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present invention relates to. an elevator as de- fined

WO 2808/0h1ves preanbl e of claim 1. One of the Objeﬁbhﬁﬁﬁmymw7”

10

15

20

25

30

35

el evat or devel opnent work is 5 to achieve efficient
and econoni cal utilization of bui | di ng space. In
'"recent years, this devel opnent work has produced
vari ous el evator sol uti @ugvairbkout nma- chine room
anDng ot her things. Good exanples‘of el e- vators
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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
for the arrangements required for the rassage 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 impair'ing ele-
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
of considerable weight. Especially in the case of lar-
ger loads, speeds and/or hoisting heights, the size
and weight of the machine are a problem regardiﬁg in-
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so nmuch so that the required machine size and wei ght
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the concept of elevator vvithgut machi ne room or at
| east retarded the introductfon of said 5 concept in
| arger elevators. In nodernization of ele- vators, the
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good grip/contact on the traction sheave. A further
aihee obbtiketi mfenthe®nprieseha aﬁivavte.can Bt evat eichieve at
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conmprom sing on e proper
hand, it is an alm the invention to develop the .eleva-

tor without machine room further so as to allow more
effective space utilization in the building and eleva-
tor shaft than before. This means that the elevator
should permiﬁ 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
objective is to achieve an elevator in which the
hoisting rope of an elevator with thin hoisting 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-
weilight without compromising on the properties of the
elevator.
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obj ect of the invention should be achieved w t hout
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out of the elevator. The elevator of the invention is
characterized by what 5 is disclosed in the
characterization part of claiml. OQher enbodi nents of
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ABy applying the invention, one or more of the follow-

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. allows the
weight of Ehe machine to be easily reduced even to
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-
tions and choices of materials, it is even possible
to achieve machines having a weight below 100 kg or
even as small as about 50 kg.



A good traction sheave grip, which is achieved in
particul ar by using Double Wap roping, and light-
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car to be considerably reducid. 5 - A conpact machine
size and thin, substantially“round ropes permt the

el evator machine to be relatively freely placed in
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hoi sting ropes; on t her  hand, spee
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ing forces applied to the guide rails.

— Applying the invention allows effective utilization -
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
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 fronl each other
during installation if the speed governor rope is
thicker than the hoisting ropes: on the other hand,

the speed governor rope and the hoisting ropes may



- The light, thin ropes are easy to handle, allow ng
5 considerably faster installation. - E. g.
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thin and strong steel wire ropes of the inven- tion
have a di aneter of the ordeP of only 3-5 nm although
t hi nner and thicker ropes may al so be used. 10 - Wth
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— The small traction sheave allows the use of smaller

operating brakes.

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

with smaller operating brakes.

— Because of the smaller traction sheave,Aa 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.
~ Either coated or uncoated ropes can be used.

— Tt is 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
between rope and pulley in this emergency is main-

tained.



in elevators without machine room it can also be
applied in elevators with machine room 10 - In the
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the hoisting ropes and the traction sheave are
achi eved by increasing the cBnt act angl e between
them - Due to the inproved grip, the size and wei ght
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solution of the invention, it is 5 possible to

di sfoSe a4 leﬁ’&&ew ANHEHAD e R tadte atgindoetween
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— The space saving potential of the elevator of the
invention is increased considerably as the space re-
quired by the counterweight is at least partially
eliminated.

— 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.

— The placement of the machine in the shaft can be
relatively freely chosen as the space required by
the counterweight and counterweight guide rails can

be used for other purposes

— By mounting at least the elevator hoisting machine,
- the txaction sheave and a rope sheave functioning as

a diverting pulley in a complete unit, which is fit-



el evator solutions as well. - Since the el evator
solution of the invention does not necessarily
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i mpl ement el evator .solutions_in which the elevator
car has doors in several walfs, in an ex- trene case
even in all the walls of the elevator car. In this
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severidll did feerteidvenchi ne sol utions. - The suspension

of the car can be inplenented using al nost any
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already in elevators
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— 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.

i‘he primary area of application of the'invention is

" elevators designed for the transportation of people

and/oxr 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 elevator having a traveling speed of 0.6 m/s is

easy to implement according to the invention.

In both passenger and freight elevators, many of the
advantages achieved through the invention are .pro-
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the i nvention, the wire thickness is bel ow
an aver age. V\él | applicable #opes made from strong 20
wires are those in which the average wire thickness is
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wired and strong 4 mm 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 .

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-
2700 N/mm?. In principle, it is possible to use rope
wires having a strength of up to about 3000 N/mm® or

everll more.

The elevator of the invention is preferably an eleva-
tor without machine room, in which elevator the hoist-

-ing machine engages the hoisting ropes by means of a



15 be increased. In this way, the car can be made
lighter and its size can be reduced, thus increasing
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angl e of over 180 between the traction sheave and t
hoisting rope is achieved bY using one or nore
diverting pul- 20 leys. In the follow ng, the
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PCT/F12003/OOO713 10 Hg. presents a di agram
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t he nt 0 . 7 illustrates a
BBt heT S ElreEELRr PR TREE % he | nvent! on. Fig. 8a
presents a steel wire rope used in the inven- tion,
MBy. i8brpresad sthesacmtdcdt eahgher &y opeansedd nat hwpe
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used I nven |gures presen sone
YRR ohlehddre gt n@h%ﬁ‘f%n@@dwm happeheg ropes can

AL Atk Pga 841 heni BYEBt weR, the car can be made lighter
and its size can be reduced, thus increasing the space
saving potentizal of the elevator. A contact angle of
over 180° between the traction sheave and the hoisting
rope 1is achieved by using one or more diverting pul-
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 drawingé, wherein

Fig. 1 presents a diagram representing a traction

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 diagram representing a third trac-

tion sheave elevator according to the inven-

tion,

Fig. 4 presents a diagram representing a traction

sheave elevator according to the jinvention,



presents an enbodi nent of the invention,
Fi g. 11presents an enbodi nent of the invention, and
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according to the invention. Fig.lpresents a
diagrammatic illustration oftothe 20 structure of the
el evator. The elevator is preferably an el evator

i ho ' 0 ¥ dr | hin 1 ced.
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figure is sheaeet¢brvabhenvacededindrtei theuingenhion,
terwei ght and with machi ne above. The passage of the
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end of the ropes is immovably fixed to an anchorage 16
in the upp&™ipe?®- of the shaft, from where the ropes 3
go further to a diverting pulley 15 placed in the up-
peirg 4oa7r:1 dfl]tmmtaé%st aﬂdcéaiﬁmxgmdisbhu(iiiwtaiifllgof:)ﬂiihgy to
30 15 the ,ropes go further to a diverting pulley 13 WO
2004/04176£T§ﬁ6f%fyiﬁﬁé7000713 11 pl aced above the

el evator car, fromwhich diverting pulley 13 the

rfoges §fo Muagsrts 2 upheelswivet herer seedt ilon tdivedveren-
11 of the wdrd,ye machine 10, passing around it along

the rope grooves of the traction sheave. From5 the
traction sheave 11, the ropes 3 go further down- vyardi1
JHE- B ARERRYS Bt 1eT RECST ORYTEnEoRPe VS gt the
gui de rai lissvZzrtoien di verting pulley 4 placed in the

| ower part of the shaft, going further fromdi-

: ! : |
Ho e PR s LR SRR RIS, Fh ene
di - verti AGHIYER6 in the lower part of the el evator

shaft and then further to a diverting pulley 7 bel ow
Higreledyv @ Prasdnt f someWoeseribe ERRESe3repihg thefarife-
an anchor%%ﬁvg in the Jomqé 33%%.0f t he, el evator 15
shaft, to ¢h TIPS & The™ *3isim
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means of 'which the rope tension can be adjusted. The
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Fig. 12 presents a diagram of a rope sheave placement

according to the invention.

Fig. 1 presents a diagrammatic illustration of the
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
hoisting xopes 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 shaft and from which diverting pulley
15 the ropes go further to a diverting pulley 13



20 hanging freely at the end of the rope or sone other
appropriate tensioning elenent solution. In a pre-

wo h8idgshscase, the drive machine 10 may be fix /?ﬂ&ﬁﬂb@hs
[ I'n the

10

15

20

25

30

35

a car guide rail, and the diverting pulley 1
upper part of the shaft is Adunted on the beanms in the
25 upper part of the shaft, which are fastened to the

r part of the shaft, uh ened to t
L S T O AR S
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In 30 Flg. 1, the traction s%ea e engg es the rope
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peeridaumrivgbl ed BetReeh diecerivatpelledr bedgwa thg |ele-
ofatidie @heyvatppmshabie He g fakencke o) acegh -

di fferentl e.g. by disposing the slim chi ne
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[ i S i eLa . drd. v
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ian o aplsdospace Pntendehe orldwer FeRArExampl ethet elevator

Rassith] erbowusena ¥ear edner aifads eeReMCPLE. 3The 10y

machine may be of a congpact and/or flat size. |In the

DRSNS GBI 1 oftS FAYRF (P EIRFIIR eREi GRe thilst-

riope =feed i shaf¢ ebshkgboazopemanedohanghelepret o, by

the elevator. so ..t is possible to use .even.,uns i S-
o R A i s 980! REPpase THEH T tadr ity he
Ireordingy g emehiaf 8 meyadeartt @yecussyr provipded wialght

SUHPIRN s T 64 TOhet BEaSURP! ¥ O BB {of Oshbii@ Mrher

tor driving the traction sheave 11 as wel |l as_equi p-
FERT PISPEE f SETSIOFETS GIRMEDE, BBLREEPwNI ER can RIS

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
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 pulleys in the lower part of the
shaft are preferably mounted on the shaft floor. In
Fig. 1, the traction sheave engages the rope portion
between 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 construction, in other words, the

machine has a small thickness dimension as compared
with its width and/or height, or at least the machine



placed in a conmon instrunent panel 12 or nounted 20
separately fromeach other or integrated partly or
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lution is a gearl ess machi ne conprising a pernmnent
magnet notor. The drive mach?ne may be flxed to a wal
of the elevator shaft, to the ceiling, to 'a guide
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e elevator_ 'car pret erably nount ed on one
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ptld eyxs caheve toracar i.md admwgveﬁﬁsm;g mbkzexﬂ%doem\zyh

th Th bea fitt

SR RB e ST R oPhe pElBR ¥he e Wi Thel Bgr ™o

ftoamedoivimg sbhe athetiap mmqnvgwlhteSMWﬁﬂi|¢sthqulp—
gﬁtsg{egegﬁg For! WAL LIMEL! | Ahe A | S lBYe ARORCcan be

|tte one Separate In ap- proprlate places on
rRacest and @nctcﬁ@‘f%haﬂﬂs P@enz pPaBeht sl @ragharnted

@@@a&%@r&wgf@aﬁt f@cﬁ f @ﬁ:hetrl 0B8rShgavey el ev@t Partly or
accordln to .the i,nve

AEERn Ay Quldh® il L e dhite (DD £ SYAERLan1 8% so-

dugvator iss agegesnl éys a rtaxcddinieoncepaieing a permanent
magnet motor. The drive machine may be fixed to a wall
of the elevator shaft, to the ceiling, to a guide rail
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 shaft. Fig. 1 illustrates a preferred
suspension solution in which the suspension ratio of
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-
tions can also be used to implement the invention. The
elevator presented in the figure has automatic tele-
scoping doors, but other types of automatic doors or
turning doors may also be used within the framework of
the invention. The elevator of the invention can also



el evator with machi ne bel ow. The el evator car 201 is
suspended on the hoisting ropes 203 of the el evator.
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20 el evator shaft, preferably in the | ower part of
shaft. The el evat or car 2011l3oves in the el evator
shaft along an el evator guide rail 202 guiding it. In

ﬁﬁQ :gn fgﬁbﬁ?éét' 0Pg% 1LY o&S E%%%Q Pﬁge engacg£n

es IS fixed to an anchorage upper

ﬁé?rqmofOFhéhﬂchhmm@meb% meugsed @@Anhﬁaﬁmbwaiolee to-
hatatdt ngr ity | eMe 23 evit@P W Eh tihe 1:0P8St 09n f Untheras: -
ward to a_first diverti ull ey 215 nmounted in the
&Bep@?lfb%rp%f Ve %fwgﬁ%%fg g?orﬁh@l veleYRPpuFREy s be
ﬁm@fﬁaﬁlyl m@axmdéceyoalﬂorwd el etﬁéatsmn@abegﬂxl xﬁlglch
rom ere,l r urn to .a | ver n In the
FBRSNEE Poghn T Ml on i 002 Pebet E58 (ot Mg
tﬁhErduQErngngogmﬁhgyﬁlhaﬂuw tloe t bert r Fhtisobvesiteaney be
2%1%19&&8 bcyoo;S hgsdiiwe npchi ne gﬂ% JJQ%T‘ cBPetLEa%taﬁo”or

eave es go agal n ‘upwar di vertin
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rﬂﬁ}fﬁ |Wa§’h§]15&Aé?E pairt =t %%%hePE%F@Par?ﬁwa B EP-
mmapfﬁﬁxmdpﬁauestoﬂgthalé&y 208 bel oket brafear, from
mhere the ropes go further to an anchorage 5 209 in
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sttﬁeﬁﬁl nghaasmeneleygetps @eyskiay dée dihe hanvensiopgpeln
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tion sheave ﬁéev tor with machine pelow, in which the
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bel o e, el r S 9
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depspgi H9 %%éE%NtBEeEQPQbié sheayves @H%é?“ﬁ&ﬁ@ % the
the Elevator car and/or the _frame of the elevator
The elevator car 201 moves in the elevator

shaft along an elevator guide rail 202 guiding it.

In Figﬁ 2, the hoisting ropes run as follows: One end
of the r0pés is fixed to an anchorage 216 in the upper
part of the shaft, from wherxre it goes downward to a
diverting pulley 213, from which the ropes go further
upward to a first 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,
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-
ley 204 mounted below the car, and having wrapped



Fig. 3 presents a diagrammatic illustration of the
structure of an el evator according to the invention.
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room wth a drive machine 310 placed in't
el evator shaft. The el evatdd shown in Fig. 3 is a
traction sheave elevator with nachine above, in which
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traction_sheave_rope grooves. From ﬁe traction
af 1the el eBpEST 303  go further downwards via
the rope grooves of diverting pulley 322 to a
dE'rjygart imgpﬁébbﬁy.ssoa pi:mg&téxﬂnraﬁlhe thvst@arttlo@lf 39 the
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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
is as follows: One end of the ropes 303 is immovably
fixed to an anchorage 316 in the upper part of the
shaft, from where the ropes run downwards to a divert-
ing pulley 315 mounted at the sgide of the elevator
car, from where the ropes run further to the upper
part of 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
run further upwards to the traction sheave 311 of the
drive machine 310, passing arocund the traction sheave



in the lower part of the elevator car as many tinmes as
necessary to achi eve the sane suspension ratio for the
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the car. After this, the rope goes downwards to an an
20 chorage el enent 308, e.g.l@ weight, which functions
as a rope tensioning el ement hanging freely at the
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the hoisting machine and the diverting pulleys are
preferably all placed on one and the same side of the
elevator car. This solution is particularly advanta—
geougs in the case of a rucksack elevator solution, in
which case the above-mentioned components are disposed
behind the elevator car, in the space between the back
wall of the elevator car and the back wall of the
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
elevator car/elevator car frame. The roping arrange-
ment between the traction sheave 311 and the diverting
pulley 322 is referred to as Double Wrap roping,
wherein the hoisting ropes Iare wrapped around the

traction sheave two and/or more times. In this way.



the diverting pulley 322 will also function as a guide
15 of the hoisting ropes 303 and as a danpi ng whee
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shaf teralhe; §h e¥BEaLeShAWNLHS fl@erdih§ Bulley/diverting

pulleys, which defines the way in which the mutual po-
sitions and angle between the traction sheave and di-
verting 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
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
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-



traction sheave el evator with machi ne above and havi ng
a suspension ratio of 7:1 above and bel ow the el evator
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Avention in respect of suspension rati
sage of the hoisting ropes A8 mainly simlar to that
in Fig. 3, but inthis figure the starting point of
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which the zrope 1is substantlally immovably secured.

With this arrangement, an odd suspension ratio is
achieved for the portion above the. elevator car. A
further difference from Fig. 3 is that the number of
diverting pulleys mounted in the upper part of the
elevator shaft larger by one than in Fig. 3. The pas-
sage of ropés to the hoisting machine 410 follows the
same principle as in Fig. 3. From the hoisting machine
410, hoisting rope runs between the diverting pulleys
407,418,419,423 in the lower part of the elevator
shaft and the diverting pulleys 406,405,404 mounted
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, 1s achieved by fixing the ropgs'to an anchorage
425 on the elevator car 401l. Placed at thisg fixing
point is also a rope tensioning element. In Fig. 4
there i1s also a difference from Fig. 3 in respect of



Wap roping, the hoisting ropes are X around the
traction angle. For exanple, sheave 411 with a in
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about 270 between the traction sheave 411 an
hoi sting ropes is achieved. D8 Wap roping presented in
the figure can al so be arranged i n anot her way, e.gqg.
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of the h01st1ng ropes from diverting pulley 413 is so

arranged that ropes run via the rope grooves of di-
verting pulley 422 to the traction sheave 411 of the
drive machine 410, wrapping around it along the trac-
tion sheave rope grooves. From the traction sheave
411, the ropes 403 go further downwards, passing
crosswise with the ropes .going upwards and further
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 according to the invention. The eleva-
tor 1s preferably an elevator without machine room,
with a drive machine 510 placed in the elevator shaft.
The elevator shown in the figure is a traction sheave
elevator with machine above and with a 9:1 suspension
ratio both above and below the elevator car. The pas-
sage of the hoisting ropes 503 of the elevator is as
follows: One end of the ropes is substantially immova-



poi nt 530 so as to be novable with the el evator car,
fromwhere the ropes go upwards to a diverting pulley
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run further in the manner descrlbed above
betmeen di verting pultleys 19
525 513, 524, 514, 520, 515, 521, 526 and from whi ch
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having the hoisting rope fixed substantially immovably
relative to the elevator car at a fixing point 531, to
which fixing point is also fitted a mounting element.
The roping arrangement used between the traction
sheave 511 and diverting pulley 522 is called Extended
Single Wrap roping. In Extended Single Wrap roping,
the hoisting ropes is caused to wrap around the trac-
tion sheave with a larger contact angle by using a di-
verting pulley. For example, in the case illustrated
in Fig. 5, the contact angle between the traction
sheave 511 and the hoisting ropes 503 is well over
180°, i.e. about 270°. The Extended Single Wrap roping
presented in Fig. 5 can also be arranged in another
way, e.g. by disposing the traction sheave and the di-



20 verting pulley in a different manner relative to
each other, for exanple the other way round wth
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pulley 522 is fitted in place at an angle relatlve
the traction 5 sheave 511 sdéh that the ropes pass
crossmﬁse in a manner known in itself so that the
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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
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
maintain its functionality and operational reliability
in the situation 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
material pair with the hoisting rope 3. The use of

strong hoisting ropes that are considerably thinner
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si zes than when nornal -sized ropes are used. This
al so makes it possible to ugé a notor of a 5 smaller
size with a lower torque as the drive notor of the
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Conventionally a diameter ratio D/d=40 or higher is
used, where D = traction sheave diameter and d4d =
hoisting rope thickness. At the expense of wear resis-
tance of the rope, this ratio can be reduced somewhat.
Alternatively, without compromising the service 1life
of the ropes, the D/d ratio can be reduced if at the
same time the number of ropes is increased, in which
case the stress per rope will be smaller. Such a D/d
ratio below 40 could be 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 rope, although this can be conpen-
sated by using ropes of special structure. Achieving a
D/d ratio below 20 is in practice very difficult, but

it might be accomplished by using a rope specially de-
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pur pose, although such a rope would very probably be
expensi ve. The wei ght of théZel evator machine and its
supporting ‘elenments used to hold the machine in place
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weight in the case of an elevator of a given nominal
weight for a nominal load of 630 kg, the combined
weight of the machine'and its supporting elements may
be only 75 kg when the traction sheave diameter is 160

mm and hoisting ropes 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 lcoad of the elevatcor. As another exémple; with the
same 160 mm traction sheave diameter and the same 4 mm
hoisting rope diameter, in the case of an élevator for
a nominal load of about 1000 kg, the total weight of
the machine and its suspension elements is about 150
kg, so in this case the machine and its supporting
elements have a total weight equaling about 1/6 of the
nominal load. As a third example, in an elevator de-
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diameter of 400 mm a 160-mm traction sheave is used,
‘then, if the increased losses are disregarded, the
torque requirement falls to one fifth. Therefore, the
machine size is also really considerably reduced.

Fig. 7 presents a solution in which the rope groove
701 is in the coating 702, which is thinner at the
gides of the rope groove' than at the bottom. In such a
sblution, the coating is placed in a basic groove 720
provided in the rope sheave 700 so that deformations
produced in the coating by the pressure imposed on it
by the rope will be small and mainly limited to the
rope surface texture sinking into the coating. Such a
solution often means in practice that the rope sheave

coating consists of rope groove-specific sub-coatings
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he rope thickness is _used, en.
tazf.'lce pagajr_]nst i Ste:r:‘al propagatlon of the compression

stress produced by the ropes. The lateral spreading or
rather adjustment of the coating éaused by the pres-
sure is promoted by thickness and elasticity of the
25 coating and reduced by hardness and eventual rein-
forcements of the coating. The coating thickness on
the bottom of the rope groove can be made large, even
‘as large 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 implemerited using a
coating thickness at the bottom of the groove equal to
35 about one fifth of the rope thickness if the ropes and
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GRS I 4681 AMGAT R HDSWCEHe need to provide the rope
with thick surface wires, the rope can be made
smoother. Rope smoothness can naturally be improved by
coating the rope with a material suited for this pur-
pose, 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 wireg. For instance,
using 0.2 mm wires, 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 mm
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-
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eH’ick. However, the coating should be thick enough to
ensure that it will not be very easily scratched away

25 or pierced e.g. by an occasional sand grain or similar

' particle that may have got between thé rope groove and
the hoisting rope. Thus, a desirable minimum coating
thickness, even when thin-wire hoisting ropes are
used, would be about 0.5.1 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 1if the coating material is sufficiently hard, each
strand meeting the rope groove is in a way separately

supported and the supporting force is the same and/or
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sth«el costeéng. and in Fig. 8a a coatr ng 801 over the
steel wires. The 25 rope presented in Fig. 8b is an
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t's interior I‘UC ure, an 8a presents
awg¥@eromqq3q%$@ gpothe invention. The ropes in these

figures 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
rope presented in Fig. B8b is an uncoated steel wire
rope with a rubber-like filler added to its interior
structure, and Fig. 8a presents a steel wire rope pro-
&ided with a coating in addition to a filler added to
the internal structure. The rope presented in Fig. 8c
has a non-metallic core 804, which may be a solid or
fibrous structure made of plastic, natural fiber or
some other material suited for the purpose. A fibrous
structure will be good if the rope is lubricated, in
which case lubricant will accumulate in the fibrous
core. The core thus acts as a kind of lubricant stor-
age. The steel wire ropes of substantially round



vided with a coating in addition to a filler added to
the internal structure. The rope presented in Fig. 8c
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or some other material suitdd for the purpose. A
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compared with steel wire ropes used before. The ropes
presented in Fig. 8a and 8b are steel wire ropes hav-
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 preferably about
5 — 8 mm in elevators for a nominal load above 1000
kg. In principle, it is possible to use ropes thinner
than this, but in this case a large number of ropes
will be needed. 8till, by increasing the suspension
ratio, ropes thinner than those mentioned above can be
used for corresponding loads, and at the zame time a

smaller and lighter elevator machine can be achieved.
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other figures, the contact angle a is not expressly in-
dicated, but it can be seen from the other figures as

well without specific separate description.

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. 9%9a,
the ropes 903 come via diverting pulley 915, wrapping
around it along rope grooves, to the traction sheave
907, over which the ropes pass aiong its rope grooves
and then go further back to the diverting pulley 915,
passing crosswise with respect to the rope portion com-—
ing from the diverting pulley, and continuing their
passage further. Crosswise passage of the ropes 903 be-
tween the diverting pulley 915 and the traction sheave



scri bed above. In the arrangenent presented in Fig.
9a, the ropes 903 cone via diverting pulley 915,
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tracti on sheave 30 907, over which the ropes pass

~along its rope grooves and3®hen go further back to

the diverting pulley 915  passing crossw se with

Ei%\slipeéént % hﬁmb?@ﬁeﬁ@é&' | LOMyy | AG SN {hE diverting

ey, conti nui n thelr passage

t
ﬂhlrjfllz?é nlg-@:E%@@w%ié FusBagd ofNPRE rwhlds gespsetasto the

e jidhe stieesd it P WHL Y Bz and 1t he-dd=aeki-on ctheaven
WO 2004/ 041704 PCT/ F120 /0007 3 30, 907 can BS

PrpledisT Ry, 1By HE8 hg®? hERYF vEREI AGPePuFPayare not
fd'ahfa@@cht mclmagq angl e tsuet hshadpéctartea th@ré$@r¢tti ofthe

t the rOPES wll, cr a oth

%&%%e %% $ T8 t a?8$%§ ?gﬁes §O§ argrﬁgFlgn
@@mg@d 9@?1 Fﬂ@le gaagmiielcbehaqéd tdreacerpresemnglehed in
%ﬁ%acﬁtl%@ = hsbyees; ghe 'flﬁpe§129@30§n9h5halgfn@EE'roBf

sheave e magni tude of the contact angl .
thies FiRrteng BBblRY 3387 bRe usSese a6t 2 h’@e%ﬁl%rr@f—efieéﬁr“

H%ﬁl@lﬂgvetfﬁétz Ealaulah@é %&nfsb.ﬁspéiﬁéicﬁ@ @hﬁ’@a&% Qifo dBé ebro-
m.n e .S e Sus SI O

30 g0yttt Tt e S RIS OB L S Bkt R ction
BhaatneorBO?She’Elqe ﬁ@@nlfm@ermgnnﬂmde:mitadte ampmiactan be

b e an b

@EQI%' QE{Iﬁgr¥§ Qjﬂ% §§ ﬁquﬁgﬁ%%5n9§%e%&W%gging
Pﬁélﬁérgrﬁltﬁjd@n% tbfa tqar@céﬁglne %1&?&4@ a? 8. bBheamaggipde
V&N YihRg aHQQedloalt%:n t8la Obat %rqle\ae!btyl %x@qhbexh@na/lafne-

by va aneter_of the tracgtion sheave nd
bhzo ) ey AR SrHom0T O e B e dTamerad Star di-

hmetétveﬁi|ﬂ@epukheylandsheaeetamﬂ|am95h@pvearfigg 8he
04 ; 9C L gr%%%t %@%% amme,20 ef (1aply ?LRF%%&H@ V\%ulley and

correspon ropi'ng arrangerment
dhee rttﬁamglmm | shyeaverhd Iopi Hy @mﬁ ahy eméﬁtsgnbr esegradple

b F'r&aleﬁQerﬂi’Eh eaa&%rr@s{:)f)ﬁ&%ﬂb @ | ﬁ&bﬁ@@ af-rbRgement
abqve-menti_Q |l e VVag roping. In the roping
r

HFF&HQ@W@nglvﬁrFPEQ QHll?ﬁ opes 25 run' via the rope
grooves of a diverting pulley 915 to the traction
Theaveptinhac birdanskeanes9preobnthd dni ¥ég. 94 and 9e are

different variations of the above-mentioned Double Wrap
roping. In the roping arrangement in Fig. 9d, the ropes
run’ via the rope grooves of a diverting pulley 915 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 %07, the
ropes 903 go further downwards back to the diverting
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 fraction
sheave 907, the ropes 903 run further downwards via the
rope grooves of the diverting pulley. In the roping ar-
rangement presented in the figqure, the hoisting ropes



machi ne 906, passing over it along the rope grooves of
the traction sheave. Fromthe traction sheave 907, the
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ey 915, wrapping around it along the ro
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magni tude. By using DWro or war d bePd %
sheave. Thigs can be used: means o 1n1ng the
magnitude of the contact angle and fitting it to a de-
sired magnitude. By using 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,
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 arrangement, the ropes 903 are passed in a man-
ner corresponding to Fig. 9d, but in this case a con-
tact angle of 180° + 90°, i.e. 270° is obtained. In DW
roping, if the diverting pulley 915 is placed on the
side of the traction sheave, greater demands are im-—



of the rope 903 is achieved, which neans that in DW
roping the rope 903 is bent in the sane direction on
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30 such as e.g. the way illgstrated in Fig. 9e, where
the diverting pulley 915 is disposed on the side of
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Undlyesd! M puder Sida hliadyy phossenl, 2 ne-
tween the ropes 903 and the traction sheave 907 is ob-
tained. The diverting pulley 915 is fitted in place at
an angle such that the ropes run crosswise in a manner
known in itsgelf, so that the ropes are not damaged. By
virtue of the contact angle achieved using Extended
Single Wrap roping, elevators implemented according to
the invention can use a very light elevator car. One
possibility of increasing the contact angle is illus-
trated in Fig. 9g, where the hoisting ropes do not xrun
crosswise relative to each other after wrapping around
the traction sheave and/or diverting pulley. By using a
roping arrangement like this, it is also possible to
increase the contact angle between the hoisting ropes
903 and the traction sheave 907 of the drive machine
206 to a magnitude substantially over 180°.



known in itself, so that the ropes are not damaged. By
25 virtue of the contact angle achi eved using Extended
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the I nvention can use a very light el evator car.
possibility of increasing tBé contact angle is il I us-
trated in Fig. 99, where the hoisting ropes do not run
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between the traction sheave 1007 and the _dlvertlng pul-
ley 1015. The unit 1020 may comprise more than only one
diverting pulley 1015, or it may only comprise the
drive machine 1006 fitted on the mounting base 1021.
The unit can be mounted in an elevator according to the
invention like a drive machine, the mounting arrange-
ment being described in greater detail in connection
with the previous figures. If necessary, the unit can

- be used together with any of the roping arrangements

described above, such as e.g. embodiments using ESW,
DW, SW or XW roping. By fitting the above-described
unit as part of an elevator according to the invention,
considerable savings can be made in installation costs
and in the time required for installation.



diverting pulley 1015, or it may only conprise the 25
drive machine 1006 fitted on the nounting base 1021.
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i%hvention like a drive machi ne, the modit|
arrange- nment being describédd in greater detail |n
connection wth the previous figures. |If necessary,
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unlimted nunber of diverting pul | eys, and these can

, fi d d d th
Hisw Toorhie 457 LRE.00855 shank Bal, beryifiy $&y sus-
tﬂmn@lEhateﬂemmtumutaxsasdﬂxﬂauﬁﬁrwmkhrmmnaed n@unted
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supporting the el evator car di sposed with re-
FERoripingetPeaml 29800rTREY okl s hbavel 3podedniit Fe-
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%%1 f the beam 1230 c ri.sed 1n fhe structu 1TEEan
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nﬂ&ﬁ@doéitherbbamowZGm abower1ded eievabher stanctlhre. The
(908 oA LRAPBIole Phacsl sptielehy oiag Gayt o
placed either below or above the elevator car. The
rope sheave 1204 may be placed completely or at least
partially inside the beam 1230, as illustrated in the
figure. The passage of the elevator hoisting ropes
1203 in this figure is as follows. The hoisting ropes
1203 come to the coated rope sheave 1204 mounted on
the beam 1230 comprised in the structure supporting
the elevator car 1201, from where the —hoisting rope
runs further along the rope grooves of the rope
sheave, 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-,
I-, Z-shaped beam or a hollow beam or egquivalent. The
beam 1230 may support several rope sheaves fitted on



figure. The passage of the el evator hoisting ropes 25
1203 in this figure is as follows. The hoisting ropes
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eam 1230 conprised in the structure supportlng
the el evator car 1201, fronB®here the hoisting rope
runs further along the rope grooves of the rope 30
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suspension ratio of 10:1 above and below the elevator
car. This embodiment is iﬁplemented using conventional
hoisting rébes preferably of a diameter of 8 mm and a
traction sheave made of cast iron at least in the area
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
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

different embodiments of the invention are not limited



hoi sting ropes preferably of a dianmeter of 8 nmand a
tracti on sheave made of cast iron at least in the area
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It is further obvious to the person skilled in the art
that the metallic traction sheaves and rope"sheaves
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 suited to the purpose.

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 might be e.g. one in
which the machine is located behind the car as seen
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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,
cogged;‘belt, trapezoidal belt or some other type of

belt applicable to the purpose.

It is also obvious to the skilled person that, instead
of psing ropes with a filler as illustrated in Fig. 5a
and 5b, the invention may be implemented using roﬁes
without filler, which are either lubricated 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-

erage of the wire thicknesses may be understood as re-



any type of flexible hoisting neans as hoi sting ropes,
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CLAIM5S 1. Elevator, preferably an el evator w thout
machine .room in which elevator a hoisting nmachine

Wozso]-tgﬂl £R- gages a set of hoisting ropes (3) kliﬁ(:f?ﬁ?&ﬁm@{m
a )

10

15

20

25

30

ract| on sheave (11), an elevator car ( be
| east partially supported bgosaid hoi sting ropes,
whi ch serve as a neans of noving the el evator car
("%L) gg%mracteri zed in that the elevator car is sus-
% on the hoisting ropes (3) by neans of at 10
| east one diverting pulley (13,14) fromwhose rim the
Hoi sElsyatopes poeclipvably famomeBeritordesithdutatmachine
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stantially immovably with respect to the elevator

car so as to be movable with the elevator car.

3. Elevator according to c¢laim 1, characterized in
that at lieast one end of the hoisting ropes is fas-
tened substantially immovably with respect to the
elevator shaft.

4. Elevator according to any one of the preceding
claims, characterized in that it comprises at least
two diverting pulleys from which the hoisting ropes
go upwards and at least two diverting pulleys from

which the hoisting ropes go downwards.

5. Elevator according to claim 4, characterized in
‘that both the number of diverting pulleys from
which the holsting ropes go upwards and the number



clainms, characterized in that both ends of the 5
hoi sting ropes are fastened substantially imovably
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spring. 7. Elevator according to any one o
preceding clainms, charactetd zed in that both ends of
the 10 hoisting ropes are fastened substantially
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el et ctowawar@s & evatbromcrording to any one of the

preceding clains, characterized in that the

6 0NtE NUALS, ANG &b 310y CeBt aghy betyeen,d hepkr agtLenging
sheave and the hoisting ropes is at |east 180. 9

El e c SHATREEF iR 0AB ofDehe RRERegny of the

cl aifws, s ehaf apsesd 286k | fad haded NeulsOPEH PUSUBy alghevaBly
cont act. bet ween_t he tracti' on sheave ggd the . 20 £
hoi STy TOTRRCE LY r il 7L TIPSR T 108 & LB BPanS ©
accar dpwiri@. any one of the preceding clains,
characterized in that the roping used be- tween the
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chanaataiiged-dped Nate tHes f OPENOsWSEEaRE al WPENhBOably
tract.iqQn sheave and %Wro%% sheave serving
r

as a
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El evditoiac coparagtenizes dhetbptt fdigreetingous. angle

cl aidhifs, ﬁ%t%@ f%ﬁﬁ@gei'tn_n that ﬂﬁ&%ﬁfﬁ% :sﬂﬁa:\;%oeﬁndusﬁﬂe
arehi,gh-stren 0i st.ing raopes,..14. evat or

acc g Hg- 1D e Gt ﬁﬁ?sdfelt%i'ng 5 cl ai ns,
characterized in that the strength of the steel wres
?2f tHledwict | rgooaddag stgr eater didwmnof the preceding

claims, characterized in that the continuous angle
of contact between the traction sheave and the

hoisting ropes is greater than 180°.

10. Elevator according to any one of the preceding
claims, characterized in that the roping used be-
tween the traction sheave and a rope sheave serving

as a diverting pulley is ESW roping.

11l. Elevator according to any one of the preceding
claims, characterized in that the roping used be-
tween the traction sheave and a rope sheave serving

as a diverting pulley is DW roping.

12. Elevator according to any one of the preceding
' claims, characterized in that the roping used be-
tween the traction sheave and a rope sheave serving

as a diverting pulley is XW roping.



about 2300 NNmm 2 and | ess than about 2700 N m#®2. 15.
El evat or according to any one of the preceding
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area of the steel wires of the hoisting ropes is
| arger than about 0.015 mfland smal |l er than about
0.2 m2, and that the strength of the steel wires of

e hoi st.ing ro i . reate ha b 0 :
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pur pose. 19. Elevator according to any one of the

RE?Cfﬁé\Pagtongl | % rrfﬂ?# agterbzed LRet h@f the t LRelkeding
Shéave 1S "nmade of cast iropn at least in the area qf 1
t he ¢lopians gr shpeacterdzefe FopdhgitootRe SFESHELE AR
undefre30o¢Utthe steel wires of the hoisting ropes is
larger than about 0.015 mm’ and smaller than about
0.2 mm?, and that the strength of the steel wires
of the‘hoisting ropes is greater than about 2000

N/mm?.

16. Elevator according to any one of the preceding
claims, characterized in that the diameters of the
hoisting ropes are smaller than 8 mm, preferably

between 3 — 5 mm.

17. Elevator according to any one of the preceding
claims, characterized in that the hoisting machine

is particularly light in relation to the load.

 18. Elevator according to any one of the preceding

claims, characterized in that the traction sheave
is coated with polyurethane, rubber or some other

frictional material appropriate for the purpose.

19, Elevator according to any one of the preceding
claims, characterized in that the traction sheave is
made of cast iron at least in the area of the rope
grooves, and the rope grooves are preferably under-

cut.



