WO 2004/ 041704 PCT/ FI 2003/ 000713 1 ELEVATOR The
present invention relates to, an elevator as de- fined
in the preanble of claim1. One of the objectives in
vab esoavarosdevel opment work is 5 to achi eve edTiriossécors
"~ and economical utilization of, building space., In
- recent years, this developnen% wor k has produced
various el evator solutions without ma- chine room
among ot her things. Cood BXEHIIOEs of ele- vators
W t hout machi ne room are disclosed in specifi 10
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ventional elevator machine.

20 - In these basically good elevator soluﬁioﬁs, ‘the space
required by the hoisting machine limits the freedom of
choice in elevator lay-out solutions. Space' is needed-
for the arrangements required for the passage of the
hoisting ropes. It is difficult to reduce the space

25 zregquired by the elevator car itself on its track and
likewise the space requlred by the counterwelght at ’

' least at a reasonable cost and without impairing ele-
vator performance and operational guality. In a trac-
© tion sheave elevator without machine -room, moAunting

30 the hoisting machine in the elevator shaft is often
difficult, especially in .a éolution with machine
above, because the hoisting machine is a sizeable body
of considerable weight. Especially in the case of lar-

_ ger 'loads, speeds and/or hoisting heights, the size

35 and WEight'of the machine are a problem regarding in-



ger | oads, speeds and/or hoisting heights, the size 35
and wei ght of the machine are a problemregarding in
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wo200wed17s0 t hat the required nmachine size @od/rmbzdwn7is
have in practice limted the sphere of application of
the concept of elevator w thout machine roomor at

| east retarded the introduction of said 5 concept in
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objective I's to achieve an elevator in i ch
200 $hENE52RE O 3nClevalor wih Lhin hoisting (P8 ac
least one o0f the =following objectives. On the one
hand, it is an aim the invention to develop the .eleva-
tor without machine room further so as to allow-more
effective space utilization in the building and eleva-
25 tor shaft than before. r.I'3t1:i...<: means that the elevator
should pemi£ of being installed in a fairly narrow
elevator shaft if necessary. On the other hand, it is
an aim of the invention to reduce the size and/or
weight of the elevator or at least its machine. One
30 objective is to achieve an elevator in which the
hoisting rope of an elevator with thin hoisgting rope
and/or a small traction sheave has a good grip/contact
on the traction sheave. A further aim of the invention
is to achieve an elevator solution without counter-
35 weight without compromising on the propertieg of the
- elevator. '



and/or a small traction sheave has a good gri p/contact
on the traction sheave. A further aimof the invention
is to achieve an el evator solution w thout counter 35
wer@b41vé4t hout conproni sing on the properti esToizobdnwo7is
~el-evator. WD 2004/ 041704 PCT/ ElI 2003/ 000713 3 The
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By applying the invention, one or more of the follow—
20 ing advantages, among others, can be achieved:

— Using a small traction sheave, a very compact eleva~
tor and/or elevator machine is achieved

-~ The small coated traction sheave‘uséd allowé the
" weight of the machine to be easily reduced even to
25 - about half of the weight of the machines now gener-
ally used in elevators without machine room. For ex-
ample, in the case of elevators designed for a nomi-
nal load below 1000 kg,‘this means machines weighing
100-150 kg or even less. Via appropriate motor solu-
30 tions and choices of materials, it is even possible
to achieve machines having a weiéht below 100 kg or

even as small as about 50 kg.



100- 150 kg or even less. Via appropriate notor solu 30
tions and choices of materials, it is even possible

to achi eve machi nes having a wei ght bel ow 100 kg or

vey goo4/eq7@al | as about 50 kg. WO 2004/ 041704CT/FI2003/000713
PCT/ FI 2003/ 000713 "4 - A good,traction sheave grip,
which is-achieved in particullar by using Double Wap
ropi ng, and light- weight conponents -allow the wei ght
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costs of the elevator. - The elevator is economcal to
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before - The speed governor rope an I'sting
ope usual |y different fespect of their
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each qi:tehmond ariraggenstil éfatthen elbvbher spee dhayp\ber mend-
rOpe i8Sy achieved, thereby reducing the lateral support-
ing forces applied to the guide rails.

- Applying the invention allows effective utilization-
20 of the cross-sectional ‘area of the shaft.

. — The invention reduces the installation time and to~
.tal installation costs of the elevator.

— The elevator is economical to manufacture and in-
- stall because many of its components are smaller and
.25 " lighter than those used before.

— The speed governor rope and the hoisting ‘rope are
usually different in respect of their properties and
they can be easily distinguished' ~from each other
during installation if the speed governor rope is

30 ~ thicker than the hoisting ropes; on the other hand,
' 1l:lhe speed governor rope and the hoisting ropes may



30 thicker than the hoisting ropes; on the other hand,
t he speed governor rope and the hoisting ropes nmay WO
2004/ 041704 PCT/ FI 2003/ 000713 5 al so be of identica

vei peag4are, wWhich will reduce anbiguities ragarmbiodgooo7is

these matters in elevator de_livery |ogistics and

installation. - The |ight, tRin ropes are easy to

handl e, allowing 5 considerably faster installation.
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tichal elevators.
- The small traction sheave allows the use of—smallér

operating brakes.

— The small traction sheave reduces the torgue xe-
quirement, thus allowing the use of a smaller motor

0  with smaller operating brakes.

— Because of the smallerutraétion sheave,'a higher ro-
- tational speed is needed to achieve a given car
speed, which means that the same motor output power
_can be reached by a smaller motor.

25 — Either coated or uncoated ropes can be used.

3

- It i possible to implement the traction sheave and
the rope pulleys in such a way that, after the coat-
ing on the pulley has been worn out, the rope.will
bite firmly on the pulley and thus a sufficient grip

0 ' between rope and pulley in this emergency is main-

tained.



WD 2004/ 041704 PCT/ FI 2003/ 000713 6 - The use of a
smal |l traction sheave nakes it possible to use a

smal l er el evator drive notor, which neans a reduction
WO 2004020470t Or acqui si ti on/ manufacturi ng coestrarRobs/eoo713
The invention can be applledAFn gearl ess and geared

el evator notor sol utions t hough the invention is
primarily irntended for use in elevators wthout
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grip, the size and weight of the 15 car can be
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the invention is Increased considera pace
re- qUPtSERIRF MRECEOBALEF ANt is at | east partially
elimnated. 20 - In the elevator of the invention, a
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a divestamg pulley in a conpletée unit, which is fit WO
2004/ 041704 PCT/ FI 2003/ 000713 7 :

- Due to the improved grip, the size and weight of the
15 car can be reduced.

— The space saving potential of the elevator of the
invention is increased considerably as the space re-
quired by the counterweight is at least bartially
eliminated.

20 - In the elevator of the invention, a lighter and
smaller machine and/or motor can be used

— As a result of the lighter and smaller elevator sys-
tem, energy savings and at the same time cost sav-
ings are achieved.

25. —~ The placement of the machine in the shaft caﬁ be
relatively freely chosen as the space required by
the counterweight and counterweight guJ.de rails can
be used for other purposes ‘

— By mounting at least the elevator hoisting machine,
30 ' the traction sheave and a rope sheave functioning as
a diverting pulley in a complete unit, which is fit-



ted as a part of the elevator of the invention, con-
siderable savings in installation tinme and costs w |
be achieved. - In the elevator solution of the
woyenhiion, it is 5 possible to dispose all poam@modono7is
the shaft on one side of the_elevator car; for
exanpl'e, in the case of ruckgack t ype sol ut| ons, the
ropes can be ar- ranged to run behind the el evator car
in thetepaze a mwnieodi the elewaitar ofathanintéetiack con-
wal | oglaé‘fabl]@ sheyasor 1§ha{ﬁstall-£@§ohm’&@ﬁé 00 FBKkR%ts

it easy, I npl enent Scenic-type elevator solutions
as wel ¥ if ke qchieede| evat or sol ution of the

i nventi on does not necessarily conprise a '
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In severa , I nan ex- case even I n al
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el evat 0] t ution of th
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di f f erlegtwerichihee @ ‘(ﬁﬂ%‘-‘nsc.aﬁ ank sepemek ovabl phe the

10ar casldetdomwlzeaeat ed using al nost any suitable
suspensi on ratio. The primary area of appli cati on of

the i nuenti onic§ nzﬁa]@ § 6\; Q &Ssair I Qﬁgﬂ?mé’r}ic scenla -type

transport Jtl on 0 r €l

area otleipiarc &oils l%ﬁ‘»st%ﬁs Weilﬁrventl onisin eI evat or s
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car. In thlS case, phe elevator car guide rails are

disposed at the corners of the elevator car.

20 - The elevator solution of the invention can be imple-.
mented with several different machine solutions.

— The suspension of the car can be implemented using
almost any suitable suspension ratio.

The primary area of application of the invention is

25 " elevators designed for the transportation of people

and/or freight. A typical area of application of the

invention is in elevators whose speed range is about

1.0 m/s or below but may also be higher. For example,

an elevqtor having a traveling speed of 0.6 m/s is
30 easy to implement according to the invention.

In both passenger and freight elevators, many of the
advantages achieved through the invention are .pro-



people, and distinctly already. in elevators for 6-8
people (500 - 630 kg). In the elevator of the

i nvention, normal elevator 5 hoisting ropes, such as
vwempsedifos used steel ropes, H are applicableer/Hoideeris
el evator, it. is possible to ise ropes nade of
artificial materials and ropes in which the

| oad-bearing part is made of artificial fiber, such

as sogncsdlyabkedohirant devepesh, elkivehohaveor eordly 2-4

cenply,been spHORPEAY; 1 yUSA reB 36! BVAL Of SvatRMRY | €3l B3

solutions include_ al so steel-reinforced flat ropes,
espBEPRIPY (P ausBE 8y ral l ow a smal | defl ection ra-
dius. Particularly well applicable in the.elevator of
t heInnvieh | el ewatoel eviat dheholstdnig angpesotmalst elleeagor:
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t herbpyeninhas, ?Fhaﬂ?fﬁcﬁm QlkReS alls Ia@.FLowOQeé I @Rich
an r . .appl.i ropes e om sir.ong.20
T L gk e
bel 8WFB. 8snfr8r Epefabbidw B aigmropes i nyhank ehavai ne-
10M r ggnel BEEONPrdpsERd ORRS €A he MBI ehabi YehNie
. eco o¥1€aJlg trggwéﬁreg suc et at_{ cjnegp m&gg tggcgé
nesBOTH-THE 1 FRFEHEE FOBR PECPA IRETMNGE of TRt sropes.
25 especimilwmhbeeatde thennatlowi aesmpdy Hafdeotion ra-
t hi gk@i®SSpadei & lmf@é%hasﬂ%rll )ép%h@étéb@eliﬁ}n:h{zﬂieﬂ]e{r% of
Wi T can_easily be e _very strong. In e-
| nvERE | BRYSTORE 909 d A PR el ST PG GHiaFotiard -
12008tk nweuade andedirdnguiniabs e Fange mpundopeinds,e the
st r@@%é hekg B30Qw38:8d09n NR - whips PLbDEL PlrEred tof Sai£-
posgl |e to use roqﬁf res having a str ng&ﬁ of ug to
abot B FHo PN TR or 1€y€ﬁ5ﬁor&1 SR Pof-CRpES 1
| nveme | avest poef ethbl yize ehivkenestsori sy diomt 0velc imeon
r OO%H, - a'v‘ér‘é[@;bc.:h Wéﬂ’agﬁﬁll%l@' §5f)e§5rdaag r%?rl NEtrong
engages the hqisting ropes by neans of g WO _ | ,
20200%}%7@2@ @9%_2‘%3’%857&%‘9 average wire thickness is

below 0.3 mm or even below 0.2 mm. For instance, thin-
wired and strong 4 mn ropes can be twisted relatively
economically from wires such that the mean wire thick-
.ness in the finished rope is in the range of 0.15 ..
l25 | 0.25 mm, while the thinnest wires may have a thickness
as small as only about 0.1 mm. Thin rope wires can
easily be made very strong. In the invention, rope
wires having a strength greater than 2000 N/mm? are
used. A suitable range of rope wire strength is 2300-
30 2700 N/mn®. In principle, it is possible to use rope
wires having a strength of up to about 3000 N/mm? or
aven more, .

The elevator of the invention is preferably an eleva-
tor without machine room, in which elevétor the hoist-
35 -ing machine engages the hoisting ropes by means of a



9 traction sheave, the elevator car being at | east

par- tially supported by said hoisting ropes, which
serve as transm ssion nmeans for noving the el evator
War4d/ieo4 el evator car is connected to the IrTSHIZNH000713
ropes via at 5 | east one dlve§t|ng pul ley fromthe rim
of which the hoisting ropes go upwards from both

sides of the di- verting pulley, and at |east one.

-di vérechiopubhegver obhet tevdtamfcashiksingh@thdisssitngar-
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pul l ey, and in elei%p vat e traction sheave

eng&&egrﬁﬁﬁmﬁﬁ"e‘“ﬁdﬁ"r% e- mP\'XéEH ChR et RN (GB%g The
pul ledgsaByri aareasi ognrdireconbatheahgl etidy mugmss vdk at

EOp‘?‘LegéEe%}ﬁé dli%tr'tgﬂgc%ui‘ﬁe E#:Xﬁr&hggrﬁfd' | ?:VWPEQE the

tween the tr I on Sheave an
r opeeiehing 5TERCPnEPeaPWArds nEEANSARY, sifes caf &Bﬁ Bé-

mdeektghtepulaag, dsd dtzQaak baer &ﬂvéeelmgt Wiflley from

increasing t Rage,,sa |n otential he
el evgl oF % %o ?% %‘ an I gtf %%%&%e‘é%@’r?rfiﬁefrom
t r a®Pkbn sgﬁ@av@faﬁhet Hevent g rfg-’-ljﬁé’pe grgl dehivdniel Bye-

10Si REteRetRE BPLEL ThY edHdaRe @Hbage@oﬁﬁéy d hdM@on be-
fol |l owi ng nve tlon mi be descrlbeé) det ai

t he é
" by PwseﬁlEh%ﬁe *Vﬁﬁ'é%ghﬁp ®¥F its enbodlnents with

- reference to the attached drawi ngs, wherein Fig. 1
pr eB¥ntigicregisdgoa e pret@nt n@nelet r Bt means2diseayere

el exBbate AEEREEH Wi dhe ldwaﬂtm@ pufl@[ &hep@@agnbs._

‘a diagr epresenting a_ second
o) oyaPER TEhEDGRrR PR shetPR OR0a, ERE O sE 18] Bopes can
1or eben@scae@lase@r aIn rdprseyant i hheacanhi ean theguadso ligbher
sheaug eLgvaigs &&t Wdlimduked, henhdveierddShg kihg space

presents a di re r ent tra tion
D CoaTbRe aPCLPUFERL | B0t FBS! RUBNEEOR GoCo0saFbaTIole of
PCTAFE20D80D(etkEen the tractlon sheave and the hoisting
rope 1ls achieved by using one or more diverting pul-
20 leys.

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 drawinge, wherein

FPig. 1 presents a diagram representing a traction
.25 sheave elevator according to the invention,

Fig. 2. presents a diagram . representing a second
traction sheave elevator according to the in-

vention,

" Fig. 3. presents a diegram representing a third trac-
30 tion sheave elevator accordlng to the inven-
' tion, .

Fig. 4 presents a diagram representing a traction
sheave elevator according to the invention,



10 Fig. 5 presents a diagramrepresenting a traction
sheave el evator according to the invention, Fig. 6
presents a traction sheave applying the in- vention, 5
W0 goo4/641784 ustrates a coating sol uti on accor digrgriio0s/o00713
the invention, Fig. 8a presents a steel wire rope used
in the inven- tion, Fig. 8b pPesents a second stee

wire rope used in the 10 invention, Fig. 8c presents

a thigd 5t eepraddrecy ope disefain fé@reédﬂt&&b’i of, traction

Figures 9 pr e ac heave g.a5Lan
J‘ﬂ;e qhw%alt: é Qorc'tc' \{:Ir_s tﬁg

ments accor AveRt T on, presen 's
an enbodlnent of the invention, Pig. 11 presents an
enb8dfmeht RrIFRNGSRNEFRRtighdsheaYe apphriaentle ain-
di agram of ardgErsheave placenment according to the
invention. Fig. 1 presents a diagrannatic illTustration.

O sir f h t e IS

O efafanly SRRl 4 AR Sandl Sl oo
drive nachlrkhe:H?Wﬂnﬁééarln the el evator shaft. The
-elevator shown in the figure is a traction sheave

el eFadgorsai tiheatderdeua- steehewiihé Bdsk wisdd R hihee inven-
above. The eﬁfge of the 25 hoisting ropes 3 of the

el evator is as follows: One end of the ropes is

i mmyably fixed to an anchorage 16 |[n the upper part

of fhE- sHaf PrFFHEWReFECPRE Fopes WXy Fps: tRer LB bhe
1@i verting puldvwentionpl aced in the up- per part of the
shaft and from which diverting pulley 30 15 the ropes

90 Fugl Ned Lokl ivhd rBUlsh8¥1 131 YO %Qﬁé/ 04dd0f the
PCT/FI2003/ 00713, 11 pl aced above the elevator car,
from whi ch diV&RG’ pulley 13 the ropes go furt her

to upwards to the trac-
Figures 9 present some traction sheave roping arrange-

ments according to the invention,
15 Fig. 10 presents an embodiment of the invention,
Fig. 11 presents an embodiment of the invention, and

Fig. 12 presents a diagram of a rope sheave placement
according teo the invention.

Fig. 1 presents a diagrammatic illustration of the
20 structure of the elevator. The elevator is preferably
an elevator without machine room, with a drive machine
10 placed in the elevator shaft. The elevator shown in
the figure is a traction sheave elevator without coun-
terweight and with machine above. The passage of the
25  hoisting ropes 3 of the elevator is as follows: One
end of the ropes is immovably fixed to an anchorage 16
in the upper part of the shaft, from where the ropes 3
go further to a diverting pulley 15 placed in the up-
per part of the sghaft and from which diverting pulley
30 15 the ropes go further to a diverting pulley 13



tion sheave 11 of the drive machi ne 10, passing around
it along the rope grooves of the traction sheave. From
5 the traction sheave 11, the ropes 3 go further down-
wermsioaast the el evator car 1 noving al ong trlog/releeymer13
tor guide rails 2 to a diveralng pul l ey 4 placed in

the |l ower part of the shaft, éO|ng further from di
verting pulley 4 to a diverting pull ey bel ow the eIe

. 10 ypanoedcabpver ahenhetevdtre ropes Srgo Woichediveraing
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a car guid and t dlvertln% E ﬁgy in_the
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2%5 h@n@@m@dfn@thlﬁg what kngn@fortiiseigie @ 2eme eglher

t heappsbbrieatd0 20041 Odil{P4 Rehert 20341008413 In a - pre-

ferred case, the drive machine 10 may be fixed e.g. to

a car guide rail, and the diverting pulley 15 in the

upper part of the shaft is mounted on the beams in the

25 ~upper part of the shaft, which are fastened to the car

guide rails 2. The diverting pulleys 5,7,13,14 on the

elevator car are mounted on beams above and below the

car. The diverting puileys in the lower part of the

shaft are preferably mounted on the shaft floor. In

‘30 Fig. 1, the traction sheave engages the rope portion

bet{.veen diverting pulleys 13 and 5, which is a prefer-
able solution according to the invention.

The drive machine 10 placed in the elevator shaft is

. preferably of a flat constructibn, in other words, the
35 machine has a small thickness dimension as compared
with its width and/ox height, or ak least the I_nachine



12 is slimenough to be accommobdat ed between the

el evator car and a wall of the elevator shaft. The
machi ne may al so be placed differently, e.g. by

wib 2p9841n@ the slim machine partly or conpl ecalrroe3w00713
between an-imagi nary ex 5 tengion of the elevator car
and a shaft wall. In the elé&fator of the invention,.
it is possible to use a drlve machi ne 10 of al nost
anyikypeimnensiesi gio tHetacconinedabed hetaveapadhe pliendedr
for chl- 2Bl CU2MP) 8¢ the LEGRASM B0 WAE Ra0RPAE‘hay

or a gear nmac hi
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t hechfiyritd 190 withe enel avabermpdestnted anphieethBuéeso-

has a,éJIOnHtIC tele
is8 a gearless machine comprising a permanent

magnet motor. The drive machine may be fixed to a wall

of the elevator shaft, to the ceiling, to a guide rail -~

26 or to some other structure, such as a beam or frame.
In the case of an elevator with machine below, a fur-
ther possibility is to mount the machine on the bottom

of the elevator sghaft. Fig. 1 illustrates. a. preferred .

" suspension solution in which the suspension ratio of

30 the diverting pulleys above the elevator car and the
- diverting pulleys below the elevator car is the same
4:1 suspension in both cases. Other suspension solu-
tiong can also be used to implement the invention. The

~ elevator presented in the figure has automatic tele-
35 scoping deoors, but other tyvpes of automatic doors or
turning doors may also be used within the framework of

the invention. The elevator of the invention can also



35 scoping doors, but other types of automatic doors
or turning doors may al so be used within the
framework of the invention. The el evator of the
wowentdiena can al so WO 2004/ 041704 PCT/ Fl 200 3@a@:4d:2000713
13 be inplenented as a solutign conprising a machine
room or the machi ne may be: ABunt ed to be novabl e to-
gether with the elevator. In the invention, the di-
ver bien gjt.)xlppl beyst @bnaect2d southen el cﬁ)t@lrdbrsiﬁgr \A?F_iyrlab.ﬁiﬁe
pre t : t e |
Supborle. Bo hphasgond ied e Ny SIC U8, afaBlg fo-
t he 98thert Mighhutheyslem e t Her ciire Favenbewm nblyebdi-
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pul kepeonby abtb bbef divedtiggc puddeysephoatekiiei naapand
Prophbakevelachs AALILR G1ANLH ke shatt betgfugmag be

presents_a di agramrepresenting another _trac- tion
shedvELefePBt GPPalordichFaro tde ThR ehtdret | Hhe 16ar or
t hi bekbevaher cathe onopgee garupwand brodnmt Bemenebhae. ap-

1 g hi | tar, i e a ct] 2.
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Thepebprbios wldoes achh8ecamidnP i@ ithemenated in the
20 el evator shaft, preferably in the |lower part of the

h T ; e '
Shariy ey R £ UL DR L M PRALBASE cpac-
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- fromwhere It returns, to a diverting puIF%y 99 H

2G4 heelevator shaft, preferably in the lower part of the

shaft, The elevator car 201 moves in the elevator

shaft along an elevator guide rail 202 guiding it.

In Fig'. 2, the hoisting ropes run as follows: One end
_ of the ropés is fixed to an anchorage 216 in the upper
25 part of the shaft, from where it goes downward to a
diverting pulley 213, from which the ropes go further
upward to a firgt diverting pulley 215 mounted in the
upper part of the shaft and from diverting pulley 215
to a diverting‘pulley 214 on the elevator car 201,
30 from where it returns to a diverting pulley 219 in the
upper part of the shaft. From diverting pulley 219,
the hoisting ropes go further to the traction sheave
211 driven by the drive machine 210. From the traction
sheave, the ropes go again upwards to a diverting pul-
35 ley 204 mounted below the car, and having wrapped



upper part of the shaft. Fromdiverting pulley 219,

the hoisting ropes go further to the traction sheave
211 driven by the drive machine 210. Fromthe traction
webemye{17d¢she ropes go again upwards to a di vectrirgoyueh7is
35 |l ey 204 nmounted bel ow the car, and having w apped
WD 2004/ 041704 PCT/ FI 2003/ 00#13 14 around it the

hoi sting ropes run via a diverting pul- ley 220
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Gi' a@ﬁ%ﬁéﬁsﬁén CQQE@S ot dihRA relr!de GO (oY UL ey d is 4:1.
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i nventjon l'eva era an el evat

wi t Kotk measRhiRE 2§°P-BBh?n%tﬁeBeﬂiiW% fchhAe Jhe  rope
19| askdatrast hereel mnaitord ahathe Bleveltevatwr siodyod nthe
Fi 0fr3mbSof El‘i«%‘cé | QR sheave el evator with machine
above, 1n whi ]he Sus- pension rati o above and bel ow
the_elevator car is 6:1,, The passage of the hoistin

r opBLYI303 oPTPREVES efat GreBBIMEtAS {HiiuREaténe &fd bhe
t hestopesuBO3ots anmdvabkyr bBioxeddinganoanbkoriagenB8ién.
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zrun dOMﬂMﬁ[ S to _a_ dlvert nount e
¢ heTePHe BHtRna Eravat@echine 310 placed in the elevator
shaft. The elevator shown in Fig. 3 is a tractiom

sheave elevator with machine above, in which the sus-
pension ratio above and below the elevator car is 6:1.

- The passage of the hoisting ropes 303 of the elevator
25 is as follows: One end of the ropes 303 is immovably
fixed to an anchorage 316 in the upper part of the
ghaft, from where the i‘opes run downwards to a divert-

ing pulley 315 mounted at the side of the elevator
car, from where the ropes run further to the upper

30 part oﬁ the elevator shaft, passing around a diverting
pulley 320, from which the ropes 303 go further down-
wards to diverting pulley 314, £from which they return
downwards to diverting pulley 313. Via " the rope

. grooves of diverting pulley 313, the hoisting ropes
35 run further upwards to the traction sheave 311 of the
drive machine 310, passing around the traction sheave



car, fromwhere the ropes run further to the upper 30
part of the elevator shaft, passing around a diverting
pul l ey 320, fromwhich the ropes 303 go further down-

wedgd104di verting pulley 314, from which they/riRidvoms
downwards to diverting pulley 313. Via the rope

grooves of diverting pulley 3%3, the hoisti ng ropes 35
run further upwards to the traction sheave 311 of the
dri i ofBc hilre 342, grassiery oar aled sheavbl agkban thheaveac-

V0 2004/ Q1104 BT/ FI203 000713 19,21 A1, d9B%arcs

grooves on he trac- tion.
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car g Thbe 2@hYibRIng SeP@hddic WaAdi%gad¥8BLE- at: the other
end of the rope. In the case presented in the figure,
the hoisting machine énd the diverting pulleys are
preferably all placed on one and the same side of the
25 elevator car. This solution is parti_cularly advanta-
geouz in the case of a rucksack elevatbr solution, in
which case the above-mentioned components are disposed
behind the elevator car, in the sgpace between the back
7 wall of the elevator car and the back wall of the
30 shaft. In a rucksack solution like this, the elevator
guide rails 302 may preferably be disposed e.g. in the
frontmost part of the elevator car at the sides of the
elévator car/elevator car frame. The roping arrange-
ment between the traction sheave 311 and the diverting
35 pulley 322 is referred to as: Double Wrap 'roping,
" wherein the hoisting ropes are wrapped around the
traction sheave two and/or more times. Tn this way,



geous in the case of a rucksack el evator solution, in

whi ch case the above-nenti oned conponents are di sposed
behind the elevator car, in the space between the back
wotkdoyofiziuhe el evator car and the back wal |l  eCTiFee3ddo713
shaft. In a rucksack solution_like this, the elevator

guide rails 302 nay preferabF? be di sposed e.g. in the
frontnost part of the elevator car at the sides of the
el ethéocontadie| valorcaarbd ranxeabed Lopiwg andAogemore
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pulleys, which defines the way in which. the mutual po-

sitions and angle between the traction sheave and di-

25 wverting pulley/diverting pulleys relative to each

. other are fitted in the unit. This unit can be mounted
in place as a unitary aggregate in the same way as a

drive machine. The drive machine may be fixed to a-
wall of the elevator shaft, to the ceiling, to a guide

30 rail or guide rails or to some other structure, such
as a beam or frame. In Double Wrap roping, when the
diverting pulley is of substantially equal size with

the traction sheave, the diverting pulley can also
function as a damping wheel. In this case, the ropes

35 going from the traction sheave to the counterweight
' and to the elevator car are passed via the rope
- grooves Of the diverting pulley and the rope deflec-



.the traction sheave an the diverting pulley/diverting
pul I eys, which defines the way in which. the nutua

po- sitions and angl e between the traction sheave and
wib 2000Merst | ng pul | ey/ di verting pul | eys rel aticegrrions/ooo713
each other are fitted in thz unit. This unit can be
mounted in place as a 'unit ?y aggregate in the sane
way as a drive machine. The drive machi ne may be ,
fi xédotocausadl byothehdieteviatooudiait ist oerlye small. It

cei bbfi9a £ 8,9Hi gﬁag’otﬁéi J:o S %Hnﬁ%fgf Al Cﬂhet Ctr%@ﬂ?on_

ot her structure, such eam or ubl e
VVaﬁhPeﬁen@n1Whéﬁwq%ethﬂ\ﬁﬁquﬁgnﬁmnué}em Qﬂgentlally
substiant irahbgneqaal cehzec lrvédeasr S.Ctsicd.lﬂltibﬁa‘damplng

e givertlng, gyl & san gl Qunb SO . ALz

I'§” Case, e ro 0l n
traplied tmeathten c;fqm@gceehwewr@ Gi%t weddd to t he
el evator. car are passed via-the rope grooves of the

di vei gl ng pp’rlaeana@d al hel depemdel bed MRsA0044041 M the
PCT/ lC:I 2003/ 000;13 ﬁ rtltl} %liegg},g%_e a@é(oé%%qﬂ' \6ert |engnven_

puI ey Fer very sha be sai a € Fopes
conthenf r Bhet Irdavpgeri 68 pHedgvablyi| pnt @J@Waﬂ:ﬁé without

16l VRaEh N8 PUbbRY t@eﬁeat u@hw maShithe t a0geptiabd in the

contact serve ol n .*da 5 th vi brati,ons
of f"ﬁ% V3t oi %S%EOpe‘@ ana Yatcoérnn%e “grb eF P 1 ngot]ﬁer
roptngcismrut$1®¢asv@§1wedaltoergth4m®¢1'eg@t@care and having
di agr ﬁﬁg?éﬁédéﬂ | At 0m : 0f abbfe Sid USdilye e %levator

fourt accor di'ng

g nven-,
! T or TSy by G He A BURERrOYE | AL SRER A Fheof
1% oothe winvernt thm view mesipiess 4fOspépemsiidm ndid o.elfbeapros- -

sh aE&ge The ehevalAk t§ﬂ8"‘@ob@s Fig mdihSyasihifgti €9 that
sheave eIevgtor W th above an avj n

C
SUSTRNEREn Bat o1 1y EELb oL HAT o RRELGY cDaiRs of
car thahhahsting »epes atbAanisageouhe mllesmentraceon40i, 160

t heh PNt an kB?ée%&eCEuﬂétéﬁ*&%’l@‘ OBk hBdLy T*?s%cﬁﬁéa

- sage.Q the hol s ropes $Eg simlar to
29 n R Fhisue a?:ﬁa’fl%?‘&el?ti'gu?’é t sFHF’PFﬁ@l%l fietde is

achieved for the portion above the elevato:l.j car. A
further difference from Fig. 3 is that the number of
diverting pulleys mounted in the uppér part of the
elevator shaft larger by one than in Fig. 3. The pas-

25 sage of ropés to the hoisting machine 410 follows the
same principle as in Fig. 3. From the hoisting machine
410, hoisting rope rums between the diverting' pulleys
407,418,419,423 in the .lower part of the elevator
shaft and the diverfing pulleys 406,405,404 mounted

30 below the elevator car on the same principle as in
'~ Fig. 3. In the portion below the elevator car, the
. same suspension ratio, i.e. an odd suspension ratio of
7:1, is achieved by fixing the ropes ‘to an anchorage

. 425 on the elevator car A401. Placed at this fixing
35 point is also a rope tensioning element. In Fig. 4
there is also a difference from Fig. 3 in respect of



the hoisting ropes 403 is on the elevator car 401, to
which the rope is substantially inmovably secured. 20
Wth this arrangenent, an odd suspension ratio is
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downwards via the rope grooves. of the diverting pulley
“to diverting pulley 407. -

Fig. 5 presents 1 a diagram illustrating the structure

of an elevator accordiﬂg to the invention. The eleva- _

30 tor is preferably an elevator without machine room,
with a drive machine 510 placed in the elevator shaft.

The elevatoxr shown in the figure is a traction sheave
elevator with machine'abqve and‘with.a 9:1 suspension
~ratio both above and below the elevator car. The pas-

35 sage of the hoisting ropes 503 of the eleﬁator is as
follows: One end of the ropes is substantially immova-



15 pulley 422 has been fitted in place at an angle
rela- tive to the traction sheave 807 such that the
ropes Wwll run crosswise in a nmanner known in itself
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the. preceding figures. in Fig. 5, an odd suspension
ratio is achievéd below the elevator car as well by
having the hoisting rope fixed substantially immovably

25 relative to the elevator car at a fixing point 531, to
which fixing point is also fitted a mounting element.

The ropin§ arrangement used between the traction
sheave 511 and diverting pulley 522 is called Extended

" Single Wrap roping. In Extended Single Wrap roping,
30 the hoisting ropes is cauged to wrap around the trac-
tion sheave with a larger contact angle by using a di-
verting pulley. For example, in the case illustrated

. 4dn Fig. 5, the contact angie between the traction
sheave 511 and the 'hoisting ropes 503 is well over

35 180° i.e. about 270°. The Extended Single Wrap roping
presented in PFig. 5 can also be arranged in another
way, e.g. by disposing the tractioﬁ‘sheave and the di-
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manner nown 1 n It ropes are not.
Odgegolyurethane or a corresponding elastic material that
increases friction. The material of the traction
sheave and/or rope sheaves may also be so chosen that,
together with the hoisting rope used, it forms a mate-
rial pair such that the hoisting rope will bite into .
25 the pulley after the. coating on the pulley has been
worn out. This ensures a sufficient grip between the
rope sheave 600 and the hoisting rope 3 in an emer-
gency where the coating 602 has been worn out from the
, rope sheave 600. This feature allows the elevator to
30 maintain its functionality and operational reliability
in the sit‘gation referred to. The traction sheave
and/or the rope sheaves can also be manufactured in
such manner that only the rim 606 of the rope sheave
600 is made of a material forming a grip increasing
35 material pair with the hoisting rope 3. The use of
strong hoisting ropes that are considerably thinner



Fig. 6 presents a partially sectioned view of a rope
sheave 600 applying the invention. The rope grooves
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a. -space 603 for 'a, bearlng #sed to nmount the rope
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" pends on the thickness of the hoisting ropes used.
Conventionally a diameter ratio D}/d=40. or higher is
used, where D = traction sheave diameter and d =

25 hoisting rope thickness. At the expense of wear resis- .
tance of the rope, this ratio can be reduced somewhat.
Alternatively, without compromising the service life

-0of the ropes, the D/d ratio can be reduced if at the
same time the number of ropes is increased, in which
"30 case the stress per rope will be smaller. Such a D/d4
ratio below 40 could bé e.g. a D/d ratio of about 30

or even less, e.g. D/d=25. Often however, reducing the

D/d ratio considerably below 30 radically reduces the
useful life of the fope, although this can be compen-

35 sated by using ropes of special structure. Achieving a
Bb/d ratio below 20 is in practice very difficult, but

it might be accomplished by using a rope specially de-



5 smaller size wwth a | ower torque as the drive notor
of the elevator, which leads to a reduction in the
acqui - sition costs of the notor. For exanple, in an
wab 0ahAros according to the invention desi gnagf@oee00713
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di ameter is pref 10 erably 128-200 nmm but it may even
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‘ . nominal load or still less. As an example of machine
wéight in the case of an eievator of a given nominal
weight for a nominal load of 630 kg, the combined
weight of the machine and its supporting elements may

25  be oniy 75 kg when the traction sheave diameter is 160
mn and hoisting ropés having a diameter of 4 mm are
used, in other words, the total weight of the machine
.and its supporting elements is about 1/8 of the nomi-
nal load of the elevator. As another example, with the

30 same 160 mm traction sheave diameter and the same 4 mm
hoisting rope diameter, in the case of an elevator for

a nominal load of about 1000 kg, the total weight of

the machine and its suspension elements is about 150

kg, .80 in this case the machine and its supporting

35 elements have a total weight equaling about 1/6 of the
nominal load. As a third example, in an elevator de-



signed for this purpose, although such a rope would
very probably be expensive. The wei ght of the el evator
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machine size is also really considerably reduced.

'Fig. 7 presents a solution in which the rope groove
701 -is in the coatlng 702 which is thimmer at. the
sides of the rope groove than at the bottom. In such a

30 soluta.on, the coating is placed in a basic groove 720 -
provided in the rope sheave 700 so that déformat:i.ons
producéd in the coating by the pressure imposed on it

by -the rope will be small and mainly limited to the

‘ rbpe surface texture sinking into the coating. Such a
35 solution often means in practice that the rope sheave
coating consists of rope grbove—specific sub~-coatings
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surface layer under the rope provides a better resis-
tance against lateral propagation of the compression
stress produced by the ropes. The iateral gpreading or
rather adjustment of _the coating caused by the pres-
gsure iz promoted by thickness and elasticity of the

25 coating and reduced by hardness and eventual rein-
forcements of the ceoating. ‘The coating thickness on
the‘ bottom of the rope groove can be made largje, even

" as .lérge as half the rope -thickness, in which case a
hard and inelastic coating is needed. On the other

30 hand, if a coating thickness corresponding to. only
' about one tenth of the rope thickness is used, then
the coating material may be clearly softer. An eleva-

tor for eight persons could be im@lemeﬁted using a

- coating thickness at the bottom of the groove egual to
35 about one fifth of the rope thickness if the ropes and
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coabting | Bopeecdndavédn dthethéhelevator, will reduce rope

wear and therefore also the need to provide the rope

with thick surface wires, the rope can be made

smoother. Rope smoothness can naturally be improved by
25 coating the rope with a material suited for this pur-;
poée, such as e.g. polyurethane or equivalent. The use
of thin wires allows the rope itself to be made thin- -
ner, because thin steel wires can be manufactured from
a stronger material than thicker wires. For instance,
30 using 0.2 mm wirés, a 4 mm thick elevator hoisting
rope of a fairly good construction can be produced.
Depending on the thickness of the hoisting rope used
and/or on other factors, the wires in the steel wire
rope may preferably have a thickness between 0.15 rmm
35 and 0.5 mm, in which range there are readily available
steel wires with good strength properties in which
even an individual wire has a sufficient wear resis-



30 hand, if a coating thickness corresponding to only
about one tenth of the rope thickness is used, then
the coating material nmay be clearly softer. An el eva-
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mdech8i Nty ‘elevators. A traction sheave coating. well
.suited for such a rope is already clearly below 1 mm
thick. However, the coating should be thick enough to
ensure that it will not be wvery easily scratched away-

25 or piexced e.g. by an occasional sand grain or similar
' particle that may have got between the rope groove and
the hoisting rope. Thus, a desirable minimum coating

. thickness, even when thin-wire hoisting zropes are
used, would be about 0.5..] mm. For hoisting ropes hav-

30 ing small surface wires and an otherwise relatively
smooth surface, a coating having =a thickness of the
form A+Bcosa is well suited. However, such a coating

is also applicable to ropes whose surface strands meet

the rope groove at a distance from each other, because

35 . if the coating material 1is suff'iciently hard, each
strand meéting the rope groove is in a way separately
_supported and the supporting force is the same and/or



ner, because thin steel wires can be manufactured from
a stronger material than thicker wres. For instance,
30 using 0.2 mMmmwires, a 4 nmthick el evator hoisting'
wopmsef17@a fairly good construction can be proadwe®esoon71s
Dependi ng on the thickness of _the hoisting rope used
and/ or on other factors, the?Wires in the steel wire
rope may preferably have a thickness between 0.15 mMm
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el eVat or ¥ “*A%racti on sheave coating. well suited for
such a rope is already clearly below 1 nm thick.
2HowBlesses Hia c oilt | atf shoupkeTRtt HresseRBafhony of steel

wire ropes used in the invention. The ropes in these

figqures contain thin steel wires 803, a coating 802 on

the steel wires and/or partly between the steel wires,

and in Fig. 8a a coating 801 over the steel'wires. The

25 rope presented in f‘ig. 8b is an uncoated steel wire
rope with a rubber-like filler added to its interior
structu.re, and Fig. 8a presénts a steel wire rope pro-
vided with a coating in addition to a filler added to

- the internal structure. The rope presented in Fig. 8c
30 has a non-metallic core 804, which may be a solid or
' ,fi-brous structure made of plastic, natural £iber ox
some other material suited for the purpose. A fibrous
‘structure will be good if the rope i‘s lubricated, in
which case lubricant will accumulate in the fibrous

35 core. The core thus acts as a kind of lubricant stor-
age. The steel wire ropes of substantially round
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t hetheatsteg@l wires used are wires of special strength,
' allowing the ropes to be made substantially thin as
compared with steel wire ropes used before. The xopes
presented in Fig. 8a and 8b are steel wixre ropes hav-
25 ing a diameter of about 4 mm. For example, the thin
and strong steel wire ropes of the invention prefera—
bly have a diameter of about 2.5 - 5 mm in elevators
for a nominal load below 1000 kg, and préferably about
.5 - 8 mm in elevators for a nominal load above 1000
- 30 kg. In principle, it is possible to use ropes thinner
than thls, but in this case a large number of ropes
will be needed. 8Still, by increasing the suspension
ratio, ropes thinner than those mentioned above can be
uged for corresponding loads, and at the same time a
- 35 smaller and lighter elevator machine can be achieved.



20 Figures 8a, 8b and 8c present cross-sections of
steel wre ropes used in the invention. The ropes in
these figures contain thin steel wires 803, a coating
wO2oemu17dshe steel wires and/ or partly betweaTiFR®03/000713
steel wires, and in Fig, 8a,a coating 801 over the
steel wires. The 25 ropefpreggnted in Fig. 8b is an'
‘uncoated steel wire rope with a rubber-like filler
added thei tlevateriof tisérietanrtdonandtFig. a8aoppesstibbe
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other figures, the contact angle ¢ is not expressly in-

dicated, but it can be seen from the other figures as
well without specific separate description.

25 The roping arrangements presented in Fig. 9a, 9b, 9c
' represent some variations of the X Wrap roping de-
scribed above. In the arrangement presented in Fig. 9a,

the ropes 903 come wvia diverting puliey 915, wrapping
around it along rope grooves, to the traction sheave

30 907, over which the ropes pass aiong its rope grooves
. and then go further back to the diverting pulley 915,
passing crosswigse with respect to the rope portion com-—

ing from the diverting pulley, and continuing their
passage further. Crosswise passage of the ropes 903 be-

35 tween the diverting pulley 915 and 'the traction sheave



the rope or through the entire thickness of the rope,
giving the rope. the sane properties as the filler
nmen- tioned above. The use of thin and strong stee

wé bRagrdopes according to the invention is peessbforis
because  the steel wires used are wires of speci al

strengt h, allow ng the rope%Ot o be nmade substantially
thin as conpared with steel wire ropes used before.
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The roping arrangements presented in Fig. 94 and 9e are
different variations of the above-mentioned Double Wrap
roping. In the roping arrangement in Fig. 9d, the ropes
25 run via the rope grooves of a diverting pulley 815 to
the traction sheave traction sheave 907 of the drive
machine 906, passing over it along the rope grooves of
the traction sheave. From the traction sheave 907, the
ropes 903 go further downwards back to the diverting
30 pulley 915, wrapping around it along the rope grooves

of the diverting pulley and returning then back to the
. traction sheave 907, over which the ropes run in the

rope grooves of the traction sheave. From the traction

sheave 907, .the ropes 903 run further downwards via the

35 rope grooves of the diverting pulley. In the roping ar-

rangement presented in the figure, the hoisting ropes



15 length of the arc of. contact between the traction
sheave and the hoisting rope. The nmagni tude of the
con-, tact angle a may be expressed e.g. in degrees,
WG 20080416@N€ i n the invention, but it is al secpasmiineers
‘to ex- press the magnitude of the contact angle in_
other 20 terns, e.g. in radi&hs or equivalent. The
"contact angle -a is presented in greater detail in
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sheave. This can be used as a means of deflnlng the
magnitude of the contact angle and fitting it to a de-

25 gired magnitude. By us:Lng DW roping, forward bending
of the rope 903 is achieved, which means that in ‘DW
roping the rope 903 is bent in the same direction on

the diverting pulley 915 and on the traction sheave
907. DW roping can also be implemented in other ways,

30 such as e.g. the way illustrated in Fig. 9e, where the
diverting pulley 915 is disposed on the side of the
drive machine 906 and the traction sheave 907. In this
roping arrangerﬁent, the ropes 903 are passed in a ‘man-

ner corresponding to Fig. 9d, but in this case a con-

35 . tact angle of 180° + 90°, i.e. 270° is obtained. In DW
lroping,‘ if the diverting pulley 915 is placed on the

" . side of the t.taction sheave, greater demands are im-



vari ed by varying the distance between the diverting
pul l ey 915 and the traction sheave 907. The magnitude
15 of the angle a can also be varied by varying the

wb sooBes1tar of the diverting pulley and/ or bycyatyesngoris
the di- aneter of the tractign sheave and al so by -
varying the ratio between tRé di aneters of t he
diverting pulley and the traction sheave. Fig. 9b and
9c poesantonarcloxabpaeidfs oind npbem®itig ngfathe diverting
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‘tained. The diverting pulley 915 is fitted in place at
an angle such that the ropes run crosswise in a manner
‘.'known in itgelf, so that the ropes are not damaged. By
25 wvirtue of the contact angle achieved us:i.ng} Extended
J Single Wrap roping, elevators implemented according to
‘the dinvention can use a very light elevator car. One
possibilitfy' of increasing the contact angle is illus-
trated in Fig. 9g, where the hoisting ropes do not run
30 crosswise relative to each other after wrapping around
the traction sheave and/or diverting pulley. By using &
roping arrangement like this, it is also possible to
increase the coﬂtact angle between the hoisting ropes
903 and the traction sheave 907 of the drive machine

35 906 to a magnitude substantially over 180°.



10 ropes going fromthe tracti on sheave 907 to the
divert- ing pulleys and el evator car pass via the rope
grooves of diverting pulley 915 and the rope
wiebdogeiiren pro- duced by the diverting pul | edtigowRioy13
small. It could be said thab t he ropes com ng from
. the.traction sheave 15 only duch the di verting pulley
tangentially. Such tangential contact serves as a
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ready fitted at a correct operating an

e relatlve to
each other, depending on the roping arrangement used
between the traction sheave 1007 and the 'c'liverting pul-
ley 1015. The unit 1020 may comprise more than only one
diverting pﬁlley 1015, or it may only comprise the
25 drive machine 1006 Ffitted on the mounting base 1021.
' The unit can be mounted in an elevator according to the
invention like a driwve machine, the mounting arrange-
ment being described in greater detail in connection
with the previous figures. If necessary, the unit can -
30 - be used together with any of the roping arrangements
described above, such as e.g. ambodiments wusing RESW,
DW, SW or XW roping. By fitting the -above-described
-unit as part of an elevator according to the invention,
. cons:.derable savings can be made in installation costs
?;5 and in the time reguired for . 1nstallat10n



i ng Extended Single Wap roping as nenti oned above. In
the roping arrangenent presented in Fig. 9f, the ropes
903 run to the traction sheave 907 of the drive
WedkBA704906, wrapping around it along the 003000713
grooves of t-he 10 traction sheave. Fromthe traction
sheave 907, the ropes 903 gd84further downwards,
running crosswise rela- tive to the upmards goi ng
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placed either below or above the elevator car. The

rope sheave 1204 may be placed complektely or at least
partially inside the beam 1230, as illustrated in the
figure. The passage of the elevator hoisting ropes
25 1203 in this figure is as follows. The hoisting ropes
1203 come to the coated. rope sheave 1204 mounted on
the beam 1236 ~comprised in the structure supporting
the elevator car 1201, from where the -hoisting rope
runs further along the rope grooves of the _rope
30 shea{re, protected by the beam. The elevator car 1201
rests on the beam 1230 comprised in the structure, on
vibration absorbers 1229 placed between them. The beam
1230 functions at the same time as a rope guard for
the hoisting rope 1203. The beam 1230 may be a C-, U-,
35 I-, Z-shaped beam or a hollow beam or equivalent. The
" beam 1230 may support several rope sheaves fitted on



ropes go downwards fromthe drive machi ne towards the
5 counterwei ght and the, elevator car. In the case of
an el evator enbodi nent according to the invention

wo bddeMR704Chi Nne bel ow, these ropi ng arrangenggtrgrmadincdas
inverted and inplenmented in_a correspondi ng manner so
that the ropes go upwards f?9m the el evator drive
-machine to- 10 wards the diverting pulleys and the
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savings can be made in installation costs 35 and in

(P SRS IS 90, N0 OUILICH e
200f ineentihventisomn elevator without counterweight w1th a
suspension ratio of 10:1 above and below the elevator
car. This embodiment is ixﬁplemented using conventional
hoisting ropes preferably of a diameter of 8 mm and a
traction sheave made of cast iron at least in the area

25 of the rope grooves. The traction sheave has undercut
rope grooves and its angle of contact to the 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

30° 340 mm. The diverting pulleys used are large rope
sheaves which, in the case of conventional 8-mm hoist-

ing ropes, have a diameter of 320, 330, 340 mm or even

more.

It is obvious to the person skilled in the art that
35  different embodiments of the invention are not limited



wherein the diverting pulley 1113 of the elevator is
fitted in a ready-made unit 1114, which unit may be
pl aced in the upper part and/or in the |Iower part of 5

wheoesthakds and/ or in the el evator car, and i pcdhi®isoco71s
unit it is possible to fit several diverting pulleys.
By nmeans of this unit, fasteP®roping is. achieved and
the diverting pulleys can be di sposed conpactly-to
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the purpose.

It is further obvious to the person skilled in the a.ft
that the metallic traction sheaves and rope_"sheaves

25 used in the invention, which are coated with a non-
metallic material at least in the area of their
grooves, may be -implemented using a coating material
consisting of e.g. rubber, polyurethane or some other
material: suitéd to the purpose.

30 It is also obvious to the person skilled in the art
that the elevator car and the machine vnit may be laid

out in the crogs-section of the elevator sghaft in a
manner differing from the lay-out described in the ex-

~ amples. Such a different lay-out might be e.g. one in
35 which the machine is located behind - the car as seen



WO 2004/ 041704 PCT/ Pl 2003/000713 35 it and serving as
diverting pulleys in different em bodi nents of the
invention. A preferred enbodi nent of the el evator of

woeowdyess tion is an el evator with machi ne W @aay®03/000713
‘Wi thout machine 5 room the drive machi ne of which

-conprises a coated traction $Aeave and which uses thin
hoi sting ropes of substantially round cross-section.
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20 ples described above. It is further obvious to the

skilled person that the suspension solutions according '

to the invention can also be implemented using almost

‘ any type of flexible hoisting means as hoisting ropes,

e.g. flexible rope of one or more strands,  flat belt,

25 cogged belt, trapezoidal belt or some other typev of

belt applicable to the purpose.

If ig also obviocus to the skilled person that, instead
of psing ropes with a filler as illustrated in Fig. 5a
and 5b, the invention may_be'inplemented using roﬁes
30 without £iller, which are either liubricated or unlu-
" bricated. In addition, it is also obvious to the per-.
son skilled in the art that the ropes may be twisted

in many different ways.

It is also obvious to the skilled person that the av-
35. erage of the ﬁire thicknesses may be understood as re-



It is obvious to the person skilled in the art that

35 different enbodi nents of the invention are not,
limted WO 2004/ 041704 PCT/ FI 2003/ 000713 36 to the

v b asoqgdescri bed above, but that they may peg/rroeasiiets
withi'n the scope of the follow ng clains. For

~instance, the number of. ti e the hoisti ng ropes are

" passed between the upper part of the elevator shaft 5
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out in the cross-section of the elevator shaft in a
manner differing fromthe |ay-out described in the ex-
anpl es. Such a different lay-out mght be e.g. one in
35 ‘whi ch the machine is |ocated behind the car as seen
WO 2004/ 041704 PCT/ FI 2003/ 0 13 37 fromthe shaft
door and the ropes are passed under the car
diagonally relative to the bottom of the car. Passing
CLAIM2 ropes under the car in a diagonal or oth- erwise
oblique direction relative to the formof the 5 bottom

vi deg_a ant a n the suspens
onTY he- RaRuirdRphR BE colafidv s RiERe ataistoe ?’P{i’énete&gasmg a et
the centﬁr of % vity of the elevator in otr .
of hoigting fenGs RE p BRctioR § 1Y, Al leygipn oar baing o lqaghPeRiS Yé‘B’\PP’iS‘ﬂ%bY said
to the person skilled in the art 10 that, the
hoistinguppasdermevingthe elevatasean whersinghd glevator poviesuspeaded byethe hoisting
not or and the equi prent needed for elevator con- tro
ropecn ableaspbimokirtaigymilrefrem & mamof whictothn baittingrropds tgh uptvivds from both
machine unit, e.g. in a separate instrunent panel. It
sidesiof thael deertipsmlib), and A 1dast anpiheﬁﬁiierﬁﬁgvﬁ,ﬂld% poRNtrin e£@Bidh ife hoisting
for control into' separate units [ can then be

ropesdoSdow@a RN fiom b fidRE 8Nthe B }@Pﬁ%rhﬁg ﬁd]%y,ea!nﬁmﬁ’iﬁh fidafaktion sheave
and/or in other parts of the buiTding. It is |ikew se

enga%g\é: ortfo‘ﬂ bteﬁ%erﬂﬁle ldlv%qm?rgﬁﬁﬁg atnﬁﬁtr pﬁ%rl dfs C?I% e?é'men for adjusting the

I nventi on eren

i e

sol utions according to the invention can al so be
i npl enented using al nbst any type of flexible

h0|st|n ans as hoisting ropes, .g. flexible rope
of2-one per aseording &o clpifmal, wherein onzgn%)ag@hmwgtmpes is fastened

traloezm daI belt or some other type of belt
substasis|ly Eameablyovithesppeliptheslevptor ¢ag sassto bompvahle with thetpdevator car,

skilled person that, instead of using ropes with a
filler as iIIustrated in Fig. 5a and 5b, the
i nvention may be inplenented using ropes
3. The elevator according to claim 1, wherein at least one end of the hoisting ropes is

fastened substantially immovably with respect to the elevator shaft.

4. The elevator according to claim 1, wherein the elevator comprises at least two
diverting pulleys from which the hoisting ropes go upwards and at Ieast two diverting pulleys from

which the hoisting ropes go downwards.

5. The elevator according to claim 4, wherein the number of diverting pulleys from
which the hdisting ropes go upwards and the number of diverting pulleys from which the hoisting

- ropes go downwards is at least one of 3, 4 and 5.



30 without filler, which are either |ubricated or
unlu- bricated. In addition, it is also obvious to the
per-. son skilled in the art that the ropes may be
twisted in many different s. It is also obvious to
the skilled person that the av- 35_ erage of the wire
t hi cknesses may be understood as re WO 2004/ 041704
PCT/ FI 2003/ 000713 38 ferring to a statistical,
geonetrical or arithnmetical nean value. To determ ne
a statistical average, the standard deviation or
Gauss distribution can be used. It is further obvious
that the wire thicknesses in the 5 rope nay vary,

f f
C % he. TRk stbhalin @Rt CiveRinborn dad S5 e eyl Kindy e fasened
h b f ed di ff t
subsﬁa%%'“a@m%?%ﬁﬂ et e FEHE R The ¢ he cont act - angl e

a between the traction sheave and the di 10 verting

pul | ey/diverting pulleys than those described as

exanpl es. For exanple, it is possible to dispose the

di Veer t i Hig ghavetoryctonding i ¢laigs 1 wihbreipndpthtends efithecloisting ropes are fastened

sheave and the hoisting ropes in other ways than in
substhdtizlly apmagblyavithasgesrenths cldesercabed in the exanples. |t

is also ob 15 vious to the skilled person that in the

el evator of the invention the elevator can al so be

provided with a counterweight, in which elevator for

exganpl eFHe*é?evEtQ%éorHﬁE Y&?dleg}ﬂtl RR&iRh @Mtﬁﬁua@%n e Wogm:t between the

bel ow t hat of the car s suspended separate

tractt&?ﬁ'c an&e%e h&ﬁlcg,l\(ﬁ%é& s zﬁ‘neaﬁl at or. havi ng _no

count erwel rising a 0|st|ng machi ne engagi ng
a set of h0|st|ng ropes by a traction sheave, an
el evator car being at least partially supported by

s for .mgvi pg .t he el evator, car,
vﬁer ei m‘Fﬁ[? dictsardipe ifaim, ‘é’E@?&’éﬁ&%‘ﬂ RS fple ogiapfrbgtweeﬂ the
es via_ at |least one diverting pulley froma rim of
trachwﬁ Hetpdthe HPistingiepes spEeigdhaad®r ds from both si des
of the diverting pulley, and at |east another
diverting pulley froma rimof which the hoisting
ropes go downwards from both sides of the other
dilber t iThg clpudtbreagcordingltoi cipimtli wheréihe rdpigpotstdbetsépaalwetraction sheave

and a rope sheave serving as a diverting pulley is an extended single wrap (ESW) roping.

t1.  The elevator according to claim 1, wherein a roping used between the traction sheave

and a rope sheave serving as a diverting pulley is a double wrap (DW) roping.

12.  The elevator according to claim 1, wherein a roping used between the traction sheave

and a rope sheave serving as a diverting pulley is a X-wrap (XW) roping.



engages a rope portion between the diverting pulleys,

and a rope tensioning elenent for adjusting the rope

t ensi on engaged at one end of the hoisting ropes. 2.

The el evator according to clajml, wherein one end of

the hoisting ropes is fastenéd substantially

i movably with respect to the elevator car so as to be

novable with the elevator car. 3. The el evator

according to claim1, wherein at | east one end of the

hoi sting ropes is fastened substantially imovably

W thh re el evat-or s dy

coiy i gt pisvift Aol e BYAR1, SRl iEhol G rBlel U Bposed from »
. | east . t. diverting pulleys fromwhich the
hgh%%?@ﬁ?ﬁ@“?%ﬁes go upwards and at least two diverting

pul l eys from which the hoisting ropes go downwards.

5. The elevator according to claim4, wherein the

nunber of diverting pulleys from which the hoisting '

rops gdheparterscending elhunhahersi ticheistinargpesdd medeof steel wires

fromwhich the hoisting ropes go downwards is at
havidgmsitengtheof dfetvdsen 4beut A3, N/an” agd aiwe 2H108Vemdr  accor di ng

to claim1, wherein both ends of the hoisting ropes

are fastened substantially imovably with respect to

the elevator shaft. 7. The el evator according to claim

1, 13her ghdelb@ide a@d&ﬁﬁn%’fo cldng 1NRh&binNGds@RQSioM 8rea of steel wires of the
fastened substantially imovably with respect to the

hoista{hg%ﬁ’és% bé&@ben aBout A5 ?An?"’&'d%?mﬁ‘b%m,qu 4 ché?lgﬁlitoﬁghje’steel wires of

ereln a contl nuous angl e of contact et wee

e b5 B AR B L D" OP e m 1, “wher o1 a

conti nuous angl e of contact between the traction
sheave and the hoisting ropes is greater than 180. 10.

The el eyat or accordj.ng to,claim 1, wherein a ropin
usE bet Yol B0COFaiRi P o1 ie felieh dhneiery e iag doves are
serving as a diverting pulley is an extended single
smallgy §an BE®YWY ropi ng. 11. The el evator according to claim
1, wherein a roping used between the traction sheave
and a rope sheave serving as a diverting pulley is a
double wap (DW roping. 12. The el evator according to
cl &i. m 1Thevdhem i accardigpb nim $ swhdveih waveipht bigth¢ h@ginpemchine is lighter
sheave and a rope sheave serving as a diverting
in relpitdnl tow 1b&l of the apr( XW roping. 41 13. The el evator
according to claim1, wherein the hoisting ropes are
conposed froma high-strength material. 14. The
el evator according to claim1, wherein the hoisting

o or R s R B, U8 B 0B ety s
one of FQU Bheft SREP AL o BisboniPETHF Tre o st ng

ropes i s between about 0.015 mm® and about 0.2 mm2,

and a strength of the steel wires of the hoisting

ropes is greater than about 2000 N m®2. . ‘
19, The'elevator according to claim I, wherein the traction sheave is made of cast iron at

least in the area of the rope grooves.



16. The el evator according to claim1, wherein

di anmeters of the hoisting ropes are snmaller than 8
mm_17. The elevator according to claim11, wherein a
wei ght of the hoisting machine is lighter in relation
to a load of the elevator. 1% The el evator accor di ng
to claim1l1, wherein the traction sheave is coated with
at | east one of a polyurethane, a rubber and sone
other frictional material. 19. The el evator according
to claim1, wherein the traction sheave is nmade of

ca ir t least.in the area of .t .Ope. gr Ooves.,.

12 50, T BrauiapiydlesiinTngted o i ulleBly Rihng room.

elevator is without a machine room 21. The el evator

according to claim6, wherein both ends of the

‘hoi sting ropes are fastened substantially imovably

wi 2A- r eg]b@ elevagos agaqeding ta glainnf, vaigesin batlyengs géﬁhe hejstingzopes are fastened

The el evator according to claim7, wherein both ends
substeitiallyamnoivatly wigh regpeido dheeldvatort shatt tly a springt anti al | y

nmovably with respect to the elevator car by a spring

so as to be imovable by the elevator car. 23. The

el evator according to claim 16, wherein the dianeters

of 20.he ITRé SbvaRE adcORIRE tREIGIm BRMNeRN FHH &ldY o8t HEQMg Jofes are fastened
mm 24. The el evator according to claim19, wherein

substallfalfy QARG a8} QRH E3p&E & hl&/afol Ear by a spring so as to be immovable by the elevator

car.

23. The elevator aécording to claim 16, wherein the diameters of the hoisting ropes are

approximately between 3-5 mm.

24. The elevator according to claim 19, wherein the rope grooves are undercut.



