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design that negatively affects the efficiency is the fact that while one of the vanes of VAWT is
exposed to wind and converting the wind energy, another vane is being moved against the wind to
continue the rotation of the turbine.

Despite all these negative points, mechanical simplicity of VAWT makes it very attractive for
commercial wind farm applications. According to the literature, VAWT turbines can be packed
denser than HAWT turbines since that cause less turbulence. Despite all this VAWT designs are rarely
used for commercial wind farm applications. Currently VAWT has two major obstacles which impede
its commercial applicability. These are;

1. Storm protection. When wind speed reaches gale force level, there should be a
mechanism to shut down the turbine and mechanically protect the structure and the
vanes of the turbine from damage. This is not available with traditional VAWT designs
like Savonius, Darrius and H-rotor design.
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theoretically lower than commercial HAWT's, these two features of the invention enable us to scale

up the VAWT design which may make up for the lower efficiency.

The articulated vanes of the turbine can be raised toward the top part of the main pillar in order to
hunt for wind when wind speed is lower than expected.

The main feature of the design is its scalability for megawatt level applications. The articulation
mechanism used in the design is string and pulleys, which can carry the weight of the vanes even if
the span of the vanes, are excessively large. Another feature of the design is the use of soft vanes,
which can be manufactured using soft sails, which gives the ability to scale up the design from
manufacturing perspective, also reduce the cost of manufacture of vanes. Even though such features
limit the speed of rotation of the wind turbine by confining the turbine to “drag” mode of operation,
the design makes up its lost efficiency by being able to scale up for large size with reasonable cost of
manufacturing. The design differs from US 2010/0172759 application by the use of soft vanes and
the retraction mechanism of string assembly on top and bottom part of the vanes, which can lift or
lower the vanes without relying on gravity.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 shows the overall appearance of the turbine with the vanes in fully extended form.

Fig. 2 shows the detail of the hinge mechanism of the vanes and the connection to the central post.
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Fig. 9 shows the details of the shutter mechanism of embodiment of a vane in closed shutter mode.

Fig. 10 shows an embodiment of vane design where the shutters of the vane are open to decrease
the drag coefficient of the vane.

Fig. 11 shows the details of the shutter mechanism of a vane in open shutter mode.

Fig. 12 shows the block diagram of the turbine system.

DESCRIPTION

The detailed description of the operation of the wind turbine is explained in this section. The Fig. 1
shows the overall appearance of the preferred embodiment of the turbine with vanes extended
fully. The design is a typical vertical axis wind turbine (VAWT) design that the vanes 21, 34 are
connected to a central rotating shaft 26 to transfer the rotary motion to generator housing 20, which
is located at the base of the turbine structure. As the wind 33 blows, the vanes 21 exposed to the
wind are moved by the drag force acting on them and the turbine turns in clockwise direction. The
clockwise rotation moves the vane 34 on the opposite side toward the wind 33. The vanes are
designed in such a way that, the drag coefficient of the vane 34 on the opposite side of the wind 33
are lower than drag coefficient of vanes on windward side vane 21 which causes the turbine to turn.

Fig. 2 shows the details of the connection mechanism of a preferred embodiment. The vane 21 is
attached to the central rotating shaft 26 through struts 23 and 25. The struts 23, 25 are hinged at 27
and 22 so that vane 21 can move freely up and down at these hinge points. The movement
mechanism of the vanes is shown in Fig. 3. The up and down movement of the vane 21 is controlled
by string 24 which is attached to central rotating shaft 28 through pulley 29 situated at the top of the
pillar 28. One end of the string 24 goes through central rotating shaft 28 and reaches control room
20 located at the base of the turbine structure. By pulling the string 24, the position of the vane 21
can be adjusted. Fig. 4 shows the turbine vanes in lowered state by way of extending the length of
the control string 24, and by shortening the length of control string 41 located at the bottom of vane
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Figures 8 and 9 shows another embodiment of the vane design w Is rigid. Figure 8 shows the top
view of the vane 21, which is made up of plurality of shutters 31. Figure 9 shows the details of the
shutter 31 which is airfoil shaped and hinged at point 32. Under the influence of the wind 33 blowing
toward the vane 21, the shutters 31 close and vane develops high drag coefficient, which in turn
causes the vane 21 to turn in direction of 34.

Figures 10 and 11 shows the embodiment of the design shown in Figures 8 and 9 in low drag
coefficient form. Figure 10 shows the vane 21 moving toward the wind 33, where the plurality of
shutters 31 open and reduce the drag coefficient of the vane 21. Figure 11 shows the details of the
shutter 31, which is hinged at point 32. As the vane 21 turn in the direction of 34, the shutter 31
moves toward the wind 33, the lift force generated by the airfoil 35 is counteracted by the
centripetal force 36 acting on the hinged shutter, which keeps the shutter 31 in open position.

The net effect of high drag force on some vanes and low drag force on others keeps the turbine
rotating.

Figure 12 shows the operation of the turbine system. Computing hardware and software 61 accept
inputs from wind sensors 63 and power demand information 64 in analog or digital form and make
up decision about the level of retraction of the vanes of turbine 65. The decision is given to actuator
62, which controls the strings 24 and 41 mentioned in Figures 3 and 4. When the wind speed is
excessive, the information received from 63 indicates storm condition, which is decided by 61 and
instructs actuator 62 to retract the vanes of turbine 65 to storm protection mode.
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material and retractable to a smaller sweep di aneter where the degree of
retractChiimiss controlled by plurality of strings attached to the said vanes
on one end, and to the said central rotating shaft on the other end. 2.
The wind turbine of claim1l where the degree of retraction of the said
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supporting the said central rotating shaft in which the said vanes are made
from soft material and retractable to a smaller sweep diameter where the
degree of retraction is controlled by plurality of strings attached to the said
vanes on one end, and to the said central rotating shaft on the other end.

2. The wind turbine of claim 1 where the degree of retraction of the said
vanes are adjusted by set of said strings connected to the upper side and lower
side of the said vanes which are connected to the said central shaft in such a
way that the said strings are guided through the said central rotating shaft by
way of pulleys to the generator housing located at the base of the said central
rotating shaft where the length of the said strings are controlled by said
strings being pulled in or let our by an actuator motor.

3. The wind turbine of claim 2 where the said upper set of strings and the
lower set of strings work in conjunction in such a way that as the length of
the upper set gets longer, the length of the lower set gets shorter to maintain
the said vanes in a fixed position relative to the said central shaft.

4. The wind turbine of claim 1 where the said vanes are connected to the said
central rotating shaft through struts which are hinged at fixed locations to the
said central rotating shaft in such a way that said vanes are positioned always
parallel to the said central rotating shaft.

5. The wind turbine of claim 1 where the said vanes can be made from hard
material which can induce high drag force when pushed by the wind and less
drag force while facing the wind.

6. The wind turbine of claim 1 where the said vanes assembly can be stacked
up layer upon layer in such a way that all said vane assemblies contribute to

the energy generation.

7. The wind turbine of claim 1 where the degree of the retraction of the said
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