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(57) The invention describes an elevator apparatus
(1) comprising an elevator cage (10); a guiding means
(11) for guiding the elevator cage (10) along a ladder (2);
a drive belt (13) comprising a plurality of climb pins (14,
14’), wherein a climb pin (14, 14’) is realised to engage
with a rung (20) of the ladder (2); and a motor (12) ar-
ranged on the elevator cage (10), which motor (12) is
realised to drive the drive belt (13). The invention further
describes a method of constructing a hollow tower (4),
which method comprises the steps of constructing a low-
er region (40) of the tower (4); arranging a lower ladder
section (24) of a ladder (2) at the level of the lower tower
region (40); arranging such an elevator apparatus (1) on
the lower ladder section (24); constructing an upper re-
gion (40’) of the tower (4) on the lower tower region (40);
and connecting an upper ladder section (24’) of the ladder
(2) to the lower ladder section (24) such that the elevator
apparatus (1) can move an elevator cage (10) along the
connected ladder sections (24, 24’). The invention also
describes a hollow tower (4) comprising such an elevator
apparatus (1) arranged on a ladder (2), which ladder (2)
is arranged in the interior of the tower (4).

FIG 3 1 20
y
-2
14
16 |21
g
Br-13
g
Bl X 12

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 522 616 A1 2

Description

[0001] Theinvention describes an elevator apparatus,
a method of constructing a hollow tower, and a hollow
tower comprising such an elevator apparatus.

[0002] Inlarge structures such as wind turbine towers,
a ladder is usually erected in the interior of the tower so
that personnel can access equipment located in upper
regions of the structure. Because a wind turbine tower
can be quite high, it would be tiring as well as dangerous
for service personnel to ascend and descend such a lad-
der’onfoot’ while carrying heavy equipment such as tools
and spare parts. Therefore, some prior art solutions offer
various realizations combining an elevator, a traction ca-
ble, and drive unit for hoisting the elevator along the trac-
tion cable, where the elevator or service lift can be used
to transport people and/or equipment with a minimum of
effort. Such a personnel or service lift apparatus can be
used to raise and lower one or more persons between
levels in the tower, for example from ground level to the
top of the tower of a wind turbine. The cable is usually
anchored at the top of the tower (for example from a
suspension beam) and at ground level; and a drive unit
with a suitable traction sheave hoist can be mounted on
orin the elevator cage to allow the elevator to travel along
the cable.

[0003] Obviously, such an arrangement requires that
the tower is first erected before the service lift can be put
into operation. Arelatively ‘short’ tower, such as a tubular
steel tower with a height in the order of 60 to 120 m or
s0, can be assembled in the space of few hours by hoist-
ing two, three or more tower sections into place using a
crane. Each tower section can already comprise a cor-
responding pre-installed ladder section. Therefore, di-
rectly after assembly, a cable can be suspended in place
sothat the upperregions of such atower can be accessed
using an elevator and hoist. However, large wind turbines
with very high towers use different structural technolo-
gies. For example, a very high tower in the order of 100
metres or more can be constructed in situ by casting con-
crete, or using a lattice or plate construction. Such a cast
structure may require days or even weeks for completion.
During that time, itis not possible to use the prior art hoist
and cable apparatus to ascend to the only partially com-
pleted upper levels. Therefore, any work that must be
carried out at the various levels within the tower, for ex-
ample electrical wiring for interior tower lighting, must be
postponed until the entire tower is complete and a hoist-
ing apparatus can be put onto place, or must be carried
out by accessing those levels using only a basic ladder
without the benefits of a cable and hoist apparatus. Al-
ternatively, an elevator system using a ladder with a rack
and pinion could be used, but such a system requires at
least one additional toothed rack arranged as a perma-
nent fixture on the ladder, thus adding considerably to
the overall cost of the construction.

[0004] It is therefore an object of the invention to pro-
vide an alternative elevator apparatus that overcomes
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the problems mentioned above.

[0005] The object of the invention is achieved by the
elevator apparatus according to claim 1, by the method
of constructing a hollow tower according to claim 11, and
the hollow tower according to claim 14.

[0006] According to the invention, an elevator appara-
tus - for use during construction of an edifice - comprises
an elevator cage, a guiding means for guiding the eleva-
tor cage along a ladder; a drive belt comprising a plurality
of climb pins, wherein a climb pin is realised to engage
with a rung of the ladder; and a motor arranged on the
elevator cage, which motor is realised to drive the drive
belt.

[0007] Anadvantage of the elevator apparatus accord-
ing to the invention is that it does not require any hoisting
apparatus such as a winch or cable to lift or pull the ele-
vator cage upward, or to lower the elevator cage down-
ward. Instead, the elevator apparatus is a self-contained
solution that can ’climb’ up or down the ladder of an ed-
ifice, even during construction of the edifice. Also, the
elevator apparatus according to the invention does not
require any components that become redundant once
construction of the edifice is complete, unlike the known
service lift systems that require components such as a
toothed rack or a suspension beam just so that the serv-
ice lift can be used during construction of an edifice.
[0008] A further advantage of the elevator apparatus
according to the invention is that it can be put into oper-
ation even before the ladder has reached its finished
length, i.e. the elevator apparatus can be used for a par-
tially completed ladder which is assembled piece by
piece, for example at a pace corresponding to the edifice
that is being constructed, and for which the ladder is to
serve as an access means during construction.

[0009] According to the invention, a method of con-
structing a hollow tower comprises the steps of construct-
ing a lower region of the tower; arranging a lower ladder
section of a ladder at the level of the lower tower section;
arranging such an elevator apparatus on the lower ladder
section; constructing an upper region of the tower above
the lower tower region; and connecting an upper ladder
section of the ladder to the lower ladder section such that
the elevator apparatus can move the elevator cage along
the connected ladder sections.

[0010] The ladder sections could be lifted into place
using a crane which also serves to lift material used in
the construction of the hollow tower. In this way, succes-
sive ladder sections can be connected together. Usually,
such a ladder is fastened using stays to a wall of the
tower, so that the ladder cannot tilt away from the tower
wall. While the ladder 'grows’ upwards in this way, the
elevator apparatus can be used to allow service person-
nel access to various levels of the partially completed
tower and can be used to lift material and tools, so that
service work can be carried out at these levels even
though the tower itself is still under construction. In this
way, significant savings can be made in the construction
process, while worker safety is improved, since workers
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need not climb and descend the ladder 'on foot” while
also carrying heavy or unwieldy equipment.

[0011] According to the invention, a hollow tower com-
prises such an elevator apparatus arranged on a ladder,
which ladder is arranged in the interior of the tower.
[0012] Particularly advantageous embodiments and
features of the invention are given by the dependent
claims, as revealed in the following description. Features
described in the context of one claim category can apply
equally to another claim category. Features of different
claim categories can be combined to arrive at further em-
bodiments.

[0013] Inthe following, without restricting the invention
in any way, the ladder along which the elevator apparatus
can move may be assumed to be an essentially upright
or vertical ladder with horizontal rungs. While the elevator
apparatus according to the invention could be used in
conjunction with a ladder mounted to the exterior of a tall
edifice such as a tower, it may be assumed in the follow-
ingthatthe ladder is arranged in the interior. Furthermore,
since the elevator apparatus according to the invention
is particularly well suited for use in conjunction with a
ladder that ‘grows’ in height with the edifice for which it
is being assembled - for example a hollow tower that is
constructed in situ over a relatively long period of time -
it may be assumed in the following that the edifice com-
prises the tower of a wind turbine, for example a concrete
tower that is constructed in situ. Furthermore, the climb
pin may engage with a rung of the ladder at some point
on the rung between the ladder uprights or 'stiles’, or may
engage with a portion of the rung that protrudes outward
beyond one or both of the uprights.

[0014] The ’elevator cage’ can be any construct suit-
able for safely transporting personnel and equipment. A
simple realization might comprise a platform and a railing.
However, a preferred realization may comprise a cabin
(or’car’) with a door which can be secured during motion,
to minimize the risk of personnel falling out of the cage,
or equipment being dropped from the cage.

[0015] The motor can be any suitable motor, for exam-
ple an electric motor with sufficient power to lift a typical
load in the region of 200 - 240 kg, for example one or two
service workers and/or equipment. The drive belt can be
made of a suitable strong material that does not deform
underload, for example a suitable plastic, metal ora com-
bination of several materials. The climb pins can be con-
nected to or integrated in the drive belt in any suitable
manner, for example these can be formed or moulded in
one piece with the drive belt, or fastened onto the drive
belt, depending on the materials used.

[0016] The drive belt with its climbing pins engages
with the rungs of the ladder while ascending and de-
scending. The climbing pins therefore effectively control
the vertical movement of the elevator apparatus. How-
ever, it is obviously desirable to ensure that the elevator
apparatus does not move or tilt in an outward direction
away from the ladder. Therefore, to limit the horizontal
movement of the elevator cage, the guiding means pref-
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erably comprises aroller arranged to roll along an upright
or vertical member of the ladder, for example one or both
of the ladder uprights between which the rungs are ar-
ranged, or an additional rail arranged parallel to a ladder
upright. Such a guiding means can be firmly secured to
the elevator cage, and is preferably realized to avoid any
ladder standoffs or stays connecting the ladder to the
wall of the tower. For additional safety, the elevator ap-
paratus can comprise one or more guiding means for
gripping each upright member of the ladder. Equally, a
guiding means can be arranged at levels corresponding
tothe base and the top of the elevator cage. For example,
an elevator apparatus can comprise four sets or pairs of
rollers, one pair arranged at the bottom of the elevator
cage on each side of the cage, and one pair at the top.
Furthermore, each guiding means preferably comprises
at least two such rollers, one on each side of the ladder
upright, so that the elevator apparatus cannot detach or
move away from the ladder.

[0017] In afurther preferred embodiment of the inven-
tion, the guiding means comprises a profile arranged to
partially enclose an upright member of the ladder. For
example, such a profile can comprise a steel part shaped
to contain the roller(s) and dimensioned to fit around the
upright member. In one such realisation, for example,
the elevator apparatus can comprise a guiding means
on only one side of the ladder, comprising a profile over
a considerable length, for example corresponding to the
height of the cabin or elevator cage. This profile can con-
tain several sets of rollers which act to guide the cage
along a vertical ladder member, which can be a rail run-
ning parallel to one of the ladder uprights.

[0018] To further stabilize the elevator cage relative to
the ladder, in a further preferred embodiment of the in-
vention the guiding means comprises a hook extension
on a climb pin, which hook extension is realised to hook
at least partially over a ladder rung. As the elevator cage
ascends or descends, the climbing pins lift away from
the rungs so that the hooks do not detract from the climb-
ing motion they are not necessary, this is just some ad-
ditional 'munition’ that might come in useful at a later
stage.

[0019] In a particularly preferred embodiment of the
invention, the elevator apparatus comprises a pulley for
guiding the drive belt, wherein the pulley is connected to
the motor by a rigid extension shaft, and the pulley is
arranged on the extension shaft so that the drive belt
runs essentially parallel to the ladder uprights, allowing
the climb pins to engage with successive ladder rungs.
The motor is preferably realised so that the rotor has
essentially the same diameter as the pulley, and is ar-
ranged above or below the pulley so that the drive belt
traces a path covering a vertical section parallel to the
ladder. This will become clear from the diagrams.
[0020] Preferably, the pulley and drive belt are realised
such that at least two climb pins simultaneously engage
with an equal number of ladder rungs. For example, the
distance between the pulley and the motor can be long
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enough so that the vertical length of the drive belt covers
the distance between two adjacent ladder rungs.
[0021] The upward velocity of the elevator apparatus
will be limited by the power that can be delivered by the
motor. However, the downward velocity must be delib-
erately limited in order to avoid a too rapid descent of the
elevator cage. Therefore, in a particularly preferred em-
bodiment of the invention, the elevator apparatus com-
prises a brake arrangement for allowing the elevator cage
to descend at a controlled speed. Preferably, the brake
arrangement comprises a first brake, for example a disc
brake, incorporated in the motor, so that the maximum
rotational speed of the motor is limited. A disc brake can
be mounted on the motor shaft and can be electric, hy-
draulic, pneumatic, or any other suitable type of brake.
Such a braking arrangement could be realised to convert
the kinetic energy into electrical energy during the de-
scent, for example to charge a battery of the motor. The
brake arrangement can function automatically, or may
also be controlled manually, for example by a person
within the elevator cage.

[0022] Since failure can never be ruled out with abso-
lute certainty, an elevator apparatus should always be
equipped with some sort of safety device which should
be activated automatically, for example if the motor
should fail. Therefore, in a particularly preferred embod-
iment of the invention, the brake arrangement comprises
an additional safety brake. Such a safety brake can be
a centrifugal brake or a similar self-operated safety brake
(or a combination of both) that is also mounted on the
motor shaft. Alternatively a fall arrest system can be in-
corporated in the guiding means. For example, the rollers
of the guiding means can be designed so that a sudden
downward movement causes them to grip the ladder up-
right or rail around which they are arranged.

[0023] The motor can be arranged on any suitable part
of the elevator apparatus. Preferably, the motor is mount-
ed onto the top of the elevator cage, for example on an
upper exterior surface of an elevator cabin. In this way,
the motor is out of the way of the service personnel, and
is protected from damage when the elevator apparatus
is at the base of the ladder.

[0024] Other objects and features of the presentinven-
tion will become apparent from the following detailed de-
scriptions considered in conjunction with the accompa-
nying drawings. It is to be understood, however, that the
drawings are designed solely for the purposes of illustra-
tion and not as a definition of the limits of the invention.

Fig. 1 shows a wind turbine with a prior art elevator
apparatus;

Fig. 2 shows an elevator apparatus according to the
invention arranged on a partially assembled ladder
in a partially constructed tower;

Fig. 3 shows a front view of an elevator apparatus
according to an embodiment of the invention;

Fig. 4 shows a side view of the elevator apparatus
of Fig. 3;
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Fig. 5 shows a motor and drive belt of the elevator
apparatus of Fig. 3;

Fig. 6 shows an alternative climb pin design for an
elevator apparatus according to the invention.

[0025] In the drawings, like reference numbers refer
to like objects throughout. Objects in the diagrams are
not necessarily drawn to scale.

[0026] Fig. 1 shows a wind turbine 3 with a prior art
elevator apparatus arranged within the interior of a hollow
tower 7, such as a tower that has been assembled from
tower sections, successively lifted into place by a crane.
A ladder 2 and an elevator cage 10 are used to access
various levels in the tower 7, and to access a nacelle 6
mounted on top of the tower 7. A static wire cable 5 is
anchored in the nacelle 6, for example from a suspension
beam, and extends to ground level. A motor and hoist
(not shown) can be mounted on or in the elevator cage
10 to drive a winch connected to the cable 5, so that the
elevator cage 10 can be raised or lowered along the lad-
der 2 to allow service personnel to ascend and descend
safely and relatively quickly. Various known safety meas-
ures can be included to ensure that the elevator cage
cannot drop in an uncontrolled manner in the event of a
failure. The elevator apparatus shown can only be put
into operation when the ladder 2 is assembled inside the
tower 4, since the suspension beam for the cable 5 can
only be installed once the tower is complete.

[0027] Fig. 2 shows an elevator apparatus 1 according
to the invention arranged on a partially assembled ladder
2 in a partially constructed tower 4. In this case, the tower
4 is large, and is constructed on site using reinforced
concrete. Once a lower tower region 40 has been cast,
a first ladder section 24 can be installed and secured to
the inside of the tower section 40 using stays 23. The
elevator apparatus 1 according to the invention compris-
es an elevator cage 10 for transporting service personnel
and equipment, and can ‘climb’ up and down the ladder
without any additional cable or hoisting apparatus. There-
fore, the elevator apparatus 1 according to the invention
can be put to use already at this stage of construction,
for example to allow service personnel to access an in-
terior platform 42, where preliminary work can be carried
out before completion of the tower itself. In the meantime,
a second tower region 40’ can be cast. Subsequently, a
second ladder section 24’ can be lifted into place (for
example by a crane, not shown) and connected to the
lower ladder section 24 using suitable section joints 25.
The elevator apparatus 1 can now travel further along
the ladder 2 and reach higher levels in the partially com-
pleted tower 4, for example to allow service personnel
43 access to an exterior platform 41.

[0028] Fig. 3 shows a front view of an elevator appa-
ratus 1 according to a first embodiment of the invention.
A motor 12 is fastened securely to the top of an elevator
cabin 10. The motor 12 drives a drive belt 13, which is
arranged to travel around a pulley 16. The pulley 16 is
fixed in position above the motor 12 by means of a rigid
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vertical extension shaft. In this way, the drive belt 13 de-
scribes a 'vertical oval’ as it travels around the pulley 16.
A series of teeth 14 or climb pins 14 are securely incor-
porated in the drive belt 13, and these climb pins 14 are
realised to 'walk’ the rungs 20 of the ladder 2. The ladder
2 therefore does not need to be adapted in any way for
use with the elevator apparatus 1, and can simply com-
prise a basic arrangement of horizontal rungs 20 held
between vertical uprights 21 or stiles 21.

[0029] Fig. 4 shows a side view of the elevator appa-
ratus 1 of Fig. 3, in which the arrangement of the pulley
16 relative to the motor 12 can be clearly seen, as well
as the 'vertical oval’ described by the drive belt 13 as it
is caused to move by the motor 12. This diagram also
shows guiding means 11 at the top and bottom levels of
the elevator cage 10. The guiding means are arranged
to grip the ladder uprights 21 on each side of the ladder
2. Of course, the ladder 2 could comprise an additional
vertical rail running parallel to the ladder uprights, and
the guiding means 11 could be realised to grip such a
rail instead.

[0030] Fig. 5 shows a more detailed view of the motor
12 and drive belt 13 of the elevator apparatus 1 of Fig.
3. In this embodiment, the drive belt 13 and pulley 16 are
dimensioned so that climb pins 14 of the drive belt 13
engage with two adjacent or neighbouring ladder rungs
20. Of course, with a longer extension shaft 17 and a
correspondingly longer drive belt 13, climb pins 14 could
engage with three or even more neighbouring ladder
rungs 20. This diagram also shows the guiding means
11 comprising a pair of rollers 15 arranged to grip the
ladder upright 21. During ascent or a controlled descent,
therollers simply turn and allow a smooth journey. Should
the elevator cage descend too rapidly, however, these
rollers behave as a fall arrest system or safety brake to
prevent the elevator cage from descending too quickly.
[0031] Fig. 6 shows an alternative climb pin design for
an elevator apparatus according to the invention. Here,
a climb pin 14’ has a hook extension 140 shaped to hook
slightly over the edge of a ladder rung 20. The hook ex-
tensions 140 can effectively restrict a motion of the ele-
vator cage 10 away from the ladder 2, and may be de-
sirable as an additional safety measure or an additional
guiding means. As the elevator cage ascends or de-
scends, the hook extensions release automatically from
the ladder rungs 20, and therefore these do not detract
from the vertical motion of the elevator cage.

[0032] Although the present invention has been dis-
closed in the form of preferred embodiments and varia-
tions thereon, it will be understood that numerous addi-
tional modifications and variations could be made thereto
without departing from the scope of the invention. For
example, a motor arrangement of the elevator apparatus
according to the invention can be realized to be detached
from a closed cabin, so that, instead of the cabin, an open
platform with a railing can be mounted over the motor
arrangement. This might be preferred for situations in
which maintenance work can be carried out directly from
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the service platform. Equally, the elevator apparatus ac-
cording to the invention can be arranged on one side of
the ladder, so that the other side of the ladder can be
used for access 'on foot’, and the ladder may be equipped
on that side with a fall protection system.

[0033] Forthe sake of clarity, it is to be understood that
the use of "a" or "an" throughout this application does not
exclude a plurality, and "comprising" does not exclude
other steps or elements.

Claims
1. Elevator apparatus (1) comprising

- an elevator cage (10);

- a guiding means (11) for guiding the elevator
cage (10) along a ladder (2);

- a drive belt (13) comprising a plurality of climb
pins (14, 14’), wherein a climb pin (14, 14’) is
realised to engage with a rung (20) of the ladder
(2); and

- a motor (12) arranged on the elevator cage
(10), which motor (12) is realised to drive the
drive belt (13).

2. An elevator apparatus according to claim 1, wherein
the guiding means (11) comprises a roller (15) ar-
ranged to roll along an upright member (21) of the
ladder (2).

3. An elevator apparatus according to claim 1 or claim
2, wherein the guiding means (11) comprises a pro-
file (16) arranged to partially enclose an upright
member (21) of the ladder (2).

4. An elevator apparatus according to any of the pre-
ceding claims, wherein the guiding means (11) com-
prises a hook extension (140) on a climb pin (14,
14’), which hook extension (140) is realised to hook
over a ladder rung (20).

5. An elevator apparatus according to any of the pre-
ceding claims, comprising a pulley (16) for guiding
the drive belt (13), wherein the pulley (16) is con-
nected to the motor (12) by an extension shaft (17).

6. An elevator apparatus according to claim 5, wherein
the pulley (16) and drive belt (13) are realised such
that at least two climb pins (14, 14’) simultaneously
engage with an equal number of ladder rungs (20).

7. An elevator apparatus according to any of the pre-
ceding claims, comprising a brake arrangement for
allowing the elevator cage (10) to descend at a con-
trolled speed.

8. An elevator apparatus according to claim 7, wherein
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the brake arrangement comprises a first brake incor-
porated in the motor (12).

An elevator apparatus according to claim 8, wherein
the brake arrangement comprises an additional
safety brake.

An elevator apparatus according to any of the pre-
ceding claims, wherein the motor (12) is arranged
on an upper exterior surface of the elevator cage
(10).

Method of constructing a hollow tower (4), which
method comprises the steps of

- constructing alowerregion (40) of the tower (4);
- arranging alower ladder section (24) of aladder
(2) at the level of the lower tower region (40);

- arranging an elevator apparatus (1) according
to any of claims 1 to 10 on the lower ladder sec-
tion (24);

- constructing an upper region (40’) of the tower
(4) on the lower tower region (40); and

- connecting an upper ladder section (24’) of the
ladder (2) to the lower ladder section (24) such
that the elevator apparatus (1) can move an el-
evator cage (10) along the connected ladder
sections (24, 24’).

A method according to claim 11, wherein the ladder
(2) is arranged in the interior of the tower (4).

A method according to claim 11 or claim 12, wherein
the ladder (2) is connected to an inside wall of the
tower (4) by means of a number of connecting stays
(23).

A hollow tower (4) comprising an elevator apparatus
(1) according to any of claims 1 to 10 arranged on a
ladder (2), which ladder (2) is arranged in the interior
of the tower (4).

A hollow tower according to claim 14, wherein the
tower (4) comprises the tower (4) of a wind turbine

3).
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