Office de la Proprieté Canadian CA 2571442 C 2012/07/03

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 571 442
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2005/06/06 (51) ClLInt./Int.Cl. B66B 5/04 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2006/02/02 5665 11/06(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2012/0/7/03 AULANKO. ESKO FI
(85) Entree phase nationale/National Entry: 2006/12/20 MUSTALAHTI. JORMA FI:
(86) N° demande PCT/PCT Application No.: FI 2005/000262 DE JONG, JOHANNES, FI
o o RANTANEN, PEKKA, FI
(87) N publication PCT/PCT Publication No.: 2006/010/81 o
L (73) Proprietaire/Owner:
(30) Priorité/Priority: 2004/07/30 (FI20041044) KONE CORPORATION, FI

(74) Agent: G. RONALD BELL & ASSOCIATES

(54) Titre : ASCENSEUR
54) Title: SAFETY BRAKE FOR ELEVATOR WITHOUT COUNTERWEIGHT

NO
Elevator direction?
Upwards
Brake delay
Brake control

(57) Abrégée/Abstract:
A traction sheave elevator without counterweight and method for braking an elevator is provided, in which elevator the elevator car
IS suspended by means of hoisting ropes consisting of a single rope or several parallel ropes, said elevator having a traction sheave

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

» . _
( l an adH http://opic.ic.ge.ca* Ottawa/Gatineau K1A 0C9 - Atp.//cipo.dic.ge.ca o p1C
OPIC - CIPO 191




CA 2571442 C 2012/07/03

aneny 2 571 442
13) C

(57) Abrege(suite)/Abstract(continued):
which moves the elevator car by means of the hoisting ropes. In the elevator, when the elevator car iIs moving upwards In an

emergency stop situation the braking of the operating brake of the elevator Is at least partially prevented for at least a part of the
stopping distance of the elevator.



CA 02571442 2011-06-09

ABSTRACT

A traction sheave elevator without counterweight
and method for braking an elevator is provided, in
which elevator the elevator car is suspended by means
of hoisting ropes consisting of a single rope or

several parallel ropes, said elevator having a

.’
(N

traction sheave which moves the elevator car by mea
of the hoisting ropes. In the elevator, when the
elevator car is moving upwards in an emergency stop
situation the braking of the operating brake of the
elevator 1s at least partially prevented for at least

a part of the stopping distance of the elevator.



10

15

20

25

30

CA 02571442 2011-06-09

1

SAFETY BRAKE FOR ELEVATOR WITHOUT COUNTERWEIGHT

FIERLD OF THE INVENTION
The present 1invention relates to a traction sheave
elevator without counterweight and a method for

braking a traction sheave elevator without

counterwelight.

BACKGROUND OF THE INVENTION

One of the objectives 1n elevator development work 1is
to achieve efficient and economical utiliization oL
building space. In recent years, this development work
has produced various elevator solutions without
machine room, among other things. Good examples of
elevators without machine room are disclosed 1in

specifications EP 0 631 967 (Al) and EP 0 631 968. The

elevators described in these specifications are fairly
efficient in respect of space utilization as they have
made it possible to eliminate the space required by
the elevator machine room in the building' without a
need to enlarge the elevator shaft. In the elevators
disclosed in these specifications, the machine 1is
compact at least 1in one direction, but 1n other

directions it may have much larger dimensions than a

conventional elevator machine.

In these basically good elevator solutions, the space
required by the hoisting machine limitg the freedom of
choice in elevator lay-out solutions. Space 1s needed
for the arrangements required for the passage of the

hoisting ropes. It is difficult to reduce the space

required by the elevator car 1tself on 1ts track and
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likewise the space required by the counterweight, at
least at a reasonable cost and without impairing
elevator performance and operational quality. In a
traction 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
W of considerable weight. Especially in the case of
larger loads, speeds and/or travel heights, the size
and weight of the machine are a problem regarding
installation, even to the extent that the regquired 5
machine size and weight have in practice limited the
sphere of application of the concept of elevator
without machine room or at least retarded the
introduction of said concept in larger elevators. In
modernization of elevators, the space avallable in the
elevator shaftt often limits the area of application of
the concept of elevator without machine room. One
prior-art solution 1s disclosed 1in publication
US5788018, i1n which the elevator car is suspended with
a suspension ratio of 1:1, and in which wvarious
tensioning devices are used to tension the continuous
holsting rope. The compensation sheave described in
this publication 1s regulated by a separate control
system, said system being controlled by means of an
external control, which system requires control
implemented by means of a complex external control. A
recent traction sheave elevator solution with no
counterweight, W02004041704, presents a viable
solution i1n which movement of the elevator car in the

elevator 1s based on traction friction from the

hoisting ropes of the elevator by means of a traction
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sheave. This elevator solution is primarily aimed at
low buildings and/or buildings with a low travel
height. The problems that are solved in this
publication are mainly applicable for wuse 1in
relatively low buildings, and although the concepts
also apply to larger travel heights, larger travel
heights and higher speeds introduce new problems to be
solved. In prior-art elevator solutions without
counterweight, the tensioning of the hoisting rope is
implemented by means of a weight or spring, and this
1s not an attractive approach to implementing the
tensioning of the hoisting rope. Another problem with
elevator solutions without counterweight, e.g. when
long ropes are also used due to e.g. a large travel
height or high-rise buildings and/or the length of the
rope due to large suspension ratios, 1s compensation
of the elongation of the ropes and the fact that, due
to rope elongation, the friction between the traction
sheave and the hoisting ropes 1is i1nsufficient for the

operation of the elevator.

4

SUMMARY OF THE INVENTION

The present 1nvention provides an elevator without
machine room so as to allow more effective space
utilization in the building and elevator shaft than
before. This means that the elevator should be capable

of being installed i1in a fairly narrow elevator shaft

1f necessary. The present invention also provides an
elevator 1n which the hoisting rope has a good
grip/contact on the traction sheave. The present

invention also provides an elevator solution without

counterwelight without compromising the properties of
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the elevator. The present invention also minimizes
rope elongations. The present invention also provides
an elevator by means of which it is possible to

implement an elevator without counterweight in high-

rise buildings and/or a fast elevator without
counterweight. The present invention also provides an
elevator that is safe in each situation, such as e.g.
also 1n an emergency stop and in particular when
effecting an emergency stop of the elevator while the

elevator car is traveling upwards.

The above provisions of the present invention should
pe achieved without compromising the possibility of

varying the basic elevator lay-out.

According to an aspect of the present invention, there
1s provided a traction sheave elevator without
counterweight, 1in which elevator an elevator car is
suspended by means of hoisting ropes consisting of a
single rope or several parallel ropes, the elevator
having a traction sheave which moves the elevator car
by means of the hoisting ropes, wherein when the
elevator car 1is moving upwards in an emergency stop
situation the braking of an operating brake of the
elevator is at least partially prevented for at least

a part of a stopping distance of the elevator.

According to another aspect of the present invention,
there 1s provided a method for braking a traction
sheave elevator without counterweight, wherein when an
elevator car is moving upwards in an emergency stop

situation, the braking of the operating brake of the
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4a
elevator 1s at least partially prevented for at least
a part of a stopping distance of the elevator. Some
inventive embodiments of the present invention are
discussed 1n the descriptive section of the present
application. The inventive content of the application
can also be defined differently than in the claims
presented below. The inventive content may also
consist of several separate inventions, especially if
the 1nvention 1s considered 1in the 1light of
expressions or i1mplicit sub-tasks or from the point of
view of advantages or categories of advantages
achieved. In this case, some of the attributes

contained in the claims below may be superfluous from

the point of view of separate inventive concepts. The
various embodiments of the i1nvention and the features
and detaills of the embodiment examples can be used 1in

conjunction with each other.

By applying the invention, one or more of the

following advantages, among others, can be achieved:

- The elevator of the i1nvention 1is safe also 1n an

emergency braking situation, especilally when

braking while the elevator car 1s moving upwards
- The operation of the brake of the invention can be

easily implemented both by means of a control

arrangement and by means of the construction of the

brake

- Operation of the brake while the elevator car 1is
moving upwards 1n an emergency situation 1is

prevented by means of the construction of the brake

or by means of the control
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— Control of the brake 1is ensured by means ot

reserve power, also in a situation where there 1is

interference in the supply of electricity to the

elevator

= The relevant brake function 1is advantageously

applicable for use in high-rise buildings and 1in

fast elevators without counterweight

- The delay in engagement of the brake when braking

in the upward direction can easily be made

constant or the delay can easily be set to Dbe

dependent on the speed of the elevator.

The primary area of application of the invention 1is
elevators designed for the transportation of people
and/or freight. A typical area of application of the
invention is in elevators whose speed range 1s higher
than about 1 m/s, but may also be lower than 1.0 m/s.
For example, an elevator having a traveling speed of 6

m/s and/or 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
pronouncedly brought out even i1n elevators for only 2-
4 people, and distinctly brought out in elevators for
6-8 people (500 - 630 kg).

In the elevator of the invention, normal elevator
hoisting ropes, such as generally used steel ropes,
are applicable. In the elevator, it is possible to use
ropes made of artificial materials and ropes 1n which
the load-bearing part is made of artificial fiber,
such as e.g. so-called “aramid ropes”, which have
recently been proposed for  use 1n elevators.

2pplicable solutions also include steel-reinforced

flat ropes, especially because they allow a small

deflection radius. Particularly well applicable in the
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elevator of the invention are elevator hoisting ropes
twisted e.g. from round and strong wires. From round
wires, the rope can be twisted in many ways using
wires of different or equal thickness. It 1is also
possible to use conventional elevator hoisting ropes
in the elevator of the invention. In an elevator with
a suspension ratio of 2:1, for example, having a
traveling speed of about 6 m/s and with the mass of
the car plus maximum load being about 4000 kg, only
six elevator hoisting ropes each of 13 mm 1n diameter
are needed. Preferred areas of application for an
elevator according to the invention with a 2:1
suspension ratio are elevators whose speed 1s 1in a
range above 4 m/s. One design criterion 1in the
elevator of the invention has been to keep rope speeds
below 20 m/s. However, when the rope speed 1s about 10
m/s, the speed range of the elevator is one in which
the operation and behavior of the rope on the traction
sheave of the elevator are wvery well known. A
preferred solution of the elevator of the invention 1is
an elevator without machine room, but also solutions
with a machine room are easy to implement by means of
the invention. In high-rise buildings, the absence ot
a machine room i1is not necessarily significant, but it
even 10-20%, or even higher, savings 1in shaft space
are achieved by means of elevators according to the
invention, really significant advantages in utilizing

the surface area of a building will be achieved.

Preferred embodiments of an elevator without

counterweight according to the invention are, for
example, with a suspension ratio of 4:1 and using
conventional elevator hoisting ropes of 8 mm 1in
diameter and with the speed of the elevator being e.g.
3 m/s and with the weight of the elevator car plus
maximum load being 4000 kg, in which case only eight

hoisting ropes are needed. Another example of a
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preferred embodiment 1S an elevator wilthout
counterweight having a suspension ratio of 6:1, the
speed of said elevator being 1.6 m/s, and in which
conventional ropes of 8 mm in diameter are used, and
with the mass of the elevator car of the elevator plus
maximum load being at most 3400 kg, in which case only

5 hoisting ropes are needed.

Braking in the upward direction in a traction sheave
elevator without counterweight is extremely fast when
the brake engages during an emergency stop because the
moving masses are reasonably small in relation to the
net forces of deceleration. Gravity assists the
deceleration of the car, but the force factor in the
opposing direction caused by the counterweight is
absent. Especially 1n emergency stops occurring at
high speeds the duration of the effect of the
deceleration force on a passenger is of the extent
that the "lightening" of the passenger can have
serious consequences such as, for example, injury to
the passenger. High deceleration in any case causes
unpleasant feelings for most people. In the worst case
the additional deceleration of the car caused by
friction and braking increases the deceleration of the
car to more than the force of gravity g, in which case
the passenger, who decelerates only under the
influence of his/her own gravity, detaches from the
floor of the car. The present invention therefore
achieves deceleration that in every possible situation
1s appreciably less than the gravitational force g of

the whole elevator.

The problem 1s solved 1in the elevator without
counterweight of the invention in such a way that a
control arrangement prevents the brake from engaging
to brake the car while 1t 1s moving in the upward

direction when an emergency stop occurs. Controlled
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operation of the brake is ensured by means of reserve
power. Another alternative is to structurally make a
holding brake for the elevator that is designed in

such a way that the holding brake detains essentially
only a downward movement of the elevator car. The
braking force of the holding brake in the direction of
upward movement 1s appreciably smaller than in the
direction of downward movement or even non-existent.
The greater the mass of the hoisting ropes in relation
to the mass of the car, the smaller deceleration the
elevator car has. Thus the deceleration of elevators
with a large travel height, which are therefore by

nature fast, 1s lower.

The traction sheave elevator without counterweight of
the invention, in which the elevator car is suspended
1n the elevator by means of hoisting ropes consisting
of a single rope or several parallel ropes, said
elevator having a traction sheave which moves the
elevator car by means of the hoisting ropes. In an
emergency stop situation when the elevator car in the
elevator 18 moving upwards, the Dbraking of the
operating brake of the elevator is at least partially
prevented for at least a part of the stopping distance

of the elevator.

The method of the invention for braking a traction

sheave elevator without counterweight braking is
implemented 1n a way that when the elevator car is

moving upwards 1in an emergency stop situation, the
braking of the operating brake of the elevator is at
least partially prevented for at least a part of the
stopping distance of the elevator.

BRIEF DESCRIPTION OF THE DRAWINGS
In the following, the invention will be described in

more detall by the aid of a few examples of its
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embodiments with reference to the attached drawings,

wherein

Fig. 1 presents a diagrammatic view of a traction
sheave elevator without counterweight
according to the invention,

Fig. 2 presents a diagrammatic view of an operating

brake of an elevator according to the

invention,
Fig. 3 1s a diagram representing a control
arrangement of a brake according to the

invention, and

"1}

b=
(o
>

1s a diagram representing a control flcowchart

of a brake according to the invention.

DETALILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 presents a diagrammatic illustration of a
traction sheave elevator without counterweight
according to the invention, in which the compensating
system according to the invention is situated in the
upper part of the shaft, 1.e. in the case of Fig. 1 in
the machine room 17. The elevator is an elevator with
machine room, with a drive machine 4 placed in the
machine room 17. The elevator shown in the figure is
a traction sheave elevator without counterweight, in
which the elevator car 1 moves along guide rails 2. In
elevators with a large travel height, the elongation
of the hoisting rope involves a need to compensate the
rope elongation, which has to be done reliably within
certain permitted limit wvalues. In that case it 1is
essential 1n respect of elevator operation and safety
that the hoisting rope portion below the elevator car
should be kept sufficiently tight. In the rope force
compensating system 16 of the invention presented in
Fig. 1, a very long movement for compensating rope
elongation 1s achieved. This enables compensation of
also large elongations, which is not often possible

with simple lever solutions or with spring solutions.
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The compensating system 16 of the invention shown 1n
Fig. 1 keeps the rope tensions T, and T, acting over the
traction sheave at a constant ratio of T,/T,. In the
case presented in Fig. 1 the T,/T, ratio is 2/1. With
even suspension ratios above and below the elevator
car, the compensating system 16 is disposed 1in the

machine room or elevator shaft or other place suitable

for the purpose that is not connected to the elevator
car, and with odd suspension ratios above and below the

elevator car the compensating system 16 1s connectéd to

the elevator car.

In Fig. 1 the passage of the hoisting ropes 1s as
follows: One end of the hoisting ropes 3 1s fixed to
the diverting pulley 15 and/or any  Suspension
arrangement for said diverting pulley. Diverting
pulleys 14 and 15 form the compensating system 16 1n
Fig. 1. The compensating system 16 1s disposed 1in the
machine room 17 of the elevator. From diverting pulley
15 the hoisting ropes 3 run upwards encountering the
other diverting pulley 14 of the compensating system
16, which the rope passes around via the rope grooves
in the diverting pulley 14. These rope grooves can be
coated or uncoated, e.g. with friction increasing
material, such as polyurethane or other appropriate
material. All the diverting pulleys of the elevator or
only some and/or the traction sheave can be coated with
said material. After passing around the diverting
pulley 14, the ropes continue downwards 1in thé elevator
shaft to the diverting pulley 10 mounted on the

elevator car 1, and having passed around this pulley

the hoisting ropes 3 run across the top of the elevator
car 1 to diverting pulley 9, which is mounted on the

elevator car 1 and to the other side of the elevator

shaft. The passage of the hoisting ropes 3 to the other
side of the elevator shaft 1s arranged by means of

diverting pulleys 10 and 9, a preferred way ot
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arranging the passage of the hoisting rope across the
elevator car 1 being diagonally wvia the centre of mass
of the elevator car. After passing around 'diverting
pulley 9 the rope returns upwards to the hoisting
machine 4 1located in the machine room 17 and to the
traction sheave 5 of said machine. The diverting
pulleys 14,10,9 together with the traction sheave 5 of
the hoisting machine 4 form the suspension arrangement

above the elevator car, the suspension ratio of which

is the same as that of the suspension arrangement below
the elevator car, said suspension ratio being 2:1 1n
Fig. 1. The first rope tension T, acts on the part of
the hoisting ropes above the elevator car. After
passing around the traction sheave 5 the ropes continue

their passage along the elevator shaft to the diverting

pulley 8, said diverting pulley 8 being advantageously
disposed in the lower part of the elevator shaft. After
passing around the diverting pulley 8 the ropes 3
continue upwards to the diverting pulley 11 mounted on
the elevator car, said diverting pulley not being
visible in Fig. 1. After passing around the diverting
pulley 11 the hoisting ropes continue their passage, 1n
a similar manner as the roping above the elevator car
1, across the elevator car 1 to the diverting pulley 12

positioned on the other side of the elevator car and at

'the same time the hoisting ropes move to the other side

of the elevator shaft. After passing around the
diverting pulley 12, the hoisting ropes 3 continue
downwards to the diverting pulley 13 in the lower part
of the elevator shaft, and having passed around this
pulley continue and return to the other diverting
pulley 15 of the compensating system 16 in the machine
room 17 of the elevator, and having passed around said
diverting pulley 15 the hoisting ropes run to the
fixing point of the other end of the hoisting rope,
said fixing point being located in a suitable place 1in

the machine room 17 or in the elevator shaft. The
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diverting pulleys 8,11,12,13 form the suspension
arrangement of the hoisting ropes below the elevator

car and a part of the roping. The other rope tension T,

of the hoisting rope acts on this part of the hoisting
ropes below the elevator car. The diverting pulleys of
the lower part of the elevator shaft can be immovably
fixed to the frame structure formed by the guide rails
2 or to a beam structure located at the lower end of
the elevator shaft or each one separately to the lower
part of the elevator shaft or to any other fixing
arrangement suited to the purpose. The diverting
pulleys on the elevator car can be immovably fixed to
the frame structure of the elevator car 1, such as e.q.
to the car sling, or to a beam structure or beam

structures on the elevator car or each one separately

~to the elevator car or to any other fixing arrangement

suited to the purpose. The diverting pulleys can also
be modular in structure, e.g. i1n such a way that they
are separate modular structures, such as e.g. of the
cassette type, that are i1immovably fixed to the shaft
structures of the elevator, to the structures of the
elevator car and/or of car sling or to another
appropriate place 1in the elevator shaft, or in its
proximity, or 1n connection with the elevator car
and/or 1n the machine room of the elevator. The
diverting pulleys located in the elevator shaft and the
devices of the hoisting machine and/or the diverting
pulleys connected to the elevator car can be disposed

elther all on one side of the elevator car i1n a space

between the elevator car and the elevator shaft or
otherwise they can be disposed on different sides of

the elevator car 1n the manner desired.

The drive machine 4 placed in the machine room 17 1is
preferably of a flat construction, in other words the
machine has a small thickness dimension as compared to

its width and/or height. In the elevator without
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counterweight of the invention, it 1s possible to use

a drive machine 4 of almost any type and design that
fits into the space intended for it. For example, it 1s
possible to use a geared or gearless machine. The
machine may be of a compact and/or flat size. In the
suspension solutions according to the invention, the
rope speed 1is often high compared to the speed of the
elevator, so it i1s possible to use even unsophisticated
machine types as the basic machine solution. The
machine room of the elevator is preferably provided

with equipment required for the supply of power to the

motor driving traction sheave 5 as well as equipment
needed for elevator control, both of which can be
placed in a common instrument panel 6 or mounted
separately from each other or integrated partly or
wholly with the drive machine 4. A preferred solution
is a gearless machine comprising a permanent magnet
motor. Fig. 1 1illustrates a preferred suspension
solution in which the suspension ratio of the diverting
pulleys above the elevator and the diverting pulleys
below the elevator car 1is the same 2:1 suspension 1in
both cases. To visualize this ratio in practice, 1t
means the ratio of the distance traveled by the
hoisting rope to the distance traveled by the car. The
suspension above the elevator car 1 is 1implemented by
means of the diverting pulleys 14,10,9 and the traction
sheave 5 and the suspension arrangement below the
elevator car 1 is implemented by means of the diverting
pulleys 13,12,11,8. Other suspension arrangements can
also be used to implement the invention, such as e.g.
larger suspension ratios, which are implemented by
means of a number of diverting pulleys above and below
the elevator car. The elevator of the invention can
also be implemented as a solution without machine room
or the machine may be mounted to be movable together
with the elevator. It 1s advantageous to place the

compensating system 16 1in the upper part of the



10

15

20

25

30

35

CA 02571442 2006-12-20

14

elevator, preferably in the machine room, especially in
elevators with a high travel height, which elevators
are usually also fast i1n terms of travel speed. In that
case, the placement of the compensating system
according to the i1nvention results in a considerable
reduction 1n the overall rope elongation of the
hoisting ropes of the elevator, because with this
placement of the compensating system the upper portion
of the hoisting ropes, 1.e. the portion located above

the compensating system, 1n which there 1s greater rope

tension, becomes shorter. The portion of the hoisting
ropes below the compensating system, however, then

increases. Placing the compensating system 1n the

machine room also enables easier access to i1t.

The compensating system 16 for rope force in the

elevator that is presented in Fig. 1 compensates rope

o &

elongation by means of the movement of the diverting

pulley 15. Diverting pulley 15 moves a limited distance
thereby equalizing elongations of the hoisting ropes 3.
Additionally, the arrangement 1n question Kkeeps the
rope tension over the traction sheave 5 constant,
whereby the ratio between the first and second rope
tension, the T,/T, ratio, in the case of Fig. 1 1is
approximately 2/1. Diverting pulley 15, which in Fig. 1

functions as a compensating pulley, can be controlled

by means of guide rails to stay on 1i1ts desired track,
especially 1in situations 1n which the compensating
system 16 receives a powerful i1impact, such as e.qg.
during wedge gripping of the elevator. By means of the
gulides of diverting pulley 15, the distance between the
elevator car and the compensating system can be kept to
that desired and movement of the compensating system
can be kept under control. The guide rails used for the
compensating system can be almost any type of guide
rails suited to the purpose, such as e.g. guide rails

made of metal or other material suitable for the
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purpose or e.g. rope guides. A buffer can also be

fitted to the compensating system 16 to dampen the

1impacts of the diverting pulleys of the compensating
system and/or to prevent slackening of the compensating
system. The buffer used can be disposed e.g. in such a
way that the compensating pulley 15 remains supported
by the buffer before the rope elongation of the
hoisting ropes has had time to fully unlay into the
hoisting ropes, especially into the part of the ropes
above the elevator car. One design criterion in the
elevator of the invention has been to ensure that the
compensating system 1s prevented from feeding rope from
the compensating system 1in the direction of the
portions of rope below the elevator car when ranging
outside the normal compensation area of the
compensating system, thereby maintaining a certain

tension in the hoisting ropes. It is also possible to

implement the compensating system 16 differently than

presented i1n the forgoing example, such as with more
complex suspension arrangements in the compensating
system, such as e.g. by arranging different suspension
ratios between the diverting pulleys of the
compensating system. It is also possible to use a lever
suited to the purpose, compensating pulleys or other
rope tension compensating arrangement sulited to the
purpose, or a hydraulic rope force compensating device
as the compensating system 16. A preferred embodiment
of the elevator with a 2:1 suspension ratio presented
in Fig. 1 is an elevator with a speed of approximately
6 m/s and a movable mass, which consists of the mass of
the car and its equipment as well as the mass of the
maximum load, of about 4000 kg, and in which elevator
only six elevator hoisting ropes each of about 13 mm in
diameter are needed. The preferred areas of application
for the elevator of the invention with a suspension
ratio of 2:1 are elevators whose speed is in a range

above 4 m/s.



10

15

20

25

30

35

CA 02571442 2006-12-20

16

Fig. 2 presents a diagrammatic i1llustration of one
structure of the operating brake of the elevator
according to the invention. Fig. 2 shows the operating
brake of the elevator. The brake operates normally 1in
the same manner as prior-art brakes, but normal
operation of the operating brake of the elevator 1is
achieved 1in an emergency braking situation with the
arrangement and structure presented in Fig. 2 when
braking with emergency braking while the elevator car
1s moving down, but when the elevator car 1s moving

upwards a delay of the desired magnitude and/or

lightened braking is achieved for the operating brake.
The brake operates such that when moving downwards
with the elevator car the brake also brakes normally
in an emergency braking situation. With electricity

being supplied to windings 205 when the elevator is

'Op‘é‘réting normally, if the electricity 1s cut off the

spring 206 engages the brake to brake the machine 204
by means of brake elements 207 and 209. The brake also
operates normally 1in an emergency braking situation,
in which the elevator car 1s moving downwards, in
other words, the brake 1in this situation brakes wvia
brake elements 207 and 209 according to the control of
the brake, the amount of braking force achieved
depending on the control of the windings 209. When the
elevator car 1s moving upwards by means of the
hoisting ropes 203 the operation of the brake 1is
different. When emergency braking in the upward
direction, 1in the case of Fig. 2 a delay for the
operating brake 1s achieved by means of the wedge-like
structure of brake element 209 and by means of the
returning spring 210. Movement of the wedge-like brake
elements with respect to each other can be ensured
e.g. by means of bearings 208. Thus in an emergency
braking situation when moving upwards, the desired

delay for the brake 1s achieved by means of the

structure of Dbrake element 2089 and/or 1lightened
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braking force 1s also achieved by means of the
returning spring 210 and the structure of brake
element 209. In the case of Fig. 2, the delay of the

brake can easily be made constant. The structure of

the operating brake of the elevator can also differ to
that presented in Fig. 2 and the delay in braking when

moving upwards and the lightened braking function can

also be arranged 1in a manner differing from that

presented in the figure.

Fig. 3 presents a diagrammatic 1llustration of the
arrangement of the control function of the operating
brake of the elevator of the invention. The operating
brake of the elevator can 1nclude e.g. at least the
operating brake of the elevator, the control unit of
the operating brake and an uninterrupted power supply
to the brake and to- its control. The uninterrupted
supply can be 1implemented e.g. by ensuring reserve
power for the equipment e.g. by means of accumulators
Or a similar arrangement. The components and
constituent parts needed for the control of the
operating brake of the elevator can differ from those

presented in Fig. 3.

Fig. 4 presents a diagrammatic illustration of the
control of the operating brake of the elevator shown as
a flowchart. The control consists of steps, in which
first it 1s determined whether an emergency braking

-

situation exists. If the result of this determination

1s that no emergency braking situation exists, the
operation of the brake 1s controlled normally by the
brake control. If, on the other hand, an emergency
braking situation exists, the operating brake of the
elevator must i1dentify in which direction the elevator
car 1s moving. If the elevator car is moving downwards,
the next step 1is again normal control of the brake of

the elevator. If, on the other hand, it 1s ascertained
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that the elevator 1s moving upwards, a pre-defined
braking delay occurs in the control. The braking delay
can be constant or otherwise it can be defined as
dependent on the acceleration and/or on the speed and

mass.

A preferred embodiment of the elevator of the invention
1s an elevator with machine room, in which the drive
machine has a coated traction sheave. The hoisting
machine has a traction sheave and diverting pulley,

and 1n said machine the traction sheave and diverting

pulley are pre-fitted at a correct angle relative to
each other. The hoisting machine together with 1its
control equipment 1s disposed in the machine room of
the elevator, in which room the compensating system of
the elevator 1s also placed. The elevator 1s
implemented without - counterweight with 4 suspension
ratio of 2:1 so that both the roping suspension ratio
above the elevator car and the roping suspension ratio
below the elevator car 1s the same 2:1, and that the
roping of the elevator runs in the space between one
of the walls of the elevator car and the wall of the
elevator shaft. The elevator has a compensating system
that keeps the ratio between rope tensions T, / T,
constant at a ratio of about 2:1. The compensating

system of the elevator has at least one locking means,

preferably brake elements, and/or a slack rope
prevention means for preventing uncontrolled
slackening of the hoisting ropes and/or uncontrolled
movement of the compensating system, said slack rope
prevention means preferably being a buffer. The
additional force caused by the masses of the diverting

pulley and 1ts suspension arrangement and  of

additional weights connected to the diverting pulley

are utilized 1in the compensating system, salid
additional force being substantially directed in the

same direction as the first rope tension T., and which

1!
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additional force increases the rope tension T,, thereby

making the ratio T, / T, more advantageous.

It 1s obvious to the person skilled in the art that
different embodiments of the invention are not limited
to the examples described above, but that they may be
varied within the scope of the claims presented below.
For instance, the number of times the hoisting ropes

are passed between the upper part of the elevator shaft

and the elevator car and the diverting pulleys below it
and the elevator car 1s not a very decisive qguestion,
although 1t 1s possible to achieve some additional
advantages by using multiple rope passages. In general,
applications are so i1mplemented that the ropes go to

the elevator car from above as many times as from

below, so that the suspension ratios of diverting

pulleys: going- upwards and diverting pulleys going

downwards are the same. It 1s also obvious that the
hoisting ropes need not necessarily be passed under the
car. In accordance with the examples described above,

the skilled person can vary the embodiment of the
invention, while the traction sheaves and rope pulleys,
instead of being coated metal pulleys may also be

uncoated metal pulleys or uncoated pulleys made of some

other material suited to the purpose.

It 1s further obvious to the person skilled in the art

that the traction sheaves and rope pulleys used in the

invention, whether metallic or made of some other
material suited to the purpose, which function as
diverting pulleys and which are coated with a non-
metallic material at least 1n the area of their
grooves, may be implemented using a coating material
consisting of e.g. zrubber, plastic, polyurethane or
some other material suited to the purpose. It 1is also
obvious to the person skilled in the art that in rapid

movements of the compensating system, which occur e.g.
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during wedge gripping of the elevator, the additional

force of the i1nvention also causes an 1nertial term 1in

the rope force, which tries to resist the movement of
the compensating system. The greater the acceleration
of the diverting pulley/diverting pulleys and any
additional weights of the compensating system, the
greater 1s the significance of the inertia mass, which
tries to resist the movement of the compensating system
and to reduce the 1mpact on the buffer of the
compensating system, because the movement of the
compensating system occurs against the force of
gravity. It 1s 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
examples. Such a different lay-out may be e.g. one in
which the machine is located behind the car as seen
from the shaft door and the ropes are passed under the
car diagonally relative to the bottom of the car.
Passing the ropes under the car in a diagonal or
otherwise oblique direction relative to the form of the
bottom provides an advantage when the suspension of the
car on the ropes 1s to be made symmetrical relative to

the centre of mass 1n other types of suspension lay-

outs as well.

It 1s also obvious to the person skilled in the art
that the equipment required for the supply of power to
the motor and the equipment needed for elevator control
can be placed elsewhere than in connection with the
machine unit, e.g. 1n a separate instrument panel, or
equipment needed for control can be implemented as

separate units which can be disposed in different

places i1n the elevator shaft and/or in other parts of
the building. It 1s likewise obvious to the skilled
person that an elevator applying the invention may be

equlipped differently from the examples described
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above. It 1is further obvious to the skilled person that
the elevator of the invention can 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 using ropes
with a filler, the invention may be implemented using
ropes without filler, which are either lubricated or
unlubricated. In addition, It is also obvious to the
skilled person that the ropes may be twisted in many

different ways.

It 1s also obvious to the person skilled in the art
that the elevator of the invention can be implemented
using different roping arrangements between the

traction - sheave  and the diverting pulley/diverting

pulleys to increase the contact angle o than those

described as examples. For example, it is possible to
dispose the diverting pulley/diverting pulleys, the
traction sheave and the hoisting ropes in other ways
than 1n the roping arrangements described in the
examples. It 1s also obvious to the skilled person
that, 1i1n the elevator of the invention, the elevator

may also be provided with a counterweight, in which

elevator the counterweight has e.Jg. a weilight
advantageously below that of the car and is suspended
with a separate roping, the elevator car being
suspended partly by means of the hoisting ropes and

partly by means of the counterweight and its roping.

Due to the bearing resistance of the rope pulleys used
as diverting pulleys and to the friction between the
ropes and the rope sheaves and possible losses
occurring in the compensating system, the ratio between
the rope tensions may deviate somewhat from the nominal

ratio of the compensating system. Even a deviation of
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5% will not 1involve any significant disadvantage
because 1in any case the elevator must have a certain

inbuilt robustness.
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The embodiments of the present invention in which
an exclusive property or privilege is claimed are

defined as follows:

1. A traction sheave elevator wlthout
counterweight, 1n which elevator an elevator car 1is
suspended by means of hoisting ropes consisting of a
single rope or several parallel ropes, said elevator
having a traction sheave which moves the elevator car
by means of the hoisting ropes, wherein when the
elevator car 1s moving upwards in an emergency stop
situation the braking of an operating brake of the
elevator 1s at least partially prevented for at least

a part of a stopping distance of the elevator.

2. The elevator according to claim 1, wherein the
elevator has rope portions of the hoisting ropes going
upwards and downwards from the elevator car, and the

rope portions going upwards from the elevator car are

under a first rope tension and the rope portions going
downwards from the elevator car are under a second

rope tension.

3. The elevator according to claim 1 or 2,
wherein the elevator has a compensating system acting
on the hoisting ropes for at least one of equalizing
or compensating the rope tension or rope elongation or
for keeping the ratio between the first rope tension

and the second rope tension substantially constant.

4, The elevator according to any one of claims 1
to 3, wherein the operation of the brake when the
elevator car 1s moving upwards 1n an emergency stop

situation 1s prevented by a control arrangement.
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5. The elevator according to claim 4, wherein the
operation of the brake when the elevator car is moving
upwards 1n the emergency stop situation is prevented

by means of the structure of the brake.

6. The elevator according to claim 4 or 5,
wherein the delay of the operation of the brake when
the elevator car is moving upwards in the emergency

stop situation is constant.

7. The elevator according to any one of claims 4
to 6, wherein the delay of the operation of the brake
when the elevator car is moving upwards in the

emergency stop situation is dependent on the speed of

the elevator car.

8. The elevator according to any one of claims 1

to 7, wherein the operation of the brake is ensured by

a reserve power source.

9. The elevator according to any one of claims 1

to 8, wherein the elevator 1s applicable for use in

high-rise buildings.

10. A method for braking a traction sheave
elevator without counterweight, wherein when an

elevator car 1s moving upwards in an emergency stop

situation, the braking of the operating brake of the
elevator 1s at least partially prevented for at least

a part of a stopping distance of the elevator.
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