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ELEVATOR AND TRACTION SHEAVE OF AN ELEVATOR

The operation of a conventional traction sheave eleva-
tor is based on a solution where steel ropes used as
hoisting ropes and at the same time as guspension
ropes are moved by means of a metallic, often cast-
iron traction sheave driven by a drive machine. The
movement of the hoisting ropes produces a movement of
the counterweight and elevator car suspended by them.
The driving power from the traction sheave to the
hoisting ropes, as well as the braking power in brak-
ing by means of the traction sheave is transmitted by
friction between the traction sheave and the ropes.

The coefficient of friction between the material of
the metallic traction sheaves used and the hoisting
ropes is often insufficient as such to maintain an
adequate grip between the traction sheave and the
hoisting ropes in ordinary conditions of elevator op-
eration. The friction and the forces transmitted by
the ropes are increased by shaping the rope grooves of
the traction sheave, or e.g. by providing the rope
grooves with a coating that increases the coefficient
of friction. In elevators provided with coated trac-
tion sheaves, it is possible in exceptional condi-
tions, e.g. in the event of a fire, that the coating
on the surface of the traction sheave is destroyed by
being burned or melted off. In such a situatiom, the
coefficient of friction between the traction sheave
and the hoisting ropes becomes insufficient and eleva-
tor movements c¢an not be controlled. The loss of an
adequate grip between the traction sheave and the
hoisting ropes is a problematic and dangerous situa-
tion in respect of elevator operation and safety. When
the coating is damaged, the system’s ability to main-
tain the functionality of the elevator is impaired and
at the same time the reliability of the elevator may

JP 2004-523445 A 2004.8.5
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change as a result of reduced grip especially in a
situation where a large imbalance prevails between the
elevator car and the counterweight. Such a situation
occurs when the elevator has no load or is heavily
loaded.

One solution to the problem of reduced grip resulting
from loss of the coating is disclosed in specification
US4465161. The solution proposed here is to provide
the traction sheave with toothings under the coating
in order to achieve a better grip between the traction
sheave and a steel wire rope after the coating has
been destroyed. A problem with such toothings, which
are implemented by a known technigue, is that the
hoisting rope comes into contact with the traction
sheave when the coating disappears, and this may dam-
age the hoisting rope and its structure. Especially a
heavy contact between the toothing and the hoisting
rope may damage the rope, which may even result in the
rope being broken. This is a definite safety risk. The
reliability of the elevator also changes as a result
of the hoisting rope being damaged, which leads to a
hazard especially in a situation where the elevator is
heavily loaded. The loss of the coating in a traction
sheave implemented by prior-art techniques also has
the consequence that, after the toothing and the steel
wire rope have come into contact, it is often neces-
sary to replace both the traction sheave and the
hoisting rope as both have been damaged. This causes
considerable additional costs.

The object of the present invention is to achieve an
elevator in which the grip of the traction sheave on
the hoisting rope is sufficient even in problem situa-
tions where the coating of the traction sheave is lost
or damaged. A further object of the invention is to
eliminate or avoid the drawbacks of prior-art solu-
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tions and to achieve a traction sheave that has a suf-
ficient grip on the hoisting rope even after the coat-
ing has been lost and that is also durable and spares
the rope against wear and damage. A further object of
the invention i1s to disclose a new type of traction
sheave that guarantees a sufficient grip between the
traction sheave and the hoisting rope after the coat-
ing on the surface of the traction sheave has been
lost. It is also an object of the invention to apply
the engagement between rope and traction sheave to di-
verting pulleys that may be comprised in the elevator
system.

As for the features characteristic of the invention,

reference is made to the claims.

In the elevator of the invention, the traction sheave
provided with a coating or at least its outer rim is
made of a material such that the hoisting rope will
bite into it after the coating on the surface of the
traction sheave has been lost. The traction sheave is
manufactured from material that permits the rope to
effectively bite into the traction sheave material.
Thus, as the hoisting ropes bite into the traction
sheave material, the elevator will maintain the re-
quired grip even in exceptional situations where the
coating of the traction sheave is lost or damaged. The
traction sheave and the hoisting rope therefore form a
material pair that is so chosen that a sufficient grip
is achieved between the traction sheave and the rope
in a gituation where the coating on the surface of the
traction sheave has been lost. In such a material
pair, the hoisting rope bites dinto the traction
sheave, thus producing a grip between them as is re-
quired for the operation of the elevator. When a
softer material is used in the traction sheave than in
the hoisting ropes and a material that permits the

JP 2004-523445 A 2004.8.5
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hoisting rope to bite into it, an effect protecting
the hoisting rope is achieved. The hoisting rope bites
into the traction sheave material while preserving its
properties, because it 1s very unlikely that the
hoisting rope itself should be damaged. In the solu-
tion of the invention, the hoisting rope is made of
hard and thin wires that bite into the material of the
traction sheave, thereby maintaining a sufficient grip
between them. As the wires of the hoisting ropes are
made of a very hard material, especially in thin and
super-strong ropes, the use of e.g. soft steel, alumi-
num, cast iron, brass or some other material appropri-
ate for the purpose as traction sheave material will
provide a sufficient grip between them after the coat-
ing on the surface of the traction sheave has been
lost. A sufficient grip between the traction sgheave
and the hoisting rope can also be implemented by add-
ing under the coating of the traction sheave an insert
that the hoisting rope will bite into in the same way
as it can bite into the traction sheave itself as de-
scribed above. In this case, it is not necessary that
the traction sheave and the hoisting rope should form
a material pair in which the hoisting rope bites into
the traction sheave material; instead, the insert
added forms the material pair in question with the
hoisting rope. A sufficient grip between the traction
sheave and the hoisting rope in a situation where the
coating increasing the coefficient of friction on the
surface of the traction sheave has been lost can be
implemented by providing in the traction sheave mate-
rial under the coating in the rope groove a roughened
area that, when in contact with the hoisting rope,
will produce a sufficient grip. The aim is not that
the elevator according to the invention should work
optimally for a long time in the exceptional circum-
stances in guestion in which the coating on the sur-
face of the traction sheave is lost or damaged, but

JP 2004-523445 A 2004.8.5
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the arrangement according to the invention will allow
the elevator to perform safely for a required period
of time. This is a safety arrangement in an elevator,
designed to ensure that the elevator will work tempo-
rarily safely in an exceptional situation as mentioned
above. The grip between the traction sheave and the
hoisting rope in a situation where the coating of the
traction sheave has been lost or damaged is a tempo-
rary property, which means that the elevator has to be
serviced as soon as possible after the coating has
been damaged. The elevator or traction sheave of the
invention can also be provided with a detector that
produces a signal indicating that the coating of the
traction sheave hasg been lost or damaged. The detector
provides information about damage to the coating of
the traction sheave.

By applying the invention, the following advantages

can be achieved:

— after the coating has been lost, a grip sufficient
for elevator operation is still maintained between
the traction sheave and the hoisting rope,

— the probability of the hoisting rope being damaged
in connection with a contact between the traction
sheave and the hoisting rope is considerably smaller
than in solutions implemented by prior-art tech-
niques

— the properties of the hoisting ropes are not im-
paired after a loss of the coating, which guarantees
that the functionality and reliability of the eleva-
tor are maintained even in exceptional conditions

— an elevator that is safe for users and remains func-
tional even in exceptional conditions where the
coating of the rope pulleys, especially the traction
sheave, has been lost

JP 2004-523445 A 2004.8.5
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— after a contact has occurred between the material of
the outer rim of the traction sheave and the hoist-
ing rope due to a loss of the coating, it is often
only necessary to replace the traction sheave while
the hoisting ropes need not be replaced, which means
a considerable saving in the costs

— as it is possible to use thin wires in the ropes and
because thinner wires can be made stronger, the
hoisting ropes can be correspondingly thinner, which
means that smaller rope pulleys can be used, which
again allows space saving and lay-out solutions of
lower cost

— the required grip between the hoisting rope and the
traction sheave is simple and advantageous to imple-
ment

— the bottom of the rope groove under the coating can
also between provided with groove shapes that allow
a quicker and more secure grip, making it possible
to achieve a more secure grip between the traction
sheave and the hoisting rope

— a sufficient grip between the traction sheave and
the hoisting rope can also be implemented by provid-
ing a roughened area on the bottom of the traction
sheave rope groove under the coating

— it is possible to manufacture only the outer rim of
the traction sheave from a material permitting the
rope to bite effectively into it

~ gafe elevator operation temporarily in a situation
where the coating of the traction sheave has been
lost.

In the following, the invention will be described in
detail with zreference to the attached drawings,
wherein

Fig. 1 presents dilagram representing an elevator ac-
cording to the invention,

Fig. 2 presents a rope pulley applying the invention,

JP 2004-523445 A 2004.8.5
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Fig. 3 and 4 present the rope groove of a traction
sheave according to the invention.

Fig. 1 is a diagrammatic representation of the struc-
ture of an elevator. The elevator is preferably an
elevator without machine room, with a drive machine 6
placed in the elevator shaft, although the invention
is also applicable for use in elevators having a ma-
chine room. The hoisting ropes 3 of the elevator run
as follows: One end of the rope set is immovably fixed
to an anchorage 13 in the wupper part of the shaft
above the track of the counterweight 2 moving along
counterweight guide rails 11, from where the ropes go
downwards to diverting pulleys 9 suspending the coun-
terweight and rotatably connected to the counterweight
2, and from these diverting pulleys 9 the ropes 3 go
further upwards to the traction sheave 7 of the drive
machine 6, running over the traction sheave along rope
grooves provided in it. From the traction sheave 7 the
ropes 3 go downwards to the elevator car 1 moving
along car guide rails 10, passing under it via divert-
ing pulleys 4 used to suspend the elevator car on the
rope set, and finally from the elevator car upwards to
an anchorage 14 in the upper part of the shaft, where
the second end of the rope set 3 is immovably fixed.
Anchorage 13 in the upper part of the shaft, the trac-
tion sheave 7 and the diverting pulley 9 suspending
the counterweight on the ropes are preferably so dis-
posed in relation to each other that both the rope
portion going from the anchorage 13 to the counter-
weight 2 and the rope portion going from the counter-
weight 2 to the traction sheave 7 are substantially
parallel to the path of the counterweight 2. Simi-
larly, a solution is preferred in which anchorage 14
in the upper part of the shaft, the traction sheave 7
and the diverting pulleys 4 sguspending the elevator
car on the ropes are so disposed in relation to each

JP 2004-523445 A 2004.8.5
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other that the rope portion going from the anchorage
14 to the elevator car 1 and the rope portion going
from the elevator car 1 to the traction sheave 7 are
substantially parallel to the path of the elevator car
1. With this arrangement, no additional- diverting pul-
leys are needed to define the passage of the ropes in
the shaft. The rope suspension acts in a substantially
centric manner on the elevator car 1, provided that
the rope pulleys 4 supporting the elevator car are
mounted substantially symmetrically relative to the
vertical center line passing via the center of gravity
of the elevator car 1.

The drive machine 6, preferably placed in the elevator
shaft, is of a flat construction, in other words, the
machine has a small depth as compared with its width
and/or height, or at least the machine is slim enough
to be accommodated between the elevator car and a wall
of the elevator shaft. The machine may also be placed
differently. Especially a slim machine can be fairly
easily mounted above the elevator car. In the elevator
shaft it is preferable to place equipment required for
the supply of power to the motor driving the traction
sheave 7 as well as equipment for elevator control,
beth of which can be placed in a common instrument
panel 8 or mounted separately from each other or inte-
grated partly or wholly with the drive machine 6. The
drive machine may be of a geared or a gearless type. A
preferable solution is a gearless machine comprising a
permanent-magnet motor. The drive machine may be fixed
to a wall of the elevator shaft, to the ceiling, to a
guide rail or guide rails or to somé other structure,
such as a beam or frame. In the case of an elevator
with machine below, a further possibility is to mount
the machine on the bottom of the elevator shaft. Fig.
1 illustrates the economical 2:1 suspension, but the

invention can also be implemented in an elevator using

JP 2004-523445 A 2004.8.5
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a 1l:1 suspension ratio, in other words, in an elevator
in which the hoisting ropes are connected directly to
the counterweight and elevator car without diverting
pulleys, or in an elevator implemented using some
other suspension arrangement suited for a traction

sheave elevator.

Fig. 2 presents a partially sectioned view of a rope
pulley applying the invention. The rope grooves 101 on
the outer rim 106 of the rope pulley are covered by a
coating 102. The hub of the rope pulley contains a
space 103 for a bearing used to mount the rope pulley.
The rope pulley is also provided with holes 105 for
bolts, allowing the rope pulley to be fastened by its
side to an anchorage in the hoisting machine 6, e.g.
to a rotating flange, to form a traction sheave 7, in
which case no bearing separate from the hoisting ma-
chine is needed. The material of a rope pulley usged as
a traction sheave so chosen that it forms a material
palr with the hoisting rope used, such that the hoist-
ing rope 3 will bite into the rope groove 101 after
the coating 102 has been lost. This ensures a suffi-
cient grip between the rope pulley 100 and the hoist-
ing rope 3 in an emergency where the coating 102 of
the rope pulley 100 has been lost. This feature allows
the elevator to maintain its functionality and opera-
tional reliability in the situation referred to. The
traction sheave can also be manufactured in such man-
ner that only the outer rim 106 of the rope pulley 100
used as a traction sheave is made of a material that
forms a grip increasing material pair with the hoist-
ing rope 3.

Fig. 3 presents a cross-sectional view of a rope
groove to illustrate a structural solution designed to
improve the grip after the coating has been lost or
worn out. The bottom of the rope groove 201 under the

JP 2004-523445 A 2004.8.5
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coating 202 in the groove has a groove shape 203 that
allows the rope to bite more effectively into the
groove. After the coating 202 has disappeared, the
groove shape 203 or equivalent allows the rope to bite
more firmly into the rope pulley, thereby ensuring a
sufficient grip between the hoisting rope 3 and the
rope pulley 100 used as traction sheave while at the
same time protecting the hoisting rope against damage
in connection with the contact. The groove shape al-
lowing the rope to bite more effectively into the
groove may consist of an undercut groove, a V-shaped
groove or a similar groove shape. It may also consist
of a number of parallel grooves of different shapes
under the coating 202 at the bottom of the rope groove
201, ensuring that the hoisting rope 3 will bite dinto
the rope pulley 100 after the coating 202 has been
lost and the grip weakened.

Fig. 4 presents a rope pulley 100 used as a traction
sheave and having a coating 202 in a rope groove 201
in which an insert 204 made of a different material
has been added under the coating to enhance the bite-
in effect. In this solution, in a situation where the
coating 202 on the surface of the rope pulley 100 has
been lost, the hoisting rope 3 will penetrate into the
insert 204, maintaining a sufficient grip between the
hoisting rope 3 and the rope pulley 100. The use of an
insert makes it unnecessary to form a material pair
enhancing the bite-in effect between the hoisting rope
and the material of the entire rope pulley 100; in-
stead, it is only necessary to add an insert Fforming
such a material pair. The insert material used may be
soft steel, cast iron, brass or some other metal or
equivalent material appropriate for this purpose. The
insert 204 added on the bottom of the rope groove 201
under the coating 202 may also consist of a tube or a

JP 2004-523445 A 2004.8.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(21)

WO 02/074677 PCT/F102/00153

11

half-tube going around the entire rope pulley 100
along the bottom of the rope groove 201.

The material of at least the rope pulley 100 used as a
traction sheave forms together with the hoisting rope
3 used a material pair in which the rope 3 bites into
the rope pulley 100. The temporary reduction of fric-
tion between the rope pulley 100 and the hoisting rope
3 occurring after a loss of the coating 102 before the
rope 3 starts biting into the rope pulley 100 can be
diminished by grooves 203 of different shapes made in
the bottom of the rope groove 201. With this arrange-
ment, a faster and more secure grip between the rope
pulley 100 and the hoisting rope 3 is achieved. The
coating material 202 used in the rope groove 201 may
consist of rubber, polyurethane or some other elastic
material. The use of a coating 202 makes it possible
to achieve a large friction between the rope pulley
100 and the hoisting rope 3 as well as a uniform sup-
port for the hoisting rope 3, reducing the strain of
the interior parts of the rope. In a problem situation
where the coating 202 disappears from the surface of
the rope pulley 100, the material pair selected and
the eventual auxiliary grooving 203 at the bottom of
the rope groove 201 can provide a sufficient coeffi-
cient of friction quickly and reliably between the
hoisting rope 3 and the rope pulley 100. This makes it
possible to reach a surety regarding the operation and
safety of the elevator about the functionality of the
elevator in a problem situation. By using thin and
hard steel wires in the hoisting ropes 3, the rope
pulley 100 can be manufactured from soft steel, cast
iron, aluminum, brass or some other metal or eguiva-
lent material suited for the purpose and having prop-
erties that make it applicable for use as a material
in the rope pulley 100 and allowing the hoisting rope
3 to bite into the material, thereby producing a grip

JP 2004-523445 A 2004.8.5
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sufficient for the operation of the elevator as well
as an effect protecting the hoisting rope against dam-
age in a situation where the coating material 202 on
the surface of the rope pulley 100 has been lost. A
sufficient grip between the traction sheave 100 and
the hoisting rope 3 in exceptional conditions where
the coating 202 has been lost can also be implemented
by providing a roughened area on the bottom of the
rope groove 201 on the surface of the traction sheave
material under the coating 202, said roughened area
producing a friction between the hoisting rope 3 and
the rope pulley 100 that is sufficient for the opera-
tion of the elevator.

In the foregoing, the invention has been described by
way of example with reference to the attached drawings
while different embodiments of the invention are pos-
sible within scope of the inventive idea defined in
the claims. It is obvious in the scope of the inven-
tive idea that the material pair formed by the hoist-
ing rope and the traction sheave together produce a
sufficient grip between the rope and the traction
sheave in an exceptional situation where the coating

in the rope groove of a rope pulley has been lost.
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13
CLAIMS

1. An elevator in which a hoisting rope set (3) con-
sisting of hoisting ropes of a substantially round
cross-section suspends a counterweight (2) and an ele-
vator car (1) and which has one or more rope pulleys
provided with rope grooves, one of said rope pulleys
being a traction sheave (7) coated with a material in-
creasing the coefficient of friction, said traction
sheave being driven by a drive machine to move the
hoisting rope set (3), characterized in that at least
the traction sheave (7) forms together with the hoist-
ing rope set (3) a material pair that allows the
hoisting rope (3) to bite into the traction sheave (7)
after the coating (102) on the surface of the traction
sheave (7) has been lost.

2. Elevator as defined in claim 1, characterized in
that the coating of the rope pulleys is made of rub-
ber, polyurethane or some other elastic material.

3. Elevator as defined in claim 1 or 2, characterized
in that the hoisting ropes (3) used are super-strong
thin ropes having a diameter of less than 8 mm, pref-
erably of 3-5 mm.

4. Elevator ag defined in any one of the preceding
claims, characterized in that the hoisting ropes (3)
contain a load-bearing part twisted from steel wires.

5. Elevator as defined in any one of claims 1 - 5,
characterized in that the elevator is safe to use even
in exceptional conditions where the coating (102) on
the surface of the traction sheave (7) has been lost.

6. A traction sheave (7) designed especially for steel
wire ropes and having rope grooves (101) for hoisting
ropes (3) on its outer rim (106) and a coating (102)
increasing friction against the hoisting ropes (3),

JP 2004-523445 A 2004.8.5
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characterized in that the material used in the trac-
tion sheave (7)., at least under the coating (102) on
the outer rim (106} of the traction sheave (7), is a
material that allows the hoisting rope (3} to bite
into it.

7. Traction sgheave (7) as defined in claim 6, charac-
terized in that the material of the traction sheave
{7) may be soft steel, aluminum, cast iron, brass or

some other metal or eguivalent suited for the purpose.

8. Traction sheave (7) as defined in any one of claims
6 - 7, characterized in that it has at the bottom of
the rope grooves (201l) of the traction sheave (7) a
groove shape (203) allowing the hoisting rope (3) to
bite more effectively into the groove.

9. Traction sheave as defined in any one of claims 6 -
8, characterized in that the groove (203) provided un-
der the coating (202) in the rope groove (201) to al-
low the hoisting rope (3) to bite more effectively
into it may be an undercut groove, a V-shaped groove,
a groove of some other shape appropriate for the pur-
pose or a number of parallel grooves.

10. Traction sheave (7) as defined in any one of
claims €6 - 9, characterized in that it comprises an
insert (204) allowing the hoisting rope to bite into
it, said insert being implanted under the coating
(201) on the traction sheave (7), into which insert
the hoisting rope (3) can bite, maintaining a grip
sufficient for the operation of the elevator between
the traction sheave (7) and the hoisting rope (3).

11. Traction sheave (7) ag defined in any one of
claims, characterized in that it has under the coating
(102) in the rope groove (201} on the outer rim (106)
of the traction sheave (7) a roughened area that makes

JP 2004-523445 A 2004.8.5
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it possible to maintain a sufficient grip between the
hoisting rope (3) and the traction sheave (7).
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