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TURBINE WITH DYNAMICALLY ADAPTABLE SAVONIUS BLADES 

CROSS-REFERENCE TO RELATED APPLICATION(S) 

[0001] The present application claims the benefit of and right of priority to provisional U.S.  

patent application No. 61/832,815, titled, "Savonius Machine With Dynamically Adaptable 

Blade," filed Jun. 8, 2013, the entirety of which is hereby expressly incorporated by reference 

herein.  

FIELD 

[0002] The present disclosure relates generally to a machine and, more particularly, to a 

turbine with dynamically adaptable Savonius blades.  

BACKGROUND 

[0003] A turbine may use wind to turn a shaft. The turning shaft has kinetic energy. The 

kinetic energy of the turning shaft may be converted to electrical power. Existing turbines may 

include blades. However, such blades typically have fixed shapes. The shape of the blades of a 

turbine can substantially affect the effectiveness of the turbine. Wind conditions (e.g., speed, 

velocity, acceleration, etc.) can vary from time to time. Blades that are fixed in shape may inhibit 

the turbine from performing effectively under varying wind conditions. Accordingly, existing 

designs of turbines may benefit from improvements that overcome such limitations.  

[0004] Any discussion of documents, acts, materials, devices, articles or the like which has 

been included in the present specification is not to be taken as an admission that any or all of 

these matters form part of the prior art base or were common general knowledge in the field 

relevant to the present disclosure as it existed before the priority date of each of the appended 

claims.  

SUMMARY 

[0005] Throughout this specification the word "comprise", or variations such as "comprises" 

or "comprising", will be understood to imply the inclusion of a stated element, integer or step, or 

group of elements, integers or steps, but not the exclusion of any other element, integer or step, 

or group of elements, integers or steps.



[0006] Various features described herein may be embodied in various apparatuses. Non

limiting examples of such apparatuses may include various machines (e.g., a Savonius machine), 

various turbines, and any apparatus configured to use wind to generate kinetic energy. Although 

the term "apparatus" or "apparatuses" may be used herein, such a term shall not limit the scope 

of the present disclosure.  

[0007] In one aspect there is provided an apparatus comprising: a cage which rotates around 

a cage axis, wherein the rotation of the cage around the cage axis induces a lift of the apparatus 

above ground; a plurality of turbines located within the cage, wherein each turbine rotates around 

a respective turbine axis different from the cage axis, and wherein each turbine comprises a 

turbine blade having an adaptable shape, each turbine further comprising: a first connection 

between a first end of the turbine and a center region of the turbine; and a second connection 

between a second end of the turbine and the center region of the turbine; and a turbine controller 

to control the first connection and the second connection to vary the adaptable shape of the 

turbine blade from a flat shape to a curved shape by adjusting at least one of the first connection 

and second connection.  

[0008] An apparatus may include at least a cage configured to rotate around a cage axis, and 

a Savonius turbine located at an end of the cage. The turbine may be configured to rotate around 

a turbine axis. The turbine axis may be different from the cage axis. The turbine may include a 

turbine blade having an adaptable shape. The turbine blade may include a frame. The frame may 

include a first frame portion and a second frame portion coupled to the first frame portion. The 

first frame portion may be configured to pivot relative to the second frame portion.  

[0009] The apparatus may include a first connection between a first side of an end of the 

frame and a center region of the frame. The apparatus may also include a second connection 

between a second side of the first end of the frame and the center region of the frame. The 

apparatus may also include a turbine controller. The turbine controller may be configured to at 

least maintain, shorten, or lengthen at least the first connection or the second connection.  

[0010] The first frame portion may be configured to pivot relative to the second frame 

portion when at least the first connection or the second connection is at least shortened or 

lengthened. The adaptable shape of the turbine blade may include a flat shape when a length of 

the first connection is similar to a length of the second connection. The adaptable shape of the 

turbine blade may include a curvature when a length of the first connection is different from a 
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length of the second connection. The turbine controller may be configured to control the 

curvature of the turbine blade by shortening the first connection while concurrently lengthening 

the second connection or by shortening the second connection while concurrently lengthening 

the first connection.  

[0011] The apparatus may include a cage controller configured to control the rotation of the 

cage around the cage axis. The cage controller may be configured to control the rotation of the 

cage based on at least a speed, a direction, a velocity, or an acceleration of wind. The turbine 

controller may be configured to control the rotation of the turbine based on the location of the 

turbine on a rotational path of the cage. The turbine controller may be configured to control the 

rotation of the turbine based on at least the speed, the direction, the velocity, the acceleration of 

the wind, a rotational speed of the cage, a location of the turbine blade relative to the turbine 

axis, or a location of the turbine on a circular path around the cage axis 

[0012] The cage controller may be configured to control the rotation of the cage based on a 

mode of the apparatus. The turbine controller may be configured to control the rotation of the 

turbine based on the mode of the apparatus. When the apparatus is in a mode, the cage controller 

may be configured to inhibit the rotation of the cage around the cage axis, and the turbine 

controller may be configured to allow the rotation of the turbine around the turbine axis. When 

the apparatus is in a mode, the cage controller may be configured to allow the rotation of the 

cage around the cage axis, and the turbine controller may be configured to allow the rotation of 

the turbine around the turbine axis. The apparatus may be a Savonius turbine. Blades of the 

Savonius turbine may extend more horizontally than vertically relative to ground. The rotation of 

the cage around the cage axis and/or the rotation of the turbine around the turbine axis may 

induce a Magnus effect. The Magnus effect may lift the apparatus above the ground. The 

apparatus may include a plurality of cages in various directions that may differ relative to each 

other and/or with various angles that may differ relative to each other. A number of the plurality 

of cages may be based on the lift needed to lift the apparatus and/or a load above ground. The 

apparatus may include a plurality of turbines. A number of the plurality of turbines may be based 

on the lift needed to lift the apparatus and/or the apparatus and a load above ground. A number 

of the plurality of turbines may be based on various dimensions (e.g., the size, such as the length, 

the width, the height, etc.) of one or more of the cages.  
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[0013] The apparatus may include a seat and user controls near the seat. The user controls 

may be configured for use by a user seated on the seat. The user controls may be configured to 

control at least the cage controller or the turbine controller. The apparatus may be configured to 

be connected to a motor. The motor may be configured to convert kinetic energy from the 

rotation of the cage around the cage axis to electric energy. The motor may be configured to 

convert kinetic energy from the rotation of the turbine around the turbine axis to electric energy.  

[0014] The apparatus may be configured to hold a load. A load may be carried or hanged 

from the belt holders, the cage axis, or both the belt holders and the cage axis.  

[0015] In addition to user controls, the apparatus may have manual steering. Such manual 

steering may be related certain mechanisms implemented in paragliders. Such manual steering 

mechanisms may enable the user to land the apparatus safely should the control and/or power 

system fail during flight.  

[0016] Each arm that connects to a motor of the Savonius blades may be supported by two of 

the cage belt portions, two cables that connect an arm to the other two arms and/or the tension 

cables/strips.  

[0017] The foregoing is merely a summary of various features described in greater detail 

herein. Additional features are also described herein. The embodiments described herein may be 

implemented in any combination or sub-combination, even if not explicitly described herein.  

BRIEF DESCRIPTION OF DRAWINGS 

[0018] FIG. 1A is a diagram illustrating a side perspective view of a single-cage apparatus.  

[0019] FIG. 1B is a diagram illustrating a side perspective view of an example of a double

cage apparatus according to various embodiments of the present disclosure.  

[0020] FIG. 2 is a diagram illustrating a side perspective view of another example of an 

apparatus according to various embodiments of the present disclosure.  

[0021] FIGS. 3A-3B are diagrams illustrating side views of various portions of an apparatus 

according to various embodiments of the present disclosure.  

[0022] FIG. 4 is a diagram illustrating a side perspective view of an example of various 

motor components of an apparatus according to various embodiments of the present disclosure.  

[0023] FIG. 5 is a diagram illustrating a cross-sectional side view of a portion of an example 

turbine of an apparatus according to various embodiments of the present disclosure.  
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[0024] FIGS. 6A-6C are diagrams illustrating various cross-sectional views of various 

portions of an example turbine of an apparatus according to various embodiments of the present 

disclosure.  

[0025] FIGS. 7A-7B are diagrams illustrating various cross-sectional views of various 

portions of an example of blade controllers of an apparatus according to various embodiments of 

the present disclosure.  

[0026] FIG. 8 is a diagram illustrating an example of a bracket according to various 

embodiments of the present disclosure.  

[0027] FIG. 9 is a diagram illustrating an example of a pivots distributor spring according to 

various embodiments of the present disclosure.  

DETAILED DESCRIPTION 

[0028] Provided herein is a description of various embodiments of various features.  

However, the description provided herein is not intended to limit the scope of the present 

disclosure. One of ordinary skill in the art will appreciate that the features described herein may 

be embodied in additional and/or alternative embodiments without deviating from the scope of 

the present disclosure.  

[0029] FIG. 1A is a diagram illustrating an example of an apparatus 10 according to various 

embodiments of the present disclosure. The cage itself is a kind of turbine when the direction of 

its blades are controlled and harmonized. The blades of this turbine are adaptable in shape such 

that the shape of the blade may vary from a Savonius blade to a flat blade and possibly to a 

Savonius blade of an opposite direction, shape, configuration and/or orientation.  

[0030] The apparatus 10 illustrated in FIG. 1A is a cage that rotates around the cage axis 

102. The cage may include at least one Savonius turbine/blade. For example, the cage rotating 

around cage axis 102 includes turbines 162, 164, 166. Although three turbines are illustrated for 

the cage in the example apparatus 10 shown in FIG. 1, one of ordinary skill will understand that 

the scope of the present disclosure is not limited by the number of turbine illustrated in FIG. 1.  

For example, the apparatus 10 may include a greater number or a fewer number of Savonius 

turbines/blades for the cage without deviating from the scope of the present disclosure.  

[0031] The turbines/blades may be located at an end of the cage. For example, turbines 162, 

164, 166 are supported by arms 114, 118, 116, on one side and by arms 142, 140, 138, on the 
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other side, respectively, which extend from the cage axis 102. As such, the turbines 162, 164, 

166 are located at the end of the cage rotating around the cage axis 102.  

[0032] The cage axis 102 may include a connection point to which the arm supporting the 

turbines is connected. For example, the connection point 106 is connected to the arms 114, 116, 

118, which support turbines 162, 166, 164, respectively. As another example, the connection 

point 108 is connected to arms 138, 140, 142, which support turbines 166, 164, 162, respectively.  

[0033] A turbine/blade may rotate around its own turbine axis. The turbine axis may be 

different from the cage axis. For example, the turbine axis around which turbine 162 rotates is 

different from the cage axis 102 around which the corresponding cage rotates. The turbine may 

include a turbine blade, and the turbine blade may be adaptable in shape. Additional details 

regarding the adaptable shape of the turbine blade is provided below, inter alia, with reference to 

FIG. 5.  

[0034] A turbine may be connected to another turbine by a belt. The belt may be involved 

with the rotation of the cage around the respective cage axis. As such, the belt may also be 

referred to as a cage belt. For example, the belt portion 124, 126, 128 and 144, 146, 148 may be 

involved with the rotation of the cage around the cage axis 102. Belt holders 190 may include an 

elastic material that may be connected to a portion of the belt and/or a leg 191, 192 of the 

apparatus 10.  

[0035] The belt may contact an end region of the turbine. For example, turbines 162, 164, 

166 may have end regions 174, 176, 178, on one side, and 173, 175, 177 on the other side, 

respectively. Each belt portion 124, 126, 128, 144, 146, 148 may make contact with two of the 

end regions 174, 176, 178, 173, 175, 177 of the turbines 162, 164, 166. The end regions 174, 

176, 178, 173, 175, 177, may include electric motors and/or electric generators, which will be 

described in greater detail below, inter alia, with reference to FIG. 4.  

[0036] The apparatus 10 may include a cage controller. The cage controller may include 

software components (e.g., non-transitory computer readable medium), hardware components 

(e.g., circuits, memory, power, etc.), mechanical components (e.g., levers, motors, hinges, etc.), 

and any combination of one or more of the foregoing components. The cage controller may be 

configured to control the rotation of the cage around the cage axis. The cage controller may be 

configured to control the rotation of the cage based on at least a speed, a direction, a velocity, or 

an acceleration of wind and a load (e.g., a weight, a person, an object, etc. that is not otherwise 
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part of the apparatus). The apparatus may include one or more turbine/blade controllers. The 

turbine controller may include software components (e.g., non-transitory computer readable 

medium), hardware components (e.g., circuits, memory, power, etc.), mechanical components 

(e.g., levers, motors, hinges, etc.), and any combination of one or more of the foregoing 

components. The turbine controller(s) may control one or more turbines. The turbine controller 

may be configured to control the rotation of the turbine/blade based on at least the speed, the 

direction, the velocity, or the acceleration of wind and the location of the turbine/blade on the 

rotational path 180 of the cage.  

[0037] The cage controller and/or turbine controller(s) may be located in various locations of 

the apparatus 10 without deviating from the scope of the present disclosure. For example, the 

cage controller and/or turbine controller(s) may be located at or near the user controls of the user.  

One of ordinary skill in the art will understand that the cage controller and/or turbine 

controller(s) may additionally and/or alternatively be located at any other location of the 

apparatus 10.  

[0038] The cage controller may be configured to control the rotation of the cage based on a 

mode of the apparatus 10. The turbine controller may be configured to control the rotation of the 

turbine based on the mode of the apparatus 10. The apparatus 10 may operate in various modes 

without deviating from the scope of the present disclosure. An example of a mode is a 'first 

turbine mode.' One of ordinary skill in the art understands that 'first turbine mode' is a 

descriptive phrase, and such a mode may be referred to by any other term and/or name without 

deviating from the scope of the present disclosure. When the apparatus 10 is in such a mode, the 

cage controller may be configured to inhibit the rotation of the cage around the cage axis, and the 

turbine controller may be configured to allow the rotation of the turbine around the turbine axis.  

For example, the cage controller may be configured to inhibit the rotation of the cage around the 

cage axis 102, and the turbine controller may be configured to allow the rotation of one or more 

of the turbines 162, 164, 166 around their respective turbine axis. One of ordinary skill in the art 

understands that a mode may require more than one cage (e.g., two or more cages). In such a 

mode, the lock 414 may be active and inhibit the cage to rotate about its axis 102, the clutch 412 

may disconnect the gearbox 416 from the motor 410, the clutch 408 may connect the gearbox 

406 to the motor 410, and the motor 410 may rotate utilizing the power of the wind 206, which 
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may be harvested by the respective Savonius blade and transferred to the turbine shaft 404 and to 

the gearbox 406.  

[0039] Another example of a mode is a 'second turbine mode.' One of ordinary skill in the 

art understands that 'second turbine mode' is a descriptive phrase, and such a mode may be 

referred to by any other term and/or name without deviating from the scope of the present 

disclosure. When the apparatus 10 is in such a mode, the cage controller may be configured to 

allow the rotation of the cage around the cage axis, and the turbine controller may be configured 

to allow the rotation of the turbine around the turbine axis in a controlled manner. For example, 

the cage controller may be configured to allow the rotation of the cage around the cage axis 102, 

and the turbine controller may be configured to control the movement of one or more of the 

turbines 162, 164, 166 around the respective turbine axis in a way to provide the optimum lifting 

force at all times. In such a mode, the lock 414 may be inactive, allowing the cage to rotate about 

its axis 102, the clutch 412 may connect its cage shaft 420 to the motor 410 via its respective 

gearbox 416, and the clutch 408 may disconnect the gearbox 406 from the motor 410. Also, the 

motor 410 may rotate utilizing the power of the wind 206, which may be harvested by the cage.  

[0040] Another example of a mode is a 'hybrid mode.' One of ordinary skill in the art 

understands that 'hybrid mode' is a descriptive phrase, and such a mode may be referred to by 

any other term and/or name without deviating from the scope of the present disclosure. When the 

apparatus 10 is in such a mode, the cage controller may be configured to allow the rotation of the 

cage around the cage axis, and the turbine controller may be configured to allow the rotation of 

the turbine around the turbine axis. For example, the cage controller may be configured to allow 

the rotation of the cage around the cage axis 102, and the turbine controller may be configured to 

allow the rotation of one or more of the turbines 162, 164, 166 around the respective turbine axis.  

One of ordinary skill in the art understands that many alternative configurations and/or 

embodiments may exist in accordance with various methods for absorbing and/or harvesting 

wind energy and/or transporting a load based on at least wind conditions and/or size of the load.  

In such a mode, the lock 414 may be inactive, allowing the cage to rotate about its axis 102, the 

clutch 412 may connect its cage shaft 420 to the motor 410 via its respective gearbox 416, and 

the clutch 408 may disconnect the gearbox 406 from the motor 410. Also, the motor 410 may 

rotate by the power of the power generator/storage 196.  
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[0041] Yet another example of a mode is a 'glide mode'. One of ordinary skill in the art 

understands that 'glide mode' is a descriptive phrase, and such a mode may be referred to by any 

other term and/or name without deviating from the scope of the present disclosure. When the 

apparatus 10 is in such a mode, the cage controller may be configured to inhibit the rotation of 

the cage around the cage axis, and the turbine controller may be configured to inhibit the rotation 

of the turbine around the turbine axis. For example, the cage controller may be configured to 

inhibit the rotation of the cage around the cage axis 102, and the turbine controller may be 

configured to inhibit the rotation of one or more of the turbines 162, 164, 166 around the 

respective turbine axis, and the direction of Savonius blade may be controlled by the turbine 

shaft 404. In such a mode, the lock 414 is active, thereby inhibiting the cage from rotating about 

its axis 102, the clutch 412 disconnects its cage shaft 420 from motor 410, and the clutch 408 

may connect the gearbox 406 to the motor 410. Also, the motor 410 may rotate by the power of 

power generator/storage 196. The movement direction of the turbine shaft 404 in this mode may 

be free from the direction of the rotation of the motor 410 and may be controlled by the turbine 

controller.  

[0042] The rotation of a cage around its cage axis may induce a Magnus effect, and the 

Magnus effect may induce a lift of the apparatus above the ground. For example, the rotation of 

one or more of the cages around the cage axis 102, may induce a Magnus effect, which lifts the 

apparatus 10 above the ground and into the air. Additionally or alternatively, the rotation of a 

turbine/blade around its turbine axis may induce a Magnus effect, and the Magnus effect may 

induce a lift of the apparatus above the ground. For example, the rotation of one or more of the 

turbines 162, 164, 166, may induce a Magnus effect, which lifts the apparatus 10 above the 

ground.  

[0043] The apparatus 10 may include an electric power generator/storage 196. Although the 

example apparatus 10 illustrated in FIG. 1A shows the power generator/storage 196 located on 

leg 192, one of ordinary skill in the art will understand that the power generator/storage 196 may 

be located in other portions of the apparatus 10, or even separate from the apparatus 10, without 

deviating from the scope of the present disclosure.  

[0044] A motor in the apparatus 10 may be configured to convert kinetic energy from the 

rotation of a cage around the cage axis (e.g., cage axis 102) to electric energy. The motor may 

also be configured to convert kinetic energy from the rotation of a turbine/blade (e.g., one or 
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more of the turbines 162, 164, 166, 168, 170, 172) around the respective turbine axis to electric 

energy.  

[0045] The three major parameters that can be controlled according to the present disclosure 

include movement relative to a respective cage axis, movement relative to a respective 

turbine/blade axis, and control of the shape of each blade. There exist at least two modes for 

transportation, such as a flight mode and a glide mode. In some configurations of the flight 

mode, each cage may move freely about its own axis, movement about each turbine/blade axis 

may be controlled according to its position with respect to a rotational path 180 of the cage, wind 

conditions, and/or the shape of each turbine/blade, which may be dynamically adapted to provide 

a controlled optimum lift at all times. In some configurations of the glide mode, movement with 

respect to the respective cage axis, movement with respect to the turbine/blade axis may be 

restricted, and the shape of each blade may be held fixed. There may also exist two modes for 

electric generation, such as a first turbine mode and a second turbine mode. In some 

configurations of the first turbine mode, movement with respect to the respective cage axis may 

be restricted, the turbine/blade may move freely with respect to its respective axis, and the shape 

of the blade may be held fixed. In some configurations of the second turbine mode, movement of 

the cage may be allowed, movement of the turbine/blade may be controlled according to its 

position with the rotational path 180 of the cage, and the shape of the turbine/blade may be 

dynamically adapted to provide a controlled optimum lift at all times.  

[0046] FIG. 1B is a diagram illustrating an example of a double cage apparatus 100 

according to various embodiments of the present disclosure. The apparatus 100 illustrated in 

FIG. 1 B includes two cages. A first cage rotates around the cage axis 102 along the circular path 

180. A second cage rotates around the cage axis 104 along the circular path 188. The cage axes 

102, 104 may be connected together at connection 136 with a wide angle. The connection 136 

may route control signals (e.g., user controls) and electric power to an appropriate cage axis.  

Although two cages are illustrated in the example apparatus 100 shown in FIG. 1B, one of 

ordinary skill will understand that the scope of the present disclosure is not limited by the 

number of cages illustrated in FIG. 1 B. For example, the apparatus 100 may include an electrical 

vehicle, (e.g. a bicycle, a boat, etc.), a propeller, a greater number of cages, and/or a fewer 

number of cages without deviating from the scope of the present disclosure. Similar to the first 

cage, as shown the second cage also includes belt portion 158, 160, 156 and 130, 132, 134 that 
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may be involved with the rotation of the cage around the cage axis 104 and an arm 193. Each 

belt portion may make contact with two of the end regions 182, 184, 186 of the turbines of the 

second cage. As shown, turbines of the second cage are supported by arms 150, 152, 154, on 

one side and by arms 120, 122, 123, on the other side connected by the connection points 110 

and 112, respectively, which extend from the cage axis 104.  

[0047] In some embodiments, the apparatus 100 may be, in part or in whole, referred to as a 

Savonius turbine. Blades of the turbines extend more horizontally than vertically relative to 

ground. For example, the cage axis 102, 104 and the turbine axis of one or more of the turbines 

162, 164, 166, 168, 170, 172 extend more in a horizontal direction (i.e., a direction substantially 

parallel to the ground) than in a vertical direction (i.e., a direction substantially perpendicular to 

the ground) in order to provide further stability to the apparatus 100 during, for example, the 

second turbine mode.  

[0048] The apparatus 100 may include any number of cages and/or any number of turbines 

without deviating from the scope of the present disclosure, as described above. Accordingly, in 

some embodiments, the apparatus 100 may include a plurality of cages. The exact number of 

cages may be based on the lift needed to lift the apparatus 100 and a load above the ground.  

Also, the exact number of turbines may be based on the size of the cage.  

[0049] In some embodiments, the apparatus 100 may be, in part or in whole, referred to as a 

Savonius turbine. Blades of the turbine extend more horizontally than vertically relative to 

ground. For example, the cage axis 102, 104 and the turbine axis of one or more of the turbines 

162, 164, 166, 168, 170, 172 extend more in a horizontal direction (i.e., a direction substantially 

parallel to the ground) than in a vertical direction (i.e., a direction substantially perpendicular to 

the ground).  

[0050] The apparatus 100 may include a seat 194 and user controls near the seat 194. The 

user controls may be configured for use by a user seated on the seat 194. The user controls may 

be configured to control the cage controller and/or the turbine controller. For example, a user 

may use user controls while seated in the seat 194, and the user controls may send control signals 

through leg 192. Control signals destined for the cages and/or turbines reach their respective 

destinations. The apparatus 100 may include a power generator 196. Although the example 

apparatus 100 illustrated in FIG. 1 B shows the power generator 196 located underneath the seat 

194, one of ordinary skill in the art will understand that the power generator 196 and/or user 
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controls may be located in other portions of the apparatus 100, or even separate from the 

apparatus 100, without deviating from the scope of the present disclosure.  

[0051] The apparatus 100 may include motors. A motor 400 of the apparatus 100 may be 

configured to convert kinetic energy from the rotation of a cage around the cage axis (e.g., cage 

axis 102, 104) to electric energy. The motor 400 may be configured to convert kinetic energy 

from the rotation of a turbine (e.g., one or more of the turbines 162, 164, 166, 168, 170, 172) 

around the respective turbine axis to electric energy. The motor 400 may be configured to turn a 

cage and/or the Savonius turbine/blade.  

[0052] FIG. 2 is a diagram illustrating another example of the apparatus 100. In the example 

illustrated in FIG. 2, the apparatus 100 is connected by a connecting element 202 to ground 204.  

The connecting element 202 may be a rope, a conducting wire, a plastic, a metal, any 

combination thereof, and/or any other suitable element. For example, the connecting element 202 

may connect the leg 192 of the apparatus 100 to the power generator/storage 196 and/or seat 194, 

which may be connected to the ground 204.  

[0053] As illustrated in FIG. 2, wind 206 traveling in the air may cause the turbine blades of 

the apparatus 100 to turn (e.g., rotate relative to the respective turbine axis). As also illustrated in 

FIG. 2, wind 206 traveling in the air may cause the cage(s) of the apparatus to turn (e.g., rotate 

relative to the respective cage axis). The turning (e.g., rotation) of cages and/or turbines/blades 

may induce the Magnus effect and, thereby, cause the apparatus 100 to lift above the ground 204, 

as described in greater detail above.  

[0054] One of ordinary skill in the art will appreciate that the turning of each cage and the 

turning of each turbine may be controlled individually based on various factors. For example, 

such control may be used for purposes of steering and navigation (e.g., turning left and/or turning 

right). As another example, such control may be used for purposes of ascent and/or descent (e.g., 

going up in elevation and/or going down in elevation). Such control may also be used for 

maintaining substantially still in the air, going forward or going backward, (e.g., adjusting the 

cage and/or turbines such that the apparatus 100 remains substantially still, going forward or 

going backward, during changing wind conditions).  

[0055] FIG. 3A is a diagram illustrating a side view of the apparatus 10, 100. Specifically, 

the side view is down the axis of rotation of the cage(s) of the apparatus 10, 100. In FIG. 3A, a 

vertical axis 310 and a horizontal axis 312 are shown for illustrative purposes. The cage(s) of the 
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apparatus 10, 100 may rotate along the rotational path 180. The belt may include the belt 

portions 124, 126, 128, as described in greater detail above. The turbines 162, 164, 166 may 

rotate in the areas 302, 304, 306 illustrated in FIG. 3A.  

[0056] FIG. 3B is a diagram illustrating another side view of the apparatus 10, 100.  

Specifically, the side view is down the axis of rotation of one of the turbine(s) of the apparatus 

10, 100 (e.g., down the axis of rotation of turbine 162 illustrated in FIGS. 1A and 3A). The 

turbine (e.g., turbine 162 illustrated in FIG. 3B) may rotate along the rotational path 302. The 

end portions of the turbine(s) (e.g., end path 174) may relate to a line 314, wherein the line 314 

rotates along the area 302.  

[0057] FIG. 4 is a diagram illustrating a side perspective view of an example of various 

motor components 400 of the apparatus 10, 100. One of ordinary skill in the art will understand 

that the example illustrated in FIG. 4 is provided for illustrative purposes only and alternative 

and/or additional components may be included (or excluded) without deviating from the scope of 

the present disclosure. The apparatus 10, 100 may have fewer modes if any one or more 

components are excluded from the motor 400. In the non-limiting example illustrated in FIG. 4, 

the motor components 400 may include a control power supply shaft 402, a turbine shaft 404, a 

first gear box 406, a first clutch 408, an electric motor/generator 410, a second clutch 412, a lock 

414, a second gear box 416, a cage pulley 418, and/or a cage pulley shaft 420. In some 

embodiments, such motor components 400 may be located in the end regions (e.g., end regions 

174, 176, 178, 173, 175, 177) of the turbines (e.g., turbines 162, 164, 166). However, one of 

ordinary skill in the art will understand that such motor components 400 may be located in any 

other portion of the apparatus 100 without deviating from the scope of the present disclosure.  

[0058] FIG. 5 is a diagram illustrating a cross-sectional side view of a portion of an example 

turbine 500 of the apparatus 10, 100. As described above, the turbine 500 may have a turbine 

blade 502 having an adaptable shape. The shape of the turbine blade 502 may be adapted based 

on various factors, as described in greater detail below. The turbine blade 502 may include a 

flexible material, may be connected, adhered, coupled, attached, latched, and/or otherwise 

associated with the frame of the turbine blade 502 at various locations. The frame of the turbine 

500 may include one or more portions. For example, the frame of the turbine 500 may include a 

first frame portion 506 and a second frame portion 504. The first frame portion 506 may be 

coupled to the second frame portion 504. For example, the first frame portion 506 may be 
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connected to the second frame portion 504 at the pivot point 508. The first frame portion 506 

may be configured to pivot relative to the second frame portion 504. Such pivoting allows the 

frame to affect the shape of the turbine blade 502 and, thus, the overall turbine 500. One of 

ordinary skill in the art will understand that the example illustrated in FIG. 5 is provided for 

illustrative purposes only and alternative and/or additional components may be included (or 

excluded) without deviating from the scope of the present disclosure.  

[0059] The turbine 500 may also have other components without deviating from the scope of 

the present disclosure. For example, the first frame portion 506 may be connected to another 

frame portion 540 at another pivot point 536. Frame portion 540 may be fixedly attached to the 

core 534. As another example, the second frame portion 504 may be connected to yet another 

frame portion 542 at yet another pivot point 538. The frame of the turbine blade 500 may include 

additional, alternative, or fewer components without deviating from the scope of the present 

disclosure. The size of each frame portion may be different from the other frame portions and 

may be arranged in such a way so as to be able to configure one side of the blade as a front 

wing/blade in a glide mode and the other side may be configured as a tail of the wing/blade. The 

number of frame portions of one side may be different from the number of frame portions of the 

other side of the turbine blade.  

[0060] The turbine 500 may also include various connections between an end of the frame of 

the turbine and a center region of the frame of the turbine. For example, the turbine 500 may 

include a first connection (e.g., a connection including cable 526 and arm 522) between a first 

side (e.g., A) of a first end (e.g., end 510) that is fixed to the frame portion 542 and a center 

region (e.g., location U near core 534). The turbine 500 may also include a second connection 

(e.g., a connection including cable 528 and arm 524) between a second side (e.g., B) of the first 

end (e.g., end 510) of the frame portion 542 and the center region (e.g., location V near core 

534). As described above, the apparatus 100 may include a turbine controller. The turbine 

controller may be configured to control the first connection and/or the second connection. For 

example, the turbine controller may be configured to at least maintain, shorten, or lengthen at 

least the first connection or the second connection. The turbine controller may be configured to 

perform additional functions (e.g., control other connections) without deviating from the scope 

of the present disclosure. The end 510 is fixed to the frame portion 542 however it may be fixed 
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to any other portion(s) of the frame. Movement of each frame portion may also be separately 

controlled.  

[0061] In some embodiments, the apparatus 100 may also include arms located on the sides 

of the frame of the turbine 500. For example, the arms 512, 514 may be located on the sides of 

the frame portions 504, 506. Such arms may provide mechanical support and facilitate in the 

movement of the cables described above. In some embodiments, each arm may also have a roller 

at the end of the arm. For example, the arms 512, 514 may have rollers 516, 518, respectively.  

The cables 526, 528 may roll on the roller 516, 518. The arms 512, 514 may also have springs 

520, 521, respectively. The springs may provide a force onto the arms such that the arms 512, 

514 are pushed in a direction that is away from the frame and or turbine blade 502. The 

foregoing are merely some examples of supporting the cables 526, 528. One of ordinary skill in 

the art will understand that various other examples of supporting the cables 526, 528 exist and 

may be implemented without deviating from the scope of the present disclosure.  

[0062] The cables 526, 528 may each be lengthened and/or shortened. For example, cable 

526 may be shortened such that A is closer to U. As another example, cable 528 may be 

lengthened such that B is farther from V. Such shortening(s) and/or lengthening(s) allow the 

frame portions 504, 506, 542, 540 to pivot relative to each other (e.g., a pivot point 508, 538, 

536), thereby allowing the turbine blade 502 to have a curved shape. The curvature of the turbine 

blade 502 may be controlled by the extent to which the first connection (e.g., the connection 

including cable 526) is shortened and lengthened and the extent to which the second connection 

(e.g., the connection including cable 528) is lengthened or shortened, respectively.  

[0063] As described above, the first frame portion 506 is configured to pivot (e.g., at pivot 

point 508) relative to the second frame portion 504 when the first connection (e.g., the 

connection including cable 526) and/or the second connection (e.g., the connection including 

cable 528) is shortened and/or lengthened. Accordingly, the adaptable shape of the turbine blade 

502 includes a curvature when the length of the first connection (e.g., the connection including 

cable 526) is different from the length of the second connection (e.g., the connection including 

cable 528). In comparison, the adaptable shape of the turbine blade 502 has a flat shape when the 

length of the first connection (e.g., the connection including cable 526) is similar to the length of 

the second connection (e.g., the connection including cable 528). The turbine controller may be 

configured to control the curvature of the turbine blade 502 by shortening the first connection 

15



(e.g., the connection including cable 526) while concurrently lengthening the second connection 

(e.g., the connection including cable 528). The turbine controller may also be configured to 

control the curvature of the turbine blade 502 by shortening the second connection (e.g., the 

connection including cable 528) while concurrently lengthening the first connection (e.g., the 

connection including cable 526).  

[0064] FIGS. 6A-6C are diagrams illustrating various cross-sectional views of various 

portions of an example turbine 680 of the apparatus 100. As described in greater detail above, the 

apparatus 100 may include motor components 400. As also described in greater detail above, the 

apparatus may include arms 114, 142. Arm 114 has two connection points 613 and 615. The 

turbine 680 may also include a bracket 652. The bracket 652 may include regions 654, wherein 

the pins 511, 513 may slide, and body 653. For example, as the turbine blade changes the 

curvature of its shape, the pins 511, 513 may slide toward and/or away from the core 534. Some 

other portions of the turbine illustrated in FIG. 6 are described above with reference to FIG. 5.  

For example, frame portions 640, 606, 604, 642 and pivot points 636, 608, 638 are similar to the 

frame portions 540, 506, 504, 542 and the pivot points 536, 508, 538, respectively. Planetary 

gear 671 may be located near the core 534. Hole 804 is for inserting pin 511 into the bracket.  

The planetary gear 671 may transmit the kinetic energy generated from the movement of blades 

to a motor generator that may be located at the end regions, as described in greater detail above.  

A portion of the turbine 680 may include tension cables/belt providing mechanical support 

and/or rigidity to the flexible material/sheet 682 of the turbine 680. One of ordinary skill in the 

art will understand that the flexible sheet 682 may include or be formed from of a wide variety of 

material, which may include various materials ranging from cloth to metal sheets, as well as 

various other suitable materials. The nut 607 may be used to tighten or loosen the tension of 

cables 611 and/or the blade(s) 162 and the cage belts as well. For example, when the distance 

between the connectors 106 and 108 increase, the tension cables/belts and the cage belts will 

tighten. When this distance decreases, the cage belts and/or the blade(s) 162 including the 

tension cables/belts will loosen. The tension of the tension cables/belts may be separately 

adjusted. The portion 690 of the turbine 680 may be similar to another portion 600 of the turbine 

680. The turbine 680 may also include a control gearbox 650. One of ordinary skill in the art will 

understand that the foregoing is merely one example of achieving the features described herein.  

Alternative configurations and systems may be implemented without deviating from the scope of 
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the present disclosure. Additional information about the control gearbox 650 is provided below, 

inter alia, with reference to FIGS. 7A-7B.  

[0065] Similar portions of the turbine may have complementary aspects. For instance, one 

half of the turbine frame 670 (and therefore the turbine blade 682) may form a convex-like shape 

while another half of the turbine frame 670 (and therefore the turbine blade 682) may form a 

concave-like shape. For example, one half of the turbine frame may form a first shape (e.g. a 

convex-like shape) when (i) a connection (e.g., a cable) between A and U is shortened and/or (ii) 

a connection (e.g., a cable) between B and V is lengthened; concurrently, another half of the 

turbine frame may form a (complementary) second shape (e.g. a concave-like shape) when (i) a 

connection (e.g., a cable) between C and V is shortened and/or (ii) a connection (e.g., a cable) 

between D and U is lengthened. As such, a configuration of the frame portions 540, 506, 504, 

542 and the pivot points 536, 508, 538 forming a convex-like shape for one half of the turbine 

blade 682 may exist concurrently with a configuration of the frame portions 640, 606, 604, 642 

and the pivot points, 636, 608, 638 forming a concave-like shape for another half of the turbine 

blade 682.  

[0066] FIGS. 7A-7B are diagrams illustrating various cross-sectional views of various 

portions of example blade controllers of the apparatus 100. As described above, the apparatus 

100 may include a control gearbox 650. The control gearbox 650 may include a quadrate pulley 

702. The quadrate pulley 702 may operate in accordance with one or more pulleys or cable pipes 

525, 527, 727, 729. However, one of ordinary skill in the art will understand that pulleys and/or 

cable pipes are not the only mechanism of shortening and/or lengthening various connections of 

the apparatus. Alternative mechanisms for shortening and/or lengthening connections exist and 

are within the scope of the present disclosure. The quadrate pulley 702 may be configured to 

shorten one (or more) connection(s) while concurrently lengthening one (or more) connection(s).  

For example, the quadrate pulley 702 may be configured to shorten one or more of the 

connections including cable 528 and/or cable 728 while concurrently lengthening one or more of 

the connections including cable 526 and/or cable 726. As such, the connection including cable 

528 toward B may be shortened and/or the connection including cable 728 toward D may be 

shortened. Also, the connection including cable 526 toward A may be lengthened and/or the 

connection including cable 726 toward C may be lengthened. The nut 705 and ball 707 may 
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prevent the central core from separating from the turbine shaft. The shaft 402 may have a bearing 

that is considered on the cap that covers the pulley.  

[0067] FIG. 8 is a diagram illustrating an example of a bracket according to various 

embodiments of the present disclosure. The bracket 652 may receive the kinetic energy of the 

blade (e.g., via pins 511, 513) and transfer the kinetic energy to the respective turbine shaft 

through the shaft(s) 802 of the planet gear(s) of a planetary gear set 671. The bracket may have 

spring(s) 651, which may push pins 511, 513 away from each other as long as connection cables 

526, 528, 726, 728 allow the pins 511, 513 to slide in the regions 654 and 653 apart from each 

other.  

[0068] FIG. 9 is a diagram illustrating an example of a pivots distributor spring according to 

various embodiments of the present disclosure. When the sheet 682 is not flexible and is made of 

non-flexible materials (e.g., cloth), then each turbine may need one or more pivot distributor 

springs 900 at each side. The shape of pivots distributor spring 900 may change when one or 

more of the connection cables 526, 528, 726, 728 are shortening or lengthening. The shape of the 

spring may be shaped like the letter "S" when the stated connection cables are not equal. The 

shape of the spring may be shaped as substantially straight when the stated connection cables 

have similar lengths. The pivots distributor spring 900 may have ring 920 around the central core 

534 and the pivot rings 904, 906, 908 may move together with pivots 536, 508, 538, respectively, 

which may restrict movement of pivot(s) to the shape of the pivots distributor spring 900. Such a 

configuration may be installed immediately after the bracket and/or next to the blade frame 

portions, or any other location near the blade ends. Pin 511 can move inside a ring 910.  

[0069] The previous description is provided to enable any person skilled in the art to practice 

the various aspects described herein. Various modifications to these aspects will be readily 

apparent to those skilled in the art, and the generic principles defined herein may be applied to 

other aspects. Thus, the claims are not intended to be limited to the aspects shown herein, but is 

to be accorded the full scope consistent with the language claims, wherein reference to an 

element in the singular is not intended to mean "one and only one" unless specifically so stated, 

but rather "one or more." The word "exemplary" is used herein to mean "serving as an example, 

instance, or illustration." Any aspect described herein as "exemplary" is not necessarily to be 

construed as preferred or advantageous over other aspects." Unless specifically stated otherwise, 

the term "some" refers to one or more. Combinations such as "at least one of A, B, or C," "at 
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least one of A, B, and C," and "A, B, C, or any combination thereof' include any combination of 

A, B, and/or C, and may include multiples of A, multiples of B, or multiples of C. Specifically, 

combinations such as "at least one of A, B, or C," "at least one of A, B, and C," and "A, B, C, or 

any combination thereof' may be A only, B only, C only, A and B, A and C, B and C, or A and 

B and C, where any such combinations may contain one or more member or members of A, B, or 

C. All structural and functional equivalents to the elements of the various aspects described 

throughout this disclosure that are known or later come to be known to those of ordinary skill in 

the art are expressly incorporated herein by reference and are intended to be encompassed by the 

claims. Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of 

whether such disclosure is explicitly recited in the claims. No claim element is to be construed as 

a means plus function unless the element is expressly recited using the phrase "means for." 
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Claims 

1. An apparatus comprising: 

a cage which rotates around a cage axis, wherein the rotation of the cage around the cage 

axis induces a lift of the apparatus above ground; 

a plurality of turbines located within the cage, wherein each turbine rotates around a 

respective turbine axis different from the cage axis, and wherein each turbine comprises a turbine 

blade having an adaptable shape, each turbine further comprising: 

a first connection between a first end of the turbine and a center region of the turbine; and 

a second connection between a second end of the turbine and the center region of the 

turbine; and 

a turbine controller to control the first connection and the second connection to vary the 

adaptable shape of the turbine blade from a flat shape to a curved shape by adjusting at least one 

of the first connection and second connection.  

2. The apparatus of claim 1, wherein the turbine blade comprises a frame having a first 

frame portion and a second frame portion coupled to the first frame portion, and wherein the first 

frame portion pivots relative to the second frame portion when the first connection or the second 

connection is shortened or lengthened.  

3. The apparatus of claim 1 or claim 2, further comprising a cage controller to control the 

rotation of the cage around the cage axis.  

4. The apparatus of claim 3, wherein the cage controller inhibits the rotation of the cage 

around the cage axis when the apparatus is in a first mode, wherein the turbine controller allows 

the rotation of the turbine around the turbine axis when the apparatus is in the first mode, 

wherein the cage controller allows the rotation of the cage around the cage axis when the 

apparatus is in a second mode, and wherein the turbine controller controls the rotation of the 

turbine around the turbine axis when the apparatus is in the second mode.  

5 The apparatus of claim 3 or claim 4, wherein the cage controller inhibits the rotation of 

the cage around the cage axis when the apparatus is in a third mode, and wherein the turbine 
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controller controls the turbine blade to remain in a horizontal position relative to ground and 

inhibit the rotation of the turbine around the turbine axis when the apparatus is in the third mode.  

6. The apparatus of any one of claims 3 to 5, wherein the cage controller is further 

configured to control the rotation of the cage based on at least a speed, a direction, a velocity, an 

acceleration of wind, or a weight of a load, or the turbine controller is further configured to 

control the rotation of the turbine based on at least the speed, the direction, the velocity, the 

acceleration of the wind, a rotational speed of the cage, a location of the turbine blade relative to 

the turbine axis, or a location of the turbine on a circular path around the cage axis.  

7. The apparatus of claim 3, wherein the cage controller is further configured to inhibit the 

rotation of the cage around the cage axis when the apparatus is in a first mode, and wherein the 

turbine controller is further configured to allow the rotation of the turbine around the turbine axis 

when the apparatus is in a second mode.  

8. The apparatus of claim 3, wherein the cage controller is further configured to inhibit the 

rotation of the cage around the cage axis when the apparatus is in a first mode, and wherein the 

turbine controller is configured to control the turbine blade to remain in a horizontal position 

relative to ground and inhibit the rotation of the turbine around the turbine axis when the 

apparatus is in a second mode.  

9. The apparatus of any one of the preceding claims, further comprising a plurality of cages 

and a plurality of turbines, wherein the apparatus is a Savonius turbine, and wherein blades of the 

Savonius turbine extend more horizontally than vertically relative to ground.  

10. The apparatus of any one of the preceding claims, further comprising a seat and user 

controls in proximity of the seat, wherein the user controls are configured for use by a user 

seated on the seat, and wherein the user controls are further configured to control the cage 

controller and the turbine controller.  
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