.,524 ensat es rope
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sati gmg 0621 opE3 eEQEﬁ@H' QH}S Hi8d NG oRef OHRERS AL E NGhe elevator
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por t bensiabovet bmdobetloww éhevetayadar :rr:artl—mr drdins above

‘ L§ ca% &Obte*ig%e Eh%g%gevgttié gceéc“ be6d %ﬁ% uraﬁgygtor pre-—

run tween “di ver
609, 6@111: 3:Ln n‘imgit el dnfféwes efrumatigre cmxttmtdmn vidrluisfrgated

pul | gxs F§g6105 64g, @%@ﬁb@tt he upper «BabLn Qi 1hg dev:.ce 624.

el evator shaft and e tractlon sheave 605 In
mann&tS pr 8sBREEENFR B Jlifprenty rtqi?éngoﬁé'éfaé@em?iﬂf:héiccord‘
fr onim@etbraﬁél onvehetye i®0thd sdhe Qy@ﬁpeﬁﬁaitl@lfg sheaves

‘{p agseﬁ % shaft L0 Iafya%bb%evi%%?a\{[?u 6tq%é g h%wco en-
.sat:r.ng sheaves one end 629 of the hoisting ropes 603
is immovably fitted to the elevator shaft, from which
point the hoisting ropes ge to the traction sheave 625,

'pass around it and go further to a diverting pulley 614

. 25 possibly fitted in place in the upper part of the ele-

vator shaft, from where they run further in the manner
described above to the traction sheave 605. Diverting
pulley 625 is fixedly fitted in connection with another
diverting pulley 625. These diverting pulleys 626,625
30 may be placed e.g. on the same shaft or they may be
| ~connected to each other by a bar or in some other ap-
propriate manner. After passing around the traction
sheave 623, the portion of the hoisting ropes 603 below
the elevator car comes to the diverting pulley 626 of

“_35 the compensating device 624, this pulley being con-

nected to diverting pulley 625 in the manner described
above. Having passed around diverting pulley 626, the



10 they between the diverting pulleys 618, 620, 622

fitted on the elevator car and the diverting pulleys
619,621,623 fitted in the |lower part of the el evator

WO, 204/06742% escri bed in connection with Fig. 5. PEAGIQ000714

pension ratio of the elevator car in the portions
above 15 and bel ow the el evatoragar is 6:1. The.
el evator pre- sented in Fig. 6 differs fromthe

si tuat on . illustrate in Fi 5 in respect of th
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puI | dpv62B 624 xadlqoﬁsﬁahﬁd rationmect] o8 Bi/Rh between the
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85 the: R e S Sty S Sdefettating
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es. 60
5, SoBEaRT ot PRe thenBr 8hang ropRe. 18 QPFRBLPOpoLs | gonnec-
i Mmovabhywstbhutbd. pfeirdoanchibdgages. In the compensating de-

‘vice 624, the .roping and the number of diverting pul-
leys may also vary in ways other than those described
in this Fig. 6. Via the roping suspension ratios in the

25 compensating device 624, the T™/Ty ratio can be main-
tained at a desired constant magnitude. In Fig. 6, the
compensation of rope elongation is effected by means of
‘diverting pulley 625 and the diverting pulley 626 fix-

: edly fitted to i1t. The rope elongation compensating

- 30 distance in the compensating device is the shorter the
greater is the suspension ratio within it.

Fig. 7 presents an embodiment of the invention in which
-+ the suspension ratioc of the roping is 1:1. In the ele-
vator presented in Fig. 7, the compensation of rope
35 elongation is implemented using a lever 715 which func-
tions as a rope force dompensating device and is im-
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628 is on diverting pulley 625 or fixedly connected to
it. Using this roping arrangenent in the conpensati ng
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co stance in the ensatin
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is 1: In he el e- vator resente
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Fig. ' &g chosgd elBis ;Ip@ceasa.ng the suspension ratio, it is

possible to reduce this rope tension. The elevator of

the invention may be provided with a geared machine and
it can be constructed e.g. according to Fig. 7 with 1:1
25 roping. '

Fig. 8 presenté- an elevator according to the invention

in which a suspension ratio of 2:1 is used in the rop-

ing portion 803 of the hoisting ropes above and below

the elevator car 801 and DW roping between the traction

30 sheave 805 and the diverting pulley 807. Compensation

of rope elongations and constant rope forces are imple-

mented using a rope elongation compensating device as

- presented in Fig. 5, which produces a rope force ratio

. of Ty/T; = 2/1 while the compensating distance traveled

35 by the diverting pulley 825 equals half the magnitude
of the rope elongat:.on




5 T1/T2 ratio as T1/ T2 = b/a, which is independent of

the nmagnitude of the | oad. The exanple of an

enbodi nent of the elevator of the invention present

WA 267432 can  be i npl ement ed using e. g. com*rta"rﬁ@"“&%”é‘@“m“

conventional ropes having a dianeter of 8 .mmin an

el evator for a 10 nomnal |oad p§ 4 persons, i.e.

about 700 kg. In this elevator, the T1/T2 ratio is

1.5/1 and jt_uses a trac-. tion she e .having a
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possi‘ft eFiL% r dlﬁ:te £Res BYfE t‘é‘ﬁ%?%nth?héf%eé/ag‘ar d@ﬁ"m‘“’ards
t he mmmtam:m;ndoepmmdedww @ wgaaried reehiae 924 and

A0TSR S S a3 SRS oy priaibion, one
accordichgft d;hehélqlmtem awpasn MBI dis dmeoypbiyi dixed to the -
rat | @idvadolk I&alﬁe%b npéﬂ?t r%@? b@ﬁoﬁ ar ¢ ?Qnt§gétgr3n sheave )

t he hoi sting ropes above and evator car
801 &fd -DWF opPRg Hstukson e itpiderpsh Jdisheemeempation of

and the dMgiddtienpdd %@%@1@1@%@@«#@[‘ aOBiy8peing pul-

E %atl and ons‘%aﬁtc%’?}%g@g%@%, cgljlging ropés 505
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e in nt|o for com._pensating the ro e el on at,i
éﬁ S Jéole%nelgngatg.ong In syste l?Lustrated

in Flg 9, the compensation of the rope elongations and
the maintenance of constant rope forces are implemented
on the same principle as in the situation represented
by Fig. 5, where the ratio T,/T, of the rope forces is

25 2/1 and the compensating distance traveled by the di-
verting pulley 908 equals half the magnitude of the
rope elongation. The compensating system of Fig. 9 can
be implemented by using any of the diverting pulleys
908,912,921 in the lower part of the elevator shaft by

30 fixing one end of the hoisting ropes to the diverting
pulley in question, as explained above in connection
with diverting pulley 908.

When the elevator car is suspended with a small suspen-
sion ratio, such as e.g. 1:1, 1:2, 1:3 or 1:4, divert-
35 ing pulleys of a large diameter and hoisting ropes of a
large thickness can be used. Below the elevator car it




stant ratio of rope forces: in Fig. 9, the passage of
the hoisting ropes is as in Fig. 6 described above, 5

suspension ratio of the el evator car _above
%g({og@%%the elevator car is 6:1. In Fig. 9, PEREGIEY000714
sage of the hoisting ropes differs fromthe situation

in Fig. 6 at the point where th&ropes go downwards
fromdiverting pull ey 914 to diverting pulley 924 and
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the hoisting ropes is D/d = 40. By using diverting pul- -

leys of a smaller diameter, the space reguired below

the elevator car can be reduced to a very ‘small size,
25  which may preferably be only 200 mm.

A preferred embodiment o-f the elevator of the invention

is an elevator without machine room and with machine
‘above, in which the drive machine has a coated traction
sheave, and which elevator has thin hoisting ropes of a

30 substantially round cross-section. In the elevator, the
- . contact angle between the hoisting ropes and the trac-
tion sheave is greater than 180°. The elevator com-

- prises a unit with a mounting base on which are fitted

a drive machine, a traction sheave and a diverting

- 35 pulley fitted at a correct angle relative to the trac-

tion sheave. The unit is secured to the elevator guide .




is possible to use smaller diverting pulleys if neces-

sary, because the tension in the hoisting ropes is

| ower than in the portion above the el evator car,

- WYYl | er hoisting rope deflection radi u%%T/FIéO%@"W“
5 used. In elevators with a small. space bel ow t he

el eva- tor car, it is advantagegygs to use diverting

pul leys of a snmall dianeter in the rope portion bel ow

the elevator car,_because by using a rope force
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nm -A preferred enbodi nent of the elevator of the
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e @ aﬁh‘%\ PP eBEOGRGFe FERATPE O™ MR -Ia s oHnderCUt
shearepengarmés i snéetdsedntlet b el@Malay Wi tee traction

sheave has been fitted by means of a diverting pulley
to be 180° or greater. When conventional 8-mm ropes

_ are used, the traction sheave diameter is preferably

25 340 mm. The diverting pulleys used a;re large rope
_sheaveé which, in the case of conventional 8-mm hoist-
ing ropes, have a diameter of 320, 330, 340 mm or even
‘more. The rope forces are kept constant so that the
ratio T4/7, between them equals 3/2.

30 It is obvious to the person skilled in the art that
different embodiments of the invention are not limited
to the examples described above, but that they may be
-varied within the scope of the claims presented below.
Foxr instance, the number of times the hoisting ropes

35 are passed between the upper part of the elevator
shaft and the elevator car and between the elevator

R
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WO 2004/ 067429 PCT/ F12003/000714 30 rails. The
el evator is inplemented without counter- weight with a

wo'SREAS o ratio of 9:1 so that both the rop
suspensi on ratio above the el evator car and tﬁgqmm{rsmoomr

ropi ng suspension ratio below the elevator car is 9:1,
5 and that the roping of the el®vator-runs in the
space betvveen one of the walls of the el evat or car

compsit R chb, HE B e B Thovkl dbatiit @ very
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preferred enbodi ment of the el evataor of
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t r ac Giodads ami*ﬁe afe cidm fawa. afltl ez.ssta]rsm tdlevionea that
29 OhnhediQns A AyeSs Jh&3 tRAEL b]%@eﬁ &Gy pagsed un-
undercut  _rope grooves and i1ts angl e of contact 5 FHE

t r acffon thén&are Has asser e vigh ideneimples described

di veabiorg, puﬂgeyskiplée $80s8h %?ﬁﬂﬁﬁrvaﬁﬁ embodlment of
conventi on mm ropes,. are. used, the traction sheave

di am%%l |§v%?%*%?abl“§u§§ BEBermjrraﬂ'el%‘Pvéiﬁaﬁﬁs and  rope
pul | eyélesred axrﬁttm@eofomlme&maseﬂhlmétal npufl@eys, may

gase 9k conye | r Qpes v
rangt %‘? PSSR BREAE Bhlds ' tBPtundRLRel pulteys
f or cB89gr LK EpMeC BRBEANMAEOT L AAL Stlheedr 5D bhmpmpose

" between themequals 3/2. 30 It is obvious to the
persua ski Fuedher bheidkks u;batthedlﬁé‘z%ro@ptsrﬁm% Blthe art

descPRBEQ GoyBRtRhEL P dradhtiaghBavoaray RopRi pullevs

t he ‘seefie of the ci:ava:atpmnsenﬂeroblbelfmrrctllaw as diverting

id"Stﬁﬂﬁ?ethgnau{nghofarE' EBS L Ee AUSY NI MR8 115c mate-
rial at least in the area of their grooves, may be im-
plemented using a coating material consisting of e.qg.
rubber, polyurethane or some other material suited to
the purpose.

25 It is also obvious to the person skilled in the art
that the elevator car and the machine unit may be laid
-out in the cross-section of the elevator shaft in a
manner differing from the lay-out described in the ex-
amples. Such a different lay-out micht be e.g. one in

30 which the machine is located behind the car as seen

o from the shaft door and the ropes are passed under the
car diagonally relative to the bottom of the car.
Passing the ropes under the car in a diagonal or oth-
erwige oblique dir_ection relative to the form of the

35 Dbottom provides an advantage when the suspension of

the car on the ropes is to be made symmetrical rela-




35 are passed between the upper part of the el evator
shaft and the el evator car and between the el evator WO

9 PCT/ Fl 2003/ 000714 31 car and the
Wb Pt PCT(RI2003/000714

pul l eys below it is not a very deci
guestion as regards the basic advantages of the
invention, although it is possi3d e to achi eve. sone
addi ti onal advantages by using multiple rope passages.
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in the cross-section of the elevator shaft i'n a
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the car

ProrBLEL, (HeolRE baTc 2 crBERLELadT AT L 0E SRR type

of belt appllcable to the purpose.

20 It is also obvious to the skilled person that, instead
of using ropes with a filler, the invention may be im-
plemented using ropes without filler, which are either
lubricated or unlubricated. In addition, it is also
obvious to the person skilled in the art that the

25 ropes may be twisted in many different ways.

It is also obvious to the person skilled in the art
that the elevator of the invention can be implemented
using different roping arrangements between the trac-

_ tion sheave and the diverting pulley/diverting pulleys
30 to increase the contact angle ¢ than those described as
~ examples. For example, it is possible to dispose the
diverting pulley/diverting pulleys, the traction sheave
and the hoisting ropes in other ways than in the roping
arrangements described in the examples. It is alsoc ob-

'35 .vious to the skilled person that, in the elevator of




car diagonally relative to the bottom of the car.
Passi ng the ropes under the car in a diagonal or oth-

W hH6s7eR | que direction relative to the formyaf the ...,
35 bottom provi des an advant age when the suspension 0
the car on the ropes is to be made symetrical rela WO
2004/ 067429 PCT/ F12003/ 000714 332 tive to the center
of mass of the elevator in other types of suspension
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obvius; ed person that, instead of using
ropeS\M%;?&ﬂq%ﬁﬂagg the invention may be im

pl enented using ropes without filler, which are either

| ubricated or unlubricated. In addition, it is also
obvious to_the person skilled in the art that the 25
ropes may be twisted in many different ways. It is

al so obvious to the person skilled in the art that

the el evator of the invention can be inplenented

using different roping arrangenents between the trac-

ti on sheave and the diverting pulley/ dlvertlng

pul | eys ,




30 to increase the contact angle a than those
descri bed as exanples. For exanple, it is possible to
di spose the diverting puI?%y/dlvertlng pul I eys, the
tracti on sheave and the hoisting ropes in other ways
he roping arrangenents described in the
Thewwe@§gﬁﬁy@§é Sit is also ob 35 vious to the skilled person

in the el eva of V\D 2004/ 06742
1. An e'etff?g/"tﬂ b3 FeIBe 1R ééﬂ Yalern &, '”t”%@héhee?)ﬁ‘(%? ‘ﬁ’ﬁef(‘f
d ator
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is connec p r{o? { ?%e] iV %fllé‘t cg g hoisting
ropes gop ﬁzgps fdh 't" lamgpu eH glp yfrom the
rim of wh| @glr%es(ﬂp swfq ﬂ tsa Sheéﬁ ey and a

suspensiqr] @H? Pf '&QJHPPW?@JBB%\H‘P'H% L dowayeaed T"rﬁ’eaPr?i}t'Oé‘ ésea*t"i’?e“t21 roping.

eI evator must have a certa| nin- built robustness. 34

nvent| n clained is; An el evator w t hout
2. The el CE%‘ \%ﬁ cl 'HW eLgin g]eé;pameps%tgtlg systemip, ?E'ﬁattr?@e of a lever,
a set of fe@ﬁ@{)@ eRVes gnd a s, SLRIREASHINIRBERYS g r opes

conpr|5|ng a S|ngle rope or several parall el ropes
[ racti on sheave whi ch nov

3. The olqiAlor BFTSI010 S YMEFS His ARG A gy eTHErBI RoR e cverting
pulley.  hoi st ng ropes have rope portions going upwards and

downwards fromthe el evator car, and the rope
omthe el evator car are und

ons n rds f
4. The o8y &L it inefeit Jroembensaing usioay compRee 8 o more
verting RHIBYhd rope t ensi on (T2), which is the rope tension of
the rope portions going downwards fromthe elevator

the eI vat.or, i ncl udi ng a co ensating system for ..
5hThe el d%g h cﬁ@n% hp%gac %t{rwgg Qrﬁgc fainplgtbe%yﬁe@qhe ?ractlon
sheave andy t"%ﬁt'i?pteh Z@@a ope tension substantially

const ant the el evator car is connected to the

6. Th ebya tonedlv rt|n IIe froma
eete tPrY (t qlrh % Tﬂ eanda
rope pulle f E’ rBr[:g \(;e rtq |qt£%7$ dgwg wrap roplng a
double W"%t? (PRNG: ﬁ@ Eﬁ‘f"f”@? FPRYm t he ri mof Whl ch the hoi sting |

ropes go domnvvards fromboth sides of the diverting

7. The elefitlps Sobhufitie Srilodtr aroe TEistos Giees comalt NigsSrergiyproperties
roping. 2. The el evator according to claim1, wherein

8. The elevaﬁor accrrtpde ngst%tc:liaqr% %%ter%ﬁﬂ th% h%}stnl‘zg? ?osptes %ave 8|amete|rs \s/maﬂer than 8

mm.

9. The elevator according to claim 8, wherein the hoisting ropes have approx:mate diameters of
between 3-5 mm.




a set of tensioning sheaves and a set of conpensating
sheaves. 3. The el evator according to claim1l, wherein
t he conpensating system cofprises one diverting
pul l ey. 4. The el evator according to claim 3 wherein
t he conpensatin S}/stem conpri ses one or
10. The eéﬁ%f@% digg tq @3 svherei the elguaiescansdightgr wgekaaortioath?ﬂoad of
the elevalor. wherein a continuous contact angl e between the
tract| on _sheave and the hoisting ropes is at Ieast
01. 6. The el evator according to claim1, where
11.The eé%tqraﬁffq'i ing &xelaipbt. Wherein e tracken Pfaﬁ?vgvﬁe%aﬁéedaw&h%ﬂeast one of a
polyurethapg, @ng @ 'WBRErf unct i oni ng as the diverting pulley is at
| east one of an extended single wap roping, a double
wrap roping, and a x-wap roping. 7. The el evator
12. The slgva amgd'ﬁ% t-glaimy]. wheggia isi "F?GI'%S’PﬁﬂVﬁﬂﬁ Mgde efjaetal.
contain high-strength properties. 8. The el evator
according to claim1, wherein the hoisting ropes have
13. The elgvater pesaEdingdq ¢slaim 14, %eg&tn Ahleasy thergrea gf g ApRs 9rooves of the
traction shRavg itMAge PHCaSt B9 8, wherein the hoisting ropes have
approxi mat e di ameters of between 3-5 nm 35 10. The
| evator according to claiml1, wherein the elevator
14. The e[fzagtor acqording @rd?'ﬂ‘ Ve WRETEIhIDE SORMOPYREATE UNdeTR-
eI evator. 11. The el evator according to claim 1
erein the traction sheave is coated with at |ea
15. The et?ﬁ%iowccgrd'%t%ﬁ'@&hmre"am [Yd rafiord ihe giverting, EU'@W%O%}PW the
elevator cgeiselhd’t o claim 1, wherein the traction sheave is
made of netal. 13. The el evator according to claim 12,
wherein at | east the area of the rope grooves of the
traction sheave is nmade of cast iron. 14. The el evator
according to claim 12, wherein the rope grooves are
undercut. 15. The el evator according to claim1,
wherein the D'd ratio of the diverting pulleys bel ow
the elevator car is below 40..




