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bottom of the tower foundation means for supporting the tower
in upright position. In accordance with the invention the foun
dation means comprises a bearing on a base which bearing sup

ports the tower and a support ring positioned by three or more
legs above the base for keeping the tower upright wherein in
the support ring rollers or wheels press against the steel wall of
circular section.
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Tower for a wind turbine

The invention concerns a tower for a wind turbine in ac

cordance with the preamble of claim 1. Such towers often

have a cylindrical or slightly conical shape with a

closed outside circumference and are often used as they

can be manufactured in an easy way and have limited main

tenance costs as painting can be done in an efficient

way. The disadvantage of the known towers is that with

increasing height of the wind turbines and the increasing

diameter of the turbine blades due to the increased load

caused by the horizontal force on the turbine blades the

diameter of the tower at the bottom has to increase to a

diameter that makes road transport of the bottom sections

of the towers impossible. This leads to the need of as-

sembling these bottom sections at the building site which

leads to additional costs and reduced quality.

In order to overcome this disadvantage the tower is ac

cording to claim 1. By adding a support ring around the

tower the horizontally directed forces on the tower can

be directed to the foundation without inducing a high

torque in the steel wall of the tower near the bottom, so

that the diameter of the tower remains limited.

In accordance with an embodiment the tower is according

to claim 2 . In this way the horizontal force on the bear-

ing and the base is more or less similar to the horizon

tal force on the turbine blades.

In accordance with an embodiment the tower is according

to claim 3 . In this way the legs form a stable support

for the support ring.

In accordance with an embodiment the tower is according

to claim 4 . In this way the production and maintenance of



the tower can be done efficiently and the inside of the

tower has sufficient room for equipment.

In accordance with an embodiment the tower is according

to claim 5 . In this way the rotation of the tower is ef-

fected in a simple way.

In accordance with an embodiment the tower is according

to claim 6 . In this way the drive is easy accessible.

In accordance with an embodiment the tower is according

to claim 7 . In this way the tower can be positioned in a

predetermined direction without the need of additional

brakes .

In accordance with an embodiment the tower is according

to claim 8 . In this way the rollers or wheels do not de

form the steel wall of the tower under high wind loads.

In accordance with an embodiment the tower is according

to claim 9 . In this way the strength and the resistance

against corrosion of the outside surface of the steel

wall are improved.

In accordance with an embodiment the tower is according

to claim 10. In this way the strength and the resistance

against corrosion of the rollers are improved.

In accordance with an embodiment the tower is according

to claim 11. In this way alignment requirements of the

rollers or wheels are reduced.

In accordance with an embodiment the tower is according

to claim 12. In this way the play between the rollers or

wheels and the outside wall of the tower can be adjusted.

In accordance with an embodiment the tower is according

to claim 13. In this way the adjustment of the play is

obtained in an easy way.



In accordance with an embodiment the tower is according

to claim 14. In this way the load on the rollers or

wheels is minimized as much as possible.

In accordance with an embodiment the tower is according

to claim 15. In this way access to the rollers or wheels

and possible the drive is easy.

In accordance with an embodiment the tower is according

to claim 16. In this way the maintenance of all equipment

is within reach without the need to climb in the tower.

The invention is explained by describing several embodi

ments of the invention with the aid of a drawing. In the

drawing

Figure 1 shows schematically a side view of a wind tur

bine with a tower supported sideways by a support ring,

Figure 2 shows a top view II - II of the support ring of

figure 1 ,

Figure 3 shows section III - III of the support ring

shown in figure 2 ,

Figure 4 shows section IV - IV of the support ring of

figure 2 , and

Figure 5 shows in top view and partly as section a detail

of the support ring of figure 2 .

Figure 1 shows a wind turbine 1 with blades 2 that can

rotate around a more or less horizontal rotation axis.

The bearings supporting the rotation axis and the blades

2 are mounted in a nacelle 3 which is mounted on top of a

tower 6 . A base 11 supports the tower 6 and a bearing 10

between the base 11 and the tower 6 makes it possible to

turn the tower 6 so that blades 2 can face the wind. At a

height approximately halfway between the nacelle 3 and

the ground a support ring 4 is located around the tower 6

and this support ring 4 keeps the tower 6 in upright po-



sition. In the shown embodiment four legs 5 support and

position the support ring 4 at a height which is approxi

mately halfway the height of the nacelle 3 and preferably

the height is between one third and two thirds of the

height of the nacelle 3 . In other embodiments the number

of legs 5 can be three or five or more.

A leg support 7 supports and holds the lower end of a leg

5 , the upper end of the leg 5 is fastened to the support

ring 4 . The leg supports 7 are located around the base 11

at such a distance that the legs 5 have a leg angle α

with the horizontal plane wherein the leg angle α is ad

vantageously between 60 and 80 degrees, for instance ap

proximately 70 degrees. The leg supports 7 and the legs 5

are designed such that they can exert a pulling and a

pushing force on the support ring 4 . This construction

wherein the support ring 4 holds the tower 6 vertical and

the horizontal forces on the support ring 4 are guided

via the legs 5 at leg angle α of approximately 70 degrees

makes it possible to design a cylindrical steel tower 6

with a smaller maximum diameter.

The force generated by the wind on the blades 2 , the na

celle 3 and the tower 6 is transferred via the support

ring 4 and the legs 5 to the leg supports 7 and the

ground without inducing a bending torque at the bottom of

the tower 6 . The bending torque in the tower 6 has it

maximum near the support ring 4 . This makes it possible

to have a tower 6 with a diameter which is at the bottom

of the tower 6 equal or less than near the top of the

tower 6 near the nacelle 3 . A cylindrical tower 6 with a

more or less constant diameter is possible.

At the bottom of the tower 6 the base 11 with the bearing

10 supports the tower 6 in such a way that the tower 6



can rotate. For rotating the tower 6 there is a drive 28.

In order stabilize the rotational position of the tower 6

the drive 28 can be self locking or there is a separate

brake for positioning the tower 6 in a specific rota-

tional position. A suitable self locking drive 28 is a

worm wheel drive, which can be applied in this situation

as the drive 28 can be accessed easily for maintenance as

it is near the ground. For entering the inside of the

tower 6 the tower has a door 8 which can be accessed via

a platform 9 .

In an embodiment of the tower 6 the nacelle 3 is at a

height of 100 meter above the ground and the blades 2 of

the wind turbine 1 have a diameter of 50 meter. The wind

turbine 1 generates 1 MWatt power and can exert a hori-

zontal force of 250 kNewton. As a result of the sideways

support of the tower 6 by the support ring 4 at the

height of approximately 40 - 50 meters the diameter of

the tower 6 can be less than 3,50 meter. This makes road

transport possible of rings from which the tower 6 can be

assembled.

Equipment for transferring the energy generated by the

wind turbine 1 for use in a specific application is lo

cated in the tower 6 and rotates with the tower 6 so

avoiding complex cabling or lines. The equipment such as

a generator for generating electric power, a pump for

generating hydraulic power or a compressor for compress

ing or liquidizing gas can be located in the nacelle 3 .

In another embodiment the equipment is located at the

bottom of the tower 6 so that maintenance of the equip-

ment is easier. In the latter situation there can be an

angular transmission at the top of the tower 6 in order

to transfer the rotating torque of a horizontal shaft



driven by the blades 2 to a vertical shaft along the

length of the tower 6 .

Figures 2 - 5 show rollers 12 mounted in the support ring

4 and rolling against the outside surface of the tower 6 .

These rollers 12 keep the tower 6 in its vertical posi

tion. At the height of the support ring 4 a wall 25 of

the tower 6 has a reinforced cylindrical ring 24 with an

increased wall thickness wherein the reinforced ring 24

can have stiffeners 26. The roller 12 rotates around a

wheel axis 18 and has a bearing 27 between the roller 12

and the wheel axis 18. The wheel axis 18 is mounted in

frame plates 13, wherein in each frame plate 13 two wheel

axis 18 are mounted at equal distances from a swivel

shaft 17. The two frame plates 13 at both sides of the

two rollers 12 can be coupled to form a frame (not

shown) . The swivel shaft 17 is mounted in a swivel frame

16 wherein each swivel frame 16 has two swivel shafts 17

at equal distances from a frame shaft 15. The frame shaft

15 is mounted in a corner 14 of the support ring 4 near a

leg 5 . The swivel shaft 17 has a locking plate 23 for po

sitioning in axial direction. In the shown embodiment the

forces from the corner 14 of the support ring 4 that act

on shaft 17 are equally divided over four rollers 12. In

other embodiments there may be more or less rollers 12

connected to the swivel shaft 17 and/or the support ring

4 wherein the design will be such that all rollers 12 are

more or less equally loaded and the differences in the

loads on the rollers 12 is minimal.

The reinforced ring 24 is cylindrical so that during ro-

tation of the tower 6 the pressure of the rollers 12

against the ring 24 does not change. In the shown embodi

ment the wall 25 of the tower 6 is more or less cylindri

cal as well. In other embodiments the shape of the tower



6 above or below the cylindrical ring 24 can be differ

ent. For instance the wall 25 can be a polygon in order

to ease production of the wall 25.

The force with which the rollers 12 press against the re-

inforced ring 24 is adjustable. The adjustment can be ob

tained in several ways, for instance by positioning the

frame shaft 15 in a slotted hole (not shown) instead of

in a circular hole and pressing the frame shaft 15 with

springs (not shown) towards the reinforced ring 24. Fig-

ure 2 shows another embodiment wherein the circumference

of the support ring 4 can be changed. Between two loca

tions in which a frame shaft 15 is mounted the support

ring 4 is interrupted by a gap 30. On both sides of the

gap 30 is a flange 20. The flanges 20 are coupled by a

tensioning bar 21 with a head 19 and a nut 22. If neces

sary there is a spring (not shown) between the head 19 or

the nut 22 and a flange 20. Shortening the tensioning bar

21 increases the pressure between the rollers 12 and the

reinforced ring 24.

The worm wheel drive 28 as shown in figure 1 is one of

the embodiments for turning the wind turbine 1 towards

the wind. Figure 2 shows in interrupted lines a roller

drive 29 that is coupled to one or more of the rollers 12

and that can turn the tower 6 . For holding the wind tur-

bine 1 in a specific direction the roller drive 29 is

provided with a brake (not shown) .

The rollers or wheels 12 are massive from steel or syn

thetic material or from steel with a massive rubber or

polyurethane tire (not shown) . The outside circumference

of the reinforced ring 24 is coated in a way that pre

vents forming of rust. A suitable coating of the rein

forced ring 24, which might be of refined steel, can be a



ceramic or metallic layer with improved wear properties,

such as a high performance thin film hard coating. Exam

ples are a vapor deposited TiN coating or a thermal spray

coating. In situations wherein steel rollers 12 are in

direct contact with the reinforced ring 24 the contact

surface of the rollers 12 can be provided with the same

or similar coating.

For maintenance of the rollers 12 and their frames con

necting them to the support ring 4 can have a platform

(not shown) that is accessible from the inside of the

tower 6 .



Claims:

1 . Tower for a wind turbine (1) which tower (6) supports

a nacelle (3) with bearings in which a horizontal ro-

tation axis with turbine blades (2) can rotate, the

tower comprises a steel wall (24) of circular section,

a drive (28;29) for rotating the nacelle around a ver

tical axis of the cylindrical section and at the bot

tom of the tower foundation means (7,11) for support-

ing the tower in upright position characterized in

that the foundation means comprises a bearing (10) on

a base (11) which bearing supports the tower (6) and a

support ring (4) positioned by three or more legs (5)

above the base for keeping the tower in upright posi-

tion wherein in the support ring rollers or wheels

(12) press against the steel wall (24) of circular

section .

2 . Tower in accordance with claim 1 wherein the support

ring (4) is at a height between one third and two

thirds and preferably at half of the height of the na

celle (3) above the ground.

3 . Tower in accordance with claim 1 or 2 wherein the legs

make an angle (α) of 60 to 80 degrees with the hori

zontal plane.

4 . Tower in accordance with claim 1 , 2 or 3 wherein the

tower (6) is cylindrical over the greater part of its

height .

5 . Tower in accordance with one of the previous claims

wherein the drive (29) rotates at least one of the

rollers (12) .



6 . Tower in accordance with one of the previous claims

wherein the drive (28) is located on the base (11) .

7. Tower in accordance with claim 5 or 6 wherein the

drive (28) is self locking with for instance a worm

gear.

8. Tower in accordance with one of the previous claims

wherein at the height of the support ring (4) the

steel wall (24) of circular section has an increased

wall thickness and/or additional stiffeners (26) .

9 . Tower in accordance with one of the previous claims

wherein the steel wall (24) of circular section has a

metallic or ceramic coating.

10. Tower in accordance with one of the previous claims

wherein the outside circumferences of the rollers or

wheels (12) have a metallic or ceramic coating.

11. Tower in accordance with one of the previous claims

wherein the rollers or wheels (12) have solid rubber

or similar tires.

12. Tower in accordance with one of the previous claims

wherein the support ring (4) has tension means

(19,20,21,22) for increasing the pressure between the

rollers or wheels (12) and the steel wall (24) of cir

cular section.

13. Tower in accordance with claim 12 wherein the ten-

sion means (19,20,21,22) can change the circumference

of the support ring (4) .

14. Tower in accordance with one of the previous claims

wherein the rollers or wheels (12) are mounted in one

or more frames (13,16) for equalizing the force be-

tween a roller or wheel and the steel wall (24) of

circular section.



15. Tower in accordance with one of the previous claims

wherein the support ring (4) is provided with a plat

form around the tower (6) that can be accessed through

a door from the inside of the tower (6) .

16. Tower in accordance with one of the previous claims

wherein equipment driven by the blades (2) is located

at the bottom of the tower (6) and a shaft connects

the blades and the driven equipment via one or more

angular transmissions.
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